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Abstract: Digital human technology has attracted widespread attention in digital twins and metaverse fields. As an integral
part of digital humans, people have started focusing on facial digitization and presentation. Consequently, the associated
techniques find extensive applications in film, gaming, and virtual reality. A growing demand for facial realism rendering
and high-quality facial inverse recovery has been observed. However, given the complex and multilayered material struc-
ture of the face, facial realism rendering presents a challenge. Furthermore, the composition of internal skin chemicals,
such as melanin and hemoglobin, highly influences skin rendering. Factors, such as temperature and blood flow rate, may
influence the skin’s appearance. The semitransparency of the skin introduces difficulties in the simulation of subsurface
scattering effects, in addition to the wide presence of microscopic geometric features, such as pores and wrinkles on the

face. All the issues mentioned above cause problems in the rendering domain and raise the demand for the quality of facial
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recovery. In addition, as a result of people’s exposure to real human faces in daily life, a heightened sensitivity to the tex-
ture and details of digital human faces has been observed, and this condition places greater demands on their realism and
accuracy. Meanwhile, recovery of facial geometry and appearance is a crucial method for the construction of facial datas-
ets. However, the high costs of acquisition equipment often constrain high-quality facial recovery, and most studies are lim-
ited by the acquisition speed for facial data, which result in the challenging capture of dynamic facial appearance. Light-
weight recovery methods also encounter challenges related to the lack of facial material datasets. This paper presents an
overview of recent advances in rendering and recovery of digital human faces. First, we introduce methods for realistic
facial rendering and categorize them based on diffusion approximation and Monte Carlo approaches. Methods based on dif-
fusion approximation, which focus on the efficient achievement of the semitransparency effect of the skin, are constrained
by strict assumptions and suffer from certain limitations in precision. However, their simplified subsurface scattering mod-
els can render satisfactory images relatively quickly. Dynamic and interactive applications, such as games, often apply
these methods. On the other hand, methods based on the Monte Carlo approach yield high precision and robust results via
the meticulous and comprehensive simulation of the complex interactions between light and skin but require long computa-
tion times to converge. In applications, such as movies, where highly realistic visual effects are needed, they often become
the preferred choice. We emphasized the development and challenges of methods based on diffusion approximation and
divided them into improvements in the diffusion profiles, with real-time implementation of subsurface scattering, and
hybrid methods combined with Monte Carlo techniques for detailed discussion. A recent Monte Carlo research aimed at
improving the convergence rate for applications in facial rendering, including zero-variance random walks, next-event esti-
mation, and path guiding. Second, we divided facial recovery work into two categories: high-precision recovery based on
specialized acquisition equipment and low-precision recovery based on deep learning. This paper further categorizes the for-
mer based on the use of specialized lighting equipment, which distinguishes between active illumination and passive cap-
ture techniques, with provided detailed explanations for each category. Active illumination relies on professional lighting
equipment, such as the application of gradient lighting to recover high-precision normal maps, to improve recovery quality.
Conversely, passive capture methods are independent of professional lighting equipment, and any artificially provided light-
ing is limited to uniform illumination to reduce the interference of scene lighting on recovery and similar auxiliary roles.
The exploration also focuses on low-precision facial recovery methods incorporating deep learning and classifies them into
three categories, namely, geometric detail, texture mapping, and facial material information recoveries, to provide in-
depth insights into each approach. We discuss a strategy for overcoming the limitations of geometric recovery based on para-
metric models, introduced refined parametric expressions of models, and predicted a range of maps, including displace-
ment maps, that represent the model surface’s geometric details. For texture recovery, we explored the application of deep
neural networks in generative tasks in the prediction of high-fidelity and personalized facial skin textures. Comprehensive
reviews the various attempts to mitigate the ill-posed problem of separating reflectance information. In addition, we intro-
duce the facial recovery work using multiview images and video sequences. These low-precision facial recovery methods
can gain a wide application space given their flexibility and achieve improved recovery results with the rapid development of
deep learning technology. Finally, the future trends in facial realism rendering and recovery methods based on the current
state of research our outlined. In the realm of facial realism, existing works often represent the material properties of faces
using texture maps and neglect the unique principles of skin coloration as a biological material. Furthermore, the rapid
development of deep learning technology increases the importance of exploring of its integration with currently rendering
techniques. In terms of inverse recovery, the lack of high-quality open-source datasets often poses limitations on data-
based facial recovery methods. In addition, substantial improvement is needed in modeling and recovering details at the
skin pore level. Combination of inverse recovery with text-based generative work also holds enormous potential and applica-
tion scenarios. Hopefully, this paper can provide novice researchers in facial rendering and appearance recovery with valu-
able background knowledge and inspiration from harmony and ideas.
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Fig. 1 A face rendered using the BRDF model and the
dipole model (Jensen et al. ,2001)
((a) BRDF model; (b)dipole model)
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T T v T Y B JLARTE 4R St 42 s ol 4
431 1 TD AT BE AT 7B N B 1 A T00 s SR A 2k
T[] B, Koerner 58 A (2016 ) i 2 78 (4 FH Py 35048
S B I R A R — T AR i . Weber
FENQOIT N T 2 8 F — U1, B BT
T IR — AR TR ORI T RN
EHTFEAEBRHS 5N,
1.3.3 S50 mgits ik

