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. Shader F B FEH, ROEHFLEF U R
R B F K 3R “— %%%%#%&ﬁbﬂ—%&ﬁ
LR B FREERT,



45158 MUK S| Shader mitk3r

XK F| Shader frITH SR BATT 8 ASUTWT ) 8 Bl AN$R tH S LU [l & “ Shader A4 " “HS
ZEWLEA A 24T Shader” “22>] Unity Shader, RN ZMBBEET”. BAIF HXAPAILLE
VEHRIX S ) B (B 2. ISR A PR3] Shader U —AH, RAIFEXA AT LUARITIF—
FHIRTT, ERESHIMEC B PR F IR OEEIRE — 8 WRAE, BAIFEREREXAA AL
RS R A B2 /% Shader 75 77 THITH, 7£%%>] Shader A2 & | —Z .
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AAU, BFREN=KREEHIFEE. #IERENERSE GEF, RCEWIIIRE ALK
BXANE T, AEEW) ., AERERNFEIXAE, AR 3 i B E R 50 H
Az . IEEFBRAR, B2 XD E RS EERA —ENXE, WA EhE 1S
R S ] SEDRUE AR AP BB AR, VR IRAAS R S 7 0 A1 A R D1 T R S e A . BRATT R R
FrR ) “AHEthe”, HifReE FACIESR 'S tH— AN 2 B H R . X R RATHIRE .

AR, A AMEE XM 5 SIRLEN AR G B RS 6 i T B, PR AR R X R
RO XA e A R By, SRR, IXARRIERBCR EWTE . TRFERERMR, X
AR A Unity 5157 & 1, FEI5MZ, Unity U RRBATN TSI TRFEEIGR, B0
f7E Unity SCBUXFEMMER, &5, HREESEE “E%'S H O Shader” EXFEMER. BH
AT —263L%%, TRGRLELEM L FARWATS: I HE Shader. TRIREE] TRE I, XL HFE
VFR Unity Shader A7 MRLEEE, — AN K18 R 308 L@t R RS A AT A
JG, PRIEXEAHDRG ] Unity , REFEEAT, RHIAT ! —U)FERGFGQERIF], w2,
LUREF A0 ] X AR I, AR K IRARIE R A BEH — N84 vert Ml frag HIEREL
MR AR, A4a vert ¥R BEUAT SR RIS, XM R RM A0, A
2 2 R4 B CH LTI ) — 24574 5 i) Shader HIRES T . IXLLEE ] A KW T #R2%>) Shader (1)
Ry, WIFEHRRAIXRE—AEES] CHfEFZ M EN, 5 H CRARERR &5 W45
Shader 3£t

R S RAREZ A KL, BAMER, GRE AMBRE —FERE. $FEt,
TATZ P2 581357 2] Shader th2 3] CHIXFERIZRFETE S EMEME, —AREZE ) Shader 75 %
R B E LA . 4% C+H. CHRBENRIE S, BATATCAZEAR T M SR 1 5
TR S LA FThREMARTD, XHEMRAES EFaG AKX EYE K. A, Shader A5
RIXFE] o BATTZFTLABESE 3] Shader, JEAHELSE S WY A4 B QR RIE RS s £, (=
J&, Shader L @2#NERFMEP K —NFH>. BAERXHE, HEEENE, RINMTET®
WA ERRFER WA AT A CHEPENEEE S AR, R Shader MBS DEBH TR
fiTeT AR AR IFERE, {H Shader SEZ MR 7] GPU 9 TAET R, FrLVEf— B3 2t RATR LI
AIBAEM. FEitk, FA—mREEE. AIHERHELR R SCER A o & M H K.
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ARG ERE R RAMAE, E¥%FH)E, S8 T AR AT AR H AR

BATHEG S 41 I R % 18 BB A T P S e 41 T
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XREREER—S, REERRPRIMEEHTEENRBRS, BEMESIVIEE TR
FEAC (IR S AR DA R L E OB SR RN A T LT 3 AN ST,

$25 EBRRKE X -FPHE T GPU R SCELEEANE LR KL IK), XLy BZ X T
Pifi# Shader B TAE R B E IR EEMIEH.

%3 E Unity Shader 8] Unity 76775 0E Ji i LHHT T 3038, JHRMEATF RE FiiE
BamfEn Unity Shader. iX—F¥J# Unity Shader [ SEH R B AL AR, [R] B thopg Ak
FRRE — S LY R R R

% 4E %7 Shader FIEREFRM HOFFOREYIFE WA —KF WG, R, 1E
VI Bt ey =) vp, AT B BB PR LR IE A T A A B Sk B AR IR i R
HOLEBCEMR, Wk, EFEES. PR, AT AT LUK KB % B Shader 1)
EFIE . AT WENEE IR, ROTEVERRE R LL—A BRI B F MR “— ki f
TR — e B R R

o VIZiS

e E, BRAVMIESIFTLET Unity Shader RU¥SI2Z0R. HIF M ¥4 NERRHHY
Shader JF#f, Wi Shader HPIEREAEIAERL, SORMB MBSV RELRUR. FTEERKE,
BAEVI R S5 BLIK Unity Shader KEAREEIEH THETH S, FABEMNGRD T A0
VR, BB, IR, (UOURA T R e s HL R, 763 9 HRUE, RATSS AR
T 5286 5L Unity Shader. #1200 H& T LATF 4 M.

¥ 5E  FF4h Unity Shader ) ZHR  ACTERE ST AN 8 PR T2/ TO €88, FEVEAARRE
oA BRI SR, X T B 2 AL AR B (10 A A BT B AR . AR A4 T Unity Shader
f— B AR BN LTS, Blaninfr iR, AF N BRI RS E S,

$6E Unity PEOERKIR AW I UT7E Shader " SCHLEEA KRR, W18 R
RS BATE AR AR EI—AOLRER, BE4HEH Unity 124EH N Bk 3
K SLHLAIRA .

F1E BiLE LORMERSERHMERATRTELZSHENL. X—FHS R WEE
Unity Shader " 4§ FvAZR 800 . i B4 PR A5 LR SR,

BB EMAMR BUILWRRT IR RACR . X AR TR SCBUR R, If
Z5 TR Unity BB RIFRAR KB AN, 76T T IX e MR L, B2 I e
75 W 6 0 375 D R VR S R

o L

PR EA BN T, EEVHE Unity PROELREBE. W EORIERMARE. Wil
R LOR Mm% — BRI AR, PRBEAETLF 3 Y.

F9E BEERMAR RINEVZRETEMPOLRERRARE —SLEEAOLRITE, W
PR RDE I R0, AT SV Unity BP0 3 FEREEAA 3 FREEAEIHRR, AR WA
A (VR e 5 P SE B T G IR S8R S ROR IS O I . ARG, BRATSGH

o e
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%1% HOAH Shader KR

T Z A WAL AE T e85 Unity Shader.

F10E SRYE XKL UHEWFTZE Unity Shader 8 FH 37 7 RS0 . Y08 L
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FNE iLEmEsEKR FAKERAAEEIEBE . X — 0k BhiEE % > W 7E Shader
A8 P s ) 2 i e SE B SCHE By L T 45 B i Al AR

o EH

R IR EE T 2% Shader FIEZ A%, Bl fa SEHR R RERER. PR IR SRR BE G2 b LA A JE
EOSRRIE RS, FR, RAITESMHA— 4N FE RRETT. mARmaSmanT.

F1n2E BRERLAEBYR FEFREFRTEHNERFEZ —. X—EEMNMEUEE
Unity SPSEB—NEARM BRREACB AR RS, JF4h LB A BF SRS W SE IR B, fn i

F13E FRHREMELIEE FHREAZELE T USRI LR E RN, 4=
BN BUNTLE Unity Hr 3RS LR ik ) S0HE SR 52 058 0 2

EME FEEXBER REURMA T JE R ST RRIE G 7 VERIE Flif AR ) X — T 2
S NPAER S RE R A, WREEY. R AERSE. REFEY R 2w LA
B 4R 3 2 3 A 2 84 (1 JF RS BE S ) SE B T vk

F15E FERARE REEHRESERBRIIOBUR . AT H T e e RIE Y 1 — L .

F16E Unity PROBRMAER MAEERIGRERTHES. X—FNHAT Unity
x5 6 68 1 E AT .

o YRR

T REBEER SV BIEEIVE. ARESNE Unity FIREE OQRKLINE, HNA
ETUEMEROHXARE. &5, RONEGH TEZHRLTEIERWER. TERBALETUT
4 ANEHT,

F17F Unity WREEERFIFM  Unity 32 7 —FhH 8 Shader FE:\—RE AR
REN SN PIXLERMEE E 2T STHLR, LA o] f A X £ e 1 4 €6, 38 Sk SEIRTE 4t .

F18F ETWERNER Unity S A TF5INTETYREEY, X4 Unity 580K T H
SRERAE S . X BN AE TYHERERGERER, JHER Unity R47LILE TYHEE
et RATESAEART LI — N EA R FORE— 5 W R @ il 76 Unity 5 5 2L T8 A E L.

F19F UnitySEH THA BT Unity 4.x, Unity 5 7 Shader 77 i 1R % T2 1T H .
AENGLH Unity S h—UeEEMTH, LIFERNLEBRAET S Unity S BT DG A& Fh i) &L

$20EF FEEZHAL BBYNEEZRECTTBETRNOES, BIOAE A BBz
Toki e — SR T R Ak . RIS — T, ROV SR E MM YR, LT
BiEE HATERANFE .

o, PRAE&EFTHE? FFA]—HEHEEN Shader FITH 70 !



W2nt ERRROKE

EFHE—Y) %200, RATE LT A4 R Shader, EIFE M. 52 XRIEWBEHENHME
R . TTLABE, WEAREE T A E R R B TR, MAGE LY H ©XF Shader £
ZN 1. ]

TE K LR O B X B BOAE T A2 R Ui Ve e — ok — 4 SUH,  BN AT i i e BB 3 B A
R, EHRBAR - DEMEREGEHL. 26, —2 Shader AKX GFE .

AEH L HERFUKEB N, F SR BB RECE R, MRt —L4 R/ Er
ik, ABLHBRKEARDGER T Unity F &, WREHFBERATHIFEIBEOHNE, &
RE T () PN 2 R R R R R R E R

52 £ 4 (] Shader, TATTRSE% T M Shader /84 T/ERT. S2F7 1, Shader ST RIEY
ke b By — AR, ATALRATIR Shader AT H S HITEF, T 1% 76 B A B A 1 e e
BT R . T A8 6 5 Bk e T AR R

211 H4ARRKE

WAV RE — FHELAFP R AKRERMN 4. ELE, WK 2N AL .

BAVREE AT Rk, EEF—DEPREEN T, —MFEERER R LA
ANLER: 15, HIEEEEERINT: 28, 4 EIRREAE. 335, Bnkk: 840,
U R AT B O A

TEMAKEHIZ AT, REESENEEETER T B 4 A TR EA BT RHIE T — AN,
R RS RTEE R R 1 NRTRTE, IBAR 4 SN REA — Nk

{BJERAMTEI T — N EMAE R, MERRAKL. ZERFKLIIAL ZE, T
RAETRKIEL . BARGIHE— DR NATE 4 MR, AATEIKBIRTREH PR,
iR BT AR, A PBFTeT. Watkdl, 205 1 el T fERTRESIF
EHZLTF 20, T 1 SOFRET T —MEEERHIET -

A5 FH 7K 2R (0 B A0 7 T T LASR e B I T g A P . FEVEREEERI BT R, A T Bk BeR
JEHE 1 AN AT LA FE AN . B 2.1 BOR T K S0 J5 £ P R AR AL

ATLARIN, KR FR G Y B Je A 7 ) A 1 1) P B o BRI ] A, B SR A
A 58 8 TP R B AANE, A TR ATEE | ANDNREE, AP N A
BeAr= h — AN . BITR 2 RIS (bottleneck).

ARG T, AR —ANIERAKLR LD R n DNRKEKI B BB BORE 3 i 180 AR (=] 13
SALHAN RAER/E] n EHEBSET




F2E BRAKL

BAEERRKE
TH1 IF2 I3 TIF4

AB2 R RERAL
212 HHARBEFRKE

TR T KL MM S FRRSER TN EGER S ERAUKERN TEESETH—
A= R . AR (BFEWES) ik 4 RR. BaiEdl, THHEVFHEMN—RIEITH A
P GO SEE B K, H0IX L5 B A e e il — ok AR AT DA 3 1) 8 X A L AE3E % 2 B CPU
1 GPU H[F] 52 B -

(Render-Time Rendering, Third Edition) "4l —AMERMBEF R 3 AMWrB: AR
(Application Stage). JL{ATHT B (Geometry Stage). JeHiLFi B (Rasterizer Stage).

HE, XEULERBSHENE, SMMBRASEERRE—MRKERSE, NEET FRKLE
MrEt. B22 8BRT 3 MESMBRZEMER.

Lol gmsnm Lo L] MEEEZE |

A 22 BERRAKGHH 3 MHEHER

o NV B

MZFBATATLE H, XAMBUR ERATNA ESK, PIE b CPU 3 9il. Maif
B, BATXLETFRAE RA XY B4 0 25

X B, FFRER 3N ERES: BHE, RINTEESTIHRER, GlnBEILRAL
B UHEE . Rrh Al TR A T ORISR, K, b TIRmIE R AR, RATIE
R B — MR EERIRR Cculling) TAE, DUEARSEA ] WA YASIRR 2, XPMA T EH B
L& )L BT 8 Bfe, BIAREREFSMEENERRS. REERGE/[EAR
TEMARME G8REBE. mtREBE). EHISEE. LR Shader 5F. X—FrBmE
R RER TR JLAE R, BEZRETT (rendering primitives). K PE, 1543 & THT
Ry 2R SIS, XEERE TR S gERe T — N B— LA B

HTREFREEFX—HE, B AN BRI KSR BT RERERN . RAEELH
TUBEA, BXNEBIERE T USEAERY RHIEED .



2.2 CPU 1 GPU Zjafyi&E

o JLATRE

JURTRT B T AC BB A IR AT ZE 2 B LT R OR RO 34 - BT, € R E LM BT RAT 4,
ER2EIEN], EMRLEIEA]. X BUl% £ GPU L#1T.

JUFTRT B S ST AN ME R B JTATACIE, AT TR . B HIBRAE. XABr BT BLiE—
7 CEANTUK R B, XAE TR UFEl JLATR BU— N E R AR S LR T  ARAR A e F
FrEE s, BRSO ET AR, B MARERETETE LA, XM B LH
B A ) TS RS RN TIURX M AR (R HEFMXRER, LIRS T B

o OEHHERTE

R Bos 2 ER LB BB R R A R R LB R, HER M BRLAER. X—H
B RTE GPU LizfT. el ifESs 2 TR v e BN 3 B 0 V228 38 I 12 402 4 1 7 B
L. EREN E-AMHrBAEIFETAHE (FImaE AR, TRBRES) EATHE, ReHEE

F_E—BrBMEL, SeHML R Bt T LLA» OSE /NI K LB BL o

L EEATEELES 3 MRS BARIEEH 24 GPU RA LR BRI X.
¥irr | X EWRARSHRBMATAL, RENN T S MERGEITRAN ) 12 TR
| HREy. TEEAE GPURAL, MREAXERTRALERANAKE.

HRRUKLRIE 2 CPU, RIS Bt MHIBBORERI 200 T 3 MR B
(D) EHHFE B B+ .

(2) WEEPRE.

(3) M Draw Call (FEAE {5/ RATESESTIEE).

221 EEEMBEBHED

AT V8 YL BT 7 B0 5 #1072 ME L (Hard Disk Drive, HDD) & F| R4 AT (Random
Access Memory, RAM) . SR 5 , AR FISCHE S50 Bk 3 B & L4768 25 [A——E.47 (Video
Random Access Memory, VRAM) #. X2HEN%, R TEFEMVEZEER, WHRKEZHE
FXF RAM BB HENV RAF . B 2.3 a7 F.

BTSSR
oF loX Lo¥
o mO

AF23 ERMENLE (MKIEENE 3R ) MERSLMBRIIBHET,
TEIEFAT, GPU T AR/ o)X Le £ 4E




mem wmwA®
i EE R AR, HSERP T ENEE B P R 1.3 R ERF L. i, T
RELEAE B ERLTTR . TR, SRR,
HACHER N EE BAF RS, RAM FPROEAERAT LIBER T (EX T 28k it, CPU 344
B U A (P, RATFE CPU wT LA ] M A% Bt AT R D, A2 FRATAT RS A

HIXBHIRR R, 0 MBEREINE R RAM 2 -+ FERT Y .
ERXZ )G, THAFEREEL CPU KRB EEHARA, Nl “#§F” GPU Wl BETE Y T 1F.

222 WEBEBRRKE

A REGARENR? — AN EAF IR, XERAE X T HR P RS ERERE R0,
fildm, 4R A& (8% (Vertex Shader) /i G .85 (Fragment Shader). Y@M, # 5%,
I SRBATEA EEEORE, B4 FTA i PR R AL R — FE R & . B 2.4 BR T 4R H
—FE YRR, TEY 3 AN PR IS5 R

ERRES

i KSR FRERS

AE 24 FERRETER S MME. HTFREEIEFIRE, Eib 3 MMEHNNE KGR E—FH REE

FEMER L LR TAE)G, CPU M SR —MER M<K EVF GPU: “TR! ZJL, TN
PRIEEARAE AP, R AT AR TR B BEORTT A Yy 1 AKX ANE Ry & /2 Draw Call.

2.2.3 1A Draw Call

AR B Ak ok Y e A 2 3 N % E T 6 Draw Call. S2f7 |, Draw Call i — P4, €
Ak 77 /& CPU, #aliiir & GPU. XA & X &35 17 — A Ta Z A E B B JC (primitives) 713,
AL A SR G A —XERARMNESE L~ MWB el T ! B 2.5 BRI
TiXA LR, iy

4558 T — Draw Call i, GPU Mi&RIEEYRA (Flnk i, 4o, HEaRs) M
BB S BAR R EAT U, R R R BRI R B R XA R, e
FATF—TWEV GPU K& .



23 GPU #fiK%

AE 2.5 CPUBILIEM Draw Call tiff GPU FFABET—MERIL R
— Draw Call £38EACRIE AR EERNE TSR

4 | B ] : I
al W J £

%4 GPU M CPU M EAFNER M2 f5, SEBAT —RIFUKLERIE, BRALRITERIIBER L.
231 #R

fE b, AR TN B, CPU WA GPU {5, H@iLiHHA] Draw Call X
4 GPU #H77E%:. GPU HEPM SRR GPU MKk .

A FHES M B AU B, B BADEHHMUBY B, RS TevEIia daxt 4=, 3L
SEEL AL GPU. GPU Ml St AR L, KAINPR THEREREE . BARRNLZEZLEHIXM
M BISEEAN, (B GPU [MFFREFIIR TREZZHIN . EX—1d, BAVKEMAT# GPU 2
] SEILIX PR AN B BT B

JUART B BEROE LB BE AT LA 23 ity T 5 /N B AR R B B, X B8 K 26 B B H GPU SR SE3R,
ANHY Bt GPU $245 T AS[R] Y T il B e AT g . 18 2.6 R AR T AN A3 /K 2 B B LA X B ATT R AT
B M ] G AR

e

F IR

SR B

AE 26 GPURIBRAALEII, BABERT T AENBN TR BMHTREN: FERTZIAKENREZTLTRELRS
8, AERTZAKEN BT NEBERETREN, BERTZRKENERH GPU BELIN, FREIFEMMEF
o KEARL Shader HAHARERERI, ELART X Shader BT

MEIFTEAE Y, GPU IV Rt /K RS T A B8 A AN o 3K L2 TH0 5 B8 2 ey P B B
HEGAFP, P Draw Call $8E 1. XEEEE B 5 B 1845 T (.45 -
TRE B (Vertex Shader) Z5E & e, BIMWMH T LI AE M, TaEd




$2E BEEMKL

SIihE. MEMH BRI (Tessellation Shader) & —PMA[EKE AL, CHTHASET. LTE
2% (Geometry Shader) [FIFf2&—PAIEMRFE G, ©0 LA THITEREIT (Per-Primitive)
M e, SEWEAFEEZET. F—MRAKEM BZRET (Clipping), X—FrEH
YRR R S AN TESRAR AL EF N R T A BT B, R PR B =AM BTy i fr o XANBrBL R eTRCE ).
fltm, FeATTAT LAME B e BT - IR AC B AR BT X, AT DUl e A4 8 = A B o IE
R R HE . JUAESH B RIBE — MK EM B2 R S5t (Screen Mapping). X —FBUE A
AIEC B RARN, B AT EAE TT AR R B R R AL AR R

FHHME S B = L8 B (Triangle Setup) F1=FHiBF (Triangle Traversal) [ B
#5252 R % (Fixed-Function) MIFTBE. #FRA K TEEEE (Fragment Shader), N Z554
AIgRFER), B TSEIE vt (Per-Fragment) [ G#R{E. )5, R TTIRIE (Per-Fragment
Operations) BB ST HATIR Z HEMERME, FlmEdZia. WESEMN ., #TRES, AR
RN, (HRERETHE M.

TR, BATSHH A EEMRKLEI BT E IR 1fRR .

232 TRmEEHE

TMmEBIF (Vertex Shader) ZH/KLME —MNNE, EHBARAT CPU. TAFHGRM
AEERRALLRTH A, HBLRU, WAMRGENTABSRAH - KIAE AR, TAFESESA
AT AR B AT T A, 1 BEER B TR SR Z AR R . Biltn, RATIEEMR &M T
REBRTFE—=/AMik. {8IEREFNXFERAHTLMZME, GPU A UF|H A 5 (Rt 31Tk ik
B — AN, KRR X — i B Ak s B SRR

TREERTETRN THEEER: LRERAET AR, 4R, B TXHANEELS,
T s A (A 38R mT A Y FE SEMT BURT T O B . 18 2.7 JBR T 7E T 35 6 88 P 0 T UL B AT AR A
AR I LT B A A

-~

S o

AB27 GPUASMRIANMBRRA LS BAARRE GRS, A SRLTU TR RRARER, BERET IR
BUTRNHE, i, BNTEREHTETRNER

o MAFRARH. BAEN, SENTURKAME (EIALE) BATHM RS, T a8 LIEX
— SRR TR AL E, XA s E P RAEFA A K. Fli, F-ATATLOE I SR WA AL
BORBHUKE . AR . BT ZERKR, TRBOET S GRP BRSEETURALE,
—AMBIEA T A (AR A SE R — N AR, ST R A AR AR EY 22 (B 45 4R B TR R BY
=ia. MAE, ROVETGH QRDRARSE BIZELUT A 1K

| o.pos = mul (UNITY MVP, v.position) ;

R BRI AR ThRE, BRI TR AR B F BT ARPR R R, 3 IR



23 crumks

B, BAEET—LE%%&44FR (Normalized Device Coordinates , NDC). EAx¥% |-
SR RA TS AESE 4 FErpiEEl. B 2.8 IR TIXFE — it 75 .

(1,1.1)

HREFFRBBLIRET i
¢ +

AE28 AR GRS BEET S EERNFRENLSRSET,
BT S R A BN B 5 NOC A& AR
WEERMZE, B 2.8 &4 PRTEEE OpenGL [A Rl & Unity i NDC, ‘Bz &
JLFBR7E[-1, 1)Z 18, T7E DirectX #, NDC ] z 4 BE [ [0, 1]. Tl A3 80 LUA A F A% S
Jrake B L AH H B R R 2 ML B AC 48 F o B as T A0 B . T ZEBRAR K Shader Model H,
‘BT DA EHE R KA d T 40 o e S E LG 8%, BONEEEE L BT T .

233 #HH

T ERATMSZRTRERMRA, MRENHNEEHERETRASESTA S RE, —4
R ARIVBIERRE, EALER G L E KA TR L. B (Clipping) 32N
T SRR H T A% H R o

—AETCHBRENME KR RA 3 M. ERENEN. BOENEA. EeEWE. ©Bi
FELEF A B T gk S A48 T — MUK LR B e 27EMEFAN B oA 4k st T A6, Bh
ENMATEPNE . WAL VL N A B TR B AT — M b, Xt . flln, —&%
B —ANTURAELET N, 1055 — DN BUSAEERLEF A, A ZEVLER S 80 A0 T2 L 22 5 P — AN B K T
RORACEE, XA B TRL T X e R BRI ETF i 5 02T ri & -

T RATCA7E NDC TR AL E, BITHRAL B — AL AR, DR B 2 A5 1R 8.
Al SR BT BT B AL T AN . 1B 2.9 JRoR TIRPEI— it #E.

WA

(1,1,1) ! #Hay (1.1,1)

1
)
i
’ 4 e ’ T2 et

AE29 RAEENYARNETS BEGRARILE, B, T2EBNITHRIMNBNET (LEe=AF) #EF, &
LHEEMUVAHERNBNET ( RE=HF ) FERRB. MBEATFREZNET (BE=A% ) SHIEY, FNRAS%
£, RRASMBARRSHSH

MTURE CSAR, X PRATHRER, RIRAITCEES SR GBI E,
L e A, EBRATAT LA B 5 BT X — P AT E .

2.3.4 FREuRgY

XN BRI AR R = 4EARBR R T AR GERBITERALSI T AN ). BREMET (Screen
11




12

FEo2E Bz ;ﬁZK,%

Mapping) HEFZHEANE IO x f y Airie SRR LIRR (Screen Coordinates) . Hf
MFRRZE—N YRR, EMBNHTERETRHREGRAKR.

B, BAVEEIEGSE LR —ANE O b, & 0076 FE R BN BB AR Gy, ) B8R &
AAFR(y2), HH < x H yi< y2. BT ROVMAMAIREREE- B 1, FHiaT BR8], X4
AR PR AR FE, W 2.10 iR, RATES R, IRABAR z RS BEAREE? 5
WU AN XN 2z AAPRBATEATAbEE . SERR b, FRAEARFR RN z AbbR—RMER T — bR R, 1Y
& OM44R %R (Window Coordinates). iX46{H 2Ry f& 1% 2 e LI B .

A1) | (x2, y2)

t1-1)

(X1, ;\h)
AE 210 BEEBEHE x. y 25 (-1, 1) SEEEHREBEELGRAT
B LS 15 21 () 7 B AR AR R S T 3 AN THL s 0 2 e b MRS 32 DL R BRI AMB R R .
A ANHESREEMHT &, BiFLPs R7E OpenGL 1 DirectX Z [A]f¥)Z 57 7] 8. OpenGL

BB R 2T M2 /N B I ARKRAEL, T DirectX WIE X T FEAebZe b Mk e N s 1 AR FRAE -
2.11 B/R TIXEERIZESR .

(512, 512) 0,0

©,0 3 : (512, 512)
OpenGL DirectX

A& 211 OpenGL #0 DirectX URRBAIRRER , XT3k 512*512 X/NIEMKR, 7 OpenGL FH (0,0) AELETH, M
7 DirectX RE(0, O)REL LA

P AR A ZE A IR R, TR B AR T IXAR R AR AR R G, BRI BAT 0 [ 132 7 52
—E: WNEBA. NEFIT, I HRZ BESUFR L BRI AR XTI

AEEF A, ERMXAGERT . BEEADTRENHRZ, BRHZ/NOIFENZER, MR
PRR DGR G RBIFE, IBAMRA W RERUR XA SR R A -

235 =AFERE

HIX— ST T MR B A _E—ANFir B (5 B2 R R AR BR 2R R A0 TR A2 8 LA
RAVENTHROBOME B, WREE A%, & WAL EF. SEMLmBA M M E
B EbR: A ETES TR E, UG R eI,

ML 58— AN TR LM BR = A& E (Triangle Setup). XM B & it el — 1=
AR R RS R BARYL, £ BB AR = A MR A T, BIERAIG 2R =5 1
BEFLRPIN R HUCRERINEA =AM RENE G, ROMLIOHHERL L
IR AR, AT R HTHIAFBENLRGER, RIMTERI =ML RNRT T EF



2.3 GPURKZ

— MR =AME RS ERE O RERMEATERE. EREEEN TS TN B M.

236 Z=RAkBHh

ZfANiBF (Triangle Traversal) B SR BT NMERER T N =MAMEAAERS. R
WRERW, MaElk— Rt (fragment). X FE—NERBMPLAR 4 = Fy WA B 25 10 I A2 ik
MG, XA B A 33 (Scan Conversion).

Z AR E— BRI ORI — N = AR E T T R R R, FHEA
=M 3 ANTH R T R A BN 38 o X 18 AT 4 . [ 2.12 B/R T = A T I M BL i)
R T B R

WRE: -10.0
/q\
I\ SRIEE
[ §h_ i
= — A
REC 50 AL -15.0 = i

sE212 ZAMRHNITE, RELTHRALARRELS, BASHZ-AMKERNGRTE, WUGEREER—

PRI, TATRORARY 3 MIARERRITREREN. fi, M@ 2129 3 NMUARRERTRERELED
frB*Y R A TTAORBEE A -10.0

XM RRE DA UTS, JEERNE, MO AERIERX LG,

MREE TRZRENES, KLEREATIHESENBROELHE. ZERECET ERR

T BRRAEE. WERR, LRI LR B TR E R, BInikek. SOMAReE.

237 RTEER

R t&E®Z (Fragment Shader) &5 — M EH EEN g E QBB . 7E DirectX 1, f
TCHE BRI EE BZE (Pixel Shader), {HF THEMOIRRRE - ANESENL T, B IR
TLHAR—ANRIEEX EMBE.

AU T GG R B SEBr B S b fe LM RNEEE, mESTE—RIINEIEG
B, ARRR—N=AMNKEENERTMEEN. M8l A REEENE— R85, B
ERARRE AR BOR T — MUK B— & K JT#R1E (Per-Fragment Operations).
AR 5 = V3

ACE AN E— M Bo T A B EARIE R, ERACKE, RARERLE NI
a5 RS ES RN . TERRE 2 a8E 2 FEME. B 2.13 8R 7T E.

X—MrBa LSRR EEAERAEAR, HPREENEARZ —HESOERE. A THEA T
O PIATOHRAE, BATEF S AE T A B8 M B H AN T s 6 S S EEAR AR, SR G £t
JEHIME B BORE = # W% ) 3 ANTHL s 0t S R SR AR bR BEATHE 8 )5, it v LA 3378 26 10 oo R 8o

13
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o s

MABR T o

B (0.5,0.5,0.0)
#F (1.1)

AEGH

A

PRE20N || Rl R0
E213 REL—SEEEGATRA, ArEeBI N THRLRE

BRI AR LSRR EEACR, HERERAET, AT LUEWEA F . W
B, HPAT R ICE @A, EA LUK B CRMEM A R E ARG E MR A ME LIS,
B R e AT LA B 85 B (gradient, ERFFBLE derivative). A 2GERMNIIEE LIS HE A
YR AR A

238 ZHhITHE

KT TEPRUKENRE 5. BRTIRE (Per-Fragment Operations) /& OpenGL (f]
Y%, 7E DirectX ', X—HrB#EHAMESTHFME (Output-Merger). Merger iX /™| AJ g 5 2%
Sk X — B H . &, i OpenGL (45 70T LALL 838 0 F1 X/ B B 44 B qr,
B XA — Ny JCEAT — SR . B ARER T, BEA ISR ? BT R 1 ?

X—Mr B I EEES .

(1) R oohI e Wik, X R TREZIRTIE, Pl BENE, Bt .

(2) WR—AF Gl THA RN, BT A RS A C 2 Bt b X
PRIBEEAT &, REHRRE.

TERHKE, B GEEMBRESE R ENR, BRI ES— D REERT . X
fEE SR :

XA B S T MG B oy eT WA . X T AT — RS Xk R, —
MR IERAEE T A RER, A RERLIREMN GPU AR TR, XA HRIE 2 T UUREE
ZMXBATEIF. MREEABEHAP BRI, WA, ZHIH T F=EXA el
HIATE TAEE R E %1, B H oGS &F 4. Poor fragment! [ 2.14 45 H T fitk /5 (132
TCHERAE BT B B 1

\\

AT — Rt > SREDAR > .iﬁ’. — BB SHX

A 214 FFTTRIEBBRAEARE. RBBLTHANNRE, FEMNA TS ENAEEPXFELFHENRENR
BHTRE, REBSARBEIXH
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WA I R SE bR bR A LA R 2R R, 1 ELAS[R] A B B2 1 (49141 OpenGL 1 DirectX) ]
SEERAN T AR AR R 3 45 H P9 A B A ) A —— R B B R AR I P SE PRI . RE R EE
it A A e P 0K 1 R 1 P DA B A S5 T 5T TP R B YR S BA ), D0 R A BT A R
I LA ). [ 2,15 45 tH T VR FE DI RRRI RS AR A PR T AL v A2

FrER AR

FFaf R Bt

v

ZERN T
AR

A 4

EREAT

4
BRERAREE
ﬁgﬁ*&¢%ﬁ

(A5 AfiE)

Y

v v

4
( sRARe® ) REMRER e

A[EH215 AR ENH NS A REE

A RFE RN (Stencil Test). 52 AHCH R (Stencil Buffer). SLFx b, #EAR
GBI FEWT B EELE M WEEMN LT R, RSB THERINR, GPU&H L
DEHL (fE P SRR ) BEARZE P IX Py oo B R, AR e BRI R (SR B R )
F| ) HA{E (reference value) HATHLER, XA RETT LR BIT R EREMR, Bla/hTFr&E
ZH TG, BERTETHN&RZA JC. WRXAN A GEA BN, Zh ol aslasi. A
B e B AR K, BRATTE T AR AR U AN T T (B AR 45 R A SO AR 2%
MIX, ENEBERERERITRERERN. FRETLLREAR RS R TIMBSERE, Pl R

15
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F2E ERRKE

VOCHS SRR 22 1 X CRAFANAR, I ISR ABEAR 2 o DX POt A7 B AOEL N 1 5% BRI K T PR A6
ERMXE. B, BRAGEA — SRRk, WERE. REREYS.

WR—AFonEE il TR, A ERET T — M ——RE MR (Depth Test).
AR AR 2 13 #0T B XA XA R PR T AR BERC B . WUERTT B TR, GPU
RALZA RN AN DL/ TR X A R BEE AT LU 8. XA LA R Heth 2 v i &
HREBN, FIANTREFZA L, RERTETNEFZA T BEXLERERNTHT
IR AR, BRI F 7GR B A T35 T 4 iR B X P E, MaMEEFE. KREN,
BABAE R Bn th B EEHLBAT P, 10 A8 L4 HL A A4 P A 5 Bt BLAE R Lo 2R
AR R AEEEE MR, A TS E R . AERILRE SRR, RN TRA
RN, E B PR S SR e X R L. T dn R TR, R E R T LR E
R EREA Ay 7o R BB e s A B BE(EL, R TR R RS NSRBI - BRANIAE
JETHH% 2 P 2K, B RCR AR BE IR DA SR B AR R AR H# ).

R —AFEKGEY T BRSPS, e LA B SER B S F DAL R AT -

A ATEEI? BATEGNE, KRS RE O R — M s — Y im 2 57 5 -
. TR MEROBES SBAEE L ARAS T . Bt HEATPATZRIE LN,
e PHEECER T ERERZEHHESR, Ba, RAIVEERXKEREFOHE 42
BARZATOGE R, T RBATIAMACEL? 1R A H 75 B i B

SFARERYE, FREFLXARE (Blend) #4E. iXFE K oH A28 HHHE I (0B 0 3
SHBEBEGHFPOENX P RERERME. A TRENYE, RIS EMERRS SRR LAY
WHERRZEWN . B 2.16 R T — AR IR A HR AR .

REARBTRE

BITRARKE )

AE216 RERENELAEE



23 GPU k4

MIURE B AT AT DU, TR ARt vT DA BERC B R . JF R AT LA I J5 /56 PR & 1)
fit. WRRAIFRBETNRE, B EHEEHFTrBEE SRS Zh X b B, miXd2R
LY EKNEERBERZCRENREE (EAFEEEDIER). WEFE TIRE, GPU SHUHIER
BER HbRBUE, EMEEETRE . WHERNE oA ARABINEEME, W H RS
ROAHFETHEEZMXPIitaME. Z2E, e MNEERECRIITIREHRE. XMNRE
BR HOE w RE B BB AR, B AR PR B Wl E I (EREATAR I . AR AHIRE . IRE R
Photoshop 4 B Z i fE: B ZEEr LUERRREH, WEEXdoe T ZEEM T ZEER
BAEHR, MERMEROEFBERSGENE R

g AR AN A ME— Y, T H AR MOE R bR BRI R AR R o a8 2 G i
1T, (BXT K2 5 GPU Kik, EAISR AT GEFERAT i oA (8 Z sl gt T iX 2ol . X2 vT A
AR, R —TF, 4 GPU A LA AR B TR A NRE TR BiaE, BRI
N TCIR AR A X RIS, RGBSR T, I AT R A A AR
wT! E2.174HTREE—A SR

EA— MRS IR E RN GPU, E&FER A
fie S M RN IE R L R RS T, XTI Tt
AT EEAMH oo ARkt B e ffsie. &
Unity %5 HEERRKE S, FATRAT UL E S H
AR BE TR 7 o (AR Z A - X FPRF R BEM A 52
RIPAT HEACGE ¥ MR N Early-Z £oR. FHEEH
A BIX BN A 2 R R B R k. AE AR S T F Y
H, WATES4RLETIRIXAN ) 8. A

(B, WX eI ATHOE, R Ra] aAB217 EFHRTFEE TEINE: RIHAE,

Y o - . SHIFRELSHER (ERELETAM ), BRI
a5 p L4 A 5 ;

%K5_E§é$fm‘~ﬁﬁ‘*°@w’W%& Hh( ERBLETAKST o MBREMHAE ST
I1RE Jy TeE (84T T B NN (RAVKAE 83 W mem Bas, BAEBLKIHE, SRTHA

PRAUED, T AR, R BHESSERREROEE, HOAERNE
AAEA & B APT (it clip B30 eFape 7 TSR
SISO SE GPU AT 5 FliR.
B, TACH GPU S T € B e LT AT R R e, AT BT, IRSHT
BT, (A, KRR PERE 1R, B S AR EAT T . KB A
W PECERE TR

S AL T LR R SRR, M SRBRAINRAE L. RIFRR R
BEIE R BEAL. (. b TR RRITEEMLL EAR T HMLIETE, GPU 24
WELEH (Double Buffering) (5. KCRVRA, AR IR RAREREN, DERBE
(Back Buffer) ', — S ROSHIRFN T RRENT, GPU RELHIGRENEAEE
(Front Buffer) “Hps %, Tl HAEM 2 it @R iohe LAOBIR. ik, (RE T RAIE I
P19 1 R

239 B4

BARBM EEHT RS, EHELEMSCI R kRl ERE . FEERENE, 1E
AR RILIX A I RUK R B FR . Al RERNAE — 2o 3kl EERIMAE. — N RER BT B
FEP (4 OpenGL Hl DirectX) HISEIMARAAME, H—ANRER GPU 76K )2 Al feEfit TR 240
1k, Blhn LR B SR oA A2 Z ATt T IR BE IR, ALl S TG TR 5.

17
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F2E EBRRKZ

HRERFKL LR, 8 Unity /20— MEE AR ARINER TRE 6. £
B, BAVATHFZEAE—A Unity Shader B E AN, WETAEOASN T CELR. WE &
ARAB AT LUA B4 3 W B RERBOR . X2 Unity W5 AR A 24, BIXFERREAET, H
Fetb o FHGRE B BT, ERBYIAERKTT W, TIEFERILT G IR, FEHIL R,
TR BV IR R, XRAES 3] Unity Shader B35 i (193838 .

ERFUKLJLTFRALFH TS, W REEE N Py e S EARE R UKL,
ORI AGR SR 5T T 2o BN SR 7E 2 2] i 7 P R AT L B B e JER B AR T LUAS I 75 1) 4
HENE, MESHEEROE.

AL iy e
A =5 W e s e 141;43 Ao g‘;g',ﬁ’
AEUE %3] Shader IALRMh, SBH| LG I E AT, SRR LR, LIF
FREEM ARG, EAVIEE SRS B, &S0 RH A it
ARif

241 f+4=2 OpenGL/DirectX

R E b BR AR, Bt E Wil OpenGL 1 DirectX, th— 5 KNIl iXPi# 2 8 K75 5
K% . OpenGL 5 DirectX Z [8] (3% 4+ LA S B A1 & ANE {4 A 7 1 2 18] () 24 86 ) SR AR A i, {HAR AT
XA EARBRHETEE . A8 B B7E T 3 0T GedEa AR, efBIRA 4, X
AIFRIMEREZL. GPU GHHAXR.

BAE T — AT RSUE R V& e i M 7K 2% LA K. GPU & W o] SEFRIX S /K 2R 1, {H
MR EIF R H BBV F GPU & —{FEH BB, RINTTRETEMSFFFE. BAAT8HE.
T R g FE B D X e i () B ESEBL T — 2% .

OpenGL il DirectX it f&iX %4 P (% N Fl g 242 11, X488 O TiE 3 — dE sk = 4EE T . 7T LA,
XN T EENFREFRERE GPU FIVAENFR. —A N FE R X8 0 R A T Y4,
XL 2K Y ) 8 K 3850 (Graphics Driver) KIXVEYAv4, X4 - DK 2 /2 B 1E K000 dn ey F1
GPU {5 fita, EREAE OpenGL 53 DirectX f ek E0A B F L T GPU REM T IKITE S,
I AT B £ ST S0 S HR S i GPU BT f g, — AN thmi 2, BRIRahme B R rRiE
ARG, B 2.18 BIR TIXFEHIKR.

REFE SR U, BAIM N FEFFZ4T4E CPU L. N HI#2 ] LU L FH OpenGL 8% DirectX ) &
B DK E R T SR, T EdE . SCREEE . MRS BB BA7 P AR 2 XK
BEJG, JF&R&ETTDUES B gm0 R HER MY, X8E LGSR Draw Call, BT =
#7 5 R IREh B K GPU REWSHL MR (1ARRS, HEAT BCIE A2 .

HE 218 sTUEH, —MNEREBTAHBESLAE BT GPU 4, BHA B ARAF, XA
WHE AN EF (Video Random Access Memory, VRAM). GPU nJ LL7E i 7 o 47 it (T fo Zdis
R TV ok i — Lo B R R A TR 1, Bl T 5 B i R B vl . IRBEZE PSR -

K BRI AELE, LA Y GPU #FEE R BURT OpenGL A 1F, AT LAFI DirectX i 1.
B NEFMAFEHE, 3 e AFEMR REIITZERATLLT . M8 -REIHFE AP
v, MTTHEN (BB%EEDOM GPU) TRRiE. Bk, —/AN8-FHIER A T kA48 8 a]
LA #1 OpenGL. DirectX &1E, b ZiE {2 #F OpenGL F DirectX % H i1 2K 3E5) .



24 —HERSHARMMTT

A4
NEER
LEARAS]
penGLa TRARBR
- TN
ect Py vy e
Y

AE218 CPU. OpenGL/DirectX. B-FUEHHFIGPU 2 %R
242 4 HLSL. GLSL. CG

A BRI TR AT miE A AR E, WTAEAR, hooEASE. XEHEAEHA
GRFRTELE T, AT LUEE ] —FhAE € TR 5 R BT, BULF ELIRATAT LA CHR B akiZ 5 —Ff .

FER AL ML AT, A TREH ORI, FREMNEICRES . A THITFRENT
JFEFAERRTT, ML T A5 S (Shading Language). HEIESEETHTMES
(o381, W WA (i85 F DirectX fJ HLSL (High Level Shading Language). OpenGL ff] GLSL
(OpenGL Shading Language) LA/ NVIDIA [f] CG (C for Graphic). HLSL. GLSL. CG #B/& “/&
%% (High-LeveD)” &5, (HXF UMM TICHIE S RULK, MARK CHEXT C IR
B o IXUETE T S R G HLEE LR MV S0TE 5 AR A H1[AliE F (Intermediate Language, IL).
XS ) iE E AL BRI IR I IEMNIAE S, B GPU n] EABEMERIE S

S —AWIEE R, — R I RS, A kR E S ?

GLSL AL S T E B E 60, ‘Bl LI Windows. Linux. Mac 2B FEELHIEE
TR, (HIXFESF S R T OpenGL & $R L4 (0 88 4n 1R 4%, 12 B RISk 5o e (38
B4 ik THE. ek 2vi, HEE RIREhZFN GLSL M4 e sl LUsfT . XF g b+,
RN R SE 4 T A SRR, b0 ENE BT DURHE B KIER . #q)iE i, GLSL
RAHRESE, TAEREREEHN . (HX BT GLSL M4 4 BB TN Ry . 25
i, R EHREZ AN E——NVIDIA, ATI %, flfi]% GLSL fI4 LA R AR, Xe] Rk
LIRS RA B R, BORIXSE B R TR R F v .

mixfF HLSL, f& ksl aasfgmi, mEMEH T AR, F—MEOHRNHE
SRR CATHRRMAAH D . (B E SR HLSL #)°F S 405 LA R, JL e —R M
H M7= &, W Windows. Xbox 360 PS3 %%, XK h#EH AT & L# AW LigiiE HLSL #1494
s,

19
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H2® OBRMAL

CGMEHEREX LHBETVE. EABRETFENARE, SMERHNKPHIES. CGEEMNE
FEMEMRKREERRT S5k AE, XS CG EFSIEEM HLSL IEHHIE, CGES T
PATCAERS A A HLSL 1A%, (E Gk 50 W] RETEi2 58 4 RAE H OpenGL I BB o

X F Unity SF &, BATFEFERT LAEREE FHWERE S . 7€ Unity Shader 1, FRATAT LLE4HE{EH
“CG/HLSL” 0% “GLSL”. #5|%5 &K A Unity B [{iX L3 65 S H AL EIER X XN #H
BiEs, REENNEZLILT—F#. L Unity CG h#l, IRE K S KRIALE CG iEE7E Unity Shader
FRAZFEM . T Unity Shader fELIE ) CG/HLSL. GLSL Z [A]ff] X RBATELE 3.6 Tih ik E].

243 ft4& Draw Call

ERTEPFEN S, RATSEL T T Draw Call 97 X . Draw Call A< 5 14 LR Ej 5%, #i & CPU
V8 FH B 5 gn e 820, W OpenGL ) gIDrawElements iy 4 8 # DirectX #[f] DrawIndexedPrimitive
4, Ll GPU BHATIE Y1k .

—ANEWKRX R, Draw Call Hid st e B ST XIE GPU, AR GPU L FPIRA DI 2 FE
WAy, HSEARR, HIE “H/EhR” K32 CPU.

TERNFEAE Draw Call Z #l, BA156KE—TF CPU #l GPU 2 [Al /K& B A LN,
B e AT T T A BB — ke TAE .

@& —: CPU A GPU 2L M H 1T TIER?

MBEEE KL, B4 CPU FELR| GPU 5T E—MERES A REH R IEE L M4 .
BXFTEBARSERBCERET. B, MEBEAETFLHBNETRFEE T —&, &)
i 2eik CPU Ml GPU A LAFFAT TAE. T RITEMEMH P wSEHPEX (Command Buffer).

R EMXAE T — S, B CPU [MEPHMAr<, MH GPU NHiEitda<$, &
A ECR A FE R B ARSI . @2 X {E#S CPU H1 GPU AT LA B3, TAE. 24 CPU EyE
—SrI R E, BRGNP P RNGe4, T GPU el T E—IRINERMES G, el LA
M2 BA S R — AN 2 AT E .

MAEMX h M HSE ML, 1 Draw Call ZH P —Fh, HihddiLH B ERRES
(Bl el AR A FH ) 3 %, AR RIS 4S) . [ 2.19 Bor T XMl

HLEHR
SERMEA
EREEB

- SERAREC

2B 219 HE4EAX, CPUBTEGEREEDGHSEMX PHRMGS, @ GPUNFERGS T, BEEFERNNS
<R Draw Call, MAEFEANGSATREERRS. BIERLEAERRAITERRESNTS,
AN XL SEEE NFER



24 —ERZEBAHTT

BfE —: H1t4 Draw Call & T & &M ?

BATVERM— LR : FCIE 10 000 S/, BAHRIKRADA 1IKB, REHEEMNN—
AR E R S AL RERI, REXEAHTREFAEE 10MB, HELHRRK
i) BRAE, BRATFREIER RIS, ERR/ANE 10MB, RGBT N — IR
B AN, MXRKIHPRTEEMRE | ZXRIHAV? WA ENREEMARRIRE—
i REET, 8 AMEFSMETFERZIIMNIRE, PluariRFE. SIS oEdEsE. W
PRET I, IXERVEN AR Z BN GRS, WRRMIEH TRZ A, WARXN RS
RK.

E R TR AR LA SRR A IR KAE, (E MR M B L RAREPIN . ER KA Draw
Call Z#J, CPU HEM GPU KX REZNE, GFEHIHE. RKEMWLE. X KB, CPU FE
SERIRE THE, Pl EEICIRAS. M—H CPU SEMk T iXMAHER THE, GPU M AFFIEA K
fIiESR . GPU [VE SR 1 R IRGRAT, TEHE 200 NER 2 000 =AM EER ALK, FEik
VE YL EE AR BT CPU 25 4 0 . 115 Draw Call fI% K%, CPU M-S K&t a) 16 2%
{E4228 Draw Call b, #ERK CPU id#. & 2.20 B/ 7XFE—AMF.

Tﬁ«'ﬁ’éi WRENK

—— e

——

e e s e e

—— e e S i —

AE220 HEENRFRREIERT U ERZHARS, LK, $OEMRPRETURTHNGST,
GPU A FZMRAS, T CPURR AR BT T—NERHS

EE=: AR Draw Call?

R kD> Draw Call B ERRE, BRATXEIGHLHEH#ALIE (Batching) k.

AT, $RATKEIR/PH Draw Call 2GR CPU BITEREST, B CPU 6 A # 4L 32 76 #E
# Draw Call K T/E LT . M4, —MREKRMNIAER ZIERE /N DrawCall 3R —PK
f{] Draw Call, X#iZ#tAbE AR, B 2.21 BoR T HEACE BT 145 .

TEERNLE, HTFRNTEELE CPUNNEREIMES, W& H KRR T2 AR 8
B, #AAFEARENG S THRLHEENDE, BlinASBIM K. £L%, MNTXEHEY
FERMATEEE I KA. 2R, AT ShAY AT . B2, dhTFXeEyikr
AWriza i, Pbdg— Wi =BT & R RIELS GPU, X0 28 [ A [A] #R & 1 il — e
{1 B o
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F2E® ERAKL

BLEHR

ERAH RRRE

A 221 FIMHANE, CPU 4 RAMFES M ATE R — M EXAIRIS, B R GPU, SAE#E— Draw Call SR,
BEIRME, ERRDBEFORBHEREAE—FERRE, LREN, DRIEABEEBTRGTRRS,
AREEERMDBIAR

TEWARTF RS REF, A T /b Draw Call KIFF4Y, AP RHEER.

(1) BRALFARRRNAIFEHE. A AR bt 75 E AR/ MR g fa T, 8RB A I
'_.E:1I‘]O

(2) BRI Z M B REBELEAF M2 3 R M5

EEXTR 16477, TANNSALFBMFTEE Unity +F S B EARET AL -

244 fHARBEEELER

[E 7 R & B9 K% (Fixed-Function Pipeline), th{EF M [E Lk, W EIFARKIHK GPU
ESEIAE K S . XK ARG TR AR I — SR B IR, (B RE B XKL B
B HIN.

[ E LM ERMLE T —RINED, XEEOEE T —PEREA D (Function Entry Points)
BE, XERMA N QESILAL GPU L —AMEE B4 TRk . FF A8 A Tl ik i 4 1 Sfe s thil Ve e
WKL . Bb)iEd, BEERFERERATRENES. —NMERILMR, FRAOVEMHE e EE
BHATERE, I REEGIRE L2 ANTER, BATATCLERAT el XM — N R, (HAE L
LA B AT o

bt AR R &, GPU Wi /K Stk e zg 58 i R IE MER a4 7 al R RE, W gmfiE YL 2k
MEEmA. BATE ETES T2 mERRAKLRN B, WmIaEORS. hooEms, XSy
TR AR BT AR GPU BHL R EZ M 5Tk, % 2.1 AT 3 FhE i P ek 0 s i
2 In) AT SRR AL O RRAS

Fz 2.1 3 ME RO MEEE %0 7] RiE B & LA RE A
3D API R S H B E B AR AR B EHUREE LA
OpenGL 1.5 ’ 2.0

OpenGL ES 1.1 2.0
DirectX 7.0 e 8.0

£ GPU K ERILFEH, N T 4kGiR L[ e Wk fk DR, — LB RIKS IR E NN T
EE A A A, B AT g AR B BOR B R . X RN T ER it n] A P R
I, A7 DALEAR L CL2R B8 T I8 2 R A T R AT T4k 8 A [ 52 B R AT IE B« B2, OpenGL 2.0



26 ¥R

10 B IE O E B OREE ST R T, AR R G0 0 T Gn e 8 48 Th RE SRR 0 31 7 A 46 () b BT 72
{HFfi% GPU MR, [EeBELELEWiBHLiES. Hli, OpenGL 3.0 & /5 Bk HF Al 4afs
ek WS A SRR B R AR DR A, 7E OpenGL 3.2 1, Core Profile Btse &M T [ & &
S 1] g

Bk, AR ARN T AR AR R R BEATAHRA, AR IGRSE ] [ e B 2 E H 07 3o

BAVZ P AR KRIER R GPU HVESi/KER, ZF N Shader FTAERIF BUHL R IE S it
KR —¥#4r, TEHEAKYL, Shader Hi2:
o GPU Wi/KZE b —2un] @ B 4n RR AP B, 17 o 88 4 3 tH R M B &R & & 7E GPU _Lig
ATH) O FREEE&IERR D, &HEFENERT— LR E E R E):

o HUufeERRIMELLE, M LEGAR. FTEARS,

o IKEEE AR BRATRT AR I K L b (Ve Fe 401y, 1) 0 FH T A3 A A SR AT Tl i 2R 8 BA S 1%
BEAE, R R o AR RAT B R EE .

EL[RIE, FRATRELRA A, BEA5 3 H € K37 3R I 17 2 75 24046 Shader 76 P I BT 1E J 7K e
BB EA MK WEEYHERRSES, FHAGENEEGRE, TFRE IR AR/
REGNE.

Unity {8 —H @R g TR, ARNHRMET —PBEAT LA M S % , R T§E
EIEYORA MM T : Unity Shader. 78 F—FH, AT EIEER: Unity Shader T 5 .

1 R G TR G R4 G, T LA E 2 AR FE R AT e 4
TIRZHREREROAE, XABEENEREPHES. 0RETRERAHIHERER Draw
Call NBEZRAD), WREMPICEDLSE TRZDSKFRBR, mEAEBERNE,
RANRE—ALRARTAER . It ATEAAEEE, fanHk T Z At B 5 2 X TR B 1 A 2,
] LAZE NVIDIA Bt — kR &P 3R I8 £ (& 5. W BEEE % OpenGL # DirectX FHIVE R4k Lk
(R SEPRAN T RS, ARA IR EATIMISCRY (https://www. opengl.org/wiki/Rendering_Pipeline Overview,
https://msdn.microsoft.com/en-us/ library/windows/ desktop/ff476882(v=vs.85).aspx) /& —MEH L ()ig12.

[1] Akenine-Moller T, Haines E, Hoffman N. Real-time rendering[M]. CRC Press, 2008.

[2] Wloka M. Batch, Batch, Batch: What does it really mean?[C]//Presentation at game developers
conference. 2003.
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% 3% Unity Shader ALl

1E ot JU ) 2E S WA RATC L5058, Shader AR AR AR PE, BT RE R HUK
Lerp i AR M B, TR E GBI E. HoTE BB,

TERA Unity XRGERRMITO T, WRRITAREX AR BE RS, WA
T AR
// WEEREE

void Initialization()
1/ U\Eﬁibuﬁmaiﬁiﬂ'}ﬁm
string vertexShaderCode = LoadShaderFromFile (VertexShader.shader) ;
// MBS Eh0E F TE B AR
string fragmentShaderCode = LoadShaderFromFile (FragmentShader.shader) ;
// TR EFNHE cpu
LoadVertexShaderFromString (vertexShaderCode) ;
// B8R TEEH/NHET cru

LoadFragmentShaderFromString (fragmentShaderCode) ;

// BB A"vertexPosition"HIEMNEA, BIRET S 445
SetVertexShaderProperty ("vertexPosition", vertices);

// B&BZHA"MainTex"HBMHNBHA, someTexture E%%E?]ﬂﬁﬁ‘]&ﬂ
SetVertexShaderProperty ("MainTex", someTexture)

// BB A"MVE" KB MAEA, MVP Ez“lEEfF“i%ﬁﬁﬁWﬂEﬁ%ﬁlﬂ
SetVertexShaderProperty ("MVE", MVP);

/1 RARE

Disable (Blend) ;

[/ REFENR

Enable (ZText) ;
SetZTestFunction (LessOrEqual) ;

/1 BEbigE
i

// B TIER
void OnRenderlng() {
// ﬁ!ﬁﬁzs% %
DrawCall () ;
// ééﬁﬁ?ﬁ’ ERGEN, BRINTHEEREEIEYNBTRFERIZE

}

VertexShader.shader:
/7 BN TENE. 808, wve THIER

in float3 vertexPosition;
in sampler2D MainTex;
in Matrix4x4 MVE;

// it MESN Mve BREHTE

out floatd position;

void main ()
// R MVP X AR B TR s AL AR T R

position = MVP * vertexPosition;




3.1 Unity Shader #fif

FragmentShader.shader:
// #\: VertexShader fitlif) position. ZEFXMLEFBERNIZF TN H position

in float4 position;

/1 it ZR THEEE

out float4 fragColor;

void main () {
/! BRTBERABE
fragColor = float4(1.0, 1.0, 1.0, 1.0);

}

AR BUR Rt JE AR A, HIERAEAEH |« T 2R R AW 2 i,
RIS EGEMEARATOR. MH, 2 ENNEESERERN, mREAHESN
8, FRATEARHE N 1 SN 55 ]

Unity fH B T _EEIFRGL . ERAE T — D7 RENS 1L R 3 S NEAL o L (5 884K
WU RERE (IFRRHRS . BRI, BEERFSE), mATGEG b A —
FE, EEZAXAMR . Unity SEAERIXAS “FERIHTT 7, B2 Unity Shader.

17 unity Shader #ik
A2 e 787> AR Unity Shader 2 A4 FATT I RRIE YR FZWE ?

311 —XEAE. #EF Unity Shader

SRR, 7E Unity P BRATH /A MR (Material) F1 Unity Shader A 8% £ 75 1934
Ro — MR WRFER:

(1) BlEE—AMH

(2) fE—> Unity Shader, FHH'EW4: —0 Q1B KA R

(3) 00 RS ZE X 2

(4) 7EM SRR A% Unity Shader [J@ 1, LA7S S5 & 19 B8 -

B 3.1 78 T Unity Shader A4 i 2 40 a] — it T HE R4% Hl4 4R 138 441 o

BN

A& 3.1 Unity Shader #1#t /R, E%CI2BER Unity Shader Fi#1 %, PRSI Unity Shader M R, HEMEEARLE
HEEM (WEBNSE. BRHARESE L B, $VARGSHENANEERXERELANELER

ATLA&EEL, Unity Shader 5& X T EBLHT 7 AO& AR (CNTTRE B8 MR oA B4 B (i
{f FAMBLL L ER S ) MfiE< GERMPREVES), A4 BN A VFRATAIX LR, JER LR

25
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% 3% Unity Shader £

TN AR,

3.1.2 Unity P8I

Unity H (8 i 2454 /> GameObject ] Mesh 5i# Particle Systems 243k TAE. EHhE
T IRATAIUE AR Z B AR R AFE TR GX 2448t 75 % Unity Shader FIBZA ).

H TR —ANFRIAM R, AR BAZE Unity BRIk Assets -> Create -> Material K61
@&, ] LLEBAE Project Y 4 i -> Create -> Material REIE . HAIE T — MG, B
DB E RS — 0% . XA LUl M 0 B HE .3 Scene MBI IR R Lok SEBL, sUEFEZXT
% ¥ Mesh Renderer 41170 EHIR{E, W 3.2 fiR.

1E Unity 5.x JRA S, BRINTESL T, —ASBra i BR8] Unity 9 #f Standard Shader, iX
R METYIEERPE GRS, RIVGES 18 Fhifzl,

XFFRARN R, A2 BB —Fh 3. Unity FIM B2 254 (W0 Cinema
4D, Maya %§) HROLIIMEDIERML, BRI T —ANHBOR A RSN S5 ZFaTiiL
HINEER I RE A B RE BT EABEP RENSERERA RS SH, Wl 33 Fror.

AB 32 BMEEEERT AaE 33 #EFHES T —FaMis
AR Mesh Renderer B4 ARFKBFEECRPEHNSH

s | D OREEMR 1 WEREAR T R ERE R, Unity LK. Tk H
T B RS LA RRMMA; BEERE 27 TASER R L.

....................................................................................................................

3.1.3  Unity 2 #5 Shader

AT A T A A Shader 3 SCGHEAT X 73, FATHE Unity ) Shader SCAF4EFK A Unity Shader .
IXFREEA, Unity Shader FIRATT.Z BT 42 A f7E 4L L i) -Shader HAR AN, TATSTE 3.6.2 1k
AT SE N VE 4 R AR RE

J3 T G0 —/N ) Unity Shader, FRATTATLATE Unity 32542 EPJi?% Assets -> Create -> Shader 3K
BUE, thn] LA EIEALE Project ¥LEIH Al -> Create -> Shader KA\ . 7£ Unity 5.2 K& LA ERRAH, Unity
—3ERAET 4 B Unity Shader Bt it 3 A 11E#E——Standard Surface Shader, Unlit Shader, Image Effect
Shader UL}z Compute Shader. H., Standard Surface Shader 27— MU E T A CIAER (fTH T




3.1 Unity Shader #fiA

Unity 5 FF AT ERAE Y, S 18 30) MIRME M, Unlit Shader W44 —
MEENR (BEEFRO BIEEART S/ Fooktak, Image Effect Shader W AFA 1L & Fh R
JEACERRCR GESE 12 55) /(T AN EANIR. 85, Compute Shader 237 H:—FHekIY) Shader
SO, 3X3 Shader B 7EFIH GPU AT HEKHEAT — 28 5H MTERAUKE TRV, MXAEAS
FIHieVEE P, EE AT LLEE Unity T Compute Shader — 3 (http:/docs.unity3d.com/Manual/
ComputeShaders.html) 3R E L HINMH. SR, Standard Surface Shader JFATHRAL T AR
T 5 38 B SE 0 A7 i, {E AP A A4 T Ul £E Unity RS T0 S o .28, BRItk G aErE >4,
BN 18 H 2AEF Unlit Shader KA F— AN FEARITH R/ Fy 7oA (28

—ANEUMY) Unity Shader 2 GIEKIFEMIER I, ©OHFM RS K, A RERAEMATH
“AREERNETY Ak, BATTAT DLEEM T AR B U7 0 R R P BT EAE A Unity Shader. 4
EFSEEE, MRER B4 HILZ Unity Shader /] A9 & FhE 1. XL BHETLLRESIfA ., S0OE,
Tl W% (RETEEAFE AL, mES. YRIHEH ARG TR H—A 5%, el
VA 3R 5 8t AT K AE A L.

Unity Shader #<Jf_E gt/ — XA, Fl Unity F 1R 2 453042648, Unity Shader 125
SAIEE (Import Settings) T4, 7E Project #4181k 41 54> Unity Shader Bl 7] % #|. 7E Unity 5.2
ffeA<, Unity Shader {93 A BB 1K 3.4 Frors.

PEZIHE A L, FRATTAT LAFE Default Maps 45 % 1% Unity Shader 8 FH (IBRIASCE . 24(F [ #R
S—UAE 1% Unity Shader B, X658 8k £ 5 )BT BIAHN @4 B 78 F 7 B+, Unity
2> 75 A% Unity Shader #XHI(E B, PlERE R —NRMEEL (Surface Shader), 272
— /N R B fuds (Fixed Function Shader) %%, i&f —44(5 B2 FIRAIAE Unity Shader F ¥
BWRE (ENL3337) AKX, PlmERSENRE. HAMERS]. LOD #EH%.

XFREAEERS GEN 3.4.1 99 ki, A1 LB Show generated code 1% K+T IF
—ANB IS, AEZSCHE BN B AR Unity 7675 /5 A %R I A (284 e T s/ Fr o (e . IX AT A
T ERA D X A iR AR HE TS 2 (FEE R HI3]—DH ) Unity Shader FA W {RAE) FIBFF.
[FIFE L, 45 i% Unity Shader & —™ [ & BR 405 (028, £ Fixed function ¥1Ja MR 2 I —4> Show
generated code T, Hik TA 1B FH % € ok HOE 88 AT &/ TTE 8. Compile and show
code FHIF)FEA] LLikFF & FH K 7 i% Unity Shader #5554 [l 45 40 #2410 (4401 OpenGL. D3D9.
D3D11 %) 4% 1% a i) Shader 1055, Wil 3.5 fin. B %I n] LAA G A R E 0
it 4. BATAT LR X BACHD Sk 3 f AR AL A (0.3

aE 3.4 Unity Shader IS AKX BER A& 3.5 Compile and show code THi%zE

27
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Btz #b, Unity Shader {95 AN HIARGE AT LA 77 (Eih A5 7 HAE FHIE 4 FA%1 (Render queue).
KMt FE (Disable batching). @)% (Properties) 2515 &

“THEHLRLE B AT ) AR R AR — 2 SRR ” —— KT - H#)

MG EE ORISR -ER A MERBEER SR, EHEEAT, b T A SER
MR T ERRE SR EITACHE, XU R IRA S T B EE L. 1 H, —Sgy
o] AR A A T T R B TR 2 1 e [] e e

Unity 4 Ttk LR @8, HIALUE T — EHi%—Unity Shader. MRATAIXZH R

B &R 2 Unity $245(—FF% 78 Unity Shader 45 (1115 5
+4 2 ShaderlLab?

"ShaderLab is a friend you can afford."—— /& #$z il « 3 BPG 7 (Nicholas Francis), Unity A
B EE (CO0) MEEEAImAZ—.

Unity Shader /& Unity 3 7F &R & RO R EHMERMEB)Z . B 3.6 8K TIXFRHE . Unity
A X A 7 R T R # S AR AA A HIVE B

ShaderLab.

RIBFA LR
RN B EEED
ARE WEREB
‘\\\\ ////'mﬁﬂGW
. ®
&gg%&s -— <: SR ERIRES
SOERIEUF {# FiShaderLab
HFTHEFF
“: T Unit
HER Mot shader el

AE 3.6 Unity Shader AiRFERERIBHT —BHR. MEREER Unity Shader ( £8 ), FEBEREFMR S A0
WEITXGE, AL EESNEAENMNE, i Unity Shader BSEBEBI T (BE ), FLXEREE(FE A ShaderLab KRS
Unity Shader st el IASERFT BRI TIE

£ Unity *1, Fif3 ) Unity Shader #F/&{# ff ShaderLab #%i 5 ). ShaderLab & Unity $#2{i 1)
%5 Unity Shader f— it BIMEES . BT LB EAERE S AMKIEN (syntax) Kk
—> Unity Shader S 454 . XELLEMIEE TIF 2 E YT T MEHE, B0 Properties BRI 5E
XTHEBFFOSMENE, XLEEHSHIEMRERS . W Bk, ShaderLab 212l
F CgFX F Direct3D Effects (.FX) &5, BNI#E X T EBxR—MMBEMTFHIIA AR, AR
XREEBIRI. ’

— Unity Shader fZERESE 0T Fin:

Shader "ShaderName" ({
Properties {

/1 B



3.3 Unity Shader 894544

}
SubShader {
// BRAERNTERS
}
SubShader {
// BRBERNFESSR
}
Fallback "VertexLit"

}

Unity 7675 J5 2 AR5 FH 6 & S0 X S 45 M4 1 AL IE (O ARES N Shader SO, TiFFRE R
5 B Unity Shader $TAC BRI AT .

1

o s ol I

d .1 o K
] e 3
= = B = L
e 5 s Ml iy e

7E E— AR PR AT LB T —2£ ShaderLab #9915 X, U1 Properties. SubShader. Fallback
& IXEEE Y 5 LT Unity Shader F145#), M #5 B Unity 3 #71% Unity Shader 30, PMEBEATIE
iR, 76T, RATSMRXLIALRNTE L& CRRE.

3.3.1 A Shader D EF

#E4™ Unity Shader U158 —1T# % 2Ll 1S Shader
5 WK FEE % Unity Shader (1% ¥, XML FH—NF
TreaksE X, Hltn “MyShader”. 244 H ik £ FH A9
Unity Shader B, 3X$642 FRigk 25 tH ILZEA B AR ) T H231
FKH . BEAEFRFRPEIMAFAL 77, 7T L] Unity
Shader 7EA AR HBRMIAL B . 140

| shader "Custom/MyShader™ ({ }

A 43X~ Unity Shader 7544 5T IR A A7 B 52«
Shader -> Custom -> MyShader, W& 3.7 FiR.

»
>
>
»
>
»>
>
>
>
>
>
>

3 ity Sh VR Propertie |
33.2 A Lnky Shaden SR, Fdpadis 437 #£ Unity Shader HI&FREX HF A

Properties i X & T —FR5|EE (property), FHTREL M RERF AR
X R MR 2 HBLAEA R -
Properties 6 XH )€ SGEFWF
Properties {
Name ("display name", PropertyType) = DefaultValue
Name ("display name", PropertyType) = DefaultValue

} /] BERM

TERZFA S WXL RE RN T A AR BE 48 7 (E b R 5 Fhb BURYE . W R BAE
Shader i jal'EA], BMTEMEMAFENEERZF (Name). 7E Unity §, XLJE M4 798 % H
—AFRIZITEG . RRABFR (display name) WIR HILFEM FHAR EHET. RAIFEANRAD
BT E B HI%EL (PropertyType), i MLAIRIERRI MR 3.1 fizn. BRIEZSh, BATVETZ 0%
AN EMEARE—ANBIAME, ERAIE — KX Unity Shader BEAFEAMRES, #RER L2715t
FEIXLEER AL o

29
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% 3% Unity Shader &}

= 3.1 Properties i& SR 3 #5898 280
B %R BOAMERESOEE Bl F

Int number _Int ("Int", Int) =2
Float number _Float ("Float", Float) = 1.5
Range(min, max) number _Range("Range", Range(0.0, 5.0)) =3.0
Color (number,number,number,number) _Color ("Color", Color) = (1,1,1,1)
Vector (number,number,number,number) _Vector ("Vector", Vector) = (2, 3, 6, 1)
2D "defaulttexture” {} _2D("2D",2D)="" {}
Cube "defaulttexture" {} _Cube ("Cube", Cube) = "white" {}
3D "defaulttexture" {} _3D("3D", 3D) = "black" {}

X{T Int. Float. Range X4&¥r KA @k, HERAMERE —NHRMIET: T Color
1 Vector iXZEJEPE, ERIAER N RS S MER—A Y4 m & % T 2D, Cube. 3D iX 3 FPLFEK
#, BOAMEME XHMER, ENHBRAERRE —MFRHFER-NMEFE S KfErn, H,
FRAEREARTN, BARNEMSIEZFR, 0 “white” “black” “gray” 5% “bump”. fi%%5
(1 A R A 2 T4 5 — e gr i IR A1, Bl An7E Unity 5.0 BARTIOMRAS S, FATTRT LUEIL TexGen
CubeReflect. TexGen CubeNormal 53/ T 44 il [ & B 28 I SCBABR K AL il {EAE Unity 5.0 LA
JEIRRA T, XSGR T, MRBRNFTELRLUAIIEE, RRE A CETRE AR PRSI
SR R B AR B AR

AR ES T — AN R R R R 1

Shader "Custom/ShaderLabProperties"” {
Properties ({ SR
// Numbers and Sliders
Int ("Int", Int) = 2

Float ("Float", Float) = 1.5

_Range ("Range", Range (0.0, 5.0)) = 3.0
// Colors and Vectors
_Color ("Color", Color) = (1,1,1,1)
_Vector ("Vector", Vector) = (2, 3, 6, 1)
// Textures
2R (E2PT, 2Dy = Wi
_Cube ("Cube", Cube) = "white" {}
C3DB3DY; 3D)- =-Tblack™ [}

}

FallBack "Diffuse"
}

B 3.8 4 il T BRI AEM B iR b i) B g R .

A, RAVEEAEM R R LS 2R AR, e
A JRAZ R A% Shader H FHWEFP T 5. Unity SCVFRATE BB
BRI AR, LARALTE 2 5 BRI . FoAl e A5 B Ui b4
Jf Assets -> Materials -> Chapter3 -> RedifyMat T4 T 3XFE—AE]
BT, EATFS%T 57 FME Custom Shader GUI —3C
(http:/docs.unity3d.com/Manual/SL-CustomShaderGULhtm1) ' (14855 .

% T #E Shader AT LIVT BN SLRYE, BAITELE CG 0L (ol Sk via ,
Hh g SORDX S Jg PEARIARDUAC 2 it . R AR R, BIERATR  aE38 FREEMEXTENR
TE Properties ¥ X.Herh WX RO RPE, th 3T BLELBELE CG XA M ehsiz B AR
AR, B, FATAT LB A ) Shader i & iSIX LR . Ik, Properties i XHII{E X

[ sataca



3.3 Unity Shader R4514

(2R T ki e YE AT L BLAE A BRI

3.3.3 EEHAA:. SubShader

£ Unity Shader 1Al LIS & 24> SubShader V& X B, (Bf/bEH . 24 Unity T2
XA Unity Shader I, Unity 231357 1) SubShader V& X H, RIGIEFEE — A Re/E BAR T &
IEAT I SubShader. WFFBACFHITE, Unity Bi R Fallback & X4 7 ) Unity Shader,

Unity #24LXFECRIERET, ARMERAAARBEES . B, —LSIHrERIEEE
Fr— 2 B H MREFR S, T @A R T L CRE Z 4%, MARNAHEEIHKE R
FAERT R R BRI RS, MAESEN EF LA TEEMERENEGAR, DERJE
RNt OETH S

SubShader v LY L5 ¥ SGBEH W F -

SubShader {
// TR
[Tags]

// TEIEH
[RenderSetup]

Pass

}
// Other Passes

}

SubShader ST —%&H| Pass LARANENIAZS ([RenderSetup]) FIARZE ([Tags]) . fA
Pass &S0 T —IRSEHEMTE YRR, (HUR Pass FEHE®, HESERIEGMEGER TR, Kk, &
TN A e/ NECH 1) Pass. ARZSFIREEFERT LLTE Pass 758 AN, SubShader H (#)—YEFxR
VBRI . UL, IXRREE B B Pass PR FIARES A —FER . T AR BEE K,
HAEH B AR . (B, WURIRAIAE SubShader HHAT TI1X4 8, LS H TG Pass.

o RKERE

ShaderLab #2ft T — RIIEFREN R EIRS, XEHBLTLAIRE R FOAMRE, #ilu
HIF R ENRENRE . £ 3.2 451 T ShaderLab H ¥ WL F0VE YR 24 1 B 2L

#*3.2 BB RRZREIER
K& BW wEIES .
Cull Cull Back | Front | Off ;igumﬁﬁ‘ pilodad i e
ZTest ZTest Less Greater | LEqual | GEqual | Equal | NotEqual | Always | & By B il 8 s ) 2% 5
ZWrite ZWrite On | Off TFIRRAREEE A
Blend Blend SrcFactor DstFactor JFJE - B IR A B

47E SubShader SRrP W E T FIRTEGLRAERT, Ko N B A 1 Pass. WHERFEATARIXF: (4
WAEXUE G, AR BAEE A Pass HHHI B ETIRN S IUEATIESY, 1% —A Pass HHIBR
R IE M ATIEYY), AT LATE Pass & X AT EAR E .

o SubShader IFRE

SubShader k3% (Tags) & —M{EX (Key/Value Pair), ‘& HJEEFEAR & FFFERM, X
EERE T 2 SubShader FITE S5 |82 (0] (VAR . AT RS Uk Unity FIVE S5 1% SubShader
AT ERE UL AT I E RX AN &

PRAE SRR -
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g£3E Unity Shader £l

| Tags { "TagNamel" = "Valuel" "TagName2" = "Value2" }
SubShader [V FFHIFR R MIR 3.3 Fizs.
#33 SubShader By#REHY
EER o B . - F

FEHNERIR, f68 2 2R T —MERA S,

- b 3X A 73 2 AT B GRAIE B (1338 W3 0 445 ] LAFE B A AN 0B Tags § "Quewe” = "Transparcat” }
WYk AR ISR 8 50, RfiTth Tl |5 X

A 49 34 B 370 R 40 A e T

WA BRRAT 2, Bl R —ANAREW R AR,
RenderType e ANEW A A . XA LI T 8% | Tags { "RenderType" = "Opaque" }
(Shader Replacement) Ijfi

— 3% SubShader {E4 i Unity R4t 20 FE 5h GE T £ B
B, T AR A ) R AR AR AT T S shim (i

DisableBatching W, 113 45). SR AT LU i 2 P R S 7 4 Tags { "DisableBatching" = "True" }
SubShader 1§ F it &b 7

FordehoShadowCasting :ﬁ:ﬁgﬁ)ﬂ% % SubShader WA RE ZBHARE (FER T%guse"{ }"ForceNoShadowCasting" =

. WRZAREAE R “True”, HA{EHZ SubShader 149 R ol

IgnoreProjector A5 RS Projector MWL 7% T 5% W ik Tags { "IgnoreProjector" = "True" }

CanUseSpriteAtlas i%s&@Mw%m?ﬁi(wmm)ﬁ,%ﬁﬁﬁﬁ Tags { "CanUseSpriteAtlas" = "False" }
e O A T ARCH T R TS i R BROARE L R MR

PreviewType ¥ BRA—AERE, BRATT LA O ZFRZN{E®R N | Tags { "PreviewType" = "Plane" }

“Plane” “SkyBox” A i 4

A SR BERMNSEARB B FET IS

TEEREARE, FRBRE(UAT LLLE SubShader W W], TASH] LLYE Pass S 750 . Pass B,
R AT LLE AR, (HIXSARSE RAE T SubShader IFRZERM . X RIBATF ¥ Z it .

e Pass iEXR

Pass & XA HIE X W -

Pass {
[Name]
[Tags]
[RenderSetup]
// Other code

}
B, BATALUFE Pass € X% Pass FIZFK, 6iln:

| Name "MyPassName"

it XA 42FR, AT LUMEH ShaderLab ] UsePass 43k H 48 H] HoAth Unity Shader 111
Pass. 0:

| UsePass "MyShader/MYPASSNAME"

XA LR R AR R R . FEERAZ, BT Unity WEISIEHTH Pass B4 FREE K
BYRERR, B, #HMH UsePass fr i LAEH KSR L F-

Hk, AT LA Pass BCEIERRA . SubShader (PR ERINEH T Pass. B T _Lifife
FIFPREBESN, 1E Pass PRADETLMER BB LA QS GER 343 %) @rd.

Pass [FIFEAT LA BEARAE, (HERIBREARIET SubShader WIFREE . IXLEHRE M ] T35 VriE 4



34 Unity Shader 7zt

SRR BERRERZYE. R34 5H T Pass P KPR EREL.

*34 Pass BItRE L£E
REER W A 5l F
LightMode 7€ 1% Pass {i Unity (1115 YL 2K 2k b 1 # € Tags { "LightMode" = "ForwardBase" }

FAF48 & 2400 B L R AR A TE S 1% Pass, BEREE—D
RequireOptions | M Z# 20 0 F & $ . BT, Unity SZFF0E DA - Tags { "RequireOptions" = "Soft Vegetation" }
SoftVegetation, 7EJq [l [IMRA, B RES 84 INE 2 [HETT

Bk T L IE (1) Pass 5E X 4b, Unity Shader i S £F— 22K BRI Pass, PAEREAT ARSI Bk SE
PLSE S A I BOR
o UsePass: WIFHATZATEERNK—HE, AT LAE FH %2 ok 5 F HoAth Unity Shader H1 ) Pass;
e GrabPass: i% Pass S ST 55 I 45 RAFEAE — Tk e, LA T /42 Pass AbFL G
M 10.2.2 F5),
GRS R B R s SOR A% A TR R, A ERL, EABEEEF, A
£ X I P A HEAT B IR I AR

334 B—%J5K. Fallback

EIRIE KA SubShader & XHGTHI], 7 LALE—A Fallback 6% . &M T & VF Unity, “@iif
BT ) SubShader fEIXH £ FEIAREIZTT, A4 IXA AL ) Shader I !”
B HE SR
Fallback "name"
/! BFE
Fallback Off
wn EFTR, IRATAT LU S — AN A R A5 VR Unity XA “HeAKZL 1 Unity Shader” &k, FAi]
th A TP A Fallback Thiig, H—BARXAM, HREOEERBMRE: “WR—LEFHRAT
F i FTA 4 SubShader, AT T 17
T T —/MEH Fallback & &) 151 T

| Fallback "VertexLit"

$5E b, Fallback &4 56BN . 7618 GLBHE SN, Unity 234651~ Unity Shader
FHA LB Pass. WEEH T, BRMNATEA LI — Pass, X&HF K Fallback
fH 1 (4 B Shader H AL & T X FE— /MBI ) Pass. BKlBk, %A Unity Shader IEHii% & Fallback
RAFEEER . HL KT Unity PRSI, ATEIZ W 9.4 75,

3.3.5 ShaderLab & HMb 915 X 15

BT LRRIE X, & RN E HBIES. B, wRBRAIAW LT Unity AN EREMEE
A, AR A s SOM TR B g ST, SERT LA R CustomEditor V8 SCRY™ & dmtH 51 . 3R ATTER]
LIME R Category 1 XK XT Unity Shader 1 K1 dr 2 AT 704 T X&Ear 2RO B], ARAFH
AT RN -

76 L1, FATTYF T Unity Shader U458 B &2 ShaderLab )57 . /& Unity Shader A LA
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¥ 3F Unity Shader £t

FEEIER 2 (Pl EERRES), EHEEEN TR IERIEE SE ORI HE IR, XL
HERILAI LLEAE SubShader 18 X h (RHFHEHKMHE), tHeTLLSTE Pass & X (T
R U ST E e oR EOE (2 R i) .

1€ Unity ', IRATATLMER T HE 3 M KMS Unity Shader. MAEEHWBFER, HIEE
SC_E ) Shader AU #0240 % 7E ShaderLab i (R, W1 F FR:

Shader "MyShader" ({
Properties {
// Bt &RE M
}
SubShader ({
// BEIEEEX F# shader RS HIEXE
// RMEESRE ( Surface Shader ) HHF
// B/ RTTEEE (Vertex/Fragment Shader ) 83
// BRHEEEE (Fixed Function Shader)
}
SubShader {
// T E— subShader Z{
}
}

3.4.1 Unity IEJL. REEEIS

RMEEES (Surface Shader) /& Unity H CABER—FpAE AR EY . & 75 Z AL HR
/B, Unity €8 G TRZ T/E, (EERAOMARMN R K. SRR AT mE R KT s/ Aok
AR . KRR, 2% Unity R4t —RNEAEKNE, SEET D IRTE e #RET
AT i/ oA A% . FRATTRT LLBEAR AR, RITA (L85 2 Unity X T0 s/ o8 A28 1 5E & — Z 14k
R. EFEMMELET, Unity HIWATEE TIRZOEHATY, FRTINATEFROZLE “HA
IS 7.

—NAEH fa] SR R A 2SR A R

Shader "Custom/Simple Surface Shader" ({
SubShader {
Tags { "RenderType" = "Opaque" }
CGPROGRAM
#pragma surface surf Lambert
struct Input {
float4 color : COLOR;

void surf (Input IN, inout SurfaceOutput o) {
o.Albedo = 1;

}
ENDCG

}
Fallback "Diffuse"

}

M ERFEFR AT UE W, R O8S¥E XA SubShader 16 X Bt (T 3E Pass i& X H) 111
CGPROGRAM ! ENDCG Z.[i]. JRH R, R AR TEITREROMEH L DA Pass. FA
Pass WITVE L 5% Il @, Unity 276755 A WA X Lo 01 . RATEMG AR S Vie: “m, {
XS g LA HIf, FRHXANELRLQE LM AL, FH Lambert YRR, At A%
I,

CGPROGRAM H1 ENDCG Z[a|ffR5%2{EH CGHLSL %5, Wmvl, RAIFHEL
CG/HLSL & % k£ 7E ShaderLab 5. EAERME, XHM CG/HLSL £ Unity 2535511
B, BEREEMRHER CGHLSL 7L —H, {HiERAMAIAR, 5w AL i) s 4
FFE: Unity JF8cA R 4L .




3.4 Unity Shader Ff=

342 BEPNETF. Tis/F tEBH

7 Unity "PEAT 0] LUE A CG/HLSL 5 5 k4 5T =/ F 7t & 8% (Vertex/Fragment Shader).
EATENE A, (HREERE .
— AN TR LRI A B e B B R BRIt R

Shader "Custom/Simple VertexFragment Shader" {
SubShader ({
Pass {
CGPROGRAM

#pragma vertex vert
#pragma fragment frag

float4 vert(floatd4 v : POSITION) : SV _POSITION (
return mul (UNITY MATRIX MVP, v);
}

fixed4 frag() : SV_Target {
return fixed4(1.0,0.0,0.0,1.0);
}

ENDCG
}
}
}

MR MA AR, T/ Aok AR MR T EE X CGPROGRAM M ENDCG 2 i,
AR, T/ ouE B8R ETE Pass 8 O3RN, TAE SubShader Wi . JREEZE, BAIFEA
CUE A4 Pass T B Af ) Shader 1089, BURIRATATRETR M E B L M0, (HHRKGLR
RIEMEAR . EEBEAE, AT AR HNE R SL A 5T . [FIFE, X B ) CGPROGRAM Ml ENDCG
2 [A] ARGt A F CG/HLSL 40’5 )

343 #HMFNEE BTREEER

LT P# Unity Shader JEXABME T Al gmfe k. Xt F—2RIHM®%& (K GPU {ZHF
DirectX 7.05 OpenGL 1.5 8% OpenGL ES 1.1), %1 iPhone 3, B4 FFrl dafe i 4 (aas,
M, X IRATE T EAE ] B R 23 88 (Fixed Function Shader) K58 Ys. X oL (o 5%
FEAE R AT BL5E pl— 2ok R B O R

— /™ 1] 6 ] € R BOE LA A AR T

Shader "Tutorial/Basic" ({
Properties ({

_Color ("Main Color", Color) = (1,0.5,0.5,1)
}
SubShader {
Pass {
Material {
Diffuse [_Color]
}
Lighting On
}
}
}

Al LU, 1€ R B (28 IARREAS € XAE Pass & X3, XIS H T Pass HH—L
HRRE, EWMIRATZEE 3.3.3 FP4R B —FF.

T [E s pRAE g8 kU, FRATTE e H ShaderLab [1iEV: (E[# ] ShaderLab f7E %Y
BWEMS) KT, MIEFEH CG/HLSL.
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% 3FE Unity Shader Eﬁ'ﬁ

HTIAEA KZ % GPU #SCRF il AR KA YL £k, RN [ 5 B LR A iRy 3 C 2@ W il
Fo SEfs L, 7E Unity 5.2 7, B 8 52 o6 20E (R #8 S AETT SR 9% Unity 93 o0 N M TR R oo
tias, EUERIER SRR E EREE AR DA FIET .

3.4.4 EEHFD Unity Shader 2=

2, A58 3E 3R —Fb K BEAT Unity Shader (4 SR 2 X B H T —Se @i,

o PBRAEVRA AR B A5 oK 0 20 B4 F [ 2 eR 50 (6 8%, 09 0 R B2 AR AR IH K e Bz AT IR
FIERR CREW & AET A W), B NE M T mFR B4R (4%, BRI A (o 88 30l i/
houEnRE.

o  WURAVRAEFI S FIOCIRFT A, VRATBESE B FH R T A (8%, HFEZ/NOVEEB I TEM
PERERIN .

o UWRRTHEEMEHEKCREE D, Bl RE AT, AT R oA fudi e
— AR R,

o REEME, WMEMEMRE HE XIERKRE, BATFIERETA/ oh A,

m £ o T e, LR G

A A5 H AL T #4552 WAl ] Unity Shader, 58 5% (1) A B L 33 AR E T 5
B . AL T M e R R R AR T R R N AER A, (HACAKE “ AR T AN KL B LR
T ik SR 5 50 BE IR

DRI, FAEAS 4% ORI A AR, SRATVRE A A T2/ 7o 88 KIEAT Unity Shader (4075 -
xR QAR KU, RATSAERP R 17 TR BEATHINT, B8 7 DA RIREBITE Z ()5 5T W

REEZRTAR TR TIRZIEMAE, KRG H - LyeE®E LNEZR 2L, a7
U A ARRE -

3.6.1 Unity Shader |= EIF# Shader

TEREVER L, Unity Shader FF A% [ T35 2 &b Fi i) Shader, 4§ Unity Shader #1i%
it K miSE Unity (088, 7€ Unity 5., Unity Shader SZfx FF8HI5E2— ShaderLab 34— £
L PA.shader 15k SO JE 48 K —Fp SO
£ Unity Shader ({3 i/ ShaderLab SCfF) H, FRATAT LM FtEE £ F—MEG R X L1
Shader .
o {EALGM Shader H', FAMYUTT A4 EHeE 2B/ Shader, Bl A AR, HookEadHE
%% . TMI7E Unity Shader 1, FATATLATE [R]— AN 31 B ) 60 & 7 2 A T AU 3 L e
SR T

o TEfEZE() Shader ', IRATEZEBE —SERNE, FIWMEEHBIRE . WK, X
S BT R EAE B AMOAR IS BAT R E . 7E Unity Shader H, BATTEM —1THEE 154
AT PSS X ST

o 7EAGEH) Shader ', BAIH LM SIT KRR B EE AR KMARGEH, 0
PRI SO N\ AL B VK R4 . T 4E Unity Shader H7, FoAlTH 75 B g B ) He b



. 36 EEER

B —2e @ P, BE AT LMK SEA BOR 5 (i Hh e e @ . Ty B AL B A R EE CinTi A
frE. SRR, 7:28%5), Unity Shader R4t T HEUIREI Tk, AHEFEE AT
Il R AL L B . '
244X, Unity Shader & T _Ei#IX 2640 fish, b —L8mi. 1T Unity Shader )7 BEE 36t
AT A% S 1) Shader HKBIFELABMIRSE T o X T LA Shader, 71 fhfi40 204 (o 3%
(Tessellation Shader). JU{# 2% (Geometry Shader) %%, Unity (32 FFalAHxS 22k, flt,
Unity 4.x {{#E DirectX 11 P& FHeftMhmngn & @as. JLAEaSMAEXIhRE, WX T OpenGL
e A X ST R BRILZAh, — S EZ0 1) Shader 157 Unity Shader th AN .
A[LATE, Unity Shader $&4t T —FlikJF K& Al 45 6V Rk &b £ BB —F 8, A
AL Shader {5 . fEAFFREM S, FRAVLE Ko 1% K 75 LA Unity Shader FT451E, 1Ml
AN B E B 5 | R ) SE LAY

3.6.2 Unity Shader #1 CG/HLSL z[EHIX &R

IEWIEATZ BT ATk, Unity Shader f&H] ShaderLab i& 545 (1, (HXT TR if# CasfI0 &/
JeA (2%, FATATLLFE ShaderLab A ik CG/HLSL i & K 4i S iX 43 {0, 28 1065 . iIX 2% CG/HLSL
52 % E CGPROGRAM 1 ENDCG Z [Al{#], IEWIRAIZ #rFE 2R EE—F. HF CcG M
DX9 X% ff] HLSL M5k ER 3L 2R —MiE S, FIAE Unity 2 CG Ml HLSL 2% ). &
fiIar LA, CG/HLSL fXH%/2 X 5F ShaderLab )55 — 4~ 5.

