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Differential rendering. a survey

Xu Weiwei' , Zhou Yang®, Wu Hongzhi', Guo Jie’
1. State Key Laboratory of CAD&CG, Zhejiang University, Hangzhou 310058, China;
2. Shenzhen University, Shenzhen 518057, China; 3. Nanjing University, Nanjing 210093, China

Abstract ; Differential rendering is currently a research focus in virtual reality, computer graphics, and computer vision. Its
goal is to reform the rendering pipeline in computer graphics to support gradient backpropagation such that the change in the
output image can be related to the change in input geometry or materials. The development of differential rendering tech-
nique is highly related to the deep learning, since neural networks are usually represented as computational graphs to sup-
port gradient backpropagation using the chain rule. Thus, the gradient backpropagation is the key to convert a computational
procedure into a learnable process, which can significantly generalize the deep learning technique to a wide range of appli-
cations. Differential rendering follows this trend to integrate gradient backpropagation into rendering pipeline. It can signifi-
cantly facilitate the gradient computation through auto-differential techniques. In fact, the derivatives of rendering results
regarding to the mesh vertex have already computed in variational 3D reconstruction and shape from shading. However, dif-
ferential rendering integrates the derivative computation into global rendering pipelines and neural networks. Therefore, the
rendering process can be directly integrated into optimization or neural network training to approximate rendering pipeline or
inverse graphics reasoning; it has wide applications in content creation in augmented/virtual reality, 3D reconstruction,
appearance modeling, and inverse design. The advantage of differential rendering over traditional rendering pipeline is that
it allows to train neural networks to approximate the forward rendering pipeline. Once trained, the rendering results can be

obtained through forward inference of the network, a much faster procedure in many situations. Moreover, the gradient

I #s B #A:2020-12-31 ; & [E] H #:2021-03-13 ; FREN A H #7:2021-03-20
BE&WA . BHE HRPAIELTH (61732016 ,61772457 ,61972194, U2001206)
Supported by : National Natural Science Foundation of China(61732016,61772457 ,61972194 ,1U2001206 )
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information provided by differential rendering is helpful to improve the efficiency of the global rendering. For instance, the
first- and second-order gradients can be used to guide the sampling process in Monte Carlo rendering. Another advantage of
differential rendering is that it can directly be used in view interpolation or view synthesis through captured images, which
traditional rendering pipeline needs geometry, appearance and lighting information simultaneously to render an image at
specified viewpoints. In the application of differential rendering to view synthesis or image-based rendering, the implicit rep-
resentation of a 3D scene is usually inferred from the captured images directly via deep neural networks supervised by differen-
tial rendering loss. Such a process falls into the category of self-supervised learning because ground truth 3D data are not pro-
vided during training. It bypasses the expensive multi-view 3D reconstruction and thus significantly simplifies the view synthe-
sis procedure. Numerous representations, such as neural texture, neural volume, and neural implicit function, are proposed
to handle freeview point rendering of a 3D scene. However, the training and rendering cost of these methods is still expen-
sive. Thus, reducing their computational cost forms a new research direction. Differential rendering also enables the end-to-
end inference of spatially variant bidirectional reflectance distribution function ( BRDF) material properties from capture ima-
ges. The BRDF parameters can be derived from a single image after training the deep neural network on a large amount of
data by representing the material properties in a latent space. Moreover, with a differentiable pipeline, the layout of the light
sources and projection patterns of dedicated appearance acquisition equipment can be optimized. The recent development of
differential rendering, including its application in realistic rendering, 3D reconstruction, and appearance modeling is compre-
hensively surveyed. We expect this study to further boost the research on differential rendering in academia and industry.

appearance modeling; image-based rendering; representation

Key words:

differential rendering; 3D reconstruction;
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Fig.2 The differentiable volume rendering method used in NeRF( Mildenhall et al. , 2020)
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Fig.3 Neural volume for 3D reconstruction and view synthesis( Lombardi et al. , 2019a)
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A R Li 25 A (2018a) AR B 20k I | 424
TR R 5 LRI AL TR A 2 (8] 0 fife BT A 2 A%
S, T ] DR AR B A8 A (U0 547 2 T g e 454 )
[l (back propagation ) HFAT & it JLfAT AR A | SR
(IR ROIREE@L B A =S i

