Rl Zpd—-
2 Al B8R 'Jsgﬂ,ﬁ.&‘b(§§13>
St JEE R

CREENEY SN PP =gl
PEARL T EC



pFIREiE R 94 B R 4

ZLETE F

PE (FT) MR (R R E A R B (T E)R2
Bt
1 (,p:ri) -'*-F 750:37'-;95_';

VR (L) A

P EAEO4EZ Y Lp

P (Fi) @k

PERAEOE 2 28

230 H -

Wzv LA F X722 EpF7 Y 2

Cak SUEL

FrERFEEERLIE RFED LGP p I $iBY
Bl T RRBT MR AR A F o i s oo E

B2 e TR AR AT FLIRER ABE R F A

A S
Rz Al BRI B ERR Y AAFE FAF (T2 R

1%\'?/?]6 l\.>7 7\§§—
FhddE -

TEARR R DR B S S 4 g

PRI E I RRERBT N LG AT

VEREL (Y )

,d.%,—.\i 1‘”“? 1%@/?]?1‘7’ 59%%']3’&{?5%_
)J—%P\ ﬁé*\ ” T‘P\d T ]E;"f #Efﬁg%]‘mu Kol TFE!‘ E/lg\ﬂ\]\’}’% ‘?P B

,}l};\_?;mb%ﬁng fu\—ll—:«ﬂ’]- ’Prf;gag,g,;x ﬁ ,‘\4&:. EEF 4

% T E R

FL AR AEF A Z it A A RS AR AR S H AP R
P P anE ER S )
EY B ELDEWE o A

SR E RS S R &
g B F o e kB R R
PELERMRASLE L F AT

I i+ @k ik H#F
’f‘?"lﬂlﬁ’“%mﬁé’\ﬁi“ihﬁgylurol 7 s B0
2 TR R e R A A 2RI o

FLRE > ﬂJF'E’!’J'f*’f W Kg ) A

4‘

2. FHHMELE AT KA1
SIS TN A LR S T S-S B AT -
A PR E S ERL M AR EE AR S R
EfI R AE wAFL WY T P R IR

BRMR RS 2B ERR T R

= = R p2

e



2 FAra i e

3o U FTHRFL 2> FAFERBRE IR TG TR
r’riéé?‘:iﬁ%if‘?ﬁ%i%ﬂﬁﬂﬁﬁ$’J‘H’F;f;\%iti%ﬂ’#
FBURZ ARG FR2 £ o

4. 12 SPOT-5 #7125 2 ¢ f &k §fjie 7 2004 £ 2 2005 # >
SR ALY > ML RB A 1R AR . BE AT 2E(S
AR foibp)ing Rk R 1R AR E T B4 % 2 46
% > P IR 2 ENp KR B AR B 2004 & 2
2005 & 2 [ crsgg it 22 1o

5. 4% 1993 & 1 2005 # 2. % = & 5 — # 2. SPOT f#Fkh § >
j;érr BETH S w AR ’"}f"" Ao\‘}fﬁ' o . 3—:—4}‘%‘?@%&_”: V)
I SRS e AL ik A Al

B T2ams L EBEER ) FAMREY FERRT LT -

6. A ALk 2E N FRARAMRI LI 0 r I H TR

[laxs
3

rei

)

W

h1 v PREEAI SR > ¢ RFEREY B

je =+

R EBY  F R F RN T ERER

7oy e HiE 2 p PR BHI I EE AR
PR FEE 2 AR S 2R LR
FARATERATH 23 A0F S DRE
& HAR o

% W
i
& mﬂ—t
e
-

VERER ()

Because of the limited land resources, an efficient land use
management to reach the sustainable development has become a vital
policy of Taiwan government. The remote sensing images, due to the
periodical acquisition, large scale coverage, relatively low cost, and
change detection capability, have been widely used as a useful tool to
monitor the earth surface. A long-term project entitled “National land
use monitoring program-the establishment of a land use change
detection system” has been jointly conducted by both National

Central University and Ministry of Interior since year of 2001. The




main aim of the project is to use the remote sensing images to

develop a land use/land cover change detection system on a national

scale. This year the project has accomplished the development of

related systems and put into practical operation. In summary, the

project has completed following main works:

1. The use of the satellite image samples database for enhancing
both the efficiency and contents of the land use change

detection data.

