FTD-ID(RS)T-0709-90

AD-A233 506

FOREIGN TECHNOLOGY DIVISION

DTIG FILE CoPY

NEW IMAGE-TRACKING ALGORITHM FOR FUZZY-
RELAXATION MATCHING OF POINT PATTERNS

by

Zhili Liu, Yihe Yang, Weizhen Zhou

=

S, MAR2 5199134 K

é ELECTE iy

Approved for public release;
Distribution unlimited,

91 38 20 190




FTD-1ID(RS)T-0709-90

HUMAN TRANSLATION

FTD-ID(RS)T=0709-90

29 October 1990

MICROFICHE NR: FTD-90-C-000997

NEW IMAGE-TRACKING ALGORITHM FOR FUZZY-
RELAXATION MATCHING OF POINT PATTERNS

By: zhili Liu, Yihe Yang, Weizhen Zhou

English pages: 12

Source: Hongwai Yanjiu, Vol. 8, Nr. 5, 1989,

pp. 349-354

Country of origin: China

Translated by: Leo Kanner Assoclates
F33657-88-D-2188

Requester: FTD/TTX/Sandra Hiltenbeitel

Approved for public release; Distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES
ADVOCATED OR IMPLIEC ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION
OR OPINION OF THE FOREIGN TECHNOLOGY DIVISION

PREPARED BY.

TRANSLATION DIVISION
FOREIGN TECHNOLOGY DIVISION
* WPAFB, OHIO

« “ID(RS)T-0709-90

Date 29 october 1990




GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available.
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NEW IMAGE-TRACKING ALGO..ITHM FOR FUZZY-RELAXATION
MATCHING OF POINT PATTERNS

Liu zhili, North China Research Institute of Electro-Optics,
Beijing, and Yang Yihe and Zhou We’}zh<ii, Department of Technical
Physics, Xi’an University of Electronics Science and Technology

Abstract

The paper presents a new image~tracking algorithm for fuzzy-
relaxation matching of point-patterns. The algorithm is
insensitive to geometric distortions of the whole, to inaffine
distortions to a certain extent, and to multi- and few-point
distortions. The presentation of the new matching-vector set and
the standard set greatly reduces computation time. As shown by
simulation results of multi-target infrared image array in the
sea, the algorithm is adaptable not only to a single target, but
also to multiple targets in acquisition, locating, and tracking.

Key words: image tracking, graphic matching, and graphic
recalibration.

{. Introduction

During the initial stage of guidance by a tracker, since the
target is relatively far away, the target image is relatively
small; there are many targets in the visual field, in addition to
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considerable interference in the background, mass-center trackers
and the correlation trackers are not suitable. During a flight
process, the visual angle continually varies; in addition, there
is a certain degree of geometric distortions (rotation,
amplification and translational motion) existing between frames,
so perspective distortions and local inaffine distortions are
present. Possibly, the interframe point patterns are not
identical.

By using the matching algorithm, the authors solved the
problem of image distortions confronted during the initial
guidance stage. In addition, the authors selected point-pattern
type point sets, constituting mass centers in the target zone.
With the other geometric characteristics or physical
characteristics as supplements, the point-pattern type interpoint
space structure relation is utilized to conduct point-pattern
~ type matching tracking, thus basically solving the problems of
geometric distortions, perspective distortions, local inaffine
distortions, and multi- and few-point situations of interframe

point-pattern type.

The algorithm can be used to intercept the target visual
field from the target launching as well as to observe the servo-
motions in the visual field, thus eliminating the transient
violent disturbances during launching and to conduct locating and
tracking of the attacking target.

A1 Matching Algorithm for Fuzzy-Relaxation Matching of
Point Patterns

Select the ratio between the square of the circumference
length and area in the target as the supplementary
characteristic, which has the constant features of rotation,
amplification, and translational motion. The mass centers in the

target zone constitute a point-pattern type; by introducing the
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concept of standard vector, the computation speed is increased.
By introducing the vector space and utilizing the mean-variance
minimum criterion, we can derive the funcfion in describing
space-structure relation similarity of the vector. Then by using
the supplementary vectors, the iterative process of fuzzy-
relaxation matching is conducted until the iterative process
approaches a steady state.

