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1. PURPOSE

The purpose of the software for cluster-based proportion estima=-
tion is to provide a standard tool for testing, evaluating, and
predicting the performance of Procedure 1 replacements.

In the Supporting Research Branch of the Earth Observations Divi-
sion there are two projects underway to investigate new techniques
to classify Landsat data for crop inventory purposes. These
projects are based on different philosophies concerning the way

in which an efficient inventory might be conducted. One approach,
which supports the current corn and soybeans project, is to deter-
mine if increasing the number of type 1 dots in Procedure 1 will
decrease the variance of the classifier to the point that machine
classification will provide a more accurate proportion estimate.
The second approach, which supports a longer range effort to arrive
at a replacement for Procedure 1, will study the performance of
various clustering algorithms in combination with various strati-
fied area estimations or cluster-labeling techniques. The attempt
is to determine if unsupervised clustering followed by various pro-
portion estimation strategies (such as cluster labeling or propor-
tion allocation based on dots within clusters) will provide more
efficiently proportion estimates having acceptable accuracy. The
software described in this document is used to evaluate proposed
replacements of Procedure 1 and thus supports the second approach.*

In Procedure 1, dots are labeled by an analyst-interpreter. 1In
the tests performed by this software system, the computer labels
the dots using ground truth. Thus, the variability resulting
from the analysts is eliminated. 1In a normal Procedure 1 opera-
tion, dots are chosen from a grid. In these simulations, dots
are chosen pseudorandomly from clusters. The clusters are formed

*¥This software was developed in the Test and Evaluation Group,
P. J. Aucoin, Jr., Group Leader,.
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using one of three algorithms. Each pixel of a cluster is equally
likely to be selected as a dot. On the basis of cluster size and
label (or dot label), the proportion estimate of small grain for
the area is then computed and compared with the ground truth
proportion.

The implemented system consists of a total of nine different dot
allocation and labeling schemes. One purpose of implementing
these schemes is to test them in combination with cluster maps
produced by various clustering algorithms. Currently, three clus-
ter algorithms are being tested: CLASSY, AMOEBA, and ISOCLS. The
objective is to answer the following questions:

a. Which dot allocation and labeling scheme is the most effective?
b, Which of the various clustering algorithms is most effective?

c. What are the adverse effects if fewer dots are used?

A way to answer these questions is to study the statistical prop-
erties of the proportion estimates. The system has a built-in
function that allows a user to select a different pseudorandom
sequence for dot allocation. By repeating a dot allocation and
labeling scheme over a reasonably large number of different
pseudorandom sequences, the following statistics may be obtained:

a. The bias, mean squared error (MSE), reduction in MSE, average,
variance, and variance reduction of an estimate with respect
to the ground truth proportion

b. The above statistics as functions of the number of dots
allocated

c. The mean and variance of the number of dots allocated in
cases where this number varies
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Another purpose of this software is to provide a basic library

of routines to be used to construct new dot allocation and label-
ing schemes for future testing.

To interpret and analyze the proportion estimates is beyond the
scope of this document. The specification, however, does estab-

lish the baseline configuration of the software for clusier-based
proportion egtimation,
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2, SCOPE

The system contains 1l independent programs (2 for conversions
and 9 for dot allocation and labeling) and 1 utility subroutines
package. These programs are written to be executed in an inter-
active environment on the PDP 11/45 image or support processor,
However, batch versions are available, (A descriftion of the
hardware used is outside the scope of this document.) Table 2-1

lists the independent programs as they are named in their Fortran

source files and in the executable task files.

2.1 CONVERSION PROGRAMS

Two cornversion programs have been implemented: one for converting

or stripping the available cluster map file, the other for ttke
ground truth map file. The acceptable format of input files is
Landsat Universal format, Fortran readable and sequentially
accessible. The outputs are "stripped" files, Fortran readable
and directly accessible., The stripped files are more efficient
to access becaus. they are only about half the size of their
parent files and the direct access operation skips unnecessary
disk inputs and outputs (I/0's). The name convention is as

follows:

a. For cluster maps, the file element is replaced by "STP"
(stripped). For example, cluster map file, 100519101.DT2
is stripped to 100519101,.STP.

b. For ground truth map files, only the first four characters
are used., The file element is replaced by "STP." For
example, a ground truth file, 100577278.GT0 is converted

to 1005,STP.

bwi




Fortran file Task file

AlO.FTN
All.FTN
A0l.FTN

A08.FTN
E A0S.FTN
’ Al12.FTN
Al3.FTN
Al6.FTN
Al8.FTN

Al5.FTN

Al7.FTN

A81,TSK
AB86.TSK

A82,TSK
(AB2B.TSK)

A83.TSK

AB4.TSK
AB5,.TSK*

A87.TSK*

(A87B.TSK)

AB9.TSK*

A91,TSK*

A88,TSK

A90,TSK*

TABLE 2-1,~ SOFTWARE FOR CLUSTER-BASED PROPORTION ESTIMATION

Comment
To "strip" down a ground truth map file
To "strip" down a cluster map file

Proportional dot allocation

Proportional dot allocation,
majority rule labeling

Bayesian dot allocation (uniform prior)
Bayesian dot allocation (no prior)

Bayesian dot allocation
(quadratic prior)

Bayesian dot allocation
(modified quadratic prior)

Bayesian dot allocation
(adaptive prior)

Bayesian dot allocation (uniform prior),
majority rule labeling

Non-Bayesian sequential dot allocation,
majority rule labeling

*
Not in original job order; added as requested.

B S P -
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2.2 DOT ALLOCATION AND LABELING PROGRAMS

There are nine iundependent programs representing nine different
dot allocation and labeling schemes, These programs have a simi~-
lar logic flow, accept thu same input format, produce the same
output format, and use the same utility subroutines package. A
typical program consists of the following:

l. Interactive input of job parameters

2. Repetition capability to compute the statistics of a propor=~

tion estimate
3. Intermediate summary or grand summary or hoth

4. Resetting the pseudorandom number generator to ary desired

starting point
5. Optional detailed dot files

6. Optional status messages at the terminal

The available dot allocation and labeling schemes are listed in

the Comment column of table 2-1.

2.3 UTILITY SUBROUTINES PACKAGE

A package consisting of utility subroutines for handling disk
read, dot generation, and other basic operations is implemented.
Table 2-2 lists the subroutines available. Reading the cluster
map from its disk file is handled by subroutine CLMPCS (cluster
map cluster sizes) and its other entry points CLMPXY (cluster
map position - x,y) and CIMPLC (cluster map size -~ lines,
columnsi) . Reading the ground truth map from its disk file is
handled by subroutine GTMPLB (ground truth map label). The selec-
tion of a dot and associated bookkeeping is done by subroutine
GETDOT. The subroutine MR (majority rule) finds a majority labe:
on a first-come-first-assigned basis. The subroutine LBLITP
(label interpretation) interprets a given label and increments

a counter if the label is a small grain.

23
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TABLE 2-2,— CONTENT OF THE UTILITY SUBROUTINES PACKAGE

Subroutine

Entry

Usage

Commen

CLMPCS

CLMPXY

CLMPLC

Reads the cluster map, counts the total
number of pixels, counts the number of
clusters, counts how many pixels each
cluster has, stores types of clusters,

Internally, sets up & table: number of
pixels as a function of line number and
cluster number,

Returns the line and column number of a
given dot in any cluster using the
internal table set up previously.

Sets the size of the cluster map.

Must be
called
before
calling
CLMPXY

Default to
117 lines
by 19;

columns
—

GETDOT

RANST
(random
start)

Chooses pseudorandomly with equal proba-
bility a pixel Zrom a cluster and assigns
it as a dot. A dot array containing pre-
viously generated dots is consulted in
order to avoid double selection. Updates
the dot array.

Sets the starting point of the pseudoran-
dom sequence.

GTMPLB

Returns the ground truth label of a pixel
given its line and column pcesition.

Returrs a majority label for a group of
labeis.

LBLITP

Interprets a given ;ubcl as small grain or
other. Increments a counter if the label
is small grain.
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2.4 ORGANIZATION OF DOCUMENTATION

Each of the following sections (3-14) discusses one of the soft-
ware components. The Aiscussion begins with a description of the
program, including its purpose and structure. This is followed
by the program's linkage, interfaces, inputs, and outputs. A
brief form of the algorithm is included, as is a fiow chart. The
section concludes with the listing of the program. Subprograms
of the 10 programs having them are discussed in appendixes A-J.

2,5 APPLICABLE DOCUMENTS

An applicable document is the requirements, which were informally
transmitted under TIRF 79-0009, March 1979.



R ORI e g

3. A8l: TO STRIP A GROUND TRUTH MAP

3.1 DESCRIPTION

This program converts the file format of a ground truth map to a
form that permits faster data access. Several properties of the
ground truth map are assumed: single channel, size 351 lines
and 392 columns, written in Landsat Universal format, Fortran

readable by sequential access.

The output is a stripped ground truth map file that is Fortran
readable by direct access. It contains no header record, and
only 117 data records. Each record contains only 196 bytes.

The conversion results in a reduction to one-third the number of
lines and one-half the number of columns. The 6-to-l1 pixel reduc-
tion is based on a first-come-first-assigned majority rule. The
lack of a header record and trailing zero-filled bytes make the
output file much smaller, about 8-percent the size of the input

ground truth map file,

3.2 LINKAGE

A subroutine named MR6 is ased to compute the majority label for

every six pixels.

3.3 INTERFACE

N/A




The following should be entered at the terminal by the user
(interactive) or by card image file (batch):

Card
or Default Default
line Parameter Format input value

Ground truth map file name Al3 None
(However, if "STOP"
is typed, program
exits.)

The following disk file is needed: the ground truth map file.

3.5 OUTPUTS

This program echoes the input specifications and outputs status

messages.,

A disk file (named with the first four characters of the input

file name followed by .STP) is generated to contain the stripped

ground truth map.

3.6 BRIEF ALGORITHM: TO STRIP A GROUND TRUTH MAP

1.

Read ground truth map file name; if "STOP" is read, program
stops.

Open the ground truth map file and the output file.
Repeat a through d for LINE = 1 to 117:

a. Read three lines from ground truth map into a buffer.

Sequential access.,
b. For K =1 to 196, do (1) and (2):

(1) Extract the pixels (i, j); i =1, 2, 3;
j = [(K=-1) » 2 + 1] to 2 * K,

3.4 INPUTS




(2) Call MR6 to compute the majority label for the
six pixels.

Cc. Write on output file the 196 majority labels. Direct
access.

d. If line count reaches a certain number, outpuil: a status
message.

4, Write a job-ending message.
5. Close both input and output files.

6. Go back to 1.

V4
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3.7 LISTING
Coommmes PROGRAM NAME: AL1Q.FTN (R81,.TSK).
C---~—— CONVERTS GROUND TRUTH IMRGE C(IN DISK FILE) OF
C—--" SIZE 351 LINES BY 382 COLUMNS TO LRCIE
Cer==- SIZE 117 LINES BY 196 COLUMNS. MAJORITY RILE 1S
LCommee USED FOR EACH GROUP OF € SUBPIXELS.
gs-—*—-— WRITTEN AND EDITTED BY NIM-YAU CHU.
BYTE J1(3060),L1(2998),J2(540),L2(468),
X J3(540),L3(468), J4(5403,L4(468)
BYTE  15(6) ,NSTOP
BYTE NAME(15),NBT(10)
EQUIVALENCE (J1(73),L1),(J2(73),L2), (J3(73),L3), (J4(732),L4)
EQUIVALENCE (J4(71),LINEX)
DATA NBT(S)~' .’ /,NBT(6) /'S /, NBT(?) /' T/, NBT(8) ' P/
DATA NSTOP'S’~
[y
1286 CONTINUE
WRITE(S,201)
201  FORMAT(’ PROGRAM:N10(AB1.TSK). TO REDUCE r/
x * RESOLUTION. OUTPUT IN STRIPPED FORMAT'/
* :TYPEGRU.NDTWFILENR“E/
ARRAARRARAARAA"
R!‘.QD(? 202.\(NQNE(K)-K-1s13)
202 FORMAT(13A1)
IF(NAME(1) .EQ.NSTOP) STOP
: WRITE(8,203) (NAME(K) 1 K=1,13)
2¢3 FORMART(~’ (BROUND TRUTH FILE FROM ’,13R1,~/
c X ' LABEL BY MAJORITY RULE...EXECUTION BEGINS...WAIT")
0PEN(UNIT=2:WE=WE TYPE='0LD’,
FORM="* UNFDRt‘ﬂTTED * + READOMNLY , ERR=901)
DD 241 K=1
=41 NST(K)-WE(K)
UPEN(UNIT=3, NAME=NGT» TYPE= * NEW’ , FORM= " UNFORMATTED’ »
c X ACCESS='DIRECT’ s RECURDSI1ZE=49,MAXREC=117)
c
READ(2)J1
NLINE=117
NCOL=196
K3=2X%NCOL+72
c KS=NLINE/6+1
DD #:31 L.=1,NLINE
READ(2) (J1(K):K=1,K2)
READ(2) (J2(KJ)»K=1., KD}
READ(2) (J3(K):K=1,K3)
DO 221 K=1,NCOL
Ki=(K-1)Xa+1
K2=Kl+1
: I6(1)=L1(K1)
I1G(2)=L1(K2)
I1G(3)=L2(K1)
16(4)=L2(K2)
16(5)=L.3(K1)
I16(6)=L3(K2)
C WRITE(8,99101)L: K, IG
939101 FORMAT(' LK, 16=’,1514)
CALL MRE(IG,L4(K))
221  CONTINUE
HRITE(3’L) (L4(K),K=1,NCOL.)
Z WRITE(S,93201) (J4(K) :K=65, 160)
399201 FORMAT(' OUPUT=",1614)
IF(MOD(L,KS)  ER.9) WRITE(B.23%)L, (NGT(K)+K=1,8)
5 725 FORMATCIS,’ LINES WRITTEN M ’» BAL)
231 CONTINUE

ORIGINAL P2CT I3
OF POOR QUALITY

3
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C

WRITE(S, 3S1INLINENCOL, (INGT(K) o K=1,10)
31 FORHAT(® STRIPPED MaP OF SIZE', 14, LINES BY*,14,' COLS',
X * PRODUCED I '.10A1,-7,
* ' NEXT GROUND TRUTH MR PLERSE. TO STOP, JUST TYPE STUP’)
CLOSE(UNIT=2)
CLOSE(UNIT=3)
E0TO 1@0

“al WRITE(8,911)
911 FORMAT(* ERROR OCCURRED WHILE REARDING INPUT GROUND TRUTH FILE.")
591 ggg?

[
SUPRGUTINE MRE( 16, LABEL)

= JB (DIM 6) CONTAINS & 13.T. SUBPIXELS

Commem ON RETUEN, LRABEL WILL CONTRIN THE MARJORITY FULE LABEL.
BYTE IG(11,.J6(56Y,L3(6),LABEL

N

Commmmmmm CLERR BUFFER

DO 201 I=1.6
2o1 LG =0

Ji=1

JEC1y=1R0,11)

1LE(J1y=1

e LDUNT SUBPIXELS HAVEING =aME LABELS
251 [=2.6
: DU 221 d=1..11
Cc WRITE(S,99108) I, J, IG(IJ-bel).Ji
99108 FORMATC(® 1,J,16.J5.J1=",1014)
IF(1G0]).EQ..JB()) GOTO 231
221 COMTINUE
Ji=J1+1
JiJ1)=16(1)
LE(J1y=1
G0TO 251
231 L5l =a(d)+1
z51 CONTINUE

Cemermes CHOOSE THE MRJORITY LABEL
MAX=0
DO 231 I=1.6
TFULGO] ) LE.MAX) GOTO 281
MAR=LE( 1)
Ji=]

281 COMTINUE
LABEL=JG(J1)
RETURN
END




4., A86: TO STRIP A CLUSTER MAP

4.1 DESCRIPTION

This program converts the file format of a cluster map to a form
that permits faster data access. Several properties of the cluster
map are assumed: single channel, size 117 lines and 196 columns,
written in Landsat Universal format, Fortran readable by sequential
access, : :

The output is a stripped cluster map file that is Fortran readable
by direct access. It contains no header record, and only 117 data
records. . Each record contains only 196 bytes, corresponding to
the 196 pixels of a line,

The lack of a header record and trailing zero-filled bytes make
the output file much smaller, about half the size of the input
cluster map file,

. O

4.2 LINKAGE

N/A

4.3 INTERFACE

N/A

4.4 INPUTS

. Fortran-formatted input of the following parameter is needed:

' Card )
Dt or Default Default

; line Parameters Format input value |

1 Cluster map file name Al3 None é

!

(However, if "STOP"
is typed, program

exits.)




A disk file (named with the first four characters of the input
file name followed by .STP) is generated to contain the stripped

4.5 OUTPUTS

This program echoes the input specifications and outputs status
messages,

The following disk file is needed: the cluster map file.

cluster map.,

4,6 BRIEF ALGORITHM: TO STRIP A CLUSTER MAP

1.
2,
3.

4.
5.

6.

Read cluster map file name; if "STOP" is read, program stops.
Open the cluster map file and the output file.
Repeat a through ¢ for LINE = 1 to 117:

a. Read from cluster map the appropriate number of bytes
into a buffer. Sequential access,

b, Write on output file the just read bytes. ‘Direct access.

c. If line count reaches a certain number, output a status
message.

Write a job-ending message.
Close both input and output files.

Go back to 1.
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4.7 LISTING omgm

===~ PROGRAM AL1,FTH (ABE, TSK)

C-~--~ TO_STRIP A CLUSTER MAP IN UNIVERSAL FORMAT OF SIZE

S— 117 LINES BY 136 COLS.

€=~~~ OUTPUT IS f FORTRAN DIRECT-ACCESSIBLE FILE WITH N0 HEADER

C----~ RECORD NAME A5 X.STP (1.E. SAME FILENAME BUT MUST HAVE

C-m- FILE ELEMENT RS .STP ( STANDS FOR STRIPPED ).

L

BYTE JX,NSTOP, MNAMEC17).NBT(17). JJ1400),LL (420)
EQUIVALENCE (JJ(?3).LL)

DATA NBT(10)~" '/ NET(11) 778/ NETU12) 7" T 7/ NBT(13) /P
DATAR NSTOP/’ S’/

C
190  CONTINUE
WRITE(B,121)
121 FORMATC’ PROGRAM AL11(ASE.TSKH. TO QTPIP A CLUSTER MAP FILE '
X A INPUT CLUSTER MAP FILE MAME.’ - AAANRRAAARANRAR' I

READ(7, 122 (NAME(KY, K=1, 13
ze FORMAT(13A1)

[F(NAME(1) . EQ.NSTOP) STOP
DO 131 K=1,9
131 NBT (X =NAME(K)

DPEN(UMIT=2, NAME=NAME, READOMNL.Y » HCCESS= * SEQUENT 1AL »

X TYPE="0I.D’ s FORM="' UNFORMATTED® )

NLINE=117

NCOL=196

NWOED= (NCC! ~1)74 +1

OPEN(UNIT=3, MAME=N3T, ACCESS=’ DIRECT'

* RECORDS I ZE=MNWHORD s MAXREC=NL INE»

X TYPE="*NEW' s FORMa* UNFORMATTED® )

READ(21JR

K1=NCOL+72

Ke= NLINE/& +1

DO 301 L=1,MLINE

READ(2)(JJ(K) K=1 K1)

WRITE{3'LI (LLC(KJ, K=1,MCOL )

IF(hOD(L, K27 . EQ. ) WRITE(H, 251)L..NGT
251 FORMATLIS, ” LIMNES WRITTEN OM . 17RL)
201 ConTINUE

WRITECS, 351 "N INHEMCOL » NBT
L FORMAT(" STRIPFED MAP OF SIZE', 14, ° LINES BY'» 14, COLS',

X ' FRODUCED IM *,17R1..7,

X ' NEXT CLLUISTEF HﬁP PLEASE. TO STOP. JUST TYPE STOR*
CLOSELUNIT=2)

CLOSE(UNIT=3)

GITO 1v@

END
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5. AB82: PROPORTIONAL DOT ALLOCATION

5.1 DESCRIPTION

Implemented in this piece of software is a scheme in which dot
allocation is proportional and labeling is direct from ground
truth,

Dots are selected from each cluster in a pseudorandom fashion with
equal probability. The number of dots selected from cluster i
is given by

n, = n — (5-1)

where n = total number of dots to be allocated to the entire

scene
Ni = number of pixels in cluster i

N = total number of pixels in the entire scene

The equation for the proportion estimate of small grain is

A m x' N'
P = Z -i._l
sg /&4 0, N
where m = total number of clusters
X, = number of dots labeled as small grain

1

(notice x, £ ny

)

The algorithm for proportional dot allocation includes the fol-
lowing strategies:

a., If a cluster is too small to receive at least one dot, then
this cluster is grouped with other small clusters at the end
of the selection process. The number of dots for this mix-
ture cluster is computed according to equation (1).

st
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b. 8ince the right-hand side of equation (1) may be a fraction
but the number of dots must be an integer, a rounding-off
operation is applied to ng.

¢. Because all n, are rcundos off to the nearest integer, Zni
may not be equal to n, the total number of dots to be allo-
cated to the entire scene. To correct for this, dots will
be added to or subtracted from the clusters, starting with
the clusters that have the most dots,

This scheme, like other allocation and labeling schemes, may be
repeated with different pseudorandom sequences. The main program
resets the random number generator to a different starting point
for each repetition.

All computation of statistics such as mean and variance is per-
formed in the main program. An intermediate summary is printed.

éurthermore, the program permits entry of several values of n,
the total number of dots to be allocated, at the job initializa-
tion stage. A grand summary is produced.

5.2 LINKAGES

The PDP 11/45 Fortran library (for functions and subroutines such
as SQRT), the PDP 11/45 system library (for routines such as the
pseudorandom number generator), and the utility package (described
in section 14) are required.

Main program

or subprogram Subroutine or function required
MAIN SAE, GETDOT, CLMPCS, GTMPLB, LBLITP
SAE GETDOT, CLMPCS, GTMPLB, LBLITP
(stratified area estimation)
GETDOT RAN

7




5.3 INTERFACE
Interface with other routines is through the common block PRTFLG A
(print flag — 2 bytes), which is used to control the optional
printing of dot files and other information.
5.4 INPUTS
Fortran-formatted input of the following parametefs is needed: |
Card : ;
or Default Default ]
line Parameters Format _input value )
1l Cluster map file name Al3 None %
2 2 a, Number of repetitions I3 0 or blank 1 ‘%
b, Starting point of first IS5 0 or blank 10
f% pseudorandom sequence
: % c. Number of repetition 13 0 or blank 5
: printings ‘
3 a., Number of "total number I3 None
of dots" ' j
F b. 1st total number of dots I3 None
c. 2nd total number of dots 13 None ;
r. 17th total number of dots I3 None 3
% 4 Number of status messages on I3 0 or blank NO MSG ,
e 4
F terminal

Two disk files are needed, one containing the stripped cluster
, map, the other the stripped ground truth map. These files should
F' have been created by conversion programs A8l and A86.




5.5 OUTPUTS

In addition to the normeal echo of input specifications and status 3
messages on the terminal, the following will be output on a line
printer,

Report Contents

Individual repetiticn 1. Processor header
2. Ground truth small-grain proportion

3. A table showing number of clusters,
! cluster name codes, cluster sizes, and
E number of dots assigned

4. A dot file showing dots chosen, their
x-y position, and their ground truth
labels

Intermediate summary 1. Processor header

2. A table showing the estimeie and bias
of each repetition

e

b 3, Bias, MSE, reduction in MSE, average,
E variance, variance reduction

Grand summary l, Processor header

2, A table showing bias, MSE, reduction
in MSE, average, variance, and vari-
ance reduction as functions of total
number of dots

5.6 BRIEF ALGORITHM: FOR PROPORTIONAL DOT ALLOCATION AND
DIRECT LABELING

1. Type messages at terminal and read from it run specifications.

2. Compute ground truth small-grain proportion.

"X




3.

4.

For each total number of dotr specified, repeat a and b:
a. Repeat (1) through (5) until all repetitions are finished:

(1)

(2)
(3)
(4)
(5)

Set starting point of the pseudorandom number
generator.,

Determine each cluster's dot allocation (proportional).
Sele~t dots from the clusters.

Pick up small-grain labels.

Compute the proportion estimate.

b, Compute bias, MSE, reduction in MSE, average, variance,
and variance reduction, and print an intermediate summary,

Print a grand summary,




§

Open the cluster mip file

4

fepeat for all TOTOOTs

4

Repaat for all psevdorandom
S0GUENCES

:

Sat starting point of the >
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previorandon numbe
penerator

Cal) SAE
Compute proportion estimete
allocation: proportionsl)

Tabeling: direct)

Update the seed to start
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generator

Print intarmediste summary

.__-——‘I""‘N\

Print grand s . sery

Call CLWCS o initialine
cluster mp read

Too
many clusters?

L]

Detatet e mm. 0 .
thet snould £, allocater -

oach cluster .

—

Check cluster 31208 ond )

a1l clusters to
orm on extrs cluster

Add or subtract Zots

Figure 5-1.- Plow chart for prorortional dot allocation.
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5.7 LISTING .

Le=—=— PROGRAM RQ1 (AB2.TSK)1 PROPORTICN ESTIMATE OF SMALL GRAIN
| Le———— USING PROPORTIONAL DOT ALLOCA
'EM— LABELLING IS DIRECT BY GRG.ND TRUTH.

C

c

BYTE NAME(157,NGT(13)

INTEGER NDT(17?)

‘RER. PSG(200), Pﬂ(l?) PB(17),RR(17}
COMMON BL

Com A FLAG FUR PRINTING INDIVIDUAL RUNS
c C(J"I‘I'N /PRTF'LG/JP LAG

c

E-——~— READING INPUT FROM TERMINAL

WRITE(S, 121
121 FORMATC ° PRDGRQNI RO1 (AB2.TSK).'
' PROPORTIONAL ESTIMATION OF SMALL GRAIN'
' DOT ALLOCATION IS PROPORTIONAL.'
»~*' LABELLING IS DIRECT BY GROUND TRUTH.'®
s INPUT CLUSTLR MAP FILENAME’ /' ARRRAAARARAAA’ )
READ(7?7,122) (NAME(K),K=1,13)
122  FORMAT(13R1)
DO 125 k=1,4
1285 NGT(K)=NRE(K)
NGT(S)="."
NBT(8)='S’
NGT(?)="T"’
NGT(8)~'P’

WRITE(S, 131)
131  FORMAT( * AN ASSIGNMENT OF PSEUDORANDOM DOTS 1S A REPETITION RUN’
X /' HOW MANY REPETITION RUNS? SEED FOR FIRST PSEUDO SEG?’
X /' HUM MANY PRINTINGS OF INDIVIDUAL RUNS?’
X s ITD TLILLD EIL")
READ(7?,132)JU, JSEED, JPAGE
132  FORMATC(I3, 1X: 15, 1X:13)
IFCJU,LE. Q) JU=1
IF{JSEED.LE.®) JSEED=1@
IF(JPAGE. LE.®) JPAGE=S
JSK1P=(JU=1) /" JPRGE+1

HRITE(S, 141)
141 FORMATC * YOU MAY SPECIFY MORE THAN ONE TOTAL DOT NO. (TOTDQT)!?
X »' FOR THE RUNS'~’ HOW MANY TOTDOT S? INPUT THE TOTDOT S.°
X Ay 181X T111%) )
READ(7+ 142)NT+ (NDT(K) »K=1,NT)
192 FORMAT( 18(I3+1X) )

WRITE(8:151)

151 FORMAT (* STATUS MESSAGES ON TERMINAL, HOW MANY?'/’ II1')
READ(7, 152 YNMES

152  FORMAT(I3)

WRITE(8,181) (NARME(K?,K=1,13),JU, JEEED, NT» (NDT(K) s K=1.NT)
181 FORMAT(~/~,’ CLLISTER FILE GIVEN = ',13A1,

X #' NO. OF REPETITION RUNS FOR ERCH TOTDOT =’,13,
X #' THE FIRS1T REPETITION RUN STARTS WITH SEED = ’, 16,
X
X

3¢ ¥ I

<' N{. OF TOTDOT S SPECIFIED = ’,I12.
'. THEY ARE:',/,2X,1714 )

Lo COMPUTE PROPORTIONAL ESTIMATE FOR GROUND TRUTH
NLINE=1177
NCOL =196
OPEN(UNIT =2, NAME=NGT s TYPE="0OLD" » RERDOMLY s FORM=' UNFORMATTED’ »
X ACCESS='DIRECT® )

DO 231 L=1,NLINE

DO 221 K=1,NCOL

CALL GTMPLB(L,K:LABEL)
CALL LBLITP(LABEL.LB1,IP)




221 CONTINUE

23 CONTINUE
,;C P=FLOAT 1P)/NL INE/NCOL.
L= OPEN CLUSTER FILE
OPEN(LNIT- » NAME=NAME, TYPE="OLD® ,
READONL Y, ACCESS=* DIRECT* » FORM= * UNFORMATTED" )
- CQLL CLMPLC(NLINE,NCOL) »
é»—»J&;ggRg ESTIMATION FOR EACH TOTDOT AND REPETITIONS
fiho=
DC 361 K-LNT'
JS=JSEED
DO 331 J=1.,JU : 4
JFLAG-0 C

IF(MID(J-1,JSKIP).EQ. ™ JFLRG
IF(JFLAG.ER. 1) LIRITE(E. 321)NQME’P
321 FORMAT(’ 17, 10X, *ACCURARCY ACCESSEMENT SUFTWARE(4-25-79)°,/,2X,
X 'PROGRAM A1 (RB2.TSK) ¢+ ESTIMATION OF SMALL GRAINS PROPORTION?
515X, *DOT ALLOCATION :PROPORTIONAL,®
~+15%, *DOT  LABELLING:DIRECT BY GROUND TRUTH.'®
77,10X,* INPUT CLUSTER MAP IS FILE ’,1%A1,
#+10X,* PROFORTIONAL ESTIMATE FOR GROUND TRUTH IS',F8.5)
IF(JFLAG.EG. 1) WRITE(6,3221.J, JSEED
322 FURMQT(/ 2X.’ —-—— REPETITION RUN=’,13,
’ RANDOM DOT SEQUENCE STARTS WITH®» [8s*' ——-*)
CQLL RANST(JSEED?
CALL SAE(NDT(K.,PSG(J))
JMES=JMES+1
IF(JMES.LE.NME") WRITE(8, 223)NDT(K»J, JSEED, PSG(.J3
323  FORMAT(' TOTDOT=',13,’ REPETITION RUN=',[3,’ SEED=’,16,
L3 * ESTIMATE=',F8.5)
IF(JFLAG.EQ. 1) WRITE(6:324INDT(K),P35(J)
324  FORMAT(~’ FOR TOTAL DOT MO.=',14.’ PROPORTION ESTIMARTE=',F8.5) }
341 JSEED=JSEED+150 X

2
WRITE(S, 321 YNAME, P
WRITE(5,334)NDT(K)
334 FDRMQT(/’ -~—,SUMM3RY OF REPETITION RUME FOR TOTDOT NO.=’,14.
X ety 2y 10X
K ’REPETITIDN PSEDUD SEG  SMALL GRAIN BIRE’,/,iex,
* RUN SEED ESTIMATE WRT B.T.%
Cw———— COMPUTE BINS AND M.S.E.
PB(K}=0.
PM(K)=0Q.
DO 341 J=1,JV
TEMP=PSG(J)-P
PB(K)=PBR(K}+TEMP
PM(K)=FM{K)+TEMPiX2
WRITE(S,2356)J, J5,PS6(J) TEMP
336 FORMAT(13%, I3, 6%, [6, 5%, F3.5, 3%, F9.6)
341 JS=JS+15@
PBI{K)=PE(K) JU
PM(KD=PM K).~JU
AUERG=PB(K)+P
IFCJU.ER. L) UARRE= PMIKI-FBIKI¥%Z
IF(JU.BT.1) URR= (PM{K)-PB(KI¥¥2)XJU (JU-1)
(=== COMPIUTE URRIANCE FEDUCTION
ER(KI=PM(E /1 F401.-P2-MDT(E) )
- REDUVAR=UAE-( PX{1.~PI/NHUTC(KY )
i WRITE(6, 357 )PB(E) +PMUK ) s RECE)  AVUERG VAR, REDLIAR
4 37 FORMAT (- BIAS=",F10.8," M.S.E.=",F12.E£y° REDJCTION=',F10,.6.
¥ 77 AUERAGE=',F10.6,' UARARIANCE=',F10.E,° BENUCTION='.Fi@.f)
261 CONT INUJE
== PRINT GRAMIY SUMMARY FOFR THIS 0B

WRITE(S, 321 YNAME, P
WEITE(S, 371)YNT, JU

OPlGIN,q._ Priz . }_‘9/

OF |

M 6 ) M




371" FORMRT("» 14X, * —~== GRAND SUMMARY CF THIS JOB -,
/118X, * NO. OF DIFFEKENT TOTDOT S =*,13,
7/+14X%,* NO. OF REPETITION RU\E PER TOTDOT =, I3-
//.ix;'TOTDOT BIAS M.S.E. REDUCTION', :
AUVERAGE m&xm UAR REDUCTION')
DO 381 K-I,N'l' =

RUERG-PB(KNP
[F(JU.EQ.1) UAR= PN(K)-PB(K)X*E
IF(JU.GT.1) UAR= (PN(K)-PB(K)W)*JU/(JV—U
REDUAR=UAR/( PX(1.-P)/NDT(K) )
381  WRITE(6,382)NDT(K) . PB(K), PM(K) , RR(K} , AVERG» UAR, REDVAR
3B2  FORMAT(2X. 13, 2X,F3.5, 4(F10.6), 3% Fl16.6)

I 3 I3

e
c

WRITE(E, 401}
201 FORMAT(’1 —-——- END OF THIS JOB ---*)

STOP

END
E

SUBROUT [NE SQE(NDOT, PSi5)
C—~——— STRATIFIED AREAL. ESTIMATION USING PROPORTIONAL. DOT ALLOCATION.
C————- GIVEN ANY TOTOARL NO. OF DOTS IN NDOT, PROGRAM WILL RETURN
C--—— THE PROPORTIONAL ESTIMATE IN PSG. NOTICE THE FOLLOWING FEATURES:
C———- (1) ALTHOUGH DOTS ARE ALILOCATED PROPORTIONAL TO CLUSTER SIZES.
C—— RCTUAL NO. OF DOTS ARE ROUND OFF. THOSE CLUSTERS GET LESS

THAN ONE DOT ARE GROUPED TOGETHER AND DOTS ARE REALLOCATED
T3 THIS EXTRA CLUSTER, AFTER THIS, DEDUCT FROM OR ADD DOTS
TO LARGEST CLUSTERS T MAKE FINAL NO. OF DOTS ALLOCATED
EQUAI. TO NO. OF NOTS DESIRED (NDOT),

(2> THE RANDOM NO. GENEPATOR CAN BE SET TO AMHY STARTING FOINT
BY CALL FANST(ISTART). DOT BENERATION WILL BE USING
THE ISTART TH RANDOM MNUMEER.
IF NO CALL TO RANST IS MADE, RANDOM GENEPATOR ALWAYS STARTS
FROM J120 AND J2=0.

