The Journal of GIS Association of Korea, Vol 10, No. 2, pp. 317-329, July 2002

CIXIZ ARUSS0 Qg 2 Oiedt 578

s - G - R e

The Measurement of Coastal Sand Dune’s Height

using Digital Photogrammetry
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ABSTRACT : Coastal landforms such as sand beach and coastal sand dune are changing
dynamically, and the research about them is being conducted. Conventionally the leveling method
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has been applied to measuring heights of dynamic morphological surface in coastal landforms.

We applied the photogrammetric method which was not considered to measure the heights

on coastal sand dune's profile to calculating the heights of coastal sand dune; that is, the

heights of unknown points on coastal sand dune's profile was reckoned from the digital

photographs' stereo pairs through bundle adjustment and backward transform of collinearity

condition equation. we used six GCPs to perform bundle adjustment. After backward transform

the error of heights between surveyed value and computed value was estimated around 10cm.

In general, the pole is not adamantly fixed on the surface of coastal sand dune because of its

softness, and then the disturbance of coastal sand dune adjoining surveyed area can be made

in small area. Digital photogrammetry can solve the problem which conventional leveling

method has, and be replaced it.

Keywords :
Digital Photogrammetry

o ol

BT
g

o off oS ¥0 N X
§1=

i

N

N

7171 ot
L5} (Plant and Griggs, 1992). 3
oM e ASHS o] &3t iRl
Hd 54 A dg 1=z 54
sl A7 A= 9oh. Holman &

(1991)7} Plant$} Holman(1997)& ©< H]

. 1

o]

=

v

318

Coastal Sand Dune, Non Metric Digital Camera, Bundle Adjustment, Stereo Pairs,

& AH(single video image)o 2 H-E]
Heaqrygs s 9w

[e]

= TR

2y

gle photo)o.
st7] #Ash
&=

Z 7y

ol &3ttt

S t]Eo] R AS A
hbpol B A7 Lol
A - Fl, 1979), FHZdE 3
Aol ofs] sftrte] MstEds A
ATHAFHE, 2001; FE4, 2001). ©]
AFoM = kAT WIS ZARSH)
23l Total Stationg ©]8&sle] 5 =M

gk 28 AA|3}¢T) Total Station

fhaw A

.

F
I

A T =
T



I

2 B9 slaATAGe) nEge 248
A%, A 290 el ATAs oY

A7} Besich AASFMe 55 A4
of W3t 339 9X ZHE ThsEA 5
2, o2 ol§3le BT WS

Belm SzEae] v F9 agFon
ATE $AT & AL Ao}, 53, T

A" APARE o g3HE DAY ARE
Z¥(close range photogrammetry)ol] 23l 3] <t

Ae] Sk

GYARE 18T F 2w, vimH e
MgoE ATE FYT F Uk £F A
TATY A5 29 ARE Sl 54
AR e ARE 2e 5 Ak ol 2

2 A% ol WAY F Aok =W 2
g EE A5E AR 2AYse] U
g ARsshe HPNM AR X, Y 5
BEl g mMAmYez A ool
THY 5 AT oY T HFLe G
A g WAA ARG 2HE 2

1) o] Aol A Wate sfQralT-9f “‘ﬁ'%k‘_ 54 F4dol
&+ $H(image matching)®] 74 o]F, FHE g A
Ao g zt gi4-of WhAgLe] Tr*h}?ﬂ ‘/}EP‘/L—E
o] HA| DEMe] xb7t 2A YEeld
o2 YA ARNSFS Tl 6]10}"]'“? E"@/]

DEM-S 443 2=

SR
1999). o]ol] ¥ AFo| =
54

= gtk meb Hoole

gAY 4

S "7 RE st A ARESHS
38t ¢l a(Bosemann, 1998; Macklin
5, 1998, o]\ A, 2000), H]&ZFE& A

A}A 719 /AL A=sluA st AF
T 23y glti(Ahmad and Chandler,
1999). o9} & AFAME F2 g
ARG ool E3He UAY ARIYE
AT gleh e o) Aol Al Ak
S A7) wote] gulEA AAE
Fe 72 A 2E D9 AraEe] F
Wol A 47 A5¢
o] Aol A

g3 A7lel wZFE HAY Az

FIE AP JARLEHY

A nEe E4stuA @k ol
re nEga

siotAbel YA
= eehzel 93 A% Aol 2
AU AT A ALH RAA
AEe G} HVF ANz Q3 A
3} SgrALEI} 2 wE o] Qi Aol

. o] Aele A - dacke A Al

AR e F

bt of

¢

S ougith dyrEos HEXYE
q :LrlM At ZAE T
det el A 54 -5 3149 viAdd LF7F B4s
71+4 FEEES BAT 5 9de

e AT,

oﬂ.