The mathematical model of point-pattern type: by using the
mass centers in the target zone as coordinates (X, Y) in the
target zone, different concrete problems select different
supplementary characteristics. After a large number of
experiments, the authors selected P2/A as the supplementary
characteristic; refer to [1] for the selection of supplementary
characteristics; refer to [2] for the method of computing

characteristic values.

M and W represent, respectively, the reference point-pattern
type and the real-time point-pattern type. There is a total cf m
points in M; and there is a total of n points in W.

M={P}={(X,, Y,, Fy)}, 6=1, m;

W’,{Q’},{Xw Yo Fw)}; =1, m,
2.1, Vector Sets in Fuzzy-Relaxation Matching

(1) Prefiltered wave

By utilizing a simple characteristic value and the threshold
value method, very dissimilar points are eliminated. First,
solve for the additional limitation Fg of the maximum value Fpay
and the minimum value Fpip Of P(é=1, 7) characteristic value
Fpi in M. Then all characteristic values Fyy are compared to the
threshold values of Q(§=1in) in W, if Fo<F.,-F, or
Fo,>Fp+F,, , remove Qj point in W; otherwise, retain

the Q5 point.




(2) Obtaining vector {Qy in M

In order to reduce the possible number of matching vectors,
the attacking target (1) can be selected as the vector starting
point, and other points (u) in M as the endpoint, thus
constituting a vector set {Jy as shown in Fig. 1. Prg is the
concentrated vector in QM- In order to further reduce the
computational volume, the authors introduce the concept of
standard vector. The key to establishing the standard vector is
based on selecting the endpoint B; refer to the two following
statements for the selection principle: (i) the characteristics
of point B are more apparent than those of other points (other
than T) in M; and (ii) point B certainly exists in W; it is
neither too close nor too far between point B and point T, such

as | Prs( MEDIAN{| Pg(}.

(3) Obtaining vector setﬂzM in the point set W

Any two points in W can constitute a vector. In order to
reduce the number of possible vectors, a criterion is introduced.
Let P; be the.starting point in {Jy and let Py be the endpoint,
thus constituting vector p; . In QM, Q4 is the starting point,
and Q1 is the endpoint, thus constituting a vector Q - Let us
introduce the function

O (PG, Q) =1/ [1+B+ (Fp- Fo )+ B(Fra=Fo)). (1)

Select threshold value 1, if O9(Pg, @) >! , then
determine the vector inS)M, otherwise reject it. Refer to Fig. 2
for the (Qy set.




geT
Fig. 1. Vector4QM Fig. 2. Vector set {

2.2. Tracking algorithm for fuzzy-relaxation matching

(1) similarity function G{(Pi, @p), (P&, @w)}

When one compares the degree of similarity of space
structures of Pi and Q; vectors, let us introduce

Po€Qu(Pg%P;) and Qzcn, (Qi+Qw as the supplementary
vector pair. With @{.} we describe the degree of similarity of

space structure relations of vector pair (Pz Pz). in Qy and
vector pair (@ Qm) in Qy.

Assume
P-{Pb Ph PU: P.}-{P1) Pl) P') P‘}-{Pl}

Q=1{Qs @, Q, @} ={Q;, @, Q;, Q}={Qs}
The coordinates Py and Q4 are expressed as complex numbers

P,-X,,+I3Y,_,; Q=X +4Y ¢y

Z=21+iZ, , describes the rotation and amplification

gquantities:
We=W,+iW, describes the translational motion.




After linear transformation &(Z, W) » Q4 1is converted

into Q
QJ‘ZQH'W.

Let
x’-(xﬂa X”} X"’ X")'
Yy= (Y1, Yy, Yoo, You)s
X.-(X.:, Xq’, an, XC‘)‘ -
Yg‘:(yqu ycl) )’051 y")i
U==(1, 1; 1) 1);

Then Xy=2s Xy~ 2y Voy+ Wy

?cl"‘zi’xo!'*‘z:'yu'*'ws. :

Let us use the distance and the minimum between the
corresponding starting point and the corresponding endpoint of
the matching vector and the supplementary'métching vector as the
criterion.

