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HF'EEE (Bathymetric Lidar) U St )7 =URHI > HHIEIRZERSE - o0 i vl 1 i S AR P R 48 e

FRHIZAIRRS > PRATERUKES ~ KR &R - TRaEfE B B R A e

- AR LI

&
f(object-based) ~ 7347 =15 AHAB Hawk Eye 11 2245 2 I 2 S AEL TR E 73 30 R Mg o J50EF
FEURFIRRACHE - BRECHTRSL > SOt RSP (mean) ~ J57=(variance) ~ #5[& (homogeneity) ~ AHEH
(correlation) ~ ¥JLEE (contrast) ~ 7= 5[ (dissimilarity) ~ Jf§(entropy) LA Kz £ — 2k 4H (angular second moment) &5
SR RS AR S ST G IR T O B TG B 7 B S BRAN R DAY R Bl 2 Sy SRR AT
PR 857 2R H O {18 A~ [F) %1 2 Bl 40K - s DL #T77% (nearest neighbor) 25971147345 - LT B (separability)
TR P SRR, - & BRI Z[E Jeffries-Matusita FEBERARAE &y 1.710 - K —Mead & SR 2 F I E

J2 .

FRiEE : MUERR ~ 2F » DER

1. BIS

7e % SR 3% ¢ #E (Airborne Lidar Bathymetry,
ALB) R— T #E Ffif 22 dk A AR & 58 S R A e
24 ~ 2 ERE N 247 (Global Positioning System,
GPS) K [& M2 Z(Initial Navigation System, INS)
ZIKZEBRMIE - R E FE R £ 532nm
Lk BB B HEL TR » Ry — Mt i A
2 1064nm AL AR BEEE BT E SR BRIR TS » £R
FH LR B Ty R H B 97 7K AE ) (Guenther et al.,
2000) -

SUERPT R I 4l B SRR R 2 [ » &8 H 7
MR A& vl T et B S i 2 - [ 1 R — R
LKA IE 2 B8z SRS EI ] - EERERIETE S A
7K 1 [=] 5] (surface  return) & 7K JEE [2] £H (bottom
return) Z fERVIRF 122 (AY) > B R B8 S Y 7K o AL
[l AE— PR R HKR OB ERY - REHUR R
TEAT A2 R 3t 2 e P 400 3t T REL G 22 (rugosity) AT 2 3t
Hift 34 B Ko 45 9) 4 b 48 #4 (Brock et al., 2006;

TR AE A1 KRR IR T AE B4
GERTEE T NE Y Yab N e
S oFRE P fLE

BERDIR  DREE

Wedding et al., 2008) ; 55— 51 * /KJE[EERE 352
JERE R S E IR 2R 2 B T A i $(Wang: and
Philpot, 2007) » 58 EHA S AR R E H 2
4 > IREEL 2l 545 & 3 A (Chust et al,
2010) © [F{st P iy e € K [BIEREREES D - TR el HER
SR AR S T & 2 KB BRI DR R E
EEMEETT 230 0 40 Tulldahl and Wikstromb (2012)
{5 FRE 2 K E (pulse width) ~ 57 f HifE (pulse area)
TERtEA BRE 8 -

GrBL G o BT oy S AR 2 BoTl& gy A
73 RGBT FIRE - (27T (pixel-based) = 73 HH %
BEXG oS EBHEEETIE YT
(object-based) ALY Ry BT - AP B B oThR
HENEEET BRI - TR ] R TAR R Z R
ik(shape) ~ &UH (texture) FZEHFFEENA S & > BE
BENIEORIAY4ERE DRI Ay e B M - A R 22 s
HHYEER - Zajac (2008)30 Ry I A 22 Fr (S 2 o
JE B S S B R T 5 > ELAA Rt e 2 22
Rt 2 (spatial pattern) - [fi Cottin et al. (2011)£¢FH
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% PE £ [ %F [ (gray level co-occurrence matrix,
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AR R EAE R SO G TR E)
LLST &I E R B e T IR 5308 S R R A
FHERI RS 2 53 e (separability) faf & HE 1 -

Bottom
Surface Return
(Interface)
Return

Detection
Points

w
=
=]
-
-
=
o
=
<<

Volume Backscatter

1 &ptAE[EDZ SRR (Guenther, et al., 2000)

2. tTHREEUE

AHARFE(E ] AHAB HawkEye 11 HIZ R S8
B KRS REIE - 225 S5 R ER
1064nm 2 B SFALHMIE FR £ 532nm &t I ELRY B
(LaRocque, et al., 2004) - (iU ERERIHE RIIAF LIS
6~ LS BN ALE &'t - Horp Bt &t E
19 Z 7K B S Gt 5P 5 B AT 8 At R W 4 2 7K e S Bt
Z(reflectance) - AHAB {5 ] HawkEye Il 1& & ¥R
& CSS(Coastal Survey Studio) #1723 K 4747
IR L {4 8 (absorption coefficient) ~ £ (A B4 8k
(backscattering coefficient) <5 Jif Il HF 57K 7 S B84
PERATH » DARR AL [El RS R RER R a5 R R
Z#(Linet al., 2010) -

it s Sk A7 7 Fif B Kosterhavet [27 52 /N 5 A »
Wi 2 s o AZH— a8 26 BRI - 0%
VO{ESEATRIIER T 1A > A0E 2 AT LR B P~ i
BEERFEE By 2mx2m » RS EEEEAREELL UTM zone
32N 552 SRR Ry P IET AL - WA EELT R
6521953~6533424N ~ 612728~619440E - AHF5E4F
I 2 ARG E S S R R A b (& 3 Fr
) 0 A E T Bl ZF{E(Histogram equalization)##
Ry 8bit 525 > (AR BRAG R R -

E=H KBI103F07 8

2 WZRE IR Kosterhavet BZ2 .\ &

(Source: “Kosterhavet nationalpark,
Sverige.” 58°53'44".80 N,
11°00'27".41E, Google Earth. Jan. 1,
2009. April 25, 2013)
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- G EIRR T AR IR RS - TRAT B
NI IRAERATERE - AbF72(#H eCognition
RS T 2 % i Fr £ 53 &) (multi-resolution
segmentation) U G T TREG T & - 54K
Be TR R B o B SR B EE P
REEITETE s 250 BIFTiiE 2 I EE P
AR AT T oy Rl R R S R R B 4a
R 22 % (scale parameter) {F By {5 1F P
(Definiens, 2006) -

eCognition = 73 FI| £ il /& H & 5 & OF
(region-merging)#y 7 XN E R » DIE—(E{GITH
TR — (8P Rl - VM < TR & F 2 a 4% 1Y
G B R R G 73 & - AR 2 R
A& ff AT E T F S — 525 M (heterogeneity) » 5 /i
Y& g E T R RE M E R PIEE
A&  TE Bk G P R A
GO BB MR PIEE - IR G &
SERE o FEMEAEE f OAK()FTERE * Weolor

FL=H ERE103F07A

EAL Wipaper FHSE 46 2 S0 RE B 2RI
1720 ZE 1 [ B Woolort Wahape=1 * Tl A Ziotor £ A
honape K5 WA 65 & ORI IF AT ST B H 2 SR
(Benz et al., 2004) -

f=w Ah Ah

color *

otor T Wshape )

