A STUDY OF HISTOGRAM SEGMENTATION TECHNIQUES

by

TROY K. MOORE

B.S., Kansas State University, 1979

A MASTER'S REPORT
submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

D’épartment of Eleetrieal Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1981

Approved by:

-

Lhyorad

Major Professor



TABLE OF CONTENTS

Chapter Page
INTRODUCTION . o ¢ ¢ o c s 4 o 5 s s 6 s s 8 5 s 88 s s o o a ¢ e |
IMAGE HISTOGRAM . . ... ¢« e oo T TR T REELR sk

SEGMENTATION . . ... ...t e e e e e 3
OPTIMAL THRESHOLD DETERMINATION . . . . . . . v v v v v o 5
EXPERIMENTAL RESULTS . . ¢ v v v v o 0 0 o o s 0 o o s o s . 10
CONCLUSION . ... ... SHWE bR § @ SEE PN E RS A ¥ 19
REFERENCES . . . . . . v v & ot o o 0 o v a s o s s a0 o » v e 20
ACKNOWLEDGEMENTS . . . « v vt v o s s s s 0 et o s 0 ot saas 21
APPENDIX A . ., . ... v v s oo o s s s v s s anossoesaaa 22
APPENDIX B ...... B oa e owe o e wow e e e e e e e e e 34

APPENDIX C . ..... is 6 E WE E BEow s W s W s e s .. 46



Figure

6a
6b

LIST OF FIGURES

Page
Typical image histogram . . . . .+ v ¢ ¢ ¢ 0o v s v v v v v oo 4
Pixel density functions modeled by image histogram . .. .. 7
Original construction paper figure .. .. ... ... 0o 12
Typical graphies terminal output using THP . ... ... ... 13
Typical graphies terminal output using LHP . ... ... N |
Typical graphics terminal output using SHP -~ . .. ... ... 15
Typical Grinnell display image using SHP ... ........ 16

Grinnell display image for various threshold values. .. ... 18



I. INTRODUCTION

During the summer of 1980, the Department of Electrical Engineering
at Kansas State University purchased and received a Grinnell GMR 270 Digital
Image Processor and Display System. The Grinnell System is interfaced with
an existing Data General Nova 4/X Processor and various peripheral devices.
The Nova 4/X provides system control as well as numerical computational
facilities for image evaluation and modification. Mass program and image
file storage is supplied via 5 megabyte hard disk pack.

In order to become familiar with system operation and provide useful
algorithms for future users, the author has pursued the dévelopment of simple
histogram generation and image segmentation techniques. The concept of
image histograms is discussed first. The second topic is the creaticn of a
segmented image. The derivation of the ideal threshold concept is considered
in the third section. Experimental results illustrating histogram and segmented
image algorithms are presented in the fourth section. The fifth section is
devoted to conelusions related to the research. Appendix A, consisting of
FORTRAN V computer programs developed during the course of this research,
is also included. Observationsresulting from generating image data using a
television camera are presented in Appendix B. Appendix C contains the

guidelines for photographing images on the Grinnell display.

I. IMAGE HISTOGRAM
In any given digital image, each pixel (picture element) takes a range
of intensity values. These intensity values are commonly called gray levels.
Due to the binary representation of an image, the gray levels for an appli-

cation are usually an integer multiple of 2, i.e.,



number of gray levels = 20
wheren=1, 2,3 ...

This produces the actual dynamic range of intensities as

0<P<2l-
where P = pixel intensity.

Each individual pixel in an image can represent any intensity value
within this range. An image histogram is defined as the number of pixels in
an image that have a specified gray level. All gray levels within the dynamic
range will be considered. The results are plotted against the pixel intensity
to illustrate the distribution of the gray levels in an image.

Three FORTRAN V programs have been developed to calculate the
histogram of a specified part of an image. Listings of these programs are
given in Appendix A, and are called LHP.FR, THP.FR, and SHP.FR.

Although each of the above programs calculate different histograms, all
of them must manipulate the stored digital image data into a useable form.

In the image digitization process, adjacent pixels on the same line are assigned
a gray level and then "packed" together to form a data word. For example,
consider an image that is represented by 256 gray levels. Each pixel will
require 8 bits (1 byte) to represent each possible intensity level. When two
pixels are paired together, a 16-bit image data word is created. This requires
each program to "unpack" the 16 bit word into 2 bytes representing the two
individual pixels. This process is accomplished by a logic shift right and a
logical AND operation. An array whose size is dimensioned by the number

of gray levels in the image is used to calculate the histogram. For each
pixel in an image, the correct array element is indexed by the gray level of

a pixel and incremented.



[lI. SEGMENTATION [1], [2]

Before pattern recognition or scene analysis techniques can be applied
to a given image, the given image must be broken up into meaningful sub-
sections, which consist of an object and the background. For example, an
aerial recognaissance image may require subdivision into areas of identi-
cal land usage. Image segmentation is defined as the process of partitioning
an image into desired meaningful regions. Segmentation does not make any
attempt to determine any relationship between individual segments of a
segmentated image.

Segmentation may be conceived as a point-dependent or a region-dependent
process. Point-dependent processes are concerned with examining an image
using a pixel-by-pixel approach. In what manner a given pixel relates with
its neighbor pixels is a region-dependent process. This report deals only with
segmentation using a point-dependent process.

Consider an image f(x,y) that consists of a dark object imposed on a
light background. If it is desired to separate the image into an object region
and a background region, segmentation will create a new image that can be

defined as follows:

g(x,y)

1 if f(x,y) is an object pixel

0 if f(x,y) is a background pixel

The proeess of generating g(x,y) can be thought of as applying a threshold
to the image's histogram and creating a new image from the results. A
typical image histogram is illustrated in Figure 1. The upper gray levels
represent the light baekground. Lower gray levels represent the darker object.
Onece the threshold has been determined, a segmented image is generated by

assigning one gray level to pixels above the threshold and another to those
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pixels lying below the threshold. Those pixels on the threshold may be arbi-
trarily assigned either value as long as the same convention is observed
thoughout the image.

Consider an image composed of 256 gray levels. Let any pixel greater
than the threshold be assigned gray level 255. Any pixel less than or equal
to the threshold will be assigned gray level 0. Thus g(x,y) can be redefined
for this case to be

glx,y) = 255 threshold < f(x,y)

=0 0 < f(x,y) < threshold.
The resulting segmented image will be composed of an all black object on an

all white background.

