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Abstract 
c ?111111117 ~EE~I~IJA brief review is made of current problams on ecmputer image

processing and recc~~ition . New and unpubliab.d result. of a
rotation-invariant operator aM an adaptive filtering a~~~oach
are then presented. Finally a sequent isi binary decision procedure
for reconnaissance image classification is discussed.
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Same New Results on Image Processing and Recognition

C. H. Chen

I. Current Problems on Image Processing and Recognition

Current signal processing and pattern recognition problems with images may be

51~~ aa.ized as follows :

1. Real-time or near real-time requirements.

2. Time—varying images .

3. Large data base and the associated data base management.

)1. Data storage and display.

5. Rev processing and recognition algorithes .

6. Parallel versus sequential operations.

7. Software and hardware development.

8. Picture representation and languages.

The above li.t is , of course, incamplete and .11 problem, are not of .qual

importance. Problem areas are obviously applicat ion dependent . This paper will

deal with problem 05 stated above with applications in the reconnaissance images

including FUR imagery and aeirs3. photographs.

• II. A Rotation-Invariant Digital (~ erator

The Laplacian operator is rotation invariant only for continuous spatial

variables. For discrete variables, the deblurred picture as a result of Laplscian

operation is (1]

g(i,j) • t(i,3) — v2r(i ,j)
a 5f(i,J ) — (f(i — 1, j) + t(i + 1, 3) + f(i, 3 — i) • f(i, 3 + i)j

(i)

where f(i ,j ) is for the gray level of the oz4ginR1 picture. Taking the s-transform

• of lq. (l) ve bsve
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The transfox~ function of the deblurring operation is

~~~~ ~~ ~

which has frequency response

R(w1, w2) = 5 — 2 c o s w 1— 2 c o s w 2 (2)

where • wcosO , • ~sine . Thus R(w1, w2) is not rotation-invariant as it

depends on 0.

Now if 
~~~~ ~~~ 

take s the form a + b(4 + w~ ) ,  it will be rotation-invariant.

T1k(ng the Fourier series approximation,

a0 + a~ CO8f ~~ + 
~2 

cos2w~

~
2 s f t + a

1 coat j I+ ac o s2w

for I 11
- •~~~ <~~~, w2

(~~~, ve have

E(m~, ~~~~) b~ + b1
( cowa 1 + cosw2) + b2(cos2ø1 + cos2w2) (3)

or in s-transfo rm
b • b

R(s s2) a b 0 +-3 ( z1+ s ~ + % 2 + Z ~~) + — ~~z~~+ Z 2 + Z ~~+ z 2)

In spatial domain we can write
b

g(i,j ) • b0f(i,3) + —
~~ 

[t( i — 1, 3) + f(i + i, j )  + f(i, 3 — l) + f(i, j + 1)1

• b
2+- .~~ [f(i — 2,3) + f(i + 2, j) + r( i , 3 — 2 )  + f(i, 3 + 2)3 (4)

Thus we can consider a good approximation to the i4eal rotation-invariant

Laplacian operator as

— — a~ (f( i — 1, 3) + f(i + 1, 3) + f(i , 3 — i) + f(j, 3 + 1)3

— I&2 Ef(i — 2, 3) + f(i + 2, j) • r (t , 3 — 2) + f(i, 3 + 2)3

— 2 a0f(i ,j) (5)

Iq. (5) clearly is a modification of existing digital Laplacian Operation in

that pixels of distance 2 are also included in the computation . The use of this

new local operation to an TLIR imagery with tank as object ii illustrated in

Fig. 1. Rere Pig. i(s) is th.Lspl.sOian picture while Fig. 1(b) is the result of
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applying the new operator. The improvement in the i~over boundary of the tank
is particularly evident . This new operato r should in general be very useful for
objects with curved boundary.

Related operators considered are the modified gradient [2] and the multi-
derivative operators [3].

III • An Adaptive Fitering Approach

Without the object boundaries , a reconnaissance Image may be modeled as a

homogeneous random field. K&1 ’An filtering can be used to smooth the random

field. The object boundaries cause abrupt change in gray levels. An adaptive

filtering method has been proposed (l~j for detection and detimation of the j~mips

by using )~~ lin~~~ filtering and generalized likelihood ratio tecimiques. The method

is designed for systems subject to possible component failures and the tracking

of vehicles capable of abrupt maneuvers • The generalized likelihood ratio serves
as a monitor of the jueps and the jtunps detected are used to update the state

estimate in the state equation. The method is very suitable to the enhancement

of reconnaissanc e images since the boundaries will not be blurred by the K~-~ii~*n

filtering due to the adaptive behavior of the algorit hm. The state of the

dynamical system is the gray level of a pixel . If several pixels are considered

then the state is a vector quant ity . The random field is modeled as a Markov

chain and the recu rsive filt ering operation can be performed efficiently . The

detection by the generalized likelihoo d ratio , however, makes use of several

data points in a data window. Thus false alarm possibility can be minimized.

Computer re sults are given in PIgs. 2 and 3. Figure 2(a) shows artifieial~data

with one positive jump and additive noise. The result of adaptive filteri ng is

shown in Pig . 2(b). The noise r~~~va1 is very obvious while the jump is not

blurred at all . Th. initial set of data points rises rapid ly to a constant level ,

and then, after a jia p , to another constant level .
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Figure 3(a ) is the result of adaptive filtering on real. aerial photograph

also with tank as an object moving on a road. The picture clearly shows the

• obj ect from its backg round. If additive Gaus sian noise is added to the original

picture, we have FIg. 3(b). The road now cannot be distingui shed from its

background. Figure 3(c) is the result of adaptive filtering. Considering the

small signal—to—noise rat io, the improvement is significant. The filtering

operation is performed line by line. Par allel operation may be used to speed—up
the processing.

