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Review on deep learning methods for portrait relighting
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Abstract: Objective Portrait Relighting is an important research direction in the intersection of computer vision and com-
puter graphics. Its core objective is to simulate the lighting effects under different light sources in the real world by adjust-
ing the lighting conditions of the person in the image. In order to achieve the purposes of optimizing the visual representa-
tion of images, improving the presentation of facial features, enhancing the aesthetic effect and meeting the needs of artistic
creation. This technology has extensive application value particularly in scenarios such as post-processing of portrait pho-
tography, virtual reality (VR) , augmented reality (AR) , film special effects production, digital entertainment, human-
computer interaction, intelligent monitoring and video conferencing. Relighting can not only restore or enhance the quality
of an image, but also add a new emotional atmosphere to it, making it more visually impactful and communicative. There-
fore, how to relight human image efficiently, accurately and naturally has been a key issue that researchers at home and
abroad have focused on in recent years. The traditional methods for relighting portraits are mostly based on physical model-
ing ideas, such as the Spherical Harmonics illumination model, the Lambertian Reflectance model, the Phong model, and
the mixed model of ambient light and directional light, etc. These methods attempt to depict the interrelationships among
lighting, materials and geometry by establishing clear mathematical and physical models. However, human faces in the

real world are highly complex, such as skin color changes, uneven reflection attributes, fine and irregular geometric strue-
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tures, etc. This makes traditional physical modeling-based methods face challenges such as large modeling errors, high
computational complexity, and poor generalization ability when dealing with real images. Especially in single-image input
scenarios lacking multi-perspective or depth information, traditional methods often fail to generate satisfactory relighting
effects. With the rapid development of deep learning technology, the image relighting method based on neural networks has
gradually emerged and quickly become the mainstream research paradigm. Compared with traditional methods, deep learn-
ing methods can automatically learn the complex nonlinear mapping relationship between illumination and facial features in
images through large-scale data training, thereby achieving highly realistic and detail-rich relighting effects without explic-
itly modeling the physical process of illumination. This type of method usually has greater flexibility, expressiveness and
scalability, and can adapt to various complex lighting conditions and changes in face poses, showing stronger robustness in
practical applications. Method In order to comprehensively sort out the development context and research status of portrait
re-lighting technology, this paper first starts from the research background, systematically summarizes the development pro-
cess and key technological breakthroughs in this field, and clarifies its important value in various practical scenarios.
Meanwhile, this paper collates and compares the current mainstream portrait datasets and illumination datasets, covering
synthetic data (such as face data generated based on rendering engines) and real collected data (such as real illumination
images obtained using multi-light source shooting systems). These datasets provide fundamental support for the training
and evaluation of algorithm models. However, there are also problems such as insufficient data scale, imperfect illumina-
tion labels, and uneven distribution of races and genders, which urgently need further improvement. In the method review
section, this paper classifies the current portrait relighting methods based on deep learning into three major categories: (1)
Methods combined with physical models: This type of method attempts to establish a connection between the powerful repre-
sentational ability of neural networks and the physical interpretability of traditional illumination models. For example, by
introducing learnable spherical harmonic parameters, normal graphs and reflection models, it guides the network to learn
intermediate representations with physical significance, making the generated results more realistic and controllable. (2)
Methods based on image transformation: This type of method mainly relies on image-to-image mapping networks, such as
U-Net structure, GAN (Generative Adversarial Network ) , self-attention mechanism, etc. It directly learns the mapping
relationship between the input image and the target illumination image, and has advantages such as end-to-end training,
high efficiency and natural visual effects. However, there are still certain deficiencies in terms of illumination control accu-
racy and geometric consistency. (3) Methods based on 3D reconstruction: This type of method utilizes face reconstruction
technology to first perform 3D reconstruction on the characters in the input image (such as restoring 3DMM parameters,
depth maps or normal maps) , then reconstruct the lighting conditions in 3D space, and finally project to generate a 2D
image. This approach is usually superior to the pure image conversion method in terms of accuracy and control ability, but
it has higher requirements for the quality of the input image and the accuracy of geometric reconstruction, and the computa-
tional cost is relatively large. Result Based on a detailed analysis of the above three types of methods, this paper will also
compare and evaluate the advantages and disadvantages of different methods from multiple dimensions such as the realism
of the re-lighting effect, the degree of detail retention, computational complexity, and the generalization ability of the
model. Meanwhile, combined with the requirements of portrait relighting in practical applications, the applicability and
robustness of various methods when dealing with complex factors such as different races, postures, the number of light
sources and the position of light sources are explored. Conclusion Finally, this paper, in combination with the current
development trends of deep learning and computer graphics, looks forward to the future research directions of portrait
relighting algorithms. Future research may pay more attention to the lightweight design of the model, real-time processing
capabilities, the fusion of multimodal inputs (such as combining semantic information, depth maps, etc. ), the improve-
ment of cross-domain transfer capabilities, and more realistic and natural lighting style modeling. Meanwhile, the diversity
of the dataset, the accuracy of the labels and the rationality of the evaluation indicators will also become important factors
restricting the development of the technology. This paper hopes to provide references and inspirations for subsequent
research through a systematic review and analysis of portrait re-lighting technology, and promote the further development of
this field at the theoretical and application levels. In conclusion, this paper aims to provide comprehensive technical refer-

ences and theoretical support for relevant researchers through a systematic review and in-depth analy@l% of the existing
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research methods in the field of portrait relighting, and to promote continuous progress in this field in terms of algorithm

performance, application breadth and visual quality.
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Fig. 1  Example of portrait relighting Task

