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Introduction of High-Frequency Ocean Radar : Technology and History

Satoshi Fujii
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Ocean radar, which is a shore-based observation device for measuring horizontally- and temporally- varying information on
surface currents and waves for coastal oceanographic research, is developed. The radar is a type of Doppler radar used for
observing Bragg backscatter signals from the sea surface, using high-frequency (HF) or very-high-frequency (VHF) bands. The
principle, applications and history of the ocean radar are reviewed. This type of radar can be classified into several subtypes
based on their technological characteristics. The features of these radar technologies are also summarized.
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Fig. 1 Several remote sensing devices using backscattered signals for
extracting information about the ocean surface (revised Paduan
and Graber, 19971).
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Fig. 2 Surface current measurements by HF ocean radar for Kyucho
observations in the Bungo Channel on 9 July, 1992 (Takeoka er
al., 19952),
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Fig. 3 Principle of the Bragg scattering process in high-frequency
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ocean radars.

Receding Wavesve'00|ty Advancing Waves

-3.09m/s 0.0m/s 3.09m/s

i - i
c _
g - First-Order Echoes T .
3 10dB ]
ar ]
L T Second-Order ==
- L 1 .
3}
S [ ]
wn L R

L _

- -1

0.505Hz

-0.505Hz

0.0Hz
'fBragg +fBragg
Doppler Frequency

Fig.4 Sample Doppler spectrum observed by a 24.5MHz radar

system. The small Doppler frequency shift, Af, of the first-
order peaking from the Bragg wave frequencies, = fBragg, is due
to ocean currents that, in this example, are moving away from

the radar.
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Crombie (1955)¥1%, 43 (HF) i DA 6 D R5F
ESELIEIA, FOARY PVICEERERO+ 1
Hz ADMBICER LR -/ W FEET A L2 RBRL,
FNHHEE 2 S O Bragg fHELRBO BB KTHL L &
BH & 202 L7z, F D, Peterson et al . (1970)Y%%, 1.9 MHz
TEHERTWATS Y ADBEKRE AV THRESHNZ
ATz,

1970F(CICB VT, 7 A Y B DOKRZIEBET (NOAA)
Tid Barrick 52X D ERIIMIT/L — ¥ DR & iEE
TOBERELEE O BRI 228258 D 5 1L (Barrick,
19729 ; Barrick, 19779), L72WIZHEIRIBEL — ¥ O

MDHESL L CTro 7z, 35102, OISR EF B L
T CODAR (Coastal Ocean Dynamics Application Radar)
VAT LEREEL, WHEREEAIL L (Barrick e al.,
19777 ; Lipa and Barrick, 1983%). DY A7 LiL, 7
QAN—=TTF v FFeEIR=VT T FelAGHE
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% X, Miami K% % Michigan KF DB HTHES LS
J& 3 B % 58 D 12 L 72 Metratek 1 @ HiFAR ¥ A 7
2\, Hamburg K% ® WERA (WEllen Radar) ¥ A7 A4
(Gurgel et al ., 1999%), # 7 % @ Newfoundland Memorial
KEMI DO CCOREH ® ¥ A 5 4 (Hickey et al.,
1995'), £ ¥1) A Birmingham KB % ¢ PISCES ¥ A
7 2 (Shearman and Moorhead, 1988"), *+—Z hF 1)
Cook X % ffl 5 @ COSRAD (Coastal
Surface RADar) > A 7 4 (Heron and McLaren, 1992'9) |
7 5 » A Toulon KB @ VHF L — % (Broche et al.,
1987%) ZENRELDDEL L THITAI ENTES,