AR W 1=



Hla BE AE7F BolAU, SRR & [ZF 119 4P A= FHe X o
AR AFE ZoAE BE AU vlad A BP0z HAH HEo] A1l

o ulolthAFE, 200). wakA o A%e sjerabE Aol

AP E vlnd wEL HzAo] &0

il BE At FEd Al 95

J@giﬁlm}@&%qTa ’ 3 Eroum dug
ATA

9 Axe AeH gAE
[28 113 231, o] A9} 33 FFL o] AFaXE Y AISFIH
(29 28} 2ok o) slehAle] TRk 24y 9%
HE 2 A (bundle adjustment)d} -ZXZ712]
9] <JH B (backward transform of collinearity
condition equation)& ©] &34l = WE
Aoz dAAGe B9T HEH 93
o 4ol e AREALL 2T gH(mo-
st probable value)S A
of g3 EEFgairt AHH o F, F
dazdAez vz 3349 AAE A
AHgE 4= QtH(Ghosh, 1984).
ojo wel, MEXA s A"
7—? *}ﬂ«l ﬂl‘%ﬁxé iﬂ BB R
A

2 2

+— Total Station(SOK-
KIA SETSFS)OE HEZ A Hash 7]
Z 723} v % A (unknown points)e] 3z} =}
LS ZAss Qe sk A
PAAS ZE93st7] H3s] Canon Digital

L
AMIﬂ%E@&iﬂtﬂJ 27%e .

[D2 2] HAKIO 3RE B4

Lo

2) oé)‘j_}-a—ioi @‘é}_z‘g% FRE FAll AN = gk B AFA o]

n AsIet) e hhs SaEAE U HE LA 3T Fol
SAd9] 0 AEE

3) ARRIE | 2% ”]7‘]734 ]"?_
23 25 54l ol RolAT

X];gy_ Ao AR 93 C/CH, BlFHY CH+E TIY FFT a0 2EI W

filt

Rl

320



CIXIE AlzI=Ro| 2f5t

IXUS 300 A}Z7]7} o]€=dct I8
AABYA "eH Amo

7] sl Ax7IE rziel §Ix
3, EBE AR FEshe] AR
o %3 £4% U 02 =PRA

TT=E
Aol olg® yEHe (1Y 3 2ot

-

2
)

[

3] &8

o

ol o=

= I

H

(23 314 734 A9 el A3
@ Zlo] Agol o]g8 sZ@elrh

4. 29| F7|1EH

719 3ha ﬂ7](plxel dmensnon‘—?— =45}

7] A3 ol¢t BEE HAE ST
& [28 419 Zo] Aue gy 7tz

321

=OI=
ro
=
4
10
K
H1
bl
Iy
02

-~

ks A2 v
(target points)=- A %] 3}
o] i dg =eAed A7)
stach A¥AH, & 349 A7)
2.1X10°m=Z vERTh

oot

oz 7tz 2
of 29

He 3%

ko3
T

o

ol i,
et
s
JE oxl Ok

r
fir

2

* cordinate ;- 366, ¥ coondiantc : 15

[Sa]
il
Ral

m
Rl

e
>
A

sk A

it
=
™
N
o
5

4

Egﬁ

>

N_ﬁ

2

o

M

H o
b A =
1

du g

BN

ol

g

32

£ o o
)
ol

o
ko



@ & @ @

_________ §
b4 a sz

[ v&393Y2 236 A &

@ nzy

0 422 W Bz
(O™ 5] NHXEIE R BFEE

#29 A Yo Z=kH(survey pin)yS A
x]8}3 Total Statione.® WHZHg =A
gty 18)a ==y Total StationS:
N shael ARl ANAE AA
stof pof e ZRAL. FAA
58 WA shol ARG B
%, wgRoz ARy WY
ek, B9 A7)

