At sea, sailors have no topographic landmarks to navigate by, so for millennia they have used a sextant and the stars. After observing the elevation angle of a star at several different times, sailors consult an astronomical chart to determine their location.

We have developed a method employing exactly the same principle, but using digital image analysis. The method applies to any observable heavenly body. For simplicity, we have demonstrated the method on a star that is easily observable: the Sun.

Method

1. Acquire a sequence of N>1 Sun images

2. For each image in the sequence:

2a. Identify the Sun altitude

The method first determines the elevation angle of the camera with respect to gravity using an inclinometer. Next, the method identifies the elevation angle to the center of the Sun with respect to the camera field of view using image analysis. It thresholds the image so that only the brightest pixels remain, performs a grassfire transform to eliminate small clusters of bright pixels, extracts connected components, and computes the Sun elevation based on the centroid of the most sun-like cluster. Finally, the method corrects the computed elevation angles for atmospheric refraction and parallax effects.

2b. Identify the Sun geographic position

The geographic position (GP) of the Sun is the point of intersection between the Earth’s surface and a line connecting the centers of the Earth and the Sun. The GPs for any given time are documented in the Astronomical Almanac.

2c. Generate a circle of equal altitude

The circle of equal altitude is a circle projected onto the Earth’s surface, whose center is the GP. From every point along this circle, the Sun’s altitude appears the same.

3. Intersect the N circles of equal altitude and identify the unique rover location

In principle, the N circles intersect at a single point, which is the rover location. In practice, there is no unique intersection point, due to measurement error. We identify the “best” intersection by formulating a set of N non-linear equations in two unknowns (latitude and longitude). We iteratively find the least-squares solution to this set of equations.

Results

A preliminary version (see figure) of the system has been implemented and tested. Measurements were taken at different times of day, in periods of one hour. In each hour, six or eight measurements were taken. In two trials, we observed the maximum relative error to be 0.68 percent and 0.44 percent. Thus, in its current version, the system is not practical for real navigation.

Key limitations to localization accuracy are vibration of the camera platform due to wind and traffic disturbance, and low precision inclinometry (sensor has +/-0.4 deg precision). Future work will overcome these limitations by using a more stable camera platform, and by using a higher-quality inclinometer.

For detailed information, see the paper: F. Cozman and E. Krotkov, “Mobile Robot Localization using a Computer Vision Sextant,” in Proc. IEEE Intl. Conf. Robotics and Automation, Nagoya, Japan, May 1995, pp. 106-111.

Apparatus: Camera, inclinometer, filters, and platform

Digital Sextant

Eric Krotkov, Fabio Cozman