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Abstract The IFS spatial structure feature 1&-as presented [or detecting mall— 

made objects in the natural background．The elementary theory,of the IFS fea 

ture and the algorithm extracting the IFS feature from the practical im ages were 

both discussed in detail．Finally,．some experimental results for practical infrared 

images were given to show the effects of the IFS feature in the automatic detec 

lion of man—made objects in Ihe natural background． 
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Introduction 

Fractals a new mathemalical theory used for the sludv of obiects with complex and 

irregular shapes ‘． In recent years．fractals was used by researchers from different eoun 

t ries in the problem of detecting man made objects in the natural background，and many 

significant results have been achieved The target detecting techniques based on fractal 

models and features have shown m any advantages over traditiona1 approaches and give a 

new promising way for automatic detection of man——made object s in the natural back-- 

ground Up to now ，many kinds of fractal features have been presented and were used in 

the research o13 automatic detection of i'~an—made objects．such as{ractal dimension，frac 

tal model fitting error，spatial variation rate of geometrical measurement and so on．These 

fractal features are all the m acro--featu res which desertbe the macro——properties of a region 

of an image．However，the spatial structure relationship between the whole region and the 

fine details of the region can not be explicitly described by them ．It is believed that this 

kind of spatial structure relationship will be helpful in improving the ability of distinguish— 

ing man—made objects from the natural background． 

IFS (Iterated Function System )is a spatial structure model which describes the spa— 

tial struclure relation between the whole body and the fine part of the object con— 

cerned 。 The basic idea of this paper ls that，based on 1he IFS features of man made 
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Abstract τhe lFS ~p;:lt]ai slnreture fea1 urt: -..v;t.. p陀、en日d Iur delcetlng man 

madεobj牙C扫 In the n气tural b3ckgr{;und. Th t:' eielllentary theor)' of the IFS {E"3 

ture and 由ε.::dgorìthm extractint:" th{' IFS {eature fro阳 the pw C' tÌcal Illlages Wére 

both discu~町d in detail. Fìnall}' ~削me c-xperirnental TE'>o:ult ::-:o for praLt ic-al infrar -e d 

lmag;εS Wf' re gívE' n to s.how the eH时h of th ,,=, IFS featu陀 ìn lhe 泣Ll tOmalIc detec 

口ün of man-m缸1e nbj时刊 in llH:' n注 1] ral 乞ackground.

Ke)" words spati吐吐ructurεf巳õ\ rurè吨。f inlag们， , elf-aff<ne fUDC lIün ~y叫em. tar 

区el det伫ctrnn ，

Int..oduction 

Fractal吨 t~ a Dew m时hemalIcal theυr}' u时d fm thξ 吨 ludy {l{ (心jed..:; wnh complex and 

aγregular shapes[I~. ln recenl year",. fractals wa、 u，吨d by rcseaτC'her飞 from differE'nt CQun 

trres rnτhe pnJblem of detec口吨 man-mé1de 01习时t~ In 出e na飞 ural background. 3nd many 

写19nific3nt re~ults haτεbeen 3chie亏 cd 二 I.J The target detεclíng technìque~是 b3 :3ed on f-ractal 

model式 "nd fei丑 urE' s ha飞T 弓hownηJany .adνanrag号~ oVt:'玄 tradit Iù nal apprn认cbεs and give a 

new promlsmg way füτa旧{Jmatic det红'ctiun of man-made obj('盯~ i.n the natural b a. ck 

ground. l1p to no-\'''r'电 rnanv kinds !)f fraclal fc.atuτes h3ve be{'n prt:'时nted and w t:' re u .sed ìn 

the re-sεan:h!旧 3时omat1εde专ectlor飞 ùf m;m-made übjéct唁电 such 3.:50 fr3ctal dimenSl0n. fraε 

talηlodel fjtnng f'rror 号 ~pεt 16.1亏.a riatton rale .)f geornetrì C" al nH:， asurεnlent and s. o on. These 

fraClal featur c-."'Ì 3re aH the nlacro-feature~ whì C' h dèscrlbe rhe macro-properti t's uf 注目glO n

of an image. However. the spatial slruct l1 re rt:' )aτÎunshìp be口气{t:'en the whole region and the 

fm e- detaìls ofτhe regIOn can nut be εxplìcitly d c-scribed by thenl. lt Î~ believed that this 

kind of ~patial ~tru C'ture re1a口。nship will b E' helpful in im lJ roving thc abilì勺1 of di s.1ingui:-..h 

ing man-made ubJec[s from thεnatural h ;tckgruund. 