IR T AR R AR 2 AL Rk
N8 SRR, H 2 B HE IR O 1R Al 2 il
W N IR T B MO 1 3 e d g rh  F
X BT LSO IS ( Zhao 25 ,2020) . Mitsuba 2
(Nimier-David 45,2019 ) 52—/ IR AT 7016 B A
HAFH GPU (graphics processing unit) Il 5 )
Ihag, \T T 2 M i, A6 T AR T (compu-
tational caustics design) \3E¥J2] 2 5 A it ( heteroge-
neous participating media) 14 {4 %% & 55 &2 1 3D T E})
BB, Loubet 48 A (2019) R I H B =
RS Ty AL PR B 2, 2007 1 B B i E Mit-
suba 2 H1 $E AR X FILM SR iR, 5
Li 85N (2018a) Jr ik ML, %07 ¥E A8 & A B2 R i il
3 5 A S RO, JF R T EHMRh IR
X JUATR AR AN S0 38 fy o A ) T ek

I Lyu 55 (2020 ) I ) 6o Y6 e 4 4158
B EAEIYIR, e iEm YRR 2 kR
Yrif i 5 1) B T AR TURTE AR, DR R 2k
PRACE L THORLRY J7 1], AN A2 38 3 1Y 2k TR 3R
e Y, (HIX At BRI B ) 1A BAT i iR T
SR HE Y AT E T A (Wu 55,2018) #LL,
TR DAL T v AT I S B B A R
A S 2 YR R LT A0 S5 R AR 4,

B 7Y ISR T AT SRR S AR, Sy — R
ARG BRG BeAA 22x1f) « O' mT LAAE el sl N ORE 2 1k
2 50 P W SORITCS R 1 3 B ml ok
EBOCRARRIEN . Zhang 55 A (2019) & Al i3 o3
(AR ST AL BIE IR IE E R 1 AnAe] T 5 e S G 18
77 #2 (radiative transfer equation, RTE) %) 4%~ 2H W,
PRI ARXS T3 S B A R A 8 20T E ]
DAHER AL BV 200 R AR, e AR 240 ot AR
WS RS, DA K 4% 1) 53 P AH 37 PR 2K ( anisotropic
phase functions) , ‘BN HFS 54 BRESE 50
TRy 3 dEE A, ARy RR T AR XS TR R A
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JCIRSEUN RS BE T LU i B 3 e ki, (H2
EETV\]TIEFHEjC,Iﬁtf“ﬁﬁflﬁﬁ?ﬁlﬁﬁﬁ%ao
BT fEPX AN 0] 3 Nimier-David 48 A (2020) 42 H
T FPRR R R A S I AL B AR TS T v TR
MATTHY T v 2 il i) AN A 350 8T A B, 78 5 1)
ALREIA ] ABL 2300 #5707 B B Dk, ek 5
YIAARSS R AL R B AR, th T3A % &
H A L AR A S BRI B2 X Rh 7 ¥R LU T
AL IR BIIEAR
12,2 JETRRIIE

RREDUMG R, R 2 AT S R 53K 3R B
34EE B AN 250 RAR 245 3D B & X
%, Yan %A (2016) $& I CLRHAR B L 2 4

BY 5, (il 200 BT IR 250k B 8l 3 4R )22
v, v S
w2hy v_b; S
L DU IRl )
T e 2 A ' \ \

4,»—

@0 asE A
v
gt

camera virtual shape real object monitor

mmal

‘ % $
VLU u\‘ﬁ,

“ﬁﬁﬁssss

AT SR T Bk IR AR AR 3 ARAR R SRIA . 2B
LA A Rezende %5 A (2016) ,Zhu % A (2017) . Wu
SEN(2017) B9 TAE  (HIX S8 TAERIAZ JEBIE 2L
BRI HEEFRZ A AT 53 #% 5% . Tulsiani 58 A
(2017 ) WL BRI 5 3 AER R MAHSS B0, 5 L
T —AHr #0919 B 2k — 30 ( differentiable
ray consistency ) it % , A FL A% 52 10 5 ik REAL BT &2
AIAE 55, 1 an B dlE A B 3 4E{R K . Nguyen-Phuoc
LN M TH 1 AT 3 4R R il
Tl 9 2% RenderNet,ﬁ%*&ﬂ%{%%ﬁ%ﬁﬁ?ﬁ”éﬁﬂ
A4 e TR LA G L 80O i 5 5
IR LL STk G 3 S, R TRR
Ti 0 B R S AR 2 AR, 1 I PR AT R
Z 2 AR

-

0699 .

