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PerRec: 3D Dressed Human Reconstruction from Perspective Images via Distor-

tion Feature Decoupling and Pseudo Multi-view Constraints

Yang Yuanwang, Ma Jian, Meng Yuan, Li Kun’
Tianjin University, Tianjin, 300354, China

Abstract: Reconstructing clothed human bodies from a single perspective-distorted image is a fundamental yet challenging
problem in computer vision, with broad applications in virtual try-on, digital human creation, AR/VR content generation,
and human—computer interaction. While recent advances in monocular human reconstruction have achieved impressive
progress, most existing approaches implicitly assume orthographic or weak-perspective projection models. These simplified
assumptions neglect the actual imaging geometry of real cameras, reducing depth to a single global scaling factor and failing
to capture the inherently nonlinear spatial variations caused by strong perspective distortion. As a result, the reconstructed
geometry often suffers from inaccurate limb proportions, inconsistent body scale, and distortion-dependent artifacts, par-
ticularly when the subject is close to the camera or occupies a non-central region of the image. Such limitations significantly
undermine the applicability of current methods to real-world scenarios where perspective effects are inevitable. To address

these shortcomings, this thesis proposes PerRec, a novel perspective-aware reconstruction framework specifically designed
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for recovering high-fidelity clothed human geometry from a single perspective-distorted RGB image. The key idea of PerRec
is to explicitly account for perspective-induced depth ambiguity and projection nonlinearity through a combination of distor-
tion decoupling, geometric field representation, and pseudo-multiple-view supervision. Unlike existing models that attempt
to implicitly learn perspective from data, PerRec introduces structural priors and tailored network designs that directly tar=
get the characteristics of perspective distortion, thereby enabling more accurate and physically plausible 3D inference. The
proposed framework contains four major components. First, a distortion decoupling module is introduced to separate image
position from the underlying perspective distortion pattern. By uniformly partitioning the input image and generating virtual
viewpoint transformations for each region, the method effectively normalizes spatial variance while preserving layout-
dependent cues. This mechanism allows the model to better capture how projection distortion changes across the field of
view, mitigating the tendency of conventional models to collapse depth variations into oversimplified estimates. Second, we
design a Multi-scale Attention Hourglass Network (MA-HGNet) to robustly extract local and global features under varying
degrees of distortion. The network integrates a multi-level hourglass structure with channel attention mechanisms to refine
fine-grained patterns such as clothing folds, body boundaries, and high-curvature regions that are particularly susceptible
to distortion. Compared with standard convolutional backbones, MA-HGNet demonstrates enhanced sensitivity to spatially
localized distortions while maintaining stable global shape perception. Third, to better capture continuous geometry and
enhance high-frequency surface details, we convert the SMPL mesh into a Fourier Occupancy Field (FOF). This represen-
tation encodes occupancy values using Fourier basis functions, enabling the network to model sharp transitions, intricate
clothing topology, and subtle geometric variations that are difficult to represent with parametric:models alone. By unifying
the advantages of parametric priors and implicit fields, the proposed FOF formulation leads to substantially more detailed
and expressive reconstructions. Finally, considering that a single image inherently lacks sufficient viewpoint diversity , we
introduce a pseudo-multi-view module that synthesizes multiple virtual observations during training. These synthesized
views act as implicit geometric constraints, guiding the network to learn distortion-invariant features and improving its abil-
ity to reason about occluded or heavily distorted regions. This strategy significantly boosts reconstruction robustness without
requiring additional input views or multi-camera setups. Extensive experiments are conducted on the Thuman2. 0 and Cus-
tomHumans datasets, covering both controlled and in-the-wild settings with diverse degrees of perspective distortion. Quan-
titative evaluations demonstrate that PerRec substantially outperforms state-of-the-art monocular reconstruction methods
across multiple metries, including Chamfer Distance, Normal Consistency, and Point-to-Surface Error. Specifically,
improvements of approximately 60%—80% are observed on average, highlighting the effectiveness of the proposed design in
addressing both global and local reconstruction quality. Qualitative comparisons further show that PerRec produces more
stable body scale, more realistic limb proportions, and more detailed clothing geometry, particularly in strongly distorted
images where competing methods typically fail. The contributions of this thesis are threefold. First, it provides a compre-
hensive analysis of the limitations of existing projection assumptions in monocular reconstruction and establishes perspec-
tive distortion as a core challenge in real-world 3D human modeling. Second, it proposes a unified reconstruction frame-
work that integrates distortion decoupling, implicit field representation, and pseudo-multi-view learning, offering a prin-
cipled and effective solution for handling perspective effects. Third, it demonstrates that accurate and high-fidelity clothed
human reconstruction from a single perspective-distorted image is achievable without relying on multi-view capture systems
or camera calibration. Overall, this work offers a practical and extensible perspective-aware solution for real-world human
reconstruction, bridging the gap between theoretical projection modeling and data-driven 3D inference. The proposed
approach not only enhances geometric accuracy under challenging perspective conditions but also expands the applicability
of monocular reconstruction methods to everyday images captured by mobile devices and consumer cameras. The results
indicate that perspective distortion, long regarded as a major obstacle for monocular reconstruction, can be effectively
resolved by combining structural modeling cues with carefully designed learning-based strategies.
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Fig. 1 Comparison of 3D human body reconstruc-
tion results from distorted images.
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2.3.2 hZ WA ST
R B A HE GO B A B O 2 0 A R
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S b R LA o3 A e, B AT A LA AR Y 5T
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FRUL O I RE 5, T A LR AN

