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Abstract

The precision aerial application of small farms, such as paddy, upland and orchard fields using agricultural unmanned helicopters became a new paradigm.
The objective of this study was to evaluate the performance of a GPS module and algorithm, controlling drift of agricultural helicopter by the crosswind
and maintaining the position for emergency landing. Purpose of the drift control, of which an algorithm works while hovering is related with the
emergency sequence that coping with abnormal conditions of rotorcraft system. However, the inertial attitude control cannot detect a drifting motion
of fuselage moving at the constant velocity, thus the crosswind takes the helicopter away from the landing position. Performance of the drift control
module, based on the GPS that a hovering position did not deviate within 5m in diameter, were tested and evaluated. Initially, the reaction against
a disturbing gust wind was sensitive, soon the helicopter maintained its locking position and azimuth within 5m in diameter. It was, however, difficult
for the helicopter to recognize the swaying and nodding, the some deviation was expected due to the discrepancy characteristics of the GPS signal.
The performance of the drift control proved the effectiveness of the module to maintain the position against an unintended drift during the emergency

landing or hovering.
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Table 1. Specifications of the GPS receiver module used in the experiment.

Without aid : 3.0 m 2D-RMS

Position Accuracy

< 3 m CEP (50%) without SA (horizontal)

DGPS (RTCM, SBAS (WAAS, EGNOS, MSAS)) : 2.5 m

Without aid : 0.1 m/s
DGPS (RTCM, SBAS (WAAS, EGNOS, MSAS)) : 0.05 m/s

Velocity Accuracy

Without aid : < 4 g
DGPS (RTCM, SBAS (WAAS, EGNOS, MSAS)) : <4 ¢

Acceleration

Timing Accuracy 100 ns RMS

Acquisition : -146 dBm (Cold Start)

Sensitivity Reacquisition : -156 dBm
Tracking : -158 dBm
Maximum Update Rate 10 Hz
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Table 2. GPS date format of NMEA-0183 protocol.
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& 7)A, 1 rad = 3437.7387%, 1 nm (nautical mile) = 13
= 1.850 km.

Option Description
GGA Time, position and fix type data
GSA GPS receiver operating mode, active satellites used in the position solution, and DOP values
GSV The number of GPS satellites in view satellite ID numbers,
elevation, azimuth, and SNR values
RMC Time, date, position, course and speed data.
Recommended minimum navigation information
VTG Course and speed information relative to the ground
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Figure 1. Experimental path for testing GPS receiver.
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Figure 2. Drift control sequence during emergency hovering.
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Figure 3. Hovering location (N35.894900 : E128.613220) for drift control and location of weather tower.
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Table 3. Occurrence distribution of GPS signal discrepancy.

Discrepancy Class (cm) Fr;i‘;rcr;ngo.) Share (%)
0~5 13,975 85.9
5~10 0 0.0
10~15 1,838 11.3
15~20 13 0.1
20~25 431 2.6
25~30 10 0.1
30~35 0 0.0
35~40 0 0.0
40~45 1 0.0
Total 16,268 100
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Figure 5. Trajectory along experimental path for testing
GPS signal.
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