Painted and
scanned GT

Reconstructi o

K4 BT R ERIB ] Gz b T E W AR R B A (Lyu 55, 2020)

Fig.4 Mesh-based differentiable rendering for the reconstruction of transparent surfaces( Lyu et al. ,

1.2.3 ETFREmINE
YIRS A RAE 2 3 4RI B —Fh
TR o SR T B L M AR BT R B T
PARMEE Hl T 2 Bt AR R R E, WK S
7, Lin 25 A (2018 ) $2 ) —Fh 3 4R 55 = 5 BB
FATR P G Y AT o P E
B el o Y A5 43 B OF R I T IR 1Y
e K AL EEAE (max-pooling ) >R Ab BRA 8 A1 AT WL 1H: 7]
A, SRMNZ T 32 = i 2 /052 Wi, ) I, Insa-
futdinov I Dosovitskiy (2018 ) $2& H 7E &4~ 5 LB
— A T R, PR TR R AL B | T Navaneet
SEN(2019) MITEBSE 5 B9 451> 2 e300 i R
— A TR, DR A L = 2 R . Surface
splatting ( Zwicker 55,2001 ) J&—FP 22 8L 1) 5 = 23
HAR, FL Wang %A (2019) $2H58 1 A AT 31
B R AT T T R s R
TE s 6 | R ARG o) 22 1) S5 T LR b 3L, A LG T
DX B4 32 AN R 3 T A7 B R B, T 4343 Surface

H Yt 2% ( pseudo-renderer) .

Surface splatting %

2020)

splatting £ /K G [R] B 58 37 32 m) & LA M B0 85 %2 | IF

REAL BRI FNE A, 3K — T e ) 2 22
N TP Ry N S QR £ N R A 31 20 O
X, Han 46 A (2020) et -k 3 AU 5 5
ZAAR 2 AESE R 00 VT O AR BE R 3K Bl 3 4k 4 = i K
&, HAGHETR G TR, — %5 A ua
TEAERC B AR X s R 458 J 2 0] 7 BAH R 5
R S8 & T R, NG RE A
SRty DN 2 A 2 AR 3 A 254
1.2.4 FETRAFREW T

IR 3 T i AR IR 1Y AT i T R AR R

159 TR Z#k e A2 R T B xCREA & | R 7 2
AFAE—E W SRS R , 1 G0 3 F AR 19 v A A e 2
AR AR B S B AR 55— R Y 3 AT S & T
W25 25 Ty B A A A2 AR B A RO O, % T30k
(A4 NS A X DA Ak B 5 44 2% 19 7 1k I 32 11l
KRR A B BRI AL (R Z SR G5
HAEE
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image

encoder &

@i

7
(Rt

structure generator

A s

pseudo-renderer

FeF ] fe 22 0 SRR A S = A B ( Lin 45, 2018)

Fig.5 Single-view point cloud generation based on differentiable rendering( Lin et al. , 2018)

B DRI, 3 R Rk 1 & AR 1 ]
T 22 W) 45 )l 4k ( Park 45, 2019; Mescheder 5%,
2019 ; Chen F Zhang,2019b) , K 48 & T — £ 51
BT RRAFRIRMAHICHTIE . 3 4EFR U35 m] LU I
W MFF 5 2537 (signed distance fields, SDFs) Fl
Z3 18] &5 F3% (occupancy field) , 3 #F 2 XF 3 k23 [H]
thAREI R ESE R L, AT BRI BAKS
SEVELEN , HHAZZ 6 T3 PR AR BT, (A5 pi 22 )
25 AT LAA PR 2553 FE R RN A MR K B TR B .

