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This volume documents the computer programs which were used to implement
and evaluate the image processing algorithms described in Volume I|. All
of the programs described were run on an IBM 360/75 computer, ana core
requirements are given in units of 8-bit bytes. The Landsat-1 and -2
data used as input was formatted into bytes, such that the four spectral
measurements appear in one full word. The data sets used were seasonal
passes covering a LACIE sample segment of 117 by 196 pixels, and a

1200 pixel square segment containing Mobile, Alabama.
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AVERAGE UNCERTAINTY (ENTROPY)

NAME
ENTRPY

DESCRIPTION
The average uncertainty (entropy) of a data set X is g'ven by

N
Hx) = =X POX;) Togy PX;)
i=|

where P(x') is the probability of occurrence of the ith event In -
data set X. This subroutine computes the entropy of a data set X.

CALLING SEQUENCE
CALL ENTRPY (IX, NREC, NEL, NDEVI, IBAND, XMEAN, SIGMAX, XNTRPY)
where

IX is an array into which the data set is read;

NREC and NEL are the number of records and the number of pixels
(bytes) per record in the data set;

NDEVI is the logical unit number of the data set;

IBAND is the band (one out of four) of the data set; and,

XMEAN, SIGMAX, and XNTRPY are outputs of the subroutine giving the
mean, variance, and entropy, respectively, of the data set.

INPUT/QUTPUT

1. INPUT
The input to this program is a sequential data set on logical
unit NDEVI, having NREC records each NEL 4-band pixels long,
stored in unformatted FORTRAN mode. ‘

2. OUTPUT
The outputs of the program are the three variables XMEAN,
SIGMAX, and XNTRPY denoting mean, variance, and entropy of the
data set.
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DESCRIPTION OF SUBROUTINES
No subroutines are required by this routine.

PERFORMANCE SPECIFICATIONS
1. STORAGE
This subroutine is 1594 bytes iong.

2. EXECUTION TIME
For a data set of 112 records, each 192 elements long, it takes
about 1/3 second on the 1BM 360/75 computer to compute the mean,
variance, and entropy of one band of Jata.

METHOD
A simplified program for computing the mean, varizice, and entropy of
a data set is shown in Figure 1. First, a histogram of the data is
obtained giving the number of occurrences of each intensity. Then, the
probability of each intensity is found by dividing the number of
occurrences by the total number of pixels. Once the probabilities are
determined, the entropy Is computed from the relationship given in
Section Il. The mean, X, is determined from

N

T T x

=1
where N is the total number of pixels (NREC X NEL) and the X,'s are
the intensitles.

The variance, Sz, is found from

N
2 | 2.
e X g-X
i=]
COMMENTS
None
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Figqure 1. A Simpliiied Flow Diagram for Computing the
Mcan, Variance, and Entropy of a Data Set
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TESTS
This program has been tested on the LACIE data (112 Vines x 192

pixels/line). For the 10/22/75 pass, band 1, the mean and variance
were found to be 25.1 and 12. 4, respectively. When the logarithm to
the base of two was used, the entropy was 3.7 bits.

LISTINGS
The listing for ENTRPY is attached at the end of this section.
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SURRDLTINE ENTRPY(IX,NREC,)NEL)NDEVITHAND, XMEAN,SIGMAX ) XNTRPY)

THIS SUBKOUTINE COMPLTES THE MEAN, VANTANCE, ANE ENTROPY
OF A PATA SET

R R E R EEE EE R XE 2N IS IR ISR S SR IR U S RN SN S I N R
0005t04000006000‘000000606000006.;0‘0‘0&000‘0400.4}6160*&00006*0.0

LOGICAL#Y IX(4,NEL)
DIMENSION IH(128)
DATA NPTS 7128/

COMPUTE THE HISTOGRAM QF THE DATA

DO S 121,NPTS

IW(I) =2 0

00 10 Is1,NREC

READCANDEVI) IX -
00 10 Jsi,NEL

Mz IX(IBAND,J)+t

TR(M)STIK(M) e}

CONTINUE

COMPUTE THME MEAN AAD VARIANCE CF THE 5ATA
L% -{1]

NXL SO

NXMS0

bCc 20 1=21,NPTS

NB N TH(TD)

AXL 2 AXL 4 IN(])e(lel)

NXM 3 AXM ¢ IK(I)e(Tef)ne?
CONTIANULE

XMEAN & FLOAT(NXLY/FLOAT(N)
SIGMAX 3 (MXMeNAXMEANARZ) / (Nwl)

COMPUTE THE AVERAGE UNCERTAINTY (FNTRUPY)
Stims0,0

ALN23AL0G10(2,0)

00 30 I3y ,NPTS

IF (Ik(1),FQ,0) GO TC 30
PROBXZFLOAT(IKCII)/FLOAT(N)
SLMzSUMPRORX2(ALOGIO(PROBX)/ZALNS)
CONTINUE

XNTHPYBaSLM

RE THRA

END

JRIGINAL" PAGE 18
OF PCOR QUALITY
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“ AVERAGE INFORMATION TRANSFERRED

; FROM X TO Y

: (TRANS ENFORMAT I0ON)

i

i

; l. NAME

g_; TRNSIN

;

11.  DESCRIPTION

% The average information transferred from X to Y (transinformation) -

¥ is given by

N X P(X./Y.)

A 1y = 3 ¥ P(Xi,Yj) log, "

i=1 =t P(X

i
where P(xi,YJ) is the joint probability of occurrence of the
event in data set X and the jth event in the data set Y. P(xi/Yj)
is the conditional probability of occurrence of the i h event in
h .

event in data set Y has occurred.

ith

dzta set X given that the jt
P(Xi) is the probability of occurrence of the it event in data set
X. This subroutine computes the transinformation between a data

set X and a data set Y (compressed data set X).

TRNSIN computes the average percent deviation and the average of the
differences squared between the data sets X and Y. These relation-

ships are determined from

AVPDEV = 1-:—0 z
i=l

where N is the number of elements in each data set and

N 2
y v o-x)2
i=1

z|...

AVDFSQ =

-

Othz? relationships available from this subroutine are the joint
probability of X and Y, the marginal probability of X, the
marginal probability of Y, the conditional probability of X given
Y, the mutual information between X and Y, and the summation over
X of the conditional probability of X given Y times the mutual

information between X and Y.
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CALLING SEQUENCE

CALL TRNSIN (iIX, 1Y, NREC, NEL, NDEVIX, NDEVIY, IBAND1, 1BAND2,
XINF, MAX1, MIN1, AVDFSQ, N)

where

IX and |Y are arrays into which the data sets X and Y are read;

NREC and NEL are the number of records and the number of pixels
(bytes) per record in the data sets;

NDEVIX and NDEVIY are the logical unit numbers of the data sets;
IBAND] and IBAND2 are the bands (channels) of the data sets; and,
XINF, MAX1, MINI, AVDFSQ, and N are outputs of the subroutine

giving the transinformation, data limits, average of the differences

squared, and number of pixels, respectively.

INPUT/OUTPUT

1. INPUT
The inputs to this program are two sequential data sets. One
data set is the original data set X on logical unit NDEVIX and
the other data set is the compressed data set Y on logical unit
NDEVIY. Each data set consists of NREC records each NEL
elements long stored in unformatted FORTRAN mode.

2. OUTPUT
The outputs of this program are the computed quantities

described in Section 1l above.

DESCRIPTION OF SUBROUTINES

No subroutines are called by this program.

PERFORMANCE SPECIFICATIONS

1. STORAGE
This subroutine is 68116 bytes long and the common block
PROB is 198,14k bytes.

2. EXECUTION TIME
For a data set of 112 records, each 192 elements long, it takes

about 2.2 seconds to execute the program.

10
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METHOD

A simplified flow diagram of subroutine TRNSIN is shown in Figure 2.
This subroutine finds the ranges of the data (min. to max.) and
constructs a joint histogram of the data sets X and Y. Each entry

of the two-dimensional histongram contains the number of occurrences
of the intensity of each pixel. The average percent deviation

and the average of the differences squared between the two data

sets are then computed. The subroutine also determines the
probabilities P(X,Y), P(X), P(Y), and P(X/Y) which are used to obtain
the mutual information and transinformation of the data sets X and Y.

COMMENTS

None.

TESTS
This program was tested using LACIE data obtained by LANDSAT-1 on
May 6, 1976 for data set X and this same data (compressed at 1 bit/

pixel using the Adaptive Differential Pulse Code Modulation technigue)
for data set Y. The following results were obtained for band 1:

Average Percent Deviation = §5.32

Average of the Differences Squared = 8.40
Transinformation = 1,67 Bits/Symbol
LISTINGS

The listing for TRNSIN is attached at the end of this section.

-~
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START

REPEAT NREC TIMES

READ IN
ONE RECORD

¢REPEAT NEL TIMES

COMPUTE THE
RANGE
OF DATA .
COMPUTE
AVERAGES

AND JOINT
HISTOGRAM

COMPUTE
PROBABILITIES

J( >
COMPUTE

TRANS-
INFORMATION

RETURN

Figure 2. A Simplified Flow Diagram of Subroutine TRNSIN

12




AT B O O s

FITAIN N ey g e

[z X aXuKale Rl

o

-~

SUHKOUTINE TRASIN (IX, 1Y, NRFC, NEL, NUEVIX, NDEVIY, I8ANDI,

. IBAND2, XINF, MaXl, MINi, AVOFSO, N)

10

TH]8 SUBROUTINF COMPITES THE AVERAGE INFORMATION TRANSPERRED FROM
X 10 Y (TRANSINFORMATION)

[N B N T I I S U I Y B [ IS AP BN T Y SN B I R 1 L B SRS BN IR BN SRR ] LI I I B I }
lid000‘0‘406000000‘tt.dt.....'.o.oi.obtt."‘ﬁ.........t..di.l.'.ﬁ‘

LOLICALAY IXCU,NELY, TY(U4,NEL)

DIMENSION I1H(128,128)

INTEGER ORS, EXP, DIFSQ
CUMMON/PROB/PREXAY(128,128),PREX(128),PRBY(128),PRBXCGY(1208,128),
R XMUT(128,128) ) XINFYI(128)

G0 10 1s3i,128
DG to Jsy,128
Ir(l,J)80
CONTINUE
SUMABSS0,0
DIFSG 8 ¢

NG 1S Is1,NREC
REAN(NDFVIXY TX
KEADN(NDFV]IY) 1V

RO1S Jsl,ntL

CLeIxX(IBANDL,J) ¢}

11
12

15

16
17

Mslv(IBAND2,J)¢])
ICL,M)STH(L M) el

ExPRIX(IBANDY»J)
URSSIY(IHBANDZ,J)

IF (EXP,tG,0) GC TC 11

LIFNEX 3 (ORSeEXPI/FLCAT(EXP)
GO 10 §°

DIFOEXS0HS

SU1aRS 8 SUMAHSOARS(DIFCEX)
DIFSY 8 DIrFrSUe(CBSmEXP)nn?
CCRTXRUL

N S NRECHNEL
AVPDEY = 100,0e8UMARS/N
AVOFSG = FLOAT(DIFSQ)Y/N

FInD THE RANCE CF THE DATA (MIN TQ MAK)
ul. 16 NRE1,12R

VC 6 JaNH,128

1F (TH(J,NR),NF40) GO Y0 17

1F (1R(NK)J) NEL0) GO TO 17

CONTIAUE

#INh € AKRaf

N 18 NR131,128

NN 2 129=nR]

Ko .n
L tu Jsi,N )R|GNAL pACE

OF POOR QUAL'T

13
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1F (1P (NR,J)oNL40) GO YC 19
IF CIm(JoNR)ME,0) GG TC 19
CONTINUE

“AX 8 ANkel

vAXigrAXaM]ING]

vInlEnMIN

COMPUTE JUINT PROBARILITY OF X AND Y
ne 20 1si,MAx)
DC 20 J8l,*AX1
PREXAY(T,0) 8 FPLOATCIRCIOMIN,JeMIN) I/

COMPLTE »aARGINAL PKCBABILITY CFP X
g 29 Jmy,mAX1

PREX(1)80,0

CUNTINGE

no 30 Ist,"axy

NG 30 Jsg,~AXY
MREX(TISPRIX(T)ePREXAY(],J)
CUMTINGE

LOMPUTE MARGINAL PROHABRILITY CP Y
LG 38 lsi,MAXY

PRuY(1)80,0 .
COMTINGF

D 40 Jsl,vAXY

NC 40 Jsy,~AX]
PeuY(JIZPRHY(J)ePREXAY(1,J)
CUNTYINLP

COMPUTFE CCeNTTTCONAL PROBAFILITY CF X uwlvpn Y
Nl By =), AN

DL SO0 lst,~Axd

TF(PREY (D) LE v ,0) GO TC ab

PREXGY (T ,J)SFRAXAY(],J)/PREY(J)

STV RAE YT

FRHEGY (T, d)80 0

Cen T Inik

(OrBLTE MLTLAL TnFCRMATICN BETWFEEN X AN Y
oL NPBALLGIN(2,40)

L »S 131,~AX]

L 68 Jdsy,vaxd

TF(PREXGY(T,J)LE,0e0n) LE TO 60
TF(PREX(I) Lt 4000 GC T0 60

XMUT (T, 0)SALLGLIO(PREXGY (T,JY/FRAX(T))ZALN2
LW TC 0%

bt (l,J)80,0

o LONTINLE

(C“F1iTr AVERAGE INFCWMATICN TRAMNSEERKED PROM X TO Y
(TRAMSINFORMATION)

xiab=z0,0

SRy 1zl,AR]

GlHS Jzt,rAR]

14
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45

70

15

100
200
350
950
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XINFEXINFePRUXAY(L,J)axMPUT(L,J)
CONTINVE

CrmPUTE THF SUMFMATION OVER X OF TME CONDITIONAL PROBABILITY OF
X GIVEN ¥ TIMES THE MUTUAL INFORMATION HMETWEEN X AND ¥

DO 70 Isi,MAX]

XINFYI(I)®0,0

CONTINVE

D0 78 J3l.MAX]

D0 75 [si,MAXxg

XINFYT(J)SXINFYD(J)OPRBXGY(L,)J)nXMUTCl,d)

CCNTINVE

WEITE(6,100) MIN, MAX
wRITE(O,350) A
wRITE(6,200) AVPDEV
wRITE(0,)950) THANDI,XINF
RETURN

FPORMAT (7 1X,'RANGE OF DATABI 1S,2X,1T70¢,15)

FORMAT (/7 X, 'AVERAGE PERCENT DEVIATIUN 8!',F12,59)
FORMAT (/7 1X,'TCTAL ANUMBER OF OCCURRENCESE!,16)

PORMAY (/7 1X, 'TRANSINFORMATION FOR 8anD',12,' 81,F12,9,
. t HIT/SYMBOLY)

END

15




DA T L S Pt S e I A Lo i il o

CHI-SQUARE STATISTIC

NAME
XsQ

DESCRIPTION
The chi-square statistic for two data sets X and Y s defined by

e oop (o)

ju? €

where 0, Is the observed frequency and e, is the expected frequency
of occurrences of events from data sets X and Y. The total fre-

quency of occurrence is N, and

xo% = X = N

The values for o, and e, are determined from

o, = NP(Y‘) and
e, = NP(X')

where P(Y‘) is the marginal probability of Y, and P(XI) is the
marginal probability of X'. The chi-square statistic is obtained by
summing the values indicated above for e; > S. Those values of e
equal to or smaller than 5 are pooled with previous values of ;.
Corresponding values of 0, must also be pooled. The number of degrees
of freedom is equal to the number of e; or o; after pooling has been
considered.

For comparison with tabulated values of the chi-square statistic,
XSQ approximates tabulated values by

2 2
X =l'§'N+Z\’2/9N

where Z is the standa''dized variable of a distribution with values
of 1.28, 1.645, 2.33, 2.58, and 2.88 representing confidence levels of
90%, 95%, 99%, 99.5%, and 99.8%, respectively.

16
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CALLING SEQUENCE
CHISQ = XSQ (N, MAX1)
where

N Is the number of elements in data sets X and Y.
MAX) is the range of the data (minimum to maximum).

INPUT/OUTPUT

1. [INPUT
The inputs to the function XSQ are obtained from the common/PROB/
which Is generated by subroutine TRNSIN. These inputs are the
marginal probability of X, the marginal probability of Y, the total
number of elements, N, and the range of the data, MAXI.

2. OUTPUT
The output of the function is the chi-square statistic.

DESCRIPTION OF SUBROUTINES
No subroutines are called by this program.

PERFORMANCE SPECIFICATIONS
1. STORAGE
This function is 2224 bytes long.

2. EXECUTION TIME

About 5 seconds to execute the program on an 1BM 360/75 computer.

METHOD

Figure 3 shows a simplified flow diagram of the function XSQ. The
observed and expected frequencies of occurrence are computed from the
marginal probabilities which are obtained from subroutine TRNSIN.
Values of the expected frequency less than 5 are pooled together.

The chi-square statistic for the data sets X and Y, the number of
degrees of freedom, NDF, and approximations to tabulated values are

computed using the relationships given in Section Il.
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YES
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COMPUTE
CHI - SQUARE ;
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)

COMPUTE NDF
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VALUE OF CHi-
SQUARE
STATISTIC

RETLURN

Figure 3. Simplified Flow Diagram of XSQ
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COMMENTS

TESTS

The chi-square statistic for LACIE data obtained by Landsat-) on

May 6, 1976 (representing expected values), and the same date
compressed using the ADPCM technique (representing observed values)
was found to be 9501.64. Normalizing and comparing with the tabulated
values showed that the hypothesis that the compressed and uncompressed
data sets are the same should be rejected at each of the conflidence

levels,

LISTINGS
The 1isting for X5Q is attached at the end of this section.
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PUNCTION XBOG(N,PAXY)
THMIS FUNCTTION CCMPLTES ThE ChHIeSOLARE STATISTIC

L 2CN AURU RIS B ANE SUSE SRR BURCESE BTN BERCUNE UK BV BN IURE T NI R AN 3 AR BN RERUEE L U AU O
0000000600000 00000060000400000000000 1030000000000 0008080000000 000004

DIMENSIOM FO(128),FEC128),2(%)
COMMON/PROB/PRAXAY(128,128),PREXC128) ,PHBY(I2R),PRAXGY(12A,128),
° ANLT(128,128),XINFYI(128)

DATA 2/4,28,1,645,2,33,2,58,2,88/

~s0
SUMEXPR0,0
SumMQOR8s0,0
ENSFLOAT(N)Y

COMPUTE THE OHBFERVED AND EXPECTED VALugS
00 20 Isi,mAxt

SUMCASSSUMORSeFANePREY(T)
SUMEXPESUMEXPeFNePRAXC(])

1¢ (SUMEXP,6T,5,0) GO 0 10

6Q 10 20

MEMe |

Ls]

STORF THE OBSERVEN AND EXPECTED VALUEY
PN(MISSLUVOBS

PE(mIBSUME XP

SurE xPe0,0

Sur0pSs20,0

CONTINUE

IF (L, EQeMAXY) GC TN WO

ADD LAST VALUES LESS THAN FIVF TO PNEVT.JUS CLASS
1F (M,EQ,0) RO TC 70
FO(MISHO(N) eSUNCHS
FEC(M)SFE (M) eSUMEXP

COMPLTE CH]IeSNUARE STAT]ISTIC :
XSCs(,n
WRITE(6,600Y(FECJ),JBY,™)

D0 S0 Isy,m™
DIFSOS(FO(T)eFE(]) )02
NIFOEXINIFSC/FR(])
XSQaxSQeNIFOEX

CONTINLE

wRITE(6,100) X8C

NDFaMe

wRITE(H,200) NDF

P oot Lb L LAT(INDE)
s.~LCS(XSQ/FNDFYae(1,0/3,0)
»RITE(6,300) XCALC

e 6n 1s1,8
1hONS2,0/(9,00FNDF)
xfhﬁci.n-YhOQNOZI!)GSGRY(TuOQN)
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70
a0

100
200
300
400
=00
o

600

WRITE(H,400) XTAB,2(I)
CONYINUE

60 70 80

WRITEC,500)

RETURN

PORMATC//7,1X,'CHIaBQUARES!,FLIR,S)
PORMAT(//7,1%, 'DOCCREES OF PREEDONN!,212)
PORMAT(/7/7,1%, ' Nand/Nealys3)0?,P12,90/)
PORNMATCIXN, ' 102/70N02(2/79N)an (1220010 ,F1R,%,2%,1AY 20V,F12,9)
PORMAT(IX,'THE SUn OF ALL CLABSES 18 LESS THAN FPIVEY)
:o:natt:xo:nrso.t)

N

REPRODUCIBILITY oF
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MULTIDIMENS IONAL HISTOGRAM OF
FEATURE VECTORS

NAME
HASH

DESCRIPTION
The routine obtains the histogram of the four-dimensional vectors
representing Landsat pixels in a scene. Using the histogram, the

mean, variance, and entropy are computed.

CALLING SEQUENCE

CALL HASH (A, N, NPOP, IFEAT, NREC, NPIX, JFAC, IMOD, JMOD)

where

A is the input buffer,

N is an array for storing the table of vectors,

NPOP is the array of frequencies of occurrences of the vectors,
IFEAT is the maximum number of different vectors allowed (determines
dimensions of N and NPOP),

NREC is the number of records in the data set,

NPiX is the number of pixels per record,

JFAC is the multiplier used in determining the table location of a
vector,

IMOD is the divisor used, and

JMOD is the base used.

INPUT/OUTPUT
1. [INPUT
The input data should be on unit 10 in bytes.

2. OUTPUT
The program prints intermediate vector counts for every 100th

and 1000th input vector, the vectors that occur at least 1000 times,
and the number and percentages of vectors that occur 1 to 99 times,
and multiples of 100 and 1000 times.
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DESCRIPTION OF SUBROUTINES
No other subroutines are called.

PERFORMANCE SPECIFICATIONS

1. STORAGE REQUIREMENTS
The subroutine requires 3770 bytes of storage. The storage
required in the calling program is twice the maximum number of

vectors allowed, in words (for the arrays N and NPOP), and the
input buffer array.

2. EXECUTION TIME
The processing rate varies greatly with the distribution of
vectors, but is approximately 9000 input vectors per second.
The execution time increases if the length of the frequency

table (NPOP) is not somewhat greater than the number of vectors
found.

METHOD

A straightforward table of occurrences can not be used because the
maximum possible number of vectors from Landsat data is '
128 x 128 x 128 x 64 = 134,217,728, Consequently, the divisor, base,
and multiplier are applied to a vector to compute a location in a
shorter table. Each component of the vector is divided by the
divisor and the remainder for each component obtained. Using the
specified base, the remainders are used to obtain a four digit number.
Since this number is not unique with respect to input vectors, the
number and hence the available table locations are multiplied by the
multiplier. This final number Is the table location at which the
search for new vectors begins, Additional details and results are
given In reference (1) and a flow chart In Figure 4.
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COMPUTE TABLE
LOCATION USING
MULTIPLIER,DIVISOR,

! BASE

TABLE
LOCATION
FILLED?

NO YES

] INCREMENT
‘ VECTOR COUNTER

|

SET POPULATION
TO ONE
INCREMENT INCREMENT
POPULAT | ON TABLE
: ADD VECTOR COUNTER LOCATION
F TO TABLE

I ,

GO TO NEXT VECTOR

Figure 4. Flow Chart for Creating Vector
Table in Subroutine HASH
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COMMENTS

The storage required can be estimated from the following relation
between the number of vectors (N) and the divisor, base, and

multiplier:
N> M. (0-1) - (148+8%+8%) with B > D and M > 1.

For the Mobile Bay data set, the optimum values were found to be
D=11,8=12, M= 3,

TESTS
The algorithm has been compared with other techniques on test data

sets.

LISTING
A listing of the routine follows.
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(.3

Siihkut- T {nE MASK (A, N, NPCP, TFEAT, ARNEC, NPIX, JFAC, IMOD, JMOC)

Tl PRIGRAM COMFLTES A 4 DIMENSIONAL HISTOGRAM,
Trt MTSTEGRAM 1S LSED TR CCMPLTE THE “EAN, VARIANCE, AND ENTRCPY,

Tk VECTORS ANF WEAD IN ONE RECOKRD AT A TIME USING THE VARIABRLE A,
NCL)BLOMPONEATS e THE ['TH VECTOR IN THE TABLE

MPOPCTISTHE AUMBER OF OCCLRRENCES OF TME ITH VECTOR IN THE TAELE
ItEATSVARIMUM NUPRER OF CIFFERENT VECTORS ALLCWED

PRECSAUMBER OF KECPRES TC EXAMINE

LPIXSNEMBER GF PIXELS PER RECQRD

JEACerLI TIPLIER

1*0peCIvISOR

JrulshkASE

L¥pIrSThE COMPONEATS NF A VECTCR (LOGICAL®] AND INTEGER)

CHANDS LMHER NF SPECTRAL TMAGES CR VELTOR OIMENSION

AnTSA VAKTABLF LSFEC TC COLAT THE ANUMBER OF PICTURE ELEMFNTS(PELS)
ACLAT2A VARTABLE USEC TC CAUNT THE AUIvAER QOF CIFFERFNI VECTORS

Y [ R IR ) LIS I BECI SECNE N IC R O T DRI BRI TR AP ] [ 1 L BTSSR SR IR RN B B I I S
a¢00‘0‘04bool¢0000ob000000+000040¢ai|‘0lAaﬁioatti&ﬁtttottooib..’to

[~TFGER ACNPEX)
CIMENSTON N(TFEATY, NPIP(IFEATY, MN(290), IH(128)
1LOLICAL &) M(U)
FsUlvalFACE (1%, LM(1))
cAlA nHARD 24y

InTYEAL JLF ALL VECTIOK PURLLATICNS TG (EXO

B RS 1S1,IFEAY

rr(tBP(T )0

rion) o0

vEACSTILO

n88 B @ /2
1S B Q"Al .
s EITE (6,790) nNkIx, nKEC, JFAC, IvOLC, J@OD

ch ] TE (6o710)

LEuLP $00 REAT In NKEC WECOKDS
vl den JEt ,NMREC

kb AR TN CNE RECCRE
WEAD (10 A

ACLINILATE POLw DIMEASIONAL MISTOORAM FL.R EACP RECORD
U 2660 Jsl,Ab]X

Lel Atk VECICOR ayT CF A AMD PLY INIC M
]" 4 A‘t')

S LYRELSTANAL HISTCGRAM KOUTINE C(COMALNATION TARLE LOOK UP/SEARCH
TIUASERIS)

Conm T JAHLE LCCATICN BROM VECTOR LNFPLNENTS

A1t
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iaNal

aNaN el [aXalal

[z N el (e Nl a X ol

99

100

110

200

3oy

DL 99 NBBi,NHAND
NXX 8 LMING)
L= t;J”OD ¢ MODINXX,1¥0D)
8 JFACaL ¢
tL 'LJ ! REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
CHECK POR EMPTY TAMLE LOCATION
1# (NPCPLL)(NE,0)GO TO 3§10

HAVE FOUND A NEn VECTOR, INCREMENT VECTOR COUNTER
RGUNTEROUNT @

CHECK 10 SFE IP LINMIT ON NUMBER OF VECTORS IS EXCEEDED
IF (nOUNT,GT,IFEAT) GO T0 400

SFT PCPULATION CF NEw VECTOR TO ONE
NPUP(L)s)

PUl NEw VECTOR INTOC TABLE
N(L) 8 [M
IF (LL,EGoL) NLU ® NLU ¢ 8

PRINY PEL NUMBER FCR FVERY 300TH AND 1000TH VECTOR
IF (MOD(ROUNT,MFAC) ,NE,0) GO Y0 200

KNT 8 NPIX(lel) ¢ J

X 3 FLOAT(RNI)/ZFLOAT(KOUNT)
l“l‘f(6.800)!.““'.“00“'.!

IF (RQUNT ,GE,9900) MEAC & 1000

GC 10 200

TABLE LOCATION IS PILLED,
CRECK T0 SFE IF VFCTOR 18 IN TABLE
IF (NC(L)oNEoIM) GO TO 130

VECTCR IS IN TABLE, INCREMENT POPULATION COUNTER
NPUP (L)SNPOP (L) ¢!

If (LL,EG,L) ANSS & ASS ¢ |}

60 Tn 200

VECTOR 18 NOT TrE SAME AS TME ONE WITH INDEX L P
TRY THE NEXT INCEX '
NFS 8 NMS ¢ |

CHECK TO SEE IF INDEX I8 LARGER THAN ENU OF TABLE

It 8ry SET INDEX TO ONE AND START AT BMEGINNING OF TABLE
IF (LoGT IFEAT) L 8

G0 Yo 100

RETURN TC NEXT VECTCR
CONTINUE

KETURN TC NEXT RECORD
CONTINLE

HAVE COMPLEYED PISTOGRAN




Rlo Wkt b . St ittt b anli st o th SEEAR NI i bR aak b L AL dbib AR

L

uY(

LT

e 2D

‘s ¥
S4u
LYY

Bialwt LAST NEw VECTOK AME PEL NUMHER ThAT QCCULRRED
jgjet

kAT 8 rPINALLel) ¢ Je}

LrY1 8 RAT

CLUNTEROUNT

X 2 CNT/Z700OUNT

“WITE (6,800) 1, KAT, KCUNT, X

~TTE (0,R0%) N U, NSS, MVS

wRBITE 0T FEATHRE VECTORS THAY OCCLR AT LEAST 1000 TIMES
vk 3 0

LN 4%4 181,1PEAT

TF (MECPET) L T,1000)60 TC W4S0

1" 8 ac1)

PVEC B NVEC ¢

1b (MVECL,EQL1) wRITE (6,810)

JF EVCU(MVEC,2),F0,3) wRITE (6,811) L~y NPOP(])

IF (MUEOMVFCI2),BR,0) wRITE (6,812) L, NPOP(I)

CONT INLE

POPULATICN DISTRIBLYICN IN LOGARITHMIL INCREMEANTS
ut. %00 Is1,200
nA (LY

110 8%¢ j=1,1FEAT

” 'NPLD‘]’.‘.GQO) G(‘ 'n 550

LOLAT Ime NUMKER GF VECTCKS THAT CCCu=~ 1000'S CF TIMES
11SMPERPCj)Z1060

IFCTTILT,1)IGL TC S10

TI=TIe¢l08

L T S4u

COLNT Twp NuMpkph GF VECTLRS ThAT QCCun 100'S CF TIMES
LI1BNPCH(1)7100

I (1140 T7,0)6C TO %30

11311499

L T Hai

COLANT Yeb WLMEBER 0P VECTNAKS TRAT CCun PROM 1 T0 99 TIMES
11sab(P(])

o (1Yt r (] )el

LORTINLE

Peln T ThE AL*HER QF VECTGRS THAY rCCun 199 TIMES, 100'S AND
106G0'S (F TIMES

whkiTk (6,81%)

4 B0

g =1

v 60 1By ,Pul:

IF (T,the101) INC 3 100
IF ([.th.110) INC 8 $000
J B J ¢ INC

b (hh ()G, 0) GO TC S60
AN )R Q00/70CUNT
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WRITE (6,820) J, NN(I)) X
500 CONTINLE

COMPLITE THE MEAN, VARIANCE AND ENTROPY FROM THE MHISTOGRAM
ALN2 = ALOG10(2,0)
DU 610 NBei,NBAND

NXM 2 0

NXV 8 0

SuM 8 0,40

00 585 Isi,3e8 REPRODUCIBILITY OF THE
585 In(I) = 0 ORIGINAL PAGE IS POOR

DO 600 Is1,IFEAT
IF (NPOP(1),60,0) GO TO 600
I* = M(I)
NXX s LM(NB)
NXM 8 KXM o NPOP(I)aNXX
NXV 3 NXV ¢ NPOPCI)aANXXand
IH(NXX®1) 8 TH(AXXeL) ¢ NPOPC(I)
600 CONTINUE
XVEAN 3 NXM / CNT
SIGMA 8 (NXVOCNTaXMEAN®42) /7 (CNTele0)
00 605 181,128
IF (IN(1),EQ,0) GO YO 60%
PROBX 8 [H(1) 7 CNTY
SUM 3 SUM ¢ PROBX=ALOGIOCPROBX)/ZALNZ
009 CONTINUE
ENTRPY 8 aSyM
610 WRITE (6,830) NB, XMEAN, SIGMA, ENTRPY
RETURN

710 FORMAT (//15X,18CAN NO,!p30X) 'PIXEL NO,'y10X, 'VECTOR NOy')10X,
JIP/V RATIO'/)

780 FORMAY ('3 PIXELS USED 8',15,5X, 'RECOKDS USED 81,15,5X, 'MULTIPLItK
o B',13,5%,'0IvIS0R B1,13,5x,'8A8E &t,1))

800 FORMAT (3120,F20,4)

805 FOKMAT (/' LOOK UPS 8',17,!' SINGLE BEARCMES :'s1,18,' MULTIPLE
+SLARCKHES B1',18//7/)

810 FORMAT ('3',20%,'VECTORS WITH POPULATIONS OF AT LEAST 10001//)

811 FORMAT (10X,414,180)

812 FORMAT ('¢',50X,434,110)

815 FCORMAT (119,10, 'NC, OF TIMESI/8X,'A vECTOR OCCURRED!,10X,'NC, OF
oVECTURS Y ,10%, 'PERCENT OF TOTAL'/)

820 FURMAT (120,125,F25,4)

B30 FOGRMAT (710X, 'BANDY,23,5X%, 'MEAN .0."‘.,.5’.'V‘Rx‘nc£ '."0'3'5"
o 'ENTROPY #1,48,3)
eEnd
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COMPARISON OF SUPERVISED CLASSIFICATION MAPS

NAME
COMPMP

DESCRIPTION

To compare two supervised classification maps (or a Ground Truth Map and
Supervised Classification Map) and print their joint histogram and the
numbers and percentages of various types of differences.

CALLING SEQUENCE

CALL COMPMP (IX, 1Y, LY, CLASS, NREC, NEL, M, N) where IX, 1Y, LY are
arrays dimensioned:

IX (NEL,3)

1Y (NEL) bytes

LY (NEL)

CLASS (maximum of M and N) double words

NREC = number of records in the two maps

NEL = number of pixels per record
M, N are the numbers of classes in maps | and 2

INPUT/OUTPUT

1. INPUT
The input maps 1 and 2 to this program should be on units 8 and 11
respectively. They should have NREC records, NEL pixels per record
and one byte per pixel in unformatted FORTRAN readable form. A
title of up to 72 characters is Iinput by card.

2. OUTPUT
Besides the printout, this program writes difference map on unit 12,
with NREC unformatted FORTRAN records of NEL pixels each having one

byte per pixel.

30
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DESCRIPTION OF SUBROUTINES

The only subroutine called Is READAR which reads a specified number
of bytes into an array. This Is to avold Implied DO loops in read
statements which are excessively time consuming.

PERFORMANCE SPECIFICATION

1. STORAGE
The routine requires 3790 bytes of storage. The work arrays
dimensioned in the calling program require 5 x NEL bytes of storage.

2. EXECUTION TIME
The processing speed is 16,700 pixels per second, averaged over
several runs.

METHOD
This program first sets an M by N matrix JNTH to zero, and then finds
the joint histogram between the two maps.

The next step Is to separate the types of differences between the two
maps and indicate them by different symbols. The numbers 0, 1, 2, and

3 are used to indicate exterior points, no difference between the maps,
boundary points where the maps are different and interlor points where
the maps are different, respectively. The "exterior points'' are defined
as those where the '‘class labels' In either of the maps are equal to
zero. The 'boundary points'' are those whose class labels are different
from that of at least one of their four nearest neighbors (top, left,
bottom, and right) in map 1. Points which are neither exterior nor
boundary points are called "interior points'.

These indicators are generated for each of the points In the maps and
written on an NREC by NEL pixel sequential data set (unit 12). The
numbers and percentages of occurrences of these indicators in the output
data set are counted and printed (except for the exterior points). The
percentages of occurrences are evaluated based on all but the exterior
points.
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VIll. COMMENTS
The data set on unit 12 can be used directly to generate a difference
map.

X.

TESTS

This program has been used In deriving the difference maps and similarity
measures between several pairs of classification maps and found to work
satisfactorily. An example of the printed output follows. The joint
histogram is augmented to include the inventory counts and percentages,
the total number of pixels, the inventory accuracy, the classification

accuracy, and the number of correctly classified pixels (with respect
to Map 1).

LISTINGS

The listing of the program is attached at the end of this section.
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I Ra X th it ol B e B JE R

SUMRCLTINE COuPMP (IR, TV, LY, CLASSK, NwiC, NEL, M, M)

THI8 HCUTEINE FIADS AND PRINTS THE JOI*T HMISTOGRAM

HETagEr Tan waP8, EACKh MITH NREC | INE® AND NEL PIXELS PFR LINE,
Tht FIRSY PAP SEDLID NAVE M CLASSES O% LESS, AND THE SECOND, N OR
1ES88, INPLUT FAPS | AAD 2 ON UNBTS 8 AND 11 MAVE NUMBERS 0 THRY »,
O THARL N REBPECTTIVELY C(UNPORMPATTED FCOxTHAN),

T DLTPUTS OF THES ROUTINE ARES
1) PRINY OF Tt JOINT NISTOGHA®, THE MUMBER AND PERCENTAGE
OF CPRRECT CLASSIFICATIONS, ERNQ4S AT PCUNDARY POIANTS AND
ERHONRS AT INTERICR POINTSS
2) CUTPUT MAP On UNIT 12 8r0ONIAG THE TYPES OF LRRORS,

LGGICAI o) TX(NEL,3Ys IVCNEL)) LYCNEL), ODY, TITLE(TR)
NIMERSLION JMCA), PCTACC(2))
LOFMONZCUNTAB/ZUNTH(2],21)0In1(€23),TM2021),PERCAT(21),PCTIM2(21),
o Crt@1,21)0NTCY

1WIEGER POINTCS)

DEUnLE PRECISION CLASSCY), TYPRLG), INY, PCY

LEGTCALRY PPT1(22), FPT2(20), DIGITY(IO)

VATA TVYPE /ZIEXTERTICRY, NG ERECIY, 'RUUNDARY!, 'ND BOUND!/
DATA InY, PCY /7VINVATCKRY?, ' PERCENTH/

NBTA TIGITS 7001284507891 7, FFPTYL 20 (1mes20X, (10X),F10,2)%7,
oh¥12 70CIne,29x, (10X),110)0/

0L 1 Is),»

Vi 1 JsiN
INIM(S,J0) 8 0
N @ lel,4
In(1) 8 0

LalL Keapan (8, 1x, NEL)

N 8§ l1alnel ONIGINAL PAGE
INCT,2) 8 IN(1,1) Is
LS Je,s OF POOR QuA’ -
PLINTC(T) 8 1

by 11 1sl,nkEl

“«) 8 FLINT(D)

nd 3 PuInT(?)

ni 8 PLINT(Y)

It (10T ANEC) CALL REACAR (8, IX(1,k3), NEL)
wFAD L11) 1Y

Be 22 Jsi el
Ly(J) s 3
we(X(Johe)
Lsivid)

(b Cn Db PRTERICH PIXEL IN ETTHER wAP
P (L b0 0K, K, E0,0) LN TO 30

wbhbhA1F CLASS ASSIGAMEAT MATRIX
JeTein,L) 8 JNTrtuel) ¢ o
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Ooon OO0

10
19

CHECK WMETHER CLASS MNUMBERS AGREE
IF (x,86,L) GO TO 3%

CMECK RNETHER ANY OF TNE @ NEARESY NEZIGWBORS OF TWE IX PIXPL
ARE A OIFPERENTY CLASS
BOY ® IX(JyR2)INEINCI YD

[ ] X 'O.Q‘x‘J'“!’.ulgx'(J.“”

0 o0R,J,07,¢ oAND  TUCI,R2Y NE SN CJI0l 0 KR)

0o ORI LT NEL JAND S INCT oY (NE IR (J01 0 KE)

ie tody) Lyed) o2

IF (JNOT,B0Y) LY(J) 8 )

GO 70 3%

LYCJ) » 0 REPRODY

In 8 LYC) o 8 ORIGDy At CBILITY ¢
INCINIOINCEN) 08 INAL pagp IS P%;ﬂ-:
COMTINUE

00 25 Jei,3

POINT(J) ® MOD(POINT(J),3) ¢ §

WRITE (12) LY

FIND AUMBER OF AONOEXTERICR PIXELS ANy CLASSIFICATION ACCURACY
NTOT 8 NRECoNEL o IN(1)

FaCe300,/NT0Y

ACC 8 FAC » 1INCD)

FIND CLASS OCCUPANCIES IN MAP | AND MAP 2
00 9 Isg,m

Inic(s) s 0

DO 10 Joi,M

00 10 Jej,N

IN1C3) © IWICE) o JNTH(T,J)
00 190 Jaji,N

IN2(¢J) 8 O

D0 20 Jui,N

00 20 Isi,~

In2(¢J) & INR(JY o JINTH(1,J)

FIND SIMILARITY MEASURES BASEDC OM CLASS POPULATIONS ONLY,
MINC 8 MINO (M, N)

InW e O

00 65 3si,rnINC

INV @ INV ¢ MINO (INSCD), IM2(D))

SIM & FAC o INV

PRINT WIBTOGRAM AND PERCENTAGE OCcuPanClES
FMuT1C10) & DIGITE(M)

FMT20103 ® DIGITE(N)

READ (S5,100) TITLE

WRITE (6,200) TITLE

WRITE (6,000) NREC, NEL, M, N

WRITE (6,300) NTOY

WARITE (6,900)

WRITE (6,302) CCLASS(JY, Joi,N), INY, PCT
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M0 BYeN .
D PCTIretd) 8 PAC » 1ME(J)
I3l,™

l;(‘. “ﬂ

PERCNTCY) 8 FAC « THI(D)
PLTACCLL) 3 100,0 & UNTM(I,1) 7 Imi(D)

anlTH
sWITE
wh TP
A TE
sWlTE
“RITE
an}]lt
“R1Te
e 9o

(6,101) CLASSCTI), (JNTH(1,39, JB1eNY, IrLICD)
(6)FMT1) PERCNT(L)

(0,101) InY, (IW2€J), J31,N), NIOT

(h,FeTL) ACC

£*9103) PCT, (PCTIM2CJ), JIS1,N), SIM
(6,FMT2) In(2)

(6,104) (PCTACC(J), JS1,N)

(600}

132,4

PrENTSIM(T)aFAC
“NITE(O,700) TYPE(I),TH(I),PRCATY
an]TE (6,700) TYPE(CLI3, IH(])

wE TR\

Fruweat
FOn=AT
PlkemAT
FiRrRMAT
FORmal
tiRpAaT
FrkmaT
FOkMAT
e AND ’
FCural
FOHMAT
FORmAT
AL

(7241)

('0',89,11110)

(/711%,12810)

('0',A9,11F10,2)

('0 ACCURACY',11F10,2)

(*1',5%,7241)

('0 TCTAL N0, NF VALID (NCNeEXTERIOR) PCINTS =',17)
(‘0 ImMAGF STIZesi145,¢' BY11S,', NUMBERS CF CLASSES IN MAPS 1
ARE VI3, ANDIER, 0, 0)

C/780%,19¢020)/730X,'% JOINT MIDTUGRAM at/30X,19(at))
(7710%,'TYPEY,S5x, N0, CF OCCUKRENCFS',5X,'PERCENTAGE /)
(7A16,11%9,F20,2)

36




IR A A
oy

CETTEIT TR ST N T e T e 2 s s s e

- i R c PR, 18 e, » agaheins s B v » : - .
e T SR PO A I TR M VAR N ML Y TS T —
¥ : 2 ST S - e D TP ARy e AR ] e T ORI T g A A I T R T T AT S
Z 2 B L COL AR R AL L E i 3 e

- ,g
SUBROUTINE READAR (NTAPES, Wy NSAMP)

¢

C READ NSAMP BYTES INTO ARRAY W FROM LOGICAL UNIT ATAPEL g

c :
LOGICAL®Y W(NSANMP) (4))

C BE?RQDUC““%E?%;?OOB
READ (NTAPE1) w INAL PA
RE TURN

c . Cr 8ttt tet bt ettty @ O U BUL LN BN SR AN I LN .

g 00&00‘06000‘000000‘0’0000000.6&6000.00&Otbiﬁto0000‘0&000.0.000’.aa
ENTRY NRITAR (NTAPE], W, NSAMP)

c

C whITE NSAMP BYTES FROM ARRAY W ONTO LOGICAL UNIT ATAPE?L

c

WRITE (NTAPEL) @
RE TURN
END
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COMPUTATION OF CONTINGENCY MATRICES

NAME
CONMAT

DESCRIPTION

To obtain and print ''contingency matrices," showing, for all pairs of

classes in two classification maps, the numbers of simultaneous occur-
rences of various types of transitions (no boundary, horizontal boun-

dary, vertical boundary and boundaries in both directions).

CALLING SEQUENCE

CALL CONMAT (NTAP1, NTAP2, NREC, NEL, M, N, IX, 1Y, IH)

where

NTAP1, NTAP2 are the unit numbers for reading the map class numbers,
NREC, NEL are number of records and number of pixels per record,
respectively,

M, N are the numbers of classes in the two maps,

IX, 1Y, IH are work arrays dimensioned tH(4, 8, M, N) words,

IX (NEL,2), 1Y (NEL,2) bytes.

INPUT/OUTPUT

1. INPUT
The input maps should be sequential data sets on units NTAPI and
NTAP2 with NREC records and NEL pixels per record on each of them.
The number of bytes per pixel should be 1 and the records should
be unformatted and FORTRAN readable.

A title of up to 80 characters is card Input.
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DESCRIPTION OF SUBROUTINES

The subroutine linkage is lndlcateﬂ in the following table:

CALLING PROGRAM PROGRAMS CALLED

CONMAT SARN
INTLOG

CONMXP

REPRODUCIBILITY op

PERFORMANCE SPECIFICAT1ONS ORIGINAL PAGE Ig pogHE
R

i. STORAGE
The storage required by the routines CONMAT, INTLOG and
CONMXP is 1772, 212 and 5276 bytes, respectively.

2. EXECUTION TIME
Depends largely on image size and number of classes. For the

case NREC=1600, NEL=850, M=N=6, it requires approximately 8

minutes.

METHOD

The definitions of contingency matrices used here have been discussed
in [2] and will not be covered here. The subroutine CONMAT is used
to find a four dimensional array IH (dimensioned (4, 8, M, N)) and the
routine CONMXP is used to print

a. M*N matrices (size 4 by 8) showing counts of agreements and
disagreements for each type of transition for each pair of

classes;

b. M*N matrices (size 4 by 4) showing counts of each type of
transition for each pair of classes obtained by adding the
right and left halves of the corresponding matrices from

a. and dividing by 3;

c. A L4 by b matrix showing totals of each type of transition
obtained by all the matrices in b;
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ST R

—MATRICES_SHOJLNG. COUNTS JF_AGREEMENTS . AND_DISAGREEMENTS FOR EACH .TYPE

MAP SI2E= 1600 B8Y 850,

CLASS NUMBER-IN MAP 1=.2 CLASS NUMBER.IN MAP 2=.3 ___ _ _

R A A G Lt ar ity et IR B

OF TRANSITION.

03821 4051 — 5814} 39051 1315315110 7989
1262— - _.A7-.-. 1028 - —133__|.___ 288S5. ._ 697.. 940. AM&._. .o
1182--. - 10S2——. 6 136} _2730.__. 863... 699. . 437 o . __
102689 113 13} 622 196 259 122
TCLASS NUMBER IN MAP 1= 2 CLASS NUMBER IN MAP 2= & -
) 0 o 3 1 15 3 15 15 -
) 0 1 o | 0 )
) 2 0 o1 ) s )
-' ) o 1 o | 12 3 2 0

CLASS. N\UMBER. IN MAP_1=_2

-CLASS NUNBER _IN_MAP 2= S

.0 .22% 202 0. 5022.__...2521 _ . 3095 ___ 2828
1 21 14 38 1 111 gl _133 __an
0 6 21 40 ) 147 96— 846 ____119
0 a8 241 36 22 2s 2%
CLASS NUMBER IN MAP 1= 2 CLASS NUMBER IN PAP 2= 6 .
) 0 s 13 36 | 15 30 4 59 i
3 0 1 1 | 9 0 2 S
0 0 0 [ | 0 3 (] 0
0 0 0 o | 3 0 0 3
Figure 6. A Portion of the Printout from CONMAT
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d. An M by N matrix which is the joint histogram (contingency
table) of the two input maps, whose (1, J)th element Is
obtained by adding all the 16 elements in the 4 x 4 matrix
corresponding to classes (1, J) defined in b; p

e. The individual histograms (Inventories) of the two maps
obtal;led by adding the columns (for map 1) and rows (for
map 2).

Also, the transition and point by point similarity counts (traces of
the 4 by 4 and M by N matrices, respectively) and percentage similarity
measures are printedﬁ

? VIIl. COMMENTS gm’RODUCIBILITY OF THE
,' = RI

E The maximum class number is 10. GINAL PAGE 18 POOR

3

f IX. TESTS

Portions of the printout from a test run on the Mobile Bay ground
truth vs. linear classification (December 5, 1973) are shown at the
end of this section.

AR RT S O R TNERAT

X. LISTINGS
The 1istings of CONMAT, CONMXP, and INTLOG are attached at the end of

3 this section.
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SUBROUTINE CONMAT(NTARS ,NTAP2,AREC,NEL)M)N)1X, LY, 1ns

THIS PROGRAM FINDS CONTINGENCY MATRICES INDICATING AGREEMENTS
BETWEEN TWO %APS IN TERMS OF CLASS LAUELS AND THE BOUNDARY TYPES,
INCa,0,3,J) REFERS TO LOCATIONS wITH CLASS T IN MAP § AND CLASS J
IN AP 2, LEFT WALF OF IN GIVES A COUN! OF AGREEMENTS AND TME
RIGHT MALF, DISAGREEVENTS,

ROWS OF IM(e,0,1,J) CORRESPOND TO MAP 1, AND COLUMNS TO MAPE,

ROW NUMBERS 1, 2, 3, 4 INDICATE NO BOUNDARY» CMANGE IN VERTICAL
DIRECTION, CHANGE IN MORJZONTAL OIRECTION, CHANGE IN BOTM DIRECe
TIONS) RESPECTIVELY, IN MAP 1, SIMILARLY COLUMN NUMBERS INDICATE
TYPES OF TRANSITIONS IN MAPR,

THE PROGRAM MANDLES THE PRESEAT ROW OF THE MAP | IN IX(#,12)

AND THE IMMEDIATELY PREVIOUS ROW IN IX(*,11), THE ROWS OF MAP 2
ARE WANDLED SIMILARLY IN 1V,

DIMENSION IN(CW,8,VM,N)
LOGICAL®Y IXC(NEL,2)» IVINEL,2)

INITSALIZE 7YWE ARRAYS IX AND 3v, TME "PREVIOLS™ ROW YO ROW § I8
CONSIDERED TDENTICAL 10 ROw 1§,
CALL SARN CNTAPE, 1IX, NEL)
CALL SARN (NTAP2, 1Y, NEL)
00 $0 Jsi,NEL
INCI 2)8INCJI, 1,
10 1v(J,2)slY(Jot)
00 20 Isi,¢
DC 20 Jsi,8
00 20 ksi,m
00 20 Ls§,N
20 IN(I,J)KyL) B 0
118}
1282

LOOP CN RECORDS,
00 40 I=i,NREC

LOOP Ok PIXELS, '
00 30 Jsi,NEL :
JPSMAXO(Y,Jel)

(2 Y2 X2 Xz Xz aks Rx Na X NalaXaXalsl

(s X2 X 3]

o0 o

NONPOSITIVE VALUES OF MAP LABELS ARE nOI OF INTEREST,
IF (IX(J»32),EQ,0,0R,IYCJ,12),EQ,0) GO 10 30

FIND ROW AND COLUMN NUMBERS IN IM TC HE INCRENMENTED,

OO OO0

CHECK THE NATURE OF THE BOUNDARIES IN BUTH THE MAPRS,

Kelx(J,12)

Lely(J,12) ,

TIBIOINTLOGCIXNCI T2 NELIXCIpTE))e20INTLOGEINCI) ) NE,IXCIP,12))
JIBLOINTLOGCTY (I, T2) (NEQTY(JIo018))020INTLOGCIY(J,T2),MNELTIY(UP,22))

¢ FIND THE INCRENMENTS,
c INC & NUMBER OF AGREFMENTS) INCS s NU¥BRR OF CISAGREEMENTS,
INCSINTLOG(IX(J,12),EG,IY(J,12))

{; . §2
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40

o ¢ INTLOGCINCU,T8Y,EQ IYCIoTL)) o INTLOGCIXCIP,12),EQ,1YCIP,12))
INC3InJeINC !
THCIToddoKoLISINCIT JIoN,L) ¢ INC
INCIToJdel, K, LIINCET,J008,K)L)0INCS

CONTINVE

OF THE
EXCHANGE 11 AND 12 RODUCIBILITY
UL %gGINAL PAGE 18 POOR
1ie12
$LHT

READ NEXT RECORDS INTO IN(a,12),1Y(#,12)
1F (3,6Q,NREC) GO TO 40

CALL SARN (NTAPS, IX(1,12), MNEL)

CALL SARN (NTAP2, 3IVY(1,12), NEL)
CONTINUE

PRINT THE MATRICES SHOWING TRANSITION COUNTS
CALL CONMXP (1M, NREC, NEL, M, N)

RETURN

END
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SUBROLTINE CONMXP (TWy NREC) MEL) Mo M)

PRINT MATRICES SHOWING NUFMBERS OF AGREEMENTS AMND DISAGREEMENTS

OF TRANSITIONS FPOR EACK PAIR OF CLASSLS,

INPUTSS TITLE 18 AN 80 CWARACTER(MAX) TEITLE TC BE PRINTED OMN T0P
OF EACK PAGF CF OUTPUT, NREG, NELe ¥y N ARE NUMBER 'CF
RECORDS, NUMBER OF PIXELS/RECORD, NUVBER OF CLASSES IN
MAP 1 AND NUMBER OF CLASSPES IN MAP 2, RESPECTIVELY,

DIMENSION IMCG,8,M,N), IN1C4,4), THE(20,20)0 INVIC20), INV2C20)
LOGICAL#Y TITLE(BO)

READ(S,100) TITLE

Lso

00 10 Isi,m

DO 10 Jsi,N

IFI(MODCL,)4) NEL0)GO TO 38
WRITE(6,110)TITLE
WRITECO,U00INREC)NEL
COMTINUE

LelLed

WRITE(6,500)%,J

D0 20 Ksi,d
WRITECO,300)(ImM(K,KK,)S,J) ) KS8S,8)
CONTINUE

FIND AND PRINT MATRICES SHOWING COUNTS OF EACKH TYPE OF TRANSITION
FOR EACHM PAIR COF CLASSES, THESE 8k0%, FOR ALL JOINT OCCURREMNCES
OF CLASSES (1,J) IN MAPS §,2, THE NUMBERS OF JCINY OCCURRENCES

OF EACH TYPE OF TRANSITION IN TWE TwQ MAPS,

00 30 Isi,M

D0 30 Jsi,N

D0 30 Kkasi,d

00 30 Lei,d

THCK,L T d)BCIM(K,L,Tod)¢ IHCK,Le4,1,4))/3

La0

D0 40 lsi,™

DO 40 Jsi,N
IF(MCC(L)U)(NEL0)GC TO 4S
WRITECO,110)TITLE
WRITE(6,)U10IMREC,)NEL
CONTINLE

LesLed

WRITE(6,50031,J

D0 SO0 Ksi,d
WRITECO,310)(IM(R,KK,T,J) )kKS},4)
CONTIANUE

FIND IM1, THE MATRIX CF COUNTS OF TRANSITION TYPES (WITHOUY REGARD
T0 rLASS LABELS) AND IM2, THWE MATRIX UF JOINT CCCURRENCES OF CLASS
LABELS (hITH NO REGARD TO TRAMNSITIOM TYPES),

D0 SS Isi,d

DO S8 Jsi,d

INI1(3oJ) 8 O

hiy
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100
110
300
310
400

D0 86 1Isi,M
00 56 Jsi,N

;:2:503':"0 REPRODUCIBILITY OF THE

D0 60 Jui,N ORIGINAL PAGE IS POOR

D0 60 Km0 '
DO 60 Lei,d y
THLCK LIOTHTI K, L) ¢THIK,L,3,d)
IME(S)JIBINR (Lo J)elNH(K,LyE,Jd)

PRINT IN1 AND THE CORRESPONDING SIMILARITY MEASURE, 7
WRITE(G,110)T3TLE
WRITE(6,420) NREC,NEL

DO 70 Kei,a
WRITECO,310)CIME(K,L),L8Y,0)
ITRs0

18UmMe0

DO 90 Is§,d

ITREITReIHICI, 1)

D0 90 Jesi,d
TSUMBEBUMeINI (T, )
PCTuITR4100,/7I8UM
WRITF(6,600)ITR,I8UM,PCY
WRITE(0,430)

PRINT IN2 AND THE CORRESPONDING SIMILARITY MEASURE, ! 4
DO 80 Isi,M !
WRITECO6,310)(IMR2(T)Jd)odBi,N)

{1TRe0

18UMB0

00 93 s§,m

IFLILE,NITTROITReIN2(E,Y)

D0 95 Jsi,N

ISUMBINR(T,J)eT8UN

PCTEITRe100,/18uyM

WRITECG,700)ITR,I8UM,PCY

DO 81 Isi,M _
INVILI) 8 0 .
DO 82 Jsi,N !
INV2CJ) 8 0

DO 8S 1si,M

DO 8% Jai,N

INVECTISINVI(T)eIN2(2,)

INV2(JISINVR(J)eINHR2(1,J)

WRITEC6,800)CINVICI),I0L,M)

WRITECO,830)CINVR(J), Ju1,N)

RETURA

FORMAY (80A1L)

FORMAT(11120X8041)

FORMAT('0'qI8,' | '418)

FORMAT(t0?1518)

FORMAT (/! MATRICES SHOWING COUNTYS OF AGREEMENTS AND DISAGREEMENTS
oFOR EACN TYPE OF TRANSITION!/! mAp SIZENIIS,! BYI1S,t4")

N

L3




e

By

410
a20
430
500
600
100

800
810

FORMAT(/! MATRICES BHOWING COLNTS OF BLACM TYPE OF THANSITIONY/
/' VAP SITEm'IS5, BYI1S,1,0)
FONMAT(I' MATRIX ShOWING YCYlLS OF EaCH TYPE CF TRANSITION'/
! MAP JI2Es!1S5,' BY!]S,V,)
FORMAT (/7' CONTINGENCY VOBLE')
FORMAT(//" CLASS NUMBER IN MAP §8112,0 CLASS NLMBER IN MAP 30'12)
PORHA;;‘a;RlNQSTIOR SIMILARITIESS17,!) TOTALS'17,0) PERCENTAGES!
. ]
FORMAT(' NUMBER OF POINT BY POINT SIMILARITIESE!I7,! TOTALE']IY,
! PERCENTAGES'F7,2)
FORPAYCI' INVENTORY DP PAP19'/7(1X1518))
ZORMAT(I' INVENTORY OF MAP23'/(1X1518))
ND
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FUNCTION INTLOGIL)

CONVERT A LOGICAL VARJABLE T0 INTEGER
37 TRUE, PUNCTION RETURKS 1
IF PALOE, FUNCTION RETURNS ©

LOGICAL L

INTLOGRO
IFCLIINTLOGS)
RETURN

END

€ OO0ONON

REPRODUCIRY
ORIGINAL p Acg?s OF THE
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P "’.’."ﬂ‘?w P B PP RGN Py
9 - s <

47

T TR R R T T TR R l |}
A S RPT A, R ARG Ty - -




g e gy, e - st

CHAPTER 111

REGISTRATION OF IMAGE DATA
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MAGNIFICATION OF IMAGERY

CUMAG (Cublc Magnification)
- REPRODUCIBILITY OF THE

AL PAGE 18 POOR
DESCRIPTION - ORIGINA

This subroutine magnifies a specified segment of imagery data. The
magnification Is by means of cublic Interpolation, which is used to
compute the densities of the additional samples in the magnified

image. The routine also removes the distortions present in Landsat MSS
imagery which are due to Earth rotation and "sensor delay' in the A/D
conversion of sensor data. The purpose of this routine is to allow
determination, to within a fraction of a pixel spacing, of the coordinates
of ground control points.