WRITEN AND EDITED BY N.Y. CHU ON 4--2-79.

INTEGER MM(51),NN(51),NDARY (2092}
INTEGER LL(S1), JJ(1Q)
BYTE LABEL
e COMMON BLOCK 1S A FLiG FOR PRINTING INDIUIDUAL PUNS
COMMON ~PRTFLG~ JFLAG
DATR MNSTART- @/

IF(NDOT. 5T.200@) GOTO 911

Lo GET PIXEL COUNT FOR EARCH CLUSTER
IFINSTART.NE. @) GUTO 121
NSTART =4
CALL CLMPCS(NPIXEL,MsMM,LLD
IF(M.GE.51) GOTCO 301

121 CONT INUE

C

?—--—-"- DETERMINE NO. OF [OTS FOR EACH CLIISTER
= BEGIN PRUFORTICNAL DOT ALLOCATION
&

K1=0

DU 211 K=1.M

NN'K)'FLDRT‘NDDT)XMN(K)«"NPIXEL-&-@.5
K1=kK1HNNCK)
C WRITE(5, 991€1 YK, NPIXEL « MMCK) s NNLKD
29191 FORMAT(® K,NPIXEL="',214," MMiNN=",214)
211 COMT INUE :




C (EPRODUCIBILITY OF THE

Fammaree Kg4§cx AND GROUP THOSE CLUSTERS GETTING NO DOT ORIGII\AL PAGE IS POOR
KQ-a» S
DO 221 Kei.M
IF(HNCK) . GT. @) aa'm 221
K2=K2HMM(K)
K3=K3+1

Ll CREATE AN EXTRA CLUSTER AND RS THE (M+1) TH CLUSTER
IF(K2.EW.9) GOTaO 231
K=sNDOTXFLORT (K2) /NPIXEL+0.5
1F(K.EQ.@) GOTO 231
MxXatMx+1
MM(MX) =K2
NN(MX ) =K
Ki=Ki+K
€31 CONTINUE

2
Ce=e—— CHECK IF NO. OF R:31GNED DOTS EGUAL TO THE SPECIFIED
a1 {géND?T—K1)241.281-245

sOTO 249
245 INC=1
?49 CONTINUE
C—-~—-- ADD TO OR DEDUCT FROM LARGE CLUSTERS TO
Cemromnoms MAKE NO. OF DOTS ASSIGNED EQUAL TO THE SPECIFIED
K1=1ABS{NDOT-K1)
L=9
50 IF(K1.EQ.0) GOTO 281
L=L+1
Ki=K1-~1
ITEMP=@

DO 2561 K=1,M
[F(L.EQ. 1) GOTO 252
Kdel -1
DO 251 J=1,E2
IF(K.EQ.JJ(T)) GOTO 261
251 COMTINUE
282 IFCHNCE)Y L LE, ITEMP) GOTOD 261
ITEMP=NN{K)
JJ L =K
261 CONTINUE
NNCJIICL) Y=NNCIJILY )+ INC

C WRITE(6,29106)L s NDOT» JJ (L) s NNCJJICL D)
39106 FORMAT(' 9912K——- L,NDOT,JJ(L)NN="*,514) )
IF(L.EGQ,K3) L=@ )
GOTO 250 §
281 CONTINUE N
c
L WRITE CLUSTER INFOREMATION ;
IF(JFLAG.EG. 1) WRITE(6,282)NDOT, NFIXEL, MX
2682  FORMAT(/~+5X,’ TOTAL NO. OF DOTS AVARILABLE =', 16,
* Ze5X, ' TOTAL MWO. OF PIXEL IM THE CLUSTER MAP =', 16,
X 7 5% ! TOTAL N, OF CLUSTERS ='. 16,
X 7y 10X, ' CLUSTER CLUSTER NO. OF NO. OF DOTS®
X s 10X, 7 NO, CODE FIXELS  ARSIGHED’ )

DD 283 K=1,Mx

IF(JFLAG.ER. 1) HRITE(6,284)K, LL (K)» MMUK) HN(K)
283 CONTINUE
~a34 FORMAT (13X, 12: 50, 144 3X, 614X, 13)

1F (X EQ. M) SOTO 288

Kx=0

DO 285 k=1,M

IF(NNCK).NE. @) GOTO 285

Kx=Kx+1

NDARY (K¥3 =K




' 285 CBTI'INJE

3 ' JFLAG. B0, 1) WRITE(E,2686)MX, (W(K)ok'hk}ﬂ

: 286 FOMT( 'L THOSE SMALLER CLUSTERS GROUPED (RS LLUSTER', 13,
') .ARE1’, 3(/16(13:°,°')) )

EBB CCNTINJE

E-%-—- END OF PROPORTIONAL DOT ALLOCIATION .
c WRITE(6:,99005) (NN(K) 1 K=1,MX) -
99005 FORMATC(' NN='»1514)

g
‘Vl:-—---- FDR ERCH CLUSTER, ASSIGN DOTS

DO 291 K=i,MX

K1=NN(K)

IF(I(i EQ.8) GOTO 291

DO 289 L=1,K1

z89 CRLL GETMT(PN(K) L.+ NDARY (ND), K3)
99191 KK1i=ND+Ki-1
C WRITE(6,99192) (NDARY(L ), L=ND,KK1)
99192 FORMAT(’ NDARY=',1514)

291  ND=ND+K1

c
C———--- FOR EACH CLUSTER, FIND LINE AND COL NO. OF ERCH ARSSIGNED DOTS
IF(JFLAG.EQ. 1) WRITE(6,295)
295 FORMT(//' ~=- DOQT FILE -=-'
7' CLUSTER DOT NUMBER  POSITIDN GROUND TRUTH LABEL’
* /' NO. WRT ITS CLUSTER LINE,COL RAL, CODE’)
PSG=0.
ND=1
DO 331 K=1,MX
K1=NN(K)
IF(K1.EQ.Q) BOTO 331
1SG=Q
DO 321 L=1,K1
» K3=NDARY (ND)
? C~—---— TO TEST FOR THE EXTRH CLUSTER
’ IF(K.LE.M) G0TO 311
C——~---- ALG. TO GET CORRECT LABEL. FOR THE EXTRA CLUSTER

DO 305 J=1i,M
IF(NNCJ).NE.Q) EOTO 305
IF(K3.LE.MM(J)) GOTO 307
K3=K3=-MM(J)
305 CONTINUE
307 CALL CLMPXY(JsK3sNDLsNDCsLL)
CALL GTMPLB(NDL.NDC,LABEL)
CALL LBLITP(LABEL,LB1,I1SG)
IF(JFLAG.EQ. 1) WRITE(6,300)J+K3, NDL, NDC,LABEL.,LBE1
308  FORMAT(3X, [2,8Xs 167X, 135 14,5X, 14, 15)
GOTO 321
311 CALL CLMPXY(KsK3)NDL.NDC,LL)
CALL GTMPLB(NDL.,NDC,LABEL.)
CALL LBLITP(LABEL,LB1,1SG)
IF(JFLAG.EQ. 1) WRITE(6,308)K: K3/ NDL,NDC, LABEL,LB1
321  ND=ND+1
C-———~— COMPUTE S.G. ESTIMATE
PSG=PSG+ FLOAT(ISGE)/K1XMM(K)/NPIXEL
331 CONTINUE
GOTO 990

901  HRITE(6,502)M
Q¢2 FORMAT(' YOU HARVE', 13, TOO MANY CLUSTERS(MRX=50)’)

GOTO 990
3911  WRITE(6,912)NDOT
914  FORMAT(' YOU SPECIFIED', 12, TOO MANY DOTS(MAX=200)")

2%  RETURN
END




6. A83: PROPORTIONAL DOT ALLOCATION, MAJORITY RULE LABELING

6.1 DESCRIPTION

Implemented in this piece of software is a scheme in which dot
allocation is proportional and labeling is by ground truth using
majority rule.

Dots are selected from each cluster in a pseudorandom fashion
with equal probability. The number of dots selected from a
cluster i is given by

i
ng =ng- , (6-1)
where n = total number of dots to be allocated to the entire
scene
Ni = number of pixels in cluster i

N = total number of pixels in the entire scene

For each cluster, all the dot labels are compared, then the
cluster is labeled using majority rule.

The equation for the provortion estimate of small grain is

A

N,
- . i -
Peg = Z N (6-2)

cluster i

labeled as
small grain

The algorithm for proportional allocation includes the following
strategies:

a. If a cluster is too small to receive at least one dot, then
this cluster is grouped with other small clusters at the end
of the selection process. The number of dots for this mix-
ture cluster is computed according to equation (1l).

5
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b. Since the right-hand side of equation (1) may be a fraction
but the number of dots must be an integer, a rounding-off
operation is applied to n,.

¢. Because all n,; are rounded off to the nearest integer, Zni
may not be equal! to n, the total number of dots to be allo-
cated to the entire scene, To correct for this, dots will
be added to or subtracted from the clusters, starting with
the clusters that have the most dots.

This scheme, like other allocation and labeling schemes, may be
repeated with different pseudorandom sequences. The main program
resets the random number generator to a different starting point
for each repetition.

All computation of statistics such as mean and variance is per-
formed in the main program, An intermediate summary is printed.

Furthermore, the program permits entry of several values of n,
the total number of dots to be allocated, at the job initializa-
tion stage. A grand summary is produced.

6.2 LINKAGES

The PDP 11/45 Fortran library (for functions and subroutines such
as SQRT), the PDP 11/45 system library (for routines such as the
pseudorandom number generator), and the utility package (described
in section 14) are required.

Main program

or subprogram Subroutine or function required
MAIN SAEMR, GETDOT, CLMPCS, GTMPLB, LBLITP
SAEMR GETDOT, CLMPCS, GTMPLB, LBLITP, MR
GETDOT RAN




6.3 INTERFACE

6.4 INPUTS

Card
or
line Parameters
1 Cluster map file name
2 a. Number of repetitions
b, Starting point of first
pseudorandom sequence
c. Number of repetition
printings
3 a., Number of "total number
of dots"
b. 1lst total number of dots
c. 2nd total number >f dots
r, 17th total number of dots
4 Number of status messages on
terminal

o
e

Interface with other routines is through the common block PRTFLG
(2 bytes), which is used to control the optional printing of dot
files and other information,

Fortran-formatted input of the following parameters is needed:

Default Default

Format input value

Al3 None

I3 0 or blank 1l ;
I5 0 or blank 10 %
I3 0 or blank 5

I3 None

I3 None

I3 None

I3 None

I3 0 or blank NO MSG

map, the other the stripped ground truth map.
have been created by conversion programs A8l and AS86,

Two disk files are needed, one containing the stripped cluster

These files should




6.5 OUTPUTS

In addition to the normal
messages on the terminal,

printer,
Report
Individual repetition 1.
2.
3.
4.
5.

Intermediate summary 1.

Grand summary 1,

2.

echo of input specifications and status
the following will be output on a line

Contents
Processor header
Ground truth small-grain proportion

A table showing number of clusters,
cluster name codes, cluster sizes,
and number of dots assigned

A dot file showing dots chosen, their
x-y position, and their ground truth
labels

A table showing the majority labels
for the clusters

Processor header

A table showing the estimate and bias
of each repetition

Bias, MSE, reduction in MSE, average,
variance, variance reduction

Processor header

A table showing bias, MSE, reduction
in MSE, average, variance, and vari-
ance reduction as functions of total
number of dots

33




1.
2.
3.

-3
4

4.

6.6 BRIEF ALGORITHM: FOR PROPORTIONAL DOT ALLOCATION AND

MAJORITY RULE LABELING

Type messages at terminal and read from it run specifications.
Compute ground truth small-grain proportion.

For each total number of dots specified, repeat a and b:

a. Repeat (1) through (6) until all repetitions are finished:

(1) Set starting point of the pseudorandom number
generator.

(2) Determine each cluster's dot allocation (proportional).
(3) Select dots from the clusters.

(4) Pick up small-grain labels,

(5) Find the majority label for each cluster.

(6) Compute the proportion estimate according to (5).

b. Compute bias, MSE, reduction in MSE, averaje, variance,
and variance reduction, and print an intermediate summary.

Print a grand summary.




Trpe messagns ad read
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6.7 LISTING

c
{--=-~ PROGRAM AOB(RE3,TSK)+ PROPORTION ESTIMATE OF SMALL GRAIN
C--~== DOT ALLOCATION 1S PROPORTIONAL
(’é---- DOT LABELLING 1S MAJORITY RULE BY GROUND TRUTH
£
BYTE M‘!EHS):I"GT( 13
INTEGER ND
REAL PSG(EGO).PH(I?)»PBH?)-RRU?‘
C=--—— COMMON BLOCK IS fi FLARG FOR PRINT ENARBLE/DISABLE
COMION_~PRTFLG~

JFLAG
DATA NET(S)/*.’ 71 NGT(6) /'S / NET(?) /' T 7 NGT(8) /' P*»

——«w=m= READING INPUT FROM TERMINGL
WRITE(S, 121 3
121 FORMAT( * PROGRAM: cO8(1HE3.TSK).'
MATION OF sm._ GRAIN'
7' LRABELLING IS rngPOR}TY RLLE FRCN GROUND TRUTH.'®
RRARHARAAANAR' )

LEMRME' /*
READ(7+122) (NAME(K) 1 Ke1,13)
122 FORMAT(13A1)

ao0nre

E A X 3 ]
N
53

ark
iy
o
»

DO 1236 Ksi, 4
éZS NGT(K)=MNME(K)
WRITE(B,131)

131  FORMAT( ° AN ASSIGNMENT OF PSE
<* O MANY REPFTITION
' HOW MENY FRINTINGS OF INDIV IDLFL
SRIUEIIIIEEE NS
READ(7, 137) JV, JSEED, JPAGE
132  FORMAT(13, 1X. 1S 1% 13D
IFCIVLLE. Q) Jus)
IF(JSEED.LE. Q) JSEED=10
IF(JPRGE.LE.®) JPRGE~-S
JSKIPa (JU=1) 7 JPRGE+L

WRITE(E, 141)
143 FORMAT( * YOU MARY SPECIFY ffJR! THEN ONE TOTAL DUT NO, (TOTDOT)®
: -' {g%lzﬂﬁlm ' HOW MANY TOTDOT S° INPUT THE TOTDOT S.°
< '’ ! 3
M('?ol‘%?)NTo (NDT(K) s K=1.,NT)
142 FORMAT( 18(13,1¥) )

WRITE(S,151)

151  FORMAT(® STRTUS MESSAGES ON TEFMINAL, HOW MRRdY?*' - 111%)
READ (7 1S2YNMES

182 FURMAT(12)

e

[}

c
WRITE(B: 181 ) (NGMEC(K) 1 K=14+13) ¢ JUL.JSEEDNNT. INDT(KY W K=l 4 047)
181 FORMART(~~* CLUSTER FILE GIUEN = *,1301,
4 7' NO., OF REPETITION PUNS FOR ERCH TOTDOT "'013
b 4 7' THE FIRST REPETITION RN STAK .S WITH SEED = °*, 16,
b 3 #* NO. OF TOTDOT € SPECIFIED » ',.2
c X . THEY ARE '/ + 24,1714 )
C-~==-~ COMPUTE PROPORTIONGL ESTINMRTE FOR GROUND TRUTH
N_INE=117
NCOL =196

OPEN(UNIT*2, NME=1GET ) TYPE=* OLD* - READONL Y+ FUPI1= * UNFORMATTED" ,
* ACCESS: 'DIRELT')

DO 231 Le1,NLINE

DO 221 Kel,NCOL

CALL GTMPLB(L ,K,LABEL)

CALL LBLITP(LABEL..LB1,IP)




<REEHKHDUEHBILrPY'OF‘1}{E

ORIGINAL PAGH

221 CONTINUE
231 CONT INUE
P=FLOATCIP)/NLINE-NCOL

OPEN(UNIT=1.NAME=NAME, TYPE="0LD’ , FORM=’ UNFORMATTED’ ,
X  READONLY,ARCCESS='DIRECT®)
CHLL CLMPLC(NLINE, NCOL)

C

ﬁ-"“*~JﬁggRg ESTIMATION FOR EACH TOTDOT AND REPETITIONS
Jre -
DO 361 K=1,NT
JS=JSEED
DO 331 J=1,JV
JFLAG=G
IF¢H D(J. JSKIP) . EQ. 1) JFLAG=1
IF¢ & 35.E79.1) HRITE(E,321 INAME, P
321 FORi+ 0 (' 110K, "RCCURACY ACCESSEMENT SOFTWARE(4-26-79)°

X Sl *PROGPAM ROB: ESTIMATION OF SMALL GBRAINS PROPORTION’
X < 15X *DOT ALLOCATION : PROPORT IONAL, *
X #115%, 'DOT LABELLING:MAJORITY RULE BY GROUND TRUTH.’
X #y 12X, * PROPORTIONAL. ESTIMATE FOR GROUND TRUTH IS’,F8.5)
[F(JFLAG.EQ. 1) WRITE(6,322)J,JSEED
222 FURNQT(r:H\ ' -—— REPETITION RUN=’,13,
' RANDOM DOT SEQUENCE STARTS WITH',I18,* ——'}

CQLL RANST (JSEED)
CALL SAEMRINDT(K),FSGE(J))
JMES=JMES+1
IF(JMES.LE.NMES) WRITE(8,323INDT(K),J, JSEED PSG(J)
323  FORMAT(® TOTDOT=',13,° REPETITION RUN=',13,’ SEED=’,I6,
X * ESTIMRTE=',FB.5)
IF(JFLAG. 0.1 WRITE(G,3243NDT (K)»PSG(J)
4  FURMAT(-' FOR TOTAL DOT NO.=’,.I14,' PROPORTION ESTIMATE=',FB3.5)
1 JSEED=JSEED+150

WRITE(S, 321 NAME, P
WRITE{&. 3343NDT(K)

=
3

[ RO

2334 FORHQT(/’ - SUHMSEY OF REPETITION RUNS FOR TOTDOT NO.=', 14,
X ——=" /5 19K,
4 'PEFETITIDN PSEDUD SEG  SMALL GRAIN  BIAS'. -, 1éX,
X RUN SEED ESTIMATE WRT G.T.°)
L s COMPUTE BIAS AND M.S5.E.
PB(K)=0Q.
BMOK) =@,

DO 341 J=1,JU
TEMP=PS5(J)~P
PR{K)=PB(K)+TEMF
PMCK) =PM{K)+TENPXXS
WRITE(6,336)J,J%, PSG(J), TEMP
336 FORMATU13X, 13,814 16,8%, F8.5,3X, F9.6)
341 JS=]JS+150
FBCK)=FB(K} JU
PMCE ) =PM(K)-JU
AVERG=FB(K)+P
IF(JU.EQ.1) UAR= PM(K)-PBCK)YXXZ
IF(JU.GT. 1) UAR= (PMIK)-PB(K)X*23%JU-(JU~1)
C---~~ COMPUTE UARIANCE REDUCTION
FROK)=PM(K)/( P¥{1,~-P1 /NDTIK} )
REDUAR=UAR.-{ PX{1.~P)/MHDT(K) 3
WRITE(6,357)PB(K), PM(K}, RR(E) . RUERG: WAE : REDUAR
357  FORMAT( BInAS=',F10.6,° M.S.E.=",Fl@.6," REDUCTION=',Fl1@.6,
X 2" AVERAGE=',F10.6." UARIANCE='.F1@.6,"' FEDUCTION=',F10.&}
36l COMTINJE

e PRINT GEAND SUMMARY FOR THIS JOB

WRITE(5, 321 4AMES P
WRITEC(E, 371 IMT, JV

69
37
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FORMAT (7, 14X, * -—- GRAND SUMMARY OF THIS JDB ==ty
#+18X,* NO. OF DIFFERENT TOTDOT S ' 13
/y14x,* NO. OF REPETITION RUNS PER TDTD01 =, I3,
#7:1%, *TOTDOT  BIARS M.S.E. REDUCTION’,
' RUERAGE UARRIANCE UAR REDUCTION’)
DD 381 K=1.NT
AVERG=PB(K)+P
IF(JV.EQ. 1) UAR= PM(K)-PB(K)Xx2
IF(JU.BT.1) VAR= (PM(K)-PB(K)X¥2)XJUr(JU-1)
REDUARR=UAR/( PX(1.-P)/MHDT(K) )
331  UWRITE(6,382)NDT(K), PB(K), PM(K), RR(K) , AVERG UAR» REDUAR
382  FORMAT(2X, 13, 2X,F9.5. 4(F10.6), 3%X,F10.6)

€ M 2 2

c
C

WRITE(S, 401}
401  FORMAT('4 ---— END OF THIS JUB ---')
c

STOP

END
c
C

SUBRQUT INE SAREMR(NDOT, PSB)
t3~—-— STRATIFIED AREAL ESTIMATION USING PROPORTIONAL DOT ALLOCATION,
C—--~—— AND MAJORITY LABELLING BY GROUND
C----=- GIVEN ANY TOTOAL NO. OF DOTS IN NDOT, PROGRAM WILL RETURN
C--~=-~ THE PROPORTIONAL ESTIMATE IN PSG. NOTICE THE FOLLOWING FEATURES:
C- (1) ALTHOUGH DOTS ARE ALLOCATED PROPORTIONAL TO CLUSTER SIZES,
C- ACTUNL NO. OF DOTS ARE ROUND OFF. THOSE CLUSTERS GET LESS
C THAN ONE DOT ARE GROUPED TOGETHER AND DOTS ARE REALL.OCATED
C TO THIS EXTRA CLUSTER. AFTER THIS, DEDUCT FROM OR ADD DOTS
- TO LARGEST CLUSTERS TO MAKE FINAL NO. OF DOTS ALLOCATED
c EQUAL TO NO. OF NOTS DESIRED (NDOT).
i (2) THE RANDOM NO. GENERATOR CAN BE SET TO ANY STARTING POINT
C By CALL RANST(ISTART). DOT GENERATION WILL BE UUSING
C- THE ISTART TH RANDOM NUMEER.
C- IF NO CALlL. TO RANST IS MADE,. RANDOM GENERATOR ALWAYS STARTS
E———-" FROM Ji1=@ RAND J2-0.
- WRITEN AND EDITED BY N.Y. CHU DN 4-26-79.
C

INTEGER MM(51),NN(51),NDARY(200),LL(51)
INTEGER JJ(30),L6(6Q)
BYTE LABEL,LBL(202),JGR(60)
Cmmm— COMMON BLOCK IS A FLAG FOR PRINT ENARBLE/DISABLE
COMMON ~PRTFLG~JFLRG
DATA NSTART @~

IF(MDOT.GT.za0) GOTO 911

————— GET PIXEL COUNT FOR EACH CLUSTER
IF(NSTART.NE. Q) GOTC 121
NETART=1
CaLL. CLMPCS(NPIXEL,M,MM,LL)
IF(M,BE.51) GOTD 391

121 CONT INUE

0o

C
Lo DETERMINE NO. OF DOTS FOR ERCH CLUSTER
C
e BEGIN ROPORTIONAL DUT ALLOCATION
C
K1=0
DC 211 K=1,M

NM(K)=FLOAT (MNDOT 1 xMM(KY NP IXEL+2.5
K1=K1i+NM(EK)
211 CONTINJUE

T CHECK AND GROUP THOSE CLUSTERS GETTING NO DOT

K20
K3=0

520
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Al

Egc:rézé :é"r.m GOTO 221 gg é%n%DUCIBILTTY OF TH
_ K3=K3+1 AL PAGE IS POOR
221 CONTINUE

K3sH-K3
C--—— CREATE AN EXTRA CLUSTER AND AS THE (M+1) TH CLUSTER

IF(K2.EQ.0) GOTO 231
K=NDOTXFLOAT(K2)/NPIXEL+0.E
IF(K.EQ.0) GOTO 231

MX=MX+1
MM(MX)=K2
NN(MX) =K
K1=K1+K
*E'Si CONTINUE
c
Cewemew CHECK IF NO. OF ASSIGNED DOTS EGUAL TO THE SPECIFIED
IF¢(NDOT-K1)241, 281, 245
241 INC<-1
GATO 249
245  INC=1
249 CONTINUE
c
S———-~ ADD TO OR DEUCT FROM LARGE ClL.USTERS TU
C~——— MAKE NO. OF DOTS RSSIGNED EQUAL T0 THE SPECIFIED
xiamssmwr—xn
L-
260 IF(K1.ES.0) GOTO 2681
l.=L+)
Ki=pl-~1
ITEMP=0Q
DO 261 K=1,M
1IF(L.EQ, 1) GOTO 252
K2=L-1

DO 251 J=1,Ka2
IF(K.EQ.JJ(J)} GOTO 261

251 COMNTINUE

262 TFCNNCK)LLE. ITEMP) GOTO 261
ITEMP=NN(K)
JJL I =K

261 CONTINUE
NNCIJC YD NN(JY(L)\TINC
[F(L.EQ.K3) L=0

G0TO 25

§s1 CONTINUE

Lo WRITE CLUSTER INFORMATION
[F(JFLAG.EQ. 1) WRITE(G, 282)NDOT, NPIXEL, MX

282  FOPMAT (/7 EX,° TOTAL NO. OF DOTS AVRILABLE =', 16,
X /5%, ' TOTAL ND. OF PIXEL IN THE CLUSTER MAP =', 16,
X SrEXa? TOTAL. NO. O CLUSTERS ='. 16,
X 7»10%,’ CLUSTER CLUSTER NO. OF NO. OF DOTS®
* Sy 10X, ! NO. CODE PIXKELS  ASIIGNED')

DO 283 K=1,MX

IF(JFLAG.EQ. 1) WRITE(6,2843K, LL.(K)Y»MIM({K) s NNTK)
283  CONTINUE
284  FORMAT(13x, 12,5X, 14,3X, 16, 4X, 13}

IF(Mx.EQ.M) GOTO 2688

Kx=0

DO 2685 K=1.M

IF(NN(K) . NE. @) GO10 288

KX=KX+1

NDARY (KX) =K
285  CONTINUE

IF(JFLAG.EQ. 1) WRITE(6,286)MX, (NDARY(K),K=1,K¥X)
286 FURMAT(-’'L THOSE SMALLER CLIJSTERS GROUPED (RS CLUSTER',13,

X ') ARE:’, 2160132 )) )
288  CONTINUE
Cc
C




291

Commromiomes

R T ey e

451
471
301
32

311
312

X
PSG=0.

E-*-*- END OF PROPORTIONAL DOT ALLOCIRTION
c .
Commomrimee Ngof EACH CLUSTER, ASSIGN DOTS

DO 291 Kul,MX

K1=NN(K)

IF(K1.EQ.9) GOTO 291
DO 2839 L=1,K1
CALL GETDOT(MM(K) » L,y NDRRY(ND)»K3)

ND=ND+K1

- FOR ERCH CLUSTER, FIND LINE AND COL NO. OF ERCH ASSIGNED DOTS
IF(JFLEG.EQ. 1) WRITE(6,295)

298 *FORMQT(//’ ~—= DOT FILE ~=-'

7 CLUSTER DOT NUMBER  POSITION GROUND TRUTH LABEL'®
s NO. WRT ITS CLUSTER LINE,COL RALL, CODE*)

ND=1

DO 331 K=1:MX

K1=NN(K)

IF(K1.EG.9) GOTO 331

1SG6=8

K3=NDARY (ND)

TO TEST FOR THE EXTRA CLUSTER
IF(K.LE.M) GOTO 311

Csmmmen AL, TO GET COURRECT LBL(ND)> FOR THE EXTRA CLUSTER

DD 305 J=1,M

IF(NN(J).NE.Q) GOTO 305

IF(K3.LE.MM(J)) GOTO 307

K3=K3-M11(J)

CONT INUE

CALL CLMPXY(Jy K3y NDL,NDC,LL)

CALL GTMPLB(NDL.,NDCZ,LBL{ND))

CALL LBLITP(LBL(ND),LB1,S5)

IF(JFLAG.EJ, 1) WRITE(6,3081J,K5,NDL,NDC,LBL.(ND):LF1
FORMAT(3X, 12, 8%y 16, 7Xs 13, [4,5X, 14, 1S5)

GOTO 321

CALL CLMPXY (K, K2, MDL,NDC,LL)

CALL GTMFLEB(NDL NDC,LBL(ND) )

CALL LBLITF(LBL(ND:,LB1,[SE)

IF(JFLAG.ED. 1) WRITE(S) 328K, K3, NDL NDC,LBL(ND) . LB1
ND=MD+1

CONTINUE

COMPUTE MAJORITY LABEL FOR EACH CLUSTER
IF(JFLAG.EQ. 1) WRITE(6,421)

FORMAT( v7* MAJORITY LABELLING RULE BY GROUND TRUTH:'/
o1 ' CLUSTER NO. UF LABELS CHOSEN LABEL’)
ND=

P5G=0.

DO 471 K=1,MX

IF(NN(K).EQ.9) GOTO 471

CRI.L MR(LBL.(ND),NN(K),LABEL,J1.JG) L)

[Si5=0

CALL LBLITP(LABEL,LB1,15G)

IF(15S6.EQ. 1) P36=PSG+FLOAT (MM(K) ) /NPIXEL
IF(JFLOS.EQL 1) LRITE(6,451 1K, J4,LABEL,.LB]
FORMAT(CX, I3, 9%, I3, 8y 14, 1X,14)

ND=ND+NN(K)

CONTINUE

GOTO 230

HRITE(6,302)M

FORMAT(® YOU HAVE’, 13, TOO MANY CLUSTERS(MAX=L%@)')
GOTO 93@

WRITE(E,912)NDOT

FORMAT(' YOU SPECIFIED’, 14, TOO MANY DOTS(MAX=20@)’)

RETURN
END

yy

%0
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7. A84: BAYESIAN DOT ALLOCATION (UNIFORM PRIOR)

7.1 DESCRIPTION

Implemented in this piece of software is scheme in which dot
allocation is sequentially Bayesian and labeling is direct from
ground truth.

In the Bayesian dot allocation scheme, dots are allocated sequen-
tially to those clusters that may reduce the variance of the seg-
ment proportion estimate the most. In order to do this, we must
first compute the expected change in variance, Aoz, for each
cluster. The expected change in variance for cluster i is
defined as

1

) (Ei)z (n; + 5)2(ni2 + Tn, + 8)
N

1T (g - Dimgng + D img ¢ 97| 37 LT H
(7-1)
where Ni = number of pixels in cluster i
N = total number of pixels in the entire scene
n, = number of dots previously allocated to cluster i
X, = number of dots previously allocated to cluster i

which are labeled as small grain

i . < n,
(notice x, < n;)

Next, a dot is allocated to the cluster whose Aoi2 is the largest.
Then, for this chosen cluster, ng is updated to n; + 1. That
dot's label is read from the ground truth file, If the label is
small grain, X is updated to x; + 1. After this, the segment
variance, 02, is computed as

2
2 _ & Ni)
g —-.z: (ﬁ— Pi(l - Pi) =T (7-2)

4/




Ce RGP T T T e R e e

where m = total number of clusters

xg + 1
Py =R, ¥2 (7-3)
i
This o2 is printed and the above allocation scheme is repeated

until the number of dots allocated reaches a value specified by
the user,

The proportion estimate is computed as

. m x. N
P = = (7-4)
sg 12-:'1 n;

This scheme, like other allocation and labeling schemes, may be

o o
v

repeated with different pseudorandom sequences., The main program
resets the random number generator to a different starting point
for each repetition.

All computation of statistics such as mean and variance is per-
formed in the main program. A grand summary is printed.

7.2 LINKAGES

The PDP 11/45 Fortran library (for functions and subroutines such
as SORT), the PDP 11/45 system library (for routines such as the
pseudorandom number generator), and the utility package (described
in section 14) are regquired.

Main program

or subprogram Subroutine or function required
MAIN SAEBl, GETDOT, CLMPCS, GTMPLB, LBLITP
SAEB1l GETDOT, CLMPCS, GTMPLB, LBLITP
GETDOT RAN




7.3 INTERFACE

Interface with other routines is through the common block PRTFLG
(2 bytes), which is used to control the optional printing of dot
files and other information,

7.4 INPUTS

Fortran-formatted input of the following parameters is needed:

Card
or Default Default
line Parameters Format input value
1 Cluster map file name Al3 None
2 a. Number of repetitions I3 0 or blank 1
b. Starting point of first I5 0 or blank 10
pseudorandom sequence
c. Number of repetition I3 0 or blank 5
printings
3 a, Maximum number of dots I3 None
that can be allocated
b. Number of dots initially I3 None
assigned to each cluster
4 Number of status messages on I3 0 or blank NO MSG

terminal
Two disk files are needed, one containing the stripped cluster

map, the other the stripped ground truth map. These files should
have been created by conversion programs A81 and AB86,

43




7.5 OUTPUTS

In addition to the normal echo of input specifications and status
messages on the terminal, the following will be output on a line
printer.

Report Contents
Individual repetition 1. Processor header
2. Ground truth small-grain proportion

3. A dot file showing dots chosen, their
x-y position, their ground truth labels,
segment variance, and proportion
estimate

4, A table showing number of clusters,
cluster name codes, cluster sizes,
and number of dots assigned

Grand summa:ry 1. Processor header

2. A table showing bias, MSE, reduction
in MSE, average, variance, and vari-
ance reduction as functions of number
of dots

7.6 BRIEF ALGORITHM: FOR BAYESIAN DOT ALLOCATION
(UNIFORM PRIOR) '

1. Type messages at terminal and read from it run specifications.
2, Compute ground truth small-grain proportion.
3, Repeat a through g until all repetitions are finished:
a, Set starting point of the pseudorandom number generator.
b. Clear a dot counter.

c. Increment the dot counter.

A

4H




d.

e.

f.

g.

If the dot counter indicates that the current dot should
be allocated as an initial dot, then go to the next step.

' otherwise compute Aoiz for every cluster and choose the

cluster with maximum Aci .

Allocate a dot Lo the chosen cluster.

“Pick up the small-grain labels, compute segment variance

and proportion estimate, and print a line of the dot file.
If the dot count does not exceed specified value, go to c,

Compute bias, MSE, reduction in MSE, average, variance, and
variance reduction, and print a grand summary.