(1)

shape

Hoft Weolor © FRECESVE MR E 2 E

Aheotor * VMG BFAIE RS 2 AT EE

Wsnape * 5 FEJIIRA T Z HEEE

ANshape VI E BTG ISIRIA T Z SEE T

pact )

FREEE R A ZIEL ISR
7 pléE T REE TR LIS E & OF AR Z ikt
SRV M EE o HAE Ahcoior sTEATAT(2)
LLboj_1 ~ boj_2 RWFFE O > merge Ry
ey

Ahghape FsZ REIIFEAIR Z 280 % 2 E
#& DL B & & (compactness) B P i B
(smoothness) 2 & '& 4 7= {8 7 £ (Baatz and
Schape, 2000) > 41X E)AT7R > HH Woompact
Wimooth 22 BLBEA BRI Weolor  Wsnape < [H1FH 5
fHE - EZMAHE) ~ (65) °

Ahcolor = ZWC (nmerge *O¢ merge — (nobj_l *O¢obj_1 + nobj_2 : Gc,obj_z)) 2
c
Hrpc: B
W, | R B ERREER
n Y2 GRAEEE
0t NEEC Z RS
Ahshape = Wcompt ) Ahcompt + Wsmooth * Ahsmooth 3
Ah =n i merge (n . Iobj_l +n . Iobj_2 ) (4)
compt — ' 'merge — obj_1 — obj_2
r‘lmerge nobj_l \ r‘lobj_2
Ah _ merge Iobj_l I0bj_2
smooth — nmerge : b - (nobj_l : b + nobj_2 : b ) (5)
merge obj_1 obj_2

Bl Ui A&
b : bounding box 7 A&
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VIt E G - SOFRTIR RE MR ZE TR
W RS A0 TEERRGEEN
RESHPIMEE  FRRE & BB
Ty & o AWFTERE R Bk Ry S EE - 1T A M
ZHEEE Weotor * Wahape ~ Weompact ™ Wamootn Il 5 i £
7 NG RIS AL T 5P B i S
B Fr oy BRI R B8 & BEEE Weolor
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S YR R (208 5 For > RE
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&I Ry 1082 ¥4 -

RERBEEHRET R EEA 8 (E53 %
GO B RIS (A HE A fE i 1 RIS RS
B EH - Fll4klm e % 1A 4E Feature space
optimization FH Et RIS > 77 #fEE DARERR
P18 o 5 0 - A4 BE . 4 (B | R T N 6
1 R&dlsE s O R 2 B ZE A —
YA 5 R B oy I HCE 3 2 S5 5 -

Bl %k _2

7000

34k _3

A%k & _4

L\ B 6 FasesRiE
i3 4000 \\
gzggg AN F 1 ekl N SR ECEEE
wo N 21T 2108 0 [0
0 e MAMMMAS. LS
0 10 20 30 40 50 60 70 80 90 100 110 FLER 11.96 249.16 165.59 112.47
REs# —
JiE 0.34 2.00 33.69 | 250.01
B 5 RESEeEY - EEREE % A ZUE| 17755 | 132.48 | 47.31 | 44.04
3o 10.61 | 255.00 | 225.20 | 150.04
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Feature space
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(Nearest Neighbor, NN) » EMESAER K
— IR EC R BE— 4 B R A0 EA n (B
EE AIETER B &I REYI Z n 4
Z BRECFE#E( Euclidean distance) @ 3573894
ZHEURI RN R B PR T 3SR A -
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fEi(covariance matrix) -

Legend
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Substrate Classification with the Reflectivity of
Bathymetric Lidar

Wei-Tsun Lin ' Tian-Yuan Shih #*  Jie-Chung Chen *

ABSTRACT

Bathymetric Lidar utilizes laser and scanning mechanism for measurement. From the recorded return signal
of laser pulse, which is affected by both media and boundary between media layers, not only the water depth, but
also the substrate information could be collected. This study explores the potential of substrate classification
with reflectivity derived from AHAB Hawkeye Il bathymetric lidar. Object-based classification scheme is
adopted. Besides the reflectivity, eight GLCM based textures, namely, mean, variance, homogeneity, correlation,
contrast, dissimilarity, entropy, and angular second moment are also computed. Image segmentation is applied
for producing objects and then training areas of four classes are selected. The nearest neighbor classifier is
applied for classifying the objects. The result is analyzed with Jeffries-Matusita distance, one index for
measuring separability. It is shown that all J-M distances between the classes are larger than 1.710, which is
larger than the threshold value of /2.
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Spatial and Temporal Distribution of Cloud Coverage over
Taiwan using MTSAT Satllite Images

Wei-Wei Chen'  Hsien-Kuo Chang **  Jin-Cheng Liou ®

ABSTRACT

Using MTSAT stalellite images from 2009 to 2012 the spatial and temperal distribution of cloud coverage
over Taiwan is investigated in this paper. More cloud coverage over lands than that over the sea by 19.5% in
average is analyzed. The conclusion is different from the previous result indicating global cloud coverage over
the sea exceeding that over land by 23%. Monthly averaged cloud coverage over the sea and coastal area in July
is lowest among one year. Cloud coverage over three areas in the winter is higher than in the summer. Cloud
coverage over land from April to June is generally higher than those in other months. Hourly variation of cloud
coverage from am. 9 to pm 4 in a day shows that coverage in the noon exceeds those in other hours and that
coverage over the sea exceeds that over land in a day.

Gaussian Mixture Model(GMM) and cluster analysis were applied to classifying three groups of cloud
coverage over coastal area condersing spatial and temperal distribution. Eastern coast has the highest coverage
among three groups; southern as well as southwestern coasts has the lowest one. The results can offer good
references to help some researches in other fields, such as remote sensing in coastal area, marine ecology,
aquaculture, agriculture and environment of residence.
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Nonlinear Internal Waves in the Andaman Sea

Ming-Kuang Hsu **  Chih-Hung Hsieh > Chung-RuHo® Antony K. Liu* Jingson Yang °

ABSTRACT

Asian waters are abundant with nonlinear internal waves. Andaman Sea is one of the nonlinear internal
wave active marginal seas. We like to know the spatial distribution of internal waves, the generation and
evolution of internal waves in the Andaman Sea. Thus, we collected thousands of SAR images and MODIS
images in Andaman Sea region. After compiler all of the images we collected, an internal wave distribution map
of Andaman Sea was built up. Numerous of internal wave characters in Andaman Sea are identified such as
internal wave sources, wave-wave interaction, wave reflection and internal waves generated in Andaman Sea but
propagated outward into India Ocean are found and discussed.

