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IFS SPATIAL STRUCTURE FEATURE OF IMAGES
AND ITS APPLICATIONS IN AUTOMATIC
TARGET DETECTION'
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Abstract  The IFR spatial structure feature was presenred fur detecting man-
made nhjects m the natural backgreund. The slementary theory of the IFS fea-
ture and 1he algnrithm extracting the IFS {feature {from the pracocal images were
both discussed in detaill. Finally. some cxperimental results for practival infrared
images were given to show the effects of the IFS feature in the automatnc detec-

t1on of man-made abjects 1o 1he nararal background.
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Intreduction

Fractals 13 a new mathemaiical theory used for the siudy of abjects with complex and
irregular shapes™ . In recent vears. fractals was used by researchers from different coun-
irtes in the problem oof detecting man-made abjects in the natural huckground. and many
significant results have been achiieved™ "L The target detecting techniques based on fractal
models and features have shown many advanrtages over traditional approuches and give a
new promising way {or automatic detection of man-made objoets in the natural back-
grounct. U'p to now, manv kinds of fracial fratures have been presented and were used in
the research om automatic detectinn of man-made objects, sueh as fractal dimension . frac-
tal meodel fitting error. spatial vanation rate of genmetrical measurement and =0 an. These
fracial feariures are all the macro-features which describe the macro-properties uf # region
of an image. However, the spatal siructure relativnship between the whele region and the
fine details of the regron can not be expheitly described by them, It iz beheved thar this
kind of spatial structure relationship will he helpful in improving the ability of distinguish-
ing man-made vbyecrs from the narural background.

IFS (lterated Function System ! 1s 2 spatial structure mndel which describes the spa-
tial structure relation between the whole hody and the fine part of the abject ron-

cerned” . The basic wdes of thas paper s that. based on the 1IFS featares of man-made
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objects and 1be natural background. the mberent differences un 1FS features betwreen them
are nvestigated in detail . snd then the procedure detecting man-made objects 1n the natn-
ral background 1s built up secording ta these inherent differences.

In this paper the clementary theory of IFS is Liretly overviewed. Zecondly . the algo-
rithm extracting IFS fearures from the proctical images and how 1o apply [F3 features o
the problem of antamatie detection of man-maede cbjects in the muiural backgroond are dis-
cussed 1n detail. Finally. some exponmensal resolis for practical mirared images sampled
m the sky. sea and groond situntions sre presented to show the effects of 1FS features in

the awiomatie detecttan of muan-made objects 15 the notaral background. .
1 Elementary Theory 7 %!

1. 1 Herated Function System-1F5S

It 1 assnmoed that fe, . X=X =1.2.... . Ni1s a fumily of compression maps deflined
an a vomplete motrie space (X 00 where X and o stanid for the metoie spaee and the dis-
tanvce defined on the space. respectivelv . +nd the campression ratio of e 1s 5,0 This faouly
nf vamprisaion maps i< culled rhe Irercied Funetion Svatem-1FS, and its ormpression ratio
e =104 WAL

It is defined rhat W/ 0X ) —=F1 e X 11 o owp un oo complete metric space (H XA
L,

iz defined as s=max

kY
Uity =llweidr., A& HiX), 111

-
where FIOX Y X ond A(dY are 4 fomily of compact sets in the spuce X and Hausdorff dis-
tace meazure delined on the apice HOX 0 respectively . and len.o=1.2.. .. . %] 15 an IFS
with compressmon ratio ~. It can be proved rhat puop W HOX 17— H oY1 s a compression
map on rhe apace (HIX 1 hid ) with ermprossion ratro 5. Therefire. there exists a o

migue mvariant ser A, S Ior map W which makes

Wil = 4. o, € HiX). P23
moreover, all seres (R0 10 =120 ..} will be compressed o A, for arbitrary A€ H
(X

HmB™ Ay = A,. ¥ A& HiX, (33

Consequentity. set A, 1= ralled the shetractor of map W, or the abxtracior of lterated Fune-
tton Svestem-1F5.

