Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2022.23.4.68

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 23, No. 4 pp. 68-75, 2022

Yagi-Uda SHEIUE o83t FR1u3 7| 54 &3 d439
E

Trouble Shooting due to Short Link Loss of UAT using Yagi-Uda
Antenna
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Abstract This paper describes the troubleshooting for the operation of unmanned aircraft target (UAT).
The troubleshooting used a Yagi-Uda antenna to reduce the loss of communication of UAT mounted on
a multi-purpose training boat (MTB). The UAT is the first fixed-wing unmanned aerial vehicle operated
by the ROK Navy on a ship for training on anti-aircraft missile firing. Link budget calculation and Friis
formula used in the troubleshooting confirmed the need to improve communication antenna output and
gain, and further troubleshooting increased the communication quality. The first flight test was
conducted by installing every piece of equipment used before the improvement to check the loss of
communication. The second test used an amplified communication antenna and confirmed that the
communication condition was good. An amplified communication antenna was used in the 3rd and 4th
tests, and a Yagi-Uda antenna was used as the port antenna. It was confirmed from the 3rd and 4th tests
that the loss of communication was reduced. This research is useful as the first study on troubleshooting
to improve the communication quality of UAT on a Korean Navy ship. In conclusion, further research

on the control capability of UAVs that will be mounted on ships in the future is needed.
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Fig. 1. MTB(Multi-purpose Training Boat)
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Fig. 2. Yagi-Uda Antenna (Length: 1.6m, Weight :
0.9kg)
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Fig. 3. Factors that Influence Communication
Quality
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Fig. 4. Tropospheric Ducting Condition
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Fig. 5. Quality Improvement Direction for
troubleshooting of Loss Communication
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Table 1. Mission Summary

Mission Profile and Test Results

T AR
(dBm) (dBi) (km) (m)

1st 1(30) 3 25(46.3) 0 below

2nd 5 (37) 3 - 0 below
3rd 5 G37) 3 51.3(95) B

14 (port) 000km above
3 50.1(92.78)
4th 5 (37) 14 (port) 000km above )
3(starboard) | 000km above -
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Table 2. Antenna Specifications

Frequency 000-000 MHz

OW(Autopilot Equipped)

Output Power
0W(Additional Installed)

Fig. 6. OW Amplifier
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Table 3. Link Budget Table(Omni-directional Antenna)

Link Budget Table

Item Symbol OPera Value
tion
30/37
Tx Power P, t + dBm
Transmitter | TX Line Loss LtVL + -2 dB
*Tx Power= Tx é{lfenna Gt + 6 dBi
30 dBm(1W), 37 amn
dBm(5W) Effective
Isotropic
Radiated EIRP 34 dBm
Power
FreiOSszace Zologm(ﬁ) + 132 dB
Atmosphere
Absorption LP’ Atm * 0
Propagation | Precipitation L + 0
Absorption p,pre
Total
Propagation Lp} Tot -132 dB
Loss
Rx peak .
Antenna Gain GT * 5 dBi
Rx
Polarization Lr,Pol + 0
Loss
Rx
Receiver Component Lr,L + -1 dB
Line Loss
Spreading
Implementati Lmspread + -1 dB
on Loss
Effective
Carrier Power PC‘”'”” 97 dBm
Thermal -174
Noise density kT dBm/Hz
Rx Noise
o | BWAMHD | - | 60 dBHz
Noise -
RX'N01se NF B 2 4B
Figure
Effective
Noise Power PNOiS@ ~112 dBm
Available SNR|SIVR 4, i1 15 dB
Required SNR SNRRM 5 dB
Summary "4
Net Signal
Margin(Link 10 dB
Margin)
27 vy B4 A% B4 #7184 A Tstke] &
2 OWE B F ATEE B3t B4 A Fmsieln
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Fig. 9. Radiation Pattern of Yagi-Uda Antenna
(Elevation), BW=20°
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Fig. 10. Radiation Pattern of Yagi-Uda Antenna
(Azimuth), BW=30°

MTB
UAT

Y
L

MTB and UAT moving pf same heading

N

YAGI

—_—

Fig. 11. Placement of Yagi-Uda Antenna for Remote
Control of UAT

Fig. 12. Yagi-Uda Antenna(Port)
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Table 4. Analysis of Antenna Coupling

Tx-Rx Dipole Yagi-Uda Diff.
AT2-N5 -32.33dB -38.69dB -6.36dB
AT2-E2D -82.73dB | -101.95dB | -19.22dB
AT2-E20 -58.46dB -93.27dB -34.81dB
AT2-E3 -47.14dB -71.54dB -24.4dB

Fig. 13. Topside Antenna Installation
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