INSDOL—FZEHL, B ER T 2 &0
HBH P ES CiThbTw s, #2113, Prandle,
(1991) I3 EE TG D 7 7 FTiZ OSCR ¥ A 7 4 & 7%
BEL, BB EELZ T BRERROEHE L — 5
BHID»SHSL 2 L7, WEFHANIZ DO W T, HERpYsR
EORKEVWIRHELE -7 2FET AT THHTH S
728, ZITEHOBIGEL TW A, JEEN OB ERGE
ZOWTIE, T A OB, SHEE S NAREE DL
B (Barrick er al., 19777 ; Frisch and Weber, 1980 ;
Hickey et al., 1994'9)), {355 Byt 5T 2> 1 3% B &Y ADCP
& OEE (Leise, 1984'7 ; Matthews et al., 1988 ; Shay
et al., 19959 : Graber et al., 1997%: Nadai et al.,
199720), #RA¥EEL ADCP & D b # (Chapman et al.,
19972) L DRSS, 6em/s B 515em/s BEDE
A EDHRESN TS, FHEESRICL A 1 Bl
LT L — SRR ER P RE e e L T b 2
DE, BLUBHIKREOEZZEPWRE L LTHEITLHR
TWa.

WIRA T P VOFHANZ, ZERFT AT Pty —
vERERBERCRAILEND B0, BRIV T
DOBEFHTEN TS (Wyatt, 1990° ; Howell and Walsh,
1993%) ; Hisaki, 1996%' 7% &) %%, £7— ¥ ~DJSHHIZ
Ll tThsb. T2, ELEMEAICIOWTIE
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Long and Trizna (1973)% @ Sky-wave L — ¥ COEHH D
KRB HIEE D FTV S (Heron and  Rose, 198677 ;
Harlan and Georges, 1994%® ; Fernandez et al., 1997%).
B D HREER —F KW TWABEII R VR L H
BT ENTEDLD, REIAMPEL L1356 OIS
HERBEL TS,

P bRREZr TR <, MMCERIBEL - V2 BEL
BT 2RADERSN TS, CODAR ¥ AT A % fi
ARFEF L 721 & L T, Howell and Walsh(1993)*”, Gurgel
U%ﬂwﬁbé.it,omRax%A%%ﬁLtw
121, Peters and Skop (1997)2' 5% 5. ARAAFEHKIC
[E %KTTHI%&@AwfwﬁM%%Hféﬂ
D, BETA2ZLILLoTIARDL—FTHENRY ML
FEHNTE RSN H L. LA LEVS, MEEHESS
EE%XN&bwukhﬂb:t®%%%%§¢é%%
Y, WEEORNEET .

BHEOWE RIS U T Bragg BELEN = i 72 ilF RO
BRERPRE L. T/, BEEOKERIIN L TEOEHEE
EMWRM$ %R OKIENER S (Stewart and  Joy,
(1974)%). Z O#EL — & OFHAKEI M 5 Bk
OEBBICE T TAZ L 2FAL, BHROBKEK
YREFHTAZEICLY, SHEHRORNOHESE % 5]

T BHRANR S nT»a (Fernandez et al., 1996* ;
Teague et al., 2001%).
$72, WEL -V TBR SN KBRE T — ¥ % BB

WEIETNVEY v 2 8T I3RTOMESLZHE (Valk,
1999%) L7z, MWHERBEFNVOEBREL LTF—
FEALICHV S FEIREF SN TS (Lewis et al.,
1998%7).
3.2 EATOREDHR

ENICBWTIE, 1970520 5 1980FE MO 1A FT
R FRLTICCEBEIRE L — ¥ OB ADRE A Sz
IV THEDEHIIES h o7z, FOHK, BHEENR
WrgeRr GR BEREMZER) I2BWT, 17X ADE
WEAE - BN RN 2 3N T TH o7z
RIEH RO BMIE, 19884 | E IR FEAT MR I
BUEFT (R BERAFIT P ST s Hl 2 v ¥
—) IZT24.5MHz H 2 i o> 72 H AR DEFEL — 7 H°
EHRLTHLTHAE (GEkITH, 1991%¥), oL —¥
WAL V7 F I D A Z E ST E L0, EELH
[CRE) L TR RERLHIZERM & L FBIAIA S < Fht
sz (BEH, 2001%). ZRSH5OBBIZEAL T, 199%
EWRESF %éﬁAT/VfVﬁAﬁ%%éht(H$
WEFR, 199%6°). F7z, EREFR L@ L THAEEL
A—=ANOFEMBED ER SN, 197FICIEHERO
VHF {EEE L — ¥ B s/ (W - g3, 19979