CALLING SEQUENCE

CALL CUMAG (X, OUTI, OUT2, NB, NEL, NSOUT, MAG, IGCPL, 1GCPS)
where

X is the input buffer array,

OUT) is the intermediate output holding four lines of interpolated
data,

0UT2 is the output array,

N8 is the number of channels of data,

NEL is the number of Input pixels,

NSOUT is the number of output pixels,

MAG is the magnification,

IGCPL is the ground control point line coordinste, and

IGCPS Is tha ground control point sample coordinate.

INPUT/QUTPUT

The input dets and the magnified output data are in bytes, arranged

by vectors containing the data for each channel. The Input should be
a direct access file and the Input and output logical units are 10 and
".
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DESCRIPTION OF SUBROUTINES
The subroutines required are given in the following table.

SUBROUTINES FOR CUBIC MAGNIFICATION

NAME STORAGE (Bytes) FUNCTION

CUMAG 2306 Determine input data coordi-
_ nates allowing for each
rotation and sensor delays,
magnify the segment by cubic
interpolation.

DELAY 496 Function which computes
shift due to earth rotation
and sensor delay in units

i of pixels.

PERFORMANCE SPECIFICATIONS

1. STORAGE REQUIREMENTS
The program requires a total of 50K bytes when magnifying portions
of a LACIE sample segment by 8 times to a size of 241 x 241.

2. EXECUTION TIME
The time required for the 8X magnification referred to in the
preceding paragraph is approximately 15 seconds.

METHOD

The cubic interpolation formula

| = d3 (-11412-13414) + d? (201-212413-14) + d (-11+13) + 12,

where | is density and d is distance from the second pixel, is used

to insert MAG pixels between the second and third pixels in groups

of four pixels. Thus, given a string of input data containing IN

input pixels and (IN-1) interpixel spaces, there are (IN-3) spaces

in which to add MAG pixels. The number of output samples obtained is
NSOUT = MAG (IN-3) +1.

This is illustrated by the following diagram.
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It is also apparent from the diagram that the magnified Image is
centered on an input pixel i“ t'.2 number of output pixels is chosen

to be
2n MAG + 1,

where n is a positive integer. Also, since interpolation starts at
the second pixel in groups of four, the first output pixel is the
second input pixel, and the spacing of the output pixels is 1/MAG.
Thus, if the magnification is 10, the input coordinates are obtained
to 0.1 pixel. The input coordinate values are given by

IN = NS1 + 1+(0UT-1)/MAG,
where NS1 is the beginning sample used for interpolation, and OUT
is the output sample number.

In the case of Landsat 1 and Landsat 2 imagery, NS1 will be the
beginning sample in the distortion-free offset image, which is the

image used for determining ground control points and geometric
transformation functions. The beginning pixel in the offset system is

a constant for the magnified image, while the input pixel numbers in the
data vary from line to line due to the delays.

The distortions in the imagery, due to earth rotation during the
scanner retrace and delay in sampling by the A/D cuonverter, are
referred to as earth rotation delay and sensor delay and are
computed by the function DELAY. As the Earth rotates from the west,
successive mirror scans cover more westerly areas of the Earth, and,
consequently, should be offset to smaller pixel values. The scanner
sweeps an additional distance to the east during sensor delay and,
therefore, creates an opposite effect. However, rotational delay
per swath is larger up to a latitude of 48.8°,
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. The beginning pixel in the offset image is determined by subtracting

3 the delay for the central line of the magnified region. (it then
follows that when the offset pixel coordinates are converted to Iinput

i coordinates, original pixels occur at every MAG output pixel on the

. : central line.) However, in general, due to the varying amounts of delay
: from line to line, the beginning input pixel occurs at a fractional

3 value, which determines the initial value of d in the interpolation
formula. The interpolation then proceeds along a line, incrementing

i the input pixel number and adjusting d to be the distance from the 4
second pixel in the interpolation group. . é

Vill. COMMENTS
The program does not check for input pixels falling outside the

data limits.

1X. TESTS
g ; The output imagery has been examined carefully using printer plots
l : and has been found to have the distortions properly removed. (See Fig. 7.)

§ X LISTING

E. A listing of the routine follows.
F

:
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QL Tt upMangl e EnEErRN RN
BARREANENGEECAYRDEEFRGNs ONRNY
ULESRPRDOOATHNHEANGIRRGEESRICORRE
BN L 29A0DAEIMMHNERTIOERARES
SOSHEEMRIDOEHHNTCTEARER
SEOADIGADRAM IDUDICRCRERORtEEBORANG) ae
CERSRNRERISNUEERESRY MUCTCURAKEROEORNPRARNS | asaesnes
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Figure 7. Huntsville Airport Registered to UTM Coordinates with
Earth Rotation and Sensor Delay Effects Removed
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SURROLTINE CUMAG (X,0UT1,0UT2,N8,NEL,NSUUT,MAG, IGCPL,IGCPY)

THIS RCUTINE RFMAVES FARTH RNTATION AND SENSOR CELAY DISTORTICAS
AND MAGNIFIES IVMAGERY SURROUNDING A GRQUND CONTROL POINT USING
CUBIC INTERPOLATION,

(e XaNaXalel

| LOGICAL®1 X(NR,NEL),OLY2C(NE,NSCUT)
DIMENSION GUTI(NB,NSOUT,4)
INTEGER POINT(4)

E AMAG & MAG
f DO 10 Is1,4
7 10 POINT(I)a!

COMPUTE INPUT PIXELS REGUIRED, NOTES NSOUT SHOULD BE 1 « AN EVEN
INTEGER MULTIPLE OF MAG TC BE CENTERED un AN INPUT PIXEL
INPIX 8 (NSOUTe3eMAGel) / MAG

[aNel OO0

COMPUTE BFGINNING LINFE AND BFGIANING ELEMENT IN OFFSET COORDINATES
NLY 8 IGCPL o (INPIXel)/2

NSy & JGCPS o (INPIXel})/?2

OFFNSY = N8Y & CELAY(IGCPL)

c SELFCY REGIONS CENTERED ABQUT GROULWD CNNTROL CCCRDINATES

NL 8 At o
NREC = 0

12 CONTINLE
NL o AL ¢ |
READ (10'NL) X
NROw = POINT(1)
D0 20 l=i,4

20 POINT(I) & MOD(POIANT(I),u) ¢+ |

COMPUTE DELAY FCR THIS LINE AND BFGINNING ELEMENT IN CCT COORDS,
CCTNSY & OFFNSY ¢ DELAY(AL)

EIND BECINNING CCY PIXFL NUMBFR AND DISTANCE TC FRACTYIONAL PIXEL
AT STARTING PIXEL ANM AT ALL SUCCEFCING PIXELS

DO S0 18si,NB

NS s CCTANSY

DY 8 CCINS]1 e NS

02 s AFQC (D3, 1,07ANAG)

NPIX = O

[aXa N el [a N o]

30 CONTIALE
It » X(IB,NS)
12 8 X(IB,N8et)
I3 = X(18,N8¢2)
14 8 X(IB,NSe3)
AQ 12
: Al & 13 e 11
: A2 8 I3 o TU o 24(I1el2)
| AS s 14 » 13 ¢ 12 = 11

o

C CUBIC INTERPOLATE & LINE, TO ENLARGE "MAG" TIMES
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INTS 8 0
: 40 CONTINUE
? : D 8 DY ¢ INTS/AVAG
| ; IF (D,GT,1,0) GC 70 38

TG T W T I W

NPIX 8 NPIX ¢

QUTSCIB,NPIX,NRCW) & Da (Do (DaA3 o A2) ¢ Al) ¢ AO
IF (NPIX,EQG,MSOLT) GO TO S50

INTS & INTS o 1

6Q 70 4o

¢ ADJUST NS AND D1 FOR NEXT CCT PIXEL  REPRODUCIBILITY OF THE
35 Ns ] ks L ‘ ORI IY y )‘A 1Y 1Q
0t ® D2 GINAL PAGE IS POOR
GO Y0 3o
S0 CONTIMUE

ADD "MAG" INTERPQOLATED LINES, AFTER OBTAINING 4 INTERPOLATED LINES
IN ARRAY 10UT1!,

- IF (NLeNL1,LT,3) GO 1O 12

S DO 70 INTLE1,NAG

- D & (INTLe1)/AMAG

[a Xa X3l

00 60 JHBsi,NB
DO 60 NPBY,NSQUTY
RIsQUTL(IR,NP,PCINT(1))
R2BOUTI(IR,NP,PCINT(2))
RISOUTI(IB,NP,POINT(3))
R4uQUTI(IB,NP,POINT(d))
CUPIX ® Ds (De (Do (RUsRIGR2eR{) ¢ (RIaRUs2,04R2 ¢ 2,02R$)) «
«(R3sR1)) ¢ R
CUPIX s AMAXY (CUPIX, 0,0)
CUPIX s AMINSG (CUP1IX, 255,0)
OUT2 (1B, ,NP)IBCUPIXe0,S

60 CONTINUE

WRITE (11) CUT2

NREC s NREC ¢+ |

IF (NREC,EQ,NSOLT) RETURN
70 CONTINUE

G0 70 2

END
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FUNCTION DELAY (LINE)

COMPUTE ROTATIONAL AND SEASOR DELAY RELATIVF TC FIRST SWATHM

DEGCFA
PIXDLY
DEGPLA
RADDEG
SOELAY

LINESK

DIMENSION SDELAY(6)

INTEGER CCTLIN, SWATK

LOGICAL CCT

COMMON /LANDST/ CCT, LLEC, DEGCEN, SAMPOF, LINCFF, AMPL, PHASE
DATA PIXCLY, DEGPLMN, RADOEG, SCELAY /u.b, 0,00071086, 0,01745329,
00,0, 0,08, 0,16, 0,24, 0,32, 0,40/

IF (CCT1) GO 70 10
DELAYSO0,0

RETURAN

CONTINUE

CCTLIN 3 LINE o LINOFF

DEGLAYT & DEGCEN ¢ (1170,5eCCTLIN) o DEGMLN
RDELAY s PIXDLY « CCS (CEGLAT#RADDEG)
SWATH & (CCTLINe})/6 ¢ |

LINESh & MOD(CCTLIN®],8) ¢ 1

DELAY ® RDELAYe(ShATHel) o SDELAY(LINES™)

RE TURN
END

LATITUDE AT THE CENTER OF THE LANDSAT SCENE

EQUATORJAL EARTH ROTATIGN PEK SwATH IN PIXELS

CHANGE IN LATITUDE PER SCAN LINE

RADIANS PER DEGREE

SENSOR SAMPLING INTERVAL BETWEEN LINES (2) 7/ TOTAL NUMBER
OF DETECTCRS (29%)

LINE NUMBER IN THE ShATK (1 = &)

56




e e e e ACia AR G Rtt e PR ey v e ¢t e e

' ‘ FINDING COEFFICIENTS OF REGISTRATION
f MAPPING FUNCTIONS

l. NAME REPRODUCIBILITY OF THE |
GCPFIT (Ground Control Points Fit) ORIGINAL PAGL IS POOR

. DESCRIFTION
The coordinates of a set of ground control points are determined in |

the two scenes or maps to be registered. |f the first scene is

Landsat imagery which is being registered to a map, the nonlinear |
distortions due to Earth rotation and mirror velocity are removed

from the coordinates. A least squares fit to the transformation poly-

nomial coefficients is made and thé predicted and observed results

are compared.

111,  CALLING SEQUENCE
CALL GCPFIT (GCP, MGCP, MAXDEG)

where

GCP is an array of dimensions 4 by MGCP containing the ground control
point coordinates,

MGCP is the number of control points, and

MAXDEG is the highest degree polynomial obtained (up to degree 5 only).

v, INPUT/OUTPUT
1. INPUT
In addition to the arguments, the following Landsat parameters
are input via COMMON block LANDST:

cCT -logical variable; TRUE if Landsat corrections are to be
applied.
LLC -line length code (length of raw scan line obtained from

Landsat computer compatible tape).
DEGCEM -degrees in latitude at the center of the Landsat scene.

SAMPOF -samples and lines by which the imagery is offset from the
LINOFF beginning of the Landsat scene.

AMPL  -amplitude and phase (in pixels) of mirror velocity profile.
PHASE
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2. OuTPUT

Printed output Is tables of Landsat corrections, coefficients, and
error analysis. Coefficients are output via COMMON block LSQCFC.

V. DESCRIPTION OF SUBROUTINES
The subroutines called are listed in the following table.

EXTERNAL LINKAGES

CALLING PROGRAM PROGRAMS CALLED

GCPFIT LSQCF
EVPOLY
GCPCOR

LSQCF DLLSQ

GCPCOR DELAY
MVPOFF
ERCURV

Descriptions of the subroutines are given in the following table.

i DESCRIPTION OF SUBROUTINES

SUBROUTINE STORAGE
OR ENTRY (BYTES) FUNCTION

GCPFIT 2932 Bias data to zero means, call least
squares fit routine, perform accuracy
analysis of fit.

LSQCF 21748 Setup data point arrays and call least
% squares fit routine.
: EVPOLY 912 Evaluate a polynomial.

GCPCOR 838 Correct the GCP's for mirror velocity

and Earth curvature effects.

DLLSQ 3198 Double precision solution of a system
1 of simultaneous linear equations.

. DELAY 540 Function which computes rotational and
” sensor delays.
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REPRODUCIDILITY OF THE
ORIGINAL PAGE 1S POOR

DESCRIPTION OF SUBROUTINES

SUBROUT INE STORAGE 1
OR ENTRY (BYTES) FUNCT ION
MVPOFF 374 Function which computes mirror velocity
i correction.
ERCURV 578 Function which computes Earth curvature
correction.

Vi, PERFORMANCE SPECIFICATION
1. STORAGE
The storage required for the subroutines listed is 31120 bytes.

2. EXECUTION TIME
The execution time required to obtain one fit is approximately
one second.

VIl.  METHOD
The first step is the removal of nonlinear Jistorticns in the Landsat
coordinates. Earth rotation and sensor delay had been previously
removed because they produce visible distortions in the imagery. They
are added back to get the original CCT pixel number and hence the mirror
velocity and Earth curvature corrections. Thus, the least squares
fitting to the transformation polynomials is performed in a coordinate
system from which rotational delay, sensor delay, mirror velocity, and

Earth curvature distortions have been removed.

Next, the mean values for each set of coordinates (pixel, line, easting,
northing) are subtracted. This is to prevent computation errors due to

the large values of easting and northing.

The problem is to minimize the Euclidean norm
lA x - 8[|

where x is the solution matrix of polynomial coefficients, A is the

input coordinates raised to the appropriate powers, and B is the
transformed coordinates. For a second degree polynomial, A is of the

form:
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1 6cP(3,1) GCP(4,1) GCP(3,1)2 GCP(3,1)GCP(4,1) GCP(h,1)2
1 GCP(3,2) GCP(4,2) GCP(3,2)2 GCP(3,2)GCP(k,2) GCP(4,2)2

. . . . L] .

and B is of the form:
GeP(1,1) Gep(2,1)
GCP(1,2) GCP(2,2)

The solution is obtained by the subroutine DLLSQ, which is in the IBM
Scientific Subroutine Package.

Vill, COMMENTS

The routines are dimensioned to allow a maximum polynomial degree of five.

1X. TESTS

The results are identical to those obtained by a solution of the least

squares normal equations employing partial derivatives with respect to
the fit coefficients.

X. LISTINGS
Listings of the routines except DLLSQ follow. (DLLSQ is a routine in
the IBM Scientific Subroutine Package.)
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10

1

12
13

SUBROUTINE GCPFIT (GCP, MGCP, KAXDEG)
10 FIND GEOMETRIC TRANSPORMATION NEEDED FOR GEOGRAPHMIC REFERENCING

OIMENSLION GCP(U,MGCP)

DOUBLE PRECIEION COEF(21,4)

LoGscAL CCY

INTEGER NTERM(S)/3,6,10,15,21/

COMMON ZLANDST/ CCT, LLC, DEGCEN, SAMPAF, LINOFF, AMPL, PHASE
COMMON /LSGCFC/ COEF, LSQDEG, TER1I(2), TOL

COMMNN / MEANS/ GCPM(4)

GCP I3 GROUND CCNTROL PCINT TABLE IAPUT MY USER
1, PIXEL wITMIN LINE

2, LINE WITHIN FRAME REPRODUCII 1o
3. EASTING ORIGL\'AII (‘11»3,’\”:] 1Y OF Ty
4, MNCRTHING ¢ PAGL IS PooR
COEF(21,1)e COEFFICIENTS FOR § feo PIXtL

2= LINE

3o EASTING

Ues NORIHING

IF (CCY) CALL GCPCCR (GCP, MGCP)
AMGCPEMGCP

RADDEG = 180,0/3,14199265

T0Le] ,fel0

DC 1 1ai,4

GCPM(1) 8 0,0

WRITE (6,101)

WRITE 73,1020)

CCMPYUTE SUMS OF INPLY DATA

N0 10 Jsl,MGCP

e S let,d

GCPM(IY B GCP¥(1) « GCP(],J)

WRITE (6,102) J, (GCP(1,J), la},d)
COMNTINUE

COMPUTE FEANS OF INPLY DATA
PO 11 lsi,d

GCPM(T) & GCPM(I) / AMGCP
WRITE (6,104) GCPM

SUBTRACY MEANS CF INPUT DATA

wRITE (6,1019)

WRITE (6,1020)

DO 13 Jsi,HGCP

DO 12 Is1,4d

GCP(I,J) ® GCP(1,J) o GCPM(])
WRITE (6,102) J, (GCP(I,J), 1ui,d)
CONTINLUE

FIND POLYNCMIAL F1TS FCR DFGREES { o INPUT VALLE OF L3GOFG
00 100 LSQDEGEY,MAXDEG
18TORSATERM(L 8QOEG)
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383

100

400

10t
02
104

109
111

IF (18%0P,GY,MBCP} GO Y0 OO

CaLL LSQCF (0, GCP, »GCP)

WRITE(6,303) LAGDEG,JERL, ((COEF(J,1),101,4),J81,18TOP)
wRITECO,111)

RESPXB0,0

RESUT=Z0,0

PERFORM ACCURACY ANALYSIS OF F1lY
00 388 3si,NMGCP

GPRGCP(1,1) ¢ GCPM(})
GLBGCP(2,1) ¢ GCPM(Q)
GESGCP(3,1) ¢ GCPM(3)
GNSGCP(4,1) ¢ GCPM(4U)

CALL EVPOLY(1,GE,GA,ANS)
OPaGPeANS

CALL EVPOLY(2,GE,GN,ANS)
OLeGl wANS

SC 2 CPend ¢ DLee?

RESPX a RESPX ¢ 80

XMAG 8 SCRTY (8G6)

XDIR 8 RADDEG ¢ ATAN2(eDL. ,DP)

CALL EVPOLY(3,GP,GL,ANS)

DEnGEeANS

CALL EVPCOLY(4,GP,GL,ANS)

DABGNeANS

SGC u DEen?2 o DNae2

RESUYT & RESUT + 83

UMAG & SGRT (8G)

UDIR & RADDEG o ATAN2(DP,DN)

WRITE (6,109) I, XMAG, XOIR, OP, DL, UMAG, UODIlK, DE, OAN
CONTINLE

AGCPiBMG(Po]

RESPx 8 SGRY (RESPX/AGCPY)
RESUT 8 SQRY (RESUYZAGCPY)
WHITE (6,390) RESPX, RESUT
CONTINUE

LSODEG & MAXDEG

RETURAM

WRITE (6,1100) L8LEEG, 18TOP, MGCp
LSGLEG & L8QCEG o !
RETLRA

FORMAT STATEMENTS,
FORMAT (111,20, 'GRCIND CCATROL POINTS1/)
FORMAY (1X,14,uF1S,3)
FORMAY (///20X,'MEANS CF INPUY DATA ARE'//SX,4F15,3/
TOTMESE MEANS ARE FIRST SUBTRACTED!')
FPORMAT (1X,13,2(¢F10,3,F10,1,8X,2F10,3,8X))
FORMAY (/3SX,'CCMPARISON CF ORSERVED ANN PREDICTED VALUES!/
e @SN, LLANCSAT! , 80X, 'GFCGRAPHIC! /15X, "ERRUR',20X,'CAS = PRED!,20X,
VERROR!, 20X, 1088 » PREC'/SX,'MAGNITLDE DIRECTION',10X,!P ERRCR
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L EpRON!
30’.’.0."‘2'(::oxiézsghl;zuol OIRECTION!, X, 'F ERRCR N ERRQOR!?
FORMAT (11 LEAST SCUARED FIT OF DEGREE!,I3,25X, IERROR cones et
L 1817110, 1PTNELY, ISR, LINE!, 15X, ! P
yag ' A NOATHING 1/ (1X, {PUE20,)) (13X, TEASTINGY, L2 X,
300 FORMAT (/2(15X, 1AVS ERRCR B1,E1346,158))
1019 FORWAT (111,7XICONTROL POIATS AFTER 81BIRACTING MEANS!
LOINATESI/1 GCP koltvl.ZOI.'GEOGQAPN!C‘I!OR.'CCORDINATtlz
o S Th TRIXELI, 10K, ILINET X SEASTING: Tk IneRToTh
100 FORN
FORMAT (4200, 1R11 CF DEGAEE!412,1 REQUINES!,13,
PREHENRA LR . GROUND CONTRCL PO

REPRODUCIRILITY OF THE
ORIGINAL PAGE 15 PUUR
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SUBROLTINE LSQCF (ICEL, GCP, MGCP)

c
(o THIS SURROUTINE CALCULATES THE LEASTeSQUARES COEFFICIENYS
¢ FOR TWME BIVARIATE POLYNOMIAL
c

DIMENSION GCP(4,MGCP)

DOUBLE PRECISIOMN CCEFC21,4), COREC250uU)s X(45), B(200), AUX(100),

JAC2100), S(4S), XXX, YYY, AMAX, C

INTEGER NTERM(S3/3,6,10,1%9,21/

. INTEGER XP(21)/0,1,0,2,1,0,3,2,1,0,4,%,2,1,0,5,4,3,2,1,0/
INTEGER YP(213)/0,0,1,0,1,2,0,%,2,%,0,1,2,3,4,0,1,2,9, 5/
INTEGER IPIV(SO0)Y, IFDl(2)/1.3/:1NDZ(2)/3:!/

EGUIVALENCE (COREC¢1Y,X(1%), (CORE(Wb6) B(1Y), (CORE(C246),AUX(1)Y),

«(CORF (346),A(1)), (CCRE(2446),3:¢1)Y)

COMMON /LSGCFC/ CQEF, LSQDEG, TERL (Y, TOL
c -
o GCP IS GROUND CONTROL PCINT TABLE IMPUT BY USER
c 1, PIXEL wITHIN LINE
c 2y LIME WITHIN FRANE
C 3, EASYING
c 4, NORTHING
c coertzi I)e COEEFICIEANTS FOR § tw PIXEL
C e Lbe y
C 3 EASTING ;
c 4o NORTHING

LeMGCP

LisMGCP

1F (IDELNEL0) LE~GCPal

ISTOPENTERM(LSGCER)

IF (1STOP,GT,L; RETURN
c

00 10 1=y,

111aINDE(ID)

T o m(lTet)aet

IVeINDEe(lI])

NGCP130
c

D0 S0 NGCPumi,L

IF (NGCP,EQG,IDEL) GO TO SO

NGCP1aNGCPi ¢!}

B(NGCPI)BGCP(III,NGCP)

NNEBNGCP1 ol

B(NN)EBGCP(II1el,NGCP)

DO SO 1ai,I8T0P

Xyxsy{,000

IFCXP (1) NELOY XXXEGCP(IV,NGCP)aaXP(1)

YYYmy ,0DO0

TFCYP(IY, NELO0) YYYSGCP(IVel ,NGCR)a2YP(])

Ke(lsl)alLeNGCPY

A(K)BXXX®YYY
50 CONTINUE
C
c SCALE THE MATRIX

DO 70 1= ,18TOP

AMAXE(Q MO

6k




8o
10

DO 60 Jsi,L
Ks(lel)elLeJ
Cs0ARS(A(K))
AMAXSDMAX]CANMAX,C)

1F (AWAX,EG,0,00) AFAXS1,D0 REPRODUCIBILITY OF THE
| 7 DAY

00 70 Juisl ORIGINAL PAGL IS POOR

Ks(Ieg)eled

A(KIBA(KY/ZANMAYX

S(1)mAMAX

CALL DLLSGCA,B,L,ISTOP,2,X,IPTIV,TOL,JERIAUX)
IERI(I1)SIER

PO 80 Im=i1,1810P

Jsl+18T0F

COEF(I,I111)8X(3)/S(1)
COEF(T,I111Te138X(¢J)/8(])

CONTINUE

CONTINUE

RETURN

END
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SUBRCUTINE EVRPOLY (IFUN, X, Y, ANS)

EVALUATE PGLYNOMIAL FIT FUNCTIONS

[aNal g

DOUBLE PRECISION CREF(21,4), ANSD, XD« YD, XXX, YYY
INTEGFR NTERM(S)/3,0,10,15,21/

INTEGER XP(21)/0,1,0,2,1,0,3,2,1,0,4,3,2,1,0,%,4,3,2,1,0/
INTEGER YP(21)/0,0,1,0,1,2,0,1,2,3,0,1,2,%,4,0,1,2,3,4,5/
comMmMeN /LSQCFC/ COEF, LSGDEG, IFR1C2)s TOL

CoMMEN 7 MEANS/ GCPM (W)

COEF(21,1)e COEFFICIENTS FOR 1 1« PIXEL
2= LINt
3s EASIING
4o NORTHING

[aNaNalle el

1STCP 8 NTERM(LSQDEG)
ANSD = 0,0
IF (TFUNGER,S.QR_TFUN ER . 4Y GO TC §
¥0 & x e GCPM(3)
YO B VY s GueN ()
60 109
1 xD =2 ¥ < G{rr(l)
YD 8 ¥ « GCPM(2)
S CONTINUE

D0 10 I=1,18T0P
YXx s {,0
IF (XP(I)NEL0F XXX B XDaaXP(])
Yyy = 1,0
IF (YP(I)NEgO) YYY & YDanYP(])
1U ANSD 3 ANSD ¢ CCEF(I,IFUNYAXXXAYYY

ANS = ANSD ¢ GCPM(IFUN)
RE TURN
END
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SUBROLTINE GCPCCR (GCPy MGCP)

GOPCNR REMNVES MIRKOK VELOCITY PRCFILE aND EARTH CURVATURE
UISTORTIONS PRICK TC CBTAINING LEAST SGQUARES FITS

GCP 1S GROUNG CCWTRCL POTAT TAHLE INpUT BY USEK
3¢ PIXEL wITWIN LINE
e LINF wlTKHIN FRAME
S, ASTING - .
s i““‘“l":G REPRODUCIRINATY OF THE
ORIGINAL PAGLE IS POOR
DIMENSICN GCPR(4,~GCP)
MEAL a4 MyPCFF
COMMON /L ANDST/ CCT, LLC, DEGCEN, SAMHOF, LINCFF, AMPL, PHASE

AQD BACK PELAY T0 GFT CRIGINAL CCY FIAFL NUMHER
ARITE (6,1640)

G0 10 NGCP = {,MGCP

ARTTE (0,101) LCP(2,NGCP), GCP(§,NGCLP)

LinF 2 GCP(2,NGCF) ¢+ 0,5

Same = GCP(1,MGCF) ¢ CELAY(LINE)

ABPLY MIRRNR VELNCITY PROFILE CORRECTLION
LUFF = MYPCRF (SAMP)
GCP(1,MGCP) = GCP(LI,NGCP) « (QFF

APPLY EARTH CURVATURE CORRECTICA
Ci:Rv & ERCURV(SAMPa(QFF)
GCP(1,0MNGCH) &8 GCP(1,NGCP) » CURY

SAMPO 3 SAMP ¢ SAMPOF
SHRIFT = 0FF ¢ CUKV

WRITE (6,102) SAmMP, SAMPO, OFF, CLRV, S"IFT, GCP(1,NGCP)
(CATINUE

KFTURA

FORMAT (111,20X,'GROLAC CONTROL PRINT CURRECTICNS'//19X,1QFFSE- Y,
Sx,'ORIGINALY , 3%, 'CCT SCENE?, 7x,'MVF 1 ,9x, 'CURV! ,Bx,'NET!,BX,
VOURR (177Xt RECCRD Y, 306X, CSAMPLE VY, 3( /X, 'SHIET ) ,6X,10FFSET /)
FCR®AT (1X,PF12,3)

FUMMAT (1e1,24X,8F12,3)
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FUNCTION DELAY (LINE)

¢
C COMP{TE HROTATIONAL AND SENSOR DELAY RELATIVE TC FIRST SWATH
C
C DFGCEMN o LATITUCE AT THE CENTER OF TKWE LANDSAT SCENE
C PIXOLY @ EQUATORTIAL FARTK ROTATION PER HWATH IN PIXELS
o DEGPLMN e CHANGE IN LATITUNE PER SCAN LINE
c RADDFG ® RADIANS PER DEGREE
C SDELAY @ SKFNSOR SAMPLING INTERVAL BET#EEN LINES (2) 7/ TOTAL NUMBER
o CF CETECTCRS (25)
C LINESKh » LINE NUMBER IN TME SWATH (1 e o)
c
DIMENS]ION SODELAY(AH)
INTEGER CCTLIN, SwATH
LOGICAL CCY
COMMON /LANDST/ CLT, LLC, DEGCEN, SAMBQF, LINCPF, AMPL, PHASE
DATA PIXPLY, DEGPLN, RADDEG, SDELAY /0,8, 0,00071086, 0,01745329,
.0.00 0.08: 0.160 ﬂ.Z’h 0.32! 0.“0/
¢
IF (CCT) 6O T0 10
UELAY30,0
RETURNAN
c

10 CONTINUE
CCTLIN = LINE ¢ LINOFF
NEGI AT 3 DEGCEN ¢ (1170,5«CCTLIN) ¢ DEGFLN
RDELAY = PIXDLY « COS (NEGLATaRADDEG)
SwATH 3 (CCTLINwi)/6 ¢
LINFSW 3 MODCCCTLINGY,6) ¢ |
DELLAY & ROELAY#(SWATHel) o SDELAYC(LINLSA)
RETIRAN
END
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REAL FUNCTION MVPOFF (P83)
COMPUTE MIRROR VELCCITY PROFILE OFFISET

LLC o NUMBER OF PIXELS IN THE RAW sCav LINE
SAMPOF e NUMBER OF PIXELS SKIPPED 1IN THE LANDSAT SCENE
AMPL, PHASE e AMPLITUDE, PHASE OF MIRROR VELOCITY PROFILE CURVE

LoGICcAL CCY
COMMON /LANDST/ CCTy LLC, DEGCEN, SAMPOF, LINCFF, AMPL, PHASE

tF (CCT) GO 10 12

MVPOFF & 000

RETURN Rl
REPRODUCIBILITY OF THE

i ORIGINAL PAGH 18 POOR J

PS1 & PS + SAMPOP |

MVPOFF 8 AMPL # SIN (6,2831853 o (P33ePHASEel,0) / (LLLel))

KE TURN

END
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FUNCTICN ERCURV (PS)
CCMPUTE EARTM CURVATURE CORRECTICOAM

RE) RSAT = FARTH RADIUS, SATELLITE ORMIT RADILS

TFOV o TOTAL FIELD OF VIEw OF THF SCAMNER (11,56 DEGREES)
LLC = NUMBER OF PIXELS IN THE RAW SCAN LINE

SAMPCF » NUMHER OF PIXELS SKIPPED IN THE LANDSAT SCENE

LoGIcaL CCT
coMMON /LANDST/ CCT, LLC, DEGCEN, SAMPQF, LINCFF, AMPL, PHASE
DATA RE, RSAT, TFOV /6367,4, 7285,6, 0,20176/

1 (CCT) GO TO 10
ERCURV 3 0,0
RETURN

COMPUTF SCANNER ANGLF AT PIXEL NO, PS AND ANGLE SUBTENDED AT
ThHE CENTER OF THE EARTHM

CONTINUE

TFOv2 & TFOV/2,0

PS1 8 PS ¢ SAMPCH

ANGSCN 3 (PS1e],0)aTFOV/(LLCeYy) = TFOV2

ANGERT 8 ARSINCSIMNCANGSCA)®RSAT/RE) » ANGSCN

TCTERY = ARSIN (SINC(TFOV2)eRSAT/RE) = TFOQV2

FIND SCANNER ANGLE BASFC ON FRACTION uF TOTAL ARC ON THE EARTH'S
SURFACF AND CONVERT TN PIXEL MUMBER

ANGSCY = TFOVE #« AMNGERT / TOTERY

PS2 8 1,0 ¢ (ANGSC1¢TFGV2) » (LLCei) 7 TFOV

ERCURYV 3 PS1 e PS2 '

RETURN

eND
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REGISTRATION - 1
GENERATION OF MAPPING GRID

. NAME REPRODUCIBILITY OF THE
GRIDHP ORIGINAL PAGE 18 POOR

", DESCRIPTION
The process of geometric correction requires the computation of image
(input) pixel coordinates at each map (output) coordinate by means of
a mapping function (generally a low order polynomial). However, the
evaluation of a nearly linear function at large numbers of map points is
not necessary or practical. The computation required is greatly reduced
by evaluating the function at each mesh point in a coarse grid covering
the Iimage area. GRIDMP computes the UTM and image coordinates at a
specified number of mesh points coveriny the image. The corrections
for the Landsat scanner mirror velocity profile and earth curvature are
added to the image coordinates. (These corrections had been removed to
reduce nonlinearity in the mapping functions.) The accuracy of
interpolation within the grid cells is checked at the center of each
cell by comparison with the actual mapping function value. (f the
error is large, a finer grid or lower order polynomial should be used.
GRIDMP also computes the number of lines and samples in the geometrically

corrected image.

t1l. CALLING SEQUENCE
CALL GRIDMP (MAPSET)
where
MAPSET is a LOGICAL variable. If it is TRUE, the output map coordinates
are specified. |f FALSE, GRIDMP computes the output Image size which

includes all of the image after registration.

. INPUT/OUTPUT
1. [INPUT
Common block MAPDAT includes STRTNO, STOPNO, STRTEA, and STOPEA which
are the starting and stopping Easting and Northing coordinates of

the output.

7




Common block PIXDAT contains:

NLINPX, NPIXLN - lines and pixels per line of the input image.
NHGL, NVGL - number of horizontal and vertical grid lines.

SRATE - sampling rate (distance between pixels) in the output
map.

NLPI, NSPL - lines and samples in the output image (output of
GRIDMP) .

KDUM - value to which boundary pixels in the output map are set.
INTERP - interpolation method flag where 1 = nearest neighbor,

2 = bilinear, and 3 = bicubic.

NB - number of bands of data to be interpolated.

2. OUTPUT
Printed output is image and map coordinates at the mesh points,
sample and easting values of the first and last points in each
grid cell, interpolation errors at the grid cell centers, and the

output image size.

V. DESCRIPTION OF SUBROUTINES
Description of the subroutines are given in the following table.
LENGTH

SUBROUTINE (BYTES) FUNCT ION

GRIDMP 3988 Compute image and map coordinates at
the mesh points of a coarse grid,
and compute errors where interpolating
image coordinates between mesh points.

EVPOLY 912 Evaluate a polynomial given its order
and coefficients.

DELAY 540 Compute Earth rotation and sensor
delay for a given scan line.

MVPOFF 374 Functions to compute mirror velocity

MVPINV 374 profile offset and 1ts inverse.

ERCURV 578 Functions to compute Earth curvature

ERCURI 734 correction and its inverse.
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vt.

Vil.

VIilt,

1X.

PERFORMANCE SPECIFICATIONS
The time required to execute the routine is four milliseconds per cell.

METHOD

GRIDMP computes the ranges of easting and northing occupied by the
image. Using the specified number of grid lines and output pixel
spacings, the grid spacings In meters and the output image size in
pixels are computed. The coordinates at the mesh points are deter-
mined by stepping through the UTM grid and transforming to image
coordinates using EVPOLY. Since the mapping functions were deter-
mined after removing mirror velocity and earth curvature offsets,
the inverse offsets must be added to the grid coordinates to obtain
the original input image coordinates. In other words, the mirror
velocity and earth curvature corrections are applied at the grid
points and interpolated linearly between grid points, as are the
mapping functions. The image coordinates at the center of each grid
cell are calculated by interpolation from the mesh points and by
polynomial evaluation In order to determine the errors Introduced by
the interpolation. A table of output sample numbers and eastings
for the first and last points in each grid cell is generated for
later use in resampling over the cells.

COMMENTS
None.

TESTS
A sample printout of grid point coordinates follows.

LISTING
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ITEARQMATASY, SRR, BT AEES ey

SAMPLE LINE EASTING NORT HING
~4.378 27.31% 359.500 3421.500
144,349 2T.143 362.5%6 3421.500
293.075 269173 365,571 36421.500
_. 44l.8C2 .. 28.802 368,607 o . 3621.500
$90.541 264632 371,643 3421.500
T39.267 26,461 3IT4.0678 3421.509
847.994 264291 377.714 3421.500
1036.721 26.120 380.750 3421.570
1185.4%9 25.950 ’ 333.746 3421.500
_1334.186 e 25719 3804821 34214500
1482.91) 25.609 389,857 3421.500
1631.651 25.438 392.89)3 3421.%00
1780.378 25.268 395.928 3421.500
1929.105% 25.097 398,904 3421.500
2017.431 24.927 402.000 3421.500
-3.609 163.586 ' 359,500 ELE: PR LYY
145.117 163.416 362.53%6 3418.761
293.844 163,245 365.571L 3418.741
442,511 163.018 368.607 3418.741
591.309 162.904 311.64) 3418.741
740.036 162.733 374,678 3418.741
888,762 162.563 o 31T.214 T 3418.741
1037.489 ’ 162.392 330.7%0 34184741
1186.228 162,222 343.786 3418, 741
1334.9%¢4 162.05%1 380,821 3418.741
1483.681 l61.881 349,857 3418, 741
1632.420 161.710 392.893 3418.741)
17d1.146 161.540 395,924 3418.741
1929.873 161.309 394,964 3418.176)
2078.600 lel.199 402,000 3418.741
-2.84) 299. 840 359,500 3415.983
145.84% 299.016 362.5306 3415.983
294.61¢2 299. 505 365.571 3415.983
443,339 299.334 368,007 34195.982
592,371 299.164 3714643 341%,983
740.806 2498.995 374,678 3415.98)
889.%31 298,823 3711.114 3415.943
1018.257 2984652 380,750 3415.983
116,998 298.482 383.7060 3415.993
1335.723 2944311 36,821 3415.983
14£4.449 298.141 349,857 3415.983
1633, 1ud 297.910 392,493 3415.983
1781.915 2917.800 395,928 3415.983
1932.661 291.029 398.964 3415.983
“2079.308 297.4%9 ’ 402,000 3415.98)
-2.31 436.106 399,50 3413.024
146,05 439,936 362.5380 3413.224
295, 350 435, 16Y 365,571 3013.224
h4, 1017 L3549 38,007 Jels.lda
5924345 435,424 371.643 3413.224
Tal.hl2 439.24) 314,078 Jel3.dl4
890..99 415,083 . SHI.114 413,224
1039,04% 434,912 380,740 3413.424
1167. 704 434,742 343,786 3413.224
1336, 491 434,511 386.821 3413.224

Figure 8. Sample Printout of Grid Point Coordinates
in the Landsat and UTM Systems .
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AN

Q00

SUHROLTINE GRIDMP (MAPSET)

GRINMBE COMPLUTES THE INTERPOLATINN GRIV [NTERSECTIONS AND THE
INVERPULATINN ERRCKS IN IMAGE PIXFL LGCATIONS

ALLOWARNCE [S MACE FCR ThE STARTING NONTHING VALUE GREATER THAN
et STOPPING vALyE (AS IN THE UTM™ SYSIEM)

GRID TS CUCRDINATES (LUTM & PIXEL) OF NOMIZONTAL & VERTICAL GRID
INTERSECTIONS

CIMENSION GRICEN(2,30), GRIDSL(2,3008V)s NUMPXC(30), CPXVAL(30),

NUMUANCC30), ERRCEL(29)

LOGLCALY CELLCG(29,29)

LLGICAL MAMSET

CGMMAN /PTXLAT/Z MLTABX, NFIXLAN, NMGL, NVGL, SRATE, NLPI, ANSPL,
nOUM, INTERP, NB

(OMMON /MAPDAT/ STRTANQ, STOPANC, STRTEA, STOPEA

COMMON 4/ GRIC/Z GRIPEN, GRIDSL, NUMPXC, CPXVAL, NUMLANC, CELLCG

(OMPUTE UTM LOCKRNDINATES AT IMAGFE CORNERDS
JF (MAPSET) GC TO 9C0

bt INPXBN] INKEX

FELXLNENPTXLN

::*v‘ : ;‘;:t Zt:}g 3 “ws) REPRODUCIBILITY OF THE
PS & 1.0 = DELAY(1) = ¥VP o CRY ORIGINAL PAGE IS POOR
CALI EVvkOLY (8, PS, 1,6, At)

Catl FVPCLY (W4, PS, 1,0, AN)

S B 1,0 = LELAY(NLIAPX) = MVP o CRV
CALL FVPPLY (3, PSS, FLINPX, CE)

CALL EVPCLY (4, BS, FLINFX, CN)

MvP g8 MYPCLFF (FPPIXLN)

CRV 8 FPRULUNVIFPIXLAN=NVYP)

#S ® FPIXLN » DELAY(]) = MVP = ChV

CALL BVECLY (8, ¥S, 1,0, BE)

CALL EVPCLY (4, PS, 1,0, BN)

PS = FPIXIN @ DFLAY(NLINPX) @ PVP e ChvV
CaLt evbCLY (3, PS, FLINEX, DE)

CaLl tvRPLY (4, PS, FLINPX, DAN)

IF CANGLT oMY STRTADC 3 AMINL (AN, HM)

IF (ANGT oCAN) STHRTRO = AMAX] (AN, 8n)

T (Ar oLT4CAN) STrPIC 8 ArAX] (CN, OM)

LF (ar JGT40r) STPRAC 8 AMINL (CAhy ON)
SThTp s 3 AMING (AE, CF)

STUPEA = AmAXY (KE, Gt)

LOMPETE X ARG GY GRID SPACING ANL LUTPJY IMAGE STZE
Nplif 18N kGL et

HVGLISAVG| =]

b = (STUFFASTHTEA) / ANVGLY

GY 2 (STEPLCeSTRILE) /7 ARGLY

NEH|l 2 (STOPRA«STHTIELASSKATE) / SRATE ¢ U,S

NLPL 8 (AMS(STOPKRCGRSTRTAC)*SRATE) / S™AIE ¢ 0,5

CALCULATE GRIC TATERSECTICNS BY SYEFPING THROLGK UTM GRID ANC




T T T T e —————— T T - o

4 TRANSFORMING TO IMAGE (PIXEL) COORODINATES
DO 1010 Is1,NVGL
EAST 8 STRTEA ¢ (Iei)aGX
LRICEN(LI,1) & EASY
0C 1000 Js1,NKGL
NURTH 8 STRINDG o (Jel)eGY
GRIDEN(Z2,J) 8 NORTHM
CaLL EvPOLY (1, EAST, NORTH, P8)
CALL EVPLLY (2, EAST, NORTH, PL)

ADD INVERSES OF MIRROM VELOCITY PHOFILE AND EARTH CURVATURE
CORRECTIONS TO GET RAwW PIXEL COGRUINATES AT GRID POINTS
LINE 8 FL o SIGH(0,%,PL)
PSCCT 8 FS ¢ DELAY(LINF)
mvP 8 MVPINV(PSCCT)
CHY 8 ERCURTI(PSCCYeMVP)
PS 5 PS ¢ MVF ¢ CRV
GRILSL(Y,J,1) 8 PS
GRINSL(2,J,1) & P
1000 CONTINLE
1010 CONYINUE
wRITE (6,10%0)
00 1011 Js3,NKGL
1011 A4RETE (6,1051) (GRIDSL(1,J,K), GNIDSL(2:J,K), GRIODEN(},K),
JUNIDEN(2,J), XE1,NVGL)

[a Xal ol

¢
c COMFUTE FINAL GRID ENRRCORS
akITE (6,106%)
LHKRMAXEBO,
GO 1030 14s2,NHGL
141814e=]
DC 1020 Jus2,NvGL
JéisJiel
d
o CCMPUTE PIXEL CGORCINATES BY BILINEAR INTERPOLATION IN A CELL
PSSO 8 (GRIUSL(1,14d,JU)+GRICSL(1,)143,J4)eGRIDSL(L,141,J4Y)
. ¢GRIDSLCY, 14, J48)) /7 4,0
PL & (GRINSL(P,14,JU)eGRIDSL(2+143,JU)eGRIDSL(2,141,J41)
. ¢GRIDSL(2,14,J41)) 7 4,0
C
C CCrPUTE CENTER BASTING ANC NCRYRING
FOCEN 8 (GHICEN(1,JU)eGRIDENCL,JHL)) 7 2,0
NCEN &8 (GRICEN(Z2,TU)eGRIDEN(2,141)) 7 2,0
("
C CrreUTE PIXEL COCKDINATES BY FUNCIIUN
CALL FVFLLY (1, ECEN, NCEN, PS)
CALL EVPOLY (2¢ ECEN, NCEN, PL)
d
C ADL INVERSFS CF MIWRCR VELCCITY PHRCFILE AND EARTM CURVATURE
C CCRRECTICAS 1O GRID PCINTS

LIME 8 PL ¢ SIGANLO0,5,PL)
PSLCT 3 rS ¢ LELAY(LINE)
mUP 3 MYPINY(PSCCT)

RV 3 EMLLWI(PSCCTeMVPR)
S B PSS ¢ MyP ¢ Cly
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ol aNal

CerPuTt BRRCR
tRHESQRT ((PSbePS)aa2e(PLBaPL ) ane)
tHHOEL(JUY) 3 ERR
ERAMAX 8 AMAXL (EWRMAX, tRR)
CCNTINUE

wRITE (0,1070) (ERRCEL(J),

cCorYinuvt

whl1t (6,1060) ERRPAX

Rl"PR( )
e ’l)f' 7
ORIGyy,, LI

Y ]
P«‘l G L O[‘

{8 D THE

JELAVGLL)
180

COMPITE YAHLES CF FIKST CUTPUY SAMPLE NI'MHRERS AND COORDINATES AAD
WUIPLUY LIME ~MBERS IN BACK CELL

~NLePRC (YY) 3 )

CPXVAL(1) 3 GWICEN(1,1)

tUrINC(Y) = )

U 1038 JE2,AV0L1Y

SUMPXC(J) 3 (RHIDENCL,J)nGRIDEN(Y,1)eSRATE)I/SRATE ¢ 1,0
CPXVAL(J) = GRICEN(1,1) ¢ (NUMPXC(J)m1)aSRATE

UC 1039 J22,ANGLY

NUMLACC)) 8 (AHS(GRIDEN(2,J)eGRIVEN(2:1))eSRATEY/SRATE o 1,0
MUMPXC(AVOGL) 3 ANSPL ¢

\UMLNC(MHGL) 8 NPT ¢ )

1vss

14939

“HITL (6,1052)

G0oLodY Jey,e9

TF (JoLEARGL T CROJLLELNVGLE) WRITE (0,10%4) J

IF (JoLEoAVELY) wRITE (6,1059) NUMPXRC(J), CPXVAL(J)
IF (JoLEMHGLY) waRTITE (6,1056) NUNMLACCY)

WHITE (6,10%8) SWHATE, NLPI, NSPL

RE TUKN

1048

1GSC Funvat (111,30, 'INTERPCLATION GHRID 1 TEHSECTICANS'/31X,32%0t)//
GIUX  VSAPPLE Y 1aX, VUINEY 13X, 'EASTINGY 18X, 'NORTHING!)
PUNMAY (/(af20,3))
FORMAT (010 780X,'GRID CELL STAKTING PUINTS 1/30X,25(aty)//30X,10_LL
o MUV, NN ISAMBLE KRC, 1,9, 1COORC, VALULEY,5X,'LINE NO,'/)
FORMATY (/77209 ,000.TPLY PIXEL SPACING B, F7,58,1 UNJTSt/21X,t1CLTRPLY
o IMAGE SIZE 3t,15,¢ LINES BY!1,]6,0 JAMPLESY)
POKMET (119)
PONMAT (1at,17%80,F18,3)
FORSAT (tet,l60)
FONMAT (//721X%,'MAXIMLM GRID ERROR ®1,1PE 10,2, PIXELS?)
FORYAT (010, 2uX IAGKNITUCE OF INTFRENLATINN ERRCR AT GHRIOD CELL CLA
JTERSI/Z721X,58(at))
170 FORSAT (Z(1P1UFQ,2))
i

1051
1042

1094

1054
1085
1058
fuol)
1uhaY
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REGISTRATION - 2
PARTITIONING OF LARGE IMAGES BY CELLS

NAME
CELLMP

DESCRIPTION

When generating an output line of geometrically corrected imagery,
the input data required will generally be drawn from several scan
lines. Thus, a block of input data must be held in core. If the
input scan lines are long, very large amounts of core are required,
and the image may require segmenting. CELLMP segments the image on
the basis of the grid cells produced by GRIDMP.

CALLING SEQUENCE
CALL CELLMP (CORE)
where CORE is an integer variable specifying the amount of core

available for the input data block.

INPUT/OUTPUT
The printed output is a matrix showing the segment number in which each

grid cell is completed. Cells not requiring input data are indicated
by WA

DESCRIPTION OF SUBROUTINES
CELLMP calls the function DELAY.

PERFORMANCE SPECIFICATION
The subroutine requires 2716 bytes of storage. For an image requiring

four segments, the partitioning information is computed in approximately

one second.

METHOD

For each row of grid cells, CELLMP computes the range of input
coordinates required for including successive cells along the row, as
illustrated in the following Figure.
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The dotted lines indicate the extents of the input data required

for 1, 2, and 3 cells in the row. The actual input coordinates
at the cell corners are adjusted to allow for the following factors:

o bicubic interpolation requires +2 and -1 additional neighboring
samples,

o earth rotation and :zensor delay shift the sample numbers in each
line, and

o one additional sample (:]) to allow for delay shifts in lines
adjacent to the cell corners.

For all rows of cells, a common number of input samples per line is
determined in order to define the input image block. Using this
information, the program again loops over the rows of cells and finds
the starting input rows and columns and number of rows and columns

in each input data segment.

COMMENTS

None.

TESTS
The routine has been tested by printing the input data ranges for the
cells and comparing with the cell coordinates produced by GRIDMP.

