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A Study of the Clustering Method

for a Huge Satellite Image

— Histogram Mode Method —

By

Kohtaro Matsumoto, Masao Naka, Hiromichi Yamamoto

ABSTRACT

The clustering technique is important as the unsupervised classifier in the realization
of an automated satellite image analysis system. But current cluster analysis methods are
not suitable to deal with huge, multi-dimensional satellite images because of the

dependency on initiai partitions and the tremendous computational time required.

In this paper, to analize a huge satellite image, we will describe two new algorithims,
i.e., Multi-Layered Hashing Scheme and Histogram Mode Method. The first one is for
the construction of a mulii-dimensional histogram from the huge satellite image data.

And the second one is for deriving natural clusters from the histogram using the basic

idea above.

The algorithms were implemented on the large scale pipeline computer (FACOM

230/75 APU), and have been successfully used. Some results are shown in the paper.
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INITIALIZE BETA COEFFICIENTS

CALL HBETA(IPR1,IPR2,LVEC) - (4.14)~(4.16)

kkkkkkkkA*k*x GRAND LOOP ***kkkkkkhkhkkkkhkhhhkkhhhkkkhrkhxk

GET INPUT

5000 CONTINUE
CALL SMPGT1 (KF,DATA,IFR,NDT,NSMP,NDIM,LNG, INDX, MF)
IF(LNG.EQ.0) GO TO 2000

INDX($IDX)
INDX($IDX)

INDX($IDX) +1
ICHN(INDX($IDX))

*xxAkAk%k*% GENERATE HASH VECTOR ****kkkkkkkkhdkkkkkkhkhkkkkhkkk

90 CONTINUE (4.4)~(4.8)
DO 200 IV=1,LVEC
JVS = (IV-1)*NPACK+]1
JVE = JVS+NPACK-1
IF(IV.EQ.LVEC) JVE = MZW

NVEC(*,*,IV) = NVEC(*,*,JVS)
IF(JVS.EQ.JVE) GO TO 200

DO 100 Jv=JVvS+1,JdVE
NVEC(*,*,IV) = NVEC(*,*,IV)*NSHFT + NVEC(*,*,JV)
100 CONTINUE
200 CONTINUE
kkkkkk*x CALCULATE HASH KEY "A" & "B'" **x%x%kkxkkkkhkkhkkkkkkkk

LA = LVEC + 1

CALL HSVEC(NVEC,BETA,IPR1,1 ,LA,MX,MY,LVEC) -« (4.11)
LB = LVEC + 2
CALL HSVEC(NVEC,BETA,IPR2,2 ,LB,MX,MY,LVEC) -« (4.12)

NVEC(*,*,LA)
NVEC(*,*,LB)

NVEC(*,*,LA) +1
NVEC(*,*,LB) +1

X%k *kkk* HASHING SCHEME *A**kkkkkkhkkkkhkhkkkkkkkhkkkkkkh k%

400 CONTINUE

LC = LB+1
NDP = 1
NDT = MXW*MYW

DO 1000 ILP=1,NLPH

DO 500 IDP=1,NDT

KEY = NVEC(IDP,1,LA)

IF(NTBL(KEY,NHT) .EQ. 0) GO TO 420
** CHECK CONFLICT **

DO 410 IV=1,LVEC

IF( NTBL({KEY,IV) .NE. NVEC(IDP,1,IV) ) GO TO 440
410 CONTINUE

B2 WH|o~, v e TAT) X A
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** VECTOR MATCHING ** . Step 2(b)
NTBL(KEY,NHT) = NTBL{KEY,NHT) + 1
GO TO 500

** BLANK ENTRY ** . Step 2(a)
CONTINUE

DO 430 IV=1,LVEC
NTBL(KEY,IV) = NVEC(IDP,1,IV)

NTBL(KEY,NHT) = 1
NCRTB = NCRTB+1
GO TO 500
*% CONFLICT ** Step 21c)
CONTINUE
NVEC(NDP,1,LC) = IDP

NDP = NDP+1

Cx**x*x*** NEXTKEYCALCULATION *xkkskkkrkdkdhhhhhkhdkrkkhkdhkkkxk

500

-----

1000

340

350

360

370

CONTINUE
NDP = NDP-1
IF{NDP.EQ.0) GO TO 5000
DO 510 I=1,LB .
NVEC($JDX,1,1I) .
= IGAT( NVEC($JDX,1,LC) , NVEC($IDX,1,I) } -