IFS l It ~T8ted Functron Syst t:' m I 15 2. 5patial 片 tructure- n10dél whlch d号 5crìbe~ the spa 

tial st玄ucture re1atlon between the 飞."，hol~ hody and t七εfinεp缸 rt uf the ohjξηt {'on

民主ned …羽 τht:' basie ldE: 3 (ìf thl:<:' pal叶 r ISτ』时. ba<<ed on 飞 he: lFS f é':J ture :s of mar飞 maùξ

Tb f" plU)t'C't 50 i- 'wxted hy ';.仨仨 PH>lJmmary R"，~守在 r(~ Fl'undatJ0n cf ':-'-f.tion乙↓ üefen~e

Re;::e凹ed 19Q3-111-1l7 , Tevised 1 '1归时山



32 红 外 与 毫 米 渡 学 报 18卷 

objects and the natura[background．the inherent differences on IFS features between them 

are investigated in detail．and then the procedure detecting man made objects in the natu— 

rat background is built up according to these inherent differences 

In this paper the e[elnenlary theory of IFS is firstly overviewed．Secondly．the a Lgo 

rithm ext racting 1FS features from the practical images and how to apply 1FS featu res to 

the probtein of automatic detection of nlan made objects in the natu rat background are dis 

cussed in detail Finally，some experimental result s for practical infrared im ages sampled 

in the sky．sea and ground situations are presented lo show the effects of 1FS features in 

the autonlatlc detection of n]all made oh1ects in the natural background 

1 Elem entary Theory ’～。I 

1．1 Iterated Function System 一1FS 

It is assumed that{tö -X— X 一 l，!⋯ ．Ⅳ is a family of compression maps defined 

on a complete metric space (X ．d)．where X nd d stand for the metric space and the dis 

tahoe defined 0n the space．respectively．and the comprc．ssion ratio of ．is ． 【~his family 

of compression maps i s called the Iterated Function SySteII]IFS，and its compression ratio 

is defined ls — max { 'H一 1：⋯ ．．N }． 

It is defined that ：If(X )一 lIf )i a nlap on ．1 complete metric space 【H (X )，̂ 

(d))． 

Ⅵ，( ̈ 一 U ( )． A ∈ H (x)． (1) 
- i 

where II(X j[ X and ^( )fire a family of compact set s in tbe space X and Hausdorff dis 

lace measure defined on the space H (X )respectively．and ．̈ 一 1．2⋯ ．．N }is an IFS 

with compression ratio s It can be pro+ed that map tU ：H (X )一 H CX )is a compression 

map on the space (H (X )．h(d))with compression ratio ． Therefore．there exists a u 

nique invariant set A．C-』，(X )fo r map ．which makes 

tV c ．)一 1．． 1 ∈ (X 1． (2) 

moreover．all series {W (A )：̈ 一 1．2．． }will be con]pressed to A for arbitra ry 4C- H 

( ) 

lim ”( j一 ．． V A ∈ H (X )． (3) 

Consequently，set J4．is called the abstractor of map W ．or the abstractor of Ite rated Func— 

tion System 1FS 

The comp ression maps in an 1FS cart be defined in many forms If they are all toni 

pressive affine t ransfo rms．the abstractor A，of m ap W  will have a self affine structure， 

that nleans A w1II be a fracta1 set 

1 2 Collage Theorem 

It can be proved that for a complete metric space tX ，d1 and a set T ∈ H tX and a 

constant E≥ 0．there exists an IFS { ．， = 1．2⋯ ．．N }with compression ratio 0≤ < 1， 
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ob jects .and 1hεn.:1 1 盯al backgrollnd. thé lnher厅 nt llIHeren f'es un IFS fe-i1 tllT è~ bel ...... yeen lheITl 