MNEEAT TR IR TIHRLEDE 7 | il
YRR I LIEAR (4R ) AT (R 38) AR AE
PR REAAY i e NARTEXT G RECT A 524545 51 &
FIOGENG o HIX 85 3 oA i 12 il b i
O B S3 A FIRS B 4 $2 115 b 1 D BRAB AR A =y, AR
METE S 2 0O BRI A2 5 A AR OISR o WFSE
N 512 3GE i Z R EOR T BO Ot B T g s R i
(#45, 20175 K45, 20215 X055 ,2011) , AT 5 7% &
B T 6 B AR F T8 AR AE SR B A i
b & 45 FH 28 W 2% (convolutional neural networks,
CNN) F1 A= 5% %) HT M 2% (generative adversarial net-

work , GAN) 85 VR B 22 S BL AU )0z o F L, AR HT
A ARTF U A 7 TR BE 2= 2T K sh i [ sk 1%, B 4
i R T AL S8 7 R ARG By T (R A, DR AR
2015 4F )5 , FE IR B 2 2] M EHR EAT e A5 8 T
PR & (an &l 3 itz ), B9 N B 3 3k 97 174 A 75 24
FARIYIN LM, 8 2 a1 6 R AR B o FNsoe

UREE 27 2] NSRRI T 5 i Ae ik
PRI Z b 5 A0 AR PR sE HL A T A A9 R T 1 R R
7, R B 22 ) MR E ST 0T LUor R 45 4 1 3
U 73k BT FUR S e i) 5 e A3 T = 2 F At i)
Tidi. GG YEERE FRE S G TIREE] S
L5 B W PG BB AR A L 34 il Al T AR R R
SR M A = g ER A AT BRI AT 4R
FIHE BE RN [ SR I8% 55 TR e 48 1) J vk 3 1 R A=
BT 00 2 25 A Al OB Y 3 it DA A PR v 2 )
AR, A 43 ) A pi et i b S 36 R ) G
S, BENS A AT A W B () USSR s 22 T =
A A 13 0 R ) = 4R E BT
R KA A TLART T IR RN BEARRAE , DA TG S BBy
K BT

AR SCH A BT IR 2 ) W NG DB
AR B 2 B AT R T PR 2 WA AR R B R M
55 LA A MR T R FH B O AR B e 42
F B R G A 26 2 45 TR0 A 24 H AT 3 3 B9 TR
2 ) BRY R HAE EUR T FT 6 i L 5 3 15 AR
FEXZ AR B & S AT R 8 ARk 5T Y
D7 1), i B EE AR ST N 25 B DT

1 ANEREITRHES

AR (4 Wi 5 75 2225 A N BRURA N RRAR 7]
S N IR R 5 B A B BB Y R
1117 ELAE A S E TG R i, AR M7 48 ) R A ik 1]
PRAF L, BT R0 Bl /N 2l A s i 8 ) ek A2 R 2
THOCLECR . TR EATBL AT LU0 R 8h
VEATARASZNR , Sy T O Eis S AT REXT 5%, A E5% &
TEFATR I AN AN &3 5 A s AL, 3 250
ARG N TS R BOERRBCR , 5 2O 0T

© h[E KR KL AR



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

SR, X A RE Y X B B 2 WA E BRI 4 o
BT Bk, MR E TGS H FT A B
B B AT LB A T AR IO B 4 o e P98 4%
A1 32 50 e P e P SR B A B AT B 5 Ok
I NG EAEEE o
1.1 EXANGHEESE

A 1) BRI 2R 4R Ty 12 0K 22 R BRI B B i
(one light at a time, OLAT) /7% . OLAT J7 ik %L
JE—ANBEHE N 21> U7 1] BRSO R B B
(Debevec 55,2000) , 6 IESEG 3 F th 21 IR,
B — AU AR RE A S ML AT B OC I , i A AT LB
A B DG TR R 2 T 2 R (I 2 s ) o
s An e & b, ek A B G IR IR B R B9 AR
0 = R AL AT HO 8%, B sk B B 1 37 e
SE FL— IR BT TR RS H T s A AL 5 ] [
(i) B AR, PRLIEG A ) 25 34T 5K 181 v i AR T LU
Y se i Ik iy o SR T A A BR 1, Bl A
LA S T LIRS o Sunstage (Wang 55,
2023 ) F FH R RE T HUAH LA B G 2 T — a4k i
MOGCIREES a1k P 7E P MRS IE R i A 4
HFRASTEA [|) £ B A BEOG T B Thg AR gk dle , O st 1
TR LA St 38 ARSI st I 28, 6 f
(19 AR F 3K 3 09 S 7 a8 B4R S 6 I (Sen-
gupta 55, 2021) , LEBE 0 G AR 7E s A5 10, 8 1L B
FEN BB IR T 10 s B A b WURT R R 4
{18 ) 2 0 288 5 A5 Sk AL IR, DA T A 381 — 28 5 e ( BRE)
PGS L B RT R ER . BIRIX 5 ¥ BN )
BT NBEL I 3, B A AR B X
ANXFFE