Type aesseges and redd
input at the terminal

1

Om the ground truth data
file and compute sma)l
grain proportion from it

Open the cluster map file

K 2

Repeat for ar’
pseudorandom sequences

Set starting point of the
pseudorandom number
gengrator

)

Call SAZB)

Compute proportion estimate
allocation: Bayes)
Tabeling: direct)

Update the seed to start
pseudorandom numbor
generator

y

Print grand summary

Stop

MAXDOT > 2007

1 to faitfalize
cluster map read

Compute segment. variance
and pmpomon estimate

Compute
Select the s\uﬂor
with max Ao

< Assign and um s dot

Print dot file

Print dot allocation
information

Figure 7-1.— Flow chart for Bayesian dot allocation (uniform prior).
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7.7 LISTING

c

c

C—-—-~ PROGRAM AQI: PROPORTION ESTIMATE QF SMALL GRAIN
C-~—-= USING BAYES (UNIFORM PRIOR) DOT ALLUCATION
C===-= LABELLING IS DIRECT BY GROUND TRUTH.

c

c

121

122
r

131

132

141

142

151
152

181

221
231

o

BYTE NAME(15)NBT(13)
REAL PS5(200),PM(200),PB(200)

~-= COMMON BLOCK 1S A FLAG FOR PRINT ENABLE-DISABLE

COMMON _~PRTFLG/JFLAG
DATA MNBT(S)/’ ./ NBT(B) /'S’ /W NBET(?) /' T' 7 NAT(B) /' P’/

~= RERDING INPUT FROM TERMINAL

NRITE(S.:lEl)
PORMAT( * PROGRAM? me.'
’K ~' PROPORTIONAL ESTIMATION OF SMALL GRAIN'
X s* DOT ALLOCATION IS BAYES (UNIFORM PRIOR) o
X /' LABELILING IS DIRECT BY TRUTH,
X /* INPUT CLUSTER MAP FILENAME' /' ARGARAAARAAAR' )
READ( 7 122)(7*6:!1&(10 K=1,13)
FORMAT(13AR1)
WRITE(8,131)

FORMAT( ' AN ASSIGNMENT OF PSEUDORANDOM DOTS 1S A REPETITION RUN’
7' HOW MANY REPETITION RUNS? SEED FOR F RST PSEUDO SEQ?°
s li'ICIlil m‘{lﬂfﬁqgfﬁs OF INDIVIDUAL R’UFS?'
/I

READ(?7, 132)JU, JSEED, JPRGE

FORMAT (13, 1X, 15, 1X,I3)

IF(JU.LE.@) JU={

IF(JSEED.LE.Q@) JSEED=10

IF(JPAGE.LE,0) JPAGE=S

JSKIP= (JU~1)/JPRGE+1

HRITE(B,141)

FDRNRT&’ SPECIFY MAxXIMUM NO. OF DOTS IN THE REPETITIONS RUMS,'~
;Of , ?;l? !;?E.C]JF DOTS INTIALLY ASSIGNED TO EATH CLUSTER. '~
RERD(7» 142)MAXDOT . NNIX

FORMAT(13,1X, 13)

CALL INITL(NMIX)

WRITE(8, 151)

FORMAT(* STRTUS MESSAGES ON TERMINAL, HWOW MANY?'~/' T11')
PERD(7, 152)NMES

FORMART(I3)

WRITE(8,181) (NARME(K), K=1,13) JUy JSEED, MAXDOUT

FORMAT (/' CLUSTER FILE GIUVEN = *,13A1,

X 7' NO. OF REPETITION RUNS FOR ERCH TOTDOT ='.13,

X <" THE FIRST REPETITION RUN STARTS WITH SEED = ', &,
X 7' MAXIMUM NO. OF DOTS IN THE REPETITION RUNS=’,8)

- COMPUTE BRYES (UNIFORM FPRIOR) ESTIMRTE FOR GROUND TRUTH
NLINE=117
NCOL=196

DO 215 K=1,4

NGT (K) sNAME(K)
OPEN(UNIT =2, NAME«NGT» TYPE='OLD* + READONLY » FORM= ' UNFURMATTED »

P 3¢ I

X RCCESS»' DIRECT')

DO 231 L=1,NLINE

DO 221 K=1,NCOL

CALL GTMPLB(.,KyLARBEL)
CALI LBLITP(LABEL,LB1,IP)
CONTINUE

CONT INUE
PsFLOAT(IP)/NLINE/NCOL

ey
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g

-

OPEN(UNIT- 1/ NAME=NAME, TYPE«=' OLD’  FORM=' UNFOPMATTED’ »

Y+ACCESS=' DIRECT’ )

CN.l CLI“IPLC(N..INE NCOL)

C
[l

START ESTIMATION FOR EACH TOTROT AND REPETITIONS
MAXDOT

DO 311 K»1,
PB(K)=Q,

311

-3

3 3 I M H

322

323
a—

..-541

2 M

(nlnly)

-

et o

[RIRIN

———

PM({K) =0,

JMES=0

JS~JSEED

DO 361 J=1.,JV

JFLAG=0

IF(MOD(J,JSKIP) .EQ. 1) JFLAG=1

IFCIJFLAG. EG. 1) NRITE(S-SEI.)M“E.P

FUWT('!.'J@X- ACCURACY ACCESSEMENT SOFTWARE(E-9-79)'

,.153'( *DOT ALLOCATIONBAYES (LN!
7+ 15X, *DOT _LABELLING'DIRECT BY
770 10Xy INPUT CLUSTER MAP 1S FILE o15ﬂ1'

1 F(JFLAG. EQ. 1) HRITE(SQB&QJJ JSEED
FORNQT( 2% * === REPETITION RUNe’, 13,
RANDOM DOT SEQUENCE STARTS HITH' 4 184" =w=?)
CFLL MT(JSEED)
CALL SAEB1(MARXDOT. PSG)
JMES= JMES+1
[F(JMES.LE.NMES) WRITE(8.323)MAXDOTJ, JSEED
FORMAT (' MAXDOT=',13," REPETITICN PUN=*,13,' SEEDe',IR)
JSEED~ JSEED+150@
COMPUTE BIRS AND M.S.E.
DO 341 K=1,MRIXDOT
TENMP=PSG(K)-P
PB(k)sFB(K) I TEMP
PHC(K) sPH(K)+TEMPXX2
CONTINUE

PRINT GRAND SUMMARY FOR THIS JOB
WRITE(6, 321 )NAME, P
WRITE(E, 371 MAXDOT JU, JS
FOFMAT (/) 14X, ' = -- GRAND SUMMARY QOF THIS J
78X MAX., NO. NF DOTS IN ERCH EPETH‘ICN RUNa'’, 13,
Z014%, ! NO. OF PETITION RUNS =', 13,
49 14X, " RANDOM DOTS START WITH SEED=', 18,
“/vi%e ' DOT M.S.E. REDUCTION',
' FNERQGE URRIFN:E UAR REDUCTION®)
DO 381 Ke1,MaxDOT
PB(K)=PB(K)/JV
PMK)=sPM(K) /JU
RR=FI(K ) /( Pk(1.-P)/K )
AUERG=PB(EK) +F
IFCIVEQR. 1) UAR= PHM(K)-PB(K)X%x2
IFCIL, GT. 1) UAR= (PMUKI-PERKIX¥2) R IV / (JU=-1)
FEDUAR=UAR. " { PX(1.~P)/K )
WRITE(&, 382)K, PB(K) . PM(K) s RR» RUERG» VAR, REDURAR
FORMAT (2%, 13, 2%.F9.8, 4(F10.6), 34/ F10.6)

32

HRITE(E, 401)
FORMART ('l —--=- END OF THIS JOB ---')

STOP
END

SLUBROUTINE SREBL (MAXDOT, PSG)

STRATIFIED ARERL ESTIMARTION USING BAYES DOT ALLOCATION,
FOPMULA HEFE ARE FOR BAYES WITH UNIFOPM PRIOR

GIVEN ANY MAX NO. OF DOTS IN MAXDOT. m:usnm WILL RETURN
THE ESTIMRTES RRE IN ARRAY PSG ON RETIJRN,

w0

2X, * PROGRAM ARO9: ESTIMATION DFFgﬂ kﬁ?ﬁ%‘”s PROPORTION'

‘«1@X,' PROPORTIONAL ESTIMATE FOR GROUND TRUTH 1S’,FE.S)




4
-

c
E—-—»- WRITEN AND EDITED BY N.Y. CHU ON 5-9-79,
”~

INTEBER NDAPY(200), MM(S1), NN(B1) NX(51),LL(S1)
REAL W, PSG(1)

BYTE LABEL
C=w—== COMMON BLOCK 1S A FLAG FOR PRINT ENRBLE-/DI!SABLE
COMMON_/PRTFLG/JFLAG
DATA NSTRART @/, MINSZ/S/
DATA INIDOT/3~

IF(MAXDOT.GT. 200) GOTO 911 O

¢ on Ay .
C--—-— GET PIXEL COUNT FOR EACH CLUSTER Qp Ry
musmiar.m.e) GOTD 121 R

NSTHRT te,> 1§

CALL CLMPCS(NPIXEL,MiMM1,LL) Ly

IF(N.GE.S1) GOTO 01 ¥
121 CONTINUE

c
C—---- REGIN BAYES DOT ALl OCRTINN
.

IF (JFLAG.EQ. 1) HRITE(6,141)
141 FORMAT( 7, 25%Xs' === DOT FILE ==’
X s* DOT CLUSTER INFORMATION POSITION GROUND TRUTH'
X + ' SEGMENT FROPORT IONeL’
X <’ NJYBFR NO, PIXEL DOTS S.G. LINE,COL  RA.,CODE’
X +' URRIANCE ESTIMATE®)

c
Comomm Ktiﬂg.ﬁ SURE EACH CLUSTER HAS A MINIMUM NO. OF PIXELS
ND%eQ
DO 151 KelsM
NX(K) =@
NNC(K) »Q
IF(MMCK) . GE.MINSZ) NDSsNDS+INIDOT
IFCMCK L LT .MINGZ) KleK14MM(K)
IF(MMCK) LT MINSZ) MN(K)»e-]
151 g}o(rﬁxwz

IF(K1.LT.MINSZ) GOTO 161
Mx=M+1
MMOHL) =KL
NDS=NDS+INIDOT
é&i CONTINUE
E ----- FROM HERE TO STATEMENT 261 LOOP TO ASSIGN 1 DOT AT A TIME
C- ---- IN ORDER TO ARCHIEUE ARSSIGHING 3 DOTS INITIALLY OR LESS :
Crremrems TO EACH CLUSTER,
Cmmmrom THE DELTR UARIANCE COMPUTRTION 1S BYPRSSED FOR THWE FIRST .
CC: ----- NDS= INIDOT¥MX DOTS ’
KG1s0

NDOT=2
- 131 NDOT=NDOT+1

IF(NDOT.BT.NDS) GOTO 220

195 KB1=KGi+1
IF(KGL.GT.MX) KB1=1
Ki=KG1
IF(NN(KG1).6T.~1) GOTO 214
GOTO 195

c
C
C=~=~=- FOR EALH CLUSTEF. COMIMUTE DEL.TR WiRIANCE AND CHOOZSE THE LARGEST
200 AMWIXeQ,
DO 211 kK=1.MX
JeNN(K)

IF(J.LE. 1) GOTO 211
UARs ¢ FLOART(MM(K) ) /NPIXELK(J+B) )xk2




* . X(FLOAT(JIXJ ! 7, ¥ J48. )X (NX(K)+1,. ) K (J=-NX(K)+1.)

ZC (J=10RINCI+2, )X Je3, 0X%2 )
C HPITE(E»QQI&! )kuf‘"(KJoJof‘“(K)
99121 FORMRT(® K MHCK) » Ja N
}i‘(k’ﬂp LT.AMAKY GOTO 2
AR =URR
‘.:;'11 COMT IHUE

¥R
Ck)omﬁ' + 14,18, 21S/,E16.6)

{aame= ASSIGN A DOT TO THE CLUSTER WITH MAX DELTR UARIANCE

IF(HN(RL, BE. MMUKL ) URITE(E,213)NDOT K1 MMIKL)
GOTO 241

IFCNNCKL) ,GE,MM(K1))

213 Fﬂﬁ‘rﬁ‘!‘(’ ATTEMPT TO ASSIGN HJT"'- 13,° N'HLE

' 15 AVRILABLE, CLU’:TER- + 13, TOT

e PU%ITlm THE POINTER T NDR
214 MHD=1
DO ~1S KelyKi
IFiHN(E)LLE, @) 20Ta 215
ND=ND+NN(K)
21 CUNTINGE
L--—= MARKE POOM FOR THE NEW DOT IN NDARY
Nlw~1
™Y 217 vernOT ND NI
Y A L RTL A umRIAR)
1 PaND=IMN(K1)
HNCKL oMK L) #1
C=--——-= ASLIGMN A DOT
CALL GETDOT(MM(K1)INC(KD)
v HRITE(6,99141)K1 . HDyNN(K1
49141 FOFMART(' KL oND.NNsHXs* 4]
IF(EL LE M) GOTO 227
DU 22S FKil=i.M
IFENNCELDD) ,BGT.Q) GOTO 225
IFCIYOT. LT Mk Yy GOTO 227
IDOT= I DOT-MMCKL)
12 CONTINUE
287 Crll. CLMPXY (KL TDOT o NL NG L)Y
CAll GTMPLE(NL,NC.LABEL)
CH L LBLITPULABEL LB MX(KLI )
PSGUNDOT ) =0,
D 229 Jlel M¥
1F NG00 LR, 00 BOTO 289

+NDARY (ND) »
Iy
4, 407 2%, 1514)

)

PIXEL'»

FIXEL~', [B)

NX(KL1), fNDRRY(R).k-i.«)

PSGNDOT Y =PSGIHDOT )+ FLORT VXTI Y /NN RMM(IX) /NPIXEL

=229 CONTINUE

e

e

e o= COMPUTE  SEGMENT UARIANCE
241 uoho.

DO 281 ke1.M¥
IFeHNGEY LLE. 1) GOTO 251
Pe NX(E)+1, )/um(n-&a )

L=+ CFLOAT CMMOK) D /NPIXEL )%%2 SPXR(L.-P: 7 NN(K)=1, )

1 CONTINUE

IFCJFLAGL.EQ. 1) HRITE(S, 285 )MHDOT K4, iDOT  NN(KL ) . HNX(KL)
¥ SNLNCLABELLBL R 1 7SGINDQT)

SIS FUF’YMTl:a‘ol;‘- B 3170 Ina 120 30 2%0 130
IFeHDOT.LT. aXDOT) GGT'-' 131

C -
DO 261 Felod .~
IFCHH R . LD =10 NNV E) =@
261 CONTINUF

===~ END OF BRYES DOT ALLOCATION

X214

X P14,

cFi1.6)




Aph
E
Cm==-- WRITE CLUSTER INFORMATION
IF(JFLAG,.EQ. 1) WRITE(6, 282 YMAXDOT, NPIXEL s MX
282 FDRMQT(//|5X-' TOTAL NO. OD DOTS AVARILABLE =', 16,
b 4 /'SXn TOTAL NO. OF PIXEL IN THE CLUSTER IMRP =', 16,
X ” TOTAL. NO. OF CLUSTERS =', I6,
X /|SX.' CLUSTER CLUSTER NO. OF Q. OF DUTS LABELLED'
X 1.1 NO. CODE PIXELS RSSIGNED SMaLL GRAIN')
DO 283 K=1.MX
. IF(JFLAG.EG. 1) WRITE(6,284 K, LLCK) , MMCUK) s NN(K) s NX(K)
P 283 CONT INUE
1T 284 FORMAT (8, 12,5%, 14,3%, 16,4%, 13, 10X, 13)
; . IF(MX.EQ. M) GOTO 288
KX=0
DO 285 K=1.M
IF(NNCK)- NE. @) (GOTO 285
KX=KX+1
NDARY (KX) =K
=85 CONTINUE
IF(JFLAG.EQ.1) WRITE(6,286)MX, (NDARY(K):K=1,KX)
286 FORMAT(* THOSE SMALLER CLUSTERS GROUPED (AS CLUSTER', 13,
X ') ARE:', 3( /16013, 1) )
288 CONTINUE
C
C
[
c
GOTO 9%0
C

991 WRITE(E,S02)M

S@2  FORMALC® YOU HAVE', 13’ TOO MANY CLUSTERS(MAX=5Q) ")
GOTL 996

911 WRITE(6,912)NDOT

=12  FORMAT(' YOU SPECIFIED',14,' TOO MAN:' DOTS(MAX=201')

c
£---- ENTRY TO DEFINE INTIAL NO. OF DOTS TO BE ASSIBNED
ENTRY INITL(NNIT)
INIDOT=MNNIT
%30  RETURN

END

<7
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8. A85: BAYESIAN DOT ALLOCATION (NO PRIOR)

8.1 DESCRIPTION

Implemented in this piece of software is a scheme in which dot
allocation is sequentially Bayeesian (no prior) and labeling is
direct from ground truth. Thic scheme uses the same algorithm
as does A84 (Bayesian dot allocation, uniform prior) but has
slightly different formulas for Aci2 and segment variance, as
will be noted below.

In the Bayesian dot allocation scheme, dots are allocated sequen-
tially to those clusters that may reduce the variance of the seg-
ment proportion estimate the most. In order to do this, we must
first compute the expected change in variance, Acz, for each
cluster, The expected change in variance for cluster i is

defined as

2
2 (Ni) -xi(ni - xi)

(8-1)
(ni - l)zniz—(ni + 1)2

where Ni = number of pixels in cluster i

N = total number of pixels in the entire scene
n, = number of dots previously allocated to cluster i
x; = number of dots previously allocated to cluster i

which are labeled as small grain

i . € n.
(notice x; < nl)

Next, a dot is allocated to the cluster whose Aciz is the largest.
Then, for this chosen cluster, n, is updated to ng + 1. That
dot's label is read from the ground truth file. If the label is

7%
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a small grain, Xy is updated to x; + 1, After this, the segment
variance, 02, is computed as

m
0% = )

2
N\
; l(f«'l') P, (1 - B,) 1 (8-2)

ni -1

where m = total number of clusters

bl e
[Vl [V

(8=3)

This 02 is printed and the above allocation scheme is repeated
until the number of dots allocated reaches a value specified by
the user.

The proportion estimate is computed as

»
2

m .
P = R 3 (8-4)
sg Ega n; N

This scheme, like other allocation and labeling schemes, may be
repeated with different pseudorandom sequences. The main program
resets the random number generator to a different starting point
for each repetition.

All computation of statistics such as mean and variance is per-
formed in the main program. A grand summary is printed.

8.2 LINKAGES

The PDP 11/45 Fortrau library (for functions and subroutines such
as SQRT), the PDP 11/45 system library (for routines such as the




MG . a e L G L

pseudorandom number generator), and the utility package (desqribed
in section 14) are required.

Main program

or_ subprogram Subroutine or function required
MAIN SAEB2, GETDOT, CLMPCS, GTMPLB, LBLITP
SAEB2 . GETDOT, CLMPCS, GTMPLB, LBLITP
GETDOT RAN

8.3 INTERFACE

Interface with other routines is through the common block PRTFLG
(2 bytes), which is used to control the optional printing of dot
files and other information.

8.4 INPUTS

Fortran-formatted input of the following parameters is needed:

Card
or Default Default
line Parameters Format input value
1 Cluster map file name Al3 None
2 a. Number of repetitions I3 0 or blank 1
b. Starting point of first 15 0 or blank 10
pseudorandom sequence
c. Number of repetition I3 0 or blank 5
printings
3 a. Maximum number of dots I3 None

that can be allocated

b. Number of dots initially I3 None
assigned to each cluster

4. Number of status messages I3 0 or blank NO MSG
on terminal




Two disk files are needed, one containing the stripped cluster

map, the other the stripped ground truth map. These files should
have been created by conversion programs A81 and A86.

8.5 OUTPUTS

In addition to the normal echo of input specifications and status

messages on the terminal, the following will be output on a line

printer.
Report

Individual repetition 1.
2,
3.
4.

Grand summary 1,
2,

Contents
Processor header
Ground truth small-grain proportion

A dot file showing dots chosen, their
x-y position, their ground truth labels,
s2gment variance, and proportion
estimate

A table showing number of clusters,
cluster name codes, cluster sizes,
and number of dots assigned

Processor header

A table showing bias, MSE, reduction

in MSE, average, variance, and vari-

ance reduction as functions of number
of dots

8.6 BRIEF ALGORITHM: FOR BAYESIAN DOT ALLOCATION (NO PRIOR)

1. Type messages at terminal and read from it run specifications.

2, Compute ground truth small-grain proportion.

3. Repeat a through g until all repetitions are finished:

a., Set starting point of the pseudorandom number generator.

b. Clear a dot counter.




b

4.

Ce.

g.

Increment the dot counter.

If the dot counter indicates that the current dot should
be allocated as an initial dot, then go to the next step.
Otherwise compute Aci2 for every cluster and choose the

cluster with maximum Aoiz.

Allocate a dot to the chosen cluster.

Pick up the small-grain labels, compute segment variance
and proportion estimate, and print a line of the dot file.

If the dot count does not exceed specified value, go to c.

Compute bias, MSE, reduction in MSE, average, variance, and

variance reduction, and print a grand summary.

o mistieadads ]



Type messages and read
input at the terminal

Open the ground truth data
file and compute small
grain proportion from it

Open the cluster map file

Repeat for all
pseudorandom sequences

h
Set starting point of the
pseudorandom number
generator

Call SAg£82

Compute proportion estimate
(allocation: Bayes)
{1abeling: direct)

3

Update the seed to start
pseudorandom number

generator

3

Print grand summary

()
(e

MAXDOT > 200?

Call CLMPCS to initialize
cluster map read

Too
many clusters?

An
initial
dot?

Yes

No

Compute Aaz
Select the Sluster
with max /o

ssign and label a dot

< A
Compute segment variance

and proportion estimate

)

Print dot file

Maximum
dots
reached?

Print dot allocation
information
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8.7 LISTING

C

C :

Z—-=-~ PROGRAM A12(AE5.TSK) + PROFPORTION ESTIMATE OF SMALL GRAIN
Commmm USING BAYES (NO PRIOR) DNT ALLOCATION

C-—-—— LABELLING IS DIRECT BY GROUND TRUTH,

C

BYTE NAMEC(1S),NET(13)
REAL PSG(200), PM(202) ,PB(200)
Coommms CoMMON BLOCK IS R FLAG FOR PRINT ENABLE-DISABLE
COMMON ~PRTFLG/JFLAG
DATA NGT(S)/ .’/ NBT(B) S/, NET(?) /' T/ NBT(B)/'P"/

C
c
E-—-—— READING INPUT FROM TERMINAL

WRITE(8,s121)
121  FORMATC * PROGRAM: A12(ABS.TSK).'®
«~' PROPURTIONAL ESTIMATION OF SMALL GRAIN'
»' DOT ALLOCATION IS BRYES (MO PRICR) .°
#' LABELL.ING 1S DIRECT BY GROUND TRUTH.'
<’ INPUT CLUSTER MAP FILENAME' /' RARBRAAGARARA’ )
READ(7, 122) (NAME(K) yk=1,13)
122 FORMAT(13A1)

C
WRITE(8,131)
131  FORMAT( ' AN ASSIGNMENT OF PSEUDORANDOM DOTS 1S A REFETITION RUN®
x <’ HOW MANY REPETITION RUNS? SEED FDR FIRST PSEUDO SEQR7?!’
X 7* HOW MANY FRINTINGS OF INDIVIDUAL RUNS?*
* 0 TID ITIID T10°9
RERD(7?, 1325 JV, JSEED, JFAGE
132 FORMATC(IZ, 1X, 15, 1XI3)
IF(JV.EN. @) JU=1
IF(JSEED.ER.9) JSEED=10Q
IF(JPAGE.EQ.Q) JPRAGE=S
JEKIP=(JU-1)~JPAGE+1

WRITE(S,141)
141 FORMARTC® SPECIFY MAXIMUM NO. OF DOTS IN THE REFETITIONS RLHE, '~
¥ : ?T? ??i'DF DOTS INTIALLY ASSIGNED TO ERCH CLUSTEE. °.
X 3
READ (7, 142)MAXDOT » NMN1X
142  FORMAT(I3, 1%, [3)
CALL. IMIT2(NNIX)

WRITE(S, 151)

151 FORMAT¢* STATUS MESSAGES ON TERMINAL, HOW MANYT'~* T11°)
REAN(7?, 152)MMES

152 FORMAT(I3)

WRITE(S, 181 ) (NAME(K ) K=1,13), JUy JSEED\ MAXDCT
181 FORMAT (.’ CLUSTER FILE GIVEN = ',13A1,
<' NQ. OF REPETITION RUNS FOR EACH TOUTDOT =*,13,
/' THE FIRST REFETITION RUM STARTS WITH SEED = ', 16
20 MAXIMUM MO. OF DOTS IN THE REPETITION RUNS=', 162

[
Lo COMPUTE BAYES (NO PRIOR) ESTIMATE FOF GROLND TEUTH
NLINE=117
NCOL =196
DO 216 k=1,4
215 NGT(K)=NAME(K)
CPEMN(UNIT=2, NRME=NGT . TYPE="0L D" » READONLY» FOR!1= * UNFORMATTED®
¥ ACCESS='DIRECT')
Ul 231 L=1.NLINE
D0 221 K=1,MHCOL
CALL GTMPLB(L,K.LRBEL)
- CALL LBLITP(LABEL.LB1,IP)
221 CONT INUE
231 CONTIMUE

EE X X 3

(g

b




FoFLORTCIP) ZHL THE -NCOIL.

OFENCUNIT=1,NAME=MAME TYPE=" OLD* » FORM= ' UNFORMATTED® »
¥ PEADONLY,ACCESS='DIRECT')
CALL CLMPLCONL.INE,NCOL)

w
Lom=-= START ESTIMATION FOR ERCH TOTDOT AND REPETITIONS
DO 311 K=1,MAXDOT
PE(K)~3,
11 B Ky ed,
JMET 0
JS= JSELD
DO 361 J=1,JU
JFLAG=2
IF(MODCS, JSKIP)Y . ERL 1) JFLAG=1
IF(JFLAG.EC. 1) WRITE(S, 321 NAME,
321 FORMAT (17, 10X, "aCCURACY ACCES QEMENT SOFTWARE(5-10-72) "

¥ ~var, ' PROGRAM Al2: ESTIMATION OF SMALL GRAINS PROPORTION®
X f-lSK»’DOT ALLOCATIONSBAYES (NO PRIOR) »°*
¥ /,15%,'DOT LABELLING:DIRECT BY GROUND THJTH.’
/ X /910X, * INPUT CLUSTER MAP IS FILE ',15R1
P L3 <+ 10X, * PROPORTICNAL ESTIMATE FOR GRDUND TRUTH I5*,FB.5)
: IFiJFLRG.EQ. 1) WRITE(E,322)J, JSEED
F 322  FOPMAT(/»2X,' =-= FEPETITION RUN=',13,
' X ' RANDOM DOT SEQUENMCE STRRTS WITH', I18,* ——=*)

CALL RaMNST(JSEED)
CALL SHEB2(MAXDOT, PSG)
JMES=JMES+1
IF(JMES.LE.MMES® WRITE(S, 223)YMAXDOT,J» JSEED
23 FORMATC MAXDOTe',13,' REPETITION RUN=',13,' SEEDs',[6)
JSEED=JSEED+15@
Lo COMPUTE BIAS AND M.S.E.
DO 241 K=1,MRADOT
TEMFePSG(K)-P
PEB(k)=PR(K)+TEMP
341 PHMIK) =PHM(K)+TEMPAX2
361 CONTINUE

C———— FRINT GEAMND SUMMRRY FOR THIS JOB
WRITE(2.321)NAME,P
WRITE(S, 371 yMAXDOT, JU, JS
et FOPMAT 7« 14, " == BRAND ZUMMARY OF THIZ JOB -==',
¥ aSxe ' MANY. MO, OF DOTS IM FACH REPETITION PUNs',13,
¥ 014, NO. OF FEFETITION RUNS =', 13,
* s 14, RAMDOM DOTS START WITH SEED=’, 16,
¥ ~oe0ldy ' DOT BIRS M.S.E. RELDUCTION,
¥ ' AVERAGE UARRIANCE UAR REDUCTIOMN®)
DO 231 E=1.hAXDOT
PRLE)=PE(F 1 -JU
FMUEI=FHIKY-JU
RE=FPM{F) ( F¥{1,-F1~“K
AUERC=FRiLEK)+F
IFCJU.EQ. 1) UAR= FM(K)-PBI{K){&¥2
IFCIJU.BT. 1) UAR= (PM(K)~PB(KI¥42)KIU/ (JU=1)
REDUAR=URR/{ P¥(1l.~-FI)-/K )
el WRITE(E.382YKPB(E ), FHIK ), RF, AUERG, UAR REDUFR
82 FOFMAT (2, 13, 2, F9.85, 4(F10.6)y I F1Q.6)

URITE(6,401)
41 FOFMAT(’1 —-== END OF THIZ JOB -—-")
[
STOF
END
L
C
-
SUBPOUTINE SAEB2(MRXDOT, PSG)
| mm———— STRATIFIED RAREAL ESTIMATION USING BAYES DOT ALLOCATION,
L~ FORMULA HERE RRE FUR BRYES WITH NO PRIOR,
C—=-== GIVEN ANY MRX MO, OF DOTS IN MAXDOT, PROGRAM WILL FETURM

ORIGINAL ri&C= it
OF POOR QLH\L“Y




‘ fc--—- THE ESTIMATE 1S IN ARRAY PSG ON RETURN.
c---- WRITEN AND EDITED BY M.Y. CHJ ON S5-10-79.

INTEGER NDARY(200):MM(S1) s NN(S1) s NX(51) s LL(51)
REAL EU-PSG L

C-—-=~ COMMON BLOCK 1S A FLAG FOR PRINT ENARLE-D'SABLE
COMMON /PRTFLG/JFLAG
DATA NSTART/@/: MINSZ/5-
DATA INIPOT/3/

IF(MAXDOT.GT.200) GOTO 911

c .

C—--- GET PIXEL COUNT.FOR EACH CLUSTER
IF(NSTRRT.N2.9) GOTO 121
NSTART=1
CALL. CLMPCS(NPIXEL.M,MM,LL)
IF(M.GE,51) BGOTO Se1

121  CONTINUE

c
E-—-—— BEGIN BAYES DOT ALLOCARTION

IF(JFLAG.EQ. 1) NRITE<6.141)
141 FORMAT (/7 28%,* -—— DOT FILE ===
s DOT CLUSTER INFORMTICN POSITION GROUND TRUTH'
o' SEGMENT PROPORTIOMAL
s NUMBER NO. PIXEL DOTS S.G6. LINE,COL RAWCODE'
! UARIANCE ESTIMATE')

c
C--—*—-KTQ!@(E SURE ERCH CLUSTER HAS A MINIMUM NO. OF PIXELS

NDS=Q
DO 181 Ke=1,M
NX(K)=0
NN(K) =2
IF(MM(K) .GE.MINSZ) NDS=NDS+INIDOT
IF(MM(K) LT .MINSZ) K1=K1+MM(K)
IFOMKI.LT.MINSZ) NN(K)=-1
151 CONTINUE

€ € 3¢ 2

MX~M

IF(K1.LT.MINSZ) GOTO 161

MX=M+1

MM(MX)=K1

NDS=NDS+INIDOT ;
éél CONTINUE .
E--—" FROM HERE TO STATEMENT 261+ LOOP TO ASSIGN 1 DOT AT R TIME
C~-——— IN ORDER TO ACHIEVE ASSIGNING 3 DOTS INITIALLY OR LESS
L TO ERCH CLUSTER,
C----- THE DELTA UARIANCE COMPUTATION 1S BYPRSSED FOR THE FIRST
IC: ----- NDS=INIDOTXMX DOTS

KB1=0

191 NDOT:=N= '+l

‘ IF(isDOT GT.NDS) GOTO 200
195 KG1=KG1+i
IF(KG1,6T.MX) KGi=1
Ki=Ki51
IF(NN(KG1) . 6T, ~1) GOTC 214
GOTD 195

an
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Crommme FOR EACH CLUSTER, COMPUTE DELTA “JARIANCE AND CHOOSE THE LARGEST

=200 AMAY =0,
DO 211 K=1.MX
JuNMCK)
IF(J.LE. 1) GOTD 211
UAR= ( FLOAT(MM(K) I/NPIXEL/(J=1,)7J7(J+1.) JX%2
X ANXCK) X (I=-NX(K) )
e WRITE(6, 99121 ) K/ MM(K) » Jo NX(K
939121 FORMAT(® K,MMC(K),»J.NX(K) oUPR" 014013 215,E16.€)
IF(VAR.LT.AMAX) GOTO 211
Ki'K
AMAX=UAR
?11 CONTINUE

C-——-~ ASSIGN A DOT TA THE CLUSTER WITH MAX DELTA UARIANCE
IF(NN(K1),BE.MM(K1)) WRITE(6,213)NDQT» K1, MM(K1)
IF(NN(K1).6E.MM(K1)) GOTO 241

213 FOPMT(' ATTEMPT TO ASSIGN DOTs’',13,' WHILE NO PIXEL',

* 1S AVAILABLE, CLUSTER=',13,' TOT PIXELe=',16)
Lo PDS!TION THE POINTER TO NDRRY
214  ND=1
DU 2185 K=1,K1
IF(NNCK),LE.®) BOTO 215
ND=ND+NN(K)
218 CONTINUE
C—ee- mxziaom FOR THE NEW DOT IN NDARY
DO 217 K=NDOT,ND.N1
217  NDARY(K+1)=aNDARY(K)
NDsND-NN(K1)
N*KKI)-NN(I“)-M
Comm== ASSIBN R DO
CALL GETDOTU‘N(KI)-W(KI) NDARY (ND), 1DOT)
Cc WRITE(6,99141)K1,ND, W(Kl)-NX(Ki).(P{DRRY(K).K-i-M)
99141 FORMATC(® K1,ND,NN,NX=',414, 4(/,2%X.15[4) )
IF(K1.Li, M) GOTO 227
DO 225 Ki=i,HM
IF(NN(K1).6T.2) BGOTO 225
IFCIDOT.LT.MM(K1)) GOTO 227
I1DOT= 1 DOT-MM(KL)
225 CONTINJE
227 CALL CLMPXY(K1,» IDOTNL/NC,LL)
CALL GTMPLB(NL,NC,LABEL)
CALL LBLITP(LABEL,LB1,NX(K1))
PSG(NDOT) »2.
DO 229 JX=1.MX
1F(NN(JX)>.LE. @) GOTO 229

PSG(NDOT ) =PSGNDOT )+ FLOAT (NX (X)) /NN(IX)Y KMM(JIX) /NPIXEL

229 CONTINUE

————— COMPUTE AND STORE SEGMENT UARIANCE
241 U=,
DO 251 K=1,MX
IF(NNCK) .LE. 1) GOT0 251
Ps FLOAT (NX(K))/NN(K)
UU=UU+ (FLORT (MMCK) ) /NPIXEL ) Xk2 XPK(1.-P)/( NN(K)-1.
251 CONTINUE
IF(JFLRAG.EQ. 1) WRITE(6,255)NDOT» K1+ IDOT)NNCKL) »NX(KL)
» NL+ NC+ LARBEL.» LB1, W, FSG(NDOT)

1F(NDOT,.LT.MAXDOT) &OTO 1

)

X )
2685  FORMAT(2X, 13, 3><.13.1><.1sé1x.1::.2x.13. 2%, 214, 2X.214, 2F11.6)
Cc

DO 261 K=1,MX
IFI(NN(K), LE.-l) NN(K) =0
21 CONTINUE

816

¢/

I _ _ ,, N e




o+

r
1) 0
REPRODUCIEY GE 18 POOR
JGINAL PN

€
C-=--- END OF BAYES DOT ALLDCATION
Cemm== WRITE CLUSTER INFORMATION

IF(JFLAG.EQ. 1) WRITE(E, 282 sMAXDOT NPIXEL . MX

FORMAT (/15X * TOTAL NO. OD DOTS AUAILABLE ', 16,

" 7,6%,* TOTAL NO. OF PIXEL IN THE CLUSTER MAF =’ 16,
. X s 1 TOTAL NO, OF CLUSTERS =*, 16,
T x 75X, CLUSTER CLUSTER ND, OF MO, OF DOTS LABELLED’

x 18 o, CODE PIXELS RSSIGNED SMALL GRAIN')

DO 283 K=1

IF(JFLAG. EG 1) WRITE(6, 284K LLIK) » MMCK) s NNCK) o NX(K)
283 CONTINUE
284  FORMATEBX, 12, SX- [4,3%)16,4%, 13, 10X, 13)

g('(go( LEQ.M) BOTO 288

DO 285 K=i
IF(M(K).NE.@) GOTO 285

KX=KK+1

NMRY(KX)'K
285 CONT INUE

1F(JFLAG.EG.1) HRITE(6,2868)MX, (INDARY(K) 1 K=1,KX)
286 FORMAT (' THOCKE SMALLER CLUSTERS GROUPED (RS CLUSTER', 13,

X ') ARE'y 3(/H16C13° %)) )
gee CONT INUE
C
c
c ,

GOTO 99
E
o901 HWRITE(E,902)M
S0 FORMART (' YOU HAVE',13,' TOD MANY CLUSTERS(MRN=50)')

GOTO 990
811  UWRITE(6,912)NDOT
212 FOPMAT(’ YOU SPECIFIED'» 14’ TOO MANY DOTS(MAX=200,')

c

C~==- ENTRY TQ DEFINE INTIAL NO. OF DOTS TO BE RSSIGNED
ENTRY INIT2(NMIT)
INIDOTNNIT

990  RETURN
END
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9. A87: BAYESIAN DOT ALLOCATION (QUADRATIC PRIOR)

9.1 DESCRIPTION

Implemented in this piece of software is a scheme in which dot
allocation is sequentially Bayesian (quadratic prior) and label-
ing is direct from ground truth. This scheme uses an algorithm
similar to that used by A84 and A85 but has different formulas
for Acz and segment variance. These two parameters are computed

with the help of function THI1,

In the Bayesian dot allocation scheme, dots are allocated seguen-
tially to those clusters that may reduce the variance of the seg-
ment proportion estimate the most. In order to do this, we must
first compute the expected change in variance, Aaz, for each
cluster. The expected change in variance for cluster i is
defined as

2.2 (u1 2 8“1'*1(1 . sni.xi’ ant.xi‘ni#l,xi+1‘1 -8
i N (

Ay - Iy ny

n£+1,xi+1’

. Q- ’n‘,xilani+1,x§(l - °n£+1,xé:J
Ry
(9-1)
where N1 = number of pixels in cluster i
N = total number of pixels in the entire scene

‘.‘“ _:‘: * t“x * 3”: * )l * E iE * *“l + ;“eb “ 0% ﬂ * !Hnﬁ * ;”e * ll (9_2)

a = 6.,31924, b = -8,19799, c = 2,99258
n, = number of dots previously allocated to cluster i
x, = number of dots previously allocated to cluster i

which are labeled as small grain

(notice x; < "1)

I e . S
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It should be noted that 6n,x is computed via a function called
TH1.