LISTING
The listing follows.
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CRUERRCLITAk CELLMP (CORE

[

c o

B S T SO

)

TACEMELTE DIMEASTONS CF IAPLT AKRAY WHICH CAN BE FELD TN CORE AT A

C 1IvF ANG MLMERR OF PARTITIONS WEGUIRED.
SRR AN wCe VARTABLES wave orneCt:ohe APPtNDEBo €,6, PIXNN 18
T nNQHTep ST CORNEN PIXEL OF A CELL

INTEGER KGaNw, F1XAW, ROWNE, PIXNE, vaSF. PIXRSE, ROwWSW, PIXSW,

RNy HS, 8n, Sk, R1, RE,

PIMEASTON GRINEAN(2,30), GRIDSLC(2,30,30)0 NUMPXC(30), CPlvAL(SO)o

oMUMLAL (40)
TLOGICALAY CRLLCG(29,29)

CoMens /ZPIXCATZ NLINPX, APIXLA, MeGL, NYGL, SRATE, NLPL, NSPL,
. KOUM, INTRP, AB
S LEMeCh /4 GRINZ GRIDEN, GRIDSL, NLMPXGC, CPXVAL, NUMLNC, CELLCG
corvir 25, AT/ ACGP, MRSAM(10), ABLINCIO0), NSTRT(10),
. RSTRT(29,10)

ooy

AFGLE 8 ARGL =

vl ) 8 AvGlL =

B0 1L 131 NeGLY
160 CELLCGUE,Y) 8 222

TNTTTALIZE CELL COLUMN GRCLP INDICATOr (CELLCE)

v FInD rtCBP, THE NUMRER OF COLUMN GROULPS,

C S1 IS FTIKST InPLT PIXEL FCR ThIS COLUYN GRGUP
ACLP =
$Y 8

{

(. SYAhT A ANEx COLLMN GREOLP CR SEGPENTY

tRaG LHaTINUE
"CLP 2 MCRP & Y
~MIAAC 2 1000000

LCuP Cvbe CELL ®OnS§
LC 2014 18§ ,NMHbLY
28} 100N050

QP n

82

' START Tk LCGF THERE
O 2unt 1Ci1st,AvELY

IF (CELLEG(T,1C1),FEL,

ovul (WVEN S N1 4
' 20 T4 2010

SRGINAL ppge o
OF Poor QUAery

(CELL IC1)
222) GG Y0 200¢

FINE FIRST CELL IN THE RCn AVAILABLE FOR THTS COLUMN GROUFP AND

i Flo; KALGF CF IMAGE COORDINATES REQLIRED FCR THE QUTPUT CELL

ERNY. feo2nne JsTt1,NVGLY
hivhn 8 GRICSL(2,T
PlANa GRIESL(L,T
WL b GuICSL(E, 1,
pixnk GRICSLC(I,]
w{ rSF
Cinpt

B M B e s e o i it o S st

WJ) & 1,0
oJ) ¢ DELAY(RCW W) @ 2,0

Jel) o {0

oJe1) ¢ CELAY(RUWNE) ¢ 3,0
GRICSL(2,1¢1,J41) ¢ 2,0 ‘
GRICSLC1,1e01,J0¢41) ¢ CELAY(RCWSE) ¢ 3,0
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DR ey, . oL a, ool ST T T R T T R TR T T T TR R e R R T S e ey ,—-—,—___1 s

TR EL f e e . m——— A <14 i o

RCwS» & GRIDBL(2,1¢1,J) ¢ 2,0

PIxS» = GRICSL(1,I¢8,)J) ¢ DELAY(RLWOW) = 2,0

RN & MAXO (MINOCROWNW,ROWNE)Y, 1)

RS 8 MINO (MAXO(ROWSW,ROWSE), NLINPR)

Sh B FAXO C(FINOCPIXMW,PIXSW), 1) ’ |
SE 8 MINY (MAXOCPIXNE,PIXSE), NPIXLN) a

C CHECK FGR IFAGE COCROINATES OUTSIUE THE INPUT IMAGE
, IF (RN GY NLINPX ,CR RS,LY,1,CR,8W.GT NPIXLN,OR,SE,LT,1)
; . GC 10 1920

FIND RANGE CF IMAGE COORDINATES FUR THIS ROW OF CELLS AND
FIND NCy CF CUTPUT CELLS THAT CAN BE FILLED GIVEN CORE LIMITY
W1 s MINO (R1, RN)

R2 FAXD (R2, RS)

§e ¥AX0 (82, St)

AR Re =« R ¢ 1|

ne 52 » §1 ¢

IF (NRenC,LE,CORE) GO YO 200S

OO

L R TE RSN

-~ N uanmn

CCRE REQUIRER EXCEEDS THAT AVAILAMLE
GO 10 NEXT WCw OF CELLS
MINAC 3 MINO (NCSAVE, MIANNC)
CELLCL(I,J) = 255
GU TO 2010 REPRODUCIBILITY OF THE
. ORIGINAL PAGE IS POOR
1920 CELLCG(TI,J) 3 ¢
GC 10 2000

(e Xe N o)

C
C CCRE IS AVvAILABLE, SAVE REQUIRED DIMENSICNS,
2008 NCSAVE 8 NC
CELLCG(T,J) = 222

20090 CONTINGE
2010 COnTINUE '
C

LASTPX = S1 ¢ MINNC o

IF (LASTPX,LT NPIXLN) GO Y0 2100

LASTPXx & ANPIXLN

“INNC 3 NPIXLN o S1 ¢ 1§
2100 CONTINLE

¢
C muw USE NUMBER CF INPLT COLUMNS AVAILABLE T0 SET CELL SEGMENMNY
'S INDICATORS AND TOD FIND RCwWw AND COLUMN INFORMATICM

MINSE 8 1000000
C
C LOGP LVER CELL ROWS

VG 2150 I31,AMGLY

1CY = 100

1IC2 s U

RSTRT(I,NCLP) & ©
o

DL 2130 Jsi,NVGL1Y

¢
{ CmbECk wHETMER THE CELL REGUIRFS INPULUT OUTSIDF OF TME IMAGE

TF (CELLCG(T,0),EG,0) GO TC 21286

81




JUMP QUT IF THE CELL ﬂ!ﬁ"lﬂl‘ '00 nucw GORI.
If (CELLCB(I.J!.SGQBSSS G0 70 s‘ -

IF THE CELL USES INPUT oAtA. 1. {1] ron vuz Lasv PIXEL
és ;gz:kggtx.aa.ne.aaé: 60 10 ila

| ~ 7T uMe OUT TR THE CELL REQUIRES SAMPLES PAST LASTRX,
2129 °  ROwWNE s GRIDBL(!:I.J#I) ® §,0
s PIXNE 8 GRIDSL(1,5,J0¢1) ¢ OELAV(ROuul) ¢.3,0
RCGWSE 3 GRIDSL(2,1e¢1,0¢1) ¢ 2,0
PINSE 8 GRICSL(I,e1,J008) o DEL‘Y(RONSI) 4:3,40
"SE 8 MINO (MAXOCPIXNE,PIXSE)Y, NP!“LN)
IF (SE.GT,LASTPX) GO Y0 2140

c © FIND FIRSYT AND LAST CELLS THAT USE INPUT CATA
IC1 s MINO (J, IC1)
1C2 3 MAXO (J, 1C2)

ELSE SEY COLUMN GROUP INDICATOR TO GROUP NUMBER,
CELLLG(T,J) = NCGP

aa

(o N 2

GO T0 2130
¢
2126 CELLCG(I.J) 8 NCGP ¢ 300
2130 CONTINUE
C
t FIND FIRSY INPUT RO FOR THIS ROW OF CELLS
2140 IF (1C2,6,0) GO YO 21%0

ROwNh 3 GRICSL(2,1,1C1) o 1,0
ROWNE 8 GRICSL(2,1,1C2¢1) o 1,0
RN 8 MAXO0 (MINOCROWANW,ROWNE), 1)
RSTRT(I,NCGP) s RN

C

[ FIND STARTING INPUT COLUMN FOR NEXT SEGMENY
IF (J,ECG,NVGL) GO T0 2150
NEXTCL & IC2 ¢ 8
ROwNs 8 GRIDSL(2,I,NEXTCL) o 1,0
PIXNW 8 GRIDSL(1,I,NEXTCL) ¢ OE LAV(“O“NN) o 240
RCwSn & GRIDSL(2,1¢3)NEXTCL) ¢ 2,0
PIXSw 8 GRIDSL(L,J1¢1,NEXTCL) ¢ D€ LAvtRo~Su) » 240
Sw 3 MAXO (MINOC(PIXNW,PIXSW), 1)
MINSY = MINO (Sw, MINSY)

c

c SET INDICATOR FOR STARTING CELL N NEXT SEGMENY
CELLCG(I,NEXTCL) & 222

2150 CONTINUE
4
c SET PARAMETERS OF INPUT OATA SEGMENY

MAXNR 3 MINO (CORE/MINNC, NLINPX)
NBSAM(ANCGP) 3 MINNC

NBLINC(ANCGP) 8 MAXNR

NSTRT(NCGP) o 8}

81 = MINSt

82
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1F ALL CELLS NOT DCNE, STARY A NEW Olbuur f
1F (L&SVP!.LT.NHI!LA) GO 10 1800 |
WRITE (64100) . R
‘ 00 2160 3si,MHGLY
2160 #HITE €6,101) tchLcctt.J). J'loNVBLl)
RETURAN
¢
100 ;g?r:1)§;115x.'coturu GROUP NUMBERS POR THE GRIO CELLS'/SX,
101 FORMAT (29(1X,12))
XY
REPRODY
CIp :
ORIGINA; poLITY op ;
PAGE THE :
IS Poop
;
1 83
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REGISTRATION - 3
PERFORM DATA HANDLING AND INTERPOLATION

Chicntin oas

11, DESCRIPTION
| This routine controls the reading of the Input data, finds the

L equations for linear interpolation of the mapping functioné within the

2 - . cells, calls the interpolation routine, and assembles the segments of

' the output image if segmenting was required.

At TS

111. CALLING SEQUENCE

B Call RECTFI (INPIX, PIXEL, PIXOUT)
where
INPIX is a buffer array for reading input scan lines,
PIXEL is the array for holding the Input data segment, and
PIXOUT is the output buffer array.

iv. INPUT/OUTPUT
1. INPUT
The input is a sequential data set on unit 10.

'r“.\‘l'_\""'!w“ ‘rn SRR T e '
. RIS L.

2. OUTPUT
The output is a sequential data set on unit 11.

3. FILE STORAGE
The output seaments are written on sequential data sets having
unit numbers 21, 22, 23 . . . (20 + number of segments).

V. DESCRIPTION OF SUBROUTINES
The subroutines required are listed in the following table.
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DESCRIPTION OF SUBROUTINES

1 susroutine © LeNgTH
: ‘OR ENTRY" (BYTES) FUNCTION
'ihkﬁéTfi o 359§ Read and write data, compute poly-
B ' nominal interpolation functions,
call data interpolation routine.

LOADLN 4036 Load input image data into array.
Set up pointer array to location
of lines in the data block.

RESAMP 2664 Apply Earth rotation and sensor
delay corrections. Compute
interpolated data values.

READAR 474 Read and write arrays of specified

WRITAR length In sequential unformatted

: v files. '

PERFORMANCE SPECIFICATION

1. STORAGE
The storage requirement is primarily dictated by the arrays
which are arguments to RECTFI. In addition, RECTF! uses common
blocks of the following lengths In bytes:

vi.

PIXDAT - 4o
GRID 8461
SEGMNT 1284
PIXIN 2032
TRANS -~ 24

2. EXECUTION TIME
The processing speed is highly dependent on the interpolation
method. Using four band Landsat data, the speeds are:

2350 Pixels/Second
1100 Pixels/Second
450 Pixels/Second

Nearest Neighbor
Bilinear
Bicubic
VIl.  METHOD
For each segment and each row of grid cells, subroutine LOADLN is
called to load the required input data into array PIXEL. For each
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IX.

X.

cell in a row, the input image coordinates at the cell corners are
obtained from the common block GRID (computed by GRIDMP). The
Intersections of the output line with the cell edges are computed and
from this the linear equation for the Input coordinates within the
cell. The resampling routine is then called and the output line (or
line segment) is written out. |f the image was segmented, the
segments are read, assembled, and written out.

COMMENTS

The routines GRIDMP, CELLMP, and RECTFI! are al) required for
registration but were treated separately because it is useful to
call them separately in designing computer runs. GRIDMP determines
the size of the output Image for a given tranformation and sampling

rate; CELLMP determines the number of partitions required for a gliven
core availability.

TESTS

The program was tested by examining the registration of small test
areas.

LISTINGS

Listings of the subroutines follow.
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SUHRDULTINE RECTF! (INPIX, PINEL, PIXOUY)
SCALL RESAMPLING ROUTINE 70 COMPUTE INPUT PINEL LOCATIONS AND

Gk1D I8 COORDINATES (UTM & PIXEL) OF MORIZONTAL & VERTICAL GRID

PEPRPORM SPECIFIED INTERPOLATION METHOU,

SREAD LINE SEGMENTS AND WRITE ASSEMULED RECCRDS,

INTERSECTIONS

UTMPIX 1S THME FOLLOWING UTM TO PIXEL TRANSFORFATION PARAMETERSS

PIXEL CONRDINATE OF FIRST SAMPLE IN SFGMENY
LINE COORDINATE OF FIRSY SAMPLE IN SEGMENT
SLOPE OF INPLT PIXEL V8, OUTPUT PIXEL EQUATION
SLOPE OF INPLT LINE V8, OUTPUT PIXEL EQUATION
NUMBER CF OUTPUT PIXELS IN THE CELL

CUTPUT PIXEL NUMBER,

LCGICALL INPIXCL), PIXELCL), PIXOUT(NBI/NEPL), CELLECG(29,29)
DIMENSION GRIDEN(2,30), GRIDSL(2,30,3VU)s NUMPXC(30), CPXVAL(30),
oMUMLAC (30)

INTEGER SAMPSG(29,10), RSTRY, PSTRY), SAMPO
INTEGFR®2 MNDEX(1000)

RE

AL NORTH

coevunn /PIXDAT/ NLINPX, NPIXLA, NMGL, NVGL, SRATE, NLPI, NSPL,

KOuM, INTERP, NB

'counnu / GRID/ GRIDEN, GRIDSL, NUMPXL, CPXVAL, NUMLMC, CELLCG
CorvON /SEGPNT/Z NCGP, NBSAM(10), MBLINCLI0), PSTRT(10),

R8TRT(29,10)

COovMMON 7 PIXINZ MAXSP, MAXLN, MNDEX, BAMPO, LINEO
COMMON /7 TRANSZ UTHPIX(O)
EGUIVALENCE (NPIX, UTMPIX(S)), (I8AMP, UTMPIX(6))

NFGLY 8 ARGL o
nVGLE 8 MNVGL o o
IF (GRIDEN(2,2),GT,GRIDEN(2,1)) SRATEN & SRATE

1¢

(GRIDEN(,2) LT,GRIDEN(2,1)) SRATEN B SRATE

LOUP CVER COLUMN GROUPS

DG 1020 ICGPeI  NCGP
MAXSP 8 NBSAM(LICGP)
MAXLN 8 NBLIN(ICGP)

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

SAMPO 8 PSTRY(ICGP)
LuniTs ICGP ¢ 20

HE

WIND LUNITY

CALL LOADLA (,TRUE,s 1, MAXLN, INPIX, PIXEL)

LUOP CVER QUTPUT IMAGE CELLS
0 1010 1GY 181, ANGLY

IGvyg 8 JGYY ¢ §

LSTRT 3 ANUMLANCCIGYL)

LSTCP 8 NUMLAC(IGYR) o

LGAC LINES OF CCY NECESSARY FOR RESAMPLED LINE
LeIN 8 RSTRT(IGY1,1CGP)

I1¢F (LVMIMN,EG,0) GC TC 150

LMAX 8 MINO CLMINeMAXLNeY, NLIMPX)

87
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LaLL 1UADLA (,FALSE,s LVIN, LMAX, IAPIX, PINEL)

LGCP VbW CLIPLT IFMAGE LINES IN THE GELL
£0 1000 1L INESLETRT,L8TUP
“ChTir 8 GNIDEA(PoL1) ¢ CILINE=1)e8RATEN

LOGP Fvbkh GRID CELLS COVERING MAP AREA
18AavUEL

UL 300 Loxist,nvilLl

1Gag 8 IGX] ¢ 1}

FING NUMBFR CP OUTPLT PIXELS IN Trt CELL
ABTX 8 NUMPXC(TGX2) o NUMPXC(IGX1)

CHECx FOR CELLS ADT KFQUIRING INPUT DATA

It (CELLUGEIGYT,16X1),EG,ICGP*1v0) GO TC 2%0
IF (CELICGCIGYT,1GX1),EG,ICGP) vO TO 210

GC 16 300

{CAL LTe CUCRDINATES CF GRID CELL CCRMEXS

Aa & GRICENCL,IGXY)

tx 8 GHILENCI,16X2)

AY 3 GRINDEN(2,IGYY)

LY 8 GRIDEN(2,106Y2)

LOAR PIXEL CLORCINATES COF GRID CELL CURNERS
AS 3 GRICSLCL,IGY1,1GXt)
AL & GRIUSL(e)T6Y1,[GX1)
88 & GHIDSLCY,IGYL,1GX2)
ni. 8 Ck1u8I.(2,1GY1,16Xx2)
€S = LRICSL(Y,1Gv2,1GXY)
CL 8 Guli8L(2,16v2,16X1)
LS 8 GWILSL(Y,16Y2,1GX2)
UL 8 GruILSLL2,)GY2,16GX2)

COMPLTE PRACTIONAL CELL OTSTANCE ALCNGL NORTHING AXIS
ACHAIL B (AYerURTIN) /7 (AYeCY)

CCPPUTE INTERPCLATED SAMPLE AND LINE vALUES AT CELL EDGES
S 8 AS ¢ ACHATC#(CS=AS)
WL 8 AL ¢ ACRATCa(CLe~AL)
& 2 HS ¢ AaCRATCa(CSeHS)
L & tt ¢ ACRATCe(CL=GL)

COMBLTE SLLPE GF INPUT SAMPLES AND LI-ES WITHIMN THE CELL
LELTAE & HX = AX

LTPP1E(8) & (KSwi3S) 7 CELTAE

vIMBIR(U) 2 (WLeGL)Y /7 OELTAE

FIND INPLY CCCRCINATES OF FIRST PUIMY IN THIS GRID CELL
Ukl 2 CFXVAL(IGXY) o AX

LTMPIX(Y) &8 LS ¢ UXJeUTMRIX(3)

LTPPIX(2) 8 L ¢ UXS2UTMPIXCA)

INTERPLLATE CVER INPLY DATA

ORIGINAL PAGE IS
8 OF.POOR QUALITY
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2%0

2%%
300

S00
1000

1040

1020

1030
1040
108

1700

CALL RESAMP (PINXEL, PIXOUY)
60 T0 300

FILL In THE CELL NOY IIGU!RING INPYUT DATA

D0 2%5 sy ,nPIX

ISAMP 8 JSAMP ¢ §

00 2%5 Jsi,nD
PIXOUT(J,18AMP) & KDUP
CONTINGE

WRITE THE LINE SEGMENY OUY

IF (NCGP,EQ,1) GO TO 500

IF C1SAMP,EC,0) GO 70 1040

CALL WRITAR (LUMNIT, PIXOUT, NBeIBANP)
GC T0 1000

CCNTINUE
wRITE (11) PEXOUY
CONTINGE REPR,

SAMPSG(1GYI,1C6P) s tsawp  ORIGINAL pycr

REWIND LUMIT
WRITE (6,1700) LBTOP. 1CGP
CONTINUE

ASSFMHLE AND ARITE OUTPUT 1MAGE
IF (NCGP,EG,1) RETLRN

VO 1050 1GViIBy,ANGLY

LSIRT 8 NUMLAC(IGYD)

LSTOP & NUMLAC(IGYLel) o 1§

ASSEMHLE AND WRITE CUT THE LINE SEGFENTY
DG 1040 ILINESLSTRY,LSTOP

NS 8 |

b0 1030 ICGPEY,NCGP

NSAMP B SAMPSG(IGYL,ICGP)

IF (NSAMP EQ,0) GO TC 1030

LUNITE ICGP ¢ 20

CALL READAR (LUNET, PIXOUT(I)N8), NUaNSAMP)
NS B NS ¢ NSAMP

conTINUE

nGJTE (11) PIXOLY

CONTINUE

RE TUHRN

FCRMAT(Y FINISHED PROCESSING'IS,! RECURUS IN

EnD

CCLUMN GROUP'1Y)
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- SUBROUTINE LOADLN (FIRST, LMIN, LFAR, IVPIX, PIXEL)

THIS SUBROUTINE LOADS ARRAY 'PINEL' WITW INPUY INAGE LINES
LMIN THROUGH LMAX, LT FERSY CNRCKS MHIC LINES ARE ALREADY
LOADER (L1 THROUGN L2) TO DETERMINE wnECH LINES CAN OF LEFY

_ IN MEVORY AND WhICH WUST BE READ,

LADEX(L) 58 THE LINE NUMBER OF DATA ST1O0NED IN PIXEL(e,1)
MMDENCL) I3 STORAGE LOCATION OF LINE NUMBER 1L
IPOSN 1§ THE LINME NUMBER TAPE 38 POSITIONED AT

LOGICAL®L INPIXN(NB,NPIXLN), PIXELCNB,ABEAM,MAXLA)

INTEGER®2 LANDEXR(1000),MNDEXC3000), SAMPONG

LOGICAL EOF, FIRSY

COvMON /PIXDAT/ NLINPX, NPIXLN, MMBL, NVGL, SRATE, NLPI, NBPL,
KDUM, JATERP, KB

)
COMMON 7 PIXIN/Z NBSAM, rAXLN, MADEX, BA“PO, LINEO

INITIALIZE BY CALLING LAST LINE IN CORE LINE 100
IF (,MNOT,FLIAST) GO T0 200
NOSAMG 8 MReNBSAM

RE=IND 10

EOF 8  FALSE,

1PUSN 8 |}

Le s FAXLN

LY s 1

LADEX(LL)EjeMAXLN
LADEX(L2)30

60 T0 1200

JFIRST, JLAST o FIRST AND LAST LINES ALHEADY (LCADPD
IF (ECF) RETURN

JPIRSTOLADEX(LY)

JLASTSUNCEXN (L)

JFC(LMIN,GE,JFIRST) GO TC 211

wRITE(6,190) LMIN,LMAX,JFIRST,JLAST

sTuP 41

NLINRL » NUMBER OF LINES REQUIRFD 70 FILL IN FPROV JLAST TO LMAX
JAEW o NEW FIRST LINE AFTER LOADING NLINRD LINES FPROM JFIRSY
COMTINLE

NLINRDSLVAXeJL AST

JAEWSJF TRSTOAL INRD

IF(NLINRE LE,0) GO TO 1200

IF(NLINRDGGEmAXLN) GC TO 300

FIND INDEX OF LINE JNEW (1)

LMINXY o INDEX CF LAST LINF T0 BE REAV N (Je3)
DO 230 Iat,mAXLA

JF(LADEX(T) NELUNER) GO TC 280

LMINXS 3 1 @ |

IF(LMIANL GLEGOILVIAXSBMAXLN

GO 10 270

CONTINLE

CONTINLE

IF(L1,GT,LMINKS) GO TC 240

90
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(2 XaXaly]

2%0

260

(1] ]

300

320

1000

1100
1200

CASE § o LOAD DATA FRO™ LS T0 LMINX)
00 230 IsLi,LMENXY

READ (10,ENDBI300,ERRS1400) INPIX
CALL PVL (INPIXC1,8AMP0Y, PIXNEL(1,801), NDBAMA)
LNOEXCI)RIPOSN

IPOBN & IPOSN ¢ |

CONTINUE

LY & LMINXL ¢

L2 B LMINX}

JPCLL,GT ,MAXLN) L =y

GO %0 1000

CASE 2 o LOAD DATA FROM LI THRQUBM MAXLN AND § THROUGM LMINXY
DO 250 § & Li,MAXLN

READ (10,ENDD3300,ERRD1400) INPIX

CALL MVL CINPIX(1,8AmPOY, PIXEL(3,303), NBSAMQ)
LNDEX(1) s IPOSA

IPOSN & 1POBN ¢ 1§

CONTINVE

DO 260 I & 1,LMINX]

READ (310,ENDB1300,ERRP1400) INPIX

CALL MVL (INPIXC1,8AvP0), PIXEL(3,1,3), NBSAMG)
LNOEX(T) @ 1P08M

IPOSN & IPOSN ¢ §

CONTINUE REPRODUCIBILITY OF THE
Ll & LMNINXY o § ORIGINAL PAGE 1S POOR
L@ 8 LPINXS

GO 10 1000

CASE 3 o AND OVERLAP OF OLD AND NEW DATA
POSITION TAPE

IF(IPOSN,EQ,JNEN)GO TO 320

READ (10,ENDB$300,ERRR1400)

IPOSN BIPOSN ¢ 1§

60 Y0 300

00 330 Isi,maxLA

RFAD (10,ENDBI300,ERRD1000) INPIX

CALL mVL (INPIX(1,8AMPO), PIXEL(S,301), NBSANMG)
LNDEX(I) & JPOSM

IPOSN & IPOSN ¢ ¢

CONTINUE

L1 8 ¢

L2 8 MANLN

LOAD STORAGE LOCATIONS INTO FLEMEAY OF MNDEXN EGUAL T0 LINE NUMBER
LINED o FIRSTY JFAGE LINE WELD IN CORe

"y e STORAGE LINE NUMBER AT IMAGE LINE LNDEX(D)

LINEO 8 LADEX(LY)

DO 1300 1 & §,MAXLA

X & LNDEX(I) o LINEO o

MNDEX(MX) &

CONTIMUE

CONTINUE

RETURM

9




b

EOF & TRUE,
NRITE(6,1301) IPOSA
RETURN

wRITE (6,1401) IPOSN
sToP 43

FORMAT(1HO, 'ERRORE BACKWARD REAN REQUESTEDY,UI10)

FORMAT(IHO, 'EQF AT LINE ,19)

FORMAT(1H0, "READ ERRGR AT LINE',1S)

END

92
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SUUROLTINE RESAMP (LPIXEL, LPXOUT)

INTERP & 1, 2, 3 GIVES NEAREST, BILINEAR, B8ICLEIC INTERPOLATICN

LCGICAL®Y LPIXEL(NB,NBSAM,MAXLN)) LPXOUTENB,Y)
DIMENSION RK(4,4)

INTEGER 8AMPO, SLR

INTEGER®2 MNDEX(1000)

LTMPIX IS THE FOLLOWING UTM TO PIXEL TRANSPORVATION PARAMETERSS

1o PIXEL COORDINATE OF FIRST SAMPLE IN SEGMENY

2, LINE COORDINATE QOF FIRST SAMPLE IN SEGMENY

3, SLOPE OF INPLT PIXEL VS, OUTPUT PIXEL EGUATION
4, SLCPE OF INPLT (LINE V8, OUTPUY PIXEL EQUATION
%, NUVBER OF OUTPUT PIXELS IN TWE CELL

6, OUTPLT PIXEL NUMBER,

COMMON /ZPIXDAT/ NLINPX, NPIXLAN, NKWGL, NVGL, SRATE, NLPE, NQ’L'

KDUN, INTERP, NB
cCommon 7/ PIXINZ NBSAM, MAXLN, MNDEX» SAMPO, LINEO
COMMON 7 TRANSZ UTMPIX(S)
EQUIVALENCE (NPIX, UTMPIX(5)), C(ISAMP, UTMPIX(6))

LEHASESLINEQ=]

HSI s UTMPIX(3) = SAMPO ¢ |
PLI 8 UTHMPIX(2) o LINED ¢
SPACEL 8 UTMPIX(I)ASRATE
SPACEZ = UTMPIX(U)LSKRATE

LOOP OVER OUTPUT PIXELS
OC 1050 Isi,NPIX

ISAMP & ISANP + |}
Ctelel

COMPUTE INPLT LINE AND SAMPLE NUMBENS
PSEPSI+DEnSPACE ]

PLaPL 1+DEnSPACER

GC TG (1000, 2000, 3000), INTERP

# & # & & NEAREST AFIGHBOR INTERPOLATION & & & 8 ¢

IPL 8 PL ¢ 0,5
IF (1PLoLT,1,0R IPL,GT,MAXLN) GC TO 1030

ADD EAWTH KROTATION AND SENSCR DELAY OFFSETS
IPS 8 PS o DELAY(IPLOLBASE) ¢ 0,5

IF (IPS,LT,1,0R,IPS,GT NBSAM) GL TO 1030
SILR 8 MADEX(IPL)

DG 1021 1BANDE,NB
LPXGUT(IMANC,1SAMP) 8 LPIXELCIBANL,IPS,S8Lk)
GO T0 1050

a2 & & & BILINEAR INTERPCLATICN o« & & #» o

IPL 8 PL

q=|!!iig; 93
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2utv

nel

TE CIPLG LT 1 0R\IPLLGTMAXLA=1) GU 10 3030
Lk B FL e [FL
VG 203U LINEERE,2
PSLET 8 PSS ¢ CELAY(IPLeLRBASF)
1fy = FSCCT
1¢ (lﬁs.l.l'.l.U'.I“S.GT.NBSAP-U Gy 10 1030
¢t 8 PSCCLT » |PS
SILE &8 MAOEX(IEL)
LQ 2005 IBANDE,NB
Kl 3 LPIXELC(IBANG,IPS ,8LR)
R 8 LPIXELCIBAND,IPSe),SLKR)
KR (LINE,IHANE) 8 K1 ¢ Calwlenl)
1PL. 8 IFL ¢ 1
CONTINLE
N 2021 1rANDSL,NB
IX1 3 RR(),IRANEY o DPa(RK(2,1bANL)®RK(1,1BAND)) ¢ 0,5
LEPXOUT(THANG , 1SAVP) 2 IXY , :

1
I

G

kel
kul
I

113
It

G

L ¢
s

6L TL 1050
# 2 % 2 & BICULHIC INTEGPULATICA & o & o @

1FL 3 ML

IF (IPL LT, 2,CH, TPL,GT MAXLN=2) L 10 $030
0F 3 PL = ]PL

[FL 2 [PL = |

CoMPuTE An INTERPCLATED SAMPLE IN EACH CF U4 LINES
by 3010 LINESY,G

HSCCYT 3 PS ¢ DELAY(IPL*LBASE)

IPS & PSCCTY

1FS LT,2,0R, IPS,GT,ABSANa) GL TO 1030
ESCCT o IFS

SLK 8 YALEX(IPL)

C 3005 IBANDBL,NB

LY
"e
K3
K4
hp
K4
kX

S92
s

(i{x
(1x

Te

S LPIXEL(IBANC,IPSe1,S1LKR)

LPIXEL (THANL,IPS ,SLR)

LPIXEL(IHANG,IPSe1,5LR)

LPIXEL(IbBANG, IFSe2,SLR)

1 8 h2 & Kk}

S'ch'\'s

(LINE,IBANC)Y) 8 Ca (Do (Co (r4%eK21) o (K43e20K21))

+ (K3ekl)) ¢ K¢ -

IPL 3 IPL ¢
ConTINUE

INTERPGLAYE CVER 4 LINES TG GET FINAL OUTPLY SAMBLE

I lHANLET,NE

Ra(e,InanC) = Wh(],IHANR)

Kn(d,[3AND) = KR (3,1BAND)

EPe (LPe (CPs (RUZRZ1) o (hU342,00K28)) ¢ (RK(3,1HANC).
RK(1,IHANCY)) ¢ RK(2,IHANC)Y) ¢ 0,5

Tel14,0) X130 .
1o6T7,299) [X1329%

LEXCHLT(IBANC,ISAME) & Xt

1050

9k




it i ST A,

c
1030 VO 1035 IBANDSE,NB
§03S LPXOCUTCIRAND,LISAMP) 8 KDUM
c
1050 CONTINUE
RETURN
(X9}
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SUBROUTINE EVPOLY (IFUN, X, Y, ANS)
EVALUATE POLYNORIAL F3IT FUMCTIONS

DOUSLE PRECISION COEPC21,4), ANSD, XDs YD, XXX, YYY

%:;ggg: :;%RM;”I!:G.!O.!S.!II .3 .
209/0,100,2,100,3,2,100,9,3,23,1,0,5,6,3,2,1,0/

INTEGER YP(219/0,0,8.0,1,2,001,2,5.001,2,3,8.0,1,2,3,0,5/

COMMON /LSGCFC/ COEF, LSODFG, TER]CaYs TOL

COMMON /7 MEANS/ GCPM({4)

COEFCai,1)e COEPPICIENTS FOR 1 1» PIXEL
20 LINE
3o EASTING
4o NORIMING

ISTOP 3 NTERM(LSADEG)

ANSD = 0,0

IF (IPUN,EQ,3,0R,IFUN,EQ,U) GO TO §

X0 » X e GCPM(})

YO s ¥ o GCPM(Q)

GG 70 S -

XD 2 X o GCPM(1)

YO s ¥ = GCPM(2)

CONTINUE

00 10 I=i,1870P

XxXx 8 1,0 .

IF (XP(I),NE,0) XXX & XDanXP(])
YYY s 1.0

IF CYP(T) NEL0) YYY B YDuaYP(])
ANSD 8 ANSD ¢ CCEF(I,IFUN)aXXXayYY
ANS 8 ANSD ¢ GCPM(IFUM)

RETURN

END
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REAL FPUNCTION MVPOPF (PS) |

¢ |
; g COMPUTE WIRROR VELOCITY PROFILE OFFOET |
¢ LLC ‘@ NUNBER OF PIXELS IN THE RAW 8CAN LINE
i e SANPOF o NUNBER OF PIXELS SKIPRED IN TNE LANDSAY SCENE
i § ANPL, PMASE -» AMPLITUDE, PNASE OF MIRROR VELOCITY PROFILE CURVE
LOGICAL CCT
. COMMON /LANDSY/ CCT» LLC, DEGCEN, SANPOF, LINOPF, ANPL, RMASE
IF (eCT) GO Y0 12
HVPOPF & 0,0
RETUAN
¢ |
12 CONTIMNVE |
P81 .0 PS ¢ SAMPOP |
HVPOFS .3 AWPL & SIN (6,2031053 '« (PS1¢PHASER1,0) / (LLCs1))

RETURN
EnD
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REAL FUNCTION MVPINV (PS) f
(4
c COMPUTE NEGATIVE MIRROR VELOCITY PROFILE CORRECTYION
¢ . :
c LLC o NUMBER UF PIXELS IN THE RAw SCAN LINE
| c SAMPOF o NUMBER OF PIXELS SKIPPED IN TWE LANDSAT SCENE
3 ¢ ANPL, PHASE o AMPLITUDE, PMABE OF MIRROR VELOCITY PROFILE CURVE
LOGICAL CCT?
COMMON /LANDST/ CCTs» LLC, DEGCEN, SAMPOF, LINCEF, AMPL, PMASE
R 4
F I¢ ¢CCYY GO 10 10
; MVPINV 8 0,0
RETURA
L,
10 CONTINUE
A PS1 = PS ¢ SAMPCH
' MVPINV 3 AMPL & SIN (6,28318%3 o (PS1+PMASE®],0) 7 (LLCe}))
E . RETURA
: END

S T EFTRRTE. e T a7 e e
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c PUNCTION ERCURV (P8)
g COMPUTE EARTM CURVATURE CORRECTION
¢ REy) RGAT o EARTH RADIUS, :SATELLITE OREIT RADIUS
c TEOV -« TOTAL FIELD OF VIEW .OF YHE SCANNER (11,56 ODRGREES)
¢ LLC ‘= NUMBER OF PIXELS IN THE RAN SCAN LINE
g SAMPOP o NUMBER OF PIXNELS OSKIPPRD IN THE LANDSAT SCENE
LOGICAL CCY
: COMMON /LANDBY/ CCT, LLC, DEGCEN, SAMPOF, LINOFF, AMPL, RHASE
e DATA RE, RSAT, TFOV /6367,4, 7208S5,60 0,20176/
Z $F ¢CCT) GO YO 10
X ERCURY :3 0,0
E RETURN
¢ .
c COMPUTE SCANNER ANGLE AT PIXEL NO, P8 AND ANGLE SUBTENDED AY
c THE CENTER OF THE EARTH
10 CONTINUE
tPOvVE ‘s TPOV/2,0
P81 & P8 ¢ SAMROP
ANGSCN 3 (P81t 0)eTPOV/(LLCoL) o TPOVY
ANGERYT 8 ARSINCOINCANGSCNIORSAT/RE) o ANGSCN
e TOTERY 8 ARSIN (SINCTPOVA)SRBAT/RE) o TFOVR
c FIND SCANNER ANGLE BASED ON FRACTION OF TOTAL ARC ON THE EARTM'S
c SURFACE AND CONVERT YO0 PIXEL NUMBER

ANGSCY1 & TFOV2 ¢ ANGERY / TOTERY

PO2 » §,0 ¢ (ANGSC1eTPOV2) o (LLCet) /7 TFOV
ERCURY s P81 o P82

RETURN

END

REPRODYCpp) |
LITY
ORIGINAL PAGE 15 %Fof‘fﬁ’ ’ o
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FUNCTION ERCURI (PS)
COMPUTE FARTH CURVATURE DEoCORRECTION

RE,) RSAT » FARTF RADIUS, SATELLITE ORUIT RADILS

TFOV o TCTAL FIELD OF VIEW OF THE SCANNER (11,56 DEGREES)
LLC o NUMBER OF PIXELS IN THE RAW SCAN LINE

SAMPOF o NUMBER OF PIXELS SKIPPED IM THE LANDSAT SCEME

LOGICAL CCT
COMMCA /LANDST/ CCT, LLC, DEGCEN, SAMPOF, LINCFF, AMPL, PHASE
DATA RE, RSAT, TFOV /6367,4, 728%,60 0,20176/

It ¢CCY) GO YO 10
ERCUR] = 0,0
RETURN

EARTH ANGLE I8 PROPORTICAAL YO CORRECTED PIXEL NUMBER,
CONTIANUE

TFOve & TFOV/2,0

CENTER & (LLCet)/2,0

PS1 = PS ¢ BAVPCH

TOTERT 8 ARSIN (SIN(TFOV2)eRSAT/RE) » TFOVR

ANGERT & oTOTERY o (CENTERaPSY) /7 (CENTEReS,0)

COMPUTE ORIGINAL SCAN ANGLE BASED OM EANTM ANGLE,

C IS LINE FRGM SATELLITF TO PIXEL LOCATION ON THE EARTH!S SURFACE,

C 8 (R8ATaa2 ¢ REwe2 o 2,0aRSATaREaCOS(ANGERTY) e 0,5
ANGSCMN & ARSIN(RE/CSIN(ANGERT))

PS2 8 1,0 ¢ (ANGSCANOTFOV2) o (LLCel) 7 TFOV

ERCUR] & PS2 = PS1

RETURNA

END
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SUBROUTINE READAR (NTAPES, We NSANP)

g READ NSAMP BYTES INTQ ARRAY W FRON LOGICAL UNIT NTAPEY
LOGICAL«L w(NSAMP)

c
READ (NTAPEL) W
c RETURA
B ER AR AN R IR 1] 12 AL BRAN 2L BN B BN 2R I
g oo...u..o.u:olol:111:1“3:.3:.!...“3.:...:::3:3“:3:3:
c ENTRY WRITAR (NTAPES, W, iNSAMP)
C nR M
¢ ITE NSAMP BYTES FROM ARRAY W ONTO LOGICAL UNIT NTAPEY
WRITE (NTAPES) W
RETURAM
END

Rbp
Ogy, %0,
ALY/’
* 1 /4 j) !,'/])>
"J ((/y“ Op
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MAP OVERLAY

A set of routines was developed to allow the registretion of a ground truth

map to Landsat CCT data. The subroutines are analagous to those previously

described for registration, and so redundant descriptions will not be given.

Differences In input and method are the following:

o the CCT coordinates are to be read Into the third and fourth columns
of the GCP array, and the map coordinates into the first and second,

o the output image which is divided into cells must be the offset Image
(Earth rotation and sensor delay removed), since this is the image
which is used in the transformation equations,

o since each CCT line has a different shift from the offset line, the
number of pixels and the starting pixe! coordinate in a cell must be
computed for each output line, rather than kept in a table,

o since map class numbers can not be interpolated, only nearest neighbor
resampling (subroutine NN2) is used.

The routines which are modified and their storage requirements are glven
in the following table:

Listings of these subroutines follow.

e ow- .

r________wmm_,..".M-".me_..., o
SUBROUTINE STORAGE (BYTES)

|
i GCPFT2 2884 ;
| ecpeR2 870 :
GROMP2 2609 ;
| CELMP2 2496 :
RECTF2 INe .
NN2 702 !

102
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SUHROLTINE GCPFT2 (GCP, MGCP, PAXDEG)

|

I

3

10 FIND GENMETRIC TRANSPORMATION NERDED POR GEOGRAPMIC REPERENCING

OIMENSION GCP(G,mMGCP)

PCURLE PRECISION COEF(21,4)
LoGICAL CCY

INTEGENR NTERM(S)/3,06,10,15,28/

Cormnn /LANDST/ CCYy LLC, DEGCEN, SAMPOF, LINCPF, AMPL, PHASE

COmmMON /L8QCFC/ COEF, LBODEG, 1ERyC2), TOL
COmmON 7 MELNS/ GCPM(A)

GCP 18 GROUND CCNTROL POINT TABLE IMPUT BY USER
1. PIXEL IN MAP DATA

2o LINE IN VAP DATA

S, PIXEL IN LANDSAT DATA

4, LINE IN LANDSAT DATA

IF (CCT) CALL GCPCR2 (GCP, MGCP) REPRODUCIBILITY o;‘o'(l;léb
APGCPBMGLP ORIGINAL PAGE I8
RADDEG ® 180,0/3,10159265

10Lcl.t-20

ot { Isi,4

GCPM(L) 8 0,0

wITE (6,101)

"RLITE (6,1020)

CamPuTe Sum8 OF INPUT DATA

e 30 Jel,mMGLP

0C § 1s1,4

GLPP (1) B GCPM(L) ¢ GCP(I1,J)

«RITE (6,102) Jo (GCP(1,J), I8y,8)
CONTINUE

COMPUTE MEANS OF INPUT DATA
0C 11 121,44

GCPM(I) 8 GCPM (1) 7 AMGCP
wRITE (6,104) GCPM

SUBTRACY MEANS CF INPUT DATA

nR1TE (6,1019)

wk]1tk (6,1020)

VO 13 Jsi,MGCP

DG 32 1sy,0

GCP(TI,J) 8 GLP(],3) o GCPNM(])
#RITE (6,102) J, (GCP(1,J), 381,48y
CONTIAUF,

FIND FOLYNOMIAL FITS POR DEGREES 1 = INPUT VALLE OF LBSGDEG
OU 100 LSONEGSY,¥AXDEG

18TOPBNTLRM(LBODEG)

IF (1810P,GT,MGCP) GO Y0 400

CALL L8QCF (0, GCP, mGCP)

whiTe (6,383 LSGDEG,IERL,((COEF(J,1),18),8),J01,18T0P)
ar[TE(O,111)
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PEabrhy AFPCLIKACY ANALYSIS CF FLY
NG Sur 131,kGCP

oFehCPIL,1) ¢ GCPM(1)

| GLBGCH(2,1) ¢ LCPr(2)

; WFBLEKLS,)) ¢ LLPM(Y)
WrBGCFELU,1) ¢ GCPMLA)

CaLl PVBLLY(L,0F 0N ANS)
haiPeans

LAtL EvPULY (2, GEoGingANS)
bLEGLeaNS

S0 2 Paagd o (Lee?

WP SPx =2 KESPR ¢ 80

APAL ® SNRT (Sw)

KDJW 2 HADNEG & AYAN2(eR) ,0P)

o e A S A et %y
—

CaLl EvPiLY(3,6F,0LL ,ANS)

9 ZCEmANY

CALL PubliLY(U,LF,GLyANS)

DABGMeANYS

Sk 8 thaald ¢ Ve

WENI'T B RESEHT o 8

WAL 3 SuwT (SW)

CUIR 2 WAPLEG o ATANZ(DE UMY

ak1TE (A,109) 3, X¥AG, XPIR, DP, CL, UMAG, UDIR, DE, OM
Y1 LONTIMLE

S AR TR T R T T s e T

AGECPIBS L Pl
WESPX B SLUET (RESPXZAGCPY)
whSI'T 3 SONT (RESLTZAGCPY)
i “hITE (0,390) wESPK, RESUT
1au CONTINE
{ LSGDEL 8 MaXUEL
: wk TN

wew ~nlTh (6,1100) LSGREG, 1STCP, MGCP
LSUreG 8 LSGREG = 1 i
TN

; u PURSAT STATEMEATS,
_ 1ol POkrAT (010,200, Gh0LAD COMTRCL FOINTHY/)
o PLEMAY (1X,14,6F1%,%)
E 1r4 FURvAT (27/720%,'“EANS CF JINPUT DATA ARE'//%X,aF15,3/
. YOTRESE MEASS AWE FIRST SLATRACTLD')

L0 PUR AT (1N, T8,2(F10,3,F10,1,8X,2P80,3:84))

190 bCmtAT (/789X ,0CC»PARISON CF NBSERVEL ANV PREDICTED VALUESY/
@O, HELNAPKFICY 09X, 'LANCSAT Y /15X, 'EXRURY,20%,'088 » PRED',20X,
WP RREEY 20U, OHS @ PHER!/SK,'»AGNITLDOE DJRECTICN',10X,'P FRROR
of tuWl Wt huu, e aGNLTLEE [CIRECTION' 230X, '+ ERKCR N ERROR'/)

4G BUmMAT ('Y LEAST SGLAKES FIT CF NEGREE',18,25X,'CERROR CODES 3¢,
P I 874 i CGEEFICTENTSY /10U, A8Y PIXELY 410X, 'NCRTH LINE', 10X,
etV EEEL T NS, IR/ (IX,1RUERD,0))
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390 FORMAT (/72(19%,'RM8 ERROR 8t ,E13,6,15X))

1019 FORMAT ('3, 7X'CONTROL POINTS AFTER SUBTRACTING MEANS!/) {
1020 FORMAT (18X, 'GECGRAPHIC! ,22%, 'LANDSAT' /10X, 'COORDINATES! 18X, _
+'COORDINATES /)

1100 FORMAT (/720X,'FIT OF DEGREE',12,! REQUIRES',13,' GROUND CONTRCL PO ‘
;| JINTS, 1,15, WERE SUPPLIED, /)
E S END %
" %
' - 1
: : 3
b" REP | j’
: EPRODUCIBILITY OF TH | ‘
3 E 4
3 ORKHNAL.RAGEIS]%XH{ {
;'
4 3
3 . j
- 3
‘ 5
3
|

o T TR AR TR T

eagy
o2 T e RTINS
R R e Kaiio o e R

o TR
i
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SUBROLTINE GCPCR2 (GCP, MGCP)

GCPCR2 REMOVES MIRROR VELOCITY PROFELE AND EARTH CURVATURE ; i
CISTORTIONS PRIOR 7O OBTAINING LEASY BOQUARES F1lTS '

GCP I8 GROUND CONTROL POINT TABLE INPUT BY USER g a

OIMENSION GCP(4,MGCP) ;
REAL#4 MVPOFF ,
COMMON /LANDST/ CCT, LLC, DEGCEN, SAMPOF, LINCFF, AMPL, PHASE |

ADD BACK DELAY TO GET ORIGINAL CCY PIXEL NUMBER

WRITE (6,100)

00 10 NGCP s §,MGCP

WRITE (6,101) GCP(4,NGCP), GCP(3,NGCP)

LINE 3 GCPCU,NGCP)Y ¢ 0.5

SAMP = GCP(3,NGCP) + DELAY(CLINE) -

(2 RaNaNaRa N o

[a B o

. C APPLY MIRROR VELOCITY PROFILE CORRECYION
OFF = MVPOFF(SAVP)
GCP(3,NGCP) 8 GCP(3,NGCP) o OFF

e Nal

APPLY EARTH CURVATURE CORRECTION
Cuv 3 ERCURV(SAMPe(QFF)
GCP(3,NGCP) = GCP(3,NGCP) e CURY

SAMPO 8 SAMP ¢ SAMPOF

SHIFY 3 OFF ¢ CURV

WRITE (6,102) SAMP, SAMPO, OFF, CURV, SHIFT, GCP(3,NGCP)
10 CONTINUE

RETURN

100 FORMAT ('1',20%, 'GROUND CONTROL POINY CORRECTIONS'//19X,!10PFSET!?,
e IXN, 'ORIGINALY ,3X,1CCY SCENE ', X, tMVYP1,0X, 'CURV Y ,B8X, 'NET!,8X,
- ¢ 'CORR,"/TX, "RECORD? ,3¢OX, 1SAMPLEY Y, 3(7X) 1SHIFT),6X,'OFFSET/)
3 101 FUOKMAT (1X,2F12,3)
4 102 FORMAY ('e',24X,8F12,3)
END

S
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SUBROUTINE GRCMPR

GRUMP2 COMPUTFS THE INTERPOLATION GRID INTERSECTIONS AND THME
INTERPOLATION ERRORS IN INPUT IMAGE CUORDINATES

™IS ROUTINE 18 FOR TRANSFORMATION PROM A MAP (E & N COGRDINATES)
TO AN IMAGE (P R L COCRDINATES),

GRID 1S CCORDINATES (UTM & PIXEL) OF WORIZONYAL & VERTICAL GRID
INTERSECTIONS

DIMENSTON GRIDPL(2,30), GRIDENC2,30,30)» NUMPXC(30), CAXVAL(30),
oMUMLNC(30), ERRCEL(29)

LEGICAL«] CELLCG(29,29)

REAL LINE, LCEN, MVPOFF, MVP

COMMON /ZPIXDAT/ NLINPX, NPIXLN, NHGL, NVGL, SRATE, NLPI, NSPL,

* KOUM, INTERP, NGB

CCMMON /MAPDAT/ STRTL, STOPL, STRTP, ST0PP

Cnmmen / GRID/ GRIDPL, GRIDEN, NUMPXC, CPXVAL, NUMLNC, CELLCG

COMPUTE NUMBER OF OUTPUT LINES AND SAMPLES
SLPT 3 STOPL = STRTL ¢ 1,5
NSPL = STOPP o STRTP ¢ 1,5

FIND MAXIMUM AND MINIMUM OFFSET COORDINATES
GLYMIN 8 10000,0

DLYMAX 8 0,0

w0 59 NRsi,b

NLYMIN 2 AMINDG (DLYMIN, DELAY(ANR))

BLYMAX 3 AMAX] (DLYMAX, DELAYCINT(STOPL)ei=NR))
STRTP = STRIP = DLYMAX

STOPP 2 STOPP » DLYMIM

- . REPRODUCIBILITY OF THE
COMPUTE GX AND GY GKID SPACING Y
NHGL J SNHGL =1 ORIGINAL PAGE IS POOR
NVGLISNVGL =)
G 3 (STOPP=STRTIP) / NVGL1Y
GY 8 (STUFL=STRTL) / NHGLE

CALCULATE GRID INTFRSECTIONS BY STEPPING THROLGM IMAGE GRID ANC
THAASFORMING TO UTM MAP CR GEOGRAPHIC CUORDINATES

Ul 1010 I21,NVGL

LRIDPL(1,1) & STHIP ¢ (Tel)alX

CO 1000 J33,NHGL
GRIDPL(2,J) 8 STRTL ¢ (Jel)eaGY

APPLY MIRROR VELCCITY AND EARTH CURVATURE CORRECTIONS
1¢ GEV PIxklL GROUND LOCATION

LINE 3 GRIDFL(2,J)

PIXCCY 3 GRIDPL(I,T) ¢ DELAV(INT(LINESO,5))

mvP 3 MVPOFF(PIXCCT)

CRV 8 ERCURV(PIXCCTmMVR)

PIX 8 GRICPL(1,1) » MVP e CRV

CALL EVPOULY (1, PIX, LINE, PE)
CALL EVPOLY (2, PIXy LINE, PN)
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¢

GRIDEN(1,J03) & PE
GRIDEN(20J,3) 8 P
1000 CONTINUE
1010 CONTINVE

WRITE (6,1050)
vl 1011 Js3,NMGL

1011 WRITE (6,1051) (GRIDEN(Y,J,K), GRIDENC2,J,K), GRIDPL(S,K),
«GRIDPL(2)J)) KBL,NVGL)

COMPUTE AND PRINT FINAL GRID ERRORS
ERRMAX = 0,0
ARITE (6,1065)
00 1030 lusme,NHGL
Jagsldey
0C 1020 JUs2,NVGL )
J4l1xJae]

COMPUTE MAP COGRDINATES BY BILINEAR INTERPOLATION IN A CELL .
PEB = (GRIDEN(1,16,JU)eGRIDEN(I,108,J0)eGRIDEN(Y, latoJﬂl)

. +GRIDEN(1,14,541)) 7 4,0
AT (Gﬁ!DEN(e.IaoJ4)0GRID!N(ZoI“lth)#GRlDCNtloIdtcdll)

. +GRIDEN(2,14,J41)) 7 4,0

CCHPUTE CENTER PIXEL AND LINE
PCEN &8 (GRICPL(1,J4)+GRIDPL(1,J41)) 7 23,0
LCEN 3 (GRIDPL(2,14)+GRIDPL(2,143)) /7 2,0

APPLY MIRROR VELOCITY AND EARYM CURVATURE CORRECTIONS
T0 GEY PIXEL GRCUND LOCAT]ION

PCNCCY 8 PCEN o DELAY(INT(LCENSO,9))

MVP 3 MVPOFF (PCNCCT)

CRV 8 ERCURVIPCNCCTeMVP)

PCEN 3 PCEN =» MVP @ CRY

COMPULTE MAP COORDINATES BY FUNCTIUN
CALL EVPOLY (1, PCEN, LCEN, PE)
CALL EVPOLY (2, PCEN, LCEN, PN)

CCMPUTE ERROR

ERRBSGRT((PEBePE)n 224 (PNBaPN)as )

ERRCEL (JU41) = ERR

ERRMAX & AMAX] (ERRMAX, ERR)
1020 CONTINUE

wRITE (6,1076) (ERRCELCJ), Ja1,MVGLY)
1030  CONTINUE
WRITE (6,1060) ERRMAX

COMPUTE TABLE OF FIRST OUTPUT LINE NUMBER IN EACN CELL
NUMLNC(L) ® §
00 1039 Js2,NHGL1

1039 NUMINC(J) 8 GRIDPL(2,J) » GRIDPL(2,3) ¢ 2,0
NUMENC(NVGL) & NLPI ¢ )
RETURN
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1050 FORMAT (1?,30X,'INTERPOLATION GRIDO INTRRSECTIONS'£31X,32(0et)//
10X, VEAST PINELY 10X, 'NORTH LINE? ,14x, 'PIXEL,16X,LINEY)

1091 FOK®AT (/(4F20,3))

1060 FORMAT (//721%,'PAXIMUN GRID ERROR =',i1PL10,2,' PIXELSY)

100% FORMAT (111,20%, 'MAGNITUDE OF INTERPOLATION ERROR AT GRID CELL CEN
oTERS1/21X,53(141))

1070 FORMAT (/7(1P13E10,2))
END

ot TR T g BRSNS S O A N AT AR T S ST
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aUBROUTINE CELMP2 (CORE)

*CONPYUTE DIMENSIONS OF INPUT ARRAY WHICM CAN BE MELD IN CORE AT A
TIME AND NUMBER OF PARTITIONS REQUIRED.