IV. OPTIMAL THRESHOLD DETERMINATION [3]

Selection of a th_reshold value for the segmentation process is very
important. A threshold value which is too low will result in some of the
background pixels interpreted as object pixels. Too high of a threshold will
result in some of the object pixels intrepreted as background pixels. In both
cases, distortion is introduced in the segmented images.

Ideally, the selection of a threshold value should be determined by a
minimum mean-squared error criterion. This would minimize the probability
of assigning a pixel to the wrong region. Such a procedure can be imple-
mented when considering an image on a pixel-by-pixel basis.

Let an image consist of only two brightness regions; i.e., a dark object
and a light background. This image will produce a bimodal histogram (refer
back to Figure 1). The area under one "hump" of the histogram will approxi-
mate the number of object or number of background pixels present in the

image. Thus Pg and Pg can be defined as follows:



Pp probability a pixel is an object pixel, and

Pg probability a pixel is a background pixel.
Now let each "hump"” of the histogram of the image approximate the probability
density function of a pixel intensity for each region. If the probability

density funetion is assumed to be Gaussian for each region, then we have:

. 1 ~_ (xug)?

po(x) Frog exp }_ 2020 :’ (1a)
1 (x-ug)?2

pB(x) Fon exp ( %2 } (1b)

where
HQ. Up are the mean intensity levels
and
G%. cg are the corresponding variance.
The overall density function becomes
p(x) = Pg po(x) + Pg pg(x) (2)

From the previous discussion, it follows that

Hg = Hg

where
uB is the mean intensity level of the background
and
U is the mean intensity level of the object.
Figure 2 illustrates the pixel probability density functions modeled by the
image histogram. Note the addition of a threshold denoted as T.
Conditional errors of assigning a pixel to the wrong region are defined
as

w0

Py|o (E/O) = ]T po¥) dx (3a)
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and
T
Py|B (E/B) = ]m pp(x) dx. (36)

Since the probabilities of individual errors will be a funetion of the threshold

value T, it is convenient to redefine the errors as

Po(T) = Py|o (E/O)
and

PR(T) = Py|B (E/B) (4)
Therefore, the total probability of error P(T) is

P(T) = Pg Po(T) + Pg PR(T) (5)
where Py and Pg are the priori probabilities of a pixel representing an
object or background area.

To minimize the error, the first derivative with respect to T of the
total error function P(T) is calculated and then set to 0. The resulting
equation is solved for T. To obtain the deratives required, we recall Leibniz's

Rule states that

b(x)

a = ' = '
5 | s €2 dz = glblo] bk - glat)] ', ®

Applying the process described above, the following results:

d

S B = S {PoPo(T) + PgPR(M} = O %)

dT
Substituting Equations (3s)and (3b) into (5) gives these results

-]

T
Po g {JT Po(x) dX} * P54 {I_m pB(x) dx} = 0. (8

Using Liebnitz's Rule to solve Equation (8) we obtain
Po polT) = Ppg pp(D (9)

Substituting T into Equations (1a) and (1b) and subsequently solving for T



gives an equation for the threshold in terms of Pg, Pg, uq, uB: c%, and

cg. This yields
2.2 2, _ 2 2
T* (og UO) T [2(cy ug -UBuO)] H
2.2 % 2 Poos, _
ogud - g ui - 20} 0% ln aae! = (10)

Defining constants, Equation (10) becomes

XT2 + YT +Z = 0 (11)
where
_ 2 _ 2
X = UB Uo 3
_ 2
Y = 2(0(2)1.1B GBuO),
and
S-S O Y B PgoB
Z=0gHg-0gHg 2050 [n P-——BOO]

Use of the quadratic equation is required to find the actual roots to Equation (11).
Special cases of the probability density funetion parameters result

in simplified expressions for T. Consider the special case when the variance

of the objeet pixel distribution is equal to the variance of the background

pixel distribution, i.e.,
of = gl =¢° (12)

Then X, Y, and Z coefficients of Equation (11) simplify to yield

Hn+H o2 P
B™O 0

= + —— 13
T 3 = in 5 (13)

An even simpler expression for T may be obtained. In addition to the assump-
tion of Equation (12), let each pixel have equal probability of representing
an object or background region. Then

Po = Pp (14)
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and the expression for T now becomes

T = “__B;’“O _ (15)

For regions having equal areas (results in equal probabilities) and equal vari-
ances for each distribution, Equation (15) indicates the minimum error will
result when the threshold is set midway between the two means.

For cases when neither of the assumptions considered in Equations (12)
and (14) are valid, the calculation of T may become difficult. A priori
knowledge of the pixel density distribution funection's parameters as well as
the probability of a pixel being from a background or object area is required.
Some if not all of these parameters may not be readily available.

A simpler solution to threshold determination is now considered, keeping
in mind the following questions:

Could a terminal operator view an image histogram and from the

histogram determine a threshold that will create a segmented image

that has few visible errors?

How will a segmented image appear when the selected threshold is

below or above the optimal level?

These two questions are addressed in the following section.

V. EXPERIMENTAL RESULTS [4]
Early in the development of the optimal threshold determination deriva-
tion, a condition was imposed requiring the image to be such that it possessed
a histogram of a biomodal nature. This requires a high degree of gray level

difference as well as distinet boundaries between the object and background.
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To accomplish this eriterion, an arrow was constructed from typieal black
construction paper and glued to a background of white construction paper
(See Figure 3).

The digital image was created by first taking an analog picture using a
standard television camera. Various combinations of overhead lighting, spot
lights, and camera adjustments were tried in creating a series of data files,
details related to which are given in Appendix B. The image file selected
for use as data was named ARROWS5.IM. This image displayed the largest
separation between major peaks in its histogram.

Digitization of the analog video signal is accomplished within the
Grinnell System. Experimentation with different image sizes and their result-
ing histograms indicated a 256 row by 256 column image to be a convenient
size to work with. This size was selected rather than a 512 row by 512
column image due to the sharpness of the histogram that could be obtained.
The smaller images also exhibit an advantage in total program operation
time. The resulting digitized images were stored on the DP 0 disk pack.

Five programs were developed for analysis and i—mage file creation.
Three programs developed exist for the purpose of generating histograms of
an operator specified image. THP is a general purpose program that will
caleculate and plot on the graphies terminal the total histogram of an image.
The histogram of a specific line within an image is calculated and plotted by
the use of LHP. The histogram of a certain rectangular block within an
image can be calculated using SHP. The program draws the original image
on the Grinnell display and indicates the operator entered subsection of the
image by drawing a box surrounding the region. The resulting histogram
is plotted on the graphics terminal. Typical output from programs THP,

LHP, and SHP are illustrated in Figures 4, 5, and 6.