BEIDE B P e RN (B ALK, NN
SRAE B 38 i B AR ek FL S 2 A DA )
— AR R, AR (13)

x; =T,  (PK)) (13)

XA, =1, MK A REAUL A A N SR
Tp,ﬁ_fm& ST x, N2D B S E T I
#ihm, e (0, 1}V R AK(14):

= 1(|x; < 1))O1(x; < 1) (14)

Vi | Uﬁﬁruﬁﬁﬂf@tﬁﬁth%
L) 3275 3D B3 2 I HE AL A
Sy V-5 AR ) R 14 TR, SR P T 428 1) B 5
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TR p BIFRTE S L A5l AT A ML LA 0
3.3 XWHER

AN K] PerRec HEAT 2 1 L 8 M43 BT, T il 52
5 LR R A Rk
3.3.1 EmL

VM2 BR T ANET kA5 0 &
VEASG 25 5, A0 35 30 i 2 B T B DA B vk 2 — 3K
PE=AS R bR . Ho e L2 R LU A4 1
i1 5 A T R L AT, T LA DL 458

PerRec 75 T A VEAL #6545 135 J 80t 8 35 0 3.
FLURT T, AE (8] A PR B T, AHAS T Y m e ik e
Thuman?2. 0(Yu ¢, 2021) fil CustomHumans (Ho %,
2023) B E 4 43 4L T 9. 488cm F1 6. 097cm, FE
S F I PE B 58 I, PerRec 155 0. 983 F10. 919, 45
WAL 7 1 4. 123 Fl 4,653 43 51 #2 T+ 76. 16% HI
80.25%, 7E Bk 2k —FtE I, PerRec 7 Thuman2. 0 £/l
CustomHumans %45 4 [ 31K 2] T 66. 7 F1 72. 603,
BT YA AT T 62, 04% 1 84. 74%, X 7¢
Sy WIE T TR AR TUART 4y R I A St
A PR RE G T USRI T 10, B A Z
R R TG DLHA R 32 1 R &8 L4y 5 H
U, BT A 35 W R SR I i 1 OC R X B s
R BRI T =4S S R kA THE 4=
[P B . B, SIAThZ AR B T Ak

