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Abstract

This paper describes an implementation of linear feature extraction algorithms for
satellite images and a method of automatic GCP(Ground Control Point) filing using
the extracted linear feature.

We propose a new linear feature extraction algorithm which uses magnitude and
direction information of edges. The result of applying the proposed algorithm to
satellite images are presented and compared with those of the other algorithms.

By using the proposed algorithm, automatic GCP filing was successfully performed.
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o B FAl o]277tA] $FALe] F&T HER B frE 94, FAEE 94,
14 94, 4 94 o] BAEA 0w Mercury A& o8 QA Ugown FAe
WA FA 944G 4] Romote sensing?] F/FE o] F7 FUdh ol 8 YA E o
St AR Foprl B ZAE F7]e o2tk SERRE EX, 84, A #E Eof
NA ZAE EHe o]27|7tx W& thofdt Eopo] $E4HT vk FHAME Tgrs 24
o2 o2 I7h7t g8t SPOT A4& HAIste &8 Fo lom 1992971A 37 o] 4o
F& AL TAT A stk RN E 19879 299 MOS - 18 walste] o] Hofel o
Tl MAE Jpstal ok 53] HTols olF AAAREIL dubelA FAHZ glo] oo &g
E FHHoREE W §4% Aoz Agdr

B =FoMe ZTagxg A FAY BFAYA Q] SPOT(Systeme Probatire d’Observation de
la Terre)odll X dojz Level-29] SWMAFE AHE3td [ A& ojo] NTA & SPOT
DATA® EA4d tigtd =3 5 MAAME AFEF F&2 S Ed st 7&e WHs
g gotlE o AR BHE Addrh VoA GCP T4 sty dolrm 71&9 GCP
filing ol tiste] GotE H MFA A3 WS o] &3 Automatic GCP filing g

At VAdMs M3, NVge Wee 3% | 2745 2430 VdMe 2 =29

N

-

M

of

A

Y e
i
e
O
o
fru
o,
4
re
-4
i
—{1
;
x

II. SPOT datag| £4

ZH 2o AHtoZ ESA(Europe Space Agency)E 1973\ ¢ M gsle] xgr 2 ozolp
2(CNES)E FAH oz drld, 29d 59 97 77t Foste] 19773 A 7A49 &Ar Al
SPOTE st &8& Fol Aow 1992974 F& AA& 37 ol 2AZ A 2
SPOT 9149 F8 FA4%& SPOT 914& 43k Ariane Launcher A]2®], HRV(High Re-
solution Visible Imagery System), Multimission Platform %o] ¢t} SPOT 94 2] Network
TS I 13 Zow, Aot 3 gA9te AAe 19 24 vk Multimission Platform
£ electric powerE A F3HH ¢l T YA 9 AL E Z2ASE 715 S 48532 Launcher$} Inter-
facing®] 715& ] AAFALet A7 E FFeh o5 A8 A on-board FFE
E WAsa o A FEE SPOTe CCT(Computer Compatible Tape): LGSWG(Landsat
Ground Station Operators Working Group)d] 93 & o] ¥ standard format family(Swain,
1978)el A §stm & TiAAS o] Utk SPOTA A AF=HE data® FH5t9 2w b33 2o
(CNES, 1987).

Level 1: 7123 HAIFE RS 788 JY3AE.

Level 1A : Push Broom Scanner?] CCD elementsE equalizationdle] o) 7te] RAL =3
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Fig.1. Network of SPOT satellite.
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Fig. 2. Sensor and peripheral device.
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& AR E.
Level 1B: Level 1A GAAEE E0 AT JAAREA YA 58 38
239 A7 £5E LAY SN nyE FUT JAR
Level 2 : Ground Control Points& ©]&& 1AW WAL =33 JH4=5H.
Level S : DTM(Digital Terrain Model) T Al&321e] g Fo iy

Reference Scened|
A AH YL A3 GRS

+]]

M. MYSY 55 Wy

AN HPEA =& 21 S&d= Linear detection 318 =, Nonlinear detection

4312] %, Semilinear detection ¥ 8%, Modified linear detection €8] Z(VanderBrug,

1976), Acuteness operator(Wang, 1987) 5 ol9ldx AP EA L =

Are gol FAH
t}(Bajesy, 1976, Ehrich, 1977, Paton, 1979).

