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Clothed feature learning for single-view 3D human reconstruction
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Abstract: Objective Clothed human reconstruction is an important problem in the field of computer vision and computer
graphics. This process aims to generate three-dimensional (3D) human body models, including clothes and accessories,
through computer technology, and is widely used in virtual reality, digital human body, 3D clothing assistant design, film
and television special effects production, and other scenes. Compared with a large number of single-view images available
on the internet, multiview images are more difficult to obtain. Considering that single-view images are easier to obtain on

the internet, which can greatly reduce the use conditions and hardware cost of reconstruction, we consider single-view
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images as input to establish a complete mapping between single-view human image and human shape and restore the 3D
shape and geometric details of the human body. Most methods based on parametric models can only predict the shape and
posture of the human body with a smooth surface, whereas nonparametric model methods lack a fixed grid topology when
generating fine geometric shapes. High-precision 3D human model extraction can be realized through the combination of
parametric human model and implicit function. Given that clothing can produce dynamic flexible deformation with the
change in human posture, most methods focus on obtaining the fold details of a clothed human model from 3D mesh defor-
mation. The clothing can be separated from the human body with the assistance of a clothed template , and flexible deforma-
tion of the clothing caused by human body posture can be directly obtained via the learning-based method. Given the over-
lapping of limbs, occlusion, and complex clothed posture of clothed human body in single-view 3D human body reconstruc-
tion, obtaining geometric shape representation under various clothed postures and angles is difficult. Moreover, existing
methods can only accurately extract and represent visual features from clothed human body images without considering the
dynamic detail expression caused by complex clothed posture. Difficulties are encountered regarding the representation and
learning of the clothed features related to the posture of single-view clothed human and generation of a clothed mesh with
complex posture and dynamic folds. In this paper, we propose a single-perspective 3D human reconstruction clothed fea-
ture learning method. Method We propose a feature learning approach to reconstruct clothed human with a single-view
image. The experimental hardware platform in this paper used two NVIDIA GeForce RTX 1080Ti GPU. We utilized the
clothing co-parsing fashion street photography dataset, which includes 2 098 human images, to analyze the physical fea-
tures of clothing. Human3. 6M dataset was used to learn posture features of the human body, with the test set at 3DPW cap-
ture from the field environment. For fold feature learning, we used objects 00096 and 00159 in the CAPE dataset. For bet-
ter training effects of the clothed mesh, we selected 150 meshes close to the dressed posture from the THuman?2. 0 dataset
as the training set for use in shape feature learning. First, we represented the limb features of the single-view image and
extracted the clothed human pose features through 2D node prediction and deep regression of pose features. Then, based
on the pose features of the clothing, the sampling space of clothing fold centered on the flexible deformation joint and flex-
ible deformation loss function were defined. In addition, flexible clothing deformation was learned through the introduction
of a clothing template to the input ground truth model of the clothing body to obtain fold features. We only focused on cru-
cial details inside the space to acquire the fold features. Afterward, the human shape features learning module was con-
structed via the combination of posture parameter regression, feature map sampling feature, and codec. The pixel and
voxel alignment features were learned from the corresponding image and grid in the 3D human mesh dataset, and the shape
features of the human body were decoded. Finally, through the combination of fold features, shape features of a clothed
human, and calculated 3D sampling space, the 3D human mesh was reconstructed by defining the signed distance field,
and the final clothed human model was outputted. Result Aiming at the results of posture feature and single-view 3D
clothed human reconstruction, we used 3DPW and THuman2. O datasets. Our experimental results findings compared with
those of the three methods on the 3DPW dataset. The mean per joint position error (MPJPE) and MPJPE of Platts align-
ment (PA-MPJPE) were used to evaluate the differences between the predicted 3D joints and ground truth. The mean per
vertex position error (MPVPE) was used to evaluate the predicted SMPL 3D human shape and the ground truth grid. Com-
pared with that of the second-best model, the error was decreased by 1. 28 on MPJPE, 1. 66 on PA-MPJPE and 2. 38 on
MPVPE, and the average error was reduced by 2. 4%. For the 3D reconstruction of the clothed human body, we conducted
experiments to compare the four methods on the THuman?2. 0 dataset. We used the Chamfer distance (CD/Chamfer) and
point-to-surface distance (P2S) of the 3D space to evaluate the gap between the two 3D mesh groups. Notably, the P2S of
the reconstructed result can be reduced by 4. 4% compared with the second-best model, and CD can be reduced by 2. 6%.
Experimental results reveal that the posture feature learning module contributed to the reconstruction of the complete limb
and correct posture, and fold feature learning for optimized learned shape features can be used to obtain high-precision
reconstruction results. Conclusion In this paper, the clothed feature learning method for single-view 3D human-body recon-
struction enables the effective learning of the clothed feature of single-view 3D human reconstruction and generates clothed

