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ABSTRACT

This effort has investigated the extent to which automatic tactical
target cueing on selected FLIR (forward—looking infrared) imagery can be
accomplished using digital image processing and automatic pattern r~co~nition
techniques. The DICIFER (Digital Interactive Complex for Image reature

~xtraction and Recognition) system was utilized to analyze FLIR image
data for the U.S. Army Night Vision Laboratory (NVL). ~

-

DICIFER is a general purpose R&D tool developed by Pattern Analysis
and Recognition (PAR) Corporation for Rome Air Development Center (RADC),
intelligence and Reconnaissance Division (IR).

A digital process for automatic detection of tactical targets in
FLIR images was designed and tested. The total process included noise
removal and t~ontrast enhancement preprocessing; gradient edge detection
and boundary chain encoding ; and the design of Boolean classification
logic.

The classif icat ion logic was appl ied aga inst a test set of 3~ images.
The probability of detection achieved was 88% (38 of ~3 targets detected) .

1
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SECTION 1

OBJECTIVE

The obj o ct i ve  of this  e~~~ort was to determine the e:•:tent to which ~u t .~-
mat ic  tac t ica l  ~at ~get cue~~~ on selected forward—looking  in fr a red  ( F L I F )
inagery could be accomp 1~ shed using  d ig ital  image processing and a u t cn at i c
pat tern reca~ nition techniques.  T~ir ing the course of t i .i s  e f f o r t  ~he D 1CH ’ER
(Di gital Intcract ive  Complex for  Image Fea ture  Lxt rac t io :~ and RecognIt ion )
system was ut i l ized to analyze FLIR image data for the U .  C .  Army N i ght  Vision
Laboratory (N V L ) .

The digitized FLIR images used for this investi gat ion were supp lied 1v,~
NVL . Ground data was supplied by ~VL in the form of pho:ointerpreter e n a]y s e s
which specified the number end t :~r~.s of tactical targets contathed in each
image . Target types inc lu J ~ d tank , armored personnel corn er (APC ) and 2- 1/2
ton truck.

This e f fo r t  represents ~ ne of four parallel e f for ts  sponsored by N V f  to
assist their evaluation of t he  use of di gital  image processing techn idu~ s t o
enhance FLIR onerator performance .  This  report describes the study n~aJ~ under
Contract Ue . P AA G 53 — 75 — C—0 27 7  eui 5-over o  the  per iod from Jul y 1975 thro ’ : . h
Jun~ 1976. Tb is period n’~ t u ~ .~a a s X—000  t b  ext ension  re ~uired to ce~

-
~down t ime iiu~uered due to Li i 1 ore of the d ioc memory sync t rack on the ~ i C l i ’~’1~video di  e~~L~’.- end the t i m e  rocu ired fo r  i ts r ep ai r .

----— 5 .~~~~~~- -- -- -~~~-~~~~~~~-- --5 -5--- -~~~~~~~~~~~~~~~ - -—
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SECTION 2

INTRODUCTION AND SUMMARY

2.1. BACKGROUND

The motivation for providing cueing aids to the already busy helicopter
p ilot is easily aprreciated . A short example in geometry will provide one
reason. Consider a friendly helicopter traveling over hostile territory from
point A to point B. The safest  ground fire avoidance fl ight mode is said to
be the highest V/H ratio , which is just the worst case for keep ing a target in
view in the direction of f l ight . Assume , for example , that the horizon is in
view at the top of the display and the depression angle is 7-1/2° . Under
these conditions the bottom half of the screen shows ground coverage about
four times the altitude of the platform. Targets appearing at the bottom of
the screen will be reached the soonest and will be the first to leave the
display. If the helicopter is moving in the direction the FLIR is pointed ,
at , say , 150 mph at an AOL altitude of 200 feet , it will  take less than two
seconds for a target to move from the center of the display off the bottom
end! Lower AOL altitudes are worse. It seems unlikely that the human op— na-
tor could respond to a target either of opportunity or of necessity in that
time , especially when it is rot expected or when there are priority jud gments
to be made. Thus early,  i . e . ,  distant , detection is needed.

Target search in the bob-up mode requires the helicopter to rise up from
behind its tree cover and for as br ief a time as possible survey the neighbor-
ing area. The data supplied by NVL for t hi s  application was obtained c1unin~
tests of this type. The scenes generally contained unobscured targets ir1 an
open field with some trees and scrub . Occasionally targets were partially
hidden either by objects in the  scene or by noise in the image .

Detection of targets in FLIR imagery depends very heavily on the inter-
pretation abilities of the human analyst .  Thus , when we speak of probabili-
ties of detection , we must deal not only with a given sensor ’s capacity to
record infrared energy , but also with the probability that the interpreter
will detect a target in the image data . As already mentioned , the d if f ic u l~ y
of the operator ’s task is great ly  increased when he is operating under severe
time constraints in a hosti le  environment .  Di gital image processing tech-
ni ques were investigated on this e f for t  to evaluate their  potential  to in-
crease detection probabilities. The techniques used were available on DICU ’Ud
(Di gital Interactive Ccmplex for Image Feature Extract ion and Recogn ition ,
located at Rome Air  Development Center) to analyze FLIR data for U . S .  Army
Ni ght Vision Laboratory . The DICIFER software system was supp lied to the Ai r
Force by PAR.

2 - i  
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Two primary areas for di gital image processing dur ing  this  e f fo r t
have been :

o Automatic Target Cueing, i . e . ,  to direct the hunan operator ’s
attention to those portions of the display which are likely to
contain a target of interest having a hi gh probability of
detect ion),  and

o Image Enhancement , i. e . ,  to improve the apparent target-to-
back ground contrast ratios , attenuate image noise , and improve
overall image quality so that both contextual information and
target are more easily perceived by the human operator .

Specifics regarding the algorithms uti l ized and results achieved
are presented in the technical discussions in Section ‘4 of this  report .

2 . 2 .  THE DATA SET

FLIR image data was supplied by NVL . The FLIR system is sensitive
to thermal radiation . Video patterns created by d i f ferences  in effec-
tive radiation temperatures were recorded on video tape during maneuvers
that were intended to test onerator performance in a bob-up survey made .
The tests were made two hours past sundown . Most of the targets that
showed detectable contrast were or had been, moving under their  own
engine power . Thus their eng ine compartments ari d exhaust areas radiat ed
more thermal energy than did their backgr ound . Trees and shrubs s t i l l
appeared brighter , as did certain tracks on the ground . The t arget
characteristics which appeared to have pot ntial  for automat ic  proc-
essing included large size , hi gh contrast , and d is t inct  edges.

The FLIR data was generated for a h~ g b -  r esolut ion display and was
converted by NVL to images containing abou : CC) O ,000 p i x e Ls.  This is a
large amount of data to process in “r~ el t - e ’ . Thus im ige enhancement
and target detection algorithms were k c - 1- t  s l i i p l e  so they could be imple-
mented without great expense per uni t .  Ua .-;ever , the dot . tested on th is
project covered the entire range of image -uo ~ ity. Exce:-oive high
contrast interference r.oise patterns occurred in. much of t he  data.

A working test set of image data was cbo :;eri from the data supplied
by NVL. The images used and reported liere~~n were se]ected -to be repre-
sentative of the variety of scenes and i nb ~. e quali t i e s  prov ided.  The
data set included 38 images , which contoiucd a total of 47 tactical
targets (i.e., 21 tanks, 18 APO’ s, and ei-~ht 2-1/2 ton trucks).

2-2
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The data set used for this work included the short range scenes in
which the targets are generally ía the foreground and appear relatively
large. Specific image frames are listed in Section 4. Although there
was a slight variance in scale among the images selected , the differences
were not significant enough to cause difficulties in handling scale
changes. For this reason we were able to use a single set of parameters
to process all 38 images.

It is important to note , however, that the detection logic imple-
mented during this effort was based on shape and size parameters derived
from edges extracted from scene objects (targets). These measurements
(in terms of picture elements) are directly affected by image scale.
For this reason processing of the smaller scale images also would have
required different parameters. It is conceivable that algorithms can be
developed which would make use of inforrnations derived directly from the
FLIR control and ancillary sources, including altitude, depression
angle, and field of view to determine ground scale. Such an algorithm
would provide for automatic adjustments to critical parameters and
should enhance detection and classification accuracies. The hypotheses
mentioned in this paragraph could not be tested within the scope of this
program. These concepts remain as topics for future investigations
which would require additional algorithm and software development.

Details regarding characteristics of the image data are presented
in Section 4 of this report .

2.3. SUMMARY OF RESULTS

During this effort, we investigated the application of existing
techniques on DICIFER for the purposes of determining an approach to
automatic tactical target cueing . In addition , it was necessary to
perform some image preprocessing by applying digital spatial filtering
to reduce the effects of noise and to enhance the target-to-background
contrast ratios.

Figure 2-1 reviews the processing sequence used to enhance the
image quality and to detect targets. The noise filtering shown was
required only to remove the effects of noise peculiar to the data used
and is not a necessity for FLIR post-processing, in

5 
general. Thus, the

choice of filter (if needed) would depend on the peculiarities of the
particular FLIP, design . On the other hand , the detection logic and
features used are scene-dependent. They require a priori knowledge of
the types of targets to he dot~cted. Additional information that can be
derived directly from the FLIR control and ancillary sources includes
altitude , depression angle , and FOV . Any combination that gives ground
scale greatly enhances ch’tection and cLma;ification accurcicie s. The

2-3
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PROCESSING FOR SINGLE FRAME TARGET DETECTION
(ANVL FLIR DATA)

---5— -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~—-~~ - - 5 -



-- --5

1o~ ic used in the tests reported herein did not make use of this addi-
t i ona l  information , as it was not available . Adequate ground scale was
exoer imentally derived during the construction of the classif icr  logic
using measurements taken directly from the data for known targets.  In
s~ ncary, the de tection logic used is based on shape and sine parameters
derived from binary images showing higher-contrast edges of scene objects.
These edges were obtained by thresholding a local area gradient image
derived from the intensity-normalized and spatially filtered image .

The total process consists of a cascade of sub-processes. These
are grouoed by the traditional three-part pattern recognition terminology
of oreprocessing, feature extraction and classification . The important

to note is that the throughput rate for the total system is essen-
tia~ly that of the slowest sub-process. As is usual for pipe-line
nrocessor design, a conscious attempt is made to divide the processing
secuence into sub-processes in such a way as to ensure that  the slowest
is not much slower than the rest, and , of course, is fast enough. Table
2-i suzznarizes these qualities.

A general characteristic of the sub-processes used is that only
local neighborhoods are involved in any high-volume computations. This
nininizes the amount of storage required . For most operations, only a
f~~ scan lines are needed and FIFO registers, possibly iaplemented with
C~~ ’s, could be used.

It should be noted that there are no cognitive processes, also, no
feedback is used. Thus the performance of the system denends heavily on
correct interpretation and use of a priori knowledge of the scene and
sensor. Its success is contingent on the stability o these character-
±s:ics, as no learning mechanism is built in. Such considerations are
beyond the scope of this report .

As previously mentioned , the da-ta set consisted of 38 images.
These were divided into a design set of four images (containing a total
of four targets) and a test set of 34 images (containing ~i3 targets
total). The classifier logic was designed on the former (i.e., four
inages) which included four tactical targets, nine interior boundary
tr~oes, 36 residual noise blobs four marker symbols, and 31 “other”
~-hanes. The latter class was the catch-all category . Though the
initial objective was only to separate targets from non-targets, the
n o n — t a r g e t s  clustered into wel l—def ined  groups based on size and shape .
To demonstrate a slightly more interesting classifier at essentially no
~~t ra cost , we designed the classifier to distinguish each class from
the rest. Actually , by breaking the total problem into a set of smaller
and easier sub-problems , the total clasnifier logic hecan~ quite elomen-

The effectiveness of the classification logic was evaluated by
~-:~~y~ ng it ada inut  the test  ~ t ’t of 34 images. In summary , out of a

2 —5
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Table 2—1

Character is t ics  of Algor i thms Pr*oposed for Cuc ing

1. Real-Time Potential

o Suited to “p ipe-line” processing .

o Total processing delay : several frames.

2. Realizable With  Strai ghtforward Log ic

o Table-look-up inage processing .

o Few arithmetic onerations

o Si mp le decision log ic.

3. Sub- f i e ld  Tem porary Storage Requirements

o Tar ’ge t—si ze  s u b — f i e l d  sequential  image memory , 2 and 3
scan—line  sLit  t reg ister  rn emory , and hi st ogr am counters .

o Possible use of CCD components for sub- f i e ld  and scan - l ine
memory .

o Small scratch-pad only random-access memory r e q u i r e d .

— -  - -— - — -- - - -— — - - .--- --~~ - - -  - - - - --- - -~~~~~- - - - —~~~~~ - -~~ - -  -~~~~~~~~-—~~~---
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total of 43 targets , 38 were detected (88% probability of detection) .
The five targets not detected were all placed in the “other ” category .
It should be noted that there was only one instance of a non-target
be ing called a target . Moreover , if the superimposed graphics had no~
been part of the digitized imagery, there would have been no false
alarms and only two missed targets.

Details regarding the noise suppression , feature extraction, and
classification logic design and evaluation processing are presented in
Sect ion 4. Descriptions of the DICIF ER system hardware and software
configurations are provided in Section 3.

2—7
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SECTION 3

DICIFER SYSTEM BACKGROUND , PHILOSOPHY , AND FUNCTIONS

Rome Air Development Center (RADC) has developed a digital image pro-
cessing capability within the Reconnaissance and Mapp ing Branch (IRk) of the
Intelligence and Reconnaissance Division (IR). Full capability now exists
for data handling, preprocessing, searching , measurement extract ion and
evaluat ion, feature data structure analysis, and recognition logic creation
and evaluation for digitized image data from a variety of sources. Two major
applications areas are being actively pursued. The first is the development
of semi—automatic reconnaissance imagery target screeninq and recognition pro-
cedures. The second is land surface thematic mapping based on multispectral
images. The former problem has long been of interest to the intelligence
community. The interest in the latter problem stems from new equipment
capable of obta in ing high-quality reg istered images , each image represen t ing
a small portion of the spectrum , and from the notion that certain classes of
earth surface material can be distinguished by their spectral signatures.

3.1. IFES/SCORE DEVELOPMENT

The RADC image processing system [1], known as DICIFER (Digital Inter-
active Complex for Image Feature Extracti (-a and Recognition), is interactive
to allow the researcher/analyst the greatest amount of flexibility in guiding
the design of processing logic according to particular characteristics of the
data and output requirements. Implementation on a general-purpose computer
has allowed for future expansion and modification as desired . The DICIFER
acronym represents most of the keywords that describe the system:

o Digital: The data are input , processed and stored
in digital form.

- 
o Interactive : The system processes are chosen and continuously

guided by human direction .

o Complex: The system includes a cpmpr~ hensive array of equip-
ment.

o Image : The processing routines and equipment are oriented
toward image data.

o Feature : Features (measurements) are defined which , on the
— 

basis of a priori knowledge and/or experimen tal
results , are reliable class discriminators .

__ _ _ _ _ _ _ __ _  _ _
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o Extract ion : Routines exist to extract tb se f e a t u re s  fron paw
or preprocessed data to build up multi-dimensional
vector f i les  to be used as input  to classitii : ~tion
routines.

o Recognition : The recognition of target s and the  correct assign-
ment of a picture elements , as represented by
their  respective vectors , are accomp lished by
the classif icat ion logic designed and eva luated
on-line .