Next, a dot is allocated to the cluster whose Aoi2 is the largest.
Then, for this chosen cluster, ny is updated to n, + 1. That
dot's label is read from the ground truth file. 1If the lubel is
a small grain, Xy is updated to x; + l. Afteyr this, the segment
variance, oz, is computed as

2 9 (L -9 )
02 . m (Ei ni,xi ni,xi (9-3)
&\ ny =1

.

where m = total number of clusters

This 02 is printed and the abcve allocation scheme is repeated
until the number of dots allocated reaches a value specified by
the user.

The proportion estimate is computed as

~ m NiA

= 2 -
psg fgi N eni,xi (9-4)
This scheme, like other allocation and labeling schemes, may be
repeated with different pseudorandom sequences. The main program
resets the random number generator to a different starting point
for each repetition,

All computation of statistics such as mean and variance is per-
formed in the main program, A grand summary is printed.
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9.2 LINKAGES

The PDP 11/45 Fortran library (for functions and subroutines such
as SQRT), the PDP 11/45 system library (for routines such as the
pseudorandom number generator), and the utility package (described
in the section 14) are required.

Main program

or subprogram Subroutine or function required
MAIN SAEB3, GETDO.. CLMPCS, GTMPLB, LBLITP
SAEB3 GETDOT, CLMPCS, GTMPLB, LBLITP, TH1l
GETDOT RAN
TH1 None

9.3 INTERFACE

Interface with other routines is through the common block PRTFLG
(2 bytes), which is used to control the optional printing of dot
files and other information.

9.4 INPUTS

Fortran-formatted input of the following parameters is needed:

Card
or Default Default
line Parameters Format input value
1 Cluster map file name Al3 None
2 a. Number of repetitions 13 0 or blank 1 J
= b. Starting point of first I5 0 or blank 10
' pseudorandom sequence

c. Number of repetition I3 0 or blank 5

printings




3 a. Maximum number of dots 13 None
that can be allocated

b. Number of dots initially I3 None
assigned to each cluster
4 Number of status messages on I3 0 or blank NO MSG
terminal

Two disk files are needed, one containing the stripped cluster
map, the other the stripped ground truth map. These files should

have been created Ly conversion programs A8l and AS86.

9.5 OUTPUTS

In addition to the normal echo of input specifications and status
the following will be output on a line

messages on the terminal,

printer.
Report

Individual repetition 1.
2.
3.
4.

Grand summary 1.
2.

Contents
Processor header
Ground truth small-grain proportion

A dot file showing dots chosen, their
X-y position, their ground truth labels,
segment variance, and proportion

estimate

A table showing number of clusters,
cluster name codes, cluster sizes, and
number of dots assigned

Processor header

A table showing bias, MSE, reduction
in MSE, average, variance, and vari-
ance reduction as functions of number
of dots

gy 4

6

T Y I



9,6 BRIEF ALGORITHM: FOR BAYESIAN DOT ALLOCATION
(QUADRATIC PRIOR)

Type messages at terminal and read from it run specifications.

Compute ground truth small-grain proportion.

Repeat a through g until all repetitions are finished:

a.
b.

C.

Set starting point of the pseudorandom number generator.
Clear a dot counter.
Increment the dot counter.

If the dot counter indicates that the current dot should
be allocated as an initial dot, then go to the next step.
Otherwise compute Aci2 for every cluster and choose the

cluster with maximum Aoiz.

Allocate a dot to the chosen cluster.

Pick up the small-grain labels, compute segment variance
and proportion estimate, and print a line of the dot file.

If the dot count does not exceed specified value, go to c.

Compute bias, MSE, reduction in MSE, average, variance, and

variance reduction, and print a grand summary.




i i

Type messages and read
input at the terminal

file and compute small
grain proportion from it

Open the cluster map file

-

“Repeat for all
pseudorandom sequences

y

Set starting point of the
pseudorandom number
generator

3

Call SAEB]

Compute proportion estimate
{allocation; Bayes)
(labeling: direct)

3

Update tne seed to start
pseudorandom number

generator

Print grand summary

MAXDOT > 2007

Call CLNPCS to initialize
cluster map read

Yes lli"

An
initial
dot?

Yes

No

Compute e.cz
Select the Eluster
with max &

Compute segment variance

Assign and label a dot
and proportion estimate

Print dot file

Ma ximum
dots
reached?

Print dot allocation
information

Figure 9-1.— Flow chart for Bayesian dot allocation

(quadratic prior).




Compute a cluster
gmportion estimate
n X based on

qua'dntic prior

;
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Figure 9-1.— Concluded.

REPRODUCIBILITY OF
ORIGINAL PAGE IS POOTII%{




i
S
3
!
H

9.7 LISTING

Cmomm PROGRAM A13 (R87.TSK)+ PROPORTION ESTIMATE OF SMALL GRAIN
Cmem= USING BAYES (QUADRATIC PRIOR) DOT ALLOCATION
E ***** LABELLING IS DIRECT BY GRCUND TRUTH.

BYTE NAME(15),NGT(13)
REAL PSG(200) PM(200), PB(200)
Cmemoee CoMON BLOCK IS R FLAG FOR PRINT EMNABLE/DISABLE
COMMON ~PRTFLG/JFLAG
DATA NGBT(5)/’ .’/ NGT(6)/'S’ 7/, NEBT(7)/'T' /«NGT(8) /'P* ~

C---—-~- READING INPUT FROM TERMINAL

<
HRITE(8,121)

121 FORMAT( * PROGRAM: A13 (AS7.TSK).'
X /* PROPORTIONAL ESTIMATION OF SMALL GRAIN®
X s* DOT ALLOCATION IS BAYES (RUADRATIC PRIDP) 4
X < LABELLING IS DIRECT BY GROUND TRUTH.
X 7 INPUT CLUSTER MAP FILEMNAME' /' RRARARARRARAR’)
READ(7, 122) (NAME(K)»K=1,13)

122 FORMAT(13A1)

C

HRITE(S,131)
131 FORMAT( ' AN ASSIGNMENT OF PSEUDORANDOM DOTS 1S A REPETITION RUN’
X s HOW MANY REPETITION RUMS? SEED FOR FIRST PSEUDO SERQ?’
X 7 HOW MANY PRINTINGS OF INDIVIDIIAI RIINGT?
X ' TTU LTIIITD TI1°)
READ(7, 132)JV, JSEED, JPARGE
132 FORMAT(I3, 1X,ISs 1%, 13)
IF(JU,LE. Q) JU=1
IF(JSEED.LE.Q) JSEED=10
IF(JPAGE.LE.9) JPRGE=S
JSKIP=(JU-1)/JPAGE+1

HRITE(3, 141)

141 FORMAT(* SPECIFY ¢AXIMUM NO. OF DOTS IN THE REPFTITIONS RUNS, '~
i : ?f?? T?i’?F DOTS INTIALLY RSSIGNED TO EACH CLUSTER.'/
RERD( 7, 142)MAXDOT » NNIX

142  FORMAT(13,1X,132)
CALL INIT3(NNIX)

S WRITE(8, 151)

. 1561  FORMAT(' STATUS MESSAGES ON TERMINAL, HOW MANY?'./* 111°')
PEAD (7, 152)NMES

152  FQRMAT(I3)

WRITE(8, 181) (NARME(K),»K=1, 13) s JU, JSEED, MAXDOT
181 FORMAT(/~’* CLUSTER FILE GIVEN = *,13A1,

3

: 3 /' NO. OF REPETITION RUNS FOR EACH TOTDOT =’,13,
3 X -’ THE FIRST REPETITION RUN STARTS WITH SEED = °, 16,
4 X /' MAXIMUM NO. OF DOTS IN THE REPETITION RUNS=’,16)
: C
C~—---— COMPUTE BAYES (GQUADRATIC PRIOR) ESTIMATE FOR GRND TRUTH
NLINE=117
NCOL =136

DO 215 K=1,4

215  NBT(K)=NAME(K)

OPENC(UNIT=2,NAME=NGT, TYPE='OLD’ , READONLY, FURM= ' UNFORMATTED’ ,

¥ ACCESS='DIRECT')

3 DD 231 L=1,NLINE

) DO 221 K=1,NCOL

: CALL GTMPLB(L,K,LABEL)

3 CAll. LBLITP(LABEL,LB1,1P)

221 CONTINUE

231 CONT INUE
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PaFLOMTCIP 3 /NLINE/NCOL

OPEN(UNIT=1, NAME=NAME, TYPE="0OLD’ , FORM='UNFORMATTED’ »
X  READOMNLY,ACCESS='DIRECT®)
CALL CLMPLCONLINE,NCOL)

C
C----- START ESTIMATION FOR AN TOTDOT AND REPETITIONS
DO 311 K=1,MAXDOT
PB(K )0,
311 PMuK)=0,
JMES=0
JS=JSEED
DO 361 J=1,JV
JFLAG=@
IF{MOD¢J~1,JSKIP).EQ.0Q) JFLAG=1
IF(JFLAG.EQ. 1) WRITE(6,321INAME, P
321  FORMAT('1', 10X, *ACCURACY ACCESSEMENT SOFTWARE(S5-11-79)°%,7,2¥%,
X "PrOGRAM AL13 (AB7.TSK): ESTIMATION OF SMALL GRAINS PROPORTION'

X #» 15X, 'DOT ALLOCATION'BAYES (GURDRATIC PRINR),’
* #415%, *DOT LABELL ING:DIRECT BY GROUND TRUTH.'®
* #7510K, " INPUT CLUSTER MAP IS FILE ', 15R1.
X #910X%, ' PROFORTIONAL ESTIMATE FOR GROUND TRUTH 13°',F3.5)
IF(JFLAG.EG. 1) WRITE(6,322)J, JSFFD
322 FDRHQTf/.gA. ~-— REPETITION RUN=’, 13,
* RANDOM DOT SERUENCE QTQRTS WITH® » 18y " ~==")

CﬁLl RANST (JSEED)
CALL SAEB3(MAXDOT, PS5}
JMES=JMEG+1
IF(JMES.LE.NMES) WRITE(&,323)MAXDOT, J,» JSEED
32 FORMAT(® MAXDOT=',13,* REFETITION RUN=*,13,’ SEED=',l16)
JSEED=JSEED+150
C—-——-~ COMPUTE BIRS RND M.S.E.
DO 341 k=1,MAXDOT
TEMP=PSG(K)-P
PB(K)=PB(K}+TEMP
341 FMCK) =PMUK) +TEMPXX2
261 CONTINUE

L PRINT GRAND SUMMARY FOR THIS JOB
HRITE(S, 321 )NAME, P
WRITE(E, 371 JMAXDOT, JU, JS

371 FORMAT(/,14X,’ —-= BRAND SUMMARY OF THIS JOB ——-
75X, ? MAX. NO. OF DOTs IN ERCH FEPETITIUN PUN=", 13,
114X, NO. OF REPETITION RUNS =°, I3,
v 14X, * RANDOM DOTS STRRT WITH SEED=', I&,
</y1Xs " DOT BIRS M.5.E. REDUCTION’,

' AVERAGE VARIANCE WUAR REDUCTION®)

DO 381 k=1,MAXDOT

PB{K)=PB(K)/JU

PM{K)=PM(K) /7 JY

RR-PM(X)~( PX(1.-PY7K )}

AVERG~PB(K)+F

IFCJU.ER. 1) UAR= PM(K)-PB(K)XX2

IFCJU.BT. 1) UAR= (PMIKI~-PB(KIX¥2)KJ)/ (JU-1)

PEDUAR=UAR( PX¥(1.-P}/K )

381 WRITE(E, 3682 K, PB(K), PM(K), KR, AUERG, VAR, REDUAR

382  FORMAT(2X, 13, 2x,F3.5. 4(F10.63, 34X, Fl10.6)

L X X X3

C

c
WRITE(, 401}

g@l FORMAT('1 ~-=~ END GF THIS JOB ~-—")
S5TOF
END

C

C

(




SUBROUTINE SAEB3(MAXDOT, PSG)

Cm——e- STRATIFIED AREAL ESTIMATION USING BAYES DOT ALLOUATION.
Creomm FORMULAS HERE ARE FOR BAYES WITH QUADRATIC PRICOR.

Commnem GIVEN ANY MAX NO. OF DOTS IN MAXDOT, PROGRAM WILL RETURN
Coemem THE PROPORTIONAL ESTIMATE IS IN ARRAY PSG.

C

E~———- WRITEN AND EDITED BY N.Y. CHU ON 5-11-7S,

C

INTEGER NDARY(200),MM(51),NN(E1) ,NX(51),LL{51)
REAL UU,PSG(L)
BYTE LRBEL

Cmmmemm COMMON BLOCK 1S A FLAG FOR PRINT ENARBLE-DISABLE
COMMON ~PRTFLG/JFLRG
DATA NSTART/0-, MINSZ/5/
DATA INIDOT/ 3~

IF(MAXDOT.GT.20@) G0TO 911

------ GET PIXEL COUNT FOR EACH CLUSTER
IF(NSTARRT.NE.Q) GOTO 121
NSTART =1
CALL CLMPCS(NPIXELsM,MM,LL)
IF(M.GE.51) GOTO 9e1

121  CONTIMNUE

c
Crm—m= BEGIN BRYES DOT ALLOCATIDN
C

IF (JFLAG.EQ. 1) WRITE(6, 141)
v 141  FORMAT(.//, 25X, —-— DOT FILE ==
' * 2 DCT CLUSTER INFORMATION POSITION GRSUND TRUTH'
] X »* SEBMENT PROPORTIONAL’
f X
X

7' NUMBER NO. PIXEL DOTS 5.6. LINE,COL  PRAW,CODE’
y? VARIAMCE ESTIMATE')

: C
1 C———=- MR%E SURE EARCH CLUSTER HAS A MINIMUM ND. OF PIXELS
4 Ki=
NDS=2
DO 151 K=1,M . R
; MNXC(KY=Q
! NMUK ) =@
] IF(MM(K) . GE.MINSZ) NDS=NDS+INIDOT
3 IFCMMCK) LT MINSZ) K1=K1+M(K)
? IF(MMCK) . LT.MINSZ) NN(K)=-1
151  CUILTINUE
Mx=M
IF(K1.I.T.MINSZ) GOTO 161
MX=M+1
MMM ) =K1
NDS=NDS+ [N DOT
61  CONTINUE

1
C .
E— ------ FROM HERE TO STATEMENT 261t LOOP TO ASSIGN 1 DOT AT A TIME

Lo IN ORDER TO ACHIEVE ASSISNING 3 DOTS INITIALLY TO EACH CLUSTER
C~--~~ THE DELTR UARIANCE COMPUTATION 1S BYPASSED FOR THE FIRST
C———=— NDS=INIDOT4MxX DOTS

C

KG1=2
NDOT =0
181 NDOT=NDOT+1
IF(NDOT.GT.NDS) GOTO 2ed
195  KG1=KGi+1l
IF(KG1.6T.MA) KBGi=1
K1=KG1i
IF(NN(KGLY.GT.-1) (OTO 214
GOTO 195

910

72
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L~ ---—— FOR EQCH CLUSTER, COMPUTE DELTA UARIANCE AND CHOOSE THE LARGEST

200

RN

-

{3

i

Lol |

OO

K)
IF(J.LE. 1) GOTOD 211
UAR= ( FLOAT(MM(K))/NPIXEL )kk2

X X THL (I, JPOIXR(L, =THL(JWIX) )/ (J-1.)
K ~THLT, JXIXTHL (J41, JX4+0)0 K (L. -THL (J+1,JX+1))/d
X =01, ~THL(Jy JXIIXTHL (J4+1, DOX L, =THL(J+1, JX)) 2d )

WRITE(E, 99121)K, MM(K), JyNX(K)» UAR

FORMAT(* KsMM(K),J,NX(K) UAR="', 4, [8,215,E156.6)
}E(ERR.LT.HMQX) G0TO 211

AMAX=UAR

CONT INUE

-~ RSSIBN A DCT TO THE CLUSTER WITH MAX DELTAR UARIANCE

X

IF(NN(K1),GE,MM(K1)) WRITE(6.213)NDOT K1, M1M(KL)
IF(NN(EL) ,BE. MM(KL1)) GOTO 241
FURNQT(' QTTENPI TO ASSIEM DOT=", 13" LHILLE NO PIXEL®,
AVAILABLE. CLUSTER=',13,° TOT PIXEL=",16)
FgSITIDN THE POINTER TO NDARY
D=1
DO 215 Kal,K1
IF(MNCK) LLE. Q) GOTO 218
ND=HD+NN(K)
CONTINUE
Q?KEIRUON FOR THE HEH DOT IN NDARY
DO 217 E=NDOT,ND.N1
NDARY (K+1) =NDARY (K)
ND=ND-NMCK1)
NNCK1) =MN(KL1)+1
ASSIGN A DOT
CALL BETDOT(MM(K1),NMCK1),NDARY(ND), IDOT)
WRITE(G. 99141)K1 yNDyMMIKL Y s NX(KT »y tNDARY (K)»K=1, 441)
FORMATC® K1,NDy NN MX=", 414, 4(/,2%.1514) )
IF(KL.LLE.M) GOTO 227
DO 225 Ki=1.M
IF(HN(KLY . BT.0) GOTO 2285.
IFCIDOT.LT.MM(K1)) GOTO 227
1DOT = 1 DOT-MM(KL)
CANT INUE
CALL CLMPXY(K1, IDOT,NLsNC, L)
cAlLL GTMPLB(ML . MCyLABEL)
CALL LBLITP{LABEL,LBL/NX{K1))
PSG(NDOT) =0,
DO 223 JX=1,MX
IF(NNCJX),LE, @) GOTD 229
ggﬁ;?gOEJ-PSG(NDUT)+ FLOAT (MM OIX ) ) /MP IXELKTHL (NNCIX) o NX(JXD)
L

jCDgPUTE SEGMENT URARIANCE
U=,
DO 251 EK=1.MX
TFONNCKD L LE. 1) GOTO 251
WU=UU+ (FLOAT (MMOKD ) /NP IKEL Y K2 XTHAL INNIKD o NACK) )
FOL =THLONNCK) v MXCE D 3 7 INNCKDY =1, )
CONTIMUJE
IFCJIFLAG.EQ. 1) WRITE(G, 25%)NDOT, K1+ IDOT HNCKL Y s NX UKD )
s NL NCy LRBELL, LB1, VU, PSGCNDOT)

*
FORMAT(2Xs 13y 33X 131X, 164 14, 13, 2Xe 130 2%, 214, 29214, 2F11.6)

IF(HDOT, LT, MAXDOT) GOTO 191

DO 261 K=1,MX
TFONNCKD L LE ~1) NN(K) =0

-
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261 CONTINUE
_____ END OF BAYES DOT ALLOCATION

C
C- oo NRITE CLUSTER INFORMATION
F(JFLAG, EQ. 1 WRITE(E, aammxmrmmxm-.nx

a82 FDRT'IQT(//.SX; TOTAL NO. OD DOTS ARUAILABLE »',]6,
X 78X, TOTAL NOQ. OF PIXFL IN THE CLUSTER MAP «', |6,
X 715X ° TOTAL NO. OF CLUSTERS =’, 16,
% #SX, ¢ CILUSTER CLUSTER NO. OF NQ. OF DOTS LABELLED’
*DO 263 K/ism NO. CODE PIXELS ASSIGNED SMALL GRAIN')

IF(JFLAG.ED. 1) WRITE(E,E84)KsLLCK) «MMIK) s NNCK) » NX(K)

CONTINVE

284  FORMAT(8X,12,5X, 14,3%X,[6,4%, 13, 10X, 13)
IF(MX.EQ.M} GOTO 288

KX=0

DO 2685 K=1,M

IF(NN(K) . NE.©) GOTO 285

KXwKX+1

NDARY (KX} =K

CONTINLE

IF(JFLAG.EQ. 1) WRITE(S,

FOPMAT (.’ THOSE SYﬂ.L%!é

b 4 ') ARE:’, 31,
CONTINLIE

E B

38

MXs C(NDARY(K) 1 K= 1, KX)
UST?RS GRCIJPED CRS CLUSTER’» I3,

8

GOTO 990

WRITE(E»902)M

FORMAT(® YOU HRUE', I3,»' TOD MANY CLUSTERS(MAX=SQ)')
GOTC 990

911 WRITE(S,912)NDOT

3 3912  FORMAT(' YOU SPECIFIED',14,' TOO MANY DOTS(MRAX=20Q)')

OO0 OOOo
g8

C-——-- ENTRY TQ DEFINE INTIAL NO. OF DOTS TO BF ASSIGNED
ENTRY INITI(NNIT)
INIDOT=MNIT
33@  RETURN
C
C

END

FUNCTION THL (NsNX)
C--—-— FUNCTION TO EUALUATE CLUSTER PROPORTIONAL ESTIMATE
L= N=NO., OF DOTS ASSIGNED FOR AR CLUSTER,
L Nx= NO. OF DOTS LRBELLED AS SHMALL GRAIN
C---—— BOTH N AND Nx RRE SIMPLE INTEGER (2 BYTES TN FDP)
Cmrom— THL1 (REAL NO.) CONTAINS THE ESTIMATE ON RETURN.
c

INTEGER NsNX
REAL TH1

DATR R-/6.07, B/-7,877/y C/2,9385/

X=X

THL =
X C AKCHHL IR IX$2. IR (K43, ) + BR(X+1,IK(X+2. IXK(N+4,)
3 X + CHOKHLIKINFZIR(N+S. ) ) 7

K C AKY4L, IR (X+2, )K(N+H4, )+ BROXHL, JR(N43. IXIN+4, )
1 * + CRIN+2,IKIN+F3, IKIN+4,) )
1 RETURN

END
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10. A89: BAYESIAN DOT ALLOCATION (MODIFIED QUADRATIC PRIOR)

10.1 DESCRIPTION

Implemented in this piece of software is a scheme in which dot
allocation is sequentially Bayesian (modified qguadratic prior)
and labeling is direct from ground truth., This scheme is similar
to those in A84, A85, and A87, but it uses different formulas for
A02 and segment variance. The constant used in the function TH2
is also modified during execution.

In the Bayesian dot allocation scheme, dots are allocated sequen-
tially to those clusters that may reduce the variance of the seg-
ment proportion estimate the most. In order to do thig, we must
first compute the expected change in variance, Acz, for each
cluster. The expected change in variance for cluster i is

defined as

)

B 1 e A A

2 A - ~ ~ ~ - A |
80,2 = (E.i- "ngoxy 7 Onyxy . Pngoxgn a1 " Fage e |
£ " \F BLCTEERY ny
I Y L TR N ST
e

(10-1)
where Ni = number of pixels in cluster i

3 N = total number of pixels in the entire scene

H _u(xtl)ixoz)h:&u0b(u¢l)(x¢2”n+4;+c{x#l”nol”n#l}
nx  alx x+ Hin + % n T{n cin+dilnvline¢

(10-2)




For initia. dots: a=6, b= =7,877, ¢ = 2,9345
After initial dots: a = 6, b = 12(5.9 -1),c=5 - 6P it

sg
. < P .
0.211 5 B 5 0.789
a=6,b=12(0.211 - 1), ¢ =5 ~ 6 x 0,211
it 0,211 > B,

a=6, b=12(0,789 - 1), ¢c =5 -6 x 0,789

if 0,789 < Psg

n, = number of dots previcusly allocated to cluster i

X, = number of dots previously allocated to cluster i
which are labeled as small grain

(notice X; S “i)
It should be noted that §n,x is computed via a function called TH2,

Next, a dot is allocated to the cluster whose Aoiz is the largest.
Then, for this chosen cluster, ng is updated to ng + 1. That
dot's label is read from the ground truth file. If the label is
a small grain, xg is updated to Xy + 1. After this, the segment

variance, 02, is computed as

2 2 B w7 B )
c® = (-—) = z (10-3)
-1 N ; ni - 1

where m = total number of clusters

This 02 is printed and the above allocation scheme is repeated
until the number of dots allocated reaches a value specified by
the user.

The proportion estimate is computed as

-~

R m N,
psq - 1)-:1 T e"i"‘i (10-4)
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This scheme, like other allocation and labeling schemes, may be
repeated with different pseudorandom sequences. The main program
resets the random number generator to a different starting point
for each repetition.

All computation of statistics such as mean and variance is per-
formed in the main program. A grand summary is printed.

10.2 LINKAGES

The PDP 11/45 Fortran library (for functions and subroutines such
as SQRT), the PDP 11/45 system library (for routines such as the
pseudorandom number generator), and the utility package (described
in section 14) are required.

Main program

or subprogram Subroutine or function required
MAIN SAEB4, GETDOT, CLMPCS, GTMPLB, LBLITP
SAEB4 GETDOT, CLMPCS, GTMPLB, LBLITP, TH2
GETDOT RAN
TH2 None

10,3 INTERFACE

Interface with other routines is throunh the common block PRTFLG
(2 bytes), which is used to control the optional printing of dot
files and other information.

10,4 INPUTS

Fortran-formatted input of the following parameters is needed:

Card

or Default Default
line Parameters Format input value
1 Cluster map file name Al3 None

2 a. Number of repetitions I3 0 or blank 1

o5
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% b, Starting point of first IS 0 or blank
pseudorandom seqguence

3 c. Number of repetition 13 0 or blank
E printings

E

E 3 a, Maximum number of dots I3 None

that can be allocated

b. Number of dots initially I3 None
assigned to each cluster

4 Number of status messages on I3 0 or blank NO MSG
terminal

L |

Two disk files are needed, one containing the stripped cluster
map, the other the stripped ground truth map. These files should
have been created by conversion programs A8l and A86.

10.5 OUTPUTS

In addition to the normal echo of input specifications and status
messages on the terminal, the following will be output on a line
printer.

I (UL Lt -

Report Contents
Individual repetition 1. Processor header
2. Ground truth small-grain proportic..

3, A dot file show.ng dots chosen, their
x-y position, their ground truth labels,
segment variance, and proportion estimate

E
4

4. A table showing number of clusters,
cluster name codes, cluster sizes, and
number of dots assigned




T AR R T T TR S T TR

Grand summary l, Processor header

2. A table showing bias, MSE, reduction
in MSE, average, variance, and vari-
ance reduction as functions of number
of dots

10.6 BRIEF ALGORITHM: FOR BAYESIAN DOT ALLOCATION
(MODIFIED QUADRATIC PRIOR)

1.
2.
3.

Type messages at terminal and read from it run specifications.

Compute ground truth small-grain proportion.

Repeat a through h until all repetitions are finished:

a.

h.

Compu*e bias, MSE, reduction in MSE, average, variance, and

variance redvction, and print a grand summary.

Set starting point of the pseudorandom number generator.
Clear a dot counter.
Increment the dot counter.

If the dot counter indicates that the current dot should
be allocated as an initial dot, then go to the next step.
Otherwise compute Aci2 fgr every cluster and choose the
cluster with maximum Aci .

Allocate a dot to the-chosen cluster,.

Pick up the small-grain labels, compute segment variance
and prcportion estimate, and print a line of the dot file.

If this is the end of initial dot assignment, compute the
modified parameters a, b, ¢ based on the current small-
grain estimate, $__. Call TH2PAR to set the modified

sg
parameters.

If the dot count does not exceed specified value, go to c.

10«5




Type messages and read
input at the terminal

v

Open the ground truth data Call CLMPCS to inftialize )
file and compute smal} cluster map read
grain proportion from it

Open the cluster map file

| Yes v
Repeat for all
pseudorandom sequences

Set starting point of the
pseudorandom number
genera’or

y

Yes

Call SAES4

Compute proportion estimate

(allocatfon: Bayes)

(1adeling: direct) No

Compute ol
Update the seed to start e

Select the gluster
pseudorandom number with max Ac&

generator

Print grand summary

Assign and label a dot
Compute segment variance
and proportion estimate

Print dot file

Initial
dots done?

)] MAXDOT > 2007
(/

Modify prior parameters

O

Figure 10~1.- Flow chart for Bayesian dot allocation
(modified quadratic prior).




:
1

Ma ximum
dots reached?

Print dot allocation
information

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

B L L €4 T i

Compute a cluster
groportion estimate
- based on

Qu;dratic prior

—®

Set parameters a, b, ¢

Return

C} ,

Figure 10-1.— Concluded.
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10.7 LISTING

Crom—m PROGRAM A1S (AB9.TSK)t+ PROPORTION ESTIMATE OF SMALL GRAIN
Cmmmmem USING BRYES (MODIFIED GUAL PRIOR) DOT ALLOCATION
C--—-- LABELLING IS DIRECT BY GRUUND TRUTH.

BYTE NAME(15),NGT(13)
REAL PSG(200), PM(200), PB(200)
Lo COMMON BLOCK 1S A FILAG FOR PRINT ENABLE/DISABLE
COMMON ~PRTFLG/JFLAG
DATAR NRTS)/* . * /W NBT(6) /'S’ /W NET(7) T /. NGT(8) P/

Commmrnee READING INPUT FROM TERMINAL
C

WRITE(S, 1211

121 FORMAT( * PROGRAM: R16 (RSS.TSK).'

~' FPROPORTIONAL ESTIMATION OF SMALL GRAIN’

< T ALLOCATION IS5 BAVES (MODIFIED GUQD PRIOR).

< LeBELLING IS DIRECT BY GROUND TRUTH.

<! IMPUT CLUSTER MAP FILENAME’ /° ARRGARRHRARAAR’
READ{7, 1223 (NAME(K),K=1,13)
122  FORMAT(13A1)

c
WEITE(E. 131)

131 FORMATC ° AN ASSIGNMENT DF PSEUDORANDOM DOTS IS A REPETITION RUN’
< HOW MANY REPETITIIN RUNS? SEED FOR FIRST PSEUDO SEQ?
<0 HOW MANY FRINTINGS OF INDIVIDUAL RUNS??

ST TIIID 111°)

READ( 7, 1232YJV, JSEED, JPAGE

132  FORMAT(IZ, 1X, 15 1X, 132

IF(JULLE. Q) JU=]
IF{JSEED.LE. @) JSEED=10
IFI{JPAGE.LE. @) JPAGE=5
JEKIP=(JU-1) ~JPRGE+1

W I P I 2 ¥

..