The adaptive filtering met hod offers a very effective procedure to enhance

the Image without blurring the object boundaries . The additiv e and multip licative

noises are suppressed by the filtering operat ion. The technique is also suitable

for t ime-varying pictures and offers more flexibility than convent ional smoothing

operations.

IV. The Image Recognition Problem

The recognition pr obl em considered here is the detection and location of the

target which is a man made object . ~ cs nples of other recognition problems not

considered here are the airc raft identi fication , discrim inat ion among different

object , etc. For human visualization , object/background segmentation serves the

purpose of separati ng the object at a given location from the surrounding backgr ound .
• The joint use of gray level, edges , and textu re has been considered for segmentation

of FLIR imagery [5]. For the recognition problem we consider , the aerial photograph

is first partitioned into a number of small segments. Features are extracted from
each segment includ ing texture , average gradient measure , entropy measure , etc

[6] . As the features are of different nature, statistic al classification is not
appropriate. A sequent ial binary decision tree is used which starts with the

best feature and examines the decision made by each feature sequentially .
• Additional features are used only when the decisions are not consistent t The

classification seh~~~ was able to provide correct recogni tion for a].]. images we

L _ .  

~~~~svaila ble. 

IIli~~H~1~~• . I±I±1 ~~~~



• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—5—
Refer ences

1. A. -~~oeenfe].d and A.C. Kak , “Digital Picture Procüsing” , Academic Press , Inc .
1976.

2. C H .  Chen , “Note on a modified gradient for Image analysis”, Pattern
Recogn ition Journal , 1978.

3. C i f .  Chen, “A new class of derivative operator s for image recognition ” ,
Technical Report No. EE-78—1, January 1978.

le. A.S. Wil].sky and H.L. Jor~es, “A generalized likelihood ratio approac h to
the detection and estimation of jumps in linear systems” , IEEE Trans. on
Automatic Cont rol , pp. 108—112, Februa ry 1978.

5. S.G. Car].ton and O.R. Mitchell , “Object /b ackgrou nd segment ation in FLIR
imagery” , Pattern Recognition and Image Processi ng Confere nce , Chicagok
IL , May 31.-June 2 , 1978.

6. C.H. Chen, “Featur e set formulation for reconnaissance image analysis” ,
Seventh Annual Automatic Imagery Patte rn Recognition Symposium, College
Park, MD, May 1977 .

L - _ _ _ _ _ _ _



_ _ _ _ _  

IU N C L A S S I F I E D
SEC URITY  C L A S S I F I C A T I O N  OF THIS  PAGE (W hen Oat. Entered)

• REPORT DOCUMENTATION PAGE BEFORE ~~~ j
I. REPORT NUMBER ~ I 2. GOVT A C C E S S I O N  No .1 3. R E C I P I E N T ’ S  C A ~~ A L O G  p~uw.I~~

,AFOSR -TR- ~~~ 

- ~ i:

4. T I T L E  (and Subtitle) 5. TYPE OF REP0R ~ 4 P E° O D ~~

SOME NEW RESULTS ON IMAGE PROCESSING A N D  
i n t e r i m

RECOG N I T ION 6. P E R F O R M I N G  OR~ P~~~

/ TR Ho. EE-78-L4
7. AUTHOR(s)  8. C O N T R A CT OR G P A N  ‘. ]~~ R~ ‘~

C.H. Chen AFOSR 76-2951 /

9. PERFORMING O R G A N I Z A T I O N  NAME AND ADDRESS 10. PROGRAM ELEMENT . PROi~AREA & WOR K UNIT NUMS~~W~Southeastern Massachusetts University
Depar tment of Elec tr i c a l  Eng i nee r in g 611 02F 2304/A2
North Dartmouth , Massachusetts 02747 ______________________________

II . C O N T R O L L I N G  OFFICE NAME AND ADDRESS 12. REPORT DATE

1 2 June 1978
Air Force Office of Sc i ent ific Research/NM 13 . N U M B E R  OF PAGES 

—

B o i l i ng AFB , Washington , DC 20332 9
14 . MON ITORING AGENCY N A M E  & ADORESS( II differen t from Controlling Office) 15. SECURITY CLASS. (of t h e  rep ’ r

U N C L A S S I F I E D
ISa . DECLASSIFICATION DOeN~~~~~ T 

~SCHEDULE

16. D I S T R I B U T I O N  S T A T E M ENT (of th is  Report) 
—

Approved for public release; distribution unlimited .

17. D ISTRIBUTION S T .  lENT of abstract  entered In Block 20, If different from Report)

18. S U P P L E M E N T A R Y  rES

19 K E Y  W ORDS (Continue on revers e side if necessary and Identify by block number)

20. A B S T R A C T  (Conhlnu. on rev erse si de If necessary and identify by block number )

A br i ef revi ew is  mad e of curre nt prob lems  on compu ter i mage
processing and recognition . New and unpublished results of a
rotation—invariant operator and an adaptive filter i ng approach
are then presented . Finally a sequential binary decision procedure
for reconnaissance image classification is discussed .

a
FORM

I J AN 73 

r
C
~,
LP SI F I E D 

~ 

- -—


