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Abstract: With the fast development of point cloud acquisition technology and the popularity of portable point cloud acqui-
sition equipment, generating 3D model with high density and rich texture information is much easier than ever before. A
three-dimensional (3D) model can represent the real world with rich information and has been widely applied in various

applications in our daily life, such as smart cities, autonomous driving, virtual reality, and product design, making 3D
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model processing a hot research topic in the fields related to computer vision and 3D graphics. However, the growing num-
ber and size of 3D models bring great challenges to storage, transmission, and processing. With this huge amount of data,
directly processing the whole 3D model in real time is impractical or uneconomical in many situations. Inspired by the
selective mechanism of the human visual system (HVS), which indicates that the HVS selectively processes the huge
amount of visual information that comes into our eyes and distributes more of the limited attention to regions with important
visual information, researchers begin to investigate whether this selective mechanism can be applied to deal with 3D mod-
els. In essence, 3D visual saliency detection aims to detect the visually salient regions on 3D models and can help with
various human-centered applications in 3D model processing, e. g. , resizing, simplification, segmentation, and quality
assessment. Different from 2D image and video data which have regular pixel distribution, a 3D model contains depth infor-
mation and noise data and is usually with large data size. More often than not, points are distributed unevenly in 3D space,
making it hard to extend existing image and video visual saliency detection methods to deal with 3D models straightfor-
wardly. In addition, in contrast to 2D image and video visual saliency detection which have been studied by researchers for
decades, research toward 3D visual saliency detection has just started during recent years. Considering the fact that
humans are the final users for most small 3D object while machines are final users for large-scale/city-scale scenarios, this
paper summarizes studies related to visual saliency detection for 3D object models to provide a comprehensive survey.
First, we summarize existing 3D visual saliency detection methods. Considering the different kind of features used by
researchers, these 3D visual saliency detection methods can be classified into two categories: handcrafted feature-based
methods and deep learning-based methods. The former category can be further divided into two different types, namely,
the single-scale feature-based methods and the multi-scale feature-based ones. In addition, according to different 3D repre-
sentations, these methods can also be divided into 3D point-cloud based methods and 3D mesh based ones. We also investi-
gate their feature extraction strategies and multi-feature integration frameworks. Compared with traditional handcrafted
feature-based methods, deep learning-based methods achieve higher similarity with the ground-truth human labeling and
fixation density maps. The reason is that deep learning-based features usually have stronger expressive power when com-
pared with handcrafted features. Then, we summarize 3D visual saliency detection databases, which can be used to
achieve and evaluate the performance of different 3D visual saliency detection methods. On the basis of different data col-
lection approaches, these databases can be categorized into two different classes: mouse tracking-based database and eye
tracking-based database. Limited by eye-tracking technology, earlier 3D visual saliency detection databases were mainly
constructed using mouse-tracking technology. Compared with eye tracking, mouse tracking is cheaper and easier to imple-
ment. With development of eye-tracking technology in recent years, researchers tend to use eye-tracking technology to con-
struct a 3D visual saliency detection database because recording the human visual behavior is more straightforward. During
the eye-tracking experiment, several subjects are invited to observe 3D models or their projected images freely without any
specific task. Their eye-movement data are collected during this observation and subsequently processed to construct the
database. Moreover, we provide clear illustrations about the commonly used evaluation metrics for evaluating the perfor-
mance of 3D visual saliency detection methods, such as the correlation coefficient score and the area under curve (AUC)
score. In addition, we introduce how 3D visual saliency detection can be used as a guidance to improve the visual perfor-
mance of other 3D model processing applications including 3D model resizing, simplification, denoising, and quality
assessment. In 3D model resizing, uniformly adjusting the size of the entire 3D model may lead to unsatisfying visual per-
formance because it could potentially cause excessive stretching of certain areas on the 3D model and lead to visual distor-
tions, introducing visual saliency information can better preserve the structural features of the 3D model. In 3D model sim-
plification, 3D visual saliency detection result identifies regions that are visually salient, which can guide the simplification
procedure to preserve more details in visually salient regions and lead to more visual appealing results. In 3D model denois-
ing, the visual saliency feature can help determine parameters of the denoising filter, allowing for enhanced preservation of
detailed features in the denoised 3D model. In 3D model quality assessment, distortions in visually salient regions are more
annoying than distortions appearing in nonsalient regions. Thus, accurately detecting visually salient regions on 3D model
is crucial to 3D quality assessment and can help obtain more precise quality evaluation results. Finally, we provide an in-

depth conclusion about 3D model visual saliency detection and discuss the problems that must be solved. Moreover, we
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introduce the development trends of 3D model visual saliency detection from two perspectives: content of the 3D model and

design of the algorithm, hoping that it can help with further improvement and trigger further exploration in the research com-

munity.