3.1 Linear detection &312[&

QWA HYEHe] AHE FLAY

e W, of7]e}x Bl, B2, B37} A3
ER& TS A8 =22 Y4e,

HEAo| AE
A2 28 F99 gray valuedtt =1t}

o] @ gray
value ranget= Wo] 255 3-o] (Qo]t}.
Al B1 C1
A2 B2 Cc2
A3 B3 C3
A L

H 3k 3x3 windowdlo| A T3 2L 2148 HEE o F43 4 B2
o] AR 2 e Aol

il
2
of
A
oX,

3
1/2 > (A1+C1)~ZBl < T
i=1 i=1

714 Te 4ol dA g

Linear detection €13
Bol] W o] & &2

29 Fgol #239

Fog, Aol Ha Fg dFL
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3.2 Nonlinear detection ?:_f_T'_E|—§§-

Aol A 2&FF 3x3 windowE sl Al > Bi-T<CiE 9£3lH B2E H¥EA o
n.g 3= dyolth. Nonlinear detection ¢4 &-& 197139 Rosenfeld®} Thurstono] =<t
s a‘_?_a]%gi(Rosenfeld 1971), A gE Bo] Fof FHL9 FFo] 22 viH HA MIEA
o] &% AHuh o] duHEL HFEAN FL Eo] oW F254 Rote "o Utk E
3, 2 daEd T?'fﬂ P& w7 Aok

3.3 Semilinear detection Y2|&
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9JoA 23 3 X 3 windowE A3l T WL g
W7kehe Aot

3 3 3
2 Ai > 2Bi-T< 2Ci
i=1 i=1 i=1

of7jeld Te delef AA .

Semilinear detection €18 &2 1976d VanderBurg”} A ¢tk i) Z(VanderBrug, 1976)
© 2 linear detection €312 %% nonlinear detection e &2l d35 eolth AFPEA

#Ho 2 YA &3 B A E nonlinear detection ¢ #EF Hls:3lth

3.4 Modified linear detection Y§12|&

X T 3x3 windowd T w L9 T Jlx AL FAH nE3W B2
PEA AR AZshe WRoth

il
2

3 3 3
DA > 2Bi-T < ZCiand A2 > B2~ T < C2
i=1 i=1 i=1

o7l Te 4oy dA %

Modified linear detection @11a]Z(Gurney, 1980)& 1980d ] Charlotte M. Gurney7} A

ot ¢4 uT] &0 2 semilinear detection® nonlinear detection?] £7F dejolr}h A A
[

& semilinear detection® 232 =¥ # &7 -E nonlinear detection} 2t} Nonlinear detection
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o A& A 3ro] B o B semilinear detectionoll ¥] &) &3 NP EA o] A 5% ¥ 1L semilinear
detection®] /& nonlinear detection¥E W2 &3} AYEAo] Bel FEHHH, FYPAIL
nonlinear detectiond] ¥]3] &t} Z, modified linear detection& F3AAINTH F&-4H¥

o
EA WoA ¥ ¢ugFe] AFIHeIth
3.5 Acuteness operator

198746 J. W. Wang 3 P. J. Howarth7} A ekst Gae)Z&(Wang, 1987) 02 8vhake] v
U E YRS 713 5x5 window 1408 ol &3dte] 24 3449 A7|(MACU)S #aHDACU)E
Auste] AYEHS Be Ao 0ed 2o P¥e Faah

MACU(x, y)= { —acu if acu<0
0 otherwise
o714 acu = —mgx{N(x, y) * wi}
i
and DACU =Dki ki € {0, 1, 2,3, =, 7}
g71A4 N(x, v) * wk0 = max {N, y) * wi}
i