1
voxel point cloud mesh . occupancy field
+topology +topology —topology | +topology
—fidelity —fidelity +fidelity ++fidelity

- . L 1
explicit representation implicit surface 1

T2 A BRI 3 4EEE A, Liu 25 A (2019b) B
ARG G MR EEAFaA Sl R 6
FiR, Bk EURGRRSEFIER 3 dE2s GBS A L
JZBHIML (multilayer perceptron, MLP) Z=Hillliz 5t 2s
] o5 03, SR G4 T — b RT3 ] o I AR
W75 3K Se7E 25 1] SR A — SE R 5 19 % s (anchor
points ) AR Y i AL A 44> SR In— D 3008
SCHEJE L, AT S50 CEARAE , e R TG A R R
Ak.(max-pooling ) J7 A BN PHALEZAA G

s *
- "It
Ry
Explicit shape *

Projection
(Rasterization)
—

-
Differentiable

Fl 6 FTF=sih) b AT A6 3 4 2 (Liu 45,2019h)

Fig. 6 3D reconstruction using occupancy field( Liu et al. , 2019b)

B Je R P A5 5 5 (SDF ) B 51 A AT 022 il )
3 YE LAl HERE 222 ML) SDF pRELZ il 751 Sphere
tracing (Hart,1996) i % , Liu %% A (2020b) 5 Jiang
FEN(2020) 53 042 T [ B R T IR BE A R B
Gy 0wl G2 0 J5 vk AN TRl By & Liu 58 A (2020b) %
ez vk & W O BT 5 L, T Jiang F A
(2020) f¥ £ 41 Shading 25 5%, WA~ TAEHR R H
TOREER Z A0 AR R R AR 3 Yk

SRIMT, R LA A I I 5 IR R M o,
Sitzmann %5 A (2019b) #£ i SRN ( scene representa-
tion network ) 2% | S35 A% 0 2 T8 Ao 42 % HE R 2% L)
Z )2 BN 55 LA 5 SR A DA T g, FLAA

'

]

]

1

' -

\,___representation ____renderine T _____

lr"'""""""""'"""'E]'_T_'_T_'_f,"‘*l

' [ CEETr k- :

i —— r

: Field probing < I----*jm :

\ (Ray tracing) T )
S, AT TR 2 (R Y 3 4 A AL b ik MLP B4

AR ) 5 IZARAE ] S A 1 3 e a3 T Y R S
MR A, et R TR ER L,
TrCERAE 3 4k 5, SR 5 B 32 i 00 N YRR ALE 1] 2 A
AKEGICAZ M2 (long short-term memory, LSTM )
LIPS 2L S YIRREASE, XA~
I FRAE R — A AT Y626 20 33 (ray-marching) . #H
R 1 x 1 BRSO RGB Hif, &5
BARAT T B R RO R 3 deghy , (A2 h T it
SRRRE W AEAE N SR (B] i v TR 25 2R TR AR T R
) AE

DVR ( differentiable volumetric rendering) ( Niem-
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eyer 55,2020 ) ffi FHZ 2 BN T 3 4 H ARy 28 (0]
5 3%, SR )5 [RIFE R Ray-marching 9 77 75 3% 216
25 RIS R, 5 Jm R TS 28000 BB 22
FAEHAT MG B 25 R E1R . 5 SRN MZ% AN [A],
DVR AR 915 55 ok FOR S 325 9 3 18 1 24 AR eR 4K
REXE 190 208 2 800 B 8 AR , (SN R AN o S A7 o
[ 28, Hikis B R S UaE R T AT
T,

A F DVR, IDR (implicit differentiable rende-
rer) (Yariv 5F,2020) SN AG 455 FE 2537 (SDF) , If:
I3 T LA 5 2 I #RAE (AnE 7 iR ) . IDR
I FH B R B8R T 1 D D KA 4 5 BB B 3 A vk e Pk
7, i — AR T B 3 RS, R SR & M4 2

implicit neural representation
v

—

c x=ctty- <2 f(et) .
—_ . Vf(x) 00 R
cttv [ f(cttv) X,n I G
u B

sample network

] AR OGRS A 5 1 3R T 5 i 28 1) 46 A B2 AR
PLASH Z [R5k, AT B R A 1T AF 5 I )
LM R TS A, R A T B P64y . IDR R A
FHRR 2225 ] &% X 17— 20 2 W 52 54T BRDF ( bidi-
rectional reflectance distribution function ) 1 i1, 15 %]
XSRS, IDR 952 96 R WY 120 28 22 il 45 55
Pramfith T PR R A BT S RO G R . W
TIUA S 253 8, 2% 05 125340 B 58 AN [] 37 55 8]
RS, ik 8 Fizs .