The compressiun matps 10 an IFS can be defined o many forms. U they are all com-
pressive affine transforms. the abstrector A, of map B will have a self-affine structure,
that means A, will he a fracral w1,

1. 2 Collage Theorem
It can be proved that for a complete metric space (X .4 and a et TEF (X1 and a

constant €220, there exists an 1FS fw,.a=1.2.... . N} with compression ratio D=is< 1.
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which makes
AT, l;;}lw,,tT}: = e, (41
and 1t can also be proved that LA A U 1 i - (5}

where 214 ) 15 HausdorIT distance measure znd -, 15 the abstractor of IFS.

An important result of Collage Theorem is that an athitrary non-empty compact set 77
€ HiX 1 in the complete metric space (X .41 can be approximated by the abstractor A of
an IFS accordimg to HausdroIT distance measure. Furthermore. f the compression maps
w N >X.np=T1.2..... ¥ in the IFS are affine transforms. then an arbitrary non-empty

compact set T H{X ) can be appruximated by a self-affine fracral set.
2 Computation of IFS fer practical images'®’

There exiat many algorithms computing 1FS from an image. In this paper Bath Fractal
Transform-BFT algorithm is emplayed for i1s simplicity in theory. convenience in imple-
mentation and fastness in computation.

2. 1 BFT algorithm

In BFT algorithm . the compression map~ 1 IFS are limited to seH-alfine transforms.

in this case, the IFS becomes a Sell-Affine System-5SAS. In space BY, an SAS is a Tamily

ol atfine rransforms as Iollows.

T _
uylr.yv) = . | e (8 = T1.2.....N» (513
ant wedttecpdiato

A practical 1mage s a gray-level Tunction glr.v) 833 & K. which 1= defined on a
region A of R plane. For the delming region 4 of an ymage 1t is possitbe to choose an SAS

so that s abstractor is the same as the delining region of the image

a0
A= 1Je, 0, (7
=

Figure 1 imtuitively shows the relativnship between the rectangular deflinmg region of a

practical image and a Ipurth-arder SAS. From

Fig. 1 it can be seen that the abstractor of the " Wz
SAS 1s a non-overlap overlay ol the delinmg
region of the mmage. and the shape of the ab- o

stractor of the SAS is complerely the same as

that of the delinmg region of the image. Bix. 1)

Therelore. a precise selt-affine relation exists

between the whole body and tocal part of the
delining region of the mmage. B
A practical image is a gray-level function Fig. 1 Domain of image and corresponding SAS

on its defining region. It is hoped that a simi- M1 &R R SAS
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lar self-affine relation alsa exists between the whole body image gray-level function gf.x.

v’ and the loral part image grav-level function giw,, {x.+v 1), namely
wlr.ayglo.yl) =u® —bY x —hf v cigiv.vy, ¥ ilr.yv) € .1 123

It ran be praoved that Eq. (87 is true {for a fractal tmage. and not true for a non-fracral im-
age.z0 for a non-fractal image, the transfrom 2. 1 » ) can be determined only in the sense
of function approximation,

It is assumed that after transiorming the whole budy 1mage gir. v with transfrom o
€ = 1, an image block g tuntls o) will be abrained which is an approximarion to the true

local image black give.{z.v 11, With the criterion of root-mean-syuare. we have
el = ‘ Tarlzotorav) — glitee (o, w2d S dL

| felw o,y —ut —FYV e — Y v — OVl oy) S dL {5

PR TR i |

where A is the defimng regmion of the itnage. L. s the Lebesgue measure an space K7 If the

approximation error between g dzo,{2.v3 ) and gl (r.oy 1) 15 munimized. we have

A ks .
delll el ael el

e

= = == = {i 180
N T S PR Lt

Consequently. a group of linear equations can be cbtained from Egs, {81.{81 and (1)

i J - {z‘y [rg(f.y? EI ‘ rulawdray)]

P, < -

. - f Wk . ~
i‘r}‘ |+ | etz oxe [y ! yelwtaoy]

\ alre
I R -’_ . T - " _ i
agla.yl '_yg(_r.y) ng{J‘.}'}]' [\‘L’(I;_}'] Lt " ; |g(x.y}g‘_m;fur;}')]
I, I o i 2: + .