The hardware consists of a dedicat-~ I mini—compu ter, two dis~~~,
magnetic tape , storage display with hardespy , line p r i n t e r , and equi p-
ment for inputting and quantizing film ~uid printed i l~sm~-, s~ and informa-
tion from mult ichannel  analog tape . Files can be displ mv~ d h~ black—
and—white ( 0 — 2 5 5  grey levels) or pseudocolor , and can le output in the
form of color—coded (64 levels) or b lack-and—whi te  tx ’anapdrency files
measuring up to 1024 x lO2 ~ pixels.

The system software capability has been provided by Pattern Analys i s
and Recognit ion Cor . (FAR)  under a number of con t rac tua l  e f fo r t s  wi th
RADC . These efforts were dir ected at developing the b i s i c  opem-i ti ng
system and .appiicat ions_ or~ ented measurement rout ines . An a d d i t i o n a l
effort provided for the imsi t nentat ion of the OLPAR S (Un-Line Fa~ torn
Analysis and Pecognit ion t-h~~tem [2 ] )  capabil i ty on the DI CIFE R system.
OLPARS has been au on-going development at RADC and is resident in many
forms both on general—purnose computing systems and in dedicated conf i g—
urations oriented toward th~- investigation of a par t icu lar  problem .

The system descrint ion g iven in the following subsections describes
the various processes involved in solving the types of problees m e n t i o n e d
above . These include three broad types of app licat ions routines which
do:

1. Irrage-to—image manp ings
2. F e m t ’ i r e  extraction
3. Class~ t ication ~ - g iC design

Table 3— 1 l is ts  s e c i : i c  a lgor i thms on DICIFE R.  A description of the
isu dware and se~ t. w ir e  organ.~ ::ation is also inc.luded .

To sumrnax- ~ s m  , PlC r r r p is an ~nterac tIve general—purpose system wi lii
t im e image processing , t e a t  1: - - - extr act . : ( - : c  , and log ic design capabil .i t i e ;
necessary to solve a large v a r i et y  of problems . Applications of the system
to the erth mn - a - r e n t  of raddr i rsige r y ,  recognit ion of t s  t i c i ]  t irge ; in des  i a
photography ,  and class if ic~~ ie:m of rnu lt  spect r a l da ta  i n to  I ~emd use es t et eri
ha v e been invest i gal. ed . Th- - rijsul ts mm -h i~— v ’d thus far  m d  ira te thu t r i c i d
pr -r ;ss can 1 -e ns:le t ~~~~~ he sd U t  :; o .1 wide  ( 1  .1 55 of prob 1 cams through
the use of a im in t er a ct i ve  svs~ tO such as; l ) IC IFER wh r i m  contains t he  n c ~’ : s m rv
v- mr hm Ly of t~~~ls . 

- -
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3.2. THE GENERAL PATTE?N RECOGNITION 1’ROPLEM

Pattern recognition theory grew from an interest in ni dOliti d n~ ural
behavior and in att empting to imi tate by mechanical mean s the recogni t ion
and decision—making functions of man . This interest: bin not d~ n in inhed
even th iugh a greater appreciation of what can be accomp lished wi th
today’s techniques now exists.

The general pattern r- -cognition logic design problem is to credte
the transfer f unct ion for a m;jstom th mt wj ~ produce t i ; ; response appro-
priate to the stimulus. ‘i’he usual form of response is the genera tion of
a code word identifying the class to which the stimulus is judged to
belong. The t ransfer  function is usual ly a many-to—few mapp ing , with
many more stimulus examamlea than possible classes. The pattern r ecogni—
tion system achieves a partitioning of the sets of sample points in a
high—dimensional r~tterr; rasCe by means of d ecision boun dar ies  o h t a i i i ~ c1
by design . The system may also be asked to decide when to respond ,
i .e., when it recognizes the presence of a stimulus to which it should
respond. Visual stimuli right be present on a page of printed text , an
aerial photograoh , a set of spectral images, or ~ photomicrograph of
biological cells. Images , or portions thereof , areThsu~ ily trau: :Jm:c- . -d
into an equivalent electronic form by di g itizing discrete  ~ ampies sp n- -d
at regular intervals for subsequent storage and processiult,. A s e m a c h
tunction has the task of isolating the pertinent inforration vhich is I c  - -

be recognized .

The process of gener at ing responses usually involve:; a scqime :;r- of
concatenated operations in c l u d ing preprocessing , f ea tu re  ex t rac tIon , and
classification es -.~e I as the raw data transduction and s;m-arch r;~cm’atio;;s
already mentioned. Image-to-image preprocesslng trans Format ions a Fr
sometimes applied to correct for known systematic geometric and radio-
metr ic  distortions, to f i l ter  out redundant  data to enhance cert :l .~n
information for visual presentation and/or to t ransforn  the data to make
it easier to extract feat i ;  ‘as. These features  (or measurement va lu e s )
are used by the classification logic to accomplish the recogni t ion task
if object (or point )  classification is desired .

The der ivat ion of a use fu l  set of features  is the most c r i t i ca l
part  of the solution to any pattern recognit ion problem. The ideil
selection criterion is that they possess only the in format ion  ,-ssc’ntia.~
to d i f f e r e n t i a t e  objects  adequately according to class membershi p. A
set of features for an obi ’-:t (or po in t )  i s normally referred to as a
feature vector, and it is this vector which is passed on to the classi-
fication logic to he race; :;ised as belonging to a class set. The
classification logic d-~ tercinos the sub—space in which the feature
Vector is lonjtrd , in cod-sr to generate t i m e  class decision code along
with an indication of t h e  cant id- - nc , ’ in that deci sion .
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The choice of features and of c lass i f ica t ion  log ic toe a giver:
rrohlen is obta ined at pr esen t  largely by an ad hoc proc--d ure . Feature
d ef i n i t i o n , hence the st ruc tu re  of the sets of feature  vectors , is
st rong ly  dern-n~lent on the applicat ion , as well as on iir~~~ t r ansfor :na—
:ians .  Sat isfac tory  solutions to d i f f i c u l t  problems seem to require
:- anv hours of study and exper imentat ion u -.- t t : h  large amounts of repre-
:scntat ive da ta  and a thorough understanding of the und~~dy ing  physical
r~Cnomena uch i~ h d i c tat e  the empirically observable class variations.
Furthermore , the tools of the analyst of ten determine the  ease with
which a solution is obtained and probably tb ’ nature of the solution as
well.  Figure 3-1 is a flowchart of the typical process for solving
::~~ tern recognition problems.

3.3. SYSTEM PHILOSOPHY

DICIFER is intended to be used as a research tool in a highly
ic:eractive manner. A rc-searcher would typically try :::any d i f ferent
a g o rithm sequences with various parameter sett ings, evalua t ing  his
results on—line until a satisfactory solution is achieved. A general-
r-crrose digital computer provides the necessary fl exibil ity to modif y
and add routines to the system.

Some algorithms would he too slow for repetitive production work ,
Put the i r  u t i l i ty  is currently measured in terms of other performance
criteria, e.g., correct recogniti-~n rates. It is an ticipated that
t’roduction versions would employ special computing hardware to enhance
S?eed.

DICIFRR in also applicable to problems where the desired 1 sponise
a modification of the input imagery in which objects to be recognizod

are enhanced so that an analyst may more easily perform the recognition
task. In addition , the system may only he -asked to highlight those
areas that have simple features , ind ica t ing  the probable locations of
:ho targets of interest, and then to provide the f i gure-background
senaration - recessary for obj ect iden t i f ica t ion.

The methodology used to obtain solutions to pattern classification
problems requires that these capabilities reside in one system if con-
vergence to a solution is to he efficiently achieved. It is only through
the application of classification logic that the adequacy of a feature
s-at can be ascertained . It is through the process of error analysis
t hat  ideas Icr modifications and additions to the fea ture  set to improve
discrimination are generated. When the modifications and additions have
been m a i e , new logic must ha desi gned to accommodate t h i s  cycle of
f ea t u r e  de;,ia,n , log ic desi gn , and error analysis.

3~~L , FACILIi ’Y HARDWARE

The 1-1CIF ER hardware system is c o n f i gured about I to -  f o l l owing
r-rir-;ory co:::t’oum~-nt- ; : DPC (i~ gital Equi pren t Corpor;mt o:: ) P 1)P—i 1/20
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~e:.n uter  Sya t - ’ai , [P~ (~h’a ! iel t a t ~ i fy ; t en - ) 3~ -P D i e - n ] o . ’ g’;tem , Tek—
In ~eroc t ive Tei n: in i l . , arm! F - ~i i’ Color Pu t : ot h i  I m r  u t  k - n.  A

Pt ’ief den ~inricn of each ce000nent: and Its ~~~~~~ ion i: oo:itained in tl:- ~

3. — .1. F.P — 1 i / a a  C~ —a- ~m er ’ P r o t o n

Forte ‘: . - all poor c. ~fng , f i le  man ip ito - ion , and il: - t /out put
ion s .  Tb- ’ swat -si consi:; t s o a t I P — I t  - a rocessu- :’ wi th  28 ,672 iS—

words of care rn-’nor’p (uppc, I occt ia:: : arc - iysed to ~ he Unibu s)  , an
:::--nc �c Aritb :.~’t :~ Flement , RS—i1 256K wor- in-:e:i toad -d isP , RP02 ~l0—
P t t i o n  word isk pach in .  i t  • I P C — l  C) - v - -u— t rach and si i so— track indus tot-

- - r a t i b l o  s e ne t ic  t- ; - ~ un i t s , dual PLC t a i ~ uni t , t e d e t y pe  and card
~Jer.  The 10—million n-nod disk pack used mai :ily t ar ’ storage ~ f

d ~~i:i:ed image s .  The system routines are stored or: the  f ixed  head d isk
and are called into core by a resident e x ec u t iv e  nrep, ran in  response to
a. :-r i -ecnu es ta  entered via keyboard . User communica t ion  wi th  the syst
: s  via th e  P ktroriix dise lar  terminal , t e l e t y n e , and/er  cursor and

2. FTP Input and Disolmv System

Provides for input  of image data through a TV-V idiSan Camera (SOS
emnuter  i - e)  , and image di op tar in B/tI end/er color C- :: two CRT ’ s. A~

