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[Abstract]

This paper introduces 3-dimensional path planning and guidance including power model for high altitude long endurance
(HALE) UAV using solar energy. Dubins curve used in this paper has advantage of being directly available to apply path
planning. However, most of the path planning problems using Dubins curve are defined in a two-dimensional plan. So, we used
3-dimensional Dubins path generation algorithm which was studied by Randal W. Beard. The aircraft model which used in this
paper does not have an aileron. So we designed lateral controller by using a rudder. And then, we were conducted path tracking
simulations by using a nonlinear path tracking algorithm. We generate examples according to altitude conditions. From the path
tracking simulation results, we confirm that the path tracking is well on the flight path. Finally, we were modeling the power
system of HALE UAVs and conducting path tracking simulation during 48hours. Modeling the amount of power generated by the
solar cell through the calculation of the solar energy yield. And, we show the 48hours path tracking simulation results.
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Fig. 1. Dubins curve for the two points above the plane[7].
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Table 1. Simulation parameters of power model.

Parameters Values
Latitude 37.5°
Solar cell efficiency 18 %
Fuel cell efficiency 42 %
Propeller efficiency 85 %
Motor efficiency 92 %
Solar cell area 34 m?
Drag 28 N
Velocity 23 m/s
Sunrise time AM 7:00
Sunset time PM 5:00

ol
01234567 89101112131415161718192021222324
Time of Day (hours)

J8 9. 27t MHZH Algaiold Az}
Fig. 9. Power system simulation during the day.
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Table 2. Way-point on the NED frame.

Point number | North (km) East (km) Down (km)
1 600 600 -18
2 1000 600 -18
3 1500 400 -14
4 1500 -400 -10
5 1000 -600 -10
6 600 -600 -14
7 0 0 -16

Guidance Result: x: start point, o: end point

T8 10. 48A12F Z2FZ AlE2olM Z1}
Fig. 10. Simulation results during 48hours.
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Fig. 11. Power model simulation results during 48hours.
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