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Abstract: Underwater reality 3D models play a crucial role in marine resource exploration, ecological monitoring,
and underwater archaeology, but the modeling process faces the dual challenges of color distortion and reduced
accuracy due to the complex attenuation and scattering of light in water. 3D Gaussian splatting (3DGS) methods.,
which are not optimized for underwater optical properties, lack a color restoration mechanism, leading to a
significant decline in reconstruction quality. To address this problem, this paper proposed an underwater scene
reconstruction method that integrated underwater light transport model with the 3D Gaussian splatting. Based on
the scene estimation of the structure from motion(SfM) algorithm. this method analyzed the physical laws of light
transmission with the help of the underwater light transport model, thereby removing the medium influence on the
intrinsic radiance of objects and achieving the precise reconstruction of both color and geometric structure in the 3D
Gaussian representation space. Experiments on the SeaThru-D3 benchmark dataset show that, compared to the
3DGS, the proposed method improves peak signal-to-noise ratio (PSNR) by 3.0% and structure similarity index
measure (SSIM) by 8.3%. This method provides a high-fidelity 3D reconstruction solution for marine engineering
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applications such as benthic habitat mapping and coral reef biomass monitoring.
Key words: underwater reality 3D; 3D Gaussian splatting; color recovery; coral reef scenes reconstruction; under-

water light transmission
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Fig. 1 Underwater scene reconstruction process of DeepReal-GS
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Fig. 2 Comparison of typical sample color restoration



B FE LT R TOUME AR 3D w5 307 30 £ 37 5% o i 7 1% ¢ 37 -

®3 BERAXES

Table 3 Chromatic aberration Euclidean distance

4884 4908 4912 4920 4921 4923
B
GT RS GT RS GT RS GT RS GT RS GT RS
- 257 144 347 192 316 170 339 77 358 116 416 156
I:I 132 200 78 179 108 204 159 316 136 288 65 247
- 323 226 371 255 340 229 375 241 388 231 412 244
304 201 309 209 303 207 331 263 320 245 318 233
292 155 302 182 294 178 296 164 299 174 310 167
162 79 189 117 183 101 168 80 183 85 209 84
- 265 176 307 204 293 193 297 206 314 194 321 195
276 176 287 196 288 203 293 205 301 186 303 185
W 4 R BOE i EMR RS SIM Bk x4 SIMiItEZER
ZER P BRI, BRI E E Table 4 SIfM computational results
BN 1521 771 FREE 1 336 943, B KT R GT_SIM RS_SIM W A 5 BE / %%
12.15% » 3 5 ¥ )7 M iR 2% (root mean R 574 133 494 180 13.93
square error, RMSE) M 0.89 &% 0. 87, Eiki'e 25 F=% 1521771 1336 943 12.15
FEAR T 2.25% . BLBEON 574 133 F %] B AR 2 0. 89 0.87 2.25

494 180, 3% & H T4 1 FEAR Y Jr iR 25 1M
SR T HBATREICE . A IE 5 R0 SEM Bk 25 5L 09 O 80 14 15 25 85 78 X6 7K A4 A Jo3 50 U R0 0 1 G i
A 3 3 00 AN [ A0 A () 0 O B R — S0 W S AR T T 2 WA L AT 24 BRI AT RE T DT S B B - TL AT I AR
AN EE SR

7 D3 HIF8) Ak 3 5 ) A RCR X e S2 e b AR Dy sk R B B (R 3) LT E T OpenMVS Jy 3k
T A IR U ROV B CAn S0 ) e B B DX A AR 7™ S Y J LA R 2K 5 3DGSS 5 vk IR Ry i = Bt 1k B AL 5 3L
Y s @R R BB T [ s WaterSplatting 773 BB )2 09 25 Bk L AR Bl = Y6 35 i) 7 ¢ 1E RS B, i 4 &5 SR AT
e, W 5 FRARE— 2 500E T AR 5 5 M Je dE v . 7 PSNR F1 SSIM B A8 b5 I, AR 7 ik S BUAS B 36
L ARXF T 3DGS 71 . PSNR M 21. 54 dB #27F5] 22. 17 dBURTF T 3%),SSIM M 0. 60 T3] 0. 65 (42 T+
T 8.33%), WMifE LPIPS #5845 I . ATy i 45 5 0. 45 W5 T WaterSplatting J7 k1% 0. 32, HJF B 7E F 407 ik
F2 B0 I b 5 A ST S L 1T WaterSplatting 7732k B 55 8% 9000 58 0 it L AT 838 S 0 Ak 0 B A OG0 €, 3 5
T FWIERAZ TR A AR Y LPIPS {8 72 2R 4 5 0 (8 B A7 & 7 T A D7 22 5 3DGS JEA R, M 5
WaterSplatting AALE & BEAR T 50 %0 . JRARTIT 3 o AR O ok A 060 1R S R RS R O THD S4B B T R AR 3DGS
Bk LA TEREFE AR IR E] T WaterSplatting J ¥ AU /K .

Zkﬁ?ﬂtﬁ/ztfg/\aé%ﬁﬁpkﬂu%sﬂ B J7 I, T A 22 BE B AE RN T 38. 16 %05 JLfuf & 7
I, S Y AR LA T 2. 2590 s 28 A PERE O T . AR T 3DGS J5 % . PSNR, SSIM., LPIPS #5 45 43 51l 42 7+
1 3.0%.8.33%0,1. 6700, ATy Bl K T 5 SRR 5 A BT 0 e R A TR DR AR LA 8 R R 1 [ B
0 E T T M T SR SR R R AR AT 0 R AR E e ROR s B B R T



£ 38 . b AAH KT FIRCE RAF O 2025 4% 5 M

(a) OpenMVS (b) 3DGS (c) Ours (d) WaterSplatting

B3 ERIRXE

Fig. 3 Comparison of reconstruction results
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Table 5 Comparison of reconstruction metrics
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