7%
fEMFA, 1997%). ¥ 512, DBF(Digital Beam Forming)

i O 7-dgE L — Y ORBsETF SN, HiERE (~
200km) EEBL — ¥ (EEiZH, 2002%) & VHF
FROGEBREBUIAL -5 OKHF 134, 2002%) £ LT
EHLTWAE

_ﬂ6®&%#6@$v ¥ DK RPEAEI S W
ol LCOREMDTEE > Twvo 7z, BAE, Table. 112
YL ICENO ZBFFERR, 5(%,@&&MA%
HHEL—FPEASNTNS

Table 1 HF/VHF ocean radars which are available in Japan.

Radar type (frequen_(_:z etc.)
‘Communications Research Laboratory (RIBER SR 1988
~24 5MHz Phased Amray 1 2 | Portable system
- 24.5MHz DBF prototype 1 | Prototype
- 9.2MHz DBF Long-range 2 | Deployed at Yonaguni Is and Ishigaki Is.
Kokusai kogyo Co. Ltd. (BB %K) 1997
- 41.9MHz Stacked YagiAnt. | 2 : Portable, Commercial use

National Institute for Land and Infrastructure Mar (BIHNBRBARRR) 1998
- 24.5MHz Phased Array i 2 i Portable system

| Mie prefecture (= HIR) 1998
- 24.5MHz Phased Array : 2 | For wave observation at Kumano-Nada

t ic and Oceanogr: spartment, Japan Coast Guard (iﬁtﬁfﬁa;‘iﬁqﬁ)” 2001
- 5.1MHz CODAR ij ji i
- 24.5MHz Phased Array H eployed at Sagaml -wan

Research Institute for Applied Mechanics, Ky 2002

- 13.9MHz CODAR P50 Deployed at Tsushxma strait

- 24 5MHz Phased Array 2} Portable System (mainly for Tsushima strait)
Central Research Institute of the Electnc Power Industry (R 5 KB %AT) 2002

- 41.9MHz DBF i 2 | Portable System
Institute of Low Temperature Smence Hokkaido Univ. ({58 X#ERH LA 2003
i"3" "Deployed at Soya strait

- 13.8MHz CODAR
- 24.5MHz CODAR i 2 | For the sea-ices observation of the Sea of Okhotsk

4, EEL—SOEM

WBHEL— 72, W orDBEDIS, O LS
HTHILENTES,
4.1 {FRRAMY L ERERE

—MEENEL bR TR L —% (KRB —F, Mz
BHlL—5%E) i, TREEF Iom~FE10cm D<A ¥

OHEOBERZFIBLTCWAE, ZOFEKTIE, Bk
EEEF SV O RALEHTL2BETE 2. Ih

WK LT #EL — ¥ TR L Tvw5b HF %/ X° VHF 5 C
WFHEIIE - TIEIR L, WEkomBICL Y REB LA 2
BT AR ST COEREEBLI LN TES,
WRE DT, REEZFEERE LT HFFE
REEA R L 20, Tl IR, =T
ZEERE 2 I RUBI L TRET 5. & 5 IJHIERKRE DS
HETHE I D5, S5I0ESTIREHRMETERT
BT D IEHBEMICRET S, 7, (GRGERG
DFETEEPEH WAL, B TEELHEL LIERE
KHPBERT B, ZOL) it — FTl, SRR
ARG AMEIB RSN S (e D), wESOBENIZIEE
FE 22, HEIRETKE CR% S5, — #1240 MHz 77
T2 ~30km, 25 MHz 4 T50km, 10 MHz % T200 km
BECHMTI TBETELILVWDRATVE,
ZDIEMIT, Fig. LIORT &9 12, EHEB TORSTHK
% FIH L 72500 km~4, 000 km % 5 D B 2> & O EH%
2ET HZEMME (Sky-wave) L—F b H|EIN TS
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(Anderson, 1986% ; Georges and Harlan, 1994*” ; Georges
et al., 19987). Sky-wave L — ¥ DFAEEFICIIEE T
DIFWIEZTT%L, BHBOEBZ LT bEINS
720, LEGZEEFREMDTAINEEPLEL 2 5.
F7o, BEEESKEZVOT, FNCRE-T5 %A
EORELTHERT A7-OICRERECHEOEDOT ¥ 7+ 3%
VETHY, ERHEMZET 5.
4.2 BERETE