Figure 3.

Original construetior peper firure,

12
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Figure

6b.

Typiecal Grinnell display image using SHP.

16
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Two programs were developed to create segmented images from a given
image. PIXANL uses an operator entered threshold and applies it to a given
image, creating a segmented image. The resulting image is stored on disk
memory. A rectangular update draw program is required to draw the seg-
mented image on the Grinnell display. MPIX is a self-contained version of
PIXANL in the respect that it creates as well as draws the segmented image.
The segmented image created by PIXANL and MPIX will be the same if the
same image and threshold are used.

Creating a segmented image using an operator determined threshold will
require the use of two programs. First, the histogram of the image is calcu-
lated and displayed on the graphies terminal using THP. Observing the histo-
gram, the operator can select an appropriate value for the threshold. Second,
the threshold is entered in the program MPIX. The segmented image is
calculated and drawn on the Grinnell display. From the display the operator
can visually check the results of the threshold. Image pixels assigned to the
background region or background pixels assigned to the object region indicate
an incorrect threshold.

Using THP, the histogram of ARROWS.IM is illustrated in Figure 4.
Changing the threshold input to MPIX from 75 to 225 in steps of 25 illustrates
in Figure 7 how changing the threshold affects the resulting segmented image.
Figures 7b and 7c depict a threshold value that is too low. A threshold that
is too high produces a segmented image seen in Figures 7g and 7h.

From Figure 4, it can be estimated that the range between which the
threshold can be selected is gray levels 130 to 180. Figures 7Te and 7f support
this conclusion by displaying few visible errors. These results support the
concept of allowing a terminal operator to choose a threshold to be used in

creating a segmented image. Large errors in the choice of the threshold are
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Figure 7a. Original image. Figure Tb. T = 75.

Ficure 7e. T = 100, Figurc 7d. T = 123.

Figure Te. T = 150. Ficure 7f. T = 175.

Figure 7g. T = 200. Figure 7h. T = 225.
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easily detected on the Grinnell display. For such a simple high contrast

image, a large range of acceptable threshold values may be used.

VI. CONCLUSION

From the above results, it is seen that for simple, high contrast images
that exhibit a bimodal histogram with well separated peaks, thresholds are
easily determined and implemented. Data presented indicated the ease with
which incorrect thresholds may be observed. Note is made of the wide
range for which an acceptable threshold can be selected.

However, as the image becomes more complicated, more of the range
of gray levels are required for total scene description. This effectively
will reduce the peaks of the histogram and fill in the valleys between the
peaks. The histogram may be reduced from the bimodal Gaussian model
of Figure 2 to a uniform distribution model by an image with a high amount
of information content. For such a case, the operator may experience
a large amount of difficulty in seleeting a threshold value that will give
an acceptable degree of performance.

This report provides a foundation for continued research in two distinct
areas. The histogram concepts may be further pursued via the implementa-
tion of histogram equalization techniques commonly used for image enhance-
ment. The creation of segmented images is the first step in the development

of a pattern recognition system or scene analysis process.
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APPENDIX A

RS 3555053838534 F 0 0 0ttt sttt tsNEFErEss ST P eI ReTss ottt
LINE HISTOGRAM PLOT
DG FORTRAN 5 SOURCE FILENAME: LHP.FR

DEFARTHENT OF ELECTRICAL ENGINEERING KANSAS STATE UNIVERSITY

REVIESION DATE PROGRAMMER
0.0 JAN 18y 1981 TROY K. MCORE
cr.o JAN 24, 1781 TROY K. MGORE

YK KKK K R XK K R KX R R O R K R R R XX R KRR XN KA AR AR XK IR
FURPOSE

THIS FROGRAM LETERMINES THE HISTOGRAM OF AN INDIVIDUAL
LINE IN AN IMAGE ANDI FLOTS THE RESULT. THE LINE NUMEEF
REFERS TO THE LOCATION OF THE DESIRED LINE IN REFERENCE
TO IT’S POSITION IN THE IMAGE. NOT THE LINE ON THE
DISFLAY CRT.

NOTE: PROGRAM REOUIRES USING THE GRAFHICS TERMIMIAL
ROUTINE(S) CALLED BY THIS ROUTINE

GRAFH AMODE
OFENR CURSOR
ERASE GMODE
QUERY ouT

READSR FGDAY
RESET CHECK

R X O K X O R K X KKK R N R KRR KRR RN AR KR A X RN AKX XN RXY

OOO0OOOOMNODDOMNODDOO0NODNoOnDOO0O00NOOo0O00on000

SET UFP PROGRAM TARAMETERS
COMMON /OPN/ TIUFD(18)/NAME(13)
PARAMETER ITTC=10, ITTI=11

1S FORM&T(IZ)
20 FORMAT(IZ /" "1I2°/"12)
DIMENSION X(257}
INTEGER IBUFF(258)
C ENTER PARAMETERS OF IMAGE FILE
500 ACCEFT “NUMBER CF ELEMENTS FPER LINE IN THE IMAGE 7 *+NELEM

ACCEPT "NUMEER OF LINES IN THE IMAGE 7 "»NLINE
XBYTE=FLOAT(NELEM)XFLOAT(NLINE)
CALL OPENR(O,"IMAGE INFUT FILENAME 7 '.NELEM,FSIZE)
F3IZE=ABS(FSIZE-XBYTE)}
IF (FSIZZ.€T7.1.0) TYPE*IMAGE FILE SIZE DIFFIRS FROM DEFIMED SIZE"
IF (FSIZE.E7.1.0) GC 7O S00

c SET TGO ZERD WECTIR FOR HISTOGRAM CALCULATIGN

C OLL SIZZ OF ARRAY DUE TO SUBROUTINE GRAPH CHARACTERISTICS

230 0 52 I=1:2%57

X{1)=0¢.
¢ CONTINUE
c ENTER LINE NUMBER
i v] ACCEFT °“LINE NUMPER FOR WHICH HISTCGRAM DESIRED? *, LINE

IF {LINE-NLINE} 10G-100,120
12¢ TYFE "DESIRED LINE NUMBER LIES OUTSIDE IMAGE®
60 TO 13¢
g READ IN THE DESIRED LINE
10¢ SALL REALR{OyLIME,IBUFF+1sICNT+IERL
CaLl CHECK{IER1:



€«

o1

UNFACK FACKED IHASE 2ATA

NYORD=NELEMS2

o0 110 I=1,NWCRD
JH=1SHFT{IRUFF{I},=3]+1
JL=TAND(IBUFF T;»Q00377K:

INCREMENT THE CCRRECT COUNT

X{JH)=X{JHI+1, 0
KOJLI=X(JLI+L.D
CONTINUE
GRAFH HISTOGRAM
CALL ERASE
CALL GRAFH{'GRAY LEZVELS",'NUMEBER
255.090.09,X0

LABEL GRAPH WITH FILE MAMEs LINE

CALL OQUT(NAME,7%3+420s.FALSE.)
CALL 3MODE{.FALSE,r300,820)
CALL AMODE

TYFE *"IMAGE LINE NUMEBER®

CALL GHMODE{.FALSE.s300+623)
CaLL AMOLCE

CALL CURSOR(Z0.1]

BWRITE(10,15) LINE

CALL SMODE(.FALSE, 798,420
CaAaLL AMOIDE

CALL CURSOR(1+2)

CALL SCDAYC{IMONTH>IJAY-IYZAMAS

WRITE(10:,20) IMONTH,IDAY,IYZIAH
CALL GMODE(.FALSE.+0s0)

CALL a&MZDE

RE-EXECUTE PROGRAMT

CALL GQUERY('RE-EXECUTE PROGRAM U

IF (IAaNS.2Q.1F GO TO 2390
CALL RESET

TYFE "NORMAL TERMINATIONT
STGF

ENE

(U]

i

OF CCCURANCEE"».FALSEr1r1s2337511

MUMBER: AND DATE

ING 3AME IMAGET
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E R KKK X R TR R K X KX KL AR A R AKX AR AR AN AR RN XA C KL TANE

MCDIFIED PIXEL ANALYSIS

IG5 FORTRAN 5 SOURCE FILEMAME: HFPIX.FR

UJEFARTHENT OF ELECTRICAL ENGINEZRING KANSAS STATE UMIMERESITY
REVISION DATE

Q0.0 JEC 04y 1980

01.0 JAN 29, 1981

92.0 MARCH 25, 1781

X R R X K R R X N N K X KA R A R R R X A X K R R R A X I N X R AR AN X CAX LR XXT K
TURFPOSE

PRCSRAM ZXAHINES JON A PIXEL BY FPIXEL FASISs EARCH ELIMENT GF
AN IMAGE FILE. CSACH FPIXEL INTENEITY IS COMFARED T3 AM
i

ENTERET THRESHOLD WVALYE.
OR EQUAL TO THE THR
255 IN A NIE IHMAGE ;
ASSIGNED GRAY LEVEL
SESMENTED IMAGE FILEZ.

Y PIXEL UWITH AR IHT_QSITY
LL BE ASCSIGNED

TINEITY VaAlLLES
HTENSITY. THE

I

AN

qJ WI
N

I

[
(]

SOUTIHE(S) CALLZD BY THIES ROUTINE

OPENR CHECX
JFENE
FREALR
REEET
WEHGNL
URITR

R R K A X K R X KKK KR AN AR KRR KRN F AR A SN TR LXTI TN IR

SET uF FROGRAM PARAMETERS

IA{SZC)
IB032¢C5
IXIN(Z53)
IDATA(2ES)

e

Mmimmin
QWwoo

R L]
P AR
mimnmm
mAmam

-t -4

©
@
a

AN FARAHETERS

m
-
n
)
-1
=4y
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ACCZIPT *NUMBER OF ELZHENTS PER LINE IN INFUT TH

%CCE?T "NUMEBER CF LINEZ IN INPUT IMACZE? "
IMSIZ=FLOATI(NTLEM,LAFLOATINLINES?

;nLL OFEHR(J, "INPUT IMACGE FILENAKE? *ANELEM,FESIZL:

ABYTEZ 'ABef"H"'-FQ’:l.

IF {XBYTE.GT.1.9) TYPE *IMAGE FILE ZIZE DIFFERENT THAaW ENTEREDL 3I2E°

IiF (!5'?7.3..1.0‘ € 70 30

ACCEPT “QESIREL nn~=4ﬂL“

CALL GQUERY({'SAVE CZHER

IF {TANS: S0+,60+70

CALL DPENW(L1,"3ZCMENTED IHAGE

TP (FSIZE.ER»=142) TYRE *FILE

o wm
o 0

[T
e

SET ULF GRINMELL FOR IHRAKING IMAGE *RECTAGULAR UFDATES
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[ W)

Aaaon
]

THAR=(IIZ2-NLINES)/Z
IOATACL)=120000K
IZATA{Z)=100001K%
IDJATACI)I=010377X
IDATA(31=024400K
IDATA(S)=024001K
IDATA(S)=04400Q0K+LMAR
IDATA(7)1=04400C0K+THAR
IDATA{B)=0S0000K+NELEN-L
IDATA(?)=070000K+NLINES-!
IDATAL101=030000K

CALL WBGNL(IDATA,10»IERL)
IF (IZR1.NE.1) GO TC &3

UNFPALCYX AND EXAHINE DATA

NT=NELEM/2
D0 100 K=1,MLINES
IK=NLINES-X+!

CALL READR {(0»IK:IXIM,1»ICNTsIERZ}
CALL CHECX(IERZ)
D0 200 I=L,NT
IDATA(II=00Q000K
L=2%1-1
J=2x1
TA(L)=ISHIFT(IMIHA(II -2
IAC)=TANDIIXIN(I) 000377

1£ EIﬁ(L)‘NTH“"E.ux.J) IDATATII=177400K
IF (ZACJI-NTHRES.GT.Q) IDATAIIN=IDATA(II+#RCCIT7K

I3{L)=000C0CK
18(J)=000000K

IF (IA(L)-NTHRE3Z.G7.9) I
IF (I&ACJI-NTHRES.ZT.O) I
CONTINUE

CREATE SEIEMENTED IMAGE FILE, DATA STCREZ IN FACKED FORMAT

IF (IANS.EQ.1) CaLL ITR{LsK»ITATA» L, IER3)
IF (IANS.E3.1) CaALL 4=C¥('=?J}

DRAY SESNENTZII IMAGE FILES

CALL UBGNL{I3»NEL
IF (IER4A.NE.L2 52
CONTINUEZ
CALL GQUERY{'RE-ZXECUTI MFIXT '"»IANSZ)
IF {IANS) SSs532.7%
CALL GUERY{'USING 3AME IMAGE INFUT FILET '+IANS)
I {IANS) 73,530,835
ZALL RESET
TYFE "NORMaAL T
IF (IERL.NE,L)
IF {IER4.NE. L)
ST0f
=D