WRITE (8. 141)
141 FORMAT(' SPECIFY MAXIMUM MO. OF DOTS IN THE REPETITIONS RUMS.'.
 AND N?i'?F DOTS IMTIALLY ASSIGNED TU EACH CLUSTER. '~
C 111 1
REI(7, 142) MAXDOT s MNT
142 FORMATCI3, 1%, 1)
CALL INITS(NNIX:

WRITE(S, 151)

151 FCRMAT(' STATUS MESSAGES NN TERMINAL, HOW MANY?’/” 111%)
READ(7 s 1521 MMES

162 FORMAT (173}

WRITE(Z, 181) (NAME(K),K=1,12).J.), JSEED. MAXDOT
191 FORMAT(~~* CLUSTER FILE GIVEN = °,13A1,
<* MO. OF REPETITION RUMS FOR ERCH TOIDOT =', 13,
<7 THE FIRST REPETITION RUN STARTS WITH SEED = *, 1€,
AT MAKIMUM NO. OF DOTS IM THE REPETITION RUNS=’,16)
C

C~--~—- COMPUTE BAYES (MON'IFIED GUAD PRICR) E<TIMATE FOR GROUND TRUTH
MNMLINE=117
NCOL=19%
DO 215 E=1.4
215 HETOE ) =MAME (KD
CPEMCUNMIT=2 s NAME=NGT, TYFE= ' OLD* s READOML'Y » FIOEM= " INHFORMATTED? ,
4 ACCESS="DIRECT")
DO 231 L=1,MNUINE
DO 221 K~1,NCOL
CALL GTMPLB(L, ¥, LRBEL)
CALL LBLITPYLABEL..LB1.IF)

¥ 3¢

221 COMT INUE
231 CONTINUE

F=FLORT (TIP3 NL INE-NCOL




3
=
3

C
C-~~—- START ESTIMPTION FOR AN TOIDOT AND REPETITIONS
DO 311 K-1.MAXDOT

PB(K)=@. OF THE

311

321

322

281
a82

ulekw

OPEN(UNIT=1.NAME=NAME, TYPE="LD* , FURM= ' UNFORMATTED" »
¥  READOMLY,ACCESS=’DIRECT')
CALL CLMPLC(NLINE,NCOL)

PM(K) =0,
i REP AL PAG
JS=JSEED

DO 361 J=1,JV ORIGINA
JFLAG40

IFCMOD( J-1, JSKIP) . EQ. @) JFLAG=1

IF(JFLAG.EQ. 1) WRITE(6, 321 )NAME, P

FORMAT('1* , 10X, ' ACCURACY ACCESSEMENT SOFTWARE(S5-2G-79)° /7,25,
X 'PROGRAM ALE (ABS.TSK)+ ESTIMATION OF SMALL GRAING PROPORTION’

X /915X, *DOT ALLACATION:BAYES (MODIFIED QUAD PRIOR),’
X 7#+15%, *DOT LABELLING:DIRECT BY GROUND TRUTH.'
* sov10%, " INPUT CLUSTER MAP IS FILE ’,15A1,
* #v10%,* PROPORTIONAL ESTIMATE FOR GROUND TRUTH 1S*,F8.5)
IF(JFLAG.EQ. 1) NRITE(E-BEE)J:JSEED
FURNQT(/ 2Xy’ =~- REPETITION RUN=', 13,
' RANDOM DOT SEQUENCE STARTS WITH', 18,° -—=*)

CQLL RAMST (JSEED)

CALL SHEB4(MRXDOT, PSG)

JMES=JMES+1

IF(JHMES.LE.NMES) WRITE(8,323)MAXDOT, J, JSEED

FORMAT(* MAXDOT=',132,’ REPETITION RUN=',13,’ SEEDs’,16)
JSEED=JSEED+150

~- COMPUTE BIRS AND M.S.E.

DO 341 K=1,MAXDOT
TEMF=PSGE(K)-P
PB(K)=PB(K)+TEMP
PM(K) sPHIKI+TEMPX*2
CONTINUE

—— PRINT GRAND SUMMARY FOR THIS JOB

HRITE(5, 321 )NAME, P
WRITE(S, 371 )MAXDOT, JU, JS

FORMAT(.7y 14X, * ——— GRAND SUMMARY OF THIS JOB ----7,

¥ <18%, " MAX. MNO. OF DOTS IN EACH REPETITION PiN=', 13,
X S 14, NO. OF REPETITION RUNS -*, 13,

X #+14x, ' RANDIM DOTS START WITH SEED=*, I&,

X A% ' DAT BIRS M.S.E. REDUCTION’,

X ’  AVERAGE UARIANCE AR REDUCTION’)

D0 381 K=1,MAXDOT

PB(K)=PB(K)JV

PMIK) =PM(EY 2V

RR=FPM(K .7 “#(1 -Py-K )

AUFRG=FPE(K+P

IFC(JU.EQ. 1) UAR= PMC(ID -PB(K)XX2

IF(JU.BT. 1) UAR= (PMCK) - FPBOKIXXZ2 3 XJU A (LTYU-1D)
REDURR=UNR{ P¥(1.-PJ K 1

HRITE(6, 382)K, PEC(K) . PM(K) . RE, AUERG, UAR, FEDURR
FOPMAT . 8%, I3, 3,F9.5, 4(F1@.8), 3X.F10.8)

WRITE(6,4@1)
FORMAT(’1 --—= END OF THIS JOB -~-")

STOFP
END

ITY
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SUBROUT INE SAEB4 (MAXDOT, PSG)

C-—--— STRATIFIED AREAL ESTIMATION USING BAYES DOT ALLOCATION,
C-—-—— FORMULAS HMERE ARE FOR BRYES WITH MODIFIED QURD PRIOR.
C—=-—-— GIVEN ANY MAX NO. OF DOTS IN MAXDOT, PROGPAM WILL RETURN
E-—-—— THE PROPORTIONAL ESTIMATE IS IN ARRAY PSG.

E--—- WRITEN AND EDITED BY N.Y. CHU ON 5-25-79.

C

INTEGER NDARY(200),MM(51),NN(51),NX(51),LL(S1)
REAL W,PSG(1)
BYTE LABEL

Lo COMMON BLOCK IS A FLAG FOR PRINT ENRBLE/DISAELE
COMMON ~PRTFLG/JFLAG
DATA NSTART- Q-, MINSZ/S/
DATR INIDQT 3/

c

- IF(MAXDOT. GT. 200) BOTO 911

C~-=—— GET PIXEL COUNT FOR ERCH CLUSTER
IF(NSTART.NE.9) GOTO 121
NSTRRT=1

CALL CLMPCS(NPIXEL,MsMM,LL)
IF(M.GE.51) GOTO Sel
121 CONTINUE

c
C————~ BEGIN BARYES DOT ALLOCATION
c

IF(JFLAG.ER.1) NRITE(S 1411
141  FORMAT(//, 25X:’ ~== DOT FILE -—'
X s DOT CLUSTER INFORMATION POSITION GROUND TRUTH®
X + ' SEGMENT PROPORTIONAL®
X 7' NUMBER NO. PIXEL DOTS S.G. LINE.COL  RAMW,CODE’
X ! VARIANCE ESTIMATE’)

g
Cem——= KﬂﬂgE SURE EACH CLUSTER HAS A MINIMUM NO. OF PIXELS
1=
NDS=0
DO 151 K=1,M
NX(K) =@
NN(K) =0
IF(MM(K).GE.MINSZ) NDS=NDS+INIDOT
IF(MM(K) .LT.MINSZ) K1=Ki+MM(K)
IF(MMCK)Y LLT.MINSZ) NN(K)=-1
151 CONTINUE

Mx=M
IF(K1.LT.MINSZ) GOTO 163
Mx=M+1
MM(MX)eK1
NDS=NDS+INIDOT

161 CONTINUE

—————— FROM HERE TO STATEMENT 261: LOOP TO ASSIGN 1 DOT AT R TIME

————— IN ORDER TO ACHIEVE ASSIGNING 3 DOTS INITIALLY TO EACH CLUSTER
- —em— TUR DELTA LARTANCT COMPTATION 'S BYPASSED FOR THE FI®

————— NDS= INIDOTAMX DUIS

KG51=0
NDOT =0
1M NDOT=NDOT+1
IF(NDOT.GT.NDS) GOTO 200
195  KG1=KG1+1
IF(KG1.6T.MX) KG1=1
K1=KG1
IF(NN(KGL) .6T.~1) BOTO 214
GOTO 195

o
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Lo omme FOR EACH CLUSTER: COMPUTE DELTR VARIANCE AND CHOOSE THE LARGEST
200  RAMAX=E.

DU 213 K=1,MX

J=NN(K)

JX=NX(K)

IFC(J.LE. 1) GOTO 211
Cc

UAR= ( FLOAT(MMCK) ) /MNPIXEL 1XX2

X XC TH2(J) IXIK(1. ~TH2(J»JIX) )7 (J-1.)

X ~TH2(Iy SKIATH2 (J+1, JX+ YK (L L ~TH2(I+1, JX+1))7J
c ¥ - (1.=-TH2(J» JX) IXTH2(J+1, IXIX (1. -TH2(J+1, JX))~J )

c WRITE(6, 93121 1, MM(K), J.NX(K) » UAR
39121 FORMAT(* K.M1(KI J>NX(K),UAR=",14,I8,215,E16.6)
IF(UAR.LT. AMwiX) GOTU 211

Ki=K
AMAX=UAR
211  CONTINIE
c
L - ASSIGN A DOT TO THE CLUSTER WITH MAX DELTAR VARIANCE

IF(NN(K1).GE.MM(K1)) WRITE(6,213INDOT, K1, M1(K1)
IFONNCKL).GE.M1(K1}? GOTO 241
213 TURMGT(’ ATTEMPT TO ASSIGN DDT*’-IB-’ WHILE NO PIXEL",
* IS AVUAILABLE, CLUSTER=’,I3,' TOT PIXEL=",16)
[ PDSITIﬂN THE POINTEE TO NDARY
214  MND=1
DO 215 K=1,Kl
IF(NNCK) LLE. @) BOTO 215

ND=ND+NNCK)
215 CONTINUE
C--=- NAKE ROOM FOR THE NEW DOT IN NDARY
Ny==

DO 217 K=NDOT,NDn N1
217  NDARY(!"+1)=NDARY(X)
ND=ND~MN{K12
NMNCEL)=NN(K1)+1
L= ASSIGN w DOT
CALL SETDOTCMMCKL ), NN(K1), NDARY(MND)Y, 1DOT)
C WRITE(6, 39141 )K1,ND, MN(K1) s NACK1L Y, (NDARY (KD, K=1,44)
99141 FURMAT(® KL.NDyNMHX=’, 414, 4(/,2X,1514)
IF(K1.LE.M) (0TO 227
DO 225 Ki=1,M
[FONMOELY,BT, Q) BOTO 225
IFCIDOT.LT.MMC(KL1) ) GITO 227
1D0T= IDOT--MM(KL)
225 CONTINUE
227  CAlLL CLMPAY(KL, IDOT,NL.NC,LL)
CrAl.L BTHMPLBONL, NC, LABEL )
oLl LBLITPOLABEL, LBL, Mx (K173
PSGENDOT Y =0,
DO 2238 Jx=1,Mx
IF(MM(Jx) . LE. Q) GOTO 223
PSE (NDOT) =PSGEINDOT Y+ FLOAT (MMCIXD ) /NP IXELATHZ (NNCIX T NACTIX) )
229  CONTINJE
L

= COMPUTE  STEGMENT UARIANCE
241 UU=0.
DO 251 i=2,x
IF(NNCED LLE. 1) BOTO 251
Ut=U+ (FLOAT (MMOKD 3 NP IXEL Y KKD XTHZ (N KDY o N(KY 2
* AL, ~THEONNCED , MR 3 (NHUKY -1 0
=51 COMNTIMNUE
IF(JFLAG.EG. 1) WRITE(S, 285 MDOT K1, IDOTMNCKL Y N(KL?
* s ML, MC- LABEL . LB, UL PSGONDOT
255 FORMATL2X, 13, 3R I 1x 16 X 122X T3y X214, 2%, 214, 2F11.690

———-— MODIFY QUADRATIC PRIOR PAFAMETERS UPOM
—menimn FINISHING ASSIGHMENT OF INITIAL DOTS

)

]
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390

AFéNDOT.NE.NDS) GATO 260

PX=PSG(NDOT)

IF (0.211.GT.PX) PX=0, 211

1F (PX.6T.0.783) PX=2,789

B = 12.%X(PX-1.)

C = 5,-6.%PX

CALL THZPAR(A, B.C)

IF(JFLRG.EQ. 1) WRITE(6,257)NDOT, PXsAsBsC

FORMAT(' AFTER ASSIGNING’,14,° DOTS AND ESTIMATE =',F10.5,/,
b 34 R%ESETING PRIOR PARAMETERS: A=',F39.5,' B=*,F9.5,' C=',F3.5)

- END UF MODIFYING PRIOR PARAMETERS
IF(NDOT.LT.MRXDOT) GOTO 191
DO 2561 K=1,MX

IFINNC(K).LE.~1) NN(K) =@
CONTINJE

- END OF BAYES DOT ALLOCATION

- HRITE CLUSTER INFORMATION
1F(JFLRG.EQ. 1Y WRITE(6,282)MAXDOT NPIXEL s MX

FORMAT (/7 5X»* TOTAL NO. COF DOTS AVYRILABLE =, 16,

X /+5X, ' TOTAL NO. OF PIXEL IM THE CLUSTER MAP =', 16,

* 72 SXs? TOTAL NQO. OF CLUSTERS =, 16,

¥ #ySXy ' CLUSTER CLUSTER MNO. OF NO. OF DOTS LABELLED'

3 100 NO. CODE PIXELS ASSIGNED SMALL GRRIN')

DO 283 K=1,MX

1IFiJFLAG.ER. 1) WRITE(G,284)KsLLIK)» MMIKY JNN(K) s NXCK)

CONT INUE

FORMAT(8X, 12,52, 43X, [6,4%, 13, 10X, 13)

IF(MX.EQ.M) BOTO 288

KX=0

DO 285 K=1.M

IF(NN(KY . NE.9) GOTO 285

Kx=KX+1

NDARY (k) ~K

CONT INUE :

JIF(JFLAG.EG. 1) WRITE(E,286)MX, (NDARY{K), K=1,¥X)

FORMAT(* THOSE SMALLER CLUSTERS GROUPED (AS CLUSTER’, I3,
X ') RRE:’, 3(/,16(13,7,°)) )
CONT INUE

GOTO 950

WRITE(E,202)M

FORMAT(® YOU HRVE’, I3’ TOO MANY CLUSTERS(MAX=S3)')
GO0TO S99

HWRITE(E,912)NDOT

FORMNTO® YOU SPECIFIED®, [4.' TOO MANY DOTS(MAX=280)°)

ENTRY TO DEFINE INTIAL NO. OF DOTS TO BE ASSIGNED
ENTRY INITSONNIT)

INIDOT=MNIT

RETURN

EMND
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ORIGINAL PAGE is (;’F(‘)OR
FUNCTION THZ(N, NX)

Comm e FUNCTION TO EVALUATE CLUSTER PROPORTIONAL ESTIMATE
[ eimmsn N=MJ, OF DOTS ASSIGNED FOR A CLUSTER-

L -~ NX= NO. OF DOTS LABELLED AS SMALL GRA
C-----~ BOTH N AND NX ARE SIMPLE INTEGER (2 BYTES IN PDP)
L= TH2 (REAL NO.) CONTAINS THE ESTIMATE ON RETURM.
INTEGER N, NX
c REAL. THZ
C DATA A-/6.31924-, Bs/-8.19799/, (C/2.992568~
DRTA A-6./B/~7,.877/,C/2.9345/
X=NX
TH2 =
X O RRKCAHL, YR(X42, )R (K43, ) + BX(X+1. IXK(X4+2, YK(N+4, )
X + CROX+1, IKINFRIK(N+4,) )~/
X ( FHKCR+HL, JK(X+Z.IKIN+4, )+ BRKOX4+L, DEC(N43. )X (N+4, )
X + CRINF2. 0K(N+3, 00 IMN+4. ) )
c RETURN
E-~-—— ENTRY TO ALLOW CHANGING OF PRRAMETERS
ENTRY TH2PAR(AX,BX:CX)
R=AX
BaBX
C=CX
RETUIRN
(o

END




1l. AY91: BAYESIAN DOT ALLOCATION (ADAPTIVE PRIOR)

11,1 DESCRIPTION

Implemented in this piece of software is a scheme in which dot
allocation is sequentially Bayesian (adaptive prior) and labeling
is direct from ground truth. This scheme is similar to those in
AB84, A85, A87, and A89, except that here estimates based on two
priors are computed for the initial dots, then one priocr is chosen
and all estimates are based on the selected prior. Such a scheme
improves the estimate if the small-grain proportion is less

than 0.21.

In the Bayesian dot allocation scheme, dots are allocated sequen-
tially to those clusters that may reduce the variance of the seg~
ment proportion estimate the most. 1In order to do this, we must
first compute the expected change in variance, Acz, for each
cluster. The expected change in variance for cluster i is
defined as

. 2[8 Q-8 ) 8 8 (1-8 )
o ? - (Ei) By %y ngexg ) By x; N+l x 4] ni+1,xi+l
i N ny -1 _ 4 ny
} Q- eni,xi 6ni+1,xi 0ni+l,xi
ny

number of pixels in cluster i

€
[~2
[}
2}
©
2
-
n

N = total number of pixels in the entire scene

number of dots previously allocated to cluster i

number of dots previously allocated to cluster i
which are labeled as small grain

i . < n.
(notice X; < nl)

prog
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For quadratic prior, 3n'x is defined as

F _ni:o*”;#:”x#ﬁ05’!#1’&05”504’+¢i;#l"§¢“!eon
n,x alx X n X ()
(1.=-2)
For initial dots: a=6, b= ~7,877, ¢ = 2,9345
After initial dots: a =6, b = 1.2(1'—"g -1), c=5§5 = SP’g if
0.211 < l-'*'g < 0.789
a=¢6,Db=12(0,211 -1), ¢c =5 -6 x 0,211
if 0.211 > ﬁsg
a=6, b=12(0,789 - 1), ¢ =5 - ¢ x 0,789

if 0.789 < Pag

where ﬁsg = astimate of small-grain proportion after assigning
initial dots

For exponential prior, 8 ,x 18 defined as

n
X +1-a_x+1 a Ay ous - _a - _.Ga
s _n*Z-a ne2dEFT ol -mg=ad - ey
n,x Qo o ] Q
' 1-Q-gpp@-Qeer = gy (- g y)
(11-3)
1 - 4f
where a = ————A—s-g- (11-4)
l-~ 2Psg

ﬁsg = egtimate of small-grain proportion after assigning
initial dots

For the initial dots assignment, estimates of small-grain propor-
tion are computed on the basis of both priors. After all initial
dots are assigned, the estimate based on the exponential prior is
used to determine which prior is going to be used. If it is

pet

89



larger than 0.21, then the quadratic prior is selected; other-
wise the exponential prior is selected,

Next, a dot is allocated to the cluster whose Aci2 is the largest.
Then, for this chosen cluster, n, is updated to ng + l. That
dot's label is read from the ground truth file. If the label is
a small grain, X4 is updated to x; + 1, After this, the segment
variance, 02, will be computed as

. .28 -

N n, ,x N, ,x

52 = ﬁ (_ﬁ;) 1%y 1%y (11-5)
i=n1

where m = total number of clusters

This 02 is printed and the above allocation scheme is repeated
until the number of dots allocated reaches a value specified by

the user.

The proportion estimate based on the quadratic prior is
computed as

A m Ni ~

The proportional estimate based on the exponential prior is

59 igl ny N

This scheme, like other allocation and labeling schemes, may be
repeated with different pseudorandom requences. The main program
resets the random number generator to a different starting point
for each repetition.

All computation of statistics such as mean and variance is per-
formed in he main program. A grand summary is printed.

}14’
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1l.< LINKAGES

The PDP 11/45 Fortran library (for functions and subroutines
such as SQRT), the PDP 11/45 system library (for routines such
as the psesudorandom number generator, and the utility package
(described in section 14) are required.

Main program

or subprogram Subroutine or function required
MAIN SAEBS5, GETDOT, CLMPCS, GTMPLB, LBLITP
i SAEBRS GETDOT, CLMPCS, GTMPLB, LBLITP, TH3
E GETDOT RAN
TH3 None

11,3 INTERFACE

Interface with other routines is through the common block PRTFLG
(2 bytes), which is used to control the optional printing of dot
files and other information.

11.4 INPUTS

Fortran-formatted input of the following parameters is needed:

Card
or Default Default
line Parameters Format input value
1 Cluster map file name Al3 None
2 a. Number of repetitions I3 0 or blank 1
b. Starting point of first 1I5 0 or blank 10
pseudorandom sequence
c. Number of repetition I3 0 or blank 5
printings
3 a. Maximum number of dots I3 None

that can be allocated

. ’ﬁ
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b. Number of dots initially I3 None
assigned to each cluster
4 Number of status messages on I3 0 or blank NO MSG
terminal

Two disk files are needed, one containing the stripped cluster
map, the other the stripped ground truth map. These files should
have been created by conversion programs A8l and AS86.

11.5 OUSPUTS

In addition to the normal echo of input specifications and status
messages on the terminal, the follcowing will be output on a line

printer.

=~

aport Contentis
i2port tontents

Individual repetition 1, Processoxr header

2. Ground truth small-grain proportion

3, A dot file showing dots chosen, their
x-y position, their ground truth labels,
sagment variance, and proportion esti-
mates based on both gquadratic and

exponential priors

4. A table showing number of clusters,
cluster name codes, cluster sizes, and
number of dots assigned

Grand summary l, Processor header

2. A table showing bias, MSE, reduction ‘
in MSE, average, variance, and vari-
ance reduction of the estimate based
on the selected prior as functions of |
number of dots

’;;—5’
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11.6 BRIEF ALGORITHM: FOR BAYESIAN DOT ALLOCATION

1.

4.

(ADAPTIVE PRIOR)

Type messages at.terminal and read from it run specifications.
Compute ground truth small-grain proportion.

Repeat a through h until all repetitions are finished:

a. Set starting point of the pseudorandom number generator.
b. Clear a dot counter.

c. Increment the dot counter.

d. If the dot counter indicates that the current dot should
be allocated as an initial dot, compute estimates based
on both priors, then go to the next step. Otherwise com-
pute Aoiz fgr every cluster and choose the cluster with
maximum Aoi .

e. Allocate a dot to the chosen cluster.

f. Pick up the small-grain labels, compute segment variance
and proportion estimate, and print a line of the dot file.

g. If this is the end of initial dot assignment, do the
following:
(1) Determine if current exponential prior estimate
exceeds 0.21, then call SETPRI to select to compute
exponential prior estimate and call SETEP to set the

value of a.

(2) oOtherwise, call SETPRI to select to compute quadratic
prior estimate, then call TH3PAR to modify the prior
parameters,

h. If the dot count does not exceed specified value, go to c.

Compute bias, MSE, reduction in MSE, average, variance, vari-
ance reduction, and print a grand summary.

13<6
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Type messages and read
E input at the terminal

Open the ground truth data Tall CLWPCS to nitialize
file and compute small . cluster map read
grain proportion from it

. ;

Open the cluster map file

Too
many clusters?

1 "
. Repeat for all
pseudorandom sequences

3 f Set starting point of the
2 pseudorandom number
3 generator

3 v
: Call SAEBS
Compute proportion estimate
(allocation: Bayes)
(labeling: dtrect)

v Select the chosen prior

Otherwise select the
chosen prior

Update the seed to start L
pseudorandom number
generator
V Compute Aoz
Select the §1uster
Print grand summary with max Ao
Assign and label a dot
Compute segment variance
and proportion estimate
A
For initial dots, compute
both prios estimates

2

Print dot file

HAXDOT > 150?

Inttial
dots
done?

Figure 11-1.- Flcw chart for Bayesian dot allocation
(adaptive prior).
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Exponential
prior estimate
>0.217

Set a, exponential prior

L

P

Modify a, b, ¢, quadratic
prior

Maximum
dots reached?

Print dot allocation
information

Test
prior selection
flag

e

Use quadratic prior
formula

L

e

Use exponential prior

formula

Compute a cluster
groportion estimate
(7% 3

(@ -

Set quadratic prior
parameters a, b, ¢

‘ntry
N SETEP

._Qr_

Set exponential prior
parameter a

._@__

Set prior selection flag

Return

®-

Figure 1ll-1.-— Concluded.

s

g

4




fEPRODUCIBILITY OF THE
ORIGINAL PAGE IS PR

11.7 LISTING

C—-~-— PROGRAM A18 (AS1.TSK): PROPORTION ESTIMATE OF SMALL GRQIN
C---=- USING BAYES (ADAPTIVE PRIOR) DOT ALLOCATION

L LABELLING IS DIRECT BY GROUND TRUTH.

2

C~—--- ADAPTIVE PRIOR MEANS

C~—-~-- WHEN ESTIMATE [S GREATER THSN 9.21, USE QUADRATIC PRIOR
E—~*—- OTHERWISE USE EXPONENTIAL PRIOR

c

BYTE NAME(1S)/NGT(13)
REAL PSG(150).PM(150), PB(150)

L= COMMON BLOCK 1S A FLAG FOR PRINT ENMBLE/DISABLE
COIMMON ~PRTFLG-JFLRG
DATA NGT(E)/ ',/ NGT(E) /'S /W NET(7) /' T /s NGT(8) /P /
C
C
L READIMNG INPUT FROM TERMINAL
C

WRITE(E, 121}

i21 FORWQT( * PROGRAM: A18 (RS1.TSK).®

' PROPORTION ESTIMATION OF SMALL GRAIN

#* DOT ALLOCATION 1S BAYES (ADAPTIVE PRIDR) ’

<' LABEL..ING IS DIRECT BY GROUND TRUTH.

#* INPUT CLUSTER MAF FILENAME'.' RARRARARARAAR’)
READ(7, 122) (NAME (103, K=1,13)
122  FORMAT(13A1)
c

WRITE(8, 131)
131 FORMAT( ' AN ASSIGNMEMNT OF PSEUDORANDOM DOTS IS AR REPETITION RUN’
' HOW MANY REPETITION RUNS? SEED FOR FIRST PSEUDD SEGQ?’
/7 HOW MANY PRINTINGS OF INDIVIDURL RUNS?’
' U1 TRILD 1107
READ(?, 132) JU, JSEED, JPRGE
132  FORMART(IR, 1N, I8, 1%, 13)
IF(JU.LE.Q) JU=1
IF(JSEED.LE.9) JCSEED=10
IF(JPRGE.LE.2) JPAGE=S
JSKIP=(JU~-1) /. JPRBE+1

WRITE(S, 141)
l41 FORMAT(* SPECIFY MAXIMUM NO. OF DOTS IN THE REPETITIONS RUNS, '~/
' ??D T?i ?F DOTS INTIALLY ASSIGNED TO EACH CLUSTER. '~
3 l b
READL 7 142)MAXDOT, NNIX
142  FORMATCI3,1X,13)
CALL INITSC(HNIX)

HPITE(S, 151)

151 FORMAT(’ STATUS MESSAGES ON TERMINAL, HOL MANY?'/" 11173
READ(7, 152 I1NMES

52  FORMATC(I3)

HRITE(S, i81) (NAME(K) K=1,13), JU, JSEED, MAXDOT
181 FORMAT(--* CLUSTER FILE GIVEN = *,13A1,
; #7 0. OF REPETITIONM RUNS FOR EACH TOTDOT =°,13,
#' THE FIFST FEFETITION RUN STARTS WITH SEED = *, 16,
S MAXIMUM NO. OF DOTS IN THE REPETITION RUNS=’, I6)

-
C-—=---- CUMPUTE BRYES (ADAPTIVE PFIOR) ESTIMATE FUR GROUMD TRUTH
MLIME=117
MNCCLe135
DO 215 k=1,4
215 NET(K)=NAME(K)
CPENCUNMIT=2,NAME=NGT, TYPE="0LD’ , READONL Y FORM=" UNFORMATTED’ »
X PCCESS='DIRECT® )
DO 231 L=1,NLINE
DO 221 K=1,NCOL
CALL GTMPLB(L,K, LABEL?

ELE X L X 2 X0

P I

5% ¥




CALL LBLITP(LABEL,LB1,IP)
221 CONTINUE
231 CONTINUE
P=FLOAT (P> /NL INE/NCOL.

DPEN(LNIT-l NAME=NAME TYPE-’ELD'-FDRH- UNFORMATTED' »
READONL Y ACCESS="DIRECT®
CFLL CLHPLC'.N_INE NCOL)

C----- START ESTIMATION FOR AN TOTDOT AND REPETITIONS
DO 311 K=1,MAXDOT
PB(K) =0,
311 PMK)=0.
JMES=Q
JS=JSEED
DO 361 J=1,JV
JFLAG=Q
IF(MOD(J-1,JSKIP).EQ.0) JFLAG=1
IF(JFLAG.EQ. 1) WRITE(G,321INAME, P
321  FORMRT('1’,1@X, 'ACCURACY ACCESSEMENT SOFTWARE(6-19-73)'/,2X,
X 'PROGRAM A18 (N91.TSK): ESTIMATION OF SMALL GRAINS PROPORTION®

X 715X, 'DOT ALLOCATIONSBAYES (ADAPTIVE PRiOR),’
X /+15%, 'DOT LABELLING:DIRECT BY GROUND TRUTH.'
X 77v10X,* INPUT CLUSTER MRP S FILE '.15A1,
X /»10X,* PROPORTION ESTIMATE FOR GROUND TRUTH 1S'.FB.S)
IF(JFLAG.EG. 1) HRITE(GvSEZ)J.JSEED
322 FORHQT(/-EX- ~== REPETITION RUN=',13

X RANDOM DOT SEQUENCE STARTS NITH' s I8y ——=*)
CALL RANST(JSEED)
CALL SRAREBS(MAXDOT, PSG)
JMES=JMEG+1
IF(JMES.LE. NMES) HRITP‘(B.’BEB'JWDOToJ’JSEED,PS[?\(WDOT)
323 FURNQT( ' MAXDOT=',13,’ REFPETITION RUN=',13,' SKED=', 16,
' LAST ESTIMATE=',F10.6)
JSEED-JSEED+150
Lo COMPUTE BIARS AND M.S.E.
DU 341 K=1,MAXDOT
TEMF=PSG(K)-P
PB(K)=PB(K)+TEMP
341 PMCK) =PH(K)Y+TEMP¥X2
361  CONTINUE

C——mm PRINT GRAND SUMMARY FOR THIS JOB
WRITE(6,321)NAME, P
WRITE(E, 371)MAXDOT» JUs JS

371 FORMAT(/» 14X, * — — GRAND SUMMARY OF THIS JOB —---',
7+5X,* MAX, NO. OF DOTS IN ERCH REPETITION RUN=', 13,
<9 14X, ° ™MO. OF REPETITION RUNS =',13,
/.14&-’ RANDOM DOTS START WITH SEED=', 16,
771Xy DOT BIRS M.5.E. REDUCTION’,

' AUERARGE UARIANCE UAR REDUCTION’)

DO 381 K=1,MAXDOT

PB(K)=PB(K) JU

PM(K)=PM(K)/JU

RR=PM(K}/{ PX(1.-P)~K )

AVERG=PB{K)+P

IF(JUV.EQ. 1) URR= PM(K)-PB(K)XX2

IF(JU,GT, 1) UAR= (PM(K)~PB(K)XX2)%JV/ (JU-1)

REDUAR=URR/ ( PX(1.-P)-K )

381 WRITE(6,382)K, PB(K) , PM(K) s RR, AUVERG, UAR : REDUAR

382 FORMAT(2X, 13 2X,F9.5, 4(F10.6),» 3X:F10.6)

WRITE(6, 401)
FORMAT('1 ———-- END OF THIS JOB —---')

STOP
END

] (e 1]
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[F(MR-DOT.ET.1592) GOTO 911

Zmemne BET PIXEL COUNT FOR ERCH CLUSTER
IF(NSTAPT.HE. @) BOTO 121
NSTART=1
CALL CLMPCS(NPIXEL,M.MM.LL)
IF{M.GE.51) GOTO 9e1l

121 CONTINUE

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

o
3
SUBROUTINE SAEBS (MR:DOT, PSGE)
C~e=——= STRATIFIED AREAL ESTIMATION USING BAYES DOT ALLOCATION.
L——--=- FOFRMULAS HERE ARE FOR BAYES WITH ADAPTIVE PRIOR,
L= GIVEN ANY MAX NO. OF DOTS IN MAXDOT, PROGRAM WILL RETURN
g ----- THE PROPORTION ESTIMATE IS IN ARRAY PSG.
’ E—---— WRITEN AND EDITED BY M.Y. CHU ON 6-19-79,
C
INTESER NDARY(150),MM(S1),NN(S1) ,NX(51),LLIS1)
REAL VU, PSGEL1)
BYTE LABEL
INTEGER+4 NMPR
[Lmomm COMMOM BLOCK IS A FLAG FOR PRINT ENABLE/DISABL.LE
COMMON ~PRTFLG/JFLAG
DR NSTART/Z07, MINSZ/- S/
DRTA INIDOT/37
- DATIY JFP/1.7, JINIT/ @~

C-—--~ BEGIN BAYES DOT ALLOCATICH
C

IF(JFLAG.EQ. 1) WRITE(6, 141)
141 FOPMAT(//, 28X, ==— DOT FILE —--

X #' DOT CLUSTER INFORMATION POSITION GROUND TRUTH'

% +’ SEGMENT PROPORTION ESTIMATE'

X 7, NUMBER NO. PIXEL DOTS S.G. LINE,COL  RAW,CODE’
o x +*  UARIANCE  GUAD EXP’
Femme MOKE SIIRE FACH T STER HAS A MINIMUM NO. OF PIXELS

£L-9d

NDS=0

DD 151 K=1,M

NX(K) =0

NNCK) =0

IF(MMCE) . GE. MINSZ) NDS=NDS+INIDOT
IF(MMCE) LLT.MINSZ) K1=K1+MM(K)
IFMMCE Y LT MINSZ) MNCKI<—1
151 CONTIMUE
Mx=M
IF(KL.LT.MINSZ GOTO 1lel
MxX=M+1
MHIMR I =K1
NDS=NDZ+INIDOT
161 COMTINUE

IFCJFP,EQ. 1) NMPR='QUAD*
IFCJFP.EQ. 21 NMPR='ExpP °
IF (.JFLAG. Eﬁ 13 WRITE(E: 171)MDS, NMPR

171 FOFMAT(’ INITIAL ASSIGMMENT:', 14." DOTS. ',
* * SEC URR IS BASED OM ',A4,° PRIDR.')

Com——~ FROM HERE TQ STHTEMENT 261: LOOP TO ASSIGN 1 DOT AT A TIME

=TT
75

-- 1M ORDER TO AUHIEVE ASSIGNING 3 DOTS OR LESS IMITIALLY TO FATH CLUSTER
—-- THE DELTAR UARIWNCE COMPUTRTION IS BYPASSEDL FOR THE FIRST




191
195

KG1=0
NDOT=0

NDOT=NDOT+1
IF(NDOT.GT.NDS) B0TO 200
KG1=KG1+1

IF(KG1.6T.MX) KGi=1

K1=KG1

IFC(NN(KB1).GT.~1) BGOTO 214
GOTO 195

Commmee FOR ERCH CLUSTER, COMPUTE DELTA UARRIANCE AND CHOCSE THE LRRGEST
CONTINUE

Cmmmm SET THE PRIOR TO BE USED

[ —

214

215
T

217

225
227

CALL SETPRI(JFP)

IF(J. L.F 1) GOTO 211

URR- ( FLOAT(MM(K) )/NPIXEL )xx2
XC TH3(J IXIX(1. -TH3(J»JIX)) 7 (J-1.)
* =TH3(J» IXIXTHI(J+1, IX+1)k (1, ~THI(J+1, J4+1) ) rd
X =01, =-TH3(J, JX)IXTH3(J+1, JXIX (1, =TH3(J+1,JX3)/J )

WRITE(6,99121)K,MMK) » J. NX(K) ,URR

FORMATC(® KsMM(K), JINX(K)+UAR=", 14, i3,215,E16.6)
é{(gﬂg.LT.ml G0TO 211

AMAXsURR

CONTINUE

- ASSIGN A DOT TO THE CLUSTER WITH MAX DELTR VARIANCE
IF(NNC(KL) ,GE.MM(K1)) WRITE(&,213)NDOT, K1,.MM(K1)
IF(NNCKL) . GE.MM(K1)) GOTO 241
FORMART(® ATTEMPT TO ASSIGN DOT-', 13, WHILE NO PIXEL',

X * 1S AUAILABLE. CLUSTER=',13,' TOT PIXEL=',[6)
PSSXTIDN THE POINTER TD NDARY
ND=1
DO 215 K=1,K1
IF(NNC(K).LE. Q) BOTO 215
ND=ND+NN(K)

FrNT TN IE

r}ﬁkhlxoﬂh Fux (HE Iweie DUL 1IN NDHrY
MHl=—

DO 217 K=NDOT,ND,N1

NDARY (K+1) =NDARY (K)>

ND=ND-NN(K1)

MNNCKI ) =NN(K1)+1

- RSSIGN A DOT
CALL GRTDOT(MMC(K1)>,NN(K1),NDRRY(ND), IDOT)

WRITE(6, 99141 )KL, NDsNN(K1Y,NX(K1), (NDARY(K), K=1,44)
FORMAT(® K1»ND/HN,NX=',414, 4(/,2%X,1514) )
IF(K1.LE.M) GOTOD 227

0 225 Ki=1.M

IF(NN(K1),6T.9) GOTO 225
IFCIDOT.LT.MM(KL1)) GOTO 227
1DOT=IDOT-MM(KL)

CONTINUE

CALL. CLMPXY(K1, IDOT NL,NCsLL)

CALlL. GTMPLBINL,NC,LABEL)

CALL LBL.ITP(LABEL,LB1,NX(K1))
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C
Cmmm——

o ———

c......-.

c
Cormmemm

%
51

e

X

L

- COMPUTE

COMPUTE PROP EST DUE TO GURDRATIC PRIOR.
Pri:ogpurg PROP EST DUE TO EXPONENTIAL PRIOR
p2=0.