P18 3 B A R AR R BRAE o e b, i e il 52 5
PE— P RUE T A RREBY ST

#1 7 THuman2. 0 #{#E&E FRYELER
Table 1 Comparison on the THuman 2. 0 dataset

o 0 fElfaiE RSB0 SAEIRmEE
() (T )
PIFu 2019 13.287 36.960 4.950
PIFuhd 2020 14.091 35.266 5.710
Pamir 2021 28.885 31.203 5.612
ICON 2022 17.184 32.527 7.653
ECON 2023 17.963 30.295 7.855
SITH 2024 13.413 34.778 4.771
FOFX 2025 11.445 41.163 4.123
PerRec 2025 1.957 66.7 0.983

T R AR B AT R LA

%2 £ CustomHumans ##E&E _FRyLLE:

Table 2 Comparison on the CustomHumans dataset

Sk 10 ElfaE kB0 AEIRmEE

(L) PECT) )
PIFu 2019 13.888 36.982 4.903
PIFuhd 2020 12.803 37.178 5.579
Pamir 2021 30.404 29.994 4.857
ICON 2022 14.856 34.546 6.934
ECON 2023 20.039 29.912 9.472
SITH 2024 13.912 34.524 4.653
FOFX 2025 8.433 39.300 6.103
PerRec 2025 2.336 72.603 0.919

T L A B T e LA

3.3.2 EPEL

3 JE /8 T PerRec 7E Thuman2. 0 il CustomHu-
mans A AR . FTLAUE H SITH B 84
21 B DY i R 3, FOFX , Pamir F1 PIFu 23 H 30K 22 Y
J R 5 P 5, ECON £ H Kb % 19 S 42, ICON
(T A2 R R A0 RS . AHLLZ R, PerRec 7E %%
WLZEAE) L RNZE S RRAE L AR A i 3R .
(18 AR VU B B 31 BB, o o e i) e e P
TE NS YN TR BE BRI, A SO vk g
O ERE 0

R 2

AR
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3.3.3 IHmSER

N T BAEA SO IR YA R, FATTHE THu-
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Yo T2 i AR bl A FL SR 52 51 A 3R 1 5 ey
A5 2) A UAAT SRAEASTER < 38 5 B v 2 A 1) SMPL
A R A LTS s 3) P MR .
I HEALA G C A% Bl SR M 1 DR AR Xof AN ) W 22 DX I )
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AT TALAT R B BE LA RL &, BT A
IR ISR RE AL . BT A SRR AR F AR ]
ARG 5 M 28250 AERR A & AP AR 5

SRR 3 fiow , Horp LR o R AR 45 R B A
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A FH 375 R G R AIE 38 D AR, AR RE A
ARG IE AN [R) PG X3 1 385 P A AR Fb 3 2R A
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BHE FAITRE T 62.1% 5 48. 6%, 48— 5Pk
(NC) 23 SR TE 27. 4% 5 28. 3%, 1 W % 45 He b 2
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AU = 2 L] FAE B, B0 A (R 4 SR 454
— BRI, R T AR R R . MR
LR CD 35 I 74. 2% 5 64. 3%, P-to-S HEE T
K% 58. 1% 5 57. 9%, JoiiE T i B0 JLAn] RAFEAE

Jipk Thuman2.0 CustomHumans
?Eﬁ R 5 4 g‘igﬁj Zﬁﬁ cp | NC 1 P-10-S | D | NC 1 P-t0-S |
12.837 46312 4.864 12.058 45.874 4518
N 4.862 58.958 2522 6.201 58.832 3.348
J 3316 65.264 2.038 4308 68.331 1.902
2221 66.700 1.03 2.360 71.635 0.946
N 1.957 66.700 0.983 2.336 72.603 0.919

I R AT IR AR A T v AR A R

[Fi) B It FF 25 A0 PRI R AIE 13 B 5 = 4k LT
fiF J& , PEREdE— 4R Tt . 7E THuman2. 0 $E4E
CD [%Z 2.221,NC £ TF = 66. 700, LM & 454
AERETE 4 Jry 254 5 JR 30 401 ) B T -

E— 5 AhZ M MAEHS , B9 81 PerRec
HEZE AR AE PB4 14 AT H8 4w 2538 B e e
PR 22 0 A R RS 5 K 4D O A b i, 1 AR AR AR T
B AR A3 A N S e A AN LA S5 A
R TR — 2 . T E U A, O 22 0 f
AT 2 — P B 1 5 S s, T 3 3 A AR A I
(A DR . R 5 = 32 LB (R R 45 385 AR AIE