TRMINATION®
TYFE 'WBEGNL ZIRRAOR: GRINMELL 3T UF°"
TYRPE "&BOGNL ZIRRCR’

25
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XEL ANALYSIS

3 FORTRAN § SCURCE FILENAME: PIXANL.FR
FARTHEMT OF ELESCTRICAL ENGINEERING KANSAS STATE UNIVERSITY
REVISIGN OATE FROGRAMMER

20.0 NOY 04, 1930 TROY MOORE

T A PSSP S EE L PSP 48+ RS2+ ¢ RS PR EFEFF LT R SR PHER PSP EFSEERSSHER LSS

FURPEOSE

FROGRAM EXAMINES ON A FIXEL BY FIXEL BASIS, EACH ZLEMENT OF

AN IMACE FILE., EACH PIYEL INTEZNSITY IS5 COMPARED TG aN OFERATOR
NTERED THRESHOLD VALUE. ANY FPIXEL WITH AN INTENSITY GREATER THAN

“R IQUAL TO THE THRESHOLD =ILL EE ASSIGNED A GRAY LEVEL INTENSITY OF

2S5 IN A MEW IMAGE FILE. INTEZNSITY VALUES BELOW TFE THRESHCLD A%E

A3SIGNEZD 3RAY LEVEL COF 200 INTEMSITY.

EE AR K0OK 0K KR KKK K KOO KR KO KK KK OO R OO RO K kR R o

RCUTINE(S) CALLED FY THIS ROUTINE

QPENR CHECK
JPENUW
WRITR
READR
RESET

AR O R RN KRR R KRR ALK XA R KR ALCLHERR R KRNk

INTEGER IXIM(2E8)
INTEGER IDATA(234)

ENTER FROGRAHM FARAMETERS

ACCEPT °"NUMBER OF ELEMENTS PER LINE IM INFUT IMAGE? "s MNELEH
ACCEFT 'NUMBER OF LINSS IN INPUT IMAGE? '+ NLINES

ACCEFPT 'DESIRED THRESHOLD VALUE? *s MTHRZS
AIMSIZ=FLOAT(MNELEM)XFLIAT(NLINES

CALL OPEMNR(O,"INFUT IMABE FILEMANE? 'SNELEMSFSIZL)
XBYTE=ABS(AIMSIZ-FSIIL)

IF (XBYTE.3T.1.0) TYPE °*IMAGE FILZ SIZE DIFFSRENT THAN INTERED SIZES
IF {XBYTE.GT.L1.O00 50 TQ 120

CALL DOPSNW(1, "SEGMENTED IMAGE DUTFUT SILENMNAME? ‘eNELEM.T3IZE

I7 (FSIZE.EQ.~-1,2) TYFE *FILE NOT QFEN"

UNPACK AND EXAMINE DATA

MELZM=NELEM/2
O 100 K=1,NLINES

CALL REALR (2,xeIAIMsL1,ICNT-IERL)

CaLkL CHECKMIIERL

30 200 I=1.NELZS

’ﬂﬁTQfI)-OGOOOOR
?‘ 'I'n-w:}, b

LrsCod
.uT.)xztﬂ“af

5.5T.02 IDaT

YELTTANOK
SIDATAITI+J0037TR

[REN
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©
(=]

CREATE SESEMENTED IMAGE FILE

CALL WRITR{1:.XK»IDATAsL1yIERZT?
CALL CHECK(IER2)
CONTINUE

CALL RESET

TYPE °*NORMAL TERMIMNATION®

STOF

END

217
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XA LK R R AR R KKK AR AR AN AR TR R AL I KA KR L AT IR COIHTA

SUBSECTICN HISTOGRAA AND PLOT

0G FCRTRAN & SOURCE FILZINAME: SHF.FR

DEFARTMENT OF ELECTRICAL ENGINEEZRING KAMSAS STATEZ UMIVERSITY
REVISION JATE PROGRAMHEIR

0.0 16N 27, 199: TROY K. MOORE

01.9 HARCH 25, 1931 TRAOY X. MOCKE

K R KR K R A X R A A N ALK X AN KA ANL R

FURFQSE
THIS PROGRAM ALLIUWS THE QPEZRATCR TQ JETE iE HISTCGRAM
QF A SPECIFIZD gusss CYI H OF AN IMACE. £ IS FIRST
ORAYUN ON THE GRINMELL. THE JFERATSR £2 COCRDINATES
OF THE LOWER LEFT ANT UFFER RIGAT CIRN SURSECTICN.
A BLOCK I3 DRAUN BY THE FPROGRA® ARZUND CTICN FSR A
VISUAL CHECX OF THE RXEGION TQ ¥E USED. T3GRAM SF THE
SUBSECTION IS THIM CALCULATED AND DISPLA HE GRAFHICS

TERMINAL.

QPENR QUERY GMODE
WEGNL ERASE ANMODE
READR GRAFH FODAY
CHECK auT CURSER

PR Pt et R P e PR TR EEE BTS2 S R C R RSP S PSS S S PRSP PSSR ERFE eSS RERENESCTESELEE SRS S )

'.unnnnnnranrlﬂnnn( nnnnr:nnnnt'lnﬂnnn(”lnﬂnnnﬂ(‘lnnnt"lnrlhﬂn(l

NOTES: L THE 2077OM LINE CF THE IMASE dILi 3BE -UNS"‘?E:

LINE 1. THE FAR LEIFT COLUHN OF THE IMAGE 4WILL

BE CONSIDEREI COLUMN 1. THE TaF LINE YiLlL BEZ

INDEXED BY THE NUMBER 2F LIN IN THE IMAGE.