K2 StieEGxRER
Fig. 2 Example of light stage
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Fig.3 Classification and flowchart of deep learning algorithms for portrait relighting
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Mask ) , 3X A>3 WA A G BT 52 ) B e At T A8 JL AT
ER LDk T IR IR RN 3 B TS LA 45
—E,

SEBRI AR AN AR AR O IR A R 2
FEAL I AR T (G e Jik AW & BYRIBCH ) L i T
e F T HAT B 2 1 RS R, Lambertian #5281
B A4 AR S 26 38 T ARG R AKCR |, Kim 45 (2024)
S TR S YRGS AR A A R I S HESE
(1) 77 1% , FX A SwitchLight, SwitchLight % T Cook-
Torrance L (Robert 45, 1982) Kk fifiiA St 5 R M
T 1T A A A H |, Cook-Torrance 5% 780 5L = 434 - 1]
BRI R W A S T ph O S BRI 3 A ) SO0 - T 2H
T, BE A [v) g A DL 55 T s 4 2 Sz 85, 38 3 4 Cook -
Torrance 15 I 42 5§ 21) 0 6 H SRS 1y b s e 1 ' HER
PR pAH AR 3 T B TGRSR

DL NGS5 AR RE % S BB @ LY
RO (BB = WL 7 28 T RS Aff 1) D' A
e Mei 58 A$EH T — R TIRAG L BN E

FI 6T LightPainter(Mei 55,2023 ) , i/ /7 1l 1
] BRI TR A R R M M A5 0 A 1 O HRAKCR, | DA T 55
AN C A S . LightPainter 75 2 G REBY B AT LA
R A8 Ik € 25 A SRS A o A 52 TUART IR IR A S5 B3 %6, o
FIOGAE TS S DA AU 5 R LA TR AR kb 4 B 52
&, SR 5 A AL B R I 28 T e = A e 2 U

— T A R R BT R T A
AR TEC AR TUTRE DI (Al T i R s )
AL ) 55 TELME R SE T, i T 20 7GR,
LR A 77 A AN FH ARG IR . Kanamori 45
(2019) $2 Y T —Ff BT 45 FUh 28 W 28 119 7 1%, 73K
W RELOCIRFRIR NI T L B WG IR
RS, O T ACH) R X IR A AN E SR ), B
2 AR A G b Al BT Ol REAR i [ RO
HRAR G, o 1 ROl B 1 S LS R E TSR

Tajima 5 (2021 )t F1] FH 56 A% i 141 750 00 51 R 3
P4, 53 W B S R R AR AT, 55— BB
HEAT I8 SR EE AT, SRS B ] O IR BRI
ML 1], 25— B i 2% ) HL IR 55— B Be
i H MR 2 ] A i 22 o B a1 S S 5, DA 4
e EATOGRZ AL RE T LS
2.1.2  BET AR )7

FHAES T4 1 Transformer 55 28 L 28 2544, A 1
AR GBS 2% ] (5 S U EUR R AR A=, 2 i A=
B v JOT e RN A0 S A MG i e 6% E o R A
AW A SRR B AR U A 2RO IR T 1 [
18,77 AR B S W B R ROR , Hax R A sl
TR R AT AR Y o

o 2 B 28 1) 7 v IR A S e
(AU AR GELFDE RO TG, 985 g IOk H
FICNAG, SR A 28 o M AG T I 0 o 2 1 A 18 3
PR RN HAREIZE SR S Shu %5 (2017) 48 H — Pl 2]
Ui GAN W NARHAEE Sy — A B8 (0 T A AR W I
X JUART g P S S 258 46 Jam 1 448 o S 36 ok 24 BRI 45 DA
ELSE R G b S50 K B A R . X SRR A
VI SO S 1) 4 %, 38 2ok 35 F 7 28 AT DUAE DR H At
JE AL OLT , LK B AR w00 S A28 i
B R g — T ER B G IR AR AR B, DT 55 DG IR
ETEE