human reconstruction results with complex posture and dynamic folds.
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Fig. 1 The framework of clothed feature learning for single-view 3D human reconstruction
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Fig. 2 Example of human posture deformation

M (x £0.2,y £0.2,z+0.3), Hrf {b,pleS,. I
TR TR MY 25 )50 FRL Y RE AR AR AP Y S g 45 2R . A
b B AR AR AL B R RE T R AR P 1T 25 A b A
THRUE LA R A AL BRI B8 5 R — o B 9 0
p BYBLRS , B> 5 b T SE A Y R p Hidat B Aoy B [
FE Y, AR B Y R b 52 AN [R) B0t 1Y A p, I3 N

ANTELEE o XF A 8] S, v ) A R SR T p i 4T
LSS BINEL, 5 L
w, = w,B (5)

X w, = {w,w,, -+, w0, | FIREGE b LTI C
I A SR L w, A RI IR G w,, B K A BB B
R

K3 SRAEAS A BORAE RE X

Fig. 3 Definition of sampling space and sampling point

hy 5 AR R4 1 5 25 D 5220 A A

i L A S0 A IR AR 15 SMPL B (Loper %6,
2015)— 5, F4E A KFIHS M, ()47 h

M.(B.6)=W(T (B.6).](B.O)  (6)

KT (B,0)= T+r,,0 € RN AMKI%E S

B.Be RN AMEMILIRSE, W) 5 Kk,
T, (B, 0) WENEREL, T I bR LT (14 T-pose ¥
ST e RVCHBINESH LN ZERA K r,, ](B)
BN 8 R IR SRR RGN, 2
MR T RSB SETE .
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CPU @3. 60 GHz, NVIDIA GeForce RTX 2080Ti GPU
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Visual Studio Code %5,
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(Yang 55 ,2014) ifF 17 %5 2 UK FRIE 0 , B4 SR 10
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Fig. 4  The statistics of selected clothed postures
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A S AP 35 55 5615 037 1% 2% (mean per joint
position error, MPJPE ) 35 [C X} 5% 1) ~F- 1 4 56 5 o7 &
1% 2% (mean per joint position error of platts alignment,
PA-MPJPE) , ¥FA BT (¥ = 2 0C15 5 5 FLAE 1R 2 5
fi - 25 43 10045 457 1% 22 (mean per vertex position
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Fig. 5 Results comparison with or without filtering dataset

((a) input images; (b) unfiltered dataset;
(¢) filtered dataset; (d) details)

error, MPVPE) , PF-f Fil il (1% = 2 A\ A< 9 4% 5 EL0E )
MR 25 o TR R AR =it b, ffi 1] =4k
[&) B4 12] £ 15 25 (chamfer distance , CD/Chamfer) 5 15
2| 17 #5 2 (point-to-surface distance, P2S) L X 9 15[
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FIA (LB APR DU AR D7 s R RCR B
3.2 ZREREXESF

A3 5 AE 3DPW K45 4 Al THuman2. 0 %545
A b 5 H A =2 2R A TR0 5 VR A = g AR T
HEAT TSRS ) 25 2R S E R Y E
TEPELE NS LS b
3.2.1 EREREM A

