EEx %ﬁii)ﬁ%z‘z_l?ﬁ’é*
EZEEFHE’%@E—?/EZ F@% /)lL EﬁP/EJ

Bt BRA5TT ARARRE
B Y7 th SRR B3 7K S B LA R FT P
FEEX
B e &2 8 RHR AT ST P 0

AT A R B

IKENEETHFRE
© BRRER - RORESER R ARSI RS
o [EEEFEKERREETEM ~ BH R TAYII A IERT » LAl KEERL

WL RGELS S 22 AN 5] - S AU EERT (] A [E] EL B s e iy 2 -

— INEBFLARREEENY ~ R - KRARS

— NEERELREGTY ¢ ISR SRR - KL - s EES
T RUERYIEE ~ IR B

— ORI B AT R K 7 e

=

nTﬂ

e

- (B ERAIR Py BNEE L2 R 2 50 - ?%EE?FE'?I,\IF?mﬁ@
kR VB IR A B R BT KB IR

2014/9/29



ARSI S s 22 S L RS
PAET A O R R R

Estua Wind-Driven Alongshelf Flows
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Inner Shelf Mid Shelf

From Nitrouer, C.A. and Wright, L.D., Rev. Geophys., 32, 85, 1994
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IR EIFEVE (BRI A5 vs. [EIFEVEED ) E 2)

a. Bragg Law

b. Barrick (1972)— i as FEUHERR .
A A . radar wave length
r A . sea surface wavelength

s

> 2Sin6 o depression angle

olw,p) =27k 3 S(-2m'k;)-Se—m'ap) ‘T‘

m=+1

Why Coherent radar?
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Land-based radars
for detecting surface wave and current

HF Radar Microwave Nautical Radar
 Frequency band: 5~25 MHz |« Frequencies for civil use:
* Range : ~200 km 9.4 GHz or 3 GHz

* Electronically scanning using | Range : ~3 km
MUSIC or Digital Beam | Mechanical scanning by

Forming algorithm rotation of antenna
* FMCW  Pulse wave
Non-coherent: WaMos-Like system

e Using empirical formula and
MTFs to determine the wave
heights and wave spectra.

« Using wave dispersion to infer
the surface current.

Image process based
Echo intensity (amplitude
of radar backscatter signal)

Coherent: Modulated CW Fully-Coherent Radar, COH-radar
Doppler theory based

» Codar SeaSonde (Compact |Pulse signal from Solid state EM
antenna) generator

Using Phases of backscatter | ISR HE radar

Coherent-on-Receive Radar,
COR-radar
Pulse signal using Magnetron

signal to estimate the

motion of sea surface * WERA (Antenna array)

* OSMA-071 (Antenna array)
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Structure of Coherent on Receive Radar
modified from commercial nautical radar

Super-heterodyne

Original
radar
components

Antenna

1t stage

Mixer

Additional
components

IF Amplifier & 25t stage Mixer
Band pass filter Down-converter

Magnetron-
Transmitter

X-band or S-Band

I

A/D converter
120MHz

|

| Hilbert Transform |

—N~

| Ch. QCh.

Voltage

Voltage

2:I-channel'_—i:mm- Pulse #2 —Pulse 3 Pulse #4]

100 150 200

50
ZZQ'ChannEI_—;?msen “Pulsa #2 —Pulse 13 Pulssﬂ_:

A

Nanosecond, ns

. Calculate the Quadratic signal and the

corresponding phase by applying the
Hilbert Transform to the I signal.

. Alignment of the waveforms between

the 1st pulse envelop and the
succeeding pulse envelop using the
cross spectral analysis of the 1st and
2nd | and Q channel.

. Assume the transmitted signals in the

1st pulse and 2nd pulse have the
same frequency; calculate the phase
difference of the echo between pulses
at every radial grid.

. Transfer the phase difference to radial

velocity using Doppler Theory.

Phase angle : g=atan(l/Q)

A
—4r

Radial velocity * Vr:%x

A=0.03 for X-band
dt=1/2000
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Radar echo Intensity

IF . |
Harbour modulated signa

Figure 1. (a) The location of the microwave radars at NCU coastal observatory.
North to the radar are Yung-An fishery harbor and sandy beach where can be
identified in radar PPl images in (b) and (c). (b) The traditional marine radar PPI
image illustrates the backscatter intensity, from which the pattern of surface
wave is obvious. (c) Similar to panel (b), the color demonstrates the IF

> modulated signal, instead of the amplitude of echo strength.
aalan 699
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Frequency Spectrum S(f)

Blue: Data Buoy
b Green: Radar

Time series pn each pixel

Directional

w Spectrum using

Fourier Series

TR RE R

<P BRHOLT LT RS
T RO R 2 2R
3B R AT R
et 4T IE -

2500~

2000

1500 -

1000 -

500~

g &

Surface elevation (m)
o

g

KRR T LA U L B

e
&0

0 500

\f I ‘
/ \

1
1000

rfle “ |” f.
UL
A

I

-

L
Time (sec)

a0

20 140 %0

1 L u
1500 2000 2500

[
CRETTN
A

TR |
L ”

2014/9/29



2014/9/29

AT Y e H

10

27641

Z2.7635[

27631

276251

27621

2Km Akm

2.76151
27611

2.7605} S
st /S

2.43 2.5 251 2.52 253

# NI ER R

| RERRECE B

14T 1ATS 196 1985 199 1995 @ 2008
®{m) =10

)

© 2014 Kingway Ltd. &
©:2014 DigitalGlobe
4 TerraMetrics




2014/9/29

YRR R EAR RS 01

Vector map derived from radials of two stations
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Since 2010

Rk ol
Joh ok Bgeis 1 (b

— Eddy Covariance System for marine
boundary layer

¢ Include 3D ultrasonic anemometer
(CSAT3), Li7500 at 15m,10m height

¢ Wind mast (40m)

— Bottom mounted ADCPs for surfac
wave and current profiles

Profiler (ADCP):

¢ Arrays of Acoustic Doppler Currey/

AT AT

A TATATATATd!

St W 0 8 % W e o

Location Water deptp/ Off§)‘{or
A | (24'58.168'N 121°00.080°E) 8m / 800m
B | (24'58.321'N 120'59.985F) 8.6 1160m
C | (24'58.486'N 120°59.905°E) 10m 1460m

— Microwave radar for surfa:e/
and wave field and roughness
remote sensing

¢ X-band radar(A = 3cm)
¢ S-band radar(4 = 10cm)

i
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Radar Display (v1.01)

M4:20:30
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Radar Display (v1.01)

H:3:1

Radar Display (v1.01)
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Summary

FERL[EIRR M fS0R 3B ey

o ZZfH] FEEAE o B RSN RE BRI -
R]SEEE AR TR /K il S A AL
© WERE ORISR BT T T A RS A RO
= /)IL/}ILbﬁ
-1%%@f afly - 2ERVEE T T
5 %%%%W é$¢?kﬁﬁiﬁ$
B%*”’ R B 247
— AIFRIB T KRS - (R
- R BRENEE 2 E
- i@iﬁ‘iﬁ&(s bandEiiX band) r] 7 FH A [F] K SR e B
SEg)

2014/9/29

14