吕:re tn毛 e~tlgal 乞d in d t::"t2l ìl. 扫 nd tlH::' n thεpr白C"t:'dur l2 tJet巳ctìng man-m_ade obJeC{S In 1he na111 

ral ba c-kg :rüund t>; bllÌ lt l11J ~ccoτdmg to :-h俨只E' mherεn1 diffen:-nces 

10 thi 飞 papεr the dε口3εn1::n y 1 heory 门f IF旱 l~ fly..:tly ()V f"rVI巳V石'ed. S号condly. lhe alg.二，

口thm e又tr&ctIng lF~主 f E::' dturr2~ hom 1he r>r ,-,ctiL'':'11 Ìmag e:-s and howτ1 1.> <J PÞ~Y lFS featllre:: to 

1hc prüblεm of auto口1.J1!C" dε1 E'ction fJf man-n1.i~dE' (,bjE'ct:!. in 1h已 na111 r3 1 back眨rO Ll nd ;:r re di吨

f' lls~ed m det;--j]]. F、in ;，Hv 弯 :.-.nmeεxpt: rimo:'nral rε~lllt" f'Jr pr [t ('1ic .'òÌ mfrdr已d inlagt:' s 扭扭plεd

m 1h已吨ky. 毛P扫 and grullnd ::ltu;\1 ]Dn:: ;J rL pru..飞 ntcd 1.:) 吨 how 1hεeffe仁bυf 11开古 f E::' ittur号只 m

tht-孔口 \00、atIC det乎 CtHJll uf nl认 rr-n飞Rdε4 才， J飞。<:1!- llj rhL natur.J l b.s C'kgnJund 

1 Elementary Theory 7--'1 

1. 1 Uerated F也nc-tion Svstem-11七l'S

11 l~ J~~lHn t:'d 1hfi1ιu" ="\"•_\"., J = 1. 二. .;\/: t 、，1. farnily !)f L'{lmrre~sion 陀.J flS d t-fined 

υn a 的nlph:.tt:'白什玄'C 吁巳c(.> 飞 X .{!). ",,,., hen' X ,1 nd d 叫，mll h, r lhc m(-tnε 到 lHlC' P and 1h t:' l1i . .., 

tance d t:' fin t:' Ll on thc 吨 p.)('η. r可吨J-.tf' c11vely. -rnd 1he cCln巧'τι冉、lon rF:11'_" u1 (吨】队主". This fãnηlγ 

, )f LYJnl{H(-:--' 址Dn mrtp.... j..: C' allt-d rh俨 h t:' rL.1 t:d Funcrr'-m S飞f:--.tem-IFS 弯民主ld Ìb L' 1 号nlpn:'~~lün r':-l l1o 

ì~ d t:'fined 肿、二 n1~lX 守川二 1 二..，. ._N: 电

It i.. tleflned th叶 W ， ll( 立〉→lI <X.' 1喝几 m啡， !lnμc，-， mplC' 1c me1rl(' 叩.J ('e f H 1 .\.人占

(~/I )哩

、

让飞\ "二 υ 毛V， f A "1 • A E- H ( _\"") . , ] ) 
...... 'herè IJL'\.) ,=X ,J nd h(dì 在 re a Lê耻】 ly nf C'omj吐('1 ::-ets Hl 1hτ :--l1H ce .\ ~md Hau~(hlrff tlí~ 

1 ::1(''': nl白刊rf' dpÍl n t:'d I)n 1 七t:' :-.p.'I L:t' ~f(~Y.1 r'::''':;í)('C llve1y. and :w".n 二 ].2 ‘..， ._Z"v': IS an lFS 

,"vith Cúnlpr(， ~s1门口 r.J 1]L1 、 lr c;m 1坦 j)TI 川 \..d rhat Dl.J Il H':H<X)一*" H I X i i~ a L:Onlpre f: S1ün 

ma f' ()n thc ""'PQ('号 (H( 工 I.hfd)) witb '~~I 币市r':"'~lon rutrD s. Theref, ~世. there 0xi~ts a Ll 

η叫uεlnv二 rii1 n1 ::t't .--\， ξ Il'X \ lor m江" W. 飞... yhich mäk时

n'\ .主. )二\..年 I , EH(.\l. J 2 l 

mo四川盯. oll 叶rJt'-"> .:1\"-(_-1) :N=l. 二 ..j 飞N ， ll bεcomprt:'刊t'd tu -4: fúr arbi1r3. ry --l丘 H