FIE ) BT, BRI AZ M RES | AR
B S I T BN, BRI FRATT A B it O 22 18 £ A5
BTl

WA 4 7, ZEAS (PR T4 1 A e it , A8
TR SE R 1 = 2 N ARZEAE & B0 R R 24
BERR o A B EMGARRIE B @ AR U | K
EASRMBE BN FAEANES ., 5IA =481

] FRAE 5, 24077 5 A U S 0% TN 52 K 1Y PerRec 7
YRR B D 2 S XIS T oK AN e 1 AR
3.3.4  RAERURMERS

TE = 4 AR R A B ek B A b, SRAE AR
oA T R HER PR R 2R . A AR =4S (R]
HBEHLRAE , RZHORAE R I

5 T 2 T, 3 S5O AR U LA A 35 R AIE 5 S
Z AR TR T RS T, D] fE T U
BRI AIZ AL RE ) o BOAS AR B SRR 5
W73 R WA R EPIR SRR S 2 (AR

o, NG SE ) = 2k R AR rp 3 SRR R T
S T AR R RN — 2 RO BRI, L &k
PRI AETE . X AR Y5 | ACH B TR R B4 =
> AT R AL, i S HU45

AR o TR i TR 5

K 5 T DR AL SRS A R S IE

Fig. 5 Validation of hand region sampling strat-
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RIRURIRIR
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Fig. 4 Comparative results of ablation experiments.
H A === EEF -1, -1, - LRI Rl R 0 T A% AR, AR SOR 2 e A7
VRPN PO il 1 B Ry [ R i = Wi e | s 0 2 8
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MELUT B 2 it % 48 IR S S RU LR . XF 1t
Z Z B TAERS % (Zhang 45,2025 ) , R ke T340 JEk
SR A AR —— 7 AR N AT ) 6 B 1, B
AR RT3 T o S
SR IR T L A e G X
3.4.2 EPIER

gt =2 ity AR R O R AR, &
B Ji DR G0 DX e = TUAT (5 2, LB A U
MELAHERT & BRZ5 4 . ik, AT A Transformer 1 F
T AL S Y DXl 5 AT LA 1Y 4 R R
SRIG RlG U 2 I A E B AT LA — B 200, B
J i AR AL A 5 R P AR AR

4 & &

AR SR X2 A MRS AR 18 2 A N A o At Jre Tt
GEo BUA BT IE 28/55 B 52 1Y O AR T PR A
TR A A A 2 M Tl g 28 R OR B2 A R T AT, XoF
A SCHR T DL BB A TR 5 58 1) AR SCHR M i A2
FEOEMAS 5 O Z2 000 R 20 TR 35 R TR = 2 2p A A 1A
WA, BTEM LB LR F AR AR B AT 55 .
2) H2 Y R R AR AR 1A N AR M AR SR A AR
AL E AR L JLRDIE A o 3) 4 i £Oh 22 LA
B B AR WUAR L, A R itk o PR AR A I
o), AHBCIA J7 2, A SCHIT 4 9 J5 5 7 Thu-
man?2. 0 Fll CustomHumans ZU454E 1 /%) 22 & FlE PEEY
IRB T A FEE A IR AL — B B 3R R
B AR L B AT R A 2 e 4 T 82, 9%
62. 1% .76. 16% H172. 2% .84. 7% .80. 2%

2% 3Lk (References)

Liu LY, SunJ C, Gao Y Q. 2024. A review of single-image 3D human
reconstruction based on deep learning. Journal of Huazhong Univer-
sity of Science and Technology (Natural Science Edition) , 52(5):
98-12 (XURJG, FhILoth, RiFIHL, 457 . 2024, FE TR > i
Pl = A AT A IR LRIR [T ], e th R R 283 (B ARBR
W), 52(5):98-122). [ DOIL: 10.13245/j.hust.240614 ]