Keywords: Andaman Sea - Internal wave, + SAR ~ MODIS
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Analysis Of Surface Circulation In Yin-Yang Bay Using

Digital Camera Imagery

Zheng-Wen Cheng ** Kun-Cheng Hsieh > Chung-Ru Ho® Yan-Hao Chao *

ABSTRACT

The purpose of this study is to verify the feasibility of using feature tracking method on the images taken by
a digital camera near coastal areas. This technology is applied to the surface circulation in the Yin-Yang Bay, a
small bay at northeastern Taiwan, with an obvious front of cloudy yellow fresh water and clear brine. The
primary images taken in Yin-Yang Bay have to do geometric transformation, image smoothing, and edge
detection before working on feature tracking. Two feature tracking methods are applied to these processed
images for estimating surface current velocity. One is a subjective method of estimating distance among the
sequence images by naked eyes and the other is an objective method of using Maximum Cross Correlation
(MCC). The results show that the velocities of surface currents in the Yin-Yang Bay derived from both methods
are similar and are comparable to the results of in-situ measurements. This indicates that the technology

developed in this study is suitable for coastal circulation research.

Keywords: Remote Sensing, Digital Camera, Feature Tracking Method, Surface Circulation, Yin-Yang Bay

1. Introduction

With the improvement of digital image process
techniques, digital images were comprehensively
applied to numerous fields, such as living security
systems, auto-detection systems of faces and marine
oil-detection systems. For example, Wu et al. (2000)
detected sea surface features, such as eddies, fronts,
oil-spill, sea ice, river tongue, by using Synthetic
Aperture Radar (SAR) images. Breaker et al. (2000)
analyzed surface currents near the coastal area by
using Geostationary Operational Environmental
Satellite-8 (GOES-8) satellite images. One can see

that, most of the related investigations are based on

! Assistant Professor, Institute of Marine Environmental Science and Technology &
Department of Earth Sciences, National Taiwan Normal University

satellite images. However, it is noted that satellite
images are not totally suited for coastal area due to
their spatial and temporal resolution. Therefore, to
focus on observation of coastal area, images with
appropriate spatial resolution and temporal coverage
are required. Furthermore, researches of surface
features near the coastal areas based on images taken
by digital camera are relatively rare.

Yin-Yang Bay is located at northeast Taiwan.
The average depth of Yin-Yang Bay is around 3
meters. The topography of the greater part of the bay
is flat. The depth of bay mouth attains to 10 meters.
Width of the bay mouth is around 700 meters.

Outside the bay mouth, water depth increases rapidly
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to 40 meters. Because of the unique water property
within Yin-Yang Bay, there is a usually visible front
within Yin-Yang Bay all year round (as shown in
Figure 1). In this study, we attempt to verify the
feasibility of feature tracking method on the images
taken by a digital camera near the coastal area. The
rare characteristic of front within Yin-Yang Bay is the
reason of why we used Yin-Yang Bay as our research
area.

Even though surface currents can be retrieved
from the X-Band radar backscatter and GPS buoy
more reliably (Wu et al., 2005; Lin et al., 2006),
however, in this study we proposed a new application
that can be used to long-term monitor the surface
current within the bay but with less cost of man
power and money by taking the advantage of water
property of Yin-Yang bay. Original images taken by
digital camera need to do geometric transformation,
image smoothing and edge detection procedures for
later current velocity estimations and analysis. After
these preliminary processes, to estimate the moving
velocity of surface features, two feature tracking
methods including a subjective method with naked
eyes and an objective method of Maximum Cross
Correlation (MCC), are then applied to these
processed images. Finally, the velocity derived from
these digital images with different tracking methods
will be compared to velocity obtained from previous

study.

2. Images collection and
processes

2.1 Collection of images

In this study, digital camera CASIO EX-Z70 is
used to collect all digital images, (image size, 1600 x
1200 pixels) which were used for later analyses.

Images were taken during 17 December 2007- 27

F=H ERBE103%07 A

April 2008. All digital photos were taken at the same
location, where is a mountainside southeast of
Yin-Yang Bay. Moreover, to keep the consistence of
photos taken by digital camera for follow-up
processes, including range, position, time-interval,
method, camera settings and even weather condition
while taking a picture are taken into consideration in
this study. Figure 2 shows the flowchart of image
processing procedures of digital images taken by
digital camera before doing feature tracking. Image
processing procedures include geometric
transformation, image smoothing, and edge detection
for later estimation of moving velocity of sea surface
features. Corresponding introductions of specific

procedures are as follows.

Figure 1. Digital image of Yin-Yang Bay taken by
digital camera CASIO EX-Z70

Oblique image
v

Geometric transformation

Image smoothing

Edge detection

Velocity estimation

Figure 2. A framework for digital images processing
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2.2 Geometric transformations

Most remote sensing images, regardless of
whether images acquired from a multispectral
scanner on board a satellite, a photographic system in
an aircraft, or any other sensor, have various
geometric distortions. This problem is inherent in
remote sensing. All remote sensing images are
subject to some form of geometric distortions,
depending on the manner in which the data are
acquired. Therefore, geometric transformation is
quite an important issue to suppress geometric
distortions, as we attempt to accurately represent the
three-dimensional surface of the Earth as a
two-dimensional image. In this study, a 2-D
projective transformation method written in Matlab is
used. The transformation is done by finding ground
control points (GCPs) from both images and using
Matlab built-in (cp2form) function to transform the
oblique image to orthogonal image. This method has
been used and validated in previous study (Arif et al.,
2006). Figure 3 shows the positions of four GCPs
used for geometric transformations in this study.
Figure 4 shows images before and after doing

geometric transformation.

2.3 Image smoothing

Random noises are common in digital images.
Existence of random noise would influence the
performance of edge detection. Therefore, to improve
the skill of subsequent edge detection, image
smoothing procedure was used in this study to
suppress random noises and thereby improve the
performance of edge detection. Figure 5 shows the
result by applying image smoothing with a uniform
weighting running kernel (size: 5 x 5) to an image
after doing geometric transformation. One can see
that, the image which was processed by smooth

procedure (Figure 5b) is apparently smoother than the

original one without doing image smoothing (Figure

5a). Clearly, the random noises of the image are

substantially suppressed.

‘- Untitled Placemark

Untitled Placemark ‘ °

" Untitled Placemark
.

Image obe
#0 2007 gles
Untitled Placemark ‘

“Google

Figure 3. Yellow tacks denote the positions of four

GCPs used for geometric transformations

(@)

Figure 4. Image of Yin-Yang Bay. (a) Original; (b)

After doing geometric transformation

2.4 Edge detection

Finally, edge detection method was used to

distinguish main features from the background
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signals for later moving velocity estimations of
surface features. With appropriate image smoothing,
we can get clearer main features from the image
through edge detection. Figure 6 shows an output
image which was processed by edge detection with
the Sobel method. Further information about the
principle of edge detection method can be seen in
McAndrew (2004).

@

Figure 5. Geometric corrected image. (a) Without

smoothing; (b) With smoothing

Figure 6. Sample image of edge detection using
Sobel method

= EE103%07A

3. Feature Tracking
Methods

3.1 Subjective Method

As mentioned above, there are two feature
tracking methods which are applied to these
processed images for estimating surface current
velocity in this study. These two methods are the
subjective method of estimating distance directly
among the sequence images by naked eyes and the
objective method of Maximum Cross Correlation
(MCC) suggested by Emery et al. (1986; 2003).
Figure 7 shows the operation of subjected method.
First, two successive edge-detected images were
superimposed into one image. Distance between
edges detected from two successive times can be
obtained by counting the numbers of pixels between
both edges directly by naked eyes. In addition, here
the edge difference was separated into four parts
because velocity and direction of the surface feature
maybe not totally uniform. Distances estimated from
four sections of edge difference were then average to
compute the mean velocity of certain feature. The
principle of subjected method is simple enough.
However, the disadvantage of subjected method is
that it needs further man power to identify the

moving distance of certain surface feature.