(.\ ) 

limW飞.4)二.4.. V A 芒 H ，.\). (3 ) 

('f)n~eqU E' nt1y. set .4， 1、 εalleJ th俨 bi，叫 nll.:1 o:， r üf m3p lF. or th e- ab引主 a('1r)r of 1t号 rated Func 

twn Sv...tem-lFS 

The ('ümp rE''':由.Jn ITla l-','" in ,ln lFS can be d~ftned ln 币any f()rnl~. H 1七町 are 2111 ('OITl 

prε当问ve i1 ffinε 1randorm!".. the ':-Ib叫了民ζ1(， r A_ J 0f nlilp 1F w111 ha飞吧 21 :-:t:'H-':-lffinf' s1ruc1ure. 

乞 hat nlecn~ .4.. Wl H he d fr3ct:::lÌ阿 1

1. 2 Collage Theore m 

lt can Le proved 1 h 3. 1 for a ('υmplete n1t:'tric space (工 .d) ..J nd á ~e1 了芒 H ， X) and a 

constan{ε二~O. thereεxists an lFS i 正的 .n = 1. 2…. .1.V:' 响应 compreSSlon ratio íIζ5<1. 
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which makes 

and it can also be proved that 

h：7 ．U 
“ 

h(了1． 

(4) 

(5) 

where h( )is Hausdorff distance measure and A ，la the abstractor of 1FS 

An important result of Collage Theorem is that an arbitrary non empty compact set T 

∈ H (X )ln the complete metric space (X ，d】can be aPProximated by the abstractor A r of 

an 1FS according to Haus& off distance measure Furthermore．1f the com pression maps 

： — X ， 一 1，2⋯ ．，N ln the IFS are affine transforms，then an arbitrary non—empty 

compact set T。∈ H (X )can be approxim ated bv a self affine fractal set． 

2 Computation of IFS for practical images r 

There exist many algorithm s computing 1FS from an im age．In this paper Bath Fractal 

Transform BFT algorithm is employed for ils simplicity in theory．convenience in imple— 

mentation and fastness in computation． 

2．1 BFT aJgorithm 

In BFT algorithm ．the com pression maps in IFS are limited to self affine transforms， 

ln this case，the 1FS becomes a Self Affine System SAS In space R：，an SAS a family 

of affine transforms as follOWS 

[： ：： v．-
一  

F q r~ =,* '
一

l， c == ． ⋯．，Ⅳ ． c e 

A practical image is a gray level function譬( ． )．( ，Y)∈ R ，which is defined on a 

region A of R!plane．For the defining region A of an im age it is possilbe tO choose an SAS 

SO that its ahstractor is the same as the defining region of the image 

A — U (A) (7) 

practical ima ge and a fourth-o

ir der SA S,From ／ W2／
／ ／ 7 

g 1 lt can be seen that the abstract0r 0f the l蹄I／I l 

sAs is a non—overlap overlay of t de mg 丁 — ] 

r gi0n of the lm ge．and the shape 0f}he ab— ” l”’I 
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飞"lhich makes 

and ít can a1so be proved that 

飞

h 丁T. d 吨 (T) ζεa
.I~I 

hlT , • .J.. ) ζ →L 
,-, 

飞鸟rhere h (d) is Ha 飞lsdorH d.时ance mt'::1.~un，' and A{ 1<;; th E" abstrò{"tor or IFS 
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(4 ) 

( 5) 

A口 importönt re .s ult 01 Collage Theυre-rn 15 that 注n 3rhitrary non-empty compact set T 

芒 H (X , in the C'omplete metrl c- ;:;:.pa("ε (X.d J ('an be é. pproxim A. ted by the ab甜st口r阻aεctο时r A ，~of 

a囚η IFS acc∞Oτ世din口g t阳ο Ha挝剧飞u

凶盹>..， X→λX" η1= 1.2.哩 ? … N in the IFS a主伫 af屿fin时，e 甘z盯刊n肘王γ刊叫‘唁d号 10归r口m言n斟毛毡S ， 玄出』凹 a且n a盯τi汹)J旧z拭盯乞汀r盯y non-emp严ty

C∞ompεCτs臼et TεH户〈工} ('3n bε 忍pprUXlmatεd bv a self-affine fractal Sf't. 