W, CGMARIEH BRALT Pass 18 SCRA R, WTFBiR:

Pass {

// Pass NIREMRETRE

CGPROGRAM
/1 WEES, 0.

#pragma vertex vert
#pragma fragment frag

// CGRHEY

ENDCG

} /) Hft—ieinE
WE RS REN: “Z AR UERIAE TS, CGHLSL %R ETE SubShader V& XA
5? MiANE Pass B .7 [Hffi, fEREACSST, CG/HLSL ISR G SubShader V& X R, BR
e NAZIEICR, RIOAE ABREAT LT A/ A eE AR, ENERRBAMEREF ARME A%
& Unity ET0 2/ e (g EENFFRE RGN — EmMZ &%, BAESE, Unity BRESIEEHML
WML &% Pass FITA/uH ads. IWATATLAZE Unity Shader (S ABE MR #ED: Show
generated code i K A7 A A BLIE AT/ oA (a8 AX65 . T AR, MAR B3R, Unity Shader
HAERMRER: TS/ H o @S ME 2R EEE 6 (FF Unity 5.2 LUSHRIRAT, @& R EE 0%
HATETS E M AR S e 8%, BRI A 3Rt Unity o RAFETH s/ B 48).

EPRPLA AR R YER| T J5, Unity 4B s &0 CG K B R RURSGE S, ils
B, B, Unity & BahitXE CG HEGIFITAMXTE CXEITF & RIEAFEGRT
£, i Direct3D 9. OpenGL. Direct3D 11, OpenGL ES %) b, iX#645i%id fE L& E 2%, Unity
S AR 9 88 K18 CG F ¥t T & 1R . XERASEDHT S BERSE,
HAn R AR & ER AR R DAL 218 2835 B .
IEMAE 3.1.3 & B —FE, IATAT LALE Unity Shader )5 A\ 8 B M _E B H XL T 51
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¥ 3F Unity Shader &t

AaE 3.9 7 Unity Shader (NS AR BEAR T ST DUEST Compile and show code 3RREETE Unity f C6 B B RiFEHARHM,
BILES Compile and show code FAAHRNB= AT DUTH THKS, XA THESPTOUESRRFNTEAME, W
RALFHNEFRESFFHENTHNRD, FAMEHNTEHFFLERE, RIMETUE EXEREFRIWLTS

1B S AT AR I, W AR B SO RS AP & RS, TSEERF &
EATERRISE MW B, B, 4EAE Mac OS X & LA, DirectX X AL # 4>
MEPERR.

3.6.3 FTUfEA GLSL k514

2RAT Pl SRR IR KR “ TR A CG/HLSL K5 | g2 B4F ] GLSL K5 !”7, {HZ&
X REBRAE IR AT LAR A H A7 G 9t R Mac OS X, OpenGL ES 2.0 Bi# Linux, %t PC. Xbox
360 X FERI{ L HF DirectX H°F &K, RELBRFENIT -

BLAERBFFE A GLSL K5 Unity Shader FIFEE T, #RAT LLEA SR ? Il CG/HLSL 75 2 ik
A CGPROGRAM F1 ENDCG Z [8]254tl, GLSL HIfUHL 75 ik E(E GLSLPROGRAM #1 ENDGLSL
Z ],

B2 KT WA 7E Unity Shader #''5 GLSL {35 1) 4 25 0] AZE Unity & /5 F M) GLSL Shader
Programs — 3L (http://docs.unity3d.com/Manual/SL-GLSLShaderPrograms.html) 4k %,

m . -

Unity B ®_E2% T Unity Shader 77 T 9 SCRY IEFEAWT#h 78R, H1 T Unity 3% 7 1R £ haE A4
W, Bk, R #H E M A Unity Shader ik F2 038 3 T ju) @ vl LA % B B 5 0 HY
(http://docs.unity3d.com/Manual/SL-Reference.html) & FH . BRILZ 4b, Unity {4 7 —Lfij s
)35 £ 3% 4w 5 #0RE (http://docs.unity3d.com/Manual/ShaderTut 1.html, http:/docs.unity3d.com/Manual/
ShaderTut2.html). Hi -7 Unity Shader "', 44K % Bl e & LA QA UL R CG S
5, Bk AILAZE NVIDIA #2451 CG R4 (http:/http.developer.nvidia.com/CG/) 3£ F|# £ )
W7 . NVIDIA [FFEREE T — RS EFE (http:/http.developer.nvidia.com/CGTutorial/cG _tutorial
chapter01.html) RFBIY)EE HRE CG MEEAEE.




‘i_ 95 478 %22] Shader PrilaM & RER

AR FEH TENA.
— A AR A F R O AR

WEALE = Z TR, R ZAET ERE AR R ERBCeARR, H¥g
BRI AR A EE, HREHE Shader. fE52>] Shader IR, TAVRFE LA EXE
MR (BIECEER D 2 —ERMHARKD.

REEF NN PRBCA R, 15, —SRARREYEE B R EE. BR
ZHOLT, BAOTEITEN AL LR EeHEs, MARERTXEAR, RaRIRE
FAF AT LA ) TR . RATETT M E M AG G/ Shader I, WAHREER: “fbA 4%
XA, W “H, XEPREHERFERT T —ERme.”

A TIEEH WS E BT E PR, MARBERMEE, £ 2N THEERIMNSSH 5%
M. GABEMERSEAFAERFEE (AEMBEERD. TEERNRE, XELJEHFAL
AR, BATIFHAEARR A B AR R AL B R S IR B, TR AR X S 3 R 1)
RS 5 AR B S B R LA ) R X A S R, S AT DA AT 9 A S IR R (AR

M, FRER, ETAT—EEECERHFE !

J T ik OB ECE T S LT R, AR BGE — M ARt BUAE, BORIRATIELESF
KBk FIBRRE IR DT AR EIXNIFRE, DFRA LR EFRRETEZRDY. 5SHERYS
WA FE R, BMNWEMAARIK, MR kF—M, WE 4.1 fin. HEAUKEH:,
EX RS FHE IR T a0,

g5 el e

AB 41 RMNARZHER. RINEABEAR —AKBR. F0RBOTSF
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Bom pIsedermmmsEM
B A ABREMARIFRE? Al PO SRR R IX A

ESFN— IR, RAMFREAEEMESH. Wl T, RIS RGN
iRk TS RERI B AR 1 o

Dwensen: o0 oo g

R BIFE R, TR SR 4 Rk TR . BERRIA R A I, IR 51
KB REEE £ ILALERFR (Cartesian Coordinate System) FiHEFT (). X4 F R U5 T E 1
KEE2ES . PEEER. OH2ESR . B E R )L (René Descartes ).

W, RO BB LB RR? AR —AMER, YHR T B LR LA R
K o R ILIAMESS 20, BT DU BT i 25 15 SR 0 A0 Ve A 7T LA — P SR AEIK L B 30 eh 2
LR ILI R P, AR A 2P L PSR e . 18R L5 JE I B 1) 7
WS L, RIS T RS TR L, f—K, HFILEL— RBUE R e
ke, (LWEET MK BRI, SRR REMFRSRX SRS ? B,
A JLREE, AT L 2 R B e P S
i 0 B ARHIR , e 4.2 B, b ABE L 5,
5 R TR RE, kB g, | .

WA EHR S AR B . R, SRR \ P N

W TR, SR IRRENE |l ge” N 4

& BB T AR RSE. M TASE LN | BRERE l T IR
16 2 v il —

TAE, BRI S E RGO FALAT 04
4R, _ETHA TP MBE. — LIt
JLARI 3235 AR AN F A 1) A 45 80 UR AR o MR 45 « A 42 5, HEARRRET S/
“i RETEESIE Y A, EETUMNXAMER KRR E-REROESHRTHUR. SEILEH,
R, AR LA R AR R, T o e R RSSO R

421 ZTHEFILAFRR

Wb, SRR A LR R, SRR AR Vi R LIk A 4 i
PROEDAE (RIS SR R, WA B AR 7T v O B B 2 I ) [ B
SOBLRL ) AT AR — e LR R '

B 43 SR T A Hm R R. SRR A B 2

AR SRR A TR B B : )

o —AEBRIIGIE, WEA, TREMRRIEL. | A

o PSS AU AR B RO, B x BAT y Al AR |

FRAB AR b % AR R LS

HARZER 4.3 h x B0 y WA RAPRIEE M, B
HARRBAN . ST L RIAER R I 2 k% 30°. i HL,
EARE ) x RS A y MR L, X IR R
W, {F2.3.4 Vi FEmU e, OpenGL Fil DirectX ] T ARl —
P fLABRER, i 4.4 Fi. ¥ )

A T XA RRA TR AT LS H B — A S g, g 2B 43 —T#ERLERR
L WEB ZE (1,2) KRR EE A7 TR ARSI i R A R B A

(0, 0)

i A




a2 wReRE |

BAPRE— T EF IR RG P FRIZ TR TH2240. EEAE LR RN, D3¢
TTARA A WA G A S . SRk 1) . “HHAH, VREBRAEZEMBEINT 2~ GH4H H AR5 “ &
{ERXH” B “RRAEM R KR IAE . EIKIF AR 2 MIE A YA R . T
RV RSIABD RS JG, Bl —VIEZEREWGER. FATHEGA R 102 XA bR
JE AL, TAEHER T R AR b SOSARARRTT 17 . BRAE, WRYIAFFR: “4ial, VROIFEEMER
W7 AR AT LA B “IRAEAR 1K, db 3 KT, Wi 4.5 PR,

+y (0, 0) =
A X
OpenGLit1T RRR G
ERANEFILERFR DirectXit T HERR S i
FERHNEFILLER
= 4
(0, 0) T X +y
AE 4.4 TERFBRGIES, OpenGL 0 DirectX aE 45 BHEILBRRTRL
FATAREARN RS FJLLFRER HEERRAR CHLE

422 Z=HEFILAFRR

fE b —1irh, RANNCETHT —4EHRILARR. TUEL, 4RI R LR LR
AL . MBa, =R HRET AR, RARBLHAET 50%mmhhe?

AERRE, BERETEN. =8 KR RART 4ORRERERG S, BRIANERE
WA FRE . MAFSRY, WAOVERBHA PR =40, bt T B2 ik EARYERL 1= (e
) RRELCBIAR M. TR T R SRE AL I — LR BRI R A

FERR K2, T 58 4E R 1 2% 1) DO 425 1a) ), HE AR R el B A‘“y
KT

=4 ILARR RS, BATTEE X 3 MEFRRA—A R L F(0.0.0 =
e 46 BRT —N=4EHEILABFRR.

X 3 ANAABRE B R 1% AL PR R B KR (basis vector). % x
WHMET, X3 MARRZ FREAHERR, HKER 1, X -z
FERFE R BB AR AR HEIERZ Z (orthonormal basis), {HIXFA /2

¥
VA . Bltn, fE—LeAsbR Rrp ARG M EAHEEEKEAR AN
1, XFERFRE R S FRAIERZE (orthogonal basis). WIHESRFHK ik
B, AFBRIAEOL T B AL bRl G i AR 2 bR e IEAT S .

A IEACIXANA AT AR B ?

Bl ERTUEEREAHEENELR. £ TFTEEENAES, BITESEBIEZHEMER

AB 46 —=HEEILAGER

?

<

M.

MR LSRR R, =Y R ILASRR R P AR bRl 7 A 2 [ 2 1, BPA—E 2B
Bl 4.6 PHFERIIRM . EXFAEFHETHMAFEFEMOBIER: ZFLEFHR (left-handed
coordinate space) 1A FFRHR (right-handed coordinate space).

[

41



42

$4% F3) Shader FimHEF &l

423 EFLIERRTEGFLERR

A AAE =T R LARBR R P X 40 72 FANR R AN FARBR R, 10 — 4 P il B X LA )
FAENE? ORI, fEYEHR)LAMR RS, x ALy BhiR A BA VT REAE, s I7E R 4.4
T BB —HE o (EBRATE T DUE I — S e R A SR AE e A T AR ARl (- AR R LA 4.4 OpenGL
M DirectX fEFHKIAFRRAG], 4 T4 M EALPRATE 3B 2 MIBRERIFR A, BATATLAE %
XA DN B ABAR ZR BN 1 Tigde 180°, SERTERT y BRI b, T x gL, KRG, RITHCEANKR
A8 —TF, BT DEE x SRR mA T, S 2 A B0 a A bnilide m st s MR T . M
AR ERUE, FrA  —EE RLARR R IR N1

ExFF =4 FILBIR R, XM AN HFARENDI AR ANSIERES. fl, &
B 4.6 1, +z BlEKTT [E4R FIACEIK A S, W3R 55— =4E 0 R LABAR R, B +z Bl 1 481 4
. x B y BOREFAZE, ABAFRATAT LUE I e A P AR E S 7 R ? BERETEM.
BAVE AT AL A A AR O I T A, AREE = AN ARRRA A F ) AR RS

WU, =W FILBIRRFAMBRFN®. Eit, SHRTRHARMG=4LRR: £
FURRMAFLRR. R AIRREA HFEKEEETE (handedness), H8A AT AT LUH it
S ITERIEEMN KRR R ES . B, MREMNAARRAKERYE (FlnbirR ART
EFRR, MAARR B BTATFUIER), BARMLEEHESHHB.

WA, At AMZEFRRRMATLIRRE? MFEAHARR? KREN, AT LRI R
TIEIRFRA W — A AR R ARt HRE 2SRRI AETF, MREMREHEZE - “L7 1
FH, FFHILRK BRI L, KRR A. e, MHREPHE, AR ERIZR
TRETATTT CnRAR —E B R B R B S RERBER M) . KR, RELB/R T AT
MARRART | IREORHHE . AR IR DI T +x. +y Mz B 7 1, ik 4.7 s

IR, B W LU A FRER — N6 TR BRR0ATF, XReRARER L, +
fRfE AT, ARKDE, KRR RN, W 4.8 Fis.

+y

4 ¥
AB 47 EFLGR AE 4.8 BFLIRR
IEWMBATZRIFTUE, TR R A FALPR R 18] Jo i3 i e e R [/ i 6 e 1164 3 N Aehr sl
HNES, WRIEAME, RIAEREH O TFRRR T
FE— AR EETERAT LR RMTTIER, HKEIE (forward) K771 . THIEEMLHE,
AR EARIA T, SR T a2 x B TE R, moRe LT b7 SR y BhiIER . X



i, WRVREIERT A BT R z B IE R, BAREKGHENLRRRE —NEFLER; WE
URIA) IE T 27 B9 77 T R R fR R z Bl f iy, AR A XM — NG FARR.

B T ARFRENEA AR 22 4b, 22 F-AAAR R A T A 6R RN T 1E [0 Bed% 1) € S AR], BIZER] =
R R 2E B A F AN (left-hand rule) FAFEN (right-hand rule). s IlAE=* | HH—
% HEZR, &F N, BROGERRXD UL B e =AM, s 30°. B33
AU E— Y UX e, FEE T YR TERER A, TR, BATHEPNE
eI UERE. A, BAIBLZEWA T ek ? XEWE, BINFEESLERTEX—N
TEFEMIET M. FEAFAFRRT, XANIERIET M2 R ZEFENE LK, mfESFAPR R $ )2
A T 58 SR o

EAFARRS, AT PRV ZEFEN: ERAERMWAT, #E, MH KR
BRI eI Jr i, R4 TR I IE T SR T 4 AN FIRMS A . EAFLRRF, F
FA T e 1E 77 ml O RIT R, i 4.9 s,

ME 4.9 FRTLUEH, fFEAFLIRRT, et BT 2R e, mEaFLRRY, e
T 1) 2 33 B £

A FARR R Z A AT LLEAT B AR . B st it R iR b — Nl R, R ORFFH
AN AEE

T RERKGN, FHEFAIRRIEREEG FLRREBLEAT N, BEMNZEFBEEREZ S
T IR A bR R, BRBEEN FHASEWRZNEFEE, i HS7EMS 2K L&
HEM (REGAB 2)e ERFEN, — A RsE =T M AR 4R R, — S8 5 LriEE
FERBAM “4xt” XAW: “IREARRZISAHXNHEVE? Xt E—PIER2 A% i 17 XEEHER
AR . XH UL 3, FERMNPTR O R SRS, X400 . Bl i,
ERE) MR TR AR B AL, RASXIX AR AT ABE ], I EATTR O i A~ 2% 18] 58
R TIXANDEM, MEXNZERS, BREZERL4EN. B, EFFEfRd, RINGFEMEH
—RECEBRDRRE R T, XMERREBIRR. —HETBRER, M0 ERATH
JELEXS ), TR T XA PR R R . XA KR T, BMEMNEERR R R R
FATEE—, ENRE EREEA—FER.

BATRT LIED - RGBT P A S 2 TF AR RAE F PR R 0. BAMER Y, HEES—A
b7, PO IIE B FEAR e . AL AE BRI H AR “ a0 BRAE” 2 ERER), Wl 4.10 FiR.

EFZEN aFEn

A8 4.9 FBZAFEWNFNEFENS W HEs T A 410 ATHBHBFNCE, HEARTEEES
ENAEFRA DR, BEaA—
HEEB 4B, BKEFE—TENEE 60°
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%43 %3 Shader FrmAH L RA

BATAT LA AE— AN ZEFALRR BRI F-A bR AP R IR FE—IRiE5h, Bl Bk Rk AR
R'E. BIOTERIM, FEAFRALE R PR IZFE R —KIE A —FER, Wik 4.11 FiR.

Al 411 EEMAESAIRTR T EEFLRRANAFLRRTEAAHXENER, FENEEERARTEMN

ELETFARRRT, 3 AMAREH S B 4.11 Z£E TR SHEE 51 x BhiE g7 [ Frs 1 A
£, ARG z T s 4 N7, I E AN B IE T M iEd: 60°. TifEA FARRRT, +z
Ay A ZE TR R PRI AR R, B GH & 56 1) x BhIEJ7 AP 1 SR (S AEFARR T
BB —B0, RIGEN z fIET B3 4 DAL (SAFRRRP MBI, Hho ek r
U [ BERE 60° (575 TFAbbR 2 P I HEFEAH ) o

AfELE M, b TEBIRIFEAM SRR GX Bigitd B sh 2 B FE—NME), A6 F4
PR RAE z LA 3h LR 77 ) R AR . G SRS AR F R eEiE 5 (Febm z $ET5 m )
BRI 1IET7 M B %), A 19 3 L8 BOR A —FEI o IRl SRERATT 7 22 A2 T4 b
RIEBENA TR, FFHRFUE LA, SiF ST i, 380 S AT RGN
¥R 4

4.2.4 Unity B2 FRR

SHF— Al WAL B RU = 4t RN Unity) i, B8 ET— ik
o N FARAY A (RN AR (FE 4.6 TS HAAUHBIX AN 202 f1 4D, Unity 2 A F
MAFRFR o XA LA Scene LB HIAR PR B A K, W 4.12 fiR. XEWE, EHERE0E S,
— A4 Cright) B Cap) FIRTON (forward) 43HUXTR T x &l y A1 z 860 iE 77 1) .

AE 412 ERDSENERIER, Uity EANRETLER, BF, ROLTRET T SERBDHETH 3 P45
(I8 xH, SERyM, EER2H)
(BT WEE R R YL, Unity FEA 24 FAPR R MBS, SEAAR IR AR ALY J5t
REARRR . TEXANABERRT, BHEHLATHT 2 z B 507 1, X S 7ERERY A2 ) At 5 43 6] o )
44



43 SRXE

EXAMR . B2, z MR EWREI SRR N, Wk 4.13 iR,

/

,/ zfﬁ -20

+Z a K{ﬁ -10

A 413 FEUnity 1, MERBEFEANSETLERR, BEVLANRTER 2z BNRAE,
z BN, PBEREER, BRI

KT Unity PAEFIRIALAR RIOTE M B, FATRAE 4.5.9 47 H PEANHE VR -

425 %3

XIEA R PR B S Ty, A AR AR R ]!

(1) FEAEH MAT B 3ds Max 1, BRINBIAERE 7 17 /2 x BlIE 48 A4 TS, y #liE
FRREET T, z HET MR . A RAETF BRI RIERA FARIRR?

(2) ZELETFARRB, AR 0,0, 1), WRIIZ ALy HIE J7 A HERE+90°, gk
R AR R AT A2 WBRAEA TR, FIFEE — AU (0,0, 1), HESE y BIiE 7 ek
+90°, NEFE G ARAR AT A2

(3) 7E Unity #1, #r@ sz s LIRS T A2/ 0, 1,-10) 8. FEARK
BHRBEHEM R E (fREF Rotation 4(0, 0, 0), Scale A (1, 1, 1)) KM F, 7EHF2m+
1300, 1, 0P BB — BRI, WK 4.14 FiR.

AB 414 BBAHNER (0,1, —10), KEHNER (0,1,0)

FERBHUME T, 3R 2 R 202 EREHLIARZ T, SRR 2 (U2
L7

) aaxs

= (point) 2 n 4E4S[A] (FXRP EEMFH] —HEM =4[] PH—NLE, EBAKRKD. &
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FEX MR E B ILARR R, BATAT LMEH] 2 A58 3 DEHORE R — A S HAHR, W P=(P,, P,)
R, P=(P., P, YRR = 2 I 5.

K2 (vector, HEMAEME) ME XMEI—L, EHFFER KERL BT, K
ATREEL ] T, AR — R g ? A, (B BRI LB L R T FIERE (scalar)
X IFK. EE RV, KEEIEn E2R P —FEE T4 (magnitude) F175[E (direction) B9F
LR ER, BATE S VR (velocity ) 52 —Fh SLHL ) 5 B . B, I 2= (135 % 2 7 B9 80km/h
CFmMEHRIA T K& R, 80km/h F88 TR BMIBD . Mibsa R HEA i, A0S b w B2
PEE (distance) LR —FpbriE. Blin, HEEPEHA 200m (200m 2 —Mhr).

Ak

o REMBIEMZEXNREBEMKE. —NREHKETLRERNAERE.

o REJ [ MR T IX AN SR AE A ) PR ) .

REMRRTER SR AT MER v=(xp)kFrm —gERE, B vy ) RER %%
&, Hv=xpzw)KFR R E .

N T T ERR, BT AS A8 R K2 S AE 55 A EN R LA A AN A AR

o XFhrE, BRIV NGFERER, Wa, b, x, y, z, 6, B

o WTKRE, RIMEHNSHHAEAEERER, Wa, b, u, v,

o M TRMEERE MMM, BAMEAXEMHATEERER, WA, B, S, M, R%.

1 4.15 F, —PNREEF BN ERER. AT SR —/KEF % (head) FE
(tail). KEHLIE2E RE LFTER I s kb, TRIERZS —Mimskt, Wk 4.15 Fis.

Wa—NREERAEWEIE? NEEKEORE, © R B EE, FEaMERE
B XU RB AR, (HEb LAEAERPRITE RS XN RETRE. flw, SEATIE
— A YRR ERT, AIRES XA “ARAN/METIEZELL 100km/h (38 FE n) R RE A 7 CERAMAEAR D),
IXHEE “LL 100km/h R ARG gl UERH — N RERER. 8%, KEFEH TR TR
N EIRTS (displacement), kAL Ui et —AMHDG L. LB B BLR Y [ (RFEAE, il
FEMREL, #MRF—AKE.

431 RAMXEBHXZ

[EB—TF, mR—NEERDZIER P AAE, WRRER AT A EEA RN
B, NXEE, dfMRBERAARMEX. 2, ARRTA EPEIEF L.

fE E—ep AR, KRR TR WS R, Ko, eI U FHusHIx 08, B
SHFH—AMEAE, N RERR—MIE, BARKERAT LFRR S — MR T . i
AN RUAT DU T4 5 250 o ) — AN CRIRES TS AL B o SRR R i 1 R 18] 52 A5 AR KR &R
g, MARNREMR RN GHRAES 7. B 4.16 Ko THEZRIFXR.

4

— AR, ¥)
5]:
/ _
=&, y)
L5
==
AB 415 — 1 THEENURERIKE AE 416 RfIREZEHIXR



43 RHXE

RE LA BRERREMS L, HXZAMKREZENAFRLIFEFERN, REEIER
R RN, R SR R Ba Tz M@z —MKRRE, AT
WA, AR A G# AT LR MR SRR R A T R AR RS, fEAP AR
AR, BATEH TRRTT R ERR AT KR,

432 REBIZH

ETFHEKARTE, RIS E —SRERLNREZHE. FENRE, XEIEHRLRFHERE.
TRREE, BAISS M LR, REFES N LSRR, R, b T ik
IIRENS, BAIRFERIGS 1 — T8 . MEEEATE, R DL g e ]!

1. REMREOTEG %

LA ? bR UERCH J5 I i, BEARTRATAS BB < A b BEEAT AR /AR R 32 5
(% —F, RSTEEMERANG), EnXeliTREiss, 4R/ - MARKE
BERER A C R RE PS¢

AXAEFE WA, BATH T EACR R AR 2 A bR AR R 7]

kv=(kv.kvy, kv:)
RN, —AREWAT LI AN EF IR RER . X5 F] T XA b G {5 50 3
1o (oo
R v
2(1,2,3)=(2,4,6)
—3.5(2.0)=(-7.0)

Q%2=wiua

VR, XETRERUL, KRR RO E AT DU e, (E0 PR, HAERAEWIRRR,
AREREY RERR, XREBAENN.

MLEN EF, E—AKE v B L, BREXN KR v #1774 b k1945
e Biltn, WwREER-ANREBOCHFE, M LR 2. % k<0 B, REMTRBEIK. B
4.17 878 T XAEH— 454 F

2. XEMMEFRZE

FATAT LA B AN R R REAT AR B AR, 85 R — MHRIYERE B k= .
BAT AT ZIER A KBRS N RS T AN EAR B AT . Ak
a+b=(a,+b,,a,+b,, a.-+b.)
a—b=(a,~b,.a,~b,, a.—b.)
iR — Ll T+
(1,2,3)+(4,5,6)=(5,7,9)
(5,2,7)-(3,8,4)=(2,-6,3)
TR AR, —ANREA AT AR — MR AR AR, 2 AN AS [F) 4 5 Y K B AT IS 5
MILTE X ERE, T ik, RATTHERE a FSLERBIRE b R, AFHE—%M a
FIRE b FkERE, KEE a Wb HMERRE. HEEH, WREBIMN—EFHHTT
—AMLE W a, RJFXHAT DAL EWE b, BABEETHITT 4 a+tb KM ERE . X
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ot
v 2v v/2 -v -0.5v
(2,4) 4,8) (1,2 2,-4) (1,-2)
AB 417 @R EBEF—EARERNFREFBRE AE 418 "4k BRVINEFIRLE

L N 2D, TR R TR A B (ARG ). K, FATA] LA

FH R B B A RIS R v S — R A T 50— WA
i, ZERAHEPIR a flb. EICAY, BATATAHIRE a M1 b KRR ENIHX TR K67
Bo WRBATVEEF A b AN T 5 a KA, BT LUEITHE b Al a AHEAEE], Wk 4.19 Fis.

3. XEME

IEWMIRATZ BTV RIA—HFE, RERGHEAT K. KREOBRE ek, LI R R A
FERE KA. ERERAASIEEREREMF AN E—KEEHL GRS &M%
EHL). =HRBEFER AW T:

5 2 2 2
[vI=+ /vx +v, +V;

FCAa A 52 Y SR B ARV S RALL, AR RS 2 BT 7 A IR B TR S8 2.
FigE L] 1

[(1,2,3) V2 +22+3 =V1+4+9 =14 =~ 3.742

|G3,4) =3 +4* =9+16 =25 =5

FATAT AU 38 SO ER AR EIR A K. W 4E Bk, BATAT DA ERE R EMER A =
i, wE 4.20 s,

A

v

b-a g /\

AE 419 FERRERERTEMNR a 22 b U AE 420 ZKEgR

ME 420 WTLAE S, T dekR, BRG] T ABERE, KE P B E X
R T =M ELAILRARREE, A A B R BRI



. 43 ARKR

4. BfXE

EREHR T, BATAFOEKBOT MTARE. G, SRR, RIOEARE
T AL 7 T RDEE T ), R ATAR KLiX SR B 2 K. BN T, RITRTEE
WHB{AIRE (unit vector).

AT R BRI SR AR 1 (R A . BT R B A FR b #Y3 — 1L B9 &< 2 (normalized vector).
SHEATL AR R S i, 40T B i 3 5 B (K ARt A A Y3 — 4k (normalization).

PR RRE v, ROTTLAGHEA v 7 AR A K. AR, RATELE A
Gl S EVRIN—ANRIRRF SR FR AR R, IV . R T AR EEAT Ik, RATTRT LU &
BB L R kA AT

0=7%y%#$%§

T 2,

R R EX) =Gr4)=6r4)=ii;ﬂ]= :
|G- B+ 25 5

TRE (HRBHEAAPRMEHHN 0, W v=(0,0,0)) BT . 325 h ki
ESR AR RER 0,

ML RE X B, 3t —4E2s a3k v, FATTAT LA — AN 27 3
I R LR O R . BIRIA R MR, =% *
(6] 1, B 5% B A A — A BRI ER A BRL Hh &« BUAERTH 0 Bt W
Bl 4.21 28t T 4 55 ] A i — e B iy S [

FEE R, fEEENEY hRAS S RS L X
MR GEARD . LI, XK RA—E R "
Slke TR EAEER AR R R, e T
N7 5 0 33 6 S AT A — AR

A

N R 1210 SETOES
5. XERRAR i sea vl i

Far 2 (A AT DAEAT e, (R AIAR A Z A M v IR KA A o R B i Fei AT W s o FH 1)
Fli2s: &SF (dot product, HIEFRA AT, inner product) HIXFL (cross product, tHIFFRA P
2, outer product). FEATH, WAVEIHLHE —FLR. S8

B AT REIAH LT JL R A AR R A, “IXLLER M 5 WK, A MIX— T IR, AT
LBP - HEERERRAOR (EHRE AL ZiEZnak. 28R, AREZHAES
JUTR X, R ut, FRATTAT LUk i ) 0 7 =Xk B AR A3 BhdiZ .

AR Ge X e A X EMEEN L, RINEXEHEBENEMA 4. RAEXHE, B4
ET B AR R R, “ML, XANFTRBATLHEANAAKLI!” ZERAI4S Shader L FEF, &EH
P N ptx e A XML, FRMNAFATETF LRAXEA K. W, 7€ Unity Shader
o, FRATATDLERAE R E W dot(a, b)FIARES R I KB EAT MBS .

HRE AR TXMEHEMFS: ab. FEKXANESF T 240 LA SRRAK
HERER, BOVERERE R BNZHERXERSBURERANREX N EAHRE HIR, &
JaEd R E— M.

Ah—

a-b=(a., a,, a.) (b, by, b.)= ab+ a, by+a. b.
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¥£4F 73] Shader Fﬁ%ﬂ‘]ﬂ%"‘h%iﬁ

(1,2,3) +(0.5,4,2.5)=0.5+8+7.5=16
(-3.4,0)(5,-1,7)=—15+—4+0=—19
KEK AW LA, B ab=ba
RBRJUTEXRESE, FHARBILFNHRTEEANEN . HP—AN L& 2
%% (projection).
B, A MEMREa S MKERRGER b. IE, ROFEEH b £ FFTaM
—4&HEL B, A, RATHATLMER S a b RG] b 752 7 LA RS Y.
M2, BEIERMTAEER? XBESH—MEB MR, BAOTTLUAK, WER /ML,
BRHIELREET a A, A bEa i EREERE b EaHA LT, mE 422
Fi7s.
TEERNR, BEOETEEAY. BEERNEASSaMb WFTRAER: SEII7
FARR CGRAKT 90°) B, ZRAT 0: HEMMHMEMEE (FfHh90°) K, 4RET 0
HENIMTTEAEE CRADT 90°) B, ZRKTF 0. B 4.23 HH TiX 3 FFLKER.

: v v v
/a' a  ab>0 a-c=0 a-d<0

AB 422 REbHEHENKXEaFE LARY AFB 423 SRNFS

WU, RARERES AT LIERATEE AN R R0 KR

WA, i a AR—AEGRBELWTE? XRESHBF), AN KREL B ab ST b
£ a Jr e ERIBUEAE, MLl a FKEE.

RBRAA—EREERRMR, 76 Shader FITHH S, WAL HFI A X Lt JORH Bh it 5.

PR —: SRS A b k.

Ll “&a” B, RBRMRERZ —TURS —MEFENGR, WREMF RIS
Ko AXWTF:

e o

(ka)b= a-(kb)=k(a-b)
WA, X ERP R AN KRBT R, M AT G SRR R 4.
M= RBTS A REMERRE, MR KM
XEM ‘4587 1BE, ARRRESRTUR RBMMEHRE SR, HARXRERRE:
a:(b+c)=a-b+ a-c
BT ¢ #Hepli—c BUAT AT B HIA .
HR=: —PMREMAGHTRBAMSR, RZKEMHERFT.
ERTLMRE S N A RAEF 2

VVEV VA VW vzv,=|vl2



43 [/TKE

KRR, RATAT LA BB SRR KR, TIAEEERARENTEAR. 4R, &
B AR AT TF T T O R B ELIE AR, R BEST, BRATRARE R A it
(K RE AN, BT AR P AR5 S, B, TR IS S 7 B R — s M

PUZE R R BRI 5 — R R T . XM R NS ARSI A R, XA
J7 T O JLAT R S, B e T A A A R A S AR I

RAVEEBL B AR,

/g R

a‘b=|a||b|cosé

WEZTF, MERMAR—BEMHABR, EASHZR? RIVERERBLOER. B,
AT A AL R BT A, Wa b, WK 4.24 Fog.

BT R BRI A T 0 RATANIE D BN 1, HiEE N o
iifoﬁmauﬁm,@¢aﬁm%%Mﬁ
L cosBR NI E M. DMk, I 4.24 ATLAASE:

3-6\:—3%@ =cosf& >
#ia a-b T a

SRR, AN A KR Y SRS T AN 2 e S i
Sk, BRAER - RTUERAR T 124 FTREERELRR

ab=(a| 2 )-(Ib| b )=la[[b|(a - b )=lal[blcos&

LR, PIAN KB ST LR AN S R BRI, TR LA A1 [ 52 £ O R A
WA AR LT 1, W4 B A R0 AR &SRR RM S RS E: 4%
/T 90°Ht, cos@>0; ¥IMEET 90°H}, cosfd=0; I/ KT 90°Hf, cosd<0.

FIFTIXA A A TRATE T RSB/ 1 B2 6 B9 (FE 0°~180°):

G=arcos(a b ), BI% 2 Fl | &80T S dit

Hr, arcos ;%Ji?%%f.ﬁﬂgo

6. XEHXR

H—NEEMEEEH AR (cross product), HHFR KSR (outer product). 5 SF
AFfZ, REXBRERTTE—ANRE, MFE.
SRR, NBHLHREETEHES: axXb. A, IPMNSHEATEIER. BK
) XA LA R AT
axXb=(a,, a,, a.) X (b, by, b.)=(a,b.~a.b,, a.by—a.b., a,b,~a,by)
EHEAXERERBRE S, EHSEA — SRR . B 425 4H TXRERRERR.

%015 cosf=

sl yHE  ZHRE

RS l__ J

B KR r ] ——

sE 425 =#HXBXREVTERNE. TRABNERR TIHHESERA BTN AN BOHTHER.
ROeAE, ERAENE IR, ERNENXEN yHBHRARUE_MEEN 58,
BREFTXREN 7H0BNE_XEMN y HBHFR
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FaE égﬁwmﬁﬁﬁﬁﬁgﬂm

B
(1,2,3)x(=2, —L,4)=((2)(4) — 3)(~1),3)( =2) — (1)(4),(D(-1)~(2)(-2))
=(8—(=3),(-6)—-4,(-1)~(-4))=(11,10,3)

TWEERNE, XA ERHAE, B axbbxa. SLhr b, XHUEHE RS AR, B
axb=—(bxa). i B XFBAHLLEEH, B (aXb)xe#£ax(bxe).

MSCARE U R SCH &, B 1A DASE Ny A ER AR O Ak o XA S BEEAT AR 45 S 4
BE—ANENEETEHNRENFIRE. RICEME, KERH AR R E XK, 8
LIXANHT R B BRI 7 [ A AW 2

BAVERBERIH. axb FKESET a Fl b PR FRAN R LLEA]Z I MM IEZME. A
W

|axb|=|a||b|sin®

EEAROEKI, ERAKXM AT EARXBREL, REEE, X8 AR EXE.
SR X P SRR A CAZ S, W AR S RIL, XRPAT I I T R A R AR
MRS T, BRR, BRITEXEEIZ—T.

Wik 4.26 s, WAMEM a M b # P47 P0HIE.

WAVENE, AT VYL TE B AR AT A (bls RAFE], BRI . M0 A AT LAE FH |a| f 5k /1 0
FKAFF], B

A=|b|h=|b|(|a|sin H)=|a||b|sin&=|axb

RATRES ], W a fl b AT (ATLLEJTSESAE, thalLURsEemR) BAalr, A
RER R PAT UL 715 2 FRATTAT LA A B H R B PAT DU I AL A 0, B4 axb=0. &, X
REFKEF MR, MARFEO.

T, BAVKRESEREBER T M. RATRESW: “JM? ARCLU T 1 T W, w24
KR LA T, 7 (B, WRARAFAAE—Fa R, S2hr EIRATE BN T R AT LA,
KA AIE N KR EE. Ba, RAOTEEFEA J7 1 0e?

XEREMZATRBINATF LR RA FARREEREER T, WE 427 Fix.

AFLIRR: axb A

17 — >

Y EF85F: axb
AE 426 FHAXEaf AB 427 rRIERAFLERAF
KB b ME—\ T MEhE HFIRABEHNRER

BEANMGRRELMRBIME? Kk, BERMBEGNF! B, e BB BRNATF . EHTFLIRR
B, axb 77 R A FIERISRAINT . RAOVEBRIETOBAE T a Ml b FREHA S4L, RIEHK
TR FELLFETT MM a 7 mES, BD MR EAIR b (7 mEER, BEHHRK
KRR KHHEFE 17 8077 Wk A TR R axb U5 [0 T . 0 SEARSEE AN B (9 76 A 3280 L5
T, BLMEE 428 477 .



43 RHXE

1B, FRATTAT LAAE 20 50 A W 2 TR pn AR o
axb (771, HREIFEMRE AT R (PRATRES A
AR LB ) !

HWEERNZ, BRFERAA T RIS RMNERES
XM R, EX R “BlRR” TE. AR
I8 ARAE AT AR, 22 T A bR R IE 2 A T AR AR
ARG R AW, e i) F AR HCFAE
=R AR . A FAPR RN
LEFMRRRI, BT R K& R RIE AT ST 2 Ok
AR, HOR 2 R ILR 5R A LI, FRATAT RES R, I,
BABBIIERT 17 BIRATAEE P AR R IL B R
ML RCR I, TR T ER s AN, &
AEARHIEREN . AXNBEETUSELAENY R aE4.28 RALFENAG
B R4S ABFLHAT axb 7@

Mo, XMEEAALHRE? BHEAN—TNAREHHEET —PE. =fARBHKE.
Fi4b, @R UL TR = A . B T DR R 2 S B REX LR A

433 %3/

NE|THEAIMBET, KEESRBRESN! Ba, EEERE. TRATFHE!

1. i :

O —MEREHRDPAEE, RIMATEEERBOLEREELRETLLT .

@ AEALLAAH RN ERE, XEELERRENREEERSBIN.

@ HEHEAFARRERAFAIRRRELE, FAXSEWXRMITE.

2. HH FHKEREH:

@ 2,7,3|

@ 2.5(5,4,10)

(3,4

BISE

@ *H(5,12)#47H—1k

® (1L,1,)#ETH—f

® (7.47+(3.5)

@ (9,4,13)—(15,3,11)

3. ¥, BERPHE —AE, ALBEEW00,13,10)4, EBF AR, BANEIREEIZAR
RS T 2

4. HHFHPWRRIZH:

@© 4,739

@ (2,5,6)(3,1,2)-10

® 0.5(-3,4)(-2,5)

@ (3,-1,2) X(-5,4,1)

® (-5,4,1)X(3,71,2)

5. CARE a fIRE b, a B 4, b BN 6, ENIZ MM A 60°. T

BFLIFR: axb
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¥ 4F %3 Shader FT R B

@ ab

@ |axb| $#7R: sin60°=§z0.866, cos60°:%z0.5 .

6. ¥, BHRPE I NPC, EALT A p i, EHHETH (forward) A LIEH&&E v KE R

O MRIMERFZNENT 5 x &b, B2 HW B RLE NPC BIRT 5 E T ? 1A 3
ZERFTRBRIRER. #Bn: FHAEAR.

@ FRRTE a PRBIGFTE, RN p=(4,2).v=(-3,4) x=(10,6)K I /R % ..

® HAE, WA THMITEK: NPC REEWESIERMMAEE, XMIARMAERS i

2 NPC ﬁ%Rﬁ%E?ﬂ’EﬁﬁﬁEﬂ!ﬂﬁiﬁﬂﬂ% A A B2, BeAT T T L AR SR K] T NPC

REAUEE & x?

@ 7€ c M&MEA B, BRIXAE T FHr#EK: NPC G
RIMLSREE B T RS, & R AEE 2 e R R AR,
PUAE 3L 4 ] 4] . 2

7. FEVE S P IRA T 2 7 R W — A =1 2 I
A 2T T, X AT LUE I A W =M 3 ST AE 24 6
2% ) 1 RN B £ R W B T HES R 1 B . e =MW
3T piv p2 F ps, TRTH FH SRR A TIX 3 AN s
M P 2 W 38 R 3 A 2 B BRATI A P 2 2 T AR A
R, B piv po M ps AL T xy Pl CBREATH z 53 EEA

0), ABRGLT z3iifdmt, Mz 8EHMME, W B4 =ZARN=IRRET o FEL,
E 4.29 %i_\‘o - fxﬁﬁﬁi:]: Z%ﬁlﬁrﬂ], rﬁ] Z%Eﬁ[“ﬂwg

REMRE, BEANEEFREE (matrix) A4, GREEASERAE.

—HE (BEFE) (HKLA: The Matrix)

$ERE, JELA R matrix. WORIRABIFHKMFEE matrix XA RIFREE, SR EEH —

PMEBRERME. FLE, REABAGE, BHEAENAEXNEE (BEFE) KR4

Wi (The Matrix). 7EHLE (REWE) ., BAE-TEXOEMRS, EHELUELSD, H
XEETY. E— /AR RBFRTZY.

B ANBENERFE = HCE PR ER N, FE B P S AR 57 P &b 7 2%
REERfG. E=9H0EP, RITEESERBEMRETESR. —MEFETUE—MREN—
ANARAR 2 (B B 4B 7 — A ARRR IR . AESE 2 TEIERWRUK LD, RATHE B TIRZ AFrAL e, il
FETI A A G 38 P 3R ATT 75 BRI AR AR AR B 23 (] R R B IR R BT AR R R . TIAEIX — T, AT
FEARANR— P REFFIX A

M2, BAERNMBKE T, XERE—NMESROBFEAMX2EER? At 2%50#
FATER B R IE A/ NS PR AR HHIX A % 45 BEWE ?

441 EFEHEX
FER AR 2 e A WA e PR B, IR T DX M1

Y




44 EE

1 05 3 2

23 5 3 10
4 8 11 5

MNERISM ERE, RE—NMKAAMNE, SMETRBT T, W, EREREX
LM ERE mXn MREARMKTEHEA. £ LHBX 75, BIZRHTHESRESER
HEECE, TS A A B AT RS RS S ERIERE S ORFR, XEREN .

BESR M kG 45, BRRWREMEMA 1T Gow) %I (column) Z4). Flin L EIBFRie— 3X4
fERE, BR =ATIY. $Ek, FRATATCAS HAERER —MRAER . B3 X3 FIAERE AR, TR LS RK:

my my, My
My My My

my o My My

my; R TIXADTCRAEFRE M B2 i 1T 58 3.
XK AT ATRARIR . (B2, BRI RRARIEERIT S, KRR BRI,

442 MXREEREER

AR, REHEME A, MERFEE— . BRI, BRE—FKAT!
BRIVBAESER, RIOTTUAEMERERERE. £l t, KEATLAF KR nx1 BF%EMK (column
matrix) 5% 1xn FTHEFE (row matrix), HAF n XN T REMLERE. Hlin, K& v=3,8,6)FTLLE
FAT B

M=

3 8 6]

3
8
6

A ABRMEBLERENEERRE—ER? XA T AL RER —ER—HK—ES 5
Mriz®. XEFMZHRPHIFEERH.

BPAE, MERATHMERSIEMER BN RERRRREAT A0, K5, ROTATLMRE A
CREFRERRT TS, BE, WRENEN RS 5REEFEN, EMIEFESPRRINNGH
BIFMEER . XIERRINTTHEVRH.

443 EMZE

HEENFURERRERBEREERNRE, BLAEMBERPIRIRERR? BEXEHEN. |
&, SEBHRTET Shader KT, RAITAFEMRFE RN —HIPEHITE.

1. SEREFAREAIIRIE

MRERLL, R DORbR AT, BN RIVAR M HRIEERER. Tz
FARE R, MR TR AR UL 3x3 MERMAE, HAKXWT:

B R

55



56

#4% %3 Shader FEMMSRM

m, My, Mg km,,  kmy, kmy;
kM =Mk =k|m,, m,, my |=|kmy kmy km,y
kmy,  kmy,  kmsy,

my My My

2. SERETNAEPERISRE

PIANFERE ek AR T B, BTSSR R — BTSRRI ELIXANRE R Y 4 BE R AN SR
BB e FE R R R o

= rXn BIHRE A FI—> nX e HERE B FHTE, BTSSR AB W45 —A r X e KANRIHFE .
THIEEERENMATIICER, BRI SRS —ANMERE AT EAR R, e 8 20 1)
FEFEHAT BOR S — AN R RIAT 8 105U BOR 5 —ANERERIZ B Bk, AR A (YRR 4 X3,
FEKE B I4ERESE 3X6, A AB 4R 4 X6,

S AN BE AT A AN L BT R B a0 ? IS AMRIRE, XN R A REASR, A
EATZ R AR E ) AR, E T LA CE XM, HREESRIS

"R LKA —E T AT A f LI ? SFIRATEAME T 5P TiE AR F2 B Rk
SWH.

BAVEE A ERMB LA CHEHBEURNR NG EESKMILLE BRI 2R 5
FiLX: WAH rXn WA A F1— nxe KR B, EIHRELER—A rXc KK C=AB.
2, CHIE—NTCE ¢; & T A 15 i 17T LR SN B (128 7 51 B X B2 ) Ok S dEAT 2R B S e
s, Bp

n
ci=anbirt apbyrte -+ aiby= Y a,b,
k=1

BRI NS ? HR, FATAT DA — AR AT HORMRE: o TEATTE ¢ BATK
Bl A R AT B 2R 5, SRR AEEATRON NG RARTR G R, XA R ¢

—FSE BT W 4.30 BioR. BB A4 FK/NE 4x2, B IIK/NE 2x4, AR E
C HITEHE ¢ [IiE, SEAREUXI N IATHFERIBIHERE, B

AR 24TR B A 3 1, e T T R & ARG ‘b bia [Bral b ]

AT AR RISE RAE. B, cpn=anbistanbase | by by by |
£ Shader 175, ATE L KR 4X4 HERE

KB H an  ap [c11 ¢z ci3 cua ]
ST — LR en e |en| o
PEI—: 5 B A A A A e az axp €31 €3 C33 Cx4
& v, W T 4a1 ag LCa1. €2 Ca3  Cas

AB7#BA AE 430 o

PEJR . FEREIEILWE R LSBT

WA UL,
(AB)C=A(BC)
FERA SR () 45 B A mT LAY R B BE R R A 3R . {5,
ABCDE=((A(BC))D)E=(AB)(CD)E
TR R e 3k 10 SRR AA MBI EIR S5 18 .
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4.4.4 FERNERE
47— e R (4 ME 2R U 7E Shader TPAH B XL BRI FEG I B — S EE MR

1. FTRIER

FTR%ERE (square matrix), RIFREE, BIRILEATFIE B AHERHER. E=4ELE, &
WA BB 3X3 14X 4 BHTRE.

Ji B2 BT UME TS s ok ik, REDHIEMN —E g iR R A A RAER. i,
3 AITE (diagonal elements). J7 [ % A TCF IR RAT 5 S HSERITTE, B0 my ma.
my; o WERAETT R B — N IET S, XU R ETERNMEL L, XBRENELTF
iy ok o AR —NERERR T X A T ESM BT TR BN 0, HR 4K AR B Y fil % £ 4B B5 (diagonal
matrix). i, THBRE—A 4 X4 P05 FE:

3 000
0 -2 0 0
0 0 10
0 0 0 7
2. B{i%ER
— AN R 0 A S P BRI 4B R (identity matrix), FH 1, K% . —4> 3x3 MBI T
10 0
L=|0 10
0 01

At 4B R IX R B — A B IR XS DRR, AR R A A 3R 1 45 SR R SR [ R
. At s i
MI=IM=M
OB ER bR P AR T 1

3. HEEK

¥ EBI M (transposed matrix) SEfr 22X RAEMER—MiZH, HBEEHE. fE 1 rXcl
e M, ERHBETURTIE M, XE—A oxr BN, BEEMEATEIERREE, RINAE
AR R PR — TR AT . R, JREEPEMISE i TR T i 5, M AR T 1T B

FANRE:

T
M; =M,
B,
6
6 2 10 3] |2 5
75 49| (10 4

3 9
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$4F 23 Shader FIBHNEFERM

FATREREABIFERE R UL, FATTRT LU 3 B AR A S AT 5 R«

|

] =[x y z]
B A R AR
VR —: AR E I BT R .
REZ M, BAHE—NIERERR — TR T, FTRAXEREEIEAERE. &
(M")'=M
HR=: HEERENEE, FTRAEESMEFNEE.
RARERR R

[x v o =

N X

N e R

(AB)'=B'A"
2R R AT LAY R 31 BE 22 50 AR TR ) 5 100

4, HIERE

%6 C(inverse matrix) KMERA DB X THEMFRE AN —FRET . ARFTH MR
AW, B ARME, ZHERELSR T

E— AT M, EREEMER M okER. MR EENERME, WRRAE M A
MR, BAENMERES R ALERE. R,

MM '= M 'M=I

AT T, FEAERTE B BE &R X AR . — D BB F a2 — BT A TCEH R 0 1Y
FEFE, REAR, (ARSI SEE AT, WA RTEPRAE 0. WR—ME
A X B (R B, FRATTAR X AN SE R 2 BT % AY (invertible) 503 Ui ZJFF FHY (nonsingular);
FRRH, SR — N R N Y AR, BATR VLS RAATEA (noninvertible) =R i &2 &
58y (singular).

B2 o S BT — AN RE R RS R AT R ? AT UE, W R —MEFER4TSIX (determinant)
AKX 0, MACHEMLR . KTEFMTIIRRM A LRI R — A FEFEROERERE, TS
RAZRY RIS BTXHAAFY LB EMEAE X, RBAEHR. 'S Shader
AR, XEeRE R T ORI AR SR = (W CHEU%E Eigen) RE#HSKT, AWEIT
REFEhHE. 76 Unity |, FERHIERERYMER Unity IRAE THMN AR EMHRIMER . X
FiX 4 Unity N EMFERE, 238 ] IZEATER 3.8 154k 3 5140 RO AR FE -

WA R 2 W EE R

PRI — 00 o 30 e SR A R A 5

R M 2T, 4

MY'=m

PRI~ SR RE PR AR B R T A 5

B

I'=I



PR = ¥ EHEMFREEME R E.
B
(MT) —l___(M-l)T
PETTIY : i P R A € f 0300 R 5 T e i) o % o P 300 K R
B
(AB)—I_:B—lA—l
XA ET DAY B 2 A e,
(ABCD)'=D'C'B'4™!

W R R B A LA .. BATEE— AN ERE DR A— NS R 4.5 %), TR
VRATBE XA, BRE LR XA R 2. Bk, WmRBRAE BN M X%
By AT T — RS, REFERCRSERE M TR kR, BARNSEIERNKE.
XA I AT A P A O TR 1 4 B R AR A ) M A T IE P«

M (Mv)=(M ' M)yv=Iv=v

5. IEX4ERE

T —ANEERR ) )7 B AL TE 32 4EM%E (orthogonal matrix). [FAC 40 FEM—Fb@YE. R —AH [
M FVE P B B A SR R B R PR, BRATTBR BX AN E PR R IEZZ B9 (orthogonal). iRk
RROLI . R, FFEM BIEREN T

MM'= M"M=I

EEARCLEF K, EXHBNE LB ERERER AR RER. EXFNARK
ek, BATAATCABRR—ANEZEOMR, BmR—MEMEREARR, AT B
R —FEM. st i, 5EFF M B ERZRHFNT:

M=M"

EAKXFIREAR, FRAE=4Z B P RAIEH & 75 B0 005 MR R R 1 A e g
FERER SRR T RN, B BEHEEHIEE SR RONRAFEREMEHE — FTRaTLLT .
W2, BATW AR ATHINT— AN E PR B R IEA PR ? BT RESU, HIbr MM =T 275 R0
ATLLT ! B, KFXH AN REATLEERFTE —SHHEEN, X H 80 BBk
HPRELESR. MH, WRBAIAN HRXARE AN ER MR, 4K R R ERHEM
M ERIR R T . Bk, FRATEMATFE S, 1 (AURYE — N P A i ik 2 ok ) X A 4 R
RERIERZHERE. hik, WATTHER TR IEAH PR JLAE X.

BAVRE—TXF 3X3 MIEHERERE A% m. RIWBIEIERERE X, BAI1H:

I
¢ € G
[

[¢,-¢, ¢-¢, c,-cg}

M'M=

=|¢,°¢ ¢€,-¢, ¢€,-C

€5 6. €565 €5 e

1 0 0
01 0|=1
b 0 1

XFE, BRATVREA T 9 F:
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$43F 3] Shader FrEHEE AR

ci¢ci=1, ¢;'c=0, c;'c5=0
cr'ci=0, c¢rc=1, cpes=0
c3ci=0, c¢37¢5=0, c3-c3=1

AT LA B LR &5 i

o FFEME—T, Mo oMo REMEKE, FARARXFENEBCHARARRRE 1;

o MEMERIE—AT, Mo oMl ZMEAMER, EANRFXFENZMEMEARA L.

o BARFAGIXAERRE—FIFRREER, B M R IERMRERE, M e EACMHR .

Wt v, WR ML g, Baem—DNELSHME. SEEaLERR, —
HAPRHEEATEE GESGE 4.2.2 77) mTLUS#HIMN S B &MF. 76 4.6.2 5, RATSHA LIRS
B 3 R Bk ] T R R R HE R . Bk, WX R R E R — A REIEAT M (B 2
FEAENERE M), TR AT TR AT LA B R (8 4 B AR B R SR 192 AR e (1) g AR 4

W REAMEIER ., IEAAXLMESHRIE T, AR — PR amEng?

BAl: LEPOZCSE, — /MR FERE R E, LRI AL R .
NP XERE R EZ B R EAHEER, BARNAICENFHRARZ—HIERZE (orthogonal basis).
B, ENMKEHFAZER—ER 1. mREMHKENHZ 1 918, RIEEENE —45RE
IEZE (orthonormal basis). [, — N IEAHEFEATRIZZ 62 BRI R T — A brHEIEACEE . B
2, WRBAMEH —HIERZT R E—NEFERE, XAHEFEA R AR — N IERMME, KX
B R BKEAREAN 1, R HENIARIRIEIERE.

445 FIHEERERSIZER

BIIELTHT WL KBS, (BE% MR LR CZAT, BATHLER— 1T
R AN B I 1 )

FERTIH B AT P RATIEE], ATLAE — D REFER —MTEMRES . AR _RER
AR, ER, HROFTECEMH —DREFEMARN, Hahil—&ER.

BERAE —ARE v=(ry.2), BATTDCEHEBBATHERE =y 2BFVHER v=(x y 2)" GXH
T ¥ BT S A8 RS M ERN X — 1T BA K. AL, HH—IHERE M:

my m, my;

M=\my my, my,

my, My My

M2 M 53 FRATHERGE UL R SUREFE ARG S —AT A G RWE? AVIERE M ATHEREHIHIR.
P B TR 1) s CRT 4, AT T BEARATRE BRI M 703 GRiR s, SR RESevE B R AN FF Y
ITHVECE R —E 4, B
vM =[xm,, + ymy, +zmy, XMy, + YM,, + 2My, XMy, + YM,; + z2m;; ]

ARSI FE P AR SR A1, 4R

xXmy, + ym,, +zm,

My =| xm,, + ym,, +m,,

XMy, + Yy, + ZMy,

B A e R, S RIERERR TATFIMERE R Ak, BT R WA K. X
BORA, FERGE PR SR IEFRAT A FEIE R A PR B R R B AR ERN), FOYIXHGE T MR
ERPBERFMERE,



4.4 4B[E

fE Unity F, WHHGE RICRERAERFFRA N, IR BRI RIETIES. Eik,

FEAFEHEKAFF, WG, RO AR XEWE, B0 FEReLE 7 #
%Eﬁ, {ium]:

CBAv = (C(B(Av)))
{51 o) B 25 SR, AT = A B2, BISExt v @ 4 ST, F{EH B it
T2, BEMH C TR,
FHEETEEN T N BT RS
vA"B'C" = (vA")B")C")
WRRERANGEH B LR & X, TS WS 3.
446 %R

1. BT D B ) e R BATAE . WIRAFEAE, e,
(D—qulﬂ

|2 4]0 2

- 43[4 1
(2) ]0 2

2 1 4

3,10

1
(3) |5
6

2. M T T YRR B R A AR IEATHE B -

1 0 0
(1) (1 0 0
100
1 0 0 0O
1
(2) 0 e
0010
0 0 01
[cosd —sin@® 0
(3) |sin@ cos@ 0
0 0 1

3. HEANREG.26), A ESBATHEEMIERE S AR EENAERL T
RENRELGREE . WRA—F, FEBUFTE SR KR .
1 0 0
01 0
0 01

(D
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$£4F 3] Shader FTBAEFER

1 0
(2) 101 -3
00

e g et S P . P el
1R 2 IRPRAT 2 1) ) LR 2 2R ABA 1) -

o RN LATE B b SR, B4R B AT LA ?

o RUTUIMEFEMEMELH, IR RER, KAWL A REIE?

o RERVTRFFIRAIRXAN LT, ERAREE?

o BHAGEMER KR R AM? BFE U, e — R4, BT 3] E0 [ e ?

RS SEARTN G, A TIREWE (12 HH X 26 )

SHFHE AN, E=gEER P ERE RTINS ? SEER R, BREEER, XNk
B4 St 2 de. Bk, WOREHEFEEmMPIANEDER T —NERE, BARTLWKHECHE R
AR (43R, TELRPEAREPAE R G A A AR OUR B TR, AR IR ENAE T I,

FEWAR At h, XA — A T Hes . GBI . WERITF RN AR B E S ek
KA, BEE AR (BlHE AOFR R S —AMLE, JERER T R BER 30°%), Al LUE
MNEEEISEARORAA R AR R . B S AT I, AT LA FH R O 6 56 i o A 1) L. 78
2 AR R T, AT A4 F AR R R R IX LA i 2

451 HH4AR%#R

ik (transform), FHAVZRATIC LB, Wl HrREEEREIESE, WA
BATHe WA AR . ETH PSR, A ER ., R AR RS BT R 21T
PR, {HIXEEHRE O 20 20 3558 R e B B 2 U2 R R B AL T

BAVERE AT H R R AR —R 4T, (linear transform). 2P HAR A
el DR B R A br TR ) A e . HEUFE A SRR A Z AR :

Qo) H(p)=fxty)
Kf(x)=f(kx)

LR FERRBISR . 4B (scale) B —FektEZLH. i, f)=2x, aJLIFR—4
KK 2 G400, BG4 5 5 i x MBDRBBON M. AT BURIR, foo)=2x R 2 L
PN [FFE, BESE (rotation) & —FpektERi. X TEMRERE, WRBATEXN—
S KRBT, IAUER 3X3 5B LR R T 2 A .

RANEAR PR T AL ek A48 1540, B 54817 (shear ). 5% (mirroring, th#EF#7 4 reflection).
E3# % (orthographic projection) %%, {HA35 5l e F4a il ¥ .

B2, NAEEZHREAER. RITREETFBESR, BN fx)=x+(1,2,3). XMZHRHEAZ
— AR, e RTRE, BEAEERENE. WRERNL x=(1,1,1), H4:

£ +H(0)=(4,6,8)
f(c+x)=(3,4,5)

- | ‘_l-: —l"'.‘F‘-l 3 - T‘ -




45 JEEMJLEEX: T

A, BABHABANERESA—FR. Hit, BIOAGEH A 3X3 MEMRRR—IFHB
T, XERBMAFEEINN, FFPBRHZ T LN —Fh3Ek.

XFE, B TIhEIEHE (affine transform). 455284t 2 A 4 1 AR o RSP 2 Hik 1 AR e
KA, PSR AT LME R — 4x4 AR R R, ik, BANFERET BIN4E0T, X
R FF R 445Z (8] (homogeneous space).

T 4.1 BB T EREPH WA BE PR 2R e TR .

F41 ERMTHRMEMENFFE (N RTAHBRIZIFE, Y R7sEZFE

g A 7 R MR RS by RIEZR B
SRS N N; Y N
LR bRAIEE i e i Y b4 ¥ Y
SRAT R 1 e A P Y Y b Y
A b A 4 TR 48 TSR ¥ ¥ i N
B DR Y Y Y N
AR Y ¥ Y Y
IEAS LY R P Y Y N N
BEUY R N N N N

ETHEINES, BAVEE ISR A R BB, ek, T8 . N TIEZHE
FBEMBUE, BAVEAE 4.6.7 Thg i EMKFRR T k. T T HADRHER, APBAHREHE,
B T LMEATERY R S KRB E L N

452 FFRAER

WAGE, BT 3X3EEARRRTBEME, BRITRIEHEY BT 4x4 MER (BF, B
BL—MNERER AT LLSEHI PR R ). Ak, BATEFREEERN =EREFRHRRN4ERR,
R RATFT TR L4R (homogeneous coordinate) (FF5Z 55 UK AA b X 4k BE nT LRI DY 4,
BT BT B 5 IR ARG 12 45 DU 4 55 IR A8 b ) o FRATTAT LU, Frik AbrdF i sl 77, &
HAEh T @S AE B —FpR o g5 i 2.

AT, SRR AN YLE R R R4, BATIT = GOk B B AR AR ? X T
—AN L, NS YEARRR T AR AR I w BN 1, T T A RRRRE, FEEH w o
BN 0. ZHMRESSE, M 44 FHFEN— kTR e, P8, g . 48Es
T i%m. HRNRERHTER AT mER, FRAMBRASHEZIE. ROTTLUNFEE A
A X e s R R .

453 NEREMTHREN

RN CEHE, ATLMER —A 4x4 FERERRAR TR BEFMgH. RIERAATE. 20
Ji e 1 45 T ) A 45 R e U R AR R . X SRR P BT — 23 ] i, BRATTAT LA — A ik AR
HRE R R 4 LR
M3x3 t3x|
0[x3 1

Her, 72 B My T RRIEE AL ta AT RATE, 000 ZFHRE, B 0,5-[0
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I #mam %3 Shader IBMBEEH

0 0], A FAKMTEMRIE 1.
TR, WATREAE WA IR —A 4 X4 BIFEFRFOR TR . TR A4R 18

454 FHREM
AR LAGE A B SRR Ao — A AT A 2

MEERKBERATTURE S F A AR FERFEA-FBIECR: &1 x py z 282508
T—MLEMB. 753D FRATHMARRE, ERey)EEEF T T (b0 1AL
FBHR, WMRBOIN —AT7 ARERTFBER, 4R WT:

-

1 0-0 ¢ |x x
010 ¢ |y y
001 ¢|z| |z
0 0 0 140 0

ALV, SEFBRBASH T MREFEEMEN. XARESER, RIEFSREN
R BLE T, RERA BRI, R BlE T LT 2 8 R — A, A B i 2 (R
TR ARz PUGER B A .

UAE, BN S E A PR IRIER W TR @ — AR SEREARHIERE P £
REXN T FBRE, &£ EMORERE Mo B AR L.

S R A PR P AR I [ P B A9 B RO R, B

AUE W, PR IEZHR .
455 GERERE

FATAT AR — MRS 2 A x B, y BOA0 z FORATA. [RIRE, BRATTRY LA A A R ROk
Fon— NI B -

£ 0 0 0 rx] [k
0 k 0 0 |yl [ky|
0 0 k 0 |lz| |kz
0o 0o o 1 J[1] |1

77 17 o B T LA PR R O A R AT 4R T
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4.5>§é@mnﬁﬁ>\(: E&

k. 0 0 0 T x] [kx
0 kK 0 0 |y| |k
00 k 0 |z| |kz
0 o1 |lo] |o

W RGN R =k =k, TAHEXFE SR A G —L8H (uniform scale), 5 UFK AIELE—
48/ (nonuniform scale). MAM L&, 4oy REAMER, ARG — A st s
PR, EEENE, G4 SR A RS R, RS — 4 2 S S AR A S I A
FILLA . BINEER VR HEATAR AR, S SRAEAE ARG 4, T A P T2 00 TR 0 245 o
i, MAHARNER. EMEHIETSN 4.7 7.

48 TR I P 300 e 0 PR JER 4 T80 R 51 18 B8k x0Tl SR i AT s, D

0 0

(=]

[ L
kI

(=]
(=]

L aglidy
k,

0 0

S &~

0 0

45 TBORE P — RN R TE AT A B -

T R U R TV AR T T AT AR B SRR B AR T ) BT, B E
ER—AE A Kb —FMrEm L EBARE, SR g A B s b e A br il ARG AT
ARPRE B4R, T AR AT B SR O 4 TR 1)

456 Te¥ER

JHER i = A i L () AR R e i SR ) — ol ?ﬁff‘]%ﬂiﬁ, TR R A i B E — e, IX
A WEHE AN — S 2 18] P K A AR, (ELAS I D B0 e LR TR 2 (el TR ) x by iR z it
AT e .
WURBAT T EHE A5 x BRSO, 7T LA 1] AR «
1 0 0 0

0 cos@ —sinf 0

R (0)= )
0 sin@ cos@ 0
0 0 0 1

2% y B e 2 R«
cos@ 0 siné 0
1= .0 0
R (O)=| .

’ —sind 0 cosé@ 0
0 0 0 1

BJE, BB 2 R e -
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% 4EF %3] Shader FTEMEF R

cosf® —sin@ 0 0

sind «cos@® 0 O

k.©)= 0 0 1 0
1

0 0 0

THE e L A OO A e A A BE A B 2R B A P o e e A P R IE SR, 1 L2 A
WA 2 18] ) 8 K R A IE AT )

457 BTk

TATTLIE R . T Mga Al &R, RIER— P E2AMZRSERE. Fl, TR —/ M
BUSEHHTRKANAQ, 2, 2468, Fge y #ilies: 30°, B z 578 4 N efn. JE2 T LU
I RE R ) ER IR S I . b T g AR i R W] DA R T T A EOR B

Prev =M yanstation™ roration™ scato Pota

BT LERAEAGRSIGERE, FEHEERF MG EIZE, BIEHITARER S, AT
A, BIFHATFRAS. TEEEKNRE, RREOSGR BB TSR, o T HRERE AR
SRR, DRI R SR AR EE . R U, AN [ R AR G A5 ) 0 45 R RT R — R .
ME—TF, WREEE RGT— PR G 2R, BRI E . RIEREBIEAL, X K20 i m Er
E—H, BBPMEMN E—REA R FHAT, RE VMR T LA, BEA
[7) ) SR 32 ML 1 81 1 &5 SRR AN — 1

ELRZHNEOL T, AL &2 NP 2 S 4, Hied:, & Fe.

B AAT A B ERXRERIT, T AS 2 At W 2

Bl BEAXFERZRBIT ZEMNFEN . BREON D4 HEE TN EEHR. W
RBAHGE B BB FETRS, BORVIGMEN FEEA TR A, EATHEZO, 0, 5)
FRE, RECEERA S MR, REHEEHOKR 2 %, XFERARARREZR T FKE 2
5, T3 R R T G B AE A B (0, 0, 10), XAERATAHEMN . IEMMMIER, L4881
B. WU, ROVELERAGMMBET 2 FR458, FHATFE, XM R/MER T,
PLEWBIERT .

R T NECEE AR EFRR ARG R ACRT, FRATTA] LA LA (] 2 A = A= ) A2 4k B 7 2k
Ko WRBNTAFEX y BB 08, e, FBiek. BE FRIXFERITFHE 3 FiakH
75 2 1 AR e B 2 -

cosf 0 siné

1 00 ¢ 0]k, 0 0 O
010 ¢|0 1 0 0({0 k£ 0 O
1 S——— - . L
0 0 1 ¢ | -siné 0 cosé 0|0 0 £ O
0 0 0 1]J0 0 0 1jjo 0 o0 1
k. cos® 0 k,sind
| 0 k, 0 3
I —k sind 0 k_cos@ —t.
0 0 0 1

AR BAVE T HABAR BT, Blanse-F8, HE8. &I, AR 0RBRIER -



e 46 iRz i

cos# 0 sinfd O]k, O 0 O}1 0 0 ¢
0 1 0 0|0 £ O Oj/0O 1 0 ¢
M, ionM caroM s mctarion = . ¢ y
-sinf 0 cos€é 0)/0 0 k£ 00 0 I ¢
0 0 0 1jo 0 0 1[0 0 0 1
k. cos@ 0 k.sin@ t.k cos@+tk_sin@
0 k, 0 tk,
|-k, sin@ 0  kocos®  —tk, sin@+rtk, cosf
0 0 0 1

MPIAGRATELE Y, 18 BRI AR B PR R A —

bR T T EE RN IR AR BIUT-51, FRATHE I 75 BN Lo ERE AR B £E 4.5.6 17,
BAVE W T 2 MGE x Bl y BRI 2 BRSO AR . — AR, WREMNFERNSGE 3 4
BhUEAT R, AL x B FELR y BB 52 z Bl HERE L R 4 AR B e I e ?

HRAVEERG (G, 6, Q)IXFERINERE BENT, T2 X —MIERIF. 1€ Unity 1, XA4MjE
TR zxy, XTERERAHORH) API SCRYP AR M. IXERE, HUHE(6, 6, G)XFEHITER M
B, 13BIMA S HER M 2 .

cos@ —-sin@d 0 0 |1 0 0 0fcos@ 0 siné 0
sin@ cos@ 0 00 cos@ -—sinf@ 0 0 1 0 0
M rotat@z M rotatd x = rotat@y > . .
0 0 1 0|0 sin@ cosé 0| —sin@ 0 cos& 0
0 0 0 1140 0 0 1 0 0 0 1

—UEHE AN EHKAXBREMFRARRT ? ARUSIEREZEANGEAEG? X
—RMUF AR T ks b, AR EERAREROTBA U, AR e i A Y
MR R BE —AMIEFET (B B zxy), PARCEATIXE N (KRS /1 BE (B, Oy, 0,), T PIFHAL R
A LAIEFE
o LRMBRR E THI z HlilEd%6,, SRHRR E T y HiER6,, SRR E TR x HilEFs6,,
BIEAT — VR B A g 2 AT AR AR R

o ZRMARRR E T z BERR0,, fEARKR R E T FFSE 2 BITERRO, J5 BT ARKR R B R I y BliliEse
0y, TEARKRR ETFFISE y BliERs0, 5 IR AMER 2R BV T Y x BlilEdc0,, BENFERERSHS, JEARHR
RR¥s).

IREZFIE, XA EPERSREA K. BRI e MR WU EE—TF, eNas)
g Rt R — R YR R, TS ML T, 4% 2xy WP ReFE M7E S —MIE 0L T, 1 yxz
P T J— R o T Uity SRS U I AR % NP 41 ) AE 58 — R L OB o

1L T AS ) 288 54 R AR 45 MG - 5 ) B AL ALL, AN [ R Nt P 49 38 (0 45 SRt T B AN —HE Y
FRATTIEVAE AT LA b ot b A ) i 4 Wty 75 28 £ 22 S SR ER A O A & tHBLIZXRE B AN R o XA 3
UERL PR B 4 i E AR AR

RANC2ES T MAERBERERERER N2, wP8. TERM4as. mERTH, 8D
K SR o o PRI 2 A e AR 2 IRV HEAT AR 4k
BAES 2 B RAK L Pt T AR W) (02 He. I, 7B 2] TG EdR il /AR S B B
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4 g %3 Shader ﬁﬁ%ﬂ’]ﬁ%gﬁ‘ﬂ

W, ATV, TH A (a8 SRk A B T e i A2 AR 10 T 1 A48 B MRS 5 25 [ e 80 81 S U B A2 o
2.

TE Y AR AL AR T AR AR R AT — DN A 2 2 R A B B A A 3 R LIt R, AR
TR XA Fe e R W TSI . SERAKU, TSR TR 5, &
Jam A T RATHI B4 L.

46.1 AFAZEEARXAZAENLIRZE

BAVEEEIBBEH K — M5k . E945 Shader M FErR, 1R 2 R ME FLAR R Ju i 5%
IBEERN TEAFBIRE A 2 MR GMARE. BRK, XAZRBRTRPE “TEZE”
W ! AR NERATIXAEBOBE I “ R ARATARE R — AN bR AR M A O SR 2 X FE—K
FATBA X TR E: AT S ? X TR AR 2 564y 1

HEFEERBRREIFE—AERA MR A B, Shader 7R # & ETRA E NSk
b (HESOR, —HRIKXAMT, MSRMBARIE Z 6 KZEHE: FAIAT AR
FEIXLEAN[A] ) A 322 ] o

L b, EROTAEE S, BATHER AR A4 672 RS . BUE EAE XA B HR,
RATREIEARFEIPAZR B . WRFER: “HPABRPOKHAEBR? 7 RRBESEZ: “fEHn
FIIATT 3 KA. X B, FRAR B RMAERT T DATTA B AR bRz 8] . BRAE, 22w IHT & /MEE
HEIIR, ARAEH B G B G _E RS B A AP IR KRR | R BOE AR X A B R —
gromn EAERE MAKIERIN, KRR RE LR MEM: “UR, VRZM LA LR s
B, RSCEER T BART & /N YE B4 R bR 2 E] . R R — MR RSB ARNE? fRAT
PAZAR— T AR A 702 2 A 171 8 J5 e A AR AR [R) KAl B & /N b A — R EUR

TR, BATAEA A ANE O3 T AT DU AR — MR AR R (SR it Al bR Rl
fE 4.6.5 THYFED, IXNAARAR BIARARA AT LA K A2 ph 2R o AR 25 SCH 5 Tl . S SR —ANfa
NGRS, RIRAFTRES UE: “ [MAGE 800 K _EHF, SAJEH M FEE 50 KsE T 7. (HERN%
H, RSELAFEPERE ARSI AEREEILK EEE/DRR, SFMEH “ I FlEArhsa K7
SRAR MW A VG AL, B BRI ENR AL . WIS — MU HERE 2> s R v
BE AR FR B RIT B4, RATRESUL: “IRIEAERTE 50 K, B TREOMZAD) 100 K6 —
KAEH GRS TERG . ” i, ARGEA A2 BUXA B AN R AR bR (] . R — T, WRAEIRA
S EERATR BT AR T AR BT RGBS, %l 20 ASWIRE.

HIBEAT I, BATHEZAEARF KO0 R AR AR R R, PR — Sl A 7E R E 1 ALbR
ZETARENL AERGHEME . ZWR I AEER T RIEEA XA LA b2 .

FETFIRI A — LA R A ABRR 25 18] 2 BT, 1038 T SRR, B A bR (Rl 7E B8 b AR PAR 1,
BAWERHES 25y, ABE BN —AFR 2 8 e #3575 — A AR A (Bl v St B T (HUZ,
FERFERIGOL T, —LEAATRAS [u] (R L 55 — e AABR 22 A SE R 5| A

BAE, WALBRATRE — FEWFRIERIKL S, — AT RBREE T EREAR2E [A 2 .

462 SLIR=ENTR

FAISEE y Ja i N AR CE A . EE R UK AT TR B — A 8T [ K
M AR 2 A1 4 B 5 — N AR (] o XA B A5 4 SR WE 2

AR et BAVEEE, FTRE X —NBARE R, BRI R B 3 A Frs
HITT 1 o TSR LR SE B EREARRT T 55 — AR TR A (3 5 B0 4, BT AR RAR ).
UL, AEFRZE A TE B — A R R G A —— BN A bR 23 AV 2 57— AN bR 2 ) ) 25 1), o ke



46 MR

i, FAEMEAE —A (parent) AFRZS[H] . KA PRZS [A] (928 #o 5E fr_b a2 45 R 25 M T2 8 2
]t p AR AT AR

B, IAEAERBIRENR P DR —NTREZR C. FRATENELE S AR 8] 1A b 23 [ )
JR AL E LA K 3 AL ARRRE . BAT —MRESA PP TR —FhT K2 T AAR T E] P RN K ER
Kt A BRI FRIRR 4y, B AWK R, BB ARFRZE 8] T R4 B A B R
it B, BT ALBR AR T RN B.. FRATTAT LR T 1 A A R R IR I B Tl i K «

A=M ., A,
B=M,..B,

Hrp, M., R 2 AL RR 2 ) A8 46 1) S AABR 25 [A) (R R HRFE B, T M- SEICIAERE C(HI
I . W4, BAER R BUHR, WRRFXLEAHIERE? H5C b, RIMTATERHHEZ —
BAR], 5 —ANRE R T L@ SR R R i 7 AR 1 3.

T, BT VAR 1T SR T AR BR A ) 3 S AA AR A (] B AR A P M

B, WADREIE—AF LR A M8 228w — AR A L& b — i (a,bo)fif,
AT G ] 038 12 a2 AL B MR 2 FRATTAT LA 4 AN TR 8 B AL L

(1) MARKRZS[a] ) R P46

(2) ) x #77 [m 5 a 4~ 847

(3) [y #7 sl b S HRAL.

(4) [n) z #7535 ¢ MEELL.

WEGHNE, LEAPERARRNMNMER, XANALRHF EHEARERS) . P RE
ERERAARLT, BIRERAOZRRES/E LT 4 NSRS, IE, RIS TR E C
i) 3 ANAEAREHAE S ARFRZE R P F RIS Xon Yoo 2o ARILESAIE 0. B4 E T L%
P — i A, = (a,b,¢) » IATFEFERT LK L1742 TR E FAE SRR 1) FHINLE A,

1. MAFRZE MRS oA
XARMIR, FAICLEE T TR REAE O, .

2. [ x#HEBEN x A BAL
R B, BROA A CEANE T x B RERR, Fitnr e 3]

0, +ax_

3. @y HFEBE y B
[FIFERIERE, X—FE:

0, +ax_+by,

4. @ z¥FFEBE z B
B, wn LR
0. +ax, +by_+cz,
BAE, BRMCERKHT M-,t fHA? REFHRD? RITFHRE— TREFRBNAT:
' A,=0, +ax, +by, +cz,
EHERER R, XA T ERABA R ¢ L RATR BN — a1 “BE”, e
HIRAE LT 207
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¥ 4F 33 Shader FREHEFEM

A,=0,+ax +by, +cz,

= (xnc’yoc’zac)+a(xxc’yxc’zxc)+b(xyc’yyc’z)r)+C(xzc’yzt’zzc)

—'xxc xyc x-’" a
=(XM,J’.,¢,Z“)+ P y_vc yZC b
2 i Zaml LG

I

=(xoc’yoc’zoc)+ xc yv zc
il o
Hp " FSRARESIRITH . Ll Ehn LR ER TBMIZaFrEn A . EiX
MR IRIEREANRIREETE, FOVEFEMERIEN, B, RITCLMIE 3X3 KRR
FEFORTBAH, HN TRE N EERNER, BROHE EmRNTy BRI R m T, &

a
b
c

e L Bt

X~ ¥ 2, 0 b

A, =(x0.,Y0.,20.,1) + Ry aie

co "0 020
100 x| | | Ofa
{010 yo |[x y. z. 0]b
1o 0 0%z [} M) 1o e
0 0F% 0] =20 - g el

|| | xo |[a
| X Yo Z. Yo || b
1 | 2o |€
0O 0 0 1 1

l | | |a
X ¥ 22,008

| l | {j¢

1 |1

WABE, (REE M., 7eWE T2 B,
bt i
X, ¥ 2. O
|

M. ="

A P .
0 S0 =0 1l
B XNERRKMET ! a2 2E B TR ?
A1 bR RIERT SRR EREMEEE, — B SRR X e R I

ERpd R R RS T — T,
—ESRHR M-y M-, AT LB KOS RE R 77 SOR R, B8 MARFRE 8] © 22k 3 AR5

2] P 5 A FRAE ] P AR H B AbbR e C R EFEMPIIERE.

ATLAE R, AR M-, Sbr ErT DLl AR RS ) C FEABFRAE[E] P A ) S s A AR B )
RERFRMBER: 13 MEFHKIGEAFERERR 3 71, BRARKBKEIRE—F, HHOo
1 TR R AT
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46 AFRZEE

TEERNE, XERMIFEEER 3 MBI x y Mz BRAKE, FELE, WRFE
FHREE, X3 MNREEMRTEAZBARE.

NS ARA R, AT IR R m B, MIX AN AR IR EL T AL 2% 8] 4 J5 1
FUARRRB Ty ) ! A, 4 FRAT] RS RY 25 ) 2 57 2% (8] () — A 4x4 AR E AR RE, W LAREUE R
FE—FIFHATH—WE ChTHEBREBEW) KA BB 23R x Hhi7ett R 230 TR Ri K&
Fno [FIRERIFTVERT DASRER y HOA0 z . FRATTAT LA S — A A R B X AR USRI HE R
M, TR — AN R ENLFRE R C P AFRZER P b, 4, BIIATERHEREHRL
2% 0E] C HHY x $(1,0,0,0), BIERIGEMRIEM-[1 0 0 0], BEIMERER M., %5,

A ANEBEER, M7 RREOBIRZRZR . BAIME REREHMER, FHitdk
PR 18] 6 R R AR R T DA RS ). AR UL, BROVUOCT R AL R B R R RS X R B & AR
M. A4, XA AR (B AR T AR 3 X3 MIEMEREIR, BARNMATREE R FH
. ARG
e
X Y. 2,
S

£ Shader %', FATH ¥ 2F BB HAEFERIHT 3 1787 3 FURXELTT [ 6T [RBEAT
A, X IE R R BT AE -

WA, BAVHRKE M,-.. BATATEHE], 7TLGEIER M-, H8HE R4 A 75 SOR A7 R S 6]
B M. (BE—FERBANIAT R R T USRS M., XMELHZE M-, 2—IE
AR IR TR ER MR, M-, MRS TR EER . XRRERNAFE
BT E IR RS SRR T LA B e m e . s 2K,

I
M . =|x-Y, Z,
I

M=

c=p

e =il I S tanr i e R
poe P 2 Mc—)p e Mc—bp = Mc-—»p

- gL
== yc -
|~ Z. —

TERAE » BATA AT AR IR 2RI RE M-, S HE HH 7 A8 B % 8] B AR AR Hh 77 [ 7E 5L A 2 ] P
TR X Yo M 20 I AT LA HE H SQAABRZS 8] (K] A KAl 77 ) 5 T AR AR (8] P I RR X0 y, Ml 2, IX
SeARFRB N B RE M-, B —AT ! tHERR U, I RBAVEIE AR 22 B2 B FE B M- B— N IE
R, ABAFRATAT LLISREUE i 58 —F1 KA 2| Ab bR 23 6] A 1) x BI7EALPRZE (] B T IS, B AL
REVE AT REZIAIRZE 6 B 59 x FEBIRZEE A THIRR. RERK, MRBIIFIELIFE
6] B B x flis y $0A0 z Bl (R BALRE, BN HRERARIECHFE T ) fEAFRZE R A
THIRR, AT DS ETMKRTBAERE PR — TR AT AR EI A A 2 B FARBIERET .

i KW, REOMToLxEeilE T, —SMPEIC, —=XNCEP, —&SRfT, —&
X3, RECERRR ERAEE!

#efil: BAVIEX AL RRE Hag B 4 A REL, P A Z AR R AR IR R AR J5 15
FIRHE . HARIE T IX LR, 835 b R K8 SR L RAES R IERIE. a8 T miXeE.

R ORAN G HE AR bR )RR R ARAT BOE R AR B, ANG5 S8 — R0 R\ 2142
B, B, BAERMTARIE — N REMARFRZ ) A 2B B2 B, T HIRAM D LMmE AR
ZE B x B, y B, z BIfEZ R A FHRS, Bl xp. yp il zp. AEERIIM A 3| B 12 #HK
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Wom eastedermmmpew 0
FfE My 5, RONTRACENTHLFBORIERAZATIVE ? AR H SEAE AR RIEFE R, BIIAY5E
BEAEIERE— R 7, BlimgsiRR. M4,

S .

=Xz Yz Zy

» ERL XA

BAE, FRATTAT A SR R 50 IE & R 75 2 B . JTiEE, F Myp KB xp. TEVHHATHR
ISR —FIXAEER, WRBATHAR SR FERA e B 11 x i, IAZ5RNI%AE1,0,004 % . FH
LR 7E 0] B ot x B EE(1,0,0). T, BATOTLSREHAT R IERTHERUEE T :

L e
Xz Y Zg
[ ] TN

EHERIXELEN, “RAMERZXNGE R AW7. Bk, XARRETHEA RS,
e ESURI TS RIOW AT 1o XA R VR 2 R INFRATAZ O g £ 5 7. BRAE, BATEA
AR 3, BIEAT KRR, B AmA:

M, . x; = Xg

- Xz Xp Xy 1
M, ;Xg=|— Y3 —|Xg=|¥p'Xp|=
=y Z %X} 0

KRG RRABATIOR R —FET -
HA b A R A R AR R BRATIFEA S (0 i vt e 0 I8 B AR b A () R AR o

46.3 MRHLRTETHRITRE

BAIHNE, EERFUKE S, —ADTUREEIE 2 AR 0 AR A R &g m /e e b —
M TR R AR R ] (I 4.6.4 1) HiE XN, BEEHRZHRIFRERES, [EEIERN
BRA B AR . TR, BT SR P A ERA TR AR IO R AT RO % s IR A i

AT HBY R PEOX AR, BAVKE ARG R LB E R T, IR —FhaE A,
AT G A I XA Rl

FERABI RS TR, ARG a7 A QR T geE g2 i LY. &R 50E 5 O —# MK
AR AR SR, AT A — MRV —EERREAN], W 431 fis. dse i &R E
CHI &, ERRRIE S 7R A w0 2 5 L2

AE 431 HRBHEE ( £E ) SRR LA (EE ) BEENE, ACHRTROMHEERE LY
TR PR, BT T AR AR 5 T2 e — 2220 i 5 e LA
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4.6 MFRZS(E]

46.4 1REZEE]

1#EEIZS (8] (model space), W't )4 FHTIE/RIKIAREE, ARSI B Ul X B A K.
A ISR 25 (] 4 R A 3 SR 22 B8] Cobject space) 5i/EEBZ 8 (local space). & MEAEA H Ol
NEIABBRZASE], 4 e B el e I B A, R A R S IR T S AR . FERRATT B O 2 AR
PR IS, UIRNED A ERBENT, RIS MMERERS), JRITES N, A
A 5 BRT Ja 2o A5 AR A PR R

FERR A () ep, FRATEH A — 207 S, il “80 (forward)” “J5 (back)” “Z2 (left)”
“fi (right)” “ £ Cup)” “°F (down)”s TEAPH, FTATILXLETT W FRA BARTT ] AL %0
T A FR A 4 1 FHIX S AR 7 ) o 7E 4.2.4 TR RATVREL, Unity 7EREE 23 (8] oA FH () 2 22 28
brd, RUFERRI SR, +x Bl +y Bl +z Sl U6 PR SR A . ERIRT I . R
&, PEBRIAAGRASE] F x Bl oy Bl z BAD B AR DT R R AN —5E & EIRIEXMOCFR, {H T Unity
18 F () X FE I 24 8 BRI A A58 A X AR 77 30 FRATTAT LLAE Hierarchy #1LFE A B AT R Sk v]
UL WA B RS TR 2 (] () 3 AL bl

LR % ] i J5 R AR AR A I8 8 2 SRR N AR LR LA SE 4F ). 59 A B Unity 5,
FAT AT LR T A A 0 3% U i) 308 B 1) T KA
B, HPaE TEANTUA AR, IXEARERES 2
A X6} T A 2 i) o 18 B Ol A AR R Y )
5 .