Key words: 3D model visual saliency detection (3D-VSD) ; 3D model processing; visual attention mechanism; eye-

tracking; feature extraction; deep-learning
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B PERRAE B 0 2 RRAF il IR OO 3 (2 3 PR A
MEER . dos Anjos 55 A (2023) $2 3 56 T FR 1F Y
3D-VSD J5 i, il i 15 AR &R T0 o5 V11 T 75 ] k4R B
iR AR AL S R i3 AR R R T A )
PERGINSE SR . il TR AE A ) 32 2 75 5
(T, PRIk S 3 A 0 A 380 A A 8 5 e X s
FEAEAE R A3 800, RS IOH sk DA i — 2547t

Shy ik — 25 2 i DL S S M A RGBSR N B
YNNI S TR S AN G e S R
FIR IR 3D-VSD )7 . Wang %5 A (2015b) $ HH 3 F
AR Tk 23 it VAR 167 29 BT 4 3D-VSD )71, iZ 7 L 45 4
R BRI B AL HETE R AE R AR AT B2 R A%
R 28 KRR, i I 308 Ao 4 6 2 AT 3R O o i 2
K5 5 . Hu 25 A (2020a) 47 H 38 F 7 i %R 19
3D-VSD J5 i, %07 1% S R E A T BEATLRAAE AR L
00 T RARAE , () B 255 PR Sk i D0 5 45 g s D) e ~7.
DALY 5 ffe S 0 5 B 0 5 HC At DX IR 2 K
{14 AR B 5 2 DX, 7 D ) PR A i e IX
SRR R B S A e BT 0 IR R B i b 2 PR
MEERE . FE TR0 R 0 7 1 RB 0% 78 43 AR UL 7R 3=
T Z5 A RHE , B B8 1 3D-VSD K FE o

A, Zhao %5 A (2016) $2 13 T X S B 11 3D-
VSD J7 ik, 38 ik 45 A AR v 2 R B AR AIE 5 2 T Ret-
inex FRE A4 IE IR AF AL 8 25 PEAG I 25 5 . Ding A1
Chen(2022) 4 i I 7] 6 FI B R4 1Y 3D-VSD J5 i,
TR AL B FF s D ) PR AU %o 22 RORE AL Bk 2 PR AR A
HEATOUAL , T SEBUREAE 6 11 HH BE A5 3D-VSD 1+
% o M EH HLAR 2 ) 7k ) &, Alfarasani 58 A
(2022) A FH Z#8 £ 2D £ 52 IR o 5080 #4 )1 255k
i, LAYIIZR 3D-VSD J5 7 , 25 18 S 5 s 42 I AsE | 1%
J7 3 AR B 4% T 45 SHOT (signature of histograms of
orien tations ) £FfIF (Tombari 25 ,2010) .HKS (heat ker-
nel signature) F#fiE (Sun 55 , 2009) 55 — R 41 JL A 4
fIE 855 A 3D-VSD J5 5B i 35 PERRAE , B
Je FURAILES 2 2 St AT U 25, AR BBOU 3 i 2 PR A
MZEF . BRI T LA > 1 3D-VSD Jr ik e 7t
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EVEFAEIF BRI R A LR B . R, 3K 26 5 Ik A
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b, 3 U AT SUfE B 000, (e 28 5
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T5 AR AL B 2 = AR R s B G 2 A R
FAH A A R R 2210 el a4 L &) F 1
FROER IR AT AT — 209 . BLAh, th T 0 =4k
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F AR TUAR] R AE A 74058 o PR . B 1
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e K, ey A7 850G G s PRAR AR 52 IR R B A AL
EPERMEAFIR AR R

F XA S B T T TR Y 3D-VSD Jy
AR R AE A R R 15 S T T A
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2 ETFREZIIH3ID-VSD Hix

TR EE 2 2 HAR ) AW R R B 8 TN
VAT K BT IR 2 2] 1) — AR o2 )
J5 % (Qi 45 ,2017a, b) K BEARHE A5 50 7 i th A5 24k
PNIUE S R T SN BT ST TE S o S S e 2B
(1 3D-VSD W 5% . AHEE T F TRHIE, JE TR 2% )
FEARTEUR R AE ELA S5 (0 Rk 8 1, BERS TR A
P& = AR & 2GR UF B X T T 3D-VSD K

JE B2 . FUH AT B EE 2 2] 1) 3D-VSD #ff
T2 BRF IR B 22 ) H R & i D S R R ARE 1| 25 %k
A By Bl 2 | 32 LT 2D $E 5 R R AE AT L
VARG G IR BE v B AL T IRTR VSD i vk
AE 5 Ay B AR KA I R s 4 ) Mt , 8 23 T vk
FEF B BIAH R 28000 9 = 4RSS 0 ELAT AR ALY
PR 8 2 M A R S, 51 AT S AR 2 1T 55 W
B 3D-VSD J5 i s Bl AR TR B 27 ] BOR A W e, 5k
T IO W 2 20 1 T ik 5 T 3 g 1 R A Ak
X S Ty AL B A T R AN R A SRR 2 O
HE, A 3 R 8 2% ) 19 3D-VSD 5 1 g 45 21 it —
AT
2.1 HEEARERKFE