H
:
H

-
I

L

¥ J{gtur._v) [l ) [g KA J

u

(113

where the integrz] regions are all the defining region A of the image. From this group of
linear equations, four coeffwcients o'’ &Y 57 and o' van be obtained. that means each
block of the non-uverlap nverlay of the image can be described by these {four coellicients.
2. 2 Application of BFT algorithm in detection of man-made objects in the natural back-
ground

From what mentioned above it 1s knuwn that if an image has a fracral structure itself,
i.e. there exists a self-affine relatiun herween the whole hady and the local part of the im-
age, and the transforms 1, are limited withan effine transforms., then the approximation =e-
ror e, will be very small, theoretically equals zero; otherwise if the image does not have a

fractal structure. the approximation error ¢,.,, will be very large. Based on this fact it can
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be determined according tn the approximotion vrror whether the mmage concerned has a
{racial structure. By many results of theoretival research and analvsis of practical data. i1
har heen convinced that the tmages of various narural backgrounds accord with the fracral
models . whereas the images of the man-made ohicets do not accord with the fracial mod-
els. Therefore. the man-made objects mn the nutural background can be detected acrording

to the value of approximation errur «, .

1 the practical applications «f approxiniating an image bliack by BET transform, the
approximation can be investigated between adjacent rmage biocks. and 1t 12 unpecessary to
bmit the approximanon investigation only witlin an image bluck., For the man-made ob-
jects 1in the natural background, ~ipce the pbhucts are surrounded by the background snd in
view of the f{act that the backgrounds accrd with the fractnl models and the obiects do
not . whether the object image hlack 1= 1o he approximated by the adjacent hackground 1m-
ape blocks or the adjacent background 1mage blocks are to be approximated by the ohject
maage block . large approviniation error will a1l arise i both caves. Based on this {acr, the
procedure detecting man-made objects i 1he naturael background 1n this paper i1s composed
nf twa steps; {irstly. the DFT approximation error image i= chtamed by computing the
DFT approxiraation error herween adjacent image blocks. and then the man-made objects

in the natural background are detected according to the approximartion errors.
3 Experiment results

3% mieans of the rarget detetion rechnigue based on the 1FS features . many experimen-
tat rexults have bern obtwned fur the infrired images sampled tn the praciical sky. gea and
ground situatians. Some of them are shown s Figs, 2~ 1

Experiment paramerers ure: nmage size =218 - 214 pixel’. Since the procedure of au-
ramatic target capturing is mainly used Tor the small targets with size less than 20 .~ 20 pix-

el fu practical sttuatinns, the size of unage blocks s chosen as § - § pixel”.

{z) (B tcy

Fig- 2 BF1 featurs oxrcwied fue an arrplane in the sky. 1a? srigingl image.
(b mage »f BFT apprommenmg orrors 10t result obtained by image segmentauan
2 FEHEH BFT R Fass R
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Fig. .. DLFT festure cxrnofedd v vlup o 2T~ 01t arpsasl o -

thy emeans o BET approxen tunr exz oma b b rese)s cdinned Ta
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Fig. | BF1 fcature extraced Lar oorank oo the ground, 1423 onghael anege.
thoamage of BF U ppmeamaring —-7or. 1o resalt obtmned by imsg segmenizron
Bl FraiiMiR LT B E
o REFER, L BFT BEEE FTHEE, o [ IHEEMDESR

In the simularnon expertment, the image of BFT approximation <rror is obtained by

computing the BFT approximation errar between a certain focel image block and four fucal

image blocks adjacent to it then a segmenting threshald is computed according te the im-

age of approximation error, finally the man-made ubjects can be segmented from the natu-
ral background by use of the threshold,

It can be seen from the experimental results that the contrasy between the targets and

background has been significantly enhanced in the imapges of BFT approximating error, As

a resubr. the ability distinguishing man-made objects from natural background has been
improved,
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