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Ø  Perceiving surroundings accurately is essential for autonomous systems 
like self-driving cars. 

Ø  Lidar systems used for perception are expensive. Replace them with 
inexpensive vision-based systems. 

The objective is to detect obstacles in the surroundings using stereo vision 
from 3600 spherical images captured from vertically displaced cameras. 

Source: http://www.webpages.uidaho.edu/vakanski/
How%20Driverless%20Cars%20Work.html  
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Results


3600 by 1800 spherical panoramas 
captured using Ricoh Theta camera 
mounted at two different heights. 

Trigonometrically transform disparity 
values to depth values. 

Classifying obstacles from the ground 
by making use of the relative positions 
of points in the 3D space. 

Median filtering and morphological 
operations to fill small holes in the 
obstacle map. 

Detected obstacle points projected 
on a 2D plane for motion planning. 
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Original lower image: Equirectangular projection (altitude -300 to 300 
and azimuth 00 to 3600) with good mix of obstacles at various ranges. 

Disparity map: We observe uniform gradient of disparity along the 
ground plane, in the bottom half of the image. 

Depth map: Darker regions correspond to smaller depths.    Obstacle map: Obstacles, both closer and farther away, are detected 
sufficiently well.  

Detected obstacles overlaid on the original image 

Polar map: The agent is at the center of 
the map, facing 00. The blue points 
correspond to polar positions of the 
obstacle points around the agent.  
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Key idea: Obstacles are points that are at a height from the 
dominant ground plane. 

Definition: Two points P1 and P2 belong to the same 
obstacle and are said to be compatible if: 
                             and HT < P2Z −P1Z < Hmax
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P1 
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(P2 −P1)•(P3 −P1) P2 −P1 P3 −P1 > cosθT

Source: [1] 

OD algorithm: 
•  Classify all pixels as non-obstacles 
•  Scan through all pixels  

•  Determine set of pixels, TP in the projected triangle on 2D image 
•  Examine all points in TP and determine set OP of points Pi in TP, 

compatible with P1 
•  If OP is not empty, classify all points of OP as obstacle points. P1 

Vertical optical flow at every pixel is the 
disparity value for that pixel in the 
bottom image. 
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