2. The land change detection system, web-based GIS system, and
digital field investigation system has been program revised,
functions improved, and jointly put into two practical

operations.

3. The use of data mining technique to discover the regularities
hidden between land change spots and related spatial data.

4. The application of a GIS-based system to digitize the coastlines
of the whole Taiwan Island and the Pescadore Islands from
SPOT-5 high resolution satellite images. The results and the
related statistics reveal that Taiwan has about half the coastlines
are classified as artificial class.

5. The utilization of a series of SPOT satellite images to detect the
land cover change for Hsinchu high-speed rail station. The
process is presented as a flow procedure to aid the authorization
of the land development.

6. The development of a volunteer website to recruit both the high
school teachers and the Society of Wilderness to aid the land

monitoring program.

7. The coordination of the training courses to promote the project

for the related government organizations and personnel.
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2005 & > S R AMAE A LA AR WH] 0 Bd AT
Bhicd 7.1.4-4 o

# 7.14-4 2005 & 2> 58P R ARG A 1A A2 B

2005 # 2 o 4 p AR7A AAE X 3 A BARZ

BEAM | pAM | A2m | pRO) | A2

>R(7
Z2&Me 1,724,335 | 927,608 | 796,727 53.8% 46.2%
5 48 )

i 373,681 | 272,282 | 101,400 72.9% 27.1%

o A 1,350,654 | 655,327 | 695,328 48.5% 51.5%

L2Ris A(3 7z &7 &5 ae)

SRS AMER L 1,724,335 27 > p skis AL B 927,608 o
<o 2P AME R B S 53.8% 4 1k ALK R 796,727 2 %
FRREARE R B S 46.2% -

2. s AR

B s AME R L 373,681 2% 0 HRik ALME R 272,282 & €
b BRARE R B S 729% 0 A 1% BAUE R 101,400 2 2 o
B s RARE R B A 27.1% -

3.0 B AL A AR

oA s ASE R S 1,350,654 o % 0 poZRE ALASLE B 655,327
NS DAL A FRE R B 51.5% -
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S % bk s

7143 2004 &% 2005 &% Al & kL RE A

#2004 & > S AR ALY A 1R A2 2005 & > 5
BARA ARE L1 EARMT LR TP 4 7145 £ 7.1.4-6;

# 7.1.4-5 2004 # 2 2005 # > S #p RiA ARE A 15 AR VR

2004 & 2 2005 # 2 o R AR B A DA B2 LR

3 BER [ p M) A3 (m)| pR e

(m) (%) (%)

2B (R 2004 # | 1,731,624 | 941,047 | 790,577 |54.3% | 45.7%

a4 P
1 57m) | 2005 # | 1,724,335| 927,608 | 796,727 |53.8% | 46.2%

2004 = | 374,180 |272,499 (101,681 |72.8% |27.2%

i

2005 # | 373,681 |272,282 |101,400 |72.9% |27.1%
g 2004 = | 1,357,444 | 668,548 | 688,895 | 49.3% | 50.7%
| ndir
5

