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[ Abstract] Multi-view 3D reconstruction based on neural implicit surface learning includes inherent ambiguities in
representing the geometric shape and appearance of complex objects. Consequently, the fine geometric details of an
object are prone to being lost in sparse texture areas, boundaries, and large smooth surfaces, making accurate
recovery difficult. To address this issue, this study proposes a novel neural implicit surface reconstruction method
based on multi-view mixed consistency constraints. This method uses Multi-View Stereo (MVS), multi-view
photometric consistency, feature consistency, and volume rendering techniques to optimize the implicit surface
representation, enabling the reconstruction of object models with fine geometric details. First, a dense point
generation module based on MVS is proposed to supplement detail information in the sparse texture areas and
boundaries of the object surface, achieving multi-view geometric optimization of the object surface. Second, a
multi-view mixed consistency constraints module is introduced, which uses the Signed Distance Function (SDF) to
locate the zero-level set. It applies multi-view photometric consistency constraints to impose geometric constraints
on the smooth regions of the object, supervising the extracted implicit surface. Additionally, multi-view feature
consistency constraints are applied to surface points at the zero-crossing of the linearly interpolated SDF,
compensating for pixel matching errors in texture-sparse or structurally complex regions, thereby optimizing the
object reconstruction model. Finally, volume rendering technology is applied to produce high-quality image
renderings from the implicit SDF, enabling precise surface reconstruction of objects. Experimental results show
that, compared to methods such as Colmap, the proposed method increases the Peak Signal-to-Noise Ratio (PSNR)
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by over 40.3% on the DTU dataset and successfully enables accurate surface reconstruction of the objects.

[Key words) neural implicit surface reconstruction; Multi-View Stereo (MVS); Signed Distance Function (SDF);

multi-view mixed consistency; volume rendering
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Fig. 1" ~Overview of the proposed network architecture
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Table 1 Comparison of linear interpolation and

nonlinear interpolation
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Table 2 Quantitative results of CD on the DTU dataset

Scan  Scan  Scan  Scan  Scan Scan Scan Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan
Method mean
37 40 55 63 65 69 83 97 105 106 110 114 118 122
Colmap 0.81 2.05 0.73 1.22 1.79 1.58 1.02 3.05 1.40 2.05 1.00 1.32 0.49 0.78 1.17 1.36
IDR 1.63 1.87 0.63 0.48 1.04 0.79 0.77 1.33 1.16 0.76 0.67 0.90 0.42 0.51 0.53 0.90
NeuS 1.00 1.37 0.93 0.43 1.10 0.65 0.57 1.48 1.09 0.83 0.52 1.20 0.35 0.49 0.54 0.84
MVSDF 0.83 1.76 0.88 0.44 1.11 0.90 0.75 1.26 1.02 1.35 0.87 0.84 0.34 0.47 0.46 0.88
Ours 0.75 1.77 1.08 0.38 1.19 1.09 0.51 1.27 0.8 0.75 0.48 0.8 0.31 0.40 0.45 0.87
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Fig.4 Surface reconstruction comparison on the DTU dataset
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Table 3 Quantitative results of PSNR on the DTU dataset Hifii.dB
Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan  Scan
Method mean
24 37 40 55 63 65 69 83 97 105 106 110 114 118 122

Colmap 18.44 14.37 19.24 18.27 19.92 13.80 21.23 22.67 18.19 20.43 20.73 17.93 19.08 22.05 22.04 19.23
IDR  23.29 21.36 24.39 22.96 23.22 23.94 20.34 21.87 22.95 22.71 22.81 21.26 25.35 23.54 27.98 23.20
NeuS 28.20 27.10 28.13 28.80 32.02 33.75 30.96 34.47 29.57 32.38 35.07 32.74 31.69 36.97 37.07 31.97

D-NeuS 28.98 27.58 28.40 28.87 33.71 33.94 30.94 34.08 30.75 33.73 34.84 32.41 31.42 36.97 37.17 32.22
Ours  30.40 28.02 28.94 30.37 32.05 32.38 31.68 32.24 29.12 32.45 35.73 33.24 31.98 37.16 37.77 32.25
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Fig.5 Surface reconstruction comparison on the BlendedMVS dataset
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Table 4 Comparison of calculation overhead #i{;j.h

Method Training time(NVIDIA Titan RTX)
IDR 23
NeuS 26

MVSDF 21

D-NeuS 24
Ours 25

3.4 HERSCIG
A E DTU Beda e I 10 78 il S 50 07 58 K PEAG
ARSI IR SR 5 . BRSO, AR SO Al

I NeuS R M i ILLL L IF 124045 I O i vh 4t B0
B0 5% R U A o SR 20 350 X 2 MVS
R 5 i A IR S 2 L P TR — B 2 R B
PR BEATIH R SR . O A AL 2 ARTR S — 2K
PELAT R T Z DGR — Sk S5 R AE— B P
BIPERE 0 X AT I R e 8. 7 DTU B4k
P Scan24 b A50H Bl SC 56 52 PESS R ANE] 6 i
e R T E ORI LA L P R PR A X 41 (530
HERRTE . 52 EBRAEXT L, A SOy i A A
FoEHE IO, I S IR A Bl s 5 R A 2T
MV'S Y H% i A L RAR LE B RTE ) AT 1 X
YRR B 22 5 5 R ZHEDEE — 2ok
R — B LU AR RO XI5 2 2 4
o DX IR IS IF A Y B 52 5 MY AN B AR 5
5 A Z KR G — Bk 29 R e iy B8 SOCR A
FO ARSCITHEAE 22 T FOLH DX 20 oK H Bk S IR
O TEP RS 2 540 DX S OB . L A
LT MVS B HR 5 5 A R e 5 22 WL IRTHR 45 — 2K
PR AR I 45 ] eliess F IO 42 T
JTEAEAN TR AR DX b Y A



$£52% F4H8/2026 £4 R/ATENTE

249

(a)Reference image

(d)Ours

(b)MVS-based dense point generation module

(e)Multi-view photometric consistency constraints

(c)Multi-view mixed consistency
constraints module

(f)Multi-view feature consistency constraints

6 HRIMIREMER
Fig.6" Qualitative results of ablation study
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Table 5 Comparison of quantitative evaluation results of ablation study #ifi.dB
Method Lior Lapr Lihoto Lot PSNR
Baseline Vi 28. 20
MVS-based dense point generation module < N 28.91
Multi-view photometric consistency constraints N N N, 29.47
Multi-view feature consistency constraints J N N 29. 55
Multi-view mixed consistency constraints module < N N 29. 64
Ours < N, N, N 30. 40
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