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Moving robots Flying drones

Q: How to guide the robots or drones to take 
pictures accurately?
A: To explore how does a camera looks at the 
objects.
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Camera projection

Internal calibration External calibration

?
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Problem definition

?

2D real image Predict RT 

6-DOF RT

Rotation 
angles

Translate vector

Generate synthetic image 
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Related work

 Object pose estimation ([Pepik CVPR2012], [Teney CCRV2013] …)

 PoseNet ([Kendll CVPR2015])
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Pipeline
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Camera calibration

20-25 check board images.

Run a Camera Calibration 
Toolbox for Matlab. 
http://www.vision.caltech.edu/bouguetj/cali
b_doc/htmls/example.html 
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CNN-direct

 Indirect annotation: POSIT 
algorithm [Dementhon 1995]

 Modify the number of output 
channel to 6.

 Loss function: Euclidean loss.
 Issue between        and    .
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CNN-indirect

 Solve the Issue between         and     .  
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Visualization with Paraview
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Experiment datasets
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Results on the ship model

<
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Results on the other three models
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Visualization on the ship model

      Image                 SVM-indirect           SVM-direct           CNN-indirect            CNN-direct     Ground-truth RT14



Visualization on the “Bruce Lee” model

      Image                 SVM-indirect           SVM-direct           CNN-indirect            CNN-direct     Ground-truth RT15



Visualization on the fish statue model

      Image                 SVM-indirect           SVM-direct           CNN-indirect            CNN-direct     Ground-truth RT16



Visualization on the boy angel model

      Image                 SVM-indirect           SVM-direct           CNN-indirect            CNN-direct     Ground-truth RT17



Angle ambiguous issue

      Image                   CNN-indirect            CNN-direct
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Conclusion and future work

 We propose a CNN-based multi-output regression framework to 
estimate the camera’s RTs directly and indirectly from images.

 Ware able to generate the synthetic images to visually verify the 
correctness and interpret how the camera looks at the 3D CAD object 
effectively and accurately.

 Our future work includes investigating and developing more powerful 
CNN regression models to reduce the regression errors, extending the 
current setting from a single CAD object to multiple CAD objects.
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Thanks!
Email: chengjiang.long@kitware.com 
Web: http://www.chengjianglong.com
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