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Abstract

This paper proposes a multi-human interaction reconstruction framework that integrates multi-resolution HexPlane encoding with
Gaussian Splatting (GS). The proposed architecture constructs HexPlane features that jointly capture global geometry and
fine-grained appearance by leveraging vertex normals and pose signals, while the appearance variation module reliably estimates
geometric and color variations. During training, in addition to the geometry-alignment loss used in GeoAvatar, we introduce an
MLP offset regularization loss and a HexPlane grid - based total variation loss, thereby expanding the overall loss structure. These
losses suppress excessive shape distortion and enhance the spatiotemporal smoothness and consistency of the HexPlane features,
achieving a balanced reconstruction of global and local geometry. Experiments on the Hi4D dataset demonstrate that the proposed
method consistently outperforms Multi-GART [1] and GeoAvatar [2] in key metrics such as PSNR, LPIPS, and P2S, and maintains
stable reconstruction performance even in highly dynamic scenes involving rapid motion and frequent physical interactions. This
verifies that our approach can faithfully reconstruct complex close-range human interactions with high precision while preserving
boundary sharpness and fine details, even when using only eight sparse input views.

Keyword : Gaussian Splatting, Multi-Resolution HexPlane, Dual-Branch Offsets, Spatio-Temporal Losses,
Multi-Human Reconstruction
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Table 1. Comparison of 3D Human Reconstruction Approaches

Methods Key Idea & Advantages

Models surfaces as a continuous Signed
Implicit Function Distance Function (SDF) from coordinates —
(SDF) provides smooth surfaces and accurate
normals

Predicts density and color given position +

17 TS view, then integrates along rays — enables

(NeRF) realistic lighting and material representation
: Approximates the scene with many 3D GaussianAvatar (2024)"%,
Gaussian . .
; Gaussians on GPU — supports real-time,
Splatting . . . )
(GS) high-resolution rendering without meshes;

provides smooth visual quality
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Representative Studies

PIFu (2019)®,
PaMIR (2022)",
MultiPly (2024)7

Mip-NeRF (2021)®,
HumanNeRF (2022)"

GPS-Gaussian (2024)"",

GART (2024)",
GeoAvatar (2025)?

Limitations in Multi-object Reconstruction

Boundaries between multiple humans often
become entangled due to the continuous
representation, necessitating separate learning
and inference for each object

Memory consumption and training cost
increase exponentially with the number of
humans; real-time multi-object processing

remains difficult

Overlapping objects cause blur and boundary
distortions; the number of Gaussians grows
rapidly, making optimization harder; limited
ability to simultaneously recover both global

shapes and fine local details
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Fig. 1. Multi-Resolution HexPlane Integrated GS Pipeline for Multi-Human Interaction Reconstruction
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Fig. 2. Data Processing Flow for Multi-Human Interaction Reconstruction Based on Multi-Resolution HexPlane
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Table 2. Quantitative Comparison

Hug01
Football21
Highfive13

Fight21

Basketball28
Average

Hug01
Football21
Highfive13

Fight21

Basketball28
Average

Hug01
Football21
Highfive13

Fight21
Basketball28
Average
M-G vs Geo
M-G vs Ours
Geo vs Ours

PSNR 1
28.6832
25.5343
25.4589
24.0991
24.7084
25.2766
30.9779
27.4125
26.8472
25.3247
26.4895
27.4109
31.7620
28.3924
28.4416
28.2064
27.6560
28.8914
+8.44
+14.3
+5.4

SSIM 1
0.9532
0.9411
0.9358
0.9311
0.9351
0.9399
0.9629
0.9492
0.9444
0.9380
0.9454
0.9481
0.9670
0.9536
0.9521
0.9504
0.9517
0.9547
+0.87

+1.57

+0.70

SMPL-X siejelels) vA| E3-a) 53 24 4%, o

LPIPS |
0.0647
0.0733
0.0777
0.0873
0.0823
0.0769
0.0532
0.0633
0.0697
0.0771
0.0682
0.0670
0.0447
0.0526
0.0535
0.0581
0.0559
0.0529
+12.9
+31.2
+21.1

P2S |

1.6600
1.3762
1.3804
1.6679
1.6942
1.5556
0.5373
0.5645
0.7873
0.9252
0.7311
0.7090
0.4667
0.4610
0.4452
0.4402
0.5498
0.4623
+54.4

+70.3

+34.8

CD|
2.0785
2.0795
1.9556
2.0016
2.2254
2.0281
0.6581
0.5943
0.9118
0.9979
0.8347
0.7992
0.6627
0.5143
0.5674
0.4935
0.6814
0.5834
+60.6
+71.2
+27.0
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2 FEY Jo, AEAEE Ao AE Jeok 53 5 ol AeAe f38 xdet) ol S Ak el vk
7t Agersith £ AelMe 718k AdAds A7 St 52 el Ae] £ A %?% A agHoz 4
A" 78 IA ASsH71 918, Hugl, Football2l, =3t
Multi-GART!" GeoAvatar? Ours Multi-GART GeoAvatar Ours

Highfive13

Fight21

T2l 3. Hug01, Football21, Highfive13, Fight21 A H|n

Fig. 3. Qualitative comparison on Hug01, Football21, Highfive13, and Fight21
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2 A 713 GeoAvatar9} Bl W e At 37t AsE

¥ 32 Hi4D dlo]8AlS] Hug0l, Football2l,
Highfivel3, Fight21 A]@ 2o thal] At ZHAHAE &

T
YeRATE At WS Multi-GART!!  tjH] PSNR 23 A vy AFHE HAFTh kst 29 HEo)
+3.61dB, SSIM +1.48%, LPIPS —31.2%, P2S —70.3%, 2 AHAME AA 7He] Alge g AES AL
CD —71.2%%, A7t #4(Visual Quality)¥} 718} F&% AHoE A, MU HF FME FEle §
(Geometric Accuracy) K5l AT AT IS HA A A kA AT RS FAGE AS &9
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Table 3. Quantitative Comparison of Module-wise Ablation Study
RENDER MESH NORMAL
PSNR 1 SSIM 1 LPIPS | P2S | CHAMF | COS | L2
w/o multires 27.5374 0.9472 0.0602 0.535643 0.702941 0.0147 0.0419
w/o offset 23.4771 0.9217 0.0720 1.021527 1.115230 0.0238 0.0566
w/o tv 28.3712 0.9514 0.0545 0.454328 0.566688 0.0135 0.401
ours 28.3232 0.9513 0.0538 0.455929 0.575290 0.0135 0.401
Without multiresolution features Without offset Without TV loss Ours

T 4. 288 A de M H|L

Fig. 4. Qualitative Results of Module-wise Ablation Study
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