L — ¥ CHEEFmMOERIE, ZEREFTOHEFE>S
Boha, CORBEERMAEO D OEEHER AU
L) L=y hEROBBEFGEINSD.
WAV SVEE

PNIVAL =813, Fig. 5IRT &9 IZEV L ZRD
BErkEL, BEYTHELLL -V T TR-TL %%
TOFERE L L -5 L BEYHOBEEL T 5 L
—¥Thb. EHESTHE AL, BENSVAEL L,
ek LIZa, Ar=ct/28 RS, 70 ARV
EHRBEGREEN ET A, 2L, SV AENME RS
EEREEENINEAL Y, ZER/TD SN HENPEL
A 7OBBTTREEESHIRINLEZ L L2 5.
*FMCW L —4

FMCW L — %13, B $%3% (FM : Frequency Modulation)
N7 E B (CW @ Continuous Wave) % %17 5. Fig. 6
R &) IR ERE T OBBEEEMIL, Bkt —Hm
BT 20— TH L. BEWTHISNE->T
CAZBEEFORERE, V-5 HBEYOROIEEEIC
o U7 B A2 0720, SEROXFERERE K
ThHE, FORBERMIOTELBAEREZELS. D
0, REGFLEAEEFTOEREKET LB L, WV
BV SRS, RVCEBEIESBERAERS LD, £
BRESTOREERTICL ) ERFERERLENTE .
FMCW L — ¥ O B 75 R fe 13 & O B i BURAT O 575 R g
WAL L, BEERSMEB THhED, Ar=c/2B &%t 5.
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Fig. 5 Pulse radar: The distance of the scatter is determined from the
traveling time of the transmitted short pulse. The shorter pulse

results in a higher range resolution.

EBEDOL -5 TR, RECTIXEHENFELLACHE
ik d 578, BEEE TR EZBEXEITTNH
Z 5, EZEEA FMCW (FMICW : Frequency Modulated
Interrupted Continuous Wave, F721%, SV A FF v —
7 Pulsed Chirp) HRADHWHLN TS,

- HEEHAL—F

COFNTIE, RERBIZHE—DE/ IV AW EHW
ZOTRERL, BEERALEF2REREFLTA. F
FRFIE L C11B/N— 7 — (Barker) SRFID I % f# H
LB % Fig. 7 12T, SEESLEERES L OHHEME

- A
’ ‘- /|/ I
L Ry .
> Transmitted Signal RN A
% B ’f , g : :
=} .’ ‘ 2/ I .
3 - ' i

- zr/c i
7, 1 .
2r/c .2 o
.Z._.” Received Signal R

I |
Time —*

Fig. 6 FMCW radar: The frequency of the transmitted signal is
shown by a solid line, with the frequency of the returned signals
from the two different targets shown as dashed lines. The
differences in frequencies, fi and f2, depend on the target
distances, r1 and r2,.

o/ A
Uy

sum——m——/  \ N\ H N o

XCor

Time

Fig. 7 Coded waveform radar: The transmitted signal (Tx) is
The individual
returns (T1, T2) are from two discrete targets at different

modulated by an 1ll-element Barker code.
distances. The received signal (Sum) is the sum of their
signals. The cross-correlation function (XCor) between the
received signal and the transmitted signal resolves the two peaks

which correspond to the two targets (Teague ef al., 199718)),

NI | -El ectronic Library Service



The Cceanographi c Soci ety of Japan (0S8J)