XIUY, YANG J, CAO X, etal. 2023. ECON: Explicit Clothed humans
Optimized via Normal integration [C ]/ Proceedings IEEE/CVF
Conf. on Computer Vision and Pattern Recognition. (CVPR).
[DOI: 10.1109/cvpr52729.2023.00057 ]

HO H I, SONG J, HILLIGES 0. 2024. Sith: Single-view textured

© [ KR K AR



HIREE, D, iR, ZiH
BT IERRSHERANRNEREGTFRAC=ZHERE

human reconstruction with image-conditioned diffusion [C ]/ Pro-
ceedings IEEE/CVF Conf. on Computer Vision and Pattern Recog-
nition (CVPR). [DOI: 10.1109/cvpr52733.2024.00058 ]

WANG W, GE Y, MEI H, et al. 2023. Zolly: Zoom focal length cor-
rectly for perspective-distorted human mesh reconstruction supple-
mentary material[ C ]/Proceedings of the IEEE International Confer-
ence on Computer Vision (ICCV). [DOI: 10.1109/iccv51070.
2023.00363 ]

YU T, ZHENG Z, GUO K, et al. 2021. Function4d: Real-time human
volumetric capture from very sparse consumer rghd sensors [ C ]/
Proceedings IEEE/CVE Conf. on Computer Vision and Pattern Rec-
ognition (CVPR). [DOI: 10.1109/cvprd6437.2021.00569 ]

HO H I, XUE L, SONG J, etal. 2023. Learning locally editable virtual
humans [ C 1/ Proceedings IEEE/CVF Conf. on Computer Vision
and Pattern Recognition (CVPR). [DOIL: 10.1109/cvpr52729.2023.
02014 ]

XIU Y, YANG J, TZIONAS D, et al. 2022. ICON: Implicit Clothed
humans Obtained from Normals[C ]/ Proceedings IEEE/CVF Conf.
on Computer Vision and Pattern Recognition (CVPR). 13296~
13306. [ DOI: 10.1109/cvpr52688.2022.01294

LOPER M, MAHMOOD N, ROMERO J, et al. 2015. Smpl: A skinned
multi-person linear model [J]. Acm Transactions on Graphics, 34
(6cd) :248. [DOL: 10.1145/3596711.3596800 ]

PAVLAKOS G, CHOUTAS V, GHORBANI N, et al. 2019. Expressive
body capture: 3D hands, face, and body from a single image [ C 1/
Proceedings IEEE/CVF Conf. on Computer Vision and Pattern Rec-
ognition (CVPR). [DOI: 10.1109/cvpr.2019.01123 ]

OSMAN A A A, BOLKART T, BLACK M J. 2020. STAR: A sparse
trained articulated human body regressor [ C/OL]// Proceedings of
the European conference on computer vision (ECCV). 598-613.
https://star.is.tue.mpg.de. [ DOI: 10.1007/978-3-030-58539-6_36 ]

HUANG Z, XU Y, LASSNER C, et al. 2020. Arch: Animatable recon-
struction of clothed humans[ C/OL ]/ Proceedings IEEE/CVF Conf.
on Computer Vision and Pattern Recognition (CVPR). 3090-3099.
DOI: 10.3724/SP.J. 1089.202*. [DOI: 10.1109/cvpr42600.2020.
00316

SAITO S, YANG J, MA Q, et al. 2021. SCANimate: Weakly super-
vised learning of skinned clothed avatar networks [ C |/Proceedings
IEEE/CVF Conf. on Computer Vision and Pattern Recognition
(CVPR). [DOI: 10.1109/cvpr46437.2021.00291 |

SAITO S, SIMON T, SARAGIH J, et al. 2020. Pifuhd: Multi-level
pixel-aligned implicit function for high-resolution 3D human digiti-
zation [ C ]/ Proceedings IEEE/CVF Conf. on Computer Vision and
Pattern Recognition (CVPR). [DOI: 10.1109/cvprd2600.2020.
00016]

