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INTRODUCTION

Work done by Dudani (Ref. 1) at Ohio State University has

shown that aircraf t can be reliably identified by their silhouettes.
Dudani used digitized opt ical images of model aircraft from which

he extracted silhouette boundaries and interior points. Using

moment invariants based on the silhouette boundary and interior

points , Dudani constructed 14 features with which he was able

to classify the aircraft with great reliability. Because of the

success of this work and its significance ~o the field of Identi-

fication , Friend , Foe , or Neutral (IFFN) we have investigated its

app lication to more rea l i s t ic  images.

Because Dudani obtained his images in a laboratory envirorunent

using clean white aircraft models with a solid black background , he

was able to work with pure . binary images. This eliminated from his

study many of the problems encountered in the real world imaging
needed for implementation in the field. In a previous study (Ref. 2)

we investigated the effect of blurring on Dudani’s binary images.

The work reported here further extends Dudani’s work in four ways.

We have

1) used real aircraft images with full gray scale

illumination

2) studied the effects of background noise and c lu tter

3) studied the effects of sensor- induced noise

4) applied our techniques to nonoptical 
imagery1



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
S ILHOUETTE EXTRACTION FROM GRAY LEVEL IMAGES

With the u l t imate  goal being a i r c ra f t  c lass i f ica t ion  by sil-
houette moments , the first step must be to process the image in

such a manner as to allow the extraction of a representative air-
cra f t  s i lhouet te .  If the image show s a strongly backli t  a i rc ra f t
aga ins t a uniformly brighter background , or vic e versa , the sil-
houet te  can be easily extracted by thresholding the image in tens i ty.

This , in e f f e c t .  was the si tuation Dudani used to s implif y his

s i lhoue t te  determination.  This fortui tous situation , however , is
rare ici actual aircraft images.

W€ are faced , in general , with the difficult problem of di-

viding the dig i t a l  image into two regions . All  po ints representing
the airc ra f t  comprise the aircraft silhouette , wh ile all others
comprise the background . Our task then is to find the closed

bounding curve that separates these two regions . S ince all points

interior to this curve form the silhouette we call this curve the

silhouette boundary . In theory , the silh oue tte boun dary is an ab-
straction that lies on neither the aircraft silhouette or the
back ground . In fac t , we wi l l  obtain it as a set of digitized

points each of which must lie in either one region or the other.

For our purposes , then , we will define the silh ouette as all those
points on or interior to the silhouette boundary .

Determ ining the silhouette points is then reduced to the

problem of determining its boundary . Features that discriminate

between the aircraft region and the background region will be those

that show a dif ference between the two regions. With a view to

wards real-time implementation with high reliability, we nee d a
discriminant that is simple and consis tently dependabl e . S inc e

2 

__- ..-



the imaging equipment and data we had access to had no color capa-

bility, we were limited to gray level images. Texture offers

li tt le promi se s ince aircraf t as well as sky and cloud backgrounds
all tend to be smooth. This leaves us with image intensity (gray

level) as a region discriminant. Indeed , one of the most reliable

and s traigh tforward boundary detectors is the intensity gradient

and , in par tic ular , its local maxima (Ref. 2).

GRADIENT LOCAL MAX IMA METHOD

Figure 1 shows an example of a gray level image of a bright
circle on a dark background. Also shown are ideal and typical

measured cross sections of image intensity. Figure 2 shows the

magnitude of the intensity gradient and a crude boundary comprised

of points at which this gradient exceeds a defined threshold . A

much shar per boundary is shown on Fig. 3 wher e only those points
corres ponding to lo cal maxima of the gra d ien t magni tude are used.
In other words , those points of maximum intensity difference serve

as the sharpest discriminant between regions. Note also that the

standard gradient boundary is dependent on the threshold whereas

the gradien t local maxima boundary is constant as long as the

threshold is below the peaks .