2 Computation of IFS for practical images r•丁

There 理XJ::.t ffi l:i ny algorithms ('ümputing IFS Irom an tffiage. ln 芝his paper OOth Fráctöl 

τ玄ansIorm-l主FT algorithn1 j~ em ç...byed for l扫 simplicity in th f:' üτy. convenìence in imple 

TIlentaτion and fastness in computatiun. 

2. 1 BFT algorithm 

In BFτalgorithm ~ the compres~jon m..p吗 m IFS are limit f:'d to seH-aHme transfoτms. 

Ln this Cb时，由专 IFS bC'('omt:'~ a S t:H-Affme System-SAS. Jn Sp<::i Cε R' 司 an SAS is a fämily 

of aHin t:' tr吕 nsforms a只 foHo鸡、

:::;;][;::j 〈是二1.二，.岔嘻 iV 人 , b) 

A pract1C' al image Îs a grby-level fun C'tlon 1< Cr ~}') ~， I 咽_\' )ε R.;. wlnch lS deflned on a 

region A of R!. plan l2. F 0τt he defming region A of an image Jt 15 possilbe to Ch005εanSAS 

so that its ahs甘actor 1S t11l2 same as the defining regton of t}>f:' Jmage 

A~ υω't(~-l). ,'7) 

Figure 1 lntuìτIvely shows theτdatiυ口shíp 七etw胃n the r r2ct ,:mgulór defímng re军ion of a 

practical image and a fourth-order SAS , Frnm 

Fig 岔 1 tt can be 吨e专n tha1 the ab忌τ臼ctor ofτhe 

SAS is a non-overlap overlay of the defining 

region ofεhe lmag舍. and th f:' shape of the ab

stractor of the SAS is compfetély the same as 

thal of thé d f:'fínmg region of the înlage. 

Thérefore. a preclse seH-affme relation eXlsts 

betwf:'l2n the whole body and local part of thε 

defjning region of th f:' ìmage. 

A practKal image 15 a 主ray-level functlon 

on its dεfmir理 re回on. Jτís hoped that a simJ 

医 1

Flg.l Do四.ain of image and corresponding SAS 
望自 1 图像域E 幸E 应的 SAS
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lar self—affine relation also exists between the whole body image gray,level function g(x． 

)and the local part image gray level function g(w ，̂( ． ))．namely 

( ． ．g( ． ))= “ 一 6 ,2-一 6 + f”。 f．r． )， V (n  )∈ A (8) 

It can be proved that Eu． (8)is true for a fractal image．and not true for a non fractal im 

age，so for a non fraetal image，the transfrom (·)can he determined only in the sense 

of function approximation． 

It is assumed that after transforming the whole body image g(x- )with transfrom 

(·)．an image block g (w ( -v))will be obtained which is an approxirttation to the true 

local image hlock ( ( — ))．W ith the criterion of root mean square．＼ve have 

一 I ( ( ． )一 (t ( ． ))j 

I [g( (丁， 1一 一 一 3-一<”’gfx． )：=dL (9) 

where A i s the defining region of the image． is the Lehesgue measure on space R ．If the 

approxim ation error between (z (i— ))and g(w ( ． ))is minimized·ave have 

= 筹 = =筹 =。 c10 “⋯一 一 6： 一 c⋯一 、 
Consequently．a group of linear equations can be obtained from Eqs． (8)一(91 and (i0) 

I 

卜 
f ： 

j ‘ ' 

』 

zgtz． 

n 

J g( 
譬( ， )] 

川  

， 

』 

f 

lxgEw ‘ ． )] 

Iyg[ (“ ) 

l卫(as．y)gEw (-r， )] 

Ig：" ( ， )] 

where the integral regions are all the defining region A of the image From this group of 

linear equations、four coefficientsⅡ ’．6 ：，6 ’and c can be obtained，that means each 

block of the non overlap overlay of the image can he described by these four coefficients 

2．2 Application of BFT algorithm in detection of mall—made objects in the natural back— 

ground 

From what mentioned ahove it is known that if an image has a fractal structure itself， 

i．e．there exists a self—affine relation hetween the whole body and the local part of the im 

age，and the transform s are limited within affine transforms，then the approximation er— 

for P— will be very small，theoretically equals zero；otherwise if the im age does not have a 

fractal structure．the approximation error P will be very large．Based on this fact it can 

