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Motivation

● State-of-the-art self-driving cars are based on Sensor Fusion methods 
○ Stereo (multi RGB images), Depth sensors, LiDAR systems
○ Higher cost of production, more susceptible to hardware malfunctions, non-ergonomic
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● Humans drive using only visual cues - autonomous driving using vision alone 
○ RGB cameras are ubiquitous, less expensive, and have a significantly higher pixel resolution

● 2D object detection from a single RGB image (monocular) is already solved 
● Monocular 3D perception remains a very difficult challenge



Purpose

● Hybrid 3D Object Detection model 
●
●
● Detection - 
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Contributions

● Modified Faster R-CNN
○ orientation and 3D object properties (dimensions)

● Mathematical system of equations
○
○

● ShiftNet
○

● Volume Displacement Loss (VDL)
○
○
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Architecture                                                                            
1. 2D Object Detection and 3D Intrinsics Estimation

2. Estimating the 3D Object Translation

3. Refining the 3D Object Translation
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Architecture                            

● Input
●
●
●
●
● Output
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Faster R-CNN

Additional 
Regression Heads



Architecture                                                              

●
○ Objects are placed on the ground plane
○

●
○ ΘL local
○ ΘRAY

○ Θ (RY)

■ Ry Θ  ΘL ΘRY
● crops

○   ΘL
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Architecture                                                              

●
○ Sine Cosine
○

●
●
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●



Architecture                                                   
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● height width length

○

○

○ zero-centered distribution

● L2 Loss
●

● Only rotation around y axis is regressed
● Local angle regression



Architecture                                            

● global angle local angle Theta ray
●

○
○
○
○ P

● 3D translation vector
○
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Architecture                                                                         
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●
○
○
○

●

●
○
○
○ 64 possible different configurations



Architecture                                                                         
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●
○ t'
○

●

●



Architecture                                                
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●
○ 80% to 14% 3D IoU

● ShiftNet
○ Fully connected architecture
○ Purpose 
○ Input 
○ Output  



Architecture                                                         
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● 3D IoU
● Loss function

○
● Translation error

○
● Two 3D boxes

○
○

● The 3D IoU differences are huge



Architecture                                                         
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● Volume Displacement Loss (VDL)
○
○
○
○

● The quantity of volume

●

●

● Final VDL Loss



Training Procedure                                                         
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Dataset
Stage 1 Setup
●
●
●
○

ShiftNet Setup (Stage 3 refinement)
●

○
●

●



Results                                                                             
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●
●

○



Results

●
●
●
●
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http://www.cvlibs.net/datasets/kitti/eval_object.php?obj_benchmark=3d
https://xiaozhichen.github.io/


Demo (KITTI)
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http://www.youtube.com/watch?v=5MieYfknEyQ


Conclusion

●

●

●

21

Thank you!

http://www.cvlibs.net/datasets/kitti/eval_object_detail.php?&result=07dd1309a3b54588520ec430327b1aef1b5a18e4