AR RE NS LA I MR S S SR L, A
15 (R N FHAN (B, Gn o] B8 7 DA 0 S 25 P S DK B
FRIRABIIE . 2 I8 T BR3P AG I 7 v 1
e 5P BE L Tliba 25 A (2024) $2 H 56 T AR ey
3D-VSD Jy ik, il i I AC B 3 BUS = A 2D 5
P, | F SATSal (Tliba 45, 2022) L} DeepGaze TTE
(Linardos %, 2021) 45 & T IR B 2 2] (1 G A0 3 bk
FPERIN Ty R B 2D 152 BB S R A
FRAF WS AR BT B YRR 25 SR . Ding %5(2022)
P BT HRT 0 3D-VSD 71, % 5 i %
PG AAE i 25 1 507 1 EAA A 0 A A A A
FEEAE A O 5 10 35 VbR 28 vh 2 ) i s A
P S A A, T AR B 8 R R 45 5 | B
J5 207 AR R N T 8 s 4 B 55 (Ding 45
2024a) U TS IOMERE . 3X 275k 2R 2D
5% 08 tnb 25 PR R AIE 523 3D-VSD 4R 55, il = Xf
T = B 1 LA REAE A R S 0 4 e 4 T A
TR R

B IR vEAN B X AR AL R R R
WFFE N LR 24 3D-VSD ik, % 8 8o i %
TR ) R 2 % i = RIMT 55 7 A R B2 , Zheng
S5 N (2019) 4 H T 50N B BLAR 89 3D-VSD ik,
2 L 5 B A AS O] B | 3% 7 i T 1) S s
O AT RS 3N LA RS M BR A4 | 11 3k A A5 T T
SRR BERU RO b i MR I 25 5 . H R =
TR 5% DI 75 5% IR A AN S M ) = 437 5
PRAFAR AT, An 55 A (2024) FI AR HL 2%
i T S DX SR 28 1) i = () R, R B ik 2 P A DU
S55%, AP BRI = R T 5 D
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Table 1 Summary of hand-crafted feature based 3D-VSD methods
eSSl Jik BRI FRIERA  Hit AR
BT RHED H Tasse % A (2015) bRy Rl FRASAE TG RPRS B2 5 52 R 7 152 )
Wang % A (2015a)
Guo %5 A (2018)
BL Tk ) AR A M /PARRR  SBRERIE O KSR 2T TR AR X b
Nouri 5 A (2015a)
Zhao 55 A.(2016)
Shtrom % A (2013)
Leifman 55 A (2016)
Song 5§ A (2012)
BT Z R RE Song 5 A (2018) SR IPARER  SERIE A S DI R RS 5 2
Luan 5§ A (2020)
Nouri 5§ A (2024)
Yun #1Sim(2016)
Figueiredo 5 A (2020)
BT EIREE Sy B PR A KIS 2 B VSD J5 ik
Wang ¢ A (2023)
Ding 5§ A (2019)
TR SR SURFEE TOA RS S (5 BB 58 %
Jeong 5 A (2020)
Zhao % \.(2012)
BT AR Wei 55 A (2018) o] A A5 75 SREE G LS DX I RS DS 4541
Lee %% A.(2005)
Tao % A (2015)
HT Zerinike $FHF Liu % A (2016a) o] A A5 7R FRAFAE G HG 45 2 B 24517
Wu 45 A (2013)
Hou M Qin(2013)
BTG RAE Song %5 A.(2014) o] A A5 SUBRHIE E G 235 LA 5 0 FEl R
Arvanitis % A (2021)
Tao 55 A (2016)
/MRS N(2017)
BET R dos Anjos % A (2023) o A AT A SHEE A e 24 ARy 43
Wang % A (2022)
Nouri 55 A (2015b)
Wang 45 A (2015h)
ST g Hu % A (2020a) Sz /AR A SRFAE G ASE AR a7 SR ARG T 14 RE A 4
Leal % A (2021)
ST HLES A Alfarasani % A (2022) o0 A A5 SAFE o KR EE B 2 AL 2D T
BT RHEAL Ding il Chen(2022) o A A5 SRE G ASCREAGHIN R 22 WL AR T 114 DX 3
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AN, by o IR R I 25 B30 42 B8 25 1) ) fE
Jiang 5% A (2023 ) £ H 5L T 55 W5 B 43 259 3D-VSD Jr
B ANt B i AR S 2 R0 (5 B . 1%
J7 15 N3 e W 28 R OO DE (5 R AR A R 5T A2
FRUBE s AU R B 2047 L 8 5 R R IR L 75
) 5 AR AL BT 58P AG TN 45
2.2 HEEMEERNAE

PR A A 8 LA R U] g X s 235440, 8 405 15 4
TR AL B 5 4300, AR B AT R . 55T
TR BE 27 2T 11 1 25 B R A0 2 MG I 3 A 2
T 43 BIF 9 30 Ao XoF O A A FR SR A7 4 5 AR B AR R 2D 4%
52 [ i B LD S S PRI . Abid 45 A (2020) £
T L0 5 A 1Y 3D-VSD 57, AN AR i
IS A 2D $ 5¢ E], F1]H SALICON (saliency in con-
text) (Jiang 55, 2015) ERUE L5 2 2 PEAG I )5 % 42 1L
2D B8 B 3 PR R AR, % e R RIS R AT WLIX
3ol 1) AH OGP AR IO B 0 S MR I 25 R . Ding 58 A
(2024b) 42 H 5 FILATRFAE AL AL 1Y 3D-VSD 7, 1%
5 2B SR S A BE 2 PRGN T 1 A 2D 4%
5 PRLE S PR AIE | 30 2 8 52 AR 4 3K ) A6 WL
S PRGN 25 5 | B S B A RS AR T AA] R AE HE A 7
A, , SRR BT 8 2 PEAG TN