PIX AND ROW VARIABLES HMAVE DIRECTIONS APPENDED, £,6, PIXNN 18

NORTHWESY CORNER PIXEL OF A CELL

INTEGER ROWNw, PIXNW, ROWNE, PIXNE, ROWSE, PIXNSE, ROWSN, PIXSN,

RN, RS, 8w, SE, Ry, R2, 81, 82, CORE, ROTRY

OIMENSION GRIDPL(2,30), GRIOENC2,30,30), NUMPXC(30), C'lV‘L(;O’.
oNUMLNC(30)

LOGICAL«Y CELLCG(29,29)

; COMMAN /PIXDAT/ NLINPX, NPIXLN, NMGL, NVGL, SRATE, NLPE, NOPL,

? ° KDUM, INTRP, NB

COMMON 7/ GRID/ GRIDPL, GRIDEN, NUMPXC, CPXVAL, NUMLNC, CELLCE

| . COMMON /SEGMNT/ NCGP, NBSAMCI0), NBLINC1I0), NOTRT(10),

‘ . RSTRT(29,10) -

c INITIALIZE CELL COLUMN GROUP INDICATOR (CELLCG)
NHGLY 8 NMGL = 1
NVGLY ® NVGL e §
DO 1100 Ist,NNGLY
PO 1100 Ja],NVGLY
1100 CELLCG(I,J) 8 255

IO ME

‘ c
; C FIND NCGP, THE NUMBER OF COLUMN GROUPS,
g C §1 1S FIRST INPUT RIXEL FOR THIS COLUMN GROUP
NCGP & O
81t 3§
c
c STARY A NEWw COLUMN GROUP OR SEGMENT

1800 CONTINUE
NCGP 3 NCGP ¢+ |
MINNC = 1000000

oo

LOOP CVvER CELL ROWS

00 2100 I=1,NMGLY

Ry = 1000000

R2 8 0 .
S¢ s ¢ :

[aN 2]

LOOP OVER CELLS FOR THIS SEGMENT
0C 2000 Jsi,NVGLY
IF (CELLCG(I,J),NE,255) GO YO 2000

[aRal

FIND RANGE OF IMAGE COORDINATES REQUIRED POR THNE OUTPUY CELL
RCwNw 8 GRIDEN(2,1,J) ¢ 0,5
PIXNW GRICEN(1,1,J) ¢ 0,5
ROWNE GRIDEN(2,1,J01) ¢ O,
PIXNE GRICEN(1,]1,Je1) ¢ O,
3 ROWSE 3 GRIDEN(2,1e1,J¢1) o
3 PIXSt 3 GRICEN(1,1¢1,J01) »
3 : RCwSHW GRIDEN(ZQIO‘QJ) ¢ 0.5

1 PIXSw = GRIDEN(],X¢8,J) ¢ 0,9

RN 8 MAXO (MINOCROWNW,ROWNE)), )

S
S
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2110

e o] (s NuNal

an [a N oI e

RE 8 TAND (NAXOCROWSW,ROWSE)Y, NLINPXR)
S 3 MAXO C(MINOCPIXNW,PIXSH), §)
86 = MINO (MAXOCPIXNE,PINSE)) NPIALN)

CHEChn FOR IMAGE COOCRODINATES OUTSIOE THE INPUT IMAGE
{3 cgu,g;anunn.on.as.u.t.oa.au.ot.mxu.on.a;.u.l)
G0 10 § :

FIND RANGE OF IMAGE COORDINATES FUR THIS ROW OF CELLS AND
FIND NO, CF OUTPUT CELLS THAT CAN BF FILLED GIVEN CORE LINMIY

K1 8 MINO C(R1, RN)

R 8 MAX0 (R2, RS)

82 8 MAXO ;82. ?E)

NR 3 R2 @ R} ¢ REPRODUCIBILITY OF

NC 8 82 « 8§ ¢ | ORIGINAL PAGE IS POOTI}tIE
1F (NRaNC,LE,CORE) GO YO 1980

CORE REGUIRED EXCEEDS THAT AVAILAGLE
GO TO MEXT ROw OF CELLS

MINAC 8 MINO (NCSAVE, MINNC)H
CELLCG(I,J) 8 222

G0 Y0 2100

CELLCG(1,J) 8 0
GC 10 2o0vo

CORE 1S AVAILABLE, SAVE REOGUIRED DIMENSIONS,
NCSAVE s NC
CONTINUE
CONTINUE

LASTPX 8 S§1 ¢ MINNC o |

IF (LASTPX, LT ,NPIXLM) GO TO 2180
LASTPX 8 NPIXLN

INMC B3 NPIXLN o 81 ¢ |

CONTINUE

NOW USE NUMRER CF INPUT COLUMNS AVAILABLE TO SET CELL SEGMEMT
INDICATORS AND TO FIND ROW AND COLUMN INFORMATION
MINSY 3 1000000

LOOP CVER CELL ROWS
PO 2150 1sti,MHGLY
1C1 = 100

fCe = 0
RSTRT(1,NCGP) 3 0

LCOP OVER CELLS
DC 2170 Js1,NVGLY

CHECK wHETHER THE CELL REQUIRES INPUT OUTSIOE OF THE IMAGE
1F (CELLCG(I,J),EG,0) GO TO 2126

JuMP CuT IF TME CELL REQUIRES Y00 muCk CORE,
IF (CELLCG(T,J),EQ,222) GO YO 234V

m

&
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IF THE CELL USES INPUT DAYA, CHECK FOR THME LAST PIXEL

1F (CELLCG(L,J)4€Q,255) GO TO 2129
6o 10 2130

212% PIXNE & GRIDEN(S,3,Jel) ¢ 0,3

PIXSE ® GRIDEN(1,1¢8,J¢1) ¢ o ]

SE 8 MINO (MAXOCPIXNE,PIXSE), uPtILN)
1+ (SE,GT,LASTPX) GO 70 2140

FIND FIRSY AND LAST CELLS THAT USE INPUT DATA

101 ® MINO (J, 1C1)
1€2 = MAXO (J, 1€2)

ELSE SEY COLUMN GROUP INDICATOR TO GROUP NUMBER,

CELLCG(I,J) = NCGP
GO T0 2130

2126 CELLCG(I,J) = NCGP ¢ 100
2130 CONTINVE

FIND FIRST INPUT ROW FOR THIS ROw OF CELLS

2140 IF (1C2.,EQ,0) GO T0 2150
ROWNW 8 GRIDEN(2,2,IC1) ¢ 0,9
ROWNE = GRIDEN(2,I,1C2¢1) ¢ 0,5
RN & MAXO (MtNO(RONNh;ROHNE). t)
RSTRY(I1,NCGP) s RN

FIND STARTING INPUT COLUMN FOR NEXT SEGMENY

IF (J,EQ,AVGL) GO T0 2180

NEXTCL & 1C2 ¢ 1§

PIXNW 8 GRIDEN(1,I,NEXTCL) ¢ 0,9
PIXSw 8 GRIDEN(,Te1,MNEXTCL) ¢ 0,9
Sk 8 MAXO (MINOCPIXNW,PIXSW), 1)
MINSY 8 MINO (Sw, MINSY)

SET INDICATCR FOR STARTING CELL Inv NEXT BEGMENT

DU 2145 JUSNEXTCL,MVGLY
2145 CELLCG(I,J) & 255
2150 CONTINUE

SET PARAMETERS OF INPUY DATA SEGMENY
MAXNKH B8 MINO (CORE/MINNC, NLINPX)
NBSAM(NCGP) s MINNC

NBLININCGP) 3 MAXNR

NSTRY(NCGP) & 8§

S1 s MINSY

IF ALL CELLS NOT DCNE, START A NEm SEGMENY
IF (LASTPX,LT,NPIXLN) GO TO 3800

wkITE (6,100)

DO 2160 Is1,MHGLY
2160 wRITE (6,101 (CELLCG(I,J)y J®§,NVGLY)

112
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RETURN |

¢
100 FORMAT (///5K, 1COLUNN GROUP WUFBERS FOR TNE ORID CELLS'/SK,
101 BOKMAT (8X,2912)
EAND
y
REPRODUCIBILITY OF THR
ORIGINAL PAGE IS POOK
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SUBROUTINE RECTF2 CINPIX, PIXEL, PIXOUT)

HANDLE READING AND WRITING OF DATA RECORDS

CALL NEAREST NEIGHBOR RESAMPLING ROUTINE

EACH QUTPUT LINE 18 SHWIFTED TO tHE OFFSET IMAGE COORDINATES
YO MATCM THME INTERPOCLATION GRID,

LOGICAL1 INPIX(1), PIXEL(1), PIXOUT(NSPL), CELLCG(29,29)

DIMENSION GROOUT(2,30), GRIDINC2,30030), NUMPXC(30), CPXVAL(30),
oNUMLNC(30)

INTEGER®2 MNDEX(3000)

INTEGER SAMPSG(29,10), RSTRT, PSTRY, 8AMPO

CoMMON /PIXDAT/Z NLINPX, NPIXLN, NWMGL, NVEBL, SRATE, NLPI, NOPL,
R KDUM, INTERP, NB

COMMON 7 GRID/ GROOUT, GRIODIN, NUMPXC, CPXVAL, NUMLNC, CELLCG
COMMON /SEGMNT/ NCGP, NBSAM(30), NBLEINCIO), PSTAYT(LIO0),

’ RSTRT(29,10)

COMMON 7 PIXIN/ MAXSP, MAXLN, MNDEX, $AMPO, LINEO

COMMON /7 TRANS/ TRANIO(S®)

EOUIVALENCE (MPIX,TRANIO(S))) C18AMP,TRANSO(S))

NHGL] 8 NHGL = §
NVGLY 8 NVGL = |

LOOP OVER COLUMN GROUPS

00 1020 ICGPs) ,ANCGP

MAXSP B NBSAM(ICGP)

MAXLN 8 NBLINCICGP)

SAMPO 3 PSTRI(CICGP)

LUNIT 3 ICGP ¢ 20

REWIND LUNIT

CALL LOADLN (,TRUE,s 1, MAXLN, INPIX, PIXEL)

LOOP OVER QUTPUT IMAGE CELLS
DO 1030 IGYiIss,NNGLY
IGY2 & IGYY ¢
LSTRT 3 NUMLACCIGYY)
LSTOP = NUMLACCIGYZ) = |

LOAD LINES OF INPUT NECESSARY POR RESAMPLED LINE
LMIN 8 RSTRT(IGY1,ICGP)

IF (LMIN,EQ,0) GO TO 1950

LMAX 8 MINO (LMINeOMAXLN®S, NLINPX)

CALL LOADLN (FALSE,, LMIN, LMAX, INPIX,» PIXEL)

LONP OVEW OUTPLY IMAGE LIMNES IN THE CELL
00 3000 JLINESBLSTRT,LOTOP
OUTLIN & GRDOUT(2,1) ¢ ILINE o |

COMPUTE CFFSEY COORDINATE OF FIRST CCY PIXEL IN THE OR3D
OFF1 2 §,0 « DELAYCILINE)

FIND STARYING SAMPLE NUMBERS AND COORDINATES FPOR EACH CELL

NLMPXC(3) 8 8
CPXVAL(Y) @ OFF}

14
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200

210

D0 200 Js2,AVGLY

NUMPXC(J) B GRDOUT(1,J) = OFFY ¢ #,0

IF (NUMPXC(J) oL Tel) NUMPXCLS) B §

IF INUMPRC(J) oGT NOPLOL) NUMPXC(J) & NOPL o
CPXVALCJ) 8 OFFSL ¢ NUMPXC(J) o §

NUMPXC(AVGL) 8 NSPL o |

LOOP OVER GRID CELLS COVERING OUTPUT AREA
ISampP 8 0

00 300 IGXY 8 §,NVGL}

162 8 [GX] ¢ )

#IND NUMBER QOF QUTPUT PIXELS IN THE CELL
MPIX 8 NUMPXCCIGX2) o NUMPRCCLEIGXD)
IF (NPIX,EQ,0) GO TO 300

CHECK FOR CELLS NOT REQUIRING INPUT DATA
IF (CELLCG(IGY3,16X1),EQ,3C6Pe100) 6O TU 290
1F (CELLCGCIGYY,2GX1),E0,ICGP) GO TO 230

G0 T0 300

LOAD OUTPUT COORDINATES OF GRID CELL CORNERS

AX & GROOUT(1,3GX})

AY & GROOUT(2,16Y1)

BX 3 GROOUT(1,16X2)

Cv s GROOUT(2,1GY2)

LOAD INPUT COORDINATES OF GRID CELL CORNERS

A8 8 GRIDINC1,IGY1,16X1)

AL » GRIDIN(2,1GY1,16X1)

Bt = GRIOINGL,1eve)ToNE)

8L ® GRIDIN(2,1GYY, ;

CS s GRIDIN(1,IGY2,16X1) ggRQDUCIBILITY OF THE
CL s GHICIN(2,1GY2,16X3) GINAL PAG™ 1S PnnR
DS s GRIDINC(1,16Y2,16X2)

DL & GRIDIN(2,1GY2,16X2)

COMPUTE FRACTIONAL CELL DIBTANCE ALONG OUTPUT v AX]S
ACRATO & (AY®OUTLIN) / (AYeLY)

COMPUTE INTERPOLATED SAWPLE AND LINE VALUES AT CELL EDGES
USSASACRATOe(C8=AS)
GLSALCACRATOR(CL=AL)
RSSAS8ACRATO(DS=BS)
RLBHBLEACRATO» (DL e¥L)

COMPLTE SLOPE WITHIN THE CELL FPOR SAMPLES AND LINES
VELTAX 8 BX o AX

TRANIC(3) 3 (R8+GS) /7 DELTAX

TRANIC(U) 8 (RLeOL) /7 OELTAX

FIND TNPUT COORCINATES OF FIRST POINY IN THIS GRID CELL
UX]l 8 CPXVAL(IGXL) = AX

TRANIC(1) 3 08 ¢ UX1eTRANIO(Y)

TRANIC(2) 8 OL ¢ UX1«TRANIO(A)
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250

295
500

oy

¢
L11)
1000

C
1u0s
110

C

1v2e

L= ol

10380
{04t
168C

9
Y ut

INTENPULATE TrAGE UATA
CALL M2 (PIabL, PIRLULY)
c0 70 $00

FLLL In TRE CELL ACT REGUIRING INPUY vAIA
DO 299 Isi,APlIX

18avp 8 185AMP ¢ |

PIRDUY(ISAYR) 8 xDUWM

CONTINLUE

WRITE InE LINE SEGMENT UUTY
IF INCGP,EQLL) GO T0 SO0

IF (18aMP EQ
WRITE (LUNIT
CALL #RITAR
60 ro 1000

+0) GO TC 100%

) 18Amp
(LUNTTY, PIXOUT, 1SAMP)

WRITE (11) PIxOLY

CONTINLE
GU YU 1010

SArPSLITNLYY,
CONTINGE

REwial LuUNLT
sRITE (6,100
CONTINUE

ASSEMALE AND
1F (NCLPGEG,
PC 1050 16V

ICLP) 8 0

) L8TCP, 1CGP

eRITE CLTEUT IMAGE
1) RETURAM
By ,AMGLY

LSTHY 8 NLMLANL(IGYY)

LSTIeP 2 UM

ACCIOYEel) =

ASSE~ELF AND WwRHITE GLY TrE LINE SEGPENTH
UC 1040 TLINESLSTRT,LETCP

~y 3 ]

ne Jo%: 1CGPBY ACLP

1F (SAYPSG (]
tuntTe TCGP
REAR (LINIT)
(ALl RPALAW

YL, T0CB)bG,0) GU TLU J08u
¢ 20

AnSaAvP

(LUNTT, PIXDUT(NSY, NSAMP)

“§ 8 AN ¢ ANDHAMP

CONTINUE

vRITE (11) PTXOL

COrPTIMLE
RE T1 WA

PONMAT (!
END

FINISHER EFSAMPLINGY 18,0 K-CARDS IN COLUMN GRCLE!,14)
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SUBROLTINE NN (PIXEL, PIXOUT)
c
. c PERFORM NEARESYT NEIGMBOR INTERPOLATION
c

* LOGICAL®Y PINELCNBSANM,MAXLNY, PIXOUTC!)

INTEGER 8AMPO, SLRA

INTEGERS2 MNOEX(3000)

COMMON /PIXDAT/Z MLINPX, NPIXLN, NMGL, NVGL, SRATE, NLPI, NSPL,
. KOUM, INTERP, NB

COMmON 7 PIXINZ NBBAM, MAXLN, MNOEX, $AMPO, LINED

COMMON /7 TRANS/ TRANTO(O)

EQUIVALENCE (NPIX,TRANTOCS)), (38A2P, 1RANTO(S))

PS1 8 TRANIO(1) = SAMPO o
PLY ® TRANIO(2) o LINEOD o |}
SPACE] 8 TRANIO(S)
SPACE2 ® TRAMN]O(G)

N0 10%0 Jej,NPIX

ISAMP B 18AMP o |

Ot & fef

1P, 8 PLY ¢ DEaSPACE2 ¢ 0,5

IF (3IPL LT¢1,0R,IPL,GT,MAXLAN) GO TO §030

: ' . IPS 8 PS] ¢ DE*SPACE] ¢ 0,5
E I¥ (IPS,LT,1,0R,IPS,GY NBSANM) GO TO 1030

SLR 8 MNDEX(IPL)
PIXCUT(I8AMP) 8 PIXEL(IPS,8LN)
GO Y0 1090

1030 PIXOUT(1ISAMP) & KOUM
1050 COnNTINUE

2
1 c
3
4 REVURN
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COMPRESSION BY ADAPTIVE DIFFERENTIAL PULSE CODE MODULATION |

l. NAME
ADPCM (ADAPTIVE DIFFERENTIAL PULSE CODE MODULATION)

. DESCRIPTION
ADPCM uses a predictive coding technique for image data compression.
Employing a third order predictor, this method performs an adaptive
DPCM on blocks of data 16 pixels wide. A constant bit rate is used
for the entire Image. A restriction for this routine is that only
a 16*n pixel wide portion of the image will be processed.

111, CALLING SEQUENCE
CALL ADPCM (1V,X,10UT)
where IV, X, I0UT are arrays with variable dimensions used in , j

processing the data. The array dimensions required are:
CIBILITY OF THE

IV (h, NPL)  bytes REPRODULT R 1S POOR

X (2, NPL) words ORIGINAL
10UT (NPL) bytes

wherz NPL Is the number of pixels per scan line.

. INPUT/0UTPUT
1. [INPUT ,
The input data should be on logical unit 10 as a data set

consisting of NLINE ,ecords and NPL pixels per record with
four channels per pixel. Each data value has a length of one
byte.

Initial parameters needed to process the image are transferred
from a driver program through the following common statement:
COMMON NB, NLINE, IBIT, NPL

where

NB is the band currently being processed (integer)

NLINE is the number of records in the input image (integer)
IBIT is the approximate bit rate desired (integer)

NPL is the number of pixels per record which will be processed.
It must be an integer multiple of 16.
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V.

2. OUTPUT

The Input parameters and the mean values of the original and

reconstructed images are printed for each band.

The re-

constructed image for band NB is written onto unit NB.

DESCRIPTION OF SUBROUTINES

The storage requirements and the functions of the non-system

subroutines used are given in the following table.

DESCRIPTION OF SUBROUTINES FOR ADPCM

DATA COMPRESSION

SUBROUTINE NAME

(Entry Points)

STORAGE
(Bytes)

FUNCTION

ADPCM

VARV! (VARV)

DSQ (QUAN)

2850

1152

908

Read data from input data set,
call mapping and quantizing rou-
tines, call predictor routines,
reconstruct and write image by
calling for inverse transforma-
tions.

Predictors for incoming data
values. VARVI is used for first
line only. ‘

Perform mapping to obtain uniform
distribution of coefficients,
quantize to specified number of
levels, do inverse to reconstruct
values.

The linkages of the subroutines are given in the following table.

LINKAGES OF SUBROUTINES FOR ADPCM
DATA COMPRESS!ON

ADPCM

VARVI (VARV)
0SQ (QUAN)
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Vil.

1.

2.

PERFORMANCE SPECIF{ICATIONS
STORAGE REQU IREMENTS - _
- The program requires 44K bytes of storage when operating on a

LACIE sample segment.

EXECUTION TIME
The average speed obtained from several computer runs is 628
pixels/second.

METHOD
ADPCM employs a block adaptive DPCM for data compression.

is divided into blocks 16 pixels wide and a DPCM performed on the
blocks. A third order predictor is used except for the first row
and the first element of each row.

The elements Xie1. 141 Xia and X are used along with
-1, j*, -1, ] '9.’
weighting functions to predict x' 41 The predictor equation is
]

given by x" 1 = A3 xi_‘. i + Azx" j + A|x'-',j+l

where A, = A, = 3/h, A3 ==1/2 and the configuration is:

R Xy+J

e

X;-1,J+1 Al X; 1 J+1

The variance of a block is calculated and used to compute the

scaling factors necessary for quantization of the block. The next

point in the block is predicted and the difference between the actual

and the predicted value is quantized using the scaling factors for

the block.

A constant bit rate is used throughout the image. A flow chart is

given in the following figure.

121

Each row

The quantized value is then used to reconstruct the point.
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X.

COMMENTS
There is no restriction on the number of records in the input image
but only a 16*n pixels wide segment will be processed.

TESTS

The quality of the reconstructed images has been examined by use of
mean values, plots and histograms of the reconstructed images, and
plots and histograms of difference images. An example of difference
image histograms follows.

LISTINGS

Listings of the subroutines follow.
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Histograms of Difference Images for Four Bands
(original - ADPCM Reconstruction)




SUBROUTINE ADPCM (Iv, X, 10UT)

ADPCM PERFORMS AN ADAPTIVE ‘2D DPCM ON AN IMAGE 16eN PIXELS W1DE,
THERE 18 NO RESTRICTION ON THE NUMBER OF LINES IN TME IMAGE,
INPUT IMAGE 18 PROCESSED ONE BAND AT A TIME

NPL  ® NUMBER OF PIXELS PER LINE ({6aN)
NLINE 8 NUMBER OF LINES

NBPL B NUMBER OF BLOCKS PER LINE

BLK '8 NUNBER OF PIXELS PER 810CK

1817 ‘s APPROXIMATE BIT RATE

LOGICAL UNITS
10 « INPUT PICTURE (BYTES)
NG o RECONSTRUCTED BAND NO, NB (BYTES)

nv-v!0cvv'11t7vt|v:tvvvtvv0v01|1'r9v vo'vovvtv;lo'vQOVlrcvv'vvtlva001(
0606.00600‘0.666.‘..060000“...0.606.0C‘.‘.‘0\5...000“‘......‘0‘.0..*0

DIMENSION IVCU,NPL), XC2,NPL)» ROUTINPL), A(3)

; LOGICAL®S IV, I0UY

: - INTEGER BLK /16/

REAL MAXP,MINP,MAX(CU)/30127,0,63,0/sMINCU)/800,0/

COMMON NB, NLINE, 1817, NPL

DATA GAIN /2,57, CONH, CONV /2¢4,0/, A /0 15, 0, 7%, .0.’/

(4 INITIALIZE COUNTERS, SET IMAGE PARAMETERS
18UMLRO
18UM2S0
NBPL & NPL/BLK REPRODUCIBILITY OF THE

MAXP :8 MAX(NB)

I

OO0

THE FIRST LINE OF THE DATA I8 WANOLED SEPARATELY,
READ THE FIRSY LINE OF DATA INTO ARRAY IV, PICK OFF THE DESIRED
BAND AND STORE IT IN X(1,J)
READ (10) IV
i 00 120 Js1,NPL
& 11V & IVINB,J)
; X(1,J) 8 11V
ISUML & ISUML ¢ 11V
120 CONTINUE

4 CALCULATE GQUANTIZER LEVEL AND SCALING POR THE FIRSY POINY,
LEVELR2an(IBITel)

SOESMAXP/GAIN

CALL 08B (GAIN, SDE)

¢ gALCU%ATg)THE REPRESENTATIVE VALUE FOR THE FIRST PIXEL
s X(1,

CALL GUAN (F, LEVEL, EQ)

X(1,1) s EQ

c CALCULATE VARIANCE, 8, OF & BLOCK, UBING VARIANCE COMPUTE THE
c SCALING FACTOR POR THE REST OF THE BLOCK,

PARSMAXP/8,

IF(PAR,LT,8,)PARSS,

OO0

2
-
>

1 PR

&I ey A
o

TS T s A TR

gy eamet s
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¢
c

ToO00

(s Na X 2]

AOOOON

100
199

00 199 JJdsi,NoP|,

CALL VARVY (X, CONV, JJ, 8, PAR, NPL)
IF CJJoEQ,1) 8LAG & § . .
CALL 080 (I.S.cta

JLE(JJel)aBLKed

JHBJJnBLK

IF (J".!G.N'L, J“'NPL.‘

PREDICT NEXT POINT IN BLOCK, GUANTIZE AND PORM ‘REPRESENTATIVE
VALUE, CONTINUE UNTIL ALL POINTS IN HLOCK ARE PROCESSED,

D0 190 JaJi,dn

JinJel

EX ® CONNeX(1,J)

F o X(loJ1) @ EX

CALL GUAN (F, LEVEL, £0)

X(3,51) » EX ¢ EO

CONTINUE

CONTINUE

READ IN NEXT LINE OF DAYA, PICK OFF APPROPRIATE BAND AND S8TORE
DO 299 Ilm2,NLINE

READ (10) 3V ‘

00 240 Jag,NPL

I1V 8 IV(NB,J)

X(2,J) » 11V

18UMS & I8UNMS ¢ IV

CONTINUE

PREDICY THE FIRBY POINT) CALCULATE THE GCALING FACTOR POR
VARIANCE OF NEW ROW WITH RESPECT TO THE PREVICUS RONW, QUANTIZE
AND PORM REPRESENTATIVE VALUE POR FIRSY POINT .OF THE RON,

CALL D80 (2,5, 8LAG)

EX & CONVaX(1,1)

F o X(2,1) » EX

CALL GUAN (F, LEVEL, EQ)

X(2,1) ®» EX ¢ E6

CALCULATE VARIANCE, 8, FOR A BLOCK, UBING THIS VARIANCE CU"'UYE
THE SCALING FACTOR FOR THE RESY OF THE BLOCK,

DO 260 JJs§,NBPL

CALL VARV (X, Ap JJ» 8, PAR, NPL)

CALL DSG (2,5, 8)

JLa(JJei)aBlLKed

JHBJJIeBLK

IF(IHGEQ NPL) JHBNPLe}

COMPUTE THE REPRESENTATIVE VALUE OF THE NEXT POINT IN THE BLOCK
BY QUANTIZING THE DIFFERENCE BETWEEN THE NEXT POINT AND TNE
PREDICYED VALUE AND THMEN ADDING THE QUANTIZEO VALUE 70 THE
PREDICYED VALUE,

ROTATE THE PREDICTCR VALUES FPROM RO™ @ 10 ROW §

00 250 JsJL,JW

JisJed ,

EX 8 A(1)eX(2,J) o A(3)aX(§,J) ¢ A(2)OX(S,J1)

F o x(2,J1) o EX
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CALL GUAN (F, LEVEL, E0)

X(2,J1) & EX ¢+ €0

IF CXCL0d) 0T MAXPY X($,J) 8 MAXP
IF CXCLad) LT MENP) X(1,J) & NINP

J0UT(JI) @ XC1,J) ¢ 0,9 REPRODUCIBILITY OF
TSUNZ & T8UM2 ¢ 30UTCJ) THE

250 CONTINUE
260 CONTINUE

LOAD GUTPUT ARRAY AND MOVE PREDICTOR VALUE POR LAST SAMPLE
IF (XCLoNPL),GT MAXP) XLIoNPL) & MAXKP

IF CXCIaNPL) (LT MINP) XCI)NPL) 8 MINP

SOUT(NPLY ® XC1,NPL) ¢ 0,5

J8UM2 . I8UMR ¢ JOUTINPL)

X(3,NPL) & X(2oNPL)

WRITE RECONSTRUCTED IMAGE FOR A LINE OF DAYA ONTO UNIT # NB,
WRITE (NB) JOUTY
299 CONTIMNUE

WRITE LAST RECONSTRUCTED IMAGE LINE ON UNIT NE,
D0 300 Jei,NPL
IF CXCoJ) LT MINP) X(1,J) 8 MINP
1P (XC1,J),0T,MAXP) X(1,J) & MAXP
T0UTCJI) 3 X(1,d) ¢ 0,9
300 I8UM2 ® I8UM2 ¢ I0ULT(J)
WRITE (NB) l0UT

COMPUTE MEANS POR ORIGINAL AND RECOMSTRUCTED IMAGE,
PIXONLINEONPL

ANEAN] ‘s I8LMY / PIX

ANEANZ '8 I8UM2 /7 PIX

WRITE(6,308)

WRITECO,35) NPL,NLIME,NB, 20T, MAXP
WRETE(O,41) AMEAN], AMEANZ

RETURN

38 FORMAT(! NPL @ 4,30,10X,'NLINE @ 1,0a,80%,18AND NO, & 1,1R2,:3)X,
o 11BIT @ 1,15,18X,'MAXP & 1,F6,2)
38 FORMAT(SOX, 'ADAPTIVE TWOeDIMENSIONAL DPCMY,//)
G FORMAT (/! MEAN OF ORIGINAL IMAGE ! ,F8,3,34X,'MEAN OF RECCNITRUCY
.EDDINABE 8t ,F8,3//7/7)
N
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SUBROUTINE VARVE (X, COvH, K, §, PAR, N?L!

SUBROUTINE VARVI COMPUTES THE VARIANCES POR A BLOCK OF DATA 3N THE
FIRST ROw, PREDICTED VALUE 18 THE VALUE OF THE PREVIOUS SAMPLE
T!"!O A h!lﬂﬂ?!h@ FACYOR

A EEEE R E X XEER KR ’quvovv I ENEE NS NENE A AXE RN E RIEENE N R NN RN
000‘00000000060000000000000000lotoO'o‘000o000000000000000000000000

DIMENSION X(2,1)0A(3)
M & NPL ® §

00,0

Nis(kel)njbe!l

N2BNielS

IF (N2,EG,NPL) N2swi

00 100 JsNi,N2

Jieget ,
EXSCOVHeX(T,d)

EsX(1sJ])mEX

838¢EeE

CONTINVE

8a8/16,

IF (N2, EQ,ML)88e1,0000

888GRT(S)

198848/PAR

1F(18,GE,8) 18 & 7

85(1840,5)9PAR/E,0

RETURA

1 (XX R XIIEN AN AN A BN SO BURE A 2 BUAE BN AN IR BN AU J
¢

[ )
ObbabiAQ‘QO.QQ6000600.00‘00.&000004.000
[

[ X

™e -

L}
*
X

<0-

rte
o s e
VAR

Zo
-40 -
Do o
S -

SUBROUTINE VARV CALCULATES THE VARIANCE POR A BLOCK OF 16 PIXELS,
VARV LSES A THIRD ORDFR PREFOICYOR YRAT ULTILIZES TME ADJACENY
ELEVENY IN THME SAME LINE, THE ADJACENT ELEMENT IN THE SAME COLUMN,
AND THE DIAGONAL FLEMENT TO PREDICY FACN SAMPLE, THE FIRST ROW OF
DATA CANNOT BE HAARLED RY THIS ROUTIAEL,

EEENENEREREXENENERE NN NN NN RN XN N NI IR R NECEE R NE AN O B 2R 2N 2 RO I I AN ] *
0060008000000 000608060 0008880060000 080000001000000000000000000000000001%¢

[a XaKaRalaNaNalal on

S T T TRERT TR TR T

Mf ® NPL @ §

880,0 :
Nis(Kel)nlbel .
N2SNi ¢3S

IF (N2,EQ,NPL) N2BVY

00 1000 JeN§,N2

JisJed

EXSACIYax(2oJ)eACSYaX( i, ,J)0AC2)aX(1,J1)

EsX(2,J1)eEX

§s8¢Ent

CONTINUE

888/16,

IF(N2,EQ,M1) 888ayl, 00600

$sSQRT(S)

18s8+8/PAR

I1F(18,GE,8) 1887

$8(18¢0,5)ePAR/E,0

RETUNM

END
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SUBROUTINE D8O (XMULT, 928MA)

AN ASSUMED LAPLACIAN DISTRIBUTION OF THE cORPFICIENTS IS TRANG®
FORNED TO A UNIFORN DSSTRIBUTION SEPORE QUANTIZATION,
D8O COMPUTES THE CONSTANTS OF THE MAPPING PUNCT SON
HULT 3 ESTINATED NUABER OF BIguap Ih THE DATs Ranee
184 ® EOTINATED VARTANGE OF THE INPUT VALUE

DO OHAOHOND

‘e "0" A AR RZ R AX R RE (XX EK) 0""'0"""'7""""'
[ 1) ...i.b‘..“..“.‘.“...‘0.0....0.‘..‘0. .....QOOOOQ.Q....OOOOOOQ..
EMAXBRMULT#E8LGMA
EM -0 BART(2,00ENFAX) /7 (3,00826MA)
EXPMEEXP(aEN)

EML 8§ oEM/ENMAX

"!"9""0"""'?"'"l""""' * eV gy
09080000000 0000000600000060000000404000004»

ENTRY QUAN (F, LEVEL, EO)

QUANTIZATION OF AC COEFPICIENTS,
4 ‘s VALUE TO BE QUANTIZED
LEVEL & NUMBER OF LEVELS IN TWE QUANTIZER
€Q . R!Pll.lh?l?lV! VALUE ¢ . F

T IPITINITLRITITVRLIRICOIY QOQGOCY 19¢9 e ' "0"'vv1070000!ivv07"
0..6.0.00‘00.000000‘.‘00‘.0‘.00‘...0.‘0.. [ X 0086000000000 0000000000e

1180

IF(F,GE,0,0)60 10 2

Faef

138y .
c‘ CONTINU anovucmx mls POOR
c FORWARD MAPPING ORIGINAL PAG

Ew & FPogMi

EXPESEXP (EW)

ZOEMAXS (S 0B XPE)/ (| ,0LXPN)

LEVELISLEVEL=]
128(2/7EMAX) eLEVEL
1IP(12,L7,0)12m0
IF(12,6T,LEVELI)IZnLEVELY

¢ INVERSE MAPPING
JOS(PLOAT(IZ)¢0,5)/FLOAT(LEVEL)
Z0weg ,o2Cn (] ,0EXPNM)
EQsafMAX/EMOALOG(20N)
IP(11,60,1)EQuaED
RETURN
END

| X
X
oa

OO OO0
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COMPRESSION BY TWO DIMENSIONAL TRANSFORMS

NAHE
TRANC

DESCR:PTION

TRANC employs an adaptive transform coding method for image data
compression. Using a fixed block size and a fixed transformation
(Madamard or Cosine), this method performs a blocked, two-
dimensional orthogonal transformation on a 16*m row by 16%*n pixel
image, where m and n are Integers. The variances of the transformed
coefficlents are estimated using a8 recursive formula. A bit assign-
ment is made proportional to the logarithm of the estimated
variance: therefore, the number of bits assigned to each coefficient
varies from block to block. The image is reconstructed by using
inverse transformations.

CALLING SEQUENCE
CALL TRANC (1V,10UT,D) - Cosine Transformation

CALL TRANH (IV,0LT,D) - Hadamard Transformation
where 1V, 10UT and D are arrays with variable dimensions. The array
dimensions required are:

v (4, NPL)

tout (veL) fPYtes

D (16, NPL) words

where NPL Is the number of pixels per scan line.

INPUT/OUTPUT

1. INPUT
The Input data shculd be on logical unit 10 as a data set
consisting of NLINE records and NPL pixels per record with
four channels per pixel. Each data value has a length of one

byte.
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Initial parameters needed to process the Image are transferred
from a driver program through the following common statement:
COMMON NB, NLINE, FIXB, NPL

where

o NB is the band currently being processed (integer)

O NLINE is the number of records in the input Image which will
be processed. It must be an integer multiple of 16.
(integer)

o FIXB is the approximate bit rate desired (floating point)

o NPL Is the number of pixels per record which will be processed.
it must be an integer muitiple of 16. (integer)

2. QUTPUT

The input parameters, the ave:age bit rate, and the mean values
of the original and reconstructed images are printed for each band.

The reconstructed image for band NB Is written onto unit NB.

DESCRIPTION OF SUBROUTINES
The storage requirements and the functions of the non-system

subroutines used are given in the following table.
EPRODUCIBILITY OF THE

ORIGINAL PAG!E IS POOR

DESCRIPTION OF SUBROUTINES FOR 2-D
TRANSFORM DATA COMPRESSION

SUBROUTINE NAME STORAGE
{Entry Points) _{Bytes) FUNCTION

TRANC (TRANH) 6202

Read 16 )ine blocks from
input dats set, set up
arrays to do 2-D Cosine or
Hadamard transforms, map

2-D arrays into 1-D,
estimate recursive variance,
calculate bit rate, quantize,
reconstruct and write image
by calling for inverse
transformations.

MAP (UNMAP) 1524 Map 16 x 16 array of
transformed coefficlents
Into 1-D array, and do
inverse.
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DESCRIPTION OF SUBROUTINES FOR 2-D
TRANSSORM DATA COMPRESSION (CONT.)

SUBROUTINE NAME
_{Entry Points)

0SQ (QuAN)

HADD

MDFT

cosT f
MFORT

STORAGE
(Bytes)

FUNCT | ON

908

1o

1844
1826
1870

Perform mapping to obtain
uniform distribution of
coefficients, quantize to
specified numbar of levels,
do inverse to reconstruct
coefficient values.

Hadamard transformation of
a string of 16 pixels.

Cosine transformation of a
string of 16 pixels.

i anmnt A

The 1inkages of

the subroutines are given in the following table.

LINKAGES OF SUBROUTINES FOR 2-D
TRANSFORM DATA COMPRESSION

TRANC HADD
(TRAGH) cosT
MAP
UNMAP
0SQ
QUAN
cosT MOFT
MOFT MFORT

PERFORMANCE SPECIFICATIONS

1. STORAGE REQUIREMENTS
The program requires 66K bytes of storage when operating on a

LACIE sample segment.
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2. EXECUTION TIME )
The speed of the program is highly dependent on the type of trans- , ;
form applied, and somewhat dependent on the bit rate, being slower. :
at higher bit rates due to the quantization of a greater number of
coefficients. Average speeds from several computer nuns are given

in the following table. ITY OF THE
REPRODUCIBIL
ORIGINAL PAGE IS POOR

B —

PROCESSING SPEEDS FOR 2-D TRANSFORM
COMPRESS ION

(4 band pixels/second)

BIT RATE COSINE SPEED HADAMARD SPEED
12 150 488
| 14 421
2 127 34
3 18 268
4 122 259
METHOD

The édaptive transform method uses a two-dimensional orthogonal
transformation followed by recursive quantization to compress an
image. Initially the input image is divided into blocks of 16 x 16
pixels. After a two-dimensional Hadamard or Co-'ne transformation is
performed on a block of data, a scanning method i. used to convert
the two-dimensional array into a one-dimensional array. The variance
of the transformed coefficients are estimated using the first-order
recursive relation

el = ag? o+ (1w X

i+1

where Xi is the i-th transformed coefficient after quantization and
L4 2 is the estimated variance of Xi. A is a weighting zoefficient
which is set to 0.75. The varlance,¢22, needed to start this recursive
relation is obtained by averaging the sum of the squares of the first
four coefficients and then quantizing this average using 32 levels. For
the actual quantization a nonuniform quantizer designed for a Laplacian
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distribution Is used. Experimental results demonstrate that for most
images, the probability density function of the variance is a Laplacian
probability density function. The mapping, g(.), of the transformed
coefficients yields a signal, 2, with a uniform probability density
function. Z is then quantized and the result undergoes the inverse

mapping, g-'(.). The mapping, g{.) for an exponential probability
density function is given by

Xo[1-exp (-Mx/x_)]

2 =glx) = 1-exp (-M)
where -
Xo = 3@
Moo= J2x,
30~ .
The inverse mapping is given by g-' (x) = ;)(2 In [l —i— (I-exp(-M)EI.
M

" The number of bits, m, assigned to each coefficient is obtained from

2
m, = Integer [} Iog2 o, + C]

where C is a constant which is adjusted to correct for variations
from the desired bit rate. If the number of bits assigned to a
coefficient is less than one, the remaining coefficients in the block
are not transmitted. With this type of bit assignment, coefficients
with large variances are assigned a greater number of bits.

In order to reconstruct the image, the one-dimensional array is
mapped back into a two-dimensional format. The inverse of the !
two-dimensional orthogonal transformation is taken, a check is made

for out-of-range values, the data is rounded off to pack into bytes,
and is written out.

A flow chart of the algorithm is given in the following figure.
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COMMENTS

Only a 16*m row by 16*n pixel portion of the Iinput image can be
processed.

TESTS

The quality of the reconstructed images has been examined by use of mean

values, plots and histograms of the reconstructed images, and plots

and histograms of difference images. An example of output from the ;
program follows, showing the mean values of the original and recon-

structed images.

LISTINGS

Listings of the subroutines follow.

136




LACTE DATA

ADAPTIVE TRANSFORM CADING USING TUD-DIUFNSINNAL COSINE TRANSFORN

. o Ll -abat aahd ot a0 e
St R G R R e

R Rt L

137

- o 3 U o T I ST TG

Figure 12. Printed Output of the 2D Transform Compression Program

L s 197 NLINF = 112 BAND NO. 1
HAXP ©127.0 NINP & 0.0 FiRe = 3,0 —
AVFRAGE BIT RATE = 3.170
HEAN OF GRIGINAL SMAGF & 14.754 NEAN DF RECONSTAUCTED BMAGE = 14,732
ADAPTIVE TIANSFORN COIING USING TUO-DIMENSIONAL COSINE TRANSFORN ) ;
N s 192 NLINE = 112 BAND NO, 2
. naxe o127.0 NINP @ 0.0 ) FIXg = 3,0 e ——
AVERAGE BIT RATE & 3,110 .
WFAN OF GRIGINAL SMAGE o 10,249 MEAN OF RECONSTRUCTED IMAGE = 18.249
ADAPTIVE TRANSFORN COOING USING TNO-DINENSIONAL COSINE TRANSFOARW ,
§ " e 192 ' NLINE o 112 8AND WO, 3 -
3 nAKP ©127.0 WINP = 0.0 . . ..._.... FIKB = 3.0 . )
4 AVFRAGE BIT RATE = 3,18) R
g WEAN OF ORIGINAL INAGE » 18,739 WEAN OF RECONSTAUCTED IMAGE = 180,743 __
ADAPTIVE TRANSFORN COOING USING TWO-DIMENSIONAL COSINE TRANSFORM
L o 192 NLINE o 112 BAND NO, &
NAXP = 83.0 . CNINP e 0,0 .. .. _._ .. _FlXe. = 3.0 __ . ...._.. -
AVFRAGF BIT RATE »  3.112 . ;
NEAN DF ORIGINAL IMAGE = 8,933 WEAN OF RECONSTRUCTED IMAGE = 8,952 _ : .
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. s !
%.‘ ¢ SUBROUTINE TRANC (Iv, 10uUT, D) !
= ¢ TRANX I8 AN ADAPTIVE TRANSFORM CODING PROGRAM WHICH PERFORMS i
é ¢ A 16 X 16 BLOCKED HADAMARD OR COBINE TRANGFORM ON A 164N PIXELS ;
- ¢ B8Y 16sM ROW IMAGE, THE ThO«DIMENSIONAL ARRAY IS8 MAPPED INTO A ;
i ¢ ONESDIMENSIONAL ARRAY IN A ZIGZ2AG MANNEN, i
3 (4 A PIRST ORDER RECURSIVF RELATION IS USEL YO ESTIMATE VARIANCE :
;- (o OF EACH TRANSFORMED COEFFICIENT 8 wHYSVAQ(ioWkHT)#CURRENT REP VALUE t
@ ¢ A LAPLACIAN FUNCTION 38 USFD T0 MODEL THE PROBABILITY DENSITY ;
; ¢ FUNCTION OF THE AC TRANSFORMED COFFFICIENTS, *
5 ¢ THE IMAGE IS RPCONSTRUCTED BY MAPPING
; ¢ BACK INTO A 16 X 16 ARRAY AND PERFORMING A 2e0 INVERSE MAPPING,
g (4 TRANC PERFORMS THE PROCFSS FOR ONE BAND AY A TINE,
| c INPUT AND RECONSTRUCTED IMAGES ARE IN BYTE ARRAYS,
c THIS METHOD USES A FIXED TRANSPORMATIUN AND A PIXFD §6 X 1o
(4 BLOCK SIZE, THE NUMRER OF BITS ASSIGMED YO EACH COEFFICIFNT
g VARIES FROM BLOCK TO BLOCK,
¢ INPUT PARAMETERS
: € NB 8 BAND NUMBER T0 RE PROCESSSD
E c NPL & NUMBER CF PIXELS PER LINE
r c NLINE 8 NUMBER CF LINES Y0 BE READ
f c FIXB & APPRCXIMATE BIT RATE
c
(o 17T 5 TRANSFORM TYPE
c 1 o HADAMARD (TRANK) 2 o COSINE (TRANC)
c NBPL 8 NUMBER CF BLOCKS PER LINE
( NBPV 8 NUMBER OF BLOCKS IN VERTICAL DIRECTICN
c NTB & NUMBER OF TOTAL 16 X §6 BLOCS IN INAGE
c MAXP ® MAXTIMUM VALUE OF PICTURE
(4 MINP '8 MINIMUM VALUE OF PICTURE
c WHT & WEIGMTING COEFFICIENT FOR RECURSIVE RELATION USED
: c TO ESTIMATE VARIANCE
F c INITB s NUMBER OF BITS REGUIRED FOW FIRST VARIANCE (S)
i (4 IBIT & NUMBER OF BITS ASSIGNED 7O EACH COEPFICIENY
c ITCNT & COUNTER FOR THE NUMBER OF BITS USEC FOR ENTIRE IMAGE
c ICCNT @ COUNTER FOR NUMBER OF BITS USED FOR EACH 16 X 16 BLOCK
g;;zzzzz;:;:::z:z:::::;::z;:;:;:z:;:;:;:;.:;;:z:z.:::.;..;;:;;;::‘;:;.;. _
DIMENSION IV(4,NPL), JOUTI(NPL), D(36,NPLY), A(16), B(16), V(2S6), f
‘ e CC16,16)
' REAL ITCNT, MAXP, MINP, MAX(4) /3e127,0,63,0/, MINCU) /4n0,0/
i LOGICAL#*Y IV, I0UT
E COMMON NB, NLINE, FIXB, NPL
i , DATA M, N /16, 29568/
' c
i c ENTRY FOR COSINE THANSFORM
117 s 2
WRITE (6,35)
GO 0 §
] c
¥ c ENTRY FOR MADAMARD TRANSFORM
ENTRY TRANM (IV, ICUY, D)
17y s

WRITE (6,34)
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100

220
22!

a::gf ':::Nafll' .

'q F

NBPVeMLINE/K EPRODUCBIITY O
M N

ALNZ 8 ALOGR,0) ORIGINAL

wWHlw0,78

WHTCRY oWNT

!NITI.;

INITIALIZE COUNTERS, SET IMAGE PARAMETERS
ITCNTR0,0

I8UMsa0

18UN2R0

NAXP :@ MAXN(NB)

MINP :3 MINCND)

CCCoMAXPey 0

DCONGaP IXBeALOG(CCC/128,)/7AL06CR,)

A 16X NPL BLOCK OF DATA 38 INPUT FOR ONE BAND, AFTER PROCESSING

ENTIRE BLOCK THE RECONSTYRUCTED IMAGE 18 WRITTEM OFF AND THE

NEXY 16 X NPL BLOCK 38 INPUT, THIS CONTINUES UNTIL ALL THE DATA
FOR ONE BAND I8 PROCESSED,

00 950 Lsi,NBPYV

READ DATA ONE LINE AT A TIMg, PICK OFF DESIRED BAND AND STORE
IN ARRAY D, CONTINUE UNTIL 16 LINES HAVE BEEN READ, APTER
COMPLETION, D CONTAINS A 16 X NPL BLOCK OF DATA,

00 100 lsg,M

READ (10) IV

DO 100 Jsi,NPL

JIV 8 IV(NB,J)

0€1,J) & IV

JSUMY @ I8UMS o 1TV

CONTINUE

A 16 X 16 BLOCK OF DATA I8 TRANBPORMED, ENCODED AND
RECONSTRUCTED, THIS CONTINUES UNTIL THE ENTIRE $6 X NPL BLOCK
OF DATA 13 PROCESSED,

DO 900 Nh=mi,NBPL

PERFORM A 20D ORTHOGONAL TRANBFORM (MADAMARD OR COSINE)
ON A 16 % 16 BLOCKX OF DATA
D0 230 Jsi,™

JIB(NHei)aMe)

00 220 Isy,™

A(l) s D(1,JJ)

G0 TC (221,222), IT?