9o W o8 MACUS DACUE 78 thg o4& o] &34 starting point9} tracing
directiong #3te £AE oS3} g}
(7}) MACU¢] histogram& AlArsl 2 A3 dA S A g
(W) (%0, y0), (x1, y1), (x2, y2)& starting point® 7] 918 =¢L& the3 2.
1) (x0, y0), (x2, y2)¥& (x1, y1)¢] 8—neighboro]t}.
2) MACU(x0,y0) > = Ts, MACU(x1, y1) > = Ts, MACU(x2, y2) > = Ts
3) (x0, yO), (x1, yD), (x2, y2)& H=ANAN 78 MACUHE F9 stvirh Hojof ek
4) angle {DACU(x0, y0), D} < /4, angle{DACU(x1, y1), D} < z/4, angle{DACU (x2,
y2), D} < =/4

= tracing direction code

[op) @28 o~
NT7
oW
VAW
o] — [N

9ol 2] F3b starting point, tracing direction code, MACU, DACUZE o]|&-3lo] graph
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searching g Th&3 o] 8}
(7}) 8 —neighborg 123t}
() MACU(ni) >T, MACU(nj)>T, (T : chosen constant)
(1) DACU(ni)¢t DACU(nj ¢l z+e& n/48t} Folot 3t}
(&) cost functiong 183}
cost {< ni, nj > }=M—-MACU(ni)
o714 M=max{MACU(x, y)}

If N(x, y) <T1
MACU(x,y) = { —acu if acu <0

0 otherwise

o 7] A acu = *rn?.x{N(x, y) * wi}

Ti=3~Eafe] Fojag,
If DACU > T2
DACU = Dki ki € (1, 2, 3, 4}

o714 N(x, y) * wkO = max { N(x, y) * wi}
i

T1*07<T2<T1

otherwise DACU =0
otherwise N (x, y) = 0.

ol At GnAF(HAY] ¢, 1989)2 8t HE o WAFHEE /1A 5 x 59 window 14
ME ALL3F acuteness operator®] #H4HAe]l BAAL L msta HEEEE Zolry] 93ty 13
33y 4 QR HIWME S 12 g 3x39 window 42 AF&39 F(Pratt, 1978, Ballard,
1982). WA F4e st FollA s|aE1Re] FolA(peak) #E FAGke R HAdsto] A
Fel BaE EAFoEN AMALE @FAZ oW A windowe] HEF{E(convolution) F
o] Aol o3 7 #aol A|(maginitude)9t WaF(direction)S Tt Th ol®A T3 I
Staxe] Av|ot HFAHES BE u8id T PE(Wang, 198704 & sta9 3718 19

2 e AT ZANS SR A7E uBstY E e gAGE A
ZEOY ola g 07-1 Atolold AA A o|FA AA
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direction window direction window
code code
-1 -1 -1 -1 2 -1
1 2 2 2 3 -1 2 -1
-1 -1 -1 -1 2 -1
-1 -1 2 2 -1 -1
2 -1 2 -1 4 -1 2 -1
2 -1 -1 -1 -1 2

Fig. 3. Direction code and window.
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V. Ground Control Point
GCP+: Image planedl A 2J¥o] 7}% 33 Reference MapolME R TS AAT 4 Y= E
A3d Ee AX(andmark) 2 A G443 # (sample & linenumber) 9} 2] %2 (map coordinate)

& AWAIE W ASHH A2he Wt mela WslEA ool Bk ol4Hel GCPEE
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oo AW, de) FRAW 2, 55 AAY, A A, W, ¥F2d fEe I Fo|

At ol AT FolA B w=golME GCP Fryoz w2 ZAHS Hgsgt.

4.1 M&E =32l Graph Searching ¥ GCP 3iglal

A @AA 528 44854 S Graph Searching® FH#Th 1AL HPEATo| Ho}
9t AHolmE 3 x 3 windowd Telste] 8 EAs] HEEAL FHT H 2ol
JEUR 1 HE A7 A% FHE Fast o olge) FHsol & A¥EAo) glow
NojAAE BHE Sde HAazZdolg & JYES L HURE e

4.2 GCP sjeo| HE

Aol 3 GCP 3} AEE A8 BU1H o A 4S9 I A FAM &
A B A %7%—% 25 Agtonm gdo YJHE g FU1HA dAFE & F AT

