
Martial Hebert

The Robotics Institute

CMU











Vision Application?



Don’t commit early



Visual input
Perception 
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Visual input Perception 

algorithms

Reason about 

multiple hypotheses

Predict and refine



• Likely hypotheses

• Diverse hypotheses

• Complex, unobservable distribution

Possible interpretations
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21 cl  second-order



Debadeepta Dey et al. Vision and Learning for Deliberative Monocular Cluttered Flight. FSR 2015



P = 0.25

P = 0.03

P = 0.15

Debadeepta Dey et al. Vision and Learning for Deliberative Monocular Cluttered Flight. FSR 2015
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Always give an answer?



Lennon et al. Performance Evaluation of a Semantic Perception 

Classifier. ARL-TR-6653 



Visual input
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algorithm
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Input features Accuracy
(e.g., RBF regressor, 

SVM with prob. output) 

With J. Wang, D. Parikh, A. Faradhi, CVPR 2014







Use all available knowledge



Approximate 

locations/maps
Contextual

information
User input



• Vehicle Position and Pose

• Camera Calibration

• Maps

Segmentation Visual Words Map prior

Confidence Map Final Detection



Scene

Priors for Structural Elements of Scene

Semantic 

Segmentation

Labeling



• Data Mining and Machine Learning applied to find meaningful patterns in publicly available data

• Provides leads and crucial supporting evidence for sex trafficking investigations and victim rescue 
operations

• Deployed to hundreds of local, state, and federal law enforcement agencies and non-profits across the U.S. 
and Canada

• Dozens of victims rescued and successful prosecutions made

• Web interface accessible via computers, smart phones, tablets

Example: 

Trail of a potential 

prostitution ring 

found migrating 

its operations 

from the West to 

the East coast 







3D Model from Guo and Hoiem, ICCV13.

3D Structure



Style3D Structure



StyleImage
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3D Structure



Data Domain knowledge
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Element Detections



Supermarket

Museum

Laundromat

Locker Room



Task-adapted loss function
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