MRAHEH AR B T R P, s A
Y AR R % (8] I ZI B B A 6o S G 5 7 RO B AT BA
T sk U ) T R R AR B R BOX AN E (O, 2,
4), HTIAEGHRPEEAE TPEE, Hik
W BRI R B RAAR R R, 15 2T A AR 2
0,2,4,1), Wk 4.32 Fis.

AE AR ERNORGINT, SIPEBEECH
465 HmEzE BAAR, EEEARRDEESFOURR0,24,1)

52318 (world space) & MEFHRIIANRR, FANEEN TRIPTCORB K. —
e E Al RE YR, TR LVELRAN, Basf “HBK” X—uile? XH B KIEHE —
A, R Ve R IRAT TS RSN ZE AR 0] . ARNTEI R iR 6], XA
WX A AR (AR R AR, BATASKRORER N R RAEAT AT, R LRkt 5 5,
R 3 2 B K R 4 TR

S5 (R AT LA F TR 40t 7 8 GBI Al Be s i — IR IR, WA AN AIE . &’
B, (HBAHGEEH T LA BIX B R R FEART S, ZaXT A7 B R (150 70 tH R AARR & P AL
BoOEE, FRATSH SR A Ta] (4 JR AR A AR 2 A R

7E Unity H, tHASREFAER TAFARR. HEM x #. y H. z #2EeEAEW. £
Unity &1, FRAT0 LLUE S F % Transform 4+ [ Position J& MR AR R A7 &, X B A7 B
SEFAXFIX AN Transform [130T5 s (parent) A7) AABR 23 (] o ) J& ot i LAY o 1SR —> Transform
BTN i, MBARXALE At AR R AL E, WKl 4.33 Fran. AT MRS GE
A B, XA Y (A2 2% ) fgh A2 tH 28 R), A AR ai R S B T 3K AR AR
., [F#F, Transform H'f#) Rotation 1 Scale & [F] £ & 2 .

T AR 2R — 2, W0 TR AA R DA 2R =% (1] A 4 I HHE SR 4% [ ohr o XA 48030 S Y AAR Y

73




4% %3 Shader FFERMSER

54 (model transform).

HAE, ATRN AR BT IATH A AR M. b, FRATTEY S5 75 B A0 E S G 7E tHE 57 AR BR &R it
77 WbLe2e e, X W] LU AR ) Transform 414 KAG FIARKRHIZHRE R, WE 4.34 Fir.

“Cow RERTA, |

Posméﬁgéﬁn’a '
o LG S

“Mesh" R
A “Cow" ,

A 4.33 Unity #3 Transform B4 DUBTREMNLIE, AE 434 R PHIERSE, HRSEPER
R Transform BEX T4, WEFHR “Mesh”, FB4 Position WHBERGAND L, ETFTABTTHAELR

BREHRXDR (XERE "Cow" ) AREVRERHIAE; ZEPAA TR, FIBELHANRT
WREHERX TR, Position EEREHREE R E MRS 8] F R Bt R 22 [E]

HR4E Transform 4144 EROMER, RATMMZEN T W, WA T2, 2, DML, AT
T (0, 150, O)MIHERELAR(S, 0, 25) PR o VERGIX BAUE BT RTGEEHAY, BEMATAR, B
HEATHERE, BREETAS. SRR LUMIER H U B ) B

1 0 0 7,|{[cos& O sin@ 01k O 0 O
010¢4( 0 1 0 00 k 00

M s = 0 0 1 ¢ ||-sin@ 0 cos® 0(0 0 k 0
0 0 0 1]0 0 0 10 0o 01

1 0 0 57[-086 0 05 0][2 0 0 0
joroo0f 0o 1 0 o0ff0o200
1o 0 1 25|-05 0 -0866 010 0 2 0

05 0150751 0 0 0 1200 0O 1

—=1.732 -0 1 5
0 2 0 0
-1 0 -1.732 25
0 0 0 1

IRAEFRATT AT LR SR S 4 ) AT AR R AR T
P, world = modsIP modsl|

-1.732 0 1 D 0
=2 0 0 2 4

4

1

=15 " 157327 525 18.072
0 0 0 1

k3, EttRSET, MM TFHAERQ, 4, 18.072). FR, XEFFE S HERZIELUE,
X BIGMB NG 3 AL SERREE Unity KA B9 RUERSBER K
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46 AARZ(E

4.6.6 MEZEE

WELZS 8] (view space) tLAEFR HIBIEHNZ18 (camera space). W EE4%[H] 0] LLIA KN & A 4%
8] () — N ——FE T B o — AN R AP R A, BIRBAL CRARIE H R LR B YLA &
AT ILED, BT S BEAF AT RIS ke, Wl (A,

BBRPIE T HRATNELUERFTE A BIMA . FEMEEAE R, BBV TIES, Fff, HAK
SR IERE AT LR RER, EBFABIHSHZLL Unity B3, 1M Unity 5902245 8] f A4 bRk £
2 +x BEREATT, +y Bifsm Ly, W4z e O RBENINE T . EEEXEAREMERA
P, FRATTZ B it i (A5 2 2 ) b 57 4% (6] Hh+z 8 O ER 2RI BT 77, At A X B AR —FE T WE?
IXAEF Ky, Unity 7ERALZS[AFIHE S 25 0] ok R e FARAR R, TAEM R 2SR R R A
FUFRR. XREFFH OpenGL 1451, 7EIXFERIME 2SR, BRABHU ERT J7 48 A (9 Je-z B 5 ] .

KRR TR R A B 2R AR D 2 X FRATIAE Unity 9 gmAZr=2Em, B4 Unity AFRA]
i TIRZERIRZE T, AFEREART R Rk, B2, WFRiEETHE A Camera.camera
ToWorldMatrix. Camera.worldToCameraMatrix 254% [ BAT VH 5 A B AE M2 25 [A] TR (A B, R
NDIXFERIZE R

B R BRI — U, SR A MR R A ] (PR 4.6.8 19) 2 AR, MEZ A2 —4
= Y73 H], TR A R eSS ], LSRR () B B AR A (] (R TR B — AN AR, Ik
JE38 % (projection). FA1E MM VEE).

TR ()58 =20, SRR TOL T AR s Mt 5725 () 25 46 1 0L 8% 2 ] o SXAN AR $6 3 Y AR 8
4% (view transform).

BB AT ARIZWE AR . AT TH EAC AL ) B IR 2 (A R e B M =, Ak, &
MIFF Z B AR R TRV R E R . XFEAER LB BB E R F K Transform 21418
F, ik 4.35 Fis.

AE 435 RGFHFRGINNEZ(E MBRZENRA TREVL, FRENRZEF, BHEINRIEE z R
FE (ERREYT z #IEAE ), XEFEN Unity ENRZEHRERT EFLERR, £ FART T BENI AL R =8 H
B & BB EIEGHIH R0 BT 57 = (8] IR E M ERZS (6]

A THRBINSAENEZE T RCE, RAOTTLUARRTE. —FIER RS =K 3 4
A BRI AE S5 18] R 3R IR, SRS IR 4.6.2 R UFBIRI 5k, MR tH L% 2 () AR 4 B 5 25 )
AR R, 70 2R e SR A SR AT 1 M 57 2% i) B 48 0 452 2% [ R AR ¥ S e o SRATTAE T DA 5
—fh77, BRSPS, AEBRE LR SR T ARPR R A, AlFRl 5t 2 ] o
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F4F 33 Shader FFBAVEF &

MR A BRI A] o SR RN A B AR A PR ER — R, AR R R TBE K 5 2.
XEBAMEASE M. | Transform 414440 LAKIE, SEARHLAE T2 0] o 12482 %4430,

0, O)BEATHERE, RJEH(0, 10, —10)HE4T T P8 . A, A TIEHEHEFHBEBVIERAE OXH

FEBRAG MR S5 7 T thE F AR KR ER) S ARl 5 th 57 25 ) op B AL BR A FE ), TR 175 B0 47300 () 2R 4,

Bl 5E4%2(0, —10, 10)° P4, LMERHZEHEEIZIF A, FIK(-30, 0, 0)HE T ied, DUELLARPREES .

BRl b, 2 00 e o A«

1 0 0o o]t 0 0 ¢
2 0 cos@ —sing@ 0|0 1 0 7
o siné@ csof 0|0 O 1 ¢
0 0 0 1jlo o 0 1
Ki 0 0 0][1t 0 0 0
|10 0866 05 0[0 1 0 -10
o -05 0866 0[|0 0 1 10
0 0 0 1o 0 0 1
[l 0% 0 0

0 0866 0.5 —3.66
0 05 0.866 13.66
0o 0 0 1

B, BT UWgSEERRREA TRRR, R EX z 20 E TR ERE. RATATLUES
TR LA 55— IMRF IR RO RE RO SR A5 38 0 4 1 L 58 A R I -

M yicy “Mpcgars Eiisw
1 o o ot o o 0
|0 1 0 00 086 05 —3.66
o 0 -1 00 —05 0866 13.66
JCREST i S | S 1
1 0 0 0
|0 0866 05 -3.66
|0 05 -0.866 —13.66
Lo 0 0 1

BUAETRATT AT AR E SRR A B 3 AT TS 2R T

P, wisw =M, Visw P, world
1 0 0 0 M9 9
[0 0866 0.5 -3.661 4 _|8.84
|0 0.5 —0866 —13.66118.072( |-27.31
0 0 0 1|1 1

XPE, TATRE R T WE A ] P eI E— (9, 8.84,-27.31).



46 AHARZE

4.6.7 BI=[H]

T B RS2 2 [ e e B R B =S 18] Cclip space, B#FRASTRIETZ=E) +, XA
T (R B AN B 4B B (clip matrix), HEFRABEIEE (projection matrix).

Y A% () f) A 2 B 08 7 [ HUOSVE JL B Je AT BB - e T B = ) P9 0 1) PR o ke A AR
B, e r T X H A (A) SRR A B UK B, 1T X R AR (AL AR AE Y B Tt S T . A,
PR [ AT g AIWE 2 2 502 AR SEAR (view frustum) SKiRGE .

PLHEARTS A2 2 (A vh A — SR IX A, IXRICI O T 3L AT LAE B4 PLHEE th A F
T FE T, XSt RO #E BT Celip planes). MUAEAST PIFFIEHY, X KR $ %
KA, —FURIERZIRE (orthographic projection), —F/LiEMIZE (perspective projection).
Kl 436 B T AFE—Fr &, [F]—FfBEE B[R — N5 S TR R L e e 45 R .

AF 436 BURF (£E) MERE (A8 b ZETHANHIER T YRGB ELMEXEE

ME AT UK, fEEMABE T, MR ERPPATS I A S REEAT, SRS UERE P A% K,
B TRAGENEZ A N . AR IEACHE R, B A% KN —FE, 1 BT & — B RFFTAT
ATUAERS], BMAEEI T NIRE MR, 1 EARB RN SE 40 B T W44 B 85 A0 £ 5
Bk, FEIESK B 3D Wk P RAVEAA S M HEWEE, T7E—LE 2D W R 42/ ] 45 5
it HUD JTE R, WATSMEHELEE.

FERLHEAR(Y) 6 el BY Y- Hh , A 7 SR B - i LR IR, ' A1 190 B B R A A B9 % - Cmear clip
plane) FUZBIEFE (far clip plane). TEA1HRE T HAFHL AT LUE B EREIEE . ECHEAEN
BOE I HEAA I 4.37 TR

AE 437 WEEHNRBFH, TEET 7 BNRTANER, EET 7 EXREMIEE
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#4F 3] Shader FIEAEEERM

hPE 437 ATLLEH, BUREOREER AT, WEK 4 R0 FEESEREN
RAAE . B EAXANTE . FCRE MR A K. RITEVER, A7 B
AL A2 A [ PR TT AT AR, (B, SR R A s B ) AT 0T, A A
) R A B R D R AD EE AR, T LR 3B AR O ML B, AR T — /T AR 75 A
FAEFH R BB . Bk, TN AR R I . RS 1 7 AT 8
(I, 3 St R T i — AN B AR R AR T A e B — AN R 2 o
BOEME A B H i
o ERRNBIBMAES. XRAMEKEA, BABEMOAKROE TRE T, BREINRE
WA T, TiR7E D8RS . IR R R R
Chomogeneous division) JLFir . TiZ BHUA ARG, TSI w 48 RbHE & B RN
O

B BB R AR B ?

BoAlT: T LAFRMR AR — S 0 e 4, It DY 42 I B = S . TR SR
EIHARLSEMEATIAN S ], 2 NEENBRMES T, BEMBRKSE RN R,
I FF R R R — e br . BAASTE 4.6.8 ThifE].

o HUSEX x. yo z SEBATHRG RS R 6 AR F IR T,

By HORRR. T AR AR UR . BATTAT LR B w 4 —ANE M,
B xo yo z S BRI FIXA TG A, B R T AR A Y

ERBI R 23T, BARNMER T FRkAbRR £ R AR, (BS54 4 02
f9: AU w R 1, FERE w R 0. SIS NERE, RIS T b
(55 4 NAAFREINE B & X, Fill, RATKE
— TR B AR B O B AR AR R AT 4 L

] Far
1. BWEE : .
MHEARENXETEXTHEPH—h= é i) ;

Yz BT LTk B as () Y (8 o & i

&, BN HREET. RIC2ME, X Fov
BRI 6 MBI E X, 4K 6 BT
T X AEE 4P EMIVE? 6 Unity 1, B4 I HE Lo i
Camera {9 (KIBHR Game HLIE B L 3L oo e
FlysE, Wk 4.38 fiax.

HPE 4.38 ATLAFE tH, FATATLAE G Camera
Z11FH Field of View (fiiff FOV) JE MR A=
HEAAE B 7 ) (95K I B, 1 Clipping Planes 1
(1] Near il Far 2 $a] LA Sl WUHE 7 (1938 88 °F 1 FLZ 3T 7 f¥E SR PLAEE . X8, &ATAT
DA SR HH A0 A0 6 B S TR A% B TR R R,

aE 438 FENREYNSES BRI EAN 0

nearClipPlaneHeight = 2 - Near - tanﬁg—V

JarClipPlaneHeight =2 Far - tan%

PAEBATERZ B A FfE R . X LUEE BEHLRBIA LA 2], #F Unity H, —DMRURHLE
AL 1 Game PRI IR EL AL Viewport Rect i) W I H J& PEIL[RI e (SEFx L, Unity SEIFHR



46 HHRZE

ITIAE I A HL3E 3 Camera.aspect HEAT 8 04, (HIX B ANGT R Bt MaTIREPLIIAE LA Aspect,
BeAiise L

nearClipPlaneWidth
Aspect =
nearClipPlaneHeight
Ainecs = farClipPlane Width
farClipPlaneHeight
PRAE, BATIRT LAARHE TN Near. Far. FOV 1 Aspect IMERHE B MBUY MBEHFE. W
[ Fov T
cot
0 0 0
Aspect
Sfrustum = 0 cot it 0 0
0 0 _Far + Near  2-Near - Far
Far — Near Far — Near
L 0 0 =1 0 |

Em A HER IR T B S WA TE M R S . T EERER 2, X RS MR L
{E Unity XPARPRR I BOE BRI, iR UL, AR 2 oA TR R, I 5IH
TERE A MEAT AR, HAHE 2 S BGHEREE[-w, wlZ FITESL. TiESRML DirectX OF: 1) 1]
O, R EREE 2 BTGB AE[0, wlz 8], [H et 2 b (B R kAT — L85

o EATEAFHITHETEFE A -

i — AN AR BOEAE ARG, W DA O 2 AR e BT Rl v, S5 R

pt.'[ip = Mfrusmm Prisw
Fov A
cot
0 0 0
Aspect X
= 0 cot £UV 0 0 Y
o
0 Far + Near  2-Near - Far |||
Far — Near Far — Near
0 0 -1 0 |
[ FOV )
cot
X
Aspect
" i Fov
¥ 2
o Far + Near i 2 - Near - Far
Far — Near  Far — Near
-z

MEERTT AR, EABSEMHEREATREN x. y fl z 0BT T AERERSR ChR, 2
SPEIEMT —ANF), 0EEH KRN T T EERET . RATTLLERS], WNTURK w 2B
2 1, TR z USSR BUAE, IRATHOT LU AN AR AW — A2 e Ja 1 T s 75
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4% %3 Shader FEMBCERRY

FLFAHEAR N . QR — A TRTEAHEAR A, IR A B AR ) AABR AL S0 A2 -
—Ww<x<w
—WSYysw
—-wszsw
FEAT AN b3 2 A 1) B T A F S Sl Bl kB . 18] 4.39 BoR T8 B BUE R, 1
HEAA I 2R .

x = -farClipPlaneWidth / 2
y = ~farClipPlaneHeight /
z=-Far
w=1
x = -nearClipPlaneWidth / 2
y = -nearClipPlaneHeight / 2

eI b

¥ x = farClipPlaneWidth / 2
y= farClipPlaneHeight / 2
z=-Far
w=1

HWER

w=1

; x = -Near
x = nearClipPlaneWidth / 2 ¥ : :Neﬂ!
y = nearClipPlaneHeight / 2 w = Near

Z=-Near
w=1

AE 439 ZHEABRTT, REEENTSHT T8 E3.38 PAiT 4 MEBA R RPEBRTHENER, MX
U ST R . ). 2F wSBRTEERENTL

B 439 7T LIER S, #BIHIF SR m R k. 228 WA AR R A EN T 7 T4k
RFR. XEKEH, EREIBREZ, 2 EFEK.

l
2. IE&&% % ]* Size
Near —#]
B, BANERE —FELEETH 6 1 " él

BY P TH2 dfey s SR . FUBMBLE AL, FE Unity
th, BT i Camera 41 (128 Game 1
ERBTA LI R e, Wik 4.40 Fow.

IER B — N, FEkH
A BB R G . B RT R
FATAT LAl IS Camera 411411 Size J& P K A2 WL HE
PR 7 In) b & BRI — ¥, i Clipping Planes 1] . )
Near Fil Far ZH0] L2 5 W6 1 (352 01 S T 0 AE 4.40 ERREH S EN EBREARENR I
BT T R B AR AL . JXRE, FRATAT BASK H AL HE A R BT A B R R,
R

nearClipPlaneHeight=2-Size
JfarClipPlaneHeight=nearClipPlaneHeight
RERNMERZ B AFELR. FE, RAOTTLLELREIOBRALEE. &R AaisEN
RSN LL Jy Aspect, HFA:
nearClipPlaneWidth=Aspect-nearClipPlaneHeight



46 M45z=iE

farClipPlaneWidth=nearClipPlaneWidth
PRAE, FRATTAT LAMRYE C 40/ Near. Far. Size #1 Aspect [{H Hifi e (IEAZPOE AR BIAEFE. WF:

1
Aspect - Size

0

priho —

0

0

0

|

Size
0
0

0 T
0 0
£ 2 ) Far + Near
Far — Near Far — Near
0 1

i U T A T LS WA B D AR 4y o [RIRE, X ML B MR LAE Unity

Xof A b 2R FEBUE L T D
— AN S AN IR B AR e S O 45 SR R -
Pclip = Moreho Prisw
——1— 0 0 0
Aspect - Size 5
1
0 — 0 0 ./
= Size 4
0 0 — 0 L Far + Near i
7 Far — Near Far — Near
i 0 0 ‘ 0 1 |
- 2 —
Aspect - Size
2
=| Size
2z .- Far + Near
Far — Near Far — Near
1

ERE), MBNBEARRR, A ERBRENBOER X TG T2 MG, How 2R

A 1o AR AL RS —ATRIARE, BB RSO R TR0 0-1

IEAZ B B ) B8 e — AT 2 [0
#ig. BAESET —Hh izl

0 0

0], 1

1], XFEREREZARER, 20 T HFREREM

H T — AN AR R TR LT VU HE AR A P A S ARE LB P IO —HE,  1XHE APt
RN A BB ERENREZ —. B 441 BT 208 EREEREME, EZSRE AR

21k

FIFE, BBTEERFSR T ERMEm . TLOERE, S ERBERE T A Kk B2 AL

T—MEHTHENT .

TR BIX A AN RIE B R . IUAE, RATAREERF RN AR DA 1E 4.6.6 TR
JG, BAICLHBMMHEE T & K& TS P AL E—9, 8.84, -27.31). IAE, BAIEH

R AL E .

H5E, BATFEMERZIR AR FBEHIRL. b T RIFUFAZE 4 3D WK, FHX
BRAVER T ERERBHL. BEPLSEA Game ME KB LA 4.42 Fios.
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x = ~farClipPlaneWidth / 2
y = -farClipPlaneHeight / 2

z=-Far
w=1

1%~ x = farClipPlaneWidth / 2
y = farClipPlaneHeight / 2
z=-Far

w=1
x = -nearClipPlaneWidth / 2 HIER
y = -nearClipPlaneHeight / 2 _— il
z = -Near E=
w=1 * %
. w=
\‘
\, x =1 “
E . y=-1__04%
x = nearClipPlaneWidth / 2 e
y = nearClipPlaneHeight / 2 o
z = -Near
w=1
z
AB 4 EEXREDR, BEEENTRSAHT TR BPiRET 4 MBS REBETHENSE R, MXELEE

TREH x. . 2 wHBEEEEHNTL

| Maximize on May | Mute audio | stars | Giamos |

aE 4.42  FZEERAE BRRGASEANRXE E AR\ L

P, FATAT LLAIE BB 280 FOV Jy 60°, Near Jy 5, Far j 40, Aspect 4y 4/3 = 1.333.
TR, Xk IO P 58 530 R O g A2«

[ Fov
cot——
_ 0 0 0
Aspect
4
frustum = 0 COt FO 0 0
0 _Far+Mear e 2 - Mear - Far
Far — Mear Far — Mear
| 0 0 | 0 |
1.299 0 0 0
e, 0 1.732 0 0
“lo 0 v ~1,286. . ~11.429
0 0 -1 0
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46 MAFR=(E

KA, BATAIZA B A AL ) 57 MR A e e BB 2 h . T

Pciip =Mﬁmsnmpvisw
1299 0 0 0 9 11.691
(o 1732 0 0 8.84 | |15311
1o 0 -1286 -11.429|-27.31| |23.692
0 0 -1 0 1 27.31

IXFE, FRATmisk th T AgH ) 5 AR BY 2 (H] AL E—— (11.691, 15.311, 23.692, 27.31). %
F3R, Unity 25 IW7 4040 1 8770 75 S8y .l bR 3, AR B2 F i A%
—w<x<w—>-27.31<11.691<27.31
—wSx<sy——2731<15.311<27.31
—wzSw——-27.31<23.692<27.31
B, FATTAT CAFIWT, MR TR T A N, AT .

468 BEE=

St BV BRI S, BATRT AT ERBIEAE . M58 T BT A BT TIEE, MW EieT
SOEMESE T, iU, BAOTFEEWHEAEREZIIRBEZE (screen space) . LidiX P4
B, BOSHAELEMBRECE, MAZEDN=4ALE.

BEREAs ) — A e asin), PRk, BRATLHEE T A NEBT B B R R b, ok ot
REfF) 2D Abbg. XA FE AT DA AR A AN R

B4, WAV BT AEST R BRE (homogeneous division), tH#FR 4 EMERE (perspective
division). HEARIX/NBERITERIRPE 4, (HEEEb LIEFRE, SRHAFRBRRN w &%
BELA x\ ps z 208k 7E OpenGL 1, FRATHEIX — /543 2 (AL BR Y YA — 1L B9I8 & 42%% (Normalized
Device Coordinates, NDC). £idiXx—2F, FRATAT LAEALFR M0 BY Ak b= (] ¥4 # 3) NDC .
Z0 3B AR R AR IS (R BT 25 1], 3 SF BRI G AR B B — AN A . 3% OpenGL 14,
IXANSE AR xy y z HEITEEA (-1, 1]. {HLE DirectX XFEH API H, z 4 ETEES RO,
1]. 1 Unity %E4¥ 7 OpenGL iXFEIFF X EBY 25 [0], Wil 4.43 Fiow.

FRRERE

Al 4.43 ZEFRMRER, ENREORPZESETRE 2K
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$4% ¥3 Shader FIBIBFRHM

X FIERZBSE K, ERERIZEREREERE AT, mHdTEE EZREE
MRz Ja TR ALK w 2 R 1, BISFREREFFA X T A x y. z AABR™= 500, & 4.44
fios.

E NS x
Wiy
-k -

s N< x

‘o
e

aE 444 ZEFREVER, EXREORTDESTRE 74

S FRBRIERE, BUBFEA ERZBOY O ARSI — MEIRIWL T ERN . e, A
A ARRE 40 5 1) x A y ABbRR WS i HH 500X AR 3R AR

1E Unity 1, A2 22 F AR AT (0,00, i LA B FRAL bR (pixelWidth, pixelHeight).
BT 240 x Ay ARARESR[-1, 1], PRI AN il F k2 — R 72 .

FEUR BRI A B ST A R T LM R I AR B 4

clip, - pixel Width 42 pixelWidth

screen, =
2:clip, 2
clip - pixelHeight , ]
eeh e L e pixelHeight
' 2-clip, 2

LR T x fy 4 BEGHAT T A, WAz BR? @, z 2RSWHATHERESEN. —
AMEG T R Cj‘;’ M AR B, (ELROE A AL . L TR B A7 A
HERIEFER IR R MR clipw A SHIFT, BRAEELTER T EMFETE—F
FRBRERAIEA S B R E NDC, HEMRESEREN L TEPREIEZMNIEM, PlndtiTE
P IEA 1 -

£ Unity 91, MIRBY 30 525 ) e e /& B Unity #ERATTRUN . BATHI T G A 2
T B T e i B B 2 (R B T

e E—d, BA1anE T #8287 AT E—(11.691, 15311, 23.692, 27.31). i
fE, BMNAFaUMfEH@r S TERE LNRRME. BE, YaTRR0OGRERER 400, &
B 300 B5E, BATTEEMRATFKERIE, 0EBYZE ML S NDC F. SRfE, BB 205
FAmP, XALREWT:
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clip, - pixelWidth Y pixel Width
2-clip, 2
_11.691-400 +_4_0_0_
2-27.31 2
=285.617
clip,, - pixelHeight h pixelHeight
2-clip, 2
_15.311-300 +ﬂ
2-27.31 2
- =234.096

BHutl, FAVEE T W 515 5 L A B ——(285.617, 234.096).
468 B%

DA b iR A O ] A 260 25 ) A 5 B B R AL AR I R . P 4.45 S 45 T X 6% A 2
IR

T 5075 58 0 2 6 5 2 96T 15 M8 M RREZR 25 D 0 B 00 25 (0 . ORI T 4.45
HRTRT =AU R HG AL . TAE T T (L as . BT Rt T LAS 31 by To7E B 3 25 8 AR 3 A6
Ho RINAE 493 WrhFBER MM B[EX LG ENE.

£ Unity "1, AR 2R B2 ] 1t Bl AR A T 80K E4%§%TLMw¢%4 =[] {3 ]
A bR ZR TRE [0 P o

M 4.46 FRTLAEIL, RAFENEZEEH Unity A T4 FALIRR.

i B R, X ELOU S R — S T A ARAR A ] o A — 8% ) 7 SE R I R o
=IBE], Byl 8 (tangent space). )&% (Al ¥ FH TR, 7EJS MR 4.7 15 R B AT
=UFE]

screen, =

screeny =

oz
T AR 6
EMﬁ§@$¢ﬁ# =
ERELR — B R,
_-gﬁggﬁﬂ%ﬁﬂ
=]
HEZEH
PUBRYIAESR
anmﬁ;gﬁﬁtut
FHZEE
xmm@%ﬁ.«tma
AE4.45 ERRAXEPNRAZETRLRE AE4.46 Unity HENLIRZERIAEE 1%
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[0 izsx

TEARTEMEE, BAVKE PRI TEZAT .

5% (normal), tHHFRAERE (normal vector). 7 LIHIIRAT] T2 E 3 i far fd FH 28 4 b4
KB —ATIRE DT MERR, EEERTFERINGTHREEY —F A EE. Eikd, A
) — AT RS REIMIGE R, I AELR R —FpEE . SR — B i,
AU TR EBRE TR, EFTFERRIN R, DMETEGEELARE (W f ok B PiRemeE.

— R U, AR T ) R EA T LAER R4~ 4 X4 Bk 3X3 R HFERE M,
ARFRZE ) A R R AMAR A3 E] B o (RTEARHik 2R 1)
Wi, W SRAER R — AN, AT RERETE R
PR EE M. Tk TR — FItAaSH
PLIZFF 1 ] 7

BMNERTHE-TH—HITnRrE—NE
(tangent), AR AYIKE (tangent vector). 5
HEER KA, VIR R AR T 8 K — Fh e
B Billw Sg a3 mx 3, Bl S5E& i mER,
wE 4.47 fims.

T V0 26 =2 el PSS T e 2 T ) 22 B v A5 3
), BERATT O] DB A A T 2R 4 T A A e
PERAR D& . Bk, WRAMEA 3X3 BIZRHHERE
Mg KRBT GER, KB R REREARRE 3 X3 M5EME, AEETFHER. XEFR D)
KRR RE T M KR, N FBNEm), FILLH T 7 B85S 88 E ) 2.

Tg=M,-5T,

Horp T, Tp 2 BIRARTEAFRZ 0] A FRIALSRZE R B FHIVIZR A M. B R EEEH M, -,

KAHIEL, ARMFEELTMARRASSRNETT . B 448 S TR —A0T.

e 4

: (1,2, L5
y IR FE—FN
e a—"

z

aE 4.48 #HATIEG—ARET, MREAERR SR AT RBERET AL,
BREBHERNER, IEREMEEAESTAFEER

W2, JNEAZASE P RE R R AR HRIE LB 2 FRATT AT A b B 2 R AR AR HE L X AN RE B . AT
TH [ — N s VI ER T, FikEk Ny 220 S HA&AF, BI T, » N=0. SHETHIER M5 A
CEHE Te=M,~p To BAVMAEBMERT] MM 6 RERIEL N, ERRHEGEIELRDIARS
VikEH. H



Ty * Ng=(M,-5 T,) * (GN,)=0
3 b ST — B 5 T A
(MA-vBTA)' (GN4) - (MA—-WTA)T (GNA) = T:M}—wGNA 5 T:(MI—MG)NA =0
BT T, - N0, BILW®E M ,G=1, Ba LR RL. HRLH, WE
G= (M) = (M, )" EVE P A J0KE e 300 0 R M T BB B TE 0 25 .
(EEVERR0R, 0 RIS M, R FACKERE, A M, =M, B (M) =M,
2 TR T T LA T T A e SR B B v . R N R e A e, T
A B A TEACAEE . T A0 R A UL SRR R — 4, TR A IR S — 4, AT
T 56— AR B k KA TS AR M -5 HOXE 5 BB (M )" =%MH,, o RE R T LB G

R, R RS TSR, WA E RS B M
HIHERE o

arhode
Sl &

f#H] Unity 5 Shader fij —MFALET, BERMETREANENSH, XFEFRININABATEHD
FaitE 2l KBS Unity NERNHTZRZRHRAREIULFFSHPIAEELR. X
4 Py F A8 B A] LLZE UnityShaderVariables.cgine S04 3k 3 5 SR8 .

481 THIEKE

B AE R T AR A AR W O M . K 42 45T Unity 5.2 AR BERI BT A B AR WSERE. T
T T A R HE PR 2 floatdxd 2811,

B A ATERM Unity o, AR AFER?

BAT: ATRER B T IR(EFE Unity BRAFIA B ARAERF . E£5A8B8, RAVEHR Unity
WA R B H 5.2, TWAE 4x fRASF, —LHNBETRRBAEEEZAM.

£42 Unity A & B EE
T 8 & i: T
UNITY_MATRIX_MVP

AT AR R B, TR TR 7 [ SR B AR A ) AR SR B Y 42 (W)

UNITY MATRIX MV' | oo tgoms - g e, TR0 2 75 0 6 B B 45 A B L 2 )

UNITY_MATRIX_V LRTHRLER AR, TR TR/ 1) S R At 5 () 2R 45 3 W 5% 5 )
UNITY_MATRIX_P ARTAOBCRE AR, PR IO AU/ 1 SR A L5 () AR 4k B BY 25 6]
UNITY_MATRIX_VP

AT AMEE B AERE, TR T/ T SR A At 5 % T A e B 4 0 25 )
UNITY_MATRIX_T_MV | UNITY MATRIX MV {5 &5 4

UNITY_MATRIX_IT_MV | UNITY _MATRIX MV [#i¥% B, T8 MR 25 ) 2 e 3 MR, maThF
%] UNITY _MATRIX MV [R5 4

_Object2World SRTAOBERIGERE, TR T 0/ 1) 2R ik DR 2R 23 i) 2 46t 30 5743 1)
_ World20bject _Object2World [RBHEFE, F K I00 /77 ) 5% 22 A thE 57 25 () 3 4 B E RS 25 ]

F 42 T IXEGERER R WA . (HEEE AT LMRYE R RA AR B #1, FlamIATAT LA
PRECABHRZE (8] (AL bRl , 7 RT BT 4.6.2 15 .
HepfH —ANMEFE LB, B UNITY MATRIX T MV 5[, REXNFEEART MRKEE A
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$4E %3 Shader Fi MBS Al rm‘ : E

fRXNFEREA 2 AL . WREFAEFRSEE TR, NiZE el —faERRe AR
MERM—IERXH M. X TIEAHMBERY, BRBEHEMERELEHERE. Bk, wE
UNITY_MATRIX_MV &N IEACHEFERE, A4 UNITY MATRIX_T MV 5t © R, &
AU, BATATLAMEF UNITY _MATRIX T MV 815 25 R0 1] 5 8 MU 552 2 (6] 25 4 3 B 700 25 ]

M4 a8, UNITY _MATRIX MV 4 KR — AN IEAHERENE? 328 v LA 4.5 FRBIEE.

BE—T, WRBINEEEE . PB4 BOX 3 M 1E, wR—ARE R S i,
HB4 UNITY_MATRIX MV A& — DN IEACHFE. XN FACTEA LS Z], A TR LA &
—i6, R R R S 4T (RRGETREUR b, B4 UNITY_MATRIX_MV #tJLF2—
MEZHPET o A RILTFR? EASG 4TS S8 1T (B85 FREKEARN
1, Tk, EAFFE IEAHEREFREE, EIRATAT CLE R UX AN — 4R AL, RILEERIER

5EPE. 7EXFEDLL T, UNITY MATRIX MV H‘Jiﬁ%ﬁ[ﬁﬁt%%UNITY_MATRIX_T_MVO i H,

WA T [0 R BT, KAFRT LB R, BIAREEREE PR, HX
SERE X T R R B R . Fik, RATATLAERER UNITY _MATRIX T MV fI#T 3 1767 3 FIRIE
[e) Bk MR 852 2% () 2% 4 BIASERY 25 ) (RTH 2 R AFTE BER AR MG — 4180« X T 75 ) ik, Ffi1m)
PAFE S g EATTAT 0 — A3, SRISBR S —4a i 5w .

B —AMEREFREH—F, 52 UNITY_MATRIX_IT MV %[, AILE 4.7 1 2250,
TR 1 28 e T A P o 2 0 o P 0 e T A B Rl B UNITY MATRIX IT MV ] DA 8 A Y
) B MR . HRERIME— A F W, et U TFEEES] UNITY_MATRIX_MV [
W E——RATR TN AT B AT UL T o Bk, 4 T 3T 87 ) 2% B AU %% 2 1) A 466 5]
RT3 ), FRATTAT LAAEE AL 1T ARG

// FiE—: {£M transpose BRI UNITY MATRIX IT MV HTHE,

// 8| UNITY MATRIX MV fUiJERE, MRSHITIIRERIRX,

// HEIRER 528 P ) 55 3 7 ) Sk B R B AU 25 (8] cp

float4 modelPos = mul (transpose (UNITY MATRIX IT MV), viewPos);

/! FEZ. TEEFEAEBRAY transpose, MEXR mul SHEHNE, FEHTEKERZX

/! BERFE—RTEE—HH
float4 modelPos = mul (viewPos, UNITY MATRIX IT MV);

KT mul RESHAEFERAR, 7 4.9.2 WHERANISES V]

482 BERVNANEBSE

Unity $24% T —28 8 B RREIRATYS I HaTE/EER M REINSBHE R . ZXESE Y
THBHL L Camera A 1FH FIEIEE. X 4.3 451 T Unity 5.2 RARSEHIX L6

*43 Unity R EBREINFERESH
T B A ¥R # R
_WorldSpaceCameraPos float3 SRS 2 0 A
x= 10 (8-1.0, WHRIEAEMEH— M NBOEEMRATEYL), y=
_ProjectionParams float4 Near, z =Far, w= 1.0+ 1.0/Far, 3 Near I Far 43| &L 8T i
FIRE B A HL A FE RS
x=width, y=height, z= 1.0+ 1.0/width, w= 1.0+ 1.0/height, 3L
_ScreenParams float4 width F1 height 43 52 ZAEHLIER H AR (render target) 8% 5%
FERE R
x=1—Far/Near, y=Far/Near, z=x/Far, w=y/Far, %72 & H Tt
_ZBufferParams float4 1 Z B (5% 131 %)




49 EEEMZ

o3
T B & -3 W R
x =width, y=height, z % E X, w=1.0 GZREHZIEZTHREH
unity_OrthoParams floatd How=0.0 GEEBYURFMEEHL), Heh width Al height & EASHE
: SRR T R
unity_CameraProjection floatdx4 25 DINE S el
unity_CameralnvProjection floatdx4 AR B I-B R P 20 b
. . ZAHEHL 6 N ERBYTIAEt F A58 F %, & TE: £ A,
unity_CameraWorldClipPlanes[6] | float4 F. L. if. BRWFH

o “mUR T Pagli S P e B i ALy [

SEel R s e L T ot :
. -5 ) i i )

L 1 = .
— # -, 3 SN =
= AN Y , !
= . i

e k

WRERCLILFRM T AP B BT LIRAEN LT P2 b 3 2R 2k
AR HR, BATRARELERE S LRI AR EIRTREXT LS IR R Bk k. AZ L, B5E
fift 2R AT LA RS i — LA

491 R 3x3EE 4xd TR

X T et AR (BIARERAAETE0O KU, SUEH 3x3 (AEFFRUE SRR BT AR T o (HinSRAF(E
TR, BATTEEAEH 4x4 . Rk, TS, RODEFAE 4x4 FARHAERE. 24
R, TERRBRATEA T B r ARP R T U BRI R, RIFETILA ) w B BA 1. TAERS 7 IR R i)
e, FATEFAL 3x3 MAEFERUEE T, SRE PR 7 [0 KR RS .

492 CGHHREFEMEXE

PALE FEALE Unity Shader F{EH CG IE W B EB/MEES . £ CG PR RBEXBHMREF, H
TEAFTIRA AR o] (i X BRI ATHAE . Bk, AT LA float ZE MR BRI .

7E CG 1, FEFERAY R H float3x3 . floatdx4 5555 1A FEAT 745 A A& XK. MiXTF float3. floatd
FERANAE, BAIBETLIEE YR —NRE, HaTBIE S8R 1 xn BATHERERE — 4 n
x 1 IR . XEGR T BERMEMEIIESEROME. B, LT SBREREN, B,
BRAEROR B R ERR, WF:

float4 a = float4(1.0, 2.0, 3.0, 4.0);
float4 b = float4(1.0, 2.0, 3.0, 4.0);
// AN ERBEBTRTRE

float result = dot(a, b):

{BEREATRE MEaRE T, SR BN T e A 5 iR AT HE B AT edd:. 7E CG P, SB[
eyt It mul BRECEEHL . Hln.

float4 v = float4 (1.0, 2.0, 3.0, 4.0);
float4x4 M = float4x4(1.0, 0.0, 0.0, 0.0,

X

0.0, 1.0, 0.0 0.0,
0.0, 0.0, 1.0, 0.0,
0,07 005050, 1.0);

r
// 1B v SERSIEFEFIERE M AT H T
float4 column mul result = mul(M, v);
/7 B v SRRITIERERAERE M BT A T
float4 row mul result = mul(v, M):
// EE: column_mul_ result T%FT row mul result, M&:
// mul (M,v) == mul(v, tranpose(M))
// mul (v,M) == mul (tranpose (M), v)

89




$£4F 23] Shader FREHIEA B

Bk, ZHEMMESEEREWS RE. EFERRTUGN, RAITEERG R T K%L
FEREEATIHRE . IXRE K, Unity REHAERERE (1 UNITY_MATRIX _MVP 35) #2145 17
Hy. AHATR, ATt 2RI 3N, XA R D AT LAAE 25060 R P B A R 1

i BER B — 2, CG XHFERR LR PRV P . £E CG ', X floatdxd 552K
R RORFATIE R 77 ST AR . A RIER? RATEE, ARZIER AR ES E —
FBHF B, MRTERWE—A 3x4 (K, RIOTERME 12 MF. Ba, ZEHEFR—
AT —AT MU I TR A B A — 31— 3 B FE RE R ? X N 1S B ROAE PR AR . B, FRAAE
H(1,2,3,4,5,6,7, 8 LA 3X3 MMM, WRELRTRER TN, BB

3
6
9

~N B~
oo w N

MARILIII R T, BEIFFHEFER:

o oo 3

1 4
2§
3 6

CG MEAMRITILART i, R AT iR . Rk, mREEREAEX
AFERER (Blln, B CHEMET 23R, REERX RN,
K, HBAE CG il —MEREPRTRN, hRIETRESIM. Bl

/1 BT EAFRIELIER M

float3x3 M = float3x3(1.0, 2.0, 3.0,
40,5 5.0, 6
7.0, 8.0, 9.

// SEIME—f7, Bl(1.0, 2.0, 3

float3 row = M[0];

0,
0):
.0)

// BEIMNFE 21T7E L FINTE, B4.0
float ele = M[1][0];
ZFr LA Unity Shader H f4E FESS AL & BN, ZEAEHRRZ CGiEF. ik, bk
TR PE#L R CG IIHRLE .«

R A Unity B9 APL, " RERNIE Unity 7EIA PR ML T — o fEE A—Matrixdx4 .
JEIAS o R XA RS B R R IR A B9 7730 3X 55 Unity Shader ' MEA—FF, MHE LA
pic Edll i e | S

4.9.3 Unity #H9RFL4R: ComputeScreenPos/VPOS/WPOS

BAMIE 4.6.8 Vi ik T B2 (M H40 15 . 765 Shader IR, FRATHE RHEF HAEW IR
Bh R LB ENE.

FET s/ e i, A PR 7 RIRAE T i BE AL R

— M RTEH oE G A VPOS B WPOS 15 X (GETHARENX, AlZI 5.4 %),
VPOS f& HLSL 1%t JE#AGHR 95 X, 17 WPOS J& CG i SE4A bR (1938 . P 7E Unity Shader
FRRSEM R . FRATATLAYE HLSL/CG HRifi il i SCR 5 Ak & T i/ Fr o o BRI, TiAS
75 OB m A M EdESE . XBEAOANEE LR, FARNMERA RAAVHE S Ao
FHEBM B, 3AEXEA L H XK VPOS fl WPOS 18 X . fRXF T, rTLAER G R



XS

fixedd4 frag(floatd4 sp : VPOS) : SV_Target {
/! RRBLIRRIREAME ScreenParams.xy, FEIF0 =8 LR

return fixedd (sp.xy/ ScreenParams.xy,0.0,1.0);

}

BRI E 4.49 Fros.

VPOS/WPOS i& X 5E LB AN & — floatd KRY 1)
L. ROCEMEEH o HRKR TR R
BEANR. WRBFREHEEN 400 x 300, HB4 x HE
Ml ik /2[0.5,400.5], y HITEFE /2[0.5,300.5]. &, X8
g EAFRIEA R BB, XREEN OpenGL H
DirectX 10 LLJG FIRRAIA A 1R 2% LX) B 1) 2 ¥ sl
0.5, A, B zw HEEHAW? £ Unity #,
VPOS/WPOS (] z 4y B G EZ[0,1], fEFRFHLATITELEY
VEAk, z{EH 0, EEBITFHEL, zEHH 1. T w
S, RNTEZEFRGHIMB/EL R, mBFEHOLENRE, B2 w SENTEEE
[ ‘ L} , Near Al Far %87 T £ Camera 4142 ch 80 B 13548 35 V- T R 483 T T B BB AR LA

Near’ Far
I WARAER R IERHE, A wirEREER 1. ZEEE R 2 S AR 5 1Y
w S EREHEESHNG. ERENEE, RINEHEFEZHRLUERES FEREA2MOZTE
(viewport space) H AL KR #IL 1 AABRAR AT 88, il AT R AR AR T — 4k, IXFEBEREZS T ML (0, 0),
A EABEQ, 1). WRCMBFRALIRIE, RATH I o ERREF A2 PRI

5 —Fh 5 02 i Unity 326t ComputeScreenPos i % . X $({E UnityCG.cgine B # &
Mo BEMRETERANTR, HAETSE AR TR ComputeScreenPos )45 R ARFFTESi HH 51
theh, RIGFER TE ARP T —ANFRBIEZHER BB O 2 TR AR, Flhn:

struct vertOut {
float4 pos : SV_POSITION;
float4 scrPos : TEXCOORDO;
|

AE 449 HATHRECEGINER

vertOut vert (appdata base v) {
vertOut o;
o.pos = mul (UNITY MATRIX MVP, v.vertex):
// #—%. T ComputeScreenPos HERHEHEFE| scrPos F
o.scrPos = ComputeScreenPos (0.pos) ;
return o;

}

fixed4 frag(vertOut i) : SV_Target ({
// B"%. B scrPos.xy B scrros.w SHF O (6 HLER
float2 wcoord = (i.scrPos.xy/i.scrPos.w);
return fixedd4 (wcoord,0.0,1.0);

}

TR A SEBLBCR A 4.49 TP HG—FE . RATIAERTE — TR B LB AT . XFh Ik
SEhr B2 TR T R R, B e R 00 AR E R R L O ) A AR RR . BRATIHE
3.6.8 1ith CLAE B T fufa] e R Y AR bR 23 6] o (1 sl BB AE AR AR . dEaE, FRATAT AR 2R O
IS 2 TS W

91



92

. clip 1
viewport, = E— - —
© 2-clip, 2

: clip, 1
viewport, = ————+—
© 2.cip, 2

b e BARRE R, X R A E T AR AT R IR ER %, B RIVERAE-1, 1]/ NDC,
SR 5 K LR BIVE [0, 118IRR D25 [H] R HARAR. B4 ComputeScreenPos 17 i Wl o fHLEI i)
Wg? FATA] AZE UnityCG.egine 344+ #k %1 ComputeScreenPos BRI E L. W1F:

inline float4 ComputeScreenPos (float4 pos) {
floatd o = pos * 0.5f;
#if defined(UNITY HALF TEXEL OFFSET)
o.xy = float2(o.x, o.y* ProjectionParams.x) + ©.w * _ScreenParams.zw;
felse
o.xy = float2(o.x, o.y* ProjectionParams.x) + o.w;
#endif

0.ZW = POS.ZW;
return o;

}

ComputeScreenPos 4 A Z# pos 22 iE MVP F PEAF 4 f5 75 5 57 25 [A] A FR T00 5 AL e
UNITY_HALF_TEXEL_OFFSET & Unity 7E3:4% DirectX P& FAFH %, 7EXBEIRATA L2
B XFE, BATATLL R KiE#else F15B% . ProjectionParams.x 7EBRIAEAL FAE 1 Clt B &A1 H
T — N I BOEAE P RS SR, (BIXFEBURD D). A ERARE RS RS2t T -

_ clip, = clip,

Qutput_ =
Pt 2 2
cli ]
Output, = b +___clzp L2
v 2 2
Output_ = clip.

Output,, = clip,,

ATRAE H, XEM xy HFAREIER D236 TR, Bk, JA7E/TE AT HET—
SCAbEE, BUBRUAEZBYABRRE w r . ZUE, SERENIS . Fik, B ComputeScreenPos
[ oR $ 22 FALTE RS & HEA R R R AL E, EHAEXFEN, BOMFEER oEF A
FRUEH w 2ERBEREMMOZRPHMELE. B, Hf4 Unity REEE
ComputeScreenPos 1 A A THATERUA w 43 BIX R ? WA BT ERNREATIXARIE? X
FE, WME Unity ZETTSE OB TXAMKIE, MOBAmERLS R, BAGMIE, WHLER
MR e RN EERAE —MEERSE CGnRRE T, ATLARIE 2.3.6 M), R
AETMSAECR/RPHITINRE, R"E x vy 8w &, BaeERES B TIARE 4

§'JE‘J—J:; Al % BRIESE GROTAT LA RBREIRHE T HERER) . ARBNERAETAE G

3 ch HEATIX AR, wza%gﬁ—f;%ﬂ%aﬁﬁﬁﬁ{ﬁ. R B O S R S AR . R

J&, BAIAA UAEBGE 2 W h AT HR(E, OV R — A2 e, Ml EEE &R
S BREERAE R, BATE AT AR R SoAE L O R R BARRR T, LR — N xy SEEH#RTE(O,

1ZREE. MAEH zw HRAWE? ATUEH, RATEDRE P EEILEI =R K 2w (£

et Thn e R, R R oA G AR A B B2 X R 4 (B 8RBT = (R R B zw (. X EBRA,



411 SIBESE

A B RBUE, B4 z [EKTEE R [-Near, Far], w{HMEE R [Near, Far]: WREH KR
ERHE, Moz HEER-1,1], 11w EER 1.

WHALBR A ERANBEEE R RS, RBOURE THFIEF DO 5. mREEHERA
2 STXEARIE, TR AR 00 BB BRI OR, U AT LLZE TS AR B 2 K (3
B HBEERIR o KT W] I FE T A0 bR R B 5 3 A T ARR R A I SUERFFMLBEROCR — ., ATLLS %
PERICL, DGt 15 3 2Rt (K0 R BE A 7T LA S 35 Rk .

[1] Fletcher Dunn, Ian Parberry. 3D Math Primer for Graphics and Game Development (2nd
Edition). November 2, 2011 by A K Peters/CRC Press.

[2] Eric Lengyel. Mathematics for 3D game programming and computer graphics (3rd Edition).
2011 by Charles River Media.

[3] David Eberly. Conversion of Left-Handed Coordinates to Right-Handed Coordinates.

[4] http://www.humus.name/temp/Linearize%20depth.txt.

425 %

(1D HFAIRER.

(2) (1,0,0). (1,0,0). M%&xirﬂbﬁ, GRREEAE—FEN. ETFRFRRNG AR R4
KEZBIER FASKKENECFEHEREW, HREAEMERN LHRZER. UASAE, B
ﬁﬁ%Zmﬁ%%hm~#m,Lm%ﬁ 14— R —A2E R B ik, HAaxH 8 _AMH
1. Wik 4.50 Fios. ;

+y

ZEFSFRPN+z

EFEFREFH0, 0, )R
AFLEFREFHO, 0, )R

+Xx

EFLIFERM+2 HEFE90°/EHA(1, 0, )2

AB450 EPEMLRRN x By BREEAN, XARET 2z BNAR. ZFLIEREN (0,0, 1) SMEFLERS
(0,0, 1) REFEH, CEEEASHRANEETE—R

B, WRBAVAELLF A FLIRRPRARF DR, RTHEEEP MR RP IR
ATEP R R A, — R z HEUR . EARBIS, ZAFAIRREO0, 0, 1) A FRIRRF
(1300, 0, =) pif— Mo H, W HNXHZ RUER 5 HAE A T-MA TP R P 58 y HlliE J7 ) iE
B 90°, ZERMARF—NRT, W 4.51 FroR.
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% 4% %3] Shader FT B EM

+y

A

EFLHF
HFLEFERH0O, 0, -1)2 FLFREPN+z

EFHIFRFMO, 0, 1)

FEAFRIFRPLGY
HE¥%90°EHI(-1, 0, O

+X

- EEFUGRBLY
EFLERTRz HEH90°/ER(1, 0, 0)=

AE 45 EXBEFHE—K, EEFHATFLERPAGEEAENRE, HERAQRT N, EEFLEFRT
W HRIGES 51 75 (eSS , | 756 FLARR PG RILR 177 G Es

(3) —10. 10. XAZFEN, 7E Unity 1, ARSI E R A TSR . BRARFTERLLE AT
PRAR USR5 W) o () z BhIE 7 ), DRMAEARAY 48 18] R 3L 2 (k10 o 0S8 2 a) i FH 0 4 F 4405 3R
BRHLIIE AT A7 2 z B 607 ), PROEAE M 825 ) F 3L z {2410,

4337 '

1. ‘
(1) %, BAWRT . MTFRERUSHEEAERE: 8 KA Mo, KREREEAEN
BIRPER, KB, BRATTAT LARE R S A 2 A B A AT 0

(2) IEfff.

(3) iR, BERRPEEASKEERECEETE R4 m, XTSRS, BATE AT LLEH]
A3

axb=(ay,ay,a-)%(by.by,b.)
=(a,b.—a. b,, a.b— a.b., a.b,— a,b,)

KitE . (BE, AFEPBERSEWEGN SRR, WS AR, #BeEk—HER ™
HE2ERN, EAREAEFEUMA R, BlAERFR BBl =423, e i
AL RILAI %, SRR PR R RSB RE R .

3,

(1) 62 ~7.874

(2) (12.5,10,25)

(3) (1.5,2)

(4) (é—,l—z- ~(0.385,0.923)
1313

1 A |
v [ﬁ’ﬁ’ﬁ
(6) (10,9)
(1) (-6,1,2)
3. /308 ~17.55
4.
1) 75

] ~(0.577,0.577,0.577)



411 GIEER

(2) 13

(3) 13

(4) (-9,-13,7)

(5) (9,13,-7), R, -uﬁ'ﬁfnkﬁd%*ﬁiiﬂﬁ X, X RAS e fd .

5.

(1 12

(2) 1242 ~20.785

6.

(1) FRATAT LIE LW x-p A1 v AFIRFS R JUT x & 7E NPC (KI8T . 32BN

(x—p)-v=| v |[x—p|cos®

o x-p Ml v Z[E IS WREMNABMLERKT 0, BABP <900, BlA x 7£ NPC
MIRT 7 R ARG RAIT 0, Al e>90°, HIfA x 7 NPC /G 77 WESBER%T 0, I
2381 6=90°, BJi 5 x #E NPC [ 1E 2 s iE A7 il o

(2) AR

(x—p)v=((10,6)—(4.2))(—3,4)=(6,4)(-3,4)=—18+16=-2<0
Rk, 55 x £ NPC 577 .

(3) FRATINAE TG ZEHIET cos R cosz FIR/N . W cos@ > cosﬂ , M2t 6<£ , Bl NPC ]

LA B % 5 s ﬁu%cost9<cos§, 4 15ﬁﬂﬂ9>£, Bl NPC JovkF 3% 5. cos@n] LA i

cosH—](x :|)| vlﬂéﬁiu T\’ﬁcos¢ AT A F

(4) QI RA RS, A A FTEAINTZ AR p FIBER 2/ TR SIEE AT .
7. 2 u=py-p;,» v=ps—pi= BT 3 SEAT xy P, LA
u =(uy,1,0), v =(vy,v,,0)
BN K
u X v=(0,0,u,v,—u,v,)
BATTAT LA 1 T 2y, AORF S SR I = M T IR o o SRAZ AR A B, O by 2 T ) 3
AT 3 ANTH A R R A7 1) SRR IE, WOSe e, il 4.52 Fiw.

A 452 FEEFLIFRDP, WRXRERAR, B4 3 ANIFRIRE 78

95




96

%41 > P Fﬁ%ﬂ‘]&%"egﬂﬂ S T S e

4.4.6 /TS
1.

D 1 3 (-1 5 |MED+EY0) MHG)+GX2) | | -1 11
2 4Jl0 2 | [@QED+@0) @G)+@)@)| |-2 18

(2) AT, P EREAREKRE —MERERSIBEE T B - AEITE, BT
Toik Xt 2x3 Fl 4x2 [ REREAT TR .

17=2 3|=5 (D(=5)+(=2)(4) +(3)(8) 11
3)[5 1T 4 [|4 [=0G)D+MEDH+HE®) |=[11

6 0 3 (|8 (6)(=5)+(0)(4)+(3)(8) -6
2

(1) ANRIEATFRE . B B R AA S TR A 45 RANZ AL - th T DUOE i 56 Uk A R ()
AT R 54 B — AR HE LE AT HE R T

(2) RIEACHFF.

(3) RIERHFF. XIhs bt — 58 z HhiEse o e f ks .

3.
10 0} (3)()+(2)(0) +(6)(0)
(DB 2 60 1 0|=[GNO)+Q)D)+(6)0)|=[3 2 6]
0 0 1] [(B3)0)+(2)0)+(6)1)
1 0 0][3] [M3)+(0)2)+(0)6) 3
0 1 0l2]=|©@)+10)2)+O)6) |=[2
00 1/l6 (3)(0)(3)+(0)(2)+(1)(6J 6
BRI G RER R KB RZ(3,2,6), & FH. XEFEN, EHEEE— RO, B8
I R0 A ] R A A S T A B P AR B
2)
10 2 (3)(1)+(2)(0) + (6)(0)
3 2 6]]0 1 —3|=[@3)0)+@)1)+(6)0) }:[3 2 18]
0 03 (3)2)+(2)(-3)+(6)(3)
10 2 3] [M3)+©0)2)+@)6) ] [15
0 1 -3{|2|=[@)+1)2)+(=3)6)|=|-16
00 3 (6] [(OMB)+©O)2)+3)6) | [18

BREMGIRA 2. A TR —HGER, BATTLXHEFEETRE. B, TR
REHFERSR, EITATHEM AN, WHEFETHE, &

1 0. 37T
01 -3 =[3 2 6]

0 0 3

G)D)+(2)(0)+(6)(2)
= 3)0)+ )1 +(6)(-3) |=[15 -16 18]

1 00
010
=313

3 2 6]

(3)(0) +(2)(0) +(6)(3)



411 SGIEEE 0

(3)

2 <13 (3)2)+@2)=D+(6)(3)
3 2 6]|-1 5 =3[=|@)-D+@)5)+(6)-3)|=[22 -11 27]

3 -3 4 B3+ (2)-3)+(6)(4)
2 —17313 (2) 3@ +(-1) 2)+(3) (6) 22
=1 5 =3 =[(=1) 3)+(5) 2)+(=3) (6) |=| -11
3 -3 4 |l6] |3 B)+(=3)(2)+4) (6) 27

BB 2 R R B R (22,-11,27), R—FEH . XEFN, &H L — T IRIER
(symmetric matrix). XARFEREH)HE BRI AL, DRIHAT AR FEA B A0 REAS 2550 45 SR 7= A e
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E¥AxREMERE, RNREXF4T Unity
 Shader B9 % 3] Z 7k . 1 R H ¥ 2 A5 £ 4 Shader
F4h, P## Shader bty K RHA | SE vk
PRREMPELRRR . FEERNWE, RIEW
4 f5 % 5319 Unity Shader & % 7T B8 T H 5%
FEE, ANEMEkRD T ZERLRITHE, FlmR
B RERRE, RRENTHR-LXARE,
EE 9 %, %%&@@Tmﬁﬁﬁﬁﬁ%UMy
Shader. “e1

% 5% %ﬁéUmtyShader%"zjiﬁﬁ

AKERTIH - NHRENTE/ FiERE, Hita
HEEPEANFRINERE, 4% H X T Unity
Shader By — 2% i W B B B 77 %

%6 Umy¢%£%ﬁﬁ

. ﬂiﬁ%# 'J 4n {7 7= Shader %%Ezk%%ﬁﬁﬁ .
g R4, BAERAE

H1E EALE

X — 2 4 2 P4 497 78 Unity Shader % H 3 & &
ﬁxﬁﬁﬁﬂggmﬁge

8% AUKRE |
X—BEENBTELNEHNREE, HLH T
~ Unity WERIRFHANEENS, AETH TR

WA R b, RATHF X o T SEIE A B KA
FPEREFEAKR ‘



S5 5% JFUS Unity Shader %> 2Zjifé

MR B A BRI 2 M——VHGE . EERES, BATES TERRKSE, FAHHET Unity
Shader RI3EAMENL, AT N T — & MEAsemt . WATEFFGG, B8 B EFF452% > Wi #E Unity
F14%5 Unity Shader-

ABEWMEMWT: £ 517, RIEE HRS A DHERRKM, B4 Unity FIRASE. X
JEoh T ki AT ATE SERR I AR 2 tH R IR A A [R] T s MR . 7 5.2 71, BRATHAE BI— DR
BT A/ o 8%, PR R R IX AN T/ e B B A S . 5.3 A48 Unity B
Unity Shader 3Cff, LAKSRELAAH P H0—Le &30k, WEZRRMREE. 5.4 550 [F35E iR
Unity Shader 1] CG 15X, XEREVFERGHRMM T . 7655 W, HAISHBwfT
%f Unity Shader #4Tik. 5.6 1K/ 4F & &7 X} Unity Shader (¥ Wi, #J5, 5.7 THshti—
SEFE Y S Unity Shader FHR 285 SEBLAARALE TS . b T b4 3R B R AP AOGm AR S 18, JRAIEIX YT
WEAH T — gl ;

AFEFM Unity BRASZ Unity 5.2.1 S 28hR. A & ARAR Unity BH A SHH A%,
{4 SR ARST A BEARRRA ) Unity, HAFERE I ARPRTRES LB S| —Lepm 8. fm, IRAIH
AR BAER AN Unity PHRAE], wTREAZEA Unity MRANFRIGERA . 4K% 5l
OLF, AR ARSI AT UL TAE BT, BE S50 T, Unity ]R84 B SURZ 156
IANFT, HERFEFERARRBERA—RERRR (B, EIESE— 48 XhELRT 24, FER 19.3
F1)o B —Ln B2 Unity REMHNEZE. ZRRHE, GlRMNEBFEESMEH
UnityObjectToWorldNormal [ B %0242 I HY 2% 7] 2 e 1)t 51 23 (8] oy, {EXAN R U AE Unity
5 RSN, B R A 2 Unity 5 Z AT RS 2904 « RS 0LE A Rl B B2 AR %
H %M ESE. F Unity 4.x BUAAH L, Unity 5.x 8 K280 2 — B2 1R 2 LLAT R L kA =2
FRIOThAE, fERRIBFERRMLT . Bk, wREE EHAR Unity 4.x BB, ATRESRILAS
o ) S LR ) A S IR

AP TGS M REAEE Mac OS X 10.9.5, WIFSE#H M H 2L RS, 49K aEnd
ASHEMEE . EH 04 H T BRSO R MR AN E A 25, X2E R Mac {§
FI B P B g P2 1 R FE T OpenGL 1), T H AT £ 81 Windows, A REAEM [K/2 DirectX. #fn, &
OpenGL ", {EHLF (Render Texture) (0, 0)sR7EA T i, IMi4E DirectX H, (0, 0)fREA
bt 567, BRAITKEES LT FEmERKZER M.

(N e e |

e e A e g ey = = i Sl b R L a

|

BAE, FATERTFAZESIUSRE Unity Shader, SEHERIMBULE, 22U ST F o4 ek .



52 —IEREENNVATEER

521 Tim/k Tk ERNEKREN

WAL 3.3 W ELHF R T Unity Shader FIEEAR G544 . ‘EHE T Shader. Properties. SubShader.
Fallback F58 k. T/ 0B ORI SH5 L KEEL, ERNESHET.

Shader "MyShaderName" (
Properties {
/] B
}
SubShader {
// %8 -F A 6 SubShader
Pass {

/1 BB IEFARSFORRE

/] Fis cc RIBR &R
CGPROGRAM

/7 ZREE R BN GRFEES, flw.
#pragma vertex vert
#pragma fragment frag

// CGRIUSHEXE
ENDCG
/] EfhigE

}
/] BEMEEMN pass

}
SubShader {

// X8+ B 8 SubShader
}

// LR subShader #%BUS ATEAH unity Shader
Fallback "VertexLit"

}

Hop, BEERHS R Pass 8 X, ALK MDA R SR E LB .
AT R B — AN AT LI T s/ e R
(1) FHE—ANGH, BEMmEN Scene 5 2. 7F Unity 5 ] LAEEIE] 5.1 TP RIBCE.

AE 51 7 Unity 5 RHFE— I HRERHHE

AUER, RYELEET —MREN. — M Ft. mH, BRNERAREMA, M2
—MRZET (Skybox). XEKIAFE Unity S.x liAH, BRINMRKREE FANS, M2 Unity N
B —MREET . A THRIAEMRGEOZER, BITEREEINREZET . MiER, 7€ Unity
A, P Window -> Lighting -> Skybox, #IiZIE A% . &, 7F Unity 4.x AT, ®E
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102

¥ 5%F FF4h Unity Shader #3 ik

REE TR EHXBEIFA—H.
(2) HrE— Unity Shader, & fir4 4 Chapter5-SimpleShader.
(3) HE— MK, EEdr4h SimpleShaderMat. 55 2 2 FHi #¥) Unity Shader 45 E
(4) Fa— BRIk, R E MO E LUELE Game PLE P AT LA G BR k. 858 3 Db
B RS E .

(5 XHFTHER 2 6 GIEE R Unity Shader. MRS A0 B A 4005, 38T f O ARG G E 2«

Shader "Unity Shaders Book/Chapter 5/Simple Shader" ({
SubShader ({
Pass {
CGPROGRAM

#pragma vertex vert
#pragma fragment frag

float4 vert(float4 v : POSITION) : SV_POSITION ({
return mul (UNITY MATRIX MVP, v);
}

fixed4d frag() : SV_Target {
return fixed4(1.0, 1.0, 1.0, 1.0);
}

ENDCG
}
}

}

BRAZ IR [F] Unity BEH 45 R .
jE, BABRIMES WA 5.2 Frx.

AE52 A—TEREENMS/FTEERFE I aBHR

RREBATBRAE - PMRIEEX LR A/ A cE a8, RIOALERFEMbLEE—TE.

H5E, RIBAE—ATHEIL Shader 15 SLE X T IXA> Unity Shader [)4 F—— “Unity Shaders
Book/Chapter 5/Simple Shader”. R & & )iy 44 25147 B T 3RAT4E K #4 T BREE £ Shader i HRE £
P8 & XM Unity Shader. 5 ZiERME, £ LT RERNIICEEHE Properties 8 X,
Properties & X FF A DTG0, FATAT LLEFEA 75 WA AEAT 44 g 4

KI5, BAVEMT SubShader M Pass 5 . EARFIF, BATATH EHATHEME L BE MR
BWE, B SubShader ¥ HBRNMER W BRI R E . & SubShader 16 X, A1E X
T —A Pass, {EXA Pass P ERATFFEEA AT B & HE LR E MRS RE .

#%, B2t CGPROGRAM M ENDCG Pl ) CG 105 )7 Bt. IXREEATME . HE, K
18R] T ATIER EERKHiETE2:



52 — I EREENAR[/FTERR

#pragma vertex vert
#pragma fragment frag

AT F Unity, WA R E T TUAE AR OARR, BARBEE T hodasAs.
SE A IR TR KRR T

#pragma vertex name
#pragma fragment name

Hrp name BERINIEE MR L, XENRBBFA—ER vert Fl frag, BRI LLEAE
EAENXMERL, EIRAT AR vert M frag k& SUXHAEE, EAENREMN.
BTk, RIOTAMEE—T vert REHIE X:

float4 vert(float4 v : POSITION) : SV_POSITION ({
return mul (UNITY MATRIX MVP, v);
}

XRRAGUE A TURE AR, ERETAIITH. vert REHMA v BEF TR

IR, XZEiT POSITION & X1E8EK .. ERIEFEERE— floatd KEMZE, BRIXNALAE
.y R AL E, POSITION F1 SV_POSITION #5/% CG/HLSL F3i&X (semantics), Ef1Z
ANATEHEH, XLEE XS FRGH P TEBLEMAE, UAHAPOHEHERMA 4. flinxE,
POSITION %45 VF Unity, JERBEREITAALRETEMASE v H, SV_POSITION %% ¥ Unity,
T 5 % o 38 0 R R BT 25 18] P A T AR AR . I SR WA IX A SOR R B A R H S 50iE,
Yol S S NEIE A P N R A, EASBRERNAIR. £ 54 3, RITEES
XEE Y, fEABIF, TAEAKZRAAET TR, XITREBEENZELBRET GEGXY
XANBERAENZRBE T ), X— B RICTI A A bR NBLEL 2% [6) 55 6 B8 BT 25 [A] & . UNITY_
MATRIX_MVP 452 Unity P B R ER-BOEHERE, BRATE 48 TELRALET .
WG, WATFRE—T frag K-

fixed4 frag() : SV_Target ({
return fixed4 (1.0, 1.0, 1.0, 1.0):
}

TEARBI, frag REBH TR . SRHEHRE A fixedd KA R, HHMEHT SV_Target
TR E . SV _Target th/2 HLSL FH— N RAEIE N, BEFRTHVRELREE, FTH 7 %5
Bl — MEY HA5 (render target) 1, XEA4H BIBAMWIERES . FoosE B8 rRE
MER, BET —MRANEGEK fixedd BEA R, FyoE ASRH HWHANEAN 7 EEETE,
1], HH(0,0,0)0FK~EfA, M, 1, DRAEE.

2k, BAICEXE AT/ A CE CRRIEAT T IEM R . (B2, IERIINBREER
KERT, WEEER? TEARME—TPHNERMESZHAR, UG- NENEALERE
ST o E R .

522 REEIEMNBER

7 LRI T, TETH A G388 T RAVER POSITION & X183 THEMMTH A E. BA,
WRBAVEEF B E LR BB EATHE?

BfE, RAMER[IER DTSR SCEEBIRANELTT . EADFRERE LA, BAIFE
AT SO ARV F SO,  TR& AT ATk E0eM. Bk, RATHE N TRE OHRE X
HKIASE, ENSEAFLE RENERERR, M4tk BdUafREuT:

Shader "Unity Shaders Book/Chapter 5/Simple Shader" ({
SubShader (
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%5 ﬁ FHiA Unity Shader % 3] Z i

Pass {
CGPROGRAM

#pragma vertex vert
#pragma fragment frag

// ERA—EWEREXRSEERNEA

struct aZv {
// POSITION EX4if Unity, BERNZENTSALIATK vertex TR
float4 vertex : POSITION;
// NORMAL iEX &1 Unity, FEEISEIMNZAL A OEFR normal T8
float3 normal : NORMAL;
// TEXCOORDO ENX 4% Unity, ABENE—BELIBARIER texcoord T
float4 texcoord : TEXCOORDO;

}i

float4 vert(a2v v) : SV_POSITION {
/] fER v.vertex Fijo)fE R 28] A4T0 = AL £R
return mul (UNITY MATRIX MVP, v.vertex);
}

fixed4 frag() : SV_Target ({
return fixed4 (1.0, 1.0, 1.0, 1.0);
}

ENDCG
. }
}
}

e EmmfaE, ﬁMﬁ%T—A%m%ﬁ%ah.b@aT T A 10 2% T B R R B
7E a2v I X, BATH R T E 2 Unity SCFFHITE X, 1 NORMAL F1 TEXCOORDO, 3EMEA
T AEARIMANBREERES& XM, FA Unity SHRHEXEE SCRIEZEX AN, XTI
AEGCRKE LY, Unity X8 X : POSITION, TANGENT, NORMAL, TEXCOORDO,
TEXCOORDI, TEXCOORD2, TEXCOORD3, COLOR “%.

KT Bl —AN B XS A, AT TR AR e

struct StructName {
Type Name : Semantic;
Type Name : Semantic;

Hef, BXRATLUBEIRE . 75 5.4 359, RATEE X B8 & SCRUHE:.

RiG, BAMBHT vert REMASEER, WERENRNF E XML& a2f. #idiX
i 8 5 SRR 75 3K, &M%Tuﬁﬁﬁ%éﬁ¢wwﬁ&ﬁﬁ

A a2v AT RITAEE?

BAll: a RN (application), v RI/RIAA E4% (vertex shader), a2v & B sl 2L EHIE
MR FH B B A 13 31 T a2

A4, HF5 3| POSITION, TANGENT, NORMAL X468 SUAP (#8548 7 3 2 AR L SR (19 W8 ? 7E Unity
o, EATIRE B EF 2 Y Mesh Render 2BA4-HBEH . TEBRMEH] Draw Call IR, Mesh Render 41
P S A TR R R R K%, Unity Shader. RA1&E, —MERBEHAE T A =M,
A=A B 3 AT, TSR EET SR, GInTHAAE, B, U1k, S0
bR TURERESE. @i RV, BT AT AR 0,858 i al T A X AR SR

523 MREERMNH TEESEZEWMERE

LB, RAVEERENTAE GRS RdE, FIUHEERIR R .. SRR
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52 —IEREEMNKR/ATERRSE

SR oA ORI R T GE AR oA B4R A AIEAE .
Ak, BATHEERE LN RaaE. B5Us AR IT:

Shader "Unity Shaders Bgok/Chapter 5/Simple Shader" ({
SubShader {
Pass {
CGPROGRAM

#pragma vertex vert
#pragma fragment frag

struct a2v {
float4 vertex : POSITION;
float3 normal : NORMAL;
float4 texcoord : TEXCOORDO;
}i '

/7 R ERIERE X T A E G aE ak
struct v2f {
// SV_POSITION IEX4Eif Unity, pos BEEE T MAAEREBETHNNEREE
float4 pos : SV_POSITION;
// COLORO EXTAFHREAGBES
fixed3 color : COLORO;
ki

v2f wvert (a2v v) : SV_POSITION ({
// E R
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex)j;
// v.normal BE&TMAMELFE, EHNBEEAE(-1.0, 1.0]
// FTEMARBIESESEEHRHNE T (0.0, 1.0]
// TR o.color PfEHRL FTE RS
o.color = v.normal * 0.5 + fixed3(0.5, 0.5, 0.5):
return o;
}

fixed4 frag(v2f i) : SV_Target ({
// ¥iEEGEHN 1. color EREIRHEL
return fixed4(i.color, 1.0):
}

ENDCG
}
}
}

76 LHEIBARRG R, BRI B T — NS Mk vaf, vof Bl FET S (A M | o a2 [a)
e (E B FFER, vof P B EREEANLEIE L. FEARFIS, BAVEHT SV_POSITION fi
COLORO & . T fiE BRI g5, W& —NEE, BNEXE SV_POSITION. 51,
TE YA T A B BB A 8] o B TR R AR, B EVEIE T A E B BE R E. COLORO ¥ X )%
AT LA P BATE S, AE— MR AFRE B, ) 0 28 00 A )98 S5 S 700 68, B T0 A 1) v ' I S
Pt . HE SGEHE COLORI %5, HAKTTLATEN 5.4 .

2, BRIV T USSR oGS MG, TEFEERE, TaEaieR
TR R, 10 o R E R G . B ooE R8s N SEBR R IR S A a8 s
HATHE R RIS R .

524 wfEIfEAREM

£ 3.1.1 1R, FRATEARE] T #4 5 F0 Unity Shader 22 [8] () B HEL R . MRIRMELLATRAT A AT LA
Ji{EHL T Unity Shader FF &80, MitiXLeS8, BATAT LARE R HEEA AR . X
Z R0 75 B S 1E Properties 18 X3,
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¥ 5% FFA Unity Shader #3]Zjk

B, BATE THOTR. BATEZEEM FR Bn— A BUEREEE, AT AT LB S
R EBRKBE. Hik, BRAKEES EmpRm.

Shader "Unity Shaders Book/Chapter 5/Simple Shader™ ({

Properties {

// BY— color XEMEM

_Color ("Color Tint", Color) = (1.0,1.0,1.0,1.0)
}
SubShader ({

Pass {

CGPROGRAM

#pragma vertex vert
#pragma fragment frag

// #EcGREBG, BINBEEX—T5BMEMAMLBLLENTE
fixed4 _Color;

struct a2v {
floatd4 vertex : POSITION;
float3 normal : NORMAL;
floatd texcoord : TEXCQORDO;
}:

struct v2f {
float4 pos : SV_POSITION;
fixed3 color : COLORO;

}i

v2f vert(a2v v) : SV_POSITION ({
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex);
o.color = v.normal * 0.5 + fixed3(0.5, 0.5, 0.5);
return o;

}

fixed4 frag(v2f i) : SV _Target {
fixed3 ¢ = i.color;
// A _color BikiZHmtiE &
¢ *= Color.rgb;
return fixed4(c, 1.0);

}

ENDCG

}

1 LSS, BAVELBINT Properties 18 X3rh, IFEHFHH T —4NEHE Color, &
KB R Color, HI4HMEZ(1.0,1.0,1.0,1.0), MNHE. AT CG PRIV HE, HITER
B CG RIEH Bhiar e X — MR, XN RMEHALEENIE Properties 7 X+
& e AL .

ShaderLab & 2B A1 CG AR AR Z (M ILEL R R WK 5.1 Frn.

51 ShaderLab E1:#£ 21 CG B A AR LE X H
ShaderLab B3 CCETEXR
Color, Vector float4, half4, fixed4
Range, Float float, half, fixed
2D sampler2D
Cube samplerCube
3D sampler3D
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53 SRAMETF: Unity REMABXHNETE

A, EEARESAIE CGARATRA A uniform KB, Fla:

| uniform fixed4 _Color;

uniform X8 AR CG PEMZAE B RSE —FHE M, E{ULH Tt —C FZ B 8 1Y)
G ] 1 52 FOAA 68 AR OGS B XA ILAh — 2L BB a #2482 O R (1) uniform SR FOAE FHA K
—¥£). 7E Unity Shader ", uniform 5% 8 i & AT LA W& )

E— YR T W AE Unity oS — N EA RIS/ o Gas HERE . T/ R eE R 2%
ZAAET, REZHHEHTFERA “SRIZRN7, BlIInRNFTE B CHEEET R, HOAEER,
PSS . AT OTEIFRE Mgesid e, Unity 24 TIRZ A E M, XEMAAE TIRZIRAE
Mkt ZEMES. WREEAEZMALGER Unity Shader fAFR, BH) T —L MR Rt
MIAR R PR T STCVAIR B B B A AN E 3L, AR AT REBL R X AL T Unity AE
AR R BN &

A4 XL S AN AR B I .

531 AENEIXH

BEXH (include file), ZREIT CHHKICFRI—FICHE. £E Unity B, ETHRIXAFESR
f.cginc, 7E4RS Shader i, BATTAT LAE Hi#include 5 SILX LT R ERER, KAEBATRE AT LLE
I Unity 24 AT 4L — 2B AR A Bh s K. Bildn:

CGPROGRAM

L s

#include "UnityCG.cginc"
4 -2

ENDCG

ML, XESCLEME R WE? FRATTAT PATEE J7 M3 (http://unity3d.com/cn/get-unity/download/
archive) ik F# > WEEFLFARARE FEXLEH, B 53 BnT HE ME4EE 2.

= CGincludes

[ builtin_shaders-4.5.0
(i3 builtin_shaders-4.6.5
{3 builtin_shaders-5.0.1f1
{3 builtin_shaders-5
("1 builtin shaders-5

[ AutoLight.cginc

[ HLSLSupport.cginc

[ Lighting.cginc

[ SpeedTree...mon.cginc
[5 SpeedTree...mon.cginc

A& 53 Unity WABEER

ME 5.3 a]LEH, MWEM TSP EE T 2A030%. KA, CGlncludes XK
WETHTERNERS CMH; DefaultResources LA F P& T —L& oy B 4 AT REFT 75 B 1
Unity Shader, #41—%& GUI Ju% {1 Shader; DefaultResourcesExtra W7 T Frf Unity H A
' [¥) Unity Shader; Editor 3C{:5% HE R &8 T —MNMASF, ‘&R T3 X Unity 5 5| A\ Standard
Shader (V¥ WL 18 3&) FTAIMIM M. XESCHHRAFFHFHSHRE, ERMNEEEINE
ORI SEIEGRE RN B R SEIN, &R AT DAY X B AR B N L. EAEAT S, BATAK
7 CGlIncludes SCFIET BRI A

AT A Unity 9N HFE 7 B4R 2] CGIncludes X% . 7E Mac L, BN TRALE &
/Applications/Unity/Unity.app/Contents/CGIncludes; 7E Windows |, ‘EAIHIAIE f&: Unity %%
i 12 /Data/CGlncludes.

DefaultResources
(i@ DefaultResourcesExtra
@ Editor

Y ¥y

¥y vy Vv¥YY7Y

it . )
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%65% JFF4A Unity Shader 23>k

#5241 T CGIncludes F FEERA S LR ENMEZEFL.

%52 Unity P—LERE S XH
X % & # R
UnityCG.cginc BETREEHOFEBRE. ENSHEE
UnityShaderVariables.cgine E?Lm?ﬁ ;:i;{ms(hﬁ;rpg' SEEBHATHER. BETHFLHENEREER,
Lighting.cginc FLE T ERh A B AR, 4 5 B9 & Surface Shader [, £ B ah{L &8k
HLSLSupport.cginc FE4i 2 Unity Shader i, &¥ AR, BFU TRZH TETFERIFENEMNE X

ALLEH, A8 R EIERA1EA [ A#include 5%, SNBSS AIE RN,
it UnityShaderVariables.cginc. Elitt, 7ZERTEMIE 7, HATATLAEEMH UNITY _MATRIX
T e, BT R 5.2 HFH A ESCHAS, Unity S 5INTWFE2HNEENQE
fF, 40 UnityStandardBRDF.cgine. UnityStandardCore.cgine 55, X484 & S04 F TS BUAE T4 3
MIEY, RANSES 18 FEhEKESEA].

UnityCG.cgine &8 AT 18 ¥ Bl i — /N5 30k . ERTHMSE I, BATRERIR 2120042
B g AR R, BRI MERAETTE. Fl, JATAT LA UnityCG.egine il X [1)
GERIARVE R TR S RS M AT . 3R 5.3 S T — ek B R & AR,

MVP 28 &Rt

#*53 UnityCG.cginc # —4: 5 F Ry &5k

& MW W& HEMEE
appdata_base w] F F T R AR WAL E ., Tk, B—HYE AR
appdata_tan Al T R A TR ES Wbl Ak, 35— LB AR
appdata_full EIN:ERRIVEE Rik oL 1PN TisfrE ., Tisvngk, Wik, P4l (sEL) LrEALxR
appdata_img ] T ABREA WAl E., B —HEEE AR
v2f_img B T T0 R B 5 BT F P HIALE . SO

SRFUENEE R F UnityCGeegine U I A bR G5 M0 441 55 1, IXRE (K 7 ml LA Bh IR 1t
IR Unity P2y BRI T/F R B,
BT 45¥4E4h, UnityCG.egine iR T — e I Bk S, R 54 4 T*‘M‘EI%IAJFE

(BLRE T
54

UnityCG.cginc A — 45 F B #8 B iR 48

CAE ]

B T

float3 WorldSpaceViewDir (float4 v)

N — AR R A ) P B T A B G [ 5752 6] M R BB R LAY
WEET5 17

float3 ObjSpaceViewDir (float4 v)

BN — AR 2 ] o T A B R B 2 ] o AN % m B AR LI
WEET7 1)

float3 WorldSpaceLightDir (float4 v)

{XFT AT RTEE R . A — AL ZS (] v T O B, R[] e 42
[ N2 s B SRR BT 1. B A —4

float3 ObjSpaceLightDir (float4 v)

AT TFRIEE RS FA MRS TR, R EREREE
[+ ANz RUE IR G BT [ R B — 1L

float3 UnityObjectToWorldNormal (float3 norm)

LR T 1) ARLEY 25 ] e 0 B HE R 4% (] o

float3 UnityObjectToWorldDir (in float3 dir)

7 17 5% Bk AR 25 ] AR e ) e 3R 2 )

float3 Unity WorldToObjectDir(float3 dir)

377 1 R At 57 4% (6] AR e B RERY 2% )




5.4 Unity ${£49 CG/HLSL X

BATE I E TE UnityCGegine SCAFHRBIX BB E X, H2RBM el — LR Bk 5E
AALAE S5, #1401 UnityObjectToWorldDir 1 Unity WorldToObjectDir, X 5™ & $ 52 b b it &
X7 A RBIEAT T —IRAARZE M2 e, T UnityCGegine SC{F AT AT BhERA IR AR A .
UnityCGeegine B8 & TR E %, ERHEHMFEI P, RIMSEIEA].

532 HNENZE

BAHE 4.8 TWEH T — LA TARRBABRENSE N BEERE. BRILZSh, Unity B8RAET
AT vimEE. R, FRMABLEFENHERE. XEHEEE KL T UnityShader
Variables.cginc #', S5t A XM N BEEZBEIL LT Lighting.cginc. AutoLight.cgine Z 3. 24
FAVE R A BB X AR R, FET VA VR -

P 7E IS 1) Shader 2% >) 1 R] BB H A F, AETUSE (U8R o
A NESUE—NEWKEHLIK, Bl 5.2 T5E 2 SV_POSITION. POSITION. COLORO.
XEERE G FRAT AR BR? BNTH 4?2

541 HAREX

Sfr b, X CG/HLSL #2445 193E X (semantics). 1% # MaT#AT CG/HLSL 4if2il
W, ATAEXIX LR SRS . B2 AT AZEGAR A9 X T DirectX #93CE4 Chttps://msdn.microsoft.com/
en-us/library/windows/desktop/bb509647(v=vs.85).aspx#VS ) H$& | 5T SCATE4H Vi B3 T . AR$E
SCASEATOT CAANIE, 35 PR LR — RS Shader S A H T/ 8, XNMFRHERETX
NSHHE X BEHYE, X EeE AT LAk Shader %0138 MR SEEUCEEE, A0SR M 30k,
'EAIIE CG/HLSL () Shader Jii/KZe & AN ATELERE] . FFEERMZ, Unity H8H RFTA H9TE X,

HHEFOLT, XEMAREERFATEARINOENL, B3, WO AT REXE
R PR Gl L rACHS r, TH R 628 i HE 45 M A AT COLORO 8 X Z: 4k color
AR, color ZWEA GI74E T4, Shader J/KE HAHKLs.

il Unity Jo T 75 (EXT ARV (4L, X —L8i8 SGHAT THR A& SUE . plin, ZETAE
A% M AN Z5 /1A a2f ] TEXCOORDO K4iid texcoord, Unity £riR%| TEXCOORDO & X, LAIE4E
R — AL bR FE B texcoord o TEFRME, BMEE XML —FE, WREBIKAME
AR, &XWARR. Fltn, TEXCOORDO BERT LA T H#EIB T 225 23 M A5 /14 a2f, AT T
RS H G5 vaf. (EFER NS K1k a2f B, TEXCOORDO F 5SS, BRI (45 — 4140
BAMRAFAETE A B P, TTI7ES 454014 vaf "1, TEXCOORDO 151 (7% &2 Ut el LA 3R ATk

£ DirectX 10 LLJG, A 7 —Fi 0B SRR, HE RGEHEIEX (system-value semantics).

XA SR LL SV T3k, SV ARG Xt & REHUE (system-value). XLEE AR YKL
ARG . BlndE LR T, BRAMER SV_POSITION & X F: 18T A5 6 5% i
A28 pos, MBAMFETR pos WA T Al H T 6L 2R 45 (T 5 A b CBPFF Uk B 45 18] P Y ABAR )
FIZ et SRR 2 R AN AT AR IR (A, FARKE B MRk e B/, Fl
HEYG| LB SV_POSITION Bt RS YL G BnfE R L. EEANTHRESERR
— BRI Shader BH{EM T ARIIE A& . 11, —L Shader &1# ] POSITION ik
SV_POSITION KABHTi fi 4 (o 85 % . SV _POSITION # DirectX 10 5| ARG HHIE X,
109



o U"i&mShader 23>k :

K ZHV & L, '©M POSITION v& X ZEMH), BERLEE (FlmEE PS4) LiEH
SV_POSITION KABAHTH s 28 (05, HWIJEZiL Shader IEH LIE. FFEIFIFIER COLOR
Fl SV _Target. ML, 4T ibFRAT1E Shader H HUFHIFE-F A1, A FIX LRI & SRR B FR AT T
GFAEF LA SV FFLIRE SGHAT M. FRATIAE 5.6 172 8 45 T 20 1R R Dk - & 22 55 1 36 RS A 1) 1

5.4.2 Unity Z#FHIENX

R 5.5 WG T AL Bt i AR AN S 45 T A (B2 i Unity S0 7H 000 PR o I8 LB
RBAMEH] SV IFk, {H Unity IR T T B4R 5RE & 3o

*55 MEZ FA Y B2 5 AR B R 4 T 5 5 6 38 A Unity THFR9E AEX
' X Wk
POSITION BRSPS AL R, R 2 floatd 285
NORMAL Tk, R float3 254!
TANGENT TR, R floatd KR
TEXCOORD#n, i1 TEXCOORDO. | #EIAMLEAHR, TEXCOORDO FiRs — LB AR, MKIEEHE. M#H 2
TEXCOORDI float2 5% float4 25%Y
COLOR TS g, W2 fixedd 5L floatd FEH!

H.+h TEXCOORD# ' n ()% H 21 Shader Model 5 <1, #lu1—f#+E Shader Model 2 CHf!
Unity ZRA%#1% %) Shader Model iiz4<) H! Shader Model 3 H, n %+ 8, fi#E Shader Model 4 il
Shader Model 5 1, n 55T 16. WH G T, — MBI PMLSERARFRA B —RAEL 2, BIFRATELE
H{#fl TEXCOORDO fil TEXCOORDI1. 7E Unity N & (%4 45 #4914 appdata_full ', ‘&% H]
T 6 MEFREHA .

R 5.6 B4 T T S A L3S BB i oo (i B Bt Unity SCHFE)H FIE 3.

