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Abstract: Data-driven deep learning methods that decouple the geometry and texture of 3D objects enable
appearance editing. However, the view fidelity rendered by neural networks remains insufficient after local
texture editing, and controllability is still weak due to implicit end-to-end view rendering. To flexibly edit
object appearance as in traditional methods, this paper proposed an editable appearance neural texture map-

ping method that decoupled diffuse and specular reflections. First, a three-stage independent learning
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framework was constructed based on the physical illumination model, including diffuse reflection, specular
reflection, and texture mapping. Next, a neural radiance field was built via spherical spatial sampling, and
a loss function for the diffuse reflection component was established to learn the diffuse illumination energy
distribution while conducting supervised learning on real-world data. Then, the neural shell network meth-
od based on 3D Gaussian splatting employed multi-resolution hash encoding for learnable color informa-
tion; after incorporating the diffuse reflection component, supervised learning with real images was per-
formed to achieve view-dependent specular reflection modeling. Finally, a cycle-consistent texture map-
ping network was used to establish position mappings independent of the color space to obtain explicit 2D
textures, and the view-independent diffuse color components were mapped one-to-one to texture atlases,
realizing the inverse operation of editing texture images for neural textures. Experimental results show that
on the public DTU dataset, compared with the state-of-the-art editable texture methods NeuTex and Tex-
ture-GS, the peak signal-to-noise ratio (PSNR) on the novel view synthesis test set is improved by an av-
erage of 5. 6% , and the perceptual image loss is reduced by an average of 18%. It also achieves superior
structural similarity on the NeRFSyn dataset. Moreover, the multi-view images rendered by the neural
network after explicit texture editing are significantly clearer. The proposed method realizes the construc-
tion and controllable editing of neural textures, enabling flexible modification of the appearance of 3D mod-
els with neural implicit representations directly on 2D textures while ensuring multi-view consistency of ap-
pearance.
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Fig.1 Overall framework of editable neural texture mapping for decoupling diffuse and specular reflected light
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(a) Texture-GS 7 B ER AR EL
(a) Texture editing results of the Texture-GS method

(b) AL ELER RS R
(b) Texture editing results of the proposed method

K5 5 Texture-GS J7 ¥ 1 20 B 4 48 %1 1L

Fig.5 Comparison of texture editing with the texture-GS method

6  NeRFSyn %44 ' hotdog 5 chair 3 35t i 20 B 4 4
2R
Fig. 6 Texture editing results of the hotdog and chair
scenes in the NeRF Syn dataset
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Tab.1 Comparison of quantitative metrics on the novel view synthesis test set
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3.2.2 #AAE R
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FEAE IS 6,13, 30, 35/ HLIRTHEAT I 3, A AR
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Tab. 2 Quantitative metric comparison on DTU dataset novel view synthesis test set

NeuTex NGF 3DGS Texture-GS VNGB
PSNR 30. 39 29.44 30.99 30.03 32.03
LPIPS 0.161 3 0.1506 0.107 9 0.144 0 0.124 6

Bl 7 HS RS AR D5 ik i e AR A0 LT

Fig.7 Comparison between the real image and the rendered image by the proposed method
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Tab.3 Quantitative metric comparison on NeRFSyn da-

taset novel view synthesis test set

NeuTex Texture-GS NeuMesh 73T
PSNR 25.718 28.97 30. 945 28.51

LPIPS  0.109 0.055 0.058 0.067
SSIM  0.914 0.938 0.951 0.960
3.2.3 HmRERK
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.
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Tab.4 Diffuse module and sphere space sampling abla-

tion experiments

PSNR SSIM
TG i S S R 28.43 0.776
TCER R 25 ] SR K 28. 49 0. 809
ZNYIRES 28.91 0.826
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Tab.5 Specular Reflection texture learning network abla-

tion experiments

PSNR SSIM

JC B T S S S0 B2 ) ) 4% 31.02 0.823
A B T 2 S B 2R 2 W 4% 32.13 0.941
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