Lin 55 A (2020 ) B ) 5 i P45 8 4 5 2ok o 52
i PRI b B P A s R 0 A B s A 4, AT R VR S AF
SRR (AR B RAKTAR ) SR AR Y B A
B R R RS 3 4 AR

neural renderer

K7 FETRARIA MG 520 ML 3 EEE( Yariv 55, 2020)

Fig.7 3D reconstruction using neural implicit function and rendering( Yariv et al. , 2020)

-

geometry

I geometry-+apppearance

appearance appearance

geometry-+appearance

geometry+appearance
appearance

Kl 8 %:TF IDR RYR ST (Yariv 5, 2020)
Fig.8 Surface texture transfer based on IDR( Yariv et al. , 2020)

1.3 ETAIRL IR ERAREER
R AR FABE 1) X G R B 2 Ao LA LA
RS HR 7 vy 25 PR 2R AR AT 72 Al 14 v 4 28 UL o I,
WL RIBIE A 6 4E0Y Bifi=s (8] 42 A 28 1k 0 3 ]
S IF 43 A BRI Y ( spatially-varying bidirectional reflec-
tance distribution function, SVBRDF) F1 6 4 (1 X3 Ju] £
JH PR ( bidirectional texture function, BTF) . mEi4E#
WL BRI R 71 H DL 5 ey L SIS 52 B AR WL

GEFDEIR AT MR P B R, FRWR A A —
FBerT LAy S A B B o AE R A B B, 2R U B
RACANNR] Z A B F LI e K50 5 Bt 7 F e B B
X LU e A AT Ak S A5 B R BRI
X HLAARAE B e T4 5 b i AN DT . 3 L 5
PR IR B REXT 2 2 [l alh A A R 3R
B, TR WR AR AT 2 LU ) A5 P N A4 R0 2 4
FMRAE A IR 6 A 28 Ty 4k 1 1 8071k
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FOMGERE, HEFE ANV C 30T 30 H 1 O T i AL
P A RUE B E AN R (115 52 44 i 2 UL
P PRI X E

BEXT DL AR AR PR, 15 etk 5% 0 S0l #E R 4
FIVER S B Al T R 1) A 3k ] el A R
[t s FE R B, X LT 7E 1Y) s 2 ) B A 1R
FEARBUL T RE = & H I (5 S ; 76 58 JE B B, Xk
FEREAR PEAT A 8508 A B 5 20 0 o oo A 007
M EIRIE, RMZ R THSCH IS HARS T
H % 55 3 00R 5 B % KR 2L T F T I
(Ad-hoc) #E 5 1 S 560 B AR B | LB & 17
SEBR N FH FR AR E LA A T ORI R
AHERFARE IS XS R A L] SR S HEAR A
Ll e 2 R 00 R 2 A 1Y) S PR/ 78T T T R
5 MELAH R SCHIECT AL | HL 7 55 MR DL R A5 S BR
VA L sl SEIER 7o

B 2 TR 2 T 1 DR & 8, R A %S 7 1]
(9 MO T 0 28 DR e 5 N TR BRI IR BE 45 &
B —HEAR F5 B AR 58 T AR K milb r= i, 8 T n)
o> F R AR BN R NR . SIE% TAERFR
S RS 5 A BRI B AR 13 2 h B 3h
2 ) R N DG 2R X AT ELE R B B
IR S 2 R AR B T RE L 3l R 2 2] 1 i
AR AT 35 T B AT SR AR/ il FE i
oy B AT AR AT T B A s S A
Ak, GGG AR L B 23R T T RMR A ALY
JR RO SR T BIF 9 (5 28 P AE L2558 S
(Dong,2019) Xt 11 2019 4R IR 24 > 1Y
FAB 5T TAEVEAT T 78/ M RREE 98 AR gh
e AR AL () ] B o3 R S AT 58 K B00T LA 43
205 LU kAT A4

551 PG R I TR 22 ) W R A, o
ABHE AL GAR A TR AR, R T anfy
FIFHTREE 2 >0 oK% B 2045 20 08 80 1 1 Se 00 B R
FIEETE | DT B T 2% 0 2 1) 5 2848 s (491 o Jo ot
BORE) , M TYHRERA SRR, L2 TR
(% AR B AT BR A1 2 1 & 4/ %) A1 15 ok
1AL AR AT

