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Abstract: To address limitations in kinematic modeling for 6-DoF pose estimation of complex articulated
objects, a joint-aware decoupled pose estimation framework is proposed. A decoupled modeling strategy
is adopted, in which rotation and translation are regressed through independent branches, thereby reducing
error coupling. An attention-guided multimodal feature fusion mechanism is developed to capture the rela-
tionships between image semantics and point cloud geometry, enhancing robustness under occlusion. An
adaptive weighting scheme is further introduced to balance multiple loss terms during training. In addition,
a lightweight module is designed to predict part-level articulation parameters. Experimental results on the

Artlmage dataset demonstrate that the proposed method achieves an inference speed of up to 20 ms per
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frame without requiring external optimization. For complex objects such as drawers, the rotation error re-

mains stable at 1. 6°, while the 3D IoU for the glasses category improves by approximately 28%. The

method consistently outperforms baseline approaches across most categories and evaluation metrics. The

proposed framework enables unified estimation from the base pose to articulated parts, improving both

pose accuracy and inference efficiency while preserving physical consistency.

Key words: complex articulated objects; 6-DoF pose estimation; joint-aware decoupling; cross-modal fu-

sion; adaptive weighting
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Tab.1 Comparison of pose accuracy and runtime performance

Per-part Pose Inference time
Category Method - - )
Rotation error/ (") Translation error/m 3D 10U/ % per image/s
Laptop A-NCSH"™ 5.3,5.4 0.054,0. 043 56.7,40.2 9.0
OMAD"™ 5.4,4.3 0.062,0. 061 43.5,24.1 1.6
ArtPERL™ 4.9,4.7 0.053,0. 066 64.6,50.4 0.9
Our-method 3.09,5. 82 0.038,0.038 73.8,73.4 0.021
Eyeglasses A-NCSH'"  3.7,22.3,23.2 0.049,0.313,0. 324 52.5,40.2,39.6 11.9
OMAD" 4.9,7.5,7.5 0.062,0.103,0. 324 22.8,20.5,21.4 2.5
ArtPERL™ 4.1,6.2,6.0 0.047,0.095,0.091 58.6,46.5,51.7 1.0
Our-method ~ 7.7,8.9,8.6 0.063,0.092,0.091 86.8,83.8,83.9 0.186
Dishwasher ~ A-NCSH"™ 4.0,4.8 0.059,0.123 84.3,56.2 5.5
OMAD" 6.0,6.2 0.104,0. 142 66.5,38.9 1.6
ArtPERL™ 3.9,4.3 0.055,0. 079 89.3,67.6 0.9
Our-method 2.47,3.01 0.053,0. 091 90. 67,83.01 0.11
Scissors  A-NCSH"™ 2.0,2.9 0.035,0. 025 46.5,44.8 6.5
OMAD™ 3.9,3.4 0.048,0.039 35.6,34.5 1.7
ArtPERL"™ 2.2,2.6 0.031,0. 042 40.9,46. 3 0.8
Our-method 5.0,5.2 0.048,0.010 73.9,69.1 0. 020
Drawer  A-NCSH"™ 2.8,3.5,3.9,2.9 0.045,0.155,0.157,0.075 90.2,81.5,78.4,82.7 16.5
OMAD'"™  4.4,4.4,4.4,4.4 0.111,0.143,0.144,0.115 75.8,73.4,70.2,71.3 1.9
ArtPERL™ 3.5,3.5,3.5,3.5 0.061,0.112,0.121,0.104 84.8,78.6,79.0,81.2 1.1
Our-method 1.6,1.6,1.6,1.6 0.047,0.103,0.101,0.081 92.1,85.2,85.3,88.1 0.124

s
§

P13 EE AT A4S

Fig. 3 Qualitative visualization results
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HAEEBEA T iE S R 5 t;w/o attention fu- JiE % 40 Ak 3k 3 s w/o part-aware chamfer: £ B i
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Tab.2 Results of ablation study

Variant Rotation error/(°)  Translation error/m 3D IOU/%  Inference time per image/s
Full (ours) 2.5 0.038 77.8 0.023
w/o decoupling 2.7 0.061 62.3 0.019
w/o attention fusion 3.8 0.0594 55.1 0.021
w/o0 two-stage refinement 7.6 0.046 68.9 0.019
w/o part-aware chamfer 3.1 0.043 41.2 0.018

2 BRESC R R T A SRR TL AR T
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