THE NUMBER JF CCLUMNS JILL 7 iT TO THE FAR

IGHT COLUMN.
2} FASITION OF THE 3U3S F

TQ THE LINE aND CCLU 3

THIS GIWES THE SUz2ESE iy

Yis X2, AND Y2 THE F

4 <
! 3 4

o WHERE A x: 2
5 2 YL o
e 3 THEZ CICARIINA GoF T SF THE
z SJUBSECTION WILL 3 & b XY THE
g UFPER RIJHET SIRNER. T<E
z FILLOWING:
c X2 > %2 ¥ Yl
v 4) THE BZX TDRAWN ZM TrRE IMACET IACLISEIS THE 3U33ICTICH
2 AMD T3 NOT INMCLUDEI IN THE SUISZCTIIN AISTISREAM
£ CALCULATION.
c - THIS FRIGIAM REJUIARTS THI USE 27 ThRE SRAFHIZS
= TERMINAL, SRINNEZLL IMAGE FARCCIZSCSR, AND THE
g GRINNELL IMAGE [ISFUAY.
=

X Y N E X R I A R K X A R R A K I X X A AN KK KA KX KA U R R R AKX T LK LR X

a0

SET UP THE PARAMETEAS



o0

400

o

COMMAN  /0FN/  IUFD(LZ)sNAMELLD
FARAHETER ITTO0=10,1I77I=11
FORMAT (I2'/°127/°12)
FORMAT ("SUBSECTION LCHES
FORMAT ('SUBSECTION UPPE!
DIMENSION IBUF(300)
ODIMENSION IUPACK{(S12)
DIMENSION ICX(2)
JIMENSION ICY(2)
DIHMENSION X(257)

ENTER IMAGE FILEI PARAMETERS

ACCEPT “MUMBER OF ELIMENTS PER LIME IN THE IMAGE 7 *NELEH
ACCEPT “MUMBER OF LINES IMN THEZ IMAGE? 'sNLINE

CALL OPENR(Q,'IMASZ INFPUT FILZNAME? 'HNELTM.F3?
DECSIZ=FLOATI(NELEMYXFLIATINLING)

SIZOLF=ABS{(DECSIZ-FS)

IF (SIZDIF.8T.1.Q) TYPE 'ENTERED FILE SIZE DIFFIRENT'

IF (SIZDIF.GT.:.0) GO TC 109

SET UP TG DRAW IMASE USING RECTANGULAR UFTATE
ILM=(S12-NELEN) /2

IaM=(312-NLINE} /2

IBUF(1)=1200040K

IBUF{2)=100001K

R g SCRAF R
£

ROTISTPTISD

TIBUF(3)=010377X

IBUF(4)=023400K
IBUF{5)=0240Q1K
IBUF(&)=044000K+ILH
IBUF(71=0464000K+I3H
IRUF(3)=0S0COCK+NELEN-1
I3UF{?)=070000K+NLINE-
IBUF(1QI=03000CK
CALL WBGNL{IBUF1G,IZR1D
i (IER1, 4_.;; GQ T2 709
DRAW IMAG
HHGED=NELEH/2
00 114 I=1,NLINE
IK=NLINE-I+1
CALL READRIQ2IXsIBUF,L1,ICNTIERD)
CALL CHECK(IERZ!
D0 120 J=1,NWGORD
L=2%xJ-1
K=2%J
IUPACKI{L)Y=ISHIFT(IBUF{} =)
IUPACK(K)=TANDCISUR(J)»0CQ3I7TXI
CONTINUE
CALL YBGMLIIUFACK NELZIHYIZRZ)
IF (IERJ.NE.1) GO TO 900

CONTINLE
ENTER LCWER LEFT AND JFPER RISHT CORMER CF SUSSECTICN 3LICK
i5=0
ACCEFPT '"SNTEZIR LCMEIR LIFT CCORNER OF SUBSEITICN 3LOCX:D  Xi.Y: .
IEX(TieICYiL]
IF (I3.NE.L)
ACCIPT 'ZINTER UPPER RIJHT CORNER JF 3UBSICTICN 2LOCX: e )
ICX(25,ICYLd)
Is=1
CHECK TO SEE IF SUESZCTION SLCCK LIES WITHIN IMAGE
ICOUNT=L
EFL3=0
20 130 K=i.2
IF (IEXINY LT L.CR IEiFLg=y
IF (ICY!K).LT.1.2R.I LEFLEEL
IF (IEFLS.ER2.L1} 30
ICOUNT=ICOUNT L

{
I
i

29



ool

(%]

130

140
17¢
290

210

CONTINUE
(ICK(Z)-ICX(1).LT.0) IE
(ICY(2>-ICY(1}.LT.0) IE
(ISFLE-1} 180,172,139
(ICCUNT-1) 170:200,210
TYPE “XXERROR IN LOWER LEFT CORNER ENTRY®(X®
TYPE "XXENTERED COORDINATES DO NOT LIE ON IMAGEXX"®
50 TO 150
TYPE *X%ERROR IN UPPER RIGHT CCRNER IMAGE®k"®
TYFE "IXENTERED COORDINATES DO NOT LIE ON IMAGEXX®
is=¢
G0 70 1=
TYFE "Xx¥COORDINATE TEST ZRROR¥x*®
Go 70 7990

MM

[l ils N

TYPE "¥XCORNER PARAMETERS WERE INCORRECTLY EMTERED¥X'

TYPE *XxXRE-ENTER BOTH CORNER LOCATIONS 50 THAT®%®
TYPE * X2 > X1 Y2 > Y1 *

GG TC 145

SET UP GRINNMNELL TO DRAW RECTANGULAR BLCCK
IX=ICX(2)-ICX(1)
IY=ICY{(2)-1ICY(1)
IBUF{1)=120000K
IZUF(2)=100001K
IBUF{3)}=010377K
I2UF(42=024020K
IFUF(3)=9025000K
ISDUF(53=044000KR+ILH+ICK{L) -
IAUF(7)=0584C00K+IBM+ICY (1) -
IBUF{31=030000K
IGUF(9)=0700C0K+IY+E
1ZUF{10:=0345000K

CALL UEGNL{(IBUF+10,IER4)

IF (IER3.NE.1) GC TO 900
IBUF{5)Y=034000K+ILM+ICK(2)+1
CALL XECGNL(IBUFI3) 3 IERY)
IF {IER4.NE.1) GO TO 90C
IBUF(5)=C44000K+ILM+ICXK (1)~
I3UF{3)=050000K+IX+2
IZUFI{?)=070000K

CALL JEONLIIBUF(3)+3,IERS)
iF (IER4.NZ.1) GO TG %¢Q
TIUF(73=084000K+IBHFICY{2) 41
CALL WIGNL{IBUF{3).301ER4)
I {IER4.ME.1} GO0 TO 9090