BEARTE T 1R AR AR LA R e T VE Y,
bR AR R DI S. Herholz 55 A (2019)
Pt T —FhaE G E T 2 AR RIS Y IR HE T T
LR EARY BB S 54 B RE R %07
T 10 DG BEAE T R1) PR e Bl 2 i e ok R I R A7 A Tk
T T UATE e b () A RAEDRSR . JH v R B 1 i e D
05 R AT FH k-d W ke 7R 23 18] 43 A, [ i
{di F % T vMF (von Mises-Fisher) 7341 19 2 50R &1
RN T 0 o0 A o JE Yead B8 v, MR 25 S R £
W % i it %) 3P UK RS I 8 A R, I FH 488 o
SR TR WS Rkt B B B 1) SRR B pREICRAE . AT TiR
R AF 57 bR ORI A S S 23 Ak SR RGBT D7 )
HEATRAE . 2T AR AL G b A0 38 5 ELA o = 1Y)
WS B, i 5 1 T G 5 R R R SR AE kR 7 L
AN 4 FirR

Deng %5 A (2020) [ #E45 i 42 46 52 07 ¥ B H T
RE G, %7 g SD-tree #7841 5T P A AT
BRI PE O3 AR, IF4h G A SR S S A FAR AL R K, H]
— P EE SR A T R R AU SR A L 5 T ) AR L
ANFEA AT DA AR R SR S o0 A1 o 320y s R R A bR
TSGR FE IS H AR )40 B, X B kv Gt
AARLFIROR -

-

tandard sa @) (s+v)  Our guided samplifig [

K4 FRMERAES AR RS0 89 HLEL (Herhol 2 55, 2019)
Fig. 4 Comparison between standard sampling and

path guiding (Herholz et al. , 2019)

2 ARER)EE R E TR

NI PR, SRR N KA 2 , 4 38 2ok feft HIAH
MLAEFA B 25 R SR L, FF AR 48 A I 14 SR 52 A 45
T RUR A5 ) ok N 0% TUART A5 B A A Wk 4 74
SR, b U5 B8 e A 1 o = L
AU HMULAE A7 B R 205 B B SO ], X — 18
TR R S N R T Gl i R T R 1 4 R
B, Qi 2 1A 18 R I BR R DL R A T A R
A NFRAMEE

XF NI () v b BEAIR S AT AR AOS: T %l 4
i as (A s AL ) o XLy Pl MU O/ T &
TRy BRI &, nT iE— 254l 430 32 Bl HE BH A ek Bh 4
Ao Herh FE B0 BRI T &l A BRI a8 USRSk
ST, AN AR R BRI R A e A B ) TR 2 4]
AFRT 1, 4 24 3R 7 AN ORIl BRI 2%, B
fift N R HR A BT o AR T4 L34 500 B LU /> 3
SOGRRE TR BIER . AR5 5 1404
V& DA IR W A TR | T IR B = 2T I IS
PRIZHARNE B B AR — 53 32, IR ok i &
B YN (W] S
2.1 SREARKRKE
2.1.1 FshiEE