X' R G i A AT #5PE , Deng 45 (2020) #2411
—Fh 44 K DiscoFaceGAN W77 1, T4 i EH A 5
A Figp R R T AR A TR AR R o 3205 BB 3D S R
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A B GAN il i Y 25 A% 43 [ 4 i 25 (variational
autoencoder, VAE ) ¥ B {7y R4 | ARG IR 4 8 1
(1) B2 1t B it 1) 3D JE AR FINE Y FE () 240 [l v
M A 3D I 722 Fi e % i 72 0 W A Bk k4 5 A
BLAS A A R R PR TR S . S T 20
SRAFFARE ), SCEEDIA T XS 2z 2] 3l 2 F A2k g A
R Z 18] 2 S A ph AR ) B s 5 | S 1 A0 22
S, JE AR S T S 2 H D v 3Rk R B AR )
SEEM o P& ZE R T StyleGAN (Karras %5 ,2019) ,
T T 8 A R AR 2 I 5 KT 45 % oR SOk R T
G, ST O A= s T R R ' B S s M RS A 4

Liu 55 (2022) #& {1 T 3D-FM GAN, — % [TH]
T 3D AT ER AR RGN B B A5 GANAE L, RE 8 7F
ity 1) 3ty 272 > B B i TG e A o] 8 A S B v O TR 45
DN ZOHE SR o i A TR EGORN T A B Y 3D
2 i e e R 3] Style GAN BB A 2 6] v, S P 5 o
B R R T RN o 0 28 45 1) B 5 2 5 s 11
StyleGAN A= i i , He o S A% 25 445 iy A [R5 R 4 4]
G5 GRS B AEZS 8], StyleGAN A= il 45 D) 4R 4
XA BAE M A R R SR . o TS I IR 4
F G 6 8 ) Z [A] AU, SCRE g T T 22 afe ik Al ol
ZRHe , IR ) E 0 R e R )11 2 SR WS R 0 1) 1 i
B R RE T -

NAGE AT T 38 1 5 22 2 RE AR T 08 vt
X35 B AR AE S PRI TR AR LIRS . Ak,
Pan 55 (2022) $2 T —Fh 44 25 GAN2X WY BT 7 3% , fiE
i e 0 I B 0 B0 T AU TR e X EHR A7 U1 25
TR 2D G R Y 3D TR b4 5 i 1 Al R 2%
o 2T R R M 4 3R I R ok 3 3D R if
FIAL o S M, AR S 3D JE AR, I REAR A2 Al B
(RR iR I = N TR U €7 % N AR =2 |
Phong & (A A, GAN2X HE 8 M x 2L N 78 J& 1 HhiE
Jerh R

Bt 5 P HOBE R LE T+ AL 58 I HT A 3G 22, Pon-
glertnapakorn 5% (2023 ) 22 814 Diffusion #5 %1 i H 75
MNEEAT T AATHR 1T — B AR T 11 4 28
JE A TH R 7 15 Difareli, 7] LB #5745 2D R _E B4 T
Yk, AT 23D A4 2 0 B EOE A
fl . Difareli J& T 419 #UH AL (denoising diffusion
implicit models, DDIM) (Song 55,2020 ) SZ I AALFEFT
AT LATE BRI 25 4 et NG R R IR DB RERICR .
TR E e A BG gh h A E RE Rk AL

SRR P bR i T S5 ER AR 1)
W33 2 [ A5 1 A A% 14 oA R RS Y 7 2 5 R A 0 2ok
FE o HERLE AR rp AT LU A8 ORRAE 1] 2 e A O R
it , A 2548 DDIM ff s 25 A= i F T8 5 1 A .
TP 7 % RE A T8 AN (RO 9 0 110 DN 7 T8 A 0 i o
3D A B EAE 1 B0 T, SE 80 R A Y EE TRk
S Bl TIZRY BOB R B R, Cai 45 (2025) 1A
b, BRI 2R B OB A £ 26 76 He b (R T 7R 43 F o
it TR R H X 25 SR R A AE Y, PRt 4
H T Shadow Director, H 7 B JL T 5K & 10 K14 A1 4L
JINESF RN G T AN 2 B 5 %) L S8 3 o A P
I 6T 4™ FBORSE 7R A B 23 ) R A A Ak S 30 X6 B 52 ) T
R AL RN AT EOOR 4 ah)  [TRE R A [] XU
Z A AR S B A ] — 1
B0 R EE & B0 AR BUSAS /&5 By HLRE RS /Y [)
B, Yeh 55 (2022) 48 o] DL o i BOG5E & 4 A
BCECHE SEAT I 25, 38 A B3 I S B A 35 7 o
S i O P EE TGRSR T JC T B SR IREE &
W Yeh A2 T —Fp 3L T B HUCEE S 1A
B B HE N 1 R EA D . B ERE A
FER B EOEM GAN REMETE. 26K
BrffiFH U-Net 2854 Mg A RG22 55 B 5% A s e 3%
He, WU R AR KR . GAN 2 18 By Bo#s I BER B %
ST 260 3D GAN(EG3D) iy fE 2 [l v, DA
o A BGR R 3D (58 . EITEH B A HET
JCAR AR 25 78 1 AR A B GAN AFAE , 2B ik
A BFRIGIRAY 3D R (= 108 ), I 8 i AR
TR Y AR ORI 1 U o SR Tk RE RS AE AN B 5ok
PEABE ST, SEEU R R R E TG
B
B T K BG4 Sk LAt 22 E G BRAR AT i R
18 W7 R BN TR AR R B0 A
IS Z AL RS E R T A 451 R . Han 55
(2019) 42 Hy T — B R X FR BE & A8 B0 Bt M9 4%
(AJGAN) , 38 3 i 1] AJGAN v (%) 5 B A5 1L GAN
SR ELA X8 50 A S PG 36 Ay I TG B )
PR A G , DT ' BE AR A T B /UL Y 5]
KBRS B A o BEAh iz At RESE B
BEFTE i AJGAN (1 51 4751 GAN 7 DUAR g
ANTR] 9 Y RS B0 1 T R A T 5 MR R 4T 6
AN T BIEIR . NGO CRE A BR v Ab T DL oke
BB 5877 VL AT RE 51 AR | 26 DR IE THHS 5 11 7]
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p S S AR R A TG

