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Abstract

Title Transmitted light rendering
of human skin Research on real-time rendering
Author Feng Gao
Advisor Taichi Watanabe
Key Words Real-time rendering, Shaders,Character 3D models
[summary]

In reality, the structure of human skin is complex, and when light hits the skin
surface, very intricate interactions occur. In fields such as realistic CG effects in visual
media, skin is often rendered offline to achieve a realistic look. With the advent of
computer graphics cards, the realism of characters within rendered scenes in the gaming
industry has been increasing. In plot-based role-playing games, a high level of realism
is demanded for game characters to enhance immersion. As games evolve, there is an
increasing demand for real-time rendering technology to express the unfolding of the
storyline in many games. When it is necessary to observe character models up close,
rendering human skin realistically requires considering how human skin interacts with
light, taking into account various types of light influences in the real world. However,
real-time rendering of human skin is challenging due to the massive calculations required
to simulate subsurface scattering phenomena that occur within objects.

By distinguishing between light that completely transmits and light that scatters
beneath a semi-transparent surface, this study proposes and implements subsurface
scattering. In Final Fantasy 15, a method called Pre-Integrated Skin Shading is em-
ployed. Based on this method, this research applies different integration ranges to sur-
faces with different curvatures, collecting the scattered contributions from each point
on the model’s surface while maintaining real-time rendering speed. The improvement
in the shadow representation of the nose contour in real-time rendering is achieved by
modifying the lookup table texture. However, there is still room for improvement as

the overall color representation appears too dark.
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DFHREF, BHFOL YRV Y7703V AL Lo TERI NV Y TLT — R ERHWTHIT X
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2.1 HiE

N DR IR EHOWE TH 5, KD THRERFICY TR EMERT, V7L Y
X > 7R ERT 3 72HI12iE, XS specular reflection . KA FALEL subsurface scattering,
ZEiEE Transmittance DFHAG HEDBHETH 5,
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V7NVRA LDKEEL > XY > 7T, SRS, RS Rl ML, B & EEED MY
DD MZERT ZHETH L, UTTRT L1, HEONFUIERRI 2R, HEIZEME
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BRI DAATWS, K MELL Z2BBRLZER T 2METDH 5, KE FEELIZPIAR
WTHD AT FTICHEL T 2R 2 L. BEOL &Y v 7 TRIERA & 73— 7 = ARG
DONBUTE T %, SEBBBCIEAVRZ EREE L, REPHELAHEEL RN L 2R,
INHDHEREELET 25 2 LIXENRE BRI MR E TS 5 ETHEETH 2,

22 XREFHELOFE

FATHR DO T IEDRERDORE D 22 5D M OMELF G ZEHEINET 2D L1327 D . Pre
Integrated Skin Shading 7/L3V X Ald, FICRHEROMEY ¥ 7 LOZROMELTF S ZINEL
TRE FELOMREZEI T 2, FANCHBE SN FEEZMEHA LT, FEDOMHHEFRA > b OHLEL
HEHACHEL, TORRENL Y 77 v T =T NVIRGET . LYE Y YN —TTlX, K%
RADNRT R —=RIZEDSWTEE NV Y 77 v T T —TIVOMEEGHARD . £ e XRERHERELORE



RELTHAT 2, COHER Ly XY Y IIRICH Y R Hat R T 2 0B8R W o, 51R
BEFDBIEFITNE D, KD FEMOBDAE  REDHED 2 DOMAZLEITE - T,
BRI DRI G U 7 IR O 2 b 2 5lid 3 5, RE FORGELOMEE 2 X LUT 7—7
WICHFFTHET 22 TL YR Y Y Z7EITHIC Ry b (N, L) L ERPEZFE SN, RERTOD
KA FEDEEROF 2 e TE 2, BENRIE, KERIOIEIC X > THEORINDRES
PAHGOMED R 2, BHEFEE. fiRE2E 2 Tuin,

2.2.1 ¥LEEER

BELORE R B VB HEM R T, BELRED B WV CEELRI R 58 < 1Ice b | ILBOE
Diffusion Theory &IN5, KE FELRNIRZ S I 2L — T 572912, jensen & [I5] IFHLEL
DB CBHEM R NI TONBELNRE > 2 2L — N T 2EBEIT - 72, HIED L WEHFHZEM
T, ESRPEEHEICHBL - — R BT 2 &, EOFLH» S HENEDSKE L, Hubfhi
DD IEA 72N NTIREI DB, HD HBEN 2155 72 %,

