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Preview

 Motivation

* Compact student networks typically struggle to

Task-driven KD for 6D pose estimation predict local sparse/dense predictions precisely.
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Introduction

* Sparse keypoint-based
* 8 corners of the 3D object bounding box
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Introduction

* Sparse keypoint-based

* 8 corners of the 3D object bounding box

* Dense local prediction-based

* Intermediate dense representations
* Pixel-wise 2D-to-3D correspondence

« Extra geometry features
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GDR-Net [2]
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Motivation

¢ Ground-truth Student Teacher

Teacher Student Our Distilled Student

« Compact student network struggles predicting precise 2D keypoint locations as the
teacher can do.

* Local predictions, such as sparse 2D keypoints or dense predictions, are important to
6D pose estimation.
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Method: Aligning Distributions of Local Predictions
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Our KD is based on optimal transport that jointly distills the teacher’s
local prediction distribution + segmentation score map into the student.
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Method: Aligning Distributions of Local Predictions
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Method: Aligning Distributions of Local Predictions
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Method: Keypoint Distribution Alignment
* WDRNet+ -- SOTA sparse keypoint-based approach

* Predict the 2D locations of the 8 object bounding box corners
 WDRNet* + Cropped ROI

* Loss: Separate losses for the 8 individual keypoints clusters

8
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Cs,C}: predictions for the kth 2D keypoint location; o, al: segmentation scores
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Method: Dense Binary Code Distribution Alignment

» ZebraPose* -- SOTA dense local prediction-based approach

* Predict a 16D binary code probability vector at each cell
* Concatenate the x- and y-coordinate in the feature map

it -3

Cropped ROI

* Loss: over the average-pooled local augmented binary code probabilities
L (B, B af, ol ) = Lrq(B%, B af, ol ).

B’ Bt o’ Oz . average-pooled local predictions and segmentation scores

Method

10/15



Experiments & Results

* WDRNet+ -- SOTA sparse keypoint-based approach
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Experiments & Results

* WDRNet+ -- SOTA sparse keypoint-based approach
* Occluded-LINEMOD

* YCB-V
Occluded-LINEMOD (ADD-0.1d) YCB-V (ADD-0.1d)
10 20
6 18 17.4
4 ‘ H 16.1
2 16
0 I L N [ I I I 5
AVG. Ape Can Cat Driller Duck Eggbox* Glue* Holep

-2 14

\ y FKD Ours Ours+ Student FKD Ours mOurs+

Experiments & Results 12/15




Experiments & Results

* ZebraPose -- SOTA dense local prediction-based approach
* Occluded-LINEMOD

Occluded-LINEMOD (ADD-0.1d)

L o a2 w2 o oo

AVG. Ape Can Cat Driller Duck Eggbox* Glue* Holep

Naive-KD FKD Ours

Experiments & Results 13/15




Discussion

* Qualitative Analysis
Teacher Student

Keypoints
| _. N —
Pose

* Mimic the teacher’'s keypoints distributions & Predict tighter keypoints clusters

* More accurate 6D pose estimation
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Summary

The first knowledge distillation in the context of 6D pose estimation.
Our KD is driven by the 6D pose estimation task
* Align the teacher and student local distributions together with their segmentation scores.

Our KD generalizes to both sparse keypoints and dense predictions 6D pose
estimation frameworks.

Our KD can be used in conjunction with feature distillation to further boost the
student’s performance.
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https://github.com/GUOShuxuan/kd-6d-pose-adlp

