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Remote Sensing Experiments of Ocean Wind Waves Using
an X-band Pulsed Two-Frequency Scatterometer
II. Experiments of Directional Ocean Wave Spectra
from an Fircraft

By

M.Tokuda, I.Watabe and A.Takeda

Hivatsuka Branch, Nalional Reserch Center for Disasler Prevenlion,

9-2, Nijigahama, Hivatsuka, Kanagawa 254, Japan

Abstract

A technique for remotely sensing the large-scale gravity wave spectrum on the ocean
surface using a two frequency (Af) microwave scatterometer from stationary platform (a
Marine observation tower) was developed by Tokuda et al. (1987, Part 1). It was
reported in Part 1 that a prominent resonance appears in the power spectral density
(PSD) of the electromagnetic beat wave made by the two backscattered signals (echoes),
and gravity wave dispersion relations can be obtained for the beat wave with the wave
length less than the major axis dimension of the antenna footprint. However, there are
problems in accurate determination of the directional ocean wave spectra because of the
low frequency noises of the radar and the small antenna footprint.

In this report (Part 11), the technique using the same scattermeter was demonstrated
from moving platform (an aircraft). This measurement has the advantage of high
frequency echoes which are considerably higher than the noises of the radar and the large
antenna footprint which is larger than that in Part 1. The following results were
indicated.
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(1) Profiles of Doppler spectrum derived from echoes of a fixed frequency are very
stable. The target's speed determined directly from the peak frequency of Doppler
spectrum in almost equal to that of an aircraft.

(2) Maximum values of the intensity of echo estimated by the total energy of Doppler
spectrum appear when the radar beams are directed to the up-wind direction.

(3) Typical examples of PSD of the beat waves with the frequency, 0.14 Hz demonstrate
strong resonances whose frequencies agree with the theory. Directional modulation
spectrum of the beat waves is compared to the ocean wave spectrum derived from sea
surface truth measurements at a marine tower.
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Table 1  Specifications of the improved two-frequency scatterometer.
1. A AR
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(5) MATHE 62m/s (120 knot) LA
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2. TR
A =R /7 R Z A0S
(2) E—LHEIR 6.2°x5.5°
(3) HfFE—71r~ | —20dB
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(1) 77 5\ 2 RS0 AETLIRR
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Fig. 1 Block diagram of the improved scatterometer.
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Fig. 2 Concept of the airbone experiment and the sea truth experiment.
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Photo 1  The airplane , loading the
scatterometer system (the up-
per part) and the radome (the
lower part).
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Photo 2 X-band pulsed two-fre-
quency scatterometer

system.
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Fig. 3b Concept of the airborne expemi-
ment and the measurement sys-
tem.
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Fig. 4 Airborne experiment
geometry.
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Fig. 5 Relations between PSD of the electromagnetic beat waves and the directional
ocean wave spectrum.
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EE D FEHIEGHE (% 2)135.5m/s TI2ED AL (NNE &£ NEO M) THERETH - 72,
BEBREEEFO9mE/NE L, R0 HKIR0.1~0.2Hz) Lt BB TCE - SRAKD
BiEm o @RS iz, Zho DEEAMEITEFICSL TEPPHRE D OBEART, BEFIGE
e B3 adtdtErsdbEOAAE RS, Zhs 0BRSS, MERERERO KR
BEL2FAT2E, ROLI1Ih2, BROBERECTF— ¥ 28EC1T5 L, BEEIBEE
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BObDIkRT, IR CELTEENBEL 23U LAYES By, FERICEL T
I SIHOED - DICRET 54, HEVBEOERETEZ VO, REZRKELLSA
W, o THBETOHEBT 2L, MER~FEOAN» 5EHL TKRD, FAHEE0.1~0.2Hz
D, BEWEKED3 D %5,

*2 IR B0 7 74 FRE BB TOER

Table 2 Wind and ocean waves obtained from sea surface truth measurements.

BIIE S 5 40km SRR R
e B E B R 2-3 B A E & A B ES O E
1 10 : 57~10 * 58 N—S 10:57 6.3m/s NE (37°) 10100 5.7% 18.6cm
2 10 1 02~11:04 E—-W
3 11 :05~11:07 NW-—SE 10:07 5.0 NNE(29°) 11:00 5.2 20.6
4 11 :10~11:12 NE—=SW
3 111 14~11:15 W—E 11717 B3 NNE(31°) 12:00 5.7 20.0
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72. IRUNY D ORITAE R FEMAGHHIER AL L 0T, F200HoMRITRM E L7z, #3112
RUNZ L 28N RATRHOFHME L 2 DIEREEE R LI, 2R 4BRILORDT
7T OEHRRESGEER LU, RITEECELTINSE w7 » COERIBE T 15
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Table 3 Conditions of the airborne experiment.

MOt 8 % % B (NS laswe

RUN | 7 B (m | & & (/) | Evrf @ | o—if @ @ .
NO. |F # R = F %% 2|F Y[R £|F 9|6 2 (e
1 1045 7 68.1 1.1 —4.9 11 0.6 5.37 67.8

2 1038 6 66.1 1.1 4.8 1.0 =0.3 5.0 66.4

3 1042 10 67.1 1.9 —4.5 0.9 2.3 59 66.4

4 1040 11 65.3 1.7 —4.4 0.9 1.7 5.2 64.4

5 1063 10 66.1 1.1 —5.0 0.9 0.0 4.5 64.7

6 1039 9 67.8 0.8 —4.7 0.8 0.5 6.0 68.6

FE OE| 1040 9 66.8 1.3 —4.7 0.9 0.8 5.3 66.4

> TRUNZ D 5 HU0EMRITE 25,

FOER S TRIOFHETH S,

=4 7T OREESRM
2 o 5 S
Table 4 conditions of the B Al (e
experiment for the i 5 ; -
SIS, = B (m 1000 1040
AHO A (8 30 25
B E AE B (m/s) 60 66.8
75 LIS L B B L L R B ) B B S B B B e 5
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[ ] M7 RIEEC G TINS uZ 20
L o . o HE
o e . ] ® 3 1 /(i (6km) 2 0 DR TIT
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e I a&e * i 45 ) THIE (£ 3) £,
QB85+ /'i) = Fig. 7 Comparison between the air-
g L Y . T borne’s speed by the inertial
:c} L % ** ] navigation system (INS) and by
r 7 the Loran-C.
60 ¢ -
L o 4
55 L I T T N T T S N T S TN AN WO WO A ]
55 60 65 70 75
INS (m/s)
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