T 3 o BRI 0 O 32 0] ROGE G 12 45K A
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52, HURR R T e P ) BRI ey SR A ad e
PRHEEIR o IX 85 V38 T RS L A S (RS A
S5 BB TS . AR RGBT 5E R 1
SRTE AT B e A A AORS 2, i B0 T i A A 3k
VA A LA AR 18], IR A5 52 T3 R S IR B2 AT FOR
FAZE G, T LA SEARR A4 A X ARG 2B AT RS B A2
Debevec 55 A\ (2000) B 542 i T Light Stage, 41
K5 Bz R s IR S LA 3), U & 1t
HONEEEESS PN A R S e A S RS iR L
Ul i B 42 o) ) R DG KT8 a7 R 7w o IR 2 N
s, I HABBIL N ZE A7 W DU AR AE 2 048 AN ]
JEHEDT A N RS R MR R A R B AR
TR RO RAR B TN Y ST R

El5 Light Stage AR 315 £ (Debevee 25 ,2000)
Fig. 5 Light Stage facial capture system
(Debevec et al. , 2000)

BEAh 3% T5 6 Xl AR A9 25 A E IR O7 1) T A9 45 8L
PEATER AL & AR AR BB, BE— 20 A A HLA
AT AFEDEA R N EE R it —2
AN R A1 B ISR R TS, 207 vk R 454
JCHARGRECT A 5 LA R, R I an t A T /Y
PR B BT F o 2585 BRI G AY
A H B2 18] 70 BB AT S e B30 14 5 1 S A3 A
U I B I HEA T 505, I3 LA AT L A 95 2
Jria) o dJe, MRAEET AOULEE AR LR 2R 7 1] ) 4
TS SRR, S TR R R N

7R 4 R 2R G ME LA i el i D' T
TRNR, B TR R G AU & — RO,
TC KA RG] T B, 7 2 AR O AT AN

AR B AL B R A TR A I (]2 3T 1 min.
AN AL DT 1k B IG BRAR Y 25 JE T R T U
g3t AHFF AR S B A T A5, IR A R DG IR
N ICREIE RS R T

Weyrich & A (2006) £t X Light Stage (Debevec
5, 2000 ) Ffi AR ] DA K B Jok EEASEAN NG 1 11 ) A
Frfedt e AR 16 & i A AL AT 150 4 LED
(light emitting diode ) Yt I #4) 14 4K & 48, G &1 6 Jir
7B NIRRT AR U AR T 0 I () 46 6 22 25 s

.
F6 A5 16 AR AIHLAN 150 LED AT B Ak
(Weyrich &5 2006)

Fig. 6 The face-scanning dome consists of 16 digital cameras

and 150 LED light sources (Weyrich et al. , 2006)

ZAZITEIR R JE B N AR 3 R
T ZALED ST i BT R S8 . A BNIE % 1%
TH T — T fi =X 09 A2 2% 0 A, R R R R
FHT B BRI 3 T AR 7 Bl LB ik i 2
5 WS, DA SE AR R 52 R TR A8 Y3 THT RS AR
BRI ok R v A ATTRR 9 A ] BRI 2% A7
(9 NI ART A 238 SR 2 1 JER ) B SR 36 3l DG R ST
A3 (Woodham , 1980) , Weyrich ¢ A (2006) 41k T
JUITEAR FT 31530 17 55 53 99 23 118 T 350 DO A% A1k 2
&, FIl F Lensch 55 A (2001) $2 t /9 lumitexels 7 3D
JUfAT 5 v s AR B B SR B 45 2R . it oh, T
K B T8 B S AR RS U B EIH R LG, Wey-
rich 25 A (2006 )11 J lumitexel FEAS f) f2 58 B¢ /IME K
it B IR AR 18 Bk S5, IR T 43 6 A T S A o3 4 8
FHAE AR LA 5 10 52 6 S BT G L 456 KR
PRI R UCR T EC S48, S8 1 N Al 3%
S I%TT 1 R FE I (8] FH L T Debevec 55 A (2000)
MR TG A AR R AR R R TR 2 25 s, 76
e LN EIEOL S ol NS N B i L £ 2 I 2 € 67
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MIREE, &, T, RN
HF NEELSIINRE FiEGRR