2005 # | 1,350,654 | 655,327 | 695,328 | 48.5% |51.5%
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B fI* Zpld-2 ey RBARFE N (5T &) RFIER P
# 7.1.4-6 2004 & 2 2005 & ;& ALau s v 252 b fin
-9 2004 # 2005 # AR | R A [ 2004 & | 2000 & | B FRA p#RA 2004 & 2006 & | A% L -
L AARE | AASRE  ER®R [VH® | FRS RS | ASRE AR 1Bk [ A1k | AME | AR
B (m) & (m) t(m) | AL | A®E | RN R | ARE | FRE | REM | MR
(%) Bm |Am | (%) A& (m) A& (m) (m) %)
TLO4 TLO5 TLO5- TLos-TLos | NLO4 NLO5 NLO5- NLos-NLog | ALO4 ALO05 ALO5—- ALOS-ALO04
TLO4 TLO4 NLo4 | M4 ALoa | ALod
¥+ Bl 44,905 45,594 689 15% | 29,216 | 29,144 -72 -0.2% | 15,689 | 16,450 760 4.8%
noa 25,014 25,786 772 3.1% | 4,192| 4,086 -106 -25% | 20823 | 21,701 878 4.2%
A 18,798 19,229 431 23%| 3,368| 3,241 -127 -3.8% | 15/430| 15,988 558 3.6%
i 120,619 | 118,963 | -1,656| -1.4% | 88,790 | 86,117 | -2,673 -3.0% | 31,829 | 32,846 1,017 3.2%
a &R 52,241 52,247 5 0.0% | 14,795| 13,679 | -1,115 -75% | 37,447 | 38,567 1,121 3.0%
PR 48,055 48,972 917 1.9% | 4636| 4,389 -247 -5.3% | 43,418 | 44,582 1,164 2.7%
R 1 44,354 45,404 1,051 24% | 17,975| 18,507 532 3.0%| 26,379 | 26,898 519 2.0%
=i 123,074 | 120,852 | -2222| -1.8%| 87,921 | 85067 | -2,854 -3.2% | 35,153 | 35,785 632 1.8%
AL 73,588 74,784 1,196 1.6% 3,837 | 4,044 208 54% | 69,751 | 70,740 989 1.4%
e A 38,192 38,435 243 0.6% | 10,052 | 9,956 -97 -1.0% | 28,140 | 28,479 340 1.2%
% R 43,145 43,660 515 1.2% | 4,926 | 4,996 69 1.4% | 38,219| 38,664 446 1.2%
Z R 67,739 68,365 626 0.9% | 3,873| 4,019 146 3.8% | 63,866 | 64,346 480 0.8%
B R 374,180 | 373,681 -499 | -0.1% | 272,499 | 272,282 217 -0.1% | 101,681 | 101,400 -282 -0.3%
T 24,752 24,563 -189 | -0.8% 1,884 | 1,773 -111 -5.9% | 22,868 | 22,790 -78 -0.3%
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5% p R AR
Fh 2004 & | 2005 & ARFR | ARFR | 2004 & | 2005F | pRA | pARA 12004 (20056 | *A1E | XA
tff | AAME | AAME | ERR |0 | pAM | PR |AME Rt | A1s | A1p | ARE | Asw
A (m) A (m) t(m) | FARE | pRRE | RRNM IR FRE | FRE R | WS
(%) Em |[Am | @m (%) Am | Am | %)
TLO4 TLOS TLO5- | rposaros | NLO4 | NLO5 | NLO5— | xposwzes | ALOA | ALOS | ALOS— | Aros.aros
TLO4 TLO4 NL04 NLOJ ALoa | ALod
R @ 250,696 | 247,555 | -3,141 -1.3% | 197,332 | 194,434 -2,898 -1.5% 53,365 53,121 -243 -0.5%
i 150,289 147,665 | -2,624 -1.7% | 63,042 | 61,059 -1,983 -3.1% 87,248 86,606 -642 -0.7%
VARt 12,356 12,501 146 1.2% 1,557 1,804 247 15.8% 10,798 10,697 -101 -0.9%
E&R 43,471 43,081 -390 -0.9% 2,233 2,300 67 3.0% 41,238 40,781 -457 -1.1%
B & BA 176,154 | 172,998 | -3,156 -1.8% | 128,918 | 126,711 -2,207 -1.7% 47,236 46,287 -950 -2.0%
¥ 3| 1,731,624 | 1,724,335 | -7,288 -0.4% | 941,047 | 927,608 | -13,439 -1.4% | 790,577 | 796,727 6,151 0.8%

7-30




R A7 Rl -2 B SEGE s ($T &) AhEE P E

2004 £ & 2005 & % EA7 % HAE RS LE 704702 ¢ 2004
£ 3 2005 & >4 Bk s ALK /ii‘ﬁj"\?mrm'ﬂ RSV R AR R
iéﬁé\tﬁxfg ’fiﬁf-é-;@,-rﬂ‘;ﬂ%z‘p@ﬂ "F‘@‘EI%‘%*#%Q‘-..: ’

Bd Rk ALARCE R 4 b

2004 %2005 F &% i 7 &k R 216

Q 2,000

A 1,000 W

“E’ -1,000 J—J:H:

< 22,000

ﬁ 23,000

M -4.000

w B L eMEZBASZMENMESERILESS R

b P ok B AR A BT R WA LR R

B2004F 22005 | ms p2 B2 5 B2 RR RA R oW RL B W B &

P g BB B TR BB T B R R BB R
L33 % 4

Bl 7.1.4-7 2004 & % 2005 & % 247 & ALARE B %

7-31



S % 5 ph R

2004 & %2 2005 & & 2x% p ARB A MERERC LB 7.148-H
mMﬁ¢2%5ﬁigm?B’4ﬁﬁ£§ﬁﬁﬁﬁﬂ’”raﬁﬁ
RAFREBRM B S > BB ZATOR 0 2B B 228~

EER B DABE R RMRE R

20022000 F & BT AR BAEL KA

Q 1,000
—t = = = = =10 [
* 1
E-mm | gl
= 2.000 SR
w Ty
¥ 3000 = =
iy
#4000
& LMY ESZEAMIENMABABLEYS R AiLs
R B ib ot R B B AL PRI LR ER

M B B BRBRETT T RBERRE B BB R
m2004 4 £2005% A
REBESRILER Rl 4

B 7.1.4-8 2004 &= % 2005 & & gk7 p fRis fLAE B %

2004 # 3 2005 # & Bh 7 A 14 AME B2 % LH 71494
#2004 & 3 2005 & > F EAD A 1R ALAE R B o0 0P B
AL EARERIE RS RE L EE WT:‘%,I"E’?“ aE o
FEBIRE L E 0 BAEA 1A ASE R ek

7-32



B2l Tl E- S Rl BRI (5T E) RS
20042 & 20054 % B A T2 8 E & 816
ﬁ< 1,500
4 1,000
2 i
oo =500 J—H‘
& -1,000
1500
# S U EH L MILAS ES RN L BES R
j b om L B e AR AT R M A LR
MR ET BB TGS T TS SRR
D2004 FF20005F A T
BESBILEE AT A

Bl 7.1.4-9 2004 & % 2005 & % Bid A 1% ALAE B S

7-33




>

3t 404 2004 2 2005 £ B AR TR F LA IV F 2
BAMT PSS S AREE S S F6)LH 7.04-10 § 7.14-11 -
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d 2004 £ % 2005 & & BT A AL A2 0L T (b
1. d 2004 & 2 2005 & /% A it 53t TR0 7
(1) 2 28855 AR5 6] 5 0.4%(5) 7,288 2 € )0 f 2274 AL&UR
B Gl s LA%(H 13,439 2 %) 0 A 1 ALARHE 4t b 5
0. 8%() 6,151 2 ) -
(2)2004 # 2 2005 & & Ei7 % AAE BB R KBRS
ERAT R RAAMERRE L OABR B S BB L2
AU R G R e
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B2l ERlr -2 el R RER R (5T 8) RPEEFE

71144 BERBIDLESF
P FET D FTE s ARBE R AT 2L A E R
HIRH GPS B FABAEFTHRFL LT pare RI2ZIRHEFR
AAZEPAG
1. P ™5
AR BEAT Y 30 W LEH R LRV ELE (TR AR R KSR
ﬁo&*ﬁﬁ&%%ﬁi%&é@i%ﬁ’éﬁﬁé1220%@
7.1.4-18 % WA ® i B 7.1.4-19 = 5 Bl 7.1.4-20~ ®] 7.1.4-21
Bl RV BEIRLS-R T
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Bl SRl g2 Sl BRI AR (5T &) RAER TS

PR BT BMAEFFLEGIELIS AR
AFIIFLB M- PIREEY 2P iFEs: PR FE DL
THERMTELE RN KRR ELR 6% 4

/'El;%_%ﬁ"r #%";m?’)’[‘éj B ?E’FKﬂif‘Fg’%?}J;\

LEE B L B BT LR S
@%1% (L‘j‘é'?’) f—roL’:"__

® A
PRI R LT & 3 e BFERRA DFHED L BITR S S
Ao REFEFRZE TR BMATH A R 2 AT RS GRS
SPOT ik B if» Bl G F A= 22 AT - £ & o
8.1.1 BABATH » B R G TR &
AEEUBMATA S RS BR SEDFEE RGO E = B
~ B 8 1993 ~ 1996 ~ 1999 ~ 2002 ~ 2005 # (i F Aldéc % 8.1.1-1)
2 SPOT frh #iif> DA 2 Fayy (A2 Lg s