image may be viewed directly f rom the camer a io-n~o’- ~-e I :g it i zat ion  or
the digital equivalent nay be viewed on the disp Thy. In the dirwicy
rote , the st - s tem accepts a di g ital image f i l e  from t h e  P31—11 / 20 a:tJ
t i s r lays  it in color c~ -t/or 0/V with internal disk i c  r ob. The SUB
S- :stem S00 c on f i gurat ion s composed of an Pt0~/ P 3 P — ] i/ 2 0  hi g i te l  Inter—
:- :ae , an B -Th —2 j oys t i ck  controlled cursor , a hi g itol \‘l~~-o (‘onver too

~~~ (d i g d t a l— t o — a n a l o g  interface for the  color di:;ptay ), and a
Th:a Color 703 (color 0m pg51 with 32 color coded levels , L~90 rows x 0 th
columns r a s t e r—scanned ) .  A black/white Miratel  moni tor  and refresh
e t ar a g e  device (aTho with 490 rows , 384 columns , wi th  220  grey—level
code) i.s interfaced to the system and is the “r inmirv Ii rn’dw:-ire for
---lowing end in terac t ing  w i t h  imagery . Raw vitae , di gitined images ,
-cursor cross hair or any combination of these cam be displayeci :;e a—

or su: orinr ’osed on t h i n :  moni to r .

2. -~.3. The T e kt r o n i x  Interactive Terminal

The 2 - h  :r-onix In te rac t ive  Terminal is a orinrary .tnsti’ui:ent of th
:-ma-i—r:achine i n t e r f ace ;  i t  d isplays  software menus and si:; tern dial ogu - 1S

wel _ as graphics which aid in a i i . i t v o i  :: ( e .g.  , histograms md scott en -n  :‘~ u)

m l  Ut c:ot ion d i t ~~-od can be rote imed in b-~rdcoov I ‘i-rn . T h e  1~ ii ’ I-: ~~-e
con s i s t s  o~ a Tek tronix  ~2 l 0 — i  storaso tube d i s n l e v  t e r m i n a l  and ~I i 1 0  

n i t  hardcopy out pit t i:n i t .
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3 . 5 .  SOFTWARE

Functionally there are three modules of app lications software :

1. Prerrocessing
2. t tensurement  Extraction
3. Structure Analysis & Logic Design

These programs are called by the executive routine according to user
selection fr-co option menus . They depend h eavily on var-Ion s  disp lay
rou t ines  whi ch allow the analyst to view imagery and to view the results
of algorithms which operate on imagery and/or vector dat -a . Figure 3-2
denicts the b as ic  block diagram of the system. Conveniont f i le  mani pu-
lation and logical executive control are important aspects of the opera-
tion of D~ -OIF R .  The following briefly dc-scribes the desi gn algorithm s
o---ailable .

3- . 5. 1. Prerrocessing

In the preprocessing phase , the image is processed to enhance the
characteristics of the obj ec ts to be recognized or , equi-~-ai -nt iy , to
eliminate  informat ion from the image not per t inent  to the detection and
classification of the objects. The output is another image. Sr r o o t t ; in - -.,
noise elinina:icri , edge enhancement , and “line mani pulat ion” a lgor i thms
( ;-:hich opereme on edge-detected images) comprise the ~1ocaltT mapp ing in
the preprocessing module . These are local mapp ings in the sense that —

the grey ic - -el at a point in the preprocessed image is a func t ion  only
of grey levels at points in the nei ghborhood of the corresponding point
in the original  image . This distinguishes them from t h e  Fourier and
fiadarnard transformations and filters, which are global in na ture and
which are aTho contained in this  module . Because the output  of - any of
the preprocessing algorithms is in image f-ormat , many preprocc: r ;anf
ont ions  nay he concatenated by using the output image of one al goriths
as the i n ru d  image to the next algorithm , e t c . ,  unt i l  the desired result
(enhancement ) is achieved . A detailed discussion of the preprocessing
routines and their application to reconnaissance imagery may be found in
F:ferences [1,7, and 8].

3.5.2. tteasurement Extraction

The search routines are applicable when the target object is small
in relation to the size of the image . These translate a- rectang i.e to
various posit ions within the image , app lying specific s -arch criteria to
t l oture  elements in the rectangle. A criterion may he based on a m:in;h ing
onaration , texture measurements and/or topolog ical measurements .  The
rosi t ions ot the rectangle which satisf y th~ criterion are noted and tb -c

sodo se d “a~ - -- as of interest” de f ine  area f i les (sub-rep  ran boundar ie s )
w h i c h  car : b- cal led for fu r the r  processing .

3-8
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The search funct ion ac t s  as a prescreening of the dat a , e l h r i n i ~ imp .
with high reliabil i ty those portions of the image which do n o t  c a : . f e i n
the target object , while locat ing areas which may or may not c o ot - t i n
target objects.  For example , if the probl em were to f i n d  a - intl  c i 3 : ’ s i f y
aircraft in aerial photography , a search function which operates on
edge—detected ircag -es and simp ly finds rectangles which contain a suffi-
cient number of connected edge points would eliminate most of the  in age
from further processing.

In the feature (measurement) extraction phase , measurements (f~~ t-

tures) are taken on the areas of inter-eat found by the searching algorithn
or in user-drawn sub—areas. These features  can be bas al on the  s~inw
properties of texture , shape , and topological cI tar actcr~is tics  upon whi ch
a search algor i thm may be based . However , they would , in general , be
too complicated to merit application to the total ~;r ~ ge area. Tb -0 set
of features must provide -the d is t inct ion h-etw ’~en targets  and ta r - ; a
facsimiles as well as the dist inct ion between d i f f e ren t classes of
targets. Because of their application deeendnenc o , provision in ; rn - ide for
user-supplied routines for extract ing features .  Examp les of features

that may prove useful  inc lude  Hadarnard coeff ic ients ;  grey—level : : p a t i el
dependency coef L i c i en t s , a f t e r  Haralick [3]; topolog ical lceasurc -nent s
app licable to b ina ry  (edge-detected) images conslst ing of th-~ ~;unber of
connected ccr:ncone:n t s .  nunb -~~- o~ points i~~rp est  connected cenr :;oneat ,
number of paIn t s  in second i-or-pest connected comportent , etc. kethods of
encoding and measur ing  the shame of a por t ion  of a binary image , such as
chain encod ing,  h-ave been ] - t t , as w i t h  oth er s , to the analys t to d a f i ; n - .

The ou t o ut  of all m -arnurene nt  or f eatu r e  cnxtract . ian r out ines  in ; a-
Vector Fi le .  2 h i o  f i le  r e t a i ns  an L—dimens ion a i  vector of L measurement
values , and an a l ’  Lacy data such as d o n i n a d response ( c I a  ;s code ) ,  for
each item (ob ject  or ;- - o int ) to be reco~~: ized .  These t i e : :  are used by
the Structure Analysis , Logic Pc-sign and Neasurernent Evalu at ion rou t ines.

The DICIPER user is given two m~ th o d n  for evaluat ing t h e  d i s c rimina -
tory vol’ of each measurement [2 , I~]. In essence they bo th  provide a
means f electing a subs-e r of measiirea:ennts. The meosurement;; w h i c h ;
are chos~ - for retention del Inc  the coon- ti ~; ate sub—space a-nd . the tics h r - c t
projection to a lower— dim- ooicnal  space.

An optimal me t hod for select  imp  a a;:b:;et of H rneasuts-oer:t c mu st
consider the decision lopfi - - c r i ter ion , such as the Jtai -en ; risk or the
probability of error . Tlt i ~~, in turn , i~ -c iuires the es~ ~m :i t ic - r of the
jo in t  pr -obaLr1~ ty func t ions  for all p-n o r; ibie n— tup i  os. The cor ;ipu t i —
t iot tal  d i f l - l c - : l t  i - n ;  in chta m ind an opt i ;- ~ ii r ank ing  i~~~~cJuc1 -s th i s
approach i al l  i~~t tb -c s :- 1 - -  t p r cb i e r ;n ;  . There f ore , ti ne su b — o pt  i n t l

~ilgori th e-n o Li criminal ;  P - noure  ~tnd b ’  d i i  l i t  y ci Con 1 u ’ e;; l-~ a r e
,lre provLi- - l  is opt is :ns t o r a s h  ~o d - n- t h -  r m e a n : ’ i m - , -me , ’rn tr ;  x 7 , .

x
1
. Hach ~- ‘. - :eithm - ;m --v 5- - - - t b ~~’e ’  d i a L m e t  tvtem n of r tnb a The
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f in- st  uses a s ignif icance measure for a part icular  corntpca-ien t , say >:
foe ’ d iscr imi::at ing class i from class j .  This s ign i f i canc e  will  be1
des i gnated as i - h . . ( X  ) . The second type of ranking uses :; signi f icance
:a ss ur e of x fo~ d~ scr irsinating class I from all other classes , and in ;
des i gnated P ( x ) . The last type of ranking uses a measure of the
cverall s i g o if i ~ ance of x for discriminating all classes and is des-
ignated P ( n-n ) . A discuss~ on of how the evaluation is uc ed is in Section

of reference [1].

5.3 .  Structure Analysis and Logic Design and Evalua~ ion

In the structure analysis phase of the logic desi gn , the analyst
a:- emn-t s to determine how the vectors from the different classes are
distributed in the L-dimensional feature space.

Parametric techniques of pattern recognition theory assume that the
da- a from each class are unirniodal and distributed according to a par t i cu—
tar  nrobability distribution, such as multi-variate Gaussian . In real-

problems , however , such assumptions are risky, and nay lead to
n-ocr  results.

Structure analysis assists the analyst in learning the modality ri
each class. The vectors which belong to a mode (single class cluster)
corn h-c r~ lahelled and treated as sub—classes which are later recombined
b :  the decision logic.

Projection of the data on-t o the 2-space spanned by the two eigen-
vectors of the  lumped covariance matrix which have the two largest
elgenvalues is one classical method for determining structure of mult i -
firre-nsional data. A mode can be separated from the res t  of the vectors

drawing a riecewise-linear convex boundary around it on the disp l~m\’,
and snecif yin g a new label for the vectors represented by the points
;-;i:hin that boundary. Similar routines exist for pro jec t ing  histogreuns
on a single vector. The one— or two-space vectors may also be arbitrary ,
ori g inal f L a - L U r - c -  coordinates , or Fisher vectors instead of being Pigen-
vectors . For examp le , an “O pt im al Discriminant Plane ” -e-ojection f i r st

n o je ct s  r;oints onto a Fisher  d i rec t ion  ( for a chosen n — a i r  of classes)
then onto the Fisher direction orthogonal to the original.

Tha ouLt ~o- - a of l b s  rec tangles  from which these vectors were cx-
as a c t e d  me ny also To di ;;: i It-OCt against the background of the image from
u~ ioh th ey c a - n , t i n i-; alle;ai r.g the analyst to see the c- :-ecif ic  ar enis of
t he i re -~ : ;-d;i~ b conpr ;;-c t i n - -  part icular  mar ie .  This mae - allow him to
- -tn -Oel ve the n iivsie-d 1- - tsr:; for the mode to ex is t .  Tb” desire to he

to s-: l~~t - -  c- -p i n - n a  o~ the  1- — d im o n s io n t i  feature  ~
- back to the

~~~ ~1 ~o-src~ nt-nr- ,r ~‘ 5  c: w the prima -t .:g mot iva t ion ;  5or adding 0LPA ~-h~
-~ 

;) la:; Ca : -
~~ l~ t i c s  to tin e PJCl}FR system .
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~
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A :o~ erf~:l non—classical technique for structure analysis included
in the syst-ere is the Non—Linear t-happ ing algorithm [5]. The algorithm
calcu at-3s a man-Ding of points in the L—dinensional fea -rure space to a
2-dimensional space while attempting to pr-cs~nrve iriterpo!nt distances.
It m d - o d e s  a oreclustering rout ine  to reduce the number of points to
::anageabl-e l-;-o-nls. A deta i led descr iption of N on-L inear  Pepp ing and
E i g-cnvecaon- :ooj ection is in Seation L~.2l of I ii.

The decision logic for impl ementing the de sired classification must
be based on the set of vectors available at the time of design. If one
is for tunate  enough to have continual access to new data , it is desir-
able to be able to up date thc- decision logic if necessary. The redesign
sra-~ af fec t  the entire logic of some types of classifiers , which may
re cuir e su~ stan:ial effort to accomplish . If performance does not
ex:ran-olate ~-;ell to a particular pair of classes , it is convenien t to be
able to un -grade its response to those classes specifically without
affecting other classes.

A hierarol-ilal structure is used in DICIFER to allow easier up-
grading of the classifieo— edi-e n needed . It also allows the total problem
to be divided ur into smaller problems which are, perhaps, c-ar -let’ to
sot-ac. This  structure also follows naturally from the fa ct that messy
classificati-:n schemes developed in the past have specialined in two-
class dich ot:-nies. The crocoss of obtaining a response to a given
vector in-sent can and often does involve a sequence of partial decisions .
Thus, the strutture of the decision logic is tree—like , w5th branches
and n-odes. The Logic Creation and Evaluation module includes , but is
not h alted to , the following types of logic which -the er ;the’st ray call
un-sn for use at any node of the decision tr e: Fisher F:imw ise , 1-and
2-sn-ace :ro~ ect ions , and hoolean . The sj stem keeps a rc-aord of the
decision log ic as it is being designed . ‘Th e record dot nines th e
classification procedures for the recognition of the new data.

Fisher discriminant logic first calculates the Fisher direct ion

er -t i  a threshold , 9.., for each pair  of classes A. and A. in
:1 ij 1

oh- : d a t a  baSe [6].

C : s ~~~~~cation of an unknown vector , V , is done on a pairwise

c-ash pair of classes A. , A . ,  the following decision proce-

nT -a s-c is eeL:  -
~~ to: if V . c i . .  ~ 0 . . ,  a vote counter fee class A. is

1J ~~~ 1] 1
— -~V • d. . < 0.., a vote counter for A .  ~;; incremented.

ii 1~ 3
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When all pairwise tests ha-í a been complet ed , the class with the maximum
number of votes is taken as -the decision. If two or more classes are
tied for the maximum number of votes, the vector~~ is assigned to a
reject class R as its decision class. Several other re jec t  criteria are
also possible .

There are several kirnda of plane projection logics, but all require
that two vectors in the I-dimensional space be chosen. They may be two
eigenvectors of the lumped covariance matrix, the vectors from the
Optimal Discrimninant Plane [6], a pair of Fisher directions, two co-
ordinate axes, or arbitrary vectors designated by the user. The data
are projected on each vector and this pair of values determines coordi-
nates of points in a 2-dimensional plane displayed on the CRT, the
identity of each vector being indicated by the class symbol of that
vector. The analyst may now draw (by designating end points of line
segments with the aid of a cursor) several p iecewise linear boundari es
to separate classes or grouPs of classes from one another on the display.
The analyst may also designate a region as a reject region . The logic
will classify an unknown vector, V , by proj ecting it onto the plane and
determining into which region it falls. The decision at this point may
he only a partial decision , because such a reg ion may contain more than
one class. Logic can also be designed using projections on single
vectors .

The boolean logic optics allows the analyst to write decision
criteria in the form of hcolean/algebraic statements on the coordinates
of the feature vector. A:;-,’ meaningful statement involving the algebraic
operations of addition , subtraction , multiplication or division ; integer
constants; the equality ar-I inequality symbols; or the logical conn ectives
conjunction (A ) and disjunction (V), may be written . A dichotomy is
achieved based on the truth or falsity of the predicate.

A feature of DICIFER (not found in previous OLPARS installations)
is the ability to evaluate the logic at each node before proceeding with
other node log ic designs. Formerly, the entire tree had to be completed
before evaluation could take place. It was considered importint to
allow the analyst to detect and correct deficiencies as they were made .

A diagram of the fr-anaeyr-e’k of DICIFER is given in Figure 3-3 and a
complete description of the individual on-tions may be found in [i].
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SECTION 4

‘rn ci-~i ICAL DIs Cus sION S

The target  cueing techn ique reported herein has L- -e;n set up as a s - -eu ence
of processing steps. Those include the following:

o Noise Suppression
o Contrast Enhancement
o Target Boundary Detection
o Boundary Chain Encoding
o Feature Extraction -

o Classification Logic Design and Evaluation - - -

The flow diagram of Figure 2-1 provided an overview Of these subprocesses.
e~:phicit accoun t of the investigations concerning each is presented in  t h i n ;
section . Working descri ptions of appropriate algorithms will be provided
throughout the text to improve understanding.

4 .1. DATA SELECTION

Due to the volume of imagery received from MVL , It ;-ets desirab l e to
cacablish procedures for referring to the individual ian4)C-~~s. This ~n t  n ’ : , n. - m~ io:m
is presented here as an aid in comparing results from 1’~ n-11lel efforts.

Thirteen magnetic tapes , labelled A , 13 , C , . . . ,  N vc e5~ received f race
Each tCpe contained ten }‘LIR images. These ~nag~ s have h-ecu ref c-n-re-I ~e ,
during this proj ect, as frames AAAAOT— I.0 , lnhBDel. — .lO , •ti . Each frame ic,m: ;

up of 800 scam lines wi th each scan l ine c o n t a i n i m :g  i P h i . p icture eiementnn .
Tar-es I , J, and N were not usable due to tape em -cern ; .

Al though the da ta marks (f iduc ials , time , a T l r i t . u ; 1t- , etc.) are n et  part  of
the scanned imagery , they are an in tegral  pSY’ t of the I i t  ~1t i maN e : ; amid , -fr-

such , contaminate the image statistics4 For this ra ison , we elected to worh
with that portion of each image which war- between ~i;e 11 :- c and lower d a t m
blocks. Specifically ,  the central 512  rows (scan l i n - - : ;  ) ~~ each I r ime4 )- mV ~IerI 1

used. Moreover, there appeared to be li t t]  e u~ .ib l t ’  Iii  in abou t the f i e -et
l7~ columns of each frame . This space containc’d a l11mrd-: ~n ’ea and a rap’ion ot
asracenti serious “ring ing ” transients which ~mppe ic to be a function o~ thc-
pae --~ieu1ar sensor and probably could be corrected throu Th ad jus tmen t  (S t h e m - 4 ) i -
w ;r-e elec t ron ics .  For this reason the first l7~; columns a ’ each j r -~~’e wcm -o
mee t used. That is , from the ten images A~ A -\0i—1O , for t m ~n :mm n pi c ~ , we sd - a t  c-I
(2 12 x 850 i : . : elm -m ) images which arc re ferred to a:; AA .-\A l— 1O , rrspect~~v e 1 v .
N- -t s  5 , C , c- t - . were edited in the same manner.

From the available images , 30 frames were  selected ~‘m O m l a  1v:~ h: ~h :e
is e f f o r t . These frames were ~olected to In- of s LI;; l u  SCa~~O but rt ’ p ’ t -e - n t —

a t iv e  of the variety of image quality and target co: :bin i m m ; ;  j~rs’s ’ mm t  . fi ~’
c-I c-s n-i- i ~~~~ Ii and the - mi ’ m ’, s -t: ; conta~ nad w i t h i n  the  t~l.

1 x N50 - I rr av SI I I I T

h ;tc d  in ‘i m b i ”  t4~~l.

:‘: 
~t~

-1~ l J ( ) ~ . n ~ a I i - a m  a !  it - t tm - s !  I hI ( f c -  1 I V - I 11111 cl .m

s d - - - - a:; h - i . c - F t ii : -  d l  C a t  a m - I - inc - h i - - - I in t ‘ el; h-~ C

— 1
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FRAME NUt!~~~R TARGETS

B00004 Tank/ S
B00005 Tank/S
B00006 Tank!:;
B00007 TankfG
B00008 2— 1/2 Ton Truck7:~cooooi APC/S; Tank! E
C00002 Tank! E
cooo o~ APC/S; Tank/~ ; 2-1/2 Ton Truck,~
D00007 APC/ E
D00003 APC/ E
E0000l 2-1/2 Ton Truck/n
E00002 APC/i ; Tank/(3/t~ view)
E00003 Tank/(3/4 view)
E0000l+ No Target
E00005 Tank/(3/4 view)
E0000S APC/E; Tank/(3/4 view)
E00007 2-1/2 Ton Truck/E
E00009 APC/E; Tank/(3/4 view)
H00005 APC/F.; Tank/(3/t~ View)
1100006 APC/E; Tank/ (3/1~ ~‘iew)1100007 2— 1/ 2  Ton Tru ck( (3/4  view)
1100003 Tank/ ( 3/4  view)
1100009 APC/E ; T a n k/ ( 3/ 4  view)
1100010 APC/E; Tank/(3/4 \‘iew)
K0000I4;~ 2—1/2 Ton Truck
K00005 Tank/(3/4 view)
K00006 APC/ ;
K00007 APC/ E
1(00003 APC/E
K00009 Tank(3/!f view)
1(00010 2-1/2 Ton Truck
L00004m’: 2-1/2 Ton Truck
L00005~ Tank(3/4 view )
L00O06~ APC/E
L00007 APC/E
L00009 Arc/s
L00009 Tank(3/4 View)
L000 10 AP C/E

Table 4—1 Images and Targets b -h ik ing  Up Data
‘ita- four asterisked frames maPs; ur time design ;a’t ,
while the remaining frames comprise the test :-:- - -t .
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4.1.1. Image Quality

The FLIR im ages suoml~ -:’I generally used a relat ively small portion
(< 50’~) of the full grey-scale range ( 2 5 6  levels) available . This
suggested the use of contrast  expansion techniques in order to make
better use of the display h ,-nameiu range a-I to achieve ve . -ual enhance-
ment.