N3 2 T s, AR SCOKE 28 5 R ik~ ) 5 GCMR
(graph convolutional mesh regression ) (Kolotouros %5 ,
2019) .Pose2Mesh (Choi %5 ,2020) .3Dcrowd (Choi &%,
2022)3 Fh =4 NS T ikt AT T XL, Al A
HH AR S5 VA RE 8 1 v O Y R TOUIN B RE A P L A R
3DCrowd J5 ¥ 7E MPJPE - #2 % 1. 28 . 7F PA-MPJPE
1. 66 7E MPVPE |4 5 2. 38, 15 22 T B AR
2. 4% , HoH 35 e IR I 8 75 X 24 565 s i 2
A UTEAE A PERESR THA s TRBE I A2 & T IR EE(E
RO A R 1 L N A LG A48 2K R R RE 5 AR A5 B4 1Y
SRR AR

R2 ESFEFIEEMTENESX
Table 2 Quantitative comparison between posture feature

learning and other methods

WIREA MPJPE PA-MPJPE MPVPE
GCMR - 70.20 -
Pose2Mesh 89.50 56.30 105.30
3DCrowd 81.70 51.50 98.30
BRI 80.42 49.84 95.92

T L PR SRR 25  B A R, =7 B B A I Bl

X 5 PlFu (pixel—aligned implicit function)
(Saito % ,2019) . PIFuHD (pixel-aligned implicit func-
tion for high-resolution 3D human digitization) (Saito
& 2020) . Pamir( parametric model-conditioned implicit
representation) (Zheng %5 , 2022) Fl ICON (implicit
clothed humans obtained from normals) (Xiu %% ,2022)
4 Fh B = 2 NIRRT T EOR
A e WA 3 MR ARSI CD{H 5 P2S {H 4G
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S = NS ERE BRI
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IR T 2. 6% 5 4. 4%, P A SO 1k REAE A%
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Ho Wk 4R, PIFu Y B xR 7R BR A% LU A PR 1% 3
FE AT EE R, AR SO ik T e TRk 2 kAR, (H RE A8 HL
AR F w4y,
®3 AXFESEMFENERBEIL

Table 3 Reconstruction accuracy comparison between

proposed method and other methods

7k CD P2S L2
PIFu 2.49 2.35 0.19
PIFuHD 2.34 2.19 0.17
Pamir 2.01 1.92 0.16
ICON 1.86 1.81 0.15
AL 1.81 1.73 0.15

T L P SRR S S R A 2R

x4 AXFHESHEMFENREIXLL
Table 4 Time comparison between proposed method and

other methods

Pk Fsf 5] /s
PIFu 41.92
PIFuHD 49.33
Pamir 48.25
ICON 47.70
A3 47.02

E L P SRR e e 2

3.2.2 ETEGER XA

Ry itk — 2 B AR S 6] T 2 e A TR g v
BAPE B AR IE 2% 2] 5 oA 3 Fh = 4 AR 254G
TH AT YERT L3 T o AR SCEE AL 3l 57 A
Suhsr R T IR B R A (R AT
X, WEl 6 s

ME 67T LA H, GCMR (Kolotouros %5 ,2019) J5
00 TIPS R A, (H B A A i 5 IR 22 A
FETE W] % 2% 5 Pose2Mesh (Choi %5, 2020) £ 45 1.2
AR ) v ) T30 A B R HER L AELSE 1 A7 3 g TR
FRAC & T R 5 3 AT 0 0 TR R R 22
3Dcrowd (Choi 5§ , 2022 ) J7 12 1) IR0 2 25 4 hy A

(a) NG (b) GCMR (c) Pose2Mesh(d) 3Dcrowd (e) 453077
Fl6 ML) 5 HAD T IR X L

Fig. 6 Comparison between posture feature learning and
other methods ((a) input images (b) GCMR;
(¢) Pose2Mesh; (d) 3Dcrowd; (e) ours)
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& ;5 ICON (Xiu 55, 2022) #H Hb , AR ST #8532 HE 45
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()25 B IS 3R o B A B AR 58 1 4 Bl h A
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3.3 HEIXIWERSW

F T 2 2 P AR AR I 5 et ) 8 B2 X B AR T
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JIER  FEZE R R IR S 4 AR Sl 4 OURR Ay 5 B, 2%
22 B B