NVEC($JDX,1,LA) (4.13)
= MOD( NVEC($JDX,1,LA)+NVEC($JDX,1,LB) , IPRT )+1
NDT = NDP
NDP = 1
CONTINUE
GROUND LOOP END
GG TO 5000
SUBROUTINE HSVEC({NVEC,BETA,IPR,IBETA,LAA,MX,MY,LVEC)
INTEGER *4 NVEC(MX,MY,1),BETA{LVEC,2)

** CALCULATE HASH KEY "A" OR "B' *x%
FOR MULTI-WORD HASHING VECTOR

LA
LB

LAA . (4.17)
LA+1

DO 340 I=1,LVEC
NVEC(*,*,LA+I} = MOD( NVEC(*,*,I) , IPR )
IF(LVEC.EQ.1) GO TO 370

DO 350 I=2,LVEC
NVEC(*,*,LA+I) = MOD( NVEC(*,*,LA+I)*BETA(I,IBETA),IPR )

DO 360 I=2,LVEC
NVEC{*,*,LB)
NVEC{*,*,LB)

NVEC(*,*,LB) + NVEC(*,*, LA+I)
MOD( NVEC(*,*,LB) , IPR )

CONTINUE
RETURN
END
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100

200

5000
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SUBROUTINE TBSRT1(NTBL,IPR1,NENT,NPRAC)

DIMENSION NTBL{IPR1,NENT)
LOGICAL LW (NPRAC)

INDEX $1DX/1S,IE/,$JDX/JS,JE/

INTEGER $IDX,$JIDX

ALLOCATE LW
NEND= NPRAC+1

IS = NPRAC
IE = NPRAC
JS = MLP = IS-1
LW(*) = .FALSE.

** MAIN LOOP **

DO 5000 I=1,MLP

Find a Position to be inserted

"

LW($1IDX)

IPNT = IFBON(LW(*))
IF(IPNT .EQ.IS) GO TO 200
IF(IPNT .EQ. 0) IPNT=NEND

** DO SORT BY INSERTING **

JE IPNT-2
IPNT = IPNT-1

i

Block Move to insert a entry

DO 100 J=1,NENT
ISAVE
NTBL($JDX,J)
NTBL(IPNT,J)
CONTINUE

NTBL(JS,J)
NTBL($JDX+1,J)
ISAVE

1}

CONTINUE
IS = IS-1
JS Is-1

CONTINUE
FREE LW
RETURN
END

ABL3 XHy—TFT 47 e TAT} XA

NTBL(JS,NENT) .GT. NTBL($IDX,NENT)
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C..... ** CHECK CONNECTEDNESS TO SOME AREA **

400 CONTINUE

C Check LOWER Bound
LW(ISDX) = RSLAND{ISDX,NLOWS).LT.DATA(1,NDPNT)+2
K = 2
DO 410 I=NLOWS+1,NLOWE
LW{ISDX}) = LW{ISDX)

. .AND. RSLAND(ISDX,I).LT.{(DATA{K,NDPNT)+2}
4170 K = K+1

C Check UPPER Bound
K = 1
DO 420 I=NUPPS,NUPPE
LW({ISDX)} = LW({ISDX)
. .AND. RSLAND(ISDX,I).GT.{DATA{K,NDPNT)-2)
420 K = K+1
C Get Number of Connected Areas
LS . = TIONC{LW(ISDX)}
IF(LS.EQ.0) GO TO 500
LSTC(LDX) = IDXL(LW(ISDX))
GO TO 600

500 CONTINUE

CASE **x% Isolated Cell

C..... et st e s m e st ats s senesssesteaassberuass e .

Covenn seteeesiecsansanssnann s et eeas e

600 CONTINUE
IF(LS.GT.1} GO TO 700

CASE **%* Connected to only 1 Area

G ieeccnncanonaancananeene sr et e ettt neanne e

C Merge the Cell to the Area

700 CONTINUE

CASE *** Connected to Some Areas

Ciiees ettt esansnsescensenanses cheeene cesasa e
C Decide the most suitable Area &

C Merge the Cell to the Area .
C Merge the Areas if possible .
Covenn ceoeesnn ce s e s e s as s e ss e nsesssunan s

504 $EE L £ OEFEEIROWFIL
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