%56 NS EEFBEBRIRL HtE R Unity (ERNERIEX
V& X W R
SV_POSITION Y23 ) o T AR, SRR AU A — A B R . 251 T
DirectX 9 #] POSITION, {Ef4F{#H] SV_POSITION
COLORO JHH T S — TS, EARL TR
COLORI1 W ET NS AT S, BB
TEXCOORDO~TEXCOORD7 TS P Tt SO ARRR, AL

LHIRE X, BRT SV_POSITION 2% & SCob, HoAhTE SO0 28 & & SO HRRESK,
BB, BATAT LA R BX eiE VR Erh . B, WRRAFEIE L E e XM
PN i (B AL 4h o gy, — MR TEXCOORDO %% .

5.7 45T Unity "SR F oA (88 IO HHE X .

=57 FtE S e Unity ZH/MERIEX
g WA
SV_Target S MBI HER (render target) . %[ T DirectX 9 #1f] COLOR
B, {BiEUF{EHH SV_Target

543 WIEXEZANTERE

TSR A o T A bs e R R AR &, Hilln fixed2. float, floatd. fixed4
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55 FERFRAMNMAR. Debug

%o FHAEES T —MERE SORB A FRIEE 22 & K96 1

struct v2f |
float4 pos : SV_POSITION;
fixed3 color(0 : COLORO;
fixed4 colorl : COLOR1;
half valueO : TEXCOORDO;
float2 valuel : TEXCOORDI1;
}i
KT i R AR KA, BAISAE 5.7.1 Ve — @il AFEERNRE, —MEXAT
DA FH 0 25 47 2% L REAL B 4 NMF SUE (float). Bk, W RBAVAEEE SUERFEAL, Wl float3 X 4,
float4 X 4 SFAARPMAFHF LM E L W2 W], —FHEE, EXURERSREZANZR, BT
floatd X 4 [ FEREL, TATRI DAY AR 4 A floatd KR [AR R, FARRAFAE T HREH I —175dE .

AR, WRREEFRA A E:
> a]: FEFP A B R R RR f WA LT ?

> 2 AR MR \BTE GEEF: bug).

@ik (debug), KiEREFTHIEF RIEY . MAERRZ, X—4 Shader BT H & H A b
EEAS . X th R Shader M S W JREZ —— W R RIA B FIRAN, BIATTEELERZ
e [R) SR AR Z il AT &b« 3 FRGXFPERAR 1) SR K ik 2 7 Shader AT ER AR e E A, &£
& 1] B A L AR AT - :

AT B EL H Unity H %% Unity Shader IR, XEBERE T Hfl 5%,

551 EAREEER

BREE®R (false-color image) FRIIEH BB AEAALRI —FER. SEREEREINK
R XFMEAZEEB (true-color image). —iK{EF (A ER T LU Tl #ifh — 25048, 4w
] ‘2 k% Shader BE4T 1AW ?

FEEAL, AT HEF IR R IG F[0, 1)2 8, fEEAIERBSEE 25 L,
ARG B R B BRI R FES AR AW ANME R T IEM . 280 B REC S EMIEE: “fHA? | X
i OKIR S, TR B, X R B A E BIREOH, RERARINGE R RER, EERK
—Bf (R, X M — R T T .

WEEREMRE, B THARNSEEHETED, 1), FHRNFE OB TFE R RTEE.
WREMNCEERESVEE, TR E IR 20, 112 HHTH . WRIRAE - MERR
VoI XA IARXT XA Shader FRIIZHHA T, AR EFHELR. —MERE,
Bt B KT 1 MEEE S E R 1, EM/NT 0 MEESP R ER 0. FEitk, AT
DL A RIS, HIIRIEERAE T 2BA CXERERE T 0~1 MED.

IR AV LR BAE & — A —4E5dE, A DUEFE—MRMABIE S & (W R 48 i
iy, mIEHAHESREN 0. MERZEEEE, TLUEENENE - NoEREMER, K
HEFZA A BT .

Ve, TN AREAEGR TR b — e BB, k. Y1k, g
bR, TURBE, CARENIZ RIS S RE . A1 S T

I Shader "Unity Shaders Book/Chapter 5/False Color" ({

- E b~ el Lol

SubShader {
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¥ 5% JFHA Unity Shader %3] Z ik

Pass {
CGPROGRAM

#pragma vertex vert
#pragma fragment frag

#include "UnityCG.cginc"

struct v2f {
float4 pos : SV_POSITION;
fixed4 color : COLORO;

bi

v2f vert(appdata_ full v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex);

/1 TRALEL A

// AR EFE

// SIELALRIEL T 18]

// STHALE—EGERAR

// TP ETEGIR AR

o.color = fixed4 (v.texcoordl.xy, 0.0, 1.

// STRALE—EEIR B ERE N\ EER

o.color = frac(v.texcoord);

o.color.b = 0.5;

}
o.color.a = 1.0;

// TRALE ZREFBLIRGNEE

o.color = frac(v.texcoordl) ;

o.color.b = 0.5;

}

o.color.a = 1.0;

// THATREE

//o.color = v.color;

return o;
}

fixed4 frag(v2f i) : SV_Target {
return i.color;

}

ENDCG

fE EHEEARSH, BRAMEM T Unity AER—NEEHE
A ARAIRI . FRATAT LATE UnityCGiegine HLAREE 52 X

struct appdata_ full {
float4 vertex : POSITION;
float4 tangent : TANGENT;
float3 normal : NORMAL;

o.color = fixed4 (v.normal * 0.5 + fixed3(0.5, 0.5, 0.5), 1.0);
o.color = fixed4 (v.tangent * 0.5 + fixed3(0.5, 0.5, 0.5), 1.0);

fixed3 binormal = cross(v.normal, v.tangent.xyz) * v.tangent.w;
o.color = fixedd (binormal * 0.5 + fixed3(0.5, 0.5, 0.5), 1.0):

o.color = fixed4 (v.texcoord.xy, 0.0, 1.0);

0):

if (any(saturate(v.texcoord) - v.texcoord)) ({

if (any(saturate (v.texcoordl) - v.texcoordl)) {

—appdata_full. TAE 5.3 FihHL



floatd4 texcoord : TEXCOORDO;
float4 texcoordl : TEXCOORD1;
float4 texcoord2 : TEXCOORD2:;
floatd4d texcoord3 : TEXCOORD3;
#if defined (SHADER_APT._XBOX360)
halfd4 texcoord4 : TEXCOORD4;
half4 texcoord5 : TEXCOORDS5;
fendif
fixed4 color : COLOR;

}i

A LAFH, appdata full JL RS T AT A AR EHE .

RAE 13 B B AR T T s a8 1% 25/ ——v2f 1 color TR E, JfH
fER o CE BTN TIXAEE. 328 AT LU A AR nsBOE R, SRR [l SR S
BEMR . B 5.4 450 T XEHB[R M BaRBR. 3387 LUEE o —EAREMIX SRR
[ XK R, MR F7E Unity ST 500IE.

AT AT DS BIEE s R, BATI AT DU R U A N AR B A4S B B R R S RGBA
B, M HEWT H % A B o ZEARP IR TR, 3238 n PR B AE — N fa] 5 i S 6] A «
Assets -> Scripts -> Chapter5 -> ColorPicker.cs. T ZHANE B3| —MEGHL L, AHET)E, wLl
I RAR i R RE,. DR B A BieadE, Wl s.s i,

B 5.4 BREGX Unity Shader #47IER AB55 HABGBKREEXREERIGE

5.5.2 #/f#ss. Visual Studio

A5 )& Windows Hl 7 (P4 ¥, Mac HI /7 I BE#E. Visual Studio 24 Windows &%t I I FF & F|
#%» {E Visual Studio 2012 fRAHHFZ{E T XF Unity Shader [ iX 2 g Graphics Debugger

it Graphics Debugger, A IAXAIAEFEFMEENBRATA, MESFE, &AL
R AR oA (AR HEAT P PRI, AR e A4 FH 77 T A2 L Unity B M SCRS H (8 A
Visual Studio X DirectX 11 & Shader i#{Ti8iX — 3 (http://docs.unity3d.com/Manual/SL-Debugging
D3D11ShadersWithVS.html).

28R, AT RG] B, FRATFELYIE Unity 18477E DirectX 11 P& L, 1MH Graphics
Debugger A G FF7E—4% bug. {HIXTEHERLIEIRA T EREZZIE ! 1 Mac HF Al G L RETCR IR T .

553 &mmMAlss: muifidzs
R Mac H 7 TEiZEAR%K: Visual Studio M5 AKTIRE, {H3EZMZ, Unity 5B T HR2HH UL
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%5ﬁﬁj’aumty Shaderg‘-_:_]zﬁﬁ e o R o e R e L o s R o s
REGHL, BBV T —MFRETE YA 28— iXE§ (Frame Debugger). 5ILfih
WX T RS, Unity AR JER W thbE . JRATA] LAE & KRG Bk B
18— T2 ] — 2 20 v e R R

BT MRS, AT 8 ST EAE Window -> Frame Debugger ¥ HWTRIAZS & 1, Wk 5.6 s,

€ Came

S ¢ Ovi

T i 28 AT LA FH T 7 B Ve YA HEAT O S B R (event), XEEH{F41 5 T Draw Call
73, HESET RANE WA S . WA E O RBRT 40k 3 AN B BRI L
FFIH (it Enable #8) WiRzhRE, 2778 T W0, @B E Q& L7 Esh&
(ERRR AT AR IR 1), AT A BOX S e 3 AN RIS R T BE FEMRHRE,
FEXANPEARE S, AT R — A, AW A RA N BoR 700 8 FRFEEE .
BATAT AN G (K42 7 T MR AS A3, 6140 L Draw FF3k 1 3544038 5 & — A Draw Call;
e T REASAN, EAMME D P His B BiZIE0ay, Bl LT E R 40 AR A
THE4 Shader %5. [FiT7E Game Y FEAIETUERIERIBE. WRZFH2E—4 Draw Call
I HXT N T a1 — 1> GameObject, 41X~ GameObject tH4:7E Hierarchy & H i 5% B
ok, M 5.7 B T RaE R R AR E A R

ECame

AE57 Bk Knot IREEVEREM, 7 Came ABSERZBEMHMAMR, # Hierarchy MEPLERE R Knot MR,
EWER FNANE 0= 2R ZEFRET



56 /vl ERFENER

R BIE P Draw Call B3 —/MEYLL 3 (RenderTexture) AIVERHRIE, IBAXMERL
Mgt~ BonTE Game LT . THH, MRAMER EJ7 TR P HIE D AT, FlandE
Game Y HMER R, G. B M A iHliE,

Unity 5 $&4E (ol 85 sk br_EIF 8 sE B — M EIERIWEREL (frame capture) FIZhAE, T2
AUE FFIL BRI T EREFBERFMHNLGR. fiw, WRRIMEEEES 4 A Draw Call i
g, WAWERBIRSTER 4 4 Draw Call HAEEGEEILER. XMTZEERE R, HEZ
i BRRAR. R EEFHERRNFEZHER, ERFEMASNE LA, i 5.5.2 374 /) Visual
Studio #fiff, E# Intel GPA. RenderDoc. NVIDIA NSight. AMD GPU PerfStudio % T H..

m N el

Unity FIIERZ —REBRETFEE—E RBATUESTERSZ FE L. EXZHE
HLF, Unity RFAVEER T XL, EFEMRERERNTGED CAEEN. AWEHT &% L
1R A1 & AN [R] i 3 B ) 2 57

56.1 ERLGENLITER

7E2.3.4 H5H0 422 i, RAVEIEFIE OpenGL 1 DirectX IR R RIAFRINER . EKF
Jila b, HEFEEEEAT REHEREN, BERET R L, BERMKK. 7 OpenGL (OpenGL
ES &) &, (0,0)si% /N T HHHIZ T M, M7E DirectX (Metal &) &, (0,00 T A L
. B 5.8 AT LAH B FHZ B Z MR AR .

_|.

+y 0, 0)
A

A J

+X

OpenGL#H{TR#FR GRS
FRNERRETRR DirectXi# {7 R IR S AT
FEANEFREFR

N v

0,0 +x +y

A& 5.8 OpenGL #0 DirectX £ 7 R EHEES a4 4R

T EERENE, ROV LIBE S B B pE R b, & 0] LU BN E RE 3 H bR
(Render Target) H. XBf, BAFEMHEHEPRLFE (Render Texture) FRFFXEEYLER . Al
WEAESS 12 T2 S T LI H 1.

KEHHELT, ZFEMZERHASHBRITERAT TN . ESRNEEHERIISCEEAR,
R R e B — ki e P I, R RBATAEATHE A, $ia IS B I 0L -
FIEM S, Unity 768 5 HIRATEIR T X FhBH o) i——47E DirectX ¥ & _H{F FIERBIGORE AR
B, Unity 24301805 FREEGRLEOE, UEEARRTE 6 LER —3.

fE—FPEF RIS UL T Unity A0 ATHAT RN BERAE, XM SRR AIITE THHEKL (FE
Edit -> Project Settings -> Quality -> Anti Aliasing P FFJ5) HAEMWNFH TERIGIEER. X
FIEDL R, Unity BGERGIFRER, BaBEARTRENLCES, B3 —KERLHR MM
BAVHAT R LB . JERS, 7€ DirectX P& F, BAIEZIKHAFREBIFA S Unity B, H
bR, BRI R R R A A AR R T B AT A DirectX FEMER . WREAKFRFEHRAT
TAE —RE R ER, RIMIARATELEESCENBRE W8, XREAMERANTAA Graphics.Blit
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Z5% 44 Unity Shader £33k

BB, Unity G2 RBATXGA BB AR AEALPREAT T 408, RITA T ERIER KR A
BB BB T o (A R IRA T B R AL £ E R PR (TR TT R T HUsR ), 00 522 Rl i
Kb B35 B P (R AR e U B, X R R AE B E T (] (3 ) T RER AR (A FE DirectX IXFFH
F& EAFKEER D . XA R, RAOTHTE B CETUE A b B Lo E a3 (i iR
PE SO B 0 A ph A A8 SR S (AR, (2 #BAFE DirectX & AN . il

#if UNITY_UV_STARTS_AT TOP

if (_MainTex TexelSize.y < 0)
uv.y = l-uv.y;

#endif

3, UNITY_UV_STARTS_AT_TOP H T #2461 & & 5 & DirectX BRI F&, 1M 474
RS TR TSN E, EORMAERDMERE T M LR A, T ERIIX 4
BT IERMIRRFE. Bk, 177 OB HINT MainTex TexelSizey /N T 0 K% 27 A
THsEE. WEE, ﬁzﬂ]ﬁ%gﬁﬁﬁiﬁﬂi%E@Ef&@tﬂim%#ﬂm&ﬁﬁﬁﬁmJ:Eﬂiﬂ% =5
ISR 13 TP ERES ARG,

EEPBHRBENBES, BITFE T HHENED. 765 12 Fh, RIOGES —BREANFER
REFROR . IXEMRKSAEA T kB R AT, FIRMATEFR R & 270,
A4 Unity B&FES G WAV T . B 12.5 Fvh, RATFHFZELE— Pass 5 [7] i b 51 57 75 &
AR B (2B B A5 R SE B Bloom 2 H . T 75 [ b FE L kg #, KIHAE DirectX iXFf
HF& TR R T I, FLEMREIRaE B EH W BRI RAF R, A1
FEERSCR IR ALAR AT, . 758 13 Fp, TRATFEE M) Ab R B B R RN IR B /i 2k S0 R s
L —SERFRR I R AR ROR , EX e R, AT F BT P A E R B, 7F 15.3 i,
RAEBRNAE—A Pass HFEIIS ADFE T BRAEEIR . iR SCBEAN—oK e s 08, (H AT H 0 B Gt
HIRFEALBR AT TP 6 Z 4058, Ty 0 e s QU T A0 B . X R N, F{BUng s S (%
UWEPESOH, EAERE T M A AR EE, BERE TR R ERMR, EUIR
A AR IX LGB T 7 & 2= e b B

5.6.2 Shader HEEER

EHTE Windows V5 T 4iFHLL4E Mac F & F LIE R Shader i, A fESH R R
AR5 R -
| incorrect number of arguments to numeric-type constructor (compiling for d3dll)
BRE
| output parameter 'o' not completely initialized (comp;ling for d3dill)
TR B AR 2 K 4 DirectX 9/11 X} Shader 8 SCE ™M &R BT, 3ERMEE—MRES

{5 B R 2, Shader H A REFFAE T X AERIALHS:

I // v & floatd £, BAEENMERPRINEHRT —12H
floatd v = float4 (0.0);

{£ OpenGL P& £, LSRR GVAK, EREEI—A> 4 NEATE 0.0 ) floatd KA
{HFE DirectX 11 F& L, ﬁﬂw;ﬁ%{#ﬁﬁiiﬁiﬂﬂmﬂﬂ’%ﬁﬁa b, BAINIZE
| float4 v = float4 (0.0, 0.0, 0.0, 0.0);
T F B AR, AR UEREA B, A ERNTSEY LR, TR
TREES) A MAT out BMMFNSH. WRHAXFNMEFE, TREEIRINETR
R AP B XASHEHTA R REBATIIIA  BAINAZAE AR T A AR A e i 2
SHAT IR :



5.7 Shader B35>8

void vert (inout appdata full v, out Input o)
// £ Unity AEH UNITY INITIALIZE OUTPUT ?ﬂﬁ& MK o BHATIIIEL
UNITY INITIALIZE OUTPUT(Input B2
Pl

}

BT L3R sEVEAR RIS, DirectX 9 / 11 WMASCHREAEIN G A tex2D B, tex2D -

Fe— AN AT RAFE R B, BATFESE W P S BAAVFR] . 2 B LA DirectX 9/ 11 A3 HF
TS B Beb B tex2D I8 5, R EINETH & 330 Bt Shader LR 3| UV T, 1M tex2D BRELT
FXFE AR S5 B OX RIS R 6 ECEEEA X)) . WRBANNHREAT R E R DU
M arHE, FEEAFEA tex2Dlod RECORE, -

| tex2Dlod (tex, floatd(uv, 0, 0)).

M HL A 138 75 E24% in#pragma target 3.0, [K 4 tex2Dlod J& Shader Model 3.0 5 {45

5.6.3 Shader HIEXER

BAE 5.4 FYFR] T Shader FHIE X RAT A, HAPRATIE T —L3E AL T 20
(9, 140 SV_POSITION F1 POSITION. 1BYE 5 —4V-& b, XEE SRAEM K. A T it Shader
EWERTE A LIER T/, AISGZR AT REMEH T A5 SCRHA Shader I A% A &
o f§iff] SV_POSITION AR TH 5 % o as i th A T s LB . —2% Shader {#fH T POSITION &
X, {HIXLE Shader TILTER JE PS4 V& Ll T 40235 L3R 115 5L T IE % T Ak
o fHH SV _Target KHiliid F oG a2 (% HH e . —2 Shader /1] T COLOR Ei#& COLOR0
BN, [FFER), X4 Shader TLIEERJE PS4 LIEH TAE.

56.4 HMFEEER

ABRLH T —LH WKF G2 RGN 8, T —%ER AR, mREERI—
L6 Shader E°F& A T LAERSF, MAETE B FHBLT FA, FTLAZE Unity B30 Chttp:/docs.
unity3d.com/Manual/SL-PlatformDifferences.html) 33k 5 £ K1 k.

FERTEIRG, BWAVAH 2R T TG Shader RAGHIEI. 248, RERBOFARLAEN
IERA, B AT LR SEFR LU BT . 5 M ER AU AMUR LSRR M e, B
AR, FERX LA B T IATE .

5.71 float. half =& fixed

AP, FAMEH CG/HLSL K445 Unity Shader IS . Mi#E CG/HLSL ', H 3 Fk
FERIBERTY . float, half Al fixed. IXEOREBOK P TS RAVBEIE . XK 5.8 44 TiX 3 Ff
B EEN T ME{ETEE .

%58 CG/HLSL i 3 fhiE RO EE 2R
* = w E
float B R RE RV R . B HAER 32 FoRAFfE
half ARG BEINIE A . TEH R 16 ALRAENE, REEEEHIZ-60 000~+60 000
fixed BARE BE O S BHEAER 11 ROoRAFRE, REREVEE2&—2.0~+2.0
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53 FFiA Unity Shader # 3] 2 ik

TR BETE I E A RN IERN, SLHERAEARFFE M GPU L, ‘EATSERF RS B rl g Al L
Mg HTEEA—B. B R,
o REHINARMRE GPU LEFTH v FLE Hc b i (0% RS BEREAT VHAE, 2, float.
half fixed fEIX4F & | SEBRZEM 1) X EKE , BA1E PC _EIRMEF HF 4 half Fil fixed
R T R B A
o BEBIFIFEM GPU L, ENMNMHESEARIKREEEIGE, mHEHARREERZSENZEE
BEWSEFRZESR. Bt RO ZHRERIENB TS ERUEFA]H Shader.
o fixed K LPr L RE— LR IHNBITFE LG H, £XZHMMAK GPU £, Ef1ALRIE
fixed A half >4 i 7] M5 B R X o
RER LRBAE, B—AEARRBE, ReTREF R ERRINEE, B RiXa] AL Shader
MR, X—REBITFE EAHEE. NEMAKEIERTEEXSE, RITTUAMER fixed A
SRATAf FUEE R BT J i, 401 SR A il BB R TR R e P DA% half 8%, S 2= 100 B G R (6 A
float. WURBAI HbRFERBITE, —EEMAAELLHFI ENKIRAIK Shader, X—
EHEE. XTBITFEMRAER, EEATUES 16 EHRFIEFELZHE.

5.7.2 HSEIEE

fE 5.6.2 711, BAIHER DirectX & Xt Shader K118 XA 5 I0 A& 2K . XS, W RIEA
ERAF| DirectX V& Lok B HE ™R EE. P, FHAEERHELENSEEHE kK
XA AT .

573 HERALBENITE

IR BAVZTC T HIAE Shader LR mF G FHAT T REHH, HARNTATHER R
e Unity FIHRIRR:

| temporary register limit of 8 exceeded

1%

l Arithmetic instruction limit of 64 exceeded; 65 arithmetic instructions needed to compile
program

HILX LR (S B AL R E N RATLE Shader 3T TIE IS, (19T Z Ml r & 72551
HEIE2 % H B T 4ai I SR H . S JmEMIE, AF K Shader Target. AN[A I ELEEHT
B, BRATTATASE A Al B 5 A7 2SR HE 5 H ER A

WA, BATT LA 2 E E S Shader Target RN FRIXSLHIR. F 5.9 4T Unity H
AT SCFFHY Shader Target.

*59 Unity 32###Y9 Shader Target

|’ I
#pragma target 2.0 BRI Shader Target %54%¢. #134F Direct3D.9 [ Shader Model 2.0
#pragma target 3.0 #1%4F Direct3D 9 L1 Shader Model 3.0

A124F Direct3D 10 L] Shader Model 4.0, H 72 7E DirectX 11 #l XboxOne/PS4 “F-f&5 EHEft T
#pragma target 4.0 o

> : 26 Ty 25 |45
VoTgin G50 ;Iié:]: Direct3D 11 L) Shader Model 5.0. H §il L¢E DirectX 11 1 XboxOne/PS4 V& Lt T




57 Shader ¥z

TEERMZ, P2 OpenGL P& (HIEBET &) #1242 #FF Shader Model 3.0
7. 1 WP8/WinRT P& | H 3 K¢ £ Shader Model 2.0

B 4 /& Shader Model Mg ?

FA'1: Shader Model /& B KR H (1) — B R0, WA HLERMF B2 B9 E T Shader H &M
£ (feature) 1) (capability). IXLERFERIGE I AEL7E Shader REMHINIZSTIRSHH . F/7as
MEBATi 1 . Shader Model 2540t 15, Shader fIBE WK . HARMIAN T E# AT LIS WA
I R e s 4y

IR =454 1) Shader Target 7 LLiEIRATE A TE 2 [ Il i S5 fFa M2 H AR 4, H— DL
J5 R AT B> Shader H FE 5, B @ I T TH 5 7 SRR A B 22 fR80AR

5.7.4 EAHIFEREG

ERAVFAAR TTES KR L, RO MEFNE IR IR HTE U R B AL
—o {H{E4S Shader IR, FRATEXTEAWESM DL

FERITUR, GPU RASCRFETN A taas Al o td h A AR HITE U . B GPU UK
J#&, BAIIAE DL LMEH] if-else. for Al while IXFFFFEFERITR S T . HZ, BEAIME GPU LAY
FIfE CPU EARMRKIAR. FRIUXLAR S HERZ LN EA BRI RIEE N, 35 W AT
PR RBEL RAR. KA, GPU MM TAFET CPU HIHARRKSEHL Y L8R, fERA
MO T, BAEAE— A0 SGE AR B4 24 TH21T T i 0 SGE AR e Rk, BRAIANEIETE
Shader 4 FI AR ERIE A, BA BB GPU MR Ab B E ORXEEIRK GPU LEZH
THak).

W RBAIAE Shader FAEH] T KB EIAFRZHE I, LKA Shader KIPERE W REZ A T FE.
—AMRRITIR, RAINAZR B RS Einfsah, B WnitieE i oA e b vk SR E
T, B BIRTE CPU AT IS, FHES RAGIELT Shader. 43R, A I IRATA T
G EAE S AREITIER, MA@ UR:

o SPSCHBHER P AER SR R R ZF A, BI{E Shader IBATIERE F AL R AR,

o BANHUT BRI SBUTTRED

o AXMIRERELRITHED,

575 TERRIO

BARTERI RN CHERIE & AT AR %, FATSE DA ZERU 0 XA IR GREAR
BX M, iR T RE R S RET ), (A INYESS Shader [ HHEBA 12 BHEIX A ) B
Bltn, FAIAE Shader 5 Fun FALHD:

fixed4 frag(v2f i) : SV _Target
{
return fixed4(0.0/0.0,0.0/0.0, 0.0/0.0, 1.0);

}

IXFEACHD ) 25 RAEAE R AN AT TG o ERLEGRF & b, ERA RS AN IE K Shader F 5,
HEMEAZ B R B4 R MR AFER, FLERXR/RAG GhERAERRE 1.0), L2753
AR, HAES —FE E, AT Shader W REMI& EL A B Hik, BMELAITAEWHFRAIFE L,
FAVEBIROLE R AT RER AT UG, (E7E HARF & _LrTRER & HL i A .

—AMERGRTTIERE XTARLEERECATRE D O (OGS, SRIARIEIAE 0 iEF . fE—LLBERI, EE
A REth 2 FE BIEA if AU HITEREOR T A 0 1 7.

119
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% 5% FFA Unity Shader 33> ik

L T LAE (GPU KR 2) i) GPU 2 #hl — 2 s s A it T 8k 4 SRR 4 i 4
£ GPU b4 gmatkfe. 76 5.7.3 WIRAHRS] T Shader H il b &5 7258 H MZ A5 S # ARSI, 5K
B5_t Shader Model i 10 s 3 (2 83 A1 by o (28 P A A0 4. MM 7788 WRFFE. WA
/A AT AE AR . SURE M HRHEAT T MLSE . 0 W LAZE Wiki AOAH S BERIPR HLSL (A0 4 3
EERINE.

[1] Mark Harris, Ian Buck. "GPU Flow-Control Idioms." In GPU Gems 2. 14 GPU ¥ 2:
Rt RERIE S A OB AT IR, HEREE, EEAER R, 2007 4

[2] High-Level Shading Language, Wiki (https://en.wikipedia.org/wiki/High-Level Shading
Language ).

* [3] Shader Models vs Shader Profiles, HLSL F/if (https://msdn.microsoft.com/en-us/library/
windows/desktop/bb509626(v=vs.85).aspx). ;



%5 6% Unity PAOZERIDER

€

ERSREGE AN ROV RE MR ERBE? NER RS, EREET
PRIy g —MBENF M, e MR R, MCREA R T ReE—
MEFE LT BRI RS

BATE RS 6.1 WAGEAEEE A, RATZWAEZ—MYER, LOHRH Bhik# 2%
JHRAERIY 5 (A R ER . Bl S 7 6.2 19 h, ATHARREAT 2 RARHEC R AY, UL W 7E Unity Shader
SRR AR . 6.3 WA el vHEDE RS o I ER BRI B RO Ar. E 6.4 TR 6.5
L, AT S BT FERIEA M AR, JFHRBR T AME R E AR A 85, 7 6.6 T
WA AEF Unity [ P9 5 R 20K 35 B BATT 5L B IX S AR

FERBREIZNRE, ATEEIRLRERINEHE, FISIK Shader F4HAREH
RHBISERIE S (EEERSHDIR., ERERERR). RIIRE IS TAHEE T ¥
FRASEAY (K T S IEfE A ¥ Unity Shader-.

m ot
.
i

BATATREH B & 10 BEMUXRER) 8 “XADPE R ABIER? 7 WREE X DER B RFE
HENZHIE, WTHEES AR EEEERYE: YBRAITEHER “XMIARAEKN” K, 5L
Br bR B A S R 2 R, TR T HAb . R — AR ER A k2
B, PR R ER TR T 4 . X R SR A R N

RV, BATEARIE LA RIAER A e — ik EMR, TEEE 3 MY HENS.

o H, JEMAIE (light source) H#%R 5 HI k.

o RJE, HEMGFPH— LY EMZ: — BRI AR T, TR — SR go B

ftb 75 17 o
o FE, BEHB T L, PET —KkER.
T, FRATTRE AN A AT SN VRGN A AR RE

6.1.1 YR

FEA A Sk LB R, TR ER RS R . FESERNE SR, RATE WA R —
MEEERE L B RERENT . B2, BATOAHNE MRS T 2060E? it
UL, BATIFTRAENE? 7R, RAMEMBRE (irradiance) KEL . X T FATR B,
ERERETE T REAERET | KSR LA N S R RERERE E] . 7R RO
i, AT ERIE M ERENRERE, MAREEERM | AEER, BamfEHEe
F) 2 T PO R SER 7 BRATT AT LAME F DGR T7 1) 1 AR TNELR n Z RIS IR SXMER AR B . FBE
B, KRR EEEAEEN 1. B 6.1 SR T HEARZKERHERMER.

JRE AN E ot
e e ¥ i betliies
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d

< d
e

Yy V¥V ©
d/cos8

AE 61 EEET, XREERFIPERE, BAE INESERRISEAE, MEGET, XENERHIDK
RHE, EYERREXLZ EHNEZR dcossd, FiBUER FEERNALHEEDT LR

R Jhy e L T RS ) 2 T P DG 2 22 1A PR BE 1 lfcos RS LY BRI R4 R EEAILAN cos @ B IE
Ebo cos@ T LAE AU TT ] £ FIARTHELR n MR BORAE]. SRR AR R vH SR IR A oK

6.1.2 RugAEST

LB NFERFHKG, ME5 YA EH, HEZMERER: B5 (scattering)
F1R4 C(absorption).

AU RSN 7 1), (BRSO ER )% A . TR B3 R & FE R, (H
AN LM I . EEDARRAELEN G, AR . —FE<EEE 2P &N, X
PR 5 (refraction) SiEST (transmission); 75 —FOf UM BISNE, XFBLEHAR A
K41 Creflection). X FAEHMMA, ittt Nk S Y6 4kib S 4k 4L 5 9 i M BURLEA T AR AE
Horp— 8 i fa S TR AR M AARE, 15— LB AR . IRk W4 3 ThT 08T A
HICEH B A NG YA R R J7 [ A A . B 6.2 45 T IXFEH — M 1.

AP N

AE 6.2 BWEE, XGSREFHRHAR. N TAEHRYE,
FROAESEDRARRREE, REAF —BINESEFIVBRARLFEE

AT RFXFEFHA RSN I, RO AR T ARRESRIAFEN: SR
5t (specular) &fi7rFRP) AR MR WA R EEK, Mmi%RET (diffuse) o FRRH 2 DL
ST BOBCRTEUN AR AR AR LB Ty 1, FRATAT AT H S e 2 A B0y
o, FAVEFEHHGEE (exitance) KHTART . F& MBI B B2 [ 23 L LM X RN, TEf)
2 [ B PR AR e A ) 98 5 S A i 0l R 3 TR A _

EATE S, WAV G RBA T MR, RaRd, SRENA T LR 0 Mm
. R, BeAlIt R RR—MEET W LR mEE R

6.1.3 &E

& (shading) A9, WRBHTEME g RN EES). REGER (WOLE . K
FESE), A — A% s T SV A B T i B S R R R . AT A 26 3 URR Oh  BRAR R



6.2 FREXRRE

(Lighting Model). ANF BRI RFERHEK. #lan, —LLR TRy RRE, —i&
SRR P ARSI

6.1.4 BRDF X HBiEE!

BAICE T T/ RImAAS N & R ARSI . YO ADCIRRLE M . WM
m, FHATHLT ZERE - DREZADCRBEITRZ LR . #li, 4762 MIEAT7 S 2 — /R
B, A2 7 AT T A WELE? 1] BRDF (Bidirectional Reflectance Distribution
Function) 32 FH >R [BIZH X L0 ) @) . 445 eI R T EiJ—AN S, BRDF & T %1% 8400
MSEHERI R . 7ERITE% T, BRDF KZMHH — /MR ARKER, I HIRE T —SHok %
MR . BRI, 245 NI LR 7 MRS, BRDF A] A% HZE SN 8 5 1 B
JEHRER AT . AT K () BRDF #0@& X 5553 SOl AT #AR AL A R0 5 B8, st i, &1l
FEAREELSE M R AT Z IR AT B, XLOGIBIRIRR N RS, REW, XEs
B B PTG SRAE S B G U N T B4 . B vl UM B F (3D $2edtaili: BB S iR T
R) (FE3L4: (3D Math Primer For Graphics And Game Development)) £ 3|[{)—f) % & KihkS
X H A A

RN R — e R EHEERENN, BaeENH.

SR, A I AT A BB 0T LB 0 ST S AR BOE R A A B, X sk L T 243 ) BRDF A%
B, BTSSR 18 T YR RTE Y R 25X L6 N & 24106 RS AL,

BARCHBAAREMA, (B LWIRWRT P R — A e AR, XA AR
APRAECIEAR RS . SEFR b, 7 BRDF BLRHHR 20T, trfie BRI e e 24T .

16 1975 4, FE4FHIEFRK (Bui Tuong Phong) 2 T HrUEC AR 5 RA R &, 4R
HEE RS FOC O BB (direct light), R 2 846 1 2 A IR K 5 H Sk FE S B A R THI /S
2R 0 — R RS BB AR BHLI L

EREAT VR, BRI LD N 4 N Esy, BAEMER MR R
FITIEREE . 3X 4 MR .

o BEK (emissive) #7;, A cpisie KRR XA F FHlE 44 2 —A T b,
—ANRIMA G 2 10)% 77 7 RS 2 /D55 R B R, WREHFH2REE (global
illumination) FAR, X2 [ R IIFRE HA 2 E KRS BB YR, mEEARSEREE
STME.

o SNRE (specular) #5y, BB cpecuar KRR XAFRSF T HIR L0 MOGIT H
O BURERLRTHI, Z%R T S 7E 5 BT R 7 1) U 2 /D4R & .

o BRY (diffuse) #53, AP cupse KR XN TR, 20N IR G
BRI R MRS, ZRI 2 AT W B 2 DR R,

o INENX (ambient) #5;, RFAEH compion KFETR . EH THIBHAMFTH WIREER.

6.2.1 &K

HARARHEC IR I A E e TR RO, (EER SIS oh, Wikt mT LIk e R
(indirect light) Jrif5%. REZICMIEHE, SLEF ESNMMELE R, REENGEGEHL,
WHE Y, LN RBILZAT, 2 T ARG . i, fEEs FsE— MK

123
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wom unywmere 0

KEHKWR, WAV REHESFLE, e a2 MAmBE RN T80tk FREILK
ol:u P

PRI, FRATEA] T —FRpR oA RT3 0 AT AU R B . PR
HAERE, TlEE—M2REE, WGRPRFTaYEREERXATEDE. Tl 5%
TR EOGHIH

Cambient Sambient

6.22 BRI}

FE T U E B dOCRR HHEARRIL, MATREL SRR RS . PrfEt AR
B 2R FIXAE T TR AL . BRI RS, R ERRAE A T M T B ROt E
Cemissive™ Memissive
WEWAESERHERS, BREKFmMAEFALHTABRNORRE, WA, XMIRHAS
BRI Unity 5 51N 25 94 RO6RE R 48 ) w] LABBLX I8 B R OE A J BB 14 i 5
W, WATRAER 18 EHHE.

6.23 BRH

18 S S M R T 00 S e e 40 4 2 T B AL B8 45 A 7 1] PR S BE B AT TR 798 S S
AN ERAEZER, EAHRGRTTEBENE, BEaT LA B EER RS ER A2 —
FEED. (B, ASHGZRIMEREE,

BRI RS ZRYFER (Lambert’s law): [ GER R 58 B 5 R M 24 FOG IR 7 7] 2 4]
Je A RZERIE . F, 8RS E R

Cuiffuse=(Clight Maigise)Max(0,n 1)
H, n REMEL, [ RIGFEICIRIIBALRE, magse B RIS RIFBE, g ZICIRH

. WEERMR, RAVTHEP AL OCET [ G R R 0 FE, Ak, RAVERDURKE
) R B JLERER 2 0, 3T LA BT Lk B M U T SR G Y YR B

6.24 SXXRH

B RR—MERER, Wi, AT efemEtRAPmER IR,
‘AT TSR A e A BT O T A R 6k, X AT LALLM AR R R A OLEER, Bl
B

WHEEERH WEMEMGE R E, WREERL. WATR. HEH . R TR%. &
A, BAMBRXLERBEHERMRE. BHe63 B TRETMKE.

XA KA, ATEF LR TEEH S 3
AR EEIA], 1 28 AN R B —— 5 Uy 1) A LAE i 3
fthAF B A3 2«

r=2mIOn -1 ,

IXFE, BATHATLAFIF Phong ARAISEIHH &6

S5 B4 - .
O Sy e T AE6.3 {EF Phong AL HBHESH

P, mgu BRMARIFEE (gloss), AR ARKE (shininess). & THH]m LXK
“RRT BB, mges BR, TRBED . Mpur RMEEERSHE, € TEZM R
TR R ST ISR R . cpgne MR ICUREI AR . FIRE, XEMFEP LY TSR

<




| 62 FRERER l

A

F_Eik ) Phong HRAUARLL, Blinn 32 T — MR EMESTTERBRIRLHIBOR . ERIEAX
BARR, @RIHERATFT. Ak, Blinn BESIAT —AFMRER, TRELX AT
¥ JE A AR EIR. B

A
_v+lI

REIST

SRIG, IR AR Z IS AT, ARV AT Z R Je s, i 6.4 FTAR.

M E5—"F, Blinn #8541 F:

c:pecular=(clighr'mspeculﬂr)max(0a n-h ) i

TERRA: SEBLRT, 0 SRERARHUA U5 B B AR T 2
Wi, Blinn % 28T Phong AE%Y, XZE D, Mt
BEATLAIAH VA # R, Pl R R — A H R,
&, MV EE VAR EE, Phong A% R fE 5 i E AR
—i, HEEEME, XRFCRENRELRRER,
i i, WAIARMIZIAA Blinn BAZX “EM” Phong AT ML. SEhr b, 4450
™, Blinn B ERFE KL

6.25 EBFEEERZER

T, BAA T EAORBIRUE A BEE AR, I ATRATIAER X L R ? @
wWokiE, RATAWAIER: R CEARPUE, BERAREREALR (per-pixel lighting): 7E
WA ST, A EMSXER (per-vertex lighting).

BB FNRS, RIS UEMEENIEA, BT MEL (ATLLUR N T AL ES 20,
HUTT LR IR SO Ff SRR ARSI ), ARG BEAT 6 BB (T8 XA E T F 22 [0 T A i R AT
T I H A FR 4 Phong & (Phong shading). H##7 % Phong ffi{H slii el E A BE AR X
AEFRATZ AT VEEI Phong Jt REEIAY .

52X R ZE T A, R S8 EE R (Gouraud shading). 7EZ T AUBMA,
THEFAT S B EOER, RESEEPRE AT RMEREE, BEMHRERS6A. BT
AEHAAEDTERESE, FHETSORATEREEZENTEEELR. B2, hT&E
AR TR R B AR TR, Bk, 2RSS hEEEMNTE (BlantEEER
) B, B8, £EmHNEY S, RIFIXHEL. mH, BT&E6
GRS R TE B T A O TR A AT, X2 R EE S B T BB A B S R T TR AR
BEmPaE, XEEEEN T ENENEAINE.

6.26 B4

BRI RER LR — LR, g, EHATL2fE T EHRAPREREIER.
BHTFEN S FEEEAER MR R, EpReE) Z4H. midTERT
ZARME, XL A REARMME. fill, —3EFE N Phong XERIEE,
JyFEHE X (Bui Tuong Phong) & SE4 th T (i FH 1% J S A i o S S IR R SRR i i e BREAT R AR F) i
A4, FHERBTETFERETEECRF R E T8 RG22 A S B A AR
E4ydRt 7). mJ5, BT Blinn M7 M T o5 BRSSP iFRER, RATIEXFE
¥R % Blinn-Phong Y BB4EAY .,

AE 6.4 Blinn#&®
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Z6® Unity BAORRILE

BXFERARE R, 8%, AREZEEMNYEINSZ I Blinn-Phong FAIRILH K,
BInIERE RS (Fresnel reflection). /X, Blinn-Phong #:%! 2 & E MY (isotropic) (1], thuk
SEU, IRATEE A A e XA R T, KA RS E., EfFLRERT
ZEF1 (anisotropic) HPEMK), Bl e, RS, EH 18 Fh, WITEEIETY
B EREARR, XU R E NG A, (R IN- AT DLSE N S8 R BROE AR I AE H .

TEARHEY
J B fR] LY -

1E Unity 91, 5t P B AT ATE Window ->
Lighting -> Ambient Source/Ambient Color/Ambient
Intensity T8, WK 6.5 Fis. 7£ Shader 1, &
AT EEIE Unity 9 B E UNITY_LIGHTM
ODEL_AMBIENT it r] LA13 2 EA 55 5% 1) B e A5
EfER.

TR ZEWE R B BRI, BT
ARLAMAN G Shader PAREH M H IR AE 6.5 7 Unity 89 Window —> Lighting B4R
e MREHH AROEHAFRE R, RINATE AﬁmEI'L)liéii Ambient Source/Ambient Co/or/Amb/’ent
16y o o A i Ja B 2 /T, M AT A Intensity ¥ 1S R ARG AR E
Y& A IEIE T T N e ,

ETHRT ERERE, RAVNFERE— FUWALE Unity P SEHUXSEA N RBIR. 5%,
BN 1R LB ARHEE B v (1)78 s B IR 4

16 6.2.3 1, AL H T EEACRUBE! G & AR/ it A R

Caigiuse=(Clight * Maiise)mMax(0, n-1)

MAKXATULEH, EiHE RN FENE 4 NS5 AFCRBIBEFGRE e IS
R REE My RIEL D LEICEH L

ATk mRREE R A A, RATFTEAE max #4E, T CG R4t TXFERIREL. EAHIT,
fE/ CG B — A BRET LUA R FAEHI H 1K, Bl saturate %4

B %Y. saturate(x)

S8 x: HHTERENKRESRKLE, ATLLE float. float2. float3 A AL,

R 0 x BHED, NN, R x B—AKE, BASXEE— M ERITIZERERE.

6.4.1 KEk: BEMLKER

BATE SR B AT LI — BT A5 (8 RS RAR . ¥ I EANE, RINS/EIEM
Bl 6.6 IR .

Sk, BATEATW R S TAE.

(1) 7E Unity ##HE—MHR. ERBREF, %574 A Scene_6_4. 7E Unity 5.2 H,
IR FHREAES —MERI— APk, HFHMEHTHENKRERTF. & Window ->



6.4 7 Unity Shader #132H158 R 51 ¢ AR

Lighting -> Skybox 1 £ R IR T &

(2) HE— MK EXRPREH, ﬁﬁ}ﬂ?@% Diffuse VertexLevelMat.

(3)#7 88— Unity Shader. fEA T E Y+, i% Shader e
%} Chapter6-DiffuseVertexLevel. 357 ff] Shader X%
52 AP EIERIM T

(4) e R el — A ReEAA, TS 2 B
JSIUTRAEREAE 37

(5) RREIFHER.

N, AT EHS @ O Shader KL —NE T
RS SO AR . FTHFES 3 2P A1 K Unity Shader,
Wk 2R AR, JFE T B, R T ——

(1) B, BOTTFEANZA Shader & —/N4F:

l Shader "Unity Shaders Book/Chapter 6/Diffuse Vertex-Level" ({

(2) A THREH B T8 R B, BRA1E 567E Shader ¥] Properties T X AR T
—™ Color KRB EM:, FHI'EHPIHE R A A .

I Properties {

_Diffuse ("Diffuse", Color) = (1, 1, 1, 1)
}

(3) RJ5, BAE SubShader V& LR 5E LT —A Pass v& Xt X2 F AT S/ 7058 B 2% 11
RIS THEETE Pass 18 X3, MAE SubShader 18 X . 1 B, IAT4E Pass FI2E—47481H T i% Pass
R AR

SubShader {
Pass {
Tags { "LightMode"="ForwardBase" }

LightMode #7252 Pass FRZEH —Ff, ‘& T 2 Xi% Pass 7E Unity R ARIK L 1A,
FE58 9 TP A S EMPFA AR ©. X, BRMAFEME, JFE X T IEMK LightMode,
BAVA G )L Unity B BYCIEAE, B0 i ZiF 2§ _LightColor.

(4) RJe, BAMEH CGPROGRAM Fl ENDCG KA CG A, Ll mEEMISE G
ar Al o A RS . B, A F#pragma 184 K&V Unity, A& LHITH AE BAF R JC
HEBEMGALZF. EAREY, BENRKLFEDHE vert Fl frag:

CGPROGRAM

#pragma vertex vert
¥pragma fragment frag

(5) AT HEM Unity AER—L4E, W/FHZEF_LightColor0, &7HFZA M Unity )
P B SCfF Lighting.cgine:
| #include "Lighting.cginc"

(6) J T 1E Shader FAEH Properties # X3krb I RYE, BAIFHEE X —MRZEHELER
GENIN NS 8

| fixed4 _Diffuse;

EILXFER T3, BT LA ENE S AP HFENSH L —— W8 R .
THEmERVEEAE 0 2 1 208, KLIATAT LMEH] fixed KR IR B KAFAEE -
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Z6& Unity iyt LE

(7) BJa, FATE ST T s B AR 450008 Cinih S5 A R B 2 1 e a8 10
WANGFE):

struct a2v {
float4 vertex : POSITION;
float3 normal : NORMAL;
}:

struct v2f {
float4 pos : SV_POSITION;
3 fixed3 color : COLOR;

AT Vi A TR R R, BATH AR a2v € X—> normal & &, Ffiflid {EH NORMAL i X
K& Y Unity ZEHEBRI T S VL ZAR BAF 6 F) normal 25 eh . A TIELETIAUE (88 v H B8 2
JeH Bl iSes hE A, RATFEERE v2f PE X — color 8, HIFARLIEMH COLOR
B, —EEE 2 {F A TEXCOORDO i X.

(8) FETFHREXRBIMAE O BHTANTREWATEI—NET AR R, Hit
18 S A T A AE T (A P AT

v2f vert(a2v v) {
v2f o;
// Transform the vertex from object space to projection space
0.pos = mul(UNITY_MATRIX_MVP, v.vertex) ;

// Get ambient term
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.xyz;

// Transform the normal fram object space to world space

fixed3 worldNormal = normalize (mul (v.normal, (float3x3) World20bject));

// Get the light direction in world space

fixed3 worldLight = normalize( WorldSpaceLightPos0.xyz);

// Compute diffuse term

fixed3 diffuse = _LightColor0O.rgb * Diffuse.rgb * saturate (dot(worldNormal,
worldLight)) ;

o.color = ambient + diffuse;

return o;

}

HEHE—AT, BRAOTEEEXTRENE oo RITELERIME IR, TaHOREIEANTESH
AT A B AR TR 25 (R S e B R B A5 (R o, BRIMTRATI A5 B4 Unity A B (AR th 57+ 8 R 5
B£ UNITY_MATRIX MVP K5E XA AR br A8 4. B ROk, HATEDL Unity IR EZL R
UNITY LIGHTMODEL AMBIENT 733 T 5858 34

RIG, BURIIEVHEE RS S. FUZ—TF, b 7T iH508 RO e R 3R Z 4 4 4
S FERTHRS TS, BAICSHE T MR8 RS _Diffuse AR T #1124k v.normal. Al
75 B GE YU R B AR BEAF B BA B UE T 7] . Unity $RAELA AT — N E AR _LightColor0 £
Vi 1]1% Pass AbBE YRR AR (S B R, HEREEMIKE T e L AIEM LightMode
FREE), W6 Wl LAH_ WorldSpaceLightPos0 K153 . 75 EF A2, XE I M i HE
HARE@EAM. EATF, BIMMBEEG RS REA0E LZOGHE B R FAT . By
BPH 2T BRBATRE R mOGRE AN EAY, H A WorldSpaceLightPos0 i A e £
IEFEIEE R - BATVKAE 6.6 5 o1 % > i fal {3 F P9 B BR HOR A0 B 38 R ALK AL

VLR RO T M 2 R SR, BIONTFEERENENSIER, RAEHELTR—
MARRZETRR, BENIRARAE RN . EXHE, RAERE T RBIRER. T a2v B30T 0%
SR RALTFHERZSA T, BEUERATE EH EEgER B R E M p. & 4.7 ¥4, BRIAOIS2M




6.4 % Unity Shader st LBR SRR
ST AP A A 00 R W AR DR A, DRI 8 S 8 SR 2 ) )t
2% ] 2 R (KUK RE_ World2Object, 98 /5 e IS 76 mul BB IVRLR, 8 BIR05 BAG

FEAH R R ek . TR — A =4k 8, I IRATH T 28 _World20bject HIET =1THI =
21T

ERE] T A 2208 o AR M, BATHRZEX ET8AT 5 — ek E/RBEN A
R4 R G, RIOTHFEIEXAER A 0E. Ak, BAEM T saturate (. saturate 5 FE CG
PEPER—FPeR &L, ERIE R T CEES IR0, NIFER MW . &5, HS50EEE AR LA
B TR )8 S S5 R EE A 3R BV T 1 B85 25 0 38 S S R 47

B, BATIRECHGG SFGHE A7, 3R rEE R

(9) BT AT AT A AR PO L T, Bk o o fARMERE R, RITR
i B LS T P € i 4 B T

fixed4 frag(v2f i) : SV_Target {

_ return fixed4 (i.colox, 1.0);

4

(10) HeJa, AIFHEHIXAS Unity Shader f[0] 1 shader ¥ & 4 A B [ Diffuse:

| Fallback "Diffuse"

2, BIMCLFNERTEIAME R CEAEH. STaoEERERNEE, EM
FH O] LR LB FOE AR T - (BX T 241 4 SRR AEE, RS LRE S H
— SR A B, Bl nERATT AT ALERE 6.6 W BIFE AT T RIS MG A AL — k. A
T fRuax e 5, FeATTRr LA H AR 08 S A L
6.4.2 SLEk. ZRBEELE

EATH T EX} Shader BEAT— 4657 gt 7] LLSE L R #1098 RS 308, Wik 6.7 Fras.

AB 6.7 FEBREMNERHAHEBIR

Ak, BATEAT I FAES TAE.

(1) M 6.4.1 i 935 5.

(2) g — M. EAETES, &M A DiffusePixelLevelMat.

(3) i — Unity Shader. fEARIZZE Y+, 1% Shader % 4 Chapter6-DiffusePixelLevel. 15T
] Shader W %556 2 A2 rh G 94 it

(4) 2258 2 20 h G RTM R4S e e 14 .

129



130

B6® Unity PRIRELE

Chapter6-DiffusePixelLevel {85 H 6.4.1 /N AERFHEL, FEHIRATE £ 6.4.1 )
RS BB 5 2 Chapter6-DiffusePixelLevel 1, FFHATIN F &K
(1) 1B S0 s A A B H 25 A 4 v2f

struct v2f {
float4 pos : SV_POSITION;
float3 worldNormal : TEXCOORDO;
}: ;

(2) MREABRATFEFOCRAR, N FFEtt a2 m TRk itidn ook s

v2f vert(a2v v) {
v2f o;
// Transform the vertex from object space to projection space
o.pos = mul (UNITY MATRIX MVP, v.vertex);

// Transform the normal fram object space to world space
o.worldNormal = mul (v.normal, (float3x3)_ World20Object);

return o;

)
(3) hoE ST E 8 R AR

fixed4 frag(v2f i) : SV_Target ({
// Get ambient term
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.Xyz;

// Get the normal in world space

fixed3 worldNormal = normalize (i.worldNormal);

// Get the light direction in world space

fixed3 worldLightDir = normalize( WorldSpaceLightPos0.xyz);

// Compute diffuse term

fixed3 diffuse = _LightColor0O.rgb * Diffuse.rgb * saturate(dot(worldNormal,
worldLightDir));

fixed3 color = ambient + diffuse;

return fixed4 (color, 1.0);
}

FHVEEREM 6.4.1 W AME, XEATHHR.

BRENRATLIERE N FREACRAR. B2, HEERTERFBRILE, 10\
BARAFLE . TERMEEFAMRE, BARIIESR S EBRH, BEEMHRENL, X
B N AR — AR, K& THRAMTRIN. LR EIRATAT LU 58t
KAFF|ESRBANCR, (HRIEXREIRTE MR P G B —RER B . hk, RS
HAR R, XEiR¥=18% (Half Lambert) Y EREE, ‘

6.4.3 F={aFRE

1E 6.4.1 /YT, FRATIAS FH fR038 S S O OB o R Rk 22 (AR IR, N B RF& 205
A7 P 1 3 S8 SO I 98 5 % R S e 9 ) BRSO A RS (EROE . R T B
6.4.2 MR R MG, Valve ARIEFF R (&) BHEH T —FMER, BTEEAR
TR AR R R O EAl_EREAT T — MR IB S, BB A 3 =R RRE.

I~ SR AR e B R i A Ut F

Caise=(Ciigh Magise)(@ (1 - 1 )+1)

WRAEH, SEAAEBARME, P 2204 MBI A max $R4ERS 1L A0 1 58

JdE, TR EEGRET T N affM4EHE N E— R WE . RSEELT, oflp



MESR 0.5, BIAFRA:
Caise=( Cigh Mase)(0-S(R - 1 )+0.5)

X R, FATATLAE B - T A4 RIGE M1, 1B R0, 1FEEN. HRa, T
BRI G, 7R AR OL AR rh AR R B B[R] — ML B 0 4L, TOAE 22 fRrs
A, e AT LA B AR A, AR ARG R BIA R RIE L.

TEERRE, P2 AFEEHEMYEEER, ENR—DMRENEBAR .

Xt 6.4.2 /NI R A3 2 AR i — Lo fE ot n] LASEELE 2 AR 4E RAHERACR

(1) 3R AEH 6.4.1 DT AE A5 o

(2) Brgh— M. EABRES, %544 HalfLambertMat .

(3) B — Unity Shader. fEAFHEYH, 1% Shader & 4 Chapter6-HalfLambert. HHT]
Shader W45 58 2 B rp Gl A9H I«

(4) 58 2 B eh R HOM TS IR BE1K .

T JF Chapter6-HalfLambert, |4 £ /) Shader {855, #i 6.4.2 /N7 (] Chapter6-DiffusePixelLevel
ARG 25, A 2 A ARB R o A8 i S8 R S IR AR 20
fixed4 frag(v2f i) : SV_Target ({

// Compute diffuse term

fixed halfLambert = dot(worldNormal, worldLightDir) * 0.5 + 0.5;

fixed3 diffuse = LightColor0O.rgb * Diffuse.rgb * halfLambert;

fixed3 color = ambient + diffuse;

return fixed4 (color, 1.0);

}

fE bR AR S, FAMEA AR RO T A 2R . & 6.8 4 TEIRE
[REHEIR BRI S RN 2 ARG KT E A% R

AE68 FMABRIFAR. BRFBRIAR. FZARCRAXILRR

7E 6.2.4 e, TME T HEACK JUBLAL 850 RSB A O TS AR
Copecutar= Cligh Mypecutar)Max (0, ¥ - 1) "

MARTTUF . B SRR T EAY 4 B3 ASIEEIBERBIE cig T
PO FH Moo AT DU ST R v o S0R, SRAHTT v AT LA T R AU
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— Un.tyqamgaw;m e e e A —— [P : L

AN R AR T
r=2(n-1)n-1

ERAKXBR S, ExiEfR, CGRE T HHE RN 7
PR £Y reflect.

ER &Y. reflect(i, n)

S8 i, AW n, EETT . AT LU float. float2. float3

IR ML ENF T FELTT ] n i), reflect BT LA AE 6.9 C6Hreflect &%
RERS T . B 6.9 45 H T SEAREHEZ EFKRA.

6.5.1 Sk BEMSLHR

AT e RE WAL —ADET R EE R MR . %A E, RISE\EIRML
.6.10 HFHIRLR -

BATHTEHAT I P AER TR

(1) 7E Unity PHFE—NHR. ERBEES, ZHR4H Scene_6_5. 7E Unity 52 ',
IER T HREKEE S —IREI—AFATHR, TP ——————
HEMME T WEMRKEAT. 7 Window -> |
Lighting -> Skybox &R P M RE LT .

(2) FE—MMR. ERPRES, EZMK
44 SpecularVertexLevelMat.

(3) #rE— Unity Shader. fEAFHHE,
1% Shader # 4 Chapter6-SpecularVertexLevel. %
() Shader IR43 58 2 P AR KA L.

(4) TEGF PRl R, HHEE 2D
oP BB RS 12 R A

(5) RIS

T, BAIFESRE B M Shader RSP —NZE T A =6 AR . 7758 3 2Pl
Chapter6-SpecularVertexLevel, MFRFH 2F R0, HFETmFEHL.

(1) H5E, RIMNFEHRIZA Shader &% F:
| Shader "Unity Shaders Book/Chapter 6/Specular Vertex-Level” ({

(2) X TAEM AR REWS 7 (i e e e S A @ A,  FRATIZE Shader () Properties i (Rt
BT =A R

Properties {

_Diffuse ("Diffuse", Color) = (1, 1, 1, 1)

_Specular ("Specular", Color) = (1, 1, 1, 1)
_Gloss ("Gloss™, Range (8.0, 256)) = 20

AE6.10 ETAMNEXRHFERRR

}
I, B INE_Specular F T ilA4 B = Y6 SON BLE, T _Gloss T3 il & 't DB K 7D o
(3) )5, BAHE SubShader 18 XA 5E XL T —A Pass 8 X . X2 E AT RV R JoHE BAR 1)
RIG T EELE Pass vE X, TdE SubShader v& X ¥ . i B, AT Pass (58 —ATHRH T 1% Pass
(op il S

SubShader ({
Pass {
Tags { "LightMode"="ForwardBase" }



6.5 7& Unity Shader 32L& o | 53 ¢ R AR B

LightMode #7452 Pass bR H—F, & H T & Xi% Pass 7£ Unity fRGRRTKL R 1M,
e 9 PR BRANTSE MM bR e, X8, RMAFTERE, RAGEXTIEHK LightMode,
BAA HESE]—L% Unity IR EDGHAR R, #l_LightColor0.

(4) RfG, BAMEH CGPROGRAM 1 ENDCG KAV CG A5 F, LA MR EEN I EE A
A T ARARE. Bk, A H#pragma 154K &5 VF Unity, ATw U T s & AR A TT
FHOBRWTALF . TERGIF, EN1H%FE2H2 vert Fl frag:

CGPROGRAM

#pragma vertex vert
#pragma fragment frag

(5) KT Unity WEM—LZHE, W LightColor0, &FHEMZHE Unity I B
Lighting.cginc:

| #include "Lighting.cginc"

(6) A T1E Shader F 1§ f] Properties & SCHF A JRPE, BATRE B SURIX 4L & 25 7Y A
DL it F 2 ot

fixed4d Diffuse;
fixedd4d _Specular;
float _Gloss;

B EMERTEEZE 0 2 1 ZE, KEkxf T _Diffuse #1_Specular J&PERATAT LA fixed
LA B R A7 E . TI_Gloss (TG EIARK, BRI float 4Bk A7 .

(7) 85, TATE ST A 28 A AR S5 F kR iy b P TR B 2 1 e (38 10
WNGERAED:

struct a2v {
float4 vertex : POSITION;
float3 normal : NORMAL;
}:

struct v2f {
float4 pos : SV_POSITION;
fixed3 color : COLOR;

bi

(8) EWi A AR, BATHE T &R KRR,

v2f vert(azv v) {
v2f oF
// Transform the vertex from object space to projection space
o.pos = mul (UNITY MATRIX MVP, v.vertex);

// Get ambient term
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.xyz;

// Transform the normal fram object space to world space

fixed3 worldNormal = normalize(mul(v.normal, (float3x3) World20Object)) ;
// Get the light direction in world space

fixed3 worldLightDir = normalize( WorldSpaceLightPosO.xyz);

// Compute diffuse term
fixed3 diffuse=_LightColor0O.rgb * Diffuse.rgb * saturate (dot (worldNormal, worldLightDir)) ;

// Get the reflect direction in world space
fixed3 reflectDir = normalize (reflect (-worldLightDir, worldNormal)) :
// Get the view direction in world space




134

#6E Unity PRIEARIER
fixed3 viewDir = normalize( WorldSpaceCameraPos.xyz — mul (_Object2World, v.vertex) .xyz);

// Compute specular term
fixed3 specular = LightColor0.rgb * Specular.rgb * pow(saturate (dot (reflectDir, viewDir)), _Gloss);

o.color = ambient + diffuse + specular;

return o;

}

o8 v E A 6.4 VAT S B MFRERIE S, RITEEHTETA
S AL T7 v TR M1 1) 5 7 1] reflectDir. H1T CG Y reflect BR 5 A S 75 1] B3R 2 6 U8
R MAT AALHT, FEEATHEXN worldLightDir BUR JG B4 reflect . KRG, RATEL
_WorldSpaceCameraPos 752 T tH 523 [a] op SR HLAL B, PR A7 B ALY 45 ) 28 e 31| i 5725
[a] F, FEILA WorldSpaceCameraPos A ¥ Bl i] 75 3| th 5725 (6] 'R BRI A 5 ) o

Hitk, RMNSLB/ATHAEN 4128, KRALAKXATBA SRS ES. &E, B
MFREE S 18 U CAINAE i B B 5 B

(9) koA EHFMARAER B8, ROV T EEBER [T Ry .

fixed4 frag(v2f i) : SV_Target ({
return fixed4 (i.color, 1.0);
}

(10) FJa, AT EHIXA Unity Shader (5] Shader ¥ & 4 A & (1] Specular:

| Fallback "specular"

A5 PR 2R T A ) 209 B0 PR e DY RBOR A EL BRI 1), FRATT AT LAZE ] 6.10 P& H B B4 B 2
A REZRRA, BLRAH; v E RN, MED LS GRS ECRERTH
HOERERLMER, BA TR EELERR, e HIBORA R . Fik, BRAOIHE
i BB R B 5K H R .

6.5.2 Kk BERNLR

AR LA P 2 A5 3R O R R A5 B 5E 0 S 4 1Y
FERCR, W 6.11 FiR.

B, WANHTEEHATI I HES T

(1) fEHA 6.5.1 MRS

(2) FE—IMR. EABRES, EZMEE
4 SpecularPixelLevelMat.

(3) HriE—~ Unity Shader. 7EAPHEYE,
% Shader %4 Chapter6-SpecularPixelLevel. #2357
Shader %558 2 QIR R .

(4) 58 2 A aErIM IR ES ReRE 1A . JEG1 FREN SR SN R

#TFF Chapter6-SpecularPixelLevel, #IFx A 1
Shader f0F5, L 6.5.1 W ACRERENGRES, FEXOITH 3 (88 F o AR AT I M B 2.

(1) BP0 R % 1) i R 5 F 4 vt

struct v2f {
float4 pos : SV_POSITION;
float3 worldNormal : TEXCOORDO;
float3 worldPos : TEXCOORDI1:;




6.5 7 Unity Shader FIE HR& 5L BAER

(2) T toas R a2k St F A 6] F VAL Ty AT A AR, FFR e RIS i ooE 3%
BT

v2f vert (a2v v) {
v2f o;
// Transform the vertex from object space to projection space
o.pos = mul (UNITY MATRIX MVP, v.vertex);

// Transform the normal fram object space to world space
o.worldNormal = mul (v.normal, (float3x3)_World20bject);
// Transform the vertex from object space to world space
o.worldPos = mul (_Object2World, v.vertex).xyz;

return o;

}
(3) ok BRm AR DR

fixed4 frag(v2f i) : SV_Target {
// Get ambient term
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.Xyz;

fixed3 worldNormal = normalize (i.worldNormal) ;
fixed3 worldLightDir = normalize( _WorldSpacelLightPos0.xyz) ;

// Compute diffuse term
fixed3 diffuse = LightColorO.rgb * Diffuse.rgb * saturate (dot (worldNormal, worldLightDir)) ;

// Get the reflect direction in world space

fixed3 reflectDir = normalize (reflect (-worldLightDir, worldNormal)),

// Get the view direction in world space

fixed3 viewDir = normalize( WorldSpaceCameraPos.xyz - i.worldPos.xyz);

// Compute specular term

fixed3 specular = LightColorQ.rgb * Specular.rgb * pow(saturate (dot(reflectDir, viewDir)), Gloss);

return fixed4 (ambient + diffuse + specular, 1.0);

}

LEHE AR 6.5.1 W HIEAMR, EHRAEHER.
ATLAE Y, BB FERTT BT AR R IR &SR . ik, BATMEIMT —
ANSEHE (K] Phong YR AR,

6.5.3 Blinn—Phong XX B

£ 6.5.2 /NYih, AL H T Phong JEIBERIZE Unity HISCEL, I7E 6.2.4 Fih, AL
BT 5 — P st R A5 0 SE I 7 —Blinn JE AR, [A4Z—F, Blinn #A %A R 5 51,
TRFIAN—ANFHRER, ERIEE VA [ v BT G e — a8 ER. B

v+
ﬁﬂ$+i|

ifi Blinn # A THE & RS AW T
Cspecutar=(Cligh Mypecuta)Max(0, - i) "
Blinn-Phong #% f) SEHLAN 6.5.2 F5 e fALFDIR M. Kk,
(1) HRBERR 6.5.2 TR R
(2) FEg— M. EAFRES, %M F4% 4 BlinnPhongMat.
(3) HrE— Unity Shader. fEA %R+, % Shader %4 Chapter6-BlinnPhong. ##i )
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EOE Uniy pmApEE
Shader W45 5 2 L GIR MM .

(4) 58 2 e G A TGRS e R 14 .

$T7F Chapter6-BlinnPhong, MFR A ) Shader {85, I 6.5.2 i+ ] Chapter6-Specular
PixelLevel RS EH Bk HE 2. WA FEESUA oA (B35 b3 0k A 47 () 7 AR

fixed4 frag(v2f i) : SV_Target ({

// Get the view direction in world space

fixed3 viewDir = normalize(_WorldSpaceCameraPos.xyz - i.worldPos.xyz);

// Get the half direction in world space

fixed3 halfDir = normalize (worldLightDir + viewDir);

// Compute specular term

fixed3 specular = _LightColor0.rgb * Specular.rgb * pow(max(0, dot (worldNomal, halfDir)), _Gloss);

return fixed4 (ambient + diffuse + specular, 1.0):

}

B 6.12 25 1 T B TS 6 RSB IR . BR300 &% U Y68 (Phong B! ) F1 Blinn-Phong
F G RSB He g .

AE 6,12 BEMAMNSERIICR. BERENSHRGIER (Phong JERRE )
#0 Blinn—Phong &Yt R 5 X BEIR Hh 45
ALLE i, Blinn-Phong Jt BRI F b R 2 BRR IR, 5w 2. fELPRES S, 4
KEHIGHBATH 2L FE Blinn-Phong JEIRBIA . T EFRIERERZ, XMAMIGEEBREZZE
RS, hmlvl, FAIAMNZINKA Blinn-Phong #412x “IEMif” Phong B Ll SKbr L,
E—HRE LR (GPELEE 18 T st T HEfYE LY ), Blinn-Phong HiZd 8 fF A& SEE0 45 L .

L) Bweiasz: R unity AEOES

BEE AT LURIL, VRGBT (%, RAVEEFEB IR M MM 7 XM AN HEA
"R . fE LEEE 7, RAOMWEBTHEAEELTFE. FIWERH normalize( WorldSpace
LightPos0.xyz) K13 2 6 77 7] CGXFp 53% 58 Bs Ho&E A T°FAT9%), ] normalize(_ WorldSpace
CameraPos.xyz - i.worldPosition.xyz) 35 ¥ # 77 11 . {51 5 7 B2 A 18 5 53 2 (K B TR, 1 20
WRZRIEAT, BATEEOEHE T [ (7 B R R R . X T ERAITEARM p AR Boe R, Fiit
HEMEEER. RETESTE 9.2 Whiral.

FHF R XESLIRE B R LR (BHFAERE AT E TR ENFRE)., iz



6.6 Bt A Unity RERIERE

(72, Unity $&ft 7 L2 ERBOR T RATEFHRXEHER . £ 531 i, RIOGHT
UnityCG.cgine H — 23 A I Dk ¥, IXH, BATHFREE —FEfl. £e6.1 &th TiH5L
ERER I, BT o PR — 2 B R %

*6.1 UnityCG.cginc 5 —2& 5 B 0 #5 B o5 51
H O & # iR

A N AR [ o ) T A7 B R [ 2% [ o A% st B AR L I A 52
Fil . PWESEBLER T Unity WorldSpaceViewDir B

i N A 5 1) e T O G [ 5 ] o A B B AL 5

float3 WorldSpace ViewDir (float4 v)

float3 Unity WorldSpace ViewDir (float4 v)

P
float3 ObjSpace ViewDir (floaté v) \ jiﬂ;?q\—‘/l‘ﬁﬂél‘ﬂw TR AL B, SR I ASE28 2% ] o a2 s BB AL K ¢
(R A F RIS SR - fi A\ — AL ] e (T A, 3R [E] 57 2 ] o
float3 WorldSpaceLightDir (float4 v) MiZ B ITT A . AESEBER T UnityWorldSpaceLightDir 8
o BEABIH—L

AT TR SR o A — 2 0 o R T B, 3 [ A 5 2 ] e
MIZ R BRI . B HIA— 1

AT AT RTENEER P - A — AR ] h B TR LB, IR [EI A = ] o
MBI TT . AT BIA—1L

float3 Unity WorldSpaceLightDir (float4 v)

float3 ObjSpaceLightDir (float4 v)

float3  UnityObjectToWorldNormal (float3
norm)

float3 UnityObjectToWorldDir (in float3 dir) | 77 [i] J< i AR 255 /] 25 4 31| {H 57 25 ] v
float3 Unity World ToObjectDir(float3 dir) T 1) A AT 54 () A J B AR 2 i) o

HEFE LT 170 RS2 2 (1) e e 8 1 57 2 ] e

VER, B Unity XXX LA & E0RE Unity 5 HBTasin i B sk # . JX 269 Bh of BB AT A
i IR AP AR R . N EARRITAE, BATEBIE M AR KL (AR T WD,
A A — A R T AR B HR L E R . Ll 9 MEBREt, B 5 M RINCLEETH
W SEER, 4940 WorldSpaceViewDir BRELSEEL AR :
// Computes world space view direction, from object space position
inline float3 UnityWorldSpaceViewDir( in float3 worldPos )
{

return WorldSpaceCameraPos.xyz - worldPos;

}

AUES, XS5ZHHEMAT RSB FEEENR, XEREEEE RIER 2
Jr R R, B, ROTHFEALHTTE A —&.

T V5 AEUE 7 R 3 /e E: WorldSpaceLightDir, Unity WorldSpaceLightDir F/1 ObJSpace
nghtDlr, R 2L, XREER, Unity FERATEE T ARRFEAEMEL. FEIFENR,

3’PEJ%E1RT)%THUW@%% CRTAT 20T FVE RS TE 9.1 TP kR . X Z&E A R A ERTME
ey, X 3 N ERECEAFRH M N B R WorldSpaceLightPos0 574 & IEFIM(E . ¢ T HRL N 4
%P\%Z’EHU [ VE G g IEARIBRE, PTRAZE I 9.1.1 75
T4 234 ] P9 PR S Unnity Shader.

?ﬁﬂ]ﬂ%&ﬂi*ﬁﬁﬁTﬁ%E’]ﬁﬂjﬁ W VAR T A NS, HREANE, 7ESLPR
G5 R, BAVEA ST Unity (9K B REBORH BhRATIAT A, Xn] LR DR
{6y “Im s

N, RATEAE AT SN B R BCR S 6.5.3 /NI A Blinn-Phong YA Unity
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E6E Unity PROERIAR

Shader. At

(1) 7E Unity FHE 7R ERPRES, %HF4HE N Scene_6_6. 7E Unity 5.2 ', B
IWER THREAE —DMEBIAN—NP%, HAEHATHNENRER&T. &£ Window ->
Lighting -> Skybox "F 2 P IR E&T -

(2) HE— M. ZEARBEEF, %M K4 A BlinnPhongUseBuildInFunctionMat .

(3) #HrE#— Unity Shader. fEAFHYFS, 1% Shader %4 Chapter6-BlinnPhongUseBuildIn
unction. U7 Shader W45 56 2 20 o Gl B FI A4 5T

(4) B — AN RTEAR, IS 2 Dl RS E .

Chapter6-BlinnPhongUseBuildInFunction ]84 JL - 1 Chapter6-BlinnPhong ' [ 58 2 —#¥,
REWEBAERA T Unity A BERE. BEGHs AR T:

(1) T SAEORT, FAMEHEA B UnityObjectToWorldNormal pf EOk v 5 tH 5725 8] F 1)
LR TT 1] -

v2f vert(a2v v)
v2f o;

// Use the build-in function to compute the normal in world space
o.worldNormal = UnityObjectToWorldNormal (v.normal) ;

;;a‘::urn (o))
}
(2) 7EF o . 2sh, BA14# A A & # UnityWorldSpaceLightDir p& 1 UnityWorldSpaceView
Dir 2 £k 40 51 v 5t 5125 1) (56 8 1) AL 7 1) -

fixed4 frag(v2f i) : SV_Target {

fixed3 worldNormal = normalize(i.worldNormal);

// Use the build-in function to compute the light direction in world space
// Remember to normalize the result

fixed3 worldLightDir = normalize (UnityWorldSpaceLightDir(i.worldPos));

// Use the build-in function to compute the view direction in world space
// Remember to normalize the result
fixed3 viewDir = normalize (UnityWorldSpaceViewDir (i.worldPos));

}

BRI, i P R B B T [ R B A, B BRAT G A normalize PRAK
XEERATIH— AL, FRHATCRERR R
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a7 ARhgom

SUEIR I B R — ik B R RIS IR A S . {8 P SUFRBRET (texture mapping) %
A, AT LA —9KE “RE” ERRRTE, BEER (texel) (WEMNLFRN THBRERITRS)
b4 AR ) B

FE R AR N DA I, 38 & 78 8 B 1R b A T S0 B BOR 4T 40 3R BR 5 AR AR
(texture-mapping coordinates) {7f#7ERENT0 A o SUH MU AR BRE ST 2 0 55 75 SO A ot v )
2D AbFr. JEH, XLEAARRAETH] — THEAR R (u, v)RERIR, HA u R R AR, T v 2 AR
Rk, SrE A bR BERR g UV ARFR.

GG P LR Z R Z R, Blana] U2 256x256 B 1028%1028, {HITI AL UV Aty
) ¥ L 8 I — A [0, 13l A . TR BRI, SUHE AR i S0 F AR AR A — 5B R 7|0,
1R W . LR b, XFARLE0, 1)1ERE A MO AR E R SAEH A . 52X%R BRI RL0EM
FHIE, SR REERT BB ERE0, LJVE R A ISR AR I T 34T SO R BE . BRATRAE
7.1.2 WP VR AT A .

EABZAHFETH, BATE AL — Kbz
53t OpenGL Fl DirectX 7 —frgrmzs s @1
MARERAE. EERHEEEWNRZK, BM18 VB
Klmii— T . 7E OpenGL H., ZU3%3 [a] i & s 7
F2 R, TMAE DirectX &, J&E SN TA M.
SEIZ[M)JZE, Unity EARKZHEN T (RHBIE N
ATEAZ I 5.6 49D R BATALBRGF T 31X AN 2= 5 (o] i,
v, BIEHERMERFE RS
OpenGL A&, th# DirectX K&, {HIRAT
fE Unity 4 FEE RE—MAFRR. Unity
15 ] 80 BR 5 8] 2 5 & OpenGL IMESE K, ok
UL, A TEEATMA, k7.1 Fir. - ;

A FN A W AE Unity R B 2088 S RE Sk (©,0) (1,0)
SSCILEINEE MR . 7 7.1 Fh, BATH
% 3] UN{AT4E Unity Shader T HEAT B LA () 503 5%
¥, IFNALCEN B SRS . 7.2 BN HIRT R Z M YGOSR Unity
RGN —LE ST . 7.3 1A 7.4 G A AR PR ER A S 2RI, B8 AR 3 B
H, G R P N AR R T

FERBIXEFIBNE, AELEFIHALEERENEE, KFUkseHlR) Shader fE1E A BEH
I BISERRIUE B (E3R RSSO SRR ). RIS 9.5 WA KB ETY
FRRAY N 58 2 JRABEAY 1) W] L IF 1 1) Unity Shader.

AE 71 Unity ISR AAER
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BN exam

FAVE W 2 — R GERAAR YRN8 R Bt . EARTH, RATHEIWITE Unity
Shader " {if ] LK SCELRAE MARIUB 2. fEF AN R, RATSF/IILUE 7.2 PR,

AE 7.2 (ERSEIKEEE

711 K&

FEARMGIR, FAIUI9R{EH Blinn-Phong Ye B AR IFH M. #ES T/EWT.

(1) fE Unity PHE— MR EXBRED, %9742 N Scene_7_1. 7E Unity 5.2, B
IWEG T sl a & — N REBHM — NP8, HEMFEHTAENRERT. /£ Window ->
Lighting -> Skybox #1 L7 R H MR TR T

(2) BrE— M. ERBRES, M4 N SingleTextureMat.

(3) H—A" Unity Shader. fEAR ¥ PET, i% Unity Shader 4 Jj Chapter7-SingleTexture. i
FTI] Unity Shader BR45 56 2 A5 61 &2 (44 )

(4) TEG PR — A, FHIEE 2 TP RS 2R A

(5) RfFH=.

FT I # 1) Chapter7-SingleTexture, MIBRFTH 2065, FEtfrwm FEek.

(1) B, TMFTFERIZA Unity Shader 247

| Shader "Unity Shaders Book/Chapter 7/Single Texture" {

(2) ATAERZSEE, AT EA Properties & CHL PR IN—NS L & 1 -

Properties ({
_Color ("Color Tint", Color) = (1,1,1,1)
_MainTex ("Main Tex", 2D) = "white" {}
_Specular ("Specular", Color) = (1, 1, 1, 1)
_Gloss ("Gloss", Range (8.0, 256)) = 20

}

EmEAAR A T —4 % 0 _MainTex HIZGCEE, 7E 3.3.2 Tith, RAICLAE 2D 4R
AT R BAVMEA—NFR IR — RS SN EMAIEARE, “white” Z2H BSR4 T,
Wt — ARG, AT ENDEREAERE, RITEFH T —4_Color A,

(3) A5, BATLE SubShader ¥ XHHE X T —> Pass i XH. 1 H, A Pass H15% 1T
8 T i% Pass I HEAE L



7.1 BskgaR

Pass {

SubShader {
Tags { "LightMode"="ForwardBase" }

LightMode #7% & Pass R3S (1 —Fh, & T 5 X% Pass 7E Unity FERRIAIKE PRI M.

(4) %, BAMEH CGPROGRAM #1 ENDCG KA CG A, LAE X & EE T 4
HEOERM T oEORMRIG. B, BAVEH#pragma 54K % 1F Unity, A& LT A @R
RcE M ALF . EABIT, CIHEBF R vert Al frag:

CGPROGRAM

fpragma vertex vert
fpragma fragment frag

(5) A TFHA Unity WER L4 &, W LightColor0, & FHFEM & Unity HHNE XM
Lighting.cginc:

| #include "Lighting.cginc”

(6) TAIFEAE CG ARBL S op 75 BN Lk Jm A R RUAR VCRC 3, AR o o B o f) s i
HEER:

fixed4 _Color;
sampler2D . MainTex;
floatd _MainTex ST;
fixed4 _Specular;
float _Gloss;

S5HMEMERAFEK L, RIVEFEAGHELBWEES P —A floatd KT M2
_MainTex_ST. 3, MainTex ST & FARRIEERMN. 7E Unity o, BAIHFEMASKIRE_ST
77 R 5 B AN SO ) @ A Foh, ST B 46 (scale) FI*F# (translation) 1455 . _MainTex_ST
AL DAAE A48 B X SOR WGP B () (5, _MainTex STxy 17 i 24470 H, T
_MainTex_ST.zw fEE 2 MEBH . XLAE AT LAEM T
AR S e Y, Wk 7.3 Brs. £ 7.1.2 19,

AT B 0 R X e T R i e
() BTk, RMITE R I A% G R AR (Offse - ixlo"Tvjo T
B AE R A A 7.3 FEDLENTS (HBR)

FiR# () Bk
struct a2v ({
floatd vertex : POSITION;
float3 normal : NORMAL;
float4 texcoord : TEXCOORDO;
bi

struct v2f {
float4 pos : SV_POSITION;
float3 worldNormal : TEXCOORDO;
float3 worldPos : TEXCOORDI1;
float2 uv : TEXCOORD2;

bi

fE LA S, RATESEE a2v itk TEXCOORDO & A8 T —/M A& &
texcoord, JXF¥ Unity B & REAL 0 28 — HOH A FRAF G B R . R, RAVEE vaf ik thd
WINT TS AR AR 28 5 uv,  METE R 7o (88 vh i L Z AR PR EAT SO KA

(8) Mg, BTN T IMridsads:

v2f vert(a2v v) {
v2f o;
o.pos = mul (UNITY_MATRIX MVP, v.vertex);
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FTE EMLOE

o.worldNormal = UnityObjectToWorldNormal (v.normal) ;
o.worldPos = mul( Object2World, v.vertex).xyz;

o.uv = v.texcoord.xy * MainTex ST.xy + _MainTex ST.zw;
// Or just call the built-in function
1/ o.uv = TRANSFORM_TEX (v.texcoord, _MainTex);

return o;

}

T A R, BAVMEHSE N B MainTex ST ot T s e r AR brdbAT 48 ¥, 15 3%
KRR, HEERR, HEMRASBURYE_MainTex_ST.xy X T s S B AR FRBEATA IR, RS
PR WAL JB 14 _MainTex ST.zw XF 45 FibfT WS . Unity 324t 7 —A N E % TRANSFORM_TEX
SKHEIAT 5 Lk FE. TRANSFORM TEX f&7E UnityCG.cgine 152 X[

// Transforms 2D UV by scale/bias property
#define TRANSFORM TEX (tex,name) (tex.xy * name## ST.xy + name##_ ST.zw)

EERZWNSH, B -ASERTUGLEAYR, B ASERGEA, EEREHT, HR
SR 2 _ST K77 R 2R 5 M2 B A A
(9) BADETELI o ads, FHAETH 08 RN AR S0 o S R H

fixed4 frag(v2f i) : SV _Target {
fixed3 worldNormal = normalize (i.worldNormal) ;
fixed3 worldLightDir = normalize (UnityWorldSpaceLightDir (i.worldPos));

// Use the texture to sample the diffuse color
fixed3 albedo = tex2D(_MainTex, i.uv).rgb * Color.rgb;

fixed3 ambient = UNITY LIGHTMODEL AMBIENT,xyz * albedo;
fixed3 diffuse = LightColor0O.rgb * albedo * max (0, dot (worldNermal, worldLightDir));

fixed3 viewDir
fixed3 halfDir

normalize (UnityWorldSpaceViewDir (i.worldPos));
normalize (worldLightDir + wviewDir);

fixed3 specular = _LightColor0O.rgb * _Specular.rgb * pow(max(0, dot(worldNormal,
halfDir)), _Gloss);

return fixed4 (ambient + diffuse + specular, 1.0);

}

AR S VES T SR (A R VAL A m AR T . 2805, A CG i tex2D BRI HUN
LIFATRIE . BERE—NSER TEMRENLE, B ANSHGE— float2 KR L FE AR,
ERORBIVH AR L EE . BAVER RS R RBIA)E P _Color FIFEFRAE I B S i %
albedo, FFHLEMAB GBI N WS, AR albedo vt 5Hi8 A 645
R, HNAEDCR. & REAHERAEMEIRE.

(10) #&Ja, A1 hi% Shader W E T A& (K] Fallback:

| Fallback "Specular"

fRf7 /5 iR [B] Unity & FH . 7E SingleTextureMat M L, FATE H A B 2+ 0
Brick_Diffuse.jpg (% Main Tex J& 4TI

712 LOREBEM

BERRZFEHE Unity S M RIA R R B —F W — SRR R, A tex2D B
KFfo Fhr b, EERPUKES, SCHBUNSEBLE LERNBSR KRR EABAILLW K —
Lo BARRSCELAN Y, (HEMRRE—ERATA N EE DAERBENFN . AARTH, RAPEERIE Unity



71 BKLIE

PSR .

FEFRATIA Unity S FA—k G RIFNGE, 7T LAFEE M RS ER IR, W 7.4 Fiow.

LORMM PR DB R, AT, RAMEHR R Texture KR, 75 FHAIVEL
S —Hi, RAVEMER Normal map 2581, WfEJa =T+, &
1L LE R Cubemap SR SRR, BA1Z FTLAZ NS ANRILHE
EHAEMAR, REHREXHA L Unity FERMNGERE,
1 Unity Shader 1438 IE#fSCHE , F7E— 220500 F Al BLik Unity X%
ST o

LGB E R Texture J5, FHSA —A Alpha from
Grayscale BIEHE, WRAET E, 4iFEVHEIENEHE = HEME T s
HOWBEMHE R, X TEVIER, RIVAES 8 HRUE. X8 57, memme
BAIATREAEE .

FHE—NEMEAEE T Wrap Mode. "EH5E T J8ERMAPREEL[0, 1170 54 & i # F
Hi. Wrap Mode f FiFPA: —Fp & Repear, TEXFEEAT, WRLEHAFEILT 1, BLAEN
BE TGS ET, MEBEH DS HITERE, JENGRELHEHESAWESR; 5
72 Clamp, EXFEAT, WREGARAT 1, BAKENE 1, WRDT 0, BatER
B 0o 7.5 4ith T HFBER TP —TKRSORMIBOR G AT HIRP ) Scene_7_1_2_a ik
FAH NI O

2B 7.5 Wrap Mode HRE T MLURMARHEIL[0, 1SEEEHES T T4

Bl 7.5 R T IESCHE A (Tiling) J&ME N (3, 3) 535 £ P57 Wrap Mode HI45 R . 14
fH] T Repeat #i:X, ERXFEATFOHH S AMER; A BIEH T Clamp X, XM E
ot 90 [ A A 0 e IR B A T, TR R TS5

TEERENE, BELSHEABZFORCR, RATLHERH SRR (Bl L R
_MainTex_ST Z2#) 7E Unity Shader "X Il sl SCELARAREAT FNV A0 B fe . il iit, AARSP %
A AAL T B4R .

o.uv = v.texcoord.xy * MainTex ST.xy + _MainTex ST.zw;
// Or just call the built-in function
o.uv = TRANSFORM TEX (v.texcoord, _MainTex);

BAVER] LAZEM AR F LR mB R, B 7.6 AH THEMHES T RARSEREERN —
A

B 7.6 B~ T TESCHE I MR @14 (0.2, 0.6)RF 73 54E I PiF+ Wrap Mode 45 R, ZZBMEMT
Repeat #, AEEM T Clamp £,

LU T NHR BT — N B R Filter Mode J&1E, "& Y€ T 24803 i 128 i 17 7= A LA K
2R W Ff g A . Filter Mode S #F 3 ##5X: Point, Bilinear UL} Trilinear. "E143 2| HE F
WP RRARART, EFERERAIMERR DRI R . SO 8 I 2 7 W JROK 346 /N SO I 15 2 1
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w7% g
FiiE. i, 2qIAIE—5K 64X 64 A/NELEFEMETE—S 512X 512 K/MFFER B, 57

REH. B 7.7 ST 3 FhIBBA TS R . 35F T IEA S BT Scene 7_1 2 b
EEZI7 R

» (0.2, 0.6)

AE 7.6 1R (0ffset ) BIARETSEEAGFHRBG R

Filter Mode: Point Filter Mode: Bilinear Filter Mode: Trilinear

AB 7.7 FERKREEER, A3 Filter Mode BRIMILR

ORGSR R E IR %2, M [REEE P EZ MERB SN — N HRBRE. 4
PRAR B NS A% R R AE T BRATEE A T ZE A FRHUR O (R R, — A dee A3 FH ¥ vkl 2 A8 FH 2 4Rk
A FE (mipmapping) HiAR. HH “mip” 2E$7 T L “multum in parvo” M4iE, EREEIE “7F
—ANERIPH SR, WEE K2, 258 S0 B AN R S0 48 A FH 08 ik b 35k 18 2111
ZHPKEG, BT —MEBEFE, 5§ BN E—REEBERFENSGR . XLz
iThy, BATLMRER G RGE, Pl iha SR Eeins, o CLEEERB L. Bk
T B — e T X 2 e g, BHE A% R 33%MNAFA . X —F
R ) B 2 W) 4 BB ) fK) 7579 £ Unity o, AT ARG G KT, B EAF LR (Texture
Type) &R Advanced, A% Generate Mip Maps BN W] T J& Z R Frim SO A . [FE, RATL
A DA B A 2 R SO R A e (A I, W 18.4.2 717 BLEKHI €
BeARSE, i 7.8 Fian.

B 7.9 4t T I — MBI A BEILEE— AN W i S5 K HO AR Ay, i F AN [R] Filter Mode C [R]i {2
T ZEHTEFEAR BROBR . 8238 T ULEA B P 1) Scene_7_1_2_c HkFiZHit.