LRI

N 25 A B SR AR I () AR B, 95
B R R B A AR AR AL Ma 5 A (2007) Ji2 i 17— 301
7%, RV IR BRI AR E BRI 505 o %07 144X
it A 4 T f 2 RIS AR A0 4 o 41 DR 25 Xk G 2k
FroR A AR 8 1 5 B AT AT 280t 0 85 0 A 5 T 1 72
S R I S T AR AL T R S
B PR A RS B2 2R R A T Fh A A K
AE Sy 18 S S R T Sz R, S A Y B
TEVE 1) WS R b 3207 2 RS T Tt
SATE SO A 18 B i 1) R T 5 B v B A9 B
THT S SO ), S 18 S ik 1) 28 0 i i RGB =4
A, LA SRS ffy 2 0 52 2 O L AS [ 4
B ARSI B o 207 A T P R AR R
i AR AR ], JF H25 5 A5 HE IR EOR 528 1
TR A B A LA 1 PR, B A e R S AT % 13 MR
P B ek A PO 52 SR BE 6 1 21 B AL A9 1 WL
JUBE o SR, I 7 WATI A AR — LU AL - 5 2 (i P A6
SN 70 B 18 S S A Ol S S I, i 2 B ) R A A
JCUR L AL D I 4 AR DR BT e 2 2 N B S 1)
FHGHUR PR B PRAY . S RETE LA R
NI AT R4 SRt 1A BRI GAT 5 i

AN I TT LA ISR T AOR A T A
Ghosh %5 A (2008) 2y T fif b B Jik S S A 2 3ot T 1 1k
O T, MR B2 IR By 3 22 A5 ) R A 4 B R o8
DR B T SR OB R B IR R IR L B TR
JZ B Wk U 3 BS990 48 P Bl o e A A
Hanrahan-Krueger 2 %! ( Hanrahan Fl Krueger, 1993)
2 TR LUK A R A 7 A, LA Mg
B BRI Z2 28 OO o ARZ T IE RRER T T Ma
S5 N (2007) B 77 106 NG JLART A7 B A, ol FH B 0L
SR AR EAT R AR 520 T S S8 H A
T e A R BT . BE XS X — ] &, Ghosh 5§ A
(201 1) £ T — B i 28 A i A =X, K B
MR EOR (Ma 25, 2007) YRS AL 97 R 51 2240
fi o BRI %07 W06 BV B 0 LED AT 739 Y
HASEHEAN AT A, — 21 2T g Mk A, — 4
LK LN AR A, PR P i IR 3 B L
JRTRIEAE FLUWT LED BRIG Y Bl AR . S RO R fei/e
WA XZ - i 9 LED BRAR SR 38 B 2 94T ] 40 %
NIBREA TR | IR SR A i R 5 Z2 490 f L]
e 3k A7 B BE A Sh B 22 90 A R 4R, Ghosh 25 A

(2011) W7 ik 1R EEBHE R E MR L . SR, 1%
05 VA e SR R HIL K Y- TR AR BRI R A AR S Y o
L R AT IR R A —E BRI . eHh e
PR E T, 58 0 2 BB T AN INAT. 12007 AR
T Ma %5 A (2007 ) By J5 K575 B 11 S SR Fh {8 235 1 53
BIRCR AR —E PR RYIR AL

Graham %5 A (2012) 7 78 B A8 BUAT (9 R0
S5 B BE A AR W 2 K ) AL AT 55 TR
1B TE 12 DAARIK 20 1) Xof g 1K 4 T # AEL RS 155 00 2R 47 4
R IX 20 HE R S 1) 5 TR S A AR SR . R T
TR 3K — ] R 5 PR ZBOkS BE 1 B JER JLART A A, Al
AT 2R FH R R ef B FELEH DL 10 SIOR GRS B2 X6 A
I (R0 S R B 7T A B A 5 A IX
AT IR B4 ISR O ARy . BESS AT R T A
TR 2 L 29 S 8035 il 7 75 (Hertzmann 55
2001) , 73 5114 R A B A O A 5 1 2 AR BoOE
P2 B (Ghosh %5, 201 1)K 52 189 JLAT 45 SRAR S, &
AT 2 STV 2 2K 5 17 T 950 24 49 15 5 B T IOK K- o
WAk 3% 7 30 R TG A (R P 1 5 S I
A X, 455 — AP A 55 TH BRDF KRS
BUR SEFEA 1Y = RCR

