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Abstract: To address the limited accuracy of 6D object pose estimation under complex backgrounds and
weak-texture conditions, an uncertainty-aware 6D object pose estimation framework was proposed. First-

ly, a multi-scale receptive field enhancement module was introduced into the encoder - decoder architec-
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ture at the feature extraction stage. By integrating contextual information with different convolutional
scales and dilation rates, the network was able to effectively improve the multi-scale feature representation
capability for weak-texture objects. Secondly, a pixel-wise confidence-aware voting mechanism was de-
signed to model the reliability of the predicted dense keypoint unit vector fields, and the contribution of
each pixel was adaptively weighted during the voting process, thereby enhancing the robustness and accura-
cy of keypoint localization. Finally, the uncertainty of keypoint localization was explicitly incorporated into
the pose estimation stage by constructing an uncertainty-aware PnP framework, which effectively reduced
the influence of noisy keypoints on pose estimation results. Experimental results on the LineMOD, Occlu-
sion LineMOD, and YCB-Video datasets demonstrate that, in comparison with several representative
methods such as BBS, DenseFusion, and PoseCNN, the proposed method achieves significant improve-
ments in pose estimation accuracy, with an average increase of approximately 7% in the Average Distance
(ADD) metric, and exhibits strong robustness under complex background and weak-texture scenarios.
These results demonstrate the effectiveness, robustness, and adaptability of the proposed method under
complex background and weak-texture conditions.

Key words: 6D object pose estimation; keypoint localization; pixel-wise confidence-aware voting; uncer-

tainty-aware modeling; PnP pose estimation
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Fig.1 Overall network architecture diagram
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Fig.3 Pixel-wise confidence-aware voting module
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Fig.4 Visualization of keypoint localization uncertainty
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Tab.1 Statistical parameters of keypoint localization un-

certainty
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Fig.5 Uncertainty-aware module
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Fig. 6 Visualization results on the LineMOD dataset
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Tab.2 Comparison of accuracy results on LineMOD dataset (%)

Object BB8

DenseFusion PoseCNN TexPose Self6D+ -+ Dual-Stream PVNet OK-POSE-+ -+ Ours

Ape 96.6 92.3 77.0 80.9 76.0 91.3 43.6 86. 6 96.7
Bench vise 90.1 93.2 97.5 99.0 91.6 93.5 99.9 84.7 99.2
Camera 86.0 94.4 93.5 94.8 97.1 94.0 86.9 90. 4 95.8
Can 91.2 93.1 96.5 99.7 99.8 94. 3 95.5 87.0 99.8
Cat 98.8 96. 5 82.1 92.6 85.6 95.8 79.3 90.6 95.4
Driller 80.9 87.0 95.0 97. 4 98. 8 92.9 96. 4 92.6 97.3
Duck 92.2 92.3 77.7 83. 4 56.5 9.7 52.6 83.8 88.6
Eggbox* 91.0 99.8 97.1 94.9 91.0 99.9 99.2 85.0 99.4
Glue* 92.3 100.0 99.4 93.4 92.2 99.9 95.7 88.7 99.5
Holepuncher 95.3 92.1 52.8 79.3 35.4 92.8 82.0 84.0 89.7
Iron 84.8 97.0 98.3 99.8 99.5 95.1 98.9 89.2 99.8
Lamp 75.8 95.3 97.5 98.3 97.4 94.6 99.3 83.3 99.3
Phone 85.3 92.8 87.7 78.9 91.8 94.0 92.4 77.9 96. 6
Mean 89.3 94. 3 88. 6 91.7 85.6 94.8 86.3 86. 4 96.7
3.3.2 Occlusion LineMOD # ¥ % # 5 1h 25 % HERA IR 52 H bR %
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Fig. 7 Visualization results on the Occlusion LineMOD

dataset
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15 B2 IR 45 SR AL ) BB 08 A 50 06 A I 4 DX AN T
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PERE
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Tab.3 Comparison of accuracy results on Occlusion LineMOD dataset

(%)

Object SSPE  Self6D++  HybridPose NVR-Net OberWeger OK-POSE-+-+ RNNPose PVNet Ours
Ape 19.2 59.4 20.9 43.1 17.6 60.9 37.2 15.8 46.8
Can 65.1 96.5 75.3 82.9 53.9 59.0 88.1 63.3 79.9
Cat 18.9 60.8 24.9 27.2 3.3 64.8 29.2 16.7 49.1
Duck 25.3 92.0 27.9 69.7 19.2 78.2 88.1 25.2 52.0

Driller 69.0 30.6 70.2 44.2 62.4 62.6 49.2 65.7 83.8

Eggbox 52.0 51.1 52.4 49.7 25.9 57.4 67.0 50.2 74.3
Glue 5l.4 88.6 53.8 74.3 39.6 73.4 63.8 49.6  75.9