This simp le grad ient local maxim a (GUI ) technique was app lied

to the test images in the following manner (Fig . 4). In each of

four directions (vertical , horizontal , up diagonal and down diagonal),

a two-point , ab solu te va lue of intensity difference is taken. If

any of these four dire ct ional deriva tive magnitudes is not a local
maximum in its direc tion it is set to zero. The GUI value at the

point is then set at the maximum of the final four values. An ex-

amp le of this pro cedure and a comparis on wi th s tandard gradien t

~ 

-- .-_ , .- ~~~~~~~~ _ -.-~~~~~~~~~~~~~~~~~~~~~~ . _ --
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(B) IDEAL INTENSITY CROSS SECTION

_I _
(C) TYPICAL INTENSITY CROSS SECTION

Fig. 1 Examp le of Image Intensity Variation

4 

~~~~~ - - _ .
~~~~—-----— .. _ .-

~~~~~~
- - ~~~~~~~~~~~~~~~~~~~~~~~~~



- --.-—— .
~~~—

,._- --—~~~~~~~~~~ ._ - - —_ _~~ .-— - --.
~~~~

4-

_______ _______ — 
TH RE SHOLD 

_________ ________

(A) INTENSITY GRADIENT MAGNITUDE

0 1
(B) OBJECT BOUNDARY 

I

Fig. 2 Boundary Determ ined by Gradient
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(A) GRADIENT MAGNITUDE

(B) OBJECT BOUNDARY

Fig. 3 Boundary Determined by Gradient Local Maxima
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10 12

14 13

C1 
= 10 

- 12 Horizontal Gradient

C2 = 10 
- 14 Vertical  Gradient

G3 
= 10 

- Up Diagonal Gradient

G4 = 10 
- 13 Down Diagona l Gradient

If G. is not a local maximum in its direct ion, set G. = 01 1

GUI = max I G 1, G2 ,  C3, C4
)

Fig . 4 Gradient Local Maxima Algori thm

processing are shown in Figs. 5 through 8. Figure 5 shows an
image of an A-6 a i rcraf t  against a c lean background . The image
in Fig. 6 was obtained by digitizing the A-6 photograph using a
Spatial Data Systems Computer Eye System which produced a 512
column by 480 row image of 256 gray levels. This image was

reduced (to save computation time and facilitate image output)
to a 128 x 120 point image by replacing each 4 x 4 poin t square
by the average of its interior 2 x 2 squares.  The digitized image
is represented on a computer terminal printout with the intensity

at each point represented by one of ten printed characters. In the

intensity image (Fig. 6), the higher the intensity, the darker che

character. In the gradient and GUI images (Figs. 7 and 8), the
greater the derivative magnitude , the darker the character. Note 

— . . _  
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that t~ e gradient image (maximum directional gradient at each

point without regard to local maximum criterion) in Fig. 7 is

somewhat fuzzy while the GUI image in Fig. 8 is quite sharp even

though the threshold used in Fig. 7 was higher than that used in
Fig. 8, Had the threshold in Fig. 7 been raised more to sharpen

the grad ient image , significant boundary points (be low che snorke l

on the nose) would have been lost.

BOUNDARY FOLLOWING

The GUI image in Fig . 8 gives all the aircr a f t silhouette
boundary points but includes points of interior detail and ex-

terior noise. To isolate the boundary curve we emp loy a modif ied

version of Dudani’ s boundary following algorithm , explained in
detail in Ref. 1. First we threshold the GUI image and assign all

values above the threshold a value of 1 and all others a value
of 0. Next we scan the image from left to right and top to bottom 

-

until a point of value 1 is hit. We call this point ‘ x’ and

save it as the starting point . Referring to Fig. 9, we now search
the neighbors of point x counterclockwise starting at Neighbor 2.

When we reach a po int of value 1 we mark it as a boundary point
and it bec cties the new point x. If the new point x was Neigh-