Kampouris 55 A (2018) £& i1} T —Fh F| ] —JC 8k
TE A6 2 1 FROXT 182 S5 S R 56 T S S SR AT 53 185 1) 0
AT AT TAE P A R IRE AR o AT 3] 2
I ook o 2 ' RS A 6 A7 FRBF I, T ) 2
BROGUEA — 00 2 [ B 7= A 182 s S RV T S 58, T 75
X2 RO — ) 7 A 278 R SR . 3= R
18 2 IPH 5 S (0 2P 3R AR 3 0, Bl 7 Bz JOk 5 A e A Jo
F R TR X2 BROGIR I ATh 25 7 A — 70 18 S S &%
R BT LRMELEE R Kampouris % A\ (2018 ) 4%
A B 3 8 HSV (hue, saturation, value) 28,45
[F), I A5 T i) 2 35k O 15 R B 1) P15 o 25 5 T J
oy it a B E R EE  Al8 S S A iR R B — B
I 0K S R Al B 73 g Ay 1 e S A T S S o
5 Ghosh £ A (2011) By J7 i AH U 107 i R B2 N M
Jvits 1Y HE 5D | 2200 PR SR A 150 B A fRj B, T
DA T3h S N Al 4 o SR, 1205 1 1 B 1o e S
I3 B RIOCR 2 PR 58 T IR 3 8 07 vk | 332 A O 5 i Uk
SR T A B RECBAH LU, 325V A AR B R T R S AR
LIEE

U=l AN ISR LI NDR VST S: RO a7 iy -
B 41 B, B 4TS G Al K B 2 09 TE AR A B0 . Fyffe

2521



2522

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 29,No. 9, Sep. 2024

(2010) B X bt ASUVE HE S, X6 AT W B2 ST ARt A
JE PR 2 IS g i 2 e BRI ( Woodham , 1980 ; Klaudiny
4%,2010; Herndndez F1 Vogiatzis, 2010) , 5| AYGiE &
FHECA FH 3 A AFDGTE 73 A0 1Y G IR 37 5 kA7
HRIT 47l 4R 22 6 1 AN [m] 20 €230 18T g N AR Al
TR AR ZR BT N 25 5 e 7R Ry e TV 1) s
SPERIRZAE Ty B2, IF il ik 5 A — IR e 1 KR
KA T REALA A HBE, (A — A AR 0 O
REd BEAT SRR, S L T BRSK IR R O BE SE AR AE
IR T LA TAE , B 2Bt i 58
D ROPNA IR SR L S PO NE R W I S
M, 127 VAN REMR 32 125 ] b R S R ORI 5 TR
5 ) S A5 B o FE Rl IS B ESE | Fyffe Fll Debevec
(2015) K65 52 HIHAR 5 1 AL R85 B2 B B
HORMGE & 152 T — Mk RGB Y LED BRH T4
PEREH, A1) R 28 i PR OE TR B A S S B T
X N 188 S S T S S AR IR R IR . T
¥ SR 4R I T0) [) A I 8 R, i Wl A B O i ) H
12. 5 ms, FUHCRERS 52 I A R 1y gh a4 . (2
1 TR T Ghosh 45 A (2011) 1 fl IR A5 2, 12 77 1
TEFRTHNE LR J5 T ] RE 257 RN

B EIROFSESN A — 5 N LB T
PR R AR B4, SR T PO B2 04T A4
Ko Fyffe 5N (2016) B HCHE T —FP IR BLAS | 7 5
Hoes 5 ARG P2 07 1%l BT B 6 R A
FRASTH R ML L . B R R G AL S 24 %
BRI 6 AN ADGKT o %5 253 i 22 AR R 6, 5 1)
G HT NI S S RV T B AT e L T O RE ST
PR XL A A TR S o 385 FH RS 4 F Pho-
toScan , 1 T~ 2 AL P 37 (A AL T R 00 4R JLAT T AR
FEAR A 18 5z 5 1ok e R 5 T 12 e Xof JLART 40 745 2R A7 4
ot %05 2 RE S LR ISA i B 1 i, 72 LT
W% I P o TR DAY A 2 0 % 23 198 T 8 S BRAR LA
PAG TR B NI WA 205 . BIZ I
FH R BE A5 i A2 1 DA DG T T T L2 A A 2 MUY ik
R AVE —EMERE o AL, N [A] T Fyffe 2Z2 i B9 LK
4R 359712 (Fyffe, 2010; Fyffe Fl Debevec, 2015) ,
T IE IO SN B A T ARSI 4