CALL MADD (A, B)

GO Yo 225

CALL CO8T (A, 8, 1)
CONTINUE

00 230 iai,M

CtI,J)sB(])
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aue
248

250

310

350

360
370

00 3%0 1si,M
D0 240 Jsi,M

‘AQJ) 8 C(1,d)

GO T0 (241,202), 177
CALL NADD (A, B)

GC 70 2u$

CALL COSY (A, 8, 1)
CONTINUE

00 250 Jsiy,M
C(X,J388B(J)

A 16 X 16 BLOCK OF 2eD TRANSFORMEN DATA IS CONVERTED Y0 A
feD FORMAT
CALL MAP(C,V)

AVERAGE THE SUM OF THE SGUARES OF THME FLRST & AC COEFFICIENTS AND
QUANTIZE TO FORM THE FIRST VARIANCE,
§s2,0

DO 310 Js2,S

8s8eviJ)nvid)

CONTIMNUE

VAs§/4d,0

Sa8QRT(VA)

XMULTS3,0

CALL DSG (XxMuLt, 8)

LEVELS2esINITH

CALL GUAN (S, LEVEL, EQ)

VABEQ®EQ

QUANTIZATION OF COEFFICIENTS

ASSIGN THF NUMBER OF BTITS TO EACH COFFFICTENT, INCREMENTY
COUNTERS, 1IF THE NUMBER OF BIMARY OIGITS ASSIGNeD FOR THE
QUANTTZATION 1S LESS THAN ONE, THF REVAINING CCEFFICIENTS IN THE
BLOCK ARE NOT TRANSMITTED,

ICONT=0

V(1) 8 AINT (V(1)40,%)

DO 350 1s2,N

IBIY & 0,S«ALOG(VA)/ALNZ ¢ DCONS

IF(IBIT,EQ,1)XMULTEY 8

IF(IBIT,LT,1) GC TO 360

ICONTSICONTIBIT

$8SQRT(vA)

CALL 0SG (XMULT, 8)

LEVELS2x2(IB1Te})

CALL QUAN (V(1), LEVEL, EQ)

V(1)sEQ

VABWMTAVAGWNTCREReER

CONTIANUVE

GO 10 375

DO 370 JsI,N
V(J)s0,0

ADD OVERMFAD RITS ANn ANJUST 'pCONS' vASED ON CESIRFD BIY RaAYE
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}
1
4

AR AN i i

378

IR A o b L el AL A

b
OO0 OO0

4as3d
43S

IR A . s d AR

4350
ass

4se
4SS

460
900

nsw'g TR N ey B e Y R
OO0

et

010

. 920
f 9850

S g

CONTINUE

J01TDC ® ALOG(V(L))/ZALNG ¢ 1,40

JCONTY @ TCONT ¢ INITB ¢ 18170C

XICONTSICONT

118NKe (Lol ) aNOPL
OCONSSDCONS#1,/PLOATCIZ)n(FINBaXICONT/256,)
ITCNTSITONTOFLOATCICONTY V256,

MAP 1eD ARRAY OF COEFFICIENTS BACK INIO A 16 X 316 BLOCK,
CALL UNMAP(C,V)

PERPORM INVERSE OF 20D TRANSPORMATION ON A 16 X 16 BLOCK
CHECK POR ROINTS WHICH ARE OUTeOPaRANGE,

00 440 Jsi,Nm

DO 430 lsg,M
ACI) & C(2,J)

GO T0 (431,432),
CALL WADD (A, 9)
GO T0 438

CALL CO8Y (A, B, o})
CONTIMUE

D0 440 lmg,m
Ctl,J)a8(1)

00 460 Is3,M

00 40 Jsi,m
ACJ) & C(3,J)

G0 10 (451,492),
CALL HADD (A, B)
GO0 TO 4SS

CALL COS8Y (A, 8,
CONTINUE

D0 460 Jsi,M

IF (BCJ)oLY,MINP) B(J) m MINP
Ke(NMef JaMe)

DCI,k) & B(J)

CONTINUE

AFTER A 16 X NPL BLOCK OF DAYA NAS BEEN RECONSTRUCTED, PUT IN
BYTE ARRAY AND WRITE ON UNIT NO, N8B ONE LINE AT A TINME,

00 920 3sg,m

DO 950 Jsi,NP

JOUT(J)S0(1,J)¢0,5

J8UM2 & I8UMR ¢ I0UT(J)

CONTINUE

WRITE(NB) IO0UTY

CONTINVE

CONTINUE

COMPUTE AVERAGE BIT RATE, MEANS OF ORIGINAL, RECONSTRUCTED IMAGES
JYCNTSITCNT/FLOATINTB)

PINGNLINERNPL

AMEANI 8 JBUML / PIX

AMEAN2 B I8UM2 / PIX

1 REPRODUCIBILITY OF THE

ORIGINAL PAGE IS POOR
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4
WRITE (6,40) NPL, NLINE, NB, MAXP, MINP, FIXB
. WRITEC6,60) ITCNT
: WRITE(O,68) AMEANY, AMEANR
. RE TURN
c

34 FORMAT(22X,'ADAPTIVE TRANSFORM COUING UBING TwCoDIMENSIONAL NADAMA
oRD TRANSFORM!//)

35 FORMAT(23X,'ADAPTIVE TRANSFORM CCDIMG USING ThOSDIMENSIONAL COSINE

! o TRANSFORMI//)

! 40 FORMAT(! NPL & 1,310,205, NLINE .8 1,30010X,BAND NO,',12//

| o MAXP BI FS 1,10X,IMINP 81, ,ES, 1,17X,'PIX8 81,R5,1/)

60 FORMAT(' AVERAGE BIT RATE & ',F8,3,/)

61 FORMATC! MEAN OF ORJIGINAL IMAGE ®1,FBo39)20Xs 'VEAN OF RECONSTRUCTED
.Exgase 8',F8,3//)

N
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SUBROUTINE MaP(A,8)

MAP CONVERTS A 16 X 16 COEPFICIENT MATRIX INTO A 10D ARRAY N A
11GZAG SEGQUENCE,

Ao INPUT 16 X 16 BLOCK ll'.!l
8- OUTPUT ‘236 X | ARRAY IN ‘ AB PORMAY

tee "0'v9'90v'vov|vvvvvv't!o!ov'vo [ FEEEEE IRNLZA AR AR X4/ (A XA NE EE KN
abe 60000000‘0‘00060600600‘0000.000000‘..0000.00.0000 0000080000000 0000

DIMENGION A(16,16), B(2%6)
8CijeAll,t)

8(2)aA(1,2)

8(3)aa(2,1)

Ked

Le3

i 4 THIS PART CONVERTS THE UPPER TRIANGLE OF MATRIX
4 CONTINUE
Jei
isL
10 SekyeA(1,d)
L ’
KaKe g ggé%lgDUCIBILITY OF
IF(K,GT,136) GO TO 30 AL PAGE IS POOR
jInteg
JaJet
IFCT,GE,1) GO TO 10
Jel ey
1{ }1
20 CONTINUE
B(xImA(l,J)
10]ed
Jaje}
Kakel
1P (K GT,2136) GO Y0 30
IPCJ,GE,8) GO YO 20
LoaLed
G0 Y0 4
30 CONTINUE

¢ THIS PARY CONVERTS THE LOWER TRIANGLE OF MATRIX
Le
34 CONTINUE
Jsi
Isie
40 CONTINUE
B8(X)mA(1,J)
KEKe§
3 IF(k,67,2%6) GO Y0 60
k, jslef
f. JaJes
IPCI LE,16) GO YO 4O
IsLeg
Jeie
S0 CONTINUE

AN

Lo

I A A b - -

raw
TR R T Wy

DA S i e o os o I
i

g
E»
%

s apee
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[z X aXaNa kgl [ 2 X 2]

60

LN A
(AL X X

100

110

120

130
134

140

B(KIsA(L, )

Jufe}

Jejel

KaKel
IF(K,CT,2%6) GO 10 &0
IPC(1,LE,106) GO YO SO

LsLed

GO0 Y0 %4

CONTINVE

RETYRN

(EERE ZR EA A RE NN R ENANERERE AR NENENE N X EENF N ENY EENY XA NE NENENE NY XX X XN NN )
0006006000600 000006030006000002000046000001000000000000¢000000000000%0

ENTRY UNMAP (A, B)

UNMAP CONVERTS THE 1eD COEFFICIFNY ARNAY IN A 21IGIAG FORMAT TC
A 16 X 16 BLOCK MATRIX

(A ERARARNEEALREAAERERERA LR NEARE NS ZL ZE I RN ENNEE ENENEEINLE AN NE S RN NENE NN N )
0004440808000 0680000200000000000000003090000000000000000¢00000d00000

ACY,1988(1)
A(l1,2)88(2)
AC2,1)mB(3)
Key
Ls3

ThI8 PARY RECONSTRLCTS THE UPPER TRIANGLE OF CCEFFICIENTS
CONTINUE
Jsi
IsL
CONTINUE
A(l,J)sB(X)
KsKel
I1F (K,GT,136) GO TO 130
jslel
JeJel
IF (1,6E,1) GO TC 110
JeL et
1}
CONTINVE
A(3,J)8B(K) .
isle} i
JaJetl .
Kekel
IF (x,GY,136) GO YO 130
IF (J,Gt,3) GC 70 120
Lele2
GO 10 100

THIS PART RECONSTRLCTS TNE LOWER TRIANGLE OF CCEFFICIENYS
CONTINLE ‘

Ls2

CONTINUE

Jsi

186

CONTINUE

A(I,J)sB (k)
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180

160

KeKef
IF (K,67,2%6) GO TO 160
jsled
Juded
IF CJ,LE,86) GO TO J40
4 [N} -
Jeié
CONTINVE
ALS,J)98(K)
{1 {31
Jujel
KeKes
IF (K,67,23%6) GO T0 160
1P (3,LE,86) GO YO 150
LeLeR
60 70 3134
CONTINUE
RETURN
END
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SUBROUTINE WADD(SPACE,mAL)

GO 10 70
EnD

146

HADD COFS A FAST MADAMARD TRANSFPORMATION ON A 16 X } ARRAY
THE MATRIX I8 NORMALIZED 8C THAT THE FONWARD AND INVERSE
MAPPINGS ARE TNRE 8amg,
BPACE o JNPUT ARRAY
"al e TRANSFORNMED CUTPUT ARRAY
AN RO AU AU N B BUIK JE R BURE SN BN AE NN BUTR BN AK BESN BRIE BN IR AN BN BUBERY S I AU AN A AU TR BN UL BN AL BXIL B 2R BB BN BCN
0000000600604 080006000300000806000000000,00010000+000400000000000000000000
REAL SPACECI0)  BLOCKS(8),BLOCKO(4Y)BLOCKT(2),IPGM(BY,MADCLO)
Xnsa,
JPGM(] )0
00 30 N82,4
JOISPLE200(Ne) e}
J0ELTs0
20 IPGM(I0I8PLeTIDELT) BN
JOELYSICELTe200(Ne})
IFC(IDELTeIDISPL=B) 20,20,30
30 COrYINUE
00 150 Jsy,8
LeJed
181PGM ()
60 10 (50,200,220,240),1
$0 00 60 Isy,8
Kslel
60 ALOCKS (132SPACEF (Kol YoSPACE (K)
70 00 60 1si,4
Kslej
60 BLOCHO(I)SHLOCKS (Xel)eBl OCKECK)Y
90 0C 100 1Is4,2
Kslel
100 BLOCKRT(1)8RLOCKE(Kel)eBLOCKO ()
120 HAD(Le1)B(BLOCKT (1)eBLOCOKT(2)Y/XN
150 WAD(LY 3 (PRLOCRT(1)eBLOCKT(2))/7XN
RETURN
200 BLOCK7(1)8BLOCKE(Y)=RLOCKO(2)
BLOCKT(2)ERLOCKO(W)I=BLOCKSO(S)
60 1C 120
220 00 30 Isy,u,?
Kstel
BLOCKO(T)3BLOCKS (Kol )eBLLOCKS (K)
230 BLOCKO(Te1)BRLOCKS(Ke2)aBLOCKS (Kol
60 Y0 90
240 00 250 1s3,8,2
Kslel
BLOCKS(1)88PACE (el )eSPACE(K)
240 BLOCHS (14! )SSPACE(Ke2)eSPACE(KeY)
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SUBROUTINE COST (INPUT, COSOUT, IYYPE)

GENERALTZED FPASY COSINE TRANSPORN ROUTINE
THERE 18 A CHECK MADE 80 THE TABLE 33 ONLY CALCULATED THE PIRST TiMe
MAXIMUM SIZE ARRAY '8 2956 ELEMENTS

INPUT B3 INPUT ARRAY
COSOUTs COSINE TRANSFORMED ARRAY
ITYPES t= FORWARD TRANSPORM
ol8 INVERSE TRANSFORM
I8IZE s NUMBER OF ELEMENTS IN lNPUTIOQT’UT ARRAY

RERAREAZARARASR AR NANA R ANA AR RSRA LR A R ERA R R RAAAAA AR R ALAR ARA A NENE]
004600000458 080440300600000000006008504¢08400400400000000000000000000 0000

REAL INPUT(1)

DINENSION COSOUT(1), COSINECLIS), SINE(19), OUTPUT(GA), $(18)
LOGICAL FIRSY /,TRUE,/

DATA IS8IZE, MM /16, S/

1 IF (,NOT,PIRST) GO TO 95}

g : 8 8 *
k éa:ﬁ'.‘,::}ﬁ.:, REPRODUCIBILITY OF THE

; ORIGINAL PAGE IS POOR
C COSINE TRANSFORM TABLE GENERATION
Y.,.‘4‘9927’2.0"L°“‘l.!z!’
cCecos(Y)
SCRSINCY)
COSINE (1)aCC
: SINE())asC
: JJs1812Ee2
:

¢ =

IO OOO0O00O0

00 950 Isi,JJ

; COSINE(T¢3)8COSINE(I)CC o SINE(I)nSC
3 950 SINE(I¢1)BSINE(I)CC o COSINE(T)aSC

3 CALL MDFT (OUTPUT, MM, 1, 8, 0, IFERR)
: ' FIRST = ,FALSE,

S ¢

! , C BRANCM t0 DO FORWARC OR INVERSE TRANSFORM
951 IF (ITYPE,EQ,e}) GO TO 888

COSOUT(S) ® QUTPUT(1)n80RT2
DO 810 1s2,1812¢

810 COSCUT(I) 8 2,00(OUTPUT (20101 )aCOBINE(To )oQUTPUT(20])08INE(Tel))
RETURM

3 1 4
! C FORWARD TRANSFQRM
L QUTPUT(1)RINPUT (1)
i L OUTPUT(2)80,0
! DO 900 1a2,1832E
¢ OUTPUT(3#2«1)8INPUT(])
£ OUTPUT(ISIZEFe3win2)e0,0
1 OUTPUT(IST2EFedola2)u0,0 §
- 900  OUTPUT(1#2)80,0 ;
- OUTPUT(2+181ZF+1)80, ;
S} OUTPUT(2+I812E¢2)n0, -
3 & c
v CALL MDFT (OUTPUT, MM, 1, 8, 2¢1TVYPE, IFERR)
; 4
:
;
i

Ak hada
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¢
C INVERSE TRANSFORM™

* 888
("

910

a1

JUMBINPUT(1)/SGRT2
CTsSuMa(]),0my,0/80RT2)/FLOAT(ISIZE)

CUTPLUT(IISINPUT(D)

OUTPUT(2)80,0

00 910 1=2,1812¢

OUTPLT(20]=1)3 INPUT(TI)«COSINE(lwl)
OUTIPLT(ISIZEFe¢3=1a2)SINPUT( )" O8INE(]wl)
OUTPUT(ISIZEF+dm1a2)SINPUT( )t INE(la])
OUTPUT(2+])s o (INPUT(I)#SINE(Inl))

QUTPLT(2+IS12E+1)=0,

OUTPLT(221812E+2)20,
CALL MDFT (OUTPLY, MM, 1, 8, 2¢ITYPE, IFERR)

0C 811 1s1,3812¢

COSOUT(I) = QUTPUT(2xIel) ¢ CT
RETURNM

END
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SUBROUTINE MDPT(A,MC,ND,8,2IFS,3PERR)
MDFT, MULTI=DIMENSIONAL PINITE FOURIER TRANSFORM

MDFT TOGETMER WEITH NFORT 18 A MODIFICATION OF FORY
A SUBROUTINE SUPPLIED 8Y J,W, COOLEY OF 1AM, PORY
COMPUTES ONEeDINENSIONAL FOURIER TRANSFORMS, MOFTe
MFORY GIVES TRANSFORMS IN UP TO 81X DIMENSIONS

A 18 A COMPLEX ARRAY wlITr DIMENSION ACNNCI)oqyesNNCNDY),
WHERE NN(K)a2aaMC(K), A IS8 TO BE SEY BY THE USER,

MC I8 A VECTOR SET BY USER, O,LT,MC(K),LE,13 FOR i
K81,2,,00sNDy IN ADDITION MCU1)OMC(2)4,,,oNCEND),LE,3Y,
(1F IPSRO THE 13 IN THE TWO ABOVE COMPENTS CAN BE REPLACED BY 14,)
IN THE COMMENTS WHICH FOLLOW, MENAX(MG(K)),

ND IS THE OIMENSION OF THME COMPLEX ARRAY A, ND 18

SUPPLIED BY THE USER,

§ I8 A VECTOR 8(J)s SINCRePIOJ/NP )y J81,2,,,,,sNP/dal,
WHERE NPEMAXCNNC(K)), 8 18 COMPUTED BY THE PROGRAM,

IFS 18 A PARAMEYER TQ BE SEY BY USER AS FOLLOKSe
IF880 TO SET NPa2eaM AND SEY UP SINE TABLE,

IF8sy TO SET NeAPs2aaM, SET UP SIN TABLE, AND CO FOURIER
SYNTHESIS, THE ARRAY ACJ(1),JC2)s0000J(ND)) 18 REPLACED BY
XCJCL)odCR)0gpgsJCNDY YD SUM OVER O,LEK(1),LE,NN(L)el,
O.LE.“‘a’.L!.Nﬂta)Olp...oo'L!.“(ND).LE.NN(ND)O‘ 0'
ACKEL1)oKC2)paoeoKCND))RCEXP(RaPTaJCl)eK(1yal/NNCL)))e
(EXP(2aPTad(2)0K(2)0T/NNC2Y))aqenp(EXPC2aPLadtND)aK(NDYAZ/NNEND)Y))
0,LE,J(1) ,LENNCY)el,0,LE JC2),LE NN(Q)et,, .y,
0,LE,JIND),LE,NN(ND)ul, WHERE 188QRT(e}),

THE X'S ARE STYORED WITH RE XCJC1),J0(2) 0050 Jd(NDY) IN CELL
102a(JC1Y0JC2YOMNCLI)SICSIONNCE)ANNCE) ¢, 0,
¢JINDIANN(I)aNNLR)ay, o oNN(NDOS)), AND

IM XCJC(8)peeesJ(ND)) IN THE CELL FOLLOWING

RE X(J(1)rgegod(NDY),

THE A'S ARE STORED IN THE SAME MANNER,

IFSsel T0 SET NeNpudewd,8EY UP SIN TABLE, AND D0 FOURIER
ANALYSIS, TAKING THE INPUT ARRAY A A8 X AND
REPLACING IT BY THE A SATISFYING THE ABOVE FOURIER SERIES,

IF8s¢2 TQ DO FOURIER SYNTHESIS ONLYs» wITH A PRE=COMPUTED 8,
IFSme2 YO DO FOURIER ANALYSIS ONLY, WlTH A PRE«COMPUTED §,

IPERR I8 SEY BY PROGRAM Y0»
#0 IF NO ERROR DETECTED,
By IF THE MC(K)'S DO NOT SATISFY THE CONDITIONS ABOVE,
OR ND DOES NOY SATISFY 1,LE,ND,LE.G,
me] WHEN 1F8u1,0,0R o] AND THE 8 TABLE NEED NCT BE COMPUTED,

‘@s2 WHEN ]F8m2 OR =2 AND THE 8 TABLE NEED BE COMPUTED,

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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A8 STATED ABOVE, MC(1)eME(2)4,,,0MCEND)GLE,13,1IF THE
COMPUTER USED HAS A GREATER STORAGE CARACITY THAN THE
IBM 7094 THIS MAXIMUM MAY RE INCREASEC ¥Y REPLACING
13 IN STATEMENT 6 BFELOW WITH Mal0G2 NownERE N 18 : 4
THE MAXIMUM NUMBER OF COMPLEX NUMBERS ONE CAN STORE i
IN MIGH SPEED CORE, THF DIMENSION Of KE MUST 8 SET

EQUAL TO Mey IN BOTM MDFT AND MPORT, THE DO LOCP

JUSY BEFORF STATEMENT W40 MUST EXTEND TO Mel INSTEAD OF 12,
TME 14 IN STATEMENT 105 MUST BE CHANGED TO Met,

IN MFORT ONE MUST CHANGE TME BGUIVALENCE STATEMENTS FOR
THE KE'S AND ADD MORE DO STATEMENTS TO THE BINARY SORY
JUST ABOVE STATEMENT 28,

DIMENSTION A(1),8(1),MC(1)
DIMENSION NF(7),NN(6) ;
DIMENSION KE(14) '
ECUIVALENCE (KEC1),J0)
DATA NF(1)/2/, NPD/O/

NOTE THAT THE NAMED COMMON,CFORTC, 1S USED FOR
COMMUNICATION BETWEEN MDFT AND MPCRT,
COMMON/CFORTC/M,N,NT,KS,K82,KST,KP

NDDsND

IF (NOD) 110,810,2

IF(ND,GT,6) GO 7O 110

IFS8sIFS

M8=0

KMzl

D0 10 Ks1,NDD

MeaMC(K)

IF(M) 110,110,4

MEEMS oM

IF(M8,6T,13) GO TO 108

NN(K)B2aaV

NFCKoT)SNF(KIaNN(K)

IF(NN(K) (GT  NN(KM)) KMSK

IFERR=®) ;
IF (1ABS(IFS88),LT,2) GO TC 160 )
IP(NPD LT NN(KM)) GO TO 150 . K
NYOT28NF (NDDe1)

IF(IFS88) 20,110,530

DOING FOURITER ANALYSIS SC DIVIDF BY NNCLI)ONN(2) 0,4 00NMNIND) ANC
CONJUGATE,

FNBATOTR2/2

00 2% lsi,NTOT2,2

ACI)SA(L)/FN

A(ley)seA(le1)/FN

BEGINNING OF LOCP FOR COMPUTING MULTIWMLE 8um
DO S0 Kei,NDD

MaMC (K)

NBNN(K)

150




KSsNP(K)

KSinKkSe}

. K82maeKs
K::uksog y
KEC1)ONF (Kel REPRODUCIBILITY
00 3§ Le2,N OF THE

S KE(L)OKECLe1)/2 ORIGINAL PAGE IS POOR
DO 40 LeM,12

40  KE(Le1)aKk$
DO SO J®1,NTOTR,J0
K88sJex81
D0 SO IsJ,x88,2

S0 CALL MFORT(A(I),8)

END OF LOOP FOR COMPUTING MULTIPLE SUM

70 IF(1FB8) 78,110,300

DOING FOURTER ANALYSIS, REPLACE A BY CONJUGATE,
75 00 80 132,NTOT2,2
80 A(IYseAcl)

GO 10 100
108 IFCCIFS,EQ,0),AND,(M8,EQ,14)) GO 10 8
110 IFERReY

GO 70 100
150 IFERRme2
160 NPDSNN(KN)

MBMC (KM)

IF (NP,GE,NPD) IFERR®el

€IC OO0

¢ .
¢ MAKE TABLE OF SCJISSINC2oPI0J/NP), 8502000 aNTol NTBNP/E
200 NPSNPD

NTSNP/U

MTaMe2

IF(MT) 260,260,205
208 THETA®,78%5398163397448)3

THETARP T /200 (L oY) FOR L=}
JSTEP » NY

JSTEP 8 2aa( MTelLel ) FOR Lauy
JOIF & NT/2

[z X 2] (2 X o] (2 X 2]

JOIF '3 2ea(MTel) FOR L®i
SCJDIF) & SIN(THETA)
IF (MTe2)260,220,220

220 00 2SO0 Ls2,MY
THEYA & THMETA/2,
JSTEP2 s JSTEP
JSTEP & JDIF
JOIF .« JD1P/2
SCJOIF)ISSINCTHETA)
JCisNTeJDIF
$§¢JCL)ISCOS(THETA)
JLASTENT=JSTEPR
IPCILASTeJSTEP) 250,230,230
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T ATRARERTR T

DA kL

TR TR TR T

D0 240 JRJSYEP,JLABT,JSTEP
JCBNTe)

JOsJeJo3r
8¢JOYR8CJ)Ia8(¢ICL)e8CJDIF)B(IC)
CONTINUE

1P CIRE8) 19,100,19

RETYURN

END
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F SUBROUTINE MFORT(A,8)

MPORT, MODIFIED VERSION .OF FORY POR USE
AS SUBROUTINE BY MOFY

; DIMENSION AC1),8(1)
g ~ DIMENSION KE(14)
;

OO

COMMON/CFORTC/MyN NT,KS,K82,K8T,KE
EQUIVALENCE (KEC13Y,KE), CKECIRY,X2) o C(RECL1) oK), (RECLOYoKA)Y
EQUIVALENCE CKEC 9),KS), CKEC 8),K0),CKEC 7)oKT7), CKEC 6),x8)
EQUIVALENCE CKEC Sy, CKBCO), K309, (XELDY,KIL),(KECR),NE2)
EGUIVALENCE (KEC1),X13),(CKEB¢L),N2)

SCRAMBLE A, BY SANDE'S METHOD

NOTE EQUIVALENCE OF KL AND KE(14eL) -

BINARY SORTe '

1Je2 _

D0 30 Jis2,Ki,KS '

3t sl f‘
. . ‘ R R

00 30 JumJ3,Kka4,KS Oﬁ%DUCIBILm OF

00 30 JSBJU,KS,Kd AL PAGE | THR

00 30 JosJS,K6,KS S Poog

DO 30 JTImJ6,K7,K8

DO 30 J8mJ7,K8,K7

DO 30 JOxJ8,K9,k8

DO 30 J108J9,K10,K®

00 30 JiisJiO,K11,K10

00 30 JiasJit,K12,K1

DO 30 JisJi2,KiS,K12

1F(1JeJ1)268,30,30

28 TsA(JJef )

A(lJel)sA(Jle])

A(JIe}i)nT

T8A(1Jd)

A(3JISA(JD)

ACJI)aY

30 1JelJeKS

c SPECIAL CASEe Lu} !
b 1) DO 40 I=2,N2,k82 ;

* KSlelexs

TeA(le})

A(Iel)nTeA(KSIl)

A(KSlel)nToA(KSIel)

TRA(Y)

ACI)eTeA(KS])

40 A(KST)IBTeA(KS])
IF (M,LE,1) 6O TO 1

(2 X e X ¥ ¢

s

g
£
?%

TV EEEYE T

SET FOR Ls2
S0 LEXPismKS

o0 [s X 2]

LEXPisKkSa2en(|w2)
LEXPsULEXPT
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(g Ny ] (2N 2 X 3] [z X 2]

80
90

100

110

RN > e Ao ultaddd o o T S e AR P A A

LEXPSKER20 x|
NPLaNT

NPLBNT#240 (2wl)
NTBAP/4, NP I8 DEFINED IN COMMENTS IN “DbT,
DO $30 Ls2,M

SPECIAL CASEs Ju0

00 80 lsm2,Ne2,LEXP

118 ¢ LEXPY

12nlie LEXPH

13 sl2e¢LEXPY

TsA(I»1)

AClel) 8 T A(12e})
A(J2e1l) & TeA(l2e})

T sA(l)

ACI) & TeA(l2)

A(l12) s TeA(lR2)

s «A(13)

TI s A(13e1)

A(13el) 8 A(Ite)) o T
A(13 Yy s ACIY ) - X
A(Itel) = A(ltw]) o7
A(l1) s AClY ) V1
IF(Le2) 120,120,90
KLASTESN2eLEXP

JJSNPL

DC 110 JBKST,LEXP1,KS
NPJISMT®JJ

URSS (NPJJ)

vIsscJd)
ILASTSJeKLASTY

00 100 1= J,ILAST,LEXP
I1sleLEXPY

12s11¢LEXPY
13s12¢LEXP]
ToA(l2ml)nUUReA(]2)2U]
TisA(I2e1)aUleA(12)2UR
A(J2e1)3A(le])mY

A(12 )sA(l ) = 11
A(lel) si(lnl)eT

A1) sA(T)eT]
ToeA(I3e1)0UleA(T3)sUR
TIsA(13ei)nUReA(TI3) UL
A(l3e1)sA(lin])n?
A(LIS) BA(IL )=V
A(llet)sA(llel)eT
A(I1) sA(It) 71
END OF I LOOP

JJsJJenPL
END OF J LOOP
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' LEXP :n 2alEXP
130 NPLBNPL/2
¢ END OF L LooP

§ RETURN
END

IO e e

REPRODUCIBILITY OF THE
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COMPRESSION BY A HYBRID TECHNIQUE

NAME

HYBRDC

DESCRIPTION

HYBRDC combines a transform system and an adaptive DPCM (differential
pulse code modulation) system to compress an Image. This hybrid
method consists of an orthogonal transformation (HADAMARD or COSINE)
in the vertical direction followed by a DPCM in the horizontal
direction. The resultant coefficients are adaptively quantized and
the image reconstructed by performing inverse transformations. The
input image is divided into blocks consisting of 16 records so that
only a 16*m row portion of the image will be processed. The bit rate
for each row of the block remains constant and is Input by the user.

CALL ING SEQUENCE

CALL HYBRDC (IV, I10UT, D, D, DIF) - Cosine Transformation

CALL HYBRDH (1v, 10UT, D, D, DIF) - Hadamard Transformation

where IV, I0UT, D and DIF are arrays. The array dimensions required

are:
Iv (4, NPL) }
10UT (NPL) bytes
D (16, NPL) }
DIF (NPL) words

where NPL is the number of pixels per scan line.

INPUT/OUTPUT

1. INPUT
The input data should be on logical unit 10 as a data set con-
sisting of NLINE records and NPL pixels per record with four
channels per pixel. Each data value has a length of one byte.

Initial parameters needed to process the image are transferred
from a driver program through the following common statement:
COMMON NB, NLINE, BIT, NPL

where

o NB is the band currently being processed (integer)
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O NLINE is the number of records In the input Image which wil)
be processed. It must be an integer multiple of 16. (Integer)

o BIT contains the bit rates used to quantize the DPCM
differences for each row of a block of 16 x NPL pixels
(integer, 16 locations)

o NPL is the number of pixels per record which will be processed
(integer)

The bit rates to be Input for each MSS spectral band for 5
compression ratios are given in the following table. The rate
is specifled for each of the 16 transform coefficients.

REPRODUCIBILITY OF THE

BIT ASSIGNMENT FOR HYBRID DPCM QUANTIZER

BIT BAND COEFFICIENT (ROW) NUMBER

RATE IN0. |1 2 3 &4 5 6 7 8 9 10 11 12 13 14 15 16

b bits/

sample | 1 7555 4 4 4 433 3 3 3 3 3 2
2 7 55 555 4 4 4 4 4 4 4 4 4 4
3 175655665585 4 44 4 4 3 3 3 4
b |7 5 5 & 4 & 4 3 33 3 2 2 2 2 2

3 bits/

sumple | 1 6 4 4 4 3 3 3 3 22 2 2 2 2 2 1
2 |6 4 4 4 4 4 3333 3 3 3 3 3 2
3 |6 4 4 4 4 4 4 333 3 3 2 2 2 2
h {6 4 4 3 3 33222 2 1 1 1 1 1

2 bits/

sample | 1 § 33 3222211 1 1t 1 1t 1 o0
2 $ 3 3 3 3 3 2222 2 2 2 2 2 1
3 15333333222 2 2 1 11 11
4 5§ 33 2222111 1 0 0 0 0 O

1 bit/

sample | 1 4 322211100 O O O O O O
2 4 332222111y 0 0 0 O O O
3 4 322211100 O O O O O O
4 4 22111 0000 O O O O O O
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BIT ASSIGN..INT FOR HYBRID DPCM QUANTIZER (CONT.)

BIT | eanD)
RATE No. 1 2 3 4 5 6 7 8 9 10 11 12 13 th 15 16
0.5 bit/
sample ] 321t t1tv1000O0 OO O O O O O
2 {321 111000 00 0 0 0 0 0
3321110000 00 0 0 0 0 O
i4 1321110000 00 0 0 0 0 O
2. OUTPUT

The input parameters and the means of the original and reconstrucied

images are printed.

onto unit NB.

The reconstructed image for band NB is written

DESCRIPTION OF SUBROUTINES

The storage requirements and the functions of the non-system

subroutines used are given in the following table.

DESCRIPTION OF SUBROUTINES FOR HYBRID

DATA COMPRESS ION

SUBROUT INE NAME STORAGE
(ENTRY POINTS) (BYTES) EUNCTION
HYBRDC (HYBRDH) 3748 Read 16 line blocks from input
data set, call Hadamard or
Cosine transform on columns,
call DPCM on rows of coefficients,
reconstruct the image by calling
for inverse transformations
DSQ (QUAN) 908 Perform mapping to obtain
uniform distribution of co-
efficients, quantize to specified
number of levels, do inverse to
f reconstruct coefficient values
HADD 1110 Hadamard transformation of a
! string of 16 pixels
cosT | 1844 Cosine transformation of a
MDFT : 1826 string of 16 pixels
lHFORT 1870
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The linkages of the subroutines are given in the following table.

LINKAGES OF SUBROUTINES FOR HYBRID
DATA COMPRESS ION

i
HYBRDC HADD
| (HYBROH) COST
0sQ REPRODYCIBILITY OF THE
QUAN ORIGINAL PAGE IS POOR
COST MDFT
MOFT MFORT
Q : Vi. PERFORMANCE SPECIFICATIONS

1. STORAGE REQUIREMENTS
The program requires 60K bytes of storage when operating on a
LACIE sample segment.

2. EXECUTION TIME

3 The processing speed Is highly dependent on the type of transform
applied and somewhat dependent on the bit rate, being slower at
higher bit rates due to the quantization of a greater number of
coefficients. Average spseds from several computer runs are
given in the following table.

¢ PROCESSING SPEEDS FOR HYBRID COMPRESSION
| §‘ (b band pixels/second)
S BIT RATE COSINE_SPEED HADAMARD SPEED |
,L ; 1/2 283 849
b ! 263 696

} 2 225 534

: 3 222 509

b 225 51

3

. VIl. METHOD

A one-dimensional transform method and a one~dimensional DPCM are
combined in HYBRDX to perform data compression. Initially

the Input image is divided into blocks consisting of 16 rows of
pixels. Correlation factors for the coefficients in each row of the

oy T

block are as-umed to be as follows:
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COEFF ICIENT NUMBERS CORRELATION FACTOR

1,2,3,4 15/16
5,6,7,8 3/4
9, 10, ..., 16 172

A one-dimensional orthogonal transformation (Hadamard or Cosine) is
performed on the columns of the 16 x NPL block of data. Following
this transformation, & one-dimensional DPCM is performed on each row
of the block. This is accomplished by first computing the mean of a
row and the deviation of each point in the row from the mean. Next,
an error Is predicted for each point by computing the difference
between the deviation of that point and the previous deviation
multiplied by the correlation factor for that row.

After the DPCM is complete, the variance of the predicted errors is
computed for a row. Using this varisnce, the sceling factors used to
map the coefficients in the row into a uniform probabllity density
function are computed.

The difference between the devistion of s point from the mean of the
row and the predicted error for the point is quantized. Using these
quantized values, the transformed coefficients are reconstructed.

The inverse of the orthogonal transformation is performed to complete
the reconstruction of the image. The bit rate for each row of the
block remains constant and is input by the user. A zero bit rate is
accepted as a valid input.

A flow chart of the hybrid compression method is given in the following
figure.

160




AT TR T e TR T TR T TR AT AR R TROREREER T TS T TR A e T

o T E R o e

e b S B

$03S$330¥d
N338 SmO¥ 91
TIW 3AVH

4

AN3IW93S TdN X 91
40 SNWNI0J 1TV
NO NOILVYWYO4SNVYL
TYNOYOHLYO WYO0JY3d

}

JWOLS ANV
L GNVE8 Q3¥iS3Q J4C

$03SS3304d NOILINYLSNOIIY AIId ‘Yiva Ju
N339 3I9VHI FYI1IN3 NI1938 0L WIdQ 40 S3INIT 91 NI av3y
SVH 3SY3IA3Y 04 S3ANY
Q3ZI1ANVAD ONISH *
a _ XQY9AH
13 o
INI1Od AYIN3

PG UROTN - 1 gt W VS b b e e L sk

] .

poYIay uO|ssaidwo) PlIGAH 9yl JO 3Jey) mold “°€| danby4
=S
= S ¥ouY3 0313103yd
(- 3HL ONV NVIW 3HL
o @ WOYd °Ld V 40 NOIL
M.E -VIA30 3HL N33ML3IE
! IINIY3J410 3FHL
BM 3Z1LNVAD AT3A1LdVAY
8 : 39VWI
=P 031INYLSNOITY
8% 340-3L1¥M
& D #
mmw ¥O¥Y3d 19103Yd €
NV3IW WOY4
MOY NI °Sld 40
NO ) LYWHOJSNVYL .
2VNOSOHLYO - NOILVIA3G m._?_nwu Z
ISYIANI WYO0JY¥3d 40 NVIW 3LNdW0D °1 _
IN3W93S 40 MOY¥ =
V NO Wda Wy0duid

L

B I e 2




b ol

p—

baseciande i e o Aok

Vitl. COMMENTS

IX.

Only a 16*m row (m an Integer) segment of the input image will be
processed.

TESTS

Reconstructed images were examined using image means, mean squared error,
plots and histograms of the reconstructed images, and plots and histo-

grams of difference images. An example of a difference image follows.

LISTINGS

Listings of the subroutines follow.
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BAND NOe. DIFFERENCE IMAGE

Figure 14. Difference Image |Original - Hybrid Reconstructionl
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SUBROLTINE NYBRDC (Iv, tOUT, D, E, O1IF)

SUBROUTINE WYBRID LSES A WYBRIC METHCD 10 COMPRESS AN IMAGE,

THIS FETHOD CONSISTS OF A 1eD ORTHOGONAL (HADAFMARD OR COSINE)
TRANSFQRM IN TWE VERTICAL OIRECTICN FOLLOWED BY A feD OPCM IN THE
HORTZONTAL DIRECTION, THE TRANSFORMEDL COEFFICIENTS ARE
ADAPTIVELY GUANTIZ2EC, USING THESE COEFFICIENTS, THE IMAGE I8
RECONSTRUCTED BY DOING INVERSE TRANSFURMATIONS,

NPL ®» NUMBER COF PIXELS PER LINE

I1Y & TYPE OF ORTHOGONAL TRANSFORM

{ o HADAMARD 2«COSINE
A o INPUY 16 X 1 ARRAY

8 o TRANSFORMED 16 X § OUTPUT ARRAY
MINP @ MINIMUM VALUE OF INPUT IMAGE
MAXP ® MAXIMUM VALUE OF INPUT TRAGE

LOGICAL UN1TS
10 = INPUY PICTURE (BYTES)
NG o RECONSTRUCTED PICTURE (BYTES)

R R R R R EZE R ER A RN EEE R R NE KX I N R NS NEEE KB AR N EEANEE R SN
0000000080000 380600064000440000003302000000000RCLLORGRENGBEGPbORGdoRe

DI"ENQ!Oh !V(ﬂ.NPLh !OUT(NPL). D(‘°o~pk,. E(‘O.NPL)O D!F(NPL),
o AL16)) B(16), RHO(16)

LOGICAL#*1 v, fOULT

REAL MEAN,MAXP,MINP,MAX(4)/30127,0,063,0/,MINC4)/400,0/

INTEGER BIT(16)

COMMON NB, NLINE, HIT, NPL

OATA » /167

OO0 D

o ENTRY FOR COSINE TRANSFQRM
11182
WRITEC6,4S)
GO 70 10

e 5

c ENTRY FOR WADAMARD TRANSFORM

ENTRY HYBROW (IV, 10ULT, DO, E, OIF)
3 1778y
3 WRITE(6,46)

c INITIALIZE COUNTERS, SET IMAGE PARAMETEWS

10 CONTINULE .
1Sumisd
1SuUM280
NBPVSNLINE/M .
ANPLENPL
MAXP B MAX(NR)
MINP &8 MIN(NB)

o CHECK FOR INDEX OF FIRSY ZERO BIT RATE
o KZ 1S THE POINTER FOR THWE LOCATION Of THE FIRST LERO BIT RATE
D0 25 1lsy,™
IF ¢ BIT(I) (NE, O ) GO Y0 25
Klsl
GC TC 30
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i
i
|
|
i
j
E |
$

E 2s CONTINUE
. KZeMet
30 CONTINUE

’ ¢ STORE CORRELATION FACTORS FOR EACH ROW OF TRANSFORNED DATA 1
L) 00 S0 1s1,4 1
a RHOCI)818,/16,
AHO(3¢4a)03,/4,

RMO(3e8)00,8
50 RHO(Ze12) 80,5

READ IN 16 LINES OF DATA, PICK OFF DFSIRED BAND AND STORE
IN D ARRAY
DO S00 Nvei,NBPV
1 D0 128 Isi,M :
1 READ(10) IV RiPRO:UCIBILILY OF THE ; 4
- D0 $120 Jsi,NPL . ORIGINAL PAGE IS POOR ‘ 3
11V 8 JV(NB,J)
D(2,J) ;& IV
ISUML & ISUML ¢ TV : :
120 CONTINUE ' !
1 125 CONTINUE .

| PERFORM EITHER A HADAMARD OR COSINE TRANSFORM ON COLUMNS OF D
; DEPENDING ON THE VALUE OF ITT,
; DO 160 Jui,NPL
: DO 130 Isg,¥
130 AC1IS0(T,J)
GO YO (131,132), ITY

131 CALL HADD (A, B)
B 6o 10 138

: 132 CALL COST €A, 8, 1)
E 138 CONTINUE

c D‘!OJ’....'..'R‘N'FOR"!D ‘DATA
00 140 3Isi,™
140 0(I,J)uB(I)
160 CONTIMVE

DO DPCM ON ROWS OF ARRAY D

S e

oD

N

(2 X2 X 3]

Caalai Lhir

LI S

TR N

B byt -‘!-,“M 'ﬁ,*““‘?*?‘m?f’?" :

COMPUTE THE MEAN OF EACN ROW OF ARRAY O AND THE
DEVIATION OF EACH POINT IN THE ROw FROM THE MEAN
DO 350 Isj,M
SUMS0,0
00 220 Jsi,NPL
SumMsSUMeD(1,J)
a0 CONTINUE
MEAN & SUM/ANPL
iF ¢ 1 ,GE, XZ ) GO 70 300

c DIFCJI)svesenese ZERC CENTERED TRANSPORMED DATA, ,
DO 225 Jmi,NPL ;
DIF(J) 8 D(I,J) o MEAN ;

22% CONTINUVE

OO0

TR AT 2
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ARt R

* E(!O‘)'O.o
' 00 240 Js2,NPL
4o

TR T T TR T
(9]

PAR0,0
DO 250 Jsi,NPL
PASPARE(L,))
PASPAZANPL
FAs0,0
DO 260 Jsi,NPL
FABFASCE(L,J)wPAYne2
CONTINVE
SGMESQRY(FAZANPL)
CALL DSO (3,0, 8GM)
LEVEL & 24a(BIT(])el)

§ | 20
r .

260

AFaDIF (1)

CALL GQUAN (AF, LEVEL, EQ)
€t s €0

EC1,1) & EE ¢ MEAN

THE MFAN AND THF PREDICYFD VALUF,
QUANTIZED OUTPUY,
0O 320 Js2,NPL
AF s DIF(J) e RMO(I)«EE
CALL GUAN (AF, LEVEL, EQ)
EE 3 EQ ¢ RHO(T)sEE
ECI,J) = EE ¢ MEAN
CONTINUE
GO Y0 350

Ao

320

c NUTPUT FOR CASE OF ZERC RIT RAYE

00 310 l=k2Z,¥
DO 310 Jsi,NPL
ECI,J)sMEAN
CONTINUE
CONTINUE

300

310
350

DO 450 Jei,NPL
D0 4to I=y,V¥
ACI)®EC(],J)
GO T0 (4t11,412), 17T
CALL MADD (A, B)
GO T0 41Ss
CALL COST (A,
CONTINUE

410
att

12 B, »f)

415

g N g
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ECLoU)e0ceee o DIFFERENCE BETWEEN THE DEVIATION AND TM™E
(7 PREVIOUS DEVIATION MULTIPLIED BY THE CORRELATION FACTOR

ECI,J)B0IF(J)=DIF(Jul)aRHO(])
¢ COMPUTE THE VARIANCE OF THE ERROR AND THE SCALING FACTOR

QUANTIZE DEVIATION SROM THE MEAN FPOR THE FIRST SAMPLE

ADAPTIVELY QUANTIZE THE DIFFERENCF HETWEfN THE 'DEVIATION FROM
FINALLY, ADD BACK THE MEAN,

c D0 INVERSE $eP MADAMARD OR COSINE TRANSFORM .

DCIsJ) geesse s RECONSTRUCTED DATA,

ADD TMEp PREDICTED VALUE 10 TNE




AL o Y3 A SRR T

et a T
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00 420 isi,M
IF (BCI) LY MINP) B(2) 0 !NP

IF CBC2)(GT MAXP) B(I) :8s MAXP
420 D(3od) i@ B(D)
480 CONTINUE

Doog'odt'i'" -
480 Je}, R
10UT(J)eD(T,d)¢0,5 ngc?r? I,);IIJ,C;BILITY OF THE
I8UME @ T8UMR ¢ FOUTCY) AGI: 1S Ponp
480 CONTINUE
WRITECNG) 10UT
490 CONTINUE
500 CONTINUE

¢ COMPUTE MEANS OF ORIGINAL AND RECONSTRUCTED IMAGES
PIXSNLINE#NPL
AMEANL '8 I8UMY / PIX
AMEANZ » I8UM2 /7 PIX

WRITE(6,43) BIY

WRITEC6,40) NPL,NLINE,NB)MAXP,MINP
WRITEC6,41) AMEANY, AMEANR2

RETURN

40 PORMAT(! NPL ®9,15,18X, INLINE :m1,15,19%, 1BAND NO,',12,15%, 'MAXP 81
oo FPb,1, 15X, IMINP 81 ,Fb,1/)

a1 'ORMAY (' MEAN OF ORIGINlL IMAGE 8!,F0,4,20X, ' EAN OF RECONSTRUCTE
o0 IMAGE @!,F8,3//)

43 FORMAT(' BIT RATES ',1652,/)

4% FORMAT(20X%,'NYBRID METHOD USING A feD COSINE AND A jeD DPCM TRANSP
WORMY//)

46 FO“"AT(ZS”;'“VDRID METHOD USING A §oD MADAMARD AND A ieD OPCM TRAN
o SFORMI//)
END
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CLUSTER CODING ALGORITHM

I NAME YE
CCA

. DESCRIPTION

The data set is partitioned into arrays of a specified size, and I
each array is clustered into the required number of clusters. The |
data is reconstructed by replacing the original data with the closest .

cluster centroid.

I11.  CALLING SEQUENCE

E CALL CCA (A, B, NREC, NPIX, NFEAT, LXL, NXN) '%

| where k
A, B are work arrays dimensioned (4, NPIX) and (LXL, NPIX, 4) bytes i
respectively,

NREC, NPIX are the number of records and the number of pixels per

record in the data set,

NFEAT is the number of clusters to be found in each block of data,
LXL, NXN are the length (records) and width (samples) of the data
blocks.

v, INPUT/OUTPUT

1. INPUT
The input to this program is a sequential data set on logical -

unit 10, having NREC records each NPIX 4-band pixels long. ‘ ‘

2. OUTPUT
The output is the reconstructed image, written in the same format

as the laput.

4

V. DESCRIPTION OF SUBROUTINES

No additional subroutines are required.
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PERFORMANCE SPECI FICATI0NS REPRODUCILILITY op g

ORIGINAL PAGE IS p
0
1. STORAGE N

The subroutine occuples 12864 bytes of storage.

2. EXECUTION TIME
For a LACIE sample segment (117 x 196) the execution time on the
IBM 360/75 is approximately 30 seconds.

METHOD

The multispectral data is first divided into blocks of the specified
size. All of the unique data vectors in the block are then found.
initial cluster centroids are chosen at equal Intervals in the table
of vectors. Then all samples are assigned to the cluster containing
the closest centroid. The centrolds of each cluster are then replaced
by the center of mass of samples in that cluster. This procedure is
repeated for two iterations. The next step is to replace each data
vector with the closest cluster centroid. The cluster numbers are
stored in an array at location numbers corresponding to the vector
table locations. Each block of imagery Is then reconstructed by
obtaining the cluster numbers from the array.

COMMENTS

The program Is dimensioned for a maximum of 32 clusters per block.

TESTS

The reconstructed imagery has been examined visually and by computing
means, variances, and mean squared errors. Data Llocks have been
printed to verify the occurrence of the correct number of cluster

centers.

LISTING

The 1isting of the routine follows.
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g s

START
REPEAT FOR ALL BLOCKS :
IN AN IMAGE
\  READ INA BLOCK OF DATA /.

'

COUNT THE UNIQUE FEATURE VECTORS IN .
THE BLOCK AND STORE THEM IN A TABLE .

K ' b

SELECT CLUSTERS FROM THE TABL®P

REPEAT 1

FOR EACH FEATURE VECTOR IN THE TABLE:
FIND THE CLOSEST CLUSTER, ADD THE
VECTOR OCCURRENCE TO THE CLUSTER
POPULATION, AND COMPUTE THE CLUSTER - )
MEAN VECTOR ;

;

REPLACE OLD CLUSTER VECTOR WITH NEW %
CLUSTER MEAN VECTOR

I

I P

NO TERATION >27

YES

REPLACE EACH DATA VECTOR IN THE
TABLE WITH THE CLOSEST CLUSTER CENTROID

3

REPLACE EACH VECTOR IN THE
BLOCK WITH CLUSTERED DATA

\ WRITE OUT A BLOCK OF / f
DATA

NO

LAST BLOCK?

RETURN

Figure 15. Simplified Flow Diagram for Cluster Coding Algorithm (cca)
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SUBROUTINE CCA (A, B, NREC, NPIX, NFEAT, LXL, NXN)

P

c
. ¢ CLUSTFR CODING ALGORITHM@BREAKS IMAGE INTO LXL BY NXN
¢ AKRAYS AND CLUSTERS EACH ARRAY INTO A MAXINUN OF
¢ 32 FFATURES, WRITES OUT A NEW TAPE WITH ORIGINAL
(. NATA REPLACED BY CLOSESY MEAN CLUSTER CONTER
¢
¢ Tht INPUT VARIABLES ARE A8 FOLLOWSS
¢ ARRECORD OF UATA 70 BE PUT INTO B(IsJ) PORMAY
¢ B(loJ)SDATA aan:v FOR ngcg:g 1, PIXRL J
c NHECSAUMBER OF RECCROS DESIRED
€  WPIXSNUMBER OF PIXELS DESIRED ggfg&igciamry OF THE
¢ NFEATSAUNBER OF PEATURES/ARRAY AGE IS POOR
C LALSARRAY LENGTH
C NXNBARRAY wWIODTH
c
INTEGER ACNPEX), BILXL,NPLIX)
DINENSTAN v(S2,4), 1v(32), KNT(32), XUAR(S2,d), N(500), NPOP(S00),
oMUEX(SU0), NDEX(500)
LCGICALSL LM (4)
EQUTVALENCE (IM, LM(1))
OATA NITR, NVEC, JPAC, IMOD, J®OD /2, 500, 3, 3, &/
¢

ROUNTEANVEC
DU 6% X(US],KOUNT
6% NDEX(KO)SKO
WHITE (6,800) NREC, NPIX, NFEAT, LXL, NAN

c
¢ NLONGSLENGTR OF SUBIMAGE IN NUMBER OF LXL ARRAYS
c NaIDFSWIDTH OF SUBIMAGE IN NUMBER OF NXN ARRAYS
¢ MRLNGEAUMBER RECORDS LEFT OVER FROM INTEGER MULTIPLE
A NRWDESAUMBEER PIXELS LEFT OVER FROM INTEGER MULTIPLE
C 16 THERE ARE PIXELS AND/OR RECORDS LEFT OVER,OUTPUT JMAGE
c wiLL 8F AN ADDITIONAL ARRAY WIDE AND/OR LONG
NLUNGENREC 7L XL
NaIDESAPLX/NXN
NRLMGEARECoNLONG oL XL
; ANRWOF SAPIXeNKJDE #NXN .
: IF (MNRLNG G NEL0) NLONGENLOMNGeS !
; It (ARRDE G NE 40) NWIDESAWIDE e}
; C
¢ STAK! READING IN THE DESIRED DATA
c MNLBTHE LENGTH OF TNE SUBIMAGE IN LXL ARNAYS
. MmN 8 LXL
; DO 48" NLB1,NLONG
; TF (MLoEG NLUNGoAND G KRLNG(NE,0) MXNBNRLNG
* c
: C READ IN LXL KLCORDS CF DATA (A) AND PUT INTO 8

NU 3§50 ANRST,MXN
READ (10) A

f 0O 130 NPRI,APIX
130 B(NR,NP) B A(NP)
150 CONTINUE

¢ THE FIKST STEP 1S Y0 COMPUTE A FOUR=D HISTOGRAM

§ 1”7




A bl ol

C
{
.
'.
'

SRl W ol o

astt FI0E THE »OPE

PACKH S . BIvaGE RECCHE 1S AWIDE ANUMHER UF NXN ARKAYS
nlLFevSTARY AND MEBTOP AR THME START AND STOP FIXELS
IN parM RECORN FOR EACH ARRAY
VE 4du suBl Ma DL
*STOFSAmar XN
HETARTS MRV FeNXANe])
IF(Nn LR NKICE) MSTOWSANPLX
TOTSMING {METOPeNSTART L)
U0 1e) kGBI ROUNT
LehBEX(ND)
1ot AB0P(| IS0
AOUNTRD

LOOP rvhh MR RECOKDS
i, 180 PUEY,MUN

1N 1A npEVSTART,MSTCP
1 & HINRGAP)

MASKH KOUTING
ACCUMLLATE FLUN DIMENSTIONAL MISTOGRAN

COVMPUTE TABLE LCCATIAN FRCM VECTCR CnMPi'NENTS
LY
00 177 “C3l,4
WXY 8 (V(NC)
170 L 8 L aJr0iS o »OR(NRX, IMCE)
LELaJFACHY

LrbCwn FOR EVPTY TARLE LCCATION
176 [ (rPIBIL)ANE,0VGN TU 317

HAVE FLUME A nbw VECICR, INCHEMFENT VELTUR COUNTER
rOUNTZROLAT S

Se1 pLErLATINs CF NEw VECTOR TC CAE
~RUP (1 ) s
PEX (P CUNT YL

PLT sfa vECTUK INTC TABLE :’Gmm. PAGE (s
L(Ly 8 Iv o0 ALITY
GO T 18U QU

CHECA Y0 SPE TF VFCTICR IS IN TABLF
LET Ik (L) e IMY GG TO 179

VECTCK 1S Jn TARLE, INCREMENT POPLLATINY COUNTER
TRIP(LIENPPE(L ) e
vl 1 IND

veLTre 18 tCT Tre SAME AS THME CONE wltr INDEX |
TRy Tt NEXT INCEX
119 | sl et
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|
|
|
F
;*

O

(o Nl

s NaNaKal

~ey A0 e

jno

18%

19

210
220

290
00

310

sen

CHECK TC StEC IF INDEX I8 LARGER TwAN END OF TASLE

It 8ny SET INDEX TO ONE AND STARY AT BEGINNING OF YTABLE
1P (L,GT NVEC)LEL

6C TC 174

REPLACE ThE ORIGINAL DATA wWITH 178 TAMLE LOCATION L
CONTINUE
BINR,NPY) 8 |

KETUNN 70 NEXY VECTOR
CONTTINLE

RETURN TO NFXT RECORD
CONTINGE REPRODUCIBILITY OF THE

FIND APEAT CLUSTERS ORICTAT PAGH IS PONR
LEEAT & MINO (NFEAT, KOUNT)

CELTA ® FLOATCKOUNT®1)/PLOAT(LFEATRS)

DO 220 MFRL,LFEAT

1CHER & 1,04(MFel)aDELTAS0,S

LENDEX(1CHER)

1 8 A(L)

DC 2310 NCsi,4

VIMF,AC) B LM (NC)

CONTINUE

THE AEXT STEP 1S T0 ITERATE T0 IMPROVE INITIAL CLUSTER ESTINATE
RAT(NF) & POPULATION OF CLUSTER AP

XHAR(AF ,NC)SMEAN VECTOR OF CLUSTER N

OC $HO I1TB3,NITR

DO 300 NFS1,LFEAT

AAT(NE) 8 0

DO 290 MCB1,4

KBAK(NF ,NC)80,0

CONTINLE

FOR EACH PIXEL VFCTOR, FIND THE CLOSESY CLUSTER
D 340 nOSY,kQUNT

L sanDEX(XKE)

I 3 ML)

XvIng100000,0

L0 320 NPEL,APEAT

UM 8 0,00,

DC 310 NCs),4

Xx 8 LM(NC)

SLr 8 BUM ¢ (VINF,NC)mXX)aeQ
It (SLM,GEX¥IN) GO YC $20
ConTINUE

AvIN 3 Su~

“FLATSANF

It (SLr,LE,1,%) GO TO 328
CONTINLE

NAVF AGw POUND CLUSTER THAY 18 CLOSESY 10 A PIXEL
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0 v VECTNh ® AEXT UBDATE CLUJTER POPLLATIUN AND CCMPUTE
: . CLUSTER MEAN VECTON
$2% L 8 KAT(MPEAY)
RATCPFEAT) & ndT(rPEAT)ONPOP(L)
ul 330 ACei,e
AN 8 {w(AC)ANPUP (L)
$40 NBARCWFEATGNE)IR(COXBAR(MILAT,ACIOXN) /NN (MPEAT) )

B
E
F
3
|

KETURM 10 NEXT PIXEL
340 (CrTInLE

(o' o ] L Biast

: NEPLALE OLD CLUSTEN VECTCR WITH NEn CLUSTER VECTOR
2 3 NG 3G NPBY,LFEAT

DL Se0 ACRY,0
SHU VIAB ,NCISXBAKR(NF JNC)

e a3
-

, WETLES FCR NEXT TTERATICA C
4 i CUMTINGE |

-~

AP TFn COMELETING JTERATICANS, P IND TG CLUSTER CLCSLST 10
CACKk TATA VELTION IN THE TABLE
] 1.8 el RGBYKQUNT
LeMNPER(N() :
™ =) %
K IARIOCO00,0 -
9C G0 NPBYLLPEMY
9L B HGU
nG 890 mCaY,4
XX 8 Lv(NC)
St 8 dU¥ ¢ (VNP AC)eRN)0n2
v (SLe b XMINY) GN TO 40D
suu LOrTINLE

X*jn 8 SL»
} “hh AVTEBAF

~~ o

It (SLF Lt o1,9) LU TC 410
e LONTINGE
ale CETINLE

| ‘. STUKE ThE CLUSTEW NUMHEK TN ARRAY MDEA
‘ ML X (I )ESMEPEAT i
'
¢
f N WhIURA T NEXT PIREL ;
o CUNTINLE
¢
{ wbPLACE (ATA VECTORS wITr CLUSTENR CENTRGIDS

b wfe nNPRL,LBPAT
ALVEPARENE S IPY'
NP LMINC) B VN GNC) o 0,Y
W/ JVIAP) 8 M
LU 48%H sNgl,Man
U0 uln rEBMSIART ,MSTCH ,;:““NAL PAGE 1
1 L 8 H{rh,Ap) -¥ POOR QUALITY
rhPATENMUPA(L)
vl AP) 3 JV(MFEAT)
i 44u LCHTINGE

haad P
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PUYRE SFSR

TR N AP AT OEy URAT e e 1

¢

480

ConMTINLE

RETURN TO NEXT DATA BLOCK (NXN ARRAY) ACROSS THE IMAGE
CONTINLE

AFTER CLUSTFRING MAS BEEN COMPLETED ACRUSS THE IMAGE,

THE CLUSTERED DATA IS WRITTEN CUT LXL RLCORDS AY 4 TINME BY
PUTTING B WACK INTC THE A DATA FORMAY

Dc 470 NR!!,MXN

0C 460 NPE3,NPIX

A(NP) B B(NR)NP)

PRITE (11) A

LXL RECORDS MAVE BEEN WRITTEN THAT GO ACRODSS THKE
IMAGE, THF NEXT STEP 1S TO READ IN LXxL MORE DATA
RECNRES TO GO OOWN THE TMAGE, THIS IS ACCOMPLISMED BY
THE NEXT RETURN,

CONTINUE

RETURN

B00 FORMAT (119,20X,'CLUSTER CODING ALGORITHM/21X,24¢1#1)//21X, 'RECOR
oUS USED',112/721X,'PIXCLS USED',113/7/233%,'FEATURES/ARRAY?,110//721X
oo VARRAY LENGTH (SCANS)',24//21X,'ARRAY wIDTH (PIXELS)',14//)

eND

REPROpy;
DUCgy; ;.
ORIGIN, ,{ﬁ%{ Y op Thg
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VECTOR REDUCTION

NAME

VREDUC

DESCRIPT ION

The number of measurement vectors required to represent an image is
reduced by merging the component values to the nearest of a set of
equally spaced values (e.g., multiples of 3).