B E =R 0 Kim 58 A (2017) #2417 #1H
PR 45 D Z2 B A1 00 B4 Ak 1 5] i BRDF 36
W, ¥ B I 7 K221 Deschaintre 55 A (2018)
Feth 7 AP LARDGAT 2500 T ) Bk BROR- 1 S i A Y

A 1 , A RORASE ) i e e WL AR e VI 2R i
FERRZE 2% | B2 ] LG HT R 28 ok Al it i 55 A
R XS SVBRDF , AHIF 9 FE# T 17E RS i TAE o
$RI T 5L AL 5 B 0 SVBRDF Al
THRIZ BB B — MR 4 A TR 50h A s X
FEAE ) & O S R AR IS, DS B 0
(% A BIZ ( Deschaintre 45 ,2019) , ffi F7E & 1 30
G HOREE ST AR ML N DEKT 2605 T 1 B R A
LTRSS D) I N2 AR S P N
(2018¢) 4i HH —A> 1] U 190 £ SR Al 31 I 2 1] 22 A i A2
PR B RUBE S V5 0] A2 A DA Ky A Bl 2R
AL B BT fe 1) B — ) ot v D' B S i i, O L
iE— 2D FE P 2 I 25 JRe 3] T LA R] ) A i 2 1] 28 Ak
AR WL A K 3 4E LA (Li 5 ,2018¢) . FE [
I o7 B B SO IS T ( MPL) 9 Meka 25 A (2019) F]
FHARZE 285 DT W 702 €6 B 016 IR B0 AL T 45
At A b 182 1] [ M Bt WL

55 2 R R R MY R S HAE RS
Al TESS 1 2EBITE 2Ll S —2D SRAE AR
AE S A 22 iy PR MURFAE A9 45 B, T 56 T it A dls
Az SR T 4 1 A A B TV, S92 30 DAARE A i 38 A A7 g
A B b A B i SRR AR A, e[
P K22 28 1A BF A Xu 48 N (2018) $2 4 T g
IRAEHOCHRAT T RN EOCR D :, HF%
TR T SO TR A BORAE 5 3, BB I 25
TORFEMZE SRS, XML RE A M 4%
AL TR 00 265 1) iy A 800 A i iy JB i 11 3R 0L 4
e, SCRELERAT: 9 255 Sy o 0 190 2% $ A0 Ak 2ok 1 i A

R T AR T Rl 552 30 52 BRI 0 20
Bl AT SR A AK Sl e T — RO L e 4E SR
WUR ARG DL K L 3 U D 7 %2 . 22 XRite
QNWR AT TACT %l B B i AX (hips://
www. xrite. com/ categories/ appearance/tac7 ) , F K 3K
O TR A 1945 )[R PEFROEEE . o6 BN
FIKIT 10 J7 364, P 32 A 2 R IR A B Sr
LED SGIR , it i UM 2 08 B AS R 47 bRl e 2 oA ¢
WO R AR RO BR R AE TR I UL S, R B I 1]
RATE1—2 h, BRT TACT 4b, 3¢ E MURA A #H
PBR 20 451X (https : //www. muravision. com/ )
RERRREMA MY DeltaTex2 FHHEAUAR & A 2N
RERYZE ™ i
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2 ERARHERE

I A — 2 T AR 223U B AT i 2 42 71 1BR
RS ITERE, Hoh He AT R AY IS R R
4 52 it b AT BT ¢ F) o 228 I 246 22 1 51 2 ( relightable

/'input mesh
! 3xN
8 GCN __ GCN GCN

dilated KNN

I 2D projection sampler
e : L™

ey | J| Al
I. Ll n U\]/- ) o

neural texture neural  view normal  light
image direction map direction

A fusion
T = block — block P4 " plock P4 block "/"

global genometric feature extractor

neural renderer, RNR) ( Chen 55 ,2020) , RE% [7] i %%
Rl & OB, 57 HoAl IBR w4 i
Azl B AN R, RNR 25 08 T 38800 I ik A
TIEJa Ak LA B O A i ask A XoF 225 Tl S8R B 52 i, T L T
APy I TC 18 2 I & ik 2 EO
HRRCRAR L Z B Y 7 k4 Dk AR e 9

skip connection
<] concatenate operation
illumination

node feature fully connected global feature
1N Nx1024 1x1 024

3

, _,/
]

repeat _,.—"'

