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Qualitative comparisons on mutipul reflective scenes.

Downstream task like relighting and editing.

» Physically Based Deferred Rendering: Pixel-level
material modeling (BRDF) with split-sum approximation,

enabling stable optimization and photorealistic rendering.

» Gaussian-Grounded Inter-Reflection: First implemen-
tation of ray-traced visibility and indirect lighting.

» Geometry-Focused Optimization: Enhanced geometry
via 2D Gaussian primitives, material-aware normal
propagation, and a two-stage training pipeline.
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» Physically based deferred rendering:

1. Produce pixel-level feature maps with alpha-blending
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2. Perform physically based rendering using rendering equation and split-sum approximation
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» Gaussian-grounded inter-reflection:
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» Geometry-focused model optimization:

@ Initial per-Gaussian shading stage

€ Material-aware normal propagation

Datasets Shiny Blender 1\'Brhin et aI.J 2022 Glossy Synthetic il iu et al.] EDZJ | Real t"erhin et al‘] 3322|
Scenes | ball car  coffee  helmet teapot toaster | angel  bell cat  horse luyu potion thell teapot | garden sedan toycar
PSNR
Ref-NeRF 3316 3044 3399 2094 4512 2612 [ 2089 30.02 2976 1930 2542 3001 2691 2277 | 2201 2521 2365
ENVIDR  JHI020 27.81 3057 32700 4262 2603 | 2902 3088 3104 2599 2803 3211 2864 [B6FI 2147 2461 2292
3DGS 2765 2726 3230 2822 4571 2099 [ 2449 2511 3136 2463 2697 3016 2388 2151 | 2175 2603 2378
2DGS 2597 2638 3231 2742 4497 2042 [ 2695 2479 30,65 2508 2689 2950 2328 2129 | 2253 2623 2370
GShader 3099 2796 3239 2832 4586 2628 [ 2508 2807 3181 2656 27.18 3009 2448 2358 | 2174 2480 2376
R3DG 23642592 3000 2501 4315 1880 [ 2490 2351 27.59 2337 2468 2729 2125 2047 | 2192 2118 2283
3DGS-DR 3343 3048 3453 3144 4704 2676 | 2907 3060 3259 26,17 2896 3265 2903 2577 | 2182 2632 2383
Ref-Gaussian | 37.01 [3104 3463 3232 [47.06 28005 | 3038 3286 3301 27.05 3004 3307 2984 2668 ‘ 2297 2660  24.27
SSIM 1
Ref-NeRF [ 0971 0950 0972 0954 0995 0921 | 0.853 0941 0944 0820 0901 0933 0947 0897 | 058 0720 0633
ENVIDR JOSOT 0943 0962 ORI 0995 0922 | 0934 0954 0965 0925 0931 0960 0947 JOGEH 0561 0707 0549
3DGS 0937 0931 0972 0951 099  0.894 | 0792 0908 0959 0797 0916 0938 0900 0881 | 0571 0771 0637
2DGS 0934 0930 0972 0953 0997 0892 | 0918 0911 0958 0909 0918 0939 0902 0886 | 0609 0778 0597
GShader 0966 0932 0971 0951 099 0929 | 0914 0919 0961 0933 0914 0936 0898 0901 | 0576 0728 0637
R3DG 0.888 0922 0963 0931 0995 0858 | 0894 0888 0934 0878 0889 0911 0875 0869 | 055 0643 0657
3DGS-DR 0979 0963 JOBTEY 0971 0997 0942 | 0942 0950 JOBTAN 0933 0943 0950 0958 0942 | 0581 0773 0639
Ref-Gaussian | 0.981 [0.964 0976 | 0971 0998 0948 | 0954 0969 0973 0944 0952 0963 0962 0.947 ‘ 0617 0777 0660
LPIPS |
Ref-NeRF 0.166 0050 0082 0086 0012 0083 | 0144 0102 0104 0155 0098 0084 0114 0098 | 0251 0234 | 0231
ENVIDR 00200 0046 0.083 J0036 0009 0081 | 0.067 0054 0.049 0065 0059 0072 0069 OO 0263 0387 0345
3DGS 0162 0047 0.079 0081 0008 0125 | 0088 0104 0062 0077 0064 0093 0102 0125 | 0248 0206 0237
2DGS 0156 0052 0079 0079 0008 027 | 0072 0109 0060 0071 0.066 0097 0125 0101 | 0254 0225 0396
GShader 0121 0044 0078 0074 0007 0079 | 0082 0.098 0056 0562 0.064 0088 0.091 0122 | 0274 0259 0239
R3DG 0214 0058 0.09 0.025 0013 0170 | 0085 0125 0089 0081 0080 0117 0156 0115 | 035 0380 0312
3DGS-DR 0.105 10033 0,076 0.050 ‘ 0006 0082 | 0.052 0050 0.042 0057 0.048 0068 0059 0.060 ‘ 0247 0208 0231
Ref-Gaussian | 0098 0033 0076 | 0.049 | 0006 0074 | 0.042 0040 0040 0048 0043 0064 0058 0058 | 0256 0245 0256

Bell

Potion

Thell

& A
&
&

Experiment

88
oY 3o
& 00

L 1-Visibility Wl _Indirect J__Mesh |

Diffuse

Per-scene image quality comparison on synthesized test views.
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Per-scene qualitative comparisons of normals.

Glossy-Synthetic dataset GShader
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Matarial-aware normal propagation
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