DO 231 JX=1,MX

IF(NNCJX).LE. @) GOTO 231

= AMAX, ki,N1 ARE TEMPORY URRIABLES

AMAX= FLOAT(MM(JX) ) /NPIXEL
N1 =NNCJIX)
JaNX(JIX)

FIRST, ACCUMULATE REST WITH QUAD PRICR
IF(NDOT.LE.NDS) CALL SETPRI(1)
IF(NDOT.GT.NDS) CALL SETPRI(JFP)

Ple= P1 + AMAXKTH3(N1,J)

NEXT, ACCUMULATE EST WITH EXP FRIOR
IF(NDOT.GT.NDS) GOTO 231

P2= P2 + AMAXXJ/N1

CONTINUE

STORE THE APPROPIHTE PROP EST IN THEIR CORRECT
[F(NDQT.GT.NDS) Z0TO 233

PSG( {(NDOT-1)%2+1 )«P1

PSG( NDOTX2 ) =P2

GATO 23%

PSG(NDOT) =P1

IF(JFP.EQ.1) P20,

IF(JFP.EQ.2) PasP1l

IFCJFP.EQ.2) P1=0,

CONTINUE

PLACE

-

SEGMENT UARRIANCE
UU=@,

CALL SETPRI(JFP)

DO 251 K=1.,MX

LF(NNCK).LE. 1) GOTO 251

UUsUU+ (FLOAT(MMCK) ) /NPIXEL ) XX2 XTHIONNCKS s NX(K))
¥ (L, ~THICNMIKY s NXCEY ) 1/ (NNCKI~1,)

CONTINUE .

IF(JFLRG.EQ. 1) WRITE(6,255)NDOT, K1, IDOTNNCK1), MNX(KL)
+NL»MC» LRBFL,LB1,, 'L, P2

FORMAT(2X+ I3y 3X, I3 1%, 161X I3, 2% 130 2¥: 2140 11, IS,

DETERMINE WHICH FRIOR TO USE
IF(NDOT.NE.NDS) GOTO 27

CHOOSE PRIOR ACCORDING TO VERY FIRST REFETITION UF THE RN
IFCCJINIT.NE. @) .AND. (JFP.ER. 1)) GOTD 256
5{((%I?IT.NE.0).RHD.(JFP.E@.E)) GOTO 259

NIT=

CHOOSE PRIOR ACCOFDING TO ESTIMATE FOR THE FIRST REFETITION

USE THE EXP PRIOR ESTIMARTE TO DECIDE
PxX=PS6( NDOT%X2 )

IF{PX.LE.0.21) GOTO 259

OURD PRIOR IS CHOSEN, NEED TO MODIFY QURD PRIOR PARRMETERS

NS
A%

3Fi10.5)

PX=PSG( (NDOT-1)¥2+1 )
JFP=1
NMPR =" QUAD’




|

¥ ' GQUAD PRIOR PARAMETERS: As',F9.5.' B= ,F9.5,:' C=’,F9.5)

GOTO 265

Cromem EXP PRIOR 1S CHOSEN, NEED TO SET EXP PRIOR PRRAMETERS
259  PX=PSG(NDOTX2)
IF(Pé.LE.0.0l ) PXn0,01

NMPR*'EXP '
IF(PX.LE.9.249) GOTO 262
IF(JFLAG.EQ. 1) NRITE(G.ESUPX
261 FORMT(' ESTIMATE« ',F2.6,* TOO HIGH, BEING RESET TO AUCID’,
' NEGATIVE ALPHA.’')

nn[ﬂ
3
:
<k
gt—t
65

PX-O 249
ESE CALL SETEP( (1.4, %PX)/(1.-2.%FPX) )
C-—=~- STORE THE CHOSEN PRIOR ESTIMATES, THESE WIi.L BE RETURNED

265 DO 267 K=1.NDS
267 PSG(K)»PSG( (K-1)X2+JFP )

c
IF(JFLRG.EG. 1) HRITE(S.E’?!.)PX-N’!PR'M?R

271 FDRHQT(’ ESTIMATE=',F10.6,', NOW STORE THE ',R4,' PRIOR’
' ESTIMATES...'~’ SEQ VAR AND DELTR VAR ARE’,
c * ' BEING COMPUTED UITH '+R4.’ PRIOR.')
EVS CONT INUE
c
c IF(HDOT.LT.MAXDOT)Y GOTD 191
277 DO 278 Ke=1,MX
IF(NN(K).LE.~1) NN(K) =0
E?B CONTINUE
C
g-—'- --- END OF BRYES DOT ALLOCATION
c
C
Coeemmm WRITE CLUSTER INFORMATION
280  CONTINUE
IF(JFLAG.EQ. 1) WRITE(G: aa)mmr.upxxa..nx
282 FORMAT(/~+SX,°’ OTAL NO. OF DOTS AUHILARLE =', 16,
X 715Xt TOTAL NO. OF FPIXEL IN THE CLUSTER MAP =~', 6,
* = O TOTAL NO. OF CLUSTERS =', 16,
X 75X, * CLUSTER CI USTER NO. OF NQ. OF DOTS LABELLED'
* /18X, ! NO. CODE PIXELS ASSIGNED SMALL GRAIN')

DO 283 Kvi,MX

JF(JFLARG.EQ. 1) WRITE(H,284)K L (K)o MMCK) s NNIK) s NXC(K)
283 COMTINUE
284  FORMAT(8X, 12,5X) 14,3X: [6+4X, 13, 10X, 132

IF(MX.EQ.M) GOTO 288

KX=0

DO 285 K=1.M

IF(NN(K)  NE, Q) GOTD 288

KXukKX+1

NDARY (KX) =K

/u.ru/
of

/
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288 CONTINUE
IF(JFLAG.EG.1) WRITE(G, 286)MX, (NDARY(K)K=1,KX)
286 FORMAT(/* THOSE SMALLER CLUSTE RS GROUPED (RS CLUSTER’, 13,
X ') AREs'y 3(/16(134°')) )
r%BQ CONTINUE
C
C
C
GOTO 990
o
i
S04 WRITE(E,S02:M
302 FORMAT(® YOU HAVE'+ 13, TOD MANY CLUSTERS(MAX=SE)')
BOTO SSe

911  WRITE(S,912)NDOT
912  FORMAT(’ YOU SPECIFIED’,14,' TOO MANY DOTS(MAX=15)')

c
{1
L-—-= ENTRY TO DEFINE INTIAL NJ. OF DUTS TO BE ASSIWMED
ENTRY INITS(NNIT)
INIDOT=NNIT
990  RETURN
END
c
g
FUNCTION TH3C(N)NX)
C=—=—= FUNCTION TO EVALUATE CLUSTER PROPORTION ESTIMATE
C~===~-— FOR THE CARSE (1) QUADRATIC PRIOR 1S LISED
Commnionm (2) EXPONENTIAL PRIOR 1S | RED
Comme—m N=NO, OF DOTS ASSIGNED FOR A CLUSTER,
Lo NX= NO. OF DOTS L.ABELLED RS SMALL GRAIN
C----- BOTH I AND NX ARE SIMPLE INTEGER (2 BYTES IN PDP)
g ------ TH3 (REAL NO.) CONTAINS THE ESTIMATE ON RETURN.
INTEGER N, MY
c REAL TH3
DATA R-6./+B/~7.877/:L/2.9345/
C
C—--- CHOOSE THE DESIRED PRIOR
_ IF(JFP.EW. 2) GOTO 200
C
C-——-— THE FOLLOWING 1S FOR GUADRATIC PRIGCR
120 XsNX
TH3 =
X  AKCN4L,IXIR$2, 0k(X43.) + BXIX+1, )X (X+2, JH(N+4, )
¥ + CROX+LIXINS3, 0K (N+4,) )~
¥ O RECAHLOIX(K+2, YX(N+4. )+ BROX4EL, RN+, 3 (N+4 )
) 4 + CRON42, IH(N+3, )2 (N+4.) )
C
RETURN
i
C
C====--— THE FULLOWING IS FOR EXPONENTIGL PRIOR
% %) KA =Hx+1
C
Pls(1,-AL/KX)
211 IF(KX.GT.N) GOTO 221
KX=IX+1
PisPik(1.~AL/KX)
GOTO 211

F21 TH3® ( (NX+1.—AL)/(N#2,-AL) = (NX+1,)/(N+2.0%P1 )/ ( 1, = P1 )

RETURN

sy




=

Commme

c

)

~ ENTRY TO ALLOH CHANGING OF PRRAMETERS

ENTRY THI3PAR(AX: BX,CX)
A=AX

BrBX

C=CX

RETURN

c
g—--"- ENTRY TO DEFINE ALPHA USED BY EXP PRIOR

NoOG

ENTRY SETEP(ALPHA)
AL =ALPHA
RETURN

~-= ENTRY TO DEFINE WHICH PRIOR TU: CHOUOSE

ENTRY SETPKI (JFFP)
JFP=JFFP
RETURN

END




REPRODUCIBILITY OF THE
ORIGINA!, PAGE 1S PONR

12, A88: BAYESIAN DOT ALLOCATION, MAJORITY RULE LABELING

12,1 DESCRIPTION

This dot allocation and labeling scheme is different from most
other schemes in one important respect: the allocation procedure
is fused with the labeling procedure.

For each cluster, dots are allocated continuously until the
cluster is labeled. The rule is Bayesian majority rule, stated
as follows:

b.

C.

Assign 2 dots; if their labels are identical, then give the
cluster thct label and stop.

Assign 3 more dots; if the 5 labels yield a 1-4 split, then
label the cluster by the majority and stop.

Assign 2 more dots; if the 7 labels yield a 2-5 split, then
label the cluster by the majority and stop.

Assign 3 more dots; if the 10 labels yield a 3-7 splic, then
label the cluster by the majority and stop.

Assign 3 more dots and label the cluster by the majority.

It can be seen from the above that the number of dots assigned to
the cluster may vary, depending on where the allocation and label-
ing is stopped. Also, it should be noted that the labels above
are either small grair or other.

The

equation for the proportion estimate is

~ N
P = E - (12-1)
89 cluster i
labeled as
small grain

L

Vis4




where Ni = number of pixels in cluster i
N = total number of pixels in the entire scene

This scheme, like other allocation and labeling schemes, may be
repeated with different pseudorandom requences. The main program
reseéts the random number generator to a different starting point
for each repetition.

All computation of statistics such as mean and variance is per-
formed in the main program. A grand summary is printed.

12,2 LINKAGES

The PDP 11/45 Fortran library (for functions and subroutines such
as SQRT), the PDP 11/45 system library (for routines such as the
pseudorandom number generator), and the utility package (described
in section 14) are required.

Main program

or subprogram Subroutine or function required
MAIN SAEBMR, GETDOT, CLMPCS, GTMPLB, LBLITP
SAEBMR CLMPCS, BMR1
GETDOT RAN
BMR1 BMRSUP
(Bayesian majority
rule 1)
BMRSUP GETDOT, CLMPCS, GTMPLB, LBLITP

(Bayesian majority
rule support)

12.3 INTERFACE

Interface wiih other routines is through the common block PRTFLG
(2 bytes), which is used to control the optional printing of dot
files and other information.

Iy
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12,4 INPUTS

Fortran-formatted input of the following parameters is needed:

Card
or Default Default
line Parameters Format input value
1 Cluster map file name al3 None
2 a. Number of repetitions I3 0 or blank 1
b. Starting point of first I5 0 or blank 10
pseudorandom sequence ’
c. Number of repetition I3 0 or blank - 5
printings
3 Number of status messages on I3 0 or blank NO MSG
terminal

T™wo disk files are needed, one containing the stripped cluster
map, the other the stripped ground truth map. These files should
have been created by conversion programs A8l and A86.

12,5 OUTPUTS

In addition to the normal echo of input specifications and status
messages on the terminal, the following will be output on a line

printer.
Report Contents
Individual repetition 1. Processor header
2. Ground truth small-grain proportion

3. A dot file showing dots chosen, their

ot SN B et 503

x-y position, and their ground truth
labels

4, A table showing number of clusters,
cluster name codes, cluster sizes, i

number of dots assigned, and the split




B

IR L

4

&
B
£
4
3

§
{
i
i
H
H

Grand summary 1. Processor header

2. A table showing the estimate and bias
of each repetition

3. Bias, MSE, reduction in MSE, average
estimate, variance, variance reduction,
average and standard deviation of the
total number of dots per repetition

12.6 BRIEF ALGORITHM: FOR BAYESIAN DOT ALLOCATION,

MAJORITY RULE LABELING

Type messages at terminal and read from it run specifications.
Compute ground truth small-grain proportion.

Repeat a and b until all repetitions are finished:

a. Set starting point of the pseudorandom number generator,

b, For each cluster, allocate and label dots by Bayesian
majority rule.

Compute bias, MSE, reduction in MSE, average estimate, vari-
ance, variance reduction, average and standard deviation of
the total number of dots per repetition, and print a grand
summary.

"at
'

e
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by
z

Type messages and read
input at the terminal

Open the ground truth data
file and compute small grain
proportion from it

Open the cluster map file

Repeat for all
pseudorandom sequences

Set starting point of the
pseudorandom number
generator

Call SAEGMR

Compute proportion estimate
(allocation: Bayes)
(labeling: majority rule)

A

Store estimate and
nusber of dots used

Update the seed to start
pseudorandom number

generator

Compute statistics of
proportion estimate and
number of dots

A
Print grand summary

Call CLMPCS to initialize
cluster map read

Too
many clusters?

Yes

Check cluster sizes
Group small clusters
if necessary

v

For each ciuster
call BMR] to compute
cluster small-grain
estimate

Print dot allocation
information

< Call BMRSUP to sample 2 dots >

Yes v

g

Figure 12-1.— Flow chart for Bayesian majority rule labeling.
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< Call BMRSUP to sample 3 dots)

Yes

( Call BMRSUP to sample 2 dots >

Yes

No

( Call BMRSUP to sample 3 dots >

Yes

Mo

sz BMRSUP to sample 3 dots )

r

Set label

Repeat for next JOOT dots

Assign and label a dot

Increment the small-grain
or non-small-grain counter

Print dot file

—T

Set majority rule label
indicator

&

Figure 12-1.- Concluded.
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12,7 LISTING

Cm=——=— FrUskAN K15 (AZe.TSK) ' PRUFURTION ESTIMATE OF SMALL GERIN
Lo USING BAYES MAJ RULE (UNIFORM PRIOR) [LOT ALLOCATION
E——----- LABELL ING 1S BAYES MQJORITY RULE.

BYTE NARME(15),NGT(13)

REAL PSG(350)

INTEGER NDOT(350)
Cemmens COMMON BLOCK IS A FLAG FOR PRINT ENABLE-DISABLE
COMMON ~PRTFLG-JFLAG
DATA NGT(S)/' . '/ NGT(B) /'S / NBT(7V) T/, NGT(8) P~

----- READING INPUT FROM TERMINAL

WRITE(8,121)

i21 FD“HRT( ' FROGRAM: R1S (ABB.TSK).,'

/' PROPORTIONAL ESTIMATION OF SMALL GRAIN'

<" DOT ALLOCATION IS BAVES MAJ RULE (UNIFORM PRICR) .°*

' LABELLING IS BAYES MAJORITY RULE,'

< INPUT CLUSTER MAP FILENAME'~/' ARARNRARARARARA®)
READ(7, 122) (NAME(K)»K=1,131
122 FORMAT(13A1)

iz
WRITE(S,131)
131 FORMAT( * AN ASSIGNMENT OF PSEUDORANDOM DOTS IS5 6 PEFETITION RUN®
X #' HOW MANY REPETITION RUNS? SEED FOR FIR%T PSEUDU ST’
x 70 HOW MANY PRINTINGS OF INDIVIDUAL RUNST?
X <110 TIIID 1R
READ(7?, 132)JV, JSEED, . JPAGE
132 FORMAT (I3, 1X, 1S, 16, 13D
IF(IQU.LE.2) JU=1
IF(JSEED.LE. @) JSEED=1@
IF(JPAGE.LE. @) JPAGE=S
JSKIP= (JU-1) ~JPARGE+1

HRITE(B,141)
141 FORMAT(’ ——-- NOTICE THAT NO. OF DOTS ASSGINED IN ERCH?,
X ' REPETITION MAY UARY ——-*)

WRITE(S, 151}

sl FOEMAT (* STATUS MESSAGES DN TERPMINAL, HOW MANYT'/* T11%)
READ(7, I52INMES

152  FORMAT(I3)

WRITE(8, 181 (NAME(K),K=1, 13}, JU, JSEED
181 FOFMAT ' CLUSTER FILE GIUVEN = ',13A1,

OO0 0

¥ I 3

3

X <' NO. OF EEPETITION RUNS FOR EACH TOTDOT =',13,
X #' THE FIRST REPETITION RUN STARTS WITH SEED = ’, 16&)
C
L= COMPUTE PROFORTIONAL ESTIMATE FOR GROUND TRUTH
NUINE=117
NCQOL=196

DO 215 K=1,4
218 NBT(K) =NAME(K)
OPENCUNIT=2. NAME=NGT, TYPE="0L.N"* , READOMLY » FORM=* UNFORMATTED® .
X ACCESS='DIRECT')
DO 231 L=1,NLINE
DO 221 K=1,NCOL
CALL GTMPLB(L,¥.,LABEL)
CALL LBLITPC(LABE. ,LB1:IF)
21 CONT INGE
231 CONTIiiUE
P+FLONT CIP)Y /NUINE-NCOL

OPEN(UNIT=1, NRME=NAME, TYPE= ' OLD® . FORM=" UNFORMSTTED!

X READONLY,ACCESS='DIRECT’)
CALL CLMPLCCONLINE,NCOL)

},?/




C
E-*--~J§§2Rg ESTIMATION FOR ERCH TOTDOT AND REPETITIONS
JS=JSEED
DO 361 J=1,JV
JFLAG=Q
[F(MOD(J-1, JSKIP).EQ.Q) JFLAG=1
IF(JFLAG.ER. 1) WRITE(6:321NAME:P
321 FORMAT('1', 10X, *ACCURACY ACCESSEMENT SOFTWARE(S-17-79)',/,2%,
X *"PROGRAM A1S (RB8.TSK): ESTIMATION OF SMALL GRAINS PROPORTION’
X ./,15X,'DOT ALLOCATIG::BAYES MAJ RULE (UNJFORM PRIOR) »°
X /.15Xo‘DOT LABELL ING:EAYES ﬂQJORITY RULE.’
X 7#41@%, * INPUT CLUSTER MAP IS FILE *',15R1,
* /910X, * PROPORTIONAL ESTIMATE FOR GROUND TRUTH IS’,F8.5)
IF(JFLAG.EQ.1) WRITE(6,322)J, JSEED
322 FORMAT(/.:2X,' —=-— REPETITION RUN=’,13,
' RANDOM DOT SEQUENCE STARTS WITH', 18,7 -—-*)
CALL. RANST(JSEED)
CALL SAREBMR(NDOT(J),PSG(J})
JMES=JMES+1
IF(JMES,LE.NMES) WRITE(8,323)MAXDOT, J, JSEED
323  FORMAT(’® MAXDOT=',13,' REPETITION RUN=',13,’ SEED=’,I6)

»*

JSEED=JSEED+150
361  CONTINUE
C
Lm—m—— FRINT GRAND SUMMARY FOR THIS JOB
WRITE(B, 321 )NAME, P
WRITE(&,371)JU, JS
371 FORMAT (., 14X, * ——— GRAND SUMMARY OF THIS JOB ——-*,
X /114X ° NO. OF REPETITION RUNS =’.13,
X /514Xy * RANDOM DOTS START WITH SEED=’, 6,
¥ »10%, 'REPETITION PSEDUS SE@  DOT  SMALL GRAIN  BIARS’,/»
X 10Xs* RUN SEED ASSIGNED ESTIMATE  WRT G.T.*)
Cooe EDSPUTE BIAS AND M.S.E.
PM=8.
AM=@,
UM=@.

DO 381 J=1,JV

TEMF=P5G(J}-P

PB=PB+TEMP

PM=PM+TEMPXX2

AM=AM+NDOT (J)

UM=UM+NDOT (J ) K%2

WRITE(&, 375)J,JS,NDOT(J} PSE(J ), TEMP
375 FORMAT(13X,13,8X, 16, 6X%:14, 5X,FRB.5,3X,F3.6)
3.1 J5=J5+159

PE=FB~-JU

PM=PM-JU

AM=AM-JU

UM=UM/JU

IF(JU.EG. 1) UM=UM ~ QMXxa

IF(JU.GT. 1) UM= (UM-AMEX2IRJIV (JU-1)

UM=SERT (UM)

AVERG=PB+P

IF{JU.ED. 1) UAR= PM-PEXX2

IFCIV.GT. 1) URR= (PM-PBXX2)XJU/(JU-1)
Lo COMPUTE UARIANCE REDUCTION

RR=PM/ 7 P¥(1,.-P)/AM )

REDUAR=URR.( P*(1.-P)/RM 1

WRITE(6.38%)PB, PM, RRy AVERG, UAR, REDUAR, AM,UM

385 FORMATC( BIAS=',F10.6,"’ M.5.E.=’,F1@.6+* REDUCTION=’,Fl@.6,
- ¥ #* AUVERAGE=',F10.6,' UARIANCE=',F10.6," REDUCTION=',F10.6,
£ 3 «' AVE DOT=’,F10,3,' DOT S.D,="»F10.3)
C

Bl
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WRITE(E 401)
401 FOURMATC1 —-—= END OF THIS JOB -—")

STOP

END
c
o

SUEROUTINE SAEBMR(NDOT, PSG)
C--—- STRATIFIED AREAL ESTIMATION USING BAYES MAJORITY RULE DOT ALLOUATION.
C----- FORMULA HERE ARE FOR BAYES MAJORITY RULE WITH UNIFORM PRIOR.
C--—-- ON RETURN, THE PROPORTIONAL ESTIMATE IS IN PSG, AND THE
S TOTAL NO. OF DUTS ASSIGNED IS IN NDOT.
o WRITEN AND EDITED BY N.Y. CHU ON 5-17-79.
c

INTEGER NDARY(350),MM(51),NN(51),LL(51)
INTEGER NNS(2,51)
INTEGER*4 NSG
Lo COMMON BLOCK IS A FLAG FOR PRINT ENABLE/DISABLE
COMMON ~PRTFLG/JFLAG
DATA NSTART- 0/, MINSZ/13/

c

Cemm GET PIXEL COUNT FOR ERCH CLUSTER
IF(NSTRRT.NE.©) GOTO 121
NSTART=1

CALL CILMPCS(NPIXEL,M.MM.LL)
IF(M.GE.51) GOTO 901
éal CONTINUE

L= MQSE SURE EACH CLUSTER HAS A MINIMUM NO. OF PIXELS
Ki=
DO 151 K=1,M
NN(K) =@
IFCMMCK) LLT.MINSZ) K1=K1+MM(K)
IF(MMCK) LLT.MINSZ) NN(K)=-1
151  CONTINUE

MX=M
IF(K1.LT.MINSZ) GOTO 161
Mx=M+1
MMOMX) =K1
161  CONTINUE
e
Cmommmer BESIN BAYES MAJORITY RULE DOT ALLOCATION
C
c
IF(JFLAG.ER.1) WRITE(6,211)
211 FORMART(-."* ——- DOT FILE ---'
X 7' CLUSTER DOT NUMBER POSITION  (GROUND TRUTH LABEL’
* 7! NO. WRT ITS CLUSTER LINE,COL RALLCODE SMALL GRAIN')
c
C-———- ASSISN DOTS AND COMPUTE ESTIMATE
NDOT=0
PSG=2.
ND=1

DO 231 K=1,MX
IF(NNCKY.LE. -1} GOTO 231
CALL BMR1CISG,NNS(1,KY» NDARY(ND)» K: MMy MN LMD
PSGE=PSG+FLOAT ( 1SG) AMMK Y /NP IXEL
NDOT=NDOT+NM(K>
ND=ND+MNN(K3
331 CONTINUE




c
C--~=- END OF BAYES MAJORITY RULE DOT ALLOCATION

c
- C===== WRITE CLUSTER INFORMATION
IF(JFLAG.EQ.1) WRITE(E: 282)NDGT-NPIXEL»

282 FORMAT(/7,5X,° TOTAL NO. OF DDTS ASSIGNED =', |6
X #»8X,° TOTAL NO. OF PIXEL IN THE CLUSTER MAP =', [6
X 735%? TOTAL NO. OF CLUSTERS =', 16,
X /110X, * CLUSTER CLUSTER NO. OF NO. OF DOTS®
X 7,10%: ' NO. CODE PIXELS ASSIGNED  SPLIT')
DO 283 K=1,MX

IF(NNC(K) .LE.~1) NN(K)=0

IF(NNS(1,K).GE.NNS(2,K)) NSG='S. G.

IF(NNS(1,K).LT.NNS(2,K) ) NSG='

IF(JFLAG.EQ. 1) HRITE(6:284)K, LL(k).Pﬂ(K)-hN(K)o!‘lNS(i-K)shNS(Z:K)

; 283  CONTINUE
: 284  FORMAT(13X,12:5X, 14, 3%, 16, 4%, 13, 7%, 12, "4 12, 1X,A4)
IF(MX.EQ.M) GOTO 288
KX~
DO 285 K=1,M
IFCNN(K) .NE.@) GOTO 285
KX=KX+1
NDARY (KX) =K
285  CONTINUE
IF(JFLAG. ES. 1) WRITE(6,286)M%, (NDRRY(K),K=1,KX)
286 FOLMAT(-’L THOSE SMALLER CLUSTERS GROUPED (AS CLUSTER’,13,
X 'Y ARE1’, 3(/416(13,7,')) )
288  CONTINUE
c
IF(JFLAG.EQ. 1) WRITE(6E,351)NDOT,PSG
351 FORMART(’ TOTAL DOTS RSSIGNED=',14,' PROPORTIONAL’,
X ' ESTIMATE=",F10.6)
c
. 6OTO 990
301  WRITE(S,902)M
902 FORMAT(' YOU HAUVE’,13,' TOO MANY CLUSTERS(MAX=50)’)
GOTO 990
c
c
990  RETURN
END
c
£
SUBROUTINE DMR1(ISG:NS, NDARY:K1,MM,NN,LL,M)
o BAYES MAJORITY RULE (UNIFORM PRIOR)
G TOBETHER WITH SUB. BMRSUP, THIS ROUTINE ASSIGN
G DOTS ACCORDING A BAYES MAJORITY RULE
€-———— DN RETURN, NN(K1) CONTAINS THE NO. OF DOTS ASSIGNED DURING THIS CALL .
L 1SB=1, ON RETURN. MEANS SMALL GRAIN LABEL 1S ASSIGNED TO ,
G THE CURRENT (K1) CLUSTER. IF 1SG=@, NOT SMALL GRAIN
Comommmr NDARY= DOT ARRAY FOR THE CURRENT CLUSTER
S MM= ARRAY CONTAINING CLUSTER SIZES
e NN= ARRAY CONTAINING CLUSTERS’ FUTURE DOT OF ASSIGNED DOTS
Cmmmemme LL= ARRAY CONTAINING CLUSTERS' CLASS NAME,
o JUST FOR USE IN SUB. CLMPXY
c
INTEGER NDARY(1),MM(1),NNC1),LL(1)
INTEGER NS(2)
Lo COMMON BLOLK IS A FLAG FOR PRINT ENABLE/DISABLE
COMMON /PRTFLG/ JFLAG
c
NS(1)=0
NS(2)=C




UV 7T i

c
Ce==-~ BAYES M&J RULE WITH UNIFORM PRIGR
CALL BMRSUP(2,NS,MRs NDARY, K1, 1M, N LLs M)
IF(NS(MR).EQ.2) GOTO 401
CAILL BMPSUPC3,NS, MR, NDARY, K1, 1 NNsLL»M)
IFINS(MR) . EQ. 4) GOTO 401
CALL BMRSUP(2,NS, MK, NDARYsK1:MMy NN, 1L+ M)
R e . ok, K1 ronsLL,t  REPRODUCIBILITY OF THE
1 ] , 1] ] i ] [ ’ "
IF(NS(MR).EQ.7) BOTO 401 ORIGINAL PAGE I8 POOR
CALL BMRSUPC3,NS,.MR, HDARY, K1, MM NNsLL M)

c
491 IF(MR.EQL 1) 1SG=1
IF(MR.EQ.2) 1S6=@

Py
&

S
&

RETURN
END
SUBROUTINE BMRSUP(JDOT, NS, MK, NDARY, KOLD, MM, NN LL M)
[[mme= TOGETHER WITH SUBROUTINE BMR1, THIS ROUTINE
Cmremmm ASSIGH DOTS TO A CURRENT CLUSTER (SPECIFIED IN K1), AND
E ----- DE;‘EEQINE THE SPLIT BETWEEN SMALL GRAIN AMD NON SHMALL GRAIN
et e L
C—=—--- JbOT« NO. OF DOTS DESIRED TO BE QSSIGNED IN THIS CARLL
Cr~mm= NS= (DIM 2) ARRAY CONTARINING THE SPLIT
Do e FIRST MEMBER REFERS TO SMALL GRAIN, SECOND MEMEBER NON S.06.
C NUTICE FOR NS, NEW DNTS ARE RACCUMULATED TO PREVIOUS UALUES,
Cmmmemee ME= 1 OR 2, IF =1, MEANS &€.G. IS THE MAJORITY, OTHERWISE NON S.06.
C====- NDARY= ARRAY NECESSARY FOR DOT GENERATIUN
C
INTEGER NS(2),NDARY(1) ,MM{1) NNC1) . LL(1)
BYTE LABEL
IMNTEGERX4 NSG
Crrermmme COMMON BLOCK IS A FILAG FOR PRINT EMABLE-DISABLE
corioM /PRTFLG/JFLAG
C
Co——-- ASSIGN JDOT DOTS
Lo 291 J=1.J00T

¥1-KOLD

NMIKL ) =NN(K1)+1

CALL GETDOT(MM(K1),HN(K1) ,NDARY, IDOT)
c WRITE(G,99141 K1 . NNCK1)» (NDARY (KD K=1,15)
29141 FORMAT(’ K1.NN=',214, 4(/,2X,1514) )

IF(KL.LE.M) BOTO 227

DO 225 Ki=1{M -

IF(MM(KL) . BE. @) GOTO 226

IFCIDOT.LT.MM(KL)Y) GOTO 227

I1DDT=100T -MM(K1)
225 CONT INUE
227 CALL CLMPXY(K1, IDOTyNLNC.LL.)

CQLLOGT”PLB (NL,MNCZ, LLABEL )

1SG6+=

CALL LBLITP(LABEL,LBL,!5G)

IFCISG.EQ. 1) NSG='YES'

IFC1S6.00.90) NSG=* NO*

IF(IS.EQ. 1) NS(L)-NS(1)+1

IFCISE.EQ, @) NG(2)=NS(2)+4

IF/{JFLAG.EQ. 1) WRITE(G,371)K1, 1DOTNL.NC, LABEL , LB1,NSG
371 FORPMAT (3%, 12, 8X, 16:6X: 214y iX: 14,185, 45X:1R4)
391 CONTINUE

[
IF(NS(1),BE.NS(2)) ME=}1
IFINS(1).LT.NS(2)) MR=2
C HRITE(6,99301)JDOT, NS, Mk
39301 FORIWIT(' JDOT='» 13, NS~" 214, MR~"y 13
C

[01 PETIIRN
END
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13. A90: NON-BAYESIAN SEQUENTIAL DOT ALLOCATION,
MAJORITY RULE LABELING

13.1 DESCRIPTION

This dot allocation and labeling scheme is different from most
other schemes in one important respect: the allocation procedure
is fused with the labeling procedure.

