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Evaluation of Antenna Pattern Measurement of HF Radar using Drone

Ak - A g - Sl

Dawoon Jung*, Jae Yeob Kim** and Kyu-Min Song***

2 XA BF Srfree + AARICE SAshs ARl Y 159k #lo|th(High Frequency Radar,
HFR)= 574 AapeiHF)?] Fakrs sl o® SAkshar 2o R Al Avs 48t 35 15 WEHE
73k (Crombie, 1955; Barrick, 1972). & A*ollA AM8-¥& Codart}2] Seasonde HF radar®] 7-¢-, FA13 <t
HufellA] & 4=alst Auke] Hel|l 95 (Bragg peak)®] A9} T4l SR (Mutiple Signal Classification, MUSIC)
AeES Eato] WAKE alF(Radial Vector)?] 59} X2 AHslA @t olw Ak FFE A= Aul 4
279 EAJo] wefEA] kS olAkAel Aukekd (Ideal Pattern)o] ZE¥ AR EMA o= B $lato] <L o)
Y 57 (Antenna Pattern Measurement, APM)S A|33to] 2% WAL (Measured Radial Vector)S ALl
Hot. APME] B5dfe QHEUEYE FAEE 7 A AT Aeiks S8 alFe] fA B oV AERE
Tshs ZloR dnkAow dule) QbR AX|alo] Ae gt sANE Auks 883 Al 7PdEit &)
&F &5 5 kst B0l Q3] A APM ATE ARSI B2 Aleke] mEth wiEbd APM A 3el st
e

of a el Ti JEEE WEI M BENS wol] Slst] TGl SES o §3 APM BE
FsAe ARSI B ATNE Ad ST YAk PAESe] AN DFstelelokE BEslel ANk B

M A8 CRS 83 APM A3S AAsgon] Hull BEow w3 Ak 488 WA dlnet
AR oS Besle] 1 AF vl LAst,

#ME0] : 159} ol el HiE S, ALY el B2, Al
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Abstract : The High-Frequency Radar (HFR) is an equipment designed to measure real-time surface ocean cur-
rents in broad maritime areas.It emits radio waves at a specific frequency (HF) towards the sea surface and ana-
lyzes the backscattered waves to measure surface current vectors (Crombie, 1955; Barrick, 1972).The Seasonde
HF Radar from Codar, utilized in this study, determines the speed and location of radial currents by analyzing the
Bragg peak intensity of transmitted and received waves from an omnidirectional antenna and employing the Mul-
tiple Signal Classification (MUSIC) algorithm. The generated currents are initially considered ideal patterns with-
out taking into account the characteristics of the observed electromagnetic wave propagation environment. To
correct this, Antenna Pattern Measurement (APM) is performed, measuring the strength of signals at various posi-
tions received by the antenna and calculating the corrected measured vector to radial currents.The APM principle
involves modifying the position and phase information of the currents based on the measured signal strength at
each location. Typically, experiments are conducted by installing an antenna on a ship (Kim et al., 2022). How-
ever, using a ship introduces various environmental constraints, such as weather conditions and maritime situa-
tions.To reduce dependence on maritime conditions and enhance economic efficiency, this study explores the
possibility of using unmanned aerial vehicles (drones) for APM. The research conducted APM experiments using
a high-frequency radar installed at Dangsa Lighthouse in Dangsa-ri, Wando County, Jeollanam-do. The study
compared and analyzed the results of APM experiments using ships and drones, utilizing the calculated radial cur-
rents and surface current fields obtained from each experiment.

Keywords : high-frequency radar, antenna pattern measurement, radial current vector, drone, ship
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Fig. 1. Methods for conducting Antenna Pattern Measurement (APM): (a) Ship, (b) Walking, and (c) Drone.
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Table 1. Regression results between surface current data observed with KHOA buoy and High-Frequency radar. Each comparison result rep-
resents the APM performance method in Fig. 5

APM Method

Ship (Fig. 5a)
Dronel (Fig. 5b)
Drone2 (Fig. 5b)

Corr.

0.75
0.62
0.57

RMSE (cm/s)

1523
15.54
16.06

a(y=ax+b)

0.72
0.64
0.61

b (y=ax+b)
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3.38
2.84
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Fig. 5. Scatter plot illustrating the comparison results between radial data and KHOA buoy data. (Ship APM (a), Drone APM1 (b) and Drone
APM2 (c)).
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Fig. 7. Time-series data and scatter plot of total currents observed by HF radar and KHOA buoy. The total vectors are synthesized for the
following areas. (a) Gimnyeong and Sineom, (b) Gimnyeong and Sineom and Dangsado(Ship APM), (¢) and (d) Gimnyeong and

Sineom and Dangsado (Drone APM).
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Table 2. Comparison results of total currents and U, V components observed by HF radar and KHOA buoy

Current Component. Ship 1 (Corr/RMSE) Dronel (Corr/RMSE) Drone2 (Corr/RMSE)
U comp. 0.92 / 11.94 cm/s 0.92 / 12.69 cm/s 0.92 / 12.63 cm/s
V comp. 0.82 / 13.91 cm/s 0.83 / 12.42 cm/s 0.80 / 13.40 cm/s
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Table 3. The comparison results between APM experiments and the radial vector of drifters in Yeongdo, Busan

10/04~10/09, 2022 Ship-APM Drone-APM1 Drone-APM2
Drifter name R RMSE (cm/s) R RMSE (cm/s) R RMSE (cm/s)

D91 0.96 83 0.98 6.6 0.98 7.5

D92 0.97 9.5 0.96 9.3 0.94 11.3

D93 0.96 12.4 0.94 13.6 0.85 19.7

D94 0.94 8.8 0.93 9.6 0.88 12.5

D95 0.95 11.1 0.98 9.3 0.96 10.6
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