FEHROEBICESE, LR YT E - OMEICEITS 3 DY RGB Ok e 7
ANZFET 2720 T, FEPMBORE FHELOMRZ S I 2L — T2 ZEHARETH 5,

HDRDE D OFEOR» HFEBT 2 KORIF. DR DR OZEHEER IR 3 2 B%T
HY., BEILE T 07 7 A L TRS N, RIS Ry(r) RSN 3, RUEH—ZMEINL
T, HOBEHFTOMEINRIZFETCTH D ASAIIILE L7,

BHEDINNT R BILEENE DD 5, GPU Gems 3 13 nvidia I8 X > TA =T vV —2{kxn
TED, M2 EF ¥y 7E2 =14 R=I 209 026D DTH 5, AT TEE 2K 22 134
IRENT V2 DIFFRFRE O = JHEAOIEHIFR T, REOXPMOE XD b WIEAGEN 2 F -
TWBZ DD 5%, D, bR L —F —OHLEE D DR R 2HHTH %, EEE
213, MIREE S EEHLMEPTO X X EREDONOIEREIRZHIE L TWwd 2, GPU T
7749 7RV YR VT BEICITER. REO=ZHENOAZEHLTETY V7T 5,
L7WoT, V974 v Z7ADL YRV YT, @F., 2o =JJEXEE T 2MEHL TER
N FEHROMEERHEZY I 21— MF 3,
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2.2: YLANGEER

TER, FEHLMBORKREHEINRZECNCET Y ¥ 755 eNTE S,

222 HYZBEHK

RIRD i B b2 k512, HET 07 7 4L Ry(r) 3HEECE ST 2B TH Y. DR
DFRIEX B2 OHNTRENTE D, RAEEA Y ABEB OB TW S, H 7 XKD
FWLODPDORVRHEER R 5 THE D ZAUITBERTRECHE NI TH D, FMEICEAAAT
LW AR ZERTELEVWIRTH D, ZLDOISHTIE. H Y RABEBOMHAEDE 2
AL TR ELMTE 2, H—Dh Y ABBUIERE QIR 2 IEMIEEIS 2 2 I3 T
FEAD, HENZEERO Y ABRBOMAEDOEBIEE T 0 7 7 A V2IEFHICTS % ERIT
FHIEREINTVWDS, TOMEmICEDWT, d’Eon & [I6] 3B 7 1 7 7 4 v Rd &5
B72DITHT ST U SoG ZRE LTz,

SoG OEAEIERK (B0) icREnTB Y., 22T W, ZEADES %, G(5;,r) 13X (22) 1ITRF
DA T ADHBTH %, 6132 OBMOBERERAEE R T, R o T, 61...06, BET Wi W,
EIG T 27200 T REREHET D EELEIETE 2, ZhHOEKNZR T X —Z3@HE, i
M7 4 w74 Y 7HRERRFOY 7 Y =7 (MatLab 22 ¥) Z{#H L THILTE 3,

1=1
Rq(r) = Y _ W;G(6;,7) (2.1)
1 2
G(d,r) = 5-52¢ 267 (2.2)
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inline asdxzVector3 Scatter(float r)
{
// GPU Pro 360 Guide to Rendering, "5. Pre-Integrated Skin Shading”, Appendix A.
return
Gaussian (0.0064f * 14141, r) * asdxzVector3(0.233f 0.455f, 0.649f)
+ Gaussian (0.0484f * 1.414f r) * asdx:Vector3(0.100f 0.336f 0.344f)
+ (Gaussian (0.1870f * 1.414f r) * asdx:Vector3(0.118f, 0.198f, 0.000f)
+ (Gaussian (0.5670f * 1.414f r) * asdx:Vector3(0.113f, 0.007f, 0.007f)
+ (Gaussian(1.9900f * 1.414f r) * asdx:Vector3(0.358f, 0.004f, 0.000011)

+ Gaussian (7.4100f * 1.414f, r) * asdx:Vector3(0.078f, 0.00001f, 0.000011);