(S
—
Bx
iﬁioﬁu
-
i 4y o2 OB o

k
b -{z lo dy
2V
4 oa
op o O
o

- o &
£

)

R N o 4
Lo

x
yEe] sdde BEe welzol
Total Stationg o]&3ls] A3t}
zAHAoE 7 VI %
ofst=d), olEg 2715k
24e A% wEIA5T Bopd

24

A
Ju & ¥

e 0otz 2 RS2 e ot flo of ¢
=

filo
e
o
ol

b x%

4) AwHoE WSzl WEASE 103]
oz gjRugasel IS ANSAC

olul7} glojol gtk B dgollA o8 8 WiEx

2 ZA3lQal, Total Stations o]8-3}o
A% FA4S Qs A

ohe

o} }\]

=] XVWJ% 600><12004 anz 7]
23} o]F gAuide] ez AFsark
g AMRE 9T W, 7IEH

3 wAR Azel ANAEE B
4

 EAHS AXsEAn. A AR
H ggde [28 694 BE vkl 2
o] A &o] 3emel YHo 7 A&

3cm

[D8 6] &80 A2 HZE3S

(v

flo of ol

o] AFdlME AR Fe 22709 E
HAE BIAA AGAAe JARS &
stk AFE] SARE A Fe) AR
(28 713 (228 819 2ok (298 719 [
g glollA doz HAE o] EAH]
AR3Y. ZF AR 8 7]EE T mA
Ao TFE37] S8l 2 TP HEE

A TR 359 vhE

322



CIXIE AtZISTo] o8t siotAl=2e] nEgl £

gty 2870 MEe HASAdA F =tk gE@A] ARV 4 olFF, HA
WA o] 1~-6¥o]al, A WHA <o) 7-12 H ZZAZ(calibrated focal length), &=
W, dl WA Gol 12~18We|tk A WA 4 N T HRU} ok ARRFREE O
o= 19, 209] MEE HA3sa, oA W AE ARl F9 F4hE dFoE 3§
A Dol 21, 220] HEE Hos ). el x, AESFo] w7} HH. 2¥|n
ARG NFOE xF QEZO] (HET, yE
o] (HE T} HE2 gy’

A Gl AxE 2271 9 EXMJ F
oA 1, 4,6 13, 16, 181 THAS 7F
Hoz HAASPL, 8, 9, 10, 11, 12131
e vAHoz AAsAT HFAA
7 $-ZA ) et 7T mAH Y
ARFBTE <F 1>, <F 2>9 2o}

F

k|

[0 7] AlS2) Kool HEA < 1> 7IEEe oy AnnE
_ A% A = A
Gal=2
X Y X Yy
1 140 -199 -343 =315
=245 69 -151 -1
=325 180 -96 104
13 569 -172 48 -324
16 251 88 276 7
18 153 220 341 160

<iE 2> 0|X[HO| SRl AMEIEE

ws EHE A RE AR

X y X y
8 203 78 64 -187
5.2 AZI=tE 9 80 21 -8 116
10 32 66 10 -16

B oo o]8F AR E H|EZT;g 11 -93 146 45 71
olmz, AR HAARE AT @ L2 | 102 | 207 | T | I3

5) u] X o] AR EE @z o] i BA S TR Aol dze] g RAYL hfjolA] collimator 5&
3l °]—Ev*°17‘]71‘4, BIPNERY 53 22 BAPAL T oo ¢ Aok ey wrERl YAE ARRANE
Sl&e A, WA ALEE A IS G MANHS BAAE, BANTE A Aol FBBAL B AT
s °]_T7_(C]arke Wang and Fryer, 1998), B& Fo] 7|&dL o=z Jirl



