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3DGS Reconstruction and Autonomous Operation Simulation of Humanoid Robots in Home
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Abstract: To address the high testing cost of humanoid robot evaluation in scenes, and the limited realism
of traditional simulation environments, this study constructs a home simulation scene with high visual
realism using 3D Gaussian Splatting (3DGS) for autonomous home service by humanoid robots. The
Unitree G1 humanoid robot is deployed in the Unity simulation environment and adapted for the full
process of perception, navigation and grasping. An end-to-end keyword-based voice command-driven
autonomous operation system is developed, enabling natural language commands to directly drive the
robot to perform household tasks including object search, navigation, recognition and grasping.
Pick-and-delivery experiments are conducted on four object categories, namely Bottle, Tomato, Cup, and
Apple, with 260 valid trials in total, recording success rates and phase-level execution times. The results
show that the constructed scene can effectively preserve the texture, illumination, and spatial layout
characteristics of the real home environment, and can support complete robot task execution. Differences

in grasping and delivery performance are observed among the four object categories, which may be
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associated with object size and geometry.The proposed simulation platform can support embodied

intelligence algorithm validation and task-level simulation testing in home service scenarios, providing a

simulation foundation for future transfer.

Keywords: 3D Gaussian Splatting; embodied intelligence; Unity simulation; humanoid robot; voice

command parsing; autonomous grasping
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Fig. 8 Four types of objects to be grasped
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Table 1 Task execution results
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Fig. 9 Task Screenshots
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Table 2 Success rates with 95% confidence intervals

FEbR Bottle Tomato Cup Apple
PR T 22 100% 98.8% 88% 64%

95% CI [95.4%, 100%]  [93.3%, 99.8%]  [76.2%, 94.4%)] [50.1%, 75.9%]
LRI 2 96.2% 82.3% 63.6% 78.1%

95% CI [89.5%, 98.7%] [72.4%, 89.1%] [48.9%, 76.2%] [61.2%, 89.0%]

R3 VUSRYRIEIL D R Z AR

Table 3 Significance test of delivery success rate differences among four objects

4 H  Bottle vs Tomato  Bottle vs Cup  Bottle vs Apple ~ Tomato vs Cup ~ Tomato vs Apple ~ Cup vs Apple

Lot 22 14.0% 32.6% 18.1% 18.6% 4.2% -14.5%
z-statistic 2.851 4.824 3.039 2.308 0.506 -1.357
p-value 0.0044 <0.001 0.0024 0.0210 0.6128 0.1746
Cohen's h 0.479 0.905 0.584 0.426 0.104 -0.321
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Table 4 Object dimensions and gripper opening ratios for four object categories
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Fig. 10 Grasp and delivery success rates by object category
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Fig. 11 Classification distribution of experimental results
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Table 5 Phase-level time statistics of successful tasks
1145 [S]HE PIEx  (s) H A (s) QI(s) Q3(s) Y (s)
Stk 213424 21.4 20.5 22.9 [11.2,26.6]
PICEL 3.840.2 3.8 3.6 4.0 [3.4,4.3]
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N 3.5%0.0 35 3.5 3.5 [3.5,3.5]
SRR 47425 47.6 46.1 49.2 [37.9, 54.0]
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P 4.4+0.2 43 42 4.4 [4.1,5.4]
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_65) FALlE 20.0%2.7 18.6 17.9 21.6 [17.2,28.7]
® BT 3.5%0.0 35 3.5 35 [3.5,3.5]
JLFERT 49.8+2.8 48.8 48.2 51.5 [45.5,59.1]
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Fig. 12 Phase-level time breakdown of successful tasks
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Fig. 13 Per-trial task completion time distribution
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Fig. 14 Execution timeline of a typical successful task
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