Computer Vision System Final Recommendation for the IRRT Vehicle for DARPA Challenge
Main objective

The GPS coordinates provided by the DARPA from 2004 suggest the general road area will be known at all the points (8-15 feet wide). The periods of missing GPS signal can be approximated by inertial tracking/odometry. See the specifications of the “corridor” [1]
This brings us to a conclusion that the road following can be mostly solved by the GPS system aided by the simple weight function that will force the vehicle to stick to the center of the road. (See technical report from Red Team 2004 at [2]). The primary goal of the vision system then becomes solving the task of getting from point A to point B on an almost straight line, choosing the optimal path to avoid the hazard and maximize the driving speed at the same time)
Therefore the main tasks for computer vision sensors are, from the resulting depth map to:
1. Finding the drop-offs and hazardous terrains on the side of road

2. Finding and avoiding the obstacles
3. Finding and following the road

Implementation
Digital Video Camera
Monocular vision suffers adversely from various environmental effects: such as cast shadows and intense highlights, therefore we have investigated a number of stereo-vision products available on the market today. A pair of stereo cameras provides all the input information as the monocular system does, additionally a depth map (the distance from the camera to each pixel) can be extracted. All the cameras compared in the table have digital shutter speeds ranging from 1/30th to 1/8000 of a second. 

	Parameter
	PointGrey Bumblebee
	PointGrey

Dragonfly (x2)
	TYZX
	Videre

	URL
	[3]
	[4]
	[5]
	[6]

	Sensor type
	2 CCD
	1 CCD
	2 CMOS
	2 CMOS

	Resolution
	1024x768
	1024x768
	512x512
	1280x960

	Color
	Yes
	Yes
	Yes
	Yes

	FPS
	30
	30
	30
	30

	FOV (deg)
	50, 70, 100
	Varies
	45
	Varies

	Baseline (cm)
	12
	ANY
	5, 22 and 33
	5-20

	Price
	$1995
	$695
	$5000
	$1600


As it can be seen from the table all four systems provide similar characteristics. The major factor in our opinion will be the baseline, which controls how far can cameras see the distances. Therefore the Dragonfly, which is a monocular camera from PointGrey, looks like a viable candidate. Dragonflies can by combined in stereo-pairs to achieve the depth extraction. Our current recommendation is mounting two dragonfly cameras at the front of the vehicle at ~30 cm baseline – for short range (< 30m) obstacle detection, 2 dragonfly cameras at the front at ~100 cm baseline – for long range detection and path planning, and finally, 2 dragonfly cameras at the back of the vehicle – for rear view of the road at low speeds. Note, that up to 8 Dragonfly cameras can be mounted on the single IEEE-1394 (Firewire) bus. This setup will be synchronizing the camera’s acquisition time automatically within 120 nanoseconds. This amounts to the total of 6 Dragonfly cameras ($4000), plus the stereo extraction software ($300), plus Firewire Hub (<$100).
Stereo processing
Hardware processing to obtain a depth map is currently only provided by TYZX Inc [5], but the system runs at $20`000, therefore deeming it unfeasible. Additionally, the hardware implementation will predetermine all the system parameters thus making it less flexible for the future tune-ups. The processing speed is up to 200 FPS at 512x512 pixels.
There is a number of software implemented stereo processing systems which run on the general purpose CPU’s. PointGrey Research [3] and Videre Design [6] both sell this type of systems, with prices running from $100 to $800. Additionally, there are a number of freeware algorithms available from the research institutions around the globe [7, 8].
Finally, for these two reasons: price availability and customizability we recommend to use software implemented stereo processing.

Mounting considerations
The cameras should be mounted on top-front part of the vehicle to provide a better viewing angle and spatial/range resolution (especially with respect to the wash-outs and drop-offs on the sides of the road). The main stereo camera must be mounted in the upper front part of the vehicle as to allow a better angle of view. I.e. camera must be elevated from the ground to see more.
Stabilization considerations
Stereo camera must be stabilized so as to maintain a ‘steady inertial gaze’. The utilization of gyro-stabilizer should solve this problem and make the video input more accurate by reducing the effects of pitching and rolling. Some gyro-stabilizing products can be found at [12]. Another issue is maintaining the gaze of the camera 5 to 30 meters in front of the vehicle, despite the changes in the degree of slope. This can be solved by the range sensing equipment that will point in the same direction as a camera, thus providing the distance to the region of interest.
Lighting Considerations

Some form of head lights must be implemented to enable sensing in shady areas and at night. Lights should illuminate objects at the distance of ~30 meters.
Software Implementation
Input is 640x480 depth map with ~ 50 range disparity levels + color values for each pixels
Output is a set of commands to the controller.

· Identify all non-flat patches in the depth map as potentially hazardous.

· Implement road following by relaxing a planar surface onto the depth map
· Find the road limits and vanishing point using texture analysis (edge detection)
· If the sides of the road are flat, compute incline and impose a safety threshold on it (e.g. < 30 degrees difference from the road plane)
· Track non-flat patches from frame to frame

· Identify and avoid moving obstacles; also track them from frame to frame

Processing Speed
The depth map is sufficiently accurate at a distance of up to 30 meters. The breaking distance at 35 mph is 15 meters on average [13]. Therefore the remaining 15 meters traveled at 35mph leave approximately one second for reacting. The frame processing has to be done in real-time (>30 fps) even if with a 1 second delay.
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