ENISEELE, Point AR T HIE4P (nearest neighbor) IEJK, TEMCKNSL T, ©H
KGR EBEHBT R, FHERESEETMEEXMEKMER. M Bilinear JEHENIAER T
SR, NTENEREE, ESHK3 4 ANSERE, REN el TEREHERE 5S35
28 %, FEGEERRGPEH 7. i Trilinear 3% JLF M Bilinear —HE, /& Trilinear
ELTEL R LR AHHTIR A . W — kSRR A [ H 2 FHna g8 AR, 4 Trilinear £



T EkGE

BIf 25 LN Bilinear 3 —FEM) . %, FATSIESE Bilinear JEBAR . W B E M Z, BRI
A BEHE KRB, Bl F— eSS e, INFBLEemEBREAN, XK
1Al E L IEFE Point F55X.

A[E 7.8 7 Advanced R FE DUEE AB7.9 MERT: Point i@l + SHIMTUIERA,
478 Bnagsil: ok i e Bilinear J8iK + ZRMITLIRRA ),
Trilinear J8i¥ + ZRINTLEERA

B, AR PR RS MEE . MBATAEAAFE& AW, 8%
J& H AR 5 B0 RS AR & ). Unity RVFERAT AR B FrF
SIEFEAR KPR, WE 710 Fix.

WSS A /NI T Max Texture Size | KBS, T8
2 Unity B2 SCRMHBC XA KR, HAEKLT, §
A g a] LURAEIE TR, (ER SRR Z2 2 %R, Bl
2. 4, 8, 16, 32, 64 %. WA THE 2 %K/ (Non Power
of Two, NPOT) &3, MAXLEGIEASHHEZHINAS
/&), T H GPU BHUZSREMEHE ST . S FaHEE
ASCFFIXFN NPOT 4rH, iX B Unity 78 P 552 408 46 iU 1 2
IR AN T Re R [ %S, RATNVIZ/RBMEH 2 K
/NI ECEE

Il Format ¥5€ T Unity P4 A% I WEF % 2R 2400 .
RIS Texture Type B 'E A4 Advanced, HI4 24 # % ] Format
HIRATERE . X BEAFAK RN AL, BT EAIER L, AE710 ERLENRK
16 P 0 S0 AR 2R PR (WA Truecolor), ff P M Py 72 ] R
R, (HARR AR R . FRATTeT LA SCE- S NTIAR () 5 T 7 B B 280 T2 5 it A
2 CHRIFE T 2R EOEER, MaBMaE RN F G D . MR AEH T K& Truecolor

WEE RS, BATNZRRAEH R4k .
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e

SURE (1) 57— FhHE LA S F R 1M S BR ST (bump mapping). Y175 B B B9 — kg
KAG AR R %R, DMERNBRAREETE 2 M. X EA S B SRR T A E
HRERF KRG HEE “MNAFE” 8, (HA]CLNEE R ERA A “Wkise”.

AR EZE M I E R LURDREEAT M s . — Rk R A kS E S E (height map) X
Bif R E L2 (displacement ), R J&5 159 2 — ME UG MIVELR AR, IXFh 7 2 BB FR 0 /& S BRET (height
mapping); 75— N EH KA SR (normal map) K EBEFERMEL, XF 7k
NEFR A EZMRES (normal mapping ). JUE FATTH HORE M 1 BRI 2 WL 4 e AH Rl R,
B T B AE EAZ B A E .

721 mELE

BATE KB R —FER, B 5k & B R SE I M
Wbt = E P AAAE I RSB (intensity), & H TRABA
KRB EGER R Bk, BEsRER %A & R m
AR, T BRI R W2 B ) B M o X VA AT A R
AR EA, FRATTAT LA reg 55 B H B it e — AR SR 1 g 1T
S, EERSCRTFEEME S, EXnH AR EEA R
LK, MRTEBBRMKEEWFNE, FkLHENFE
BRI B 7.01 G T —kEEE.

i i VR T X AR B S — A, T4 L AR T M
BAME R . i, BATEESHEEES RIESOEH. BTN BER
7.2.2 KE&9GE

T 6 SO A A7l B B0 2 R TET HVR 6 07 1) o | TR ZR DT 7 VS AE(-1, 1], TR E K5
HIGE R0, 1], BMERATHEEM W, 05 0 R R -

_ normal +1
e

XPRER, FAIHE Shader I XPIEL LR BAT SR 5, 0T BN &5 RVEAT — R WA i)t
T2, DAS RS REL T ) o S Bt £ e 8 SIC [ it A2 s P I Ty ok S5 o 2 1 305 o -

normal=pixel*2—1 :

SR, BT R RARRT T AR (RSR UL, AR ATELRLIE P A RIS 7 A 2B Ak A = ] o
We? XfTALRYTH A2 A RS, SR E NERRZE FH, Eit—fERAEER 2 ESUs 1
BRERY 25 [a) o (R R TNV AP A — SR, XD G R O R ARBY S (8] B35 S 5UEE  (object-space
normal map). AT, 7ELFRGHIES, RAVEAESKA S —FrbrasE], BRI A4z
(tangent space) RKAFMEL . X FRAEMEN A, EHE —NET HESHDILS R, XMLk
2] A S U AR TR AR 5, Tz R TR R VR R T a) () x Bl R TR AR DI T 1) (o), T y il
A IR A SR8, ol ZEI)Z: (bitangent, b) BUEIEL, WA 7.12 fros.

XL FR A )RS B RS AR (tangent-space normal map). 8] 7.13 4545 H T K
73 | F P 2k 25 [A) R vk 4R 90 (B A R¥R:  http://www.surlybird.com/tutorials/TangentSpace/ )«

MEE 7.13 AT BUE H, RS0 FRELRSCRERKZE “HHUNA” . XRZFENFTAES

pixel



7.2 MG

FIAE AR AR 25 (AR [F] — N A AR A% (], BRAREY A3 [H], R4 U ARfil VAR 7 T R 5 7 111, A 920,
1,0), Zoikmst A7 kSIS RSN N T RGB(0.5, 1, 0.5)¥Ek 0, HHIRQ, -1, 0), Lt G
FEf B S XS B T (0.5, 0, 0.5)%8 (0. 1 P12k =% (] T kLSO R L P2 R A .
XREE N, ARG TT 8 BT AR 22 (B R A — R, BRI & BYIL =N, Xk
U LS R A6 T BN SR B IR AR R R RS . iR UL, R AN R
F A, IAETRYILER T, Bk s z fm, BERO,0, 1), ZidmtEHE
fEAESCEE g3 B T RGB(0.5, 0.5, 1R . 11X RV rh KA iE . XSl fh
SR b U BT K EB AR R R R R A SR —FE ), AT

A8 712 BAMRRYI&SE, HP, AB 713 Zif: RESETRESSE,
RAX R T TRAMYR, x WRYILTE (£), il PIRE(E TR ERSOE
y BBV TiE (b)), z #RESTE (n)

BRI, IR )T R SR E TS AR EWAOR, T HELRYEAGHREN, &
Sy, RUOAS[E R T R ARR T AR B . (ESEAR N 53 A0 38 = A 1) 28 25 1) 1 f vk
RGO, WA, NATAMATE Rt XA E AR “IRBEI D)2k 25 (AW 2

Sbr b, RERA ST EAR R DA R T LU, RATEEZ2 AT LA B AR 2B/ T .
B R, AR Rl BB BVELR, fEeielEA BIEATN E M. TkEem s
R A ARG BB BAERN AR R . B, RIS TIIgkam, RATFER
MR SR AR B (7528 7 18] YT 28 28 () % e Bt 5 23 () (A= a])

B, A BERL A (A R AT R R A i .

o SEIFE, HINEW. ROEBHMAFTEBYFIGRELENVILEGFEE, W&,

B/b AR e AR R, T A IR A R AR A, AR APk — R
MUV AR, RS B8 30RO vk 2R i it R S S e b RV 42 1)

o TELUHEARKRINAE S AR FIRBERIL AR, v MASRAE (S5 B, BIAr LR AL itid
Fo IX R A AU A3 ] N VAL SORAF I R [ — AR R T HELRE R, Bh7Ed bl
A (R A 30 BV vT LU AR e o T DI 2R 45 1) T VA LR SUHE b ()i 4615 B K SR 8L B AL A
(77 A B 45 R, T BT SR Ab BRAER 178 70 18 R R 2 o] ML AR A 8 % o

B 25 10 L.

o HHERM. BIEAA]FRNERLSENDRAREIERER, (AT TR S N IR MER,
17N P B AR B ECR AR SE A ERIR T - IR 23 8] AR SN R I AR B
XEWE, MEZEEEN B — M ERARRFIME L, e DR — S ERLE R .

o HIHEAT UV Zhili. bbin, AT A —ANSEUE) UV PR SEI—ANMU L B3 R,
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B1% aMGE

{ELAE FH AR = B) T ik e OB 2 19 B e BRI S R o JREA A B X UV BhmifE Kk
KiEE X PR A a2 5

o TDIEMRLL. i, —AMEd, AU — 5Kk SoH vl LU B R A 19 6 N
L. FEER L.

o WJE4E. TN A T RNAR G PR Z 7 AR IETT [, R ERATT AT EAAF A
XY Jrial, TiHEFRE] Z 75 . MR A T AEL SO d TRy [ AR AT RERD, B
IS4 3 ANT5 T E,  ASET 4

DIER 22 ) T iR SO AT P AR A7 R BLLEAR 2 N JBGF AR Y 22 6] F VARG s E . A

EREIOE R A, VIR AR SO0 T ML TALR S, 0 AT LA A AR S TAE .
Ptt, fEASS, RAVEH K2 D)L E T rvELRLH.

723 Sk

IR EAE FOCRRAR A 5 — & AN TT [ RE AL ARbR S R] o TR AU P A i 1A
RPN ] T 7, R BRATE A PR E: — RIS ] R AT ek, st
BATHEAEIC IR T7 1) VLA T 1 2BV A5 18] R s 5 — R AR A 57 25 o) AT 5
SR AT ARG BB L 77 1) B B 7 43R, PRI 22 ) (0 R 7 g IR A 77 1)
AT . AWBCR B2k, B FIOnAEEER TR M, BRI AET A s 4wt
SERUN T AL U7 T ROAE S, TSR AR5 VA T B R RR S QAT R, BT AR SR R
WNIRAE Fr O (g P SE B, XA BRAT T BEAE A e (g P AT — IR AR MR . (EAE M A
BEXRUL, B RINEEART R ITE, B N RA T A S () R kAT — S, fldn e
fEH] Cubemap JEATIRBEWUF I, FRATTHG LA AT tHE 57 22 18] R 9 R 53 75 I % Cubemap 4T KA. 4
RN T BTG, AT T EACEL Ty WA BB s T 28R, B Al A PR AL
A bR (AT T, B R s ) S8, (B D7) % [ A 5 2 (6] 2 5 O R BB R A2 (. FEACTT
BATEAR RS I _L 3R b 77 vk

1. EVLZE TR

WAV E SR SIS —Fho i, RNZEVIZR 2518 PSR MBS . AR, fE R e A+
i SRR RIS T ik, RE B SUILZE TR AT . e mSEHT i,
BRI BARERE R, ik, TATE ST BT A2 P IOVLA J7 1 RO R () MBERY 33 a) 48
BRI R, BB AT B il AASE A 25 ) ) ) 4% 2% ] (1) B2 b B o XA A 400 i B PR R
B AN 470424 1) B A B 2% [ £ 2 e B AR AR 28 5 SR A 1, FRATIAE T s € 28 U1k (x ). Al
Pk (y HiD. L 23D MIBUFRIIHEF I AT 8 5 (K R E R 4.6.2 95, 7€ 4.6.2 Fi R ERA
EKE, WR B TR A, T4 03 A28 4 1 30 el 6 18 A0 %
1M AP 25 (R BIASERY 2 (R A9 28 e IE R R B IXAF R A ¥ . Rk, ANSEZRY 25 () 38 1) 4 2 1) f) A ke
S A DA ) 22 ) AR B 5 ) AR A B O P AR B, FRATIEDIZE (x $). BIVIZR (y D,
% (z8) FIBUFRITHSBI AT 28], fEATRE, BATTEDIZLIE 7.14 R .

M, BATATM FHES TE.

(1) 7E Unity PHE— MR EARABRES, ZHFRAH Scene_7_2_3. 7E Unity 5.2,
BRI T 39 Bl & — MR — N EAT, FRERTNENREAT. 7 Window >
Lighting -> Skybox ' LR REHF.

(2) BHE M. FEAREREF, %M K4 N NormalMapTangentSpaceMat .

(3) Hd— Unity Shader. 7E4< 1373, % Unity Shader 444 Chapter7-NormalMapTangentSpace -



BT Unity Shader 455 2 2 h G M i

AB 714 EREERLSEE

(4) TEGF P —AIRYER, JFIEEE 2 Db M BURES Z A TE 14 .

(5) DRAF=

FTFF ¥ # Chapter7-NormalMapTangentSpace, MR FrH SA RIS, FHEATW FEMR.
(1) B4, FA1247% Unity Shader & L —/N 45

| sShader "Unity Shaders Book/Chapter 7/Normal Map In Tangent Space" {

(2) $RJG, BAWE Properties ¥ P IN TIAESOR R,  LLRA TS S N RR R A A -

Properties {
_Color ("Color Tint", Color) = (1,1,1,1I)
_MainTex ("Main Tex", 2D) = "white" {}
_BumpMap ("Normal Map", 2D) = "bump" {}
_BumpScale ("Bump Scale", Float) = 1.0
_Specular ("Specular", Color) = (1, 1, 1, 1)
_Gloss ("Gloss", Range (8.0, 256)) = 20

}

STk L BumpMap, FATEF "bump" /4B FIBRIAE. "bump"/2& Unity PERIVELLL
B, 4 P ATVE G SO, "bump" B0 T AR B 445 8 . _BumpScale IR A T45
BN AR, 2B 0 N, BREIZBLLOEA A= AT T R0 .

(3) FATAE SubShader i X & X T —A™ Pass i X3k, I HAE Pass (5 —1745 0] T % Pass
AR ‘

SubShader {
Pass {
Tags { "LightMode"="ForwardBase" }

LightMode FR45 /2 Pass Fa% 1 (1) —Fh, ‘& F T & X i% Pass 7E Unity 16 KL o (M 4,

(4) %, WAEA CGPROGRAM Fil ENDCG HKAFHE CG AR5, LAsE S E E K T
HEWBM A o G, Bk, AE H#pragma $5 K EVF Unity, FRATE KT A 850
R aEUAt AT EAREY, E0IKE T3 vert Fl frag:

CGPROGRAM

#pragma vertex vert
#pragma fragment frag

(5) N TAER Unity WEM A8, W LightColor0, A EMAEHE Unity M)A E XM
Lighting.cginc:
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BT7TE EmMgEE

| #include "Lighting.cginc"

(6) J4'T # Properties i X8 (1 BIERR VEKR, RAVEE CG S W] T A0 bR PR A
VEPC Y AR B .

fixed4 _Color;
sampler2D MainTex;
float4 _MainTex ST;
sampler2D BumpMap;
float4 _BumpMap_ST;
float _BumpScale;
fixed4 _Specular;
float _Gloss;

hTHRBZEEMEE CPRMME RE), #A1A_MainTex _BumpMap & X T
_MainTex_ST #_BumpMap ST ZF &t .

(7) BAIELHIE, V)L R i TR MU i i — A Aehrafla), B EA 24
B AIYIERE R Ak, BAMESINAE ARG a2v:

struct a2v {
float4 vertex : POSITION;
float3 normal : NORMAL;
float4 tangent : TANGENT;
float4 texcoord : TEXCOORDO;

}i
FeAi 118 F} TANGENT & SRR floatd 287 tangent 258, PLE5 I Unity FEI5 05 (E) 28 7 i) 35
7 % tangent A5 B . FEEREAE, FEL T normal AR, tangent ({1257 2 floatd, ifidk float3,
XRFEABATTEEH tangent.w 7 B R P2k 25 18] o 58 =N AR i ——aI I & 7 il k.
(8) BRATFHEAT A AR P ITHELTE PR AT, FEBRIIE vaf gtk
I T PIAAR B RATAE AR M (0 O SRR AR T o) «

struct v2f {
float4 pos : SV_POSITION;
float4 uv : TEXCOORDO;
float3 lightDir: TEXCOORDI;
float3 viewDir : TEXCOORD2;
}:

(9) & XTI A s

v2f vert(a2v v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex);

o.uv.xy = v.texcoord.xy * _MainTex ST.xy + _MainTex_ST.zw;
o.uv.zw = v,texcoord.xy * _BumpMap ST.xy + _BumpMap ST.zw;

// Compute the binormal
// float3 binormal = cross( normalize(v.normal), normalize(v.tangent.xyz) ) *
v.tangent.w;
// [// Construct a matrix which transform vectors from object space to tangent space
// float3x3 rotation = float3x3(v.tangent.xyz, binormal, v.normal);

// Or just use the built-in macro

TANGENT_ SPACE ROTATION;

// Transform the light direction from object space to tangent space
o.lightDir = mul (rotation, ObjSpaceLightDir (v.vertex)).xyz;

// Transform the view direction from object space to tangent space
o.viewDir = mul (rotation, ObjSpaceViewDir (v.vertex)).xyz;

return o;

}
HTFRAVER T WIKEEE, b EE AN CEA bR, i, BAHE v2f F1 9 uv 28 K925



7.2 MOBRES

RU5E XA floatd 287, b xy M BAEAME T MainTex [(ILALFR, Ml zw 4 E476E T_BumpMap [
SUHEAARR (SEFF b, _MainTex 1_BumpMap i % 248 FH [/ — 4180 AL bR, T DI E F A7 88 1
HI ¥ E 19 H B, AV R SRS — NS AARREI AT ) AR5, BRATTICBERY 25 18] R Y02 07 4 -
RV 7 10 FiELR 7 18 AT HEZ Sk 43 21 AR 2 23 ) B 1) 8 28 [0 () B e KB FF rotation. 77 EyE R
&, fEH RIS AR v.tangent.w FI X ARSE RBEATARIR, X R B AMYIL 55L& )T 7 #3E
HEAMERA, W ow RETRIMEFEL PR —AN M. Unity BT —AMHEE
TANGENT SPACE ROTATION (7E UnityCG.cginc "F#{5E 3) K BHEATE B33 rotation
HFERE, TR BRI AJE, RAOVEA Unity #94 E K % ObjSpaceLightDir
1 ObjSpaceViewDir ¥ 13 I 4% [a] T 1'% FEURAR A 77 1], 757 FH 22 350 B rotation #8 BT LR
75 () AR e B ) 22 5 A) o .

(10) B FHRMNAET S ECST MR T K2 TE, R cEEST R EERREEIIES
[T 722 5 o P 287 e Gl S i s = A LT P

fixedd frag(véf i) : SV_Target {
fixed3 tangentLightDir = normalize (i.lightDir);
fixed3 tangentViewDir = normalize (i.viewDir);

// Get the texel in the normal map
fixed4 packedNormal = tex2D(_BumpMap, i.uv.zw);
fixed3 tangentNormal;
// If the texture is not marked as "Normal map"
// tangentNormal.xy = (packedNormal.xy * 2 - 1) * BumpScale;
// tangentNormal.z = sqrt(l.0 - saturate(dot(tangentNormal.xy, tangentNormal.xy)));

// Or mark the texture as "Normal map", and use the built-in funciton
tangentNormal = UnpackNormal (packedNormal) ;

tangentNormal.xy *= _BumpScale;

tangentNormal.z = sqrt (1.0 - saturate (dot (tangentNormal.xy, tangentNormal.xy))):

fixed3 albedo = tex2D(_MainTex, i.uv).rgb * _Color.rgb;
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.xyz * albedo;

fixed3 diffuse = _LightColorO.rgb *  albedo * max(0, dot (tangentNormal,
tangentLightDir)) ;

fixed3 halfDir = normalize (tangentLightDir + tangentViewDir) ;
fixed3 specular = LightColor0.rgb * _Specular.rgb * pow(max(0, dot (tangentNormal,
halfDir)), _Gloss):

return fixed4 (ambient + diffuse + specular, 1.0);

}

fE EHE AR, BATE SR tex2D X¥ELLFE_BumpMap #HATHRKFE. [EWANT—IFLBr
PHE, SRR L PR R IEVE R L T U F R BN R R E, FIRATHEE TN RS EkK .
WHRRATRALE Unity HL %I LR S0 (1) 2R ¥ B X Normal map WL 7.2.4 35), B HELERIS
P FEEHATXAEFE . FATE SR packedNormal (] xy 4 B 4% 2 ATHR 2 2 B S [E1 24 07 1),
#RJEFLL BumpScale CFE I FEE ) K73 3| tangentNormal [ xy 73 & . A& ALK E,
At tangentNormal.z 4> 7] LA i tangentNormal.xy v+ &M 1E. B TFIAIEH KR VIZ 2R T %
RO, FMn DARIEEL T MK z 8 AIE. 7 Unity 1, A T /718 Unity XHELR SR 117764
BT, BATE % S ICTEL SO 80 R AR IR Normal map, Unity SARYE V& KIEFEA
(487 X, an FEBRATHAEH _Efr kot S A BEHR 45 R, B4R BumpMap
1) rgb A EIF AT RYIL SR FIEL T MK xyz E T £ 7.24 99, ROSEEWERE. EXME
BUF, AT LLAER Unity (4 P9 & %0 UnpackNormal K15 2 IE i ik 77 1)
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(11) #J5, A1 K1% Unity Shader ¥ & 4 1& [ Fallback:
| rallback "Specular"

%47 )5 iR [7] Unity P &% . 7¢ NormalMapTangentSpaceMat fITIAR -, FAIH FH A5 8 9 1)
Brick_Diffuse.jpg 11 Brick Normal.jpg SCH % FMRE . FRATTRT LU &AL SR H AR -H ) Bump Scale J&
PR SRR M R . B 7.15 A T ANEY) Bump Scale J& PR R 1R 2145 R .

AE 715 4 Bump Scale BUESRAEAATAM YR

2. EER=ETITE

IAE, FRATRSEBLSE PPk, BIAET R0 S EOGMARR . BA 17 240 h ooh B s h i
VER 7 1) D28 25 A1 AR B Bt R4S 18] R o XM 7 SR ISR AC SRR . FETH A o ds h ok MDD e
()2 Tt 525 o] R A4 B, AR e AR ey oot dd . AR IR MRS LA TR Ik . &Y
RANELAE A ] FIRAKR R HJa, AT T ELE R oh A P kg g ke 77
Ir) A7) £ 72 (1) A e 38 thE 2 B R RIRT . R IX A TR B 2 v, (AYERZE A Cubemap
AT RN SEAEOL T, BTk 5 B4 A X b ik

i, FRATHEAT IR AR T

(D) A L3RR .

(2) BrEE— M. FEARBEFES, %M 4 A NormalMapWorldSpaceMat.

(3) #i#E— Unity Shader. fEA 5%, % Shader 44 Chapter7-NormalMapWorldSpace .
HEH ) Shader K45 28 2 20 b O & 194 .

(4) 258 2 25 P QR I R 45 I e £

$TFF Chapter7-NormalMapWorldSpace, 8 E—47 1 QDA RE 25, IFHEAT W P B

(1) BANHTEEAE S A s A R e th v2f, e AYIEAS (A I 525 8] AR e R b -

Strufizavtifpias : 8V_POSITION;

float4 uv : TEXCOORDO;
floatd TtoWO : TEXCOORDI;
floatd TtoWl : TEXCOORD2;

£ floatd TtoW2 : TEXCOORD3;

BAAE 3.3.2 W kB, —ME{E T fFa8 2 R AEAFE floatd A/DIIAR &, X TR FRIXFE 1) 22
&7, BATTLUIEEN T IRREAN TR BT . LA Ttowo, TtoWl Fl TtoW2 sk
A T D)2k =5 (] 2 HH 57 2% (0] (2R Sk PR i 45— 47 SEBs b, X ) Sk i i Ae i LU B 3X 3
RANHHRE, WEtRY, 47 RFEEMH float3 M AS BRI Al . (H2h T 7840 H 4 &5 47 4%
MIAEG s 1a], FRATTHEH 2 )N T A B AR X SR B w B



72 MOoBRS

(2) BB A G, T ADILEE R B 55 ] 2R B R -

v2f vert(a2v v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex):

o.uv.xy = v.texcoord.xXy * MainTex ST.xy + _MainTex ST.zw;
c.uv.zw = V.texcoord.xy * BumpMap ST.xy + _BumpMap ST.zw;

float3 worldPos = mul( Object2World, v.vertex).xyz;

fixed3 worldNormal = UnityObjectToWorldNormal (v.normal) ;

fixed3 worldTangent = UnityObjectToWorldDir (v.tangent.xyz);

fixed3 worldBinormal = cross(worldNormal, worldTangent) * v.tangent.w;

// Compute the matrix that transform directions from tangent space to world space
// Put the world position in w component for optimization

o.TtoWl = floaté(worldTangen;.x, worldBinormal.x, worldNormal.x, worldPos.x):
o.TtoWl = float4d (worldTangent.y, worldBinormal.y, worldNormal.y, worldPos.y);
0.TtoW2 = float4d (worldTangent.z, worldBinormal.z, worldNormal.z, worldPos.z):;
return o;

}

fE LT AACRS s, BRI T A 450 R TR, BIDIZRREER R RERR, HEEl]
R 215 ) A A% 1) ) S5 [ A2 B O . R BB R ) B — AT 4 BUAEABHE. TtoWo.
TtoW1 F TtoW2 1, FFHEH S22 8] F R T A0 B 1 xyz 20 B A REE T IX LR B w 2 B,
DA 7E 40 P 47 % A 2% 6 6 22 1)«

(3) By o g, FEMA A T RT I

fixed4 frag(v2f i) : SV_Target {
// Get the position in world space
float3 worldPos = float3(i.TtoWO.w, i.TtoWl.w, i.TtoW2.w):
// Compute the light and view dir in world space
fixed3 lightDir = normalize (UnityWorldSpaceLightDir (worldPos));
fixed3 viewDir = normalize (UnityWorldSpaceViewDir (worldPos)):

// Get the normal in tangent space

fixed3 bump = UnpackNormal (tex2D(_BumpMap, i.uv.zw));

bump.xy *= _BumpScale;

bump.z = sqrt (1.0 - saturate(dot (bump.xy, bump.xy))):;

// Transform the normal from tangent space to world space

bump = normalize(half3 (dot (i.TtoW0.xyz, bump) , dot (i.TtoWl.xyz, bump) ,
dot (1.TtoW2.xyz, bump))):

}

FATE M Ttow0. TtoW1 Hl TtoW2 (1] w 73 B Pyt F 228 T Ak br. )G, EHNE
f#] UnityWorldSpaceLightDir ! UnityWorldSpaceViewDir B %73 £/ tH 5 2% [&] ' ) 6 BV 77 17
A, FAEA A E R UnpackNormal BREUH ARG UAT R (75 EICELLH A%
P78 Normal map), 3 ffl_BumpScale %1 HAT4 . #)5 , FAEH Ttowo, TtoW1 Fl Ttow2
it 1) 28 5 O A9 e AR e B8 T S 2 ) o SR B A ) SR ok S IR B 1 B —AT AV R AT
FEKAFH 1.

MALBERIL b, EU)4 2 0] FALEHE 725 8] F ot SO UL P RA M 2. 7€ Unity 4.x /i
Arp, EATHEMH Cubemap BEATERETHLST S HL T, P E [ Unity Shader i FH )2 1) £k 4% 8]
HAEATHELR M FYE RV . TI7E Unity 5.x ¥R, B745 W& X Unity Shader &34 H T tH 5 25 8] 5k
BT CHT S . X2 A4 Unity 5.x PR IHE GREAHMRE, EAEIMEM T E2 K4 E
W AF R RAFME RIS E CEA —LLBAM 046 (8 2 A7 25 2 F R M B v F 00, HEZ A
W 19.2 #5),
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BT7TE EuhgoE

7.2.4 Unity po9EgoaE kR

BRI IRATTER B T 24k 2R SR X SO HE 2K R BRI A Normal map B, BT BA{E A Unity (4 & 65
¥ UnpackNormal >3 2| [E#iH)2:4 7 [0, Wk 7.16
Bz .

LB FEMEABEQE TIELBH A ER
Unity Shader i, @238 A% F 72k SC8E ¥ L Tl 77
A AR Normal map 4 fEf3 2] IEMIZE R (RIERE
TIXAM, Unity 84706 BURMR 5ERE /R 18 IE1X A
D, 3X PR A X & Unity Shader #{# A 7 E R
UnpackNormal B HORRFEEZ 710 . A, ZFA]
ELF AR W E X Normal map i #E KR 4E T4
2 At ABE AR JE 716 %4878 UnpackNormal S HsEE AR,

TSR BE, X AMET LAL Unity RIBAFFEXN iy mei, BEmOEELmiziRcy Normal map
URMAT RS (PlanfE A DXT5nm #%3, HAARE
5405 LLZ % http:/tech-artists.org/wiki/Normal_map_compression), ifiif UnpackNormal
Bk B3 A 8] ) 45 1 X X V2 4R S0 B HEAT IE B ISR RE . ﬁiﬂ]_]' PL#E UnityCG.egine H £ %|
UnpackNormal &8 % (1 P #8523«

inline fixed3 UnpackNormalDXT5nm (fixed4 packednormal)
{
fixed3 normal;
normal.xy = packednormal.wy * 2 - 1;
normal.z = sgrt(l - saturate(dot(normal.xy, normal.xy)));
return normal;

}

inline fixed3 UnpackNormal (fixed4 packednormal)
{
#if defined (UNITY NO_DXT5nm)

return packednormal.xyz * 2 - 1;
#else

return UnpackNormalDXT5nm(packednormal) ;
#endif

}

MARFG R LUE Y, RS El TR T DXT5nm KRR, P FREE XX R g X
IEERREAT RIS . fE DXTS5nm &URNELLE D, SFHEM a Wil (B) w 208D X THRER x
ori, g IEX N TVELN y &, TSGR o 1 b EIE N SRS FE, VAN z - RETELE xy 5
BHES . K42 a0 S B SR e X A 7 SRR, MES R H ZH DXTS5nm #& 2R
ATHRAEWE ? X, LBATZATIbEE T2, RGP i — B L T B, H5E
fr b, BRAEHDEERELELARRDE, BB =ANEERETH SR HESFH R (5
AL R, I HUIRZ 6T AL T R z 2 BARE N IE ). A A IXFh R4 77 ik o] LR /b 4k
U 7 F I A S ]

BEAHEL IR B B Normal map J&5, BFH —NEIEHER Create from Grayseale, WA'E
A IR ? 528 NAZ S A AT TR BRAT TSR 3ok 5 — ol 110 o WSS £ 7 2%, BV P vt E
XA R EHE R P T N1 B B P A ik RSO . 0 BE B AR B TSR R R AT R B, R — IR IKEE
B, AERRENER, RERRENER. YR TFKGEESA Unity /5, BT HELE
[0 BE 24 7 1% 18 B Normal map 4, 38 5 224 ¥E Create from Grayscale, X FF5t o] LL7§ 22K LIA 7.17



AB 717 MEET Create from Grayscalela, Unity SRIEE B R4 F—3K & 26 FHEL SR

X7 T Create from Grayscale &, &% H T HAIEIN Bumpiness M1 Filtering. .
Bumpiness F T MM F2RE, i Filtering 2 g BAME W Ah 07 2R VHE MM ARBE, & WAhik
T: —M Smooth, EAFAFERE FNELLCE R WBCFE: 71— & Sharp, 'E2H Sobel JE
B (PP b G i B A ) SRAERELk . Sobel MEHMISCILAEH I, BATAFHEAE—
A 3x3 FIEEAR VS x My 710 ERSE, RENPRERELET . BATER: X TFrEE
MR, RIOFBIEESKFHRMEET W ERBREE, EENTHZE 2 0% S0 M2
& x My Jia ERIAERS, SR 8 2 A4 B i) RS ol KA il sl BVE e S8R ¢ Al g S BRI .

BF) wimgm

REE—G, BRIAMEERPHEHLCERN T & X— M EmgieE, EERAMNER, 908
HSEmT LU TR R R . — b I 0 PVt 2 3 ¥ AR S B ok 42 08 S S B IR A 45 R .
TEZ AR RATHEIR I, JRATIHR A8 A SR IEEG A E I T ) (1 s AR 45 SR S5 6 i S5 e AH 3l ok
FEIRMAE RO, BEAR, ROFEE MR EZEGDOCRE R ZFEAERR (FHZE
€ 2) (3 44: (Team Fortress 2)) FRATARK, EHEH Valve A7) (F&HF 2 A%EEAR K
AFED) HEHAR, AAME R X PR AR E R T R A E RS KA. Valve KRR T —R#EFS
B SCRE T TPERAEHIE (75 122 2E 2) W R EAR .

XM ARBAIH Gooch % AfE 1998 AT AR —iW# 4 112 3L (A Non-Photorealistic
Lighting Model For Automatic Technical lllustration) "H##&H, FEXFIECH, EHERE T —H
BT REIEEE (cool-to-warm tones) [ GEIR, HIRAG 3| —Fp 4 i RAS FE R BCR . HIX
PR, AT LLORUE P4 (508 B0 R AH L T2 i F AL 40308 SO e RE B B, 1 ELRBBS 3R 4L 2
B . TIAE, R2REREHERDEMER TR, RAE 14.1 Wh LT 1% WA
&%i 5 — AR I8 XU ) Unity Shader-.

EATH, TATVRESE ST 4 — kA s RIS 8 R AR, e ARG, &A1
PATS BRI 7.18 P HIRCR
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AE 718 ERARENHESEEFRRHER, ETASY TEREEBNHELE

ATLAE Y, AR 75 =R BL B e A AR 08 B S Y IR s AN (R ) AR SO A AN [ PR
Blin, FEZARED, RAEH RN ER B RS AR SO, 1o I i B I # 3R 4L
BRAN (R EIE 2) PiE R ANYIAE A T AR SR AN, e ATIF R M R R 8 ) R K (R SR
T (] ) 73 SR BB o R A £, 3R BRI Ay 1D 4 D P 4 7 B S AL 6 PR X R €3 A5
FRY ¥ AR U T A T Rl XU YE B, X AP AR S0 oh B R R R, Bl
PE, DASCSRELRLRIE A R k.

H T SEI RO, BATRE AT W A& TAE,

(1) 7E Unity PEE 5. E£ARAERES, ZHF AN Scene_7 3. 7E Unity 5.2 1, 2K
WER THRBAET M REIAN -7, FEFHTHNENREEF. £ Window >
Lighting -> Skybox "1 &R P IR E & T .

(2) HEg— M. ERBRES, &M 544 RampTextureMat.

(3) #HE— Unity Shader. 7EAFBIEH, % Unity Shader % 4 Chapter7-RampTexture.
HTH Unity Shader W25 58 2 20 b g (K44 )38

(4) [P HER A Suzanne 8, FHEZE 2 5P M BURET Z A2

(5) REFITHR

FTHF#T 1) Chapter7-RampTexture, MFRFTH CA MR, HTW FBK.

(1) H%E, BRIFEAXA Shader 2 — 4 F:
| Shader "Unity Shaders Book/Chapter 7/Ramp Texture" {

(2) FAIHE Properties T X 75 B — A SUHE & MERAF it i AR S0 7 -

Properties {

_Color ("Color Tint", Color) = (1,1,1,1)
RampTex ("Ramp Tex", 2D) = "white" {}
Specular ("Specular", Color) = (1, 1, 1, 1)
Gloss ("Gloss"™, Range (8.0, 256)) = 20

-
(3) 2R J5, RAIAE SubShader & X & LT —™ Pass 5 X3, FH-7E Pass IS — T80 T 1%
Pass [1] 7% HEAR S

SubShader {
Pass {
Tags { "LightMode"="ForwardBase" }

LightMode #5745 /& Pass #R%& ) —Ff, & T & XiZ% Pass 7E Unity FIJEIR KL i A .

(4) RJ5, BAMEA CGPROGRAM #l ENDCG KB CG A, Ll i EE 1T 4
FHEZM T AR, A H#pragma 54K E Uk Unity, A& LTS FE QR 0H
B A LF . FEARPIT, ENLF0 0 vert Fl frag:
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CGPROGRAM

#pragma vertex vert
#pragma fragment frag

(5) ATAER Unity A EM—L45 8, W LightColor0, &7 EM&# Unity 94 E X
Lighting.cginc:
| #include "Lighting.cginc"

(6) BlJE, FAIFHEE X Properties 1 &N @ YRR AL A&

fixed4 _Color;

sampler2D RampTex;

float4d RampTex_ST;

fixed4d _Specular;

float _Gloss; ~

BATHHAELOE_RampTex & X T &S F @ %R _RampTex_ST.
(7) & SCTO s A5 €6, 38 B0 A\ Fn it 25 4k«

struct a2v {

float4 vertex : POSITION;
float3 normal : NORMAL;
float4 texcoord : TEXCOORDO;
)z -

struct v2f {
float4 pos : SV_POSITION;
float3 worldNorxrmal : TEXCOORDO;
float3 worldPos : TEXCOORDI1;
float2 uv-: TEXCOORD2;

)z

(8) & YT tad:

v2f wvert(a2v v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex):

o.worldNormal = UnityObjectToWorldNormal (v.normal);
o.worldPos = mul (_Object2World, v.vertex).xyz:
o.uv = TRANSFORM TEX (v.texcoord, _RampTex);

return o;

}

BAVMEH T W E R TRANSFORM_TEX %K iHH £ 1 SFAi MR 5 SR AL KR
(9) B FoRAAHN F yoH (8-

fixed4 frag(v2f i) : SV_Target ({
fixed3 worldNormal = normalize(i.worldNormal) ;
fixed3 worldLightDir = normalize (UnityWorldSpaceLightDir (i.worldPos)) ;

fixed3 ambient = UNITY_ LIGHTMODEL AMBIENT.xyz;

// Use the texture to sample the diffuse color

fixed halfLambert = 0.5 * dot(worldNormal, worldLightDir) + 0.5;

fixed3 diffuseColor = tex2D(_RampTex, fixed2(halfLambert, halfLambert)).rgb *
_Color.xrgb;

fixed3 diffuse = _LightColor0.rgb * diffuseColor;

fixed3 viewDir = normalize (UnityWorldSpaceViewDir (i.worldPos));

fixed3 halfDir = normalize (worldLightDir + viewDir);

fixed3 specular = LightColor0.rgb * _Specular.rgb * pow(max(0, dot(worldNormal,
halfDir)), _Gloss);
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B7E EugeE
I return fixed4 (ambient + diffuse + specular, 1.0);
}

fE LIRS F, BA1MEA 6.4.3 FT PR A 2 RPBERY, i %k gk J7 1) A% BET 1) 9 3
U —IK 0.5 FEIZEI AR —4 0.5 KNI Kl P 22 (A5 4 halfLambert. iXFE, f143
Ff#) halfLambert [0 HEHURFEIT0, 11208 25, BAMEA halfLambert KA EE —ALELAY
b, HHXA LU AL bR BTAR S RampTex #HT KA. T _RampTex SEPrii & — > —HE8FE (&
FEP STy ) EBEAT), FEGERARRE u fl v 7R BAIEEH T halfLambert. )5, JEMH
AR 2 H SRR AR B ) B AR SRS, Color A3, 45 B4 1008 A e . B F ARt 2 55
Y RFFABLG, NS RIATHIN . MEEE DX P RAERRET .

(100 #J&, A1 A1% Unity Shader 1% & & i& [ Fallback:

| Fallback "Specular"

RAFEIRMIZ R, RINEADREPIRMET R EAELSH, W Ramp_Texture0.psd F
Ramp_Texturel.psd 55. 3 0] LAZ i [R] % 22 S0 8846 5, 3164 i A & 20R -

EETENRE, BRANIFEOHBLILN Wrap Mode B4 Clamp 5, LARS I LCEERE T K FE
st pb 9 5 ORE R T A ). P 7.19
#5 i T Wrap Mode 473 %l 4 Repeat Fl Clamp
B IR A E .

ATLAEH, A (fiiHf Repeat L)
FRTE R G R — S8 ] i X R RO
FEIERRIY, 24341 14¥ ] fixed2(halfLambert,
halfLambert) %} i 22 S0 B AT R AERT, B
SREE R I halfLambert (HEFE[0, 172 [A],
(AT RELA 1.000 01 JXAE i HI . 415 ot s s %JR t
RAVEFI I Repeat 4, MINRERE A e o ap i Lo
FREHS, RRE NGRS, BN S
B2 0.00001, PR T HAE cp Al (e, BB, Fik, wia Il E XA E w6 DO B
AR, FRAT R T EIOH AR SR ) Wrap Mode %8 Clamp #5230k AT DA pRAX Fh ] 852

m . 2 . 7 “x'r

EELIE (mask texture) EATENAME)E —FLE, EFRFEH, ERDZ @R
WATUREIEH G . BAtaZERR? FRRVE, BRAFRNTT MR FLERE, (]
R THEBK. Flm, EZRTREIE, RATERICECRMN N BB R AT, BT
A B R FE AL RIAE MR B R R R GRS (AR, FA7 R R R L DO A s 3
Fi—te, TR IEEE—L. h TRBEMMBARBOR, BATH AT LA — 7K S 80 R D
B 55— AR R AE R TEM i BB & ZIKE R, PRI NSE. RAAT
MISCE ., RILARTR T MR SO S, R 208 58 SO AT DA% A ] ¥ 5 IX M SO

i PO S AP SRR — RO I RS B S SO AR, R PRA (B3
AN BIERE BI texel.r) RKEIEFP KB IEBEITAHIE, XHE,  HiZEERER 0 B, ATLLR
PREAZZEEREW. BE2, WHERLHEATLHERARANGEIRHE (BREH)D s
R 20 2 1T ) 5 Fof 1 9

Wrap Mode: Repeat
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741 S

A, &ﬂ]%}”’ 25 4 A K DG B U, R AR R M TR T 3 1 A R Y B S SR
B 17.20 s T R R AR T S0 1R ' 5 S A0 P e B ) v e e S A3t EERCR

AB720 FEREEXESSEE, NEDA: RESERS, REARENSIRE, FRESMNSE R

BATE A SR an ] 7.21 B . mTRAE t, B840 m] LAk 3RATTSE hioks 40 H 2 il i 4n
i, 13 EA A BER o -

) T 7E Unity Shader ' SE8l FIARCR, IRATHEEHATW FHES TAE.

(1) & Unity TNt ERBRET, 255
%4 Scene_7 4. {E Unity 5.2 ', BRINEM FHRBGEE—
MEEHAM—/NFEATR, JFHAERTHERREST. &
Window -> Lighting -> Skybox ' &4 5 PR & T -

(2) HE—IME. EEBRES, ZMHELH
MaskTextureMat.

(3) #HE— Unity Shader. {fEA BT, % Unity
Shader # 4 Chapter7-MaskTexture. #%#7ff] Unity Shader
W25 5 2 A B BIH R

(4) fEFFPaIE MR, FHEE 2 PP MR
Méﬁﬁ%%mﬂ _ AB7.20 KD ERNSHEESGE

(5) fRIF=.

F1IF#H [ Chapter7-MaskTexture, MFR G A RS, T FIEK:

(1) B4, BAIFTE NI Shader E—4>4
| shader "Unity Shaders Book/Chapter 7/Mask Texture" ({

(2) JAMIFFEAE Properties 1 X 5 B 5 2 148 Bk 45 i i 6 & it

Properties {

Color ("Color Tint"™, Color) = (1,1,1,1)

MainTex ("Main Tex", 2D) = "white" {}

BumpMap ("Normal Map", 2D) = "bump" ({}
BumpScale ("Bump Scale", Float) = 1.0
SpecularMask ("Specular Mask", 2D) = "white" {}
SpecularScale ("Specular Scale", Float) = 1.0
Specular ("Specular", Color) = (1, 1, 1, 1)
Gloss ("Gloss", Range (8.0, 256)) = 20

F- 1 J& M P ) _SpecularMask BJ&BAT7 B4l 00 &6 RO IE =B 43, SpecularScale UIj/2
T4t S B i P 1 TR B
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BTE HisoE

(3) RJ5, FAIFE SubShader ¥& X HH g LT — Pass 1 X, F7E Pass I —1THR T i%
Pass [ ¢ .

SubShader {
Pass {
Tags { "LightMode"="ForwardBase" }

LightMode bR/ Pass bR K—F, BT 5 X% Pass 7E Unity (956 RIR KL 1 .

(4) K5, EAMEH CGPROGRAM Fl ENDCG RAEMH CG A5, Ll SCRE 1T
H OB oA OIS . RO F#pragma $84 k& Uk Unity, 0T8I A (A3 R0 F oA
Bt AT, £ , EIR4F0H0E vert Al frag:

I CGPROGRAM

#pragma vertex vert
#pragma fragment frag

(5) HTHEH Unity WER 48, W _LightColor0, &7 %4 & it Unity A& L
Lighting.cginc:

| #include "Lighting.cginc"

(6) BiJE, FRAITFEE LA Properties %A & P A R AH VT K ()28 &«

fixed4 _Color;

sampler2D MainTex;
float4d _MainTex_ST;
sampler2D BumpMap;
float _BumpScale;
sampler2D SpecularMask;
float _SpecularScale;
fixed4 _Specular;

float _Gloss;

A0 ELFE MainTex. ELRLFE BumpMap FIIE S 40P SpecularMask 5 3L T e 113 [ fif
FI 208 8 tEAF B MainTex ST. SXEOKH, 7EHFEAR " A& S0 (74 RERE R
[ A M 3 NSO RRAE. AR AT DA RN A T EGA SR H , WA 1A
T — AN A — A ) JE 1 A8 i TextureName ST, 8- Bl FH (KIS0 EL H (K38 n, 3411
SR W T A € B8 oP AT LU P (ARG 5 A7 08 . TR M, FRATIASTS BT SR HE AT P AT
BEME, BEREZ L] LAER R —F PR HRE, BeR3RATHE AT DA X Lo g0 5 A A — A
AR J5 (P SO AR R IIEAT KA

(7) 5 ST pa A £0 2% (X5 A\ R 3 0 5 4 4«

struct az2v {
float4 vertex : POSITION;
float3 normal : NORMAL;
float4 tangent : TANGENT;
float4 texcoord : TEXCOORDO;

)i

struct v2f {
float4 pos : SV_POSITION;
float2 uv : TEXCOORDO;
float3 lightDir: TEXCOORD1;
float3 viewDir : TEXCOORDZ2;

bi -
(8) TETRUE AR, BADCHTT mARLH 7 BT T A P25 E) 1) 288, HEENIMBALZE
(2R B T Y12k m b, DAMELE o Bk AR st T e iz .

v2f vert(a2v v) {
v2f o;
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o.pos = mul (UNITY MATRIX MVP, v.vertex);
o.uv.xy = v.texcoord.xy * MainTex ST.xy + _MainTex ST.zw;

TANGENT SPACE_ROTATION;
o.lightDir = mul (rotation, ObjSpacelLightDir(v.vertex)).xyz;
o.viewDir = mul (rotation, ObjSpaceViewDir (v.vertex)) .xyz;

return o;

}

(9) fff LB SO {3t 7y 2 T (s JRA T P B SR PR AR TR 2 T Y 8t D't SR S SR P <

fixed4 frag(v2f i) : SV_Target {
fixed3 tangentLightDir = normalize (i.lightDir);
fixed3 tangentViewDir = normalize (i.viewDir) ;

fixed3 tangentNormal = UnpackNormal (tex2D( BumpMap, i.uv));
tangentNormal.xy *= _BumpScale;
tangentNormal.z = sqrt(l.0 - saturate(dot (tangentNormal.xy, tangentNormal.xy))):

fixed3 albedo = tex2D( MainTex, i.uv).rgb * Color.rgb;
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.xyz * albedo;
fixed3 diffuse = LightColor0.rgb * albedo * max (0, dot(tangentNormal, tangentLightDir));

fixed3 halfDir = normalize(tangentLightDir + tangentViewDir);

// Get the mask value

fixed specularMask = tex2D(_SpecularMask, i.uv).r * SpecularScale;

// Compute specular term with the specular mask

fixed3 specular = LightColorQO.rgbh * Specular.rgb * pow(max(0, dot (tangentNormal,
halfDir)), _Gloss) * specularMask; .

return fixed4 (ambient + diffuse + specular, 1.0);

}

PS8 R RN S S e BRI 2 R P ok (RS SE 2 —FF . FE TSmO R AR, FRAT) S % g =
4 F SpecularMask HEAT KA. HI T2 548 F (208 51 £ A5 AN LU R I rgb o R ISR —RE,
T T & N R R AR, EXBERITEREH r 28R ITEENE. K5, RITHE2
FIFERS{E AN SpecularScale A3, — kI Mt KA IR .

TERAAE, RAOVEH XK E G LS R F IR T T ——E [ rgb R A1
R —ME . ESERRIWERRBIAE T, TR S 70 43 ) FH 38 5 40 38 b 1) 4 — ™ 1 € 10 1 R A Ak
AR EE, BIOISTE 7.4.2 TR BAXRE—MF.

(10) #J5, FA1NiZ% Unity Shader & T &) Fallback:

| Fallback "Specular"

7.42 HAbEELIE

TERLSE AR I FE oh, LU O AR TR LKA B TR TR B, T2
A A AE T AT A5 SR B R stk R i R vk %, A1 780 AU — 5K S ) RGBA VY4l
&, ATAEARKEEE. B, FATATEHE GRS R A 7E RIEIE, 1CIA%MK5RE
FEAETE GBI, ERGRH IIRECH T FF7E B B, BJE1E B AOCIRBEAFHETE A .

fEHF R (DOTA 2) BITFAH, FRARN GO REMEAER T 4 5KREEE: — ik T XBRREE,
—iRH T URTVEL, A PTR A R AR . XA, PRI SCERAL T L 8 RS IR
TR, XA AR TR At BEARSE, AT AR RS MR R R P . 1328 AT DAEEAR AT
HE M _EERFIET (DOTA 2) (MISEINEARRBIESERE, AFEmER T O APRERY . S0 DR HIFE T
WA . IXRARF L % X Bk
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FERUAR P LT EEHR—F SR . ELERPELIBEHR, BFSEE RN
EHI'ERERREE (Alpha Channel). M HZEWHIREE, Y1 PEELERFE LN, 510
FokR T REEMEREEZ S, B E R AR EWE.. SERER 1, B
SEANBERR, WA 0, NERZBRERTESSER.

fE Unity 5, FRAT T3 3 FH P 7 SR SEBLE W ROR - 28— 2 F i AR EE 3K (Allpha Test),
RS TEAR RIEREEUR: 55— R2BERERS (Alpha Blending).

TEZRTHIE I, BATNEAT R E G 1 e . gt s, Ssth &R 2 e,
BAVPFEAHERCES A, FEE B, BERER C, EREERILALRIFRER. Fk b, 3t
TAEY (opaque) ¥k, AFHEBEAIMIERIGT B RS FEFHFBOR, X2 TR g
2% (depth buffer, HHFRA z-buffer) FIFFLE . FESLIE YL, YREESE MR TR g n] WA Cvisibility )
NI, BT LA E A AR 4 S B AR AT TR A S R . A
A AR WABRBESAF P ESRAINTZ A JoRE R VLR R, SiER— M Ao, WERER
WEEN O T RSP FET B CGnRIFE THENRD, e EE S ELE
i, WABBEAN R AN BE LB R E CHYESET ) B, XA o st
KFaEr B RE, HHEERERBEEEREREZ Y (MRFRTHRESA).

EFARWESZM, AT LAERAIAR SO EHWERERUY, Hli A #44 B, BMER]EE
A FER B A HEL B QS A, FOUEEAT SRR 2 AW B BE RSP E L,
WHALXBEANBBEE R (B SRR LIE AR, AW AR T, XREN, A
RZEHBERERN, BATKHATEESAN (ZWrite).

fRT AR U, 378 FH R U A% B B R B B AR SR .

o BEEAREEMIR: ERA A “FiEMm” BNLE, REAS A oHE B A2 &0 GEE
BAFEANEE, PBLAEHN R TREMET . WEFN A CHAS HHHTEM A H,
WASIBE S = AR ; 750, a4 B I8 1 AN B B ko A B 5 SOk AL B
BIREATIREENNA . REE AT . b, BRI EATERARESAL, EMH
fth A2 M)A B K B AN (R il e S AR TR B B R & 37— 48 oo BRI 8L, (B2 e A1)
RRWRR S, EATLEY, MEAR], BATEANEYH, RMEANEHDEIF.

o FEMEIRE: XMEAUARIRIENVEWRSR. o 260 @ EE RS
EF, 5eefEmtgn e EtirRe, fEHHRe. B2, BHERET
BRWMEEBA (BATVES ML TFERE), XAMAEFIRATEIER /NP1 T8 G i
JF. WEEENZ, BHERE XA THRESN, HERAXARENR. XE®RE, 4
FREHERAEER AN, EESHEREMFEES YirEEZ R EE, W
RERIRBEEE S RENET, BARASHHRITREGRE. X—HRET, 4—IME
YA IR — B YRR AT, TBRA1EES TAZRAYAE, & 0558 7T LLIE B His Y
FEEAYAE. Baiddl, X TEHBERAK, WM EREM.



8.1 AHAERRFREER

e s - -5 s T T T T e A o 3 . 2 R
TRl R S o el e :—_._lu_l e e il o sk Bt
e S : 3 I 3 a . n o -
o H=E<3 ) o B 0 bl =i 0 3 P
& = 7 J" 15N, S Iy BT Tl T - . e i o . vl
AR e g - oo kil g Ry R R ros ) —‘%&";--: L !-E-Il i o aiee e e n :—_-?{,' B -

AT SR, W FEHERARA, WEXMFREEN, oI IRATH R E O A TS H Y41
ERIT. Ba, BATAABEXAEEEAR? MRS KAFEEEN, — M IBEHREEER
KA RS AT LUEL EHIRAVE BN, (5 i T8 B B B b 45 5 1% 38 WA 2% 1 BE B R AR AL EE
I, SHUEHMREE G, RIMEREZES EEHRAEREEOWET .. B2, &AM
BB IEOR T SR BER P i TR, TXR— A EEIEFEIEE (EENIHE 3 W) MRS
1, REBNAGAIEM. XAFEES N FBOE Y0545 HE,
BAKRE BEMA R ER. BEGREFH & AT B, WE 8.1 iR, H A REEH
Wik, B RAEBRYIAE.
BAVREEARFRERIRFESB AR
o F—FhiEA, WAVLESR B, HER A. BAB T REHWEIRE T HEEMRAEELR,
TR o S A s, Fik B HASEABGEMAGRESEY. MER
THESR A, BADERSIATHRENR, FHIRMRIM B ML A BB BEYEL,
B, BATSMEH A RBEVERASEZ P B MEEETRS, ARERKEEYN
g

o ETFMES, BAVEEL A, FIER B. HE A B, BESNX hEAEE A S,
FEik A HESAGGEN, HHFNEEROEXHATEESAN, Eik A FA&BSRE
Zerh. FEESBH, B THEEMR, ERI, B, WERFPERAIKTL, B
BB B ANBEZEMD T 17, SRR B LHEESR A WHIGE. A ERE, B#
HILAET A BRI, X RHIRIN.

WA F AT LR, SXATHEENG, ERINFEZAEE., hRI0E, RN
GEEATE Y EE R e 2 5 FHERCE B P . B4, R R IE Y, 130 F e g ?
BEIEEEN . DREBRZREEWME A B, WE 8.2 Fizx, it A 1 B # 2 EHY1k.

S — S —»

A B A B

AEHB1 BHRPERME, HPA(HE) JEH82 FRPERMYE, Rb AFHBHEFEHYREK
REBHYIE, B (£E) BRREHYK

BADERH FEA R HERIF A AR RS R -

o HTEL, BAVEER B, FHER A. B4 B REFEAFCEN, AFE A SHFIE
L B BIETIRG, H3IEMKFEHBCR.

o B[TAMELR, BAVCER A, FHER B. 4 A SEBAREREN, )5 B 2MBIA%E
MR A BATIRE, IRREEGRSEERMRK, HRKMEE BE A KTH, S3K
BRI FIE WS . '

MIZAMEF R LR B, B2 18] B R BEAT & — 2 ITE R BT «
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%g%lﬁﬁﬁ%;::: ;; :;::WM_Mwmmwmmwwmwum..wmw

BT, ERT %R e PEEAT Y, FER. R %R

(1) SGIERFTAABHDE, FHITREMNOFREMAREESA .

(2) T BHY BN TRENNTITRTHT, RS G TE AT AP E JX
BERWAE, IR EMEEIR, EXAREEA.

A, SRR TS? AR, RER. £ HHRT, FEUDKEESHI “F
K. WRINHF AR EE, L ss 958 2 25 i U538 2 & AN “Hed
B BRI A AT AT HE 7 B4 E A TRE B BRI & W T eR B W ? & FTRES S B O
e, Ot R R R AR AR B | (B2, WM SR BRSO, MR R —
MRBEAE, (ERIAERNTA BAVELN AT HRE, XRREHFFESRE, EAYE A 2HEB
HITESR, A A 207 B JFHER. HURGFERAEBNHL, BAERREHIEROEL
EREIEMIER. B 834 T 3 MIBIEAEBRK .

fER 83, HT 3 MIKEMES, TAIAATRER A EMAIHEPBR . X, 5K
1A LLEFAE AT 2 AN 843 SRJG FEEAT IER ROFE . (B RIEFRATE S 2 80 7 ik i ok T
TEEF B I 1), R HARRIREOLK” #EL7. HIER 8.4 & HirIEbL.

p ;

@ — :
2[H 83 BHEBMFEHPELEE 2[E 8.4 FRBNRENDEHTHF. L7340 T
T AEBBERNFERRR R4 EBEERRTIRIEM A . Bz R IAR RIAE R

X R WA ? RATRE, — MRS S8 T 2 ) 2R — R
v, XM LR SRR AT REA A —FER, RALEFEM MR ERIE NV END
PRERBEAE A AR YA BT HEFFE ? RIS R g ? B R RO i) ? B RBIEMAR? AEMR,
T 8.4 PRI, EFEWB MR EEHSBEEIROEGR, RIOHFEREZ A LEB 1T,
HSERR - A — #0504 B S T . IXWERE, — B2bE T ARl UG, ERLEEL TS
B ) A 2 ) — 5 2 HE B 15 AR o o o i) L ) A ok 7 V2 A1 4 P A

RE4RE, BRSA SHIUTERNKEER, EbhT EAELB A0 A S, Bt
K2 Bl A5 | AL T IR TTi5. O T DR iR RO, FRATTAT LU AT RE AR R 44,
FH L% SR SR AR AR T AT DAL HE P I AR LS . LSOt HE i ik s RA it A A
RS, WERBATAAES EIMMG, 7T LU LB B ITE SR, (5 AR IR AN E. AT
AT LMERIT R TS ARAEE ISR PIEA R Y GEIL 8.5 ).

T, BAVHKFE—F Unity & 00 S HEFE [ & -

il g ARt BT | L g
0 . |
i i

UEEER Y WieeEwe

Unity Jy T PE B ) (o) P20 T8 PA%Y (render queue) JX—AF R TT 5. AT LL(E




8.3 BEAENR

i SubShader ] Queue FRZEHHLE BATHIFELEE 13 FHEME BT . Unity /£ N HEH—R5I%
BRI KBREAERG, BRS|SE RSB REER. 7E Unity 5, Unity RETEXT 5
ANEYBAF] (55 Unity 5 ZBTHIRAMEL 2 T —/> AlphaTest {E4BAF1]), HAR7ERE/NBAF]H a]
fTATLAME R SLABBA S . 36 8.1 S T 3X 5 AMEAT & X AIE YA B LA B E TR o

% 8.1 Unity 271 A9 5 NEZRITY
&R BAFIZ3I S A, oo
IXANE B A S AEAE AT AR BN FU 2 ATRVE e, ATV A 122 A R e IR L 5 B 2
Background 1000 EIZES B | ik
Geometry 2000 ERINAOIRH AR, K% SO AR AL FIXANBA B o A3 A AAAE T3 A~ A%

TEBE RN A A XA A, 7€ Unity 5 1B Geometry BAF 45 8250 7> th
¥, XREMEFAREHDBER L EEERE 12 E N

XA AL AET T Geometry 1 AlphaTest ¥4 5, %M I 7T
Transparent 3000 BEATIERY . AEMTEA TEMERE (FasH TREEAR Shader) HI4AHN 2% E
FHZBAF

Overlay 4000 RBAFIFF 0L —ReRMBCR . (500 75 BAE R R (6 A0 A P A5
PRk, AnSRBA ARSI i ) BRI BRI R i B AR i RS

SubShader {
Tags { "Queue"="AlphaTest" }
Pass {

AlphaTest 2450

}
}

W SR IATAE B B ) BLIR A R SEBLE MABOR ARG AR R 2 AL T 9 A

SubShader {
Tags { "Queue"="Transparent" }
Pass {
ZWrite Off

}
}

o, ZWrite Off Fi TRHARE BN, X BERINERITESTE Pass . WABETLEES
#F SubShader H, IXEWK# 1% SubShader T [T f Pass #L K HAEEE A .

Ilza*'““& g L, g Bt it e

BATRE — FWHTLE Unity S SEIUE B BERRKMAR . € LR 22508 72 W R
TAEIRE.

ERAEMR: REAH OB EARHEEMN CEFRDTEANBIE, Baex Mt
MEWEF . WEFHH TR ASBEATEMERE, BASEEEM = EEMER; FN, 5
SR H IS 5E A B YR A A B T SORAEELE

WH, BATSERcEERPHER clip MECRUATEYPEMR. clip & CG PH— 1 RE
EREXIT.

3 void clip(float4 x); void clip(float3 x); void clip(float2 x); void clip(floatl x); void clip(float x);

S BERHMEH bR R B

#R: MRS ESHOEA M REAE, REEF LB ENMHHE. EFRT T
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MR

void clip(floatd x)
{
if (any(x < 0))
discard;

}

AT, RAMEAE 8.5 i1 LR R SEIEH BENRK. EAPRES, %L N
transparent_texture.psd. 1%i% B SO AE AN [R] X 45 (1037 B BE AN 6], FRAT1ad i e ok A 5 52 B RE il X AR
MR

TR EAT G, BATAT LG EIELIAE 8.6 HAIHIR.

sE 85 —KEMLE, HpE AE 86 EFHEMR
Ttk B B AR

ik, BATFESEAT I AR TIE.

(1) 7£ Unity PHE— TR EXBREF, %R 4LH Scene_8_3. 7E Unity 5.2 1,
WHER FTHREE ST —DREIM—/N Tk, FEHEATHENRERF. £ Window ->
Lighting -> Skybox ' £ HH M RE & T .

(2) H@Z M. EXPEES, %M TN AlphaTestMat.

(3) HiE—A Unity Shader. ZEAFHE S, % Unity Shader %4 Chapter8-AlphaTest.
fJ Unity Shader %45 55 2 27 h @I HIH .

(4) EFHFPOUR—NLITE, R 2 Sh bR SR . Gl —A i, 4 Fm
PEF LR R

(5) REFFHR.

FTFF#T [ Chapter8-AlphaTest, MFRFTHE EA K65, FHHITUW B,

(1) B4, WNFERIXA Shader E—NMEF:

| Shader "Unity Shaders Book/Chapter 8/Alpha Test" ({

(2) T LEM BT AR 42 6152 BE BE R i 6 FH A (B,  FRATIAE Properties i XA B —/
JelEZE0, 112 A1 Y _Cutoff:

Properties {
_Color ("Main Tint", Color) = (1,1,1,1)
_MainTex ("Main Tex", 2D) = "white" {}
_Cutoff ("Alpha Cutoff", Range(0, 1)) = 0.5
}

_Cutoff Z¥H TP ERATH M clip ZEATHE Y BERAR (LA BHIW 4. ERTEEZ[0, 1],
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1X 2 R A SO {5 35 137 B BE S 2 AR T R AN o
(3) RJ5, FATI4E SubShader i X b & LT —/ Pass i X Ht:

SubShader {
Tags {"Queue"="AlphaTest" "IgnoreProjector"="True" "RenderType"="TransparentCutout"}

Pass {
Tags { "LightMode"="ForwardBase" }

BATE 8.2 Wh BLIEERNFHEEN, I EHAELE Unity "% 0 BERA A FH A& S BA
1 JE4 Jg AlphaTest IBAZ1, RUEFRATTE ZHE Queue Fr%5 ¥ B & AlphaTest. i RenderType #x25 af
ELik Unity #iX /> Shader A 242 71 & 20 GX Bk /& TransparentCutout 41 )9, LA+ 8 i% Shader
R—MEM T & BN Shader. RenderType #3454k Al T3 fAd S #Thie . BATEIE
IgnoreProjector # & A True, XA X/ Shader A2 Y2 (Projectors) [I5¥MWi. EH,
T 37 W BE IR Shader #RAiZAE SubShader 1 BIX =/ M54 . HJa, LightMode #7552 Pass
PR —P, BT X% Pass 7& Unity RDGHRTUK S I . JA5E T IEHH LightMode,
AA BE IE#19 2] —L2 Unity P9 BOERAE R, #il40_LightColor0.

(4) R, FHAMEH CGPROGRAM #1 ENDCG KA E{E CG RS F, K B H KT 5
FHOBRF EAJRRGE. 5%, RO Hspragma 18435 F Unity, BATE LRI A E G2
FEaRH 28T ERF, B4 F5 52 vert Fl frag:

CGPROGRAM

#pragma vertex vert
#pragma fragment frag

(5) B THEMH Unity & M0—225 8, 41 LightColor0, T &M Unity M9/ &4
Lighting.cginc:

] #include "Lighting.cginc"

(6) 3T H Properties 1 P AEBFEMER R, WATHEE XMNEA BRI AHILAR
AR

fixed4 _Color;
sampler2D MainTex;
float4 _MainTex_ST;
fixed _Cutoff;

T _Cutoff FIVEEE[0, 1], EHIRATATLMER fixed ¥E RFHEE -
(7)) RJE, BAile LT A GRAMA NG S, B e X e s

struct a2v ({
float4 vertex : POSITION;
float3 normal : NORMAL;
float4 texcoord : TEXCOORDO;
}i

struct v2f (
float4 pos : SV_POSITION;
float3 worldNormal : TEXCOORDO;
float3 worldPos : TEXCOORD1;
float2 uv : TEXCOORD2;

}i

v2f vert(a2v v) {
v2f o;
0.pos = mul (UNITY MATRIX MVP, v.vertex);

o.worldNormal = UnityObjectToWorldNormal (v.normal) ;
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EoH EWNR

o.worldPos = mul( Object2World, v.vertex).xyz;
o.uv = TRANSFORM TEX (v.texcoord, MainTex);

return o;

}

ERAABERNCENINIRBIK T, BAVFET A CaS V5 72 18] (AL 7 R AT A
fr B ARG, FEElfEids FuEtds.
(8) B E B [IE W IR FCRAE o tadsh

fixed4 frag(v2f i) : SV Target ({

fixed3 worldNormal = normalize(i.worldNormal) ;
fixed3 worldLightDir = normalize (UnityWorldSpaceLightDir (i.worldPos))

fixed4 texColor = tex2D( MainTex, i.uv);

// Alpha test

clip (texColor.a - _Cutoff);

// Equal to
// if ((texColor.a - _Cutoff) < 0.0) {
// discard;
F

fixed3 albedo = texColor.rgb * Color.rgb;
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.xyz * albedo;

fixed3 diffuse = LightColox0.rgb * albedo * max (0, dot (worldNormal, worldLightDir));

return fixed4 (ambient + diffuse, 1.0);
}

RN CLIRAN clip BETE X, E2HKERZ5, B texColora - _Cutoff £ A it
#, MARREEF ZH L. WEER, 24 texColora /DT S Cutoff I, Z%H Joit
SEETEBEHRMR . FH clip REEFR T EAMSEREE/NTE, MR MM discard 154
KEH R 1A TC. G AR Z B 5e 2 —FF, BATTH S BIEREDE RS 6,
EENIH NG AT -

(9) #Ja, ATFHENIXA Unity Shader ¥ & 4i% ) Fallback:

| Fallback "Transparent/Cutout/VertexLit"

FZ i {# F i Diffuse Al Specular A8[A], XK FA1M4EFH A B () Transparent/Cutout/VertexLit 3
YEZR[E13 Shader. XA AELRIELER A4S ) SubShader JoiEAE i 2K _E T4ER v LIF &4
HIACEF Shader, i AT LAORUE S A 3% BA B MU 0 4 4 o] LA IE At bt 1) B A A B S B, LA S ]
LZ I, 9.4.5 1.

A BRHE B 1) Alpha cutoff 4 TR 8% BA BERRIHE I e, Y8R R IE N i E
i, MNRTORSEEF. LIRATEEEIZER, Sd ERMESEREL, WE 8.7 fix.

AE 8.7 FEE Alpha cutoff ZHMNIEKR, EZHNBEIETAHEERENRE£UMEIR



84 EREERSE

M 8.6 M 8.7 AT LA, & BRI AE HACRR “ B ” LB, B4
STENEY, CRHMREEGE-NIRNEUDHELIZT AR MH, [3ENMRELE
WS ZEAT, Ak, RFEAFEL TS RE Y BRI BE R . 24 T 19 23R
(RERIRCR, AT AR ATE I RETR & o

WeERe - o Do e
l o '.i T v'

3% B VR B SE I 2R LB O PR R A — 2, X PR O IRATIAE b B B BE AR, SERR B RR
S A E R L TR R, FURAE o G ep s in 7 %02 1 RE AW 88T ) Je AR
. AR EE ST B U BEVR G R IX AR L T o FRATT IR B 2 37 B RE VR A 11 e B

BRAERE: XA AR EIERFERSR. B M S R ThEEEARESE
T, SESFEEFEEZ e ElETRE, SEHMgGa. B8, EWERESTEXMR
EEN, XERBATEIER DO FRERNT .

AT HATIRG, BATTHEEM Unity $24L1)JE -5 fr2—Blend. Blend /& Unity #2ffH)E
BABR K f 4. ARSI W A 2R B 75 BT 24 T B B BRI S & A7 7 T B 58 v o (1 2
OAEITIR A, TRA IR I R B 2 Bi%iR & e ). & 8.2 45 T Blend #2115 X.

%*8.2 ShaderLab &Y Blend %

BN W R
Blend Off KRS

FFREE, HREREETF. HHE GZA T ERSE) 27LL SrcFactor, T HAREIE
(EAAFETEEZAFIPIE) 2780, DstFactor, RJEIEREAHINEFFABIEZENH

Blend SrcFactor DstFactor

Blend SrcFactor DstFactor, e 11 e . NG e ; v
SrcFactorA DstFactorA FEHLF—#E, SR AR E B kiR A il

FAER AR S H AR F AR ES . i {E BlendOperation H & 14T 3

BlendOp BlendOperation e

TEATT R, FAI A% — ik X, Bl Blend SrcFactor DstFactor KT G . T ZEEME,
RS ERERGEFRFENGITE TRG#A. XEFEAN, RAFRTREZE, ®RERIT
HEEWEIEA AR, 1M Unity ZEFAIEH Blend fiv 4 1 ESE BB RATIH T . REVIFH
BOREHIAE A4 B SRR B AT 3 A AR, X AR R R Dk b i 1846 7E Pass H f# fH Blend 14>,
—HHRARRAREREGHEF, HEEREXE, RARGHFRAES. RINSBESEANESHE
+ SrcFactor ¥4 SrcAlpha, 1fi H b5 & 178 A 1 DstFactor #% %) OneMinusSrcAlpha. iX &M F
ZiiRE EREER:

DstColot e, =SrcAlphaxSrcColor+(1-SrcAlpha)*DstColor 4

T, RO A ] AU X R & f 2. £
8.6 1ith, BASHERNEZIREE SLHIHIE.

WAVEFF 8.3 i [RIFE B AL, 725 2584
Ta, AT LG 3ISELE 8.8 IXAEHIAR -

AT 4E Unity PScBlLEW RS, A1EHITWT
HE& THE.

(1) 1E Unity FFid— Mg EARBRET, 25
54N Scene_8 4. 7£ Unity 5.2 th, BRINENL F50BE B
HANBRH AT MR TABRREE g ——
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mo® ABHR

T. 7£ Window -> Lighting -> Skybox 1 ZHi S H I RZE & T

(2) FE—AMB. BRI, %M 40 AlphaBlendMat.

(3) HiE—4" Unity Shader. fEA % IHEF, 1% Unity Shader % & Chapter8-AlphaBlend. 1t
f) Unity Shader W45 28 2 5 G2 BIH 7

(4) EGFPRIE—AL &, FEE 2 PP iM RS 2. G2 Fl, 6
(A VA T

(5) RfFHH.

FTIFH ) Chapter8-AlphaBlend, MIFRFTH CAT4LHS, JF4E 8.3 WY Chapter8-AlphaTest f{i
LERREGRE L, AR T EAE XA IR L AT — B B wT .

(1) &2k Properties & S Ht:

Properties {
_Color ("Main Tint", Color) = (1,1,1,1)
_MainTex ("Main Tex", 2D) = "white" {}
_AlphaScale ("Alpha Scale", Range(0, 1)) =1
}

BAMEH —ANBr i JBYE_AlphaScale SKEZFCRSE)_Cutoff J& 4. AlphaScale H T 7Ei%& HH 43
B Al BRI R . AN, IR EAE Pass FESFB MR NI AR & -

fixed4 _Color;

sampler2D MainTex;
float4 MainTex_ ST;
fixed _AlphaScale;

(2) &k SubShader 18 FH UARZE

SubShader {
Tags {"Queue"="Transparent" "IgnoreProjector"="True" "RenderType"="Transparent"}

EARFE Tk, AL EIELE Unity 75 9 BEIR & 68 F IE 3L 512 4 4 Transparent f¥]BA
5, BRI IRATHE I Queue HR%E Y E ) Transparent. RenderType #7% 1] LLil: Unity 43X~ Shader
B HT € X4 (X Bt Transparent 41) 7, FIRIGHH % Shader & —MEM TEWEIRS
) Shader. RenderType b4l ¥ 4 F T35 (A28 B4 ThAE . FRATIEIE IgnoreProjector B E A True,
IXEERAE XA Shader N ZFIBL A (Projectors) [I5EMW. A, {H THEWERAM Shader
#RA 1% AE SubShader H1 & B iX 3 MR%.

(3) 5BWHENRAFRM R, BATETFELE Pass P ABHE RS HITEENRBASREEE:

Pass {
Tags { "LightMode"="ForwardBase" }

ZWrite Off
Blend SrcAlpha OneMinusSrcAlpha

Pass [AIPRZEAIAIZ 51 —FF, RI4E LightMode 14 ForwardBase, iX /&4 T it Unity A8 4% AT 1]
ERBER T A BATEMRIR S AR . Rtk sh, RATEIZ Pass KRS N (ZWrite)
BEAXKARE (Off), RIEZWELIEAT A EZXFEMT . FRIFFEEN. K5, &)
TR H W E T 1% Pass MB AR WFEART T LTk, BATKGESIE (XA oA=L
) MIBEHEF&N SrcAlpha, HRHIE (BEFETHEAZMTHSIE) WREGHEHTFRHN
OneMinusSrcAlpha, LAf5 3| &3E ¥ 335 LR . ‘

(4) B ok .

fixed4 frag(v2f i) : SV_Target ({
fixed3 worldNormal = normalize (i.worldNormal);
fixed3 worldLightDir = normalize (UnityWorldSpaceLightDir (i.worldPos)):;



8.5 FRAEBANFEERUR
fixed4 texColor = tex2D(_MainTex, i.uv);
fixed3 albedo = texColor.rgb * Color.rgb;
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.xyz * albedo;

fixed3 diffuse = LightColor0O.rgb * albedo * max (0, dot (worldNormal, worldLightDir));

return fixed4 (ambient + diffuse, texColor.a * AlphaScale);
}

EERAREEF 8.3 W JLFREE—F, REBRTEWHENRMNAL, HEETZH TER
IR [EE B R IE, R SO FE VE W B E AH i 250 AlphaScale fO3RF. IE AT —FF
WETULR, RAEH Blend AT RS G, BRINEXEREZHEEAFENL, BN, X5
B FE FEAN 22 TG R AR AT S

(5) HJ&, 1B Unity Shader [¥] Fallback:

| Fallback "Transparent/VertexLit"

FATPT LA 944 BUTHIAR ) Alpha Scale Z%(, VASHIFEMAEHE . K 8.9 44H T A Alpha
Scale Z 40 T KB RCR .

AE 89 FEE Alpha Scale SHRVRV), HEEIEBMKMER

RAVIE 8.1 P IR T T RS
DN R B 25l 0 . 4700 A A T e A Y %
REEAA T AN S R, RaE &
F B RE Rl H P R A T 7 2 A2 1B W AR
8.10 25 i T A _LTHI f) Unity Shader /& % Knot
R I B

XE R T RATEA T RS AR, F
B RE T T 15 3 A TR AT 26 00 11 R
HERF. 7 8.1 WRRRATRE T — R i 24
SR, MTTTAT LA B — A “ REAR S (R4 . e —
{ERREHR FXAEERAERRN. X, & 4B 04D, SRR PPN T R
TR LR ER RS A AT B il R
B PPE— AT . X R RAT F I A

£ 8.4 Widg)E, WAVEGH T —Fll T RS NGB R P RSO . —Fh il g 2
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RIEABE Pass RKERER: F— Pass FEHRESBA, EAMmHSIE, X EMXNENT
AR IR S NIRRT 3 A Pass BHTIEWMEWERS, BT LE—A Pass &4
B3 TEREMIEFRFAIRERR, 1% Pass AL
B Z LN MR P 45 RATEHE S (HX
T ERBRSTE T, 2 —> Pass &% fE
B ERIRE . fEATEG, AT AR EIEM
Kl 8.11 HERR . ATLAE H, XML, A
9SR eI LUSEBLBE R 5 i 75 RIBE AR, |
BRI N HZ AASFEAMEIERIERBER.

Ak, AT EHAT IR e T AE.

(1) 7E Unity g — it AR BBIES,
%3754 A Scene_8 5. 7E Unity 5.2 1, BRIATENL
THREBAE N BRBEIA—AN AT, IFEAER
THEMARZHT. £ Window -> Lighting -> Skybox F E G RF M REHET .

(2) HEd— M. FEABRET, =M 4% A AlphaBlendZWriteMat.

(3) #H & — Unity Shader. ZEAF B PEF, 1% Unity Shader 444 Chapter8-AlphaBlendZWrite .
{17 Unity Shader BA45 28 2 25 P AU KM iR .

(4) TEGRPEIE L&, FHEE 2 P RMBURS 2R G 8 —4Fill, 5-Fim
(YA YA N T

(5) RAFTHHE.

AT BRI 8.4 R K Chapter8-AlphaBlend JL 584 —#f. AT Chapters-
AlphaBlend H FARHSHG U5 B 445 ) Chapter8-AlphaBlendZWrite H, 3R A1TH 75 E4E JR KA F (1) Pass
TP 39 i — AN T 1) Pass Bl 7]

Shader "Unity Shader Book/Chapter8-Alpha Blending ZWrite" {
Properties {
_Color ("Main Tint", Color) = (1,1,1,1)
_MainTex ("Main Tex", 2D) = "white" {}
_AlphaScale ("Alpha Scale", Range(0, 1)) =1

AB 811 FRTZREBANEERYLE

}
SubShader {

Tags {"Queue"="Transparent" "IgnoreProjector"="True" "RenderType"="Transparent"}

// Extra pass that renders to depth buffer only
Pass {

ZWrite On

ColorMask 0
1

Pass {
// #18.4 TEBEARE
}

}
Fallback "Diffuse"

}

XANHFTEN N Pass B H BIXUAGR A TR AR EE BB AREZEMH, i 5 BRBLIE A 4
HES R Foc. Hik, Pass I —1THRE THEBAN. 547, BIOMEHET —MHRELR G
4——ColorMask. 7F ShaderLab "', ColorMask H] T i & Fi{a il i () S5 #1Y (write mask). /Y
B

| cColorMask RGB | A | 0 | HAMEF R, 6. B, AMHE

172



8.6 ShaderLab E’I;E =g

4 ColorMask ¥4 0 i}, WK 1% Pass NE N FifailiE, AL EMTiE. XER
BT E——1% Pass A BEAGREELFRI]

7E 8.4 —ih, RAICELFER WM Blend fr S H#ATIES . Ehr b, BAEHIRE HARH
b, AMURHATERERSG . EATE, RATEEIMPEGHL T A7V & P 407 o) &,

BATE KRB —TREZRWMMSEIN . S cE aS~E - PHRAaKRE, 77 LuEE5HE
AP P EHATIRE . XHE—K, REMMNNERESRAR: BB (source color) FlBHERER
& (destination color). JHZI(h, ATH S Fax, BN EH o BR = ENBEME: Hisgi@,
BATH D #ow, R ERMNBEE M PR B MBI EE. N ENHITRE ERB 5 HEE, B]AT
H O xR, ESEHEARREZE N . FEEENR, LRAIATRBEERHFESE. Bt
B n, ef1#a & T RGBA WIAEERIE, Mt Z RGB ifi#E.

MEMHES, RIWAEEFEE. 7€ Unity , 24341 Blend (Blend Off iy 4FR4H)
2 h, BT RERGRSIMETTRE TIRE. B2, EHMEE AP FRITEFEFIHIFEM.
Bl tn#E OpenGL ", FRAI1 75 Z A glEnable(GL_BLEND)XITHIR & . {BLE Unity ', BECLHEY
JE RBA M T XL T AE.

8.6.1 REZFXNSH

7 2.3.8 WP RAHREE, RER—NB R G, T EEARRT4EN, (EH2 & ER i
B Mt FAITLRERA N HISEEREE. BEEFEREWIRE. Ba, X
B ] SEIR Ve 2

WAE, BATSEEA LR dﬁ:ﬁ‘fés%ﬂahr&ﬁé D, FZA P4 BE O Bl H— 4
AR HE . BAEXNMEXFAREZER (blend equation). 4HEATIR AN, AT Z 4 H M
MEESENX: —1HTIESA RGB B, —MHTIESG A #BIE. YRERSREN, FAILE B
WE KRR EEN P AIRMEMEF. EEAENT, BEEFMH RRIEARZIEE GRIW
A LA A AL, BAMAFERRE - FMREE TR, AFRERIANER (OHHETRS
RGB @B A#IE), BMEXAHNMET (—AHTRESEHRE, — T/ E RS,
it —HTE 4 ANH T . R 8345 H T ShaderLab H#% BIRA K TR 4.

8.3 ShaderLab PR BEREE FHIMHSL
W% R

THRIES, HREREGET. WP G IoEREIE) S3LL SrcFactor, T HngiE
(BRAFETHEEFINBHER) 2FL DstFactor, SRJFIEFE AN G FHAAASEE N

Blend SrcFactor DstFactor

Blend SrcFactor DstFactor,
SrcFactorA DstFactorA

ATLURIE, i Rt THAET, XEWE KM HFEFREASE FRIES RGB
A A JHIE, BPSEl SrcFactorA K% T SrcFactor, DstFactorA #4551 DstFactor. I [H &2 18 F
XL AT R A AR R A A K

0., = SrcFactor xS, + DstFactor x D, ,

0” SrcFactorAx S, + DstFactor4 x Da v
W2, XA T AT LA PRLEENE ? % 8.4 451 T ShaderLab SCHFHIJLFE A B F.

AETLT—FE, FUR AR AN R B0 7 R A W3 1
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F8E BEHHRE
<84 ShaderlLab $#iESEF
s ¥ R
One ESES R
Zero H-Fh o0
SrcColor BRI . 4 TR & RGB MR & %0, M SrcColor i) RGB S RAESRART
HHTRE A FRA %X, 1/ SrcColor (§ A HBIAENREHT
SrcAlpha BT = A 058 3 £, ) 2 O B (A G0 )
DstColor lﬁ-‘fﬁvﬁ@ﬁ{ﬁ, S TR E RGB BIE RGN, A DstColor I RGB 7H A AR &
Fi: BHTRAE A BEMEESAN, {1 DstColor i) A HRAEABEE T .
DstAlpha B 74 H bR e B B (A i)

BF A (-P5ER) . 4HTIRE& RGB [ & %0, S5 RGB SHR{ENBARET: 24A
FRE A MRASAN, R RN A SRIENESET

OneMinusSrcAlpha | B&-F 4 (1-J5 B (2 ff135 1 {E)

BT (- HAnsith). 2H T4 RGB #iR AN, 4R RGB M NBEHF: 4
ATIRE A FIRAFEN, [EHESRN A SREARSET

OneMinusDstAlpha | BE-F 4 (1- H Frsiife ik i 2 {H)

OneMinusSrcColor

OneMinusDstColor

B TR §R 34T B R, RGB HEMREF A A WENIRE HF#E—FEm, fAn
EMAEEMEHARNSEES A i, X #a AR Blend SrcFactor DstFactor,
SrcFactorA DstFactorA {54 . filin, WRKANBELERE G, i HUE RIS I R (e w2 DR B e 1)
W, WTLMEH] R a4

| Blend SrcAlpha OneMinusSrcAlpha, One Zero
8.6.2 EBEHE

& B L REE T, HESEaR RS erxd AR e R FHERE, R
EEAT IRV At A . IEA R ANR] DUEREAER vk, mifERwZEe? EEEH

SEM, BATATLAEF] ShaderLab ) BlendOp BlendOperation 74, EIVESH/EMm4. £ 8.5 4H
T ShaderLab ' 32 £ VR A #1E -

#*85 ShaderLab H#)ESR{E
#fE (- I Y
WRE E MIRB AN B ABEAR . BRAREEME. ERAMRGFAR:
Add 0, =SrcFactor xS, + DstFactor x D, ,

O, = SrcFactorAx S, + DstFactorAx D,

RS R MEFERLREES G HESIE. SRS SEAR:

Sub O, =SrcFactor xS, — DstFactorx D,

0, =SrcFactorAx S, — DstFactorAx D,

FREE N HSERERS G OESE. EHMREER:

RevSub O, = DstFactor x D, , — SrcFactor xS,

O, = DstFactorAx D, — SrcFactorAx S,

fEREE R B B E PR ME, RES RN, ERMREEAR:

b 0,,,, = (min(S, . D, ), min(S,., D), min(S,, D, ), min(S,. D, ))




86 ShaderLab H‘J/E%‘uﬁ’% %ﬁ

e

#® o fE R
8 FHIREE A B FBE A BRRE, REM B, ERHREE SR
0,y, =(max(S,, D, ), max(S,, D, ), max(S,, D), max(S,,D,))

rgbu

Max

oA e 1 X 7F DirectX 11.1 H37 ¢

RERMFEGSERZHREEFHS B TIFR. HFEERMRE, S{EH Min 5 Max &
RN, RER TR ERAREMERR, EO RN R RIREE R B B 8] L

8.6.3 EBRHSREHKA

MRS EEMRER TS AE, AR LR 3] —L24 Photoshop TR AR P IR S
WUR:
// IE® (Normal ), BEIERERS
Blend SrcAlpha OneMinusSrcAlpha

// ZEFOMND ( Soft Additive)
Blend OneMinusDstColor One

// ERBE (Multiply ), BIAE3E
Blend DstColor Zero

// PRfEME%E (2x Multiply)
Blend DstColor SrcColor

// %BE ( Darken)
BlendOp Min
Blend One One

// ER (Lighten)
BlendOp Max
Blend One One

// Wt (Screen)
Blend OneMinusDstColor One
// ERF

Blend One OneMinusSrcColor

// E&MRR ( Linear Dodge )
Blend One One

B 8.12 45 T LA R B E FREIMEE R, AT LIFEA B UET ) Scene_8_6_3 itk
SR TR -

A 812 AEBESRSREFINME
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%EE:%@%%;::::::iTiwwwwwmmwmwmmmmmmmmw“mmMMw
RN, BAR LA Min A1 Max B S #4ERTRRE TIREG R F, H36F EElDf
AEMEGRAEMEW, FA Min il Max BRERESZIKREHET. B—82, B LA LE

ERAFEARBERGRENME, EREMNARLMEAMERME, MLSTRET Blendop
Add.

) m@agmsnns

FEISEAEE S, R —MERBE N, BRI AT LUE R & A B AR AR T,
WA B E NI . BEFTSCIIEWZR S, TibREHENREZEWERS,
MIFFEM LR IET7 R A A HE R, SEOREERRGFEAEEDS . XEEY,
BOATE L FIE R G 5B T WA G TRURHLI T ) E R T, wiRER T IE
e G RBAVEZGBIXEE A BOR, 7T Cull $54 Sk4% %I 75 22 5 BR 6 A i i 7E 48 e .
£ Unity &7, Cull #8480 T -

| cCull Back | Front | Off

WRBE A Back, MAMLEXHREIFNERE TR ASPEES, KL BINEL TS
BRREs: WRE N Front, A4 MRLEH f SREHLAE R B U A S HaE S W REHE H Off,
RKRMGIBRIEE, A FTA E G ol BaE B, {5 1 T I 5 ZEE 4 1 B o 8 H £ st s,
DRI BRI R TR R RCR 60X B A XURE R B I ROR, 85 15 GRS K AR BT RER -

8.7.1 BRI IR B £

BATEEKRE —T, Wik 73 B RS 4 SEOUN IE R R . XAERRE, R
i 2 A Pass [VERLBCE P Cull F52 K RHARIRENTT . ik, FATHE T~ 5, EARFER
VErh, %S4 H Scene 8 7 1, BEPEREASE T —AIEHE, MMM A Unity Shader
439144 AlphaTestBothSidedMat 1 Chapter8-AlphaTestBothSided. Chapter8-AlphaTestBothSided
[FIRAG A 8.3 5+ [ Chapter8-AlphaTest JL P54 —FE, RN T —47485:

Pass {
Tags { "LightMode"="ForwardBase" }

// Turn off culling
Cull Off

W _Eprs, IXATACRS AR AT 5K P 5 BRI fE
fER DA B A E G B T A 2 aE . Bk,
BATAT LA 2] E 8.13 FHHIRR

SRR, FRATTAT LB R IE T 4 10 B 25 XA B
R EIE S 2R

8.7.2 FEIPERESHWNESL a8 813 WEIERAEHEMRPIE

FZE Y BERAA EE, AR EALIE I BR & SEBUN IR R E R L, XREE B HER AT
BRI N, XA “ —UNRELAI T G 7. RAIGIE, HEGIERFERRCR, ERF
JEH ERN—RAARZRUE B o R N FERNE R . 0 BRI B, 1 T3 T8 K]
WREE A, PR AT AR R R BE G 452 (R 3R BORL B AT AR BEHERE , T PRUETE S A IE R . AR
—HERATIREEAN, BATHZ ORI R A EEF R R R WIREAIRK
i 8.7.1 Tk, BHEXAGIBRIIGE, A ABRATHITE I ORE [R]— M40 446 £ 1 T A0 1 B T e




QeWify, shA AT RETS BIET IR I I MR .

o, FRATE PR ORI VE Be ) TAE Sy BB AN Pass—38—A Pass HiEQH W, %/ Pass
HyEYEM, HF Unity 2547 SubShader [ &4 Pass, KEULIATAI LAARIET B REIE
[ p e ez mrvE Ry, A AT LR IEE R AR TE O R

AR T — DR, EARFERET, 29 R4H Scene 8 7 2, HRPEET —AETH, &
{i i (944 JFi AN Unity Shader 435144 4 AlphaBlendBothSidedMat 1 Chapter8-AlphaBlendBothSided . A4
T 8.4 151f] Chapter8-AlphaBlend, Ff/1%} Chapter8-AlphaTestBothSided I CH L T PNl «

(1) Sl Pass fIfCHS, 7435 > Pass.

