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Figure 5.11. Geolocation result of Table 5.4.

Figure 5.12. Intersected geolocation result of Table 5.1 (red) and Table 5.4 (blue).
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6. CONCLUSIONS AND FUTURE WORK

6.1 Conclusions

We have shown that, upon a hemispherical sensor structure, an arbitrary array

of light intensity sensors or cameras can be used to detect celestial objects and esti-

mate their exact positions in the sky. The array with light intensity sensors, though

susceptible to noise and disturbance, achieves an accuracy of about 5◦ for the sun

azimuth and 1◦ for the sun zenith during experiments and was successfully applied

as a solar compass. Due to its simple structure, low cost and weight, the system can

be easily mounted on a small-sized mobile platform or device. The camera based

sensing system, however, uses image processing to accurately detect celestial objects

in images even with influences of noise and disturbance. Using an elaborately cali-

brated camera model, the target can be estimated to a high accuracy, especially for

the zenith angle.

Also presented is the generalized intercept method of using celestial objects to

determine exact locations on the earth even without the need for skilled operators.

Based on the experimental results, it accurately narrows the desired location to inside

an area through a limited number of iterations. An impressive accuracy of 0.15 mile

can be achieved if the sun azimuth and zenith could be measured to within an error

of 0.01◦. Geolocation to within a small area may also be achieved by intersecting the

results from multiple individual measurements over time.

Applications of the system span a diverse array of areas. It can be used in the

field of solar electricity generation to aid solar panels facing toward the sun to receive

maximum solar energy. Since the system is fully independent of satellites, it can be

widely used as a supplement of modern GNSS systems on marine vessels, aircraft,

ground vehicles, and other mobile platforms.
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6.2 Future Work

� Undeniably, the weather conditions limit the usage of celestial navigation. Our

future work needs to explore the possibility of observing celestial objects even

through the clouds.

� Since the AHRS sensor, especially the magnetic sensor for measuring the yaw

angle, is the main source of uncertainties, it is necessary to explore more aids

to accurately determine the true/magnetic norths and the gravity vector.

� The array includes a total of nine individual cameras for a 360◦ vision which

significantly increases the cost and system complexity. A fisheye lens and a

single imaging sensor may be sufficient to accomplish the same task.

� Although the algorithms for calculating the sun vector and moon vector are pro-

vided and available as programs, similar functions for bright planets and stars

still need to be formulated if they are to be employed for celestial navigation.
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