s'=MIN {i‘Pr—Q:!’}
#(Z,%) Lymy

; _
=S (K= 2o Xyt Dae Y =W+ (V= B0 Y = 2o X = W),

Let €2 = 0, the above equation can be rewritten in matrix

form
ix;x,wm 0 X[y X ) [Z
0 XIXAY¥, -Y -YiU| |Z
X0 ~Y O 4 0 Jm',
| ruU XU o 4 Ilw

[X;Xq-i']’;-}’,'!
_!y;’XC—X;‘Ycll

]
Yig




Thus we derive
01=[4 X3 X +4Y 5 Y~ (X7T) (X3U) = (YIU) (¥ T0)] /a,
Zo=[4Y 5+ X (=4 X5 Y o+ (Y0) (X0 = (XTI« (YIN] ‘g
W= [(XTX g+ YV ) (XU) ~ (XD X+ YT ¥ ) (XT0)
(Y3 X = XY ) (Y- a5
We=[(X7X+Y W) (¥ U) = (X X g+ Y. T (XD
~ (Y5 Xg= X3 Y ) (X V))/a;
a=4 X X+ AV Y o= (XTou)2 = (¥Tou)?,

The greater 'the similarity between the space structure
relation of vector pair (Pj;, Pi’) in QM and the space structure
relation of vector pair (@ Qw). in Qy, the smaller the value

of €2, the greater the value of G{'} . The G{-} equation is
G{(Pi, @), (Piw, Q@)Y =1/ (1+ae?), )
= const, 0<G{:}<l, .

(2) Iterative matching process of fuzzy relaxation.

Mainly, the space structure relation is adopted in the
fuzzy-relaxation matching algorithm; the assigned classification
uses the characteristic value as a supplement; the degree of
assigning is expressed by the degree of subordination. By
utilizing the space structure similarity function, G{} , gradual
revisions are made of the degree of classification subordination
until a relatively stable degree of subordination is reached. By
matching {}y and QW, actually this is based on a comparison of
degrees of similarity of various vectors in {Jy by a certain
vector in52M to arrive at a subordination classification. For a
certain vector P; in QM, when determining the degree of
subordination of vectors Qi in P and Qw, consideration is

given to seeking a vector  Qm(Qin*Q) in Qw for each vector
Pi to each vector P (Piw % P) in QM, so that the space
structure relation between Q. and Qj and the space structure

relation between Px; and Fi is the most similar.




C"(Pj;, @5 describes the fact that the degree of
subordination of Pj subordinating to @; in an n-th iterative
process. The contribution made by each supplementary vector pair

(P, Q) to O%(P;, Q) is made up of +wo parts:
(1) 0"V (Pz, Qiv) describes the degree of subordination of
Pz subordinating to Q@ in the (n - 1)~th iterative process;
(ii) the space structure similarity function
&{(Pii, @), (Pa, Qb

If P and Q5 are matching vectors, then both are
relatively large; otherwise, at least one of the two is

relatively smaller. We adopt a cautious principle
MIN{G[(Pz, @), (Piw, Qi)],
0P, Qi)}

After picking P €Q, as the supplementary vector,
" different Qi €0 make different contributions to O"(.) ; the
largest contribution is

MAX{MIN[G((Pi ),

Q€0

Qi 05i

(Pa, @), CO (P, @1t

. If P and Q; are matching vectors, then there should be
the corresponding matching supplementary vectors P and ¢w
then the above equation yields larger values.

If there is a match between Pi and @i , then all P& can
find the corresponding Qs vector in Qw so that the space
structure relation constituted by Q; and €; is similar to the
space structure relation constituted by Pz and Pé . Based on
the principle of caution, O%(Pg, €5) cannot be larger than
the minimum value in the above-mentioned equation of all the
derived Py €Qx supplementary vectors. Therefore, the
iterative process of fuzzy-relaxation matching can be written as

follows:




O(Pi, Q) =MIN {MAX{ MIN[@[(Pg, @), (P, Q)]
P30ch. Oiie0y
PReP) QR O5 (3)

0~ (P, Qw)l}}.