(2) #EPA Pass HF 53 B EH] Cull 354 51K AN R # 7 HVE e P IC:

Shader "Unity Shaders Book/Chapter 8/Alpha Blend With Both Side" ({

Properties ({
_Color ("Main Tint", Color) = (1,1,1,1)
_MainTex ("Main Tex", 2D) = "white" {}

_AlphaScale ("Alpha Scale", Range(0, 1)) =1
}
SubShader {
Tags {"Queue"="Transparent" "IgnoreProjector"="True" "RenderType"="Transparent"}

Pass |
Tags { "LightMode"="ForwardBase" }

// First pass renders only back faces
Cull Front

// FZR—FHHRE
}

Pass {
Tags { "LightMode"="ForwardBase" }

// Second pass renders only front faces
Cull Back

// FZB—HHKE
}
}
Fallback "Transparent/VertexLit"

}
i L RS, BATAT AR BIE 8.14 FHIBCR

A[E 814 WEERNEHERSHMIE
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 RBRAS AU, SR Unity R
o, S H AL RIOAR Y ol B 850
T B4 — R IR AR,

FOFE EEFHAR

 RMAEWEE LI EAER bR R —
CEEREWARIE, WY AERER KE YA
## Unity Py 3 M LB ARIMEEHLEXE,
BRENMENHELBEFLARLTLEE
W BRERRH BRI R, EAERS,
SANEFZHMEINEZLANEAL T ZELE
it # Unity Shader.

#10% W R SE

x— ﬁ%%m#mnﬁé Umty Shader # {# /7 3k
B yﬁ%zﬁcgf{vﬁﬁ&ﬂ%%ﬂm@o ]

FUE EEHRE

BANBEAER AN, X—EH BB RE ¥
~ #fT4 Shader #’ﬁﬁ%ﬂ&i*"%ﬂ&ﬁzﬁ@
TRHEEHERR:




B9 EAEZNER

MAZIFMR, BATHIAN T HLREH2ES . EVIgRET, BATSEIM Unity Shader (194
—ATARRSEREAT T VA iR . ROV IR A R 192>, 3 &N Shader IREATEZET T —
SE T, RICAER S LA Z Ja iR 1, FATA A S Unity Shader (194 — 4708, Tk
PHA R ETFR. T UAEADREDRIGEENL. FEEEMNE, 25X
HICRS R Z R0 T iR — 2o S se R, FFARWLLEER THHE T . RIS 9.5 oA
T EHOLVES Y Unity Shader.

FERTTH A2 2T, A% 5 P EAOCE — A6 FOGIRE A RSPAT O (iSRRI A X
FERIIE, TTRESBIIERMEER) . HALRFRMTERIT IR, RIMNFEEFELHBEEEE. K
RF AR . EEENRE, RINEESIHE. EAFRNMSE WAL Unity PSEBl E
T T BE - '

FE2F SR 2L 2 /i, ARATALERIE Unity B W BZ LW I Bt dl, HAIE
R EME T SRR OEEE, Unity RRZE S5 %2 tnf ik A17E Shader 7 8 2 E A1),
Pk 9.1 W E LN T Unity FRNERERR. ZJ5, BATKEAE 9.2 b 5 3] ey 4038 88 22 N[ 2R B0 1
IR, WECIERIZEEAT o« 9.3 AU 7E Unity Shader " ALFE G S0, SRR &6 UL
FeRRRETS (IR . 7E 9.4 1, BAVEAL Unity BRI L, % 214E Unity Shader § 417
AARFEER PR LBLA SR . Ba, RITELE 9.5 T HABAEHMARMER Unity Shader, X
$% Unity Shader 07 T SE AR, A1 5 TH A9 45 b th &6 IX 28 Shader #EATI7 SLHEEE .

20 oniy yspmee 0

7 Unity H., jE#3%12 (Rendering Path) Y& T )t i fa ] 2 Unity Shader 5 ). Blitt,
R EADEIRIT A, AT E N Pass 1552 B I %12, JAG XA BELE Unity &1i#,
“HR, FORXAFERF A EIXAE IR, A, RACCFEALIE KL G B X R
PEEL, ORETLAVG I 7 B, AR AN Shader [EFfiHUEREAIE T HEMERERR, &
Shader )6 FE T84 BERE IE B PUAT

Umty iﬁ%ﬂ%’éﬁa‘ﬂ’]ﬁ%‘eﬂ%é £ Unity 5.0 }“&ZISZBIJ FEHAH 3 . BIJI"J %ﬂﬁfé(Forward

Rendering Path)o fE%E Umty 5.0 lIRASLLJS, Unity it TR 2 504, i?ﬁﬁﬁ/\ﬁﬂc B, T
J B VE Y e 42 204 Unity J03F (B E AT 88 AT AT Z /i 4 F 7 101 g B Vi 4% #6422 X Uity Shader
W) Hk, HrivbRiE ik A8 T RORIIERE IR (FFE, Hartsot 7TX8IE R4
He2E) o

REKEO T, —ATH S —FE R R, BUIRATAT D3N H 5 B e fE 4
P& 4% . AP L@ L AE Unity 1) Edit — Project Settings — Player — Other Settings — Rendering
Path FEFINH Pl AER . BRIAER T, 2 EEREN AT miE e, Wi 9.1 fix.



9.1 Unity B9E 812

BAER, BAHELMERZMERRE, GG A BRIP4 6 E e, m
BEHL B i Qe r A IERE e k12 . IXB, AT SN R E LR R E P RE X
BEYUE FHIE S %42, LI Project Settings WK &, WK 9.2 iz,

Deferred

=l Legacy Vertex Lit
7‘_'..,‘ . Legacy Deferred (light prepass)

AB 01 8E Unity TEAERKE AE9.2 EBEYUEHAH Rendering Path R AEE
a A 3 Project Settings FFHIIZE

e L E R, WRESE T Use Player Settings, H54X MREEHL2{#H Project Settings 1
v 8, W27 @b Project Settings WK E . W IR AR, W SHETHE R IEAZE
HEFEIE Y42, Unity & B30 EC— R E k2. Fln, W —4 GPU A LRFEIRE S,
H84 Unity 2 B A R 5.

SERT BRI E G, BAVE AT LI Pass HPEFIFREKIEEIX Pass (E IR B2
X 2L E Pass ) LightMode #RZESEHLAY . ARIKHMEEBRETRASE SRS RE.
i, BAIZHEAREHSH:

Pass { .
Tags { "LightMode" = "ForwardBase" '}

T AR 5 R Unity, % Pass 1 FH A1 )76 442812 4 [¥) ForwardBase £4%. [fi iif (75 # B 12
T —Fhig i ForwardAdd. 7 9.1 £5H T Pass ] LightMode FR 37 510758 Yeik 1214 B IE T .

* 9.1 LightMode #7335 8978 S8 1218 H it
B E A R

Always AR R, % Pass BRSPIEY, BEARSELFER
ForwardBase FTHIEER. i% Pass S HIEE N, BREZEM T, ET5/SH LM Lightmaps
ForwardAdd FATRIEER. % Pass 2 HBUMUZBFEGIR, 84 Pass AN — G
Deferred HITIRES. % Pass £iHY G Zf (G-buffer)
ShadowCaster ORI R AR BIE BB B 808 (shadowmap) B{—IKIFEELGIE H
PrepassBase FAFIREERYEEIRTB . 1% Pass SVE YLk 80 % SO I FR H0H 4
PrepassFinal TR EIEIRE R, & Pass il AFFEEHE . IR B AO6RIE R P15 I HLE
z:g:;l MVenexLMRGBM A F T S 8 A T 5 RS 5

MateeERBRERRAH 2 HE? R —4 Pass RABREMEMELBEIHH A HE
7 SEERYE, fEEE R AR R RAIN Unity (RZEERT | S~ REZRAE. flm, R
fi1a—A~ Pass BB T 0l FIE B AZHIAREE, MU T2 Ur Unity: “08, RAERMEAIATFESR T,
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PRIEHBLESE FRUR M AR AT [ E R RS RS, R—2)LEM ! BJE, RATATLUE Unity
R A B ER YT FIX R . W RBOTBA e EfTER 42 (Ehs L, E Unity 5.x it
A QURAE T AU FE R X B A Pass $i € AE T B (7 HGE A HIFRAE, BLaw 2 p— AN AITH R
MIE R B AESF R Pass), A —LEMARRMRM A EFRRE, AT EHROBCOR MR
AT RER AR IR AT

A4, Unity BREZRT|SERMATABEXEERBEERIVE? T, RITSXHEXLE R ARMAT
SNV BOARRE o

9.1.1 REIEIERREZE

A FE R RAARRER T, WERMNEBE AN —MEREE. £, RITELESM
FERTFE R BR AR R EE, JRJE P 4e HH Unity X80 [ E R B2 A0 SCIRA T A K, BfS4 tH Unity
Shader H IR £L A B AR B2 FH T A1 [mVE ReBR 420 .

1. BTEERBEHRE

FHAT — IR eI HT E R, RINFEERZSRIAERE T, HHEHRAENXNE R
—PRBEENFX, —PREEENX. RAOIFIFHREEFREE DR TCRER W, WRAT L
BUSEHTE LG F X P OB EE . AT AT LU T 1T A O AR AE R A iy 170 v e B A% O K B0 7

Pass {
for (each primitive in this model) {
for (each fragment covered by this primitive) {
if (failed in depth test) {
// WREFBDRENK, HEZA TEFT AN
discard;
} else {
// WREZERTITN
/! BHETARITE
float4 color = Shading(materiallInfo, pes, normal, lightDir, viewDir);
// EFES
writeFrameBuffer (fragment, color);
}
}
}

)

MNTHANBRFOLE, RINBTELT LI — K EBRERAE. R IMPEREZIER
FIRBEX IR, T2 LD T BERIT A Pass, 84> Pass i H — PN BB MBS
R, REEMZEHPIERLEERSRBEEREIRLNHEME. B HRPE NIDE, &
MR MASEIRKIE W, BAZERENG T ILHFE MM A Passe WLIEH, WHRA K&
BRIFLE, MATERITH Pass FHBL LMK Fik, ELGISEEESMEG M ENEGRE
p ik =P

2. Unity HE9RETEESR

HE b, —/ Pass AU AT BUASRHEOE R LI, B AT DU SRS T A SE HoAh e R .
IXERRT R ST AL K 2R B B LA Bevt B3 O BOE Y . S RATE R — MR, Unity
KU HEBLNFERAET B, UARERERIZVER TR

7E Unity "1, FTFEREEA 3 FabBEm (DA R EMa0E. FREd
T8, BRIEERH (Spherical Harmonics, SH) AbEE . M 45 — AN A A MR Ak B A T2 1)
RAFNERBA . IR R BRI RZOIE AT 2 AR R LR, MOGEMEREATEN
RZNHFERTZEER (Important). WRENHE — LM XK E N Important, FEERAE A



9.1  Unity B9SE812

R Unity, “BRES, ZMGRREE, RABHEWLLAENMRE, REAR—NERENIEXK

AEFR " ATIET LAEJUR B Light 4 h % BiX @ik,
B 9.3 iz,

TERTFVER A, HIRONER— YRR, Unity 2R
W &N EUR I R DA BOX S YR A ) SRR B ()
wn, BEESZMAAREIE .. YRS XX SR
HEEHRF. Kb, — @5 H RSB G E N N,
RIEERZH 4 NICIRFHBE TR 5 AL B, F6) R i Y605 T A
4 SH 77 s ALFE . Unity 8 F 6 4] B R0 40 F .

B #rh B AT R RIRE R F AL . et |

B G A % B K Not Important [F1EE, £#%& T : i&yg;‘g
B SH b3,

TE P 0 3 B X Important FOGUR, SR G R,

1 SRR DL _E A B R FE R IR SR /N T Quality Setting )RR F LIRS R (Pixel
Light Count), £ 58 2 [16UR LUEAR 2 (1) 7 ST IE 4t

AE 9.

M, EMEIITICRIFEE? MR 27 Pass . FIMHRBIEE, A7 REYA B Fh Pass: Base
Pass # Additional Pass. il %Ki, XPF Pass HE1T AR FIVE YLk B LUK & R0 6 I o S & 9.4

B
s - 2
- |Base Pass i
o JEH Tags { "LightMode"="ForwardBase"})
vV kg BB #progma multi_compile_fwdbase
v OEREEE [~
v Bk
v PR CFTRMAE) XE P EEENTTHRUR
itE FTAERRFSHYER
= ~\
- ' )
Additional Pass -
b wp Tags { "LightMode"="Forward Add"}
v BUAR TR, %&i Blend One One
{B AL 4 F# pragma - #pragma multi_compile_fwdadd
multi_compile_fwdadd_fulls
hadows S IFHES SR FF A
" KB BB E R
HE S PORERITRPass
J J
L -
A& 9.4 BIEEZAFF Pass
K 9.4 b LR FEW IR .

BoE, WTLURBIEE BB, AR TR E T Pass Fr%E4h, E{HH T #pragma multi_
compile_fwdbase X114 %454 . HER#pragma multi_compile fwdbase Fl#pragma
multi_compile_fwdadd 7 & 77 SCR IR B A 45 ARG UL, (BSEI0 R 8, 53003 4 Bass
Pass fl Additional Pass fEAIXM M IFSE S, BATA T LAEAHIRI Pass 733 — L&
FOCHRAR R, G e B B 55

Base Pass 514 1VERES 1 T Base Pass " 2 fF (0 — 26 Fe 45 . 1 U017F Base Pass 1, &
AITAT BAVG [l St FR S (lightmap) o
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£9® EEAMLE

o Base Pass FE G FAT R BRI SR B2 (SR IT B T OLIRAIBA 2 268D, ifi Additional
Pass "PE R EURERBR NG L T R 8cA BIRE AR, BIFEFRAI7EE /Y Light A4 E T
AP Shadow Type. {HFA TR LIAE Additional Pass " {fH] #pragma multi compile
fwdadd_fullshadows {1t #+#pragma multi_compile fwdadd %54, K SOLUERZ LT T
BASER, (BIXTEE Unity 75N 3 EH] 3 2 9 Shader 225}

o BRI B R JERTE Base Pass PR . XEEN, MF—AMAkU, HEOERE
FOCEATRA A BV —KBIWT, 14 RN ILE Additional Pass it X FFOLHE, #aiE
BN RERBOER B RO, EXARBATEZER.

e {E Additional Pass iJ{E i B, RATEITFEMRE TRAH K. XEEN., BINFEE
4~ Additional Pass W] L1 5 _F—IRFCIRE REMBEFHRIT RN, NTIBFAELNEEZT
R AE R . WMRBANNEE B MR BIRGHX, I4 Additional Pass [iE 45 R4
B 2 ATHIE LS R, BRI GZW A RS2 2608 m . BN T, RATER
f17E 4 #5502 Blend One One.

o XFTHTMIER KV, — Unity Shader i # 2 & X —~ Base Pass (Base Pass t 7] LA ¥
Z W, BT ERE RS L) LA —4 Additional Pass. —7> Base Pass {X&H#H4T—
K (GE ST %> Base Pass 5 LERAH), T— Additional Pass 23 HR 4 5 Wi 249 14 i) HoAth
BHRERWENEE B2 R, N BEBRZLIESIIT —IX Additional Pass.

B 9.4 DL R BEBEER T RN Pass PATIHE . Ehr b, ERERME
BT & Unity i% Pass 7ZERTRITE R P HINE, R)EKE00ER S| ELETH T EIFER
—NEARR (W_LightColor0 55), el FixX L py BAR Bk AT v 5 50 A IR T I R 3 ik 4% .
i, EAI5EAA]T LA Unity 32480 A B A8 R 7E Base Pass F TR AOEI; [FIFE, FA1d
5647 LATE Additional Pass H 4% 10 i i 7 NBHAT RS, AATAERDE G .

3. NEMXRERMELY

AUV, MRHE AT H VE J %42 (Bl Pass FR2& LightMode FI{E ), Unity 24EAN [ FI5
JEAR AL 1445 Shader.

1E Unity 5 o, X FariES: (B LightMede & ForwardBase 5§ ForwardAdd) Kik, #% 9.2
g5t T BATIRT LAFE Shader 197 1] E fr) e HE AR & .

F*9.2 A ERAUIERMAELRES
& m x # R
_LightColor0 float4 % Pass ALFEIE R FLE MBI
_LightColor0 float4 1% Pass 4P B R FOL R SR
_WorldSpaceLightPosO.xyz #&i% Pass Ab3E )& & 2 UE I 4F
_WorldSpaceLightPos0 float4 B MR AT G, 384 _WorldSpaceLightPos0.w J& 0,
HABUEER w Atk 1
 LightMatrix0 ol %gzﬁzjﬂﬂﬁflﬁ [Zfﬂﬂ?é&iﬁl‘% AT BAR R H¥ cookie A
e ey, - e SR el {UFF Base Pass. 4 A AR B M) AOCIIAE it Feoialep g £
unity_4LightAtten0 float4 LT Base Pass. 74l 1T 4 AN:IEHEE (¥ s 1 BEWR R F
unity LightColor half4[4] {X AT Base Pass. £7fifi T i 4 AN AFF R sOCTRM i

BAE 6.6 THEERLH T —LEn] LU T AT rE B2 k%L, %l WorldSpaceLightDir.
184
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UnityWorldSpaceLightDir Fil ObjSpaceLightDir . & T 6%, FAIER 9.3 FEHRIIHE T #iiE
Ferbra] LUE A A B D6 IR BR 2

#93 AIEERATAERAMAELRER
& W A oA
float3  WorldSpaceLightDir | {RATFHFRIEIERA . A MR 2 0] o A TH A7 B, 3 (0] T 55 % ) op A% s 310k
(float4 v) PRIERUT . ABSEBAEA] T UnityWorldSpaceLightDir F%. & IH—1k
Bi?SwO,. dSoaceLightDir | X AVFFRIEER . A AR o T R R R e D
TR ot B 2 5 PRHTICIAT 0.0 AT M — 1k
float3 ObjSpaceLightDir | {RATFATEERA . A —MHERLS ) b A T (O, 3 [R50 2% i e AN i s B
(floatd v) VRIEIR T . WA A — 1
XATAFRIEBRF. HHUA SOBEAERE, ENSEE O8I 8RR IR E
s #, WEHMAELL 92 PHAELE, W unity_4LightPosX0, unity_4LightPosY0,
BoecShaiiorPointlaghis ) unity 4LightPosZ0. unity LightColor ! unity 4LightAtten0 %, #if [ JE YLl ¥ 2 fliX
A BRECR T HLE 0 i 6

i L UCRYRE,  Liing AR R R BOFAS R SC R, — LRl [ E S AT A A A A B AR A
PRECE OB S M. EEIRIE T, BATR M B SEATEIX R A2 R R
A, WEBATE R B .

9.1.2 TmREERREE

T st WS e A R R AR G B B R /b i@ WM RE R, (HFEIN RS B M BCR B E/R —
FHRRL, CAFFMERQEA RBBKBOR, BB, REBG SRR LR %, %
e b, EMROURRTFE AR — TR, BREREE, Fr T TR R E R 12 Sk IR 2h
HEAR AT LAZE AT R B R h SE k. MM E M4 7, TR IR Repk 2 R T8 T 77
ARV SO, PR AR R T . PR, BRATTE BT RIAT 10 i S A R R T AT
BT AU B SRR FAE T rd W E S A2, B4 Unity 2 HEUFEAR L T A3 A0 5 1 B IR
AR, ERAE BRI DR — 2R R RO AR

1. Unity T R BRBAIE

TOL A e B VE L B A0 B AE— > Pass Tk AT DLSE )R RIE S . 7EIXA Pass Y, FAiI& it
HBRACO M SR Z AR R, I HIXA R IRE TSR . 3X2 Unity SR
ME YRR, I HEA B Z IR 3R (ERWERRHL_ A S IX ) .

E T T P A e B A A DR Y P VE e B A2 — A 748, IRIULAE Unity 5 RAGZ 67, Unity 7E
Wiz Bl T — 4% 52 (http:/forum.unity3d.com/threads/official-dropping-vertexlit-rendering-path-
for-unity-5-0.275248/), ikJF & &+ N AZAE Unity 5.0 P HIFET0 4 B E % 2. ER MR
F, REFREANRRR T HFEEN. 4582, Unity 5 55T B E Q8420 0 — N s B i
PpAE, EAKRMIMCA S, To 0 A VE R B A2 1A G 58 v R S B BB B .

2. AAEMNEEEN R

{E Unity 7, FRATATLAFE— DT A B ) Pass 2 U5 1) B 8 NMET UG IREAIAF
FEGH P PIAOEE AR R, T DOUER R 9.4 A BDRIREGR AT R miY)
EHOCEEE N T 8, 2B F T HOCIR GG SR E R R .
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Zom Eﬁ%@%ﬁm

*94 TMERAEREREPALUERANANEELE
2 W ¥ B # R
unity_LightColor half4[8] HIRBE
wiity, LightPosision floatd[s] Eﬁt@gi%%ﬁf;g%jf?%ﬁﬁﬁ MR RTFATH, W4z EEH 0, H
KT FERE F. WMHEIETE RN, x 28R cos(spotAngle/2), y 42
unity_LightAtten half4[8] 1/cos(spotAngle/4); WIRZHARRBMEIR, x -1, y o2 1. z 082

TERWETT, w o R IR RS 45 1
SRR SRR AT B, (VLA 2 R R R EAT BOAL R s R R AR
¥, 1H8(0,0,1,0)

AILLE Y, —Ear AR AT LLERT (ME Rt 2 f# A, 140 unity LightColor. {HiX464F
R I A P A B AEAS R e B AR P (R A R

9.5 g5 tH T Tl pit B VE L B A b mT LA 1) N B BR R

unity_SpotDirection float4(8]

%95 TS REERBEE R LMERN N EER
& M 2 R
float3 ShadeVertexLights (float4 vertex, | fij APEEY =5 [a] o (Y TH s A B ARNE LR, 1 57 DU T A5 Y65 0 O R LA B BR 858
float3 normal) . WEBSEBLSEFR EiR T ShadeVertexLightsFull B3

float3  ShadeVertexLightsFull — (floatd | 4y AR 23 (] o i TH 24 B LR, 5 lightCount AN A9 6 I LA & R B
vertex, float3 normal, int lightCount, bool | 3. 4N spotLight fEX true, IBAXEENIFLBE Y BRI AT R0, BR
Spotidght} Gi R EORT, (EVHSEENAERT: B0, AR

9.1.3 IRERRE

A ERMEER: SR A KESHCIERN, frmERNtEESSE TR flm, W
RBEMNEG RN HE R EE T 200, XELFEEWHXEEHES, BahTHIIREL
AIJEIR AR, FRATT L 75 A Z X SN B VAT 24 Pass Rt AN [ S IEAHZ P 44 1 B 45
R, REHEREEF PR R SERB I RAKER. RN, FHRIT A Pass BATEHFHE
EFEL—wEYE, BREUTELEEREESN.

MERVE A —Fp S ZE S L, (B T R AT 0 E S nT Ae i ) B, LA U
TR, BRT A E G A B g ph MR R R PR AL, FEIRTE YR SR SIS BR PR X, XLk
ZIPX BRI N G ol (G-buffer), HH G RHEL Geometry M4 E. G EMX Il T HAIF
ROMER GEFIRIEEHRBIBEMERE) HILMER, FlinZRmEMEL. 8. HTX
HRVHS B R 1

1. ERBEHHEE

ERERFEGE T HA Pass. £ —/ Pass 1, BATAHATEMNEIRIE, f2UUHE
MR TR AL, X EERE R RBRAREI, LRI TR, RITREE
HIMERAE B Rl G Zh X . RIE, FEHE A Pass 1, RIFIAH G EHEKEMHILHER,
BlanRm AL WATTIN . 8RS RESE, HATHERERISE.

SEIRE G 0 I AR REORT DUA T T £ DA AR SRl - '

Pass 1 {
// B Pass PHTHEENNBITE
/) X BITEBENE SGFH#ET c Epp

for (each primitive in this model) {
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for (each fragment covered by this primitive) {
if (failed in depth test) {
// ESEHBEDRENL, HEZR TRRTRN
discard;
} else {
/1 WRZF TR
/! BARBENESFRE c g
writeGBuffer (materialInfo, pos, normal, lightDir, viewDir):
}
}
}
}

Pass 2 {
// FI e B ifs SHTEEMNNRITHE

for (each pixel in the 'screen) {
if (the pixel is wvalid) {
// MRZEREFEN
// BERENEH G EPPHER

readGBuffer (pixel, materiallnfo, pos, normal, lightDir, viewDir);

// RIBEEBINE ST RITE
float4 color = Shading(materialInfo, pos, normal, lightDir, viewDir);
[/ EFET
writeFrameBuffer (pixel, color);
}
}

}

ALAEH, SERERAEA R Pass B HEHHUENT, XERZRTEIFOREEZ2RAEXER
. #A)iE, WEREGIBEREA T 7R AREE, T2 AN EFH 5 5 2 1] (K AN 5K
KRR, BAIHERGBEAEAEZMAXF, XS b X IR aGE —5Kkik 2D B&, &
v SE bR _E R eI 2L R 25 ] h BEAT ).

2. Unity REFEREH

Unity 5 PiFhIE IR E S B 18, — Pl 28t B () ZE IR vE 4% 42, B Unity 5 2 AUE H i SR 5 42 %
2, M5 —Fh L Unity5.x fP48 I HOZERVE Gk 2. n SR P T KB A Se i e, I ARAT
Al REA IR REIRVE SR AR, (RIXF AR T B — e IR S HF .

Wi IH IR i R AR 2 B ZE AR DN, RRAER T A F RHE AR A R f K. #itn, &0
i A () 4 3R Vi G 4% 42 AN S KF Unity 5 O3 T4 () Standard Shader. PAF FA1{XiHE Unity 5 51§
FIIERE et e . X T B AR E S #8 1, 368 A LAFE'E 77 3RS Chttp://docs.unity3d.com/
Manual/RenderTech-DeferredLighting.html) k3|8 % () %5 ¥l .

P REIRE RS, ERESEDFTOCEEBRE . wRMEA G mE RS E R
HEH FERM. mH, ERERERETHENCERT UEREREN L. B, WiRE
Quth f— B .

o ALFFHEEMPIHL (anti-aliasing) TEE.

o AHEALEENEWIYIE.

o XMEFH —EEXR. MAREMHEEERNTE, B FLMLFF MRT (Multiple Render

Targets). Shader Mode 3.0 & A b\ ¥R BEVE YL A K XTI HIASEAR ZZ 0t

L FEEBIE SR, Unity ZRIRATEREEP A Pass.

(1) 55— Pass Fl FiES: G ZEph. 761X Pass 1, BATSHEWIANE RFHiIE. &R
Fita, IR, . BROCHRESERERBFERESTREK G Z WX H. X FHMIEKH,
XA Pass N PHAT — K.
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F9FE EEHNEAR
(2) B/ Pass P B IERDEIBRERY, X/ Pass &8 _E—4™ Pass o1y JL i 88 K it
HRAPDCHBUE, FAAERIWIgR.
BROA G EPPIX GER, A Unity A FERSEEFENBESARARD @& TLEIFILA
TEY2H (Render Texture, RT).
e RTO: ¥ /2 ARGB32, RGB illii ] T8 R Bifh, A EERAHRMEM.
e RTI: #:JE ARGB32, RGB Mg ] Tt R H e, A MIEH T =L R
oy o
e RT2: #%30/E ARGB2101010, RGB i T1rfifikek, A BIERAHER.
e RT3: #30&E ARGB32 (dF HDR) % ARGBHalf (HDR), T 1#fi# H % Jt+lightmap+/Z
$HHR%t (reflection probes) .
o RGP FIERE I
MPER A Pass PFSEOGHE, BRIATESL FALAT LAE A Unity N & ) Standard YEREAR! .
FRATEZAF A AR e Y, BB HE R A1 Internal-DeferredShading.shader SCff. &
VESI {5 B 0T LAV al B 77 3CRY (http://docs.unity3d.com/Manual/RenderTech-DeferredShading.html) .

3. AIAEIRY A BT R A

F 9.6 A T AHEAEIRVE PR A LA ok AR R . X AP B AR 0] LLZE UnityDeferred
Library.cginc 3 HH 3B EATHI A BH o

#*96 HRERBZEPAILMERAMAELT SR

& *x = w oA
_LightColor float4 SIREE
_LightMatrix0 floatdx4 M 572 ) % U5 25 1) Y AR 4 AR B . AT LAHT TSR FF cookie ISR € kS0 1

9.1.4 EFEEFPIELEEZ _

Unity B J5 8% Chttp://docs.unity3d.com/Manual/RenderingPaths.html) H145 Hi T 4 Fjii e ik
o CRTFIER B . GEIRTE AR 0 A0 AR Ve e i R T 2 R S B ) AN LL,
FHENRRFE IR (RESFEGFOCH. FERYA. SRS, MBI T 63 FF.

BASR UL, BATFTERRAE R AR ANE) H AR S REFRE R AR R A E R R AR AT ILE
YepgAe, 4 Unity 2 H ) EH L HAR— T Gk 42

AT, BATEZEMA Unity 967 ) EREEE.

FERTI B b, B Z R PO — AR BCEREUR AT (R IRiz A2
XFER)E, ATRESTFEIENRIS 5. RA Pt TR E L, BB RAME—K, X,
AL T ELE Unity Shader H4b B2 5 5 2 M OGIRRE B UL R B H E X HDCIR. EATTH, AT
22 3] WMAT7E Unity b2 S KR (point light) FIZEAAT (spot light).

Unity — 35305 4 FORSERAL: SPATE. SOBME. BOENTMEAIR Carealight). [HEH{LAELE
Kb A AR, RICAEARTTTRERE N .. BT ERSIRE LA e AR, BeEiT s
BB AAME . KR BATER BN EA]. FIEHE, Unity 3405 TR 2 P B ek Hok
BAVE XL IR, EARFENRGRNSM X LR, HEeRATHE THei iy E .

s



92 Unity MR

921 XBEXREBEHAEWE

BAVRE — FHERE M AR RK A4S Shader ToRMFLEEm . FATATLIEE Shader i H]
TR RN . R ROCRR Y AOCRALE . AE CERAUME, BIEERMTTD,
i, SBEURTM CERAUME, JEAKER, SiZa28DERrERAaR) X5 MEtt.
171 X4 o PEAN E AT LA R SR B AT R

1. F173H%

X BATTZ /TAE B0 FAT ek Ut BJLATE SOR B R HL Y . SFATOG AT BRSO JE FL R
RRAEIA, B RAE N KB FER A e s I . B 9.5 451 T Unity H-P4T564E Scene
WL P 27 LR Light 2144 (0 THIAR -

AT AT B, R TEEE AR, EEEU, En DURAES S AR AL
B (EHZ—TF, HATDEHREARE BESE K IRERIT—EB3). B JUTRERT T M, A
Al LI #SEAT Y6 Transform Z14EH 1 Rotation J&PEKSCEE I 7, 10 HAPAT Y2175 4
BT S AR — R, RRSFATR B F IR, BRikz oh, BT PEATRRA — AR AR
B, F s S, hEiE R, SRR A S IR R A AR,

2. RFAR

R ) e A S ] R A PRI, e A E e i — N ER A SUI . sSOGYR T DL R — 1
f I AT . B 9.6 45 T Unity 51 S Y65 E Scene 4118 H (K136 7R A & Light 42
TR -

AB95 Fipt AE 968 ROLE

i EAR MR ) — R, FRATTELE Scene HLIE T I3 St A fEH B FUR L IR WA 1 37
S AR . B 9.7 45 TIT)A Scene HLEDEI A4 -

BRORIK =42 7T LA AR 4 ) Range JRMERIHHE, AT LAFE Scene MK Hh Bl 47 iU I 28
HE Clnekfds L it 38 B2 A0 KRB BUE IR . ROGIRRA L ERPER, BRSO Transform
AR Position JEMEE XHT. 3T U7 R E, FRATITE B OGRS Bl 2 AL EOR AT 2
EENZ AT o T AOGIR B FSREE AT LAYE Light AR+ A%, RN, rotdtdeas

BRI, B ENIE B RO, BRI KOG R R B B o O CURERA AL R ' R 5 B
o, BRURILFACIIESS, HR 0o FHorp A ATERAE AT A B — P BREUE o
3. BHXAT

FIEAT RIX 3 FiOGURSER i B AR —Fh . B R A E] (R RE AT PR, (BT A B K
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gb%fiﬁ%%%% | |

A, TR A ] R R — REE T X S A . SEOEKT T LU TR — MR e B R R E TS
M ZEM . B 9.8 45 H T Unity YT HE Scene ¥ H 37~ L& Light 4 I THIAR .

AE 0.7 FF2 Scene MEFHIERE AF 9.8 BT

JXHRE T XI5k 14 2 42 FH AR P K Range J&@ P v 52 , 10 HE4A (195K TF #8521 Spot Angle J& P ¥ 5E
FATTRIFEAR AT LAE Scene #1LFE R ELEHEHSROGAT HIZAE (e [a) Y 38 2428 11 et LA B2 1Y ol ) o 4
5D REHErEIE. BT AL E [FFE R H Transform ZH44- 0 1K) Position JEPEE X H. XFF i
W R, FRAIEE J%J‘tﬂ V)57 T ok 2 T PRI TR A 218 B s B 7 1) o ZROGAT A S vkt /2 B
BVVRZ BTz B r IR TR Wk, CEHETZ 0 T0 T AR G R B ik, ZEHETE IR ARl 0.
Lo ] ) TR AR AT LA el — AN R EOE X, XA EREGHN T rOtRRERGH AR ET NS 2, FAK
N7 R W —A R BT E A .

9.22 FHHIEIBERTAETRREMNILIREE

fE TR T 3 MOCURBLANE a, FATKE — FWTLE Unity Shader 7 I8 EATHT 5 4> 1
fE. BB, . BEURTOR. T3ERRR, A0 A AT R JE G b A B Al b
EE AN G, BATAT LG BIRPEIE 9.9 HHIBER .

AB 99 FER—EHFHEN—RAREARREYR, GBS TREER. FAAMRCREREPHERCE
1. %

AT KB ERRR, AT E e Mon T ER T

(1) £ Unity PEFE— . EXRBRED, ZHFLA Scene 9 2 - {F Unity 5.2 7,

RIEL T HRHE T AN RBILN—F1T%, AR ]TWE‘E’J%\’F@T‘ £ Window —
Lighting — Skybox 1 X#HZFRPHREET .



9.2 Unity R9JEIREE

(2) HdE—A M. ZEARBRIEF, %M %~ ForwardRenderingMat.

(3) H@—4" Unity Shader. ZEARFZEYHH, i% Shader %44 Chapter9-ForwardRendering. 1
#1¥) Unity Shader WRZ5 5 2 25 822 HOM 5.

(@) e3Pl — A IRRE, JHE5 2 B M PR R T A4 .

(5) AT iEYEZZAGEFEW, RAOTFEHE SO, BHBMAEREE, DASET
HHAT 55

(6) RIFZH.

WAl 1% 5 AR T Blinn-Phong JGMEAEAY, FFARTHIVEYE T Base Pass f1 Additional
Pass SKRACEE LA UR . TEX BTG i H A B, MagS 2z hEEMAE. 57
BRI A T IEAR B REDHRB. EABEWT.

(1) BATESEE X —A Pass—Base Pass. Mk, HATHE R E 1% Pass HITE LIRS

Pass |
// Pass for ambient light & first pixel light (directional light)
Tags { "LightMode"="ForwardBase" }
CGPROGRAM

// Bpparently need to add this declaration
#pragma multi compile fwdbase

TR, AR T W EE LRI, BT T#pragma %i1¥154 . #pragma multi_
compile_fwdbase #5441 LL{RUEFRA1/E Shader " FH 6 FE 278055 O AR B ] LI IE I 3X 2
ANET R

(2) 7£ Base Pass FJ o taddrf, BATE BV T Hath iaEgs.

// Get ambient term
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.xyz;

BANF BB H—KEIA, BAE/S T Additional Pass P A S FIHHEAN T 5
2R, EEYEKE R, BERET, RAVBREREREE B REHR.

(3) #RJ5, FA17E Base Pass A0 T35 5t I E B K PAT . ZERXMIF, bR
—ANEATH. WRFRPAE T AT, Unity SR KEAT 6k 645 Base Pass BHT&
GELMTE, ISR E T S E/E Additional Pass FHZ 5 X 1) N AabH . 1R H %
BT FAT 0, 54 Base Pass & Y42 REPDEIRAEE . BAVREE, B—ACUEE 5 NMEME: L
B, Hh. B, BEULFERB. T Base Pass K, ©AHZREECHELRR —E R FITH.
FATRI LAME ] WorldSpaceLightPos0 K43 ZIXAPAT G 7 ) (A7 BXPAT R B A & 30,
{#H]_LightColor0 453 (I M5RE ( LightColor0 C\4 MRS IMLER), BT
SEAT T LA A S FEUk AT, Rt R AT BB 4 T IRAE N 1.0 ARSI T

// Compute diffuse term
fixed3 diffuse = LightColor0O.rgb * Diffuse.rgb * max(0, dot(worldNormal, worldLightDir));

// Compute specular term
fixed3 specular = LightColor0.rgb * Specular.rgb * pow(max (0, dot(worldNormal, halfDir)),
_Gloss);

// The attenuation of directional light is always 1
fixed atten = 1.0;

return fixed4 (ambient + (diffuse + specular) * atten, 1.0);

Z Ik, Base Pass [ TAEBLSERR T -
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(4) ¥R, BAITE IHFPHAMZEBRE LW E L Additional Pass. Autt, HATEHETHE
W HE Pass [FIVE R8I0 hr%

Pass {
// Pass for other pixel lights
Tags { "LightMode"="ForwardAdd" }

Blend One One
CGPROGRAM

// Apparently need to add this declaration
#pragma multi compile fwdadd

B T W EE R IRERE AN, FAFEIFEAE A T #pragma multi_compile fwdadd 54, Wi pT
Wi, IXANEA AT LLARIE R A T/E Additional Pass "5 [0 B IEMiFC AR & . 5 Base Pass 48[ ()2,
BAVEAEH Blend iy TF /a3 Fli & TR AR, X2E Y, BAIA 2 Additional Pass v+ 513 511
YeRREE R AR h 52 AT e A RaEAT B/ . WREA M Blend fir 4 )1, Additional
Pass 2 HE i 2 AU R . 7EARBIT, TATEFIEE REUE Blend One One, X2
DA, BATAT LA E B Unity SCRFMERIVE & R 5. % WLIIEF Blend SrcAlpha One.

(5) JE¥H KU, Additional Pass [f17% AL Base Pass FRIAE /5202 —FERD, RILIRATAE
B4 Base Pass [0 5 1 1 oo (B as A A GG 1) Additional Pass 7, R )5 FHFETE S — FEIAT . X
SeAE S & A T 23 Base Pass TEREE. HARNG. ZEAOGHR. SH GRS, JHon—tk
AR FEEIEA R L FF. Bk, 7F Additional Pass [7/5 76 (88, 1A B Z R P
Bit. BT Additional Pass AbHE DGR AT 2 FATE. mOBIEERZOULT, HIt/ETFOLYE
B SsSAEHE—AALE. AR, e, SBEULTDRN, BUEF5EERMMR P LUEH_LightColor0
KAFR], (EXFTALE . 7R, AT T EARE R R 5. Bk, RIAPREW
AV A BDGIR AT W) :

#ifdef USING DIRECTIONAL LIGHT

fixed3 worldLightDir = normalize( WorldSpaceLightPos0.xyz):
felse

fixed3 worldLightDir = normalize (_WorldSpaceLightPos0O.xyz - i.worldPosition.xyz);
#endif

e Em RS, FRATE AW T 4T AR AE R ZORIRAIER, Xl Fl#ifdef $54
HIWT 7 2 LT USING DIRECTIONAL LIGHT K3 . 4058 2 R01A0 [I7E Y Pass ZbF ) I8
KA AT, B4 Unity FIRZER S %52 € X USING_DIRECTIONAL_LIGHT. 4154 #] M
A TAT G, Y6l [ 7] LLE £ WorldSpaceLightPos0.xyz 1533 ; 15 & s WU sl S AT,
Hi 4. _WorldSpaceLightPos0.xyz 7~ [ /&t 57 2% () N [ Y647 B, M AR 218 BD6WE 7 ) KE, 34T
Aok e B PR AX A B e 2t 2 () (9 T A 7

(6) Feja, WATTTEAIAFRCIR KR

#ifdef USING DIRECTIONAL LIGHT
fixed atten = 1.0;
#else -
float3 lightCoord = mul(_ LightMatrix0, float4(i.worldPosition, 1)) .xyz;
fixed atten = tex2D(_LightTexture0, dot (lightCoord, lightCoord) .rr).UNITY ATTEN CHANNEL;
#endif ‘

AT FEIREE 1 4 W 2 75 52 T USING DIRECTIONAL LIGHT 3 #5224 B kb B (6 I A
R FATEAIE, FEREA 1.0. WRZHAMECHELRR, PALHEELT R—L, AR LMIE
FBCEERIE R KA A 5 A T BRI T M0, (XL AW BT S . BiES



9.2 Unity f56iRa
i SR A TR HI4RME, B Unity 8 T —5k 808 /E b &EHRE (Lookup Table, LUT), LA
fE R AR EIDCIRRTER. RAO1E LB 2DCUEZE FRAKR, 2R 518 ZAL bR TR a3
AT KRR R RIS . 5T Unity PREBMSFERNA TR LLZ N 9.3 5.
AT AZE S P o 2 (92 R ZOLFCR T IRE(R. FEFTENR, KT HEN T H#
MEE AR AR SRR, ERAREHASHTEENTB S, RINSE 95 THAHAERT
56 ¥R VH B Unity Shader.

2. 3£I§. Base Pass #A Additional Pass #JiE A

BATAE 9.1.1 Hirp 45 tH T Al [ E S Unity Sz Q0] g 8 MR L6 5 R B AR R , TT WHR 6 2 SR T st
8t SH Y. & TibieE A EmEM A A%, FRATATCAE Unity AT — DL . LR MHE S T1E
m.

(1) 7E Unity PG5, EARABRED, ZH%4%H Scene_9_2 2 2. & Unity 5.2 1,
BRI TRl as — N RBIA— ATk, HEFERTHENREET. £ Window ->
Lighting -> Skybox 1 L7 J PR T & T -

(2) AT B E SR

(3) fE P AR — A A, FH4E E—5 41 ForwardRenderingMat #4 R 45 1% e B4 .

(4) Frgt 4 RO, WEENMEEAMFRPDE.

(3) RESHR.

BATAT LA R 9.10 FHIRCR .

M4, XEEREE R EAKKIVE? JIEATCIE—IEUER, BRAE S T E ) Render Mode (7]
LLYE Light A4FH#E) & Auto. XEKE, Unity 274G AIATAIMEL LE S 05 5 2 4b
B, T R T B SH R 7 s0ALEE . T IRATHR A B Edit — Project Settings — Quality —
Pixel Light Count " ) E{E, LB T — M) DLW RR B AT 64 4 NEBRF G
M. EXANTS, GRPIREET 5 AE, Hh—/12FT%, E487 Chapter9-Forward
Rendering ] Base Pass 1% 1% % i /7 S\ b B ; 4 4 NER R AOGEEL 1 T E1119 Render Mode
1 Auto HEH [FE4F5% T 4, BEE#EIS4E Chapter9-ForwardRendering ] Additional Pass 2R E )
T RMALEE, eI < A — X Additional Pass.

£F Unity 5 91, FRATEATLLEHIWIEIX2E (Frame Debugger) T HEAFH LK.
i F A7/ 7€ Window -> Frame Debugger H 4T FFiiif ik 2%, W& 9.11 frs.

MR 2S Al A, ERIX AR Unity — 3537 T 6 MNMERFMH, dTAFIhHas
Tk, FEX 6 AMERFF )L FE R H FERZ AR GRS R, JRATAT LUE S & R s
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EOE EEANLR

WA P KA, RATH Unity REFHERIEI. B 9.12 451 TAGIH Unity BEATH 6
AME R

AF M FIFNLER S EE SR

™ i i R

AE 012 AGIRE 6 NEREH, LFINFRAERE. LB THTN

M 9.12 /] LA, Unity R BR A RDERUE R E L. E8—NERFE4 S,
Unity 1 76iG R . R ERBR v, 4 5 A vE e fiont &5 258 —ANERF 4, Unity FIH
Chapter9-ForwardRendering [f)5 —* Pass, Bl Base Pass, ¥ V4706000 BE RBMZEF P £)5
M) 4 MEZFEAEH, Unity {#F] Chapter9-ForwardRendering [f) 55 — 4™ Pass, B[l Additional Pass,
UK 4 A AUCIRIEIR N 214k |, B3l )E a1 .

ATLAER R, Unity bFIX 2L qOGE FIUF 24 E M EZEEHT N . £ Fh,
TR RO GUR OB (0 A 5 BT FAR [R], R e e 1 ) EE 2 E R T A1 1 8 AR A oz i, A1 b [ 9.12
PR ST 2 Y 2 PR S A AR R ) AR . ER, RO YR SR R B AR ], S B R
ANFE R ME— M B AR AE . Bldn, SR BATIE I AE R B B0 I S OCIR A SR B 0.2, A4 AT
ar R RATAT LUK I & 2L T 284k, LR 8 Se il i) 2 PE B S A SR i DR, Ui Y
ROGURN e85 WEE B . Unity B J7 SO R R 45 HOGURSR AL . P06 R0 SR B 400 1 )5zt 3 2
o] BAA R G A E S AR HER ), BAMUNEHTF 2 RAX = H AR R,

NFHRPH—NE, WMREAEACHEFCRIEEN, Unity ARSI H
Pass SRALFIX /N ICIRAT . FRATTAT A A o 5 128 e 1) i YRR IO (L A, AR A E & 1R R
Seia [ Ah. B P A A U RS, AT URIE RS Z a5 > T —A, wE 9.13 AR, [FEE,



93 Unity BEBRR

WER —ANYEASTERARCATHEREN,  Unity R ARS8 %W 04 AR R RE R SR

AE9.13 WREPHRAE—MABENEFEEA (MAETUEE, REATEREFHSICBHREEER ), Unity £
L8 A Additional Pass SEAiZARANEIZIEER
WA HE, BB FCIEME HRZME, ZWAN Additional Pass Bt FHZ R, #
W PERE. FRATAT LA L GYE ) Render Mode ¥4 Not Important K2 F Unity, FATAA 24
2GR Y B R F AL B A, FATTRT LA 4 AN 2 6JR Y Render Mode #5747 Not Important,
Al AT 2 9.14 R 4E 5

AE 014 HIPFIEH Render Mode %24 Not Important B, XK IR ALSITER BT IR

H1T3RAI7E Chapter9-ForwardRendering 1% 7t Bass Pase "' v i s F0 SH Y, itk
J,JP (1] 4 A~ mOEYE SERr | TAXT%%ﬁJJSZEﬁ%?UI’L [FIFF '1[!’4%&1I‘Jﬂ35[2ﬁ7“ﬁﬁ"] Render Mode 1
B4 Not Important, H82 L 0] U — F 45 RS RAT 4. B, Yiksia BRI 5N
//'f EH. 4
A4, BATUMATLERT M E S A2 ) Base Pass " VHHE T M SH e ? BATATLAGER 9.1.1
TR 3 0 A AR AN R BOR T SOX SEOGUE DG BRROR

L] unity g5 msEn

fE 9.2 5, ?ﬂl’]&%fﬂ Unity i —iREERAE A EHRFRA H o B8P R E R FE LR
. IXFEREAAE T, AR TR AR 2, RATAEFEH S B L8
HFORFEER AT . B A SCE B HOR TSR g — e Mk
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FOE FEEZRMALR

o THETAIEMBERIELE, 1 HIEH IR AME 2 5w TEWE IR L
o AHM, FBATE, Hit— BB FERIERET, ROVETEE R EE 2K
Kt S TE .
(B i TR 5T DAE— R B AR TR, i BLAR B MCRAE R EE 0L T 0 R0,
Bt Unity BRI AL (8 PRI A SUBE B4R 00 77 SORVH S AR 3R K RO G IR SR AT B ZE IR o

9.3.1 MATXBRRENSEE

Unity 7E A —9k 4 A _LightTexture0 BYSUHE R THEORIRTER . T EEEKZ, WRRERAN
SHZNBHEAEH T cookie, AR ARG IR LightTextureB0, {HiX B ATHEX MM . FA1E
5 A0 LightTexture0 X M 28 1 (1) S0 (0l , XSl R 0 T 78 60525 8] s AN [R) 457 B 1 A5 ) 380
fH. #ilin, (0,0)aFKH T HXIRAEEA M SRR, M, 1)K T 7ECIR 2 [ B0 m
P s 1) A ) B Dk

AT % _LightTexture0 SR RAEAF R4 7€ a3 BNZOGUR I ZEWRAE, BATE AT EABNZ 86T
2 ) A XA LightMatrix0 28 86 FEAR 2UA0 72 9.1.1 1, RATE L4018 _LightMatrix0
AT LAFE T A THE 5725 (] 2R e 3 Y YR 25 A . Rk, FRATT 75 Z4E_LightMatrix0 A 53 2% [|] w14 T 525
AR FH 2 B AT 43 380 5 25 (] wp PR AH R A

| float3 lightCoord = mul( LightMatrix0, float4(i.worldPosition, 1)).xyz;

IR, BRATTE LA PR A OB X SEIR SRR, (9 BIBERR A

| fixed atten = tex2D(_LightTexture0, dot(lightCoord, lightCoord).rr).UNITY ATTEN CHANNEL;

ATRVRIL, fE RS, BATER T OURE R A T B R A7 7 Gl dot R ECR1FED
KX LKA, 2 BT LA o P B S B R R A A IR Dl IR 7 vl LU S I 7 #4. ARJS . JRATIME
A% UNITY_ATTEN_CHANNEL R 75 3l S0 - ZERAE P 7E A9 70 B, LATS BB 24 49 SER {8 -

93.2 EAHFARITERR

R SRR ) J7 3 T AU D o St X S, (B N BRAT A B T AEARAS A AT 20 X
KA FOCIRAIER . Bln, T A AR AT AT SO 2R P Tk« :

float distance = length(_WorldSpaceLightPos0.xyz - i.worldPosition.xyz);
atten = 1.0 / distance; // linear attenuation

ARSI, Unity B 7ESCR o W BRSO . R RAMSR 7T LIAE F e &
P A A — e e AFOR SR, Ei TRAVCIETE Shader illid iy BASRA BDLHITE
Bl BOAT RO KT MRS R, UL SRR A A S AR AR, UILE A
BT I I 2 R AR GXRERY, WRYAEARLEZI IR AEE N, Unity 34
K NOBHAT—/~ Additional Pass). 34K, FATA] AR FI AR SEURAOAR G5 B %1845 Shader,
{EIXHE 9 R IEPEARAG . - BRATR BEIIAF AR ARRA T Unity AT LL5E¥% ORI TFICE £ B B 54 I K
HEH

AT REEREMIE, BAREE R, T8 % A B DS — LYk i B 85t
A Lo AT, RATHRZEZIWTLE Unity ik — P A EB B, Ll
ik — iR A A I B SE -



9.4 Unity B8

9.41 FRAEEWEILIE

BATAT LA BB RS A TR P S R = AR ) . AR RS 0 — R LR IB B — N ASIE B
YIRS, X ICRA T AR Ak GXBEAHENRE RS . FHik, XML
AR, AR Y X R A R R A ek To ik Bk X e X 3

fESEIE Y, FRATECE A AR —Fh 4 X Shadow Map IHEIAR . X FhH AR H MR K AEH &
H, ERE ARSI ERE S HEEANMNE L, A58 P iZ6IR i B R X 8k 2 A8 i
GHEAR T . 10 Unity 826 X Fh A .

TERT MVE S, WiRG P R EENPAT IR TR, Uity B hiZ 6l Hem
P83 (shadowmap). IX5KFH LB SUE A 2 — KRR, Sk T MiZLIR AL
BHlER., BN RPEBSERIEMNRTME RERFR).

Wa, ETEARRSSER, RATEAHEEEE IR ER? —frkeE, it
PREHUCEZDLIERAE b, RIGHIER KE SR, B Base Pass fil Additional Pass 5§
WEG R, RIS, (HXF ks aeiE sk — e R %, BT BT
(S BT £, 1T Base Pass F1 Additional Pass " 4EE AR 2 524 0 AR5 . R, Unity
MEFRAE F—/MAM ) Pass K% 11 EHT GRS BRAT S0, XA Pass #i/& LightMode Fr48H %
&4 ShadowCaster [{] Pass. iX|> Pass HIVE 4 H 5 AN ZWIZRAT, 1M B S MRS 208 (BRIR L) .
Unity HEHEBEAUREIDCIRMALE b, REHAZ Pass, @ilxdT0 8288 58 2GRS AT
FINCE, FFEIERSE SRR BRI gt . Bk, 4IFE TOREMAEARE, KEE
Yo | B SE 4 0E Y AT TE Y PR 1 Unity Shader H14% 3| LightMode 24 ShadowCaster ] Pass, 1
WA, ERiA{E Fallback $i5 2 ] Unity Shader " 4k4: 548, I RIREH D], 2P TV 1)
HoAh P A $ 5 B % (B EU38R AT U BCR B H AR ). 443 T —4 LightMode %
ShadowCaster ] Pass J&, Unity 214 1% Pass SR 5 37 U5 (I BA S ML S0

TEA G B S S S50, RATSTEIEFESA) Pass I T A7 B8 # 31 U5 25 [a]
T, URREECEZRPH=4MERFEE. RE, ROEH xy 708X B2 o SO AT KA
7 2 B S S S0 bz A B R BEAR B o W R IR B TR R B B R i z - R ED,
M2V Z L TR T . {BEE Unity 5 1, Unity 8/ 7 AR FIXMAEL R L RAER AR, BRE
B RIPA HBRETHI A (Screenspace Shadow Map). Jif %525 [A] ) [FH 5 it i [ A J2 GE Ry e v 7=
R R, WERERRZ, HARFARFS Unity SSEHAXMER. XREN, FHES
[) fF B S i 7 B B R S RF MRT, T A S8 50 °F & A S X fii i .

SAER T B R A WU BRI, Unity B 462l A LightMode 2% ShadowCaster (1]
Pass K753 2 AT 55 BH 5 ¥ 65 6 BA RE WL 808 DL R BHE VLR RS . SRS, RRIERIR 14 [ S mi it
LU BRI BE SRR AT 3 B 2 () PR BH B Pl ot SBT3 TR VR KT
e 2 B LW SO A IR B, DR AR R TR, BRI TR . Eidix
Fr i, BIEESAEE 7RSS IaEAERXE. mREMHE—MEEck 5 iy
IR, RFEEALE Shader X B BT RAE. B THIRERFRZR TR, Fik, BITEEH
BHERTAL R R A e B R AR SR F SR UG A XA AAAR AT B % B AT SRR W .

RE— T, — M EECk B L AERARE, CURE AP AR5 B R A L R .

o HURBAVRE M REEOR A ALY KRBT, B2 Shader H50F [ SE MU L3 (£

FERFZEC A ED ST REE, JERRESE B ERE 1% 18 45 AR Ik r= A A SRR
o HURBAVAREE —ANYK ) HoAR B B, B 06 030 2 ) P N 380 6 05 () B 5 i 50
BITHSeR,  AAT LE A (A %o B B it S S FE SR B AT AR B A AR %15 B - 7E Unity
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FOE BEERMAR

i, XA R %A AT LightMode % ShadowCaster (1) Pass A SEHR) . 1
i T R RS A B BR,  Unity 2 XA Pass 7 A= — GRS AR (035 E 08
EFHMES, BATES2E I WTLE Unity hScBl i psA il .

9.4.2 ARERYEHIRR

WATE S REAT I BHER T

(1) 7E Unity PHE MR EARBRES, %% 4K Scene 9 4 2. 7 Unity 5.2 1,
AEOL PRGBS — N RBHA— 76, AT AERNRZE&T. & Window —
Lighting — Skybox "1 L#ilg st I KRB & T .

(2) Hra—MMm. EABRIEH, ZMMAEL KD ShadowMat. AT 9.2 1 )
Chapter9-ForwardRendering %5 & -

(3) TR PRI AN ET & PP, R 2 P b IR 7, (BASEERA
ST R T (BRI UL R, BT AT A B 1) Standard #4 50

(4) A5

AT ik Serha LU AR, AT S T B PAT R A OB B RS B . X AR Y
Light LLFeh RS, W&l 9.15 Fios.

TEAFIS, FATERE T KB (Soft Shadows).

1. RIS RA R

7E Unity F, FRATATLLEREZ B ik — AN AEB S s B 3 . X238 S ¥ 5 Mesh Renderer
A1 ) Cast Shadows Fil Receive Shadows &M SZHL, W& 9.16 Fizs.

@

Receive Shadows /&1 ] DUZHIZ YA R BIRS/Z VAR

Cast Shadows 7] LI BEE N ITF/A (On) BiCH] (Off). WIHJITfE T Cast Shadows J@ 1, 7
2 Unity BRI SDGUR I B RS M AT SO i oS b, AT LA A (AR 2o [ 5 st 0 2
KAFE IS 0] AFF B AR AR A o IEWZ AT AT, XN R 8 R 2 AR AT LightMode 4
ShadowCaster [1] Pass 552311 . Receive Shadows I/ i L6 2 75 19 R B0k A JLABA 1A 1 9]
o MARBATTA Receive Shadows, 2 4IRATIHH Unity #97 B R RIS (FE)5 0K
MEBBWATEIL B, Xt A Wz B T B AR T, A E N TR
AR

PATIEIE T K0 B AT 1) Cast Shadows 1 Receive Shadows #i % 4 JF i IR 74, 7T LA £
B 9.17 TRt 45 .



9.4 Unity BIBA%
A 9.17 0] LU IR, RS IRAT1% A % 1F F7 A48 1 9 Chapter9-ForwardRendering 347 1] 55 04,
{ELIE 7 (AT AR WY DL ) R T A P e P i . — i
A BESA BE o)« “ 2 BUAS A 13 Unity 24§ LightMode
& ShadowCaster [{] Pass &5 4% [ M S SO VR E
i ? {HE Chapter9- ForwardRendering " JF 471X
FE—A> Pass Wil.” ¥4, AIE Chapter9-Forward
Rendering 1Y) SubShader H 5& X T /> Pass— 4~
Base Pass, —> Additional Pass. A4 N4 itn]
LB ST BHEEWE ? SEPr b, Fh# #i#E T Chapter9-
ForwardRendering (¥ Fallback & 3 :

| Fallback "Specular"

aE 917 JT/2 Cast Shadows 7l Receive Shadows,
{E Chapter9-ForwardRendering ', F&A1H'E ML IE AT AR S AW R 82
Fallback 5 T —/H F (8] Unity Shader, B[Py & Specular. 4R Specular A< 5 th 51X
FE—A~ Pass, {H/2 T & H Fallback B T VertexLit, ‘& &4kEEE1, HHAZ&[RIREI A B 1) VertexLit.
EATATLAAE Unity WEME G B L F]E: builtin-shaders-xxx->DefaultResourcesExtra->Normal-
VertexLit.shader. T, A0 LLFER] “4&ii+ " ) LightMode 7 ShadowCaster ('] Pass | :

// Pass to render object as a shadow caster
Pass {

Name "ShadowCaster"

Tags { "LightMode" = "ShadowCaster" }

CGPROGRAM

#pragma vertex vert

#pragma fragment frag

#pragma multi compile shadowcaster
#include "UnityCG.cginc"

struct v2f {
V2F_SHADOW_CASTER;
¥i

v2f vert( appdata base v )
{

v2f o;
TRANSFER SHADOW_CASTER_NORMALOFFSET (o)
return o;

}

float4 frag( v2f i ) : SV_Target

{

SHADOW_CASTER_FRAGMENT (i)
}
ENDCG

}

EEAREAEEE, RERA S ENESRBIZRAERER, HENIHELER L
RATIEEERSBEANERB . 7E Unity 59, XA Pass (IiE4 B bxaT LU I8 ¥ BA 3wt
gui, RV SREESE.

R AII Chapter9-ForwardRendering H1[f] Fallback 7R, it v] LUK B IE 7 A 2 B [0 °F
EHES PR T . 48R, AT LUK Fallback, ifi E4T7E SubShader H'5E& X F C.ff) LightMode
5 ShadowCaster (] Pass. X & X ) Pass o] LALkFRATTSE In R 76 s da B S 00 7= 4E . Bl T
A™ Pass [ ZhAEIM & A& ] LAZE 2 4> Unity Shader [a]3@ F 17, B E #2 Fallback 25 inJ5 {8 /1 H
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e TEZRATEST, BATE R TE Fallback A B K Diffuse, H4R Diffuse KGHWEHE
BIXFE—A Pass, {HZEHT'EM Fallback A T VertexLit, FEt Unity HZiER KB

' LightMode 3% ShadowCaster ] Pass, Mol LAiEAR= 4 B8 . 76 F il 9.4.2 Fi, FRATH 4k

#:7% ¥ LightMode >} ShadowCaster [1) Pass X} /=4 [F fiff (1t B §% ) S22 .

E9.17 i E— N A REBMIME, HRA M P8 W T K- Fas g, e
ff] Cast Shadows CEHIT A T TEBRIAE UL T, RATLE VORI BH 52 g SN 2 5 Br a4 44
M E. EXTNERFERY, BRE A, FAEARS i SR acEn, hTa
A 40 F T 6 Y6 U 25 () 8T IE T (frontface), PRI S8 InE B S mest Se b . FATTnT A
# Cast Shadows ¥ & & Two Sided K ARVFXI AR ra mo#HE PG R . B 9.18 44 T 44t
AP ) Cast Shadows B2 & ) Two Sided /& 45 58 .

a[E0.18 3 Cast Shadows &4 Two Sided T LULA T EHF I HE ML ~ERY

FEAB R, B R 2 B BART AR A S 2 R A e F T P B Y Standard Shader, TfijiX
NWE 1 Shader HE1T T B A 5% AR R AE - 18 BT 1E 77 44148 I i) Chapter9-ForwardRendering J§
AN AT AR, FeASBRMANFERSRME. £ 71, T2
bnde] ik 1E J7 A th AT AR BA

2. iR &

A TAibIEH AR AR, BATE SEH @ — Unity Shader, 7EAPBIEF, BEHIZWA
Chapter9-Shadow. FA1H Chapter9-Shadow M43 iE 77 4% F (144 ii ShadowMat. Mif® Chapter9-
Shadow (#1145, IB Chapter9-ForwardRendering HCIEEHIZAE. MR, XFENRALSH LM
B HIRAEIE T b, BRI TRA 1 75 ZEA ARG T — 25 .

(1) B, IAILE Base Pass AL &k —ANH 1) N B X AF:

| #include "AutoLight.cginc"o

XRE g, BATT 5B B BT ) 2 R A X AN SO A R
(2) BRAVET S &5 IR Sk v2f P T—4 A &% SHADOW_COORDS:

struct v2f {
float4 pos : SV_POSITION;
float3 worldNormal : TEXCOORDO;
float3 worldPos : TEXCOORD1;
SHADOW_COORDS (2)

}:



9.4 Unity f9FE%

EAFERERRE R, SRS E AT LR AR, TEERNZ, XMEN
ZHHFER T ]l ESFR0R5ME, 7€ Eme e 2.
(3) ARG, WAME A AR RIZ AT NS — W E% TRANSFER_SHADOW:

v2f vert (a2v v) {
v2f o;

// Pass shadow coordinates to pixel shader
TRANSFER SHADOW (o) ;

return o;

EANE R TAET R (s FP o5 b — 20 v 7 W 1) B S SOHLAR AR

(4) #%, RIOERTHEQRP I EIRME, XAREHT 4 WEE SHADOW_

ATTENUATION:

// Use shadow coordinates to sample shadow map
fixed shadow = SHADOW_ATTENUATION (i) ;

SHADOW_COORDS. TRANSFER_SHADOW £l SHADOW_ATTENUATION /2 i 5[ i
IR “ =012 7. IXLepy BRI RATELZEN T EICURAI AR . BATATLIYE AutoLight.cgine 7
HENEATHI

L "o R e
// Shadow helpers
R i e
// —---—- Screen space shadows

#if defined (SHADOWS_ SCREEN)
UNITY DECLARE SHADOWMAP (_ShadowMapTexture) ;
#define SHADOW_COORDS(idx1l) unityShadowCoord4 _ShadowCoord : TEXCOORD##idx1l;
#if defined (UNITY NO SCREENSPACE SHADOWS)
#define TRANSFER_SHADOW (a) a._ShadowCoord = mul( unity World2Shadow([O0],
mul ( _Object2World, v.vertex ) );:
inline fixed unitySampleShadow (unityShadowCoord4 shadowCoord)
{

#else // UNITY NO SCREENSPACE_SHADOWS
#define TRANSFER_ SHADOW(a) a._ ShadowCoord = ComputeScreenPos (a.pos);
inline fixed unitySampleShadow (unityShadowCoord4 shadowCoord)
{
fixed shadow = tex2Dproj( _ShadowMapTexture, UNITY PROJ_COORD (shadowCoord) ).r;
return shadow;
}
#endif
#define SHADOW ATTENUATION (a) unitySampleShadow(a. ShadowCoord)
#endif

// —---- Spot light shadows

#if defined (SHADOWS_DEPTH) && defined (SPOT)
#endif

// ==-- Point light shadows

#if defined (SHADOWS CUBE)

#endif

// —-—--- Shadows off

#if !defined (SHADOWS_SCREEN) && !defined (SHADOWS DEPTH) && !defined (SHADOWS_ CUBE)
#define SHADOW_COORDS (idx1)
#define TRANSFER_SHADOW (a)
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FoOE EEFNAR
#define SHADOW__ATTE.NUATION(&) 1.0
#endif

LR ERKRBE .. REA, LR HE Unity 4 TAFEARDEHEER, ARPEETEX T
EMEAR S . ERTREYT, % SHADOW_COORDS S:fr B2/ T —4~44 4 ShadowCoord
(IR S B AR AE . T TRANSFER_SHADOW [SCHL S MREE-F & AR A . w8 A
SEG AT LAAE B REs R i B s s B K Gl FI B & % € X T UNITY_NO_SCREENSPACE _
SHADOWS k7%%|), TRANSFER_SHADOW < ifij /| i & [/ ComputeScreenPos pf %K it 5L
_ShadowCoord: 15 1% & A 3CH5 B 447 (8] (1) BA S MR H AR, it 2 (6 FH A% 4 19 B SE IR BOR
TRANSFER_SHADOW 541 T g AR b A ASE 75 2% 1) 2% 466 380 ', 5 7% 1) Ji5 47-6i#5 21 _ShadowCoord H'. R
J&i» SHADOW_ATTENUATION ft 5¢ {#i ffl_ShadowCoord % #1258 BT RAE, RBIARER.

FRE, FEABEREBIESEE X THERAAEN RS, rTUEE, 4K THES,
SHADOW_COORDS F1 TRANSFER_SHADOW L4 L {EH , i SHADOW_ATTENUATION
S EEEE N THUE 1.

FEEZHITENR, XSRS MER LR R ERIATHISE, #1W TRANSFER
SHADOW 21§ v.vertex 5 a.pos SR iH 5L AR, BHIEA T REW X7 IE# T1E, AIHERIE
B 52 AR R A FX S g p A 2R BB ARG D . BRI ERAE: a2f &5k rp i T Ad b i
IR vertex, T A (635 (4 5 W0k vaf L Zidn 4 v, H vaf /o [T s B A A Zi iy 44
Jy pos.

(5) fE5eRk T LT A#{EE, RIMATE
B REAE shadow N ST LA K ey ' S5 S 7 €64 7fe
I

RAF3CHE, R[] Unity AT 10T BUREL, BUAEIE
Jr it ] LAk B A MSE IR I T, Wk 9.19
FiR. '

TEERNZ, € RS ERMAERT
Base Pass " [14XHS, ffiH AT LTS BIBARZRCR, Tk
% Additional Pass BEATAEf] k. Kk L,
Additional Pass [} 5 4L #E A1 Base Pass /& —F£f.
BAVHAE 9.4.4 TF BT PR LAY . A%
AR N T BB A, EATUEENHBIIE . RIOISE 95 e
HAES T KDL RALFE K Unity Shader.

9.43 EEAMBKBEBRLLT TR

JFUERAE LR T R Al A8, EaRE BN E BIPE—PeBlL R
AL T ! RIBMR, Unity 5T —MHOTA—WiRRMS. RITYE 22 WhFHEHE
Bid Pass i, fEATRNSEE ERERPEH2HILRE.

B5E, BAIF ZELE Window -> Frame Debugger {47 FFiiiif i35 . &l 9.20 451 T Scene 9 4 2
TEWT RS P 2 & 2R

M 9.20 thRTAEH, L6z ST EILN 20 MERF . XLELH AT S 4 41
4. UpdateDepthTexture, Bl SEHSEENLATRELSIE: RenderShadowmap, BIERAGE AT 61
P B 403 ;. CollectShadows, RJFR4E 45 SCEE AN B S m St S 345 31 b S Z R I BISE B Bz
HNERLE R .

AE0.19  EFETRUENKR B AT EARBER



AE 920 FERNEABEBHVLHILRE

BATESERE R AN R EEIURELO, KA 4 MERFF TAE. BATATEL
HTX S RABFENIMSHS R B 921 Bl T IE ARG EH 4 R .

AB 921 EABRNRESENETER

AT R B8 A U A TR FRATT AT LA T X —E R IR (5 B . 7E 9.21 o, JRATATEURER,
Unity i/ 7 Shader: Unity Shader Book/Chapter9 Shadow pass #3 & ¥ i & 428, H])
Chapter9-Shadow 1) £ =4 Pass. /X Chapter9-Shadow H' H 5 XL T #i 4~ Pass, {HIEMFKRATZ fi
Fiis, Unity £7EE M Fallback 14825 — 4> Pass, H| LightMode 2% ShadowCaster [f] Pass & f
PIREALR L. FRE, 8 A, BNERABEAT 6 r B s 808 (it #2,  Unity
R T XA Pass >RA15 BDEUE I BH 5 WU 08 .

EH =AM, Unity 2RIE AP PS8 RG B R R PEE, W 9.22 Fizs.

XkE A AE T RARES LA ARHRRENRE. R — 180T, wRYEFEH
7 Shader & 7 01X 7K B 5% B R FE s = 5 BB S8R « B 9.23 43t T IX AN Unity £ 1] —
A 22 L AT B S A 1 2R
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AF9.22 RE=EAEEE

JE9.23 Unity SHIRRBRMNILE
9.44 Z—EENXBREAAY

7E 9.2 451 9.3 i, IATE L VL Wnfal 7€ Unity Shader ¥ 71 [ JE 44 B& 2P THEOC R ——
{F Base Pass 1, “PAT I EMEAE 7B 2% T 1, M7E Additional Pass 1, A7 2 H| W% Pass Ab
HENUERA, FAEAAEREME A T SEhR b, SRR B R i B £ v
45 R R A T L AR [ R —— AT T8 2 s R e vk TR 1 AN 9 S (8 B ' R 65 SR AR 8 75 B B & 1) U
PgER . WA, AR A —A g al LUF 5B E BB ? 479 8 &2, Unity 7€ Shader B
AL TIXAER AL, X EEES A E M UNITY_LIGHT _ATTENUATION % 3R SCHLA

ik, FAMECIN TR TAE. '

(1) 85#]9.4.2 TP RIFERG R, EARBRET ZFHFREL N Scene_9_4 4.

(2) WE—MI. EARBBES, %M 44 AttenuationAndShadowUseBuildInFunctionsMat .

(3) #rd— Unity Shader. fEA-SZYEY, 1% Shader £ H Chapter9-AttenuationAndShadowUse



9.4 Unity BIE

BuildInFunctions. 7] Shader %555 2 20 v il 2 (O A4 i .

(4) 258 2 P d BBt as — N IET7 4.

(5) REFEAS

#T7F Chapter9-AttenuationAndShadowUseBuildInFunctions, % Chapter9-Shadow )4 i iy
25, RE Chapter9-Shadow AR AT LALLIRAIAF BEHARIBISE, (B7E LB BRATE S &1/
Unity [P B 2 FpR ORI RORIE 5%, AT Ba i — S8 SE Bl 7y . SRR .

(1) HEE R ER kAT . '

// Need these files to get built-in macros
#include "Lighting.cginc"
#include "AutoLight.cginc"

(2) 7E v2f S5 KA A Py 7% SHADOW_COORDS 75 ] ] i Ak s

struct v2f {
float4 pos : SV_POSITION;
float3 worldNormal : TEXCOORDO;
float3 worldPos : TEXCOORD1;
SHADOW_COORDS (2)

b

(3 LETH A5 (.28 {f A B % TRANSFER_SHADOW 1573 ] J Jo# (0 28453 B S AL b

v2f vert(a2v v) {
v2f o;

TRANSFER SHADOQW (o) ;

return o;

}

(4) F1 942 W ARXAE, XKBIALEoEAHE P HHANEZ UNITY_LIGHT_
ATTENUATION it 550 e 0 gule A1 B 5% -

fixed4 frag(v2f i) : SV_Target {

// UNITY LIGHT ATTENUATION not only compute attenuation, but also shadow infos
UNITY LIGHT_ ATTENUATION (atten, i, i.worldPos):

return fixed4 (ambient + (diffuse + specular) * atten, 1.0);

}

UNITY_LIGHT_ATTENUATION /& Unity P& ) TSGR B 10 2, RATAT EA
7E P & ) AutoLight.cgine BARFI'E FIHILA . B2 3 NSE, B 6 TR A B AR
JERE RIFERISE N 280h. EER, BIPDFRAAERETAEHE IS atten, XEFE A
UNITY_LIGHT_ATTENUATION &#®ANFEHXANMER. BEHE N SELEME v2f, X4
B AL 9.4.2 P {E ) SHADOW_ATTENUATION, FRitEHHEME. mE=1 352
A AL bR, IEWMRAIE 9.3 WhERN—F, XNMSESHTIFEOREZN T RARE, &
B RS R ARG B R ek . FRAT5R R U & A 7] AutoLight.cgine ' UNITY_LIGHT_
ATTENUATION )78, & o] LRI, Unity 53 AN DGHERR . 2E B H cookie ZA[FHE
AT ZARAR UNITY_LIGHT _ATTENUATION. XK [ AR A it 7 B S (R b e 1mT LAdE i
IR — AT B AR SR A3 B IE A 45 SR R B

(5) 1T {#H T UNITY_LIGHT_ATTENUATION, 3&{/1ff] Base Pass Fll Additional Pass (1%
573 LA G ———RATATF 274 Base Pass B HUMAC BRI 52, A5 2E7E Additional Pass 5 ) 7 U5
HR e AhE I RE DR, —PIER A T il UNITY_LIGHT_ATTENUATION K5 BIA] . 3X1E /&

205



206

ik i i O S L SRR MU

Unity P& ORI D ATAE. TR IRATH I LI7E Additional Pass R INPHREALH, w75 2L 4E A
#pragma multi_compile_fwdadd_fullshadows % i¥ 4§ 4 K X # Additional Pass "' (] #pragma
multi_compile fwdadd 54 . XFE—K, Unity W& hXEEEIME G R T HIRE, L
Shader.

9.45 EREMENREE

BAIN—FFeanhsi i, ARTLE Unity BibWAaens m L a8 B, — & B e m
Unity Shader F1$2{t—~* LightMode ) ShadowCaster [¥] Pass. {Ef{ i KF 1, AN E
] VertexLit F$Z{L[¥] ShadowCaster KHLIF 5 . VertexLit ' [¥] ShadowCaster SCHLIRE ., &
KIEFERENE, REERES R 2 — KRB sk g b . 3E v LIAEN B X
R 3R B AR R B S

M FREFAEHYA KL, 4 Fallback 4 VertexLit i ] A3 2| (EGH AP . (B TiE
BIRSR UL, FRATTEE T ZE AN O A E B R . 35 W4 A () S5 A8 55 2 48 % B BE MR 03 ) A R
Ey BAVHTEE ALV EX LY &) Fallback .

37 W RE R A B LE R A 4, (B SRIRAIUIR H A A VertexLit. Diffuse. Specular 5%
BV, FEELERBIEFMPAE. X2ENEWEENATEE Th ORPERFELERIC, 1
VertexLit " (#) B sE 45 S8 I WA AT X PERO#RME . TRATZEAF PR IE) Scene 9 4 5 a LT
RPN R . BRAVER T Za0% 3 FE N + PIRERAERER N ER &, eff
FH 44 A Unity Shader 43512 AlphaTestWithShadowMat Fl Chapter9-AlphaTestWithShadow .
Chapter9-AlphaTestWithShadow {i FH T #1 8.3 15 B &Il JL-F 56 M R AARES, H2usin T ¢
FHIRmH.

(1) B &R kS

#include "Lighting.cginc"
#include "AutolLight.cginc"

(2) 7E v2f 1§ A B % SHADOW_COORDS 75 B [ 540 AR bR«

struct v2f {
float4 pos : SV_POSITION:
float3 worldNormal : TEXCOORDO;
float3 worldPos : TEXCOORD1;
float2 uv : TEXCOORD2;
SHADOW_COORDS(3)
}i
ERT, dTRMNCLSEMT 3 M #lEF 44 (A TEXCOORDO. TEXCOORDI1 A
TEXCOORD2 it &), Kt SHADOW_COORDS H & NS HUE 3, XEKE, HiLgot
ALFRHE 5 FH 58 DU AN {8 %7 /748 TEXCOORD3 .
(3) RJE, T AEERD LA E S TRANSFER_SHADOW 57 BH 52800 Ak 5 5 1 i 4
FoE e

v2f vert (a2v v) {
v2f o;

// Pass shadow coordinates to pixel shade
TRANSFER SHADOW (o) ;

return o;

}
(4) fEReEARRS, #H mﬁi—.' UNITY_LIGHT_ATTENUATION 5 BH 521 6 B 5 0 -




9.4 Unity BIBA%E
fixed4 frag(v2f i) : 8V_Target ({

// UNITY LIGHT_ATTENUATION not only compute attenuation, but also shadow infos
UNITY LIGHT_ ATTENUATION (atten, i, i.worldPos):;

return fixed4 (ambient + diffuse * atten, 1.0);
}

(5) XK, FATFEXCEM Fallback, {#H] VertexLit /£ %€ BI[A]1# Shader:

| Fallback "VertexLit"

BATUIIR A FH transparent_texture.psd £CHE, B MR HT M i), BEAT LIAG BI2RALE 9.24
IR

A0 A LUREL, B XL T A IER IR, BRI B A E T R —AN 58 1)
ET A —FE. XA ZLIRATEER RN, FRATAH A LR A% 2 AT DU i X e 2% [X 358 1 >k
(), XL ZEAF . HIXPEREERE S, BATERKZNER VertexLit F LM
ShadowCaster KBNS, XA Pass FIRAMATEFLE MR THE, Bk, it
NIIRITER FE S BE Y 2R B ER B R i g b e (R, dn SRERAN AR 248 B s o B Ik
FIBTERCR, B BRI — AN E W BRI BE) ShadowCaster Pass. 44X, AL HATS
BN IXPER) Pass, (EIX HLBAIIIRLESEAE FH A E K Unity Shader Ry 0E &

AT AR P B I A AT B A Y B R 8OR . AT A FFEEAE Unity Shader 8 5—A4T
{084, EJ4 Fallback i & J Transparent/Cutout/VertexLit, FuIFA17E 8.3 WP LI —FE. L
& A LULAE N B X 4R 2% Unity Shader (4865, ‘& /) ShadowCaster Pass 1157 1 3% B FEMIR,
F &MY RREGEREANEERMALwE g E Y., BEEEFTEMNR, T
Transparent/Cutout/VertexLit i1 50E M FENNAR, T 424 _Cutoff fJ& M k2E473E 95 BENI
W, Bk, XESRIAIR Shader R4 N _Cutoff @M. TN, FEFELIEERIEHK
P4 R

fESEEL T Fallback Ji7, BATATLAGHIE 9.25 S HIRER .

JE 925 EREE T Fallback By FEM AR At

(B2, XFEMS RUMAAE —LEim @, Fun Il T — 2R NAZE B HBLXFE oL
JERR, BRI LN A PV e 1R 2 P R0 9 5 s SO op A5 e AR IE T o (BT A48 F) 1
JIRKUL, BT E e AT ORIR, PRI T 3 B A B A I\ 2 B S i S SR .
h T 13BN IERG A4 5, FA10] LUK IE J5 7451 Mesh Renderer 41 {497 /) Cast Shadows J& 1 % & 3 Two
Sided, 5&| Unity 7£ 15 FF 52 i SO v 50T TH VR FEfE B . B 9.26 A T IEMI & 5 iE
Quat iR,

AE 924 TR R A AR R R A
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535 W BEMRR IR A L, AR A i FH B W REVR B A AR N B R e — 1 BB ST i it . sk
k., A N EFEEIE A Unity Shader, il Transparent/VertexLit 55, &A€L 7% FHEHEI I Pass.
XA, IXSE YA LS 5 E AP MU SO AOTHE, RS, SRS M A A
BB, FEREi A SEoR B KB . RATEAR IR Scene 9 4 5 b Hifl 7iX
BN . BRAMER T 2T B BERE + BIRSRrdekiEd— NMEAE, et
Jii 1 Unity Shader 43 7l /& AlphaBlendWithShadowMat #H1 Chapter9-AlphaBlend WithShadow -
Chapter9-AlphaBlendWithShadow {# /] T 1 8.4 & EER & L e M RIS, HEdm 75T
FASZM5E, JF HE MY Fallback /&P B Transparent/VertexLit. [ 9.27 HoR TE S R

Unity XA EEEHRER . B TERERATEXRMRESA, Bt
KBt T AR, Sk, TN EEFEAY AR, FEERD
HEUFZS 8] F AT SR A 4% RO S TRV BUP REA TV 3, X ik ARR AR Ay, i Hth &
WPEfE. Bk, fE Unity W, BifS WEREEY Shader AL AT PRI . 2R, i
AT LA 2% dirty trick SRIRHIA B AW AAE RS, IXATUE I ENIH Fallback % & X
VertexLit. Diffuse X 46 Ai% B #4448 FH ) Unity Shader, iX#f Unity 5t 7E & ) Fallback $£ 5|4
MRS Pass. SRV, FRATATLUE 1AM Mesh Renderer 2H1F 1-ff) Cast Shadows Fl Receive
Shadows JEITURAE Hill & 75 1t 2 ) H At ) A sl B2 . 18] 9.28 R T 4E Fallback ¥ VertexLit
FIF 3 B 5 H 5 A I 52 T 2 B A AR (v R

AE 027 EfER TEMEREH Unity Shader £ Fallback A[E 9.28 3T Fallback &4 VertexLit 3k
R B ANEM Transparent/NertexLit, FBBEMETRLSE RIS EREMIKA R &

THNFEKHBEY, hASREickaaNFaNEY,
EEERMRETEER—H



9.5 ZAB{EMAMFRAE Unity Shader

AT LA Y, A ST T O B ST B T B ST R L, BEAN S FE LT AT
A BT 7R b, XISERARIERK . R, S5t LIS B 5 KB R8T 2T T 8
i

m Kl X c L

BTSSR T ! RAOMEZ AT —ERE, XA AR T HR Unity &
(&ML IR, BT —2vibE, FIAT DIEEEAREE . Bub3AY, &
B2 T Unity FHTA FERMGRTE, WEeIE. FEMCRERS. RN EEE]
BB —ERLI— ML A 2 T | RATEA BB UEA Assets/ Shaders/Common LT
AL T I IXAEFRUER Unity Shader——BumpedDiffuse F1 BumpedSpecular. X P4 Unity Shader
A T ANELRGHE, LR SRR A, HE—AFKRZ, BumpedDiffuse fff
Fl'Y Phong J:EHEAY, 1 BumpedSpecular fff 7 Blinn-Phong Y HEARAY . 523 v BT FHX AN T
£, SREAT LRI B RS A R A1 I . RAVEAIX P4 Unity Shader GIE T 24N
(7F Assets/Material/Obijects f1 Assets/Material/Walls SC{432 R ), XL Tk 4% H T 5 31 3 5%
B, EHE A LB IXPA Unity Shader SRS B AR AS ) Unity Shader.

L

il
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H10% Wk

BAVES 7 BEFI TRTEMGUBERAR, XEGHQRFEERERLOE . WA LE R %,
XL RAE AR, HENEE T4 (—4 %) 2. AT, RIHFE]—&E
HAMLH . 76 10.1 T, RATSF WA T AL3E (Cubemap) SEILIREEMUT . K5,
BAVETE 102 WA —RFRNLHE—IERLIE (Render Texture), WATERIMERLEEE
AWK . BfE, 103 TGN HFRFLFE (Procedure Texture).

fEEE2ES, ILHELIE (Cubemap) EINEIRST (Environment Mapping) [f)—F5EHL /7
o HREERUH AT DUBRIY R R B EREE, TAER T RSB T LB R RBE T B R —F
S5 L A R B R

MZ AT RBIQEAR, AL —HEET 6 KER, XEEEXMNNT AL HEE 6
AN, LTSRS E TR, LR EANERREE R W TR (R R, A
A BT B WEFTENEG. B, BRATUTIHXBE— MO BT RAENE ? A2 §T 6 = 4EL
HARBRANE] , 0327 SRR IRA ) TR — AN =Yg
AR, EXAN=HEGRAARRR T RAIEH R SR TR —4 3D
Ji 1) IXANTT ) R SL TR s R, 24 ) S R B

BRAFISIIT AR 6 EUHEY — % A AR, T SRR B0 25 Bt R
B S TR, B 101 4 T R 1 B S i TN
LR LR -

{6 P S A SO OB AL AE T, SR B b, T LA -

B HI R A LG @’Eiﬂ.ﬁ*‘%ﬂfk)ﬁ, Bl A RmPsIANT AE101 MNZABEERRIRAE
BIPIAE . IR, BE DA R BB, BT B T AL
SIS, BRI A, SEOT SR AT AR SERE, (BARERIHER T XL A SR A
A5G, EKREEA, SMITERSEERGRBEME KRN OGR, FlnmASRREH RN E (FX
. Unity 5 5IAM£RCH ARG ALK B RSHR, FRE 19 F). dTEHNER,
MBS NG RAAVER SR, FRATISLZ AR ™ AT ASZE] [V 0 A4 P S A s (R v
RN AR,

SEHRECEALMERTEREZ N, BFERAKMRATREET (Skybox) LLEIFEMBU .

10.1.1 X=ZE

REETF (Skybox) £k A THIUT RE— M7k REGTENMEFEETHMEE:
ERARBEMRZ N (RERERNDTUHERMENETR, ER—IMET. JRNESR
PR TREZETH, BNGREEEEE AN . XA AR T AEFH B AR 5=



| o1 s
SEJT RS BR A ROR
fE Unity b, SEMFHAREGFIEFM L. RIMOAFEZQE A Skybox M5, FHERE %
7Bk P S e AT as

AT E 5B RE T 6 & — 4> Skybox P ).

(D) Fg— MR, EERPBRETIZMTLA SkyboxMat.

(2) fF SkyboxMat f#] Unity Shader T3¢ rFik#¥ Unity HHH
Skybox/6 Sided, 1% A% 6 KL,

(3) {f A5 %P5 Y Assets/Textures/Chapter10/Cubemaps 3143
TH 6 TREGENTE 2 25 M BORAE, 1 RIX 6 KGN IEFALE (4
posz Z(H X N T Front [+Z] EMH). A TiEREFGFIEFEL, &IH
BHEIX 6 FKGHLK) Wrap Mode ¥ 8 Clamp, PAP (E7E#:E%840 HELAS
VCFC L% .

R IR B A BT 10.2 B

EHEEA R, BT 6 skaFEMSNES 3 /N EtE: Tint Color,
T RO ¥4AEi(S; Exposure, FTABRTE TR
Rotation, F TR ZT & FH+y By ml BOTER M B

i, BATRE T WA ZRAR N Skybox .

(D) HE—AGFR, EXABRESZSHFLA Scene_10_1_1.

(2) #F Window — Lighting 32891, 4 SkyboxMat %5 Skybox i
I, Wik 10.3 iR,

ATIHBBIER ERRERT, BADETERIEE L ZOBREILE Camera A1
Clear Flags # %X B}y Skybox. iX#f, A R2IFRMWE 10.4 Frox.