H1 T LightStage 245 A7 PR H JCYEHET 2L,
Wang 45 (2025) B3t 17—~ 240 A EATICHESE, 1
FHTIN SR 0 BB ALV E SR MG S 5, P45 5 Bk O
MR SHORS SR A BORE A B4 TOGEE IR, JFa
O BEAIE R — B0k DN LSRR r 27 > B[] — E i, g
U A0 ST R B IARER A (G B A5 ) s 2S00

SRR, S5 G BT B J R S L T AR R 4%
JERE SRR B0 FLSE A6 RSO | 38 2k R B 2 ) iy
i I 207 AR AL 1 4RAE B 4 BBOR ) B2 s P 1 £
T A RO AL BT O R G 0 9K T T 4 e )
20 7 v B T B M R A R — R A R
AR A ME— i, P — S BS54, Bk

B HE & FRRS DPR

2 PR AR A SR A B FLE AR B LR IR M k2 S 300
P E R IR IO IREE R
2.2 ETHEHBERIANGEITRLEZX

545 Y B R T AR B, 2 T R e Y
D7 AT 55 00 =B A5 B, AN 20T ) B S
R IELAEAE, ML T AR EMER PSR BOE IR
AL o X7k T A TR 2~ R 4% AT 45 e
WG A 7 ) R S O R R TR S, A
ST MR B 1 T I AN B T4 5 W) B B A 7 A
b PRI 2GR S I A] REAF AR — 2 R IR, (BB R
A LB B SRR R B, U T A TR
JE R R EYR .

Hr A HBR &G FRRS DPR

4 FRRS(Hou%:,2021) F1 DPR(Zhou % ,2019) &% 1y 4%
Fig. 4 The results of FRRS(Hou et al. , 2021) and DPR(Zhou et al. , 2019) algorithms

2.2.1 TRk

SEA Y BRI () V30 T B 8 AT AN
SRR ST | 3 O T A S ER AL T T RE S B
FIOCH B ZU A DR R | 1 Bl RS B, X BRI T
XSRS M . Sun %5 (2019) $2 T —Fh 3L T
UNet (Y NG EATE RS, i M4 LUK RGB AR &
RAE R K B bR BE A2 45 (RS0 45, I
eatnets A e BhoL A T EIT RS . S5
&S0 1) 3L T Y30 TE Y 5 AN TR) A 7 3 2o ity £
viig 977 3 B A A U A B ARG IR 2 )

EAERREL, A oA T LT s 5%

Zhou %5 (2019) 42 H T DPR 5k, o ol LT
PIBR I FE AT G R I AR EE TR B R 4
(PR DPR #0484 ) |, SR J5 £t 1% 500 4R I 2k I 245

PIA B F T NGBS . R H Hourglass P 4%
S5 G G B AR AR A%, g Bt A P T SR I AR A
TEFIGRRRRAE | O BRAHAE AT LA S50y A ER A OGBR
1 T F) 0' FERPAE 5 88 DA B Y RS 1) D' AT
J5 55 T ER AR AR S G, BIVAT S A A s 2R i AT
K&

X8 A P 8 N 40 T AR 25 5k S B 52
(L HIEAE B3 ) (0] 8, Hou %5 (2021) $1& Hi 4 ] Hour-
glass P45 45 14 (Newell 55, 2016) Al T8 &4 Fn H
P PEIAR 2 1] A BE A9 PETAR S DA T 7 B AT O i i v O
TET ¥4 Jr BB A0 15, 28 AU YUV 6,25 (] v 1) Y
TE, I 38 o B R A A R I 552 30 AUASCER A A Ak A
52 AR5

Futschik & (2023) $& % 7 — Ffr
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B 2075 P N A G TR R GRS 1A SR
Jei 8 — S EA Y BN 2%, AR R P S E Y HL
SH A WA AN R BB B 0 R . X Ry
20 ROk B T Ll AR5 U 0% 22 648 AN e
Aii , BEREFE N EUAE B AR SO BRIB L L AL BA 3
Aot Aoy =, o A AR & iR g 5t
HEA SO0, AR BR 52 A o, (o B 5 500 4R
ESU

