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Metric: 3D AP on KITTI validation set (IoU: 0.7)
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How to enhance the depth accuracy in monocular 3D object detection framework?
 -> Use Metric learning that encourages the model to extract Depth-discriminative features.
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Preliminary

e.g.) Euclidean space (M, d)

- M: R^n space
- d(p,q) = ||p,q||
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Preliminary
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Goal: Make Depth-discriminative feature space by using Quasi-isometry.

Key idea 1: Depth classifier can easily discriminate object features that roughly preserve the depth information

Key idea 2: We can learn the the features by contrasting the distance of each object feature with respect to the 
quasi-isometry condition.

Contrast

Feature space Depth-discriminativefeature space
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ProposedMethod1. Quasi-isometricloss

Summaryof high-levelprocess of quasi-isometric loss:

1. Extract the feature descriptor from each object

2. Find the feature pair that notsatisfied the quasi-isometric property

3. Train with the proposed quasi-isometric loss.
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Proposed Method2. Object-wisedepth map loss

AddAuxiliaryTask: projected object center depth supervision with entire bounding box region of the object.

-> To reduce the localization error.
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Results

Extra data Method Car, AP3D|R40|Mod. Ped, AP3D|R40|Mod. Cyc, AP3D|R40|Mod.

LiDAR
DID-M3D 16.29 - -

DID-M3D + Ours 16.42 (+0.8%) 9.05 ( - ) 3.11 ( - )

None

MonoDLE 12.26 6.55 2.66

MonoDLE + Ours 15.30 (+24.8%) 7.80 (+19.1%) 4.12 (+54.9%)

GUPNet 14.20 9.53 2.56

GUPNet + Ours 15.78 (+11.1%) 9.03 (-5.2%) 3.61 (+41.0%)

MonoCon 16.46 8.41 1.92

MonoCon + Ours 16.36 (-0.6%) 10.28 (+22.2%) 2.89 (+50.5%)

Difficulty Method Vehicle, AP3D|R40|overall Vehicle, APH3D

Level_1
(IoU = 0.7)

MonoCon 2.30 2.29

MonoCon + Ours 2.50 (+8.7%) 2.48 (+8.3%)

Level_2
(IoU = 0.7)

MonoCon 2.16 2.15

MonoCon + Ours 2.34 (+8.3%) 2.33 (+8.4%)

KITTI

Waymo Open Dataset

+ 23.51%

+ 5.78%
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Results

Extensive method: Anchor-based / Bird-eye-view paradigm

Method Car, AP3D|R40|Mod.

MonoDTR 18.45

MonoDTR + Ours 19.07 (+3.4%)

ImVoxelNet 17.80

ImVoxelNet + Ours 18.20 (+7.2%)

Visualized feature space
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Thank you!
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