CALLING SEQUENCE

Call VREDUC (KNT, KOUNT, INT, NUM, N, NOP, IFEAT, JFAC, IMOD, JMOD)

where

KNT is the number of pixels in the image,

KOUNT is the number of vectors,

INT is the separation of modified data values (e.g., 3),

NUM is the maximum population for which vectors are modified,

N, NPOP are the tables of vectors and their populations (from HASH),
IFEAT is the lengths of the tables,

JFAC, IMOD, JMOD are the multiplier, divisor and base used in HASH.

INPUT/OUTPUT

input and output are by the tables N and NPOP.

DESCRIPTION OF SUBROUTINES

No other subroutines are called.

PERFORMANCE SPECIFICATIONS

1. STORAGE
The subroutine requires 3880 bytes. The tables N and NPOP will require

several thousand bytes for a large image.

2. EXECUTION TiME

The vectors are modified at a rate of approximately 1000 per second.

176
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Vil  METHOD J -
For each vector in the table having population of up to "'NUM," the
components are changed to the nearest multiple of "INT''. If a different
vector has been created, a table location Is computed as in HASH. If
the modified vector is the same as one previously existing before modifi-
cation, the number of vectors is reduced by one count, and the populations
are added. If a new vector has been generated, the vector and population
are transferred to the new table location. In elther case, the popula-
«. 1 at the original table location is set to -] as a flag, and a pointer
to the new table location is put in the vector component table entry.
The mean squared error of the image defined by the reduced vector set
is computed.

Viii. COMMENTS
None.

IX.  TESTS
The modified vectors are multiples of INT as expected. An image
reconstructed from the reduced vector set has the expected mean squared
error.

X. LISTING

The subroutine listing follows.
REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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SUBROLTINE VREDLC C(KNT,KOUNT,INT,/NUM,N,NPOP,SPEAT,JFAC,IMOD,JNOD)
C
(4 KNTSA VARIABLE USED TO COUNT THE NUMBER OF PICTURF ELEMENYS(PELS)
c KOUMNTSA VARIABLE USED TO COUNT THE NUMBER OF DIPFERENTY VECTORS
¢ INT & INTEGER MULTIPLIER TO WNICH COMPONENTS ARE MODIFIED
c NUM 38 MAXIMUM POPULATION FOR WHICH VFCTORS ARE :MODIFIRD
o N(IYBCOMPONENTS OF THE I'TH VECTOR IN THE TABLE
c NPOP(])STHE NUMBER OF OCCURRENCES OF THE 3TN VECTOR IN THE vaats
c IFEATSMAXIMUM NUMBER OF DIFFERENT VECTONS ALLGWED
c JFALSMUL TIPLIER
¢ IMODSDIVISOR
(" JMODSHASE
C
, ODIMENSION NCIFEATY, NPCPCIFEAT), NN(300), MBE(A)
3 LOGICAL#*Y LM(4), LOLY)
, EQUIVALENCE (IM,LM(1)), (MNOLD,LOCE))
DATA NBAND /4/
c
KONST 8 INTVZR
DO 400 NBsi,NBAND
400 MSE(NB) 8 O
c
DO 44S 1s1,1FEAT
IF (NPOP(1),EQ,0) GO TO 4uS
IF (NPOP(I),6T,NUM) GO TO 44S
c
c COMPUTE THE COMPONENTS OF THE INTEGER MUDE VECTCR
IM 58 M(I)
NOLD s IM

DO 410 NCml,4
410 LM(NC) & (LM(NC)eKONST)I/ZINTINY

¢

¢ IF THE VECTOR IS UNCHANGED, JUMP OUY
IF (IM,EG,NOLD) GO TC 44$

c

c HASH ROUTINE

c COMPUTE MEAN SQUARED ERROR

Ls0

DO 4195 NCmy,d

NXi ® LOCNC)

NXX 8 LM(NC)

MSE(NC) & MSE(NC) ¢ NPOP(I)alABS(NXinNXR)
L & J+ODeL ¢ MOD(NXX,IMGOD)

415 CONTINUE

LeLaJFACe1

e N ol

CHECK FUR EMPTY TABLE LOCATION TO PUT NEW VECTOR
417 IF (NPCP(L),6T, 0) GO YO 425
IF (NPOP(L) EG,®1) GO TO 43S

HAVE FOUND A NEw VECTOR

TRANSFER POPULATION AND NEW V=CTYOR 10 TABLE LCCATION L
PUT POINTER FLAG AND POINTER AY OLD TABLE LOCATION
NECP (L) & NPOP(Y)

N(L) & IM

SO0,
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42%

a3y

4yl

L Y]

Sut

' Sto

NPLP(I) & e}
n1) 3 L

Gu.To 443 REPRODUCIBILITY OF THE
ORIGINAL PAGE
TARLE LCCATTUN IS FILLED, b E IS POOR

CHEC% 10 Skt IF VECTCR IS IN TABLE
IF (NCLYGNEZIM) GO TC 43S

ItTFLER FODE CRFATED A PREVIOLSLY EXISTING VECTOR
ADD PREVIGUS PORULATICN AND REDUCE VFLTUR COUNnY BY
PUT PCIATER FI.AG ANC POINTER AT CLD TAQLE LOCATICM
tRCR(L) B NPUP(L) ¢ NPCF(D)

K{UNTEKCUNT =

NFUP(L) & of

N (1Y 3 L

6C 1C 44b

VECTCOR NOY TN TABLE, INCREMENT TABLE INDEXy GC BACK TC CHECK
Gr TAHLE LOCATICN

LSL+!}

IF(L 6T IFLAT) L=t

G 1C 41?7

CUNTTIANLE

e fTE (hpT7%0)
wRITE(O,H00) INT,NUM
vi[TE (6,800) KCUNTY

ALTE UGOT FEATURKE VECTORS THAY OCCUR AT LEASY 1000 TIMES
ovkl =2 0

0 480 T=1,1FEAT

I+ (VPLP(T),LT1000)G0 TO 450

Ir 2 A(CT)

MVEC 2 MNVEC ¢ 8

1P (AVECE 1) wRITE (6,810)

Ib (~OD(RVEC,2),EG,1) WRITE (6,811) L*» NPOP(I)
IF (¥CU(NVEC,2),EG,0) WRITE (&,812) L™, NMPOP(I)
CGNTENUE ‘

POFLLATICN DISTRIBLTION IN LOGARITHMIL INCREMENTS
(. Sar 121,300

sh(TYSh

LC SSC J31,1hEAT

18 (tFCP(1)1T41) GC TC S50

Ciount THE ANUMBER OF VECTCHS THMAY CCCun 100018 CF TIMLS
IREIY IS SVARTA)

TR (T LT.1)GL TC 510

118114108

G T S4u

CCiANY THE NiMHER OF VECTORS THAT CCCy™~ 100'S CF TIMES
1T2aplECl) /100

IF (T1,LT,1360 1C 530

11211499
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¢
C
C

¢
c

G0 TC 5S40

COUNT THE NUMBER OF VECTORS THAT OCCUR PROM | TO 99 TINES
530 IIanPOP(I)
5S40 NN(IT)SNN(IT)e}
S50 CONTINUE

PRINT THE NUMBER OF VECTORS THAT OCCUR 1e99 TIMES, 100'8 AND

10008 OF TIMES

WRITE (6,815)

Jso

INC =

D0 Se0 Is3,300

IF (1,6G,101) INC = 100

IF (1,EQ,110) INC & 1000

J s J ¢ INC

IF (NN(I),EG,0) GO TO Se60

X 8 NNCI)#$00,0/KOUNT

WRITE (6,820) Jo NN(I)) X
S60 CONTINUE

COMPUTE THE MEAN, VARIANCE, AVERAGE M8t
CNT 8 KNT
ALM2 & ALOGLO(2,0)
AMSE 8 0,0
DC 610 NBSI,NBAND
NXM g 0
NXV ® 0
DO 600 Isf,IFEAY
IF (NPOP(1)4LT.1) GO TO 600
I 8 N(])
NXX 8 LM(NB)
NXM 8 NXM ¢ APOP(I)eNXX
NXV 8 NXV ¢ NPOP(I)aNXXoud

600 CONTINUE
XMEAN 8 NXM / CNTY
SIGrA 8 (NXVeCNTaXNEANRE2) / (CNTwi,0)
SCGERR & MSE(AB) 7 CNT
LMSE s AMSE ¢ SGERR

610 WRITE (6,830) NH, XMEAN, SIGMA, SGERR
AFSE 8 AMSE/NBAND
WRITE (6,840) AMSE
RETURM

750 FORMAT ('11)

800 FORMATY (//! VECTOR NO, :81,18)

810 FORMAY (111,20%,'VECTORS WITH POPLLATIONS OF AY LEASY 10001//)

Hi{1 FLRmAY (10X,414,110)

812 FURMAT (141,50X%,414,110)

81% FONMAY ('11,10X,'NC, OF TIMESI1/8X,1A VECTOR OCCURRED',10X,'NOQ, OF
JVECTORS!, 10X, tPERCENT OF TOTAL'//)

820 FORMAT (120,125,F2%,4)

830 FORFAT (/30%,'BAND',13,5X, 'MEAN ®1,F10,3,5X, ' VARTANCE 8',F10,3,5X,
o "MEAN SQUAREC ERROR ®'P@,4)

B40 FGRMAY (/60%, 'AVERAGE MEAN SOUARED ERROR sl ,P8,.4)

B60O FORMAT (' INT 81,18, NUM 81, 16)
END
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SEGMENTATION OF PICTURE
REPRODUCIBIL Ty
ITY OF THp
0 k
I NAME RIGINAL PAGE IS poop

REFORM

. DESCRIPTION
The REFORM program partitions the Image into smaller segments in
order to conserve core in the execution of the BLOB subroutine.
REFORM reads the portion of the image which is to be processed,
creates rectangular segments, and writes one segment per channel to
the segmented image file to be used by subroutine BLOB.

. CALLING SEQUENCE
Call REFORM (SEG, RDATA, BDATA)
where

SEG is an array which holds four virtual segments;
RDATA is an array which holds one line of image data expanded to
one pixel component value per word.

BDATA is an array which holds one line of image data in bytes.

v, INPUT/OQUTPUT
1. INPUT
Unit 12 - a sequentlial data set containing the Iimage to be
processed. The data set consists of NROW records of NCOL *
TCHA bytes per record, each record corresponding to a line of
the image. Each record Is in vector format and contains one
pixel component per byte.

COMMON/DIM/NROW, NCOL, HAFM, HAFN, TCHA, VSIZH, VSI1ZV, RSIZ,

NREC, BLKS, DSIZ, VDIMH, VDIMV, VFIL, MIPS

where

NROW is the number of lines to be processed.

NCOL is the number of pixels per line to be processed.

HAFM is NROW/2.

HAFN is NCOL/2.

TCHA is the total number of components (channels) in the input image.

- VSIZH is the horizontal dimension of a virtual segment in pixels.
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VSIZV Is the vertical dimension of a virtual segment in pixels.
RS1Z Is the size of one segment In words (RSIZ = VSIZH * VSIZV),
NREC is the number of segments in the virtual file.

(NREC = VDIMH * VDIMV * TCHA)
BLKS is the number of segments per component (channel).

(BLKS = VDIMH * VDIMV + 1)
DS1Z is the maximum size of the directional lists.
VDIMH is the horizontal dimension of the image in segments.
VDIMV is the vertical dimension of the image in segments.
VFIL is the unit number of the segmented image file.
MIPS is the maximum number of initial points. This parameter
is used by the program RECON.

2. OUTPUT
The output of REFORM will be on unit VFIL as a direct access
data set with NREC records. There will be one record per segment
per channel in the virtual file.

3. FILE STORAGE
No additional files are required by REFORM,

DESCRIPTION OF SUBROUTINES
The storage requirements and the functions of subroutines used are

given in the following table.

DESCRIPTION OF SUBROUTINES FOR REFORM

SUBROUTINE NAME STORAGE
(Entry Points) (Bytes) FUNCTION
REFORM 1708 Initialize starting point, call
routine to read line of data,
build one row of virtual seg-
ments, write to file.
GADLIN 608 Read one lire of image data,
expand data to one pixel
value per word.
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The linkages of the subroutines are given In the following table.

LINKAGES OF SUBROUTINES FOR REFORM

REFORM GADLIN

PERFORMANCE SPECIFICATIONS

1. STORAGE
The subroutine REFORM is 1708 bytes long. The storage needed to
run this subroutine depends on the size of the image to be
processed. The storage to process an image of 112 x 112 pixels,
including a driver and the required subroutines, is 94K,

2, EXECUTION TIME
The execution time is dependent on the size of the image to be
processed. To reformat an image 112 x 112 pixels required
approximately 11 seconds of CPU time.

REPRODUCIBILITY OF THE
METHOD ORIGINAL PAGE IS POOR

The input unit number is set to 12.

The area to be processed is determined by setting the starting line
and sample to 1, the number of 1ines to NROW, and the number of samples

to NCOL.
Virtual segments are constructed one row at a time as follows:

REFORM calls subroutine GADLIN which reads one line of data, expands
it to ore pixel component per word, and stores the expanded data in

the real array RDATA.

The virtual segments are then written to the output file on unit

VFIL. One row of segments is written per channel,

This process Is repeated until NROW lines have been read and

segmented.
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SUBROUTINE REFORM ;
| | |
INITIALIZE ' 5
VARIABLES | ‘
i
i
1
READ ONE LINE OF DATA; ‘ 4
MOVE TO REAL ARRAY RDATA ) B

T RV T TN T T AT s

MOVE DATA CREATE VIRTUAL SEGMENT

TO ARRAY FROM RDATA
SEG

WRITE ARRAY WRITE VIRTUAL SEGMENT TO

SEG DIRECT ACCESS DATA SET

TO DISK _
\

RETURN

Figure 16. Flow Chart for Subroutine REFORM
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COMMENTS
The vertical and horizontal dimensions of the image must be integral
multiples of the respective vertical and horizontal dimensions of

the virtual segments.

TESTS
The reconstructed images from the BLOB package have been examined by

use of mean square error calculations and plots and histograms of

difference images.

LISTINGS
Listings of the subroutines follow.
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SUBKOLTINF REFORM (SEG, RDATA, B8DaTA)

i
| c
§ c SUBRAOLTINE REFORM EXTRACTS THE ARFA OF INTEREST FROM THF
! c INPLIT PICTURE N VECTCR FORMATY AND PAKTITIONS 1T INTO VIRTUAL
{ c SFGMENTS FOR ALCH PROGRAM,
c
§ ¢ MODIFIED RY HANS G, MOIXK MASA/GSFC CONE 935, SEPTEMBER 1976
‘ c MONIFTED BY JuLlA ¥, NOOGE3, OECEMBER 1977
c AN NENE AN NENENE NN ) [ ZEENEANENRA NN NE XX XN NN (R EEEEXNEZE XEXE RN N XN RN N N BN
g 000!‘5;4:Aocoogozaz::000:‘1000;60000000040000'0‘0000000000000000000000
IMPLICIT INTEGER#G (Am2)
REALed SEGI(VSTIV,VSIIN,VDIMK,TCHAY,RDATACTCHA,NCOL)
LOGICALw] BOATA(TCHA,NCOL)
COMMON/NTM/NCOL yNROW ,MAFM , MAFN ) TCHAVETEM,VELIZV,R8IZ,NREC,BLKS,
s DSTZ,VDIMK,VDINMV,VFIL,MIPS
C
C INTTTIALYZE INPUT UANLIT, STARTING LINE, STARTING SAMPLE,
c NUMBER NF LINES, NUMBER OF SAMPLES,
UNITet 2
SLs
SSs1
NLBARCW
NSENCCL
WRITE( 6,1603)
C
DO & Y8EG 8 §, vh]Ivy
LINE B8 O
¢
c BLILO OAE ROW OF VIRTUAL SEGMENTS
00 4 SLNUM & 1, VSIZV
LINE 3 LINE o )
CALL GARLIN (RNATA, BDATA, UNIT., 88, NS, LINE, &80, R90)
¢
c NO ERR, SC MOVE CATA TO VIRTUAL PICTURE FILE
7 0O 3 CHAN B 1, TCHA
CoL s 0
00 2 X8¢G & |, VOIMNW .
0N 1 SEGCOL s 1, V8Ilm
COL s COL +
SEGCLINE, SEGCOL, XSEL, CHAN) 3 ROATA(CrAN, COL)
1 CONTINLE
° CONTINUE
3 CONTINLF
d CONTINUE
c
C wRITF NNE RCh OF SEGMEATS PER CMHAMNEL
60 S CHAN 8 1, T1CHA
N0 S XS6G = 1, VNIMK
BLK & (CrAN®l)a(BLKS®L) ¢ (YDEGwy)eVCIMH ¢ XSFEG
wRITF(0,1602) BLK
WRTTECVETIL'BLUICCSFGIXN, Y, X8EG,CHANY X8 ,V8T2V),val,¥SILM)
& CONTINUE
RETURM
C
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1600
1001
002
1603

WRITE(
RETURN
wRITEC
RETURN

FORMAY
FORMAT
PORMLY
FORMaY
End

ERROR RETURNS POR GADLIN

6,1690)

bo1601)

(' PERMANENTY 3/70 ERROR ON INPUT YAPEY)
(' END OF PILE OR VOLURE ON INRYU! TAPEY)

(' WRITING BLOCK?',20)
(' STARTING THE REFORNATING!)
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i SUBROLTINE GADLIN (ROAYTA, BDATA, UNIT, 88, NS, LINE, 9, »)

SURROL TINE GADLIN MCVES CNE LINE CF PICTURE DATA
TC REAL NUPBER ARRAY
INPUT TAPE SHOULD BE 3TN VECTOR FORMAY,

R R R N R AR AR RN E AR AR EARERE XN AN AE RN E NN EE AN NN R AN RN IR
0000606064 00600000 8000006048000 0800000004000000010000800400000000000000000)000

INTEGER WAFM, MAFN,TChA,VSIZH,Vv8I2V,RZ:2,BLKS8,0812,
C VOIMN,VOIMV,VRIL,VIPS

INTEGER UNIT

REAL®U RDATA(TCRA,NCOL)

LOGICAL®S BDATA(TCHA,NCOL)

COMMON/DIM/NCOL g NRCW ,HAPM  HAFN, TCHA VITLH,VELIZV,RETZ,NREC,BLKS,
# DSIZ,VOIMK,vDIMV,VFIL,MIPS

CFTOOOODONN

READ A LINE OF PICYURF CATA
READ (UN]T,END2QO0,ERRE%S00) BDATA

STORE EACH RECORD BYTE (PINEL COMPONENT VALUE)
AS A FULL WORD REAL NUMBER,
DC 100 Is1,NS
On 200 J s 1, TCHA
ROATAC(J,1) & BDATAC),D)
200 CONTINLUE
100 CONTINLE

ana. [N g ]

RETLEN

¢ ERROR RETURN FOR READ
400 RETURN 1§
500 RETURM 2
END
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BLOB-2
DETECT HOMOGENEOUS REGIONS

NAME

BLOB

DESCRIPTION

The BLOB program locates homogeneous regions (blobs) in an image by
detecting the boundaries between regions. Statistical F- and t- tests
are performed to determine whether a pixel is an element of the region
currently being outlined. Output files are created for reconstruction
of the image using the program RECON.

CALLING SEQUENCE

Call BLOB (DIR, OUT, ADIR, VMEM, XCPL, YCPL, BLOBM, IPSSQ, MEANS,
BKSTAT, IPMEAN, STATUS)

where

DIR Is the stack used to allow the program to back up in its tracing
of contours when its forward path is blocked.

OUT is the direction upon leaving a pixel group in a contour.

ADIR is the list of directionals for the current initial point.
VMEM is the virtual memory array containing four segments.

XCPL is the X-coordinate of a pixel group in the comparison pointer
list.

YCPL is the Y-coordinate of a pixel group in the comparison pointer
list.

BLOBM is the mean of the current pixel group.

IPSSQ Is the sum of the squares of the pixel group in the Initial
point.

MEANS is the mean values of the pixel group in the current initial
point.

BKSTAT is the index for the virtual segment to be retrieved.

IPMEAN is the mean of the current initial point.

STATUS is the array holding the status flags for each pixel group.

C-3
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. INPUT/QUTPUT
1. INPUT

b.

Card 1 in FORMAT (2F10.3): :
FVAL the F-test value %
TVAL the t-test value |
Possible values for FVAL and TVAL are listed below, they do not

have to be at the same level. (See References 3 and 4.)

LEVEL FVAL TVAL
1 29.45 1.44 )
2 47.467 1.949
3 . 2.447
L 261.0 3.143
5 884.6 3.707
6 1514.0 5.959

Card 2 in FORMAT (12, 11):

NCHA - the number of components (channels) to be used for
contouring. The first NCHA components will be used,
and NCHA must not be larger than the value specified
by the symbolic parameter TCHA.

IPRINT - a non-zero value for IPRINT will cause the region

description and directional list to be printed.

Direct access segmented image file on unit VFIL as generated
by the reformatting program REFORM. Four segments at a time
are kept in main memory. BLOB traces contours and if one of
the segments in main memory does not contain a referenced pixel,
the required segment is read in and replaces the oldest previous

segment.

COMMON/D IM/NCOL, NROW, HAFN, HAFM, TCHA, VSIZV, VSIZH, RSIZ,
NREC, BLKS, DS1Z, VDIMV, VDIMH, VFIL, MIPS as described for
the subroutine REFORM.
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2: OUTPUT

a.

b.

C.

Description of each detected region In form IPX, IPY, BLOBN,

NDIR, MEANS on unit 8.

IPX - the column coordinate of the initial point of a region.

IPY - the line coordinate of the initial point of a reglon.

BLOBN - the number of points in the region times four. BLOBN
= i denotes a singular point.

NDIR - the number of directional elements in the contour of
the region.

MEANS - the mean values for the NCHA components of the region.

Directional 1ist for each detected region. HNDIR directional
elements are written on unit 9. A directional element can
only assume the values 1, 2, 3, or b corresponding to the
directions shown below.

s
¢

Printed Output - the number of Initial points (regions) and
the total number of directional elements are printed. Optionally,
the region description and the directional list are printed.

3. FILE STORAGE
No additional files are used by this program.

V. DESCRIPTION OF SUBROUTINES

The subroutine BLOB calls several subroutines.
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DESCRIPTION OF SUBROUTINES FOR BLOB

y e e

SUBROUTINE | (oceThnr avres) FUNCTION

8LOB 2776 Initializes variables and arrays.
Locates new initial point, traces
contour, and sets contour hits
when completed. Writes initial
point information and directionals
to files.

COMPAR 1444 Compare pixel groups to determine
points in current contour.

ERR 1820 Print error messages.

ERRMSG Entry under ERR Traceback for errors.

GETPIX 2958 Looks for pixel groups to
add to the current contour.

GSTAT 1036 Gets the current status of a
pixel group.

INITV Entry under PIXEL inittalizes virtual memory
parameters.

IPCPAR 900 Compares pixel groups to locate
initial point of new contour.

MEAN 650 Computes the mean of a pixel
group.

NEWIP 1734 Locates initial point for a new
contour.

PIXEL 1542 Locates virtual segment con-
taining required pixel.

PSTAT Entry under GSTAT Stores current status of pixel
group.

SET Entry under GSTAT Sets status bit to designate
a point in some contour.

sics 478 Sets status contour bit for all
points in a contour.

$SQ 510 Computes the sum ot the squares

for a pixel group.
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LINKAGES OF SUBROUTINES FOR BLOB

CALLING PROGRAM PROGRAM CALLED
BLOB INITV*
PSTAT+
SET+
| SicB
: | $SQ
MEAN
| NEWIP
GETPIX
i $C18 SET+
$5Q | PIXEL
f MEAN PIXEL
NEWIP GSTAT
ERR
| IPCPAR
}
j GETPIX ERR
PSTAT+
; COMPAR
k PIXEL ERRMSGA#
E IPCPAR MEAN
$$Q
S COMPAR MEAN
o PSTAT+
$SQ
‘ GSTAT
E § * Entry under PIXEL
; ; + Entry under GSTAT
# Entry under ERR
.
3
7
o
o
B!
n
| 193




vi.

Vit.

PERFORMANCE SPECIFICATIONS
1. STORAGE
The storage required to process an image 112 X 112 pixels with

b channels, Including a driver and the required subroutines, is é
121K. :

2. EXECUTION TIME
The execution time is dependent on the size and complexity of the
image, and the F- and t- values chosen. To process an image of

112 x 112 pixels required approximately | minute and 16 seconds of
CPU time.

3. RESTRICTIONS
The dimensions of the image to be processed must be multiples of
2. The dimensions of the virtual segments must be multiples of 2.

METHOD

The BLOB program package Is an implementation of the BLOB algorithm
(see References 3 and 4) for IBM 360/370 computers with 0S/MVT. The
BLOB algorithm detects homogeneous regions (blobs) in monochrome images
or multi-fmages (multispectral, multitemporal). The algorithm
guarantees closed boundaries of the regions. Its output Is a list
description of the detected regions consisting of the coordinates of
an initial pcint for each region, the number of points within each
region, the number uof boundary points for each region, the mean values
of each component of the multi-image for each region and a list of
directionals describing the contour of each region. A multi-image may
be reconstructed from this compressed description using the program
RECON.

The values for FVAL, TVAL, NCHA, and IPRINT are read from cards. The

arrays VMEM and STATUS are set to zero, and other variables are
initialized.
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Vill.

IX.

X.

The first initial point is set to (1,1) and the contour parameters
are initialized. The Iimage is processed in groups of four pixels,
one point being a 2 x 2 pixel group.

The subroutine GETPIX is called repeatedly to trace out the contour
by searching for adjacent pixel groups having the same statistical
values as the initial point. The search continues until it Is
determined that the biob contains a single pixel group or until the
contour is completed. Entries into the directional list ADIR are
created, and the status of each point is computed.

The mean of the blob is computed for each channel. The initial
point coordinates, number of points in the blob, number of entries in
the directional list, and the means are written out to unit 8.

If the blob contains more than one pixel group, the directional list
is written to unit 9 and subroutine SICB is called to set the status

contour bit for each point of the contour.

The subroutine NEWIP is called to locate the initial point of a new
contour and the contouring process Is repeated.

COMMENTS
None.

TESTS

The reconstructed images from the BLOB package have been examined

by use of mean square error calculations and plots and histograms of
difference images.

LISTINGS
Listings of the subroutines follow.
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0000000068800 00000000000080000000000400008000004080000000000000000000000

C VOIMW,VDIMV,VFIL,MIPS

# DS12,VDIVMK,vDINMV,VFIL,MIPS

Bl
55
T
MAIN PROGRAM « DRIVER POR BLO® ROUTING |
THE FOLLOWING LISY DEFINES THE PARAMEIERS USED BY THE 8100
SUBROUTINES, ALONG WITH SAMPLE VALUES,
NOTE THAT NROW, NCCL, VSIZV, AND VSIZM PUSY BF MULTIPLES OF :2 AND
NRO® & VSIZV & VDMV
NCOL &= VBIZN o VOINMM
NROW '8 256 THE VERTICAL 8128 OF THE PICTURE BEING CONTOUREC
HAFM 8 128 HWALF OF KRG
NCOL 8 256 THE HORIZONTAL 832¢ OF THE PICTURE BEING CONPOLRED
HAFN 8 128 WALF OF NCOL .
TCHA & & TOTAL NUMBER OF CMANNELS IN THIS PICTURE |
vSIZv s 32 VERTICAL DIMENSION OF VIKTUAL SEGMENT IN PIXELS j
|

vSiln = 32 RORJZONTAL DIMENSION OF VIRTUAL SEGMENT IN PIXELS
R§12 & 1024 SI1ZE OF VIRTUAL BEGMENT IN WORDS (VSIZVeVSIZMN)

NREC s 256 NUMBER OF RECS IN VIRY FILE B vOIMVaVOIFNOTCHA

BLKS 8 65 NUMBER OF VIRTUAL SEGMENTS PER CHANNEL PLUS §

0812 s 4096 MAXIMUM SI2C OF THE DIRECTIONAL LISTS

vOINV 8 8 VERYICAL OIMENSION OF PICTURE IN VIRTUAL SEGMENTS ’
VOIMK 8 & RFORIZONTAL DIMENSION OF PICTURE IN VIRTUAL SEGMENTS

VEIL 8 11 UNIT NUPBER OF VIRTUAL FILE

MIPS 8 9990 MAXIMUM INITIAL POINTS ALLOWED POR PICTURE
DEFINE FILE VPIL (NREC,RSIZ,UoNXTREC)

DIMENSION SEG(28,32,6,4), RDATA(E,192), BLOBNM(A)
REAL MEANS(U), IPMEAN(CA), 1P8SG(4)

INTEGER BKSTAT(2S), OUT(90)

INTEGER  PMEANS(7000,4)

INTEGER ADIR(2000), DIR(C2000), XCPL(90)s YCPL(96)
INTEGER BOUND(96,%56), 1PBS(90)

INTEGER KAFM,HAFPN,TCHA,VS3ZH,V822V,R812,8LK8,D812,

LOGICAL®1 STATUS(96,%6),8LINE(4,102),T8L(768) _
EGUIVALENCE (SEG(1,1,1,1))PMEANS(1,1)) !

COMMON//ATOP,DTOP
COMMON/ZDIV/NCOL NRCW, HAFM ,HAPN,TCHA,VOT{N,VEL2V,ROIZ,NREC,DLKS,

COMMON/BLOBY /BLCBMN
connns/Pxxzn.n.raxvs,utxt:

COMMON/ZIPL/IPX,1PY, IPCAT,EXY B .

COMMON /LEVELS/ FVAL, TVAL, NCMA gﬁfROP[KHB"JfY OF THE
COMMON /LAST/ XLAST,YLASY GINAL PAGE IS POOR
COMMON/VMEMRY/PGCNT

COMMON /CPL/ TOPCPL

DEFINE FILE 11 € 96,800,U)MXTREC)

NROw & 112
NCOL 8 192
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vEiZv s 28

v8ir & 82

HAFNM 8 NROW/2

HAPN & NCOL/R

TCHA 8 &

vOIry 8 NROW/VSIZV
VDIMe 8 NCOL/VSIZH
K812 v83ZVvav8lZn
NREC VOTMYAVDIMHATCNA
BLKS VOIMVAVDIMN ¢ |
VFIL 11

0812 2000

MIPS 8 7000

N 8 NCOL

M 8 ANRQW

MAXMA 8 (MAXO(M,N))/2
NGO B & » NCOL

CALL REFORM (SEG, KDATA, SLINE)

CALL BLO® (PIR,CUT,ACIR,BEG ,XCPL,YCPL,BLOBM,IFSSO,MEANS,
. ARSTAT,IPFMEAN,STATLS)

REWING 8

HEWIAC 9

REwING 12

CALL RECON(ADIR,SLINE,TSL,STATUS,PMEANS, BOUND, IPBS,NA)
stTopP

EnD
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SUBROLTINE BLOB (DIR,0UT,ADIR,VMEN,XCPL,YCPL,BLOBH, IPBSC,NEANS,
BRSTAT, IPMEAN,BTATYS)

WRITTEN BY PETPR Co MILLER IN THE PALL AND WINTER OF 1974
“GDIFIED BY wANS G, MOIK, NASA/GEFC CODE 933 IN SEPTEFEER 1976
FOR I8¢ 360 wITh 08/MVY

MODIFIED BY JULIA M, HODGES, DECENBER 1977

THIS PROGRAM TRACES OUT THE CONTOUR BASRD ON THE FIRSY
N CHANNELS OF THE PRINCIPAL COMPONENT TRANSFORM WHERE N
CAN BE UP TO ALL THE TRANSFORMED CWANNELS,

FILES USAGEs

IP o THIS PILE WOLOS ALL THE INPORNATION ABOUT ALL THE

INTIAL POTIATS C(IP) FOR A PICTURE AND THE MEAN OF EACH CONTOUR .

THE DATA 18 PIXED LENGTH RECORDS,
C FORTRAN UNIT NUMBER 8 )
OIR o THIS FPILE WOLOS THE DIRECTIONAL INPORMATION FOR ALL THE
CONTOURS, THE DATA 18 VARZIABLE LENGTM RECORDS,
( PORTRAN UNIT NUNMBER O )
VFILE = THIS 18 TWE VIRTUAL PICTURE MEMORY FILE WMICM 18
USED YO STORE THNE PICTURE SEGMENTS THAT ARE NOY
CURRENTLY NEEDED IN CORE, C(READ ONLY PILE )
( PORTRAN UNIT NUMBER 8§
OUTPUT o FILE USED TO PRINT STATISTICS AND ANY ERROR MESSAGES,
( FORTRAN LNIT NUMBER 6 )
INPUT o FILE USED TO READ IN PVAL, TvAL, TCMA, AND IPAINT
( FPORTRAN UNITY NUMBER § )

FVAL o THE CURREANY PeTEST VALUE
TVAL o THE CURREANT TeTEST VALUE
POSSIBLE VALUES FOR PVAL AMD TwAL ARE LISTED BELON,
THEY BOTW DONIT HAVE 10 BE AT THE BAME LEVEL,
FURTHERMORE THE LEVELS USED IN IPCPAR AND COMPAR NEED
NOT BE THE BSAME, (GROUPS OF POUR PIXFLS MAVE BEEN ASSUMED
FOR THESE VALUES,)

LEVEL FeVvalLS TevALS
: A 10903 REPRODUCIBILITY OF THE
3 141,41 2,447 ORIGINAL PAGE IS POOR
4 201,0 3,1433
S 884,6 3,707
([ 1514,0 8,959

ADIR o A LISY OF ALL THE DIRECTIONALS FOR THIQ P
ATOP o POIATS TO THE TOP ENTRY IN THE ACTUAL OIRECTIONAL LISTY
ODIR » STACK UBED YO ALLOW THE PROGRAM T0 BACKUP IN 178 TRACING
OF CONTOURS whEN 178 PORWARD PATH 18 BLOCKED
DTOP o POINTS TO THE TOP OF THME DIRECTION SYACK
XLAST o THE X COORDINATE OF THE PIXEL GHOUP AT THE PRONY OF
OUR CURRENTY CCATOUR, (USUALLY THE LAST GROUP FOUND BY
GETPIX , EXCEPT IF WE WAD YO ®ACK VP )
YLASY o THE Y COORCINAYE OF THE PIXEL GROUP AT THE PRONY OF
CUR CURRENT COMTOUR, (USULALLY THE LAST GROUP FPOUND BY
GETPIX , EXCEPT IF WE WAD TO BACK UP )
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IPX o THE X COORCINATE OF THE CURRENY INITAL POINT (IM)
IPY o THE Y CCORCINATE CF ThE CLRREMNY 1P
IPPEAN o THE MEAN OF THE CURRENY 1P
J1P88Q o THE SLM OF THE SOUARES CF THE PIXEL GROLP IN THE 1P
IPCAT o RUNNING SUM OF THE NUMBER OF PO
EXT o POOLEAN FLAG 10 INDICATF INTEQNAL OR EXTERNAL CONTOUR
TRUE & EXTERNAL
FALSE s INTERAAL
STATUS » ARRAY MCLOING THE STATUS FLAGS FOR EACM
PIXEL GROUP,
BLOB» o HAS YWE FEAN OF THE CURRENT 8LOB GROLP
BLNBN o HAS (E NUMBER OF PIXELS In THE CURRENT BLOSG
vFEM o VIRTUAL MEMORY OF OUR PICTURE)
1T HOLOS FOUR SUBPICTURES,
TOPCPL o TCP OF THRE COMPARISON POINTER LIOY
XCPL o X COOROINATE CF THE PIXEL GROUPS IN THE CPL
YCPL o Y COCRDINATE OF THE PIXEL GROUPS In THE CPL
N » THE WORJZCNTAL OIMEMNSION OF THE PICTURE PATRIX IN PINELE
M o THE VERTICAL OIMENSION OF THE PICTURE PATRIX IN PIXELS
(m AND N MUSTY BE PULTIPLES OF 2,)
MAXMN 8 (MAX(MoN))/2
PIxtL GROUP o 18 A GROUP OF FOUR PIXEL ELENMENTS,
wHOSE COORDINATES ARE GIVEN BELOW,
(JoK) , (I, %083 o CJel,R) 4, CJel,Kei)
THES DEFINES ONE PIREL GROUP wHERE J I8 OEFINED
8y J81,3,9,,,0,N0) WHERE N 1§ THE
HORJIZONYAL SIZE OF Thk PICTURE
AN  K83,3,5,,,0,Mn8 WRERE ¥ 18 THE VERTICAL
SIZk OF THE PICTURE
DCNE o BOOLEAN FLAG ULSED TO TELL CONTUUR THERE ARE NO MLRE IPS
IPNONE o BOOLEAN FLAG RETURNED BY GLTAIX 10 SAY IT!S8 DONE WITH
THE PRESENT CCANTOLR
X o THE X COORDINATE OF THE CURREMNY PIXEL GRCUP
Y o ThE Y COORDINATE OF THE CURRENY PIXEL GRCUP
MEAN o REAL FLNCTION TO COMPUTE THE MEAN OF § PIXEL GROUP
MEANS o ARRAY WOLDING THE MEANS OF PRINCIPLE COMPONEANTS
FORK ThF PRESENT 1P
TOCHT o RUNNIAG COUNTY OF TOTAL NUFBRR OF OIRECTIONALS
IN THIS PICTURE _
IN o ARRAY WMOLDING COUNTY OF NUMBER OF INTERAAL CONTOURS Cf SIZE :
1 o2, ) PIXEL GROULPS
EX o SAME AS InN BUT FOR EXTERMAL CONTDURS

[N I IO SRR RN RSN RV AN BN DY N A BN BRI BV I XN S ALY R A _JUINCIE JY BN NE R AR BN B AN B EE BN B AN AN B R B
0000000046060 003000080080000000000009.20900006000004000000000000008040000

REAL IPMEAN{TCHA),IPSIC(TCKA)

WEAL VMEP(VSTZV,VEIZK,4,TCHAY

REAL MEAN

INTEGER WAFM,NAPN,TCHA,VSI2N,V8T2V,K812,BLKS,E812,
C vOIve,vOIMV,VEIL,V1IPS

INTEGER BRSTAT(BLKS), CUT(NAFN)

INTEGER ATOP,DTCP,ADIR( D812),0IR( DS8I2)

INTEGEN XLASTY,YLAST,BLOBN,PGCAY

INTEGER XCPL(MAXMN),YCPL(¥AXKMA), TOPCPL

INTEGER X,Y,TDCAT,CHAN,INC3),EX(Y)
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LOGICAL EXT,00NE,IPOONE

LOGICAL®L STATUSIMAPN,NAPN)

DIMENSION ALOBM (TCHA),PEANSCTCHA)Y

COMMON/DIM/NCOL o NRCIhoHAFY , NAPN, TCHA)VETEN,VET2V,RE822,NREC,BLKS,
® D812,v0IVM,VRINV,VPIL,MIPS

COMMON ZLEVELS/ FVAL, TVAL, NCHA

COMMON /7 ATOP,DTOP

COMMON ZLAST/Z XLAST,YLASY

COMMON /IPL/ 3IPX,IPY,IPCNY,EXY

common/BL0B/70L 00N

COMMON/VNENRY/PGCNT 0?'“KB
COMMON /CPL/ TOPCPL m\\xﬂ PON®
COMMON/ZPIX/N M, MAXMN ,NEXTD obVC 1“3;Y5

DATA TOCAT/0/ RS AL

DATA IN,EX/600/ eRIG

INTITALIZATION OF VARIABLES
IPRINTEO
READ (S,100) PVvaAL,TVAL
READ(S,113) NCHA,IPRINTY
IF (NCHALGT, TCHA) NCHAB TCHA
WRITE(O,113) MCHA
WRITE(G,106) FVAL, Tvay
CALL INITV (0, VMENV, BKETAT)
1PCNT 8 O
PGCNY @ O
JTCENT 8 O

THESE NEXT DO LOOPS ARE REALLY Z2EROING OuT STATUS
TRIS ASSUMES THAY FALSE, 18 REPREZSENTED BY A ZERO OVTE
00 1 18y, WMAFM
00 1 Juj,NAPN
$TATUS(J,]) 8 FALSE,
CONTINUE

IPX = |
1PY s 1§
60 10 7

€ CONPINVE

1

CALL NEWIP (DONE,XCPL,YCPL,8TYATUS,OUT,ACIR,0IR,VMENV,BKETAT)
i¥( OCNE ) GO Y0 o

INITIALIZAYION POR EACH CONTOUR
8L08Nsd
00 11 CHANSL,NChA
IPSSC(CHANY & BSO(IPX,IPY,CHAN,VFEM, UKSTAT)
IPMEANC(CHANY & VEAN(CIPX,IPY,CHAN,VMEM,BKETAT)
BLCBM(CHANY @ IPMEAN(CHAN)

ATOP »
pDTOPEY
DIR(DTICP)SNY
ADIR(ATOP)S]
xaipX

YsiPy
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IFC IPY (LT, ITCNTY )GO T0 4

ITCNT 3 JTCNT o ( VSI2v7 2 )
“RITE(6,107) IPY,IPCAT,TOCNT,PGCNTY

~ ™~

GO LOOK FOR ANOTHER PIXEL GRCUP
4 CALL GETPIX (X, Y, IPCCNE, ADJR, EJKk, BLORM, IPFMEAN, 1P8SGQ,
oSTATUS, VMEM, BKSTAT, OUT)
1F( NCT, IPOCNE ) GO TC 4

B LA S A,

! TOCANTSTDCATATOP

} DC 12 Isi,AChkA

E RFEANS & BLOBM(I)/FLOAT(BLOBN/ZY)
3 ‘12 MEANS(2) = RMEANS ¢ 0,5

S WRITE(8) IPX,1PY,BLOBN,ATOP,MEANS

S IF (IPRINT NEL,0) WRITE(6,701) IPX,I1PY,8LUBN,ATCP,MEANS
CALL PSTAT (IPX, IPY, ADIR(ATOPY, 1, STATUS)

CALL SET (IPX, IPY, STATLS)

[a N ot

INCREMENT "IN" OR "EX™ IP NECESSARY
IF( ATCP ,GT, S )GC T0 {0
1FC EXT )GO 10 9
INCATCP/241)EIN(ATCP/241) ¢
GO 10 10
9 EX(ATCP/241)SEXCATCP/241) e
10 IF( BLOBN (EQ, 4 )GO YO 2
WRITE(9) ( ACIR(I) , Is1,A7T0P )
IFC(IPRINT NEL0) WRITE(6,702) CADIRCI) 1I81,ATOPR)

o0

; SET THE IN CONTOUR BIT FOR CCNTCUR JUST COMPLETED
i CALL SICB (ADIR, STATUS)
é 6o TC 2

6 TOCNTZTDCATeIPCAT
3 WRITE(6,:08) IPCNT,TOCNT
, whITE(6,104) IN,EX
, KE TURN

103 FORMAT(' CONTOURSE AO OF INITIAL POINTS®!,I5,//
] Ix,'TOTAL NQ OF DIKECTIONALSs!,I9)
104 FCRMAT('OINTERNAL CCNTCURSS IN(1e3)3',3(1S,2%X),/
4 ] ' EXTERNAL CCNTCURS EX(1e3)s!,3(15,2X))
b 105 FORMAT(2I1)
106 FCRMAT(VIFLEVELE!,F10,3,! TLEVELS!,F10,%)"
107 FCRvAT(IOIPYS!, J4,! TP COUNTS!, ]IS,! DIR COUNTE!,]6,
8 ' PAGE FAULTS2',I%)
109 FORMAT(2F10,3)
111 FORMAT(12,11)
: 113 FCRMAT(SX,'CHANNELS USEC =1',13)
; 708 FORMAT(B(IX,14))
702 FCRMAT(20C(1X,14))
ErD

R T
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LOGICAL FUNCTION COMPAR (X, Y, ADIR, DIR, BLOBN, IPMEAN, 3P8SG,
C STATUS, VMEM, BKSTAT)

THIS FUNCTION CCMPARES YW( PIXEL GROUPS YO DEYERMINE
IF THEY BELONG TO TME SAME CONTOUR, UPDATING
STATUS FLAGS A8 NECESSARY,

WRITTEN BY PETER Co MILLER IN THME PALL AND WINTER OF 1974

XLAST « THE X COORDINATE :OF THE PIXEL GROUP AT YTME FRONT -OF
OUR CURRENT CONTOUR, CUSUALLY TNE LASY GROUP FOUND BY
GETPIX , EXCEPY 3IF WE WAD TO BACK UP )

YLAST o THE Y COORDINATE 2P THE PIXEL GROUP AT TNE FRONT OF
OQUR CURRENT CONTOUR, (USUALLY THE LAST GROUP FOUND -8Y
GETPIX , EXCEPT IF WE WAD YO BACK UP )

ADIR = A LIST OF ALL THE DIRECTIONALS FOR THIS 3P

ATOP o POINTS TO THE TOP ENTRY IN THE ACTUAL -DIRECTIONAL- L1ISTY

DIR o STACK USED TO ALLOW TWE PROGRAM TO BACKUP IN ITS TRACING
OF CONTOURS WKEN IT8 FORWARD PATH 18 BLOCKED

OT0P = POINTS TO TNE TOP OF THE DIRECTION STACK

BLOBM » MAS TWE MEAN OF THE CURRENY BLOB GRCULP
BLOBN o MAS THE NUMBER OF PINELS IMN THE CURRENT BLOS

IPX @ THE X CCORDINATE OF THE CURRENT INITAL POINT (1P)

IPY = THE Y COORDINATE OF THE CURRENT IP

IPMEAN o THE MEAN OF THE CURRENY IP

IPS8Q = THE SUM OF THE SQUARES OF THE PIXEL GROUP IN THE IP

IPCNT o RUNNING SUM OF THE NUMBER OF 1PS

EXT o BOOLEAN FLAG TO INDICATF INTERNAL OR EXTERNAL CONTOUR
TRUE & EXTERNAL
FALSE s INTERNAL

FVAL o THE CURRENT FeTEST VALUE OF THE
REPRODUCIBILITY
TVAL ® THE CURRENT TeTEST VALUE CRIGINAT, PAGH 18 POOR

B AL ERELANEEENEERZRANEENENEAEEEENE ZE AX AN FERNEEESL ARNENANE XX XE XA NE NE XS NE NN
QoG 00304000 3830000080888 000008000003000020000800000000000000000000000

REAL MEAN
REAL IPMEAN(TCHA)Y, IPSSO(TCHA)

INTEGER HAFM, MAFN,TCHA,VIIZN,V8I2V,R812,BLKS,D812,
C VDIMM,VDIMV,VFIL,MIPS

INTEGER XLASY,YLASY

INTEGER ATOP,DTOP,ADIR( DSI2),DIR¢ DS12)

INTEGER BLOBN

INTEGER CHAN

INTEGER X,Y,GSTAT

INTEGER BKSTAT(BLKS)

LOGICAL EXT

LOGICAL#*1 STATUSC(HAFN,HAFM)

DIMENSION VMEM (VSI2V,VSIZH,4,TCHA)

DIMENSION BLOBM(TCHA)
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COMMON/ZDTINM/NCOL yNROW,HAFM , HAFN, TCHA,VST4H,VST2V,REIZ,NREC,BLKS,
8 0S12,VOIMN,VDIMV,VFIL,MIPS

COMMON /ZLAST/ XLAST,YLASY

COMMON /7 ATOP,DTOP

ComMmMen/Z7RLOBL/7BLOBN

COMMON ZIPL/ IPX,IRY,IPCAT,EXY

COMMON /ZLEVELSZ FvalL, TVAL oNCHA

COMMBA/PIX/N,M,FAXMN ,NEXTB

COMPARE FALSE,
IF ( GSTAT(X,Y,STATUS) ,6T, 3) RETURN
DO | CHANS2,NCHA
XYM ® FEANCX,Y,CHAN,VMEM,BKSTAT)
€1 3 IPSSG(CHAN) » 4,0 o IPMEAN(CHAN) = JPFEANCCHAN)
F2 3 SSAIX,Y,CHAN,VMEM,BKSTAT) o U 00XYMRXYM
It C(FY ,LE, 0,0 ,OR, F2 ,LE, 0,0) REVURN
T 3 (IPMEANCCHAN) & XYM) o SORT(12,0/7(F1¢F2))

PERFORM THE TeTEST ON THE TWO GROUPS
IF(ABS(T) ,GE, TVAL) RETURA

PERFORM THE FeTEST ON THE TW0O GROUPS

F & Fi/F2

IF (F ,GE, FVAL ,CR, 1,0/F ,Gt, FVAL) RETURMN
CONTINUE
COMPARE , TRUE,
IFC(GSTAT(X,Y,STATUS) ,NE,0) GO T0 &
BLORNEZALCBNGY
DO 2 CHANS2, TCkA

BLCAM(CHANY & BLOBM(CHAN) ¢ MEAN(XsY,CHAN,VVEV ,BKBTAT)
CONTIMNUE

UPDATE THE STATLS OF TRE PRESENT GROUP BEFORE WE GO TO THE NEXT
IF¢ xLAST NE, X )GO YO 20

1F( YLASY ,GT, Y )GO Y0 10

CALL PSTAT(XLASY,YLAST,ADIRCATCP),2,STATUS)

RETURNM

CALL PSTAT (XLAST, YLASY, ADIRCATOP), 4» STATLS)
RE TURN

IF( xLAST ,GT, X )GC YO 30
CALL PSTAT (XLAST, YLAST, ADIR(ATOP), 1, STATLS)
RE TURN

CALL PSTAT (XLAST, YLAST, ADIRC(ATOP), 3¢ STATLS)

RE TURN
END
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SUBROUTINE ERR (ERRNUM, ADIR, DIR, 8TATUS, OUT)

WRITTEN BY PETER C, MILLER IN THE FPALL AND WIATER OF 1674
ADIR » A LISY OF ALL THE DIRECTIONALS FOR TH1S 3P
ATOP o POINTS TO THE TOP ENTRY IN THE ACTUAL OJRECTIONAL L1ISY
DIR » STACK USED TO ALLOW THE PROGRAM Y0 BACKUP IN 178 YRACING ‘
OF CONTOURS WMEN 178 FORWARD PATH IS BLOCKED ;
DTOP o POINTS TO THE TOP OF THE DIRRCTION STACK |
STATUS o ARRAY WOLDING THF STATUS FLAGS FOR EACH :
PIXEL GROUP, EACHM STATUS FLAG 18 3 BITS LONG -
AND THERE ARE C(NROW X NCOL)/Z4 OF THEM FOR A
NROW X NCOL PICTURE, THEY ARE MANIPULATED
WITH A COMPASS SUBROUTINE CALLED GSTAT,
N o THE NORTZONTAL DIMENSION OF THE PICTURE MATRIX IN PIXELS
M e THE VERTICAL DIMENSION OF THE PICTURE MATRIX IN PIXELS
(M AND N MUST BE MULTIPLES OF 2,)

(A AREEEEEZE ERARZE AR RANRALERERZE AL AR EA A AANENENS A NENE AR AL SANEANNER SR ENE NN
0003323888000 800008888000000008020 0408008001200 080404000080000000000140

3 . INTEGER MAFM,WAFN,TCHA,VSIZH,V8I2V,RS81Z,BLKS,0812,
. C VOIMM,VDIMV,VFIL,M1IPS {

INTEGER ATOP,NTOP,ADIR( DS81Z),0IR( 0812) :

INTEGER ERRNUM, X, Y, OUT(MAFN), STA(Y) 3
LOGICAL®Y STATUS(HAFN,HAFM) ' v
COMMON/ZDIM/NCOL ,NROW, HAFM,HAFN, TCHA,)VE8TEN,VETIZV,RSITZ,NREC,BLKS,
# DSIZ,VDIMH,VDIMV,VFIL,MIPS

COMMON 7/ ATOP,DTOP

COMMON/PIX/N,M,FAXFN,NEXTD

DATA STA/ZIEN, T HApIND , INT  LHE ) I WA, IHD, IMT, tHe/

? , I# ( ERRNUM LT, 1 ,OR, ERRNUM ,GT, 10 )GO 70 .50

60 70(1,2,3,4,%,6,7,8,9,10),ERRNUM
WRITE (6,100) MAXMN

(2 XsXaXaNaslalaXaNalsNaRaNaXaeRaXala sl

T T T TR
-

sTOP
o 2 e REPRODUCIBILITY OEHE%E
| i 00 41 vsy, HAFM ORIGINAL PAGE 1S

DO 40 Xs1,HAFN ;
INDX & STATUS(X,Y) :
IF CINDX ,GE, O ,AND, INODX ,LE, 7) GO 7O &0
y INDX = 8
oy OUT(X) & STACINDXe})
S 60 CONTINUE
1 wRITE (6,600) Y,CUY
: 41 CONTINUE
sToP
3 WRITE(6,102)
sToP
4 WRITE (6,103)
$TOP
5 WRITE (6,104)
S0P
6 WRITE(6,105)
stToeP

o el e,
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100
101
102
103
104
10%
106
107
108
109
110
600
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WRITE(b,106)
srop
WRITE(6,107)
srTop
wRITE(6,108)
SToP
WRITE(6,109)
S$t0p

WRITE(6,51)
SToP 0

S ST BCEE B O BN I LI A BN N B B O SRR DN AR BNCNE AN AN BN SR BEEE BUNE AN RN BURLAN BN SLAV A BUBEEE NN 2% 28 SR 2NN AEN USRI S AN & B U3 BN ]
P00 2080240000000 38380080308000030 0030010800 0000000000040003000080000000¢0

ENTRY ERRMSG ¢ X,Y )
WRITE(6,110) X, ¥

ERRTRA 18 IBM'S SUBRCUTINE TRACEBACK ROUTINE
CALL ERRTRA
$Top

FORMAT('OERROR NUMBER PASSED TO ERR IS LESS THAN 0 OR GREATER THAMN
e 100)

FORMAY('OTOPCPL GREATER ThaN 1,13)

FORMAT('OTOPCPL LESS THAN ZERCY,/7)

FORMAT('0EOF DR NO INPLY DATA')

FORMAT('ODIR LIST CVERFLOW!)

FORMAT('OPOINTER TR TOP CF DIRECTIONAL LIST WAS GONE NEGATIVE!)
FORMAT('0CONFLICTY CF DIRECTIONS ON DIRECTION LISTY)
FORMAT('ODIRECTIONAL LIST OVERFLOW!)

FORMAT('0ATOP GREATER THAN DCNT!)