一 

__ __ __ _ _】 1 ● ● J  
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18) 

I! εan be proved that Eq_ (吕) 1S true for a fra l."tal irnage 哩 anJ n C! l tru l;:' fnr a non-fraC' t J. 1 im 

age..so for a non-frac国1 image 宅 the trandrom t'}. ( • )εan be JetermineJ nnly Jfl the ~ènse 

of funrtlon apþro目主natíon

V (J 寸， )ξ." \ l..'k( .r .y.g( .r 雹_\，)) =u b
, -b'."'.r -h 击"十 c "'K( .r咽 y>.

1t LS a~.s umed that after transforming the whole búdy Imagoe f! \.r '_Y Ì' w 1th transfrum ì'k 

( • ). an image blυ c-k f!: < ('U'k( J , _v) ) will be obtained whtch i... afl apprυxlu1a tinn t0 the trllε 

local lrnag>> block ,; (白'þ ( .r ‘ y 门. 飞~l1t h rhe ('主 i t时lün of root -ffi t:' an 氧气 uare.. w苦 have

t':~~ Ct: r H', I X可〉芦'阳、U 咽 y) ,=' dl二
J 1 ,. ")-'-奄

L. e ， [g( 叫:r ..)'ì- J. 19 ) 

wheτe A j.;; 乞he defintng- r f",glUn Ijf the irn.-t主 1;-". I. b 亏 lw Leb t's哥也t' m l;:'l1::-.urt:' on 吨p.1iL">2 R气 If the 
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where th t' Integra] region~ arεall 也12 J t'fining region ~.主 of the tmage. From t1让 s gruup of 

l i.nεar equatlo挝、 10盯 coefhcÎent予 42\ b ，.' .hl，~' and c'''' can b t' 0也taint'd.. 乞 hat means each 

block of 出e nonυverlap overlay nf th t' image can bεdescnbed by thesεfour c-oefflcients 

2. 2 Applicatìon of BFT 剖goritbm in detection of man-nlade objects in thεa剖llrnl back-

直round

From wh时 mentiont'J abovξit IS knυwn tha t if an imagεhas a fracral structure itse丘，

l. e 白白e exis!s ~t se l{-af fI ne rda乞Eυn betweεn the whole 忌。dyand 由专 loc-al parτof the im 

Based on this fact it can 

age.. and the transforms 1',1, arεlimited wnhln e. fftne transforms 啕 then th号 approXlma乞lOn 盯

ror er阳明ill be very srnall. 出髦。因tically equa1s zero; 。由erwi:，.;e if the image Joes nQt ha飞哩 a

frac tal stru c-ture. 出e apprOXlmatlOn 盯roτι~.. wiU be very large. 
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be determined according to the approximation error whether the image concerned has a 

fracta[structure．By many results of theoretical research and analysis of practical data，it 

has been convinced that the images of various natural backgrounds accord with the fractal 

models，whereas the images of the man made ob 1ects do giOt accord with the fractal rood— 

els．Therefore，the man made objects in the natu ral background can be detected according 

to the value of approximation error P ． 

In the practical applications of approximating an image block by BFT transform ，the 

approximation carl be investigated between adjacent image blocks．and it is unnecessary Eo 

limit the approximation investigation only within an image block．For the man—made ob— 

Jects in the natural background—since the object s are surrounded by the background and in 

view of the fact that the backgrounds accord wl rh the fracta]models and the objects do 

not—whether the object image block is r()be apll roximated by the adjacent background im 

age blocks or the adjacent background image blocks aye to be approximated by the object 

image block．1arge圳ppr。xm1atI。n error will all arise in both cases．Based on this faeE，the 

procedure detecting man made objects in the natural background in this paper is composed 

of two steps：firstly，the BFT approximation error image is obtained by computing the 

BFT approximation error between adjacent image blocks and then the ma gi—made objects 

in the natural background are detected according to the approximation errors． 

3 Experiment res~lts 

By nleans of the target deterion technique based on the 1FS features，ITtany experimen 

tal results have been obtained for the infrared images sampled in the practical sky．sea and 

ground situations．Some of them are shown in Figs． 2～ 4． 

Experiment parameters are：inaage size一 21 6× 916 pixe] ．Since the procedure of au 

tomatic target capturing is mainly used for the small targets with size less than 20× 20 pix 

el’in practical situations．the size of image blocks is chosen as 8× 8 pixel：． 

一■■ 
Fig．2 BFI、{eature exlt'ac LPd fo r an ai rplane in the sky (a j original image一 