For each cluster, dots are allocated continuously until the
cluster is labeled or until the number of dots assigned exceeds
a preselected value (currently, it is 35), The rule ‘« non-
Bayesian sequential rule, stated as follows:

a, Allocate INIDOT dots to the cluster. INIDOT was specified
by the user during the program INPUT session.

b. Allocate one dot, and compute the test interval (a, b):

xi N

(13-1)

where n, = number of dots allocated to cluster i
X, = number of dots labeled as small grain for cluster i
(notice X, S ni)

c. If 0.5¢ (a, b) and ny does not exceed a preselected value
(35), repeat step b.

d. Label the cluster by majority rule.




It can be seen from the above that the number of dots assigned to
the cluster may vary, depending on where the allocation and label-
ing is stopped, Also, it should be noted that the labels above
are either small grain or other.

The equation for the proportion estimate is

: > &
= (13-2)
8g cluster i N
labeled as
small grain

where Ni = number of pixels in cluster i

N = total number of pixels in the entire scene

This scheme, like other allocation and labeling schemes, may be
repeated with different pseudorandom sequences. The main program
resets the random number generator to a different starting point
for each repetition,

All computation of statistics such as mean and variance is per-
formed in the main program. A grand summary is printed,

13.2 LINKAGES

The PDP 11/45 Fortran library (for functions and subroutines such

as SQRT), the PDP 11/45 system library (for routines such as the
pseudorandom number generator), and the utility package (described :
in section 14) are required.

Main program

or subprogram Subroutine or function required
MAIN SAENBS, GETDOT, CLMPCS, GTMPLB, LBLITP
SAENBS CLMPCS, NBSMR

GETDOT RAN




NBSMR GETDOT, CLMPCS, GTMPLB, LBLITP
(non-Bayesian

sequehtial

majority rule)

13.3 INTERFACE

Interface with other routines is through the common block PRTGIG
(2 bytes), which is used to control the optional printing of dot
files and other information,

13.4 INPITS

Fortran~-‘>rmatted input of the following parameters is needec:

Card
or Default Default
line Parameters Format input value
1l Cluster map file name Al3 None
2 a. Number of repetitions I3 0 or blank 1
b. Starting point of first IS5 0 or blank 10
pseudorandom sequence
c. Number of repetition 13 0 or blank 5
printings
3 Number of initial dots I3 None
4 Number of status messages on I3 0 or blank NO MSG
terminal

Two disk files are needed, one containing the stripped cluster
map, the other the stripped ground truth map. These files should
have been created by conversion programs A8l and A86.




13.5 OUTPUTS

In addition to the normal
messages on the terminal,
printer,

Resport
Individual repetition 1.

2.
3.

4.

Grand summary 1,

echo of input specifications and status
the following will be output on a line

Contents
Processor header
Ground truth small-grain proportion

A dot {ile showing dots chosen, their
x-y position, their ground truth labels,
and the test interval

A table showing number of clusters,
cluster name codes, cluster sizes,
number of dots assigned, and the split

Processor header

A table showing the estimate and bias
of each repetition

Bias, MSE, reduction in MSE, average
estimate, variance, variance reduction,
average and standard deviation of the
total number of dots per repetition

13.6 BRIEF ALGORITHM: FOR NON-BAYESTAN SEQUENTIAL DOT ALLOCATION,
MAJORITY RULE LABELING

1. Tvpe messzgas at terminal and read from it run specifications.

2. Compute ground truth small-grain proportion.

3. Repeat a and b until all repetitions are finished:

a. Set starting point of the pseudorandom number generator.

b. For each cluster,

allocate and label dots by non-Bayesian

sequential majority rule.




4. Compute bias, MSE, reduction in MSE, average estimate, ‘rari-
ance, variance reduction, average and standard deviation of

the total number of dots per repetition, and print a grand
summary.
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25

Type messages and ﬁ;d
input at the terminal

Open the ground tryth dats ’
file and compute its smell Call CLMPCS to initialize
grain proportion cluster map read

]
4

Open the cluster map “ile

Yes
Repeat for all
peeudorandom sequences
i . o
Set starting point of the Check cluster sizes
psmg::::doa number Group small clusters
gene if necessary
Call SAENBS For each cluster
E Compute proportion estimate NBSMR compy
A (nlocgtion: sequential) ng snlul)-guinte
(1abeting: majority rule) estimate
mre::‘:g :::a Print dot allocation

information

Update the seed to start
pseudorandew number

generator
Compute statistics of a

proportion estimate and
number of dots

Print grand summary

Are 35
or more dots
assigned?

al

Assign and Tabel a dot

Figure 13-1.— Flow chart for non-Bayesian sequential
majority rule labeling.




Increment the small-grain
or non-small-grain counter

Compute non-Bayesian
decision interval and
print dot file

Determine cluster label by
majority rule

o

Figure 13-1.— Concluded.
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13.7 LISTING .

| ge-=—— PROGRAM A17 (A90.TSK): PROPORTION ESTIMATE OF SMALL GRAIN '
C———— USING NON-BAYESIAN SEQUENT!AL. DOT ALLOCATION ; J
E——m LABELLING IS NON-BAYESIAN SEQ MRJORITY RULE. ‘

BYTE NAME(15):NGT(13)
REAL. PSG(435)
INTESER NDOT(435)
C-——— COMMON BLOCK IS A FLAG FOR PRINT EMNABLE/DISABLE
COIMON ~PRTFLG/JFLAG
DATA NBT(S)-*. '/, NBT(6) 'S’/ NGT(?) /' T* /. NGT(8)/*P*/

~———— READING INPUT FROM TERMINAL

WRITE(3,121)
121 FORMATC * PROGRAM: A1? (ASQ.TSK).’
' PROPORTIONAL ESTIMATION OF SMALL GRAIN'
#' DOT ALLOCATION IS NON-BAYESIAN SEGUENTIAL .°
< LABELLING 1S NON-BAYESIAN SEQ@ MAJORITY RLLE
#’ INPUT CLUSTER MAF FILENAME’ /' ARARARARKAAAANA' )
READ(7?, 1227 (NAME(K? 1 K=1,13)
122 FORMAT(13A1)
C

WRITE(S, 131)
131 FORMATC( * AN ASSIGNMENT OF PSEUDORANDOM DOTS IS A REPETITION RUN®
<’ HOW MANY REPETITION RUNS? SEED FOR FIRST PSEUDO SE@?’
7' HOW MANY PRINTINGS OF INDIVIDUAL RUNS?’
s 11D TIIID I1D?)
RERD(7, 1323 JV, JSEED, JPRGE
132 FORMAT(I3: 1X,I5, 1X,13)
IF(JU.LE.Q) JU=1
{F{JSEED.LE.@) JSEED=10
IF(JPAGE.LE.®) JPRGE=5
JSKiP=(JU-1)/JPAGE+1

ﬁﬁnﬂ

I 2 I 2

3% 3 3¢

C
WRITE(3) 141)
141 FORMAT(* ——— NOTICE THAT NO. OF DAOTS ASSGINED IN EACH’,
X * BEPETITION MAY UARY -—'~
X * SPECIFY NO. OF DOTS INITIALLY ASSIGMED TO EACH CLUSTER. '

X * I
READ(7, 142)NNIX
142  FORMART(I3)
IFONNIX.GE. 1) CALL INIT(NNIX)

WRITE(3,151)
151 FORMAT(* STATUS MESSAGES ON TERMINAL., HOW MANY?'* I11%)

READ(7, 152 1NMES ,
152  FORMAT(I3) :
C

WRITE(B: 181 (NAME(K),K=1,13),JU, . JSEED
181 FORMAT(-~’* CLUSTER FILE GIUVEN = ’,13A1,
X <~* NQ. OF REPETITION RUNS FOR ERCH TOTDOT =’,13.
* #' THE FIRST REPETITION RUN STARTS WITH SEED = °*, 1€}

C
i C~=-——~ COMPUTE PROPORTIONAL ESTIMATE FOR GROUND TRUTH
£ NM_.INE=117
NCOL=196
DO 215 k=1:4
215  NGT(K)=NAME(K)
OPENC(UNIT=2, NGME=MNGT: TYPE="0LD" » READOMNLY , FORM=’ UNFORMATTED' ,
k 4 ACCESS='DIRECT’ )
DO 231 L=1,NLINE
DO 221 K=1,NCOL
CAl.l. GTMPLB(L,K,LABEL)
CAll. LBLITP(LABEL,LE1,IP)
221 CONTINUE
231 CONTINUE
P=FLOAT(IP)NLINE-NCOL
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OPENC(UNIT=1, NAME=NAME, TYPE+'OLD* , FORM="UNFORMATTED' »
X READONLY.RCCESSs=’DIRECT’)
CALL CLMPLC(NUINE.NCOL)

c
C—-*——JgggRg ESTIMATION R EACH TOTDOT AND REFETITIONS
JS=JSEED
‘ DO 361 J=1,JU
. JFLAG=0
IF(MDD(J-1,JSKIP).EQ.® 1F_Q/5=]
IF(JFLAG.EGQ. 1) WRITE(6,321)INAME, P
321  FORMAT(’1?, 10X, *ACCURACY ACCESSEMENT SUFTWARE(S-29-79)°,/,2%,
% *PROGRAM A17? (A90.TSK)+ ESTIMATION OF SMALL GRAINS PROPORTION®
X  /,18%, 'DOT ALLOCATICN :MON-BAYESIAN SEQUENTIAL ,°
X 715X, ' DOT _LABELL ING :NON-BAYESIAN SEQ MAJORITY RULE.®’
X #7y10%,* INPUT CLUSTER MAP IS FILE ', 15A1,
X <+ 10X, ' PROPORTIONAL ESTIMATE FOR GROUND TRUTH 1S°.FB.S)
IF(JFLAG.EQ. 1) WRITE(6,322)J,» JSEED
322 FORMAT(~,2X,’ —-—— REPETITION RUN=',I13,
X * RANDOM DOT SEQUENCE STARTS WITH'» I8+ * ——-')
CALL RANST(JSEED)
CALL SAENBS(NDOT(J),PSGE(JIY)
JMES=JMES+1
IF(JMES.LE.NMES) WRITE(8,323)J, JSEEDsNDOT(J)s PSE(J)
323  FORMATC(' REPETITION RUN=',13,' SEED=’,16,' NDOT=',13,
S * ESTIMATE=',F9.5)
JSEED=.JSEED+150
361  CUNYINUE
c

C——-- FRINT GRAND SUMMARY FOR THIS JOB
WRITE(E, 221 )NAME, P
WRITE(5,371)JUs 05
371 FORMAT(/,14X,’ -——- GRAND SUMMARY OF THIS JOB ——-',
X s 14K ? NO, OF REPETITIUN RUNS =7,13,
X 514X, 7 RANDOM DOTS START WITH SEED=’, 16,/
k 4 » 10X, 'REPETITION PSEDUO SER DOT  SMALL GRAIN  BIRS’,/,
X 10X, * RUN SLED ASSIGNED ESTIMATE WRT G.T.*)
] C-—-=- COMPUTE BIAS AMD M.S.E.
4 PB=0.
PI1=3,
AM=Q.
UM=0.

DO 381 J=1,JV

TEMP=PSG(J)~-P

PE=FB+TEMP

PM=2PM+TEMPXX2

AM=AM+NDOT (T

UM=UM+FLORT (NDOT (J ) ) X%2

WRITE(6,3753J: JS,NDOT(J), PSGE(J) » TEMP ;
37S  FORMAT(13X. [3,6X. 165X, [4y SX.FB.5, 3% F9.6) H
381 JS=J5+150

FE=FB-. U

PM=PM/JU

AM=r1r JU

UM=UM/JU

IF(JU,EQ. 1) UM=UM—AMEKX2

(FOJU.BT. 1) UM= (UM=-AMEX2) K IU/ (V-1

UM=S3RT (M)

ARUERG=PB+P

IF(JULER. 1) UAR: PM-PBX¥2

IFIJU. 6T 1) UAR= (PM-PEX¥2)xJU- (JU-1)
(D COMPUTE UARIANCE REDUCTIOMN

RRE=FM-( PX{1.-P)/AM )

REDUAR=UAR.( PK(1.-P)/AM )

WRITE(S,285)3PR, FiM1, RRy AUERE . UAR, REDUAR, AM, UM

385 FORMATC(? BlAS=',Fl0.6:° M.S.E.=",F10.6,* REDUCTION=",F1@. 6,
¥ #' AVERAGE=',F10.6,' UARIANCE='.F1@.6," REDUCTION=',F10.6.
X 7' AVE DOT=',F1&.3»' DOT S.D.=',Fl@.3

139
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c
v WRITE(G, 401)
¢ g@l FORMAT(*1 --— END OF THIS JOB ——*)
STOF
END
g
SUBROUTINE SAENBS (NDOT, PSG)
C~--—— STRATIFIED AREAL ESTIMATION USING NON-BAYESIAN
C~-——-— SEGQUENTIAL DOT ALLOCATION WITH MAJORITY RULE LABELLING,
C--——— ON RETURN, THE PROPORTIONAL ESTIMATE IS IN PSG, AND THE
E—~*"" TOTAL MNO. OF DOTS ASSIGNED IS IN NDOT.
C--——- WRITEN AND EDITED BY N.Y. CHU ON 5-29-79,
c

c
INTEGER NDARY(435),MM(51),NN(51),NX(51),LL (51)
INTEGER "i45(2,51)
INTEGER%4 NSG
C~~——— COMMON BLOCK IS A FLAG FOR PRINT ENABLE-DISABLE
' COMMON ~PRTFLG-JFLRG
DATA NSTRRT- 0/ MINSZ/ 35/
-

C-——-— GET PIXEL COUNT FOR EARCH CLUSTER
IF(NSTART.NE. Q) GOTO 121
NSTART=1
CALL CLMPCS(NPIXELMsMiLLD
IF(M.GE.S1) GOTO 901

iz21 CONTINUE

c
S — qugs SURE EACH CLUSTER HAS A MINIMUM NO. OF PIXELS
DO 151 K=1,M
NN(K) =0
NX(K) =@

IFCMMCKY LLT.MINSZ) Kl=K1+MM(K)
IF(MMCK) LT MINSZ) NN(K)=-1
151 COMT INUE

Mx=M
IF(KL.LT.MINSZ) GOTO 161
Mx=r+1
MM(MXI =K1
161 CONTINUE
c
c
C———-—~ BEGIN NOMN-EAYESIAN SEQ@ MAJORITY RULE DOT ALLOCATION
C

-
IF(JFIAG.EG. 1) WRITE(G,2211)
211 FORMAT (-’ -—— DOT FILE -—-'

4 2 CLUSTER DOT MUMBER  POSITION GROUND TRUTH '
X »'  TEST IWTERUAL’
X s ND. WRT ITS CLUSTEE LINE,COL RAW,CODE’
X ’ LOWER UPPER')
c
C———= ASSIGH DOTS AND COMPUTE ESTIMATE
NDOT=0
PSG=0,
ND=1

DO 231 K=1,MX
IF«MNN(KS L LE. -1} GOTD 231
IF(NDOT.GT. (-35+4435)) GUTO 251
CALL NBSMRCISGE, NNS(1:K)y NDARYUNIYY, Ko MMy NNy LL s Nx, M)
PS6=PSGE+FLOAT ( 1S15) ¥MM(K ) NP IXEL
NDOT=NDOT+MMNIK)
ND=ND+NNCK)
231 COMTINLIE
GOTO 255
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C-=—== TERMINATE DOT ASSIGNING 1F ARRAY OUVERFLOW IS ANTICIPATED
IF(JFLAG.EQ. 1) WRITE(6,252)NDCT

251

253 FDRHQT(' DOTS ASSIGNED: ', 14, ' 1'Qy CAUSE ARRAY CQUERFLOW: ',
* ALLOUATION TERMINATED. )

255 CDNTINUE

C

Cw==--= END OF NON-BAYESIAN SEQ MAJORITY RULE DOT ALLOCATION

C

Crrmm WRITE CLUSTER INFORMATION

IF(JFLAG.EQ. 1) WRITE(6,282)NDOT, NPIXEL MY
282 FDRMQT{ SO EX,

2 I 3 K

715Xy
r’ﬁl@”(v

<9 10X

DO =263 K 1, MX

[FCNNC(KY.LE.=1) NN(K)=0

NO. |

OTAL NO.

IF(NNS(1,K).BE.NNS(2,K)) NHSG='S.6.°
IF(NNS(1.K) .LT.NNS(2,K)) NSE=* '

IF(JFLAG.EQ. 1) WRITE(6.284;K,LL(K)» MMCK) s NNCK)NNS(1.K) s NNS(2.K)

FORMAT( 13X, 12,5X, 14, 3X, 16, 4%, 13,

INSO

IF(MX.EQL.M) GOTO 268

IF{NN(K).NE.®) GITO 285

7X-IE-’—'v12-

IFCIFLAG.EQ. 1) HRITE(6. 285 M%, (NDARY(K),K=1,KX)

TOTAL NO. OF DOTS ASSIGNED =', 16,
718X, * TOTAL NO. OF PIXEL IN THE CLUSTER MAP =',I€E,
OF CLUSTERS =, 6,
CLUSTER CLUSTFR ND. OF NO. OF DOTS’

CCDE  PIXMELS  ASSIGNED SPLIT?)

1X,A4)

FORPMAT ('L THOSE SMALLER CLUSTERS GROUPED (RS CLUSTER', 13,
) ARE:’s 3( /4 16(13:°,)3 )

IF(JFLAG.ED. 1) WRITE(G, 351 )NDOT. PSE
S RASSIGNED=',14,’

TOTAL DOT
' ESTIMRTE=',F10.R)

PROPORTIONAL” »

YOU HAUE’, 13, TOO MANY CLUSTERS(MAX=EQ) ')

SUBROUTINE MNBSMR(IZGEsNS, NDOARY, K1, MMy NN, LLNX, M2
HOM-BAYESIAN SEQ MAJORITY RULE
THIS ROUTINE ASSIGN A DOT OR MORE TO
CLUSTER K1 CCORDING TO A MON-BAYESIAN 3EQ@ MAJORITY RULE.

DURING THIS CALL.
1SG=1, ON RETURM.
THE CURRENT (K1) CLUSTER,

MEANS

NDARY= DOT ARRAY FOR THE CURRENT CLUSTER

Nx= AREAY CONTAIMIMG CLUSTERS'
LL= ARRAY COMTAIMING CLUSTERS' CLA

- MM= AREAY CONTRINIMG CLUSTER S1ZES
- NN= ARRAY CONTAIMNING CLUSTERS' NO. OF RSSIGNED DOTS

MO. OF Statl. GRAIN DOTS
S5 NRME,

JUST FOR USE IN SUB. CLMPXY

*
=03 CONT INUE
384
KX=0
DO 208 K=1,M
KA=Kx+1
NDRARY (KX) =k
FUs CONT INUE
285
¥
=83 CONT INUE
C
351 FORMAT(®
* »
C
GUTD 9396
[
201 WRITE(5,302M
S22 FORMAT(?
GOTO 990
C
C
932 RETURNM
END
C
C
[
Lo
L
C _____
Cem=== M RETURN.
|:‘ ______
E ______
I:"'—"““'
E.._- -
C-.__.._
ommeem -
C ______
C _____
C._.__... -
E ______

M= NO. GF CLUSTER (NOT COUNTIMG THE GROUPED CLUSTER,

yrf

SRS

NNC(K1) CONTAINS THE MO. OF DOTS ASSIGNED

ShaLl BRAIN LABEL 15 @SSIGMED TO
IF 1S6=0, NOT SMALL GRAINM

IBILITY 0
L PAGR 18 pnf)R

IF EXISTS)




INTEGER NDARY (1) MMCUL) s NNCLNX(L),LL (L)
INTEBER NS(2)
INTEGERX4 NSG
C=——-- COMMON BLOCK IS AR FLAG FOR PRINT ENABLE/DISABLE
COMON ~PRTFLG/JFLAG
DATA INIDOT-1/
c
c
C-—-— ASSIGN A DOT
NS(1)=0
NS(2)=0
KOLD=K1
KCOUMNT =2
121 IF((KCOUNT. EQ. 35) . AND. (JFLAG.EQ. 1)) WRITE(6,122)K1
IF(KCOUNT.EG.35) GOTO 901
122  FORMAT(® FOR CLUSTER’,13,’ DOT ASSIGNMENT TERMINATED',
X *(ONLY 35 DOTS ALLOWED).’)
KCOUNT=KCOUNT+1
NH{KL)=MNN(K1)+1
CAll. GETDOT(MMCK1)»NN(K1),NDARY, 1DOT)
c WRITE(6,93141)K1,NH(K1), (NDARY(K),K=1,15)
39141 FORMAT(® K1,NN=',214, 4(/,2X,1514) )
IF(K1.LE.M) GOTQ 227
DO 225 Ki=1i.M
IF(NN(K1).GE.®) GOTO 225
IFCIDOT. LT.MM(K1)) BOTO 227
1DOT=1DOT-MM(K1)
.225  CONTINUE
227 CALL CLMPXY (K1, IDOTyNL,NC.LL)
CALL GTMPLB(NL.NC,LABEL)
K1=KOLD
[SG=0
CALL LBLITP(LABEL.LB1,156)
IF{ISG.EQ. 1) NX(K1)=MNX(K1)+1
IF(1S6.EQ. 1) NSG='S.6.°
IF(1SG.EQ. @) NSGE=' i
IF(ISE.EQ. 1) NS(1)=NS(1'+1
IF(I1S6.EQ. @) NS(2)=H3{2)+1

C

Cmmemm MON--BAYESIAN SEQ@ CLUSTER LRBELLING
TR=NX(K1)
TH--NN(K1)

IF(NNC(K1),.GT. 1) SHEAD=SART( TXK(TN-TX)/7( TNXTMNK(TN-1.) 3 )

TL=TX/TM-1.534¥SHERD

TU=TX/TN+1 . S34XSHEAD

IF(NN(K1) . EQ.1) TL=9.

IF{NN(KED) . ER. 1) TU=0,

IF(JFLAG. EQ. 1) WRITE(S, 371)K1, IDOT ML, NC, LABEL, LB1, NSG. TL, TU
378 FORMAT(3X, 12, 8%, 16,6X, 214, 1X, 14,15, 1X:Q4, 2F3.4)

Lo CONT'MUE DOT ASSIGNMENT UWTIL ALL INITIAL DOTS ARE DONE
IF(NN.KL) LT, INIDOT) GOTO 121

Lo CONTINUE DOT ALSIGNMENT UNTIL THE CRITERIA IS NOT SARTISFIED
IFC (2.5.6GT.TLY.AND. (Q,5.LT.TU) ) GOTD 121

C--—— NOW TERMINATE DOT ASSIGNMENT AND LABEL BY MAJORITY RULE

IF(NS(1),BE.NS(2)) 1SG=1
IF(NS(1).LT.NS(2)) 1S5G=@

c
301 RETURN
cC
C-——=— ENTRY TO SET INITIAL NO. OF DOTS ASSIGNED
ENTRY INIT(NNIT)
INIDOT=NNIT
RETURN
C—-—- END OF THIS ENTRY
END

|




14. A06: THE UTILITY PACKAGE

The utility package consists of the subroutines CLMPCS, GETDOT, . -
GTMPLB, MR, and LBLITP. Subroutine CLMPCS and its entries éLMPXY
and CLMPLC read the cluster mep from its disk file. Subroutine

. GETDOT chooses pixels from clusters and assigns them as dots.
Subroutine GTMPLB reads the ground truth map from its disk file.

. Subroutine MR finds a majority label for a group of labels. Sub~
routine LBLITP interprets a given label as small grain or other

: and increments a counter if the label is small grain. Each sub-

% routine is discussed in one of the subsections following. The
discussion includes the purpose and entry points of the subroutine,
its linkages and interfaces, its inputs and outputs, the storage

requirements, and a description of the operation of the subroutine.
The listing for the entire utility subroutines package is given
as the last subsection.

14.1 CLMPCS

1 The subroutine CLMPCS and its entries read the cluster map. This
F subroutine has three entry points:

CLMPCS — to read the cluster map and return cluster sizes and
numbers

CLMPXY — to return the x,y position of the jth pixel of the ith
cluster

CLMPLC — to set the size of the input cluster map

14.1.1 LINKAGES

This routine does not call any other subprogram.

14,1.2 INTERFACES

The CLMPCS subroutine interfaces with other routines through the
calling arguments.

"
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| 14.1,3 INPUTS

Input to the subroutine consists of the cluster map, named as
* STP, the file output by the A86 processor.

Calling sequences CALL CLMPCS (N*IXEL,M,MM,LL)

Parameter Type Dimension In/Out Definition

NPIXEL I*2 1 Out Total number of pixels in
' this map

M I*2 1l out Total number of clusters

I*2 variable Out Array containing sizes of
all clusters

LL I*2 vVariable Out Array containing the clusters'
numbers (the first cluster
is 1, second 2, etc.)

Entry calling sequence: CALL CLMPXY(I,J,NL,NC,LL)

? Parameter Type Dimension In/Out Definition
; I I*2 1 In The cluster ith in consideration
J 3 1%2 1 In  The jth pixel of the ith
| cluster
NL I*2 1 Out Line number of that pixel
NC I%2 1 Out Column number of that pixel
LL I*2 Variable In Array containing the clusters’
numbers

Entry calling sequence: CALL CLMPLC(LL1,LCl)

Parameter Type Dimension In/Out Definition
LLl I*2 1 In Total line number of the

% cluster map

——
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ICl I*2 1l In Total column number of the
cluster map

14,1.4 OUTPUTS

Tr2 results are returned for use by the calling routine,

14.1.5 STORAGE REQUIREMENTS

This subroutine requires a fair amount of storage.

14.1.6 DESCRIPTION

When CLMPCS is called, it reads, line by line, the entire cluster
map and determines the number of clusters and their sizes. Next,
it sets up an internal table that indicates the number of pixels
of cluster i in line &, for all clusters i and lines %, This
table will later be referenced to determine the x,y position of

a pixel of a cluster.

When CLMPXY is called, it searches through the internal table that
was set up when CLMPCS was called., The table immediately gives
the line number of pixel j of cluster i. Next CLMPXY reads in

the line from the cluster map, and, by pixel-to-pixel comparison,
it gives the column number of that pixel.

When CLMPLC is called, the cluster map size is set to that speci-
fied by the calling arguments, even when the actual cluster map
is larger than that indicated by those arguments,

14,2 GETDOT

The subroutine GETDOT selects pseudorandomly with uniform proba-
bility a pixel from a group of pixels (cluster). This subroutine
has two entry points:

GETDOT - to get a dot assigned

}-a/
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RANST - to skip some pseudorandom numbers 3c0 that the pseudoran~
dom sequence will be different

14.2.1 LINRAGES
This routine calls the RAN subprogram.

14.2.2 INTERFACES

The GETDOT subroutine interfaces with other routines through the
calling arguments.

14.2.3 INPUTS
Calling sequence: CALL GETDOT(NP,L,NDARY,IX)

Parameter Type Dimension In/Qut Definition
NP I*2 1 In Total number of dots in the
cluster of interest
L I*2 1 In Lth dot is requested (i.e.,
L - )1 dots exist in the dot
a.rcay)

NDARY I*2 variable 1In/Out Dot array (all L - 1 dots are
in ascending order)

IX I*2 1 OQut The selected pixel (now
called dot)

Entry calling sequence: CALL RANST (ISTART)

Parameter Type Dimension In/Out Definition
ISTART I*2 1 In Number of pseudorandom num-

bers to be skipped

14.2.4 OUTPUTS

The results are returned for use by the calling routine.

}44
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14,2.5 STORAGE REQUIREMENTS

This subroutine requires small storage.

14,2,6 DESCRIPTION

Depending on L, the subprogram GETDOT computes the number of free
pixels available; it is (NP - L + 1), Using the system pseudoran-
dom number generator (RAN), a number between 0 and 1 is obtained
and then scaled to between 1 and (NP - L + 1). If there are no
previously selected dots (i.e., L = 1), then the scaled number is
the pixel number of the selected dot. However, if L > 1, then

the subroutine needs to adjust the scaled number by referring to
dots in the dot array. Since the dots are present in ascending
order, the insertion of the new dot can be done in an orderly
fashion, starting with the first dot in the dot array.

14.3 GTMPLB

The subroutine GTMPLB returns the label of a pixel (given its
X,y position) by reading the ground truth map.

14.3.1 LINKAGES

This routine does not call any other subprogram.

14,3.,2 INTERFACES

The GTMPLB subroutine interfaces with other routines through the
calling arguments,

14,3.3 INPUTS

Input to the subroutine consists of the ground truth map, named
as *,STP, the file output by the A8l processor.
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Calling sequence: CALL GTMPLB(NL,NC,LABEL)

Parameter Type Dimension In/Out Definition
NL I*2 1 In Line number of the pixel
NC 1*2 1 In Column number of the pixel
LABEL Byte 1l Out The label of the pixel

14.3.4 OUTPUTS

The results are returned for use by the calling routine.

14.3.5 STORAGE REQUIREMENTS

This subroutine requires small storage.

14,3.,6 DESCRIPTION

Since the ground truth map stripped by processor A8l is directly

accessible by Fortran, all that is needed to read in a line is
just a simple READ statement, After a line has been read into
a buffer, the label of the pixel can easily be picked up.

14.4 MR

The subroutine MR returns a majority rule label for a group of
labels.

14.4.1 LINKAGES

This routine does not call any other subprogram.

14.4.2 INTERFACES

The MR subroutine interfaces with other routines through the
calling arguments.




14.4.3 INPUTS
Calling sequence: CALL MR (IG,NG,LABEL,J1,JG,LG)

Parameter Type Dimension In/Out Definition

16 Byte Variable In Array containing the group
of labels

NG I%*2 1 In Dimension of 1G

LABEL Byte 1 Out The found majority rule label

Jl I*2 1 Out Number of different labels
in IG

JG Byte Veariable Out Array storing those different

labels (dimensioned as J1)

16 1*2 Variable out Numbers of the labels in JG
(dimensioned as Jl)

14.4.4 OUTPUTS

The results are returned for use by the calling routine.

14.4.5 STORAGE REQUIREMENTS

This subroutine requires small storage.

14.4.6 DESCRIPTION

The subroutine MR scans the input arr:y IG in ascending order,
stores the different labels in JG, counts the number of each label
and stores these counts in LG, and selects the label with the
createst count. If two lzbels have that count, the one appearing
first will be selected.

14.5 LBLITP

The subroutine LBLITP interprets a raw ground truth label and
increments a counter if the label is a small grain.

PV
/33




14.5.1 LINKAGES

This routine does not call any other subprogram,

14.5.2 INTERFACES

The LBLITP subroutine interfaces with other routines through the

calling arguments,

14.5.3 INPUTS

Ca: ing sequence: CALL LBLITP(LABEL,LBl,IP)

Parzmeter Type Dimension In/Out Definition
LABEL Byte 1 In The input raw ground truth
label
LBl I*2 1l Out The crop code of the label
IP I*2 1l In/Out The counter to be incremented

if the label is a small grain

14.5.4 OUTPUTS

Th:2 results are returned for use by the calling routine,

14.5.5 STORAGE REQUIREMENTS

This subroutine requires small storage.

14.5.6 DESCRIPTION

The crop code of the label is computed as LBl = LABEL + 128. The
counter IP is incremented if any one of the following is true:

a. 1 < LBl < 62

b. 99 < LBl £ 104
c. LBl = 109

d. 124 < LBl < 129

e. LBl 134

o af tnaEs



ORIGINAL CBLLITY OF gy
00

14,6 LISTING
— IN PROGRAM AG6.FTN: THE UTILITY PACKAGE

Co— THIS CONTRINS ALL ESSENTIAL SUBROUTINES FOR AR SOFTWARE
E~—-——— PREPARED DURING SPRINGs 1979. FOR R.T,E USUAGE.
G DIRECT-ACCESS (I.E. RANDOM ACCESS) TO CLUSTER MAP
C--——-— AND GROUND TRUTH MAP IS EMPLOYED.
Comrm—= THEY SHOULD BE THE STRIPPED VERSIONS CREATED BY
E-~—~‘~ A DIFFERENT TASK. N CHU 5-3-79
c
C
SUBROUTINE CLMPCS(NPIXEL,M,MM.LL)
g—"-—- ROUTINES TO READ CLUSTER MAP
c ENTRY:
c CLMPCS —~- READ CLUSTER MAP AND RETURN CLUSTER SIZES AND NQO.
c CLMPXY —--— GET JTH PIXEL OF I TH CLUSTER, RETURN X.Y POSITION
c CLMPLC ----- SET SIZE OF CLUSTER MAP, LINE & COL DIMENSION
c
Cc

LOGICALXL JI(54¢. . JD(468),J1
INTEGERX2 J2,11(256),111(256,51)
INTEGER MM(1).,LL (1)

EQUIVAL ENCE (JL(73),.,JD), (J1,J2)

DATA LINEARU-®/. NLINE-117/,NCOL/196/

s ENTERINS CULMFCS: b IND CLUSTER S1ZES AND NuU.

———-= CLEAR THE ARRAYS
DS 141 K=1,256
141 11(K)=0
DO 161 L<1,NCINE
DO 151 K=1,51
151 I110_,K)=0
161 CONTINUE
c
C~--———- CHECK FOR CLUSTERS
K1=NCOL+72
DO 221 L=1.NLINE
READC(17L ) (JD(K) , K=1,.NCOL)
DO 211 K=1,NCOL
: J1=JD(K?
C WRITE(6, 93002) J2
33002 FORMAT® J2=',16)
211 11¢(J2)=T1(J2)+1
C WRITE(6,93205)L, (JD(XY,K=1,NCOL
99095 FORMAT(’ LINE=',13,/,10(' °’,1614,7) )
221 CONTINUE

C WRITE(6,93101) 11
39101 FORMAT(' [1=',13I5)

L= COMPACT CLUSTER SIZES IN ARRAY MM
M=@
NP IXEL=G
DO 291 K=1,256
IF(11(K).EQ.@) GUTO 291
H=M+1
MM{MI=T1(K)
LL(M) =K
[1C¥ =M
C WRITE(6,93104)K,M,LLL(M)
99104 FORMAT(® 99104-—- ¥K,M,LL=',5I15)
NP IXEL =NPIXEL+MM(1)
291 CONTINUE
L WRITE(E,93121) (MM(K),K=1,M)
99121 FORMAT(® MM=',1218)

OO0 50
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- HRITE(5, 3917210 (LL(K) s K=14ID)
= '39131 FORMAT<® LL=’,1215)

, C~--- STORE PIXELNO FOR EACH CLUSTER ON ERCH L.INE
4 DO 321 L+1.NLINE

- READ(1°L ) (JD{K),K=1.NCOL)

c WRITE(6,99135) (JD(K), K=1,NCOL) : p
99135 FORMAT(' AF=’,1614) :

DO 311 K=1,NCOL

J1=JDCK)>

MX=11(J2) -
TTLCL MXY=T11(LMX)+1

CONT INUE

IF(L.EQ.1) BOTO 321

DO 3158 K=1.M
318 HIIULKY=TT4 (L KI+I11C(L~1)+K)
c HRITE(6:,99141) (111(L,K),K=1.M)
99141 FORMATC(® 111=*,12I5)
321 CONTINUE

311

c
GOTO 990
c
C
C-~---— END OF CLMPCS
’:‘ -
C
L ENTERING CLMPXY: FIND LINE AND COL NO. OF PIXEL J IN CLUSTER 1
c
ENTRY CLMPXY(1,JsNL,NC,LL)
g
C———-=- LOOK THROUGH TARBLE II1<(L.K> TO FIND LINE NO.