bor i of the previous boundary point we start the counterclock-

wise neighbor ’ search at its Neighbor i - 2 (Module 8). This last

step is repeated until the starting point is reached. Any boundary

point that is encountered twice (b y re turning along a thin point

such as the tail antenna in Fig. 8) is marked according ly for la ter
use in the silhouette comp letion algorithm . Note that if small

noise blotches are circled , a test can be made on the bound ary

length , the points deleted , and the scan sear ch f or the boundary
start point resumed. The boundary isolated from the GUI image is

shown in Fig. 10.
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Fig. 9 Dudani’s Boundary Follower Code

S ILHOUETTE COMPLETION

The silhouette can be filled in by scanning the boundary image

from leL. to right on each row and marking as silhouette points

all  those start ing with odd boundary crossings and ending wi th  even

crossings. (Those boundary points marked twice in the boundary

isolation algorithm are counted twice , as both odd and even.)  Some

holes will be left in the si lhouette because of the scan line being

tangent to the bound ary , but these can be filled in by scanning in
a perpendicular direction , and filling in between boundary and in-
terior silhouette points. The procedure is repeated in alternating

perpendicular directions until no new silhouette points are found .

T~e resulting silhouette for the A-6 is shown in Fig. 11.

The boundary po ints shown in Fig. 10 and the comp lete sil-
houette points shown in Fig. 11 can now be used to calculate Dudani’s

moment invariants for the A-6 .
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S ILHOUETTE EXTRACTION FOR AIRCRAFT IN CLUTTERED BACKGROUND

The A-6 image used in the preceding section was c lean and
easy to work with because the background was c lear and unc luttered .

Often an aircraft will be viewed in a scene with a cluttered back-

ground consisting of clouds or ground terrain. To perform a con-

trolled simulation to develop processing techniques for such

images , the A-6 image was extracted from its background using the

silhouette previously determined. Figure 12 shows the isolated

A-6 (note that the extraction was not perfect since, as t oted be-

fore, some of the silhouette boundary points belong to the back-

ground). The isolated aircraft was superimposed on a cloud back- -
.

ground (digitized from the photograph in Fig. 13) to give the corn-

posite image of an aircraft flying against a cloud background

(Fig. 14).

At this point the GUI boundary isolation and silhouette ex- -

traction procedures were applied with the results shown in Figs. 15

and 16. In these images, the cloud background noise was so strong

that no representative silhouette could be extracted. Threshold

manipulation did not help because if the threshold were raised to

the po int of separating the cloud background , significant points

in the aircraft boundary were lost so that it was no longer c losed .

More complicated boundary following logic might be developed to

edit out noise or fill in gaps in the boundary. A more comp licated

follower was tried but found inadequate ; it seems the more compli-

cated the logic of the algorithm the more likely the follower is to

get lost. A more straightforward approach is to reduce the back-

ground noise in the original image before trying to extract the

silhouette .

A standard means of reduc ing image noise is integration or

time averaging . Just as differentiation tends to enhance noise, 
-

16



- ‘ i Y  
a) 

-4
.

5 ,

- ,1- ’- ’~ 
-
‘

. - 
4)I1 
4.)
C”
1-i
0
Cl)
-4

- ‘-
,..

5_ 
—

“ .4

r 
F

17



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
___________

I
—

-‘ 