HY T 2 KA YI R0l 4, 34 FoE 5 | A 55
B 2 F9E 3D-VSD J7¥k . Song 5E A (2021a) 42
BT 55 B 24 2] i 3D-VSD Jy ik, il i 3B AN TR 2D
F 52 &1 18] 1 22 S5 AR OO o0 5 28 MR RRAIE , B s L
SRR IE TS5 W 4 28 4% 3l ik 2 0 A REAE
il AR IO 3 8 2 PRI 25 R . Song 55 A (2021b)
W 1A FR 24 1 3D-VSD )7 i, % 5 A N E
G AN 825 5 TR AR BT S 2 e LA — 2 AR
P, I LA 7] 28 591 8 19X A 455 8 LA AERL %) 00 i fd =5
PR AR o BT W AN, % i e e AR BN
R 2D Vi Je I Al A 2 B bR 2 2D JE G K
A TE RSB 1 AR R AE g A R LS
PR3 38 25 M R TR 31 DA ABE AR e | S T R A A%
BRI BT G 3 PR I 45 5 . 3 T 55 B9 3D-VSD
T UG T B R e S R R B A I o
TR A AT PR RS AR A A5 L BRI T AEC T
e DA S E B775 =y Bii e A 2 A Pl 7 & O P
WF 58 N 514 1 356 1 O W B 2% ) 19 3D-VSD J5 i .
Song 4F A (2022) % JE W) (K — M &l — 3 PR 11 3D-
VSD J5 ¥ 107 TR AL W ARG E , 1T SR 2D $5

P 5 I A R0 o (R AR AIE I 2 780 R LI P 3
AN TR AR T TR ) SR 3 ek e 8 A 4% 3 3 A il — B0
DR A A T8 3 2 238 SR AR AL 38 P R 45 23

B L3R i A, F8 5 T AL s I 2R R0 4 LA S
R B i1 Z% . Nousias 55 A (2020a) $& H J T4 FH
P22 25 19 3D-VSD 5, %07 ik 8 Je A A 3D-
VSD J5 Al I 2R 55 4 |, 38 2ok REAE (R Al AR R
5 4 Jey G T LB S PEARRAE , B R R T AR
I3 BTt S LA A0 Sk 2 PEARR AR, 256 B ARl 22 I
AT o B PERS I . Nousias 25 A (2023 ) X 1%
— A TG TR DR T B
PRI 25 SR AL P TR & X, % E
PointNet++ R 2% (Qi 25, 2017b ) £ #5571 43 b il {5
PERE , Martin 55 A\ (2024) 7F L LAl A4 % 3D-VSD J7
B, ST R R Bl S e i I R 4R | B 38 Ao
I 4 BRUASE  R B O A% B R PR FE AR A, I X R AR 2R 1
145 , 454 PointNet++ [ 45 v (1) 43 F ¢ 1IE 3R IO B
0 PG I 25 R 2 B 1 7 A FHRE X ] B ) — AR
RUT AT 8 R AR F5 A PR R

A, Chen 55 A (2023 ) 42 4 i 1) 37 1 3D-VSD
Ty T R 2 GURRAE 4 3 0R #b ath Ak o 2 o )
YU £ 5 ABR 222 > R Db B G ) 8, it
22 RO Rl A BEHA AL X 25 M R, S AT B 35 PR A
W, Hu % A (2020b) 45 & JE IR UT BCAT: 55 %3 3D-
VSD J5 i, B Se A i 2 J2 0 B8 b 4 ) 45 (recurrent
neural network , RNN)Z5 ¥4 , DL &4 A ) T A 22
ROBETEARARFAE , B F5 38 1 130 {34 LA 3 8 A0 5 S
MR AR R B, T I R IR B S S G ) 4
. Rouhafzay 5 A (2023 ) tn 42 i 5 T 86 B2 2 000G
WS 9 3D-VSD J7 ik, B T 00 75 19 Lk i 35 MR A
MZE IR . X eI T 2 R UCRHIE I 7 A R 8 78 0 42
AN TR RRAIE T 79 P 7 D ARG I 235 SR 4 1 15 R
=
2.3 N

Z BRI T T R = G 100 R 30 S 96 B 75 A9 = 65 1k
A, KA = e AU IR S B R R = . ik
2N | B2 e Y RO (5 o g N N [ e
ARE = AR 2D $es K, R R R IR 2 5icdl
SN GRl o i 25 M RRAE BE B Y | I3 5 3D-2D
SEE G 22 AR R R B o S R A D
SR, 3 25 TR A B b B ot AN ] sl B it 5 2 R
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PEREXE A — 2042 T
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3.1 3D-VSD#iE&