The range expansion techniques ment ioned above also tend to amplify
noise within the image. The effect  of the  noise ampl i f icat ion  is to
mask partially certain of the t-argets in the  im agery and to make most of
the contextual information in-distinguishable. It was also determined
that certain image noise disrupted to an ex t e n t  the effective use of the
target boundary detection algorithms.

There were at least seven types of noise, loosely described as
follows:

1. salt and pepoer (sing le pixel , hi gh contrast), -

2. ripple (a hi gh-frequency modulation along most scan lines) ,

3. ringing (a strong initial transient response on each line),

4. streaking (the  absence of scene information on certain lines’),

5. herringbone (a high contrast interference pattern ),

6. undula t ion (a low-frequency base l ine shif t ) , and

7. random (thermal and/or detector noise , e t c . ) .

~ . 2. IMAGE NOISE ATT Tih\TIO~

It was found that noise types (I)  and (2 )  were both bothersome from
a visual observation and a gradient detection standpoint and amenable to
simp le f i lt er in g .  Cor. sec-aently ,  the image data was processed using
algorithms desi gned to sup~iress these tynes of noise . Th e frames ( for
1(00010) shown in Figure m ; _ 2  through 4-5 are USe(I to il lus trate results.
F i gure s 4—6 through I ;_ 9  show a portion of each image d i s pl ay ed  without
the picture reduction (resa noling at integ-ar’ spacing) ur-ed iii Figures t~~
2 through 4-5 .

The processing carried (-at here results  in smoothit:i~ of the o;’igimm.i l

data  and picture reduction . These technic~:es can be a~ee1ied here bcmcau:;,-
the original data was I ; i a h d v  oversampled C ~?.5 x the Uv-utst rate). If
this had riot b e cmi the case , tiCs the tactical targets m ;o u I I  have su l t t t - n I , -d
f ewer picture ci en~-nt ; ;  ~- n t  the c - f t c - c t  th a t  the  noise at t mnia ion te~ I m—
niques would degrade (or - - : : n -ve )  them also.

The fm-ar ,;- -: ; ::t;o;nn i:. thi.: rae-o at  w e ; - -  ;d. e~ c ’rap hned a:; I : t iyc-d an fL-
DICIFER TV m - e n it o r .
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C . -~ .1.  01 i — f l ~- :  Removal

The ~-ah  sad pepper n o L - -c was r ’oevs - I  by the ;:c-pi i -  ~t.!-.-rm of a
s L o e  n o n — I  f.near spatial f i l t e r i n g  i-ant i i ; — a e a l i - - d  -to a 3 >: 3 neigh—
b caboed about each p icture c i  c - se nt  , cal .h-~! ~bld-- kot i t .  - -ovel”  on DICIFER.

~be d i f f e rence  b etween t i m e  t m - a:J value c> f a ‘ lyon p icture
c _ -can: :-i :-:-e h -aid the aver age gi-cy v a lu e  o~ its eigh t  ad ~ceu t m ; e i ; .,l rbor a

ca lcu la t - - J .  For each pixel for m-d :!ch a r t a i n  threshold was exceeded ,
val:e at that  c- .h seen t: was ch a t - - I  to the  c-vera 

- 
a of its n e i g h h a m - n

t~~ csbold vai.u~ of ten was u t i l i zed .  The Cr imes shown in T’igures 4_ 3
ant ::_7 reerese:it the result of this processing.

The :ec -e of this c-nd ;;ubsequent processing may also be seen by 
a b~- -i -sn  1in~ pm ’oai h-s presented in Figure I)  — 1 C ’ . These pro—

i le - ~ sh c -~ i ::s-::sity as a funct ion  of position across t h e  s-ac -n l ine
m d i  :~~:-a l a  v~ the ~n-r ow:: .i0 frame Klb~~l0

--b -. s- e 1  of I l t g h - C m-os ;- aencv kipole  Ff fec t

mT -si:; l i m l i c  m t - -I a ~vpe c-~ noise which was oresent in most
— 

- the  -c a- . • - - a m-a i~; , a cha ract c r i ;-t i c  f l u c t u a t i o n  of f -P e ~ levels

~;~~ - s s -~~~5 C C  a: ~ir : e , m . hi . I ems ~o h -  t i me  result of a FLIP ::y:-; te:e
fa a :- - a- - 

- - am r i  t-h a- I h a rm :i PL~55l t o f t h e  ac tual  gr ound  temp er a—
a; - - s .  I - : r e-: . - - ::aw ol t h is  “rim-cL ” e f -ct  is fa ir l y  un i form i .Iocg

cc mn 1 : - 
- 

- ‘ ~- mi C hom ;t  tIc - i r-:age; however , phase ca r r e l  at ion tends to

la st  r a n  c-n a ‘ - 
~~

- 
~~~ ~~~~ :sa: I it:ude have a miot iceahic pat te rn  whereby

c - - h — t a  —~-~ aP I ~~snccs ar e  c-- rn- ra l ly  5 to 7 p i xe l s .  In am-Icr to coma—
:am’ ; Cs e f f e c t , t sb: .l - ; i i m -c;’ filter was dc-’::: - I  mdi L i 1 aver—

a - - -I a -r~ ~~~~~~ 
; - - a ks am ; d ‘a l l ey s  along ~~~U i’S of scan l i m m e a , using

s I-C - .l ; i : t e - : i Smooth” r u n c t i o n . Tha t in , an image w h i c h  had l-e~-i -;
o cess-,-~d I -- a C o  Odd—I )ot Ib~ oval is nex t processed u ::lng the wei ghted

~:arc-r sho~ o I- -low :

1 0 0 1
weighted array =

1 0 0 1

lh- -~ result of ti; I a proce;;’: u i 1  is to a t t enua te  tIme ampi i ale of the
- l c : t a a :icns  and to provide an i ;na;-e in which tart’et —to --t-acP f ’r’euim sI

a a.;-t m-as: rat Ccc  appear im -;
~ i-e’.- - -J . b-~ort -oy~’r , the re:-;ul t ;g .  i m :;~1ge :: v-rae

a ass id-arc-b.h- enhanced for v~ cw .inC p irgcs es , as they pl ’e:- - n t  - - 1 l td t c - m
Ia t ies and 1 m apro ~- eI C-ant e x t  a . 1 1 h ick~-ro:m nc1 di a I i

he fa. —‘a shown in Fl itt: rn:; I ;_ 4  an d  4-  f l r -pmc - ; ;en t  C e  m a - c u l l  a
of - -a t ial fiI t - -r- .i: I.

I ) - 
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4. 3. CONTRAST i IAN C~~Ihk T

As has been previously indicated , the digitized FLIR inc-p-el y
utilized only a portion ( < 5O~e) of the available nyste:; dynamic range .
The effect is that the images, when viewed on the TV moni tor , have a
tiat appearance. AJ~ ustiiig the gain and bias from f ra me  to franc is
useful for i;.u::-o-a sg ircmcpe :;:-c-earn-mnce. So as not to bm ;sdeim the already
busy operator ’ ad fu tu r e  1’SIC exploi ta t ion systems fu r ther , such ad jus t—
m i nts should be a u t o m a ti c a l l y imalemented. To cmcco m dtish such adj ust--
r e n t s , we L, ’:-e~~~~ad fun-atlas;; available on PICIFER . ‘ihat is to say,
dvn ac ;ic  i- in , ~- :-gcans ion tc-cCsiuues have b-a~ rm implemented which modif y
Is- ~n :)u~ 1 : . .t -~ -e~~ ith cha:mC~ s in gain and bias , slight clipp ing at tlme
darker end o~- th~ isa-e bisrograma , and acme saturation cm ; mong the bright-
est image ~-otsts .

The transfer b -.:nc t ion ;:r i l ized to p- :-m ’farn this tyr’e of range chc-n,Ce
is schematieaf!-.- f l lus: t’at-e.~ in the di.~ ermn of Figure C~1.

255 -

J 

n . 5-~- of ~O c-- c p~ xelc; l i a ce
pl ay values I c-a:; than cm

- — 0. a -~ o.f I tic-ge p i xc I s hd ye

grey values fr- t -ater- than  ~

0 
___________

0 255
a

i ;— I  • fcc -na : cc : im ic : t i o n  Used Ic-c Range - C! ;  1 mg;!

The effects of the 1- c -m a e change proce sair ;g err ’ to enhance the
contrast no a:; to d X c ; lciy th e  spatial  d i s t r i bu t i on  of -f ~m ;-ge t  in t e n s i t y
more clearly ar id consist c s t l x . Target—to-back ground contrast  r at ios  ,ct -e
generally i r a - r oved I:; the au~~put  image .

The fr-sm-c;’:-. shown in  IC g’sre:; 4~~5 an i  ~~~~~~~ reprenc~:mt I ; -  - rca;: 1 t of
applying ti ; - ra:IC -e ch . ms~s’ a h.:c.rithm to tb- - simc -tial ly f i l t e r e d  ye ; - :: ic ’s  0!

1(00010. TIm - c i: :- ; m ’e b i : ;tca -rna :c. ;  ( ~~~~~~~~ c- r occurrence V a .  pms ’~ I O V - ’ I
shown in F igur - ;n  4 — 4 mae - i ~— S ~ rc-v ;

~Ie i 0; a qu m nt i tat iv , - cc-:’:0 t l ’ .r ;~c’n
before and a f ter  C’; ’oceac i - 

- - - ;mp l “a , as do time r a g - c  I I ye pt-of~ icr ;  c - t
i i ~ -i ir- - - 4—10.
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4. coI-P-I 1- :N T CC ON P R EP R OIPSSTN-  C

The algorithms c-ppliad to the  FLIP imstg- .-ry to achieve noise atten—
c-ct ion and cormtrvist c-n mtu:L : ; :er ; 1 have b~- cn fIe;;o~’ibed an I i i  luatrateci . A
second example of this processin t is iliuc tr amach for f;-~a;e C OO 0O L ~ in
Fi gures 4—13 through 4-2 0 .

As a result of the preprocessing irep iaaent; -d here , most of the
s a l t —a n c h pepp cr and th e “riprtle ” type noise m-;a ; susreecsued , arid tar- get—
-t c—b :mck ground contrast was normal ized.  A more complex f i l ter in g  t c - C - h —
:lCUe might have been even micra effective~. ~~~~~~~~ s ir -  ‘i ici ty of
imp lementat ion considerations ware h ;eav ’~Jy  wci -;-f;e d , and I umthei- in—
traovements would not have s ir ni f i ca nt ly  inf l : : -~::ced nub se sant proc- -

s c oi n g .  For this  reason , th~ preprocessing sI-e s descr ibed  here were
a c h ed to each of the 39 images in the [c-ta :a - -t -05100 cc’ t Im e anp i ic-a—
t i on  of boundai-y detection and encoding procc~ ses. Tb- se processes wi l l
he described 5rm the following subsections.

U • 5~ IN T ROIICI - f ’I I ON TO TARIC CT DETECTION

;- ~.l. 01- ect Detect ion

The l’rohi em of objec- d~’ tection is a ~s ~‘ broad arm-:, with no sln [ e
cc: fut ion or c-I C-cc -c-lob. The f i r s t  aspect of rC: i s  ;‘oblcn ‘c-as to ad c-c t
a: iteria for cl istinguisiein :-, on object from its I c-ok-groan .1. The gcmm ~’rc-l C
foreground—back ground quest ion  is an extremely subt le  c-ne , since there
rc- mcany p otc -n t ia l  d is t inguishing charactor i ; :t ics  avails i-le .  Foi ’tu :mat cC y ,

m a nt  ic-ages bc-va a few m ; i m : m c L - - characteris t ics  m- :bich c-re s u f f i c i e n t  I or’
a~ s t inguish i r -s; an object .

4 .5.2. Ar -c -c -ac -abc s Investigated

The FLIP  ~!a t s  was carefully analyzed to determine  :d:ic:bm c1; t m ’ c m c t ~-;’ -
C atlc~ could 1. -c used to obtain a good object—background aep ;m;-cm t ion .
Several d i m  ~‘- t c n t  approaches were invest igated . One c-p - soc-cIt used local
area Stat is t ics  to decide if subregions 0F the im::age contained target-
sized ob jec ts .  This approach is discussed ~r ; S- -ction 5. Another  ~m p s;-a m ; - h m
investigated was the use of the bri ghtness I-av -?1 (or gr- - y value) ci
c-b] eats as the d~ scr~minnting characteristic. The t c u i - f c  tu in the FLIP
d ;tcl ar-c , on tb -a average , bri ghter than their h acb groun  Is , however , the
c-se of level slicing or I ’rightnm�s ;: t l : r e a h ; a l d C n I - . w i n  not an effective

et hic - I  due to variations in overall. hrightmra s; levels tb ;- -su~-bm out  and
h -:-tween i::;;; -~ .: . The ~mupr~amclm finally chosen for object :1 -tection u:c-I

bri glt - rs-::s difference h- - t-c-een obj ~ect and b;mckgrcimnd . Th~ s br i gh t—
mess d i t  t -.-r~- uc-e is dc-N ’, - t e d  as a f l - e \ - — lev- -l gre1 lent at the c-I f-c or
l-c-andary of  an ob j e c t .  Tb i :l choice we:: also influence ;! -y the av a i l - -
.bi .l ity of yr-cl ient det ec t i on routines on 1 m J C U I I C .

4-6
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6. EDGE DETECTION

The purpose of an ed ge detection routine is to detcrni::-a tl:os -t
l:-.~ ge points tha t  are on ob~ c-ct—ha ckgroumI a-r c u m I i c -r l c - s .  In  a
level image, object houn-Ocricm-m provide a grey level greJl -mm t du e to
di~ b roncos between the ; 1-~1c-~~ brightness of an objec t and its Em-cL-
ground .

Two basic varieties of ed ge detection routines exist on the iITf [FICR
sy s tem . The f irst  and si;::alost routine available is called “Po int LOge
P-oteet ion” due to the fact  that it operates on a point cccl the im:::::m ’diate
nei ghbors of the point. To review the operation of the algorithm , let
us represent a given pix-a h and its eight ne ighbors as fohlow~ :

1 2 . 3
S I -

0 .  X~~~ 4 -

7 6~~~ 5

uc--I’c- X represents the pixel and the numbers 0 through 7 index its eight
c-’lglrbors. (icc or more of the nei ghbors must  be used for calcula ting a
gr1mdi ri~~. T I ; -  simplest ~- radien t  consists of the absolut - .- differeomel-’
h-etween the value of pixel X ar.d tha t of one of the selected neighborii-;g
p c - In t o .  Variants of this algorithm would calculate the sum or maxi;;:m;:-
~ absolute differences for several neighbors.

- - 
The “Area Edge Det ection ” routine extends the Point Edge concept by

considering a large number of the neighboring points. Again the nutmther
of points is controlled by the user , but in a slightly d i f f e r en t  manner .
Consider the following cllagroma (Figure 4 - 2 3) :  

I

~~~
- C- [-~~~

N [ R

_ _ _ _ _ _

P - - t t e -  -23 I I -  - i -t iC ’ - a d - ’- - 11 : - I  I cm- I I i  ~‘:mt ( - i l  c~~h a t  i c - i t  
-
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R , R’ , C , and C ’ are rectansc:lar arrays of poin ts w i th s~’as i t  ~ed di:::,- r m—
sb us of M by N. Each ’, array borders on the central J-i :- :~-] X . For c icti
X , th e average va lue for each of the four arrays is ca l ; :a lcm t i d  -ac-:l 1 i m ~ -
two absolute d1f f1 -rmnces of these values , 

V 
R ’ I  and JO — C ’~, a r-a cv i i i -

able to be compared to a prc- selected threshold for m ailing an (;OC ’C-

p o int/non—e d~’gi-poin -t decision . Var iants of this  :::ch, ;;, c - use e i t i c - r  t i c ;
i : ;- tx i : aum d i f f er e n c e  or the sum of the d i f fe rences .