<% >3 <F 2> ARRHAZE daw vEHEY ARFRE F5) f6 ad
AZ SAHJT 28t HEXAFSE 9 9 ARREART 47l g stae EAY
3 992 AXAA Foof slmE, 71F =79 2.1x10°mE F3F ot
A v A AT AZFEE vEH
@2 Hasn <t 3> <E oA 53 REEFFHAL X|AZIE
© uie} o), Z V&R A
AP R BALAE HY AHY A
<E 3> 7|FEHo ol ARIEE AR X, Y, 29 IAE 849 e,
e = AR o, k2 FAEG #d A3 AAHAF
= X y Total Station® 2 =43}, [E 5179
1 0.00294 20.00417 Ny
XA H= © 1o A=k = , )
4 -0.00514 0.00144 i § }f} Zj ] 510 - e @ “
6 -0.00682 0.00378 Z71Fe s 009 @& dgsdd o
13 0.01194 -0.00361 o] Z7)7k& Total Stationo 3 = F =
16 0.00527 0.00184 olzbe QlE 3] MEzA o olEg
18 0.00321 0.00462 H:}E }Ejlﬁ‘r E'i" I e o
e & ApAl R A 273 <i 5>9 2o
o 2 X v
1 20.00720 -0.00661 <E 5 OEEHOA
4 -0.00317 -0.00023
6 -0.00201 0.00218 s HE A o= At
13 0.00100 20.00680
16 0.00579 0.00014 © 0° 0°
18 0.00716 0.00336
¢ 19° 353.1°
<E 4> 0|XEHe| o|efete AlREE « v o
- 5= AT X 128367.900 128371.343
HS
X y Y, 372030.736 372030.559
8 0.00426 -0.00163
9 0.00186 -0.00044 7 5.259 5.602
10 20.00067 0.00138
11 20.00195 0.00306
12 000214 o 0.00434 NEAY] ARATE HEZA %7
= 5 sl —
He X v Ho2A JEHI, PAHY A E
8 -0.00134 -0.00392 AR AL IEZES AALSE o]F A=)k
190 (‘)’00(‘)’32317 gggg‘g 7 vlwmaly] 98] Fasi. Total Station
11 0.00094 0.00149 o= AR e v AGHRE
12 0.00203 0.00287 = 7}z <% 6>, <F 7>7 2}
6) [ 510l%9] BolA, 3o B9 ehricteln 3219 x| F9le Ve otk



CIXIE AtRiERof ofst st

<E 6> J|EH XNyEtE

HE X Y Z
1 128369.685 372035.207 4.718
4 128369.449 372039.222 5.501
6 128369.327 372041.552 6.220
79 128371.118 372034.726 4.799
16 128371.617 372038.096 5.602
18 128372.057 372040.343 6.463
<E 7> 0|X|H x|AEtE
HS X Y Z
8 128370.528 372036.059 4.994
9 128370.562 372037.210 5.154
10 128370.368 372038.650 5.495
11 128370.469 372039.936 5.947
12 128370.663 372040.913 6.395
54 sliotrtte| =gt &Y
AL 53] AR gRrEALAL 27
7 71EABE A2E MEXA dgE
At HAA&AFHES olgsle HEXAHL
2 ExFaso Hags HFANAL

>
4
lo
R
H
Y
I
03

FA7E dasith wepa] ARl ojRE
a4, VERe] ARIFES AR
g 7S AIE Ao gt} o] AFollA
= ZIER AR JFERE 28k
(pixel), 0, ¢, 9 7FSAE 1°2 FJ33d
o A= FAH Ve AGEE S
g3 71EHE 0.05mE JEaga, 89S
& AAXZA 001672 YTt

et 2L A2 #4449
Hyld e [y 9]¢ Bt

(2 9lelA HE npep o], B A7
AN o] & HEZRY 2P ARK
23748, 4 ole®, I 3} A7,
REA QA ANEH ARAFES AAFH

i, 7HEAE AT 4 SA% 2dE

SEEL R

8
e

mi m} lTl i
B2 o
Fu‘ﬁ 2
BN . o
lo o i 2
o
W e
gi: -—
e o
oA L ﬁ,
) N
o 1o
T (98)
?m 2
o rie
fo o
o ke
o il

2
>
gl

N
fy A=)

2o g

>
2
lo
>
Hy
Jo
2
ot
to
_>;1_|‘
fr ®

N

0.0012, z&= 3 Az Q71 0.00001 it
o2 UeEth xF3 259 dd#ES 7]
@AY A4 71EE ol&3le 0°7F H
S5 ik 2P o, AR G A
FE we hgoz Qg g 2t

7 Ee 98 dANE 2= Bihsd wel 00160 EE 00167 2 SIS HAelste] 283 4 9t Wong, 1980).
of delME Kok U Aughe A2s7] 3] 001679 AAAF o) gk 1w FEREAE WA

= gase 19 gg i

S THWolf and Dewitt, 2000).