M 3D-VSD [n] 4t & A B N AT —
F53D-VSD ¥ 45 4 o AR 43 ] 3D-VSD %L
Ptk WFIE N TT R AH DA 5 B85 ShAh
30101 T RUbRIE R A £ AR

SZ BRI T IR BB B R 1 & e, 7 R 0 i ek
HEFE R F 9T N 5L 32 B BRI AR SRR
T2 DR A B R A SEA T R IR T AT . AR
FHRBhB ER AR, BUbRIE EE AR B SR BB A A,
J 2 I8 T S R RIS AR B 8 2 A I B 4R
(Tavakoli %5 ,2017) o 1] &1 SALICON % 4% 4 (Jiang
2,2015) , BS54 7% 10 000 1§ 3k [ MS COCO
(Microsoft common objects in context) i £E (Lin 45,
2014) (A, il i 53k AR FLF- & AMT (Amazon
Mechanical Turk ) % & BUbR I8 B8 , IF 2 i T

FETURBE 2 2] 1 UG 58 0 2 MRS AR 5 v

BT BARIBEREOR 9 B i 2 44 R R
FH BUbR A — A5 70 3 T Rl DI, I 1 FH R 2
B BB 8 B B0 AL A = i A R RO R A N Kk
e .

1) 32 [ 5 AR A 2 F 2012 4F g 57 114 Jgk 2%
SR I BEAE (Chen 25, 2012) 43,7 19 MR [R] 255 14
I A A5 R (Al 380 AN ), X 4 A% LA Ok g F
SHREC2007 JERKG R FFE . FESL gl fe b 58 A
DR SRR 0 e B O A AR AR v S A R
BRP 7 O A AR 70 R T AR A AT I Ry Al 7 T2 ] g
R TS . B R ARG 3 T 2925 #53&
FE 0 R bR 1 B

2) = HH R B A SR K 2% T 2012 4F T 1Y)
TR 5 KGN K 9 4 (Dutagaci 5, 2012) 41155 4
TR THIGE A LS 244 PRSI, 5088
B F 43N MREIEA , FESCR AR, R T
A H T AR AT TR 3 FH BB s 1A 78 2% T
05 . FEUREE A R4 23 4 & B H 1 BARPRIC B
i, FEARAE B RAE 16 24 3R B 19 BUbR br i 2l -
BAE A B 6 Fh T B SR D AR I 4
IFA TP R RETE A 48 A, LA R B B R I

®2 ETREZFIMNID-VSDFELLE
Table 2 Summary of deep-learning based 3D-VSD methods

255 Tk AL A VIES it Eos

Tliba %8 A (2024)
Ding’fﬁ}\(ZOZZ)

T 52 EIFHIE /MR EYR VSD B4R f PEREAR IS T EZ VSD ik
Ding 5 A (2024b)
Abid % A (2020)

HF L MBR Zheng ZE A\ (2019) Jay A ModelNet £UHE4E Jc H AU S
Jiang 2% A (2023)

FEF 55 W 2] Song % A (2021a) PR G p Y R ModelNet B4z 7 e BT AR A B
Song % A (2021b)

FTF I W5 Song % A (2022) ] 4% A A H 5L Jc SR 3D &5 VSD AR5

. Nousias %% A (2020a)

HeF AT AT P A AL 7Y A AR Jo Kegh R L A b Tl 2 K
Nousias % A (2023)

FETRRAE A Martin %% A (2024) P A AL 7R ERE€E S ¥ FELIEY AT BSR4 BE AT
Chen % A (2023)

HF L B FHIE X 5 A A Schelling £ 4 4 Jo REmgk R s BN

Hu % A (2020b)
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BHERE LA S TN .

SRR AR AE R 3D-VSD AT 45 h A5 3 i il
F VA AN AS TR A5 S 2 PRI 7 v PR
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Bl 5 IR 238 B R 1 J H 25 i, F 5T N
FEUG I FHHR 038 B AR R 22 24 i B I B — 2t
RU A IR S , LA a5 B8 LS4 oM e, 1
TP 7 — A TR A i I8 PR A SR 4R
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(Howlett 45, 2005) 3 & Wi~ T4 di 4 . FHUIE4E A
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w5 R DA T3] 7 R s 0 00 58 o A e g T A
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7~ 30 s, HRBIEER &M EyeLink AR 204, 54 R4
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2) 3 | o B 2% K22 F 2010 4F #3789 s 5
(Kim 5% ,2010) 75 5 1> W& 580 | IR 3l 5 o R 4R
18 2 B IBHHE . Sk R rp 75 R T B B
(1) A AR A AR B R 5 50 MR B BRI A%
i ISCAN ETL-500 HR 3, £4i R A4 60 Hz.

3) il [ A AR Tk K 2% T 2016 4 2 37 A9 B il 4
(Wang 45 ,2016) 6055 15 7~ RS R | 445700 3
3DFTENHLITED . MR 2 586 TR A 30 44 Ak I 45 al
SE AR, R 3 AW R A B A
AL RN S 50 BESRAEMTRE R 120 Hz,

4) 75 [ AR Tolk K 2% F 2018 47 2 37 19 B4 4
(Wang 55 ,2018) AL 15 16 1~ I A& AR Y | 44N 5780 ifi
PARIAS[FIR BT ED , IR 2l S 30 R 4R 70 44 7R B 4
Pt o SCm R AR N T AR AR ) Y AR
RSP E B 157, B BRI B R R S s IR BB
15 45 A Eyelink 1000 AR Z14% .