Af ter  tic ’ gradient 1cc - cm beer: caldula-tc ’d by one of t I : - -  p r e v ic o o ly
d - - : - -:cibed methods , both ed :c detection r outines simi pJ y cla ck ti:o gr~t —
cIT - m i t ( s )  c-nd compare tb-c-in t-: l -t lq a preselected threshold value . If- - -the
hCractient exceeds the threshold , the corresoonding p ixel is labelled “ I ”
( dge point ) , c -t l io rwcl se  “0” ( icc - n—ed ge po in t) .  The resulting b i n a r y
inc-ge is then available for analysis.

4.0.1. Considerations for the Use of Edge Detection Algorithms

The Poin t Edge Detection algorithm suff ers from two probl ems due a
its method of calculating gradients.

o Gradient calculations based on onl y a few neighboring p ixel-:
are often sensitive to image noise. A noise point could
devia te significantly from its neighbors and would tlms-re For1 -
produce a detectable grey level difloremmoc . Dc-pendi ng tipo:;
the magnitude of this difference relative to the selected
threshold , a false ed ge may he in dicat ed . Should t h i s  Iccu ’a
frequently ,  the  remainder of the object i d e n t if icat i o n  iieecc-:s
would be greatly corplicated due to the false edges.

o A second undes ir ab le  feature of gradient calculation Ie:m ;ed on
only a low nei ghboring pixels is its insens i t iv i ty  to a “b r -c-c - i”
ed ge , i. e . ,  an ed ge that is several pixels wide. In this
case, since the Print Ed ge routine is r e s t ric t e d  to time immed i-
ate neighborhood ci’ the point , a distinct contrast llotc;pen an
object and its back ground is completely overlooked . Ins c’~td ,
the gradient  c -crc - sc  the edge is measured which m:amy 1 - - very low
and which icc-v not exceed the selected threshold.  Icc -iced , it
may h-c so low at sore points that  it is we ll  below t i c -  imo t : ; - a
level , m ac -kin g  i t  i:-c--ossible to 1, - tc ’ct.

In compari son , the I L  - t I b I ge Detec t ion  al g o r i t l m i - -  i s  U-cs ; ;em :si t iv , ’
-to noise he ccm m- - of the cc -ac: - ;-~~ng e f f e c t  and more c - n a - t i v c -  to lc-’o l, l
- -d g es  because ol tic -a l1mr s , r  m o e  concid- -r c-d .  This  T i  e. ‘- ‘c i m i l v true
concerning t I : - ’ t ’LIR data , c-N i ci h1-m s a v,-i’y n o i s y  back c ’, rau ;;, !:: and ic - i --

Lue zy ” t 1m:-~~- - :  s. Th ,r , c :ct : , 
, the Ar’ea 1b1 c~e Detec t ion  i- , - u t i i m e  w~m c clc-:: ’n

arm the best n- - it s av.  i i ’ i ,~~~--. “ I T T  I ’LL Is- ;’ c-li ~- ‘c-t de l i -c t  ion .
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Lt . 7 .  APPROAC II FOR FLIR TART bT DE TECTI Ot ;

The sequence of DICIFFR routines that  1cm- a been usc-il to c a r - f o r m - : tIc-
t ar -get ~-ueing , s tar t ing from the input of a ; - i ’O C CSLLc - - i  ci , c , -~ , i::

cC-cms - icted in Fi~~ur-e 4— 24 .

The FLIL data were found to be over t ; : .: led in termc s of i m c h c - r ”--n l
re - ;olution . Therefore , a d ec ica t i o n  of ti:i - it-cage was t - : -r fo r r :i-d f f - J er ti
use of the Area Ed ge Detection . By keep i a s  only every f~r a m - t [ m  i-u:-: and
every fourth cclu:sn , a decircoted image we . : t ,-z-oilu ced i - mimi N .  i-crc; t r ot  ;~~~~ rN i’—
icantly degraded in image ic-formation corm tc’nt. This 0’ c- i::,ar:ed i m a c i s; — ; w a - cm
i::ucic easier to work with , both in terms of storage space ar:ci proccd-n: :ir: ,-
tisce , and may have actually helped decrease t Im ;  amoun t: of bIchpr: -nr;-il
r,cfse  p icked up by the Area bilge Detection .

4 .7. 1 .  App l icat ion of “Area Edge Detection”

The output binary images from an Area Edge Detection pcrior ::;ecC on
t ic - cm decimated images KYSP O1 curd C3SPO1 are c-ho c-mn in I~i~ ::cs es ~~ 2 i ’  c-nd i i~~
26 , respect ively.  As can be coen in these output  im - igas , A rm-cm Ed ge
Detection produces a thick bc-c :ndc -ry , usical ly  consist .i ng of no v -e r - i l
cixels. The advantage to th is  type of boundary is that  time boun .ic-may
tends to retrain comolete around the object . This is an i m o : - a r - t ; r m i t  t : - : - e c l
c-d arn features based on the s :c-,tiai extent of- -the obiect hc-u,-iC a :’i- - ., am - -
€-x : rao ted .  A gap in a b ou: ccCoc -y would cause features c-n~ck im s cm cc -lo ; ecl

- . area and perimeter  to become completely d is tor ted.

An in ro r tan t  var ic-d lv 1- c-a Edge Detect ion is the threshold
laud . The thm - esho l d  value ic: an input : ‘ m r mme -t er to the Area Pci ~
b-erec t ion  rout ine  and must be provided lay the user. TI: value chosen
c— i l l  greatly a f f ec t  the ou tset  image and al l  following results. Vhs P..
ot this proces;;i:cci we:; to cr - a -c ite  a we l l—def ined , unhr:’icccc bc-nail , mar
around all oh~ ec-t s while rcdc ;c i ng back ground rcoise to a mn in h i: ;u sc . Time
e f f e c t i v e  use of th i s  t e c h n i c a i - m  requires tha t parameters I ce selected
cchich wil l  pro-cl-do for the cs-traction of unbroken o b j e c t s  ~irc-unil t b - .
t ac t ical  t arget  shapes. Excessive  image noise or con t ras t  ver-h1 t h -n :
fl - Cr- an o b je c t  edge could cause gaps in [la:- object  boundar ies  r- .- i ; i - - l~
v-acid result in the calculat ion of uncharac te r i s t i c  ( i i  i c t i i - al.
t ar g e t s )  r acan -cr ec -ents  of c-ch ar -a and s in e .  I t  mccm y be psi . :cil l e t o  c - m ; : N

t eci ;n icues  for f i ll i ng itt s-mb gaps based on a priori }noc-Ned~,c- of
tm ’ge t s igr :aar us- - -;; - IIow~aves- , s--lace such m ,aa-i ti-ins do nc-f pr-c o-c c C
ex i s t  on DId Phd , such ho;::, d c c  extcc-r o ; ic -n t ; - c i ;n i  quest r’’ - ii: as: I i ;  -

tcr- future ic;v--st ’i gation ::.

C:i’j c-p th~ -‘I’c-VL cot:::i - - :  -c ’tions , a [C :‘cm -cO’ ol 0 ye] u :  i-cl ; 1 l io , :cm ’ ,  to
- -t th en -cm resr irr’rr .— cmn t n. N u t  is, ni t  i- -. :-:; cri ; n ; - ’ i l - i l  i : .  c - t i E  :mn -mi 1- - -~~-m , a

t ,c - - c u;-r1O v ; ! m ; - - of 1 0 g. i ii ’ S i-a m , ; d cc : : a to go w itl : a l x  sin - - g k- -i

‘ 4 — : ’ , ’
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by M = N 5 (as shown in Fi gure ‘4— 23) .  If the raa xhc - : : : ,m of I I - -k ’  and
lC —C ’~ exceeded the threshold value (50), then the subject p ixel  tiara
taken to be an edge point . Otherwise , the subject p l c - c - - i  m -; , c : ;  labelled as;
a non—edge point . Notice that  for large targets t h is  : ~- n I i ; ; i qu - . - i’ r- ~~~ ees
boundary edges which are several pixels thick result i t ; - , - , in  an ~: np c - r - ;mt
“doughnut” shap e being extracted . These values have p r -a - : ’- :m ~ c be t i c -
optimal values over the range of images that  were proces::-c’il. i - resson
that this one value was applicable over a wide range of i i cn ,mi ~es c-is that
the final inc-ga preprocessing step was a contrast no i-racil i :c ; t icc: . Tim e
contrast normalization had the effect  of stabil izing tic-c op t imal  grad ient
t hreshold value between images of initially different contrast. A
negative consequence , however , is that low con-t rast tar - c - f m  it, } ;i ph’m
contrast scenes might no-f have suff ic ient  gradient to exceed tic-a t ime - a s i c—
old , unless the target-background edge s-;as sharp . It is recor ms,e-niled
that contrast normalizat ion b- cm performed over smaller ( l o c a l i zed )  por-
tions of the image .

‘4 .7 .2 .  Boundary Chain Encoding

The next step in the processing flow is the “Chain 1Cmeed~m I t - c u m m i m e  lea ”
routine.  This routine performs two d i ff er en t  funct ions :  (1) t i m e  d c - t e e --
t ion and l is t ing of binary objects , and ( 2 )  the ex t rac t ion  of s - r e t i N a
object features.

Object bciundaries have been defined by the Area hdg~- Detect ion
routine but  that information is imbedded ‘in an image for-nat. Tn an
image (raster) format , each pixel is indexed by row and coiicn n , i . e . ,
its position only.  It is necessary to id entif y each boundary It - cc - cal as--
belonging to ~a particular object to be classified . “Chain Enc-.cle
Boundaries ” is a process whereby the sequence of ad jacent  p ixels c - l on g
an object boundary is encoded as a cha in  vector.  Each chain vector t in - -n
describes one and only one object  in the is-argo field . The date for’ each
chain  consists of a header block and a chain of link vectors.  Each l ink
vector connects  adjacent  n c - h i t s  on an ob-j ect~ s boundary , an d niust L ic--
one of eight directions , as each p ixel hc-s only eight nei gh bors . The
u n i t  vectors are then ordered consecutive ly  with respect to th e ir  posi-
tion on the boundary . Time header block cont a ins  an c i l l - cmi -y  dat ,c~ and
fc -atures  extracted fr-on the object ed ge dur ing the chain -n r o i l h r g .
Appendix A given a description of the boundary tracing a ’1 — o r i t I rm cm-
ployed by t Im e Chain Encode Boundaries r o u t i n e .