325



fot

B
o
rhe

350 00 00 2le5 2le5

=z

i)/ a8 oz / a3l |

#

00 113 -179
10 446 -168

05 120 49
15 -178 -37

—

NE

0

At

A

ENEES

1

#

0 42 0 195516921 440381.007 67.895
0 -14.8 0 195525470 440379.636 67.995

0
1
#
0 195521.737 440385.956 67.262

195522.663  440386.842 67.767

11
11

oL 4

1 0.1 0.1
.1 0.1 0.1

oo

0.1 0.1 0.1

501 0101

1

00 159 -168
10 -390 -163

035 15
13 -161 -33

1

#

0 195522.063 440385.965 67.276

3 195522.620 440387473 68.076

L

#

00 159 -168
10 -390 -163

035 15
13 -161 -33

1

OIXIE ARNEE

#

0 195522.063 440385965 67.276

3 195522.620 440387473 68.076

OIKIE KI&HEE

[ 9]

&

fin

P
b

326

1

I
E
1
H
2




CIXIE ARRISRO o3t sfoitrel T=2t 58

8> AR IFTHA A MR 2K
= A HEZYo] &5 H o]Fde YEEA
A=zt A &kak 2 x 220 HIg Wyt ofe}, £ ol &
0 20.0024 20.0024 =0l s
03316 0.3290 20.0022 = 7]__‘:§4 H#rakel zg_xg;a-_u}, ?{Ei
p 0 0002967 | 0.0029 4 oly 248 VEAH A= <& >
X, | 128367.900 | 128367.906 | 0.0060 9 po}
L Do | e qune g4 Acs
& A |z 3a #Hxel A& vl
A& ALzt 2 %t QA= <¥E 10>3 2
o 0 20,0012 -0.0012
e | 0.120427 20.1207 200002
B 0 -0.00001 | -0.00001 <E 10> 0/X|E AMUD DA
X, | 128371343 | 128371.346 | 0.003
Y, | 372030559 | 372030561 | 0.002 s _ X ]
7 5.602 5.602 0.0006 d5u A Lret 2 X
8 | 128370528 | 128370463 | -0.064
9 128370.562 | 128370472 | -0.089
<E 9> 7= AL SA 10 | 128370368 | 128370415 | 0.047
11 | 128370469 | 128370467 | -0.001
o X 12 | 128370.663 | 128370.668 | 0.025
= NEST, Antat SR s Y
I | 128369685 | 128369670 | -0.014 = e Attgk 2t
4 | 128369449 | 128369447 | -0.001 8 | 372036059 | 372036037 | -0.021
6 | 128369327 | 128369325 | -0.001 9 | 372037210 | 372037.128 | -0.089
13 | 128371118 | 128371133 | 0015 10 | 372038.650 | 372038.586 | -0.063
16 | 128371.617 | 128371613 | -0.003 11| 372039.936 | 372039935 | -0.000
18 | 128369.685 | 128372.054 | -0.002 12 | 372040913 | 372040893 | -0019
_ Y _ 4
ol B EST At | ox T, At | o
|| 372035207 | 372035208 | 0.001 8 4.994 4973 20.020
4 | 372039222 | 372039221 | 0.000 9 5.154 5.145 20.008
6 | 372041552 | 372041552 | 0.0002 10 5.495 5.540 0.045
13 | 372034726 | 372034722 | -0.003 1 5.947 6.042 0.095
16 | 372038096 | 372038097 | 0.0 12 6.395 6.488 0.093
18 | 372035207 | 372040344 | 0.0
=] i — Z
- AEU ALkt Xt 6. 2 =
1 4718 4721 0.003 ==
4 5,501 5.498 -0.002
S e mE AT
16 5.602 5.599 -0.002 ARG O R S AERS 23
18 4.718 6.459 -0.003 3l A= HA 08cmolA] Hu

327




9.5eme] 7t UEWT 6719 wAH
FolA 8,9, 1082 Sem oW E vehix
YA, 1wz 128 WA
Sem Bty ZA vebvda gl
o dHEI= JEAHe AR FE I
92171 TaHo] Uz, sFEX e w0
2ol AA#HAL Ax BAo] o] R0
th e A 339 Bus
A% dugd FdzAL
Yyaloz, wxHye
27} BA A
TEs B
ul A o] ApR AR
o] AR w3y
HAE Aoz oAZ
dzol o ARzt gFe AR
FURE 255 2A dehded, 8
ool wls 1 2% Pl AE
zo @ ARHE AFFol AA &
3 Aoz Hh

] 78 =5 Yy ST 9
m )% 8, 9, 10, 11, 121 i3l A4t
&3 AS5z A= 10em o] E el

2]
Al

Ol
—_
N

—_—

ar
[¢]

o ¥

A

R
fo i o

Jm
oXx,
X, o

2o

.
.
=
T

L.