L GE M C 8 & 75 2 5 SR R A RN 2 iR
i L RRAE DB g = v il L DR IR R £ Bl 4R 0T
AT R T EFT RS R RS FN o Sen-
gupta 55 (2021) F H H & 5 FH 89 B #8456 IR 38
BT SR A% U N A S HEAT AT &
X3 g AR I B, AT B T — AN JEF U-Net
FR) 19X 2% A TR PR A% TR BECRD H b S BB AR S i
AL BEE— At A G T AR B AR (R
16O BV TE 2 R i, R FHARAS O i 81 B %
MANEE o TSk B2 gl , X R 7 vk e A B
ANXFFEI 3 25 1 I 2 s SRR, A T Rk — [
A BRI TG IR —BCHE B e X B 451 % e 5
BN

B XA ) B T — A SR A 55, 5%
ST AIATE 14) BF [] — S0 ARk 7 A — B EE TR
Ho Zhang 55 (2021) $2 H T —FSL T it 245 - 545
SERE B SE BT — SO IR T T T O E
T AR I S B R RIOY R — B, SEBU sk
FETR PRSI 4 1500 AR AT . g gk fan A 1% S
15 S ' BECRT S AR S5 KA I TR AE R, ik B 25 DK 3 e
WER N A N T EEG . N5 ARG A
B EA AT NGRS B 2R ms , LS B L —
PR B A TORCR
2.2.2 HTHA AT

FE A AR 14 v R A R G A e
W2 7 HOsE R S5 4 . Shoshan 45 (2021) $2
T A AR T A A DA SR A i R R
(18 S g o) P R 2, T2HE 30 o %o L 2% > S B A
23 1] 1) Jp A | (A5 A 4 TR X O — e 1Y)
FUGE M o 38 2 31 Sy il s B i 5 T fie o P i A
SFF R R VL 08 08 A -2 8], DT S 80X 454 Jd PR 1)
AP, BT StyleGAN2(2019) 284y B ¥ AE
23 (R)RI 43R 2 A F 23 18] A4 T B — AR
(S 1 Cln Sy AFIRAE) | B SRR ER A — kST 1Y

7/

Z )2 B (multilayer perceptron , MLP) #4745l

Zhang 55 (2025 ) FI) 9™ IR Y 47 i 21 3 6401
WR 2R, A A T3 ) 7 — bRk T B P A 530025, T i
TEYIN 53 A i — 2t e A4 i (3L R B AN
] IS5 1 T AR S U R PR TR A 5 AR TR A R
AN — B0 KPR FIEE E T OB R A6 IR
SRR Y 2k o X R T A — iRy B 2y
WO SEBOCAL i — ZrE , DT A A P45 40 5 A [
A TRMEAAZ 1 [, 52 BURS IE ] i

Chaturvedi % (2025 ) 7 9 #1755 9% 1) 3k 386 i ]
B N — A9 OB R 25 2] A [a] O B 2% A 1) 722
e, IR — b 22T 55 V11 5 506 65 A D 2 5 A (1 A 7
3 AT 18]G SRR B RS A ) T, R A LSS PRI 5 5
PG ) 4Rl 22 1

FFXPHUA L FTOE , Fang % (2025) 2 T I 2R )
2D R AT AR IC Light £ % A [F] f 6 BE 4 1
X R 1 B AR I S FEAAR AT EERT BT Gl e A
P 1) J2 47 Mot 15 T 2 ) ) o TR O 5%, ZE DR B &1
AR S 06 1A ) P4 548 ] — B

BT BRGS0 07 1 A7 57 1) = 4k {5 el
SR AN RS TR ER N | T e i DA Bk P 5 de
BOGREHME , B3 A lETEROR . BARTE
EAOCIRSENET T G e i 75 125 AT REAFAE—
SE SRy BRAE , AE T 5803 RN 15 B A A A
W ELRFFEENG R P EABRIS . E
GAN FIH TR TR A4 7, PRSP 8 07 125 A i R A
PEPEARWIR T, B BOR M IED 33X 4807 ¥ T fig
SAEF NN 2 M Z AR I 7 5 b R B B R Y
.
2.3 ET=#EENWAGETALEE

FH L 45 G W) AR R R R B 4 i O ik, ik =
Y o 10 7 R X 3 B0 A T — 4R AR, REAS T
REHf ML R IS MR Z [ A AR B . X 285 1%
R R R R 2 S AR AR T A Y = 2
PLROGIR RS 0 0, DA (6 45 5 3 T OB ASCR B
S HAFE YA, 3D JriE LR AE T H AR g i
o7 SIS 2 0 2278 O B R A (H R L R B
TS AT BRI S O S e R AR . R
JAE 3D I AR T TR A RIS PE MR LT , AN
FH 5 AN B2 5 503 2 (AU AT o 7 S T Y
2, BT S e B R AN R B B X AT
55103008 KBNS AR S5 A R P 1) 2