~~~~~~~~~~~~~~ 

~:~
-

WI— 
_ _

_ _ _ _  0~
C”
14

-

~~~~~~~~~~~~~~~~~~~~ ~

.

L 

18

- —

-.5—-.- 
- -  ---5-



El:

~‘ 

, ,,5.I55.l,1.I5S~~~S,O.,SS5.,5555.I,, , ,,,,

‘-I

5,_I

...::::, ~.,:;:::‘.:‘:::‘:.::::‘:‘:::::: ::::::::.:.,‘:~s::::::::::::’:: .:“. ..:.
“

I* ,S*I’I,...~.I.,.,.,S,,..,.,.....,.,.’.,. ‘ ‘,S*IH$SIIISI,l,I,S,,, 
‘ .:.. .

19



--5~~~~---, -..--~~~“. —--~~~ ~~~~--——-- -—~~~~~~~ -.- -,.~~~~~-—.5- - ---

- ‘ ‘
,:

• “

Cl)

~t;iS1 ‘ ‘ 5 ’ . - .

:: : ., o
‘-4
C.)

f1’ , S -

4.1
5 1’ , - ,

- .5 - 5
- - ‘ . 5  5 - .  14

U.. “ 5 5 - . . 51~’~ .. 14S.  515 - 

- 

- - II., 3,-I
.I1~, ’ S

14-, “ . 0

20

- -- —-5 —5 —-5



.5— --

Cl)
-o 
0 

C—)  

4.)

CC, s 

:::::: .:.. 

I-’

0

a)
4.)
4.1 

::5 :

~

.:.:

~

:::. 

5._I

Cl) 

0 

tsC
.,_4
IL.

-.5’ - - . - -5.~~~~~~~~~ ~~~---~~~



_ - ‘ — --- .5-

integration tends to suppress it. Since the ultimate app lication

of our silhouette extrac tion techniques will be on moving targets ,

we can take advantage of the availability of image information
over a period of time and average successive frames of the image.

The important assumptions we must make here are that

1) the aircraft is fixed in the image frame during

the interval of time over which we average

(i.e. , the sensor is locked onto the target)

2) the background changes to some degree during

the interva l (i.e. , the aircraft is moving

across the background)

We can relax the requirement of the first assumption somewhat

if we are willing to take time to shift , scale , and rotate suc-

cessive frames for maximum correlation with the running average.

Howeve r , the sim’lest app lication of this procedure would be a

straightforward t ime exposure. At a standard frame rate of 30

frames per second . 1/5 second exposure would allow 6 frames

to be averaged . In any event the averaging could not be effectively

app lied dur ing any time interval in which the aircraft significantly

changed its aspect relative to tF~ sensor .

To test the effectiveness of frame averaging , we composed a

series of composite frames with the extracted A-6 image superim-

posed on the cloud image at locations separated in the horizontal

direction by the minimum increment , one p icture element . We then

had a simulation of successive frames of an A-6 mov ing across a

cicud background , with the A-6 fixed and the clouds moving in the

frame .

The averaging techniq ue was tested for averages of 3. 6, 12 ,

20, and 30 frame s . No acceptable boundary was attainable for the

22
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three frame avera ge , but for six frames or more good boundaries

and silhouettes were extracted (Figs. 17-21).

In order to give a quant itative measure of effectiveness the

silhouette moment invariants were calculated for each average . For
each case , the Euc lidean distance between the moments of the

average- image silhouette and those of the isolated A-6 served as

a metric . The results are plotted in Fig. 22 where the ~poor

classification” and good classificat ion FT regions were determined

from averages of classif icat ion tests done in a previous study
(Ref. 3).

The important result  here is that af ter  just  six frames

(equivalen t to 1/5 of a second) an acceptable silhouette was

extracted from a very noisy background . In a s i tuat ion with either

less noise or greater aircraft motion across the background , even

fewer frames would be required . .
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THE EFFECTS OF SENSOR-INDUCED NOISE

Reference 3 presents a study of b lurring due to sensor reso-

lution limitations and its effect on silhouette extraction and

classification . To complement this study we investigated the ef-

fect of sensor jitter on the silhouette extraction .

The effect of jitter was simulated by app ly ing an 11 x 11

pixel window to the clean image of the A-6 flying before a clear

background . The weighting of the window was a truncated gaussian

distribution centered at the center p ixel and hav ing a variab le
standard devia tion which was used as a metric to quantif y the

jitter. The metric for quality of the extracted silhouette was

the Euclidean distance between moments of the jittered image and

those of the unjittered image. The results are shown in Fig . 23.

The moment distance leaves the good classification region at a

jitter standard deviation (SD) of about .85 and enters the poor

c lassification region at an SD of about 1.3. At a distance of

100 miles3 with one pixel representing 0.5 feet in the A-6 image

these SD va lues corres pond to angular values of 1.7 . and 2.6
radians, respective ly. These values were compared to the average

results of the blurring study in Ref. 3 and agreed within a factor

of 2.

The comb ined e f f ec t s  of j i t t e r  and back ground c l u t t e r  were

simulated by ac tua l ly  sh i f t ing  each of the six composi te  A-6/ c loud

images and averaging. The shif t was determined by a rand om number

generator with a gaussian distribution of predeterm ined SD. Since
shif ting could only be accomp lished on a quan tized level , however ,

the simulation was somewhat crude. A shift distribution with SD

up to 0.6 allowed successful silhouette extract ion with moment
dis tances in the good c lass ification range .
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The e f fec t  of j i t t e r  on c lass i f ica t ion indicates the impor-
tance of the sensor being locked onto the target.
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SILHOUETTE EXTRACTION FROM FLIR IMAGES

The feasibility of apply ing our silhouette extraction tech-

niques to other sensors was tested on three FLIR images of an I ;,

F- l4 taken from near-sequential frames of a video tape (Figs. 24
41

and 25). To reduce noise (Fig. 26) the three images were averaged

(Fig. 27) and the GUI technique applied to obtain the silhouette

(Figs. 28 and 29). Because the average image had reasonab ly

distinct intensity levels for the aircraft and background , the

true s i lhouette  was obtained by thresholding the intensi ty
(Fig. 30). The GUI derived and t rue si lhouette moments agreed

within the good classification region.
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CONCLUSIONS

The digital techniques developed in this study have been
shown to possess the potential for extending Dudani’ s moment

invar iant c lass i f ica t ion method to real wor ld a i rc raf t  images.
Aircraft silhouettes can be effectively extracted from full

gray scale images by the gradient local maxim a method . Even
images with considerable background noise and sensor induced
noise can be effectively processed. In addition , the techniques

have been demonstrated successfully on FLIR imagery.
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