Figure 7. (a) Superimposition of edges from two successive images taken at 10:23 and 10:24 on 7 January 2008.

(b) Zoom in of the second section
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3.2 Maximum Cross Correlation
(MCC) Method

On the other hand, principle of MCC method is
much complex than that of subjected method. The
MCC method is an automatic procedure which can
calculate the displacement of target feature within a
small region with computation of cross-correlation
coefficient between two successive images (Emery et
al. 1986). Figure 8 shows an example of velocity
estimation derived from the MCC method. Figures 8a
and 8b are two sequential orthogonal images. Solid
and dashed squares in both images are template
windows and search window required by MCC
analysis, respectively. Cross-correlation coefficients
between template window in initial image and all
possible template windows with the same size that
moving within the search window are computed.
With the preceding procedure, we can detect the most
likely displacement of the feature (as shown in arrow
in Figure 8b). Finally, the velocity can be estimated
by dividing the displacement by the time difference

between the two successive images.

4. Results and Discussions

4.1 Spatial
Surface Currents
Yin-Yang Bay

Characteristics of
in the

After applying geometric transformations to
original images taken by digital camera, the typical
characteristics and distribution of surface features
revealing in the bay can be seen in Figure 9. One can
see that, there is a water plume with yellow
suspensions and thus a marked front existing between
waters with different water quality. The front (or
fronts) is visible nearly all year round. This is the
reason of why we can retrieve surface current within

the bay with digital images from camera. Comparing

spatial patterns, moving velocities, as well as moving
directions of these features to tidal characteristics in
this area, they are considered to be driven by tidal
current in this bay. Subsequently, images which
captured features will be used to estimate surface
currents velocities for comparing with in-situ
measurements and validating the feasibility of the
methods suggested in this study.

Table 1 shows the average velocities of surface
feature derived from images taken at 7:00-13:00 on 6
April 2008. One can see that moving velocities of this
feature varies with ebb of tidal current. Therefore,
velocities derived from surface features revealing in
the Yin-Yang Bay are believed to reflect current

velocities driven by tide currents in this area.

Figure 8. Two sequential orthogonal images. (a) The
first image. (b) The second image. Solid
and Dashed squares in both images denote
template window and search window,

respectively required by the MCC method

Table 1. Average velocity of surface feature estimated

from images taken on 6 April 2008

Time Velocities Tidal properties
(cmis)
7-8 12.7 High water
8-9 16.2 Early ebb
9-10 135 Early ebb
10-11 15.3 Mid ebb
11-12 15 Mid ebb
12-13 13.3 Late ebb
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Figure 9. Typical characteristics and distribution of
surface features in the Yin-Yang Bay.
Black arrow indicates where the front is as

an example.
Table 2 shows the comparison between moving
velocities of surface feature derived from images
taken on 27 Mar 2008 (20 February in lunar calendar)

and velocities derived from in-situ measurements

conducted on 20 May in lunar calendar by Lin (1995).

From comparison between velocities derived from
different methods, one can see that the velocities
derived from digital images taken by camera show
reasonable agreement to the velocities obtained from
in-situ measurements. The result suggests that it
should be reliable to use digital images taken by
digital camera to estimate surface currents velocities
in this area in subsequent observations and
investigations. In other words, we can do a long-term
monitoring for this coastal area with more efficiency

and less cost.

Table 2. Comparison between velocities derived from
digital photos and Lin (1995)

In-situ measurements Velocities derived from

velocities
(cm/s) (Lin, 1995)

digital images (cm/s)

High water: 9.2~13.9 Mid-flood: 14.4

2 hours before Low water: 4 hours before Low
10.4 water: 10.9

4.2 Validation of velocities
derived by the MCC method

As mentioned above, one of the main goals of
this study is to validate the feasibility of applying
MCC method to estimate surface currents velocities
with  digital

images automatically. Figure 10

demonstrates an example of surface currents
velocities estimation with MCC method. From Figure
10a, one can see that there is a conspicuous surface
feature showing in the upper-right corner of the photo
taken at 10:23 on 7 January 2007. With two
successive images, we can compute maximum
cross-correlation coefficient between both images to
find out the most likely displacement of certain
feature by matching template windows of both
images within search window of the second image.
Figure 10b shows MCC results obtained from this
case. Black arrows shown in the figure denote
velocity vectors of this surface features derived by
MCC. Average of these arrows indicates that the
displacement of this feature toward to southwest with
average velocity 3.9 cm/sec. It is worth to note that
average velocity of this feature but derived from
subjected method is 4.1 cm/s toward to southwest.
Velocities derived from both methods are quite close.
Figure 11 shows another case of MCC. Velocities of
certain feature derived from the MCC method and
subjected method are both 3.9 cm/s. These results
confirm the feasibility of using the MCC method to
estimate surface currents velocities in the Yin-Yang

Bay.

5. Conclusions

This study used images taken by a digital
camera to estimate surface current velocities in the
Yin-Yang Bay and to validate the feasibility of using
digital images for monitoring surface currents within

the coastal area with less cost. After a series of
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pre-process  procedures  including  geometric
transformation, image smoothing, and edge detection,
the quality of images are ready for subsequent
velocity estimation. Comparison between velocities
derived from digital images and in-situ measurements
suggests that it is reliable to use images taken by
digital camera to estimate surface current velocities
in this area. In addition, velocities derived from
digital images with the MCC method shows good
agreement to the velocities estimated by the subjected
method. The result validates the feasibility of using
the MCC method to estimate surface current
velocities automatically in the Yin-Yang Bay in
subsequent  observations and investigations.
Preceding results confirm the feasibility of feature
tracking methods on the images taken by a digital
camera near the coastal area. This indicates that the
technology developed in this study is suitable for
coastal circulation research. In other words, we can
do a long-term monitoring for coastal area with more

efficiency and less cost.

Figure 10. (a) Image taken at 10:23 on 7 January
2007 for MCC analysis. (b) Result derived
from MCC. Black arrows denote

velocities estimated by MCC (unit: cm/s)

Figure 11. (a) Same as Figure 10a, but for another
case taken at 9:35 on 6 April 2008. (b)
Result derived from upper image with
MCC. Black arrows denote velocities

(unit: cm/s).

References

Arif F., M. Akbar, and A.-M. Wu, 2006. Projection
method for geometric modeling of high
resolution satellite images applying different
approximations. Lecture Notes in Computer
Science, 4319, pp. 421-432.

Breaker, L. C., V. M. Kraasnopolsky, and E. M.
Maturi, 2000. GOES-8 imagery as a new source
of data to conduct ocean feature tracking.
Remote Sensing of Environment, 73, pp.
198-206.