DO 411 NL=1,NLINE
IFCITLICNL, 1) .GE.J) GOTO 451
111 CONTINUE
451 CONTINUE
i
: C~-—-~ DIRECT-ACCESS TO THE CLUSTER MAP IN X.STP FILE
. IF(NL.EQ.LINEAY) BGOTOD 461
L INERU=NL
READ(L*NLI ID(K3,.K=1,NCOL)
4 461 CONTINUE
C
- C--e-—= TEST THE LINE BY COUNTING TO THE COLUMN NO.
4181 CONTINUE
IF(NL.EQ.1) JX=J
IF(NL.NE.1) JIX=J-IT1(NL-1,1])
MX=LL.(D) ;
c WRITE(S,99741 ) JX. MX '
93741 FORMAT(® 93741XKKXKX JXsMxe?,515) :
DO 491 NC=1,NCOL N
IF(JD(NCY . EQ.MX) JX=0%X-1
IF(JX.EQ.®) GOTO 435

Bl LU TR

L alisi il

F
1 491  CONTIMNUE
1 495  CONTINUE ,
- C WRITE(6,99751)1..J,NL.NC
3 39751 FORMAT(’® 937S51X%kx Iy JsNLsNCx' ,618) -
G0TO 9%@
[
C———-~ ENTERING CLMPLC: TO SET SIZE OF CLUSTER MAP IN CONSIDERATION
C - |
ENTRY CLMPLCCLL1.LIZ1) ‘
MNLINE=_L1 ]
NCOL=LC1 :
GOTO 999
L c
3 e END OF CLMPLC i
C
Cc
399  RETURN
ENL




SUBROUTINE GETDOT (NP, L» NDARY, 1%)
=== FROM A& POOL OF (NP-L+1) PIXELS, THIS ROUTINE

Cmmmmmr PROVIDES A DOT BASED ON UNIFORM PROBABILITY DISTRIBUTION,
C---— THE DOT WILL BE CORRECTLY INSERTED AMONG PREVIOUS GENERATED
Cmmmmm NP- TOTAL MNO. OF PIXEL IN THE CLUSTER OF INTEREST

Cwwmw= L= L TH DOT IS REQUESTED

Commmemm NDARY 1S THE ARRAY CONTAINING ALL (L-1) DOTS (RSCENDING ORDER)
G----— IX+ THE PRESENT RSSIGNED DOT'S PIXEL NO. W.R.T."NP PIXELS

INTEGER NDARY(1)
DATR Jirer,J2/0/

C ;
Cmmm— GENERATE RANDOMLY THE DOT'S PIXEL NUMBER
C-———- 1X= THE NO W.R.T. (NP-L+1) PIXELS
X=RAN(J1,J2)
IX=XHR(NP-L+1)+1
c WRITE(6,95201)L: X, IX
99201 FORMAT(® IN GETDOT, L, X, IX=',14,F7.3,14)
C
C~-——=- CHECK IF NO DOT PREVIOUSLY ASSIGNED
IF(L.GT.1) GOTO 131
NDARY (L3} =1X
GOTO So1
C
Com— FIND THE DOT'S CORRECT PIXEL NO W.R.T. TO NP PIXELS
131 Ki={-1

DN 1e1 K=1,K1
IF(IX-NDARY(K))»181,151, 151
151 [X=IA+1
C WRITE(6,939301)K1,Ka, I X, NDARY(K)
99381 FORMAT(® K1,K2, IXsNDARY(K)='.614)
161 EOETINUE

C

= INSERT THE NEW DOT INTO THE ARRAY

181 IF((Ki+1).LE.K) GOTO 191
Q?ﬂsz(K1+1)=NDﬁﬁY(K1)

C WRITE(6,99421)K1,NDRRY(K1),K

39431 FORMAT(® 99401, K1,NDARY(K1),K=',414)
GOTO 181

191  NDARY(K)=IX
GOTO Se1l

ENTRY RANST(ISTART)

L SETTING STARTING OF RANDOM NUMBER GENERHTDRQ"%
4
G,

f—--— INSTART MUST BE GREATER THAN ONE
c

i

DO 401 K=1, ISTART "( %)
421 X=RAN(J1,J2) 7

So1 RETURN
END

SUBPOUTINE GTMPLB(NL»NC:I.ABEL)
Coememm TO FIND THE LABEL ON THE COMPRESSED GROUND TRUTH (IN X.STP)
——————- THART LOCATES AT NL LINE RAND NC COL.

BYTE J1(360)JX:LABEL
DATA LIMEARU. @, NCOL- 196/




Lo DIRECT-ACCESS TO GROUND TRUTH DISK FILE

IF(NL.EQ.LINERU) BOTO 2ei

L INEAU=NL

READ(2'NL) (J1(K)»K=1,NCOL)
201  LABEL=J1(NC)

990  RETURN
END
€
SUBROUTINE MR(IG.NG,LABEL.,J1,JG:LE)
C-——-- 16+ WHEN ENTERS, CONTAIN NG LABELS
C--=-= ON RETURN, LABEL WILL CONTAIN THE FIRST LABEL
L= BY MAJORITY RULE
Cm———= ALSO, ON RETURN, J1 WILL CONTAIN NO. OF DIFFERENT LABELS FOUND
g—-——— JG CONTRIN THOSE LABELS, AND LG CONTRIN THE NO.

BYTE I1G6(1),JG(1),L.ABEL
INTEGER LG(1)

Ji=1

JE(1)H)=16(JL)
LG(J1)=1
LABEL=1G(J1)
IF(NG.LE. 1) 60OTO Seo1

c

c
L COUNT SUBPIXELS HAUEING SAME LABELS

DO 251 [=2,NG
DO 221 J=1,J1

WRITE(6,99108)1,J, IG(]),JG(J)»J1

C
99108 FORMAT(® I,J,I16,JG,Ji=",1014)
IFCIGC1) . EQ.JG(J)) GOTO 231
221  CONTINUE
Ji=J1+1
JB(J1)=IG(I)
LG(J1)=1
GOTO 251
231 LBE(J)=LG(Js+1
251  CONTINUE

N — CHOOSE THE MRJORITY LABEL
MAX=0
DO 281 I=1,J1
IF(LGC(I).LE.MRX) GOTO 281
EQT'LG(I)

Z81 COMTINUE
LABEL =JG(J)

321  RETURN
END

SURROUTINE LBLITP(LABEL,LB1, IP)

Comme—= INTERPRETATE A RAW LABEL (ONE BYTE LONG) AND RETURN
Lo === CODE IN L.LB1 (INTEGER). IP IS INCKEMENTED BY OME IF

e ~ THE LABEL SHOWS SMALL GRAIN.

BYTE LHABEL
LB1=LABEL
LB1=LBi1+128

IF((LB1.GE.1).AND. (LB1.LE.62)) GOTO 401
IFC(LB1.GE.99).AND. (LB1.LE. 104)) GOTO 401

IF(L.B1.EG.103) GOTO 401

IF((LB1.GE,124),RAND. (LB1.LE. 129)) GOTO 401

IF(LB1.EQ.134) GOTO 401
GOTO S01

401 [FP=IP+1

g1 RETURN
END

OF THESE LABELS




15, EXAMPLE OF OPERATING PROCEDURE

All programs are written for an interactive environment but execu-
tion in batch is also possible, When a program begins execution,
guide messages will appear on the terminal and inputs are expected
to be keyed in., Most messages contain a format specification:

"A" indicates alphanumeric characters are expected, "I" an integer
: expected, and "F" a floating point number., The format field is

: indicated by the length of a . hain of characters on the terminal,
; Those keyed-in characters not underneath the format field will be
' ignored. To run any program, just type, after MCR>, "RUN (the
program's name)" and hit the ESC key.

Suppose an analyst desires to test a cluster map 100519101.DT2
against the Bayesian dot allocation scheme with adaptive prior.
Suppose the ground truth map is initially in 100577278.GT0. The
analyst needs to execute three jobs.

1. To strip the cluster map
MERERUMN RSed
PROSEAM A1 cREes.TE3Es . TO ZTRIF A CLUSTER MAF FILE.
IHFPUT CLUSTER MHF FILE MAME,
HAFRARMAHHARAEH
1005919101, DT
20 LINES WRITTEN O 100S1=101,31F
40 LIMES WRITTEN O 10uS19101,.27F
el LIMES WMEITTERN O 1u0S1i9iul 2R
20 LIMES WRITTEM MM 100519103, 51F
100 LINES MEITTEM UM 10051910t 5TF
STRIFFED MAF OF SIZE 117 LIME: BY l1we DY PRODLCED IM Tausi=lul, 2R

HE=T CLUSTER MAR FLERZE. 70 70 Q0T TYRE ITOF
FROGFAM A1 AR, T3k . TO STRIF A CLLUGETER mar FILE.
THPLUT CLUZTER MAF FILE MAME,

FHHAMEHFFHAHFARA

=T0OF

H=e ~-—-  ZT0F
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2, To strip a ground truth map

MCR:RUN AE1E '
PROGRAMIALUCAS1.TSK2 ., TO REDUCE BROUNTE TRITH
RESOLUY ION. OUTPUT IN STRIPPED FURMAY

TYFPE GRUUMD TRUTH FILE NAME

HHHHARRHARARA

1INSTYFPave.6T0

BROUNHD TRUTH FILE FROM 100ST7E7R2.GTO
LHEEL EY MAJORITY RULE...EXECUTION BEGINS,..WH1)
d0 LINET WRITTEN ON 100%,2TF
40 LIMEZ WRPITTEMN ON 100%, TP
6U LINES WRITTEMN ON 1005, :TF
20 LIMES WRITTEN ON 100%,37F
100 LINES WRITTEN O 1005, 3TF
STRIFFED MAF DF 2IZE 117 LINES EY 1% COLS PRPODULED LM 1uusS, 51F

MNEXT GROUMD TRUTH MAF FLEASE. TO STOPs JUST TYPE STOF
PROGPAM: AL RS, TEKY . TO FEDUCE GROUND TRUTH
FESOLUTION. DUTPUT IN STRIPFED FORMAT

TYPE GROUND TRUTH FILE NEME

RAFRARHAAARAAA
STOP
21 -=-  ZT0OF

3. To run the Bayesian dot allocation
There are two choices:

a. Interactive — just type, after MCR>, "RUN A0l.TSK$ (ESC key),"
and then answer the questions.

b. Batch — submit a batch job with the following cards.

$JOB/NAME = SOMEONE/MCR/LIMIT = 360/ACCOUNT = 131 1
SCREATE FOR007,.DAT

Data cards

$SEOD
$MCR RUN AB8l.TSK
SEOJ

All program sources (Fortran), object files, and task files can
be accessed from UIC = [131,1] on the Image Processor (PDP 11/45)
in JsSC Building 17.
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APPENDIX A
SUBPROGRAMS OF A8l1: TO STRIP A GROUND TRUTH MAP

A.1 MR6

The subprogram MR6 determines a majority rule label for a group |
of six labels.

A.l.1 LINKAGES

This routine does not call any other subprogram. It is called by
the MAIN program, AS8l.

A.1.2 INTERFACES

The MR6 subprogram interfaces with other routines through the
calling arguments.

A.l1.3 INPUTS

Calling sequence: CALL MR6 (IG,LABEL)

Parameter Type Dimension In/Out Definition
IG Byte 6 : In Array containing the six
labels
LABEL Byte 1 Out The chosen majority rule
label

A.l1.4 OUTPUTS

The results are returned for use by the calling routine.

A.1.5 STORAGE REQUIREMENTS

This subprogram requires little storage.
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A.l.6 DESCRIPTION

The subprogram MR6 scans the input array IG in ascending order,
counts the number of identical labels, and selects the label with
the greatest count. If two labels have that count, the one
appearing first will be selected.

A.l1.7 LISTING

The subprogram listing is provided in section 3.7.




APPENDIX B
SUBPROGRAMS OF A82: PROPORTIONAL DOT ALLOCATION

B.1 SAE

The subprogram SAE computes a proportion estimate using propor-
tional dot allocation.

B.1l.1 LINKAGES

This routine calls the CLMPCS, GETDOT, GTMPLB, and LBLITP sub-
programs. It is called by the MAIN program, AB82.

B.1.2 INTERFACES

The SAE subprogram interfaces with other routines through common
block PRTFLG.

B.1.3 INPUTS
Calling sequence: CALL SAE(NDOT,PSG)

Parameter Type Dimension In/Out Definition

NDOT I*2 1l In Total number of dots to
' be allocated

PsG R*4 1 Out The proportion estimate
for small grain

B.1.4 OUTPUTS

The results are returned for use by the calling routine.

B.1,5 STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage.

B.1.6 DESCRIPTION

For a description of subprogram SAE, see section 5.7,

BT
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B.1l.7 FLOW CHART
The subprogram flow chart is provided in section 5.6.

B.1.8 LISTING
The subprogram listing is provided in section 5.7. .
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APPENDIX C

SUBPROGRAMS OF AB83: PROPORTIONAL DOT ALLOCATION,
MAJORITY RULE LABELING

C.1 SAEMR

The subprogram SAEMR computes a proportion estimate using propor-
tional dot allocation and majority rule labeling.

C.1.1 LINKAGES

This routine calls the GETDOT, CLMPCS, GTMPLB, LBLITP, and MR
subprograms. It is called by the MAIN program, A83,

C.1.2 INTERFACES

The SAEMR subprogram interfaces with other routines through common
block PRTFLG.

C.1.3 1INPUTS
Calling sequence: CALL SAEMR(NDOT,PSG).

Parameter Type Dimension In/Out Definition
NDOT I*2 1 In Total number of dots to

be allocated

PSG R*4 1 Out The proportion estimate
for small grain

C.1l.4 OUTPUTS

The results are returned for use by the calling routire.

C.1.5 STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage.
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C.1.6 DESCRIPTION

For a description of subprogram SAEMR, see section 6.l.

C.1.7 FLOW CHART

The subprogram flow chart is provided in section 6.6.

C.1.8 LISTING

The subprogram listing is provided in section 6.7.
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APPENDIX D

SUBPROGRAMS OF A84: BAYESIAN DOT ALLOCATION
(UNIFORM PRIOR)

D.1 SAEBl

The subprogram SAEBl computes a proportion estimate using Bayesian
dot allocation (uniform prior). This subprogram has two entry
points:

SAEBl - to compute an estimate

INIT1 - to set the number of initial dots

D.1.1 LINKAGES

This routine calls the CLMPCS, GETDOT, CLMPXY, GTMPLB, and LBLITP
subprograms. It is called by the MAIN program, A84.

D.1.2 INTERFACES

The SAEBl subprogram interfaces with other routines through common
block PRTFLG.

D.1.3 1INPUTS
Calling sequence: CALL SAEBl (MAXDOT,PSG)

Parameter Type Dimension In/Out Definition
MAXDOT I*2 1 In Maximum number of dots to

be assigned

PSG R*2 Variable Out The proportion estimate
for small grain

Entry calling sequence: CALL INIT1(NNIT)

Parameter Type Dimension In/Out Definition
NNIT I*2 1 In Number of initial dots to

be assigned to each cluster




D.1.4 OUTPUTS

The results are returned for use by the calling routine.

D.1.5 STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage.

D.1.6 DESCRIPTION

For a description of subprogram SAEBl, see section 7.1.

D.1.7 FLOW CHART

The subprogram flow chart is provided in section 7.6.

D.1.8 LISTING

The subprogram listing is provided in section 7.7.

(¥
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APPENDIX E |

SUBPROGRAMS OF A85: BAYESIAN DOT ALLOCATION
(NO PRIOR)

E.1 SAEB2

The subprogram SAEB2 computes a proportion estimate using Bayesian

dot allocation (no prior). This subroutine has two entry points:
; SAEB2 — to compute an estimate _
INIT2 — to set the number of initial dots

E.1.1 LINKAGES

This routine calls the CLMPCS, GETDOT, CLMPXY, GTMPLB, and LBLITP
subprograms. It is called by the MAIN program, AS85.

E.1.2 INTERFACES

The 5AEB2 subprogram interfaces with other routines ithrough common
block PRTFLG.

E.1.3 INPUTS
Calling sequence: CALL SAEB2(MAXDOT,PSG)

Parameter Type Dimension In/Out Definition

MAXDOT I*2 1 In Maximum number of dots to
be assigned

PSG R*2 Variable Out The proportion estimate
for small grain

Entry calling sequence: INIT2(NNIT)

Parameter Type Dimension In/Out Definition
NNIT I*2 1 In Number of initial dots to

be assigned to each cluster

J ¥9




E.1.4 OUTPUTS

The results are returned for use by the calling routine.

E.1.5 STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage.

E.1.6 DESCRIPTION

For a description of subprogram SAEB2, see section 8.1.

E.1.7 FLOW CHART

The subprogram flow chart is provided in section 8.6.

E.1.8 LISTING

The subprogram listing is provided in section 8.7.




APPENDIX F

SUBPROGRAMS OF A87: BAYESIAN DOT ALLOCATICN
(QUADRATIC PRIOR)

F.l1 SAEB3

The subprogram SAEB3 computes a proportion estimate using Bayesian

dot allocation (quadratic prior). This subprogram has two entry |

points: %
SAEB3 — to compute an estimate j
INIT3 — to set the number of initial dots

F.1l.1 LINKAGES

This routine calls the CLMPCS, GETDOT, CLMPXY, GTMPLB, THl1l, and E
LBLITP subprograms. It is called by the MAIN program, A87.

F.1l.2 INTERFACES

The SAEB3 subprogram interfaces with other routines through common
block PRTFLG.

F.1.3 INPUTS
Calling sequence: CALL SAEB3 (MAXDOT,PSG)

Parameter Type Dimension In/Out Definition

MAXDOT I*2 1l In Maximum number of dots to
be assigned

PSG R*2 Variable Out The proportion estimate
for small grain

Entry calling sequence: CALL INIT3(NNIT)

Parameter Type Dimension In/Out Definition
NNIT I*2 1 In Number of initial dots to

be assigned to each cluster




¥

F.1.4 OUTPUTS

The results are returned for use by the calling routine. | :

F.1.% STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage. -

F.1.6 DESCRIPTION .

For a description of subprogram SAEB3, see section 9.1.

F.1.7 FLOW CHART

The subprogram flow chart is provided in section 9.6.

F.1.8 LISTING

The subprogram listing is provided in section 9.7.

F.2 THl _ ;

The subprogram TH1 computes an estimate 8 (n,x) for use in connec-
tion with Bayesian dot allocation (quadratic prior).

F.2.1 LINKAGES

This routine does not call any other subprogram. It is called by
subprogram SAEB3.

F.2.2 INTERFACES

The TH1 subprogram interfaces with other routines through the

calling arguments.

F.2.3 INPUTS

Function usage: TH1(N,NX)

/5%
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Parameter Type Dimension Ir./Out Definition

N I*2 1 In Number of dots assigned
NX I*2 1 In Number of small-grain dots
assigned

F.2.4 OUTPUTS

The function's value is returned.

F.2.5 STORAGE REQUIREMENTS

This subprogram requires small storage.

F.2.6 DESCRIPTION

For a description of subprogram TH1, see section 9.1.

F.2.7 FLOW CHART

The subprogram flow chart is provided in section 9.6.

F.2.8. LISTING

The subprogram listing is provided in section 9.7.
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APPENDIX G

SUBPROGRAMS OF A89: BAYESIAN DOT ALLOCATION
(MODIFIED QUADRATIC PRIOR)

G.l1 SAEB4

The subprogram SAEB4 computes a proportion estimate using Bayesian

dot allocation (modified quadratic prior). This subprogram has
two entry points:

SAEB4 — to compute an estimate

INIT4 — to set the number of initial dots

G.1l.1 LINKAGES

This routine calls the CLMPCS, GETDOT, CLMPXY, GTMPLB, TH2, and
LBLITP subprograms. It is called by the MAIN program, AS89.

G.1l.2 INTERFACES

The SAEB4 subprogram intertaces with other routines through common

block PRTFLG.

G.1.3 1INPUTS

Calling sequence: CALL SAEB4 (MAXDOT,PSG)

Parameter Type Dimension In/Qut Definition
MAXDOT I*2 1 In Maximum number of dots to

be assigned

PSG R*2 Variable Out The proportion estimate
for small grain

Entry calling sequence: CALL INIT4 (NNIT)

Parameter Type Dimension In/Out Definition
NNIT I*2 1 In Number of initial dots to

be assigned to each cluster
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G.1.4 OUTPUTS

The results are returned for use by the calling routine.

G.1.5 STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage.

G.1.6 DESCRIPTION

For a description of subprogram SAEB4, see section 10.1.

G.1.7 FLOW CHART

The subprogram flow chart is provided in section 10.6.

G.1l.8 LISTING

The subprogram listing is provided in section 10.7.

G.2 TH2

The subprogram TH2 computes an estimate 5 (n,x) for use in connec-

tion with Bayesian dot allocation (modified quadratic prior). It
has two entries:

TH2 — return the value of the function

TH2PAR — to set the parameters a, b, ¢

G.2.1 LINKAGES

This routine does not call any other subprogram. It is called by
subprogram SAEB4.

G.2.2 INTERFACES

The TH2 subprogram interfaces with other routines through the

calling arguments.
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G.2.3 INPUTS

Function usage: TH2(N,NX)

Parameter Type Dimension 1In/Out Definition
N I*2 1 In Number of dots assigned
NX I*2 1 In Number of small-grain dots
assigned

Entry calling sequence: CALL TH2PAR(AX,BX,CX)

Parameter Type Dimension In/Out Definition
AX R*4 1 In " set parameter a to value
in AX
BX R*4 1 In Set parameter b to value
in BX
cX R*4 1 In Set parameter ¢ to value
in CX

G.2.4 OUTPUTS !

The function's value is returned.

G.2.5 STORAGE REQUIREMENTS

This subprogram requires small storage.

G.2.6 DESCRIPTION

For a description of subprogram TH2, see section 10.1l. The entry
point TH2PAR provides a means of modifying the parameters a, b,
c, which are initially set to a = 6, b = -7,877, and c = 2.9345.

G.2.7 FLOW CHART

The subprogram flow chart is provided in section 10.6.

G.2.8 LISTING

The subprogram listing is provided in section 10.7.
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APPENDIX H

SUBPROGRAMS OF A9l1: BAYESIAN DOT ALLOCATION
(ADAPTIVE PRIOR)

H.l SAEBS

The subprogram SAEB5 computes a proportion estimate using Bayesian
dot allocation (adaptive prior). This routine has two entry
points:

SAEBS - to compute an estimate

INIT5 - to set the number of initial dots

H.l.1 LINKAGES

This routine calls the CLMPCS, GETDOT, CLMPXY, GTMPLB, TH3, and
LBLITP subprograms. It is called by the MAIN program, A91.

H.1l.2 INTERFACES

The SAEBS5 subprogram interfaces with other routines through common
block PRTFLG.

H.1.3 1INPUTS
Calling sequence: CALL SAEBS5 (MAXDOT,PSG)

Parameter Type Dimension In/Out Definition
MAXDOT I*2 1 in Maximum number of dots to '

be assigned

PSG R¥*2 Variable Out The proportion estimate
for small grain

Entry calling sequence: CALL INITS5 (NNIT)

Parameter Type Dimension In/Cat Definition
NNIT I*2 1 In Number of initial dots to

be assigned to each cluster




H.1l.4 OUTPUTS

The results are returned for use by the calling routine.

H.1.5 STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage.

H.1.6 DESCRIPTION

For a description of subprogram SAEBS, see section 1l.1l.

H.1l.7. FLOW CHART

The subprogram flow chart is provided in section 11l.6.

H.1.8 LISTING

The subprogram listing is provided in section 1ll.7.

H.2 TH3

The subprogram TH3 computes an estimate 8 (n,x) for use in connec-
tion with Bayesian dot allocation (adaptive prior). It has four
entries:

TH3 -~ to return the value of the function

TH3PAR — to set the parameters a, b, c, for the quadratic
prior

SETEP — to set the parameter a for the exponential prior
SETPRI — to select the prior

H.2.1 LINKAGES

This routine does not call any other subprogram. It is called by
subprogram SAEB5.

H.2.2 INTERFACES

The TH3 subprogram interfaces with other routines through the
calling arguments.
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H.2.3 INPUTS
Function usage: TH3(N,NX) ,
Parhmeter Type Dimension In/Out Definition

N I*2 1 In Number of dots assigned
NX I*2 1 In Number of small-grain dots
assigned

Entry calling sequence: CALL TH3PAR(AX,BX,CX)

Parameter Type Dimension In/Out Definition
AX R*4 1 In Set parameter a to value
in AX
BX R*4 1 In Set parameter b to value
in BX
cX R*4 1 In Set parameter c to value
in CX

Entry calling sequence: CALL SETEP (ALPHA)

Parameter Type Dimension In/Out Definition
ALPHA R*4 1 In Set parameter a to value
in ALPHA

Entry calling sequence: CALL SETPRI(JFPR)

Parameter Type Dimension In/Out Definition

JFPR I*2 1 In Prior select:
1 - quadratic prior
2 - exponential prior

H.2.4 OUTPUTS

The function's value is returned.

H.2.5 STORAGE REQUIREMENTS

This subprogram requires small storage.
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H.2.6 DESCRIPTION : f

For a description of subprogram TH3, see section 1l.1. The abil- 3
ity of the processor to select one prior (quadratic) or the other
(exponential) at any instant comes from this subprogram, TH3. By |
calling SETPRI before using the function TH3, one can switch from
one prior to the other. Notice that for quadratic prior, the
parameters are initially set as follows: a = 6, b = -7,877,

c = 2,9345. For the exponential prior, the parameter a is not
initially set to any value. The calling program must set a by
calling SETEP(ALPHA) before using the function.

H.2.7 FLOW CHART

The subprogram flow chart is provided irn section ll.6.

H.2.8 LISTING

The subprogram listing is provided in section 11.7.

see




APPENDIX I

SUBPROGRAMS OF A88: BAYESIAN DOT ALLOCATION,
MAJORITY RULE LABELING

I.1l SAEBMR

The subprogram SAEBMR computes a proportion estimate using
Bayesian dot allocation and majority rule labeling.

I.l1.1 LINKAGES

This routine calls the CLMPCS and BMR1l subprograms. It is called
by the MAIN program, AS88,

I.1.2 INTERFACES

The subprogram interfaces with other routines through common
block PRTFLG.

Calling sequence: CALL SAEBMR(NDOT,PSG)

Parameter Type Dimension In/Out Definition
NDOT I*2 1 Out Total number of dots that

are allocated
PSG R*4 1 Out The proporiion estimate
for small grain

I.1.4 OUTPUTS

The results are returned for use by the calling routine.

I.1.5 STOKAGE REQUIREMENTS

This subprogram requires a fair amount of storage.
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I.1.6 DESCRIPTION

For a description of subprogram SAEBMR, see section 12.1. This
subroutine uses the subroutine BMR1l (which in turn uses subroutine
BMRSUP) to achieve the computation of the estimate.

Subroutine SAEBMR is the executive routire to drive the rest of
the routines.

I.1.7 FLOW CHART

The subprogram flow chart is provided in section 12.6.

I.1.8 LISTING

The subprogram listing is provided in section 12.7.

I.2 BMR1

The subprogram BMRl returns a small-grain or non-small-grain
label for a cluster.

I.2.1 LINKAGES

This routine calls the BMRSUP subprogram. It is called by sub-
program SAEBMR.

I.2.2 INTERFACES

The subprogram interfaces with other routines through common
block PRTFLG.

I.2.3 INPUTS

Calling sequence: CALL BMR1(ISG,NS,NDARY,K1,MM,NN,LL,M)

Fadniz



S R TR TR T T T T T T e T ST TR s I S S S R TR A S L TR as T e s T R R

Parameter Type Dimension In/Out Definition

ISG I*2 1 out Small-grain indicator:
1 —-yes, 0 —no

NS I*2 2 Out Split of small-grain and
non-small-grain dots

NDARY I*2 Variable In/Out Dot array

Kl I*2 1l In The kth cluster the dots
will be allocated to

MM I*2 Variable In Array containing sizes of
all clusters

NN I*2 Variable In/Out Array containing numbers
of dots assigned to all
clusters

LL I*2 Variable In Array containing the clus-

ters' numbers (the first
cluster is 1, second
cluster is 2, etc.)

M I*2 1l In Total number of clusters

I.2.4 OUTPUTS

The results are returned for use by the calling routine.

I.2.5 STORAGE REQUIREMENTS

This subprogram requires small storage.

I.2.6 DESCRIPTION

For a description of subprogram BMR1l, see section 12.1. This
routine serves as a middleman between the executive subroutine
SAEBMR and the workhorse routine BMRSUP. If the user wants to
change the prior (from uniform prior), only this routine, BMRI,
needs reprogramming.
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I.2.7 FLOW CHART

The subprogram flow chart is provided in section 12.6.

I.2.8 LISTING

The subprogram listing is provided in section 12.7.

I.3 BMRSUP

The subprogram BMRSUP performs the essential function of dot
assignment and determination of the small-grain and non-small-
grain split.

I.3.1 LINKAGES

This routine calls the GETDOT, GTMPLR, and LBLITP subprograms.
It is called by subprogram BMR1.

I.3.2 INTERFACES

The subprogram interfaces with other routines through common
block PRTFLG.

I.3.3 INPUTS

Calling sequence: CALL BMRSUP(JDOT,NS,MR,NDARY,KOLD,MM,NN,LL,M)

Parameter Type Dimension In/Out Definition
JDOT I*2 1 In Number of dots requested
to be assigned
NS I*2 2 Out Split of small-grain and
non-small-grain dots
MR I*2 1 In/Out Majority indicator:
1 - small grain
2 — other
NDARY I*2 Variable In/Out Dot array
KOLD I*2 1 In The kth cluster the dots

will be allocated to

e P2
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Parameter Type Dimension In/Out Definition

MM I*2 Variable In Array containing sizes of
all clusters

NN I*2 Variable In/Out Array containing numbers of
dots assigned to all clus-
ters

LL I*2 Variable In Array containing the clus=-

ters' numbers (the first
cluster is 1, second 2,
etc.)

M I*2 1 In Total number of clusters

I.3.4 OUTPUTS

The results are returned for use by the calling routine.

I.3.5 STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage.

I.3.6 DESCRIPTION

For a description of subprogram BMRSUP, see section 12.1. The
subroutine BMRSUP is the workhorse of the entire program A88; it
assigns dots and determines lakels.

I.3.7 FLOW CHART

The subprogram f£low chart is provided in section 12.6.

I.3.8 LISTING

The subprogram listing is provided in section 12.7.
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APPENDIX J

SUBPROGRAMS OF A90: NON-BAYESIAN SEQUENTIAL DOT ALLOCATION,
MAJORITY RULE LABELING

J.1 SAENBS

The subprogram SAENBS computes a proportion estimate using non-
Bayesian sequential dot allocation and majority rule labeling.

J.l.1 LINKAGES

E
4
£

This routine calls the CLMPCS and NBSMR subprograms. It is
called by the MAIN program, A90.

J.1.2 INTERFACES

The subprogram interfaces with other routines through common
block PRTFLG.

J.l.3 1INPUTS

Calling sequence: CALL SAENBS (NDOT,PSG)

Parameter Type Dimension In/Out Definition
NDOT I*2 1l Out Total number of dots that

are allocated

PSG R*4 1 Out The proportion estimate s
for small grain

J.1.4 OUTPUTS

The results are returned for use by the calling routine.

J.1.5 STORAGE REQUIREMENTS

This subhprogram requires a fair amount of storage.
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J.1.6 DESCRIPTION

For a description of subprogram SAENBS, see section 13.1. This
subroutine uses NBSMR to achieve the computation of the estimate.

J.1.7 FLOW CHART

The subprogram flow chart is provided in section 13.6.

J.1.8 LISTING

The subprogram listing is provided in section 13.7.

J.2 NBSMR

The subprogram NBSMR assigns dots to a cluster according to non-
Bayesian sequentizl majority rule.

J.2.1 LINKAGES

This routine calls the GETDOT, CLMPXY, GTMPLB, and LBLITP sub-
programs. it is called by subprogram SAENBS.

J.2.2 INTERFACES

The subprogram interfaces with other routines through common
block PRTFLG.

J.2.3 INPUTS
Calling sequence: CALL NBSMR(ISG,NS,NDARY,K1l,MM,NN,LL,NX,M)

Parameter Type Dimension In/Out Definition
ISG I*2 1 Out Small-grain indicator:

l —yes, 0 —no

NS I*2 2 Out Split of small-grain and
non-small-grain dots

NDARY I*2 Variable In/Out Dot array




Parameter Type Dimension In/Out Definition

Kl I*2 1 In The kth cluster the dots
will be assigned to

MM I*2 Variable In Array containing sizes of
all clusters

NN I*2 Variable In/Out Array containing numbers
of dots assigned to all
clusters

LL I*2 Variable In Array containing the clus-

ters' rumbers (the first
cluster is 1, second 2,
etc.)

NX I*2 1 In/Out Array containing numbers
of small-grain dots
assigned to the clusters

M I*2 1 In Total number of clusters

Entry calling sequence: CALL INIT(NNIT)

Parameter Type Dimension In/Out Definition
NNIT I*2 1 In Number of initial dots
desired

J.2.4 OUTPUTS

The results are returned for use by the calling routine.

J.2.5 STORAGE REQUIREMENTS

This subprogram requires a fair amount of storage.

J.2.6 DESCRIPTION

For a description of subprogram NBSMR, see section 13.1. This
subroutine is the workhorse used by subroutine SAENBS to compute
the estimate.




J.2.7 FLOW CHART

The subprogram flow chart is provided in section 13.6.

J.2.8 LISTING

The subprogram listing is provided in section 13.7.
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