The initial value of the iterative process is determined by
the characteristic value. ¥rom Eq. (1), after several times
(generally two times is enough) of iterative substitution, all
0" Pi, values approach a steady-state. For @i vectors
corresponding to a P vectcr, the maximum Q; of O(P;, Q;
value selected as the matching vector of Pji . The corresponding
pair of starting points and the pair of endpoints of the matching
vector are the corresponding matching points in M and %.
Actually, this is enough to satisfy

|O®(Pg, Qi) —0"(Pii, &) | <P

(3) Obtaining tracking signals

After the tracking algorithm of fuzzy-relaxation matching is
applied, we obtain the signals of attacking target T (or multiple
targets) and tracking (rotation, amplification, and translational
motion parameters between the real-time point-pattern type and
the reference point-pattern type). In these parameters, the
rotation angle 6 1is §=arc tan(Zy/ Z,) ; amplification times
S is S=<ZizZ% ; and translational motion (b, K) is
n =W K=W,.

2.3. Analysis of real-time features

Fig. 3 is a figure for analysis of real-time
characteristics. As shown by a detailed analysis, if the number
of iterative substitutions is r, there are m vectors in {}y and
there are n vectors in {J;, each computation time is 0.1 us, then
the total computation time t required is
t =37.2(m - 1)(n - 1)°r; assume m =5, n = 8, r = 4, then the
computation time (4.2 ms) is less than 20 ms; therefore, this is

9




real time. 1In actual computation, time is hardware design-
dependent.

O (Q) - ]
. 7 min
P‘ i
QulPp) 3 ninn : maxb—e
. .(n—l) mia
Qw(Q3) et
1 2 P
H
L e 4 p—ennd
I(m-—]) max
. .
P | 2 % : M
R AT et

Fig. 3. Illustration for real-time analysis
KEY: * iterative substitution

III. Target Simulation Experiments in the Sea

The authors conducted simulation expefiments (refer to
Fig. 4 (a, b, ¢) by utilizing a multi-target infrared image array
in and on the sea. 1In Fig. 4 (a) and Fig. 4 (b), there are four
targets: A, B, C, and D. Fig. 4 (c) is obtained from Fig. 4 (a)
by artificially eliminating target D and simultaneously adding
targets E, F, and G (a total of six targets). There are
geometric distortions as a whole, inaffine-geometric disfartions,
and perspective distortions exist between Fig. 4 (a) and Fig. 4
(b). In addition to the above-mentioned distortions between Fig.
4 (c) and Fig. 4 (a), and between Fig. 4 (c¢) and Fig. 4 (b),
there are multi~ and few-point distortions.
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Fig. 4 (a). Image in series Fig. 4 (b). Image in series
No. 1 No. 2

Fig. 4 (c). Image in series No. 3

The paper was received on 23 June 1988.

REFERENCES

1. Liu Zhili, Jincheng Daodan Dui Mubiao Di_Genzong [Target
Tracking of Short~Range Guided Missilesj, Xi’an: Xi’an

College of Telecommunications Engineering, 1987, 12.

11

.
B o




zhang Shaohua,.Diwu Mubiao Di Hongwai Tuxiang Di Shibie

(Infrared Image Acquisition of Ground Object Targets],
Xi’an: Xi’an College of Telecommunications Engineering,
1987, 12.

Ogawa H., Patfern Reccgnifion, 17 11984), 5t 569~573.
Oaryl J. et al., IEEE Trans on Sysierm, Man, and cybernicsT-SMC-10 (1980), 2: 105~116.

S;»;h: by &, und S{wkman G.,,JEEK Trans. on Systerm, Man, and Oybernics T-SMC~18 (1985), 9~.10°
31~ 637, ’

12




DISTRTBUTION IIST

DISTRIBUTTION DIRECT TO RECTPTIENT

ORGANTZATTON

C509 BALLISTIC RES IAB
C510 R&T IABS/AVEADOOM

C513 ARRADOOM

C535 AVRADQOM/TSARCOM
TRASANA

C539

Q591 FSTC

Q619 MSIC REDSTONE
Q008 NTIC

E053 HQ USAF/INET
E404 AEDC/DOF
E408 AFWL

E410 AD/IND

F429 SD/IND

P0O05 DOE/ISA/DDI
P0OS0 CIA/OCR/ADD/SD
AFTT/IDE
NOIC/OIC-9

oV

MIA/PHS

LLYL/CODE 1~309
NASA/NST-44
NSA/T513/TDL
ASD/FID/TTIA

FSL

Pl IDePS ) T-0709-00

MICROFICHE

PR N R R R R e N R R R R e D R R