==p renderer -a

light-transport-net rendered Image

El9 RNR #ifEl (Zhang %, 2020)
Fig.9 RNR pipeline (Zhang et al. , 2020)

[ N2 AR AR AT (0o R A B9 T AP A
BRI H AR5 9 T E PR AR R E R 7
115 w0 I X A A= SRl < e =R vl S A N e
B, HERFARER R SO AR 5T ey Li 55
N (2017) ZR5GHE N T —Fh BT F 3G9 > 1 JA 7
2%, BRI IATT A Bk Ay A B 7R A2 S A B —
RS i RS s o A, T AR SR
WIMIFFEBER) Gao 55N (2019) $2H T —Fh L HHAT &
TREIC A UG TR BE L HIAE SR | FR Al Rt s (] 22
RIS S 4E R, HAZ O SRR HIPL A% 27 2 A
KE A s 15 204 3R A B ) 5223 (8], 3l R 7RI
25 [A] AL AR AT N T A BB S 3 [ sk gk A
FR I BEl% . Gao 55 A (2020) i 45 4 25 40 ( neural
textures ) § R T SZRHGIRAR L AP 2 FHERE (neural
relighting ) , R ZAH FHPIIMAEHL (e —AN0 RDEAT)
MR BEFrEsAm A MG, s ae o Y 245 5 4%
AR L8 FRIRE A, T A LS B LB & KA
FOATIEMELACEER A TN, X R DR 2=
2l A O URE A T T 98 (R BILEF,2020) .

TR Kang 25 A (2018) 4% E A I T 1.
W R/ B, EARRCRAN =, Joik A B S AR
JRAEE AL ME R B T AT R A TR
T T LA 55 S0k Gt/ i 2 1] ARG R, R A/
A R TR ML B N 45, A Bl ) TR B

A DDGIR, S T E R IR BN  IBE P B i
2SR, R TR, Kang 55 A
(2019) i R Lo ZRAA A BIHK G R AR A, R HT A
e BIRDERICREE KIS I R 21 P G
GENEOME T SRR, SeB T R 245 1) Sk
PSR S L, 5 OA TARMLL, AR
RALIRG R 11 RO, AR 10 FR.,

(a) TE AR R A
ACM Transactions on Graphicsi 3 T IRIE (Kang %, 2019)

(b) Gao S\ (2020) 23T HHYAS R
B0 S T iR A B SR Jex) L

Fig. 10 Results of differentiable sampling in complex surface
((a) Kang et al. (2019)is selected as back cover of ACM
Transactions on Graphics; (b) result of Gao et al. (2020) )
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WL R CAD&CG [ 5 5 5L 0 2 30 R 2
PCB (printed circuit board ) B, e FF i, Wil T 2 &
BHA A ER R 5 5 B ICR AR e 4, HOCHE
BRI BT EPRASE . AE 0.5 m® BN T 7T
AN ST 3 4 A 5 5% LED JB IR, Ot R 4% 4 ol

(a) TIHFMREELEE (Kang 45, 2018)

(b) JE P M5 ) LT A REESE#S (Kang %, 2019)

4.8 JiMii/s, MOGEEIT 6 T, E 11 s,
WP FAER R AR 5 LA B RAF 0 R BT,
C A ZHKBHL AN B AR R AH I Ll e 45 1 &, Tl
OIAE T ARG | FEL - 75 45 RIS A0 T K o A 45 4 ok
FIAFIAUAS 1 75 1 157 FH

P11 TR CAD&CG [ 58 i S50 28 B 1 HAT B 32 R0 A oo 28 BE DG IROR B3
Fig. 11  The acquisition equipment with high-density light sources developed in CAD&CG State Key Laboratory in

Zhejiang University( (a) the appearance acquisition equipment for planar objects(Kang et al. , 2018) ;

(b) joint appearance and geometry acquisition equipment for 3D objects( Kang et al. , 2019) )
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SCo R AEETRL TR AT e A AR 2wl fH AT
P A RAST , B fi 2% 3 ] AT (ol 2 i ik DR S PR 9 222
i 3 A A A [ R A AR 2 AR A
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