Simplified Stereo-Vision for Automated Control
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Abstract

Unmanned systems encompass a variety of technologies, motivations, and objectives, but the desire for an increased level of autonomy is prevalent in all of its areas of research.  Generally, this requires some form of situational awareness of the robot’s environment through any of a variety of sensors.  While adding sensors provides more and more information, it causes a drastic increase in computational as well as financial costs for the system.  

This paper proposes a low cost, low computation stereo vision solution to situational awareness for a variety of applications, such as automated approach navigation, automated docking, and autonomous landing of a vertical takeoff and landing (VTOL) UAV.   In the past these tasks have been attempted using high end electro-optic cameras, traditional stereo cameras, scanning laser range finders, or some combination of these sensors.  However, these sensors typically cost thousands of dollars, and provide an overwhelming amount of data.  
The system discussed within this paper consists of two commercial grade electro-optic cameras, and differs from traditional stereo cameras in its computational method.  Traditional stereo cameras are precisely calibrated to allow for the exact correlation of objects within two images pixel by pixel.  This process generates tens of thousands of data points creating a very fine three dimensional map of an environment, but provides no insight into the recognition of objects within the scene.  Sensors of this nature provide mass information in an attempt to numerically characterize the most complex of environments; however, this simplified stereo-vision system offers an alternative.  This stereo-vision system works by first recognizing a scene feature such as a high contrast symbol within two camera images.  The correlation problem is thus reduced from tens of thousands of pixels to several feature points and in some cases just one feature point.  A vector for the relative position of the robot to the scene feature is calculated and used to generate the motion commands for the robot.  This process is repeated iteratively until the robot is in the correct final location.  Naturally, this process assumes control of the environment for placement of a recognizable symbol, however, all the applications discussed for this system allow for this assumption.  Additionally, this technology requires an algorithm for feature point extraction, or template matching.  Yet, this type of algorithm is heavily researched, well documented and several fast open source algorithms already exist.  
This paper will not only discuss this novel stereo-vision algorithm, but also show that it can be put to use.  This system was originally developed for a VTOL UAV for the purpose of navigating toward open windows on the face of a building as part of the International Aerial Robotics Competition.  It will be shown through testing and validation that this is an elegant and practical alternative solution to the problems discussed. 
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