8.1.2) » Aup#Ewp T A A A aEE RGBS A

# 8.1.1-1 B4BATH =~ 7 2 FHRFTH

24, = gl A X
VIS ey o TP i Ckm)
p 1 S [ 29 B | @Em

06/30/1993 | SPOT2 20 10 10 144
06/30/1996 | SPOT3 20 10 10 144
02/18/1999 | SPOT4 20 10 10 144
06/23/2002 | SPOT4 20 10 10 144
04/06/2005 | SPOT5 10 5 5 144




8.1.2 Frigsa g 2
YUR A H enE e g 2 ¢ o 1§ R o~ (Pixel-By-Pixel) & B
A EEE G 0T A4 0 BEEESE (Minimum Distance Classifier,

MDC) ~ L {7 = w %8 & 5% (Parallelepiped Classifier) ~ 3 #78 ~ i 2Kk /2

N

LA AL 2

(Gaussian Maximum Likelihood Classifier, MLC) & % » ¥ *t» 3 ™ %

o

;9 (Region-based) @2 i 55> 2 > T F AR E 2 A A RIT2 A

o

2o
@ i :®iE3E 4 ¥ (Minimum Distance Classifier, MDC)

B EREHE A 572 (Minimum Distance Classifier) £_r4 i& if~ g3 54
DEEBATG A KH e R B LB ] (endmembers) 2. %%
ke £ @13 e £ T ApH R A L LR > ¥ R T
%,jﬁﬁ@%aaﬁiﬁzﬁﬁﬁﬁﬁﬁwoﬁ?ﬁﬁ—

w
>B\-

2 3

I

i
dofR b L B % ERITH B B e 2 A R

DK%M—ﬂKH=K“#qf*@—ﬂJﬁ

@ = 7> & %84 4 (Parallelepiped)

&

o E ek VR E R
FI* = WA S e A ) 2] W] EE o R gt A ] e ] P
WEA T FHIEFPARELFLHEYFSF BT T2 o

o ded R A R - RN e SO P R R 0 AT A

I i3> o ¥ & #¢;= (parallelepiped Classifier) 453" R % & & A £
ﬁ&%;g\,ﬁg@(wﬁ.g)/g \E - BUREERRE O EA
R

'ﬁ%%ﬁw’@W€é e -



R fI7 SRl g2 B REGRFR IS ($T &) RPEE7E

FaEesge o @ ARI MU - T G A RE AL A
R 2 S ERPE
@ 3 HrEk R
(Gaussian Maximum Likelihood Classifier, MLC)

B 218 < 112X /% (Gaussian Maximum Likelihood Classifier) 2. £ #
Bk 5 4 R AT g s kR B E AT g S A AR R
FUEnA R E R A AR Y T S A T T R
Fol— S flckp o - S F Y ahe HEN 5 F &4 F (Normal
Distribution) » &% f& A i ek T o EaE s Vi e e Pl - Eaee X

F U B AL AR BR Sk A A

EE i#‘g

L

p(X [w) =1/(22)"|C, [ Jexp|-1/2(X ~M, CA(X ~M)|  (8-1)

_/uil
M|: Iull\j[ —E[XlWI]
_luin
_0,11 o, A O-iln_
o o; A M
Ci=| ™ % =E|(X=M.)" (X =M,)|w i
M MO M ( ) ( Dl (8-2)
_O-ml O-in2 A O-inn_

FETHBO AR AR R A e £ X H L g i R

% (Likelihood) » £ #-8 G751 5 4 112X & A 87 3% « 03] 028 & 4
f'

E_ LR - Pice £ X pE w2 g Wil PWTX) g g
s > ¥ osd ;Y 732 (Bayes Theorem):* & @ {8:
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x) = PO 1W)P ()
' P(X)

(8-3)
#o PO e Wisnkme g o m POCIW) 4 g w0 6 i

H2T oA R AF B E A @ 20 Py s gmaa

TEEA RO o TR g L FI T 2 e T ani S i
d; (X) = p(X | w;)P(w;) i=12m

G000 e g s g B X g F L kA A

Bk e enimr T E o PO S e g g e s

(8-2)3% 7 PF AL AL IEAL H E i 4 4F E(Bayes Classifier) » # £ &
BEA S L B iR T HE D R B - BE Vi u B
X grakm ) Sapel M A £ - A4 4 S dic(Loss
Function) » 3z 1% Li HrmBpaEse 3o - Bk £ X4 2 Wi g