S I3UAL THECX GF SUBSECTION

1
1

CALL QUERY('"DDES THE 3LOCX ZNCLOEEZ THE DESIRED SUZCGECTION 7

IF {IANS.ER.0Q) GO TQ 400
ZERO0 ARRAY FOR HISTOGRAM CALCULATICGHN

CDD3 SIZE OF ARRAY IS DUED TO SUBROUTINE GRAPH CHARACTERIETICS

o0 220 RK=1,2357
Xt{K)=0.0
CONTIHUE
READ IN AFPROPRIATE LINES QF IMASGE
233 23% J=ICY{1),ICY(2)
CALL READR(O»J»IBUF»1,ICNT»IERS)
CALL CHECK({IERS:
UNFACK RECORD
DO 240 K=1,NELEH
KA=2XK-1
KB=2%K
IUFACK{KA)=ISHIFT(IBUF (K} =32 +1
IUFACK{KB)Y=IAND(IBUF(K)srd00ZI77K)+1
CONTINUE
CAalLCULATE HISTOGRAM

30

"y IANSY
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D0 250 L=ICX{1),I2X{2]
INDEX=IUFACK(L)
X(INDEX)=X(INDEX)+1.0

250 CONTINUE
230 CONTINUE
GRAPH HISTOGRAM
CALL ERASE
CALL GRAPH{"GRAY LEVELS","NUMBER OF OCCURENCES®».FALSE.»1:1+2575111,
1 256.000.0,X)

LABEL GRAFH
CALL OUT(NAME79B1 420 .FALSE.)
CALL GMODE(.FALSE.»798:620)
CALL AMODE
CAalL CURSCR(1,2)
CALL FGDAY(IMONTH,IDAY,IYEAR)
WRITE (10:,20) IMONTH,»IDAY,»IYEAR
CALL CHODE(.FALSE.»300+620)
CALL AMODE
WRITE (10,237 ICX(1),ICY(1)
CALL GMODE(.FALSE.:300:4620)
CaLL AMODE 7
CALL CURSOR(1.2)
WRITE (10,30) ICX(2),ICY(D)
CALL SMCOE(.FALSE.»0+0)
CALL AMODE
CALL QUERY('RE-EXECUTEZ PROGRAM USING SAME IHAGE? ‘'»IANS)
IF (IANS.EQ.1) GO TQ 400
200 CALL RESET )
IF (IER1.NE.1) TYFE "WBGNL GRINNELL SET UF ERROR®
IF (IER3.NE.1) TYPE "WBGNL GRINNELL URITE ERROR"
IF (IER4.NE.1) TYFE "WBGNL GRINNELL GRAFHIC CONSTRUCTION ERRCOR'
TYFE
TYPE "FROGRAM TERMIMATION®
STOF
END



TOTAL HISTOGRAM AND FLOT

06 FORTRAN § SOURCE FILENAHE!

CEFARTMENT OF ELECTRICAL ENGIMEERING

REVISION DATE
00.9 DEC &, 1930
0L1.9 JAaN 23, 1981

PURFDSE

LEVELS IM AN IMAGE FILE.
TO CLEAR THE
FLOT THE HISTOGRAM.

OO0 O0O00O00O00aaOnaOconoOaOOOO0O0000000GaoO0nno

SET UP FROGRAM PARAMETERS
COXMON  /OFN/  LUFD(LZ2) NAME{LZ)
DIMENSIOGN X(Z57}

INTEGER I[BUFF(2S3)

ZARAMETER ITTD=10, ITTI=I11

THE ROUTINE DETERMINES THE DISTRIBUTION
FROGRAM CALLS
SRAFPHICS TERMINAL SCREEM AND
THIZ PROZRAM I35 A MODIFIED

32

N R R R R R R R K Y A NN AN AR LN

THF.FR

KANSAS STATE UNIVERSITY

FROGRAMMER

TROY K. MCORE
TRQY XK. HOORE

R PSS Sttt F Rt TP R PR PR PRSPPI E R PR ES

GF THE SRaY
SURRCUTINES FAGE
GrRaFH TO

VERSION OF HISTOGRAM.FR (REVISION 91.0Q)

NOTEZ! FPROGRAM REQUIRES USING THE SRAFHICE TERMINIAL
ROUTINE(S) CALLELD 8Y THIS RCUTINE

BRAFH AMODE

QPENR CURSGOR

QPENY FGhAY

ERASE GMODE

READR auT

GRITR CHECK

RESET

EEERSEF et E S F RSN PSP ELEP PR PSRt PP ot bbbt RRtt e Pttt

32 FORMAT(IZ2 /" I27/"1I2)
Z SET 70O O VECTOR FOR HISTOGRAM CALCULATION
Z 200 SIZE OF ARRAY IZ DUE TO SUBRDUTINE GRAFH’S CHARACTERIZTICS
o0 100 I=1,257
X{(I)=0.9
120 CONTINUE
c ENTER FARAMETERS JF IMAGE FILE
159 ACCEPT "NUMPBER OF ZLEMENTS FER LINE IN THE IMAGE * ‘' NELUw
ACCEFPT '"MUMBER OF LINES IN THE IMAGE ¥ '+NLINE
ABYTE=FLOAT(NELEMIXFLOAT{NLINE?
CALL OPENR{L,"IMAGE INPUT FILENAME 7 *+MELEM.FIIZIT}
FZ2IZZ=ARS(FSIZE-XBYTE!
IF (F3IZE,8T.1.9) TYPE*IHAGE FILE SIIT DIFFEZRS FRIM [EFINED 21127
IF (FSIZE.GT.:1.2) G50 7O 139
HUCRD=NELZN,/ 2
32 DECIDE IF TO 3AVE HISTOGRAM ON DISK
ZALL QUERY!{"SAVE HISTOGRAM FILE 9N ILITKT ‘*,IfL3G:
IF (IFLAG.EQ.!) CALL OFENUW(1:"HISTOGRAN CUTFUT FILE MNAME? *.T12.F5[I3)
07 110 L=1»NLINE
- REALD IN OME LINE OF THE IHAGE FILE

call
CaALL CHECK{IERL)

SEADRLQ Lo IBUFF 1 ITHTIERL!

b



(%]