Holepuncher 45.6 38.3 54.2 61.7 21.3 34.9 62.8 39.7 70.7

Mean 43.3 64.7 47.5 56.6 30.4 61.4 60.7 40.8 66.6

3.3.3 YCB-Video # 4 £ ¢§ £ b 25

4 A YCB-Video ¥ 4 b Y 5256 45
TR 285 SR 378 45 28 5 b i e MR R o AR SCER
B SL 56 45 SR 5 PoseCNN, DenseFusion ¥ [,
AT HAE ADD-S H ADD(S) 455 | 15 B 45 57
PEVERE , 7 YkE BE 43 038 21 92. 9% F188. 7% , 4%
R TR AR E , i 7

EAEZ B AR b 3 O BsE h B e A 55 S0
KR 229 4K (U banana, scissors, clamp %5 ) I
R ERE AL TEROR R B R
MIRHIE RIS RE ) 5 ILMTEARE )y o BRI S L B
PEITEAGE ] T3 BAr g5 800 5 e 248
M2 H AR SR AE 5 0F N WA B B i B R

A 2 5L L RE T
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Tab.4 Comparison of accuracy results on YCB-Video dataset (%)
Object PoseCNN DenseFusion Ours
ADD-S ADD(S) ADD-S ADD(S) ADD-S ADD(S)
02 Master chef can 83.9 50. 2 95.3 70.7 95.2 77.4
03 Cracker box 76.9 53.1 92.5 86.9 93.8 91.3
04 Sugar box 84.2 68.4 95.1 90.8 97.0 9.1
05 Tomato soup can 81.0 66.2 93.8 84.7 95.7 89.1
06 Mustard bottle 90. 4 81.0 95.8 90.9 96.7 94.2
07 Tuna fish can 88.0 70.7 95.7 79.6 96. 1 89.8
08 Pudding box 79.1 62.7 94.3 89.3 94.1 88.7
09 Gelatin box 87.2 75.2 97.2 95.8 97.0 95.2
10 Potted meat can 78.5 59.5 89.3 79.6 91.2 83.0
11 Banana 86.0 72.3 90.0 76.7 93.2 92.0
19 Pitcher base 77.0 53.3 93.6 87.1 92.2 87.0
21 Bleach cleanser 71.6 50. 3 94.4 87.5 95.5 86.9
24 Bowl* 69.6 69.6 86.0 86.0 87.8 87.8
25 Mug 78.2 58.5 95.3 83.8 96.9 92.5
35 Power drill* 72.7 55.3 92.1 83.7 95.5 92.3
36 Wood block 64.3 64.3 89.5 89.5 89.3 89.3
37 Scissors 56.9 35.8 90.1 7.4 93.1 89.1
40 Large marker 71.7 58.3 95.1 89.1 94.2 85.0
51 Large clamp* 50.2 50.2 71.5 71.5 78.3 78.3
52 Extra large clamp* 44.1 44.1 70.2 70.2 87.0 87.0
61 Foam brick* 88.0 88.0 92.2 92.2 92.1 92.1
Mean 75.9 59.9 91.2 82.9 92.9 88.7

TE = AUC 28 X3 R 0 A 0 3k 0 A B2 00 380 ] — 3P Al oh B9 P84 , 259 5% T ADD-S 8 b5 530 5 0 o L5 T 9 49 44 Sy b
PRI FEAL Py A AR X R s ADD(S) J2 X0 B (R H ADD-S 865, Fe A 7R T ADD 48 bR B0 45 28
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P T 4.6%. UL RFB_a 83 i gl & A [
GBRE SR EN LT UFER RBSA 8P K
W 2 % 7 Y, B H AR e AT 5 & R i SURRIE
FIRRET), NI 3 B AT S S S R Y
OB U ARG BE AL A TR R . SR A R g
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Tab.5 Comparative analysis of model ablation experiments

Module
Input ADD/%
B, B, B, Baseline model
N N 88.1
N NG NG 92.7
N NG NG NG 95. 2
NG N N NG NG 96. 7

E T 2 RO T SCEBER S 0 A ot . E—
FIAAR R 98 A5 R B S S |l X R R
PO 45 5 AT T RE PR, ST X OC i A E L
o AR OB E N Y A 3 A 6 ADD 48 AR
#2712 95. 200, YW R AE 2 TH S B a5 1
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Tab.6 Comparison of model complexity and efficiency

Method ~ Params/M FPS Runtime/ms ADD/%
PV Net 21.5 28.3 35.3 86. 3
DenseFusion 42.1 16. 4 61.0 94.3
PoseCNN 67.2 12.8 78.1 88.6
Ours 23.1 24.1 41.5 96.7
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