5) kB HL A K 24 T 2018 4F #3710 s 4
(Lavoué 55, 2018) 4L % 32 A~ WIAK L7 | B 5y S 56 4
KA 20 £ AR IR A E A . SCIR kAR b B R T Ok
FES A5 UL R # #0548 40 A 25 R LA A= 1l 2D T e 4]
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30 B H B . LR R AR N 44
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9) B I K 2 F 2022 4F 2 37 (9 £ 4 4 (Ding Fl
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70 aGlass IR BB B RAENIZ 120 Hz,
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Fig. 3 Examples of 3D mesh fixation point density maps

((a)3D mesh models ; (b)fixation density maps)

WES X H . Dutagaci % A (2012) 2 Hy 9 B8R 5 K
MBAELE 5 Lavoue 2 A (2018) 42 H 9 3DV A Hdi 4
WAL 53 3D-VSD J5 ik AR 2 W, LAIEAl X1 J7
PR P RE o
3.2 3D-VSDiEMiEHR

X} 3D-VSD J5 Ve RE AT PPAG 75 20K RS
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G 250N, B2 7 s re ks

2)SIMAE . AR EE STM {8 78 RS R 3 1 2%
PERG I 5 B PR RE VO TR A5 232, Wt R
FHF 3D-VSD ik PERE TR o I PEH 8 Ao i £
T BT 52 P I 285 SR S 5 LA G ) (9 AH B R B T
#r3D-VSD JrikteRE. HARN

N,
SIM(M) = > min(S,.G,)
i=1

N, N,
st > S =>6=1
i=1

i=1

(2)

&3 3D-VSDERHIREE LS
Table 3 Summary of commonly used 3D-VSD databases

FEAY Jr R

VIS Kot Pk e K NG WA BdEZA EiESoR Fa
Chen 58 A(2012) 380 YL - 25 AmMMA BAREdE g BRSO
Dutagaci % A (2012)  24+43 R YefEl - 23+16 HEWM  BAREWE g SRAUEOGER SR
Howlett % A (2005)  37+30  JEYefAl 30 20 HEWMA  RIBEE R RO R 5 2%
Kim %5 A (2010) 5 HERE 5 18 [ IRSiEdE i LR £ A7 B
Wang % A (2016) 15  3DFTENEER 5 30 3 IREVBER BB LA £ e
Wang 55 A (2018) 16 3DATENRERS 5 70 7AM IREVEEE B BRI SR RER R
Lavoué %5 A (2018) 32 EPEEMAE 7 20 REEMSA O RshEdE g RO/ S
Alexiou %5 A (2019) 12 VR=ZERRD ERRE 21 Amdm REkSEdE R ago N ERUMIIERS
Abid 55 A (2020) 22 HERAE 3 30 4 IRSNEERE Reool SRR, SO EE
Hu % A (2020a) 50 TE YL AL 3 8 12MWiM REMEUE  R-Eia ARIEE N E >
Ding 1l Chen(2022) 32 VR=E4EBERD 10 21 Hb#MA MRk SEdE i VA BB
Martin %5 A (2024) 58 VR =4iRiR 22 32 360°fERE  MREhEUE g BRIz ofE A
Ding % A (2024b) 17 VR =4EHL 10 34 124HM 0 REEdE Eago BURIIE WL EZ

TE =" IR Bl AR
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3)CCIH. Ding % A (2019 ) K545 2 %L CCH
T 3D-VSD Jr ik PEREPFAN o I IFAN 458 Aol 1ot A
TELSE B ARG I 25 21 S 5 U E K] G ] B AR DG AR

PEUY 3D-VSD Jr ik tERE . EAR R
o(S,G)

ER S 5 EH

X, o (S, 6)Fom SHGHITII%.
CCABBUR , R n Lo & PR I 25 2R S 5 HAH

B G AR , RDIZ O ek BE

4)KLfH . Abid ¢ A (2020) ¥ KL (Kullback-
Leibler) B {E i 1 F 3D-VSD J5 32 M 6 PE#r o o
Z VT8 b 38 Ao A L 2 PRI A5 AR S %E
{8 G 18] /) 53 4 22 5 VA 3D-VSD J7 3% 1 g
(]

KL(M) = zG log ( g ) (4)
KLAE BN, o e it 25 PER I 45 5 S 55 1Al
GBHEIT , RIZ T EE PR RE B GT

5)NSS{H . NSSIFMFE4RTE Jexkt 3D-VSD 45 2R S
HEAT A — AR A 38, B AR R 2 5 A Qi 1
SRR 2y 3 WL AT A AR 98 b 2 PR AE 1 7 BB T 3D-
VSD JriktERE . HAK N

1 &
NSS(M Nz
= S-u(S)
s.it. S = W (5)
o, N RRIR Sl S (S) R, o (S)
FIRPRERE

NSS{E K, FoR L3E & PR I 25 1 S 5 |
(I G A3, By i e RE Ak AT .