HEIKKILA J, SILVEN 0. 1997. A four-step camera calibration proce-
dure with implicit image correction [ C/OL]J// Proceedings TEEE/
CVF Conf. on Computer Vision and Pattern Recognition (CVPR).
1106-1112. DOI: 10.1109/CVPR. 1997.609468. [DOI: 10.1109/

cvpr.1997.609468 |

ZHANG Z. 2000. A flexible new technique for camera calibration [J/
OL]. IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 22(11) : 1330-1334. DOI: 10.1109/34.888718. [DOI: 10
1109/34.888718

LI Z, LIU J, ZHANG Z, et al. 2022. Cliff: Carrying location informa-
tion in full frames into human pose and shape estimation [ C ]/ Pro-
ceedings of the European conference on computer vision (ECCV).
[DOI: 10.1109/34.888718 ]

JIANG W, YI K M, SAMEI G, et al. 2022. Neuman: Neural human
radiance field from a single video[ C]//Proceedings of the European
conference on computer vision (ECCV). [DOI: 10.1007/978-3-
031-19824-3_24]

FENG Q, LIU Y, LAL'Y K, et al. 2024. FOF-X: Towards real-time
detailed human reconstruction from a single image [c]. [DOI: 10
48550/arXiv.2412.05961 |

Feng Q, Liu Y, Lai Y K, et al. 2022. FOF: Learning fourier occupancy
field for monocular real-time human reconstruction [J]. Advances
in Neural Information Processing Systems (NeurIPS). [DOI: 10.
48550/arXiv.2206.02194 ]

SAITO S, HUANG Z, NATSUME R, et al. 2019. Pifu: Pixel-aligned
implicit function for high-resolution clothed human digitization
[CJ/1 Proceedings of the IEEE International Conference on Com-
puter Vision (ICCV). [DOI: 10.1109/icev.2019.00239

ZERONG ZHENG Y L Q D, Tao Yu. 2021. Pamir: Parametric model
conditioned implicit representation for image-based human recon
struction [ ] |. IEEE Transactions on Pattern Analysis and Machine
Intelegence. [ DOI: 10.1109/tpami.2021.3050505 ]

Zhang J, Ren Z P, Zhang R H. 2025. Refinement reconstruction of
human hand with monocular RGB clothing. Computer Application
Research, 42(1) : 300-306. (3R, {TLAMS, fkoe4E, 4% B
RGB AN M i TS 40 Pk L (1], IS WL FIWESE, 2025,
42 (1) : 300-306). [DOI: 10.19734/j. issn. 1001-3695.2024.02.
0112]

Huang Qianpeng, Liu Li, Fu Xiaodong, Liu Lijun, Peng Wei. 2024.
Clothed feature learning for single-view 3D human reconstruction
[J ]. Journal of Image and Craphics, 29(09) : 2610-2624. (# T

, KU, APRAR, XURIZE, 323 2024, SRLff = 46 AR 8
E@ﬁ‘« AL 2 [T ). vl [ P 2 ] 241, 29.(09) £ 2610-2624)
[DOI:10.11834/jig.230623 |

Pu Juncheng, Liu Li, Fu Xiaodong, Liu Lijun, Huang Qingsong. 2022.
Clothing Visual Representation for 3D Human Reconstruction [ J].
Journal of Computer-Aided Design & Computer Graphics, 2022,
34(3): 352-363. (IR FR, X, FHTBEZR, XIFIE, BT .
2022. =L ARHE A ARG IR A1 B RR [T ] 3L B i
5 EJE %54, 34(3) : 352-363). [DOI: 10.3724/SP.J.1089.
2022.18921 ]

Tang Y. Z., Zhang Q. J., & Hou J. H. 2025. HuGDiffusion: Generaliz-

able Single-Image Human Rendering via 3D Gaussian Diffusion.

13

© h[E KR KL AR



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

IEEE Transactions on Visualization and Computer Graphics. [ DOI

10.48350/arXiv.2501.15008 R 42,2000 2 LRGBS S DL
B TFEALEIE . E-mail :ghqb480736_@tju.edu.cn
EEE N

© h[E KR KL AR