Emery, W. J., A. C. Thomas, M. J. Collins, W. R.
Crawford, and D. L. Mackas, 1986. An objective
method for computing advective surface
velocities from sequential infrared satellite
images. Journal of Geophysical Research -
Oceans, 91, pp. 12865-12878.

Emery, W. J., D. Baldwin, and D. K. Matthews,
2003. Maximum cross correlation automatic
satellite image navigation and attitude
corrections ~ for  open ocean image
navigation. Geoscience and Remote Sensing, 41,
pp. 33-42.

Lin, C. F, L. C. Wu, D. J. Doong, and C. C. Kao,
2006. Surface current extraction from shallow
water radar Images. Proceedings of the 28th
Ocean Engineering Conference in Taiwan,



182 MRAIMERNSEN F+N\E E=H RE103F07A

Republic of China, National Sun Yat-Sen
University, November 2006 (in Chinese).

Lin, C. T., 1995. The Physics of small-scale plumes:
Yin-Yang Bay. Ph. D. dissertation, 260 pp.,
National Taiwan Univ., Taipei.

McAndrew, A., 2004. Introduction to Digital Image
Processing with MATLAB. Thomson Learning,
586pp.

Wu, L. C., D. J. Doong, C. C. Kao, and C. M. Tseng,
2006. Wave and current fields extracted from
marine radar images. Proceedings of the 27th
Ocean Engineering Conference in Taiwan,
Republic of China, National Chung Hsing
University, December 2005 (in Chinese).

Wu, S., A. Liu, G. Leonard, and W. G. Pichel, 2000.
Ocean features monitoring with wide swath
Synthetic Aperature Radar. Johns Hopkins APL
Technical Digest, 21(1), pp. 122-129.



183 Journal of Photogrammetry and Remote Sensing Volume 18, No.3, July 2014

=[5 BRE RS 0 - RIS EUEHE 2 FE

EGE 1 B2 [ARE EHERA

H B

ARHFSE 5 TE5REE TE AR IR S BRI S o R OB IS - S & B AL AR e e R/
TR AT © T8 2 S B AR S i - B E BTN GAIER - T TRE R
LR HIE = ASCER A £ 8 H B8 5 RSO ER A (Maximum Cross Correlation) {51548 F il gz 2 1%
R TR RS 2 HIE > DT R WA E J7 A G 2 SRR BN - &Lhias - il
F RS 2 R BT N BRI R EAR R HEAT - PRILS B R P S AR M S S i I 1 T R BRS8N
HYEITME « BEAh - BC BB ERASHBENER » BERER 28 E LT TESETRERS
BUHIRR AR 2 A 1B TR AEE -

BREEE BRI, BUUEM, BEERDE. RERE. BEB

TRz AR FBERR PR TR IR E ke g e p AR 103 & 02 % 07 p
IR LB EAERERETA L AL ig:zp #H:A®103 & 057 16 p
SH LB E AR ERRTA L K FEXpP:ARI03 £ 057 22 p

PR LR AR ERE PRI TEE RS L PR
i Tk, T 02-77346439, E-mail: zwz@ntnu.edu.tw, zhengzhewen1123@gmail.com






MARZBSET £+/1\E £33/ $£185-1928 KB 1035073 185
Journal of Photogrammetry and Remote Sensing
Volumel8, No3, July 2014, pp. 185-192

e E X-band BEEREASTRRIK NS TR
RIUD" FIH’

B 2

P KU R G EERGE (PR | 2 N TAF > REEEERUUKEN SRR 28 BAEENY
SRHEKBURG R Z A% » AR AR5 X-band & 21 T/8 AP KB E SR RN Z 91205t
FeEE R - 1BIBEIR 5 BRI P IR R A b - A DU B RN 2 T A Lﬁﬂgﬁﬂf AR TAF
R HHRE B R T Pt - SEHBSEA 2 g ORE ~ #9 RoBm BBl 2 [mD Rl XA
¥ BE TR RS U AR IR S 2 B R B R KR 22 53 A0 2 BRI - L) HERE T R
X-band 22 & HI R B ML A e /KA B R 2wl AT

BE#2ET : X-band FiE ~ BRRIE  SREEKBURER

FRENBEE R %
Young et al. (1985)/E 4853 M —4EEHY X-band 257
FAGFPF > RIS R AR REUR S & » BRL

TR E RGP PRI SR - fREE X-band
Bragg Bt - N BE 2 SRR B AR A RS

e SR Bl i ¢
1. BIS
BT R E A e (s
SEG A SR S R > [
T S S T -

BEEENIR: fity o] 35 %8 Lagrangian LK Eulerian fifeE 75
P IR R I e S B 2 R B bR - 28
TRMFERE 1% BEE R E N EEE /Eﬂﬂi@zréﬁ
B AR R R MR PRI &
& °

AR Al f0chs FL R (o F BB O B
HYR[E - 0] DLSEE AR B BERITHAE - IR BRI
it RNt e e R L (i O SATT| B g s el
A 1A S AR I P 1 28 5 AT s e Y i T 2 722 ]
Rz Il B2 ) Bragg B HEHIFT £ BRI La]
58 F 28 & YRR R R AR AR R AT i T e M R s A B
I TT I RASE - (F &t E R B > X-band
Z Bragg BT R4 Ry 1.5em [l 4 RE 2R K
L IREAEHI B 2O R IR F - A X-band &
R AR R R A T R

A8 DL X-band 25 %22 By LAY BRI T 2%

W 1:,\.;-415 ﬁ‘lqj\?\:’ug—’QBéIﬁ};ﬂ ﬁ
R L kL rab Rk s

i ir ¥

FERVPIEEER G2 - EHVA FTREFI A X-band B ZHRHI
o PRIEASCE B X-band 85 22 3 MRl 2k H
A~ it ~ BT B S R TR R K
B (thermal effluent discharge) 252 -
FTRRENEREREREU L RAERKZ
Ba e FIRE 102 F51E - aESEEELA
11 BEK I35 M LUK, 3 IEMRE SR R (B B I Y
AR 0 2013) © N KITERIZAE S E
i - HARAHAY S AR B A (R RA S - RIS
KA AAH % B R BUKHEA B B — 1 "2
T\ o FREAE /SR B E BB AR PRl Z Tk E—F
b > RIA R B R PE KU T < B -
RO ST AR AE RO L I AT A B R
BAVORMAETGREIBS > 2011) S0 A EI#EE
(HEIFSE - 1999) T &N TAF - FELEEEER
R FEKAYATUS 5340 PR HRRCR - R 2= ]
WD FE/K AR R AT 228 2 1o B ol EL MR T ok
< p #2103 & 02 % 07 p

igecp A 103 £ 038 21 p
£ pP:amM103£ 037 31 p

%, 00953816093, E-mail: jack18@mail.ncku.edu.tw



186 MARENSET E+1\B

EEfT /8 m 7K B (sea surface temperature SST)
HYEUH - B Y e SR DR /K B 2 i 5T 2 A a2
B R T E B SR SR Y EE i ﬁ/mﬂﬁlﬂﬁ

JHI(Askari et al., 1993; Nghiem et al., 2000) > i3 £:fff
7% Pt A i 7K B 2 J8 7 H KU (meso-scale) Y
SEMIFEIA G o RHTFERTHERT 0 225 (land-based) =
X-band 5 2= B A £ flo A B+ ¥ N RE & K