X 2.3: Z@OEEET NG A

DIFFETIZ, 6 DDAV ZABEBOMZMHH T2 &, 3 2DX A R—1L71 7 7 AL (Dipole Profile)
EOFLAMTEZZTHD, NP3 E. 6 2O Y ABEKEMHHAL THED 3 20X A4 K-l
707 7 AVSGHEE S B 2O RGBITHIET 2 BERFRHZRL TV, KEZ3 13, RGB =
Iz ED < FEBEICN S 2 4D RIEEHIRRNIC 72 2, DD S IERITE WG S REDEO IR
B HFENLD BNV DD, HTHATZ Z e OTE2EHICHEMT 2 &, REDE
DILHUIAREDE L FEOCOILRL L D HEPITKEL R D TR ED T DG EITEICN R
SERLICIR BRI TH 5,

223 TEoHEHE

BRIORE T, REDERE KOS AL DRTMAE (N x L) PRICK>TRR B D, HD
ASEHREZF R TR D AGDERERRARATENT 2720, HELRIRIPIRZ 5, HEHEH
i AU, IR e 7 7 A VIZEEREORIBTH D HLERE TORME VUL, FEDR
PHOZDERTTOHEAFGEZHET 2 LDARETHD, HEDIXRTORPHLZDRETOD
BELZET TR ZOR2 5 ORE FEELIRME 6N 2, FiEr=10M»ple LTHAS
NV NCEELNE NIZBIT 2RE MEELOREREZ KD 2 2 L HMICR %, KE MEELD
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L FEERHE 2 E T 2720, 55 p 1385 p (HEO —FEHA MO S HOMELOBEEZ T 5, L
DIREER 1 T2, HLEOEBEDRICEIT 2 NKMEL cos(§ +x) 72D, & p 25 OHEREE
o sin(z/2) ¥ B, p MOBKIIRIES X3, Th5DHRD p HAOMIEGEHN TS LT
Beihz,

X 2.4: K FAELOFTE

2.3 FRmE/ET

BV &YV 77TV =2 aryTiE. N— vz 7 OEMROFKNCE . KD L
YR F LR U Phong €7 AVERMA L7z ZOET /M, FITHARU ST & SRS % i
LT3, Phong EFTNVE—EDRETYERERHOREERI L. XROBETWERREODIE
LWHIRZ RS 2T E D, WROMBRN R ERI T2 2 vidTte 3, HEMAOL 2
L —(RIFOYIIEANCEB L 2 h3 5 72, James F. Blinn[IR][19] iX 1977 4£1Z Blinn-Phong Y
JREFNL%EA LI, Phong EF L ZEENIF DML THTMCHKBELIZDDTH 5, KR
FLOBHZHBEL, RbHIAN—TRZ ML h EFRENEZRZ FAREA LT, N—TXRZ7 b
MAIHRITIA L R OHRIRZ FATH D, ZOEAKEIR (B3) TREATWS, [ & 7
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X 2.5: SRS O RAD X

PIARE M SEE S S ORI, KEZE TRT. 22T HEHEDHML n EWIARE O ER M.
r IO KE T, v IR ER T, K 5bh» 3 k512, Blinn-Phong D> = —7 4 ¥ 2
ETUEMHT L L. N=TRT MLV RETERIED XY, SHERKF OGS 2, ~—
TRY MV REFFATAD—HT 2 . HROFTADSE x 5 CRFAME —HT 2720, 20
IRFSETH S S DF G DR K L 72 %,

BN 2 DONBET VI, HBWYHO 7774 v 7 ALY XY Y ZFETH D, @H.
BEINL YR IR T4 VICEEZRAENTVWE, "= Ny =7 DIHEEEN DR EE &
BT, BT T T4 9 IATS9 M7+ —LTTOATIITNBLYRY VTR, T 54 pEA
SN, WERD 2 ODEBLETNLORARLNMBCHE LR BD, XDBEENRL VXY Y IF
EERD DB XD oTz, FDH%, MHR—Z2DL &Y ¥ ZHiii Physical Based Rendering,
PBR 2R E N 20, ZOHMZ, YR e MAREOMEIERZ & b WY OEANHEIL L 7275
ETY¥Ial—>aryd5, PBRODERET I 3 DOKM 2SI RITIR SRV 1. <4
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