6)AUCTH . AUC fH /& FUG A bE b 25 1 A il A F:
55 R FHPEBEPEAN 8 AR, BT DL F3F 4 3D-VSD
Tk ERE . T AUCE & SE 7 2R AR ) B X
G T e al o O o e i o < R (4 B
5 H MRS 208 TR R £ Ead it
B ML LT AR AR AUC M, AR 3D-VSD )5
EVERE . AUCHE MR , 3Rn PLoE i 35 PEAS I 25 51 S
5 EAHE 6 M, Bz i febihs
3.3 3D-VSD Akttt

g % WA AN [\ 3D-VSD J7 ¥k P BE , A SCHE
Chen % A\ (2012) 42 Hi 4 Schelling 4 4 % FH CC
H5 AUCHAE RIPAN R bR , AN [R5 547 46 b o

2 FR T ACHE 0 AT AR AR M A SCRE B 11 Fh 3D-
VSD J5 AT X b AL BT T TRAE 8 1 DA
FTWRBEE2A S B ik 6 EE S 25 Rk 4 iR .
o, o Fo FLAB AL g 3 v ol FH A v 30 00 e s o
25, B FRIR —HERIRL AHEXT R MK

%4 Schelling 5#E5 L 3D-VSD 75 £ 4 BE XS tE
Table 4 Experimental comparison of different 3D-VSD methods on Schelling database

c=010B ¢=0I12B ¢=014B ¢=016B o¢=018B o=020B
Jii: JriES

CC AUC CC AUC CC AUC CC AUC CC AUC CC AUC
Hou F1Qin(2013) HUREFTHE 0.101 0.777 0.091 0.757 0.082 0.762 0.074 0.755 0.068 0.745 0.063 0.738
Song % A (2014) FROEFTHE 0324 0811 0.323 0.814 0.313 0.814 0.301 0.810 0.293 0.804 0.284 0.805
Tao % A (2015) B TARE 0301 0.788 0.294 0.791 0.287 0.790 0.280 0.786 0.273 0.783 0.267 0.785
Lee % A (2005) ZREFTHME 0.223 0.700 0213 0.701 0.202 0.707 0.193 0.705 0.186 0.700 0.179 0.696
Arvanitis %A (2021)  ZNEFITHE 0336 - 0323 - 0309 - 0295 - 0286 - 0277 -
Leifman %% A (2016)  ZRJEFTHHE 0437 0.855 0.421 0.861 0.402 0.863 0.376 0.870 0.360 0.861 0.340 0.858
Song 4 A (2018) ZNETTHE 0407 0.856 0390 0.859 0.372 0.871 0.354 0.867 0.340 0.861 0.324 0.859
Nousias 5§ A (2020a) TREEFHIE 0.127 - 0129 - 0127 - 0124 - 0124 - 0.123 -
Song 55 A (2021a) TREE AR 0.455 0.892 0.457 0.897 0.454 0.899 0.447 0.900 0.439 0.903 0.427 0.898
Liu %% A (2023) REEFFIE 0.491 0.912 0.460 0.916 0.431 0.919 0.404 0.921 0.381 0.923 0.361 0.925
Song 4¢ A (2023) TR HHAE 0476 - 0498 - 0510 - 0515 - 0516 - 0510 -
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255 5 Song 55 N (2023 ) 1 77 V5 AEFRAE $2 I B3
TR 4 2 1 = R 2D FH1E 5 3D HEAE , A T A
JEHAH BT ERT 2 REF TAER ik
i, Lee 5 A (2005) 0 J7 WLkl M g e 22, 2 A
SEAZIT VRS FH ) ST A SRR E ek B8 A7 A )
FRPE , 76 55 250 2% T RE RS DX Sl R 0 A B #5241 5 Leifman
N (2016) 5 Song %5 A (2018) By ¥ 200 % &
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22 DX T 1 5 v P L S P e ARG T A5 38 1
DX 355 R 43885 Song 55 A (2014) 145 ¥ BT 5419
R IUAS B2, 322 R T2 07 WA TR RRAE WS o A rh A
PR B TSRS A 0T AR

4 3D-VSDhZH

3D-VSD J5 ik g% i O AU 2 1 0 5 | A HR AR
TR DX, 7 5 0000 B HTRE DG Y = A A A P
A BT Z N AR = AR g i AL B
M ARG o S pEH 4
4.1 =HEREN

YRR A R 8 PR AR RS BB A% 1
AN TR FH 55 ) 75 oK, 78 Tl i i 5 e AR 45 4
GEA 2N BRI KRR B R TR0

TG 4E O AR FH Y 5 40 0T 2R P s
AU R RFE E 174 7 (Kraevoy 45 , 2008 ; Nozawa 4,
2017) , BAR BB AT RO AL RS (HAE 200 T A
AR A 08 %37 AR RS R 4 AT 55 h R B B A X, 4 s
R AR AT MU R . 5 PR R X A5 A