AB10.2 XZEEFHR

AE10.4 EATRZEETHHR

FEULIAM R, £ Window — Lighting — Skybox T BN RE & TENH TSP HIAT
HREN. WRBRMNAEFLBEEIATUERARNRMRT&T, 7 LAEE 2 RPN Skybox
M RBEHBEZAMRE. BHEG, RATTLUEREI L% & Component — Rendering —~
Skybox 5 BN S BRI K 2 & 1 7 i .

7 Unity 1, REGFREMARNEVYRZ FEGE, THE G ER KRR A%
N5 Ja R A
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10.1.2 CIRATHRERS AL FHESEE

BT RERT, ARG R WAL R TS . XA ik, BATTAT DAL
<2 a8 TR I T

7€ Unity S 1, AU F BB BISL G RSCRI iER =R R0k Bt — L4
P RIISEERI R A TR TFEAIE A Cubemap HFE, FHE 6 IREMLA T H =Pk
T2 HHBAAS AR A

SR — PR, BAT BRI AR AN RS, 6t RS T 4 R T B i AL
XAifR . 2RMmMR%. RE, BINAFEIZSEN Texture Type ¥ # 4 Cubemap B A, Unity
KABAMEF R T RFN . ERTYHEAERS, RITEESMEH—5%K HDR BEERE K& ik
] Cubemap( V¥ L5 18 T ). 3 W 7E B /7 3CFYS (http:/docs.unity3d.com/Manual/class-Cubemap.html )
R BT % TR

BRI R Unity 5 ZRTBIMASERKTE. RINEATEEHRE REPCE 1
Cubemap, RJEHE 6 sKEFEHER B E MM . 76 Unity 5 1, BEHEEFFERE —MITZQE L
ARG, 3& A R A 25 —Fh 5 ik T AR SCHE B AT IR 46, 0 HL AT A RFIA B IE D6 R4 (glossy
reflection) 1 HDR %51/ fiE .

AU PP AT S RAT IR AT HE & i L RSB B R, e RIS RS R
RPAEITILAY . (BTERARST, OGS ERBEYELESRPAENAR, EReil®a
ARSI RS, X0, AT AT LAZE Unity S AR A . 32l id R Unity SR
Camera.RenderToCubemap ¥R 5CHL (). Camera.RenderToCubemap B %A LA AT B A7 & M
E3| MG B G R 6 RER, MMl H %A & EX NS (R g

£ Unity (AT Chttp:/docs.unity3d.com/ScriptReference/Camera.RenderToCubemap.html)
rpeh T wifar{# A Camera.RenderToCubemap B&%UK B 2 77 A SUR RIS . 28 Al ATEA P
Bt 1) Assets/Editor/Chapter10/RenderCubemapWizard.cs "1 #& IAH A0S . b R BARES fn F -

void OnWizardCreate () {
// create temporary camera for rendering
GameObject go = new GameObject ( "CubemapCamera") ;
go.AddComponent<Camera> () ;
// place it on the object
go.transform.position = renderFromPosition.position;
// render into cubemap
go.GetComponent<Camera> () . RenderToCubemap (cubemap) ;

// destroy temporary camera
DestroyImmediate( go );
}

fE_E4CHS, FRATILE renderFromPosition Cf /7 55 ) A7 B ALBY A QI E — A EHEHL, IF
W Camera.RenderToCubemap R (3 M 24 i {7 B WA 42 21 (1) & (5 0 e 3 F P 48 5 1 S 7 fA 4
cubemap ', SEARG FHE BRI BREBAL. BT AT ERSERESLE, BUERNGERER
£ Editor X% T A4 BEIE ST

YAES L RIS SE, ZEAE—4 Cubemap 5 i 5.

(1) HBAVMEAR 10.1.1 ApHEFKZ R, HOE—TH GameObject X% . HATXEH 1%
GameObject {7 B {5 B RIE J L7 A LHE .

(2) gt — M TSI RS (1 Project PR i 475, 1E+F Create —~ Legacy —
Cubemap KAIE). EARPBRPE T, Z L HELEEHA N Cubemap 0. g T ik BEIAST] UBH ¥ &%

EHRLRZL AL, RATTEAEE MR 2) 3% Readable 2T .
212




(3) M Unity B EFF GameObject -> Render into Cubemap, T 3R A T7E A o SZEL 4 FH T
EYSI RS & O, HAEE 1 2P a1 GameObject A% 2 B I ) Cubemap 0 23 I
2| % 19 [¥) Render From Position f1 Cubemap #£75, %18 10.5 fis.

(4) Bifi% 9K Render! 3%, AT LA MIZAL B LS 3 1t 5% (6] F 1R 6 gk ERIE S 21
Cubemap_0 7, 41/ 10.6 i,

AE10.5  fEFRMA IR FiREE AE10.6 ERMABERIARLIE

TEERNE, BAIFEA Cubemap HE A/, EIE 10.6 F1/#] Face size 1. Face size (&
K, TER RIS RS HE RO, AORATREELF, (BFRE S M AF R, XAl
AR T 77 B i A RN B

HE&UF T R EWSL ISR , BATH AT LA 0 A4A% FH R 358 e S R o 1 A58 i) AL 1
I, FH At A2 5 S T 55

10.1.3 k&

T RS AR AR BB TESE. MERRRN R RR R, RAREE
A A Gk BT Tl R TTVE: 2 T ) R vH S5 S 7 1 TR P S S i ) g S A S SRR B AT
e AT G, IRATAT LA RISRAE 10.7 2R

Hik, AT B A A

(1) HE— Mg, EARPEES, 28R4
4 Scene_10_1_3. AT Unity 5 375 BRI
RZGEF, M 10.1.1 FPaIEKRE&E MR
H, 3| Window — Lighting — Skybox #E5i H (244%,
BT AT DA SRR HLES I Skybox 2014 K78 o5 BRIA
KRBT,

(2) ¥R PHER— Teapot HA, FFif%
AL EFR 10.1.2 T EIE Cubemap 0 B )25
GameObject [ B AH A .

(3) Frg— MR, ERBREY, %ZMEHL
4 ReflectionMat, 44 it ES 565 2 25 A EEf) Teapot £ 7Y,

(4) Hr&—A Unity Shader, fEAF WY H, % Shader 4 4 Chapterl0-Reflection. it

AE10.7 AT RIMER Teapot 1H2E
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Chapter10-Reflection W45 58 3 5 il 2 144 i
5T SEBRAEH R 8. 4T JF Chapter10-Reflection, MHBRRA AIRAD, HEATM FRREM.
(1) B, BATEBT 3 D JEHE:

Properties {
_Color ("Color Tint", Color) = (1, 1, 1, 1)
_ReflectColor ("Reflection Color", Color) = (1, 1, 1, 1)
_ReflectAmount ("Reflect Amount", Range(0, 1)) =1
_Cubemap ("Reflection Cubemap", Cube) = "_ Skybox" {}

}

He, ReflectColor Fl T4l & 4§ Hith, ReflectAmount FH T HIX /M A S S FEHE, T
_Cubemap 2 F T B0 S5 B FRI5 ML 808 .

(2) BATETAEARPUE T XM RH T, XREELER CG 1 reflect 2R EUR L
/iR

v2f vert(a2v v) {
v2f o;

o.pos = mul (UNITY MATRIX MVP, v.vertex);
o.worldNormal = UnityObjectToWorldNormal (v.normal) ;
o.worldPos = mul ( Object2World, v.vertex).xyz;
o.worldViewDir = UnityWorldSpaceViewDir (o.worldPos);

// Compute the reflect dir in world space
o.worldRefl = reflect (-o.worldViewDir, o.worldNormal) ;

TRANSFER_SHADOW (o) ;

return o;

}
Yotk RS BIREHLF BEETT I, AT LABGEE A R R NR R R . tBBUR B, BRATATLA

THRAIL A T 18 20 T TR i ) SOt 77 1) SRR AR A B R T 11
(3) fER U AT, FIH RN 7 8 KX S5 AR SR AE

fixed4 frag(v2f i) : SV_Target {
fixed3 worldNormal = normalize (i.worldNormal) ;
fixed3 worldLightDir = normalize (UnityWorldSpaceLightDir (i.worldPos));
fixed3 worldViewDir = normalize (i.worldViewDir);
fixed3 ambient = UNITY LIGHTMODEL_ AMBIENT.xyz;

fixed3 diffuse = LightColorO.rgbh * Color.rgb * max(0, dot(worldNormal,
worldLightDir)) ;

// Use the reflect dir in world space to access the cubemap
fixed3 reflection = texCUBE(_Cubemap, i.worldRefl).rgb * ReflectColor.rgb;

UNITY LIGHT ATTENUATION (atten, i, i.worldPos):

// Mix the diffuse color with the reflected color
fixed3 color = ambient + lerp(diffuse, reflection, _ReflectAmount) * atten;

return fixed4 (color, 1.0);

}

X 3L 7 RS I RAE T EAE ] CG ) texCUBE B8 RS, £ LHEAITHE P, BATERFE
BB AT iworldRefl AT H—LEfE. KRR, HATRENSHUOURIENT MERRELRS
texCUBE BR¥iff, BRILRATEA LET —RH—Lp#RE. B)5, KAIEM_ReflectAmount 5



RAE RSB RATEE, HRERSECRAEEIRE .

fE L HHE S, RODESRAET S EC/PHE R T . 4R, WAOTBATLLERRAE R TF
Ea P, XPAEEEIA R E M. (B, X F4R 2 A KPIXFPZ R A 2 AT DLZBEAR
i, B TR E R, BRAVERAET S EGRP I E R M.

{17 JE IR EI% R, M RER FE Cubemap 0 #i .3 Reflection Cubemap JEPEH, FFiH#
HAbS4, BIAT{R 21250 10.7 FRIRR .

10.1.4  #75¢

X9, AT S WA 7E Unity Shader SR ARALL 55— FRI5E R S A % LN F——H7 48 .

P58 Py B R B LY R B A — . RAFEV] 3k © S flid Hr 50 B0 E . e —Fd
MR (BIESD RS —FA B (s o, &8%G R —RaRKENE. JLEANNA
i, AT DMEFHEERE/RER (Snell's Law) KitE M. 06N 1 BB FIREEL R A
46 77 T R 2 B, BATAT BMER R AR E TS R SR LRI 6,

msin@=mn,siné

He, ;2R 2FEANNREIITHE (index of refraction). 7532 — I HE T (1) 9 5 %
¥, PINESMHRE |, MBEIEAITHRE AR 1.5, B 10.8 4l TIXEA R [AFKR.

WHERL, 48BN 75 WG BATVR S BB ERX LT RS AT R, EXEANE
PERINERIR o X —ANF YRR UL, — b SE AR AL 77 12 5 B TH S P IR 3T — IR A
BNER AR, 15— RS NS R (B, AREEE ST E g B 5 IR S
Ii] 2 LA A ), T ELA AL, — IR 18 B I BCR AL B BB R “ GO A B 7. EIRAT
ZHRTR B — R E N “ R EERRENEK, BAeHMENK". Eit, ELREGRH
AT H USRS — KT

FE# AT G, RATATLAFERUE 10.9 HHIRR .

BT

AE10.8 HrERER AE10.9 fER T HEERA Teapot 1RE

i, BT E A T e TR

(1) FHE—NEE, EERBRES, %HFHE N Scene_10_1_4. AT #HHE Unity 5 355t
BIAIRZ & T, M 10.1.1 FPAIBFARZ&ETFMFER 3 Window — Lighting — Skybox
IR CH8R, AT AT LSS B LN Skybox A RE HER NN REFET).

(2) PR — Teapot 1!, AT HLLE.

(3) FE ML, FEARBRIER, %M FE A RefractionMat, FEM FIIRLS S 2 B a2 M
Teapot 55! .
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(4) FrE— Unity Shader, FEA 58I+, 1% Shader 44 Chapter]0-Refraction. 2 Chapter10-
Refraction W45 28 3 PG = A4 iR .

Prot RO B L BUME R 24—, $TIT Chapterl0-Refraction, MR MICFS, HEATW T4
B.

(1) H%, BATEHT 4 MHENE:

Properties {

_Color ("Color Tint", Color) =-(1, 1, 1, 1)
_RefractColor ("Refraction Color", Color) = (1, 1, 1, 1)
_RefractAmount ("Refraction Amount", Range(0, 1)) =1
_RefractRatio ("Refraction Ratio", Range(0.1, 1)) = 0.5

_Cubemap ("Refraction Cubemap", Cube) = "_Skybox" ({}
}

M, RefractColor. RefractAmount f1_Cubemap 5 10.1.3 7 5242 il 5 5 i FH 0 J P 25400
Britz 4h, BATEER T —AN & _RefractRatio, A1 E 4 H %)@ M3 2 A R A SR AZES L,
PAHR S4T30 T 1

(2) T REGRS, T T

v2f vert(a2v v) {

v2f o;

0.pos = mul(UNITY_MATRIX_MVP, v.vertex);

o.worldNormal = UnityObjectToWorldNormal (v.normal) ;

o.worldPos = mul( Object2World, v.vertex).xyz;

o.worldViewDir = UnityWorldSpaceViewDir (o.worldPos) ;

// Compute the refract dir in world space

o.worldRefr = refract (-normalize (o.worldViewDir), normalize (o.worldNormal),
_RefractRatio);

TRANSFER_SHADOW (o) ;

return o;

}

BAMER T CG B9 refract BRECRIHFAT A T5 14 . EHE—NSEEHASHELKTT A, B
ARHABRRE: BoASHERRMEL, BT ARFTERLR—WEN: B=12502
NS LT AE ST 5T 3 56 T 56 S R AE A BT 36 R Z [ I L AR, Bl andn RO 2 2
BHEEE, WAXNSEN GRS BB R Z [ E, B 1/1.5. BHREE
SRR T, RS T AR L K.

(3) RJa, WAEER oA s = E RT3 77 17 X SL 75 PR SCRLIEAT R A«

fixed4 frag(v2f i) : SV_Target {
fixed3 worldNormal = normalize (i.worldNormal);
fixed3 worldLightDir = normalize (UnityWorldSpaceLightDir (i.worldPos));
fixed3 worldViewDir = normalize (i.worldViewDir):;
fixed3 ambient = UNITY LIGHTMODEL AMBIENT.xyz;
fixed3 diffuse = LightColor0O.rgb * Color.rgb * max (0, dot (worldNormal, worldLightDir));

// Use the refract dir in world space to access the. cubemap
fixed3 refraction = texCUBE(_ Cubemap, i.worldRefr).rgb * RefractColor.rgb;

UNITY LIGHT_ ATTENUATION (atten, i, i.worldPos);

// Mix the diffuse color with the refract color

fixed3 color = ambient + lerp(diffuse, refraction, _RefractAmount) * atten;



101 STAHSEER

return fixedd4 (color, 1.0);
}

FIFE, BAIEE AR i.worldRefr FEATIH—A#RAE, A4 XS S5 (A SCH B R AL R R Z AR A7 1)
BIAT . Fefa, FATIEA]_RefractAmount SRR &% S S BIVE AN HT S B ES , FFARIFRIE O U n f5 ik 3] .

fRAFEIR B35, FEM B 9 Cubemap 0 4 B Reflection Cubemap EYEH, %
HAtZ %, BIaJ#32I2R1LUE 10.9 HHIRCR .

10.1.5 FEEERS

fESERER, RANAH S HIEEERET (Fresnel reflection) SKARYE LA 7 ) 4% il ) 5 742
FE. @EHUE, FERERFRET —MEFRE, BIMAKEN BEERE B, —5aRAER
S, —EBREANDAEAEE, RAPTHEEUN . BRI TN A BFE — 2R ERXR, X
AR RRA LB FEE B E TR . — MR AEHNETF&, SIRWGEML, HEMELE
MK ER, RS RIKILERIER, ReTLlEEEBKRK/MaFAT; HE, HiREk
BZACHKER, SARIJVFEAZPK FRIER, MREER RKE RIS . X2 FmiEmFEEEA
o B E, MULRK. BRI SO EAIREERR, LA AEe s/ b8 T IEE
HAR, XEETYHEAERPIFE EEN ISRV HEF GERSE 18 %), EE R LIZE John
Hable [{)—F8 dE5F 4 K1 3CEE Everything Has Fresnel (http://filmicgames.com/archives/557) T #I|H 524
E B FPYMAR SRR H AR

A2, BAIGAEIEET AR ? XM T EMAAIERT S, Bt R EE Rk

R, (BAESERRESRF, BATER SMEH LA XK E. L — P EL A Xk
& Schlick IEZHIAIUER:
Fieniia(v,m)=F+(1-Fo)(1-v * m)’

H, Fo—MRHNARY, HATEGEFEEERNPSRE, v 2WAT R, n BREEL. 5

— /N H L2 14502 Empricial FEEHILIAZE K
Fempricial(v,m)y=max(0,min(1,bias+scale X (1- v - ny’™*"))

Hrp, bias. scale Fl power &4 o

i A _E i R SRR B R S, FRATT AT LAAE 12 S A B4 e St s 5 A0 T S 58 S S ' 9k 2 ]
Ml . FEVFZEE. KESMFERS, A% 60 3R H RS R st i &
SRR o

FEATH, IATEAEA Schlick FEVE H T ASF AORBIUSEEH R . ARG, AT IS
FIKPIE 10.10 PR . TEEE P ERBL TR womn
RIS . “

AL, AT B TS TAE.

(D FE—IHR, ERPRES, ZHRL
ﬁ] Scene_10_1_5. FA TR #dd Unity 5 35BN

FET, ML 10,11 WG RE &M
E,EU Window — Lighting — Skybox £+ ( 244R,
AT LA B AL N Skybox 4 14 o5 BRI

KRBT )s

(2) PR — Teapot BLAY, FHiRFEE

HIfLE .

AE1010 fEH T IEEEREIR Teapot 22
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F108E FRYE

(3) FE—AMB, HEERBRFEP, M4 A FresnelMat, MRS E 2 L HEIEM
Teapot #&AY ,
(4) #E— Unity Shader, ZEAH ¥+, 1% Shader 4 4 Chapter10-Fresnel. i Chapter10-
Fresnel W5 58 3 P IR A T

#TFF Chapter10-Fresnel, MiF&EA KRS, #7000 FEBEH.

(1) B, RAIE Properties & X0 T H T M 8 3EVE B S 59 09 J8 v LA B S 5 48 4
Cubemap:
Properties ({
_Color ("Color Tint", Color) = (1, 1, 1, 1)
_FresnelScale ("Fresnel Scale", Range(0, 1)) = 0.5
_Cubemap ("Reflection Cubemap", Cube) = "_Skybox" {}

}

}

}

(2) FET A AR ch oS F 25 8] B AL 1. LA 7 R AU ST 75 1

v2f o;
0.pos =

o.world

o.world

v2f vert(a2v v) {

mul (UNITY MATRIX MVP, v.vertex);
Normal = mul (v.normal, (float3x3) World2Object)

Pos = mul (_Object2World, v.vertex) .xyz;

o.worldViewDir = UnityWorldSpaceViewDir (o.worldPos) ;

o.worldRefl = reflect (-o.worldViewDir, o.worldNormal) ;

TRANSFE

return

R_SHADOW (o) ;

o7

(3) fER A ST HHIFERRS, HAEMASRERSERACEAM R H .

fixed3
fixed3
fixed3
fixed3
UNITY L

fixed3

fixedd4 frag(v2f i) : SV_Target ({

worldNormal = normalize (i.worldNormal) ;

worldLightDir = normalize (UnityWorldSpaceLightDir (i.worldPos)):;
worldViewDir = normalize (i.worldViewDir);

ambient = UNITY LIGHTMODEL AMBIENT.xyz;

IGHT_ATTENUATION (atten, 1, i.worldPos);

reflection = texCUBE (_Cubemap, i.worldRefl).rgb;

fixed fresnel = FresnelScale + (1 - FresnelScale) * pow(l - dot (worldViewDir, worldNommal), 5);

fixed3 diffuse = LightColor0O.rgb * Color.rgb * max(0, dot(worldNormal, worldLightDir)):

fixed3

return

color = ambient + lerp(diffuse, reflection, saturate(fresnel)) * atten:

fixedd4 (color, 1.0);

& LS, RAVEA Schlick FERHIELIZER KT H fresnel R, HFHERESE
RECRBAN RS . —LsLI b & H AT fresnel *ﬂ&ﬁ#ﬁ‘tﬂﬁ*ﬂﬂ)ﬁ%bﬂ 98 e L,
AR RBIR .

AR A 5, #EH FTE A 3 Cubemap 0 #55.%] Cubemap EEH, AL MS AL,
BN AT 212501 10.10 AR . HIRATIE_FresnelScale W72 1 if, YAk 5e4 R4 Cubemap
B ; 24 FresnelScale Jy 0 B, MIE—NMEFUGEHARNE kWA, RINERAE 15.2



10.2 SEZE3E

-
i

TEZ RIS, — A RENFNER SRSt BIEEZrd, HERBIRMMFRE L. 3
RE] GPU ARFRANCEAN =4 FERE] — PR+, BERBRSE (Render Target
Texture, RTT), MAREGFMIEMEEHEZM (back buffer). S5ZAHKHZEZ EERBHR
(Multiple Render Target, MRT), XFHHARIEHIZ GPU RVFHAHES FFRINEGR 2 MER H
PR T, MAFREIGMES EAREOE e LR, ERELAREMTHZEERH
PREI— AN

Unity AIEH BAREEEE LT —FrE TS KR —— B4 I2 (Render Texture). 7E Unity
oA FE S R A AT R —FR O RTE Project B3R FEIE —/NERRLH, RFHENHR
BHLPER BAR R BESGXIER L, R Rz BBV E RS Rl L B BN g,
MASERERR L. MR, BATER DUERE RS 179 PR IR ES0E R .
=M RRTEF# G BN GrabPass 174 5 OnRenderlmage PR EURIREN S 7T b #: 15,
Unity 281X A 5FRE B GO S — 5 M BF A5 HE R 46 R Va3 808 b, T THIFRATTRT AFE E € XY Pass
FRAEEA OSSR RAC B, AT SEILA B AR A . A IR IR S S IX A 745 4E Unity
FFHISEIL (OnRenderlmage BRESTES 12 EHPED.

1021 |FHR

FEARATH, FATRE 2 S an ] i FIE SRR T AR . F %A G, RATAT IR
UE 10.11 FHIBUR .

Ak, FRATEE M IS AR

(D) FrE—Mg5. EAPERET, ZHRL
i Scene 10 2 1. 7E Unity 5.2 1, BRIAER T35
BEE—MRBIM—FT8 FEMFRTAE
I RZ&F. £ Window — Lighting — Skybox
hEEGRPHIREET.

(2) FrE— M. ERPREET, ZMAZ
3 MirrorMat.

(3) FrE— Unity Shader. fEAPEIEH,
% Shader 44 & Chapter10-Mirror. 7 Shader Jif 1011 EFHSB
45 2 BRI R .

(4) fTEGRPalE 6 NIk, HREBEENNAEM A, HEENIEMESEREILTE
(] H) 6 Tk . 4 e TLE 9.5 Wh R IARMEM BT, b EMIEE EAME. W s PEm 3
M ROGIR, FFRBENRAE, [FEqTnr LB,

(5) GBI 3 NERAEFIEADIET &K, FREEAINMER KA, HEENRTE 9.5 Thalgm
PRUERE . 3K LS AR AF A 5 1] PA) B s o

(6) BIE— MR (Quad), FHBEMMER KA, SRIENBET. FE 2 PDhOIEEH
R E

(7) 1E Project tL A FEIE —MERLHE A%t Create — Render Texture), fEAEIEF,
ZIE RG34 4 MirrorTexture. ‘B8 I SCEE BB W& 10.12 A B R,
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F10E BRYE

(8) ffa, ATHIINETHRUEI NG RER BRINEFEE—-NDRBH, HHRY
B E . #EFE. WAS HEAEHERERERMNAEMSE FEGR. b TFIMMRIATE
HEEBRERA L, MR FERIIZE . Fik, RO 7 25 01# 1 MirrorTexture 4 92 1%
LA Target Texture L. B 10.12 BoR T HARH LA ANE G208 A B E .

1012 AE. EEEALH Target Texture BERE EXGIELEE, HE . BRAEEHHSEEE

BT SRR B R, e MNERLE RN RTE, IFHCERREEAE KT 7 [ 8
JEEEBREYE LEIRT. 4T IR Chapter10-Mirror, MHFRFTH CARS, JF2EATI R CHEXSL.
(1) 7E Properties ¥ XH o P B — AR R M, XM T b3 T S EHLIE LA B RIE G 80 -

Properties {
_MainTex ("Main Tex", 2D) = "white" {}

}
(2) FET R (8 h i LG AR HR :

v2f vert(a2v v) {
v2f o
0.pos = mul (UNITY MATRIX MVP, v.vertex);

o.uv = v.texcoord;
// Mirror needs to filp x
o.UV.Xx = 1 = o.uv.x;

return o;

}

7 LT mARES S, BRATEIEE T x S BMSE AR . RE A, 57 B ERE BB AL
B
(3) fER 7o o ah AHE R SRR AT R4 -

fixed4 frag(v2f i) : SV_Target {
return tex2D( _MainTex, i.uv);

}

RAFJF IR IR, FHERAIGIEE K MirrorTexture V& Y440 B FI M ) Main Tex JEEF,
WA LA 2 10.11 PIRIROR

6 B MSEH, RAVEERLEE N PRINRE L 256 X256, FHI, XFERDHEELME
EHRBRIATE, SR BRATTAT LA R 0 2 B sl 2 (0 fieh RS . (AR EERME, HH
[R5y e S Al S AP B, BRATISE YRR AE AR S R

1020 HIBKE
1€ Unity 1, A1TZE AT LLZE Unity Shader 14 Fil — Rk ) Pass 5 kB 3L 8.0 H 10,



10.2 ERHIR

X5 GrabPass. 24FAT7E Shader H5E X T —7™ GrabPass Ji, Unity 23t 2457 5 7 1 EG 2 HI1E
—okg B, DMERNIERLEN Pass i E. WATEN 2R GrabPass KLHLE W B 5IE
ARMA AR, S50 A S B VR & AR, A GrabPass AJ LALERRATX %4 44 J5 T ) B R 84T
ERIRMALEE, FlufE AELRBEUAT SRR, A B W R R R AR ITIRS .

T By E R M, E(EH GrabPass (Y5, AT EHIMDEMREYERBATIEE . IEWZ 6T
fiiifi, GrabPass il H TEBEHDEK, REREEFAUTREES, BRNEEDNATEL
YA vE YA F1 5 E GE B BA S (E"Quete"="Transparent" ). IXFEA 0] LLRIE 418 44 % AR,
A RIANE ) AR DM e e b, AT SRIDUIE fff (6 ¢ 3 B R

AR, BAVE2{EH GrabPass KEHU— B R . £ AN E, WATATLIG R
LU 10.13 SPEIBCR . XMBCOR N SEBLAR R 5, FRATE S8 — KRR SR A o Y 4%
BE, REMHHT 101 FAAMRFZE, @id—4 Cubemap KAIIB I KA, MLERRIT
SHE, WIEAH T GrabPass TRECE 5 M FF A MR, JR(E A D443 8] F Ak Lext B e SO AL br
Bla, xR E AT R R A B4 5 R R

Ak, FRAT B R A AR,

(D) FE—MgER. EEABRED, Z3HFRAB N Scene_10 2 2. 7£ Unity 5.2 F, BRIAER T
B R E DM REIAN AT HEFHTNERREET. £ Window — Lighting—
Skybox 1 LI RPHREREF .

(2) W —AP . EABREESD, ZMFE4 A GlassRefractionMat.

(3) Hi#—4" Unity Shader. fEAIHE P, 1% Shader 44 Chapter10-GlassRefraction. 3
f#] Unity Shader IiR25 55 2 25t G- AOH 5T _

(4) Hggt— AR R . ARSI, BATEER T —Adh 6 HHEHE ki
BAFEN, AR PRET — AL AR —ABRE, PR T2 R AHE, X2k TR
TEFERT A AR AT R ROR . 58 2 B B M A LT 1A .

(5) J T RBNARGFE M BRSO, TATEA T 10.1.2 55 9 S 6 2 7 7 (R 908 (1)
A (ifiid Gameobject — Render into Cubemap T P44 & 1) RKEIEE, WK 10.14 fin. EA
FEgPEs, 1% Cubemap % 4 Glass Cubemap.

AE 1013 EBHE AE10.14  AXBI6E R ASEE
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SERUMES TAEJG, #TJF Chapter]0-GlassRefraction, *'&8EAT 41 F @B 4.
(1) §5E, BRAITE % Shader i F #1548 1

Properties ({

_MainTex ("Main Tex", 2D) = "white" {}

_BumpMap ("Normal Map", 2D) = "bump" {}

_Cubemap ("Environment Cubemap", Cube) = " Skybox" {}
_Distortion ("Distortion", Range(0, 100)) = 10
_RefractAmount ("Refract Amount", Range (0.0, 1.0)) = 1.0

}

HH, MainTex 2P REEE, RN WEALEE: BumpMap 2 B L& S
_Cubemap & THHL R 5 A BELFE;  Distortion W) A 4% AL IUU 5 B 1480 0 1 oy P27
_RefractAmount H T HIHTH AR, 24 RefractAmount {Hl 0 B, R T RHBER, 4
_RefractAmount {524 1 B, %3 A A HBR .

(2) & AN RIEBEAS, FFAEF GrabPass SRIRHUFF R ER «

SubShader {
// We must be transparent, so other objects are drawn before this one.
Tags { "Queue"="Transparent" "RenderType"="Opaque" }

// This pass grabs the screen behind the object into a texture.
// We can access the result in the next pass as _RefractionTex
GrabPass { " RefractionTex" }

FAITHE SE7E SubShader (452 oK ¥E YL BA B #% B A% Transparent, O 7E 5 TH ) RenderType
WEMNT Opaque. XWHEFMFE, HEEF ERFTARBTER. BIEZAHIE, € Queue
¥ H % Transparent 7] DL CRiZPATE R, HALTE N EHDAHEBOSPERBFEL T, 0
AT RETCIE IEME R “EBid BB ERMEBR”. M E RenderType W24 T 76 {# I 5 (028 & e
(Shader Replacement) M, Z#) AT A7 5 S0 B IEMIE S . 08 % K AEFERA T ER/ BFEL
IR EEANE LR SR, X STELR 13 |3,

Btifs, FA1ELICHT GrabPass & X T — UG A B 1R K Pass. 7EIX™ Pass A€ X
T—ANFRB, ZFR B AR ZFRRE T IS 28 55 B SO S A AN g S . L6 |,
FATIAT DL B FE B AR, B S I GO AL PRI 7 A A T AT B TE A R, R SR R AT

PAZ WA B 5 8 o)«
(3) & SEFIIEFT T Pass. K T 1€ Shader il &A@, BATTHE EFHTEE eI
2 h s

sampler2D MainTex;

float4 MainTex ST;

sampler2D _BumpMap;

float4 BumpMap ST;

samplerCUBE _Cubemap;

float _Distortion;

fixed RefractAmount;

sampler2D _RefractionTex;

float4 _RefractionTex TexelSize;

TEFEREMRZ, BA1EE LT _RefractionTex Fl_RefractionTex TexelSize 28 &, XXM | 7E{#
FH GrabPass B {52 IS 4 FR. RefractionTex TexelSize A] LLikIRATIF B Z L F MLLFE K/, i
—A KA 256 X 512 HIBCHEL, & HISUE KN K(17256, 1/512)s FRATTE BEAER 755 B (5 H SRR Ak
FREAT S B i %20 & .

(4) FATH 57 B T s (hds

v2f vert (a2v v) {
v2f o;
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10.2 JERE(E

o.pos = mul (UNITY MATRIX MVP, v.vertex);
o.scrPos = ComputeGrabScreenPos (o0.pos);

0.UV.Xy
0.uv.zw

TRANSFORM TEX (v.texcoord, _MainTex);
TRANSFORM TEX (v.texcoord, _BumpMap) ;

float3 worldPos = mul ( Object2World, v.vertex).xyz;

fixed3 worldNormal = UnityObjectToWorldNormal (v.normal) ;

fixed3 worldTangent = UnityObjectToWorldDir (v.tangent.xyz):;

fixed3 worldBinormal = cross(worldNormal, worldTangent) * v.tangent.w;

0.TtoW0 = float4 (worldTangent.x, worldBinormal.x, worldNormal.x, worldPos.x);
o.TtoWl = float4d (worldTangent.y, worldBinormal.y, worldNormal.y, worldPos.y):
0.TtoW2 = floatd (worldTangent.z, worldBinormal.z, worldNormal.z, worldPos.z);
return o;

}

FEBAT T W B T A AR bR e J5 » AT 138 k1 I 9 L (¥ ComputeGrabScreenPos PR K1 2%t
IS AU P 5 3 PR AR R SRR A AR » 3238 W] BAFE UnityCGiegine XCAFHHREIE A, B E R
1 ComputeScreenPos FE AL, i KA [F2E X & 2 & U R FEAL AR ) B G 5.6.1 719)
BT T AbEE, %, RA1HE T MainTex H1 BumpMap FSRFEARER, FHAEEAIDBIFEMEE—D
floatd HKAVAFE() xy M zw 23R . BHFRATHE BEE R JoE Q[ PHEL T ML E Chvk
L FAES ) BB R SE T, DUEST Cubemap BETRAE, Hik, BAIHEAXEHEZ
TOU R 0F B Fy A D7) 8 25 ) ) e 57 25 ) R 2R H AR B, SRR IR B A5 — AT 70 U AEAETE TtoWO0. TtoW1
N ToW2 By xyz s+ B XEEAHRNEETERE, [REVILTE TR 3 MBEH (xyz #ia
RIRTRE TRV PIZFVELR ) AR FRERR, FEEIMRIRIZTIHR— A2 HRAE
FEEDRT . TtoWO0 S5(E I w HiRI BERE A &R, T At 5723 1) F B T0 s AR A

(5) RJE, X HuEBES:

fixed4 frag (v2f i) : SV_Target ({
float3 worldPos = float3(i.TtoWO.w, i.TtoWl.w, i.TtoW2.w):
fixed3 worldViewDir = normalize (UnityWorldSpaceViewDir (worldPos)) ;

// Get the normal in tangent space
fixed3 bump = UnpackNormal (tex2D( BumpMap, i.uv.zw));

// Compute the offset in tangent space

float2 offset = bump.xy * _Distortion * _RefractionTex TexelSize.xy;
i.scrPos.xy = offset + i.scrPos.xy;

fixed3 refrCol = tex2D( RefractionTex, i.scrPos.xy/i.scrPos.w).rgb;

// Convert the normal to world space

bump = normalize (half3(dot (i.TtoW0.xyz, bump) , dot (i.TtoWl.xyz, bump) ,
dot (i.TtoW2.xyz, bump)));

fixed3 reflDir = reflect (-worldViewDir, bump);

fixed4 texColor = tex2D( MainTex, i.uv.xy);

fixed3 reflCol = texCUBE (_Cubemap, reflDir).rgb * texColor.rgb;

fixed3 finalColor = reflCol * (1 - _RefractAmount) + refrCol * _RefractAmount;

return fixed4 (finalColor, 1);

}

ATE Sl Towo S48 1) w 7 B RIS ALKR, FHRERS 2% o5t B AR 77 7 o
BEJE, BATERGIEHATREE, BRYILS M TRVELTT M. FAMERZEM_Distortion J&
PL&%_RefractionTex_TexelSize KX 5 % BRI KAE AR AT WAE, BAITH AR . Distortion {H
oK, mEREK, BT ENYEREERDUEREBR. EXE, RATEREHVIZLEE T
VR T A RIEAT WS, PR A 8] T VAL W] LU BRIV R R A5 (6] R k& [a) . BlEJE, AT
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E108 BRYE

Xf scrPos BALFRIEF B EIE M BEAFALSR (JREERTZ W, 4.9.3 715), FRAH FH AR bR X HICHRL A o e L 12
_RefractionTex BEATRKAE, 2B TSI .
Z G, BAHEELTT A ANV Se s a3 #3872 m T (6 2R e BE 4 —4T, B Ttowo.
TtoW1 Hl TtoW2, ArHIANEL Ty ) T, MR VLTI M), HHRILAR B A I A AL
Jr R S A ). B, {8 5T A% Cubemap HEAT AE, FF40 45 A0 3 LU H B e AH 3 5 749 31
RSB
5, A _RefractAmount J& xS & 45 R B HATIR G, VBB MM H B,
SERR » BATIEA A % P 1) Glass_Diffuse.jpg 1 Glass Normal.jpg CAFIRZ# T ) Main Tex
F1 Normal Map J&, 2 ATEJE M Glass Cubemap W% Environment Cubemap &M, Hif%
_RefractAmount J& 1 BV AT 73 2SS LU 10.13 A BIEROR «
TERTTH FISEIF, BATAE GrabPass H 8 F —ANF4F 6 480 T AU 1) 57 A P AR B X A7 (MR
N IRMLEE S . SEPR b, GrabPass SZIFHAM K.
o E M GrabPass { }, RJ57EJ5LEMH) Pass *F H{# ] _GrabTexture H i jn] FE R E & . 2
2, MR 2 AP AR T IX R SR G = I, 3 F 7 v 9 P RE T AE L BBOK,
B A0 T —AME R E R4, Unity #40h & 0T — K B S AR (HiX
7R AR 415 204N [5] 1 B 3 AR, X BGR T E AT RIE B4 BA 51 S iE B B AT 24 i
1) B RELE 1 o R B

o f#H] GrabPass { "TextureName" }, IEHIAF IS, RATATLAE/GLEH Pass H 8 H
TextureName KV 9] FRAE B 15 . 6 FH X Fh 75 v [RIFE AT LAY 57 %%, {H Unity R 27E—i
i 24 3 — Ml 4 4 TextureName ISR (9P ARRAT — IR PTG HOBRAE , 173X A SCEE ]
FERT LAZE AL Pass HP#in) . XA TEEER, BARNESZRTEZOYEER T xdr
&, Wi Unity # 2 SHAT —RIMETAE, BIXBESEE A EE <R R —K5F
wEB. A, ERZHEBERTXECLEHBT.

10.2.3 B#43% vs. GrabPass

S GrabPass 1 10.2.1 5 il FH FVE YL L0 + BUAMBGHLE J7 2UE T LAY B S B AR, {2
BN R — AR [F ). GrabPass [ifFALTE T SEBLME &, AN T ELE Shader 15 JLITAIG
AT CASEERATER BF A 00 H (. 10 ZAEFE RS RS, BRATH AR/ EIR —MERLGEEM
AMIERBHL, THIEIZERAR VL) Render Target B E MBI MITE RSN R, f /5l i%E RO L 8
5 A1) Shader.

EMRE LR, ERERSOEFAERAEFELG T GrabPass, LHEBF R & L. FHESR
SORIATA] LA B 58 SUE RGO R, RAEXM 7T B o SR B RE g —E, ERAT7T U
JE I BRI IITE G B> — UGB Y 3R N, B A A R RS R B R E
FFJa . Tif#H GrabPass SRELE| 1) E R4S HEEM B RBERE BN, XEWREELEIFEN R
& LRI RE S IE R E AT R . T BAEB )& b, GrabPass BARASERELRY R, HEE
ETE CPU HEZHUS &2 0P (back buffer) FHIEIE, #IF T CPU M1 GPU Z [a]f9 34T, X
BRI, EEBE - SBHR& EIXEARN.

£ Unity 5 /1, Unity 5| A T &< (Command Buffers) & foiFEA1Y FE Unity (OVE 4400
KR . A FH A & S 3RA T BT LLAS BRI RCR, B R IEAB Y ARE G 540 200 9 R
B — G E S B RS T, RIGEIR BT R R, PImEME, BETEE
BAL s HEM AP ERITOEMER. BILZA, 2 RMiE R VFRATSEIR 2 /50
MR, EHFALIE Unity B FMOEKRSSER— T (http:/docs.unity3d.com/Manual/Graphics



103 ERSE
CommandBuffers.html) H14EF|E £ N2, Unity R4 T — DRG] TREGEIRTZE] .

m EEgE

F432 (Procedural Texture) Fﬂ’]mﬂﬁ“ﬂﬂﬂﬁﬂﬂ:ﬂiﬁﬁ@@ P38 H A — Lo 1
ﬁ(ﬂ.ﬂ%ﬁ AR RIS ER e, PRk, A T175%. HHAEFSCERTAE TR
ATAT LAE FH P 2 BRI S K Ah A, TS 8 AU R AR L it J@ i, ERATLLRTEEA
IR M, XAESIRATA LR B =& M shEAA R R . AT, BiTELEes:
R E SRS — N EE R AR M. K5, BRINESNH Unity B KL M{EHERFSERR
5

10.3.1 £ Unity S SLI B 2 ANRRF 508

fEIX—HH, RATEMH—NRERER—ANPORZCE, Wk 1015 Fizs. RATATEAFERIA
RSB, IR, BORBESE, DRI A I S A

AE1015 BIAXAE R FSOE

Ak, FRATT BT HER TAE.

() F@E—Mgpht. EAPRES, %5742 M Scene_10_3 1. 7€ Unity 5.2 7, BN F
HEHEAE DM REI — NPT, AT NEMRZ&F. £ Window — Lighting —
Skybox 1 43 s IR T &

(2) FE— M. EARBBIES, %4544 A Procedural TextureMat.

(3) FAMEHZ 7 E—4 Unity Shader——Chapter7-SingleTexture, 1¢I5 50 2 5 &k
fRIM T

(4) Frg— ALk, RS 2 2 M BURE ©

(5) FAIF¥A A Procedural TextureMat Hﬁlﬂ&?f}ﬂ@lﬁ'ﬂ R, FRATAREE FH ARG
BISFESE ., Ak, BATEAE —ANBE A Procedural TextureGeneration.cs, F{40E i R 25 4 256
L.

TEARTH, BAHG AR AR — NP S0 . Ak, AT T Procedural TextureGeneration.cs,
BT F B,

(1) N TikbzMAGRYEgESEN T BT, RATEEERL TR T A

[ExecuteInEditMode]
public class ProceduralTextureGeneration : MonoBehaviour {
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F10E BRLEE

(2) AIR—AME, XA TR A R A A BRI P GO

| public Material material = null;

(3) K5, FRHZREFILEERKEMHS .

#region Material properties
[SerializeField, SetProperty("textureWidth")]
private int m_textureWidth = 512;
public int textureWidth ({
get {
return m_textureWidth;
}
set {
m_textureWidth = value;
_UpdateMaterial () ;
}
}

[SerializeField, SetProperty("backgroundColor")]
private Color m_backgroundColor = Color.white;
public Color backgroundColor {
get {
return m_backgroundColor;
}
set {
m_backgroundColor = value;
_UpdateMaterial () ;
}
}

[SerializeField, SetProperty("circleColor")]
private Color m_circleColor = Color.yellow;
public Color circleColor {
get {
return m_circleColor;
}
set {
m_circleColor = value;
_UpdateMaterial () ;
}
}

[SerializeField, SetProperty("blurFactor")]
private float m blurFactor = 2.0f;
public float blurFactor {
get {
return m_blurFactor;
}
set {
m_blurFactor = value;
_UpdateMaterial();
}
}

#endregion

#region fl#endregion (LUK T HLRG, FHFRAHMMIEM . B TRATERSE R BET
B ikt e EAAR, IATAEAT 4 AEORREM: SERRIAD, BUEEHRE 2 HBECR:
SORME RIE; BANEE: SHET, XSERARBMELLNN. 82, ¥TEMEME
BAUER T gev/set 1575, 4 T ERR DAESURHERTIT LT set B, BAVER T —AFF S
SetProperty (https:/github.com/LMNRY/SetProperty/blob/master/Scripts/SetPropertyExample.cs). iX
A JBAME S T M TR PER, 7T EABAT _UpdateMaterial B %50R {3 FH B7 i J& 4 387 A AR iR 4UHE
(4) A TRIFERIFRFEEE, BATEY— Texture2D KR LA R

I private Texture2D m_generatedTexture = null;




(5) FHIFHGEEANEE. Hok, RAIFELE Start REPRTHNKE, UARFTEME
FAZAE - SO (M 5

void Start () {

if (material == null) {
Renderer renderer = gameObject.GetComponent<Renderer>();
if (renderer == null) {
Debug.LogWarning ("Cannot find a renderer.");
return;

}

material = renderer.sharedMaterial;
}

_UpdateMaterial();

fEEEAAREE, RITE LKA T material BREE NS, WRANT, @K EH ZRE A
B AE Ak _EAR BIAH N M . 6%J5, A UpdateMaterial R 50K b A4 slFR P 088
(6) UpdateMaterial p& £ FIARFS 1 T

private void  UpdateMaterial() {
if (material != null) {
m _generatedTexture = GenerateProceduralTexture();
material.SetTexture (" MainTex", m_generatedTexture) ;
}
}

‘B iR material N4 %%, SRJ5 1] GenerateProcedural Texture & H0KR 4L pl— ik FE PP o038, FIR
%% m_generatedTexture 28 & . 5EHU)E, HH Material.SetTexture iR £ AR SRS B 0T . M
material T EH —/N 44 MainTex (S @M% .

(7) _GenerateProcedural Texture R £ )RS 41T

private Texture2D _GenerateProceduralTexture() {
Texture2D proceduralTexture = new Texture2D(textureWidth, textureWidth):;

// BXBESEZEHEEE
float circleInterval = textureWidth / 4.0f;
// EXEHER
float radius = textureWidth / 10.0f;
/! EXEHEREE
float edgeBlur = 1.0f / blurFactor:;

for (int w = 0; w <textureWidth; w++) {
for (int h = 0; h <§extureWidth; h++) {
// ERETEHREHTIGK

Coleor pixel = backgroundColor;

/) RRE 9 TE
for (intdi = 0p i< 3p A+H) ~{
for (int j = 0; j < 3; j++) {
// HEEREHNRNE MIE
Vector2 circleCenter = new Vector2 (circleInterval * (i + 1), circlelInterval
L 5 R 0

// HESRRRSEONER

float dist = Vector2.Distance (new Vector2 (w, h), circleCenter) - radius;

// EHERNLR
Color color = MixColor (circleColor, new Color(pixel.r, pixel.g,
pixel.b, 0.0f), Mathf.SmoothStep(0f, 1.0f, dist * edgeBlur));

// 5ZEBENRERTRES
pixel = MixColor(pixel, color, color.a);
}
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F10E BREGE
}
proceduralTexture.SetPixel (w, h, pixel);
}
}

proceduralTexture.Apply();

return proceduralTexture;

}

RS eIt — oK —4E S0, JF HARBTVHSE T — 24 8O i AR . e, AT
— NP2 O S 200 T SO R AR, RSO BRIk 9 AN . &S, A
Texture2D.Apply BRECRIRFlE B TS ANLEEY, FFR[AHZREFEOH .

RAEA IR [E 5, AN S EUE T DA REAE 1015 iRcCR . RATATLL ¥
AT A RS BOR A R A R AR S0, il 10.16 Fias.

JE10.16 BERFXENSHRSITRORFNE
Fit, RMNCEFSWFLEEEAKREIE —METFEEE, BRGHNMIIMR T .

10.3.2 Unity 892 F#

{E Unity 1, 2% [ MEARFSEENM R, WAEEFH R (Procedural Materials). iXS
M TR FRAT) 2 R AL FH AR LA e A0 E e —FEf, AR, B0 LA S 20,
MRS, FHEF RN, FEFM IR e RS A RAE Unity SEVER, 12{E
7 —4~%4 ) Substance Designer [¥] ¥ {47 Unity ZhH A4 Bl .

Substance Designer /& — MW A NEERA R TR, RE 3A BRI H #HAEH 7 d1'e 40
(Ao BATTRT UM Unity £ 5% 95 7 i 28 99 2% b SRR BAR 2 G 2 24 3% (1) Substance #4 /it JX 2444
JTR RS LL.sbsar A JE 4860, & 10.17 AR CRRUERIUE T https:/www.assetstore.unity3d.com/en/#!/
content/1352) . FATAT DA eI S i 45 L Ath B 95 —FF4E A Unity JH .

(. Substance_.. tion_sbsar * bricks_032.sbsar
) BrickWall_02.sbsar
Camoufiage_02.sbsar

" concrete_049.sbsar

Desert_Sand_01.sbsar
" Electric_Liquid.sbsar
* metal_floor_003.sbsar
) metal_plate_005.sbsar
| metal_plate_008.shsar
- Pavement_01.sbsar
. Pavement_Path,sbsar
Road_01.sbsar
* roofing_0D07 sbsar
sci_fi_003.sbsar
Shutter_01.sbsar
_ Stones_01.sbsar
< Wood_Planks_01.sbsar

A& 1017 &% 4 . sbsar B9 Substance # i
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YKL S N Unity Ji&, Unity St — N 2FQIE AR (Procedural Material Asset).
B EE LA — MR EMEFM R, FnE 10.18 FAE T HAEFL I —Cereals
M Cereals 1, AFEFFSERER T ARIKSESE, Hit Unity HENERT AR ARFSGE,
#ilt Cereals Diffuse F1 Cereals 1 Diffuse 5.

AE1018 BFLEERE

I B R P i, BRATT AT AR P SO ) TR 2204 B FH ¥ Unity Shader Sz L/@1E.
R LR RSO IR . MR TEAEE B

FEFFM R R A A B — AR, AT ENHE RPN AR AT, S m AfEA
FHUE Scene_10_3_2 FHRBIXFEFIRGIZ R FIFSERIRAZ AR KIEEETF BRI M,
FATTAT CAGE o B AR PP SRR ) B R SR A, B ATV B PASE A RIS . P
10.19 &3t T 4 Cereals F2 /744 0 19 AN [RI SR J AL 75 2 IO AS [RIA TR «

aE10.19 HAEEFLERMTUGIENTEERENEFMRRE

ATDAE L, R R A R BER &, T EL AT LART Shader BCA 3 B3R H A RIMERR, EL&
RRE BT DN Z it
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45115 ihminghie

B Bl B E AL NERRTE®. EAET, ROV WATE Unity Shader H15| A
(e Ae R, DASCBL&FBhEMR . 7E 111 i, BATESESA A Unity Shader A E 15 A 2E &,
FEBE 5 F 5 B A & AT LR [ R RORSE B E . 11.2 T APF LS shE, BF
F\ sl A E R AGINR SN BI . 7E 11.3 9, RATRF I 68 T 3h Bk SCIMBN KR | AR
SR, FAERE g H LA S LTI R Bl A

B A3 SR A R 8 — B 8, (G 4 ot LA B A 4k
Unity Shader #t T —R 52T i (8] () 4 B AR BOR AAVF A7 (M7 Shader Hj FIEATH fa], 3K
AFBERR . 111 40 H T XLENE R EZEE,

114 Unity A B RS B8
a2 & *® B w2
_Time float4 t & B &SR MEBIF R M E, 4 Aﬁ'iﬂ‘]ﬁﬁa‘%ﬂ%ﬂﬁo t, 2t, 3t).
_SinTime floatd ¢ REHE R IERE(E, 4 9 REES RS, V4, 12, 1)
_CosTime float4 t B RIHIRZE, 4 A EIES RS, V4, v2, 1)
unity_DeltaTime floatd dt IR, 4 SR RI{E S A, 1/dt, smoothDt, 1/smoothDt)

FERTH AT, BAT& A L i ) 22 R SEEL S B A T 3 i

LU BT R BN AERT iz . tEE%ﬁﬁﬁ%ﬁ%&ﬁﬁﬁﬂ‘]@m?“L BAVERES
A5 R Sl R AR B AR O RL T R S AR5 Al I R

11.21  FIlmzE

B WSO )i 2 — R P 5 s . 750 iz Y B E f , ERURER—RE, K
WABTH— RFREEMIE R, SIFBCE AR — e B e, FERRE - MELNIE. EHNA
T RIGEHRMR, BRONAFEHEATEFDE T F AT LLEREHEF AR EROR . 1S 6k 5
R, HTFFFIMW KRR G A—E, E, ZEHME—5K R P ZI S B 75 2
ERTREEBHEK.

BRSPS wishiE, RAOEZERME—KEOSTXEVMESRPER. £XBRES, RIE
HETIXFE—TK % (Assets/Textures/Chapterl1/Boom.png), I 11.1 Fizx.



112 SE8aE

EREBREET 8 x8 FRBMER, EMNRAPMAE, TEHBBUTFAMNERA. N LD
T B 112 85 H T AN R B 22 BB A 17 3 i 2R

3 {f;

e
7

4 <)
1 wr

COOV PP PP
VP PEREFEEE
£ £ £ 7 28
AB 11 KB ERNFSINE S AEB 1.2 ERFSImEERIIRIESR

4 T1E Unity HSEBLFFIMS0E, AT M & TR,

(D) g — g, EARPRES, %KL H Scene_11_2_1. 7E Unity 5.2 1, BRINEHT
HERBEE N RENMN—FIT8, HAGHTHERNREET. £ Window — Lighting —
Skybox PEEGRFTHIRTER T -

(2) HE—AMF. EXPHEIEFR, %54 A ImageSequenceAnimationMat .

(3)# 8 —> Unity Shader. 7E A4 % Yf 1, i% Shader 44 & Chapter11-ImageSequenceAnimation.
) Shader WKL 2E 2 A rh G I R .

(4) fEgRPEIE— UL (Quad), AR E KA E M IEREAREEN, % 2 S
M B s BE

R B ) E AEBEAE T, AT BN RV B 2T A% AR S i 4
HXPZ R EWEAT SO RAE . FTIFHTE I Chapterl1-ImageSequenceAnimation, MiER R KIS,
FA I T R .

(1) BATEEFHT ZAEME, OB XTI E A S

Properties {
_€olor ("Colexr Tint“,~Color) = (1, %, 1, 1)
_MainTex ("Image Sequence", 2D) = "white" ({}
_HorizontalAmount ("Horizontal Amount", Float)
_VerticalBAmount ("Vertical Amount", Float) = 4
_Speed ("Speed", Range(l, 100)) = 30

=4

}

_MainTex 26 T Hra @i EE 43 .. HorizontalAmount fl_Vertical Amount 43 H1| /%
R T ZEBAEAKE 7 m MR E 7 A S R M ER N . TT_Speed J& A T4 515 51 i) i
H R TR

(2) HTFFIWIEEE Y RBHLE, RINFERE Pass FAHZORE, DUERBEHRR:

SubShader {
Tags {"Queue"="Transparent" "IgnoreProjector"="True" "RenderType"="Transparent"}

Pass {
Tags { "LightMode"="ForwardBase" }

ZWrite Off
Blend SrcAlpha OneMinusSrcAlpha
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HTFFIWEGEE S T EEE, Fn] gEme — a5, EX BRI
EFERAN “HREC” R 1EE B ) SubShader F7%5, Bl Queue F1 RenderType ¥ & ik Transparent, %
IgnoreProjector ¥ & Jj True. 7E Pass 1, FAMEA] Blend fir& I 3 I iR BIR SB[ H]
THEEN.

(3) T EERMAREIEERE R, ROIBEAT TR AZRHR, FFETRSE AR ES T
v2f G5 fAH.

v2f vert (a2v v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex):
o.uv = TRANSFORM TEX (v.texcoord, _MainTex);
return o;

}

(4) food AR RN E LAR:

fixed4 frag (v2f i) : SV_Target {
float time = floor( Time.y * _Speed):
float row = floor(time / HorizontalAmount) ;
float column = time - row * _VerticalAmount;

// half2 uv = float2(i.uv.x /_HorizontalAmount, i.uv.y / _VerticalAmount);
// uv.x += column / _HorizontalAmount;

// uv.y -= row / _VerticalBmount;
half2 uv = i.uv + half2(column, -row);
uv.x /= _HorizontalAmount;

uv.y /= _VerticalBAmount;

fixedd c = tex2D(_MainTex, uv):;
c.rgb *= Coloxr;

return c;

}

SRR ROE ], MATORBE, AT B S AN 2 T R O Bl e SR AL
7 B P F it S0 R AT H A HEB 1, BRI AN B AT DA k2 1 o il B ZE AT S R 5 1 5L
B, 76 BRI ET 3 AT RATEE TAT5%, Hp M H T Unity KA ERN AR Time. i
11.1 e LLALE, Timey i H % Sna)sE Freeid i mtfa) . FATE 5EHE_Time.y A0 JE P
_Speed FHFEFRAG BB HIIE], HAEH CG 1) floor BREX 45 RAEHUEE K1 B HEHUN 7] time. R
J&, EAVER time P&LL Horizontal Amount )45 FAH IR K AF R 4 AT 0 AT S, BRIEESRT
REWEFERS . BFR, BAOIFEFMATHRT MR RE ERRFELN. BTFbEERe
BT VFE WIS, X RERAE KA AR T B2 WU B AN B BRI AR AR VG A . FRATT AT DA
SeAR R EORALRT iuv FATER BT 4y, BEEA TRERSEIAIREE. R, RINTHE
i AT RAT FI B TS R TR, AR 4AT FEBR SRR, HEEENZ, MEH
75 1) (R AS A RS T B P s, XD AAE Unity FPaUERARBRIE 7 [ BT (AT 3 & dr i
KD FUFEFISERH FF CREBUBT &M EBITF) RAHR M. xR T _EEACHS o R 4
sy . FRATAT LAE FOR IR oh A BRE RS B, SRR TR T O A . IXRE, JRATAS
B T HIEMSRE R AR .

(5) FJa, FRAHE Fallback ¥ & A A EM Transparent/Vertexth (ﬂ_j.—fuli’f%%lﬂ Fallback):

| Fallback "Transparent/VertexLit"

A7 JE IR Bl 5, AT Assets/Textures/Chapter11/Boom.png (77, HT&FEHSE, Ktk
)LL) Alpha Is Transparency JE{%) WK%5 ImageSequenceAnimationMat [ Image
Sequence &%, Ff¥ Horizontal Amount 1 Vertical Amount # % 4 8 (15 Boom.png 1% 1 8 1T



8 FURISCEEMIER), SERUGE RATHEI, JF A% Speed JRYE, BUWT LIS 2] —BOESL AR XES)E .
11.22 RINER

RZ 2D WARERMEH T ARSI SORBRIR A GG RPN FR, XEEREFEAS
TZAE Qayers) R — R ZEBCR . X L8 S SEIAEE R 2R H T8 s . 7ZE4A5 9,
BATELIR—ANEE T HERLRESIR 2D HRE 5. A5 H KSR B OpenGameArt
(http:/opengameart.org) ¥, 7E% 54N 5, TATATEAGRIRME 11.3 k. Bdizir
JG, A LA — AN R RESI T R . a

ik, BATTHEEATW R RER T

(D FrE—NmR, ERBRETS, ZHR
%4 Scene_11 2 2. fE Unity 5.2 #, ERIANTEIL T
BB as — N EEIA—AFT6, JFHEH
THEMRRZEF. £ Window — Lighting —
Skybox FpEPFPIIRERT. HTRFIEH
)2 2D Wik VR EN T 5,  BUERA T E4E5R
DINOEs!S 2 B e Wl o' s 2

(2) HEg— M. EABRES, ZMH B N3 ERBHNER (LERE
2% ScrollingBackgroundMat. forest—background © 2012-2013 Julien Jorge
(3) FHE—4 Unity Shader. A BB, julien. jorge@stuff—o—matic.com )

% Shader 4 & Chapterl1-ScrollingBackground. 7] Shader %55 2 5 G & 144 i

(4) TES PR —A LK (Quad), VAT MIALERKAN, 7ML AL 15,
RIS 2 PP M RHE R 4G e . DD IR R T Bk 5t .

FTHF B0 Chapterl1-ScrollingBackground, MHBR A AR, FFasmun F M.

(1) RATESEA T B -

Properties {

_MainTex ("Base Layer (RGB)", 2D) = "white" {}
_DetailTex ("2nd Layer (RGB)", 2D) = "white" {}
_ScrollX ("Base layer Scroll Speed", Float) = 1.0
_Scroll2X ("2nd layer Scroll Speed", Float) = 1.0

_Multiplier ("Layer Multiplier", Float) =1
}

3, MainTex F1_DetailTex 4 Al 2 25— CBozm) M5 2 CBGL) HIH F4QFE, _ScrollX
F1_Scroll2X X T & MK FERBhBEE .  Multiplier 2230 T #2808 i $2AZ2 R
(2) FRATAITH S A (ARG A 56 1 2.«

v2f vert (a2v v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex):

o.uv.xy = TRANSFORM_TEX(v.texcoord, _MainTex) + frac(float2(_ ScrollX, 0.0) *
_Time.y);

o.uv.zw = TRANSFORM TEX(v.texcoord, DetailTex) + frac(float2( Scroll2X, 0.0) *
_Time.y);

return o;

}

B8 AT T B A T0 A e, HOTH s AR 5 [A) R e B R BT S Al h . AR5, HAVIHE
THEYESEE Ko AAR. ik, BATEEFIH TRANSFORM_TEX K13 2| 4146 1S BE AL br
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e
WE, BAOVFIAAER_Timey ZREAAKY T H EXSERAARHEATWE, LILERIRSIKIER
A HE PR SER  GUE AL AE R — 22 & ouv T, BLIR/D & F IO FR(E A7 A7 2% 2 1) .

(3) 7o (B A% Y AR SR X bl ) B

fixed4 frag (v2f i) : SV_Target ({
fixed4 firstLayer = tex2D( MainTex, i.uv.xy);
fixed4 secondLayer = tex2D( DetailTex, i.uv.zw);

fixed4 c = lerp(firstLayer, secondlayer, secondLayer.a);
c.rgb *= Multiplier;

return c;

}

BAIE A AFA fuvxy M iuvew XK E REGERITRE. RE, HHBEZELHENE
BB E SRR S P TKECE, XER T CG [ lerp i3, &J5, 1A _Multiplier S50 H Bite
(4) BJ5, A Fallback ¥ 'E K N B VertexLit (7] LLZE+#E 5 Fallback):

| Fallback "VertexLit"

R G R [E % 5, A U+ # Assets/Textures/Chapter11/Far_Background.png #
Assets/Textures/Chapter11/Near_Background.png 73 7|45 #4 7 1] Base Layer 1 2nd Layer J&1, Jf
AR EMIREEE (B TRAVEZEEN S _E L Base Layer bt 2nd Layer S ({2458, Bt Base
Layer {17z # B B L 2nd Layer K18 —L), BE21T/E, ol ABRZI2E0IE 11.3 FRRER.

il }iaui:ﬁ i 81 Lin i I i P ) s sike
Lo i il N Wl e . s e & el e e L e
it i) I E LA ! N

R — AR TR B LR, SRR R A R AR AR S BT R B . T 3]
] LAERATAS RABRRENAEDH 8. R, BATE T TS5 E RAR RS R
T E/NR SRR « AT, BRATRES: 2T PIF A TR 30 1 4 P —— R s T LA & 4
FERR . FEARTRSG, BATER S H— 210 Bl P 0 RS R R T5 7

11.3.1 RN

T BB T S B R N 22— 6 A0 SR 2 5 P IE 3K BR B S R AR K A Y
BENBR . FEADTF, BATEF I WA —A 2D FFRRACR. EFAEAT G, RATATLL
RERLIE 11.4 PR HREFIBITE, AT DO RHRAWR SR .

AE11.4 EATURFIEREN 20 7R

M, BAITERATU T HESR TIE.
(D) FE—NGHR. ERBRES, %57 4%H Scene_11_3_1. 7E Unity 5.2 1, BRIAER T
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BB E S — MNMREHR—APAT, FEERTNERRZET. £ Window — Lighting —
Skybox L {PMRERT . HTFAFTHELNKE 2D R, FIRMNFEEBRBILAEE L
R E R IERZH.

2) HE—IMF. EEBEFES, ZMFTE D WaterMat. BT A6 7B L 2R,
RAEGEE T WaterMatl F1 WaterMat2 #4 it

(3) #H#E— Unity Shader. 7EAF ¥ IR+, % Shader 444 Chapterl1-Water. FEH7 [ Shader
W4 56 2 P AR A iR .

(@) TEHFPOESZA Water A, HBEMINAMAE. KA, REESE 2 PHEHM 5
R EAT.

FTFF# A Chapter11-Water, MIFR RIS, FFavnan B .

(1) B, BOVEHET —Lgr i )E .

Properties {
_MainTex ("Main Tex", 2D) = "white" {}
_Color ("Color Tint", Color) = (1, 1; 1, 1)
_Magnitude ("Distortion Magnitude", Float) = 1
_Frequency ("Distortion Frequency", Float) =1
_InvWaveLength ("Distortion Inverse Wave Length", Float) = 10
_Speed ("Speed", Float) = 0.5
}

Hd, MainTex 2L, _Color F THHI# 4 Hith, Magnitude FH T2 Hl /K FBzh KR
f&, Frequency F T4 EN4 %, InvWaveLength F T #3578 K i8I % (_InvWaveLength &K,
BN, _Speed P TR R SR RS B 8

(2) fEAGIT, FAIFEAHBHBCREESIEM SubShader F75E:

SubShader {

// Need to disable batching because of the vertex animation

Tags {"Queue"="Transparent" "IgnoreProjector"="True" "RenderType"="Transparent"
"DisableBatching"="True"}

£ EEERES, BAET HIBHBEBE Queue. IgnoreProjector 1 RenderType 4, i E
T —ANF I4R%—DisableBatching. A 17E 3.3.3 WA Zr2 104 X —LE SubShader 7E{#
H Unity FI#EACBETHRERS &5 B R, X I 7] DLE I 26 3R B R & 75 %1% SubShader {3 it
AbFE . T IS T AR AL ER 1) Shader 3B LR TR & T LB A [A) 9 TH s BN Ej (1) Shader. XK,
b A FFEAECHRESY, XA & A AR F s B K. MERES, BIITEED
PRI RS (8] F X TR A B T A% . Rk, 7EIX B R EEUH X% Shader AIHEALFRERAE .

(3) #E, BRATKE T Pass FIERIRE:

Pass {
Tags { "LightMode"="ForwardBase" }
ZWrite Off
Blend SrcAlpha OneMinusSrcAlpha
Cull Off

EKEKXATEEEAN, FRIFRETRERA, XA THRIIAE. XA T iK1,
[iF 1 A AT
(4) W5, BAEW RS B8R AT T KK TR 5)

v2f vert(a2v v) {
v2f o;

float4 offset;
offset.yzw = float3(0.0, 0.0, 0.0);
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mu® uewmex 000

offset.x = sin(_Frequency * _Time.y + v.vertex.x * _InvWavelLength + v.vertex.y *
_InvWaveLength + v.vertex.z * _InvWaveLength) * _Magnitude;
o.pos = mul (UNITY MATRIX MVP, v.vertex + offset);

o.uv = TRANSFORM TEX (v.texcoord, MainTex);
o.uv += £loat2(0.0, Time.y.* Speed);

return o;
}

BATE TN R . BRATRFEN T x 77 [T AAE, B yzw FOR B E
0. R, FATFIH_Frequency J&MEF N E [ _Time.y A8 A2l IE X MBS . T ibAH
MERAARBALE, FATS LRSI LT RS E (6 B &, JFREL_InvWaveLength K
BRI, &G, WAL REHELL_Magnitude & VR RIB IR, FHEIGRLNCE. ®TH
TAE, BAMNATGELCABREAMBITOAE L, AT IR T A2 # Bl

fE EmARH s, BATEHT T o sy m, HMEM_Timey #_Speed HefzilEAKF /5 i L)
TN

(5) Foca Guas RACRIRH ) 2, BT 75 B0 GO R 74 gt ¢ 42 b Bl w] -

fixedd4 frag(v2f i) : SV_Target |
fixed4d c = tex2D( MainTex, i.uv);
c.rgb *= _Color.rgb;

return c;

} A
(6) #tJ5, FAIE Fallback ¥ & A X B ¥ Transparent/VertexLit (4 7] LA¥E+E 5% Fallback):

| Fallback "Transparent/VertexLit"

A7 IR P37 5, 4 Assets/Textures/Chapter]1/Water.psd i B 21 Jii ] Main Tex J@tE I, Jf
WIS E. A TiEMREmMSEW, ROTTUESHZ MM IOHERH AR S, RS AR
Water #5588, AT LA B8 AE 11.4 FIHR.

11.32 | &

TR WA T s B k2 T S AR AR (Billboarding). |4 M AR 2 AR HE ML A 7 ) K JiEds
—MMESEE 2L CEFSURRRMINILE, RNZURRE S, ER/ZARERX
RSN ER G | HESARBH TRESNA, WaNEREE . =%, AR

J o R I AU R K R R R B, T IRAIAIE — R B2 3 AN, [
AL 5 ) B0 R R EE L (normal). $R1E LRI Cup) PAIIEEAERIAE (right).
BRitz g, BATER e — 45 (anchor location), XM mi 8 HEHE I 72 p 2 B e A1,
DA A 5 2530 FEAE 22 8] (R B .

J7E MR R AR T, W fATARE T RORAGEE 3 M AHEL IEA Rk . TR R R R, AT
E eI TH AR 2 H AR R INEAL (B2 s m)D AdE BT, P AR A
PEM. HRE, WERPZ RERER, FlanBEa i, AR & S 1 L7 [ ks
(0, 1,0), TIIELRTT N ZBERL A 1 AR TRORI, FRATIA S S R AL 2 [
K, RS RARFEAMAITT, f&A LR e PR A2, BAMBRBEERLT M2 EE ), H5E, &
T VHRHE 0 () TV A R 6] (977 [ SR8 H LB A7 1) PR B A M 1) Gt OB A )

right=upxnormal

SIA—Ab G, T ik 75 1) AR R A (75 ) S5 IE AT (R de L 4 7 e B AT

up'=normalxright



13 WAHE
i, RAVATT LA TR 03 MERET . B 115 4l T it Snd s, i
e LI R R R, TR R KA

up up

@ 1 o

normal normal normal

right right

AE 115 EEERE (RREEWNARS ) B, WESTEMEARTN 3N ERENE

R, FATEAE Unity 2B Em$R R0 S EEAR. 5L G, AT LIS 224
B 11.6 PR

B11.6 I HEAR, ZEETTHREYM ST SRZENMEXR, RENEMAN LA TARENN. FEHE

7~ T % Vertical Restraints B4 1, FIEEZFLFRANENBHABINMR, TUEE, FAQ/ SEHExEAE

Eil. AEET 7 X Vertical Restraints &Eit4 0, BIEZERE LN A0, 1, ONAFENMR, TAFEH, |
ERBARAREMEAREAY, EREE ENFEIREE(E

A, FATTHEHRATI TS THE.

(D FE—gE. R BRED, %57 AN Scene_11_3 2. 7E Unity 5.2 F, BRIAEM T
EREE - PNREVA— T HAHMERTHENREZ&T. £ Window — Lighting —
Skybox 1 &I RPHRERZ T -

(2) B — M. EARDHEES, %44 A BillboardMat.

(3) Fr#—> Unity Shader. 7/EA %P+, i% Shader % &y Chapterl1-Billboard. % #7 ) Shader
25 28 2 B RIE M T

(4) (Llﬁlfi'f IR ZANIIAE (Quad), WEEEMMIAMERMK, REHEE 2 PP EH e
WA e, XA &R T & MEARR &

FTFF ¥ ) Chapter11-Billboard, MIFR S HIACHS, @t T AL .

(1) FATEESH T IILNFHRE:

Properties ({
_MainTex ("Main Tex", 2D) = "white" {}
_Color ("Color Tint", Coler) = (1, 1, 1, 1)
_VerticalBillboarding ("Vertical Restraints", Range(0, 1)) =1

Al
bk
B

g, MainTex & & M 2R H”] Jﬁ Bi&( 3, Color Hl THEH E ~¥EALE,
VerticalBillboarding | A 1 % 2 [ s vk 2ok & [ e 45 ) B/ 75 ), BP2Y SR B 7 W) IR L
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FNME LEEsEX

(2) EARpIT, TATFHEREHAMRBESIER SubShader FH745:

SubShader ({

// Need to disable batching because of the vertex animation

Tags {"Queue"="Transparent" "IgnoreProjector"="True" "RenderType"="Transparent”
"DisableBatching"="True"}

fE LR ES, AR T HBHBEEE Queue. IgnoreProjector Al RenderType 4k, E#
B T — D F bR —DisableBatching. A1 3.3.3 WM AL ZFREAE X: —2% SubShader
FEAER Unity ROfEARBRTHRERS S LI, X0 A] DL i bn ok EEHR M & B X 1% SubShader
{EFAEAL I . T IX L TR EARF PR AL 3 /) Shader 8 %t R IR A& 7 B8 25 (8] (Y T 45 3 Hi f) Shader. iX
REN, MABESEIMAMRHIEE, MXSHERE RS RMSEER. TE S
AReb, IRATTHEEAE D A AR 2 (8] F A7 BV A Bl AU AT T . BRIk, 763X B AR BRI 0 %
Shader HHEALERERIE .

(3) B, RATEET Pass FIERRE:

Pass {
Tags { "LightMode"="ForwardBase" }

ZWrite Off
Blend SrcAlpha OneMinusSrcAlpha
Cull Off

XEXHTHREBA, JFRIFRE TRAEN, #%WT%‘JI‘%%%&» XRA T AL SRR
ANTHIHRRE 7R o

(4) TiREAFERNNZC, M EHRRERR S W T#TH. RITEERFHEEST
() FR) s s A DA 5 PR O e, ) PR 1 3 RO L 25 [ (A AR L

// Suppose the center in object space is fixed
float3 center = float3(0, 0, 0);
float3 viewer = mul(_World20bject, floatd (_WorldSpaceCameraPos, 1));

WG, BIFHITHE 3 ANERKE. Bk, BRIMBRBRES B SHHBRELE T, i
HR#E_VerticalBillboarding J& 43k 2 #ill & H 7 [l LI R EE

float3 normalDir = viewer - center;

// If VerticalBillboarding equals 1, we use the desired view dir as the normal dir
// Which means the normal dir is fixed

// Or if VerticalBillboarding equals 0, the y of normal is 0

// Which means the up dir is fixed

normalDir.y =normalDir.y * VerticalBillboarding;

normalDir = normalize (normalDir);

24_VerticalBillboarding & 1 B, EMKH L5 A [H & AL J7 17 ; 24_VerticalBillboarding 4
0 B, B ) b7 E RO, 1,0). BJE, BAITEXTHERMEL T M7 H— i fEk
GEILEVES - &

B, WOER THIERE L. AT B EkE Dy A B T (nSRPAT, BaX
AR ML KRR, RATNEL T ) y BT HN, UEREENR LR, RE,
MRARE LR 77 [e) FAELE £ 1) 075 () 49 28 ) A5 7 ), R &5 BRBEAT B —4k. {8 B1F b ) b (75 [ 54
TEAERRR, FATT SRS HER 103528 07 [n) 0 ) A5 75 1) 15 20 B s 1 1) L0 )«

// Get the approximate up dir

// If normal dir is already towards up, then the up dlr is towards front
float3 upDir = abs (normalDir.y) > 0.999 ? float3(0, 0, 1) : float3(0, 1, 0);
float3 rightDir = normalize (cross(upDir, normalDir)):

upDir = normalize (cross(normalDir, rightDir));

XHE, RAVER|TATHEK 3 AN IERTEERE . AR R LA AL E AR T8 A B B LK 3



11.3 TRFE

MERHRE, LA 58 2T A AL B

float3 centerOffs = v.vertex.xyz - center;
float3 localPos = center + rightDir * centerOffs.x + upDir * centerOffs.y + normalDir.z
* centerOffs.z;

e, TR ) TR B A e BB BT == [ R

| o.pos = mul (UNITY MATRIX MVP, floatd (localPos, 1)):
(5) Foo BRI IERR S, AR FENGORHITREE, 55O EAHRR AT

fixed4 frag (v2f i) : SV_Target {
fixed4d c = tex2D (_MainTex, i.uv);
c.rgb *= Color.rgb;

return c;
}

(6) fJa, A Fallback $2'E A N & ) Transparent/VertexLit (n] LLi%+¥ 554 Fallback):

I Fallback "Transparent/VertexLit"

TEVARME, € EIKsF4, RAMEHRR Unity B RIYAE (Quad) KIER ) &,
MARERE A B HFI (Plane). XJ2FE, AR R AR — N8 BI04 T8 i Rl
Ef, WERUL, XA AT AT R G5 R T B R AR R A ) R R R B . RAEEE, RAT
A BEAEA v.vertex i+ 5L18 B E# FIAHXS T LA B wAE &

R R REIZ S, AR EHE T Assets/Textures/Chapter] 1/star.png i % 2144 i i) Main Tex
., EIRTEEIZSUE 11.6 HHIBOR

1133 SIEER

T shiE BARAEH RIEA M, B SRR S s .

B, W 1132 FEBPR, WRBNERBSE FHAT T — LW ashim, it
M EWIR X T Ehm AR . X, FATALLUE L SubShader ) DisableBatching Fr48 > 5 il B X
i% Unity Shader f#ttALBE. A7, HUMALALHE SR —EMPERE T, 34N T Draw Call, FIt3
A2 RS 3 A o AR ARY 25 ) ) — LBt £ B A AT . BT A, b T
o, 2 XA P R 2 1) ) Lo SR A i s, BRATT T AR P 00 e B0 R A 51 T /5 81 o T B 1
X T2 AE i ML AR AR L

HU, mRERMNBENQE T DR shs @ Esmist, Bam BI85 9.4 iR BAEH
W B i) Diffuse 540 & 5 Pass RIEH, MAABEMPIPEAR (XRIRHME LR Y
A IE#h IS B ). XN, BATIT Unity B 2226075 28 H —~ ShadowCaster Pass, [l
5 BeAF FH X 25 3 B (1Y) ShadowCaster Pass, 1X 4™ Pass "1 3 #45 #EATAH S B T 25018 , Kk Unity
SRR FR T S AL BRI H Y, XIHFARBRINSLEFIN. X, RIATMTEERE—D
B %€ X i) ShadowCaster Pass, 7EiX> Pass 1, FATEFHATEFER T AR SR . FEEERL,
TERT T A SEEL S, WS KB YA RA AT Fallback #% B T Transparent/VertexLit, i
Transparent/VertexLit ¥ & X ShadowCaster Pass, FE s AS=4HE GER 9.4.5 7).

FEARBEYEM Scene_11_3_3 i, WAL H T vHE T AshE ALK —MlF . 7E3XM1
T, BAMEA T 1131 TR ERERE, BER—NgshfKi. RN, BIOFRETHRHTF
TR, HRMT — A FHEREEORE K" B . FADEHIXA Unity Shader )
Fallback # & A T AN &M VertexLit, X#f Unity ¥ # 4 Fallback £t &K F| VertexLit # [
ShadowCaster Pass SRIEHFAE . B 11.7 45 TIXFERIS R .
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BUR LEmUER

AB 1T HHEGTSEhER, WRIAERNER ShadowCaster Pass EHMAEY, THESBIERNAREE

ATLAE H, BB Water BERUR A T A, BENARFEEEMNKNsIERER. I T
IEFZ2 IR T R B 5, WATH T L5t B & I ShadowCaster Pass. 37 H] LATE A5 BT U 1)
Chapter11-Vertex AnimationWithShadow 4% % %f W /) Unity Shader. 1#Fi% Shader 73 2|11 B 2L
B 11.8 Frrs.

fEIX/~ Shader F', FAHEHL T —A> ShadowCaster Pass, XAV T+

// Pass to render object as a shadow caster

Pass {
Tags { "LightMode" = "ShadowCaster" }
CGPROGRAM

#pragma vertex vert
f#fpragma fragment frag

#pragma multi compile shadowcaster
#include "UnityCG.cginc"

float Magnitude;

float _Frequency;

float _InvWavelLength;
float _Speed;

struct a2v {

float4 vertex : POSITION; AE11.8 {#F B & XA ShadowCaster Pass
floatd texcoord : TEXCOORDO; HEBFYRL S EHRIEEE

}:
struct v2f {

V2F_SHADOW_CASTER;
}i

v2f vert(a2v i) |
v2f o;

floatd4 offset;
offset.yzw = float3(0.0, 0.0, 0.0);

offset.x = sin(_Frequency * Time.y + v.vertex.x * InvWavelength + v.vertex.y
* InvWaveLength + v.vertex.z * InvWaveLength) * Magnitude;

v.vertex = v.vertex + offset;
TRANSFERHSHADOW'CASTER_NORMALOFFSET(O)

return o;




11.3 TEzhE

fixed4 frag(v2f i) : SV_Target {
SHADOW_CASTER FRAGMENT (i)

}

ENDCG

}

P A IO B SE T RATFHE LI H Pass I ALESR 5 B A 70 BT T 2h i, LUAE B 5% T LA
FP K IE B IE R 45 RARICRC . 75 8 2 LR PT LR ) Pass B, AT F 24E A Unity $REE1 A
%% V2F_SHADOW_CASTER. TRANSFER_SHADOW CASTER NORMALOFFSET (|H i
£:{# /] TRANSFER_ SHADOW CASTER) 1 SHADOW CASTER FRAGMENT it [ 455
B SF R, RATAT UG B SO . 6 BT , BRATE B vaf &5
WS FF V2F_SHADOW_CASTER K& X g T e X &R, M, EmaEEET,
18 et Z BN T0 A (AR FE 7 v STV s RS B, SRR, B 1 B m A (0 2 T s AL
HAEH, FEH TRANSFER_ SHADOW CASTER NORMALOFFSET il Unity b 34158 el
THIEN. EFTEARS, RATEEE#FH SHADOW CASTER FRAGMENT it Unity H 358
PR BB 03 43, 44 Bt B0V R B MU g

T Unity $RELHIX 3 AN EZ (FE UnityCGiegine LA E SO, FATAT LUJ5 ([ 52 X
T R B Pass, {H i Fix e B RS A —tehr 2 M AN &, KRBT BRI S
134 T ix 2 &, i1, TRANSFER SHADOW CASTER NORMALOFFSET &4 Fl &% v 1F
J NG, v P RER S TS E vovertex T 1AL v.normal HIME B, AT UAEEEHA
B appdata_base 454k, BHEE TXELF M AR, WRRNTEHTVL3hE, 7L
T A ERPEBBY vvertex, Fi{£i64 TRANSFER SHADOW_CASTER NORMALOFFSET
BIRT. 7E 15.1 §9h, BATESEBIWALEHZRN K Pass THIBR AT, LLSEHLE & X3
TR R
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=574

" HSMEEET —% Shader WEBAE, B,

TERFERER, AR EEEEEY, URFR
| ERER%, R, RNELANE—S4RH T
LWk,

F1NRE RERAEXE

B RN G Unity T — ¢§¢w&x”f
AT R S, Kt R
AR, WA, AR,

£13% @A ﬁ&iﬁm%&iﬂz

AH A A8 AT Unity o RS2 22407 ) 4
ERARMHK.

 F 14T FRERERE
TR AHE LN EELRERNEE, Ik
EER, BHAKYERE,

F15% FHRF
REWBERFRRMNEAKKY “HE". AF4
TR E RIS — R,

%16 % Unity PR ERAHA
RUEERBRELTHER, X—BENLT
Unity #4748 5 F & % L5 L4 55 .



W25 PR MECR

REEAIEH R (screen post-processing effects) JZi7ak LI RAF R E Wik, AR
e, TATHE 2 ST WATLE Unity o1 VS S G080 R S IR & T i LB B 3 J AL BEARCR « 7 121 5,
BATE X SMEREAE Unity PSCHLBRRE G CBEBR N EE, @ T — M EANFRELEMARS.
BEJEAE 12.2 Fip, FRATTSAE XA R G0 SE B — A 1] 0 %) U8 48 1 T 5 . PRV JRE AL X B B ) o
Mo #E 123 95, BAISEALSERER NS, HRIA Sobel 5 78 5 75 2% A ot B & #1714
SR, SEIHARCR . EUEERE b, 12.4 AR S A BT ST — A m AR B R R AL 1E 125
12,6 174, BAI 51043 a7 S I Bloom FLZEBH AR R -

9
IiE!in\

FREAE, BaEX, BERNREERTE N RAIFEERRE, FNEANEGET
—RIERAE, SEOLEFNFERRRRR. MABCRER, BT LUK E S I0E 2 M EARMR, Bl
% (Depth of Field). ZZ#H] (Motion Blur) %%.

B, ARG CHENEMETEAERENERFER, BIEER, M Unity H&
AL T IXAE—AN 7 (@ ()82 1——OnRenderImage & . &R EFHIT:

| MonoBehaviour.OnRenderImage (RenderTexture src, RenderTexture dest)

HEAERA T F LRSS, Unity S8 ATE AR 21 8 BRI SR — 2 500 M) IR
EHRgES, Eid R RIRMEE, FEERERLE, HE-ANSE NRERLEE
2~ E|fi%F Lo £ OnRenderlmage BRi%i+, WATEHF ZFIM Graphics.Blit & #UOR 78 BOHE F S )
KeEL. EF 3 TR B

public static void Blit (Texture src, RenderTexture dest);
public static void Blit (Texture src, RenderTexture dest, Material mat, int pass = -1);
public static void Blit (Texture src, Material mat, int pass = -1);

Hep, S8 sre MM THLGE, ARFRFLEEARS, XA H0E 52 260 5 0E R4
Holg E— P ERRNERLIE . S5 dest & HRERLGE, WRERMEN null iaHER
ZRERAERFE L. S8 mat BRAEHBIME, XA AEH K Unity Shader $ & 21T & Fi 5
WG A EERAE, T src QLB S #5645 Shader 444 MainTex IS @M. 230 pass IERIME
A-1, RHEMKKIAF Shader AT Pass. BN, N4 ERS | Pass.

#EEIATESLF, OnRenderlmage BR$2x7E AT (/832 B #1325 B 1) Pass AT 58 G H0AM, LA
EX R P A RS LA A . BAER, RAIFHEENEHK Pass (BIERAS| N THET
2500 ] Pass, P4 & ff] Background. Geometry F1 AlphaTest /& %BAFILEMTER M) AT EE)E L
Ef i F OnRenderlmage e& %, M ASXdi%& B4 = AT T M . JERY, AT LAZE OnRenderImage
BRI $CRT¥S N ImageEffectOpaque BHERSEIXAER HF. 13.4 WER TREHE—NHTF, & 1347
o, BRATTE TR IR R R LR SO AT I ok M T SE PR A RO, (B BRATTAS 75 B8 52 I A A o




121 BIY— N EANFRELENERS

ik .

(i, ZAE Unity PSCOLRREAEMR, SRBEWT: RMNFAEFTEERRPHRM—
ATFREELEMEA. X MEAT, FAT2 LI OnRenderlmage BRI ERIREN 24 /i 57 5 HIVE 4L
g3, $RJG, P Graphics.Blit p& 3 {# F%F 2 i) Unity Shader KXt 2477 EEG T AL B, TR
EpE L BB R b W TS 2R, BINTTREFTEZ KA Graphics.Blit &
Bokxt E— 3 rimt & RET T bR,

B8, FEiTRFELAEZN, RINFERE —RIIFHREEHE, FlUMLirFaEE Xk
TERCFE TR, BESCFYAIEA A Unity Shader 5. Ak, BRIBIET —MHTREREE
MeFEFCRMERE, ELIEFFRREBE, ROIAFTFEYR B ZHESL, HLIHIRELPAR KR
VERNTT . L ATEAF BIRM Assets/Scripts/Chapter]2/PostEffectsBase.cs Tk EiZ 4.

PostEffectsBase.cs [ = Z AL F .

(1) B, FrAFRELEZRBHEERCERNREN L, FARNBEEHBSRET
WA APAT AR B E ROR

[ExecuteInEditMode]
[RequireComponent (typeof (Camera))]
public class PostEffectsBase : MonoBehaviour {

(2) A TRV E R PRBIEMAE R B AL, IRAIE Start FKE A CheckResources BF % :

// Called when start
protected void CheckResources() {
bool isSupported = CheckSupport () ;

if (isSupported == false) {
NotSupported() ;
}
}

// Called in CheckResources to check support on this platform
protected bool CheckSupport () {
if (SystemInfo.supportsImageEffects == false || SystemInfo.supportsRenderTextures ==
false) {
Debug.LogWarning ("This platform does not support image effects or render
textures.");
return false;
}

return true;

}

// Called when the platform doesn't support this effect
protected void NotSupported() {

enabled = false;
}

protected void Start () {
CheckResources () ;7

}

—LRERPMT TR EELNRE, flniE —eBRIAMES, 7T LLEE Start. CheckResources
% CheckSupport B #§ .

(3) HTEA 5 b 23 3 08 % A0 7 B 46 2 — ) Shader kA& — /N T AL #E 8 Y803 (41
J, PR AR T X i

// Called when need to create the material used by this effect
protected Material CheckShaderAndCreateMaterial (Shader shader, Material material) {
if (shader == null) {
return null;
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}

if (shader.isSupported && material && material.shader == shader)
return material;

if (!shader.isSupported) {
return null;
}
else {
material = new Material (shader);
material.hideFlags = HideFlags.DontSave;
if (material)
return material;
else
return null;

}

}

CheckShaderAndCreateMaterial M EZH N8, F—NSHIEE T ZF 8T EMLEH K
Shader, 2 _ANSENEMH T/ AR R, %R EE SR E Shader (T, KEELEH
iR [B]— AN F T % Shader (9448, & WK [ null.

7E 12.2 Wi, BATMEF BT84k & PostEffectsBase.cs i 6 & — >8] (1 F T 18 38 B 55 1 5%
FEE PR RE ] B B FR AR RSB AS

m’z l
-
R .
b i

FE 12.1 39, BATT MR T LMBERE OB BARRR . EAH, RAOTMARGFTIRE
B— AN EE SRR R — AR RN
FE. WAERIXS LR, EATE WG, RITESE
FIAUE 12.1 PRIBR.

ik, WATREHATI AR TR

(D) FER-AHFR. EXRPRET, Z5HR -
%74 Scene_12_2. 7t Unity 5.2 7, BRAEOL T m121 £8. FSR. 58 BETEE (#H1.2).
B A — MBI — A%, ERFET WAE (185 1.6) FIMLLE (0 1.2) EHMR
NEMARZ & T. 7 Window — Lighting — Skybox F X ZRPHPIRTET .

(2) $EAB %Y ) Assets/Textures/Chapter]2/Sakura0.jpg i R 2375, FEEHL A0 EF
A LA AN S, R, Sakural.jpg HILHEZRRI W E N Sprite, PEIGAT UL E #4535
B,

(3) FHE—AMA. EAPEES, ZMWA%L N BrightnessSaturationAndContrast.cs. 1%
A4 5 BIER B L

(4) ¥ — Unity Shader. 7E4<-P %, i% Shader 444 Chapter12-BrightnessSaturationAndContrast.