Lattas 55 A (2020) W3 7535 4 75 U 1 8 2 1Y
faj Ak, A8 4 > 5 1 LCD (liquid crystal display) i
718 fw A1 8 5 B AR ALt S B 1 v o i A A A A o
1R T 25T Kampouris 55 A (2018) i) —JC

HEBHHA , (E LT Pl (7 T 74 BB S I i, D4
NI B s i AR 0 B /b 2 4 9k GAh AT Tid 45
B VOGS EAR I AT UG B s i R Al 4
Bt gt — L B PR JF HWR RS B LT 5 45K
WO Y 52 45 R — B, AR & | Lattas 55 A
(2020 ) & SAHAIL %) £ 4,30 38 0 275 Bt Y 2148
HE W AR A BURK , JF T8 GG g i A o 1 e e S 2Ry
DT R PR, DA S B TR o G R
Hb 207 R OGS S EOR  R T IH— B AL
Shy S %) JRE R B A AR AR 3 v G d AR 0 S TR) AR AR Y B
TR [ 64T TR o 20T R AL S s 5 1Y)
B AR A [ 20, 455 0638 B EOR , RIE T 30 Wi fY
AR AR A BT SE BTN Sl A R A AR A

B A TR I 27 > 10 g B R e R Tz I L BIFSE N
BT R 220K R B 2 S HOR 5 N AR AR 2 4
DA B 5 oK 2 i R AL SRR S it

Li 55 AN (2021) 1 YR 7 1E 1Y =0k B 2 0 A Nk
IG5 R EE 2 T ik A & #2411 T ToFu (topologi-
cally consistent face from multi-view) . SIS L2
1 R 7 R AR AR A [F], ToFu 7R
(S HF T REAE LASE B0 B AT A . AE T L]
PR T7 T, Li 55 A (2021) R T —Fh IE S22 2) R A%
I8 SRAE 7 1 A R S50 v B JLART AR 52 53 Ay 4 ey L
BEK SR ERAS A0 AL S RS B . AR HLRE P
ST T I S8 1 5 SR A (A% ToR i R Sk, 6T R A
PR A /I T LA S5S 201) 22 40 £ P14 P AH L A
TIE v B IBCRAEARL , 9K J 38 3ok M A 31 19 2% 73 B e
A AT RE AR TS AL B 5 Jeg SR 200 AR X — SR A 4
W AR/ N B TS R L, R 2 5 A0k B — 5ok
AL B RERE AR 2 b — ARG A0 AL BB 1Y 3 1H 40 73
JR R RAE TS 2 R T A Rl . 78 B I &]
PRIZ 7T, ToFu 2R J 1 R 4 M 45, DXl Z2 40 £
FUGA B 22 LB 10, i LA MR B I ¢
HE NG P AT R A 18 S Bt S BRI 1, 22 A e 1 e S
Fz M S 0k 1 ohe 000 45 T 2 A 5 R AR N BT T
kil

Liu 2% A (2022) # 1 1) ReFA (recurrent feature
alignment) 75 JLAA 4K 52 J7 11 W) 2% J& EL#E N —A> -2
RSt A AT Z2 R A, IR T 5 ToFu ALY IE
SE RS RAF TV, LA AT A 8 TR v TR
FRAESS S o ReFA 3£ ] T GRU (gated recurrent
units ) [ 8 ZE AR A 2 FE AU P YL =AE R A2
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MIREE, &, T, RN
HF NEELSIINRE FiEGRR

S PR A2 7 1T, ReF A TRIARE SR F T RS 2 o ) 1)
2% 05 ToFu AN [A Z AL 7E T, ReFA Z 1 T WFFIESS
St P DA TN 7 Sz A s H A I BT 45 B S i 4

Azinovié 55 N (2023) WHRE THIRE= ] 5 F
SRS S 0 T 2 A8 B L — A 5
DA R AR AR, S8 T B T B S 8 U Y O3 B
AT TSI R T T AT A8 R S Ktk , 0455 IR AL AT,
PEAT LTS, LASRAT BRS04 21, O HLAE S0
HA T TR U IR e i &
AUANTT . A A4S & PTG , SR A UL 40 )
AN, e I Xof 18 S b RN i St kAT Ak , LAk
— 1 e T A R R T T
2.1.2 wEhiik