(ico-scale 5 S BUFTLI - 4751838
TR RER U B T RN 5 AR I L

%%ﬂ@%ﬁﬁ%@Z%%&%%%ﬁ
(spatio-temporal information) » f&—f&E 3 ELAS ] B2
VR PR B = 4 FEBURIRE ol » S — LT R R A A2
HIRIFHEBHHR AL 7B A= - BBt —E
BT AR BC 2 & o Bty v] B8 i — 2 T H H AR
TKAGHYIRF 22 7347 » B E & ST R0 R R 2T 5E DL
R E IS AR i B R E R -

2. tHRE%mEREA

AEAFEARE A X-band 857255 (5~ BE LR AR
Ky 9.41GHz « (HATE/BTHADE RIE RIS T -
7K (HH) R B R 4R BEH EE(VVWW;?&%EUT%E
s3> g E B RE(O) ) (Hwang et al., 2008) @ &AL
BRI R LR R AR ST ( R /K S AR lﬂ%ﬁ
VE R BUNER - BEEE R4 2 BTy 42rp.m. > JRE]
BHERGFYI 2 (frame rate) £y 0.7Hz » SRR
BUHPER AR B KRB R A & 2 5
AV TIER By 25KW » &GRSR - HA
ESERE SRR R P YN %Eﬁﬁ?%éf‘@ ZE3E

B 2% B (aliasing) - 5 2 51 9% 15 HHUAE - DA
20MHz (Y EUBEA BRI EE 22 uﬂbfé )ﬁﬁ e R
1S Z= R I AFATTFEE By 7.5m/pixel o FEEERZ(G 2 1

AT P U I B IR R T e AL 2R 2 AR /K P 3
FHVSRAR - A /KR R o] ASE e R 2
AT AWIFERTE 2 X-band B 2KV RE
B12 o

A 7E 2 BTt B i B Ry = M B Vg - B
KGR Z A= AP 15m e RE5528 2 8N
FEAI By 4.5km - FERG CBUNEERILE 1 A

=H EBEI103F07 8

QRPN o BEEEER AR B 3km ERAERER
5&55/}& 1% EQIE {%I@_ﬁm{/ /}IL éﬁqﬂ‘ ’ ﬁlﬁj
WS /S E R

N 18 Vi
0 8 55 8w
4 s
an # 1 ,ﬁi‘ -
7 ‘ 7
2 2 18 J e us 2a es
5 65
3 12 83 4
- 21 r; 6 134 120
' 59
2 z | g 52 g 105 864y 3l
7. 69
b: s, )
2 ) 2l 65 W
I 7 B S P
e o5 1 7 15
= 1 [T -2 7 - bandi
= 2§23 sl
1 143
P PP | 176
\ 14.1
el u al
. 5 \h? 14:913. .
192 [EREEL
\ st
215 AR
= = \\29_3 85 15
A\
25 2 \
N 12
Y
25 25 a7 }\ 159
Py 1
5 ~
w30 NG
2 =
_dkm 2 174 e -
B SR L AL
1 5

3. ERRIERIZ

Ry RE A R HDR B KRR 2 8 (B R
Bo AWFERE Tl 2 s B F AR TS B
58k o FHA X-band 7 BRI~ /T 2 BE 7087 (L
R E A Bysa g > [a]0F7 (Mattie and Harris, 1978) »
M8 Se B R 2 R UG s BRI IE H AR 2 HI3E -
H B 2 B 7R & DLAIS A B RV S
M) iR A (G P S LA sl 17 P
AT ARORHER G HE T RHBRS bR - #5 DU
G TS E AR

thre 1)

t t=1

batep o f(4r,0) pismm e p e r i w
g(r, 0) 5T > 5 O RRIE A 2 S ZE P o 5
r BB 0 BB - N, RS
%%?ﬂ‘”$ﬁzm%@°@mt’M@ﬁ*

BRI R G BT - SAT A
;ZNew%%emmmﬁEE@ﬁ%ﬁzeﬂ
TR - GOHES SR > 4D 3 Sh( N, =128)f



RIUPETE:

HARIE YT S CREARUEFRERA RGN
BT

AP FE R EDR K BUR < [E0R 2 $1 %
KU 2 BN R EUET TR » MG fE S R [E1R
ZBALER - WEATAG Z B8 —f AT db
(decibel &0 24552 dbm (L4 1 milliwatt 7 B 2x
BEAE) o BT EETIRE B G ERE
B ASOEE N AR EER G T IERETE

g'(r,0)=9(r,0)/G ©)

Ezteh > G 5 g(r, 0) FiEmN 2 Bl E A - —i
e b — Bk E 5 A AL B SR T R
fir 8 » IREIAEA B AIRERE T e RS [
21 -
b T HRR SR AR BT A R

B Se R 2 IR B IO R0 VI S 22 [ RZ Y e
SERUTE th BB - i b RO
PYERLEER © (PUZCO RS  (EERE AR RE
By S BB R (R B R  R A ] - SRR
TER IR AR R B R ¥ - RIS IR
2 B R EEE 1 SR B » S S A
1 B0 5 20 5 R F L AR 4 FELUSI R S 2
BB -

(1 %
h(r)=log """ ©)

R 6, ~ 6, Ry M R B B 5 BRI
B N, BfEsRE R T 6, ~ 6, FE P
B i F SRR -

41T 2 S+ R B R Y
{6 32 (1) K (L)~ (3) B 140 T 758 2 36 T 4 i 4
EESHIBE e > 8 (4o L TP 4049 0.75 km L% 1.5
m R (B3R SR e R
Byt SRR B R > B (S AT
(BT3RO T T 7200 - s AL eE B P AL R
@%W%@ﬁ%ﬁ%ﬁw%@ﬁx‘ﬁ@ﬁﬁﬁz
W o T TR T ST L R R
?ET’M)FﬁE%F B, o MRk
e g2 S 1) 2 L [ 9 2 T 4 3 (38

R X-band BELIKEDASAFRBIFNZREHTT 187

SRIET LARSER » 8 BRAY (B8 P 2 A A AR EE A [ R
HISR MR TR TR > SRR AV RR R 8
2 Y EIRITTRATR - D g Bl B
(]3RSR R HE TR P-4 - R LURAR B R $ 1R
EEILEREZ L E - Bl DIURR - RPER
FEE (A0 2 B AR AT RS 2R (8 R ZE AR
oA ] R 2 [R5 - RE LUK B 3255
HEL R BV AR - BRI E R ESITE
BEIEBEREER R S A AR NIt E R
BIARA B SEHE T R AUE IR -

I T

+  Origina ch l sitie: h()

O Sea e h t s after removing the spike and then interpolation, h'(r)
M

loving avs g Vh()

-06

-0.81-

Normalized radar echo intensity in nature logarithmic scale

0

. . . . . .
0 05 1 15 2 25 3 35 4
Distance from radar antenna, r (km)