Bt

WAFETLILI2E-TC, BEHHROEHREZSEL LD
THhbH. TOFRIBWTHESHEL LT 51213375
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bNA. ZOHEL LT, FEDOHIMIHE VIR
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By phke, BSOS HM» S OET & R
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cBRE—-LEE

COFATIE, Fig 8 1IRT & 9 ISRl edt 8l
W5 57012, EZEE—-L2E2HMNAHMEET 5.
RS REEDm 112, ¥ — AWBE 5k < LTI A5 fREE
EEOLI LI LD, Y — LAOEIEFEEZR S 72O
&, R TR EREORANT v T HW AR, E
FT7 TR e T =X R LA T Y7+ T
FEHTLDPD2EINHD. E—LIEIZEEICHEILT
YT FRINIREGIT 5 728, HEH R VHE D X 9 7
REEOBIBMTIIIRYE — 438 — > 2135 [JI3WHAYIC
KB RT TR 5.

CORBBERETORAET 7L L TR, AKT Y
FENE—RHTHY, 42MHz L —F TOFHEBIE L
T Fig. 9@OIZHKERT. SOT7 ¥ 7+ Tl € — 4E20°
AHERT LD I LAY MAKRT VT FA4EAY Y
JTVAPHAVWLENR TS (fEW - B, 1997'). =
DT ¥ FFOHMH AR IR ICEHEEETV5S,
IO FIR, BEERLTEHEW» 2GS, HIMlLo
THRIMMEPEIE T EHMNEENTETHLHTH A,
2L, PRYVEEDOHIKELT VTR WENICE

/beam scan’

transmitting and receiving antenna

Fig. 8 Narrow beam scanning over the observation area by a steering
beam.
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S5 700, B X ZEEEE BV E ) AT RO
WHEEERE AL E L 2 5.

T2—ARTPUVAT 7 HI&, ZFT 75BN,
FOMBMMEZERTILICELEERL I LICLD, T
VAT T2 ToRaEEER T 5. 24.5 MHz 7
L— & TOMBB % Fig. 9bIZRT. ZoBITi, K4
BRHEE/ R—NT 7T E2EZFTyTFEL, 1/2%H
ERECEMKICIOEFERES 22 L12& ), ERAM
TY—LAIEIS 2% T (FH, 20019). 7=—XF
TLAT 7+ O%E, REMEORTIIETWIITX
Lz, FRHBERIZT V7 BEO RERCBE O
BEAR L, BRFICHMRRENTE A, 72720, EHREY
DTVAT T FOHE, FIZE>TE—L88 =~
PERTDE Vo7, HZTT7 v 7T TREIRLMENS 5.
- BIR G mE

ZOHATIE, Fig 10IRT I IZEBET ¥ T7FH5
BRERARICER YRS L, ZET7 v 7 FTIEeNT
PODOESEFEICZE Lok, E50EICE ) LIk
HEOERE TEET . - 28R TR T, BllHE
BEROBHZ &Y — LT L1479 2O & HOFERIC
R D U5 A%, FRFI5HES R Tl 2 EE % Fks
BT 2 72O B ES R T E 5. Bk A SO T
XN& LT, 7V4 77 FFIH®DBF (Digital Beam
Forming) & 7 QAN —TT7 7+ &2 H7-FrnEHL
SNTW5,

TLA7Y5FDBFiX, 7o—AFT7VLAT T
D—FTHY, BETT 7T FTNTIIREKE A/D
TR EZF 2, E—LBHET V¥ IVESIE T -
TWn5,

8OFI/RMUAFFON—TT V7 F 2 EXSECRE
L, 8HIE/R-AVT VT T L E2MARDETEES
M3 HEZ4T ) 7 > 7 F DBl % Figde)lIRd (Lipa and
Barrick, 1983%). Z O TIXIEIZ & A BIHATT i 2 2
LT TV AT ADPNETELZ L ETHS.
4.4 N7 MNVEEHA

1BDL—FTiE, 2OY—LORMEHFIROES L
BoNLNTD, 2RTHES R ED 2RTRZ M
2155720 A —iEE % 2 I S8BT 2 LEND 5.