‘4 . 8 .  FEATU RE EXTRA CTION

Ohj  ect d c - ar ;  I f l e e t  i c r - i  schemes dc-p i - mn- l  on obj r e t  N - - m I  ur~- :; ci; i c - T m  ciii
i c -  compared icy various log i c- cm ] sy::ti-i’ ;;c . Therefore , ci ci :; : i ~ ic - t t t  ion
ci :ccuracy .i :; l i i -  it-ed by t i c -  f, - ;  fun-c; : provi 1’ -d to t ime  i ’ : -  . 1-C I t in  liii ’
l r , l R  data , oh ~, - a-t  ~s-i ::c c-rd :z icapm ~ , i - c - ] cui ; C 1- cm from l i i  :- i ’_ ’ r o ; n ’ : l y  t’, - m : — .
i r - - i f e d  o C -j - - ’- t  i i s - m c t m J c p j - ’ ’ ; , :-:- - c - - - this N- il imn - -m : i m n - ’ - m m  w}i i ’l~ t ) m - ~ ci i : : c - I f l i - c m —
I ion w in C ’ : 1 .  

~~~~~~- --~~~~~~~~~
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The Chain Encode Boundaries rout ine  discussed previ ously extracts
several features from each object boundary . The shape informat ion in:
encoded by the chain of unit direction links , wh i c h  do::r:”ibe the trace
of the boundary points around the object. This shape h:tornation ,
although a complete description of the shape , is not is: a u-table fort . ;
however, in addition to the chain l inks, the following s - L m t i a l  feature:;
are extracted from the boundary : ( 1) enclosed area , (2) t- -n i :-art - -r- , (3)
minimum and maximum row and column coordinates of the h o - : : : C cme y , (4 )  an
interior edge boundary flag, and (5) an edge-limit-ed Vt -e~~~ ir ~ flag .

A sample listing of the header information in the ci . i i i m  vector
file, C4CI-100 , is shown in Table ‘4—2. File C4CHOO is the re:;ult of
applying the preprocessing, edge detection , and chain r. r oding processes
to frame C0000’-l-.

4.9. OBJECT CLASSIFICATION

Once objects have been detected and f*- :-nt ur - -as ex tr ac t e d , one of Ir ’.~i::’,-
well-developed techniques for classification can be ur -- -cC . OLI’ARS , ci

subset of the DICIFER system , has an extensive re-ccrr t orv of n ’ o u t i m : - ’ ;  t o
create , test, analyze , and utilize various classification logic r-c-Iscm , cm .
It was decided that Boolean logic would be tin -cm most efIc’c :tiv - - type of
logic for this problem. This decision was based on two consideratIc-:mn :
(1) that the simple hypercube logic would be sufficient for the tVpiea L’~
features and classes found in the FLIR imaq’c-s, and ( 2 )  that  a Boolean
logic classifier could be simply and cheap ly in -alerronted in hardware c-nd
thus would be suitable as part of a FLIR system: .

‘4.9.1. Logic Design

The left side of the process flow in Figure ‘4-24 rc-sresents tEc-s
logic design . The first step is the selection of a design or train i-r-c-
se1:. This design set must be carefully chosen so that all class t\ 
are adequately represented . The design set chosen consisted of four
chain vector files containing a total of four targets. The fQur inc-p -s
represented in this design set were ~lm: ’il - ,cis i~ ; , L4 , 1,5 , and L6 , and t i ~-
corresponding chain vector files are shown in ; Fi gures 4-27 , 14-28 , i m _ 7 ’ l ,
and 4-30, respectively .

- - , The first software process involves; cr-eating time various cleunno; ic y
labelling the chain vectors. This is ;iccom: c ’I I shed by the u;-;er ai m I ~-r I ng
c- class symbol for each vector in the des i gn set as I t  is in d i v i d u a l l y

As a convenlent  shorthan d , t i c - c m  it icy  fr-o~ md, ic’I: a ii i-a s~-scca- c i in;; m yc-
- ‘ ori g inc to- ; i w i i  ~i bc i dentified C -cm a letter r c -n res rc t h -  the  tape and

a n u m i - - ’~ n - -~trvn -niting tic - i m :-Ci : ic y m , m i i mlg - t m - - :: - - on I; i t tap e. Thuc ;
r ,5 icc l b  bth i n - mg - - f t s - m m n -  I rem’-, t- -11’o L .
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d isplayed on the ter inin-a1 Although only a target vs. rmon-tar get
classification was necessary, it was lo~ iecmml ] ,y more com ;ve; - m L ; m m t  to craa~~-
five different classes. The five classes created were targets , flolse ,
markers, inside edges , and others ; represented respective ] s- by t h ~-
symbols T, N, i-C , I, and 0.

The target class obviously represents the tactical  t;mrl ’,ots and tic -
noise class represents Sr:;C1l Tt obj ects~ caused by bac }cground n o i s e .  Tlmc-
marker class represents the ;-raeCnic overlay of a cross -sith oxt ~cr ;dinp,
lines placed near the niddC,e of the image f ie ld . The i rmsid o  edge class
identifies those chains which are the interior ed ges of  -~~m e th ick bound-
aries produced by the ~rea h-~~ -cm Detect ion.  The “other ” category repre-
sents all objects not identified as one of the previous four classes.

The next processing st~er was to put the information contained in
the chain vectors into a forra t  which could he subsequent ly prc-cessed by
the logic routines. This rorsat is a measurement vector ; the following
seven measures were taken (or formed) from the fe~ tures iii t ine  chain
vector: (1) Area , (2) Perimeter, (3) (f’—irineter) /Area , (‘4) Width , ( 5 )
Height, ( 6) Edge—Limited C-b arker , and ( 7 )  Inside Ed ge Marker .

The next process in  t ic -cm log ic design involves the evaluation of the
ability of the different fe n t u r es  to discriminate the various classes.
This is easily faci l i tated b y various OLPAk S measurement evaluat ion
routines. One evaluation technique  is to employ a mult i~cmle h is togram of
measurement magnitude for each class. Figures ‘4-31 through 24 35 show
such histograms for the f in - s t  f ive  measures.

After analyzing these h i s f o , rc-ms , a logical Boolean expression was —

developed for each class , cc-c c-ant the “other t ’ class which contains all
vectors not otherwise c l a s m — i t i e d .  These expressions f o m a  the c1as:~i f i -~
logic and are listed in Tc-b ie L_ 3 ~ The expressions are then entered
into the system to form a f t-c l ean  logic tree which is il lustrated in
Figure 4—36.

The f inal  step in th e  lc-,;ic desi gn is the evaluation of log ic
against the data on wh i c h  it was designed.  The logically assigned
classes are compar ed to the desi gn set labelled classes , c-nd a c o n f u s i o n
matr ix is generated as sC:oc-sn Inc Table 1)_ LI . .

)~ 9. 2. Cl a::;i iicc-tion bc-c ~c fva lu ~m 1 i on

The r i g ht  s id e  o~ t i m e nro cess flow shown in Figure i4_2’4 consist ;- ; of
performing the cl_ a:;ni C C c - t i - a s  and CUOSIt ;. Di the targe t’ ;: on the F [I R  d c - t a
m- m e t , .  The f i n - a t  step t o  c;- ,- et e  nc - c - cu:  -~s -ant  vectors as in  t i c — -  log ic 
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d~~~ign , but icon unlabelled chain vectors. These measuce-::ent vectors
constitute the test set . This test set is thin~ classifC- -d by tine Bootean
log ic classif ier  previously developed. A routine is Lhe :m used to labc-l
the chain vect ors  in accordance with the corres~ on-ding na- inurement
vector node - ‘ ignments .  A sample header du: :~ of the  C C , c S c -L f i c d  chain
vector  C4 is listed in Table 4- 5 .  Another routin e was used to gener at e
an image dep i cr ing  edges which had been n - L m n a i f ~ ec1 into a given ~~~~~~~~~~
as an aid inc assessing the value of t ime c lass i f ica t ion  lc- ic.

‘4 . 9 .3 .  V i s a i Cueing

Visual cas ing  was accomplished by overlay ing the baccndar-y images of
the targets and, the original image on a tel-avision disptcv. This  display
creates a hi ghly visible ou t l ine  around -the targets , as i l lus t ra ted  i,n
Fi gure 4—2 2 on image Ct í . The ;n se of t in e rout ine Binary I’1 icker , whicln
flickers the binary overlay on .- mn d o f f  at a user-presci~’i -J rate , pro-

a v isual ly  striking cueing cchec-e .

L : . 10 CLA SSI FICATION RESULTS

The r e su lt  of the te :;t  ;;-~t c l an ; ; i f i c . m t  C ca m van ;  the cn: ;-ect i don t i f  ~c a—
t iom for 35 of ‘43 tactica l t - m r - f e t s  n 31) di: ~‘i - ~-nt ~;;a~ es , wi th  on e nc -c —
tergea cc.i sc l n a si f ie d  as t a r - c t .  F i m m m n - cs ,~- 3, ( n — I )  n - i c - nw the d~-c in*- :;
isay-cs  , , c-~~cr ~~~ -d for ecm ’ alm class in tn- - nc: -- - SC F ; , m I ; ’ ~ S ~- —~~~~~ (a—c) c-Cmos
th -:m d-~ci s fo~ ice ~-cs Ce n e s - I t  c-C from fn- m:’ . -~ “4 fu r  a l t  ei~c-~.—e -m , t - 1r 1’;-
class and other class, re::~- - ’ctive~ v These Ic -~ C mm ~on ~~~~ - c - s  a r c -  the
d c  crest v:c.’ of il l u s t r a t ing  tim-a  r~- m n m C  tn ; of t hc i  t a r g . ;  I’ c:n - - m n g  r esult s .
A tabular listing oF thc- results by hat -a h t s m i  m a n - c  I cc :- - I : ’ 1 n - c - v C - C - -J
in Table ~_6.

‘4.11. ObCLAISIFIED TAi~- 1CdT: ; A b C )  }.SLSS p n 1 - A C C ~- C , ;

The c l,a c s i ii cat i o n  n :chc-ct~ extemn :I. -J well  to new cl - i t s . However , an
,- se;--d~neti- : nn of t h c -  incorrectly classit  C ’:- l 1 ,-nnf c-ts cc-ri C i  C U :n i f l d t e  t hose
cr03-asses o± this  scheme ic c-s-;t  sub lect  to i c n - o b l e m a n .  i ’ im ’ ; ccae: ;  4 _ 3 ) )  t l c ; c - ; m . C :
‘ 4 ’ 4 3  show dc-c i s l am images of the nciss-c d t mc - 3-tn. The t . -: of I - -icii t :n ;‘U5’
sac -m s tho bo sml:.r i ,e , s of c-li c l :msmm -~nn in t i c -  ir:5 1’o I sc-nv , n - d n i  C e  t im e I~~t t. t ~
of each i guc--~ shows the “oth’mr ’ class (overlayed on t i c -  .i u , m n ’ c - )  hit a’
n- ; C:I cCa all n l s a c - d  target boundaries f e l l .  Three of thin C Cve -: 1 s- a  -d

- 3-c to overlap 1 m m  ‘a-ie€ n the c- c a m l - -  marker f, :aic I m ;  c ’ inc - i C li -

-g e t .  IC. -:- av:-ri 
~ causes an obj cot boundary to be h - i  m m d  w in i  a t :

: - ‘n e s - m n t - c t I ye of ne i t h c - n~ markers nc-c t a r n - c  C cm . The thre.- mi m I -c I i -  c - - a -

c- -crc 5’)  5:1, cud Pt  c-nd a rt -  mmhc nsn in C ’ I CC UC- -:; ‘I~ 39 , ‘4— ’rO , and ~~‘43 , 

Ih o o t he r  two n t : c - : - ’ - t i - c- - c t:; n-:-c -c- - - c - i s o  cl m ; c  I C ’  ( I i i )  m-t j~cm t s  corn —
~ h mlc - - w C t h  Cc- t ,tm’ 1’,’-t ’ to forrn c- nc - :m—t- nn 1 - - -t ~v t ’ - l - n I m n . I m ;— ’ , - . in t i n -  a m a -
of i’ -~~-~ in .5-n C ’? ( I i 1 t n m m . - 1 4_ c) ) )  t I ~- - t c - ; 1, - - t : w an ;  vec-’’ r I m  - ‘ t o a I t o  c-nd
t i c - p  ed a  :- C- - C e  : ws r e - c t  ir o n t OSncC-d c-n o~,’ -ci mac C .n n~ C - on m : m , C  - - - - - . C n - ic - -

Si (H  so ‘4 _ 1 ) 7 )  .1 ::tr- ’cn .,,, 1-sc -- i C r ;C1c;c - 1 111 ’- OV~~I )  
~“ ‘l  the I ( ‘ 4 ’

cccl c - c - - C  a : : o m m — t m m r 5 - I - n ’ c i . C t ; ’ y .

— I ; C 

- - - - -- - - - - - - - ,- - -- - _ - ~~~~~~~~~ - —----
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The single false alarn was caused by the marker combining with
background noise to form a target-like boundary . This false alarm
occurred in image frame 35 and is shown in Figure ‘ 4 L~ L ) •

From the examples presented here , it appears that the center marker
was an artificial yet important source of many problems; however , the
routine which appears to be the weakest link in the tot-cl process was
object defini t ion, as cerforr ed by “Area h lg ,e Detect ion ’ . That is , in
each case , the miss or false alarm was caassd  by arm i i ; ; C nv~~er boundary
defini t ion for the object.
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SECTIO!’h 5

FS’4’7CCER CONSiDER AT I ON S FOR ‘i ’ACCU ET L-ET :CT [ON

In ada! t : c  to the [‘r : -;~ m ;~’ 5- qU -nc- c- c-C ,-scribed in: Sc-cctio n ~) ,

f r -thor  cc -m sL - ,c -aa t lon s  were I’c - i - - regardirmq mi ’4er .itbncm~ m-: h~ ct m c- Iibht aug—
r -c-n: tha t  i_ -mac c -c .  In particular , precmcrc- e:cinn ;t C cc- ’I c riL’c - i~ s which might
bc i::c-laa,emt-: -± n o r  to the ed ge detect ion ;-c ’c c-c -s si :mv wec ’c- consid-mr.’C.
~~~, :rlccioms 0: chose and alternate techni ques ac:d d isc  ;sic-ca ; cor m c -c - c ’n —
icc-- their -mac--octation are presented ii t ic-is section .

5.1.

One important  consideration of any proposed software t o r m -n c : c c - -Icc - ’.
a C~ IR system is the executios t ime.  i’o be I : ’ : c t l c l t .  - I I V

saCcerc a mu st  he able to operate at rea l - t ime or near r- ’,-i ] - t imc- - r a t - -s .
0-rc a rethod ircvc - -- ;ci gated to improve ex ecut i c cn  t icmj was t h e  Uc- ’~ of - c-; t,i

sic-c’ji-a statistic:; to identify subareas of an ir n n~~c- which c-could coca ! m i n i
t cc”4ets . Those subareas which were i Jenn t ~ ~c-icd as not c o n t a i n i m ; g  t o t - -n-
t ici,  targets -ac-d C be screen ed out while t i c -  r es t  of t i n s -  po:;~~fl’la t ; r 3 c - C
cmra-es would C:e c- ea sed  on for f u r t h e r  procc~-;sin g.

- - 
This t n ~ of prescreen irm g was ir ive st - ii-mtod using tic- ’ “ 4;-,- - in’ ch”

c c -- c - i c - c c -  or. t i c -  CCII CIFER system . This ic - ut ic c- c - ac-uses a ~sc c t~c rc 1;uLmr w icC
a-arocs cci irs e sC a (or sequence of images) at c:’~~c c i f i e ~I m t - - n y c - i s .  The
s f , c e  of’ the irct ;-rval and window ~mre chosen so t ha t  a t c - c - 1 : t  fits ‘-c :ti”o—

c~;i :h in  at 1-asist one sub im cc -a - For each ;- ,‘ i :md c -w posit h c-n , up s -c l  C icc - I
c . a - 3 i _ r~c-nen:~ ,~ce calculated using the i c - n m - - c - - d c -t a  w i t h i n t!.- - window.

:.ceas-crers-c-m values are than cocnpc - ;’- -, Ii w i t h  their  e n ’  r C - ;;po rcd ilIT ’.
r m: sThlds .  If any of the rnl ;acurement  v - m i u ~c c - s t i s f y  tCs-~ ~;ppropr ~~m tI ’
th rac -  Sal-C , the m the  corresponding rectac: f-, ;i Lmn c ;ubim :c ; sg con ta in  c-i
t mr’4et.

The rceesc ,c r c-cc e rmts cur rent ly  available w i th i n  the C b - c - , r c h  rou t im i - - ai--

io-°t~ ic-idl ;c~-maa , standard deviat ion , medi an , lowest  ~, r ; - .’ value , IL I

t ’:-a-i l~ vei , ;‘~m n e  , and any user susal i- -J ci C o r - it I m w r i t t e n  in I - Ok - .
Inc 0cc-i-sir to C e  accepted the sub—image  m:-n - -~ 1’ - a user~~c- p- - - ’ I I  Cc.!  d i c ; t : m n - : - c -
f:. cc-: :‘re -iiau Ic-, accepted su b — i m ’ n ;-i - ’s .

Fi 5ur— -s 5 — 1. through 5—4 : :C m on ~ t i - c -  dausi a IcC c c  - m C r ’ . ic  I c - I  C : - t , iI L c ; 1 i; ’ - ;
d i f f e r e n t types of c ;ub mc’ - , m m c . i C y c - I::mm: 4 ’, I i  - : 1  !am -~! dovi :-

t i c - : :  r: :s,irc- ; n nt , p re sc r cce nC m ;~ wa rn - i c l n C - v - - -C ;-dcnch - ,1,irni - 1 I m - o ’ m 1l (I~ to
of the  ic -_ s i  w i thou t  e i i m n i H - m t  ica~ ccv i - c - s a t:: . ‘J’h C c i s  a simp] --

to C c-’ and i f  us- -cl c :Im ou i c l  m - , - d - i c - t h e  t o t _ i l  c~ - mt ~it m c c c

~ 1
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Tai ’c -t / o’’ ~,-c t  boundary analysis t c -’ c ’hr m lc ’c -ns  m;cr’o cc - _ ca - Sb - -c-c- C as a
means of c- Cl~~~~~~ :c,s t I I L ~ Ic - c - c c - tc -tr ;c-ts from I cu icm~m oc ,c ciii ~-c c- a - .  The ‘r-occ- ;5;
discussed cc-;: id not be i c - c l  -sce nt -c d wi th in  t ire scoice o t i c :c - - I f o r t , h u t
it remains as a topic of f u t u r e  in ter es t,  and of gao-c l c - - t c - : ;H ; i  ic -ja
target d et e ct i o cn .  An dJ I ’o :-I t lircmci c cl- scri ptioc: is p r o v i ; C ’ C  i n  I C c  fol-
lowing p c -mrc~ c n c hs.

The presence of a target within c-in ap;n -: sc-ar i u t l,cl y c; .i C r ;uh!  ici - d of
the imagery is generally accompanied by the Ciic- :co :!ai d ist r ib u t i o n  in th~’
grey level histogram of the subfield. h ere , one c- ode i - n  associated ;-ci th
the grey level distribution of the back ground c-c-cd the other c-ode corre-
sponds to target information . The p ixels c-c- -si separable i n t o  target c - mn d
back ground by a statistical decision theory t ’nresholdinC t echn i qu- si . ‘lice
threshold can be chosen even when there Ic; si g n i f i c a n t  on s c-lap 1’etw ~ e nm
the two distributions , and -the hirnodality is mi o t  obvious , as i n t l m , c ca -c---
of a low-contrast target .