© h[E KR KL AR



BRI, KRB, BER, BEAX, FR, FTEN]
ANGEITREFIHTERRER

2.3.1 FETRIMMEEHTTIE

DAAE B 5 12 2 2 (0 F 1 40 9 3D 49 5 B 4 Sy
B, T BIARZ AR EIUR , E 243K
S TIOE REREY S S UN S NITE SR CIP 2 NS &' w7
FLSLHL AT AR BT . Feng 55 (2021) #2111 —
F 4 A DECA (detailed expression capture and anima-
tion) FURERY | BEAE DA SK BF SMEGrb [T 1 3D AR
TEARANRT Sy im0 A 1) 4015, 3k BE A0 Y A E TN AR E 2
B RS . SRS IAT —Fh i i 401
— B T T AE Y R R AR A AR R A
FNFAF WA 0 e 0 AL A5 7T LU i 42 i R 1% S50k
B L S A AR S B, R R AR R A
AR RAF T S E S BT DERCR

A 193D @ J5 i (Liu 5, 2024) £ T NeRF
(neural radiance fields) (2021) #£47 , NeRF /23T #
2o B, ) A B 28 0 268 2 17 55 v R
JERBUEAE R o 51 G0 G A e 1 LA A2y 2

ANTA], NeRF J2 3 35k 9 2% 27 ) DCAS [R] £1 B A [] R
5 B PG B o AR AR A S — S AR I
FRUECHE A 2 B A 0 LT X 42 il s (AR e 14
3, NeRF B8 2E B HLA 5 B SO SRR
YT AR R 24 A E ORI AR A 7 T R B 55
Sun % (2021) 42 T NeLF J51% , NeLF 4 — 251
U-Net 148 B0 28 I 26 FH T M A AR S 32
FRAE AT C IR S, LA R 242 2 P T
TR 3D A AR B B RO AL i ) . SE b
S ) i 5 H BRI E A R AR R A 1
TR AR R AT 1 4 5 132, 1) (AR AL e
B e o A T A TG, DA S B g o 2 )
FIHCFNLIE A BSCR

=1 (Tri Plane) J&— #8019 3D £ 7k,
R 3D 5 25 A 3 AT T 2RO, BEAS = A5 e
FEARAERG T RS T i 2 I 25 b 3 7

[0.0000, 0.5151, | [.5145 | [0.6893.
0.7071, 4722, 0.0000, 0.3991,
0.7071] 714 0.6047]

&5 Difareli( Ponglertnapakorn & 2022) NeRFFacelight(Jiang £ 2023) .FRGCS(Hou %£,2022) i ICLight(Zhang & 2025) B
TEXT R FEIR S (525 BUE St IRt FFRBE s 1)) T Y &5
Fig. 5 The results of the Difareli( Ponglertnapakorn et al. , 2022), NeRFFacelight(Jiang et al. , 2023), FRGCS(Hou et al. , 2022)

and ICLight(Zhang et al. , 2025) algorithms under corresponding lighting conditions (reference image, light code and environment

Al B R PR A ARG BRAN S 3D A5
YR}, Tri-plane $2 44t T — 3 2 S 20f £ & Rk 68
J1# 38 773, Holo-Relighting (Mei 55 , 2024 ) F1] FH
IR 3D GAN(EG3D) M A A 15 i LA A1l
SMULRHE | SR 5 i ok — A E AT OO AR 4 e AR
P A B SERRAE , T L — R A H FR OGRS 3D
FR (V1) , B a8 R RS G A iU RO R Y

BIE o 207 IR I 2540 73 R = A B B D152 By
BEFH T 100 2 18 R (K5, GAN S 3 B BOKE 2 I ]
BAE B EG3D M TEZS M L H# 3D fF R, I
B B W3 2o — A A S B A5 4 1) I 28 74 Jlin A H AR
TR =P s
2.3.2 BT RUSEALR ik

ST A A () Dy VR AR A = Y R ST

11
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FeR S TR E VR, 3D GANs 5A{H R B 3D %
7N R HB I bR TN 2D EE i Ad 3 E 3D fF BT
FICRY T2, X By 3 s fh T 7 45 ) Y R
JIREI B i ol O D T AN el R T 2 S R
R EFTHCAT 55 S T T 0 R g FL R o %
Jo H AR AL B AR J b R B A5 SRR ), A A 7
BT SRR AZALRE I MR BT S T EH AT
AREBIH 5 0

1 T B PEAL TH R A, FE A 2D G rh 2
21 3D TR B R B 1 0 S T TG ik
HERRAHHE 3D LR . Pan % (2021)42 ! T shadeGAN,
AT — AR 1 3D JE AR ASUMAS R A B
SR LS I AR A [RGB 2% 4t b 1267 A B S
(Ve YRR, R ShadeGAN B A T 20620,
ot i R BRI AR RDC AR S 7T Yook
2 HHARRE Y 3D AR R o