W) ori 2 enig % T 3adp 4 @ b & (Conditional Average Risk or Loss) &

r(x) = Z L p(w; | X) (8-5)
j=1

R

ri (X) = ﬁ nj I—ij p(x | Wj )p(WJ) (8'6)
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Bl SRl E-2 Sl BRI AR (5T &) RAER TS

fo g A T R - F il FIAT

o
PR E R R s ik e e

r(x) = L p(X |w;)p(w,) (8-7)
j=1
BT b AR PR AR T Skl T

w o

BIF AR o DROER A 25 00 B BRI A

Kendp & 3Rdp L5 1o T LR A ks

L; =0,i= ]
Ly =L1i# ] (8-8)

1l

# 1 Nk x (8-5)3\ E

10 = Y.Ly OX [W)p(w,)

=3 pOX W, )p(w,)
= P(X) = p(X | w)P(w,)
(8-9)

o g ) & 5 2 POO - POXTWIP) < POO = pOX W)P(w;)

-"F)i P(X)_ p(x |W|)P(W|) > P(X)_ p(x |WJ)P(WJ)’ J :l,Z,K , M, J =1 E]IJ ;tz_;f—j}:/?gg—c
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5 % G00= PO WIPM)  i=12K,m

o

2P B A A g T o PIW) w e g cggg &
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The Measurement of Coastlines Using SPOT-5 High
Resolution Satellite Images

C.F.Chen, L. Y. Chang, Y. C. Kuo, and M. T. Huang
Center for Space and Remote Sensing Research
National Central University, Jhongli, TAIWAN
Construction and Planning Agency, Ministry of Interior, TAIWAN
E-mail: cfchen@csrsr.ncu.edu.tw

Abstract: Taiwan, an island nation, has an area of 36,000 square km and coastlines of about 1,600 km. Because the human activities,
industrial production, and economic development have mostly taken place on the coastal plains, Taiwan is facing overpopulated and
overdeveloped problems on the coastal areas. A project to establish a fully GIS-based system to manage coastlines is presented in this
paper. Firstly, the project converts all maps associated with the coastlines to the digital form and integrates into a GIS system.
Secondly, the system which contains a variety of functions of the image processing and spatial analysis is designed to measure the
length of the coastlines from a series of SPOT satellite images and aerial photos. Consequently, the associated statistics of the coastline
data is analyzed and presented to the related government organizations.

Keywords: Coastlines, Remotely sensed image, GIS-based system.

1. Introduction

Taiwan, an island nation, has an area of 36,000 square km and coastlines of about 1,600 km. Most of Taiwan is
composed mainly of mountains and hills. The eastern part consists of mostly rugged mountains and contains steep rocky
coast and cramped continental shelf. There are gently rolling plains in the west, where the coastal plains and basins are
relatively flat. In general, Taiwan is composed of both rugged and fairly straight coastlines. Because most of the human
activities, industrial production, and economic development take place on the coastal plains, Taiwan is facing
overpopulated and overdeveloped problems on the coastal areas [1]. In addition, because of the intensive interaction of
the natural processes and man-made developments, the coastlines of Taiwan have undergone rapid shifts and severe
changes in position and shape [2]. Recently, the government is strongly advised to take an urgent action to fully
investigate the coastal areas. Among them, the comprehensive measurement of the coastlines is given priority. In Taiwan,
the measurement and investigation of the coastlines are typically conducted by the labor-intensive ground survey, which
is unable to obtain the updated data island-widely and yearly. Consequently, a project is jointly conducted by the
National Central University and Construction and Planning Agency, Ministry of Interior. The main mission of the project
is to develop an efficient and reliable method to provide the length data of the coastlines to the government on a
completed and consistent basis. Many studies have been conducted to use satellite images for the investigation and
measurement of the coastlines [3][4][5]. In this project, SPOT-5 high resolution satellite images (2.5 m) are used as the
basic sources and a man-computer interactive system is developed to measure and analyze SPOT-5 images. The
extraction of the coastlines is manually digitized through the interactive system which contains the related GIS data to aid
the digitizing process. The study recently has completed the digitization of the whole Taiwan Island. The results
demonstrate that the system is able to extract the graphic information and related attribute data of coastlines from the
satellite images. Furthermore, the associated statistics of the coastline data is analyzed and presented to the related
government organizations. The detailed system description will be depicted in section 2. The results and discussions can
be found in section 3. Finally, the conclusion remarks are given in section 4.