It is assumed that the sub t ic i ld  sic- c- cc-m n be de t er c’u i :  -C from Ccc-n ,-in -,
t rue  ground scale. This can he d- ,- - :er-ninecI aomr m the alt i c sc s i d -r ’ and c - C c - - c c - - u --
~,c- :c m ;cagl e  ;‘:i’ttc respect to the terrain cur -c  :~~- -~ in t b - c  f i  ~

- CId of V lc - W ,
I :csc- ;ing tb -- acceptance angle of the c;on:;or icc use.

knob i,rc ‘4orr-mation can he n : mm ’iclC rn -- a l~a b , l i -  to the r~LIR ~ro:-m c- t imer ’  c;U l,’—
c:-1- . tec :s . One subfield should cors~-letel y c i c - c - u c c ’ m;cri  ice t i n c -  t d i ; i -  t p l c - ca :
s- -cc-n  !aa-Cgrcac;;d p ixels as well .  In the i c c -  C L m t - ;  v .i -. : im i i t 1  of t hc -  t c ’~’ -~
it  is h - -1 1- f u l  to assu me that  the background ~-g-ey level di- ; l c i i i c m t i i ; :; is
cm -:: ::cot ’rical about its noJa .  Fnrth -~rmore , ttc - n -o  w i l l  110 c Cs l iC~- l y  is-
c -c-aural ti: :ec, more background - i x e l a ;  than c-si :-~ e C’ pixels , ~ i c -wi  n m - ~ t c c c
C - m cC-rgroumd poin ts to have a d is t r ibut ion w i th  a c l C c ; t l n c t  peak close l y
cc -rc - -o : ;aon_ in;-, to the node . Thus , roughl y ic m l f  a! the bc - c - i  c I ’ c-c - C s
ltm the subfield should have i n t e n s i t y  value :;  less t im :in t i c - -- m .oJ-~ m r m d 1 : - m i t
c-h ove . The number of p ixels whose value is less than t i c - -  1 - m c C n -ro m m: - l
i~c- -sm k can be counted frcmnn t im e subfield I i I ; n  c c - C r am .  By ;C - , -m: : C - C  imi p ,  t l i i : ;
n ;uc ;chcr  and subtract ing i.t from the number of ica’lr ;  in IC -’ t o t a l  c c c:S —
f i e l d , ti-ce n ;ncb- - r of p o t e n tia l  tar-get p ix e l s  C c c  ca ,l cuTc -t---C . If  tI c - C - ;

i c c - m~c aeL ’ is sic- f ’C i c i cn t ly  large for targets  of in tc a re cc t  (c:c-- ,- , as a pc-c-—
cen tagc - ; of t ime to ta l  subf ie ld)  tb -c-n subsequent t~;rg ~- Cc cu - C ng 0 1-i - m r  I onc-
m o- sic - C ta)-: , - ) ‘ -c-mc e . Other;- i i ia - , i t  n-cciul _ cl be , m - ; c c m c - r c i -d t b - c t  l i -a - ’ i c c  ont ’,- en- .-
di:: t r i b u t  ion an d mc-) t r m r p c - t s  c--u f - c t s  in t I :~mt - icid -

If tb - ,- :- - ‘tc - - r i t , i a l  t , n r - g ~~t - ixe l  cn~i c m t  i r ; s C i i c - m t c ’ : ;  i m c : - i i ,  J mc - -c I - c c - - S n  -
, a

s t - c t C s t i c c - i . i -; opt C i n m 1 .  t h r e - m C c c - 1 d  C c c  cor ccpmit c ’:! C - - ,’ 1h’LC ~ c n g t h -  C - c - m c:c :n I - c c ’ ) - - -
rrc - ;n d cli: ,  t- r i c - u t i o r m  abou t t i c - ’  c r c - _ i - - , c rI T ic  tT ’c-Oc c 

~~~ I c - - c - c c - t i n - , 1 a ]  ,
r c e i y c t i : c ’  Isi ;c - j f l t C n sj I l~ value c-grai l to i i m l i  ~i - -  tot c-ci ; . c .  , w ) c- ’ m m  ci ;- ’
twc i c c- -: c a t -  - ‘4 C c l  m - i l c - n t  cn n . : c - n ’ - - c - c - c :  1 . 1’); C c :  t i . - -cc c :!moi J i s  usc - - C t a n - c c C - -

c-i h i n c  ic y Ian ;5 , --  around c -bc i cc- m a 1 <  ,‘ S t m - i ’ - - ! . I f  ‘tl :t ’ !- - c c c i - ’ 4 n m v

r~_ c-I

-—
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closes upon itself within the cnc-mbfield, it s  extent , ienh th , and r ; im ~11i’si—
sensitive features are measured. These are input to the detection, ~~~~~~
for a yes-no--maybe decision . A flow diagram illustratin~t th e overall
processing scheme is given in Figure 5-5. A detailed account of tht~
sub-image threshold calculation which icc - critical to tI~1c; t echnique i n
provided in Appendix B.

It should be stressed that  although the presence of a c-Ic c tacn ct-,;bl-
target within a sub-field produces a skewed or even hiic;odal d i : : t as i bcc-
tion , the existence of a target can not be inferred frorcn the I resecce of
such a distribution . However- if there is sufficient sycc:ccetry, it is
likely that there is no target within the subfield . In other words , the
set of subfields containing d etectable tar cysi ts , i . e . ,  unobscured i c - c - c - ge t S
with suff icient  contrast with their immediate background , is contained
within the set of sub—fields exh ib i t ing  si-:id or’ mu l t i —m , co da l  grey-level
distributions.

- 
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SECTION 6

CON CLUS IO!C ’4~ API )  bC f l OtCC-!EiI f lAT [ C- Ph

An apj~a-ciocl m for target dc-Ic -c-  t 10cm Ia FL ’SC d- -m t ; m  T ic - me -  b -c- c - i l  d e l i  m m r d  and
c c - c -t e d .  The ac aroach taken included tim e c,m c -c- of sim p le c-c -ic -c o rc mov il ,
ccarctrast n or t cc c - lc  nation , ari d c- i - -c - dlccrn t ed ge detect con ci croc - ith mn s . In
c-,±,l cLtion , a s1mp l~r c lassif ier- , h:ms ed on c ;Tm c c - c - cc c I , c s t ur ,-s c -:tc ’acte- I from
ob~ act hounclaric’-s was uac-c1 - Ti -me d e t ec t ion  accuracy üc - i c I i  CVc-’4 i-cc-s approx-
ic~~tei y 88% (38 out of 143 r-chCesentativa t a n g - c t ; ; )  wi th  cccly  one fal se
rIca-crc occurring . A false alarm was allowed ac:ywherd- in the  total ic -ape .
tic--ce of the f ive missed targets were contarccinatec-I wi t h  y c n p C .  cc- that
c-c c -c-Id not be present in -the video data . ‘i’he other t a-c- we dc-c i acted c- c:
“c- -otent ial”  targets but subsequently m i sc l c -m ssi rSed .  Use of a Il ob a i t y

established threshold was required by the constraint  of nbc a x i c t i n c ’ ,
software . Locally es tabl ished thresholds c-could have g ic’sc-; coc--aect
c - c - c -no n e ~s, Descriptions of tic-c algori thms and il iust r -ac. ic - crc of i-c-c-sits
Cer- ,i been p resen ted .

Dur ing  the course of this  e f fo r t  the e x i s t i ng  ca:- n i - i i i t i e s  ~f t i m - -
t ::ig~ p c’:stem were applied to the F U R  target cucming t -a -ab l tc -m.  It is
i:noa’tant to m accrc-Thea- that D ICIFER is an intc:ractiv ,c- g L - n :r a i— l ,u r p o c :a
:‘::c-tem with the image p rocessing ,  feature  extract ion , ac-h log ic dc- :-c i y, rc
- cc-c-ab i l i t i e s  necessary to solve a larg e var ie t y  of pro bic- c cns .  T h i s
s:: t m ~cc has the capabilit y for ~cu1t i—fi1e dat-a handling , :e rep rocc - :cs i c-~:,,
:c- c rching , mn-amsurement e> :t r a c f c io c c  and c - v a )  sc-t ies , f ea tu re  ch it s  cctl’U : tu c- -
analy s i s , c-c-c d c lass i f ica t ion  lrg’ic creation c-mncl ev a lu c -mt icc -n  ~ ~ d ig i t  i a c - I
i::age data i’rom a variety of sources wi th  cmc p Cic - c - si s  on a-c- :‘cetely serm: c , ’ l
i -  cc - ge rc-r . The target detect ion process dc -sc- - lbs - -C in t hI s c--c-port u t i l i : c~ b
c-c:Iy a relatively small port C cm n of the total  system c - a c - c - - i u C i I ,- c - .
l’c- :rthermore it was not cori cc-i J -a - o c T w i th in  the scope of t ic C s  o f f o r - I  to
c-c-c-c-ant DICIFER with special r-urpnse routiim -cc .

6 . 1.  TOPICS FOR FUTURE T PVL ST IC AT I  01-Il

Ac - i ; J i c - -- t - - c I  above , P T C I C F C F C  is a pow~-rfu). nc - c  - o r - c I T  cool . lIes - n c - c - ,
is not a ic ~m dc - m ct i. orm ~ o r i - c - c n t c - c d  cc yc -~ -n . T i c - : -  c -: - :- n c : - l e , I C:- - c - i nc - c / a i m c - i h y a t

r,,-,,ist cori t lnc -m n d y inter c -m c L c-c C lb t ic — c c c y c f  t o  dir- - -a t  I L - - :lc- I a i [ca -c f c c-c c - c
Cc-c-C ~aigo 1-I~ c-c to the n e x t .  The t o ta l  I i c - i x C h C l i l y  p r o v i - ’ - - - .C in DI C I1 ’ i ic -

it ‘~m~ ’y for the a i m - ! -,- cct t o  c-Ic t,-ac -i c- :, ar id  cc,cc rc - mna Ii . - r esu il:-c c- I
c - 1 ?C ’ f 1 c- c -  vaa-lo ucc ccc-xnbic; -it 10c c : ;  of I’ c- c-

~- csr c; to ;m d c - t m  c - - t - In I -~m rt — - i c—
‘as , ~l ic: f l  c - c i l n i l i t y a l l - c - a - - - I  fo c i ; : : - 1  c l I n g  t L - - n c - C a -  c r - n , o v ,n l , c c - c r —
crc-st nc r -cc ml c : r c ; t c o n , ar~cl c- -b y - -  d c - I - - -i on pm - o : ~I ’ecr - ’c -i w) i c ’t ;  clef i r e -  t h e  P 1 C C

d e l - - c - i  Con procec cc P - - a - c - c - b  - d.

1- 1
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Once tho c-~~~m.i c-r-c - c- cc c-:~; ic -cc scheme for a ~-c-c-t I c - c u )  c-c- c - c a- i~ ii - - I, b r :  , m c :
h ere w i t h  the FLIP , h’c:~. c 1- c - -an  d cf ined , t L m t  c r- c- -s Tic -~ icc app t i - - d  I - - a

cc-i t of I-c-st P - e ta  c -c -;i :;g t i c - -  DICIi ’i t :-~ sy c - t c - c -  ic-w-- - V e r ~, S -
. -c ~ DI CITII 1 icc

not oriented I c- c-c c- a - P p a - c h u c c i s m  rn r c-c c-c ac sing,  a-c-a l t 1l n~: throughput c
canno t be a-c -bcle - ; - - - -c - l . 11-c - i: - fac t  J irc- it ec- I t Ic - -  ~oj c - :r-- c- of cC n L c  w h i c h .  c- c - u) d  1 ,
e 6 t c c c i e n t ) ’ c -  pro cessed  c - C - i a ) c : :  t ic - c - - t c -- r - ; : c  of ‘1 - I s c- Ic - c - n ) . C c c  t i c a  r~- i c - c S ,

it is reco :c:c--e;’.hcd t I c-: tb -c- cc-accesses dec -ce l l  - -P in  l c i : -  a- pac t be I T . , C - ~- -

cc - c -r i ced  w i t c ic -  s ; c - c i c - i— r c C c -’p c c - - c -  :-c- r c -l le]  I - i ’ os- :aaa- r- un i t s  I -  c-; ccs css Inc ic-al
t ln: ; ic  capabil it - les of abc c 1-et ecticn oeh n ~- mo .  ‘ 11 -n b-; would  01)  Un t i n c - -  pc~oa -~- s s —
C i m g  of a large volume of 111k data .

t- .l.l. Real—tic-c c- F-c -cuen t i c - ;l  Processlcc- c-

As prev iouc -cly c1 - o scr iLc - d, t i c - c -  total  t - c - ’  . t c- Cet e c t i c - : c-  rocess cc-c c- -
sic ;  to of a cc- see d-c  of :- :ct c- - :c- c--~-c-ces . I t i - d n r c i r~ b l  c- tC . a c - c - T n  of thc .;
subprocesses C ; -  t- .csicaH y a r:-c- i f 1-c tc orb: -c --o I c- - - ‘c c - c - i c - n r c -  r e c - fm I i : - 1 r:g -t I c - - :ct
— 1 re lat ively Ic --cc - ac-ca :, l Ic -ac . lime sc-mt - ; ’nc-c :-c-ses a:c -c - -c - i c c - - I  t ) : - ~se r-: ps ic -c - -
rn -e n t ar c - -m it T : t ic -  ex- ,c - ec- t loc -  of the lcoumc -dary ch e i  n c - -n co di r c~. ~n ’.g c ~c 111-cc-n .
N ever the les s , inc ’ - c -t i p s : ’ l-c- s c - - iv .- 11-1-11 p c m - c e  c-i cc-ac - icr lu - C -  : d c -c -t  of h I s
contractual oth er- I- i : ch I - ecc t - ’- that arm i - I H c l -c-c-t be-ac -c -Ic - ic -p - , a-c-- c c-c - i c g  ‘

m - i t h m  for c c-c-~c- - ‘ Ic - c - - c - c) imap~ s can he il-c-Ic-il - c - - .r c - - cl to ur ic - e l  t I c - -ce mc - a1—
ccc 1-uiramerct s .  It icc c-r :cc-c-c::c -em-hc- cC that  Is [sac- i c - n y c - c - f  C ga I .11 c c : ;  T- ~- mc - mde  t c--
-nc - lu c i t e  thic feas i tc i t  i t  -, c-f t I c  I .. ap ic r o~i c i c .

Because cc - i cc c c  and sh are  c-cc-re the a t t rl i -c- :t - - c - c uc cc- d u l t i c :m t c --1v to
cc - c -p - n c - I c - c  I c -c c -g et s  fr- ec’a c c - c c c c -— t a r c - : - ts, it is a 1 c - , ’c- : ; l b n l c c  to c ’Xc’,c-c- I! some
di  c : c r i m i r c - c - c t i - : c m cc . : cc -h i l i t v a i t i c - i c :  the targe:  c - i c - c- c - . l ’ i m c - ; a-  c-c- - r - - c - ~ - cccc -~~cci
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APPE ND IX A

BOUND .~RY TRA C IN G A LGORITHM

Edge Follower

The basic concept of boundary tracing is quite straightforward . The
algorithm essentially consists of two parts: a scan mode and a tract~ mode.
The scan mode locates a boundary within an image and the trace mode follows
the boundary and generates the chain vector.

The scan mode employs a basic raster scan. Adjacent pixels in a row are
compared to one another to detect a change from background to object (or from
non—edge to edge). The input image is assumed to be binary. When a dij~i~r-
ence is detected , the algorithm ch eck s both pixels to see if either pixel h i s
been marked by the tracing node as a previously-traced boundary pixel. If one
has been so marked , the scan sinDly skips the point and continues scanning,
thus avoiding repeated tracing of the same boundary. If neither pixel has
been marked , an untraced boundary has been detected , and the scan mode trans—
fers control to the trace mode. The scan mode provides the trace mode with
the initial starting pixel (which is always taken to be the object pixel
rather than the background pixel) and an initial starting direction. Wh en the
tracing of the object is finished , the trace mode returns control to the scan
mode, which then Continues scanning where it left off.

After a row has been completely scanned , the program continues scanni~~’,
at the beginning of the next row down. This raster scanning continues unt M
the entire image has been processed.

Detailed DescriDtion of the Trace Mode

The trace mode consists of finding which of the eight pixels adjacent to
the present boundary point is the next boundary point and recording this in a
chain vector file. The scan mode provides the initial starting point,
I (x

0y0
) ,  and the initial direction link to the trace mode. The direction

l?nks are assigned values in the following manner :

x

-~~~ 1 2 3
y 

~~

- - -  -

C (x ,y )
1 

z.~

C 5

Civ. ir l y ,  ~~ - t i ,g  h~ 1 r c  i~~or~ 1 ~nk~ (with  an apj ) 1~opridte jump for the 7
to 0 t r d z~ -

~~
. ) 

~ ~~~
. ~ :~~:i:~~ rotat ion around (x  ,s’) . The trace inod ~

L.~~’. i r ~ ; by I~ ir.g ~x - I (A , ~
) , assnciateci with thc~ m i t i~ l dir ect ion

-. ~~~~—-~~ ------~~ — ---— .-- - - . -  -~~~ ~-- ~~~ -- - m— -~~ —~~
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link. If the pixel (A ,B) is a background point , then the direction link is
incremented and the new point (A ,B) associated with the new trial link is
examined . If none of the eight adjacent pixels are object points , then point
(x ,v)  is classified as an odd-dot point ; as such , it is removed from fur ther
consideration and control returns to the scan mode.

When point (A ,B) represents an object point , the value of the link is
recorded in the associated chain vector file . Then pixel (x ,y) is marked as
having been traced and pixel (A ,B) becomes a new center p ixel (x ,y ) .  A new
initial link direction is also calculated. At this time the algorithm returns
to the point (x ,y) , where it searches the eight adjacent p ixels to find the
next boundary pixel. This operation continues until the point (A ,B) found by
the search is point 10. Thus, the boundary of an object is traced in a
clockwise sense until it returns to its starting point .

Special Considerations

There are certain special circumstances which the basic boundary tracing
algorithm must identify . The problem of handling a boundary which runs into
the edge of the image is the first such circumstance we will consider . In
this case, the contour cannot be followed completely around to the initial
starting point. One possible solution is to follow the edge of the image
until another point of intersection between the object and the edge of the
image is found , thereby allowing the trace to continue . In this manner the
edge of the image becomes part of the object ’s boundary . It was felt that the
shape described by such a contour would he more misleading than helpful .
Instead , such “edge—limited” boundaries would be described by a special chain
vector which would have two end-points, each at the edge of the image. This
scheme would not include the image edge as part of the contour.

The most efficient way to detect edge limited boundaries is to use an
image edge scan. This algorithm initially scans the edges of the image to
locate all the edge-itnited boundaries before raster scanning occurs. As each
boundary is found , it is traced to its second point of intersection with the
image edge . If this were not done, a normal raster scan could start tracking
an edge-limited boundary somewhere between its endpoints. Then when the image
edge was detected , the chain would have to be reversed to maintain the proper
order, and then a counter-clockwise search about the boundary starting with
the initial starting point would have to be performed to obtain the remainder
of the boundary. With an edge-search , these problems are eliminated , since
the chain always begins with one of the endpoints and the boundaries so traced
would not be detected again . The edge scan begins by scanning the first row
and comparing adjacent columns. Then it scans the first and last column ,
comparing adjacent rows. Finally, it scans the last row, comparing adjacent
columns.
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The second special condition concerns retracing pixels. As men—
tioned , to prevent repeated traces of the same boundary, the pixels are
marked by the trace mode as they are acquired. However, under certain
circumstances, the trace mode must consider such marked pixels as valid
object points which should be traced again. This situation is most
easily illustrated by example. Consider an object with a dumbbell shape
as shown below :

The trace would proceed along the boundary as shown by the arrows until
it returned to the connecting bar. if this bar is only one pixel thick ,
then the only way to complete the boundary would- he to retrace the
pixels along the bar. As an indication that this has occurred , all
retraced links in the chain vector are marked for future reference.

Another special consideration is the case of an object with an
inside boundary , such as a doughnut shape. The basic algorithm will
work on this ins ide boundary , but the direction of the trace around the
boundary will be counter-clockwise. This counter-clockwise character-
istic of the chain provides a means of differentiating between inside
and outside boundaries.

The reason inside edges are traced in the counterclockwise direction
may best be explained as follows. For a given object the first boundary
point encountered during the scanning process (top to bottom , left to
right) forms the initial point of the boundary. This point would , of
course, be on the outside of the object. At that time the entire out-
side boundary is followed and the object boundary points marked as
having been traced. Having completed the encoding of the outside
boundary for that object , the algorithm returns to the scanning mode .
No other outside boundary can now be generated for the object just
created. If, however, there are “holes” in that object , there will be
edge (inside) points which have nut been traced . Once the first such
inside edge point is found , the trace mode takes over. The fact that we
are on an interior “surface” forces the trace to proceed along the
boundary in a countercloc3.~wise direction since the trace proceeds in a
direction such that non-edge point:; are always to the l e f t  side of the
boundary.
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A final special consideration is how to handle an object or part of
an object which is only one pixel thick. Such a line, which does not
connect two objects, will be considered as an odd line . In many cases,
such odd lines are simply noise and one would like to eliminate them .
It is possible to provide an odd line elimination routine as part of the
boundary tracing algorithm. If the directions of two successive links

- in a chain are 180° apart, then the boundary has just doubled back on
itself, indicating an odd line situation. At the option of the user,

- such lines may be retained in the chain vector files.