A1 %K% S BrightnessSaturationAndContrast.cs I A< . T ZMIA, AT W&

(1) B, k& 12,1 Fhadpgitk.

| public class BrightnessSaturationAndContrast : PostEffectsBase {

(2) FEZSCR T EM Shader, FF4E LG AH N 44T

public Shader briSatConShader;
private Material briSatConMaterial;
public Material material {
get {
briSatConMaterial = CheckShaderAndCreateMaterial (briSatConShader, briSatConMaterial);
return briSatConMaterial;

TN R
- BT
il

246



122 BERENARE. BMNEMTEE

7E LR %% 9, briSatConShader & A 135 €M Shader, XfRL T Ja 44 SEELI Chapterl2-
BrightnessSaturationAndContrast. briSatConMaterial /& 8UZEI# i, FA1HEAE T 44 material 44
JEKT R E, material [ get #7228/ CheckShaderAndCreateMaterial B HOR 1S 2% N (K]
4 5 o

(3) WADEAEMAFIRAE T A WABEERIX LRI S 4.

[Range (0.0£f, 3.0f)]
public float brightness = 1.0f;

[Range (0.0£, 3.0f)]
public float saturation

I
i

20f;

[Range (0.0f, 3.0f)]
public float contrast = 1.0f;

FATA A Unity $24L() Range B AN SERM T S EHZAXIE .
(4) H&J5, FA1E X OnRenderImage B HRBEAT B IE A4 A AL 2 -

void OnRenderImage (RenderTexture src, RenderTexture dest) {
if (material != null) {
material.SetFloat (" _Brightness", brightness);
material.SetFloat ("_Saturation", saturation);
material.SetFloat (" _Contrast", contrast);

Graphics.Blit (src, dest, material);
} else {

Graphics.Blit (sxc, dest);
}

}

454 OnRenderlmage B A B, ESRAMTEETH. WRATH, SMESHEESH
7, FFAH Graphics.Blit #HT4LEE: BN, HESCREBERBNFERE L, SHAEMLRE.

N, FAIKEEIL Shader HI#E4>. FTJF Chapter12-BrightnessSaturationAndContrast, HE4T 40
M. ‘
(1) BATE e 7FE R B ARG FH ) & AN B -

Properties {

_MainTex ("Base (RGB)", 2D) = "white" {}
_Brightness ("Brightness", Float) = 1
_Saturation("Saturation"”, Float) = 1
_Contrast("Contrast", Float) =1

}

1E 12.1 v, FA1HE 3] Graphics.Blit(sre, dest, material 4858 — /NS 54L 84, Shader F 24
_MainTex (@1, B, FHATLIFEH %K MainTex SRR, Rtz b, FRITEEH
THT R WAMERX LR . XSE¥SaEAEETmE. FL b, ROTLUER
Properties ' [JJE W, Properties =75 B )@ MEUR A T BoRFEM R, (EX T 5 A4
ROk UL, EATE A AR i G ), BATEATEEM IR LS, mEEENE
A Ak #%5 Unity Shader.

(2) & X TR 43 1) Pass:

SubShader {
Pass {
ZTest Always Cull Off ZWrite Off

s Je AL FR SEFr_ERAEIZ B 4] T A5 B R B R A DA, A T Bk At
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E12% FRELENR

WikrE A, BATHEREMHRHERRE. FEXE, RITCHTEESAN, A THIEE “8
7 R F B E R . B, WHR24[7 OnRenderlmage R E(EFTH A E [ Pass $h4T5¢
BRSO, ARMAERES A& E WS HZE WK Pass FES, XERARE A LHANZH
T B % J AL HE ¥ Shader ) “ARAC”.

(3) ATERES D EANEHE, FAVFELE CG ARLIH 75 B X R 2R .

sampler2D MainTex;
half Brightness;
half _Saturation;
half Contrast;

(4) EXTAREORS. FREFRER T RS QR AREE SRR R, RITAFTEHETLY
i T 28 e, EEEAE, BAT B EMR NGB EIRS FrouE s, LUEX FAE &
AT IE BB RAE «

struct v2f {
float4 pos : SV_POSITION;
half2 uv: TEXCOORDO;

}i

v2f vert (appdata_img v) {
v2f o;

o.pos = mul (UNITY MATRIX MVP, v.vertex):;
o.uv = v.texcoord;

return o;

}

£ BT ETH A 8%, ATER T Unity 9 & ) appdata_img 5 #3444k TG F G2 %I,
1% AT LIFE UnityCGegine 4R BZE5 #4141 A5 B, ‘& A& T BB J I o0 75 0 T AR AR AT 5 28
LTSS

(5) B, WATEIT AT HBETERL. M BERIXT L REBY )y o8 (4%

fixed4 frag(v2f i) : SV_Target {
fixed4 renderTex = tex2D(_MainTex, i.uv);

// BApply brightness
fixed3 finalColor = renderTex.rgb * _Brightness;

// RApply saturation

fixed luminance = 0.2125 * renderTex.r + 0.7154 * renderTex.g + 0.0721 * renderTex.b;
fixed3 luminanceColor = fixed3(luminance, luminance, luminance);

finalColor = lerp (luminanceColor, finalColor, _Saturation);

// Bpply contrast
fixed3 avgColor = fixed3(0.5, 0.5, 0.5);
finalColor = lerp(avgColor, finalColor, _Contrast);

return fixed4 (finalColor, renderTex.a);

}

B, WOEEXEEREEB (F7E_MainTex F) KRS R renderTex. RJ5E, FIH
_Brightness J& P£f i 8855 1 . SERE R RARE AR T 8L, JRATT R T SR R LU BE R % Brightness
BUAT. RE, BATHHSBENNOFEEME (luminance), XRE W44 5 B R Ll — M5
ERMRBFEAME RN ROVERZREERET —MEMEA 0 MBIE(E, I {EMH_Saturation
JRPEEILA_E— PR BB 2 RIEATARE,  ANTI/S IR B AW AR . X EEBE RO AR ERRALL,
BATESLAIE XA 0 EEME (B2 8% 0.5), FEM_Contrast BIYEFEILA E—13



12.3 AR

BB Z AIREATHEME, AR BB A R B A R
(6) #J5, BAIZKMiZ Unity Shader ) Fallback:
| Fallback Off

SERRJG IR BI4M4E A%, FFIE Chapter]2-BrightnessSaturationAndContrast #i B 255 L[] Brightness
SaturationAndContrast.cs il A< 51 ] briSatConShader 2%+ . HEENSH)E, BATH T LABEEIR
AE 12.1 FRIRER

e BT s, AT EF 3t Shader i BB IA 1)
B . ATHEERMRAS, SIEMAHE 5 2 BRI L
T A 6t R (Y Shader, AT AT LUAE B A 1) 1D AR R
Shader ZHHIBRINE, WA 12.2 FizR.

fE 122 i, BAICL% 3] T W seil—AMH
B FRE LB R. £, BRMNSEI—
LB B RS A B ROR —— R . AT
A ROR I — M SEITTE, EARTE ARG, BATA
LAFS ZIKAUAE 12.3 H IR

T AT W P o B R ] — 2 A B B 0

e ] & 1S A[E]123 ZE[S 12.2 ?S.q'?EPE'JE‘{I%%!
ﬁ?gzé(mmmmm)ﬁﬁ,&M§%*Tﬁ P
A Ne

12.3.1 tHH42ER

EEB L E T, SRBRERPBELEH - EREZ (kernel) X —KER B MREHELT
—RIEE. BREER R AWM (Bl 2x2. 3x3 MTHRKED, ZREANENT
WA — MUEME. 43RS HREMRRATERN, ROISEERENHORETZER L,
WA 12.4 fir, BEZZERRIGHEZ P S TR G K R ERENRRIERMN, F3
& Rk R AL B R HT R R (E

—3x3p IR

— P Sx5HyEE HITERTR

AE 124 BRBEER, EHE— 33 A/NBREX 3K 56 K/ NEKRITERRIE, HIHEEPLETTIRN T
BRENBRE RN, RINELLERZOPORBEZREVE, BRZZEHROTEZ TSI TRNAESNERR
REMFFIERM, SRFNGRE

KPRV SR EAR T, (BT LASEBUR S o ML R AL TERCR, Bl EE, A,
i, WRFATARER EEIEATEIER, ATUMER— 3x3 KR, AR TCRIER N 19,

1232 BRLABERNET
GRIRER T 2 TIRENET. A, HATLERMKEBZ W ILZ I
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F12% REELEZRR

HT) POZKATARENR? FEBZXA AT, FRATTAT L& S RIAR— T i 2 2 e e . iR
AR R Z RIFFLEZ S W BAGIE . SR SO R, BRATRS A ENIZ AN ZA KA 5.
AR R ZETT AHBEE (gradient) KK7R, ATLLESREE], LR R4 E
SHBKR. ETIXFAER, 7 ARZERNE FHtRR K.

Roberts Prewitt Saobel
1 (0|1 -2 - 1|0 |1
0 0
o(ojo0 (01 ojojo 2102
0|1 110
11 ]4] |-2]9]1 11 2 01
G G G G, & G,

12.5 3IMERRIDEENET

3 P AR T 12.5 Fix, EEas TR REERE, 25 HTRE5K
S5 T AR E T 1) bR B FEBEAT ISR, AT EXAMER DT KR
B, BRPATT 1 ERBREEE G AN Gy, T HEAR R BE R % 1 A S T AR

G=,G +G
BT LR EE TARSHRIE, HTHEOHE, BTN < HEERIERAE IR
T
GG, [+]G, |
HAFEIBRBE G, Tl Tk iy LAY MR TR L AR 3O B T 1A %% (ﬁ%)ﬁ{a‘@j{ AT ] i R
 9-0F

1233 KM

AR Sobel B FHTIAGKN, SEIRAME. Ak, BATHZEHT W FHES TE.

(D) FE—ANHR. EEBRFES, Z3HF4 N Scene_12_3. 7E Unity 5.2 ', BIAEL T
FHRAE - ANBEYA AP, HBAEH TN ERRZEF . /£ Window -> Lighting -> Skybox
hEEGRPRRERT.

(2) AP % YE Y Assets/Textures/Chapter]12/Sakura0.jpg #i R 2|3 8 b, IR E R4 E A
HaTLUAF AR . R, Sakural.jpg MEEEAER O BN Sprite, FA] LUH B3R 31
=,

(3) Fr@d— A A, ERPERIFEF, ZBA LN EdgeDetection.cs. i MIAHE B 2 SREHL L

(4) Hi#E— Unity Shader. fEA{I WY, 1% Shader 44 7 Chapterl2-EdgeDetection.

BATE K9S EdgeDetection.cs A<, T ZMIAS, FHi4T0 FES.

(1) B, k& 12.1 WP aIgmiAk.

I public class EdgeDetection : PostEffectsBase ({

(2) FEUZBOR T E (G Shader, F-4 I IR AH SN F 41 R -

public Shader edgeDetectShader;
private Material edgeDetectMaterial = null;
public Material material (
get {
edgeDetectMaterial = CheckShaderAndCreateMaterial (edgeDetectShader, edgeDetectMaterial);
return edgeDetectMaterial;
}
}




12.3 A%

£ EIR AR o, edgeDetectShader 2 R 145 & 1Y Shader, Xt N T J5 I ¥ 2 L 8L (9
Chapter12-EdgeDetection.
(3) fEMAPIRMH T HBASLRE. #LHEULERFENSH.

[Range (0.0£, 1.0f)]
public float edgesOnly = 0.0f;

public Color edgeColor = Color.black;

public Color backgroundColor = Color.white;

%4 edgesOnly {E 4 0 B, A% BMAERERER L: 2 edgesOnly {H24 1 B, MR ER
W%, REREEREG. HP, ¥E5EH backgroundColor 185, A% Fitt i edgeColor ¥ 5E .
(4) |5, FA1E X OnRenderlmage B % K47 B IE MORF B b 72 .

void OnRenderImage (RenderTexture src, RenderTexture dest) ({
if (material != null) {
material.SetFloat ("_EdgeOnly", edgesOnly):
material.SetColor ("_EdgeColor", edgeColor):;
material.SetColor ("_BackgroundColor", backgroundColor);

Graphics.Blit (src, dest, material);
} else {°
Graphics.Blit (src, dest);
}
}

4§24 OnRenderlmage B E B AAR, ELRBEMBRER H. WEATH, RIESHLESLH
J5i, PR Graphics.Blit #TALHE: FN, HEACEEBRERSIFRE L, SEAEMLAE.

T, BAKRIZHL Shader (1547 - T Chapter12-EdgeDetection, #E{TH F&E.

(1) FRATT 8 56 75 22 75 0H A il 4 ) A &% A T8 4k

Properties ({

_MainTex ("Base (RGB)", 2D) = "white" {}

_EdgeOnly ("Edge Only", Float) = 1.0

_EdgeColor ("Edge Color", Color) = (0, 0, 0, 1)
_BackgroundColor ("Background Color™, Color) = (1, 1, 1, 1)

}

_MainTex X5 T # A\ FIVERGCH .
(2) XA THR#GEAER Pass, WEMHKHERRE:

SubShader {
Pass {
ZTest Always Cull Off ZWrite Off

(3) AT HEARRES VA ENEYE, RAOITEE CG AR+ XN A3 & .

sampler2D _MainTex;

half4 _MainTex_ TexelSize;
fixed _EdgeOnly;

fixed4 _EdgeColor;

fixed4 BackgroundColor;

fE LTRSS, RATESRA T —AHEIZEE_MainTex_TexelSize. xxx_TexelSize /& Unity
A BATIRPER U7 8] xxx SCEEXT N AN GUER RN Bln, —3K 512X512 KPS, ZERY
73 0.001 953 (B 1/512). T AT EXARE XA B U AT RAE, BULRANFEMA
_MainTex_TexelSize K i1 5 &M AH S X ) S0 AL bR .

(4) FET a A ARG, BATHE T H5H 0 7 SR

struct v2f {
float4 pos : SV_POSITION;
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half2 uv[9] : TEXCOORDO;

}i

v2f vert(appdata_img v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex);
half2 uv = v.texcoord;
o.uv[0] = uv + MainTex TexelSize.xy * half2(-1, -1):
o.uv[l] = uv + MainTex TexelSize.xy * half2(0, -1);
o.uv[2] = uv + MainTex TexelSize.xy * half2(l, -1):;
o.uv[3] = uv + MainTex TexelSize.xy * half2(-1, 0);
o.uv[4] = uv + MainTex TexelSize.xy * half2(0, 0);
o.uv[5] = uv + MainTex TexelSize.xy * half2(l, 0);
o.uv[6] = uv + MainTex TexelSize.xy * half2(-1, 1);
o.uv([7] = uv + MainTex TexelSize.xy * half2(0, 1);
o.uv([8] = uv + _MainTex TexelSize.xy * half2(1l, 1):
return o;

}

BAHE vof Ghafkep 2 LT — A 4E%0h 9 BISIERHH, XN T /] Sobel HF KA TFE K 9
ANEBERSCE AR AR . S TSR SC A AR B ARG R e (B R B BT A g R, AT LK
DB, REMRE. B TATRAECRS o GRNEERLMEN, BIHIHNEBIHASE
W SCER AR A TS R

(5) FuEafRRIMOEL EXNABDT.

fixed4 fragSobel (v2f i)
half edge = Sobel (i)

: SV_Target {

fixed4 withEdgeColor = lerp(_ EdgeColor, tex2D(_MainTex, i.uv([4]), edge);
fixed4 onlyEdgeColor = lerp(_EdgeColor, _BackgroundColor, edge);
return lerp(withEdgeColor, onlyEdgeColor, _EdgeOnly);

}

BATE S A Sobel BEUHH LFTME R BLE(E edge, HFIAHZELAHE T ERAREM
Zite B (E, ARG AI A _EdgeOnly 7EPI# 2 (A E 75 2| B 2 ({5 3 {H . Sobel BRHCK A Sobel
PR EBATIAGA I, e E X

fixed luminance (fixed4 color) (
return 0.2125 *.color.r '+ 0.7154- * color.g+ 0.0721 * color.b;
}

half Scbel (v2f i) {

return edge;

const half Gx[9] = (-1, -2, -1,
o, 0, 0,
R e [
const half Gy[9] = {-1, 0O, 1,
"'21 01 21
=L, 0, L}k
half texColor;
half edgeX = 0;
half edgeY = 0;
for (int it = 0; it < 9; it++) {
texColor = luminance (tex2D(_MainTex, i.uv[it]));
edgeX += texColor * Gx[it]:
edgeY += texColor * Gy[it]:
}
half edge = 1 - abs(edgeX) - abs(edgeY);



12.4 SHTERH

WATE e LT KT mMBEETT AEHAERZ G M G, 83, BIMKK 9 MEEH
ITRAE, BN REE, B5EFEG M G, PN EMTERE, BNEEEHRBEEE L.
B, BATA T il 25 /K70 ) R L 1) (ORR BEMEL OB X (B, 193] edge. edge fEBE/, FKHHZ
BB fER— MG R . B, BERANEFEL R

(6) %R, WAL T 1% Shader i Fallback:

| Fallback Off

56 IR [A1 40 55 2%, J40 Chapter12-EdgeDetection #i M2 2| % {£ HL¥] EdgeDetection.cs A< 4 ]
edgeDetectShader %+ . 4R, A7 LAFE EdgeDetection.cs [1I A< #i K edgeDetectShader
SH I BRINE B E h Chapter12-EdgeDetection, XFEFEAN '
MELEHHNSREFHIERT. B 126 B5RT
edgeOnly Z¥( % 1 B X B I BRRERCR

T EE R, AT LI SR R T B %
BiafE R, MELRMAHT, YRS, HEEE RS
REWIAGR MG R, FREROEVFL ETUA
Ao JTBEMAEFIALAE B, BAVEESERREN
RS ANE RS AT IAGR N . RATESTE 134 :
eSS T AE 126 ARTHEHRERE

Eu3%¢,ﬁM%ET%ﬁ%Mﬁ,#ﬂ%%ﬁ?m?—%%%%ﬁ%ﬁ%ﬁ%oﬁ$%
L BATKEZ BRI S — AN N I S5 {E AR AN
*Eﬁﬁ BHEB IR T R4 bﬁﬁm%ﬁﬁ*m%¢miﬁ%ﬁéyﬂﬁm%?

» AR, BREREEARER RN &
A@ﬁﬁ%?ﬂﬁoﬁ*ﬁﬁmw%ﬂﬁﬂﬁWﬁ
P B & e P E R s SR it . — N E R
ORSR 7 i R R TRER . AE%2 ) SE AT R, AT
LA BIZBAE 12.7 IR

1241 SERE AE127 EhHENE, AihABHEMENNER

TR RAEA A TSR, B ERNEREAL A &I, RE N ET R RDE
Bz, FpN TR AR T T K = T

2
4+t

2
eZU

1
G(x,y)=
(x,y) S

Hr, oRbrfETTZ (—BEER 1), x My 230N T 4L B BIEHZ ORI .
B — AR, BRIMAGETEREEZP SN EN N RE. 4 T RIEEEE RS
KA, BATHREX SR RE AT IH 1L, BESAUERR LU A BCE AR, 3R AT AR
IEFTABCERAN 1. Fit, @SR e iTHKRBLEFEANERAEMEW. & 12.8 BoR
T—MRHETZER 11 5%5 KT EITZ .

T AR AR A UL T AR 0 G AL B (SR AR ——EE R, R
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128 BEERLENR

G ST A A R v, PSR BB (S FH — A NN R e i ox P BUBEA T B AR B 8, L 75 22 NXNxWxH
(WA H 25 RERE TN RQERME. 4N BRI, RERBLSER/EFERX.
SEIB[RE, BATTAT DASIE AN 4 v 0 R R A R . R U, RATTAT AMERI A A — 4k
Him iz (& 12.8 FEIAED SE/axt BEEEATIER, BRI S R ERAEH — g miiie —+f
I, (ERFFREATE 2N<WxH. RATATLUE— SRR, BN —ERmTEPaASTRZEZN
WE. HF—DRDA S —demifig, RANVEFRFEATFELR 3 MUE/.

0.0030 | 0.0133 | 0.0212 | 0.0133 | 0.0030 0.0545

0.0133 | 0.0586 | 0.0983 | 0.0596 | 0.0133 0.2442

0.0219 | 0.0983 | 0.1621 | 0.0983 | 0.0219 | ——gp- 0.0545 | 0.2442 | 0.4026 | 0.2442 | 0.0545 | | 0.4026

0.0133 | 0.0596 | 0.0983 | 0.0596 | 0.0133 0.2442

0.0030 | 0.0133 | 0.0219 | 0.0133 | 0.0030 0.0545

aE128 —PMExERNHIEHHZ. £ZEET TIVEAEA 1 NEAHZONNES T,
BT XN ESHBFS AR — RS (8 )

AT, BATHSAEH LI 55 B e B GO AT R rBoml . BA1H 56 /5 R A P4 Pass,
A Pass R (S By ) 8 — e TN B BOEAT 8B, B A Pass BAERACE T M H)—
T BB AT RN, RRBRANERER. €LY, RITERFHE BRIk — PR
FPERE, TR T T O N R BRI RO (REE, RSB .

1242 kiR

Ak, ROIFEHEATITFARES TE.

(1) H@E—NGHF. ERPEFEP, ZHFAE N Scene_12_4. 7 Unity 5.2 1, BN F%
SRS M RBILE— BT, B T W EMRZ & F . £ Window — Lighting —Skybox
P EREHRPOIREET .

(2) EAPBHYEF K Assets/Textures/Chapter12/Sakural.jpg #i R EFHh, FFHRAA BAEH
ATLUEFR RN B R, Sakural.jpg MISUEEAE LR E b Sprite, FEIA] LA EHHER B 5.

(3) Frg— A, EXRBEED, ZME4H GaussianBlurcs. 1A LB BEL L.

(4) FE—> Unity Shader. 7EAHZPES, 1% Shader 44 Chapter]2-GaussianBlur.

BATEEKRS'S GaussianBlur.cs A . T ZMA, FHHITWFBH.

(1) B, gk 12.1 WAl m R

| public class GaussianBlur : PostEffectsBase {

(2) PR T E ) Shader, FF38 G AR B FR44 R -

public Shader gaussianBlurShader:;
private Material gaussianBlurMaterial = null;

public Material material {
get {
gaussianBlurMaterial = CheckShaderAndCreateMaterial (gaussianBlurShader,
gaussianBlurMaterial) ;
return gaussianBlurMaterial;

}

}
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12.4 EETHEH)

£ E R X5 b, gaussianBlurShader /2 & 1148 & ) shader, XN T J&5 % & SO
Chapter12-GaussianBlur.

(3) fEMAS, RALERMS T HBERERIEA RS, BEHEENSRRES

// Blur iterations - larger number means more blur.
[Range (0, 4)]
public int iterations = 3;

// Blur spread for each iteration - larger value means more blur
[Range (0.2f, 3.0f)]
public float blurSpread = 0.6f;

[Range (1, 8)]
public int downSample = 2;
blurSpread 1 downSample #/& i THEEMFZE . ERIIZERALZHEN T, BlurSize i
K, BEMEREER, EXFEHHNASZEZm. EidKE_BluSize (HESIEMER, XA[REHARZ
BANHER . T downSample B K, TFEALBEBEELEE/D, RN HAEE—PREEMERE, E
it K] downSample 7] fE& i R 15 %1k
(4) Befa, BATTEEELCHE OnRenderlmage BR¥. BATHERE S —MRA, Btk

& #-[¥) OnRenderImage [1]55 3 :

/// 1lst edition: just apply blur
void OnRenderImage (RenderTexture src, RenderTexture dest) {
if (material != null) {
int rtW = src.width;
int rtH = src.height;
RenderTexture buffer = RenderTexture.GetTemporary(rtW, rtH, 0):

// Render the vertical pass
Graphics.Blit (src, buffer, material,; 0);
// Render the horizontal pass
Graphics.Blit (buffer, dest, material, 1);

RenderTexture.ReleaseTemporary(buffer);
} else {

Graphics.Blit (src, dest);
}

}

5 EHARSEBIANRE , 3 13X B A FH RenderTexture.GetTemporary FE(MAC T — 5 R % EI{%
KRR . RXRE R, SRR Pass, AT EM AP a1 ZFRFE
B4 Pass JATEREREIBRIS R . WCEHR, &ATESLHA Graphics.Blit(src, buffer,
material, 0), ffFH Shader H {5 —/> Pass (R % B J7 ) i) — 4 @ BT b T I8 ) X sre BFAT
Ab 3, HKF S5 RAFGELE T buffer . 885, B Graphics.Blit(buffer, dest, material, 1), {# /] Shader
S A Pass (BRI ZAKF 75 1) ) — 4 s i AT S8 Y% ) X buffer BEATALBE, IR A1 28 1) B 5
Eg. BJE, BATETEZJEH RenderTexture.Release Temporary JFE 2 R 73 BC 2B A7 .

(5) 7ERfR T LRARESJE, FRATwT LASEIRSE — MR A OnRenderlmage Bi%{. fEIXANRA T,
BATTRE A 4 o0 BB AT IR, TR e A BB BB, IRmTERE.

/// 2nd edition: scale the render texture
void OnRenderImage (RenderTexture src, RenderTexture dest) {
if (material != null) {
int rtW = src.width/downSample;
int rtH = src.height/downSample;
RenderTexture buffer = RenderTexture.GetTemporary(rtW, rtH, 0);
buffer.filterMode = FilterMode.Bilinear;

// Render the vertical pass



256

Graphics.Blit (src, buffer, material, 0);
// Render the horizontal pass
Graphics.Blit (buffer, dest, material, 1);

RenderTexture.ReleaseTemporary (buffer);
} else {

Graphics.Blit (src, dest);
}

}

5RE—MRAEREAFR KR, BOESPRZPX AN, T DFIRBRESFERART,
FH A% I e Yo SrB R pE A R B B Ukt . iXBE, A —A Pass I, BT EACEE (9%
ENERR RIS —. SN EERHATRERFEA AT A/> F 2B G REH, IRETERE,
T ELIE 241 B R v] LAS 3 B 47 OB 28R . /R downSample {HEK, PHREBLF, {Hid
K downSample 7] fg £ it ik BSR4 .

(6) Brja—ANRAHIACHSIE % 18 T 1= Jrisoms () i AR 3L

/// 3rd edition: use iterations for larger blur
void OnRenderImage (RenderTexture src, RenderTexture dest) ({
if (material != null) {
int rtW = src.width/downSample;
int rtH src.height/downSample;

RenderTexture buffer0 = RenderTexture.GetTemporary (rtW, rtH, 0);
buffer(0.filterMode = FilterMode.Bilinear;

Graphics.Blit (src, buffer0);

for (int i = 0; i < iterations; i++) {
material.SetFloat ("_BlurSize™; 1.0f + i * blurSpread);

RenderTexture bufferl = RenderTexture.GetTemporary(rtW, rtH, 0);

// Render the vertical pass
Graphics.Blit (buffer0, bufferl, material, 0);

RenderTexture.ReleaseTemporary (buffer0) ;
buffer0 = bufferl;
bufferl = RenderTexture.GetTemporary(rtW, rtH, 0);

// Render the horizontal pass
Graphics.Blit (buffer0, bufferl, material, 1);

RenderTexture.ReleaseTemporary (buffer0);
buffer0 = bufferl;
}

Graphics.Blit (buffer0, dest):
RenderTexture.ReleaseTemporary (buffer0) ;
} else {
Graphics.Blit (sxc, dest);
}

}

LA B T W A A B AN G E AR M AT A L 2 . kAT ah AT, AT
HREE X T T buffer0, FHE sre B BB 4 8US 764 2| buffer0 . EEALREF, A
N T 5 ANEAE bufferl. ZEPATE /) Pass i, Hi A2 buffer0, Hii& bufferl, THEE
ST buffer0 B, FHIELSR{E bufferl %3] buffer0 &1, FFHE bufferl, RJ5HHME A
Pass, R FiRid#E. &R5EHJG, buffer0 KifEf B &1 E &, FRATFEFIH Graphics.Blit(buffer0,
destfl &5 R BRI R L, FFRBIMEAE.

T, FADRSEHL Shader B9 4> . #TFF Chapter]12-GaussianBlur, #EATI0 F&E.
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(1) FRATTE S 75 B W A5 66 1 1) % T 1 -

Properties {
_MainTex ("Base (RGB)", 2D) = "white" {}
_Blursize ("Blur Size", Float) = 1.0

}

_MainTex X 3 T4 A HOVE Je 808
(2) fEARYH, FAVEE—{EH CGINCLUDE FKAZULIYL. FATE SubShader R F|H
CGINCLUDE Hl ENDCG & Sk 5 X — R HIALHS

SubShader {
CGINCLUDE

ENDCG

XA A T B S EAEM Pass 6 Xk, RN, AR TFEL Pass PHERERE
18 B IO A (B8 0 e (A B R B4 B T . CGINCLUDE %M T C++ 3k i ThiE. BT &
WO 75 22 52 UHAS Pass, {HEANMER K o BF G L E2MER, A CGINCLUDE ] LA
BRBRNMEMANEE MK frag B

(3) £ CG i, & X5EHEX MK E:

sampler2D MainTex;
half4 MainTex TexelSize;
float _BlurSize;

H T EA R MR R AL ALR, RITKEH KM T Unity $£45H_MainTex_TexelSize
g, DIHEARAME ESUE A PR RES & .
(4) Zril5E CHA Pass AT A (138 T2 B EH 7 14 T R (A aeRas:

struct v2f {
float4 pos : SV_POSITION;
half2 uv[5]: TEXCOORDQ;
i
v2f vertBlurVertical (appdata_img v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex);

half2 uv = v.texcoord;

o.uv(0] = uv;

o.uv([1l] = uv + float2(0.0, MainTex TexelSize.y * 1.0) * _BlurSize;
o.uv([2] = uv - float2(0.0, MainTex TexelSize.y * 1.0) * _BlurSize;
o.uv[3] = uv + float2(0.0, _MainTex TexelSize.y * 2.0) * BlurSize;
o.uv[4] = uv - float2(0.0, _MainTex TexelSize.y * 2.0) * _BlurSize;
return o;

}

TEANTPIATEFIA 5x5 KA R o I B AT S Bon], 1 12.4.1 70T %0, —A> 5x5
{1 — 4 e % T LA A BN KN b 5 I — e %, BRI IRAT AR =05 5 NGO A FRRp AT .
Ak, BAVE vaf Gtathde T —A 5 G SO A bREA . B I3 — N BRRTERE T AT AR
PEOCEE, TR AR R DDA AL B U 2 S ASO R o ont SRR AL I S A S Al bR . BRATEA R _BlurSize
IR FEHIRAFIE R . ERTIEAESARMER T, BlurSize 8K, BMIFERES, EXRFELH
A2 E) 5w . (Hid KK _BlurSize MRS, XATREIFARBRATFEN . Wi THERAL
AP ARED M F TOE BB T BRI AE (AR, TRIESE, AR, BT ATIRER
BRE o AR AR R R YRR, BRI I A S s B A bR i T4 R
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£128% REELERR

TP ) B IO 05 5 a8 A LT R RS ZRALL, R AR 4 D arE AL bR A T A J7 T B 4L
FEINATE IR .
(5) & XPF/ Pass FLHI ) o (a4

fixed4 fragBlur(v2f i) : SV_Target ({
float weight[3] = {0.4026, 0.2442, 0.0545};

fixed3 sum = tex2D( MainTex, i.uv[0]).rgb * weight[0]:

for (int it = 1; it < 3; it++) {
sum += tex2D(_ MainTex, i.uv[it]).rgb * weight[it]:;
sum += tex2D( MainTex, i.uv[2*it]).rgb * weight[it]:

}

return fixed4 (sum, 1.0);

}

B 1241 FAIHE1, —> 5x5 i Z4EmTRT AR AN K/ R 5 I —4Em iz, JFEHBT
ERXTFRYE, RATHFEDSR 3 AN EPCE, 2R ) weight 8 . BATE LS T HA
ARITAR FE XS N AL TE weight, RJEHE45 RAH sum VIEE 0 2400 AR BE R LLE FBCEM . MR
FRPE, BATHAT THKEAR, BREREE THIRGEERFE, HIEREEMNEMEENERE
nE| sum . Bf5, RECRFEERESE sum.

(6) RJ5, ATE ST & BOm i F TP Pass:

ZTest Always Cull Off ZWrite Off

Pass {
NAME "GAUSSIAN BLUR VERTICAL"

CGPROGRAM

#pragma vertex vertBlurVertical
#pragma fragment fragBlur

ENDCG
}

Pass {
NAME "GAUSSIAN BLUR HORIZONTAL"

CGPROGRAM

#pragma vertex vertBlurHorizontal
#pragma fragment fragBlur

ENDCG
}

HERE, BAMAARERRE THEPRE. MZiTSCBARMR, RATAMHEA Pass 1A NAME
B (W 3337 EXTENMNKLT. X2EN, Srbop 245 & WA EER A 84E, REL R
TR R @S AE B AL B A, 1t Bloom BUR (W 12.5 §9). 4 Pass E XA, ] LAEIAth
Shader * H#58d E A 10 2 F R % Pass, WA T2/ ES WS R,

(7) HJ&, F<Hl% Shader ] Fallback:

| Fallback Off

SEE R [FI 4R As, JFH Chapterl2-GaussianBlur ?ﬁ&@]%{%ﬂﬁ‘] GaussianBlur.cs A 1)
gaussianBlurShader 2%+ . 248k, A1 LA7E GaussianBlur.cs [ 4< [l 4+ Kf gaussianBlurShader
ZHBRIAE R E X Chapter12-GaussianBlur, XA 75 2 LUE I N R F o R T .




12.5 Bloom ¥ &

m |

Bloom 4 5CR xk oP  ILI—Fh R HER R o X PR AT LA BT SE SRR L ) — Fh AR RR
Bk RN DO i 2R B X, SR AR ROR . B 12.9 S T Sh ke fr
(K%2%) (¥4 Elephants Dream) " ff]—> Bloom %R .

AT S —ANEAH Bloom $98, 7R 7eATE, TATAT LMFRIBEMLUE 12.10 FFHEIRCR

AE129 mEEH (K&ZE) HHBloom KR, AEB 1210 EAARBER,
ek FEIT 1Y EER T RS A X 4 i Bloom AME EHIME

Bloom FSEH R ERAEH R 5 BRATE SEARYE — A WA SR EUE R P R Xk, B ek
FE— R E GG, PR SRR IX SR P SO AT RO AL B, B RO, &5
MR RGRHITR S, BRREHRR.

ik, AT ERAT I N R TAE

(1) FE—A . EAPRED, ZIHFALN Scene 12 5. 7F Unity 5.2 H, EIAEFR T
RRBAE - REIAM—ANFIT 4, FEFHATHEMNREZRZT . £ Window — Lighting —
Skybox 1 Zx#ERFMRT &

(2) A Y+ ) Textures/Chapter12/Sakural.jpg #i 5275t b, %S (47 & H w] A
WA SR, ER, Sakural.jpg SRR CUY ¥ Bk Sprite, AT LB 4 RFFF .

(3) B — A, ERPREF, ZMA4 N Bloom.cs. A 8B ERRNL L.

(4) FrE— Unity Shader. {EAPEYET, % Shader 44 Chapter12-Bloom.

BATE %KY E Bloom.cs A . FTIFZMA, AT FEH.

(1) B, 46K 12.1 Fh a3k,

I public class Bloom : PostEffectsBase ({

(2) FEHHZBCR T EM Shader, FFHE G ERARH N )41 5T -

public Shader bloomShader;
private Material bloomMaterial = null;
public Material material {
get {
bloomMaterial = CheckShaderAndCreateMaterial (bloomShader, bloomMaterial) ;
return bloomMaterial;
}
}

e _FiRfCHE , bloomShader J2 3 A 145 & ) Shader, %F 5 T )& 4 2 SEBLHI Chapter12-Bloom .

(3) 1T Bloom X5 28 37 7F = i BRI B0 2L R A, R A 3R A S50 12.4 S5 L
SFogd—FE, BATRBEINT — 3193 % luminanceThreshold 42 il 5 B 25 X 43 i i B 1) 19 1
KN
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// Blur iterations - larger number means more blur.
[Range (0, 4)]
public int iterations = 3;

// Blur spread for each iteration - larger value means more blur
[Range (0.2f, 3.0f)]
public float blurSpread = 0.6f;

[Range (1, 8)]
public int downSample = 2;

[Range (0.0f, 4.0f)]
public float luminanceThreshold = 0.6f;

REELHRKZEERT, BRORTEERSHEE 1. BoRERINIFFE T HDR, EHES TR
e EFEE N EREEEENEN S, N RENTEETESET 1. Fil, ExE
A4 luminanceThreshold FIERLEZE[0, 476 FEN . XX T HDR MIAZ, ATLIZN 1843 5.

(4) B, BATHFEE XK OnRenderlmage b4 :

void OnRenderImage (RenderTexture src, RenderTexture dest) {
if (material != null) {
material.SetFloat("_LuminanceThreshold“, luminanceThreshold) ;

int rtW = src.width/downSample;
int rtH = src.height/downSample;

RenderTexture buffer0 = RenderTexture.GetTemporary(rtW, rtH, 0);
buffer0.filterMode = FilterMode.Bilinear;

Graphics.Blit(src, buffer(0, material, 0);

for (int i = 0; i < iterations; i++) {
material.SetFloat ("_BlurSize", 1.0f + i * blurSpread);

RenderTexture bufferl = RenderTexture.GetTemporary (rtW, rtH, 0);

// Render the vertical pass
Graphics.Blit (buffer0, bufferl, material, 1):;

RenderTexture.ReleaseTemporary (bufferQ);
buffer0 = bufferl;
bufferl = RenderTexture.GetTemporary (rtW, rtH, 0);

// Render the horizontal pass
Graphics.Blit (buffer0, bufferl, material, 2):

RenderTexture.ReleaseTemporary (buffer0) ;
buffer0 = bufferl;
}

material.SetTexture ("_Bloom", buffer0);
Graphics.Blit (src, dest, material, 3);

RenderTexture.ReleaseTemporary (buffer0) ;
} else {

Graphics.Blit(src, dest);
}

T RARESART 12.4 55 P REAT OTEOR B AR B A A R, (HEEAT T — 25k, BATATE
$#2%|, Bloom BRTE3MPE: Bk, RNERPEEMOXE, FHERMNZEEHR 124 WHEE
Xt sre HEATIERRE, T /28 A Graphics.Blit(sre, buffer0, material, 0)%{# ] Shader # )55 —
AN Pass $RHY ER b (AL FE X I8, $RER S B i 45 X 80K 77 A 1E buffer0 . 2R)5, RATEITHI 12.4
T s — PRI R AT ORI RAL B, JX 2 Pass XY T Shader IS —ANFISE =1 Pass. HBMI/FK
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= XA S AEELE buffer0 T, B, FATHEIE buffer0 /&% 454 FiH i _Bloom L @, iR
i Graphics.Blit (src, dest, material, 3){# F Shader H1f¥) 28 [4/ Pass R IT &G IR A, 45 FRiF0E
{E HbRiE 804 dest F. Befa, BREENZF.
T, FATRSLH Shader HIE4). #TFF Chapter12-Bloom, 4T &,
(1) BATEAFTESUEBIEAHEANBY:

Properties {
_MainTex ("Base (RGB)", 2D) = "white" {}
_Bloom ("Bloom (RGB)", 2D) = "black" {}
_LuminanceThreshold ("Luminance Threshold", Float) = 0.5
_BlurSize ("Blur Size", Float) = 1.0

}

_MainTex X5 TH#I A TESLE .  Bloom 2 & AR f5 (8572 X 38, _LuminanceThreshold
R FIRBUR Z K IS A FH B, T _BlurSize #1 12.4 Feh f8/E AR, HTHHIARIERZ 6
S RSERA PR RN X 30 [

(2) ZEAFd, BAVIRER CGINCLUDE FRALRIG. FAITAE SubShader B+ Fi
CGINCLUDE #1 ENDCG & 3R & L — R FIAHS

SubShader {
CGINCLUDE

ENDCG

(3) A TR SR

sampler2D _MainTex;

half4 MainTex TexelSize;
sampler2D _Bloom;

float LuminanceThreshold;
float _BlurSize;

(4) FATE 56 RE LARBAE AR 7 A B T o A 0o 8«

struct v2f {
float4 pos : SV_POSITION;
half2 uv : TEXCOORDO;

}i

v2f vertExtractBright (appdata img v) {
v2f o;

o.pos = mul (UNITY MATRIX MVP, v.vertex);
o.uv = v.texcoord;

return o;

}
fixed luminance (fixedd coloxr) {

return 0.2125 * color.r + 0.7154 * color.g + 0.0721 * color.b;
}

fixedd4 fragExtractBright (v2f i) : SV_Target ({

fixed4 c = tex2D( MainTex, i.uv);
fixed val = clamp(luminance(c) - _LuminanceThreshold, 0.0, 1.0);

return ¢ * val;
}

TR A GSRMZATHR LI SME . ERocE ST, AT RIS 2152 5w 2 B E
_LuminanceThreshold, FE45REHE] 0~1 WHEA. K5, BRAIFEIZEMREEEHRE, 853
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128 RERLENR

PR SRR X K
(5) $RJE, BT LT IRA 5 B 1R i P 45 e A P A T A e

struct v2fBloom {
float4 pos : SV_POSITION;
half4 uv : TEXCOORDO;

}i

v2fBloom vertBloom(appdata img v) {
v2fBloom 0;

o.pos = mul (UNITY MATRIX MVP, v.vertex);
o.uv.xy = v.texcoord;
o.uv.zw = v.texcoord;

#if UNITY UV_STARTS AT TOP

if (_MainTex TexelSize.y < 0.0)
o.uv.w = 1.0 - o.uv.w;

#endif

return o;
}

fixed4 fragBloom(v2fBloom i) : SV_Target ({
return tex2D(_MainTex, i.uv.xy) + tex2D(_ Bloom, i.uv.zw);

}

S L T (o B8 5 2 BT TR, R 158 LT PIANSUREALHR, FAFAEZER— /NN halfs
(AR uv . B xy SRR T MainTex, BREURMSEEAITR. TSR zw 2 Bloom, EIKLH
BB K R SRR AT B XA ST AGRHT T B 2 R GEIL 5.6.1 ).

P e B AR SR T8 T . AT T E I BT T S SRR 4 AR IR A B T

(6) B, BA1EXL T Bloom MR FLEN 4 4 Pass:

ZTest Always Cull Off ZWrite Off

Pass {
CGPROGRAM
#pragma vertex vertExtractBright
#pragma fragment fragExtractBright

ENDCG
}

UsePass "Unity Shaders Book/Chapter 12/Gaussian Blur/GAUSSIAN BLUR_VERTICAL"
UsePass "Unity Shaders Book/Chapter 12/Gaussian Blur/GAUSSIAN_BLUR HORIZONTAL"

Pass {
CGPROGRAM
#pragma vertex vertBloom
#pragma fragment fragBloom

ENDCG
}

Hep, B AFE=A Pass WAVTEBAEH T 12.4 FEHOM o2 XIIPA Pass, X2l it
UsePass & X458 E 1/ Pass 42 KEHH . T EHEHNE, BT Unity BFBEIEHTH Pass ] Name
WM KS F iR, BILAEAER] UsePass dr & B RATL A KSR LF .

(7) HeJi, FATIFH T % Shader ) Fallback:

| Fallback Off

SERRJE IR [F1 4045 8%, IF4E Chapter12-Bloom i H. 2 {& LI Bloom.cs A4 ) bloomShader




126 EEnEN

ZHh. 48R, BAIALLZE Bloom.cs [ A [l 4% 4 ¥ bloomShader ZH KR INERE AN
Chapter12-Bloom, XFE#EA T ELLE NSRRI FHIERT .

4 ) 5. r =

- 'a - -, . -

G e T . e e g ] e

e =T e R e g

i IRE X0 * et

|y e 1%l ¥ N
R o B =1 2l

BB 2 B SE R AR R — RO . W RAERE AL ER, B RRAE T 1k,
LT AR () R . S SHEBURIE RO B H SR R IR E A, HREROME, ST URI
T RAEHRET RS NEEER, #AEshBRMK S . B8R rT ALY e shE ik ok
INESF, HEETENEREGS, BTAFERCX RIS, E5 R BB AR
A, BIZENOR . 7E e W B A R KR R, D D [ S N8 Bl AROR R — i DL 4k
H k. X, BATE S W e B
AbER R SCEE SRR AR . EAT G HUE, B’
IR 20U 12.11 PAIRR .

EHEM R SEIA 2R 5. — MBI
SEH ] —h BFRLESF (accumulation buffer )
KRG ZHIELNER . U BREB LS
KBRS, RIEMNZ MK TSEENREY 8121 FLARIR, HAXERENRMEHHR
BRI RS . R, XFRPEN R RER R, FOARZEIRI S ki R R
BAOFEEER —EERZXKSR. 5N ZHRFERAUEIMEREEE (velocity
buffer), XANEFTFME TS MEFELRIMIBEEE, KGRI ZAE K E B0 K 77 =) AR

FEAATR, FRATTHRAE LRSS —Fh 7 2 B SR R BB R R . BATA TS B —
PR RIERZ K, EFERFZATINERLER, AW a0 r3E G B RS n 22 5y E 34 K
B, W= 2 —Fh S sh B AR BOR « X RNV SRR R R H R AE B T AR L e RE SE AT,
(BRI AT RE 2 RS W

ik, BATIRE AT R & AR

(1) HE—aRt. EAPREF, %5742 N Scene_12_6, 7E Unity 5.2 #, BRIAMER T
SRS AN EENA— AT, FEHMEHTNERNRER T . £ Window — Lighting —~
Skybox 1 &1 R P IR R F .

(2) BATREEE - ADNRIZ IR . EABRERSEIMY, BRIMIWET —1aE 3
RS E, HMET 4 MLk, efIER T RAE 9.5 W QU KARHEM BT, R, 3RAT
FOA P BRI B Translating.cs A RAFEN, L HAES R T AWIZS).

(3) HE A, EXRBEEF, ZMA%L N MotionBlur.cs. %M AHE R 2 EEL L.

(4) g —> Unity Shader. 7EAH5% Ui, i% Shader £ 4 Chapter]12-MotionBlur.

BATE %K% S MotionBlur.cs BIA . FTIFZMA, FFiTm B

(1) B, 464K 12,1 FThaIEMIEESE:

| public class MotionBlur : PostEffectsBase {

(2) FEHZRCRTZN Shader, FF4E MO E AR N 1944 77 :

public Shader motionBlurShader;
private Material motionBlurMaterial = null;

public Material material {
get {
motionBlurMaterial = CheckShaderAndCreateMaterial (motionBlurShader, motionBlurMaterial);
return motionBlurMaterial;
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E12% REELAENE

}
}

(3) 2 HHIFE TR & B I FH BRI 2 4L .

[Range (0.0£f, 0.9f)]
public float blurAmount = 0.5f;

blurAmount f{E#K, ZEFHIEROEPRUE, K T P7 L RECE 5 S SR iE 4
g, BTAHEE FEERIAE 0.0~0.9 YEE A .
(4) 5 X—> RenderTexture %Y ({25 &, {RAFEZ 1T B 5B INHKIS5H:

private RenderTexture accumulationTexture;

void OnDisable () {
DestroyImmediate (accumulationTexture) ;

}

£ B pARE R, BAEZEHAAZ TR, B OnDisable p& (i}, 7EN445% accumulation
Texture. XK N, WATHELE T —UITaa N FHE ORI i 305 B n & .
(5) fJa, WAITEE S EM 4 i) OnRenderlmage iR %4

void OnRenderImage (RenderTexture src, RenderTexture dest) {

if (material != null) {
// Create the accumulation texture
if (accumulationTexture == null || accumulationTexture.width != src.width ||
accumulationTexture.height != src.height) {

DestroyImmediate (accumulationTexture) ;

accumulationTexture = new RenderTexture(src.width, src.height, 0);
accumulationTexture.hideFlags = HideFlags.HideAndDontSave;
Graphics.Blit (src, accumulationTexture);

}

// We are accumulating motion over frames without clear/discard
// by design, so silence any performance warnings from Unity
_accumulationTexture.MarkRestoreExpected () ;

material.SetFloat ("_BlurAmount", 1.0f - blurAmount);

Graphics.Blit (src, accumulationTexture, material);
Graphics.Blit (accumulationTexture, dest);
} else {
Graphics.Blit (src, dest);
}
}

EMAM AT, BATE S AW TR A B/ accumulationTexture & 75 2 5. Al
AMUHWERBEHT, BHWERTS LET KRR PEMT, WRNHL, HHHRNTGEE
FoIE — N EA T 404 9% 1 accumulationTexture 24, AESEHEE, hTRIISHOENZ
A B, B AT AR E 9 hideFlags # & & HideFlags.HideAndDontSave, iXRBRE XM
A4 BIRTE Hierarchy ', WASHRARIG R, RE, BATVEH ST WIEE¥141E accumulation
Texture (f# ] Graphics.Blit(src, accumulationTexture) {5 ) .

AR TAHMM accumulationTexture 22 & J5, A1 H T accumulationTexture.Mark
RestoreExpected PR 50K B F AT 75 B AT —ANE S 803 (19 Pk R A5AF . Yk 1R 1E (restore operation)
% 7 VY ) ST T 1% 0 B0 A AR AT S A S L T . R, B O
OnRenderImage I #75E3 24 BT KW S AN accumulationTexture FH I fRIE A, accumulationTexture
GHEATRERIET, BNERETRINZITMEESE. RE, BRIBSEHLESMR, A
Fii Graphics.Blit (src, accumulationTexture, material)ft >4 i (1] 57 % Bl 4 src & % accumulationTexture 7.
55 { F Graphics.Blit (accumulationTexture, dest)" 45 5 S~ 2| FE %5 L.




12.6 EENEH

N, FARICHE Shader HIERS. AT SEIRAIZ SEIER & 8, A HTH Chapter12-MotionBlur,
BT F B2 .
(1) AT 5 7 B 7 B A ol e A 1 %A IR

Properties {
_MainTex ("Base (RGB)", 2D) = "white" {}
_BlurAmount ("Blur Amount"™, Float) = 1.0
}

_MainTex X8 THIAMIESLH .  BlurAmount 2 8 A B I # A VR & R 5.
(2) fEA T, FA 1 H CGINCLUDE R412UHS. FRAT7E SubShader R FH CGINCLUDE
F1 ENDCG & XK & L —RFI:

SubShader {
CGINCLUDE

é&éCG
(3) FRAET BTREMASFEE:

sampler2D _MainTex;
fixed _BlurAmount;

(4) TR 0 38 MO P 5 2 2 44 P ARG e — A

struct v2f {
floatd4 pos : SV_POSITION;
half2 uv : TEXCOORDO;

}2

v2f vert (appdata_img v) {
v2f o;
©.pos = mul (UNITY MATRIX MVP, v.vertex);

o.uv = v.texcoord;

return o;

}

(5) T, BMNEXTHAFILEOSR, —PHTERMERLER RGB EEH?, B
FF BB RSO ) A B ITE RS

fixed4 fragRGB (v2f i) : SV_Target {
return fixed4 (tex2D(_MainTex, i.uv).rgb, _BlurAmount);
}

half4 fragA (v2f i) : SV_Target {
return tex2D(_MainTex, i.uv);

}

RGB EIE R A ) Shader X =4 B EHRHEATRFE, FHFH A SEIEAI{E %4 _BlurAmount, LAEFEF
TR A i AT LU E S BB E B TR & . A BIEMRA RS RER A T, HEOREREL R, &
P b, XA R A T GEE RSO B B TEAE, ARSI I ) BE B K

(6) )5, ATE X T IZHHEM I F 1 Pass. TEAH]PRATTHEMA Pass, — M T HEHE
RLUPY) RGB IMIE, B—MHTHEH A Wi, BB A @EiER RGB @IiES I, RENTE
3 RGB M EANFHFHBEECH A BERESER, HIXAFE A BERESAERLHE .

ZTest Always Cull Off ZWrite Off

Pass {
Blend SrcAlpha OneMinusSrcAlpha
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2% REELENR

ColorMask RGB
CGPROGRAM

#pragma vertex vert
#pragma fragment fragRGB

ENDCG
}

Pass
Blend One Zero
ColorMask A

CGPROGRAM

#pragma vertex vert
#pragma fragment fragA

ENDCG
}

(7) BJa, BA15<H T Shader [¥) Fallback:

| Fallback Off

56 5 IR [Fl 448 2%, FFE Chapter12-MotionBlur 1 % 24542 H11) MotionBlur.cs [l 4 1)
motionBlurShader Z%{H . 44k, AW LAZE MotionBlur.cs [ A [Hiti -1 4% motionBlurShader Z
B BRIN(E 1% B A Chapter12-MotionBlur, XHEgEA 75 2 LU H IS S IRER F o T -

A RIEFHERI R R L. RANES TESEMZ MK ER, XHERE—KAAEH
HREMEG . i, “YkiEshs e, XF7eTfE o s m b B &R T . 58
13 Frf, FRATIS 2 S0 AnAe] ) FH IR R S0 i g B R ARLIZ B BRI AR

AFENHT WAILE Unity =) FIVE B SUSL BB 3 i AL B ROR, #Eﬁ*ﬁT}LWﬁ%LPﬁ]ﬁ%
FERRISEIR 7. X BUR A T BUR AL EE i) — 2B, DUAEReE M EIER MR . R T AFE
AR XL R o, EH 0] LLFE Unity (1) Image Effect Chttp:/docs.unity3d.com/Manual/comp-
ImageEffects.html) R KRF|E LHFMAIEM . £ GPU Gems RF! (https://developer.nvidia.com/
gpugems/GPUGems) 1, AT HFEETEBREIEMEREAR, i, (GPU Gems3) 5 27
B, NMET PSRRI E. BRIk A, 3 AT DAFE Unity (4% U5 R 5 0 A 0 2%
PR BV 2 AR PR AR



" OS8R fERIREERNALER

FESR 12 R, BRAVEIMFRGAFEBORE N R RO B AR LT &R e R ST .
Wifn, BREMBEBROAMUFELHREROFOGR, EREGIRENELZER. G, E#T
DKM, BHEMASGEEBSMRNEKIL%E BZDALEREREMTREELW, 5
FRZRMIATERNG A — PR VER, TRATAT AZER BE S RiE LR 80 BT 4K
W, XEEGALZEFAER TN, U T YiNER YA REEE S, IR
AR SR 12 4 5 e £

FfEAFE S, BAVHEIWOFIFE Unity o IREVR L A2 S0 K S B4R 5 1 R e Ja A 3 2%
o fE13.1 59, BATHE %I WAL Unity PIREUXPFPSEE, 76 13.2 9, BATESFIHE
FESERU HAR BB EE R, SCHRBHLREsERIRER. 7 13.3 1, BRINSEINAF]
AEELERERRFRREMATRPAME, NTRMERZEN. 134 TEFREIDER
W 5 —Fp I, BRI VR B RNE R SO AT A S .

Nkéu_

ﬁ?ﬁ?ﬁi Unity E%ﬁﬂﬁﬁﬂ%&&ﬂﬂ‘ﬂﬁ@#%ﬁ$ {B%&ﬂ]ﬁMEEﬁZHUE%Tﬁ@
¥ R EB R

13.1.1 BENRE

KBS LR —skiEREE, AAdE R ENEEREARGEME, MR EEE
MR EE. TR MEE—KSEE P, FELHE B MR EEGEZ0, 11, T Hi#E % SIELrE s m
e B4, XLEPRREE M EA R MVE? BEE XA A8, BATTFERBIZES 4 T TS
LR FE ., BARY, XEREERE T AZRHREEINE KR &4PE (Normalized
Device Coordinates , NDC). [EEi—F, —AMERIEAHBARLHERE L, FEREHTEAM
PR (R AR B B SR R BT AR R T, KRBT S E AR T I MVP BEGEERRN. £
BIBE—%, BRMNTEMEH M REERRERRT A, SRIMEANREMBL LB REN
I, XA MR AR, B A E T 4.6.7 Mo

Bl 13.1 /R T 4.6.7 /M4 HIY Unity PBUBOEN T ARSI B 13.1 PRZENK
B SR TR SAT, RIS N THREEAR S EANKT R E, PRGEERT NS
WEYAE R R AR e aE R, B TO AU A28 I BUM HH MO THL AU AR R 65 2R, A (0 vy I ) e S A AT
TIBEVBREE 2R E— LB R & bR . TEFERERE, KRB EAE Unity XFAAFR
AEOMEE L, R, BRATEX KRWMEZS WD A FAPRR, {85 FEZEAE R4 M7 A
e, HZHEF|INDC J5 z - EIGEHEE-1, 1JZREG. MAELM DirectX iXH 1 EREE O+,
Tl e z Sy BV ETE0, 1] 18] R T EALME O T ERARTENRLIR, TEN—L&
HHSEMUEAH N . KT AR AE R RERREE, EETUSE 4.6.7 M.
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F138 EARRMELSGE

AmgE

x = nearClipPlaneWidth / 2
y = nearClipPlaneHeight / 2
2 = -Near

w=1

JE 131 EEARYT, RYEHEENRAMRTTRE. E23FARES, BRRYARNTESTRE— A
K, ERIRET 4 XBRETRYUEBFETRENER

K 13.2 B TEEEH IER BB B RIS R, ZHRERX/E—MEEN[1, 1]
HISLTT e IEZCBUR LR B2 SE P R G R

AE 132 HEEXREYR, BEERNTRRHRTTE. ELUFRBER, EXRENANZESERE— L.
BPRRET 4 P RRRGYRWERTRENER

7EA3 5] NDC Ji& , 3 P& SCHE H 4R AR vT LAR 7 (B vH A8 3 T, X LB A XS A T NDC
P ARRE) 2 A ERIME. BT NDC # z 4 BEJEETE-, 1], A TibXSERE A EE— k&
B, BAFHEM R A A AT RS

d=0.5'z,4+0.5

Hep, dXNTEBESIRP IR EE 2w XN T NDC AR z 50 EAIME.

4 Unity REABBIXPE—KIRBELEMNE? 7€ Unity o, FWELHE LI EENRE TEIE
BIVRFERAT, AT LUt — NP1 Pass JE R TI48, IXHR G T8 A A vE S B AR FIE A . 6 SR
LFREEERARS (AFEERENERERER) N, WESCEHE SR LIV RE], EAEE
ERSIXE BIERE G-buffer 1. T 4T0EHEIRPURE RN, WENELLEREL —
AN Pass JHEYMIAR ). BARSCHLRE, Unity (& 455 (Shader Replacement) £ A1k
FIRLLyE Ye2K A (B SubShader [¥] RenderType #745) 4 Opaque (444, e 4148 F AIE 44 BA
FIRENTET 2500 (P9 ER Background, Geometry 1 AlphaTest JE4PAFIMZESLTER A, W
BB, I EERBIRBEAEELIET . B, BEELY AR HILEREMZLSCE T,
MALZIAE Shader H118 B IE i A7 RenderType #5735 . |

7E Unity #, FRATATDLUERE L — D RBMLAE B — IR IRE SO a2 — K IR - RS . ik
W#E, B ATE RSN, Unity SEERIGEESFRERZATVIRINE GRS
BEAR, ERFTEOABHDE, HER SRS AR ERR Pass (Bl LightMode #iXE N



13.1 BHEUREFESLEGE

ShadowCaster [] Pass, M. 9.4 1) REBAFHELF. WF Shader PAEEXFE— Pass, 4
EAERAS HITER S R (48R, EHARER AR AR AR . RSO (s BER W
12 24 frER 16 £, XEUATHHMERBERGFIREE. WRERER —KREHERLE, Unity &
GIE— KB RES BERMRL RBEA 32 47 (EANEIER 8 £7) MECHE, Hp Mg T k& ls
B amiEHacEn R il G 0, mMREREESWMLE B A HH. ELEEKIRRIEER
EGP AT L ER A5 A RN, Unity A RESIHRBEANELEAFRT . MR RERT, B
IO T RAS QB ZELEFN, FI Unity IKZEMHH T —A-$AMEK Pass AN R RER —
i 5E o XA Pass WA A AE Unity & —4 Unity Shader 1, FATATLAEAEK
builtin_shaders-xxx/DefaultResources/Camera-DepthNormal Texture.shader SCf & FI3X A FIE R
R BE R4 15 B I Pass.

13.1.2  J0faIFREX

1€ Unity ', FRERREESCERAEH 809, ROIVATGEE VR Unity: “18, HRBELORSRK!”
SR VG FAE Shader " ELEEVT A5 E VSR IR PRI AT . IXAN5 Unity Y38 RS A2 20 S 7 WA 30
BRI depthTextureMode SR, B ANFRATTAT LAIE L T 1 A FURS RARIUAR B LCHE :

| camera.depthTextureMode = DepthTextureMode.Depth;

— BB T _EmABEEIEENE, A1 AT LIFE Shader Hiliif A B _CameraDepthTexture
BEKVAE. XNMEREER R, ERMOFEMEXHTRBNEE, Unity AR THFZ
TAE (W 13.1.1 ).

FE, WRBERIEEHELLE, BRINMAFEEREPXFERE:

| camera.depthTextureMode = DepthTextureMode.DepthNormals;

SRJG1E Shader Hifiid 7 H_CameraDepthNormalsTexture 28 &K 1 1) & .
RAVER] LA A X LR, b — AN ERBLFE I = A — SRR B MR BE AL SO

camera.depthTextureMode |= DepthTextureMode.Depth;
camera.depthTextureMode |= DepthTextureMode.DepthNormals;

fE Unity 5 7, FRATIE AT AZESRARMLAG Camera 11 L& B 24 BTHHR LR 7 7 V8 YK B alix
FEHELR LI . 47F Shader FFiJ7 18 BIYR L3 CameraDepthTexture Ji&, FATEE AT LA A 4 AT FE
LU AL BR X B T A, RZHIEN T, WATEEEA tex2D BREBCRFERIW], (HERKLEFG
(Bilfn PS3 #1 PSP2) b, WATTHE L4 . Unity AEMNBH”T - R —HE
SAMPLE DEPTH_TEXTURE, FRAbHIXEEHF P& ZREmMn . mBEAIATFELE Shader
#i{§f il SAMPLE_DEPTH_TEXTURE % % ¥R B SCHHEAT KA, Bl

| float d = SAMPLE DEPTH_TEXTURE (_CameraDepthTexture, i.uv);

H, iuv 22— float2 KEMAR, NN T HBEMOLHELIF. BUNEER
SAMPLE_DEPTH _TEXTURE PROJ fl SAMPLE DEPTH _TEXTURE LOD. SAMPLE_DEPTH_
TEXTURE_PROJ % R EZHASH— R ELEER — float3 =X floatd A L ALFR, B/
AEER T tex2Dproj IXFERIREHATIRL SRR, SOEARBHMATAN T EEESRLUERE—
M, FERITEEERAE. MRRET BN E, BT KR, % HTHRHEIRS.
SAMPLE_DEPTH_TEXTURE_PROJ H%55 — /% ¥l % /& o1 T 5 45 (5 2% 4t 47 1170 13 ) 7 e A
b, .

| float d = SAMPLE_DEPTH TEXTURE_PROJ(_CameraDepthTexture, UNITY PROJ_COORD(i.scrPos));
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FI3E HARENARSGE

Hh, iscrPos &7E T 4 % s il I ComputeScreenPos(o.pos)f3 EI i FEALtr. LidiX
BRI E X, 13 AT ATE Unity P9 B Y HLSLSupport.cgine SCfF 3%,
LEISEFHBRREEE, XEREEEERIERMER, XMIERM kA TERREAE
FIMB AR, A, ERIMNMITESEPEERFERENREE, WS, RINFTELER
IR EERSRB LM R T, Gl AZE FIREE. BAa, BRITPOZWFE T IXA %
Wg? skhr b, BATR TEGHET ST SEN. FTEERMGERIL A, #S0E BiRE
SO IR A B E AR 25 E T IR EAE.
B 4.6.7 AT, H[BAVEF BB K EBIERE Py, MALA 206 T K — DA T8RS,
B E TSRz flw EA:
e, Far + Near 2 Near - Far
e " Far— Near  Far — Near

wcllp ==z visw

K, Far 1 Near 535 RGEHIFHREER. K5, RITEELFFKERZERRLAEE NDC
TH z &
Zap _ Far+ Near 2 2Near - Far

Wclip

TE 13.1.1 F P RATANE, PREESCE F KO8R AR AE L T H #9230l NDC o 5 18 9
d=0.5-z,,dc+0.5
B B AR T, BATT R d RRTEH 2,0, FIRIE K.

1
viw = Far — Near 1

Near - Far Near
T Unity fEFHBMA SRS, SEYLERX R z B3 R0ME, Btk TEIEEERN
EHFR, BRINTEN LEMERIUR, RERIINSRWT:
B v 1
Zviow = "Noar — Far 1
d+
Near - Far Near
ERBEVE B R AR ETEE, Bi[Near, Far]. WRZBNESGBNTEEE, 1) EHEE
{H, ATREL LA R, Far BIR] . X8, 0 iR ZREREVATE—(LE, | FR
RN TR BT P E. R T:

z
% Far — Near (Far— Near)-z,,

Zz

1
0 = Near-Fard+ Far

Near Near

SFIEH)Z, Unity $&AE T P4 BN R EOR AIAT#AT LR KT 72— LinearEyeDepth Al
Linear01Depth. LinearEyeDepth 1t ST B SUEE K FE 45 54 360 B 00 M 25 18] T AOVR R, thah 2
BA EHE B 2, . T Linear01Depth £ [H — M EEZE0, 1)MIRMREME, BHARA L
TS B zo10 XF /B8 0 548 T 4 B A9_ZBufferParams A5 515 2170 487 F 1 (196 5 .

IR AT EIRAUR EHELRLE, 7 LLEEE A tex2D K#%_CameraDepthNormalsTexture
BT K, BRI EmMAMEORENELER. Unity IR4ET 5BIR B AR XA KL R it
T, AR 2R BEEAEL 719 . XA B2 DecodeDepthNormal, B fE UnityCG.cginc H




131 HEUREAALLIE

U E
inline void DecodeDepthNormal( float4 enc, out float depth, out float3 normal )
{
depth = DecodeFloatRG (enc.zw);
normal = DecodeViewNormalSterec (enc):;

}

DecodeDepthNormal )35 — /S $ R A EEE+HEL S RAEL B, XA FAEL: B2 Unity X
HREREEE BRGNS R, BN xy 2BIFEHIRMAZRA THRZELRER, MEEREBHE5 B
T zw o4&, BiLHA DecodeDepthNormal B £ KAE L RIS, A 15L o LA BIARL f5 1Y
REHANEL . XAREEREETE, NWEEREE X580 RESCE PSR EEAR
@), T30 WAL A 220 FRVEL T . R, AT LUEE A DecodeFloatRG 1
DecodeViewNormalStereo Sl iR &+ 2 S8 1 IR BERITEZAR B

Zit, BMNCLFST WA Unity BIREURAFHEENELLEE, THE, BRIOIS%I W0
i FE AT SEBL S R A 2

13.1.3 BEBERENXLLOE

REWR, BAIHEAUESERRENTELLE, LEX Shader BEAT UK. Unity 5 42
T =AM TERTVERER BRI R BREFERLOE, XA 72 & F FHWRR 48 (Frame
Debugger). [ 13.3 73 T A WUEIAAS & 5 B AR B SO AR BEHE LR SO

ﬂuﬁ ol
aE13.3 {£M Frame Debugger EERELE ( £ ) MREHELRLIE (£ ). WEUFEGINBEEEFEMELLIE,
AR FNER TR HIENNERSE Y, ARG ENESR T UESSINEENELSEE

15 U i 2 R B B IR BE SR R ARG 25 18] RO IRBE A, T VR P+ SR SUEE AR ) Unity 2%
GG R AR, Eon RS F HERAE(S B ARG fE FVALR T 2 M. Sert, RATw]
L EATHE A 703 (0 85 oh i % S B A 5 AOUR BE R B, &l 13.4 B HntHARRS AR M &,
FATTAT LA P ACL T A AR SR i 4 e R A

float depth = SAMPLE DEPTH TEXTURE (_CameraDepthTexture, i.uv);
float linearDepth = LinearOlDepth (depth) ;
return fixed4 (linearDepth, linearDepth, linearDepth, 1.0);

R R T [ -

fixed3 normal = DecodeViewNormalStereo (tex2D(_CameraDepthNormalsTexture, i.uv).xy);
return fixed4 (normal * 0.5 + 0.5, 1.0);

EEEREGEN, EH G2 K E A8/l FRERREAN. XN REEH T LEEEE L
BT IEE RS (Unity BRUCH 10000 /N, AERLHEA R 0 NI 478 35 R BT EE X . iX
AR, T BRI 75 2 o N BT [ B B8 P R T A R X, i BT T
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PEEE KN, 2SBEBEYBOR K EHHUR2IFEHE /MR EE, MR RRE D E AKX
(Wl 13.4 i), MARMRE FHEREERLFRERN. MR, WRGFRE—DIFHEIK,
HY#E BB ERRE, maFEEm/LT—EEam.

AE 134 b BGUTETHRESE. A1 BIEEHBEHRMSAE0, 1SEEANIASE FAESSUE

£ i e : TG - i i e Thhe et B
TR Lt et R L e e e : ’ o L
i ads it A e e

fE 12.6 5, 1% 2] T infl it B & 2 5k B A B R RLZ Sh O RO . (B, 55—
A SE N V2 ROBOR I G A R ) . s R SR B vh Al T B MR R E R, R R
HEFER L EABI T K/ o R ERA BRI, —FTERIES R A Yk
BEVE G 3 — KRG B o o (EIXFPITEII B AE T T B 07 7 b T A #4461 Shader U85, 45N
TR AR IR B — NE L .

(GPU Gems3) 7EZE 27 & (http://http.developer.nvidia.com/GPUGems3/gpugems3_ch27.html)
P T — R SOE B B . RO ER AR BEGCRAE f on A e dd o BAME R R
FEMESF 258 B AOALE, R I i A 2 A AL A+ BUB R M R IR e XS NDC T B9 10 AR PR 4T 22
HAG BB 25452 542 6 P A TR AR R G, BRATIE Y AT — Wit 3 AL £ * B AR B X Lk AT 28 e, 19
B BEAR —WIH K NDC k5. )5, RAVEFAT—WIR LaTWR AL EE, ERGZEENE
BEo XFITIER AR T LME— A B 5 e 2 TR e A SR AL, (BB SR T EE S T
A OR TP BHAT R UOE VAR IE, XPERER BT .

AT R SCEERIEZ BN, BA17ZET P& TIE.

(1D FE AT EEBRED, &5 HE R Scene_13_2. 7E Unity 5.2, FIAFHL F
FREES —MRBIFA—E%, R EAER T W EMRZ & F . 7€ Window — Lighting —Skybox
FEEHRPIRERET

(2) BAIFTEER - NRES BRI . EAPRESCIE, R T —1Mas 3
MBI, HRCE T 4 Ak, EAEMER T RAIE 9.5 Feh AU MR F. FiF, i)
AP FP [ Translating.cs ARG E, LA T AWHEF).

(3) @ —MEAE, EARBEFES, ZEA% D MotionBlurWithDepthTexture.cs. 1% A4
REFENL L

(4) HE—A™ Unity Shader. fEAT %R, 1% Shader £ Chapter13-MotionBlurWithDepthTexture..

BATE 5K E MotionBlurWithDepthTexture.cs A . TIFZBIA, T FEK.

(1) B, 40K 12.1 WrpalpsE.
| public class MotionBlurWithDepthTexture : PostEffectsBase ({

(2) FHZCR % B A Shader, F-38 A1 E AN BI41 R -

public Shader motionBlurShader;
private Material motionBlurMaterial = null;




13.2 BigEaER

public Material material {
get {
motionBlurMaterial = CheckShaderAndCreateMaterial (motionBlurShader, motionBlurMaterial) ;
return motionBlurMaterial;

}
(3) 5E & A iU B R A B9 K/

[Range (0.0£, 1.0f)]
public float blurSize = 0.5f;

(4) @AY HEAZREHOIA MBI, ROFEEL D Camera KEMAER,
CASREGZ I A B ZE B SR+

private Camera myCamera;
public Camera camera {
get {
if (myCamera == null) {
myCamera = GetComponent<Camera>();
}
return myCamera;

}

(5) BANETEE X —MEERRAF L — WG AL A B

I private Matrix4x4 previousViewProjectionMatrix;

(6) HITABITEIRIMBEH ARSI, BAFEMAR) OnEnable BREF B EHHEHLHIRE:

void OnEnable () {
camera.depthTextureMode |= DepthTextureMode.Depth;
}

(7) #Ja, AIEILT OnRenderlmage bR %] :

void OnRenderImage (RenderTexture src, RenderTexture dest) {
if (material != null) {
material.SetFloat ("_BlurSize", blurSize);

material.SetMatrix (" PreviousViewProjectionMatrix", previousViewProjectionMatrix);
Matrix4xd4 currentViewProjectionMatrix = camera.projectionMatrix * camera.worldToCameraMatrix;
Matrix4x4 currentViewProjectionInverseMatrix = currentViewProjectionMatrix.inverse;
material.SetMatrix(" CurrentViewProjectionInverseMatrix", currentViewProjectionInverseMatrix);
previousViewProjectionMatrix = currentViewProjectionMatrix;

Graphics.Blit (src, dest, material):
} else |{
Graphics.Blit (src, dest);
}
}

L) OnRenderlmage B ¥R 8, WATH T EH AL RS ER P EANEHE. £
191 75 4 F PR AN 2R 3 B —— 0 — ol I A * 4R R B L B 24 i ol 0 A0 A+ B B AE B A R B . (R
I, AL A camera.worldToCameraMatrix 1 camera.projectionMatrix 3 7351173 £ 24 i 45 41
IR AR R R R AE R . X EATTAHTR G Y, 1530 24 a0 R0 A B AE FE I R B, JFtE A
Jie. ARJE, BRATHEHUY FT ) 45 RAFAETE previousViewProjectionMatrix A, LUELE N —if{&
LR PreviousViewProjectionMatrix J& 4 .

U, ARSI Shader IEE4r. $TJT Chapter13-MotionBlurWithDepthTexture, HEATHI F&2.
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F13F FERREMEZSGE

(1) TRATE 5 75 B 75 0 A f5i A5 FH ) %A T 4«

Properties ({
_MainTex ("Base (RGB)", 2D) = "white" ({(}
_Blursize ("Blur Size", Float) = 1.0

}

_MainTex XN THIARERLGE, BluSize ZEHE R EHNSH. BRINTEDR, BA
{EH A B i B T # )5 (] _PreviousViewProjectionMatrix #1_CurrentViewProjectionInverseMatrix J&
P, {HHBFH1E Properties R A A EA]. X R EH Unity WA RMIEMEREA R, EROTIA
A LA7E CG RS & SUXSeHE R, MRS R EEA].

() FEAT o, AVEH CGINCLUDE RALHT . FATLE SubShader R+ #IH CGINCLUDE
F1 ENDCG iff SCRE X — R I

SubShader {
CGINCLUDE

ENDCG

(3) FHAEPRREANE R

sampler2D _MainTex;

half4 MainTex TexelSize;

sampler2D _CameraDepthTexture;

float4x4 CurrentViewProjectionInverseMatrix;
float4x4 _PreviousViewProjectionMatrix;

half BlurSize;

e EEfARES P, BRT & XAE Properties 7 H¥)_MainTex #1_BlurSize M, TATEAY T HARL=4
Apft. CameraDepthTexture 4% Unity {545 R ATKNRBESIE, 1fi_CurrentViewProjectionInverseMatrix
F1_PreviousViewProjectionMatrix & B Bl A f& s M SR I A BE . BRI Z 4, BMEFHT
_MainTex TexelSize 258, EXTN T FLFH MR KD, BATFEME R &R LK
FEAFRAT P& Z e GER 5.6.1 7).

(4) TS B/ Z AT HZ REAREEAR—B, REMIT 11T RELEX
PR SOE AL bRAR & .

struct v2f
floatd4 pos : SV_POSITION;
half2 uv : TEXCOORDO;
half2 uv_depth : TEXCOORD1;

}i

v2f vert (appdata_img v) {
v2f o;
o.pos = mul (UNITY MATRIX MVP, v.vertex):

o.uv = v.texcoord;
o.uv_depth = v.texcoord;

#if UNITY UV_STARTS AT TOP

if (_MainTex_TexelSize.y < 0)
o.uv_depth.y = 1 - o.uv_depth.y;

#endif

return o:

}

HFEARG T, HAIFHER AL RIERGE, R DirectX XFHIF G L, RIFHE
WEFEZERFBUNE GBI E. £ ERPARET, RINRESCERRRAFLIRET T FEE
FACALEE, LAMEFERE DirectX HIF& L, #EFFR T RN IS TR LIS EIEFE R .



13.2 HiREaRM

(5) oo G R FIEIE QAT

fixed4 frag(v2f i) : SV_Target ({
// Get the depth buffer value at this pixel.
float d = SAMPLE_DEPTH_TEXTURE (_CameraDepthTexture, i.uv_depth);
// H is the viewport position at this pixel in the range -1 to 1.
£loatd'H = Floatd' (L uw.Xx '* 2 = 1,1 . uv.y %2 = 1@ *.2°= 4, 1)7
// Transform by the view-projection inverse.
float4 D = mul(_CurrentViewProjectionInverseMatrix, H);
// Divide by w to get the world position.
floatd4 worldPos = D / D.w;

// Current viewport position

float4 currentPos = H;

// Use the world position, and transform by the previous view-projection matrix.
float4 previousPos = mul(_ PreviousViewProjectionMatrix, worldPos);

// Convert to nonhomogeneous points [-1,1] by dividing by w.

previousPos /= previousPos.w;

// Use this frame's position and last frame's to compute the pixel velocity.
float2 velocity = (currentPos.xy - previousPos.xy)/2.0f;

float2 uv = i.uv;

float4 c = tex2D(_MainTex, uv):;

uv += velocity * BlurSize;

for (int it = 1; it < 3; it++, uv += velocity * BlurSize) ({
float4 currentColor = tex2D(_MainTex, uv);
c += currentColor;

}

c-f=.3;

return fixed4 (c.rgb, 1.0);
}

FATTE ST R R SR 4 T R 0 AR * R R P ) W R PR SR AR i B R A R AR
HIALKR . EARTFUR T X IR SO KA, RATTAEA 9 B ) SAMPLE_DEPTH_TEXTURE %2 fl 4 3
A bR VR B SO AT R, 183 TVREAE do HH 13.1.2 F5A1 41, d & H NDC T HARAR B sk 9 .
BRANEEM B FN NDC 45 H, BiFELXNAEEERRNE NDC. XA B RESR, R
T A R S B S R BB RT, BR d* 2 - 1. [AFE, NDC (1) xy 438 0] DL iR 3 A S0 AL bR LS 1
XK (NDC T xyz 2 mFGEBA[-1, 11D, 24133 NDC F AR H J&, FRATEAT A 24 i
P * B B AR R X AT A 4, RS RERR VB w 2R Bt R 22 8] T AR R
7~ worldPos »

— BB TR AR, IATE AT LU R AT — i LA RO AR M e A T AR e, 15 3
HI—MI7E NDC T BI85 previousPos. AR5, FRATTTHE AT — MR 2 5w 76 5 A 25 (8 R B4 & 22,
3B ZAR FE FEE velocity .

LEBZGENERESS, AT DU A %08 B X AR R AT R, AR EBCEY
HAR— MBI . RENRANLEMEH T _BlurSize SKREEHIRFEI B .

(6) B, TAMIE X TEENBMIFT T Pass:

Pass {
ZTest Always Cull Off ZWrite Off

CGPROGRAM

#pragma vertex vert
#pragma fragment frag

ENDCG
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(7) &, AL T shader [¥] Fallback:

| Fallback Off

SR G IR [Fl 44 8%, FE4E Chapter]3-MotionBlurWithDepthTexture 3 %2 2 4% H11%) MotionBlur
WithDepthTexture.cs [l 4<% ff] motionBlurShader Z ¥+ . 4%k, FA1n]LL7E MotionBlurWith
DepthTexture.cs I A< i tF ¥ motionBlurShader Z £ ) ERIAE % & N Chapterl3-MotionBlur
WithDepthTexture, XFEHEA TG Z LAG il HI R F a8 T .

A SEIRESBRE R T2 ik REYIREE S, X2 B IATHE VN L%
BT RENIESE) . R, G SR AT op (ARSI 31— A s ) o B AR L e 1 137
B, SRIAAREST=HAEMEEHBRIAR . W RBATEE IR B ) P 4= L s B R ROR
A e A R S R i 0 R L S P . 3238 AT LAZE Unity 5 (1) ImageEffect £+ #2350 £ (1iz zh#
B (0SB0 s

AT IR FRAE Py 04 (A28 P F 00 AR B ok R MR R A I R B 8 AL E . B, X
HHEAEwERE, 76133 W, RATESA 4P Pk i b R S0 Bt SR AR 77 .

LT 2mmw

T (Fog) Sk B 28 %48 Bl 0 — bR . Unity P98 IS R0AT LU= A2 56T 2 i 48 M 5t
BB R, BHREACHRSNIA/F CE AR LIIXLF N, RAVFEL Shader HE-MN
#pragma multi_compile_fog 54, [FIEFTEMRMCHI A EZ, #lW UNITY_FOG_COORDS.
UNITY TRANSFER FOG #1 UNITY APPLY FOG % . XFi i s T, RITAMUTEENNS
B AT )RR INAR SR FOTE AR, 0 ELAB S SEIEBUR B AR A PR . 2 FRAT 75 BEX 55 R AT —
SEANVEAL R AR, s P R R I RS, AR Unity B Z R E/AE T,

AN, BITEL%¥I—METRES
B2 RS, X, Bl
AT BB SUA R NE R EAE) Shader
R8T AUKEE— R B35 5 AL B ) B BRI AT
XA TR B R, BRATTET LAy AR
FFER, FlSsmER. ETHERRZE
BRFR. ETERENSRE. EFIEERT
. AT DU SIS 13.5 AR AE135 Lih: BHR. i HINLBEIENHE

HT BRI RBA R, RIEFEFLUEkERG MR A m T E. e
7 13.2 Fith, BAVEARRUESHEHINT O TIXAESR, BIFEE H S a7 A NDC A4y, i
24 FT AL A A B AR R R A PR AR Bt 5 A ) R IR R AbhR, (B2, XPERSEEFHEA T
o 10,38 PEATRE PRI AR, TSl S AR M R . AEATTHR, AT S — MRENRE
SO rp B AR V. IXFP VA S0 B R 23 ) AR EEAR S 28 OANBRMELE R, $RE K& L
BRI BT, XA T B S 20 T 2REIN A RER. RE, RIHE
SRR ML IR (R 25 18] F (IR BEMEAR T, A n EIREHLA A &, shrT LR Bz g A5
M P E . HIRAE B RN E, BT DA S AR SR Z AT .

13.3.1 ERHFRALLR
EF GBI T SAIGZAT, BATE SR T T NRBEQCEE B ARAR . RAVRIIE, 45




133 2R/EM

AN A AR ] LUB L G A T 55— AT ABPR A RS . SRR A AR PR th 2
He IR AR RATA T EREREYIERE R0 SRR, DRSS R 2B AR TR
LIRS &, eI T AR ERZ G R Mt A ARAR . 3N IR AT A T AR AR R AR 7R

| float4 worldPos = WorldSpaceCameraPos + linearDepth * interpolatedRay:

Hp, _WorldSpaceCameraPos J2 R HLAEH S 25 (8] F AL E, XA LA Unity N EXREH
B 733, 1fi linearDepth * interpolatedRay W W] A4S FHZ & ZAHX THAZHLI WAL &,
linearDepth & FH I 5 S0 373 B 2R M VR FE L, interpolatedRay 2 FH T s A5 (4% 4 HY JE4 (B /5 15 21
ML, EMUEE TIZBEIBREIK T, HEE THER{EE. linearDepth FZRIILAIC L
76 13.1.2 TR EgMRREL T, Bk, A% Ef#RE interpolatedRay )3k 1% .

interpolatedRay SR TXTUTHLBYFHI ) 4 D FARIFEARRE [0 EHHEE, X 4 DREaE T e
TGN 7 e FIPERAR B, FRATAT AR A SGHLAE R BT T & . FOV. Bt mfs. & 13.6
SR T v RE SRR . T L, FRATTAT LAY TSRS A [ ——toTop 11 toRight,
EATEHR S TIEREPE O R B LE Ly EA TR E. BT A R T:

halfHeight =Near X tan (g)
toTop =camera.up X halfHeight
toRight =camera.right X halfHeight-aspect

Hrp, Near 2T FHIFIEEE, FOV &% H 7 M MAIEHE, cameraup. camera.right 7>
BN T BRBHL E _E O FIEA 77 o

LR AR R JE, BATH AT AT 4 A AN T REHL T T . BT LA
Bl CHLBE 13.6 19 TL £0O, ERTE AR F:

TL=camera.forward-Near+toTop-toRight
HE A RS AR R BZHRUE FHRS R R, HAl 3 A SRR
TR=camera.forward - Near+toTop-+toRight
BL=camera.forward - Near-toTop-toRight
BR=camera.forward - Near-toTop+toRight

FRE, EHSKEH 4 MMEAMEE T TEER, BB RNT 4 4> BRI 26 B
B T RAE R M EMER I E R BRSO R ER, TR 7E 2z 77 LR, Eit,
FRAIA e BB VR BE RN 4 /£ 1 504 77 1) B SRR R B N BIER B AL W &, W 13.7 By
7o ARBEER (e B SR BN BRUBE B AR T 5, FRATTEL TL soh 6, RIEARLL =B R
H, TL FriEfste b, BB R BRI E BB B LIY SE By 5 2 ) bL 55 T 30 50 i (9 BE 25 A0 TL
) BRI L, B

depth  Near
dist  |TL|

HHULAT A, FRATRE R TL PR R SR ML RR G BR 2 dist:

: | TL |
dist =
Near

HIT 4 AN RHEXEAR, PRI ECAD 3 AN SR TL AH4E, BIERATAT DME A R — B A

Al B AHSRE, 193 SRR ) B AE

x depth

|TL |
| Near |

scale =
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B13% FRARENASLEE

Ray,, = l% x scale, Ray, = % x scale

L]

Ray, = lix scale,Ray, = % x scale

BL|

AaE13.6 +E interpolatedRay AE 137 REAGINAEEHERADBESNARIER

B e i A R SR B R A PR SE RO R 2 e — RS S R A R R DY e | f o XA
T B 4 AT N TG 8Y-FE ) 4 DA . Bk, FATAT LS L vk ST 45 R AL S L5 T
HEd, TAEOSRESITRACEERENNKRE, RAEFELAY, SEEEEERSH
Jo¥ 95195 interpolatedRay, ATH AT LA EEFIAAT — RN AXER XBRAEHF T
BRI ET

1332 B#ItE ,
FERPAME RS, ROTEE A SRR E RS BATENB IR R A REL

| float3 afterFog = £ * fogColor + (1 - f) * origColor;

RANBERARH CFHREHE k. 7E Unity N BERFREEIS, ZR=FMBRIHETA—%
¥ (Linear). 6%t (Exponential) UL &¥54(/¥1°F 77 (Exponential Squared). %5 z J5, fH
WHEAXS B F:

Linear:

s 8t 120

dlet—ds-
Exponential:
e, dREHIZEMRENSH.
Exponential Squared:
e d REHIFIRIENSH.
AT, ROVEEARMEEZOHE T, HEETRENENR. RETER, 49 E
—REMFZERTHREE y &, fRHELR N,

£ =L gy B Ho SR B R TG AL L

er Start

» Cin A e 73 TR 52 55 58 0 ) S /1N B R A 3 KB 8

13.3.3 ;|
A TAE Unity FRSEIUEET B4R fG AL BRI B AL,  JRA T 28t AT T s AR



13.3 £REN

(D HE—NTFR. EXRBRES, %3557 4L N Scene_13 3. 7F Unity 5.2 1, ERIAHEI g
FHAE—NRBIM—AN AT, HAMEH T WEMRZE T . £ Window -> Lighting -> Skybox
P EESRPPIREET.

(2) BRATREHE MR ZHHR. ERBRENLIF, RITWET —NMEE 3 Hh
fpiE), FEBCE T AL MBI, ENEER T RAIE 9.5 Weh MR EM R, R,
BAHEA I FEURF ) Translating.cs A RGREN, LA R+ AWiies),

(3) FrEg— A, ZERPEREP, ZM4A4 N FogWithDepthTexture.cs. %1% 45 5 2%
Bl L.

(4) #HE— Unity Shader. YEAF5#EYEH, 1% Shader 44 Chapter13-FogWithDepthTexture.

BATE 5EKYE FogWithDepthTexture.cs JIA . FTIFZIA, HiHiTm T EMK.

(1) H5E, %K 12.1 WP algrik.

| public class FogWithDepthTexture : PostEffectsBase {

(2) FEZRUR T E M Shader, 48 e BIEAH R (44 )5 -

public Shader fogShader;
private Material fogMaterial = null;

public Material material {
get {
fogMaterial = CheckShaderAndCreateMaterial (fogShader, fogMaterial);
return fogMaterial;

}

}

(3) TEATH, BAFEFRRBEVEAXSE, LR FEAER. FOV %, RNER
BRI B EAEH R R/ TR EAMARFES R, HERNIHEANZBEFEERBEIN
Camera 20141 Transform 4 14-:

private Camera myCamera;
public Camera camera {
get {
if (myCamera == null) {
myCamera = GetComponent<Camera>() ;
}
return myCamera;
}
}

private Transform myCameraTransform;
public Transform cameraTransform {
get {
if (myCameraTransform == null) {
myCameraTransform = camera.transform;

}

return myCameraTransform;
}
}

(4) 7 SCHRAUZE R A8 1 & S 5L

[Range (0.0f, 3.0f)]
public float fogDensity = 1.0f;

public Color fogColor = Color.white;

public float fogStart = 0.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>