FORMAY('OEOF DFTECTED ON THE DIR FILE')

FORMAT('G X AND/CR Y > BPDIM AND/OR X AND/OR Y < 0)

FORMAT(!' ERROR IN PIXEL X=',14,' YSt,]4)

FORMAT(' ROW',14,2X,10011)

END
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SUBROUTIME GETPIX (X, Y, IPDONE, ADIR) DIR, 3LOBM, IPMEAN, 1P88G,
. C STATUS, VMEM, BKSTAT, OUT) :

WRITTEN BY PETER C, MILLER IN THE PALL AND WINTER OF 1974

THIS SUBROUTINE LOOKS FOR PIXEL GROUPS YO ADD TC THE

CONTOUR, THE STATEMENT NUMBER GROUPS (x00,x2%,%50,X75 WMERE X 18 1§,
2,3, CR 4) REPRESENT THE DIFFERENT DIRECTION OF ENTERING

PIXEL GROUP, THE ARRAY 'ADIR' SERVES AS A LIST OF THESE DIRECTIONS

THAT WERE TAKEN TO TRACE OUT THE CONTOUR, THE ARRAY !'DIR' I8 A

STRING THAT 18 LEY OLY AS THE CONTOLR 18 TRACED OUT SO THAT IF WE

HAVE TO BACKUP WE CAN FIND OUR WAY RACK, THE FUNCTION COMPAR 38 USED

70 COMPARE THE BLCB PIXEL GROUP (PRESENTLY THIS INCLUDES ONLY THE 1P »
PIXEL GROUP BUY COULD BE MADE TO INCLUDE ALL GROUPS THAT

CAN BE ADDED TO THE BLOB GROUP, -

(Xo¥Y) ARE COORDINATE PAIRS,
X @« ON ENTRY CONTAINS PIXEL GROUP TO START LOOKING PROM
ON EXIT IT CONTAINS NEXT GROUP TO ADD TO THE 8LOS
IF ONE EXISTS,
Y o« SAME A8 X BUT Y COORDINATE |
IPDONE o FLAG TO TELL MAIN PROGRAM wE ARE DONE WITH THES CONTOUR ﬁ

IPX o THE X COORDINATE OF THE CURRENT INITAL POINT (IP) 4
IPY o THE Y COORDINATE OF THE CURRENT TP

IPMEAN @ THE MEAN OF THE CURRENT 1P

IPSSG o THE SLM OF THME SQUARES OF THE PIXEL GROUP IN THE IP

IPCANT « RUNNING SUM OF THE NUMBER OF 1PS

EXT e BOOLEAN FLAG TO INDICATE INTERNAL OR EXTERNAL CONTOUR

TRUE & EXTERNAL REPRODUCISILITY OF THE
FALSE = INTERMAL  (pIGINAL PAGE IS POOR

XLASY @ THE X COORDINATE CF THE PIXEL GROUP AT THE FRONT OF
OUR CURRENT CONTOUR, (USLALLY THE LAST GROUP FOUND BY
GETPIX , EXCEPT IF WE MAD TO BACK UP )

YLAST o THE Y COORDINATE OF THE PIXEL GROUP AT THE FRONT OF T
OUR CLRRENT CONTOUR, (USUALLY THE LAST GROUP FOUND BY
GETPIX , EXCEPT IF WE MAD YO BACK UP )

BLOAM e MAS TME MEAN OF THE CURRENTY BLOB GRCUP
BLOBMN e WAS THE NUMBER OF PIXELS IN THE CURRENT BLOB

ADIR = A LIST OF ALL THE DIRECTIONALS FOR ThIS 1P

ATOP o POINTS TO THE TOP ENTRY IN TE ACTUAL DIRECTIONAL L38Y

DIR = STACK USED YO ALLOW TKE PROGRAM TO BACKUP IN IT8 TRACING
OF CONTOURS WKEN IT8S FORWARU PATM 1S BLOCKED

OTOP o POINTS TO THE TOP OF THME DIRECTION STACK

G

S LR

N e THE HORIZONTAL DIMENSTION OF THF PICTURE MATRIX IN PIXELS
M e THE VERTICAL DIMENSTION OF THE PICTURE MATRIX IN PIXELS
(M AND N MUST BE MULTIPLES OF 2,)

S LRTEA Y

COR BN B RO SN2 BTN B R AR NL BNIR AF N BN AR AN AR 2N 2% NI AN ]
GRG0 00404003 008080036000000000000000sbdaboie

REAL IPMEAN(TCHA), IPSSG(TCHA)

IEAZAZA N NNENENNE NENE SR NE NEEENENE NE NEER N
0B 0000000000 000000000

OO OO0 NOOOOOOOOOOOOO0OOOOOOOOO0OOOOCCO0

R R R R P AL I 3

H
T
.
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. INTEGER WAFH,HAFN, TCHA,VE32H,vT2V,A812.ALK8,0812, g
;- C  VDIMM,VDIMV,VFIL |
INTEGER XLASY,VLASY
; INTEGER 8108 !
: INTEGER BKSTAT(BLKS), CUT(RAFN) |
! INTEGER ATOP,DTCP,ADIRC 0812),DIR¢ 0812) ,
INTEGER X,Y |
LOGICAL EXT j
LOGICAL COMPAR,IPDCNE |
LOGTCAL#*1 STATUS(HAFN,HAFM)

OIMENSION VNEM (VSIZV,VSTZM,d,TCHA)

DIMEASION BLOBM(TCHA)

COMMON/ZDIM/NCOL JNRCW ,HAFN  HAFM, TCHA,VSLLH,V8T2V,REIZ,NREC,BLKS,
# DS12,VDIMM, VDIMV,VFIL,MIPS

COMPON /1PL/ IPX,1PY,IPCNT,EXT

COMMON /LAST/ XLAST,YLAST

COMMON/BLOR1/BLOBN

COMMCN /7 ATQP,DTOP

COMMON/ZPTIX/N, M) PAXMA  AEXTH

j 1 XLASTEX
a YLASTSY
LOIREADIR(ATCP)
GO TC(100,200,300,400),L0IR

o0

Look ON THE LEFY SIDE FCR NEXY PIXEL GROUP
100 IFC YLAST ,LE, IPY )GO TC 125
YRYLASTe2
IF ( COMPAR(X,Y,ADIR,DIR,BLOBM, IPMEAN,I¥8S8Q,8TATUS,VMEN,BKSTAT) )
C GO TC So00
YaYLAST

e N n)

LOCK AMEAD FOR THE NEXT PIXEL GROUP
125 1F( XLAST ,GE, A=i )GC TO 180
XSXLASTe2
IF ¢ COMPAR(X,Y,ADIR,DIR,BLOBM,IPVEAN,]FPSSG,STATUS,VMEN,BKSTATY) )
C GO0 710 S00
XaXLAST

an

LOOK TO THE RIGHT SIDE FOR THE NEXT PIXEL GROUP :
150 IF( YLAST ,GE, Mel )GO T0 175 !
YsY_LASTe2 : :
IF ( COMPAR(X,Y,ADIR,DIR,BLOBM,IPVEAN,TIPSSQ,STATUS,VMEM,BKSTAY) )
C 6O TC S00
YsYLASTY

THE IF TESYT CATCHES CCATCURS MADE UP OF ONLY AN IP
HAVE TO BACKUP CAN'T FIND A PIXFL GNOUP THAY wILL
PASS THE FeTEST AND TeTESY.
17 1F( ATCP ,EQ, ! )GC TC S10
CALL PSTAT(XLAST,YLAST,ADIR(ATOP),3,8TATYS)
DIOPECTNPet
IF(DTCP,LT,0) CALL ERR(S,ADIR,DIR,8TATYS,0UT)
' XLASTSXLASTe?
ATOPEATCP ¢

s EaRuNe]
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IFCATOP ,GE, DSIZ) CALL ERRCY,ADIR,DIR,8TATUS,0UT)
ADIR(ATOP)E3
XSXLASY
(ohnpiacitgn' 0 10 v
s
REPRODUCIBILITY OF
GO 10¢3%50,22%,0600,475),L0IR : THE
¢ 475204 ORIGINAL PAGE IS POOR
200 IF( XLAST ,GE, hei )GO TO 228
XsXLASTe2
IF ( COMPAR(X,Y,ADIR,01R,BLOBN, IPMEAN, PS80, STATUS ) VMEN,BKOTAT) )
C GO T0 SO0
XaxLAS?Y
c
225 1F( YLAST ,GE, Mel )GO TO 250
YSYLASTe2
IF ¢ COMPAR(X,Y,ADIR,0IR,BLOBN, IPHEAN, IPBSG,STATUS,VMEN,BKETAT) )
C GO T0 So0
. YaYLASY

€50 IF( ¥YLASY ,LE, 2 ) GO TO 278
Xsx_LASTe
IF ( COMPAR(X,Y,ADIR,DIR,BLO08M, IPMEAN,IPBSO,8TATUS, VMEN,BKETAT) )

C GO Y0 So00
XsXLASY
c

275 CALL PSTAT (XLASTY, YLAST, ADIRCATOP), 4o STATUY)
DT0PSDTOPe1
IF(OTOP,LY,0) CALL ERR(S,ADIR,DIR,8YATUS,0UT)
YLASTeYLASTe2
ATOPEATORe}
IF(ATOP ,GE, DSIZ) CALL ERR(Y,ADIR,DIR,87ATUS,OUT)
ADIRCATOP)YBY
YSYLAST
IFC DTOP LEQ, § ) GO O 8§10
LOIRSDIR(DYOP)
GO T0(175,250,325,600),LDIR

300 IF( YLASTY ,GE, et ) GO TO 32%
YeYLASTe2 :
IF ( COMPAR(X,Y,ADIR,OIR,BLO8M,IPMEAN,IP8SQ,8TATUS,VMEN,BKSTATY) )
C GO Y0 So0 ;
YsYLAST

325 IF( xLAST ,LE, 2 )GO T0 350
XeXLASTw?
1F ( COMPAR(X,Y,ADIR,DIR,BLOBM,IPMEAN,IPSSO,STATUS,VMEN,BKEYAY) )
C GO Yo So00
XeEXLAST

350 IF( YLAST ,LE, IPY )GO Y0 379
YeYLASTe2
IF ( COMPAR(X,Y,ADIR,DIR,BLOBM,IPNEAN,IPSSC,STATUS,VIFEN,BKETATY )
C GO T0 So00
YSYLASY

c

c

c

209




R,

¢

c

c

c

375 CALL PSYAT (XLAST, YLAST, ADIRCATOP), 1, STATLY)
010PeDTOP3
IF(N10P,LT,0) CALL FRR(S,ADIR,DIR,8TATYE,0UT)
XLASTsX_LASTe2
ATOP=ATOPRe}
16 (ATOP ,GE, 0S3Z) CALL ERR(7,ARIR,DIR,87ATUS,CUT)
ADIR(ATOP) =Y
Xsx_LAST
IFC PYOP LEG, 1 )GO TO S10
LOIR=DIR(DTOP)
GO 70(600,275,350,025),L0IR

400 IF( xLAST ,LE, 2 )GO 7O 4e$
XsXLASTe2
IF ¢ COMPARCX,Y,ADIR,0IR,ALOBM, IPVEAN)IPSSQ,S8TATUS,VMEN ,BKETAT)
C 60 Y0 S00
XsXLASY

425 IFC YLAST ,LE, IPY )GO YO 4S50
YsYLASTe2
IF ¢ COMFAR(X,Y,ADIR,DIR,BLOBN,IPVEAN,IPSSO,STATUS,VMEN,BKSTAT)
C GO T0 S00
1SV ASY

480 I1F( xLAST ,GE, Nel )GO TC 478
ASX| A8STe2
IF ¢ COMPAR(X,Y,ADIR,DIR,BLOBNM,IPMEAN,IPSS0,STATUS,VMEM,BKETAT)
c GO Y0 S00
XsXLASTY

475 CALL PSTAT (XLAST, YLAST, ADIR(ATOP), 2, STATYS)
DTOPSCTNP=Y
IF(CTOP,LT,0) CALL ERR(S,ADIR,DIR,8TATUS,0UT)
YLASTSY_LASTe?
ATOPBATNP)
IF(ATCP ,GE, OSIZ) CALL ERR(7,ADIR,DIR,85TATUS,0UT)
ADIR(ATOP)®2
YSYLAST
IF¢ nTOP ,EG, 1) GC TO S10
LOIRSDIR(DTOR)
GO Y0(125,600,375,4%50),L01IR

500 1F( X (NE, IPX )GO TO S20
1FC Y ,NE, IPY )GO 10 520
1PDONES , TRUE ,
60 1C 523

520 IPDONES,FALSE,

523 ATOPSATNP e}
1F (ATOF ,GE, DS12Z) CALL ERR(7,ADIR,DIK,8YATUS,CUT)
DTOPaCTOP4

Is(nPYCP ,GT, CSIZ) CALL ERK(4, ADIR, DIk, STATLS, OUY)

Wk NCh PLT THE DIRFCTION WF LEAVE LAST GROUP IN "ADIR"™ AND “CIR"
1FC x ,NE, XLAST )GC TC %30
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525

600

510

SFC v 6T, YLAST )60 T0%2%
ADIRCATOP) 04

OIR(CYOP)=aG

RETURM

OIR(DTOP)E2
ADIRCATOP)O2
RETURN

IFC X 46T, XLASY )60 70 549
ODIR(DTOP)s3

ADIR(ATOP)o3

RETURN

DIR(OTOP)®Y
ADIR(ATOP)sY
RETURN

i Lt Ak et DA O e ik i i b it

THE
EPRODUCIBILITY OF
I(§RIGINAL PAGE IS POOR

THIS ERR I8 AN IMPOSSIBLE CONDITION AND SMOULD NEVER WAPPEN

CALL ERR(S)

WE NAVE BACKED UP TO THE IP AND MUSTY

TELL MAIN PROGRANM WE ARE DONE WEITH THIS CONTOUR
IPDONEI.YRU! [ ]
RETURN
END
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INTEGER FUNCYION GSTAT (X0 Y, 8TATUS)
EANTRY POINTS GSTAY, PSTAT, SET

LISTED RELOw ARE ALL POSSIBLE >TATUS VALUES
P = MEANS ANT ON ANY CONTOUR BOUNDANY (NOT TR BE CONPUSED WITH
THE "A® A CCMMON BLOCK /PIX/ )
A o PEANS START OF A4 CONTOUR WMEN SCASNING LEFT 10 RIGNT , !
0 @ ¥ ANS EAD NF CONTCUR WHMEN SCAMNING FROM LEPT T0 RIGNY
T o MEANS I1T!S IN ThHE MIDOLE SOMEwHERE

NCT In CONTOLR IN CONTOUN
NSO
A= ASS
0 s 2 D s e
T 83 187 1
( NOTE A2y IS AN IMPOSSIBLE CONDITICAN ) - 4
THE STATUS 18 CALCULATED 8Y rIMDING THE PRESENT 8TATLS .

IN ThE PRESEMNT PASS TABLE, TMEY USING THIS VALUE N
THE NEw STATUS TABLE ALONG wiTH THE PAST STATUS VALULE,

PRESENT PASS STATUS YABLE : ]

DIRECTYION OuY OF 4
THE PIXEL GYOUP g
*  UP ® DUWN @
« OR s (R *
¢« RIGHT o LEFT
RAGARRARARRRanRaRatRae

yv . t .

NDIRECTION OR * A » T .
InTO0 LEFT » " '
THE XX XX XTI
PIXEL DOMN & . .
GROUP OR L T ® D "
RIGHY o & "

CrTewT
Slldad. oo g

sRRdatRRRtReRantatednne
AEw STATUS TAWBLE

PRESENT PASS STATUS 5
. * » [ ]
P A ' [») ' *

PERNAARANCRNRABARARARdaRgatadtatdnde
. * * .
A ] A ) 0 . ! *

ShdddsnRtRtdddnddadgigatasadannd

PREVIOUS . . . Py

A '] A " ¢ * A .

PASS CARAGANNERRGOESANRIQRANRacadanAd

" " . 'Y

STATLS b * 4 * D = ) .
ARARCAdRRRAnoddsAdantadtanpdnand

4 . N ‘ *

1 * A . 0 . ) L]
SRAAARBIAA AR RGAONANRNARQAORQAERNOERANS
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(AZ X XA RN NN NN

RN ERRR AR R AR ER NAARARAR AR XA SR NAANL A XE ARY | L] 19 ev00. 770
000000APOIBNGO0000400

19¢e
c 000806500000 064000000040000000000000000000000

IMPLICIY INTEGER®G (Ae2)
INTEGERAG PRESTA(N,AQ), NEWETALA,))

LOGICAL®L STATUSCIMAPN,HAFM)

COMMONZDTP/NCOL ) NROR ,HAFM , HAFN , TCHA) VOT TN, VOZEV,RETZ,NREC,BLKS,
® 083Z,vOIMN, VOINV,VFIL, 3PS

DATA PRESTAY 3, 3, 1, 1, 2,2, %) %0 8, 2, 3, 9, %, 3,8, W/
DATA NEWOTAY 3, 3, 9, 1, 2, 3, 290 20 3, 8, 20 W
OItl cBl1Y 74

c"".'.';'..."."...‘COO...0.'.'...Q'.O'.l."'.'."'.."!".000.000'00

PP PN e G P et Nt e laBPRe Rt lerRPsall. 000G GPScr N PIOReRorwdosannde

[ X RN
4000

(4
[ o ENTRY GSTAT GETS THE CURRENT STATUD OF THE PIXEL GROyYP
c LOCATION (X,Y) WHERE X 318 THE COLUMM NUMBER AND
C Y 18 THME ROW NUMBER OF THME DESIRED LOCATION,
c
GSTATYT 8 STATUS(X/2¢8,Y/2¢1)
RE TURN
C

c""."'...OOCOOOOOOQQ00'00'QO'O'O'OO'Ql"'!00'O'OQOOOQO'OQOQQQOOOQOO'O
[ Y RY Y P Y PO YT YIRS PRN Y Y Y Y AT T TR Y LA L X P LI P Y Y I 2 3 11 02 LI XX 2 22 X 4 &4

ENTRY PSTAT (X, Y, IN, OUY, 8TATUS)

ENYRY PSTAT STORES THE NEW STATUS OF PIXEL GROUP
LOCATED AT (X,Y)

(aNaXa¥a

JIGSTAT & BTATUS(X/2¢1,Y/20))
PSTAT & PRESTA( IN,9UT )
IGSTAY & NEWSTA( IGSTATeL,P8TAY ) REPRODUCIBILITY OF THE
SYATUS (X/2¢1,Y/72¢1) 8 1GSTAY ORIGINAL PAGE IS POOR
RE TURN

c

c"..0...00000'.'.0'...Q.'..00.0..'..".."..'.Q.'..O..'OODQOQ0.0..0.0"

T I Iy rryrrrrryyyrrryx ey ry ey pe o P Y R N I Y B R L P Y XL XY L LY LY X Y L X

ENTRY 8ET (X, Y, 8TATUS)
ENTRY SET SETS YWME INCONTOUR BIT ON FOR PIXEL GROUP (X,Y)

oMM

BITCHK ® STATUS(X/2¢1,Y/72¢3)
LGRSLTYSLOR(CBIT,BITCHK)
STATUS(X/7201,Y72¢1) 8 LGRSLY
StT = 0

RETURN

END
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LOGICAL FUNCYION IPCPAR (X, ¥, XCPL, YCPL, VPENF, BKETAT)

THi8 FUNCTION COMPARES TWQ PIXEL GRGUPS TYOGETRER TO SEE 1IF
1&!: A:: STATISTICALLY DIFPERENTY ENUUGH POR (X, Y) YO OC
[ LY X °

WRITTEN HY PETER Co MILLER IN THE FALL AND WINTER OF 1974
“ODIFTED BY JULIA », HONGES, DECEVBER 1977

TCPCPL o TOP OF THE COMPARSOMN POINTAR LISY
ACPL o X CNORDINATE OF THE PIXEL LROUPS IN THME CPL
XCPL » ¥ COCRDINATE CF THE PIXEL GROUPS IN THE CPL
FVAL o THE CURRENT PeTEST vaLLE
TVAL o THE CURRENT TeTEST VALUL

(XN NN IENENE NE NN ERNE KR RN EEE L NN N NN NN )
004000000 0:0000600000000001000¢009%¢

90009899 0

svrte N [ N
Y I Y YN XN RN Y X ]

RN N RN ] Yevo 0y
03000000000 0000)

PO AOTOIAONOOOOOOIMNO

REAL MEAN

INTEGER XCPLCMAXMANY,YCPLIMAXMAY,TOPCPL

INTEGER VAFH.hA'N.?Chl.VS!lNon!ZV.“Slloalls.cl!l.
C VOIMR,VOIMV,VEIL

INTEGFR X,Y,G8TAT, CHAN

INTEGER BRSTAT(BLKS)

NIMENSION VMEM (VSTLV,VE1ZNH,08,TChA)
COMMON/DIN/NCOL g ARCW , MABV ) HAFPN, TCHA ) VETIN,VETIZV,RSTZ,NREC,OLKS,
# O8STZ,VvDIMKN,VDIWV,VFIL,MIPS
COMMAN/ZPTX /N N, MAXNA JAEXTH

COMMON/CPL/TCPCEL

cOMMEN ZLEVELSZ FVALTVALNCHA

1PCPaNS FALSE,

DC 1 CHANER],ACHA
XYM 8 MEANCX,Y,CHAN,VMEP ,BREBTAT)
YLYLY 8 VEAN(XCPRL(TOPCPL),,YCPLCTOPCPL)Y ,CHAN,VVEM,BRETAT)
Fi1 8 SSQ(XCPL(TOPCPL),YCPLLTOPCPLYCMAN,VMEY,BKETAT)
. o G, 0aXLVLMAXLYLV
B2 8 SSO(X,Y,CHAN,VVEF ,BRSTAT) o U 00XYMaXYN
1+ (Fy ,LE, 0,0 ,0R, F2 ,LE, 0,0) RETURN
T 8 (XLYLM @ XYM) & SCRY(12,07(F1eP2))
1+ (ABS(T) G, TVAL) RETURK
F s FL/F2
1F (F ,GE, FvalL ,O0R, §1,0/F Gt ,FVAL) RETURAM
1 CONTIANLE

1IPCPARS ,TRUE ,
FETURA
END
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OO ON

REAL PUNCTION MEAN (X, Y, CHAN, VNEN, BASTAT)

TH1IS SUBROUTINE COMPUTES THE MEAN OF A PIXEL GROUP
lll??gk 8Y PETER s"f¥L§!l I THE PFALL CNQ'Ugh! L 1) OF 1974

(ANENENE IA AR NRER RANE A (RAAZXIALA XX ZAN KR AR, X XARNERERX ANE NN
0000000200006 06060000000000000000000404000000000000000000000000000600100

INTEGER BKSTAT(OLKS)

INTEGER X,Y,CHAN

INTEGER MAFPM,MAPN,TCHA,VES2N,VESTV,REI2,08LN0,0812,
C VOIMN,VOIMV,VERL,*3PS

DIMENSION VMEN (VESZV,VEI2M,4,TChA)

COMMON/ZDIM/NCOL ,NROW  MAFN ,NAPN, YCHA ) VES LN, VT2V ,RE3Z,NREC,BLKS,
» 03320VD!"Hovot"VOV'lLoﬂ!P'

COMMON/PER/NoMyPAXNANEXTD

COMMON /3PL/7 IPX,3PY,IPCNT,EXY

MEAN 8 ( PIXELCN,Y,CHAN,VMEN,IKSTAT) ¢

c PIXELCX0L Y )CHAN,VHEN,BKETAT) o

c ":tL(l,VO‘OC“.N.VUIﬂ..K.'.', ¢

C PIXEL (Xo3,Yel,CHAN,VMEN,BKETAT) ) / 4,0
RETURA

EnND

RIGINAL pAG'grY O%glw




SUBRCLTINE NEWIP(DONE XCPL oYCPL,STATUS,LUT,ADIR,0ER,VMEN,BKETAT)

ThIS SUBROUTINE LOCATES THE INITIAL POINT FOR
A NEw CONTOUR,

WRITTEN BY PETER Co MILLER IN THE FALL AND WINTER OF 3974 !
MODIFIED BY JuLlA M, HODGES, DECEMRER 1977

TOPCPL = TOP OF THE COVMPARISON PIINTER LISY
XCPL o X COCRDINATE CF THE PIXEL GRUUPS IN THE CPL
XCPL o Y COCRDINATF CF THE PIXEL GROUPS 3N THE CPL
M o THE HORIZCNTAL DIMENSION OF THE PICTURE MATRIX IN PIXELS
M e THE VERTICAL DIMENSION OF Tee PICTURE MATRIX IN PIXELS
(M AND N RUST BE MULTIPLES OF 2)
MAXMN @ MAXIMUM OF M AND N
1PX o THE X CCOROINATE CF THE CURRENT INITAL POINT (IP)
JPY = THE Y COOROINATE OF THE CURRENT TP
IPHEAN o THF MEAN OF THE CURRENTY 1P
IPSSG o THE SLM CF THE SQUARES CF THE PIXEL GROUP IN THE IP
IPCAT o RUANING SUM CF THE NUMBER OF 1PS
EXT » BOOLEAMN FLAG TC INDICATE INTEKNAL OR EXTERNAL CONTOUR
TRUE 8 EXTERMNAL
FALSE = INTERNAL
DONE o SEE UESCRIPTION IN MAIN ROUTINE
TOPCPL » POINTS TO TCP CF THE CPL LISTS

NS NRNE AR SR N EREERENEERAL SRR ERERNE L ANNENEEL ARELEE AL SR NN EERERERNE SN ]
$04 1303000338803 0000083080608040800248100,080000%0400000000080000000001%0

INTEGER ADIR(DSIZ), DIR(ESIZ)
INTEGER AKSTAT(BLKS), GUT(MAFN)
INTEGER XCPL{MAXMN),YCPL(MAXMN),TOPCFPL
INTEGER Y, X
INTEGER START,STAT,GSTAY
1KTGGER hAF".HAFN.TCHA.VSIZH.VS!IV,RSIZoBLKSoDSIZ,
] C VDIMh,VDIMV,VFIL
1 LOGTCAL EXT,CCNE, IPCPAR
LOGICALeY STATUS(HAFN,FAFM)
DTMENSION VMEM (VST2ZV,VSTZk,4,TCHA)

OO0 MOON O D

hpsdatdy

COMMON ZIPL/Z IPX,1PY,IPCNT,EXTY

COMMPA/PIX/N,M,FAXPN,NEXTB

comMmMCn/CPL/ZTCPCPL

COMMON/DIM/MCOL,NRCW,HAFN ,HAF¥,TCHA,VS1ZM,VS12V,RS1Z,NREC,BLKS,
# DSTZ,VDIMH,VDIMV,VFIL,“IPS

] : EXxTs, FALSE,

E IF( IPX ,EQ, Nmj J)GO TC 8
s 10PCPLSO

? ‘ YeIPY

3 ! L

: CC BUILD UP THE CPL TC THE LASY IP

‘ DO 3 Xxs1,1PX,2
STAT & LANG(GSTAT(X,Y,STATLS)»3) ¢ I
6C Y0 (3,1,2,3), STAT
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ADD COORDINATES TO CPL LIOY

TOPCPL » TOPCPL i

IF (TQPCPL (GT, MAXMN) CALL ERR(1,ADIR,DIR,8TATUS,OUT)
XCPL(TOPCPL) = X

YCPLCTOPCPL) = ¥

GO T0 3

DELETE LAST COORDINATES FROM CPL

TOPCPL ‘& TOPCPL o 1

IF (TCPCPL (LT, 0) CALL ERRC2,ADIR,DIR,STATUS,O0UT)
CONTINUE

NOW REAL SEARCH POR A NEWw IP STARYS
STARTSIPX¢2 REPRODUCIBILITY OF THE

DO 7 XSSTART,N,2 ORIGINAL PAGE IS POOR
STAT & LAND(GSTAT(X,Y,87ATLS)Y,3) ¢ 1§
GO TO (6,4,5,7), STAT

ADD COORDINATES TO CPL

TOPCPL & TOPCPL ¢

IF (TOPCPL ,GT, MAXMN) CALL ERR(I,ADIR,DIR,STATUS,OUT)
YCPLCTOPCPL) s ¥

XCPL(TOPCPL) & X

Go 10 7

DELETE LAST COORDINATES FROM CPL

TOPCPL s TOPCPL o §

IF (SO;CVL obTo 0) CALL ERRC2,ADIR)DIR,STATLS,0UT)
GO 7

TEST FOR NEW IP

IF (TOPCPL ,EG, 0) GO 7O 1S

IF (,NOT, IPCPAR(X,Y,XCPL,YCPL,VMEN,HKSTAT)) GO TO {4
7 CONTINUE

8 IF( IPY ,GE, *ei GO T0 13
STARTBIPY ¢ 2
¢ DO 12 YSSTART,N,2
: TOPCPL 3 0
. D0 12 xs§,N,2
STAT 8 LANDCGSTAT(X,Y,8TATUS),S) ¢ §
GO TO (9,10,18,12), STAY

C CHECK FOR NEW 1P
9 IF (T0PCPL ,EG, 0) GO TO 15
IF (MNOT, IPCPAR(X,Y,XCPL,YCPL,VYMENM,BKSTAT)) GO Y0 14
GO0 70 12
c :
C ADD COCRDINATES 70 TOP OF CPL

10 TOPCPL & TOPCPL ¢ |}
IF (TOPCPL ,GT, MAXMN) CALL ERR(1,ADIR,CIR,8TATUS,0UT)
YCPL(TOPCPL) 3 ¥
XCPLC(TOPCPL) & X
G0 T0 12
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¢ CELETE LAST COGRDINATES PROM CPL
11 TOPCPL & TOPCPL o |
1F (TOPCPL (LT, 0) CALL ERR(2,ADI®,DIR,8TATUS,0UT)
12 CONTINLE

13 DONEs,TRUE,
RETURN

15 EXTs, THUE,

14 OONEe  FALSE,

c SETS IPX AND IPY TO COORDINATES OF nEwn 1P
i [Px=X

§ IPYsY

{ RETURM

END
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b al FESCTIOS PIXEL (hs Y, CHANUM, VYrEM, BKSTAT)

THIS FoACTICS vAKES THE PICTURE LCOK LIKE THE WMOLE

THING TN MEMORY AT THE SAME TINE 10 THE REST OF TME

PROGWAM, THIS IS ACCOMPLISHED BY KEEWING FOUR SEGMENTS FROM
EACH CHANNEL TM ARRAY VMEM,

JA%ES J, BESEMER 18 JULY 1974 OEPRODUCIBILITY OF Ty
m(IDIFIEN BY PETER C, MILLER oCt, 23, 1074 IGrAr e~ L
MCOIFIED BY PETER C, MILLER MAR, 2V, 1976

BKSTAT « ARRAY OF FLAGS USED TO TELL WHICH SEGMENTS OF
PICTURE FILE IS CURRENTLY IN CURE, 18 ZERO IF NOY
IN CORE, ELSE IT POINTS TO 178 LOCATICN IN VMENM,
MEM o ARKAY POTATIAG TO BLOCK IN WMICM MAS SEGMENT WE NEED
X o x COORODINATE OF THE DESIReC PIXEL
Y o Y COURDINATE OF THE DESIRED PIXEL
CHANUM o CHANNEL NUMBER OF THE DESIREV PIXEL
HLK HOLDS THE RECORD NUMBER OF THE RECORD BEING LOADED FROV
RANDO™ FILE,
VFEM e VIRTUAL MEMORY FOR OUR PICTURE
N = THE WORIZONTAL DIMENSION OF THNE PLCTURE MATRIX IN PIXELS
¥ o THE VERTICAL DIMENSION OF THE PICTURE MATRIX IN PIXELS
(M ANC N MUSY BE MULTIPLLS OF 2,)
MAXMAN B8 (MAX(M,N))Z2
PIXEL GROUF e IS A GROLP OF FOUR PIXEL ELEMENTS,
WHOSE COORDINATES ARE GIVEN BELOW,
(JsX) , (J,Kel) 5 CJel,R) , (Jel,Ked) :
THIS DEFINES ONE PIXEL GROUP WMERE J I8 DEFINED
8y J83,3,5,,,0,Nel WHERE N 18 TME MORIZONTAL
SIZ2& OQF THE PICTURE
AND  KB1,3,5,),0,M0f WHERE M I8 THE VERTICAL
SIZ¢ OF THE PICTURE

L A B O D LI A B O A U A DR AR R S L BN DR BN BN AN ALER AN AN A BEJR AL A B 2 I BB B |
ooa IR R R R Ry R A s R Y Y Y Y P Y R Y R XX I Y Y A Y R Y XXX XX XX X

REAL INITV
IMNTEGER HAFNM,MAFN,TCHA,VSIZN,v812Vv,R81Z2,BLKS,0812, .
C VOIMH,VRIMV,VFIL,MIPS !
INTEGER X, Y,CHANUM,BKSTAT(BLKS) ,CHAN,MEM(4),BLK :
JINTEGER PGUNTY
DIMENSICN VMEM (VSIZV,VSIZH,4,TCHA)
COMMAA/NIM/NCOL ,NROW,HAFM ,HAFN,TCHA,V824H,V822V,RS3Z,NREC,BLKS,
# DSJL,VOIMKH,VDIMV,VFIL,MLPS
COMMCAN/VMEMRY /PGCNT
COMMON/PIX/N, M, FAXMN ,ANEXTH
LCMMON ZIPL/Z IPX,1PY,IPCNT,EXY ;

SEt IF X AND Y ARE LEGAL VALUES
IFC X LLT, 0 ,NRy X ,GT, M ICALL ERRMBG( X,V )
JFC Y LT, 0 ,0R, Y ,GT, M JCALL ERRMBG( X,Y )

CHECK YO SEE CHANUM IS A LEGAL VALUE
JF( CmaNLM LT, 0 ,OR, CHANUM ,GT, TCHA )STOP {1
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¢ CALCULATE REGUIRED 8LOCK
I8 5 ((Y=1)/VSI2V)eVDINK ¢ ((Xe3)/VELILN) ¢ |
kX 8 MOD( Xel, VSIZM) ¢ §
KY s MUDC Yeol, VSIZV) ¢ |

SEE 1F BLOCK I8 IN CORE
IF( BKSTAT( I8 ) NE, 0 )GO Y0 2

[a N o ~ 0

IT wWASN'T SO GET 1Y
NEXTE 8 NEXTB ¢ |

: 1F( NEXTB ,GT, 3 INEXTB = O
NEXT 3 NEXTB ¢ |
BXKSTAT( MEM(NEXT) ) 8 O
HKSTAT( IB ) B NEXT
MEM( NEXT ) = ]B

c REAN IN NFEDED SEGMENT OF PICTURE FOR ALL CHANNELS
D0 4 CHANSBY, TCHA
BLX 3 (CHAN @ 1) o (BLKS o §) ¢ 18
READCVFIL'YBLK) C(CYMEMCI,JoNEXT,CHAN) 181 ,V822V),J88,VELITN)
4 CONTINUE

C INCREMENT THE PAGE FAULT COUNT
PGCNT & PGCNYT o
2 PIXEL 8 VMEM(RY,XKX,BKSTAT(IB),CHANUM)
RETURN

[p X o)

.9 98 0 9000088200000 000 0000000000000 R0Q°Q08% 950 0 R000000920900Q000 00080
I X P YT PR YIS YL TR DY Y Y LY YT LY YL R L P R LY PR L T Ry DX XY DY Y 1 4 4% 2 1}

ENTRY INITV (X, VMEM, BKSTAT)
INITALIZE VIRTUAL SYSTEM

OO Ly

0U 20 Isi, BLKS
BKSTAT(1) 8 0
20 CONTINUE

00 21 I31,4
MEVMCI) ® BLKS
21 CONTINGE
NEXTH 3 0

(o N o

THIS 13 JUSY TO AVOID A DIAGNOSTIC
INITV 2 0

RETURN

ENOD

220




B R R R T

OO0

SUBROUTINE SICB C(ADIR, 8TATUY)

8$1C8 » SET IN CONTCUR B1Y

~ WHICH 18 THE MIGH ORDER BIT IN EACH THREEBIT STATUS GROUP,

(IR AN ]
dé e

7
8

THIS MEANS THAY THIS PIXEL GROUP I8 IN THE BOUMNDARY OF
SOME CONTOUR,
WRITTEN BY PETER C, MILLER IN TME FALL AND WINTER OF {974

ADIR o A LIST OF ALL THE OIRECTIONALS FOR THIS 1P

ATOP = POINTS TO THE TOP ENTRY IN TME ACTUAL DIRECTIONAL LIST

DIR ‘@ STACK USED TO ALLOW THE PROGRAM 10 BACKUP IN 178 TRACING
OF CONTOURS WHEN IT8 PORWARD PATH 18 BLOCKED

DTOP = POINTS TO THE TOP OF THE DIRECTION STACK

I1PX  THE X COORDINATE OF THE CURRENT INITAL POINT (IP)

IPY » THE Y COORDINATE .OF THME CURRENT IP

I ZENEZE EE NEENEEEEARRE AR A A AN N R AR £ A A0 & NN XN NS L 4 ' A EXAEEAANEE RS N
8080330400900 00804000080000¢020040400000000400 6060000000000

INTEGER X,Y,DIRECT,G8TAY

INTEGER ATOP,DTOP,ADIR( D822)

INTEGER WAFM,MAFN,TCHA,V8I2M,V812V,RS81Z,8LK8,0812,
C VOIMM,VDIMV,VFIL,¥1PRS

LOGICALAL STATUS(HAFN MAFM)

COMMON/DIM/NCOL ) MNROW)HAFM, HAFN,) TCHAP VOTLH,VET2V,RETT,NREC,)BLKS,
® DSIZ,VOIMH,VDINV,VFIL,MIPS

CUMMON /7 ATOP,CTOP

COMMON /IPL/Z IPX)IPY,IPCNT,EXTY

X31PX
Yelpy REPRODUCIBILITY OF THE
DC 8 OIRECTE2,ATOP ORIGINAL PAGE IS POOR

CALL SET (X,Y,8TATUS)
ITMP 8 ADIR(DIRECT)
GO 10 (4,5,6,7), ITMP
X s X ¢ 2

GO 10 &

Ysy ¢
GO 10 8

X s X
60 T0

[}
~n

ysy
CONTINUE

RETURN
END
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REAL FUNCTION S8Q (X, Y, CHAN, VMEM, HUKSTAT)

THIS SUBROUYINE COMPUTES THE SUM OF THE SQUARES FOR A PIXEL GROYP
WRITYIEN BY PETER Co MILLER IN THE FALL AND WINTER OF 1974

[ R B A SUTN R AR IR BN AN BN RNON 2R 2N IX BN BX RN BCAR ANTE KR AN 2N AV EUICINEUECE I R RN L BN AL L N 2 R BN AN BN 28 LB B BN NN J
800884803 838008080004600080060082003000000382040040480000003000000 000000

INTEGER WAFM, HAFN,TCHA,VS812ZH,v812V,R822,8LKS,CS812,
C VhIvm,vDIMY,VFIL,MIPS

INTEGER X,Y,CHAN

INTEGER BXSTATY(RLKS)

DIMENSION VMBEM (VSIZV,VSIZF,4,TCHA)

COMMON/DIM/NCOL o NRCW, HAB M, HAFN,TCHA, VETLN,V812V,R812,NREC,BLKS,
# 0SI1Z,vOIMH,VDIMV,VFIL,M2PS

COMMON/PIX/N,M,MAXMN,NEXTH

COMMEN ZIPLYZ IPX,SPY,IPCNT,EXTY

$5080,0
PO { Ist,2
0C 1 J=i,e
TEMP 8 PIXEL(X4Jel, Yolel, CMAN, VMEM, EKSTAT)
SSC & $S0O ¢ TEMPeTENP
{ CONTIANLUE

RETUKN
END
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8L0B-3
RECONSTRUCTION OF PICTURE

REP
i, NAME RODY,
- 0 Clp
RECON PGINAL paget TorH
R

. DESCRIPTION
¥ The RECON program reconstructs the picture from the 1ist description
\ generated by BLOB.

"i. CALLING SEQUENCE
Call RECON (ADIR, SLINE, STATUS, PMEANS, BOUND, IPBS)

where

ADIR is the list of directionals for the current initial point.
SLINE is a line buffer for the reconstructed picture.

STATUS 1s the array holding the status flags for each pixel group.
PMEANS is the array holding the gray level information for each of

the pictures.

BOUND is the array In which the boundaries of each contour are traced
out.

IPBS is the Initial point boundary s~ack used to keep track of which
boundary contains a given point.

s . . INPUT/OUTPUT
1. INPUT

a. Sequential data set on unit number 8 which contains a list '
| of initial point coordinates for each contour, the number of
: E points In the contour, the number of entries in the associated
directional list, and the means for the initial point.

b. Sequential data set on unit 9 which contains directional lists
for the contours.

; c. COMMON/DIM/NCOL, NROW, HAFN, HAFM, TCHA, VSI2V, VSIZH, RSIZ,
NREC, BLKS, DS1Z, VDIMV, VDIMH, VFIL, MIPS as described for the
': subroutine REFORM.
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d. COMMON/PIX/N, M, MAXMN
where

N is the number of pixels per line in the plcture.
M is the number of lines in the picture.
MAXMN is the maximum of N and M.

OUTPUT

RECON generates a picture sicwing the boundaries of the detected
contours in byte format. The contours are represented by the
value 255, the inside of the regions by the value zero. This
picture is written one line at a time to unit 10.

RECON also reconstructs the picture by filling the inside of
each region with Its mean value in each component (channel),
and each pixel component is represented by a

byte value. This reconstructed image is written to unit 13.

FILE STORAGE
No additional files are used by this program.

DESCRIPTION OF SUBROUTINES

The following table gives the storage requirements and the functions of
subroutines used by RECON.

DESCRIPTION OF SUBROUTINES FOR RECON

SUBROUT INE STORAGE
NAME (BYTES) FUNCT ION
RECON 2978 Read initial point and directional
files, generate contour pictures.
GSTAT 1036 - Gets the current status of a
pixel group.
PSTAT Entry Stores current status of pixel .
Under group.
GSTAT
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The following ti:'e shows the 1inkage of the subroutines.

LINKAGE OF SUBROUTINES FOR RECON

CALLING PROGRAM PROGRAM CALLED
RECON GSTAT
PSTAT

PERFORMANCE SPECIFICATIONS

1. STORAGE , :
The subroutine RECON Is is7o bytes. The storage needed to run
this subroutine, including the required subroutines and a driver,
is 97K for an image of 112 x 112 pixels.

2. EXECUTION TIME
The time required to run this subroutine to reconstruct a 112
x 112 image is approximately 10 seconds of CPU time. ‘

3. RESTRICTIONS
None.

METHOD
The output unit number is set to 10. Arrays SLINE, STATUS, and BOUND

are set to zero.

Each contour is processed as follows:

The Initial point information (coordinates of point, number of
pixels in current b]ob. number of entries In corresponding
directional 1ist, means) Is read. |f the blob consists of more than
a single point, the directional list is also read for the region.

The contour is then traced out by following the directional list.
The contour picture is produced by setting the assoclated line buffer
position to 255, leaving all points not on a contour equal to zero.
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IX.

After all contours have been processed, the picture is reconstructed
by filling the inside of each reglion with its mean value In each
component (channel). One line Is written to the output array for each
channel. This is repeated for each row of the picture.

COMMENTS

The program PLTPIX has been used to print the resulting contour image
and the reconstructed image from files 10 and 13, respectively.
However, the user may process these files as he desires.

TESTS
The reconstructed images have been examined by use of mean square
error calculations and plots and histograms of difference Images.

LISTINGS
Listings of the subroutines follow.
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RECON

FILE 8
(IP DATA)

SET
BOUND

READ
FILE 9

(DIRECTIONALS)

|

TRACE
our
CONTOUR

YES ﬁj

EOF?

Figure 18.

Flow Chart for Subroutine RECOM
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GENERATE
CONTOUR

I

WRITE
FILE 10
(CONTOUR)

FILL IN
BETWEEN
BOUNDARIES

4

WRITE
FILE 13
(PICTURE)
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SUNRKREY TINE RECON (ANDTR,SLINE,T8L,STATUS PMEANS,BOUND, IPBS,AG)

ThIS #ROGRAM 18 NNt PCSSTBLE wAY b REBUILOING THE CONTOURED
PILTLRE, A%D THF OLTPLY FHOM IV I8 EASILY CnANGED,

SRITIEN kY PLTER Co MILLER IN FALL ANV #INTER OF 1974
MOGTETER FOR OPERATION UNDER 08/PvT n° 1B+ 360 AND COMTCUR
OUTPHT HY MANS G, MOIN, NASA/GSFC CODE 933 IN SEPTEMBER 1976

ULORM. o NUMBER CF PIXHILS IN THE CLRFE~Y BLOS
SLING o LINF BUFFER FDR RFCONSTRUCTED PICTURE
My N ® VERTICAL, WCRIZCATAL OIMENSICAS OF THE PICTURE MATRIX
(™ AND N mUST BE MULTIPLES OF &,)
MAXM! B8 (MAX(M,N))/2
[PR o THE X COORDINATE b TWE CURREMNT INITIAL POINY (1IP)
IPY @ Thg Y COOKDINATE OF TmE CURKEAT I®
1PFEAN o THE MEAN OF TrE CURRENT TP
1PSSA = THE SU'~ OF THE SGUARES CF THe PIXelL GRCUP IN THF 1P
1PCAT o RURANIAG SU™ CF THE NUMBER OF LIPS
FAl « HCOPLEAN BLAG TO INCICATE INTERNAL OR EXTERNAL COANTOUR
Thut 8 EXTERNAL
FALSE 8 INTERNAL
STATLS = AKRAY POLOING ThE STATUS FLAGS FOR EaCH
PIXEL GRULP, EACH STATUS FLAG IS | BYTE LOMN
AN 1S FANIPLLATED BY SUMRLUTINE GS8STAT,
PrEANS o ARKAY aMICK FOLDS THE GRAY LEVEL INFC, FOR BACM TME
PICTUNE,
ATOF o T0P OF HIRECTIONAL LISY
ACIR o WCLDS Tek DIRECTICAALS FOR QMg (P
BOUAD o THE BNUNDANIES OF FACH CONTCUn ARE TRACED OUT IM THIS
ARRAY, POINTERS ARE LEIT BEWINUV POINTING INTO THE PMEAN
SO wf CAM INCIWECTLY WRITE THME PICTURE,
T1Pps = 10P OF 1P BOUNDARY STACK
IPCANT @ WIANING COUNT OF THE AUMHFR CF P wE FAVE PROCFSSED
1948 o 10 ROUNDANRY STACK LSFD TO KEEP THACK OF WHICH ROUNDARY
wt ARE INSIDE CF,

DY T I I AR I B BT R S A SR B BN SR BN BN SRR A S 2N R A B BRI DI B 2L 2 O I B B
1001000 0060060008000, 9000000000080000000083000001 0100000600000 00000000389 100

e EaleEniniuEeiaks keEalala e Fe o RN ala N ol e Ra N adialie Nodie Na e Xad-e e N ol e B il

WEAL PrEANS( MIPS, TCRA)
INTEGEN WAPM, AP v, TCHA,VST2H,VvE8TLVv,k812,8LK8,0812,
VOIve,vDIMV, VB IL,MIPS

INTRGLER ATGP,ADIR(DSIZ)

INTEGER K, Y, TIPRS, STARY, JPCAT, STAY, IPBS(MAXMN), GSTAY
INTEGER CraN, TAPE, HCUANDC(HAFA,waFM), BLOKN, TMP
LCGTCOL &) TSL(NG), SLINE(TCHALNCOL)s BTATUS(HAFN,NAFM)
LOGICAL EXt

COMMURZPIM/NCEL GNRO W AFM MAFN,TCHA, VST, VEI2V,RSTZ,NREC,PLKS,
8 USTZ VPINK, VUMV, VEIL,MIPS

LOMmi 77 AT(P,CTNP

COCMONZRLORTZRL CBA

COSVMERZIPL ZTRELIPY, IPCATEXT

OEM A ZPRTX/0 ph a v aXPALNEXTH

.q

tabfF sl
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; 00
. €
: 2
i ¢
E C
E s
e
4
C
(o
a
C
L
C
(o
13
12
13
14
1
* (
f ¢
C
¢
¢
fe

HC 300 tsi, WAFM
OC 300 Jsi, TCHA
SLINE(J,1)80

IPCNTSO
DO 2 YBl NAFNM
D0 @ XSy ,NAPN
STATUS(X,Y) 8 0

BOUND(X,Y) 8 0 REPRopy;
R

READ TME 1P INFCRMATION FOR OANE ReGlON
IPCAT 8 IPCANY ¢ 3

It ( TPCNT ,GT, M1PS )GO TO 33
READ(B,ENDSIO)IPX,IPY,BLOBN,ATOP, (PMEAND(IPCNT,CHAN) ,CHANS], TCHA)

DG wé MAVE A SINGLE POINTY IP?
IFC ALOBN (NE, 4 )BC TO 4

s

CALL PSTAT(IPX,IPY,1,1,8TATUS)
BOUND(IPY/201,1PX/72¢1)83PCNT
60 10 §

Yy 8 1Py

’elPX

REAN THME CIRECTIONAL INFORMATION FOR ONE REGICA
READ(S,ENDS21)C ADIR(I) , 183,A70F )
LaS10s}

TRACF OUT THE CONTCLR
CC 1S NXTDIRS2,ATOP
CALYL PSTAT(X,Y,LASTC,ADIR(NXTOCIR),8TATUY)
BOUND(Y/Z2e8,x/7201)8IPCNY
LASTNSADIR(NXTDIR)
GO TO(11,12,13,34),LA8TD
X s ¥ ¢ 2
¢ 10 15
Y8 Y ¢
GU YO0 1Y
X 8 X « 2
6C T0 18
Y8 Y e
CONTINUE

CALL PSTAT(IPX,IPY,ADIR(ATOP),1,8TATUS)
IFC x ,NF, IPX ,OR, Y ,NE, JPYIWRITE(O,10%) IPCAY

FROCHSS NEXT REGION
LO 103

GPNERATE CUNTOUR PICTURE
CONTINUE
0 343 YBY,MHARM

OC $31 xsi,hARN
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~
s

’
%]

1#¢ 8 BOUND(X,V)
IF (TMP (AE, 0) THP325S
1x 8 2¢X = |
TSLCIX )STMP
ISL(IXe1)BTMP

L X¥ CUnTINUE

vl 333 Is1,2
$43 ARITE (TAPE)Y TSL

FILL TN

OFTWFEFN THE BOUNCARLES

DO 20 vsi,r,2

T11P8S30

g0 20 Xy ,N,2
STAY = GSTAT(X,Y,STATYUS) ¢+ |
60 10 (17,18,19,20),S8TA7

1 7 BOUND(X/241,Y7241) 3 IPBS(T1IPBS)
60 10 2
1» 11P8S 8 ; jPBRE ¢ 1}

IF (TIPS ,GT, MAXMN) GC TO 26
IPRS(TIPRBS) 3 BOUND(X/241,Y/2¢1)
uC 10 20

19 11
IF

PHS 8 TIPHS =« §
(11PBsS .Gk, 0) 6C 10 20

wR1TE(0,101)

20 CON11eLE

WRITE LU
0C 34 v

T THE PICTURE
S L,mAFV

Nt 32 CHAN = 1,TCHA

gr 31
Ix
iF
I~
v .0
Ix
St
SL
$) CUNTT
32 centl
bL 33 I=
$3 =RJTE (1}
“E]Te (e,

KE TN

ek ]Ik (h,
wETLWA

«RITE (6,
RETL N

iy PERMAT(

Xz J,HAFN

HBSRBOUNE(X,Y)

(Ix8 ,eC, 0) GC TC 30

P 2 FFEANS(IXR,CrANY ¢ 0,5
NTINLE

SPaXw}

INE (CHAN, IX  )STMP
INE(CHAN,TXe1)STINMP
NLE

NLUE

1,2

3) SLINE

109)

102)
108) mAXTPS

106)

FCRrMaT(1013)
PCR¥AY(YOIPRS UNDERFLCAY)

'0LOF OFTFCTED ON THE DIRECTIUNAL FILE')

FOWPET(VOTPCAT GT MAX 1P COUNT  !,16)
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105
100
109

PRI 2 3y WRORA MBS ol = P h s amge e e e o4

R T 0 e £ st

PORMAT('0 CONTOLR '916,! DID NOT RETUYN TO IT8 INITIAL POINTY)

FORMAT('OIPBS OVERFLGw!)

FORMAT(YORECON COMPLETED!)

END
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SEQUENTIAL LINEAR CLASSIFIER

NAME
LINEAR, NCLASS REPRo
DUCIBILITY
ORIGINAL PAGE 15 (;’1:)01;1!11«3

DESCRIPTION
In this technique, the discriminant functions which are evaluated to ’
determine classes are linear. The decision is based on a positive or 5
negative value of the function of the input vector of reflectances.

The discriminants are calculated sequentially, with one class separated
from all other classes by each function. The steps required are
examining the data to determine which class is separated from the
others, and determining the coefficients of the discriminant function.

CALLING SEQUENCE

Call LINEAR (X, CLASS, W, MOC, S, Y, B, A2)

Call NCLASS (BUFF, MCLASS, CLASS, W, MOC)

where the arrays are dimensioned as follows:

X (NN, MM, NSC) - bytes of training data,

CLASS (MM) - double precision array of class names,

W (NN+1, MM=1) - array of discriminant function coefficients,
MOC (MM) - class numbers in order of testing,
S (NN+1, NN+1) - double precision work array,
Y (MM X NSC) - work array,

B( MM X NSC) - work array,

A2 (NN+1, MM X NSC) - work array,

BUFF (NN, NSAMP) - input buffer (bytes),
MCLASS (NSAMP) - output buffer (bytes),

and

NN - number of channels of data,

MM - number of classes present,

NSC - number of training samples per class,
NSAMP - number of pixels per scan line.
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iv. INPUT/OUTPUT
1. INPUT

parameters are specified in
/CLSSFR/

2. OUTPUT

The input data set Is sequential, with data samples arranged by
measurement vectors and word length of one byte. The following

the common block:

NN, MM, NRECS, NSAMP, NSC.

The output data set is a file containing the class number for each

input pixel.

V. DESCRIPTION OF SUBROUTINES

The subroutine linkages are given in the following table.

CLASSIFIER

SUBROUTINES

CALLING PROGRAM

PROGRAMS CALLED

LINEAR

SNOPAL
NTEST
NCLASS

SNOPAL
NTEST

GASINV
NOPACA
NOPACA

The subroutines are described i

n the following table.

SUBROUTINE STORAGE

OR ENTRY (BYTES) FUNCT 10N

LINEAR 1154 Calls routines to compute and test
discriminant functions.

SNOPAL 4550 Compute coefficients of the discriminant
function, and distances from data classes
to discriminant hyperplanes.

NTEST 1428 Test discriminants on known data samples.
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SUBROUTINE STORAGE FUNCTION

OR ENTRY |  (BYTES)
NOPACA 942 Classification of data samples.
NCLASS 1252 Classify the data set, compute and print

class occupancies.

GASINV 1838 Invert a symmetric matrix.

v'.

Vil.

'PERFORMANCE SPEC IF ICAT IONS

1. STORAGE
The program requires 125K bytes when classifying the Mobile Bay
data set which has scan lines of 1200 pixels.

2. EXECUTION TIME
Approximately | minute is required to compute the discriminant
coefficlients. The Mobile Bay data was classified into six classes
at the rate of 4590 pixels/second, averaged over several runs.
METHOD

The class which is to be separated from the others should be widely
separated from the discriminant hyperplane and from the other classes.

The criterion used is the sum of the signed distances of the training

data samples from the plane. (Samples which are incorrectly discriminated
are given negative distances.) The discriminant planes for each class

of training data vs. the other classes are determined by the following

method.

The coefficients of the discriminant function are then determined by
setting up a system of discriminant equations (one for each training
sample). The value of the function for each data sample is the distance
of the sample from the plane represented by the function. The method
consists of maximizing the total distance of the training samples from
the discriminant hyperplane. This process is repeated until a single
class remains. Samples are classified by evaluating the discriminant
functions sequentially until a positive value Is obtained. Flow charts

are given In Figures 19 and 20.




Figure 19.

TRAINING
SAMPLES

DETERMINE
» CLASS TO BE

TESTED

y

COMPUTE
DISCRIMINANT
FUNCTION

@DER OF TESTIN

)

DISCRIMINANT

COEFFICIENTS

FOR ONE CLASS
(SNOPA!J

COEFFICIENTS
FOR ALL
CLASSES?

