Passive stereo vision is an attractive sensor modality for autonomous navigation of mobile robots. We are developing a stereo system as the primary sensing system for a robot for planetary exploration. Our goal is to demonstrate autonomous or supervised operation over very long distances, that is, on the order of 1,000 km. The current testbed is the Ratler, a four-wheeled skid-steered vehicle.

The basic stereo system uses area-based correlation to establish correspondences between left and right images. Prior to stereo matching, the images are rectified in order to align their scanlines. Given the basic algorithm, two challenges need to be addressed. First, the computation time required by stereo must be small enough in order to allow continuous motion of the vehicle at the desired speed. Second, the stereo system must be reliable enough to allow for correct detection of obstacles and terrain features. We describe our approach to those two challenges below.

Three physical constraints guided the design of the stereo system:

1) Lookahead distance: The cameras must look far enough ahead to allow the robot enough time to stop or maneuver around an obstacle. The lookahead distance is computed dynamically from the reaction time, latency, and braking distance.

2) Width of field of view: The cameras must see at least 3 vehicle widths (about 400 cm), at all distances beyond the lookahead distance, so that the Ratler can maneuver around obstacles one vehicle width in size.

3) Resolution: An obstacle 20 cm tall must subtend at least 6 pixels in order to be reliably detected.

In order to apply correlation-based stereo to a practical navigation system, we are faced with a difficult challenge. We need to process the images at a speed high enough to sustain continuous motion of the vehicle while retaining maximum precision on the disparity estimates. Our approach is based on the observation that an autonomous driving system needs to process a small subset of the image, as long as that subset is selected judiciously as function of the speed of the vehicle and of the geometry of the camera system. Intuitively, the vision system needs to process only the subimage that adds information to the map built from all the previous images. As we will see, the size of the subimage is quite small, assuming that the system is in steady state and that the speed is approximately constant.

Further reduction of the computation time may be achieved by observing that it is not necessary to process the data at full resolution. More precisely, the resolution on the ground of the data points obtained after transformation is too high compared to what is actually needed for evaluating terrain traversability. For example, the distance in X between consecutive points on a scanline at full resolution at 10m is on the order of 5cm, whereas a 25cm grid is typically sufficient for evaluating navigability. This suggests that it is advantageous to subsample the image in order to process fewer pixels while retaining enough data density for navigability evaluation.

We modified the correlation algorithm to get the best compromise between speed and precision by using a partial subsampling in which the disparity is evaluated on a subsampled set of pixels but in which the disparity at a given pixel is searched by using the maximum resolution. We call this approach partial subsampling.

We have demonstrated the stereo system by operating the Ratler in natural terrain for distances of up to 10km. The experiments show that passive stereo can be made sufficiently reliable and fast to be successfully applied to mobile robot navigation.

(Top) Input stereo pair; (Middle) Rectified images; (Bottom) Output disparity map.

Stereo Vision for Planetary Rovers

Martial Hebert, Eric Krotkov