FETH AN [R] DX 85 1) 56 8 22 T AN M AL, 51 A 3D-VSD
D5 % B S g My FE AT R 28 JiCaod i v B A AL B B
IX 38 JE 725 A5 B (Miao 1 Lin, 2013) , AT GEA5-3iF 45 ik
JE R AL E AR . B, Jia 58 N (2014) $2 H 3T
EAN RN ATE % oalULiSE: BIVE ) R R uN ey
22 RUBE R AIE AR OO B2 (. 35 PEAG I 45 5, 1 i 4 A
TR 45 TCAL B 5 AR AR N (2014) $12 H R0 58t 2 M
TELRAE IR TR 208 B 7 v, B 1 A0 00 3 T G D 285
AR/ INE F 1 2k, 3 2k ) o ot b T O A 7 g
P 2 S BB B A i . A G — AR 4 T 2 R
(Wang Fl Zhang, 2009) 5 & T 909 b 25 P (%) 45 T 45
F(Jia %, 2014) X LI 4 R . AR5 AL 3%
PEREAEJS , 0 T 50 DX 3 R 4 3 DX ) O A
FERAR , T & X (IR BT 5 2 DX T AR o A
AR SR I TAE G4 A R

(a) J54

R (b) TREHFTAEE R

(¢) E+3D-VSDHY
YT

B4 YRGS R L
Fig. 4  Comparison of 3D mesh resizing results

((a)original mesh; (b)traditional resizing result;

(¢)3D-VSD guided resizing result)
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158 7 30 R T SRS sGh A S H A ik
£7 15 70 {7 1k (Garland 11 Heckbert, 1998) , B 8K fig 7
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RERIIEAL 0 ORI ek as . BF XX — IR, A58
GO AT 2 MR 5 A = AR 7 f6 AT 45 (An
55 ,2016) , 38 138 3G 0 B G 0 DX 31 SR A AR AR
TIE 7 b 5 A 7 A A 0 AR SR o, 5K IR O AR N
(2021) £ 3 B THREAE 0 2 VR A R fay 4k ik, i ik
o A i M ) M B DR A R T S
MR AL ; Ding 25 A (2024b) $2 ML 3E B 2151 519
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A TR AL i, ik Rl SO LA RRIE AR O
o S VAN 25 2R, I AR A i i AR AL Rl AL
o ARG — YR B A Ak 45 2R (Garland Fl1 Heck-
bert, 1997) 5 2 F L5tk 2E V1 W AL 45 2R (Yang 55,
2016) % FL AN 5 Fr7s o R i 2 1k 5 3 1 IR TR
RREAY R | S 55 DX Sl R fb 8P X)) DR B T %
TS, TR R B 55 X (R 35 1 X
B0 PR B D 0 T B AT Ak S R AL A R
B

(a) JrHAHERY

(b) G REER (o) F1°3D-VSDY
faifl gt

K5 —HEBOR R RS R 1L
Fig. 5 Comparison of 3D mesh simplification results

( (a)original mesh ; (b)traditional simplification result;

(¢)3D-VSD guided resizing result)

4.3 =#ERIpEIR
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FECAE M R R X R SRR S S B AR AT
553 BN . R, AR5 = SR R [ gt )y vk LA H
PR,

1R G REE Ty 1k S BT R X = AR Y A TR
Mg b 5 4 Taubin (1995b ) £ HA 3L F 1% 18 98 5 it A5
RIRENE Ty vk o 12O B B TR (B AR
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T DX B E S ISR S8 DI — ),
FEN GG A B A AR, DL Fg T R e i 7
HROXH AR AR o T 7 A R R G AR B, Nouri 6 A
(2017) £ Hh T A58 b 3 PERRAIE P (R G5 7R e Mg
J7 i AT 2 PR R AR 4R S UL A,
HEMARBUSTRIREMR S AL Li 55 N (2019) £ B TARAIE
AT AR (R R R T 1%, R A i 2 PR AR A T AR
VEREDLSCI ] SRR R MR A5 L . R S — IR
M 25 3 (Fleishman 25 , 2003 ) 5 3 F 905 15 3 Mk 19 %
M 2% 5 (Dutta 25, 2015) % FL 401 6 ik o AHER T-1%
G RN LI BT 08 0 2 Tk AR R [ Iy v A A
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PR B8 N B A DX 3, (R 38 3 X 8l ) £74) B B ARRAE

(@) JRIGRERL (o) fRGEFEMEE R (o) 2 T°3D-VSDHY
Pt it

Ko =HERIAIRENRSE XS 1
Fig. 6 Comparison of 3D mesh denoising results
((a)original mesh ; (b)traditional denoising result;

(¢)3D-VSD guided denoising result)
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(Cignoni %5 ,1998) 1§, Hausdorff i 2§ ( Aspert 55,2002 )
MR ] () 25 57 o AR 8 Ty 0 H LAl 4RAiF 22
S V1) Ffy 3 AR o, PP 45 SR L 32 LAz
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— AR AL BEAT 55, AR E L (Hu %, 2020b) |
= Yk E A (Li %, 2020) F1RE Y K 45 (Nousias 25,
2020b) % .
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