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Problem

Monocular 3D Object Detection
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"Perception is our best guess as to what is in the world

given our current sensory input and our prior experience”

- Helmholtz (1866)
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Problem Setting: Monocular 3D Object Detection

> Input: A single RGB image & camera intrinsic
» Solve: 9 DoF, including orientation, dimension, location

» Cue: Appearance (sensory input) & Projection Law (prior experience)
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Why 3D perception

» 3D perception is the key to human intelligence

» Autonomous driving & Robotic grasping
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Challenges in Location Estimation

» Dimension and orientation estimation are
easier than location estimation
» Ambiguities arising from 2D-3D mapping

» Real 3D information unavailable

> Occlusions, Truncation, Scale variation......
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Previous Methods

» Tight Constraints (CVPR17)
> Solves the location by placing
the 3D proposal in the 2D

bounding box compactly.

Drawbacks:

1) Image appearance clue is not used
2) Performance highly depends on the 2D detection accuracy
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How do human do?

» Hypothesize-and-Verify
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Approach

Some details
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Overall framework

» Three-stage

2D Detection
- N7
g MS-CNN | Filter | Sounding Box)
1 | Result )
\ S J

Orientation & Dimension Estimation

Regression
Module

\ Image Patch 7—»

Location Estimation
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Regression Module

» Anchor cuboid & Anchor angle

Edi View ert Tool Desktop Window Help
Aaas m @\e,{-\@m@\a@

Ld = — log G'(CE'* )—I—[l—IOU(AE* —I—[&Ujit ; .&}1@* \ &]E*], G)]

Lo = —logo(ci=) + [1 — cos(Oi + Abix — )]
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Location Estimation

» Dense sampling
» FQNet

convi

N.. o s o
conva " Classification |
H I loss
—- —-
] . 3D _IcU
regression loss

() Lrn @ max pooling [ ] iy connected

O* = arg 11311 |F(I.S;|©) —1oU(I,S;)||
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Experimental Results on KITTI dataset

> Orientation & Dimension

Table |. Comparisons of the Average Orientation Similarity (AOS) with the state-of-the-art methods on the KITTI dataset.

Method Easy Moderate Hard
train/val 1 | train/val 2 | test | train/val 1 | train/val 2 | test | train/val | | trainfval2 | test
3DOP Y] 01.58 - 01.44 85.80 - 86.10 76.80 - 76.52
Mono3D [ ] 91.90 - 91.01 | 86.28 _ 86.62 |  77.09 - 76.84
JIDVP [412] - 78.99 86.92 - 65.73 74.59 - 54.67 64.11
SubCNN [473] - 94.55 90.67 - 85.03 88.62 - 72.21 78.68
Deep3DBox [21] - 97.50 02,910 - 06.30 B8.75 - 20.40 76.76
FD-RCNN [27] 90.70 97.70 89.98 839.10 96.50 89.25 79.50 80,70 80.07
Our Method 97.28 97.57 02.58 03.70 0670 58.72 79.25 B20.45 76.85
Method train/val 1 | train/val 2
IDOP [Y] 0.3527 -
Mono3D [ =] 0.4251 -
Deep3DBox [ 1] - 0.1934
Our Method 0.1698 0.1465
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Experimental Results on KITTI dataset

Table 2. Comparisons of the 2D AP with the state-ol-the-art methods on the KITTI Birds Eved View validation dataset.

IoU=05 IoU=10.7
Method Easy Moderate Hard Easy Moderate Hard
vl [ tv2 [ tv]l [ v [ tv] [ tv2 [ tv] [ tv2 [ tv] [tv2 [tv] [t
3DOP V] 55.04 - 41.25 - 34.55 - 12.63 - 9.449 - 7.59 -
Mono3D [¥] 30.50 - 22.39 - 19.16 - 5.22 - 5.149 - 4.13 -
Deep3DBox [51] - 30.02 - 23.77 - 18.83 - 9.99 - 7.71 - 5.30
Our Method 3257 | 3337 | 2460 | 2629 | 21.25 | 21.57 | 950 | 1045 | 802 | 859 | 7.71 | 743

Table 4. Comparisons ol the 3D AP with the state-of-the-art methods on the KITTI 3D Object validation dataset.

IoU=0.5 loU=0.7
Method Easy Moderate Hard Easy Moderate Hard
vl [ tv2 [ tv] | w2 [ tv] [ w2 [t [tv2 ] tv] [tv2 [tv] [tvd
3DOP Y] 46.04 - 34.63 - 30.09 - 6.35 - 507 - 4.10 -
Mono3D [¥] 25.19 - 18.20 - 15.52 - 2.53 - 2.31 - 2.31 -
Deep3DBox [ 1] - 27.04 - 20.55 - 15.88 - 5.85 - 4.10 - 3.84
Our Method 28.16 | 2898 | 21.02 | 20.71 | 1991 | 1859 | 598 | 545 | 550 | 5.11 | 475 | 445
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Qualitative Results
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Effectiveness

> Not sensitive to 2D detection precision

> 3D loU regression
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Accuracy vs Speed

> Ablation study
> Efficiency

3D Bounding Box AP (loU=0.5)
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