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Ground Station Antenna Pattern Design for Network-Based UAV
Command and Control Communication Systems
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[Abstract]

An optimal ground station (GS) antenna pattern design method for network-based UAV command and control communication systems
considering complexity and performance is presented. The GS antenna consists of multiple side sectors and one upward sector. The
antenna gain for each vertical/horizontal angle of the GS antenna according to the change of antenna design parameters such as the
number of sectors, horizontal and vertical beam-width, and tilt-angle is modeled, and the effect of the parameter changes on the
signal-to-noise ratio (SNR) distribution in the virtual three-dimensional space is analyzed. It is observed that the tilt-angle of the side
sectors has the greatest effect on the performance, and the longer the distance between GSs, the higher the maximum altitude and the
smaller the number of side sectors, the tilt-angle should be lower. In addition, it is observed that the wider vertical beam-width of the side

sector is advantageous in maximizing the lowest SNR, but narrow vertical beam-width is advantageous in maximizing the average SNR.
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Fig. 2. Virtual coverage space and GS positions for
optimization of the antenna pattern of

network-based C2 GS
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Fig. 3. An example of sector antenna arrangement and

frequency assignment for optimizing GS antenna

pattern (4 side sectors and 1 upward sector)
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Table 1. Design parameters for antenna pattern of GS

design parameters meaning

Nsector number of side sectors

it vertical tilt angle of sector antennas

BW, horizontal 3dB beamwidth of sector antennas

BW, vertical 3dB beamwidth of sector antennas

BW,p 3dB beamwidth of upward beam
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Fig. 4. An example of GS antenna pattern design (Nsect =
4, Ghr =10°)
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Table 2. Simulation parameters

Parameters Values
pathloss model free space
Nsect 3| 4| 6
Bt 0 ~ 20° (increment: 2°)
BW,, 60°
BW, 20°, 30°
BW,p 40°~110° (increment: 10°), (80°)
de2e 30km, 40km, 60km
hmax 5km, 10km
carrier frequency 5060 MHz (C-band)
bandwidth 100kHz
transmit power of GS 40dBm
noise power -138dBm/kHz
antenna gain of UAV 2dBi
outage ratio 0.2%
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Table 3. Optimum &, values for various enviroments

/7ma>< dGZG Nssc[ =6 Nsec! =4 Nsec/ =3
30km 18° 16° 10°
10km 40km 14° 16° 8°
60km 12° 12° 8°
30km 10° 12° 6°
5km 40km 8° 8° 6°
60km 6° 6° 4°
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Table 4. (a) SNR,: and (b)SNR.,g in dB scale according
to Nsec BW, values

(a) SNRowt (dB)

Nssc/ =6 Nsecl =4 Nsect =3
R AL e AEAEAE G
=30 20 =30 =20 =30 20
30km | 34.03 | 34.00 | 32.92 | 32.40 | 31.08 | 31.87
10km | 40km | 32.93 | 32.51 | 30.95 | 30.91 | 28.82 | 30.07
60km | 30.74 | 30.38 | 28.91 | 28.77 | 25.32 | 27.06
30km | 37.05 | 36.41 | 34.91 | 34.71 | 31.54 | 33.03
5km | 40km | 35.14 | 34.75| 33.04 | 32.95 | 29.05 | 30.50
60km | 31.85 | 33.00 | 29.73 | 31.23 | 25.66 | 27.30
(b) SNRayg (dB)
Nsec/ =6 Nsec/ =4 Nsecf =3
R AL R AEAEAES
=30 20 =30 =20 =30 20
30km | 40.42 | 40.61 | 39.54 | 39.67 | 38.14 | 38.73
10km | 40km | 38.83 | 39.23 | 38.10 | 38.32 | 36.37 | 37.07
60km | 36.45 | 37.08 | 35.63 | 36.24 | 34.03 | 34.65
30km | 42.40 | 43.10 | 41.65 | 42.24 | 39.87 | 40.65
5km 40km | 40.48 | 41.43 | 39.63 | 40.60 | 38.01 | 39.00
60km | 37.54 | 38.74 | 36.64 | 37.89 | 34.97 | 36.19
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