2 JAI B8 5t U PE e 34 e 1T 0k

4. BBPKIURIEAFERZ
HE

TRABIHSC SR » F B A B R R R 55 Ry H
—THA T Ryl A (Kanevsky, 2008) - 7572 F
G O BB B8 B B/ K R R s e o T Y B 2R
BRMRIT > St LA AL HIUH (Bragg scattering) iy
HRG2 » DRI AT g T 2 A SR A B E (AR o fIRiE b
HER S AR AR T VR DR /K U P S [ S5 7Y 85 22 [ Rz 1%
il T EEER S B Ry DR A IS R TR
SR J&E (atmospheric stratification) 5, - H,#Ef 5
i LB DAY 408 - Rl <2 E g e JEL BT DR PE T
AR T EH RS R CSE - B AR ARG -
i A VS 2 T 5 | 5% 5 51 A BE RE (5] 87 (Askari et al.,
1993) - (AN > FEHKERTBRLC K@ — R Z
G » AE 7K AT Y 2R Ry 58 % B A K2
GERRIVATHE T MM - 52 K2 EB R



188 MARENSET E+1\B

HISZEE » BRI E Kt & A AR 3T > B
SR R K@Y T 77 6] & K B R R 4R
T (Sorensen, 2006) - ZFIH i 2 28 BEAKEHT
MPEHE R T G A - &R IERORRIRE - R
o TR (19 T (34 5 B RN S ) B VR RS
R e A RS 2 EERAIO]RE (Lee et al., 1998) -
AT AR N (R R E BT
1% ARRSE o] T BRI ATHING 2 TG R
il it 2 BR[O FHBOE TREET - 2008 3 Fis > 5
W S T U R HE /K 2 BEZK IR 2T i R 151 1 5 22

s8> B DABHEEE S s A [6] H AR Z [B18 -

e 45ty 2 MU AR  BLPR 8 LA
LUK B g HE KB S M A SR Bl S A&
HEP G EI PRGN [ - PR Ll []
RFHEON (L8 3 B [E]R #o5 oh m] 553E - BRiL
HEKESMZ g E (R TTIER) T —EHEZ
DT - IR [R5 P 22 |
ST 2 [BDR PR SS > ELA)Y nT B R e
REFEKIE FANES - WEAIETTE -

THERBME

R T ey ;i,’;
L . %
\ : X
\ C
\
\'\
A
\\

2 A

3 BEMKOZBHEI T EZFG:

(EfE 3 AR (e R K P A
AR IEDR Rl (BB R RERERE L — iR R R B

E=H ERBI103F 078

KB Z IR (% » RoREse®E X-band &2 AN
TR Z R » A B B s Y HE T3R5
ACRERNZ B WiE 4 Fror o RERCEFEFKOS
Z A [ 52 G AR 5 (R it 2 MR /K (.
ZHCESER o KRN IGRE 0.5m ZA -

Bt G i i By RIS B T A R 22 - ARBIT SR (i
FIAIRHTE R Ry — {8/ NRF PO RIS SR - PR HElE]
ISR S m B G R 3R M DS A — (R
H R HR7 KRS - FEHEKIE [ SN (R AR - AR
F RN S P 7KORE(29°C) - JRZKT IR
KRR 31°C o [fiiE R /KA HY A & IR
ACA 5 57 A B 22 (B R T Y ZE R A s — 20 H
IEEE S 45 BT T X-band & B §A% T HITHIRIENR
B D mHRK A0 Z T A BRI -

—

—2Z

SST Unit: °C
/e
/ P
/ [ R
/
/ 2 2? = ‘b » o
I" > 2 %y w
{ g & ®
! S 228e5; %, 0 X2
/ ] il o]
[ - % ® a » %
285 B 2
[_ ey 2 »® 3% & \
i s, B
o8 2
f L
\ 2285 i &
T ) 5. & ®
\. 12019

120175 % |?18 120.185
‘ongitude(® E)
.

4 BRI KR G R

AR — 20 S+ ¥R Y T [BDR s BT
fEAfT > Rolit oule EEEREnY B a2 B R R /KT
RHEE IR - IR R G P U NIy 1
s BETRET B 3 YRR &R T HEFT AR A & SRl
Fs PSR T3 8008 - [8] 5 Ryl e g
24 /NS R EEELIE - MBI AT R
7K B B 22 s s DA R B s e SR B Y



RUPHTE ®KE

BE -

& 24 /NIFIN - SRK[BLRE A WA 2R e AL R Eh Y
B R Sh— A AR BNV EE s £ 06, 07, 08, 09
o’clock ; &5 — A dLiRBAAAEES B ¢ 19, 20, 21, 22
o’clock - i T [EDR A [ dEHEENAV R 40 7E 8D
73 W ZIFO 215 22 9] v 7 m R L B OR2 7 1) e £ D
(15, 16 o’clock) Z et - AR IEDR [ 65 #E
BHYZER - (A1 7 BEEN AR B N B 5
PR By B 2R R AR FITAEAL B L AR B R 09 R AE 77 >
5] L7 RN [BR A5 AE M BRI B R S 2 K 4R
WO - 2 F O PR R 8 EE A
B IR D RO R AR © thoh - (EE 4
HIAS SR TRT] YRS 22.87 [T A — R /KR
@i HMEARRETFERIGBR(&E
22.85°~22.86°) Z i /K IEDRz - 481 2287 [~
7K B 2 (R R 58 FEE I R BH - SfE R A A SRR A48

A B R AR T Tt Z O PR e 2
TR BB EEET  2BRNR T E
WsgA b » B R R B K (B R 2 ek
H:'; o

LR X-band EBELIEES BT S)

P ZHTITT 189

=)

et 5 AR ZERDRHE T 33R 2] BURKHEEA
TS Z KA RREIIR R B — ERR RV (R
W EIHEEN) - 9125 HET I — R /KA KRR B e
ZEIRZ 2| - BRIt — 3R > ANHTFER R
B R By 3km g Z HIG L AT /ER
R EOR B B 2 [ R U TEE B (AE 6
FR) - BT HIREER Z AR EFR R © 0RFRH
Fe AL 90" RIMRRHPERIEIM » HHFYAbTFEEt
SRR AL BT R 2 E GBI IR R
itz 28 Ut Z AT M 4YEs 2 pE a0 -
B 6 oK EEBEFTIEECAYERT 2 Ry AT BB R
AKIECK F LTSN 2 [R5 & s G = B - &EEE R
SRR > IE LY [ AL RS 2 ZR OIS A - BRSFT
G Z A R0T R R EUR R REILA  BESN ML RF
UK 2088 A4 7 e BRI R 22 S A A B < 22
TR Ryl - K e Z BN > HrEh
BRIk PR K A R AR ILIR Bl > A28 5 DR /KR
JCHEE - fEEEEE RS 74K X-band EZFTHIG
Z AT FRKIBUR DR 7 2 M B F SR 32 FHIR 2
ECl

00 0'clock 01 o'clock 02 o'clock 03 o'clock 04 o'clock 05 0'clock
- o ., - - -
’ . s . 45 o f . 1
06 o'glock 07 o'clock 08 o'clock 09 o'clock 10 0'clock
R -° - -3
- W4 -\ja o\j: P Wi |- Wk
o . ”
a ) /
12 o'clock 13 o'clock 14 0'clock 15 0'clock 16 o'clock
E 1
18 o'clock 20 0'clock 21 0'clock 22 o'clock 23 o'clock
q - 2 |- N e
s .,

