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Automatic Detection and Analysis of Rip Currents at Haeundae Beach
using X-band Marine Radar
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Abstract : The observation system has been developed to investigate the rip currents at Haeundae beach using X-
band marine radar. X-band radar system can observe shape, size, and velocity of rip currents, which is difficult to
obtain through field observation by conventional device. Algorithms which automatically detect locations, shapes,
and magnitudes of rip currents were developed using time averaged X-band radar sea clutter images. X-band sea
clutter images are transformed through 3D FFT into 2D wave number spectrum and frequency spectrum. Rip cur-
rent velocities were estimated using differences in wave-number spectra and wave frequency spectra due to Dop-
pler shift. The algorithm was verified by drift experiments. At Haeundae beach, the radar system exactly located
the rip currents and found to be sustained for 1-2 days at fixed locations.

Keywords : rip current, X-band RADAR, remote sensing, Haeundae beach, image processing
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Fig. 1. X-band radar system (Haeundae beach).

Table 1. Specification of X-band radar system

RPM At Ar AO Maximum range Time length/observation
42 1.43 sec 1.5m 0.3° 968 m 183 or 366 sec
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Fig. 2. X-band radar image (left); Procedure of wave spectrum calculation (right).
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Fig. 3. Synthesized rip radar image.
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Estimation of Rip Current Velocity
(120m by 60m, Ax = 1.5m, At = 1.43sec)
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Fig. 4. Results of current estimation from synthesized rip radar
image.
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Fig. 5. Image processing for rip current detection.

LR
X- band E]]O]E]— }\]7}%&037\01‘_j—’—]ﬂ O]O E E'— 7‘7“6}—‘ ‘\4-
Ao thev} ZrhFig. 5). WA, X-band @]t A7FAHE

A4S BA o] goldl A7)w Bakalal 7t o|u]| o] AAE
Z3Ick(Canny, 1986; Fig. 5¢ Ix). F=3F A A4 o]u|X]
T ObF7E BABHA] ok A3 9] Bt AA| olnAE Bt

stof o]t A 7IEAS AHY ﬂE}(Fig Sb)
AL o)okE A 7)) A 22 BA A o))

A& H|wste] o]eky WAl ojH-9l o] Har HL}\gH;q_E_ E
o o714 o]RbR 4] 71FAA 7} o]ulx] A Alo]
7} 1ol Z1elel itit ol Fithe) AR e oo
o] = o]etR WA 7]|F0] HE= W E ARESF T

3. ofl2CH O|QtF &= Zu}
3.1 ERFO0|E SE0IR & 7| AS

X-band o]tk GAEAN S B o] QKT F43 WA
o BT AAS) 3] EfFOIF 08T PFE £
aloiTh. o]QlE Wb A] 0|2 Ak =X ae-r)
glgjtiol A T8 S CCTVOl Yehd %73o] A4S 3

Asto] #= AIE v wskqlth

Fig. 62 2018 7€ 13 27 9A] 455 o]elkF kA
et sS4 #1521 (a), AT CCTVE (b,
QoA ZF st 2 (c) ZFJJ_’_ X-band #lo]t} A 7344
(dy= HERd Zlolnt, o]k alledf 87 7H T
g T Aloolla] whEEI a1, CCTVAYY} X-band o]
ARPE el oljbT B5 A7} sdeHA VER T 3
ol & 7HE e olsst i a7 oS

oz

A
3

¥

1_

:Lkg&

jﬁ

EFFol= S48

aff sl afrSg A sfdell AR 12 AA7EA] of
E319lth CCTV %447} X-band @lo]th Al
= o m R "#

y

e ki

m @o]i ki ol

60 m ©]

%
X [m]

(b) Analysis baseline

250

X [m)
(c) Rip current edge detection



a8 X-band elloIHhE o83t s thell57d oIk ARsHA Bl 54 74 489

Llfcgua rd

tower

Jellyfish
Fence

safety
line(2nd)

safety
line(1st)

o lifeguard

I
tower(8th) Sgund

o) tower(7th)
200 220 240 260 280 300 320 340
X [m]

Fig. 6. Haeundae beach rip current observation (a); Rectified CCTV image of rip current (b); Drifters were caught in rip current (c); Time-
averaged X-band radar image (d).
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