TR T 75 L A B 1A% DA S R AR TR Y 2
Sl HR I, B Sl A i N T AR O BRARE JT L
B EOR T 5, s I AR . Bl 22 0 A A4
AR B B S A P45 — SR A LT 2 T F- 3
WP HEDE , B S AR B S DI TE . HARYE
B R A N Btk i 20, ml i — 2503 i S M g 2
2R3 ETT 53

DS SIHIR. Beeler 5 A (2010) 1 U
ARG A A SRBOR , I 4 1 g4 3 i L] o
PRI R 15 S A AR IR SE K. TR T2
WA R Y = YR A T AR AN A T Rk
I ETE Z 0 SR R B A 2 | 32
T —FOHURE ZIRS AR kAR o kAU AT
FIFHAH B AL AR Z5 R 456 R — B 2 dorn
P18 B 2 0, Ok I 2 T ) R A A T R A
Z0 o SR, 3% 05 5 0 JUAR) 0l ok P2 5 B HE 9 0
20 min, HiZJ7 ik AUREVR S R IR 9 SO R, ANfiE
PRI R ik B RS B TEA OGRS 00 T A 45 R
il

HT T B S SR RE A M G R A, T8 S A
8 T 25 A A ) A R TG RS ST B 155 O T e L 43
B AL TRl s R 09 A R S1E B A R BF S AR AR
K — Bt %A F . H % Gotardo 55 A (2018) F]
JH Bz JHR 18 S5z 55 S5z 23 i s ] A2 £ B 1 — S A K
JBT, T T R KT B S B 8 - s TR] AT TR
WA I IR T AN R S5 B AT B 2
T IMLEL AR 1 iR ] R AR A R R R ik 8
SRS R TE TR0 R MR B [T YR T, B [ BB
A 18] A8 £k %P8 7] 78 LAB (lightness, a (green-red

axis) , b (blue-yellow axis) ) B {2 %5 [8] th 2 5% £ LB
(lightness, b (blue-yellow axis ) )T A — 4% H £k |-,
I ST T R8BS B IR AR B 12 (], 2 o3
BT 18 SRR I SR

Riviere % A (2020) DK i 41 7 53 25 18 5 554 01
B I SR B ER G I AR S AR, i 2 A T Y
ARALEEA T B AR B P15, I I T vl s G , 72l 3k
T N B o 3205 Bt — 2D Ml T
GRS IO AV G i AR A AT 1 S R R
AL

2) B AW EH 3 . Bradley 2 A (2010) 42 H T
— Tl A S A AR T BB A% S I 30 Wi/s YA AR
A L7 E A A AR BRSO ] 7 R
AABIL S S0 B A 19 7 A DI, 4> DI o 3l R A 7
[ AT B A Uy, JF HAAME H — & A PR
TN E A 2 2% DA AF AR S LT, S 1 42
e AT E IR T — R AR AR
BA G I A A6 BB (2K A T 0T A
WA Tz gt ARG B . Ak, AT A J i AT DL
A B AL ) o 20 W B SR SO P AR el T
G TR HE T B 2155 S PR 5 L A B R AP AE AL o 1%
J7 8 H TR BN (05 Beeler 5 A (2010)
(1) 7 A b, R A 1 T LART 4075 0 S0 B A S B R A T
B Beeler 55 A (2011) 5 S2H M AT 13 T 54 3h
AR BT 9 e B 1 3h A AR A B shAm 3R A —
A R I A T E LA B AR AR

JR 2R Ik — 2B A TR A5, Valgaerts
S N(2012) R LKA SR Sl 28 T LA A8 il 55 (1 1 7%
K17 2 AW H AL, Garrido 55 A (2013) W F]
FHAVEAC IR S T ARBE AL, X T 5 H A48 1 s R v
(NI TLART EAT A AR ANER B o Shi %8 A (2014) K
A RBORY B A AR HE 2] AR %%,
W2 L AR AR . Cao N (2015)4 2 A BRI
IR SRAR B LA R R i e 21 1SRN [HIX
SEY AR 1) TR TR U R E AT 91 1 %) R
B RN K IR SO R B B IR ST AN
ot 241
2.2 REBEAKERE