2. System Description

Firstly, the data layers contained the associated information of the coastlines are transformed to the digital form from a
variety of data sources. These data are listed as follows.

(1) Basic data of seaports
(2) Data of sea walls

(3) Related attribute data
(4) Aerial photos

(5) SPOT satellite images
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The system is implemented with a GIS developing software “ArcView”, a product of ESRI (Environmental Systems
Research Institute). The software has a built-in macro language “Avenue”, which enables user to develop a customized
application for specific purpose. We use this software to integrate the GIS layers mentioned above and design interfaces
for users to access those data conveniently. The system environment is illustrated in Figure 1. With the system, the users
not only query satellite images easily, but also overlay the images with related GIS layers for further analysis. Moreover,
an image analysis module, which contains the functions of image digitizing and attribute editing, is developed to digitize
the coastlines and add attributes from both SPOT-5 high resolution satellite images and aerial photos. Because the
attributes of the coastlines are required to classified into natural (i.e. sandy beach, reef rock, and natural fishing port) and
artificial (i.e. liquefied natural gas receiving terminal, industrial park, and coastal road) classes, an external module
written in C language is customized in the system to implement the classification of coastlines. Figure 2 shows the user
interface for editing the attributes of the coastlines from both SPOT images and aerial photos. Figure 3 illustrates the
coastlines digitized from SPOT image and the attributes depicted for the coastlines.

3. Result and Discussion

The study recently has completed the coastlines digitization of the whole Taiwan Island and the Pescadore Islands. A
ground survey employing a GPS equipment with 1m accuracy is performed to measure a portion of coastlines. The
coordinates of twenty-one control points are measured from SPOT image and recorded from GPS. The comparison of
both measurements shows a 4m discrepancy on average. The results and the related statistics of the coastlines digitization
can be found in Table 1. A close look at Table 1 will reveal that Taiwan Island itself has about half the coastlines are
classified as artificial class. This striking finding indicates a truth that the coastlines of Taiwan have long been occupied
by artificial cultivated fishery, jetties, and the coastal roads. Nevertheless, the Pescadore Islands, a series of 64 islands
located off the west coast of Taiwan, has about 73% of island’s coastlines are classified as natural class. The result shows
that the Pescadore Islands as a popular tour spot has escaped from the disturbance of human activities, industrial
production, and economic development. A further statistical analysis also indicates that most of western part of Taiwan
has a relatively higher percentage of artificial coastlines than eastern part. The discovery can be verified by the fact that
the western Taiwan is the most overpopulated and overdeveloped areas.

4. Conclusion

In order to aid the investigation and measurement of the coastlines, this study presents a G1S-based system developed
to digitize the coastlines from SPOT-5 high resolution satellite images. The system is designed and customized to store
the related GIS and satellite images and to perform the digitization. A project is conducted to complete the coastline
digitization of the whole Taiwan Island and the Pescadore Islands. The results and the related statistics reveal that
Taiwan Island itself has about half the coastlines are classified as artificial class. The finding demonstrates a tragic fact
that this island nation is giving away the natural beach to the “cement coast”. Based on this study a further evaluation
will be conducted to take the necessary measures to protect this island’s coast.
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Fig. 1: System Environment Fig. 2: The User Interface for Editing the Attributes

of Coastlines from SPOT Images and Aerial Photos
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Fig. 3 The Digitizing Results and the Attributes of Coastlines
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Table. 1 The Statistics of Coastlines of Taiwan
Cﬁ:;;?}:es é) r;;?ﬁ:% Natural Coastlines Artificial Coastlines
(% of the total ) (%oof the total)
(m) (m)
Taiwan
Island 668,503 687,019 49% 51%
Pescadore
Islands 272,302 101,788 73% 27%
Taiwan and
Pescadore 940,805 788,807 54% 46%
Islands
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