Y

‘ PRINT TEST RESULTS’

TEST TRAINING SAMPLES
CLASSIFICATION ' Frerid
OF TRAINING
SAMPLE
WTEsh (NOPACA)
INTEST) CLASS NUMBERS
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DROER OF TESTING
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CLASSIFY DATA !
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(NOPACA)

CLASSIFICATION.
TAPE

PRINT CLASS
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Figure 20. Classification Phase of Linear Classifier
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IX.

X.

COMMENTS
None.

~ TESTS

The algorithms have been tested extensively and have been found to be
comparable in accuracy to the maximum 1ikelihood method.

LISTINGS
Listings of the routines follow.
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SUBROLTINE LINEAR (X, CLABS, b, MOCy» 8, Y, By AQ)
COMPUTE LINEAR DISCRIMINANTS AND TEOT UBING TRAINING BAMPLES

DIMENSION X(1)s WC1), MOCCE), 8(C1)y Y1), B(1), A2(Y)
OCUBLE PRECISION CLASS(MM)

LOGICAL ORDER

COMMOM /DISTNC/ ONWy D, ORDER

CoMMON /CLSSPR/ NN, MN, NRECS, NSAMP, NOC

COMPUTE THF ORNER CF DISCRININANT YESTING AND LINEAR DISCRIMINANTS
NN 8 NN ¢
MMl B MM e ) REPRODUCIBILITY OF 'l‘gE
DC 100 NCei,mm ORIGINAL PAGE 1S POO

100 MOC(NC) 8 NC

FIND CLASS WITH MAXIMUM DISYANCE FROM WYPERPLANE
UC 1000 Nhisg, MMy

wRITE (6.%5010)

IF (Nwi EQ,m»1) GC TC 1000

WRITE (6,5000)

ORDER & oTRUE,

DrAX 8 @) ,0 £ S0

D0 SO0 NCisNwi,MM .

CALL SNOPAL (x, CLASS, », M0C, 8, Y, U, AR, NW], NN}])
OC s CAw ¢ O

WHITE (6,5020) CLASS(MOC(NWL))y ONWy U, DO

I¢ (DC,LT,OmAX) GO TO 150

Oxax s 00

NCLASS s NCI

ROTATE CLASS NUFMBERS 1IN ARRAY 'wocC!
150 MSAVE s MOC(AW])

00 200 NCeNng,MMQ
200 MOCINC) 8 MYOC(NCeyY)

MOC(vr) 8 MSAVE
S00 CONTINUE

PLACE DISCHIMINATED CLASS NUMBER AY YOP OF ARRAY 'MOC!
I1emp 3 MOC(NWY)
MOC(Mnl) 8 MOCCNCLASS)
MOC(NCLASS) 8 1TEMP
ORVER s ,FALSE,
1000 CALL SNOPAL (X, CLASS, W, MOC, 8, Y, 8, A2, Nhi, NN})

TEST THE CLASSIFICATICN OF THE TRAINING 3ArPLES

CALL NTESY (X, CLASS, », ¥0C)
RETURN

5000 FORMAT (20X,31('n01)/720%,0e DATA o HYPERPLANE CISTANCES ¢1/20X,
31('e'))

5010 FORMAY ('31)

§N020 FONMAT (/ZAS0,SX, 'OTHER! ,SX, 1TOTAL'/720%X,3F30,4)
END
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SUBROUTINE SAOPAL (X, CLASS, W, MoCy 8, vV, B, A2, NW], NNY)
SUPERVISED NONePARAMETRIC LEARNING

LOGICAL®L X(NN,MM,NSC)

DIMENSTION WENNE, 1), MOCCMPY, Y(8), B(1)s ARINM, 1Y)
DOUBLE PRECISION CLASS(MMY, BINNLI NN, DEY
INTEGER 81)

LOGICAL TEST, ORDER

COMMON /DISTNC/ DNW, D, ORDER

COMMON ZCLSSFR/ NN, MM, NRECS, NSAMP, N3C

DATA DELTA /0,08/

- TR T T T

[a X2 X o]

COMPUTE INVERSE OF ACTRANSPOSE) A WHERE 'A' 18 ALGMENTEC MATRIX
OF SAMPLES

00 130 1s1,NM
| 00 130 Jsi,1
j $1Js 0

DC 70 NCISNW], My
NC 8 MOC(NCE)
IF (1,EC,NN) GC TO 133

c INDEX I NOT EQUAL 70 NO, OF BANDS ¢
00 132 N80y ,NSC
132 S5J & S1J ¢ X(I,NC)NB1)aX(J,NC/)NBY)
GO tT0 70

[aNa Xz X g/

¢ INDEX 1 EQUAL TO NO, OF BANDS ¢ )
138 IF (J,EQ,NNT) GC TC 70
D0 134 NSiwi,NSC
134 81) s SIJ ¢ X(J,NC,N8Y)
70 CONTINUE

8$(1,J) = 81J
130 8¢J,1) » 81J
SINNI,NNE) 8 NSC o (MMebliel)

CALL GASINY (8, NNi, DET)

ao

INJTIALIZE w, Y, B, AND A2 ARRAYS
DO 11312 NFABY,NM
1112 w(NFAGARL) & 0,0
NST2 8 0
DO 1110 NCLENW] )MM
NC 8 MOC(INCY)
DO $1110 n8181,NSC
NST2 8 ANST2 o |
Y(NST2) Bei,0
B(NST2) 8 §,0
00 1110 Isg,NMY
A2(1,0872) 8 8(3,NMNY)
00 1110 Ks§,NN
1110 A2(I,NS8T2) ® A2(TI,NS8T2) ¢ S(I,K)sX(R,NCeNSY)
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DO NI ITERATIONS OF THE HOSKABHYAP ALGORITMM, UNLESS ALL OOEPPICIENTS
CHANGE BY LESS THAN § PEZRCENY

N 8 SO

IF CORDER) NS & 30

Nw@ @ N ¢ 1§

Nn 8 MOC(NWYE)

IF C,NOT,ORDER) WRITE (6,102) NWwy, CLABBCNWY, CLASS(NN)
00 1040 INDEX®i,ND

TESY & ,TRUE,

¢ COMPUTE NNI COEPPICIENTS FOR CLASS Nw AND STORE IN W
DO 1101 Iaj,NN}
N0 & n(T,NNY)

[z X2 X X 3]

¢ USE SAMPLES FROM CLASS Nw
0C 2101 Jsi,NOC
2101 W(l,Nnl) B W(T,ANE) o AQ(T,J)0AB8(Y(J))

: LOOP CVER REVAINING CLASSES REPRODYE
J s NOC ORIGINA; RBILITY opn
AL PAg P Ty
DO 2000 ACISNW2, MM AGE 5 poy THE
DO 2000 N318{,NSC R

JsJel
2000 W(I,NWE) & W(I,MN1) o A2(1,J)eAB8(Y(J))

TESY COEFFICIENTS FOR CHANGE
IF CABS(w(I,Nui1)on0),GT,ABBCOELTACNO)) TESTY & ,FALSE,
1501 CONTIANUE

(g X 2]

c
» C COMPUTE NEW DISCRIMINANT VALUES AND CLASSIFICATION ERRORS
; c
: c 00 FPOR CLASS NW
{ NERRY » 0
f OMw » 0,0

00 1004 131,N8C

IF (Y(1),67,0,0) B(3) & B(1) ¢ '2,00Y(])

YC(I) 8 W(NN],NW}) _

PO 13143 MNF@sy,NN i
1363 Y(I) ® Y(I) ¢ W(NFR,NWI)aX(NPR,NN,1)

IF (Y(I),LE,0,0) NERR] = NERR} o ¢

ONw 8 ONN ¢ Y(D1)
1004 Y(1) & Y(I) » B(Y)Y

v w8 T S

o
D c LOOP CVER REMAINING CLASSES
i 1 s nSC
: NERR2 & 0
0D ® 0,0

DO 1005 NCIBNW2, MM

NC & MOC(NCE)

00 1000 N83si,NSC

1 831 ¢}

IF (Y(1),67,0,0) B(3) ® B(I) ¢ 2,00Y(3)
Y(I) 8 W(NNI,NWYQ)
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] V0 1695 NF2B],NN

165 V(1) 8 V(1) & W(NP2,NR1JeX(NP2,AC,NB8)

- IF (V(1),GT,0,0) NERR2 & NERRD o §

i DsD ¢ v(1)

: 1000 Y(13 & e¥(1) @ BC])

| 1005 CONTIAUE !
Onin @ DANR 7 NSC
D 8 oD 7 (NCCa(PMeNn]))

i IF (NOT,ORDER) WRITE (6,3100) INDEX, VENRY, NERR2, (h(NFA,AN}),
! EABLOANT)
IF (TESY) GO 70 1010
1000 CONTINUE
1010 NERR 8 NERRY o ANERR2
c IF (MNOT,0RDER) wWRITE (6,220) MERR

IF (AW3 AE,MNMel) RETURA
WRITE (6,216)
MM 8 MM o §
D0 1220 Awef, MMy

1220 wRITE (0,103) MOC(AW), CLASS(MOCINW)Y ) (W(NFA,NN), NFABE,NND)
WRITE (6,101) MOCCvM), CLASS(MOCIMM)) y
RETURMN 4

100 FORMAT (18,118,18,ux,1PT7E14,3/7(31Y,1P7€14,3))

101 FORMATY (/313,A10,30%,1P7E14,3/7(33X,1P7E14,3))

107 FORMAT (//722%,22(001)/722%,0%¢ CLASS 133,480, #1/722X,22(0003// ITE
oRATTION NC Y 85X, 'ERRORS !, 10X, 'LINEAR DISCRIMINANY COEFFICIENTSY/
oA22,!' OTHER'Y)

216 FORMAT (111/710X,'ORDERED CLASSES', 20X, tELEMENTS OF ThE DISCRINMINAA
o7 VECTOR'/710X,15(1¢7),20%,35(1e0)/)

220 :oavav (77X, 970TAL ERRORS',19)

ND

homd

e
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SUBROLTINE NTEST (X, CLASS, W, MOC)
CLASSIFIES XNOWN DATA SAMPLES o NONPARAMRTINIC CLASOIFICATION

. LOGICAL®E X(NN,PMNEC), ICLASS

CIMENSION n(l), MOC(L1), KB(C20)

DOUBLE PRECISION CLASS(MM)

COMMON /CLSBFR/ NNy, MM, NRECS, NSAMP, NOC

(oo lal

c

NAL 8 NN o}

MM] 8 MM e §

®RITE(6,2008) CLASS

T€ 2 0,0 EPROLUCIBILITY OF THE
¢ ORIGIN..L PAGE IS POOR

VG 1500 NCBi,Mm
. 00 1109 Isg,mw
; 1109 n8(1) 8 0

0C 1200 N83) = {,NSC
1600 CALL NOPACA (X(1,MCyNB1), ICLASS, K8, W, MOC, 1, NN3, MM})

EFF 3 100,0 * KSINC) 7 NSC
wRITE (6,2009) NC, CLASSINC), NSC, RSINC), EFF, (XB(N), NBi,MM)

1500 T¢ 8 TE ¢ bFP
AVt 8 TE 7 FLOAT(M¥)
wRITE (6,2100) AVE
RE TURN

c

2008 PORMAT ('1'/30X,29¢'e1)/30X,%e RESULTS OF CLASSIFICATION «?/30X,%a
. TRAINING SAMPLES 00230%,29¢e1)/7/71a%, 'NUNBER OF NLPMBER
o PERCFNY NUMBER OF SAMPLES CLASSIFIED AB'/6X,'CLASY SAM
PLES  CORRECY CORRECT!,10A9/(a3%,1049))

2009 FOKRMAT (/14,A9,17,318,F10,1,1009/7¢4iXx,1019))

2104 FORMAT (//730%X,18MAVERAGE ACCURACY ®,F0,1,00 PERCENT/30X,32(1Me))
EnD
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SUBROUTINE NCLASS (8, MCLASS, CLASS, N, MOC)

] ¢

i C NONPARAMETRIC CLASSIFICATIOM

: C CLASSIFIFS DATA SAMPLESR AAD STORES CLASSIFICATIUN RESULTS ON TAPE
¢

LOGICAL®] S(NN,NSAMP), MCLASS(NSAMP)
DIMENSION Ww(1), MCC(1), %S(20)

DOUBLE PRECISION CLASS(MM)

comMmen /CLSSFR/ NNy MM, NRECS, NSAMP, NOC

3
-
1
!.
;‘.

| NNL &8 NN ¢
‘ MM] 3 MM e
DO 1009 NC3f,MM
1009 KS(NC) = 0
NTOT 8 NSAMP ¢ ARECS

¢
00 12 NREC®=),NRECS
READ (10) §
CALL NOPACA (S, MCLASS, KS, W, MOC, NDA“P, NN1, MMi)
12 WRITE (11) MCLASS
¢

WNRITE (6,2010)
DO 1221 NCeji,mMMm
PCY & 100,0 s KS(NC) / NTOT
1221 WRITE (6,2011) NC, CLASS(NC), KS(NC), PLY
WRITE (6,2012) NTOY
RETURN
o
2010 FORMAT ('11/730X,29('21)/30X%,'»s RESULYS UF CLASSIFICATION o'/30X,
T JIut,TX, 1DATA SAMPLES Y ,BX, a1 /30X,29(%1)///720%,'CLASS!,{15X, 1SAMPLE
¢SV 18X, IPERCENT1/20X,S(1a1),2(18X,T7(140)))
? 2011 PORMAT (/117,A9,120,F22,2)
2012 FORMAY (/13X,13WTOTAL SAMPLES,120/13X.148(1H%))
END

AR Al 4 A 4

T T T o TR TR TROWONCY TR s R EAORR 2
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i SUBROUTINE NOPACA (X, NW, K8, W, MOC, NSS, NNi, MM})
% ’ c

% C NONSPARAMETRIC CLASSIFICATION OF A STRING OF NSS PEATURE VECTORS
! C USING PRESLEARNED LINEAR DISCRIMINANT FUNCTIONS

¢
LOGICAL#L XCNN)N8S), NW(NSS) _
DIMENSION W(INNL,MM1), MOC(1), K8(1), X3§(20)
COMMON /ZCLSSFR/ NN, MM, NRECS, NSAMP, NSC

¢ COMPUTE VALUES OF DISCRI™INANT PUNCTIUN AND TRANSPER IFf POSITIVE
00 20 N8imji,N88
00 S NFisi,NN

S X1(NP1) ® X(NFI,N81)

00 1 NWimp,NM{
G 8 WINN1,NW1) REPROLUCIBILITY OF THE
00 2 NFiIB],NN . GE IS POOR
2 G 8 G e WENFI,NWE)@X](NFY) ORIGINAL PAGE
1F (6,G7,0,0) GO TC 3
1 CONTINUE
i NW] & MM

3 NCsMOC(NWE)
KS(NC) & KS(NC)el
NW(NS1) 8 NC

20 CONTINUE
RETURN
END
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SUBROUTINE GASINV (A, N, DET)

¢
C COMPUTE INVERSE AND DETERMINANTY QOF SYMMEIRIC MATRIX &
c
DOUBLE PRECISION AC(30,30), DEY, TEST, TeMp, FAC, W, D
DIMENSION IORDCEO)
DET = §,0
j DO 1 l=i,Nn
! §f TORD(I) = ]
: 00 2 xsi,N
i IF (X,EQ,N) GO TO 3
L TEST » DABS(A(K,K))
KPt = K ¢ |
L 8K
DO 4 IsKPi,N
If C(TEST,GE,DABS(A(I,K))) GO Y0 4
TEST & DABS(A(I,k))
L s}
q CONTINVUE
IF (L.EQ,X) 6N 10 3
00 S Jsi,N
TEMP & A(L,J)
ACL,J) 3 A(K,J)
S A(K,J) 8 TENMP
J 8 IORD(L)
IORD(L) 8 IORD(K)
I0RD(K) & J
OEY = DETY
3 DET 3 DET#A(K,K)
A(K,k) 8 1,0 /7 A(K,k)
D0 &6 Js1,N
IF (J,EQ,K) GO TO &
AlK,J) 8 A(K,J) o A(K,K)
(] CONTINUE
DO 7 131,N
IF (1,EQ,k) GO YO 7
FAC 3 A(]l,K)
ACL,K) 3 sA(I,K) & A(K,K)
DO 8 Jsi)N
IF (J,EQ,K) GO 10 &
W B FAC » A(K,J)
0O 8 A(l,J) » W
IF (DABS(D),LT,0,0n001»CABS(W)) D 8 0,40

A(l,J) = D
8 CONTINUE
7 CONTINUE
2 CONTINUE
NM{ 3 Nel

DO 9 Jsi,NM}
12 CONTINUE
IF (PJRD(J)ERGJ) GO TO 9
K 8 JORDCI)
10RD(J) s IORD(K)
JORD(K) 8 K
DO 10 Isi,N
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X

TEMP 8 A(I,Jd)
i ACI,J) & ALL,K)
10 ACI,k) s TENP
G0 10 §2 |
9 CONTINUE :
00 1S Is2,N
It e
00 18 Jei, 14
ACT,J) ® CACT,J)eA(J,1))/2,0
! 15 ACJ,1) ® ACT,0)
| RETURN
! END
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l.

MAXIMUM LIKELIHOOD CLASSIFIER

NAME

MAXLIK (training)
PCLASS (classification)

DESCRIPTION

The discriminant functions are the Gaussian probability distributions
for each class which are defined by the mean values and covariance
matrices of the training data. For an unknown data vector, it is
possible to compute the probability of its belonging to each of the
classes under consideration.

Additional a priori weighting factors (such as an estimate of the
class populations) may be included. Assignment is made to the class
for which the likelihood of belonging is a maximum.

CALLING SEQUENCE

CALL MAXLIK (X, CLASS, EM, EK, B, COVINV)
CALL PCLASS (S, MCLASS, CLASS, EM, B, COVINV)
where the arrays are dimensioned as follows:
X (NN, MM, NSC) - bytes of training data;
CLASS (MM) - double precision class names;

EM (NN, MM) - mean vectors of the classes;

EK (NN, NN) - double precision covariance matrix;

B (MM) - Gaussian function constant terms;

COVINV (MM X NN X (NN+1)/2) - triangular parts of the covariance
matrices for the classes;

S (NN, NSAMP) - input buffer array; and,

MCLASS (NSAMP) - output buffer array.

The parameters defined in a common block named CLSSFR are the
following:
NN - number of channels of data;

MM - number of classes;
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NRECS - number of records;
NSAMP - number of pixels per record; and
NSC - number cf training samples per class.

v, INPUT/OUTPUT
1. INPUT

The input data set is sequential, with data samples arranged
by measurement vectors (interleaved bands) and data length
one byte.

2. OUTPUT

The output data set contains the class numbers in bytes
corresponding to each input pixel,

V. DESCRIPTION OF SUBROUTINES

The subroutine linkages are given in the following table.

MAXIMUM LIKELIHOOD CLASSIFIER SUBROUTINES
f CALLING PROGRAM PROGRAMS CALLED
MAXL 1K SUBLOP
PTEST
SUBLOP GASINV
PTEST MALICA
PCLASS MALICA

The subroutines are described in the following table.

DESCRIPTION OF SUBROUTINES

SUBROUTINE STORAGE
OR ENTRY (BYTES) FUNCTION
MAXLIK 500 Calls routines to compute the

. Gausslan statistics and test on
training data.
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DESCRIPTION OF SUBROUTINES

SUBROUTINE STORAGE
OR ENTRY (BYTES) FUNCTION ;
SUBLOP 2164 Compute the Gaussian distribution '
functions.
PTEST 1422 Test the classifier on training
data.
PCLASS 1254 Classify the data set, compute and
print class occupancies.
MALICA 1216 Classify data samples and return
class numbers.
GASINV 1838 Double precision inversion of a
symmetric matrix.

Vi. PERFORMANCE SPECIFICATIONS

1. STORAGE
The programrequires 90K bytes when classifying the Mobile Bay
data set which has scan lines 1200 pixels long.

2. EXECUTION TIME
Approximately | second is required to compute the distribution
functions. The classification speed for six classes is approxi-
mately 650 pixels/second.

Vil.  METHOD

It is assumed that the distribution of training data for a single
class approximates the bell-shaped curve of the Gaussian or normal
distribution.

The mathematical function for this curve is

X, =m
P (x./ci) - 1 exp -;- (—j-——l)z]
J J“iﬁ'bj o

where 0 and mj are the standard deviation and mean for measurement

xj belonging to class -
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Considering multichannel measurements, the joint probability function
for a complete multivariate feature vector Is

P(“I"‘Z'x3"“'xn/°l) - _Z;lr—; exp [- %- (X-H)TK"(X-H)]

where (X-M) is the vector {xl-m'. XgMyy woey X =M }, K is the co-
variance matrix, and D is the determinant of K. The elements of the
covariance matrix are a measure of the deviation of the corresponding
x's from their mean values m:

N .
1
Kij ® ®-T nfl (Xjq = m) (%, - my)

where N is the number of data samples used in the calculation.

The parameters--mean values and covariance matrices--completely define
the Gaussian distribution functions. These parameters are easily
determined for each class under consideration from the known set of

training samples.

When the Gausslian parameters have been estimated, the Gaussian probability
distribution for each class is completely defined. Thus, given any
unknown feature vector, it Is possible to compute the probability of this
feature vector belonging to any one of the classes under consideration.
Assignment is made to the class for which the probability Is greatest;
this Is termed the maximum 1ikelihood method of classification. For
faster computation, the logarithm of the probability is computed and

the decision function takes the form

| | T -1
6 =tn P -gtn k] - Z{X-H) " KT (X=Mp),

P' Is the probability of class | being present, H' is the mean vector,
and K'
occurs when the probabilities are equal. This point is not midway
between the means when the widths of the distributions are unequal.

Is the covariance matrix. The decision point between two classes
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|

’ The training and classification flow charts are given in
] Flgures 21 and 22. .

|
5
t
i

VIll. COMMENTS

? | If a priori probabilities are to be included, they are multiplied
E ; by the corresponding elements of array B after the call to MAXLIK.

; . TESTS

The discriminant values and class assignments have been examined by
printing the values.

E X. LISTINGS

Listings of the routines follow.
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COMPUTE
Sweaen e
, (SUBLOP) AMETERS
|
P ’ TRAINING
! TEST LASS
’ CLASSIFICATION SAMPLES cLAssirFY

DATA

OF TRAINING SAMPLE
, 4-—("___'-‘:__/—\: OAALICA)
. | NUMBERS

Figure 21. Classifier Training Phase of Maximum Likelihood
Classification

DATA TAPE

HANOLE I/0 | DATA SAMPLE )b CLASSIFY

GAUSSIAN
PARAMETERS

FOR DATA DATA
SET SAMPLES
(PCLASS) q.——-(cﬁsg mgg@_—- (MALICA)

CLASSIFICATION PRINT RESULTS
TAPE

Figure 22. Classification Phase of Maximum Likelihood Classifier
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SUBROUTINE MAXLIK (X, CLASS, EM, FKs Oy SOVINV)
COMPUTE GAUSSTIAN STATISTICS AND TEST USING TRAINING SAMPLES

DIMENSION X(1), CLASS(1), FM(Y), EK(1), BC1)) COVINV(I)
COMMON /CLESFR/ NNy, MM, NRECS, NSAMP, NOC

COMPUTE TWE GAUSSIAN STATISTICS OF THE THAINING SAMPLES
CALL SUBLOP (X, CLASS, EM, EK, B, COVINV)

TEST THE CLABSIFICATION OF THE TRAINING SAMPLES
CALL PTEST (x, CLASS, Ev, B, COVINV)
RETURN
END

254




MR L ihas i ot AREAEEREREEE A T TR e g

SUBROUTINE BUBLOP (X, CLASS, BN, EX, ¥, COVINV)

* ¢
| C SUPERVISED BATCH LEAR' ING OF PARAMETERS
C COMPUTE MEAN VFCTORS AND COVARIANCE MATRICES
¢
LOGICALSL XCNN, MM, LKK)
DIMENSION EMCNN,MM), B(MM), COVINV(Y)
DOUBLE PRECISION CLASS(MM), EKCNN,NN)s DEY
COMMON /CLSSFR/ NN, MM, NRECS, NOAMP, LKK
¢
P gm gt :
w 6 Epp
K®o 0Dy
DO 9300 ISsy,MM ORIGINAL g’f«m op
¢ chs,kkfﬂe
DO 9000 1383,NN R
MEAN '@ 0

D0 4000 LKsi,LKK
Q000 MEAN B8 MEAN ¢ X(11,13,LK)
9000 EM(31,13) s FLOAT(MEANY / FLOAT(LKK)

D0 9200 Iisi,NN
D0 9200 lasi,1t
Excis,12) & 0,0
D0 9300 LKef,LKK
9100 EX(11,12) ® EK(11,12) o (X(13,33,Lx)ebM(21,13)) ¢
o (N(32,23,LK)eEM(I2,13))
EX(31,32) & EX(I1,12) /7 (LkKe})
Ex(I2,31) » Ex{(13,12)
9200 CONT nsE

WRITE (6,4%577) 13, CLASS(I3), LKK
DO 9300 Nisi,NN

9300 WRITE (6,u884) EM(NE,13), (EK(NS,N2), NRBi,N§)

c

€ INVERT COVARIANCE MATRICES, cOMPUYE GAUSSIAN PUNCTION CONSTANT TERMS
CALL GASINV (EK, KN, OET)
B(I3) ® 00,5 o (NNeALOG(R,043,1415926%) ¢ DLOG(DEY)) A
WRITE (6,45%7) DETY ;

c PACK THE LOWER TRIANGULAR PARY OF THE INVERSE COVARIANCE MATRIX
D0 9400 NiB§,NN
00 QU00 N@mi,N§
Ke Kot
9400 COVINV(K) & EK(N],N2)
9500 CONTINUE
RETURN

c
4SS0 PORMAT (*11/720X,'ESTIVATED GAUBSIAN PARAMETERS!/20X,29(te)//8X,
o 'MEAN VECTORS!,10%,'COVARIANCE MATRICES')
0SS4 FORMAY (F1S,2,(8X,16F7,2))
45S7 FORMAT (720X, 'DETERMINANY s!,1P210,3)
4STY FORMAY (//120,A10,16,' SAMPLES!)
END
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SUBROUTINE PTRST (X, CLASS, EM, ¥, COVIW)

¢
g CLASSIFIES XNOWN DATA SAMPLEFS » PARAMFTRIC CLASSIFICATION

¢

1221

1400

1308

OImENSION EM(1), B(1), COVINV(L), x8(20)
LOGICALel XINN,FM,NSC), MCLASS

ODOUBLE PRECISION CLASS(MM)

COMMON /CLSSFR/ NNy, MM, NRECS, NSAMP, NSC

WRETE (6,2008) CLASS
1€ s 0,0

00 1301 NC & M0
00 1221 Nwey,mn
KG(Nw) = 0

00 1800 NS1 ® §,NSC
CALL MALICA (XCI,NC,)NS1), MCLASS, K8, ¢, B, COVINYV, 1)

EFF & 100,0 » XS(NC) /7 NSC
WRITE (6,2009) NC, CLASS(NCY), NSC, KSINL), EFF, (KB(N), N, M¥)
TE & TE ¢ EPP

AVE 8 TF / FLOAT(MM)
wRITE (6,2000) AVE
RE TURA

2000 FORMAT (//30%,1AHAVERAGE ACCURACY 8,F0,1,8K PERCENT/30X,32(1Ne))
2008 FORMAY (1310/30%,29(n')/30X,%e RESULYYS UF CLASSIFICATION 0!/30X,!e

. TRAINING 8AMPLES 0t/30X,29¢ 0ty //7/74a%, 'NUMBER OF NUMBER
0 PERCENTY NUMBER OF SAMPLES CLABSIFIED AS'/6X, 'CLASS SAv
PLES  CORRECY CORRECT!,10A9/(u3X%,1049))

2009 FORMAT (/174,A9,17,110,F12,1,1019.(/42X,1019))
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SUBROUTINE PCLASS (8, MCLASYS, CLASS, Em, By COVINY)
CLABSIFIES UNKNOWN DATA SAMPLES o PARAMETRIC CLASSIFICATION

LOGICALel SCNN,NSAMPY, MCLABS(NSAMP)

DIMENSION EM(CL), B(1), COVINV(L), x8¢20)

DOUBLE PRECISION CLASS(MM)

COMMON /CLSBFR/ NN, MM, NRECS, NOANP, NUC ?'fﬂﬂ

00 10 NCof, MM )
10 KB(NC) & 0 gﬂﬁﬁ“ﬁﬂd,vﬁ‘

00 12 NRECs1,NRECS

READ (10) 8

CALL MALICA (8, MCLASS, k8, EM, B, COVINV, NSANFP)
12 WRITE (11) MCLASS

NTOY & NSAMP o NRECS
_ WRITE (6,2010)
Lo D0 20 NCs§, MM
; PCT & 100,0 » KSC(NC) /7 NTOY
‘. ; 20 WRITE (6,2018) NC, CLASS(NC), KS(NC), PCT
N ‘ WRITE (6,2012) NTOY
‘ RETURN
c

2010 FORMAT (941/30%,292001)/30K, 1 RESULTS OF CLASSIFICATION o!/30X,
(191, 7X,1DATA SANPLES1, BX, 101 /30K, 290100)///20X, 1CLADS !, 13X, 1 SANPLE
"81,45x, IPERCENT 1 /20X, S¢00l,.l¢191.7¢'00)1)
2081 FORMAT (/318,A9,120,021,2
2012 :oun.t (716X, 1T0TAL sav5L£l|.3201101.11(0.'))
ND

[ X2 K ¢ ]
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SUBROUTINE MALICA (X§, KMAX, K8, EM, ¥, COVINV, N8S)
MAXIMUM LIKELIMOOO CLASSIFICATION

DIMENSION K8(C1), EMCANN,MM), B(MM), COvInVEL), DOX(C20), AX(20)
LOGICAL~S X1 (NN,N8S), KMAX(NSS)
COMMON /CLS8SFR/ NN, MM, NRECS, NSAMP, NSC

D0 2000 N8im),NES
00 1000 NFimj,NMN
AX(NFL) 8 X1 (NP, ,NSY)

FIND MAXIMUM PROBABILITY OVER CLACSES
GMAX = .‘.o e %0

K0

00 1900 Isy,mM

G = B(Y)

COMPUTE GAUSSIAN EXPONENT (e1/2) (XeM) (KINV) (XeoM)
DO 6300 Ilsi,NN
OX(II) s AX(I2) » EM(II,I)

COMPUTE TERMS FROM LOWER TRIANGULAR MATRIX
Sum 8 0,0

JJ s 0

CONTINUVE

JJ 8 JJ ¢

IF (JJL,EG,11) GO Y0 6250

Ks K + 1

SUM B SuM ¢ DX(JJI*COVINVIK)

‘60 70 6200

COMPUTE 1/2 DIAGONAL TERM OF (XeM) (KINV)
K s K ¢ §
SUM 3 SUM @ 0,952DX(JJ)CAVINV(K)

G 8 G o SUMeDX(ID)

IF (G,LT,GMAX) GO T0 1900
MAX 8

GMAX 3 6

CONTINUE

KS(MAX) & KS(MAX) ¢ 1
KMAX(NSL) 8 MAX

RETURN

END
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THINNING OF BOUNDARY IMAGES

l. NAME ;
PEELS

i I1.  DESCRIPTION

This subroutine starts with the output (boundary lines) of a micro-
densitometer, applies a given threshold of density, and reduces the
thickness of the boundary lines by 'peeling'' their outer layers while

preserving the distinctness of reglions separated by them.

110, CALLING SEQUENCE

CALL PEELS (NTAPI, NTAPO, NREC, NEL, IT, MPASS, ITYPE, LX, LY, IBDY)
where

NTAPI, NTAPO are the logical unit numbers of the input and output
sequential data sets;

NREC, NEL are the number of records and the number of pixels (bytes) per
record in the input image;

IT is a threshold on density; if IT is positive (negative) all points
with densities > IT (< IT) will be regarded as boundary points;

MPASS is the maximum number of iterations permitted;

ITYPE determines the type of boundary connections (1 for diagonal, 2

for perpendicular; LX, LY, IBDY are scratch arrays with LX, LY dimensioned
as indicated in the listing and IBDY dimensioned NEL.

. INPUT/OUTPUT
1. INPUT

The input image should be on a sequential data set with unit number
NTAP| and consist of NREC records and NEL bytes per record, each
record corresponding to a line of the digitized Image and each byte,
to a pixel. All other inputs are as indicated in the calling

sequence.
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E 2. OUTPUT

The output of this program will be on unit NTAPO as a sequential
data set with NREC records. The records will be in SLIC (Scan Line
Intersection Code) format. That is, the first word of the |'th
record Indicates the number of words that follow, and each sub-
sequent word is a column coordinate of the intersection of the |'th
scan line with the boundary Image.

3. FILE STORAGE

This program requires two sequential scratch data sets to handle the
intermediate Iterations of the boundary data.

V. SUBROUTINES CALLED

’
The subroutines called by PEELS are given in the following table.

EXTERNAL LINKAGES

CALLING PROGRAMS PROGRAMS CALLED

PEELS SARN*
SVSMLIe@
VLTHR
CMPRES
SAWN*
PEELER .
EXPBDY !

CMPRES ISTORE+

PEELER SVSCI
PEELRI
PEELRO
SAWN*

EXPBDY ILOAD+

PEELR1 SARN
BLSFTV°
BRSFTV
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EXTERNAL L INKAGES

CALLING PROGRAMS

PROGRAMS CALLED

PEELRO

ICOMPI+
IAND+
BLSFTV
BRSFTV®

BLSFTV

ILOAD+
ISTORE+

BRSFTV

ILOAD+
ISTORE+

* Entry under DARN
@ Entry under SVSCI
+ Entry under LOGFUNC
o Entry under BLSFTV

A brief description of the function of each subroutine and its storage

requirements are given

in the following table.

DESCRIPTION OF SUBROUTINES

SUBROUTINE STORAGE
OR ENTRY (BYTES) FUNCTION
PEELS 1526 Reduces the thickness of boundary
lines.
SARN Entry under Reads N bytes from a sequential
DARN (882) access unit into an array.
SVSML1 Entry under Sets the Mth elt. of a LOGICAL *1
SVSCl (842) vector to zero.
VLTHR 4oo Thresholds a vecior of 8-bit
integers to get a T-F vector.
CMPRES 4§52 Packs the information of an array
into the first NEL bits of another
array.
SAWN Entry under Writes N bytes of an array onto a
DARN sequential access device,
PEELER 1856 Initiates the removal of one layer
: of thick boundaries from top, left,
bottom, and right of an image.
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DESCRIPTION OF SUBROUTINES

SUBROUTINE STORAGE
OR ENTRY (BYTES) FUNCTION
EXPBDY 570 Senses each bit in a record and con-
verts the record to scan line
Intersection format.
ISTORE Entry under Moves a right adjusted field of data
LOGFUNC (304) | from one word to a specified field of
another word.
SVSCI 842 Sets all elements of a vector to a
given number.
PEELR! 576 Reads one record of the input image
. and sets up two arrays, one with the
bits of the record shifted one bit
to the left, and the other with the:
bits shifted one bit to the right.
PEELRO 2720 Performs the peeling of one record.
1LOAD Entry under Moves a field of data from a source
LOGFUNC word and right justifies it as the
output argument.
BLSFTV 880 Generates array |Y with the bits in
IX shifted one bit to the left.
BRSFTV Entry under Generates array 1Y with the bits in
BLSFTV IX shifted one bit to the right.
10R Entry under Performs an inclusive logical OR
LOGFUNC operation.
1COMP1 Entry under Outputs a value which is the input
LOGFUNC value source with a specified field
of bits |'s complemented.
1AND Entry under Performs a logical AND operation.

LOGFUNC

PERFORMANCE SPECIFICATIONS

1. STORAGE

including a driver (whose size depends largely on the dimensions
of LX, LY, and IBDY which are functions of NEL), the program needs
approximately 50K for handling NEL = 1000.
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2. EXECUTION TIME

The execution time is highly dependent on the size and complexity
of the boundary image, the thickness of the boundary !ines and

the maximum number of passes (MPASS) requested. In the case of the
LACIE GTM (a 820 x 1000 map with boundaries 2 and 3 pixels thick)
it took about 4 minutes to thin the boundaries.

5 3. RESTRICTIONS

None.

‘ Vil.  METHOD

i A simplified flow diagram for thinning boundaries is shown in
: Figure 23.

The program has three major steps:
1. Thresholding, compressing, and writing on a sequential
data set.

2. lterating to 'peel' boundaries.

3. Changing to SLIC format and writing on output sequential
data set.

1. THRESHOLDING AND COMPRESSING

The routine SARN reads each record (of NEL bytes) of the input data
set into the array LX. The routine VLTHR thresholds each of the _ K
NEL bytes in LX. A logical vector LY is defined as follows:

IF (IT.GE.0) LX(1).GE.I1T-==LY(1)=T
IF (IT.LT.0) LX(t).LE.1ABS(IT) =LY (1)=T

for | =1, NEL.

The routine CMPRES is then used to pack the information in LY into
the first NEL bits of the array LX. The I'th bit of LX is '"set" if
and only if LY (1) is .TRUE..
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CONVERT TO SLIC

FIGURE 23. SIMPLIFIED FLOW DIAGRAM FOR THINNING BOUNDARIES.
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The compressed boundary information Is then written on the sequential
access data set MDEV using the routine SAWN.

ITERATING TO PEEL

The main peeling routine is called PEELER. The input to this rou-
tine is from MDEV whenever |PASS, the iteration number, is odd and
the output then will be written on NDEV. When IPASS is even, the
input and output designations are interchanged. One call to PEELER
removes one ''layer'' of the thick boundaries from top, left, bottom,
and right.

To decide whether a particular boundary point should be deleted (i.e.,
the bit corresponding to it changed to 0), a 3 x 3 neighborhood
centered around the point is examined. Consider the array

a b ¢
d e f
g h 1|

where each letter represents a binary pixel. It Is to be decided
whether e which is presently equal to | should be changed to 0.
The conditions for a 'top peel' will be derived below and those for
peeling from the other directions followed by symmetry.

First of all, e should be a top boundary point. That Is, there
should be no boundary point directly above e and there should be a
boundary point below e. Therefore, b = 0 and h = | are necessary
conditions. Suppose bPh=1, (Here, b denotes the complement of

b.) Then, it is only necessary to check whether e is essentlial

to a boundary line through h and e. The line may proceed diagonally
or at right angles from e. The conditions for various configurations

are given below,
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000 X 00 00 X 000 000

0X0 0X0 0oxo XX 0 0 X=X |

0 )lt 0 0 !( 0 0 )l( 0 0 >'< 0 0 E 0 1

bh =1 ad = | cFe=i dg = | fT=1
DIAGONAL PCRPENDICULAR ‘

Thus, e Is essential If and only if Bh = ) or (ad = ) or cf = 1) |
or (dg = 1 or fT = 1). Therefore, the condition for a top peel is {

? that
: bh(a+d) (c+f) =) (diagonal connection)

Equivalently, to perform a top peel set

e = e(b+h+ad+cl)

it is convenient to implement the above equation by employing bit 1
manipulation routines operating on pairs of 32-bit words, thereby 1
performing the top-peel operation In parallel on 32 pixels. This ]
is done by using the ''current' array In place of e, the '‘previous"

array for b, the ''next' array in place of h., Also, the previous, l
current, and next arrays are right (left) shifted by one bit and |
used for a, d, and g (c, f and i) respectively In the peeling J

? formulas.

! The routine PEELER minimizes the movement of data in core by using
circular buffers for storing the '‘previous, current, and next'
arrays. An array J dimensioned 3 is used to store the indices
pointing to these arrays (J(1) ——s previous, J(2) = current,
J(3) —next) and after finishing sach record, only the array J

is updated.

Also, top, left, bottom, and right peels are performed one after the
other by just one pass through the data (thus minimizing 1/0) by
storing the intermediate results in core and operating with a phase
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When the |'th record LX is read from the input data set (see

: PEELR1), BLSFTV and BRSFTV are used to generate arrays LYL and

| LXR with the bits In LX shifted by one bit to the left and right,
l respectively. . j

Next, the (1-1)th record is peeled from the top. The top-peeled §
output of the (I-2)nd record Is peeled from the left. The top- and

"left-peeled output of the (1-3)rd record Is peeled from the bottom.

The top-, left-, and bottomepeeled output of the (1-4)th record is

right-peeled and written on the output data set. Also, whenever

any peeling is done other than from the right, the output is P
shifted to the left and right by one bit and the results are stored '

in the appropriate core locations pointed by J(3).

The routine PEELRO with the appropriate ISIDE will perform the
peeling of one record. The above operations performed for I=1,
NREC+4 will complete one iteration of peeling, constituting one
call to PEELER. The number, NP, or words of input that were
changed is counted during each call to PEELER. |f NP=0 or the
number of calls to PEELER has been MPASS, the iterations are
stopped.,

3. CONVERTING TO SLIC

Each reccrd is read from the last scratch unit on which the output

image was created. The routine EXPBDY is used to sense each bit :
in the record. The bit number of each 1-bit Is stored in IBDY. '

The total number, N, of 1-bits followed by N words of the array

IBDY are written on unit NTAPO.

Vit), COMMENTS

None.
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f IX.  TESTS

The program was tested on a small portion of a boundary image and was
found to work satisfactorily. Figures 24 (a) and (b) show computer line
printer plots of the image before and after peeling, respectively.

X. LISTINGS

The listings of PEELS and the assoclated routines are attached at the’
end of this section.
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: c
! c SUBROUTINE PEELS (MNTI,NTO,NREC,NEL, STV MPASS, ITYPE,LX,LY,380Y)
C THIS S BROLTINE PEELS THE OUTER LAYERS PROM tHE BOUNDARY LINES OF AN
C IMAGE wnILE PRESERVING TME DISTINCTNESS UF REGIONS SEPARATED BY
C THE BOUNDARY L INES
¢
c OIMENBION LX(Sbet(NELOS)/2D2e1)),LYC(INLLOLY)/001),TBDY(NEL)
: DIMENSION LXCI)LY 1),308DYCY)
DATA PDEV, NDEV /1, 2/
¢ .
. REPRODU
NS(NELel) /3208 CIBILITY
REWIND MDEV ORIGINAL PG m%’,‘,?"-‘
D0 10 1si,NREC R

CALL SARNINTI,LX,NEL)

Lx(1) s 0

LX(NEL) 8 0

CALL VLTHRCELX,NEL,IT,LY)

LX(N)SO

CALL CHPRESCILY,NEL,LX)

CALL SAWN(MDEV,LX,N04)
10 CONTINUE

00 20 1PASSS] ,MPASS

REWIND MOEV

REWINDG NDEV

16 (»CD(1PASS,2),EG,1)
oCALL PEELER(MOEV ,NDEV,NREC,STYPE, A, LN LECI20N01),LNCBAONGL), LY ,NP)
IF (v00CIPABS,2),EG,0)
oCALL PEELER(NDEV,MOEV ,ANREC,ITYRE,N,LX,LACI2ONGS) ,LXC200NOS),LY,NP)
WRITE(6,100) 1PASS, NP

15 (NP, EG,0)6G0 TO 30

0 CONTINUE
I1PASSsMPASS

80 IF(»ODCTIPASS,2) ,EQ,1)JDEVENDEY
IF(MOD(IPASS,2),E0,0)JOEVEMDEY
REWIND JOEV
‘ 00 40 1si,NREC
L CALL SARN(JDEV,LX,N0d) v
P CALL EXPBOY (LX,N,1,AREC,MNEL,300Y,J)
WRITE (NTO) J, (IBOY(L), LS§,J)
40 CONTINUE
RF TURA

100 FORMAT(SXI'DURING PASS NUMBER'33,! TRRUUGM PEELER'J6,!' WORDS OF COM
oPH SSED BOUNDARY IAFORMATION WERE CHANGED,!)
END
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SUBROLTINE DARNCIDEV,IREC,X,N)

THIS SUBROUTINE REANS N BYTES FROM DIRECT ACCESS OEVICE 1OEV
STARTING AT RECORD IX INTO ARRAY X

LOGICAL*Y x(N)
READCIDEVIIREC)X
RETURN

ENTRY DAWNCIDEV,IREC,X)N)

THIS EXTRY WRITES N BYTES OF ARRAY X OMYO RECORD 1X OF DIRECY ACCESS
DEVICE ICEV

WRITE (IDEVIIREC)X

RETURM

ENTRY SARNCNTAPT,X,N)

THIS ENTRY READS K RYTES FRCM SEQUENTIAL ACCESS LNIT NYAPI INYC
ARRAY X

READ(NTAPI)X

RE TURN

ENTRY SAWN(NTAPC,X,N)

TMIS ENTRY WRITES A BYTES OF ARRAY X ONYO BEQUENTIAL ACCESS
UNIT NTAPL

WRITE(NTAPO)X

RE TURM

END
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SUBROUTINE VLTHRELX,N,TIT,LY)

¢
LOGICAL Y LXCN) LYIN),F/ FALBE,/,T/,TRUE,/
c
c THRESHCLD A VECTOR LX OF 8 BIT INYEGERS TO GEY A Tef VECTOR,
¢ IF *17¢ 18 POSITIVE, LY(I) 18 TRUE FOR LX(1) ,GE, 1T,
g I6 LTt IS NEGATIVE, LVY(I) I8 TRUE FOR LX(2) LE, JABS(IT),
ITTSIABS(IT)
IFC(IT,LT,0)60 TC 10
DO 20 Isi,N
LY(I)sb
IF(LXCT) o6 1TTILY (20T
20 CONTINUE
RETURN REPRODUCIBILITY OF THE
c ORIGINAL PAGE IS POOR
10 00 30 Isi,N
LY(1)8F

IPCLXCTYIGLELITTILY ()Y
30 CONTINLE

RETURN

EnD
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SUBROUTINE CMPRESC(LX,NEL,LY)

THIS SURROUTINE 18 USED YO PACK THME INFORMATION IN LX INTC THE FIRSY
NEL B1TS OF THE ARRAY LY

(aNaRa Nal

LOGICAL#L LX(NEL)
DIMENSION LY(1)

JwRDal
J6ITal33
00 10 I=mi,NEL
JBlTalBlTel
IF(JBIT,NE,0)G0 TO 20
JBITs3e
JuRDaJwRDe}
20 IxsLx(])
LYCIWRDISISTORECIX,LYCINRD),JBIT,1)
10 CONTINUE
RETURAN
END

274




s T T e A TR T L R T T R T R e A T T TR T T R AR A T R e e VTS

SUBROUTINE PEELER (MDEV,NDEV NREC,ITYPEIN,LX,LXR,LXL,LY,NP)

THIS SUBROUTINE INITIATES THE REMOVAL OF ONE LAYER OF THMICK BOUNDARIE
FROM TOP, LEFT, BOTTOM AND RIGHY OF AN INMAGE

DIMENSION LXCN, T 8) ,LXRIN,S,8),LXLIN,3,4),LY(N),J(CS)

NRECIBNREC !
NREC2sNREC+2
NRECISNREC+3
NRECUGNREC +4
jibs
J(2)s ariLIt
J(3)n3 REPRODUQ&E.GE 13 POOR
CALL SVSCI(LX ,12%N,0) INAL
ORIG
CALL SVSCI(LXR,124N,0)
CALL SVSCICLXL,12%N,0)
NPs(

[q] 3IOOMNO

DO 10 I=1,NRECY
00 20 K=i,d
IF(I,LE,NRECeKk)GO TO 20
CALL SVSCICLX (1,J(3),K),N,0)
CALL SVSCI(LXR(1,J(3),K),N,0)
CALL SVSCICLXL(1,JC3)oK),N,0)
20 CONTINUE
IF (1,LE,NREC) CALL PEELRY (MDEV,LXsLXRyLXL,J,N)
IF(1,67,1,AND,I,LE, NRECY)
. CALL PEELROCLXCL p1o1) LXRCE,10o1)oLXLCT,301),Jd,Ny8,
LXxXe1,J(3),2), Lxﬂ(l J(S).Z} LXLCLsJ(3),2),NP,ITYPE)
IF(I GT,2,AND, I, LE, NREC!)
o CALL PEELRU(Lx(lcloa) LXRCL,8,2)0L0LC8,8,2),0,)N,2,
LX€¢1,J(3),3),LXR(1, J("r’)o XLCL,J(3),8),NP,ITYPE)
IF(1 GT,S.AND 1,LE, hRECJ)
R CALL PEELROtLX(l LoD, LXRCE,1,3)L%L(2,3,3),J,N,3,
LXx(3,J(3),4),LXR(Y, J(S) 4),LxL(3,JC3),4),NP,TITYPE)
IF(! GT, a)
. CALL PEELROCLXC1,1,08),LXRC8,1,4)0LXLCS,104),J0,N,4,
. LY, 0,0,NP,1TYPE)
IF(I.Gt.a) CALL SAWNCINDEV,LY,dsN)
DO 30 x=1,3
J(KIBMOD(J(K),3) ¢!
30 CONTINUE
10 CONTIAUE
RETURN
END
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SUBRCUTINE EXPBCY(LX,N,TREC,NREC/NEL,4BVY,J)

THIS SUBROUTINE SENSES EACHM BIT IN A RLCUORD AND CCMVERTS THE RECORD
TO SCAN LINE INTERSECTION CODE FORMAT

s Be Xalat

DIMENSION LXC(N),IBDY(Y)
LOGICAL ILOAD

1F(IREC,EQ,1,0R,JREC,EQ,NREC) GO TO 1V
GO Y0 30
10 JaNEL
00 20 Isi,NEL
180Y(1)s}]
20 CONTINUE
GO YO &0
30 JwRDs)
JAIT=SS
Js0
D0 SO0 Isi,NEL
JBITe)BITey
IF(I,EG,1,0R,1,EQ,NEL) GC TO 70
IF(JBIT,NE,O0) GO 10 40
Jélts3e
JuRDsJwRD e
40 IF( NOT,ILOADCLXCJIWRDI,JBIT,1)) Gn YO SO
70 JaJey
180Y(J)s]
SO CONTINUE
60 RETURM
eEND
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SUBROLTINE SVSCI(IX,N,18)

¢
C THIS SUBROUTINE SETS ALL ELEMENTS OF AN INTEGERAQ VECTOR 10 A GIVEN
C NUMBER
c
DIMENSION IX(N) Rep
DO 10 1a1,N ORIGI;]{?DUCIBI
1X(1)818 AL p, Uy
CONTINUE AGEIS FT”E
RETURN Ponp

EMTRY 8VSCl2(12,N,18)

THIS ENTRY SETS ALL FLEMENTS OF AN INYEGER®2 VECTOR T0 A GIVEN MUMBER
INTEGER#2 J2(N)
00 20 Isf,N
12(1)s]8
RE TURN

ENTRY SVSCLIC(I3,N,L)

THIS ENTRY SETS ALL ELEVENTS OF A LOGICALe! VECTCR TO A GIVEN NUMBER
LOGICAL#) I3(N)
00 30 Isi,N
13(1)sL
CONTINUE
RETURN
END
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SUBROUTINE PEELRY CMDEV, LX, LXRy LXLe Jy N)
TH]S SUBROUTINE READS ONE RECORD cF TWE INPUT IMAGE AND SETS UP TwoO
ARRAYS, CME WITM THE BITS OF THF RECCRD SMIFYED CONE BT TO THE LEFT,
AND THE OTHER WITH THE BTTS SHIFTED ONE HIT TO TME RIGMY
PIMENSTON LXCN,3), LXRIN,3)y LXLINg3)s J(W)
CALL SARN (MDEV, LX(1,J(3)), 4aN)
CALL BLSFTV (LXC3,J€39), Np LXLLY,J(3)))
CALL BRSFTV (LXC1,J(3)3s Ny LXR(3,J(3)))

RETURM
END
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SUBROUTINE PEELRO (LX.LXR.L’L.J,N,tO!D!oLY.LVﬂ.LvL.NP.!TY'!)
THIS SUBROUTINE PERPORMS TME PEELING OF ONE RECORD
DIMENSION LXCNGS)oLURIN,IIHLXLENSS)oLYCNILLYRCNILYLINY»JL(D)

D0 60 Isi,N

TF(LY(1),£6,0080 70 80 REPRODY
FILY(1).EQ,0) CIBILIT

GO 1O (1, 2), ITYPE ORIGINAL pAGg}’sOlf;)ggE

#* TYPE | ALGORITHM o DIAGONAL CONNECTIONS
GO 10 (10,20,30,40),18108

(2] OO

A aka K Nalgl

(2N o]

20

[l aXe N . ' Ka s

TOP PEEL
Iwi s 10R
Iw2 8 TAND
Is3 s JAND
GO 10 SO

LEFT PEEL
Iwg 8 I0R
W2 8 1AND
Iw3l 8 IAND
60 T0 S0

BOYTIOM PEEL
Int 8 I0R
Ing 8 JAND
Iwl =3 TAND
60 T0 SO

RIGHT PEEL
Iny s IOR
Ing = TAND
Iw3 8 1AND
G0 10 SO

(Lx (3,J(1)),
(LXR(T,JC1)),
{RINSFRISRRD

(LXR(T,J(2)),
(LXR(I,J(1)),
(LXR(I,J(3)),

(x ¢1,J(3)),
(LXRCI,J(3)),
(LXLCT,J¢3)),

(LxL(l,Jt2)),
(LxLCI,J(1)),
(LxLet,Jeyy),

ICOMPL LY (2,JC3)),32,32))
ICOMPI(LXR(I,J(2))s32,32))
JCOMPECLXLCSsJ(23),32,32))

ICOMPY(LXxL(30J(2))032,32))
ICOMPLCLY (20J(1)),32+32))
TCOMPECLX (20J(3)),32,32))

ICOMPY cLx (IsJ(1)),32,32))
TCOMPYCLXR(T,J(2)),32,32))
ICOMPL cLXL(20J(2Y),32,32))

JCOMPE (LXR(1,J(2)),32,32))
ICOMPE(LX (X,J(1))032,32))
ICOMPL(LX (I:J(3)),32,32))

4 TYPE 2 ALGORITHM o PERPENDICULAR CONNECTIONS
GO T0 ($1,22,33,44),1810¢E

TOP PEEL
Iwy ® JOR
Iw2 3 TAND
Iw3 8 TAMD
GO 70 %0

LEFT PEEL
Iwy = IOR
Jw2 = 1AND
Iw3 = IAND
G0 T0 SO

BOTTOM PEEL
Inl = JOR

e e amana . b

(Lx ¢(1,J01)),
(LXR(I,J€2)),
(LxLCI,0(2)),

(LXRCI,J(2)),
(Lx (I,J(3)),
(Lx (1,J¢1)),

(Lx (1.J€3)),

ICOMPY (Lx (1,J(3)),32432))
ICOMPI(LXR(I:J(5))r32,32))
JCOMPEI(LXL(TsJ(3))r32,32))

JCOMPY(LxL(1,J(2))082,%2))
TCOMPL (LXL(I,J(3)),32,32))
JCOMPY (LXLCTsJ(1))s32,32))

JCOMPL (LY (2,J(89),32,32))
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TCoMPL(LuLtl

Ind 8 TAND (LXL(T,J(2)), "
20J¢2)), JCOMPICLXR(INJ(C

Ind 8 TAND (LXR(
GO T0 SO

c

C RIGHY PREL

w4 Ing 8 JOR (LXLCE,JC2)), ICOMPICLXR(I,J(2))/s32,32))
Iw2 8 IAND (LX (3,J€13), 1COMPLCLXRCI,J(1)))33,32))
In3 & TAND (LX €3,J(3)), ICOMPE(