V. A

ot

A2y g =9
APo] ALgF JAAEE Level 28] T oz 1987 1149 199 024 21% 09x°) &
g% AgEA g4 24 FHEE B9 6% 51F 27%, §74 126% 318 128xovh. A o
A 7.(5994x6686) FolA HAH APl ALEe FAdARE AR (256 x256) 4H-E ARGt
Ak & stao HAEE 10m < 10mo) ™, 256 1 o] el 42 AFE A& WA 9
A @itoltt Sobel oA Fakatg 83 AArf 29 4(a) v dTh AE G A %94
Szt gadAAe) B s adelgre Fo] F1 FA3 Wstng A A¥FEH) &
=52 ¥Es ¢ F dow, a9 4b)-(DHe 718y dnFS A9 H83 éﬂrﬂ‘ﬂ
O Hg)E AL 2udEFS HET dijolth ojge AAE HIEAY FF FWIM HE
dted R B A EAH) ge H4AFe AAdA = semilinear detection ‘Qﬂéliil}
modified linear detection € xa]&o] AAel AHAA EAL & Vel F3 ey, =x27F 9
= QXYM = A3 ¢xa)Z&5 acuteness operator’t AFEA(=2)E 7 I FEH3H1
Aok AFR Y Ay AMegrL v A E B 7 $o= semilinear detection &alg]

Z, modified linear detection & 1.8)Z, acuteness operator$ A ¢HF Fue] & I &

33 %113}. a8y 229 iioﬂ)\‘]% A ¢rst 48] &3 acuteness operatorito] FE3L QL
% 2AAEGE e T dEe dAdME 71EY BE daFel £FY =4dAYe =28
F&3F ] %0}3’— Nom Zﬂ?l’"‘?} dugEte] T2E FE8N Uk T2 BUHE Ho=
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e o % 41“’».-’ £ NS SN .
Fig. 4. (a) Output by using the
Sobel operator.

Original image.

1)

}_;' VIR ER r\ill'/ i , R S
Fig. 4. (b) Output by using the Fig. 4. (¢) Output by using the
Linear detection Nonlinear detection
algorithm. algorithm.
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o508 SANRAN DR RV R R T

Fig. 4. (d) Output by using the Fig. 4. (e) Output by using the
Semilinear detection Modified linear
algorithm. detection.

Fig. 4. (f) Output by using the Fig. 4. (g) Output by using the
Acuteness operator. Proposed algorithm.
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GCP NO. ROW COL
1 10 51
2 11 131
3 14 9
4 20 48
5 34 83
6 38 88
7 41 94
8 50 114

Fig. 5. Output file of GCP.

Table 1. Run time of each algorithm

@9z
dxndE AAAY ZEFGY W, E2 AR B
linear 55 55 55 55 55
non-lin 272 255 264 218 253
semi-lin 55 55 55 55 55
modi-lin 63 62 63 60 62
acutenes 88 88 88 88 88
A <t 10 13 12 22 12

EA Y oA Az e Axe YR Ho| 1Y 5otk

T2 F&d Yoy AU SuAFE 184 v TR2ME FEH3A RIe AL &
& Utk AL mixelo] E3 @ EQ Aoz daEti(Hoyano, 1988). 4230 A|H& AES =
W ¥ 13 Zoh

E Ao e IBM - PC/ATE o] &3] SPOT A4 AEEA F&5& Hstd A=¢
W g Akl L3 A MPEAY FFo| FIxIHon FEHE AFESHoEFEH GCP
9 FRAS AYEA(E2)Y Aoz /143t GCPFRYE 454 2 Fllmgff}‘ﬂt‘r- GCP
FRPe PR LA Hqg A= o] 83t RIS stgon, A I o GCP FrY
AEL HAAAN Hristy Ben Ade Fzddnt. SPOT H’“@“‘" ol &3l FHAAE

Festgon &Y ¢dd 472942 Ed2 2o AAE dAAY WS Adste H 83t
At Fog JAFAE o83 FFERARE hEH T Fobe A7t FYHolok & Ao
t}.
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. Mixel(mixed pixel)& Rl AFEA =2 dudF Mol B AT

. SPOT 943 LANDSAT d4¢ §4< 53 44989 AREds Add a8 27
. @ %ol 9L AFHor FFEy] 7T AT

. AYRE N0z RE $£AANYR1EY(DEM) el BF AT

P
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