ST B UE A ARRAE R 5 AR LU B8 1E 1 A 5K
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Fig. 7 The visual results of our method compared with existing related methods

((a) input images; (b) ground truth; (¢) PIFu; (d) PIFuHD; (e) Pamir; (f) ICON; (g) ours; (h) details)
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EFFR, X, FBEEK, MAE, i
BB AEER GRS

x5 ERBEHEZESHMIRERS T
Table S Ablation experimental results analysis of

clothed body feature learning

£ AE WUl

MPJPE ~ PA-MPJPE  MPVPE

3 3 4 81.16 50.01 96.76
3 3 5 81.63 50.37 97.51
3 3 6 82.41 50.82 99.26
4 4 4 81.38 50.01 97.22
4 4 5 80.80 49.89 96.36
4 4 6 81.31 50.15 96.85
T IR R R A I IR AR

N 445, I AR T AT L. R 6 AYE
TP R R T ARECT R ASINE BB IE R
AR BIMEIETT S , P45 5 R 22 AR, B
SEAS T A R VAT T B e, H AP IR R AR A R 1
FETHHE NI
ARSCUAIEARFAE Sy FEAS 0 245, 368 o 18 o 28 25
EASE B 55 18 SRR AR AL DLPEAG LA b . sk 7
TR S R 3 N, €D P2S A BT REAR AR E
AL TR AN T LS, A PR R s L2 A AR
AP ASE 1R 1) 0 3 A T 2 e, DR G 20 1 o Sl RS

PR

R6 REFEFIHMIKERSN

Table 6 Ablation experimental results analysis of posture feature learning

ik MPJPE PA-MPJPE MPVPE
FEA N %% 80.73 50.24 96.45
FEAR LK + B ARAIE 80.57 49.89 96.00
B + LHHEE 80.80 50.17 96.36
FEAR ML + BARTFIE + L BEIE 80.42 49.84 95.92
T ML AR IR 5 A L 2 23

xR BEBUFIEBIKERIN
Table 7 Ablation experimental results analysis of clothed feature learning

7k CD P2s L2
TEARFHE 1.99 1.87 0.17
TEARFFE + 2335 1.91 1.79 0.16
TEARRHE + FE 4% 1.88 1.78 0.15
JEARFRAE + 235 + 789 1.81 1.73 0.15

T L P RS R 5 S R A2 2R

RIS A B E AR ZE R AN 8 s, IR A
SCR A B 2 AR AR 2 I R HUA B T F el o B 0 IR
5 IERR B DL R 4520 5 LARE SR i~ ) 1
1) B RE AR 1 RRAE XS 2 2] B AR R IE BEAT AL
AR AR 5B

4 & it

BN LA = AR AR B AR ESAT AN ] 3
SMAE N R LTI ARR L , R A IR 5 e %
AT R S ST R IK AR SR P R AR Y
B RAHIE vk o I SRR ) BB R

N A2 35 T 1) A 2 5 R ARRRAIE 27 > RS U
BT PR BURE AN T (5 R B R S AR A T Rk
TR FFAIE 2% 2] e 52 B0 S b B = 4 AR AR A 42
B, SEURZs RFRW] A SO A AR E 4R |
f) MPJPE i% 22 %% 1. 28, PA-MPJPE 1% 2% [%1IX 1. 66,
MPVPE 1% 22 [ 11K 2. 38, P FRAK 2. 4% ; T AESE R 1Y)
53 T T BRI 4. 4%, 18] A I B T R 2. 6%
AR S AR 4 S T X0 WL B RS R %
RIE ) BRI R TN E R E RS, BT
N RMBE L L A BRI IR AR & 7
BT LhARAS 09 H o R NRSCRA B, 7k B iE
FHPEAR R 5 0 Ah , B T IRBERR i 2 Hag R 2% (GE
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Fig. 8 Qualitative comparison of clothed feature learning ablation experiments ( (a) input images; (b) shape features;

(¢) shape features + pose; (d) shape features + fold; (e) shape features + pose + fold)
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