[y

[w)

s

= ra

OO

DO 120 I=L1:NWORD
UNFACK FACKED IMAGE DATA
JH=ISHET{ISLEF{(I v =304
JL=IANLG(IBUFF(I)s000377K) =2
INCREMENT THE AFPROFPIATE COUNT
ALJHI=X(JH)+1.0
X{JLy=XtJL)+t.0
CONTINUE
CONTINUE
IF DESIRED, WRITE HISTOGRAM TO UDISK
IF (IFLAG.EQ.,L1) CALL WRITR(XsLsXs1,»IZR2}
IF (IFLAG.EQ.1) CALL CHECK(IER2)
GRAFH HISTOGRAM
CALL ERASE
CALL GRAFH{'GRAY LZIVEL3'.»"NUMEBER OF CCCURANCES',
254,010,604}
LAREL GRAFH WITH FILE NAME AND IDIATE
CALL CUT(NAME:798:520s.FALSE.}
CALL GMCQDE(.FALSE.»7%E8:,3820)
CALL AMODE
CALL CURSOR(1.2)
CaLL FGDAY(IMONTH,IDAY.IYEAR?
YRITE (10+20) IMONTH.ILAY,IYEAR
CALL GMCLE(.FALESE. 92,0}
CALL AMODE
Catl RESET
TYFE *NORMAL TERMINATION®
STOF
END

33
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APPENDIX B
Television Camera Observations
The following is a summary of observations made while generating
segmented images:
Camera: Diamond Power Television Camera
Model STV-4
No. 197397
1) When using the camera and displaying the image on the Grinnell, the
camera does not produce a linear representation of the image. Around the
edges, the image is of lighter intensity than at the center. Considerable
fading is noted at the right and bottom edges of the image. This conclusion
is supported by examining the histogram of a 512 x 512 image of a black
piece of paper. The dark section of the histogram will be composed of a
larger range of gray levels than would be expected for such an image. For
this reason, a 256 x 256 image was used. The center portion (256 x 256 out
of the center) of a 512 x 512 image seems to exhibit better linear character-
isties than those of the full image.
2) Circuitry within the camera attempts to create an intelligent image out
of a total black scene by reducing the intensity to produce a lighter image.
Light images are affected by automatic darkening of the image. This results
in a modified image characterized by a histogram that falls at locations on
the histogram plot that are higher for dark images or lower for light images
than expected. Using a scene composed of both black and white areas seems
to disable this compensation. An example is illustrated in Figure Bl. BLKI1.HT
(Figure Bla) is the histogram of an image of a piece of black construction
paper. A piece of white construction paper produced WHT1.HT (Figure Blb).

An image composed of equal amounts of both pieces of construction paper
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produced the histogram T.HT (Figure Ble). Note: All 3 images were 200 x
200.

3) Several different combinations of lighting were used in an attempt to
produce an image to be used as d.ata. It was desirable to produce an image
that was characterized by a bimodal histogram with narrow peaks that were
separated by the largest number of intensity levels. Table Bl summarizes
the various lighting combinations and the resulting separation between the
major peaks in the histogram. The histograms for each of the images gen-

erated are also included. (See figures B2 through B9)
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TABLE Bl

Eight different images of the arrow (black construction paper on white
construction paper) were produced. All image files are 256 x 256.
Following is information pertaining the conditions under which each was taken:

Image File Distance Between Conditions of

Name Histogram Peaksf Environment

ARROW.IM 90 1 spot light, level with objeect
all overhead lights on.

ARROWI1.IM 80 2 spot lights, level with object
all overhead lights on.

ARROW2.IM 95 2 spot lights, level with object
no overhead lights.

ARROW3.IM* — 1 spot light, level with object
all overhead lights on.

ARROW4.IM 110 1 spot light, level with object
all overhead lights on.

ARROWS.IM 120 1 spot light, 1.5' above object,
tuned to spot all overhead lights on.

ARROW6.IM 110 2 spot lights, both 1.5' above
object, tuned to spot all overhead
lights on.

ARROWT.IM 105 2 spot lights, both 1.3' above
object one toned to spot, one tuned
to flood.

All overhead lights on.

*This is a closeup of the arrow

TAssuming where the peak of a Gaussian curve would be

OBSERVATIONS: ARROWS.IM appears to have the best peaking and separation
of the two peaks of all the images.
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APPENDIX C
35mm SLR Camera Observations
The following is a summary of operation and observations made while
photographing images displayed on the Grinnell system using a 35mm camera:
Camera: Nikon EM SLR 35mm
KSU Property Number EE321088
Film: Kodak Plus-X pan (Black and white prints)
PX 135-36
Grinnell display:
Contrast - pulled out and adjusted fully clockwise
Brightness - pulled out and adjusted fully counter clockwise
1) General comments:
a) Use film with an ASA value of about 100.
b) Set the shutter speed at 1/30 sec.
¢) Set aperture to f1.8
d) Check light meter. Adjust ASA setting until light meter indicates
a shutter speed of 1/30 sec.
2) To produce a picture that does not contain a sean line may take several
tries. Four photos of each of nine images were attempted. From this set,
seven images were realized without a scan line present. The remaining two
images were photographed again, with eight photos of each. This resulted in
a clear picture. Experience with these two rolls of film indicate a minimum
number of photos per image to produce a picture without a scan line to be
four. Eight photos of the same image seem to almost guarantee at least

one good picture.
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3) Photos taken with all overhead lights off have a darker background than
those with any lights on. This also eliminates any glare off the face of the
display.

4) Care should be taken to adjust the ASA setting if there is a large dif-
ference between the ratio of light to dark areas that compose different
images. Maintaining the light meter to indicate a 1/30 second shutter speed
for each image will produce photos that are of equal darkness.

5) Adjustment of the contrast on the Grinnell display may be required to

keep single width vectors from becoming blurred.



A STUDY OF HISTOGRAM SEGMENTATION TECHNIQUES

by

TROY K. MOORE

B.S., Kansas State University, 1979

AN ABSTRACT OF A MASTER'S REPORT
| submitted in partial fullfillment of the
requirements for the degree
MASTER OF SCIENCE

Department of Electrical Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1981



Basic concepts of image histograms and segmented images are discussed.
Using the major peaks of an image histogram to model Gaussian probability
density curves, an algorithm is developed to determine the optimum threshold
value to be used in creating a segmented image. This algorithm minimizes
the error of assigning a pixel representing a certain region within the image
to the wrong region of a segmented image. Experimental results produced
when the operator selects the threshold based on observation of an image's
histogram are presented. Appendix A contains FORTRAN V programs devel-
oped to determine an image histogram or create segmented images. Observa-
tions gathered while using a television camera to create data images are

included in Appendix B. Appendix C outlines photographing images from the

display.



