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Autonomous vehicles seek to emulate the ability of humans to move around and operate safely and effectively within their environment. Humans derive the range information needed for this, not by radar or lidar, but by their visual sense. Moreover, most of the range information used for 3-D situational awareness is obtained monocularly since binocular stereovision is effective only for very short-ranges. 

To enable this same visual capability for autonomous vehicles RPU Technology, Inc. has developed a means of deriving range information from a sequence of images taken by a single conventional camera as it moves relative to the scene
. 

To derive this range information the camera images are automatically brought into registration with each other, compensating for the effect of all rotational and translational motions of the camera during the sequence. The displacement of scene detail induced by camera translation is range-dependent, and the range of scene detail is therefore obtained as a by-product of the image registration. This registration algorithm is now being implemented in a digital processor (BIVSAV: Bio-Inspired Vision System for Autonomous Vehicles).

The design objective is that BIVSAV, installed on an autonomous vehicle together with a single conventional camera, will provide the 3-D situational awareness needed for autonomous operation by sensing the range of scene detail within the field of view of the camera. It will also detect imminently looming collisions with static structures straight ahead, and with other independently moving objects that may be on a collision course on any bearing. BIVSAV may thereby enable autonomous or semi autonomous operation of a wide spectrum of robotic vehicles, from service robots to unmanned ground and air vehicles (UGVs, UAVs).

The range information derived by BIVSAV is a by-product of the automatic registration of the camera images. This registration process itself can, potentially, also be applied directly in a UAV for detection of other air vehicles at long range. A pair of registered camera images, taken at different times, can be subtracted to attenuate the image of the static background clutter without attenuating the image of the other moving air vehicle. This gain in target-to-clutter ratio may facilitate detection of that air vehicle, thereby enabling an E-O based  Sense and Avoid (SAA) capability, as needed for safe operation of UAVs in the National Airspace.

In a very different type of application BIVSAV can potentially provide the operator of a serpentine robot, or of an endoscope, with a stereo view. Conventional stereo viewing cannot be implemented in these devices because there is generally space available for only one camera. However BIVSAV could derive range information from the images generated by the single camera as it moves towards the area of interest. This range information would then be applied to convert an image from the camera into a stereo pair, by displacing each element of scene detail left and right by an amount inversely proportional to its range. This stereo pair would provide the operator with a 3-D visualization of the confined space being viewed
.
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� Patent Pending: Range Images Derived from a Single Camera


� Patent pending: Single Camera Stereo Vision System (SCSVS)
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