FOFELLT—HNEZDE, 285D0L—FEHAWT
Fig. ILIRT D22 -2 DWEETHHIIBWT, 2
C— LM OBSE X7 MVERT A HETH 5.
ZONRZ MVERDBREI2E— LD RT A D &
WMDY, ZFRUTTOLUETOIRELL D
(Nadai et al., 1999%).

ERELZEEFAMVE TITVWETHEIE BT 5 —f#
Bl —F(E/AZ5T 492 L= T%L, #E
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receiving antenna transmitting antenna

Fig. 10 Direction finding of the scattered signal from the ocean

surface of the observation area which is flooded by the broad
transmitted beam.

beami radial

radar2

radar1

Fig. 11 Vectorization of the two radial current velocities observed by
the two radars.

4
bistatic radial —s\

<"~ monostatic radial

scattering
ellipse

monostatic —:
observation bistatic *
P observation

\ RXF liTx RXP }
[
Fig. 12 The current velocity normal to the scattering ellipse curve is
Fig. 9 Antenna types of HF ocean radars : (a) stack of four 5-element

observed by the bistatic configuration.
Yagi antennas, (b) phased array antenna (10-element linear array),

be measured by the single
(¢) combination of two crossed loops and monopole antennas of a
CODAR system.

The current vectors can

transmitter system with the

combination of monostatic and bistatic observations. Tx and
Rx represent the transmitter and receiver, respectively.
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F B R BO MBI ZAEH T E & EELED S OEITTELEL
ERETANARY T4 v 7R EHHT AL, Fig. 12
WORT LI ICHEEHKT 1 B THIRLIIENTESL, 2
ORERIZI, RERBDYS 2 & 12 & B IRERRS K
BAEMAE, 2 A MIBROFER DL, NAAFT 14
JBMTIIERR L EEEEL L T 2/EMOT#H SN
DEER 75 2 L AT E (Gill and Walsh, 2001%7) ,
EBIRET 4y VBRARHONL ZAY T 1 v 2B LS
WT LI LI ORI MIVERELIENTES,

ORI, RETv TR 2MEBELTREL, -
LHEERBEZ, 77 FERERNOBERS % KD 5
T £ 7212 SA (Spaced Antenna) i & MHEN 2 T
DOIFFREDL SN TS (May et al., 1990°V).

5 ¥ & &

WL — 73, BEEREMOBESOEEENEE -
LTHEMMENE# SN 2B 5. fFicRBRES /O
WizonTiE, BANOERE»HERERTH ) FE -
BENERA SN TS, FERBENCOWTIE, BiIFFk
WL TEFRENE S TVAA, SBIEST T &
EZxioh, YIffshaoBchs, 72, EL—572
TR, MEBUERP S LBLERHFEOHR
7, 2RTTHAEBEME 7T 7 4V DHEAEDLEIZ
&5 3RTTIMESRDET VR &, MO L&
sl eicdy, BEOBWFRWLZBHIERTE S
TH»9.

REETIEEEL — FICEb 5 FICEHRNESRIZOWT
ALz oM & U<, BERRRFOMEND 5.
WEL— L, BEAFESEE L TERESEENTF LS
CICERRREFZLEL T 5D, FRICHD HHER
BOMERISETHEL % 5. HF 717 %° VHF 713815 - i
FEOEBTHRILSHRAEINTEY, L—FTUELLD
$10 kHz~%%100 kHz D518 % £ ) 24 T 5 O XN % ik
HTWAE, 20720, BIEENTRHREL TWAEL —
FIIEBESE— R EFA L Tvb. HF/VHF 47
BASREEREICR 720, SBAAPELIZONTL —
T DOWRERMOEBLDIFEDMBEAFET 5 1 felk
bHAH. BEL—FOREM LRI T, 22—
DR EARREELOMG ¢ #D 5 L &b, Bk
BALREA, Mt 2 & OFME T OBk B
MEDEEL 5.
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