SR , ShadeGAN J7 L7 B EL S M Iy THIAE ZE A
S Tan %5 (2022) #4417 VoLux-GAN,, 1% HE 4238 3
P 22 B U3 A A SE 34 HDR SR B HRAE 11 689°3D
ANz B MBEMLRAE 088 A2 n] & F 4R, AR 1> 3D
7 B s IR AR B RN R v L AR B AR
TR Y A WA A BRI S R 12 s S BA R B 1 i S
FF52 Rl 28R AR ] B J i kB SR RN 22 7 Y 2
A R A A TR RIS

SRS 3D B GANsFEVE 22 J7 TR U T F g {1
FE G R0 X M Ty A AR R, HLEE AT g et AT
B RIS BN TR E . M IL, Kwak 55 (2022) # HH
T —A> 3D B AR BT I 4% SURF-GAN, 28 ) %
SURF-GAN B Ze 50 5131 4 A £ 2D StyleGAN 1, D) 5E
BLEA X 3D il FniE 8 M g iR R 1 i R
{546 . SURF-GAN i it 7F NeRF [ 45 1) i — )22 2%
2 T2 AR BN [E 018 ST, e iR & 5%,
It ARVFE G S BT EL . 3D AT HE StyleGAN
NFE StyleGAN [ 64 I, il i3 5] A SURF-GAN 5%
5 IR RN 7R 25 () B4 , b e b s o A e R
WE T8 SCTR M, AT S 30 8 o o 1) ' I i

Hong 45 (2022) tn 4 H 1 — B AT DA gt B 45 i
SCJE PER 2 804E 3k B R HeadNeRF, HeadNeRF J2:
— BT NeRF 19 S5 Ak 3k ARA 7Y | fi] 6% S5 o) s e
R PR L SR G, I S Rr B A ) Vi e AR
K APiE B TE . HeadNeRF i i3 2 B2 % 1% F H
i R B VS AE G B, I 2040 H s G0 6 BRI AE S

i, R B AR R T AIES % BR R R A TT
P EATEEIE

[F) 5 A X6 v S5 119 3D B A5 A A I U ol
Tang 55 (2023) R A — V1 e/m kA2 i 3D 8 4 % , f:
A S HE ) 3DMM 48 T8 B B SEIRRTE S &
1y FAGE RO RE Y g AR ] 3 a0 by > R R
AR, 20 i R AR R 2 — B

Jiang % (2023) #£ 1 T NeRFFaceLight /57 7% , 1%
D7 15 6 BE A TUART A0 A0 W00 Ho A e o ok 3 2o 7 )|
SRI%) =1 TH s B L R RN TL AT S0 U 53 1) e
SRS BV AR 23 (R I 38 43 2514 GAN R SEFXT
MR B A il

Zhang %5 (2023) #£ 1} T FaceDNeRF, 45 & T /4
BT BT 285 AN BB AL, ] LA Bk P45 E A v o
AR NeRF, I SRR X gl FE BRI . FaceD-
NeRF FJ FH 5 23 ¥R (19 3D GAN J2 3 A H5i Il 2k 1) 2D
TETEY WA, (5 FH P BB A A AR S G OL T
ERYN TR AL NeRF, 1M G 75 23X A9 3D B dli o 18
ST RE R B PR A B R DA e Z B T 2k,
FaceDNeRF >4 F P 4 A4E T — Fh A A FH 2R 00 I 1%
SCAR B R AL 3 E b BRI R ] A g AN Y
NeRF.

e s, BRTC A K ¢TI K RGB
FEHRAS T AR 3D TR 3 A 5%, {H ik 25 3k
B2 Yy RO BRI o A T AT, HAZ IR
T )72 AL BE 71 . Papantoniou %5 (2023) #£ 1 T
Relightify 53 , R Y BB AU R S5, i@ ot 78 UV
23 (] A T G 52 ok S Bk [l v B e mT B
IR 3D A o 2076 i Se il 3D JE AR R U &
i A S LAFRAS LR 59 3D SR AR AR 43 UV 8L
P, AR5 38 L YRGS B PSR ORI B X 4
TN S 58 28 i 43 AT 52 T , A= B 58 HE 1Y)
ZUIRFN BRDF 2285, DA M 5 80 38 BC 1Y 3D A 85 g il
HEIERCR .

FEXTOLE AT, R 2O A MR T k%
ZFERT HALAE G Z 3D BN RE T, TCIRTE LT 2544 T
AR L H —BUWE TR R S BT N
SR, N RSB L Cai %5 (2024) 4R T 3T
NeRF [ 52 B 3D JBH1 5 2, 38 28 AUt Bt i 285 44 53 il)
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Table 2 Deep learning based protrait relighting method comparison
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Table 3 Quantitative Analysis of Deep Learning—Based
Portrait Relighting Algorithm
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DPR 5.27 59.24 0.47
FRGCS 5.83 61.03 0.52
DiFaReli 5.01 64.63 0.63
FRRS 6.56 61.04 0.66
ICLight 3.32 65.35 0.55
NeRFFaceLight 5.12 65.26 0.61
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