PSRRI T AT IR G B — T A B A FIA
T o AR AE IS Frp A AR R TEAA R 29 R
(8 F AR A I R R SR . PRIk 32 05 ) O
FEHLL BT 1) 1 FFE AR AR] AR 29 G P15 i

2523



2524

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 29,No. 9, Sep. 2024

BN LI BRI AR S B AN 8 . ZE T AR
G P45 B4 N RSk A2 R AR A 0 sl 4 35 32 (9 SE AP
LYK 3o B AN PR ZE TS M G RS 10 AR A
AT T ELR Al AR 15 2%, 5 2 5 T BT B R 2
o HE L WKE PR BRRE B R LSS A A R
BUE 2P ) S R B8 — A U 47, i 45
IR AT B2 5 A 2001

Blanz Fll Vetter( 1999 ) X = Qi faf il Il 3 7~ B A
6 VG R B2 N TUARTASE A 5 1 JEk S B 5K — ) i g 1
T — A NEIRIRZIM S AT ICSE T 200 B A
G (149 AT R 250 0 Rz Jo 30 B 4 1 il 4 SR, 9+ B
£ o 38 3l 32 543 43 BT 125 (principal component
analysis, PCA ) FF 5040 42 v 09 A L AR ASE Y 0 20
o3 52 2 T A Lt s [l e, DT T AR F 4
R B 1 1) ke o AT A — S ARG JLAT AR AR, KR
W T T B AR B R A ], R B AR T R )
HoXeF N — A 1E i HL 588 1 A U AR R g, B
IR 0T — A AN JL AR50 S R S S B T
BATTAT PAAE LR 25 (8] ol — X m 4E R n 4E 0 0] i @
bR, HiEh

S=S+B;xa,T=T+B,%xb (4)

Ao, SRR L PCA 43 #1545 21 14 - 2 17 FS A5 784 T
SR, TR Y SRS 1], B 2 AR AL T 14 ek
LG, a2 — N UE RN UUERIE By x a N
AFEI AT S XA T S A AR T ) AR A 1 0 5 UM, B, x
b F R AT TR S B A AR B . T
AR A ae e AR 2 5 A G 1 A0 NS f4 T R A
U3, Blanz 1 Vetter (1999 )6 7 R Fx b — 4 o] &
A (3D morphable model, 3DMM) , W& 7 Ff 75 .

1E - FR AT G B9 R D7 T, Blanz 58 A
(1999 ) £ 1 1) 3DMM £ A 75 EEAR A T 15 25 %+ A
JGASE A — A WA T, P a2 A S B S
PSR SEBL . SRTTRE R AT L0 4088 i A LG A
W) % 8 | Je 22 0 AR AT DL BRI R B8R 5
55 landmark £ 0 £ A o il B 2 £ A B L 2] 145
(I A DE L 3 2 o X 55 2 19 landmark 037 5 K1
0, SHA R SR A A B P TS &R 5], H
T DG A% 46 0+ Y landmark B8 03 B 12 5504k
TR B 52 21 -G J5 7 6 7 landmark 1437 8 22 18] )
PR OB OC R M K M 4R R T S Hl ik A R D R Y
i o

Bl TR P 2 ) B R e, — B 9 2 ok 0 4%

Prototype Average Segments
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K7 =4Er B AR R B (Blanz Fl Vetter, 1999)
Fig. 7 Overview of 3DMM (Blanz and Vetter, 1999)

S(—++-)
T(0000)

S(-—--)
T(-—-)

B89 77 R EE M 3DMM 2%, Tuan Tran 5
N (2017) 4 Hi (8 T 101 J2 5% 2 W 26 o 4% AR 24
FA NG S FR 3R B 3DMM 24k, 1 e e 4
1477 AR IBCIE 2 A TR B9 A V2 3DMM 24, 48
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Fig. 9 Pipeline of displacement map recovery(Huynh et al. , 2018)
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Fig. 10 Overview of self-supervision training pipeline of DECA (Feng et al. , 2021)
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Fig. 11 Overview of GANFIT recovery pipeline (Gecer et al.

, 2019)
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Fig. 12 Overview of the different face texture region

(Bao et al. , 2022)
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