~~~~~~~~~~~~
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APPENDIX B

SUB—Ii-!AGE SINGLE TF!RESHOLI) CALCULATION

Purpose

To calculate the optimum threshold for creating two-valued (binary)
images of targets having higher intensity than their surrounding back-

- grounds. This routine would be used only when target images are large
enough to have size and shape , and when there are no shadows or under-
shoot.

Assumptions

1. A single threshold value is not usable over the total image.

2. The histogram for the sub-image has been previously calculated.

3. The presance of targets is basically detected by locating
areas of increased intensity relative to their immediate
surrounds, i.e., noting where “detectable” local contrast
exists due to sufficient target temperature. If so, a pre-
vious sub-image masking test used for pre-screening would have
given a positive indication .

4. When a target is totally contained within a given sub-image ,
its intensity histogram will be bimodal, flat-topped , highly
skewed , or with a distinct “tail” in the higher intensities.

5. The area of higher temperature creating the target “image” is
a significant hut not too large fraction, e.g., about one-
fifth to one-third , of the total number of points in the sub-
image.

6. The most restrictive assumption for this function is that the
surrounding background intensity distribution is symmetrical
about its mode and that its mode is equivalent to its mean.
This means that the returns from the immediate neighborhood
are uniform excent for random variations. Previous use of a
uniform background test would have given a positive indication .

7. It i.~. equally costly to label a target element as belonging to
the background class as it is to label a hack groun~l pixel as
belonging to the target class wi th in  any one sub-image . This
in because target n~ c~natiirc area is a desired feature to ~e
determined and tL- ~ dec ision thr~-shold should not he biased to
give the wrong
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Comments

The use of this routine to calculate a single threshold for a giv.~n
sub-image requires positive indications from several prev.~ousiy performed
tests. First , the masking test would have indicated a bright are:~ of
the right size surrounded by a darker area corresponding to background .
Second , the uniform background test, which could require calcu.latin~ t1~e
histogram for the points on the sub-image peri phery and tee ting thu
hypothesis that they belong •to one distribution , would have indicated
that the area surrounding the central area is sufficiently uniform .
This test helps ensure that subsequent processing is performed only when
the target signature is centered in the sub-image.

Having passed these two tests there is a good chance that the
bright “blob” in the middle of this sub-image is an object of interest
and worth investigating in more detail.  The remaining processing in-
cindes further refinement in the detection process using several pos-
sible fe~ ture extraction -techniques. Those features derived from binary
ima~.es ~‘re often dependent on the threshold value used . Thus it should
be ~aJc u1ated precisely. Th is detection threshold is not a target
detection threshold but rather a pixel assignment rule threshold . Only
one targct is allowed per sub-image, though there ~u~e many pixels per
sub-image.

~et hod

The essence of this method is to decompose a single histogram for
a given sub-image into two separate histograms , one for the background ,
the other for the target , and then dctern~.i ning the threshold by using
the pixel count of target signature area.

The first step in the decomposit ion process is to find the hinto-
gram mode, i.e., the most frequently occurring intensity value . Assump-
tion 5 assures that the modal value belongs to the background histogram .
If this assumption cannot always be made , a more complicated algorithm
than described herein is necessary which essentially postpones the
decision of which histogram has the modal value until after the decom-
position is made. Correct calculation of the sub-im age size and a
narrow range of target sizes for each sub-imag.e size used wi l l help
ensure that assumption 5 holds.

The next step in the decomposition process makes use of  numpl i on- .
3 , 4 , and 6. The words “suf f -ic ie ’-  t tar~-et  temperature” in ansu 1~pt i tn 3
are interpreted specifically to mean that  relatively few ( i f  any)
target signaturE: pixels have i n t e n s i t y  values less than that of the i~”an
value of the local background . The tot al  histogram between nd -u and the
mean of the back ground int c-:ie~ t ien would ‘

~~~
. (nea r ly )  iden t ica l  to the

background histogram . It also allows the symmetry assumption U’ to be

B - 7
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a~ olied directly . If half is known , the upper half is obtained simply
by “folding” -the known half about the modal value . This; completes the
decomposition process assuming what is left of the total histogram are
target signature elements. See Figure B-i for an exatnp i--- .

The next step in the process is to coun t the number of points
remaining after the background histogram is subtracted from the total.
This number is a measure of the target signature area. If this area is
tea large (or too small) to he a valid target signature , then the sub-
image is dropped from further consideration .

This estimate of target signature area does not include any shape
or intensity distribution criteria. The lower threshold should only be
used to eliminate those potential false alarms that are much too small
to be target signatures such as extraneous point noise.

With overlapping histograms, some pixel classification errors will
be made using a single threshold decision node. There are two criteria
for choosing ~ single threshold. First , one can minimize the total
number of pixel labelling errors. Second , one can try to preserve the
target signature area. These produce the same threshold value only when
the number of back ground p ixels erroneously labelled target signature
equals the number of target si gnature pixels erroneousl y called back-
ground when the single threshold decision rule is app l ied .

If the total histogram h(x) is decomposed correctly into its two
components h (x  B) , the background hi stogram and h(x ~

) , the target
signature histogram , the minimum number of total errors occurs for a
threshold value T, where

h(T I B) h(T N )

This assumes that for x~~ T , h( x (  M ) >  h ( x j  B ) .  If not , more than
one threshold is required. Thi s is unl ikel y for signatures generally
bri ghter than the background .

The second way of determining T is to use the total target signa-

ture area count , AM 
= h(x  ~), in the following way :

L L K
Choose T: E h(x) 

~~ 
[h(x ) - h(x~ B~] N-2 ~~ h( x )

x~T x 0 x 0

where L maximum value of x , N the modal value , and N = the number
of pixels.

~~~~~~~~~~~~~~~~~ —“-~~



- - - -~~~~~~~~~~~~~~ -- --~~~~ - - - ~~~- - -- -- ______ — -, ~ -~~~~~~~~~~~~~~ _~~-~~- — 
-

h(x)

OCC8~RENCE 

>
h ~ 

‘I’ (IIff EN S ft
IIODE

h i~~

h(x L B)

h ( x ( M)

Figure B-i Decomposition of Bimodal Histogram
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This technique makes the total number of pixels greater than T
equal to A~1 , and has the advantage of not requiring h (x N) to be
calculated explicitly. The block diagram for this process i c shown in
Figure B-2.

The decision rule to create a binary image using either threshold
calculated by the above methods is simply: At each p ixel ,

Choose N 1ff x � T
Choose B ifi x < T

If intensity is the oniy criterion used to decide background or
target at each pixel , then the above techn iques offer an effective way
to provide a threshold to produce a binary image for subsequent process-
ing. When the background and target histocrams do not overlap , simpler
thresholding techniques can be used.
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BEGIN

_ _ _

Sub-image Size:
m rows, n cols.

Fl~D t’DDAL \‘~ALUE~ f~ 
- No. of grey levels = L

For each grc~y level
OF SUB—1~ GE EII STOGR~1 compare max with memory

£ branch;
Folding process: Set replace ma: with new max

h (B X ) h (2  M —X ) if greater;
for NB�X .�L. Por _______  also replace mode value
each grey ievel > ti~ , - —.  

with new mode;
a subtract, a memory £E1ER~1I~E BA~i~Gi~JUj’fD test on grey level
transfer, a test for index = I. ;
X L , increment, and I~JTEiSI1Y DISTRJB LJF I Ofl max , histogram value =

jump. 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

n x n
Note: This could be per-
formed more quickly b~. a
content addressed memory

For each grey level~ N
!E1EP~’iINE TARGEI — - 

subtract h(B I X )  fro~
h(X) to get h (N I X ) ;

SI&~IA11JRE fl’flF’~SI1Y also add h(T-i (X) to
area sum, and test

DISTRIBEff IOi’I ~ ID AREA index for X L.
Note: This function
could be combined with
the previous one.

One Comparison and _ . ~ ST ~ R SU~ ICIE~ AREA ~~~~~ J END
Branch 

______ 
_ j

~~~~]

YES

I 
~~~~~~~~~~~~ For each starting

— at X = L and decrementing

G~D3SE OFTINAL T}RESHOLDJ 
~~~~~ 

to sum and

Set X :
x=x

Fls~ Diagram of Sub-Image Single
Threshald Calculation

Figure B-7
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APPENDIX C

FLIR INACE ASSESS~~ PT

During the ini t ial  months of this effort a qual i ty  assessment of
the FLIR data was made by personnel at PAR. The images were viewed by
both inexperienced and experienced interreoters .  In one experiment
seven v iewers scanned tramse:~~oncies us ing light tables in an a t tempt  to
detect tactical targets. A detection accuracy of approximately 7B~ was
ach ieved. A general comment arose rega d~ n~ the excessively high con-
trast interference noi~e patterns occurring in much of the data.

In a second experiment two experienced photointerpreters and three
members of the PAR research team made further judgments regarding image
quality and types of noise present in the FL -IR data. This study includ-
ed an assessment of image contrast , target edge sharpness , and target
shape and size def ini tion.  Knowledge gained here led to the definition
of the noise t ypes descr ibed in Sect ion L4 and prov ided valuable insights
to the data structure dur ing  the image processing and log ic desi gn
phases of th is effor t .
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