[e]

L

. olgd A+ AP} duly 9
248 APATolA Role An@ F
AAY B dehg Aol skl
= RYAEA Auto] AmsIA gow
2, A2 5259 1Ho] Ay o
o}AA @ro} =Fze] L7} =A e
g g It aga FL AYSs e
2 348 24, 2444 o9l A
AR wAvle Aash 24 5 9
ocuw AL —f—%‘ml ojFo)2]7] o
ok o] Aol Ash Zo] YA" Abu &
of ola) sl nERkE HHR

328

I =g
2z UYeE 99 e BAYS
HAY 5 Y3, FEZTo v TEA
ol A75YL 71534 & Aot
Z 25
1o 9] 1998, “APNZAW S o] L3}
Aucde] X7, SZe ks A ul

o}, vol. 3, pp. 228-233.

uEd, f2El, 1979, ‘-2 uel Asete]
AR E”, A @)=, A65, pp. 1-10.

FEA, 2001, “ALE B olFi HA}
7o A@Ws} AT AR A
= AtZ7, Aerhsta dishd 4ALE
SR =t

AE4, 2001, “Maft AT abAbT9

AGgustel HHye 547, Aedu

Wohe) AL =
ol E4, 2000, “GHSHANZF I3
2749 28 AW/ 4Y57", 34
EE R RN EEES
Ahmad, A. and Chandler, JH., 1999,
"Photogrammetric ~ Capabilitiess of The

KODAK DC40, DCS420, DCS460 Digital

Cameras", Photogrammetic Record, vol.
16(94), pp. 601-615.

Bosemann, W., 1998,  "Photogrammetric
Solutions for Industrial Automation and

Process Control", Photogrammetric Record,
vol. 16(92), pp. 187-197.

Clarke, T. A, Wang, X. and Fryer, J. G,
1998, "The and CCD
Camera", Photogrammetric Record,
16(92), pp. 293-312.

Principal Point

vol.



CIXIE AREIEZ0l 28t

ot

Eleveld, M.A., 1999,
" Morphodynamics of Ameland(the Netherlands)

"Exploring Coastal

with Remote Sensing Monitoring Techniques
and Dynamic Modeling in GIS", PH.D.
Dissertation, University of Amsterdam, pp.
45-56.

Ghosh, S. K., 1988, Analytical
mmetry : 2nd ed., Pergamon Press, New
York, U.S.A., pp. 141-158.

Holman, R. A., Lippmann, T. C., O'Neil, P.
V. K., 1991, "Video
Estimation of Subaerial Beach Profiles,"
Marine Geology, vol. 97, pp. 225-231.

Macklin, B., 1998,
Remote Survey of Jet's Divertor Structure

Photogra-

and Hatchaway,

etc., "Engineering a

under Conditions of Restricted Access
using Digital Photogrammetry”,

mmetric Record, vol.16(92), pp. 213-223.

Photogra-

=)

fotAl=o|

I

=gt

Plant, N. G. G. B.,, 1992,
"Interaction Between Nearshore Processes

and Griggs,

and Beach Morphology near a Seawall,"

Journal of Coast Research, vol. 8, pp.
183-200.
Plant;, N. G. and Holman, R. A., 1997,

"Intertidal Beach Profile Estimation using
Video Images," Marine Geology, vol. 140,
pp. 1-24.

Wolf, P.R. and Dewitt, B.A., 2000, Elements
of Photogrammetry : with Applications in
GIS 3rd ed., McGraw-Hill Companies, Inc.,
Seoul, p. 387.

Wong, K. W., 1980, Basic Mathematics of
Photogrammetry in Manual of Photogram-
metry 4th ed, American Society of Photog-
rammetry and Remote Sensing, U.S.A., pp.
37-102.

329