5 LK SN E/KIBOR R 7 2 SREh



190

MARENSET E+1\B

E=H KBI103F07 8

E R K b il 2 B L

5 15.5 T T

®

>

]

[<+]

15+ B

b=

i 14.5 : ‘ ‘ ‘
o 5 10 16 20
w

< —e5
§ 300 e 8 §
I
& 200} o i
5 © o 0 O 6 0 0 o
T 100+ o © E
g o
= 0 L @ 1 N QO
© % 5 10 15 20
Time (o'clock)
6 EAFEEERGEHIED IS DR R E R B S R 5

5. #55m

TRAT VR R R B A\ S A s B R v 4y
LR e A 42 et sm BV AT == R HE K RO 3R 22
e A S T ATV AR AV E R - HR A28 T
B HES DL R B /KRR 28 » 3T /KI5
FRAEIFEEL N K I o At 2058 - Afalig Rt
fENT DN EAR R HE KRR SR —HEEE A S
FIERE -

X-band FFEIEN 2B A N2 HEE
RAERFE RN R F B TBFR R - AR IR
SHEEE SRR F BN AT
Ve HARIRIgE 12T /B A R 22 38 2 8 ER
B BV BB OB TG - RS IReE
[f] X-band G REEHHREKIURFHE -
15 e R B R HE K EE A 1Y K SR AR g S ey 4 5l M
BT R - EFRmE 2 e E B DM E e
RS S EERE S s 5 Ihoh > HEKORTEARER
PRS th e BRI SR P A8 o iE SbATE AR T
TEEESRS (B EEAE - PRI al#E R R
HEKIR 2 B EOR R - AT iR s 2 e

B

=

B WY RO ATE R TS A PR

YIRS T HIF X-band 85 22 G MR PEKIUR
ZAATHE > BANBUR ASBHRH /K B SN & <2 F
FIRANIT 51 B 2 B SR AE LT 5 b 1 22 21 B

BT

7 .
AW FEHEZN H BT R AEIE T B G E
HRBORVK Z &R B 2 G HUS Z /K
7y 5] B R P 28 A B DA R A 22 Pk o iR B 2
M B ARABUAIRG T AT A R R S R R
IKBURAE S ZE TR L > DU SRR R B
diE] - ;S LEEENPR T REME R BUE B BHER PR KR
FEENGE R AR A BN R SEDRPEK TR
MUt DU AR R E L 2 JEA -

56
S oG % (& 9t
NSC102-2221-E-006-078-MY2) 7 7 B L K 7 [#5%
ANBIZR BRI & R R e L R AL
REJFUGBUIIERL  BANTIES DAEA SR > RS
I

=5



KRI7P -~ FLE : {FE X-band B

Y

TR 0 1999 - JE A AE R R4 R S R R
KZ IR 55 21 JEnEt TR & am
% > &> 381-388 -

SREIRR ~ BRfE T - #E4E > 2011 - AR ERCE 8
HORPEK AR - 55 33 JEEE LIRS g
SOCEE 0 i > 781-786 -

GIEE A E KBRS E 0 2013 -

Askari, F., Geernaeft, G.L., Keller, W.C., Raman, S.,
1993. Radar imaging of thermal fronts,
International Journal of Remote Sensing, Vol. 14,
No. 2: pp. 275-294.

Hwang, P.A., Sletten, M.A., Toporkov, J.V., 2008.
Breaking wave contribution to low grazing angle
radar backscatter from the ocean surface. Journal
of Geophysical Research, Vol. 113: C09017.

Kanevsky, M.B., 2008. Radar Imaging of the Ocean
Waves. Elsevier Science.

Lee, P.H.Y., Barter, J.D., Beach, K.L., Lake, B.M.,
Rungaldier, H., Thompson, H.R., Yee, R., 1998.
Scattering from breaking gravity waves without
wind. IEEE Transactions on Antennas and
Propagation, Vol. 46: pp. 14-26.

Nghiem, S.V., Li, F.K., Walsh, E.J., Lou, S.-h., 2000.
Radar backscatter across the Gulf Stream sea
surface temperature front, IEEE Transactions on
Geoscience and Remote Sensing, Vol. 38, No. 2:
pp. 926-941.

Mattie, M.G., D. Lee Harris, 1978. The Use of
Imaging Radar in Studying Ocean Waves,
Proceedings of 16th Conference on Coastal
Engineering,Hamburg, Germany, Vol. 1. pp.
174-189.

Sorensen, R.M., 2006. Basic Coastal Engineering.
Springer.

Young I.R., Rosenthal, W., Ziemer, F., 1985. A Three
Dimensional Analysis of Marine Radar Images
for the Determination of Ocean Waves
Directionality and Surface Currents, Journal of
Geophysical ~ Research, Vol. 90: pp.
1049-1059.

Elt5 i

ERRBPK AT

191



192 Journal of Photogrammetry and Remote Sensing Volume 18, No.3, July 2014

Preliminary Study of Coastal Thermal Plume Oscillation

Using X-band Radar Images

Li-Chung Wu ' Laurence Zsu-Hsin Chuang 2

ABSTRACT

This study discusses the detection of thermal plume using X-band radar images. After a series of image
processing, we can detect an obvious echo band pattern at the drain outlet of a coastal power plant. We confirm
this echo band pattern is induced by the thermal plume after comparing with the simultaneous in-situ sea surface
temperature records. We also reveal that the plume pattern is oscillated due to the influence of tidal current.
Although the X-band radar image cannot provide the water temperature information within the plume, we can
obtain the spatio-temporal features of the thermal plume which is useful for coastal management and
environmental protection.
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Observation of Nearshore Current by Using Land-based
Microwave Radar

Dong-Jiing Doong " Cheng-Han Tsai >  Ying-Chih Chen® Chih-Wei Yen* Ming-Jiun Maa ®

ABSTRACT

Microwave radar has been applied for nearshore current measurement. But most of them are implemented
by a representative current from a whole image which is not reasonable for nearshore area. The purpose of this
study is going to derive the spatial current distribution according to image spectral filter method based on
dispersion relation. This study measured current at Fuguei Cape and Keelung sea area by microwave radar, and
compared with Acoustic Doppler Current Profiler (ADCP) to verify the accuracy. The results confirm the
reliance and correctness of current data form radar. The observation from Fuguei Cape found that the averaged
current speed is higher than 1 m/s far from 2 km offshore area. The max. current speed observed is 3.92 m/s at
Fuguei Cape coast. A strong flow and rip current were found in the east side of the Fuguei Cape and within the
bay. They may cause by the interaction between tidal and coastal topography. The observation from Keelung sea
area found a counterclockwise vortex one hour before and after low tide with one kilometer radius which occurs
in the south-east of Keelung Sill. The strongest speed (1.55 m/s) occurs at 1.5km from Keelung sill with depth of
20 m.

Keywords: Microwave radar, Spatial current distribution, Rip current, Tidal current power, Eddy
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