(b】im age of BFT approximating r rI]r一 (c)result obtained by im age segmentation 

图 2 空 中飞 机 BFT 特 征提 取 的结 果 

(a)原 始 图像 ，(b)BFT 逼 近误 差分 布 图像 ，(c)图像 分割 检 测 的结果 
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4 期 主i'年丁等，!FS f'1] f争空闻结构吁 i正在自动吕标持现
豆豆

be determÎne-d 3 C"cordin军轩 I the 2 {Jproxim3 tÍOH l:rrOr 飞"，h时』吁 thc- rmagε 口旧cerned ha 3. a 

fra Cl al 'HructuTe. By maηy re3u 1t~、 of r heoretlcét]γ E'St'HTCh Dnd ::malysi~ of practÍcal data 司 H

h3~ been convinced th盯玄he rmage:-: c. f 口TlOUS n元tUT.cl l backgro江nds 8 __ "'Cürd wrth the fracral 

models. when'a:'> the imag凹 üf 出εman-mc--. d仨 'Jb iect~ dυnl)t [!.:curd wrth the fractal mod

els. ThE'reforE'.也{' man- ffi3 J E- übj缸t~ tn 乞h伫 natural background Cðn be dE' ìeC忖d accordrng 

to th~ va)uε0f approxìmation errur t' , .,,_ 

ln 乞he prac-口c.ä l applícati毛旧~ H{ιl f'f'扫Jxinntmg- 3n lm i'lìSE' bllJck by BFT transform 电 τhe 

apprü白白ation ('.J n bεínv口口gðko betw回ηodpcE' nt TmHge bloC' k.::. and rt l'-' unnεCé' SS3ry to 

limi生 th<::' aνprOX l. matll)D 10飞，ce..-;tìg:ltl(jfi l}nly 胃口hm .3ηIma l["=' bluck ‘ F UT the man -made ob

J t't: t币 in the η叫 tU El I b :J ck反round. ~In('e tht IJb jt-"cr..: ，J T专 .:-.urrounded by the baL'kgrl)und and m 

盯守节。f the fRCt th~t the b口 ck只 !'ullud~ ，q r r-，_， rd 飞"'trh th t- frHr t.:d m，)dd飞 and the object.s do 

n l)t. \vhether 艺he obJ t:-ct im ,<!ge h10ck 1~ 'C n he d(.>prnxim;lt '2'd by 出巳斗djacent bι让 kgTüund i自

己gt:' blüLk:-. nr tbe adjacεnt b3ckgr()unJ ]m~ig(: blnck坠 3rL' to b(" 2PI汀OXJm.3t eJ by the objeL' l 

rm在京e blork4 largE' appr(,:'{mutlun prn)r wtllεH "n 飞专 m l:x, th ca 、es. B~-:I :;:ed on thì:;: {acr. the 

prüL'{'du玄cd盯伫C口ng m~n-mCl.de ()bj町b in lhρnaluTal bHckground ln th i.<:' pap盯 IS compo~E'd 

nf two step~: fjr~tly~ lhe:-旦Fτa ppr{ì Xlnl~， ilün 寸rror I四age ì~ obtmned by computtng the 

DFT "l'!汀oXJm Cl. lion erTor betw肘n adjacεnt im.J只e block:-: ‘ and th E' n rh E' m Cl. n-made obJt'cts 

în lhe nCl. tur~d b3rl军区round 3TI':" derened Br('ording tr) th专 a(.>pTIJXlmanOn errOT l'>. 

3 Experìment rεsults 

ßy nîE'孔盯I ‘lS of the 艺归且r只et detetl町on t时专chrη3口阳3红乓〈电lU t-" r扎ìi:

t阳fl. l r叶?怦叭刊ul刊 i且'"盯V f' b妆f什「盯n飞 υI妆)Jτ川4投时-llfi旺ed f弘ιυ呈汀r t山hei盯n[仕rι re仓J 1m 

旦τroulμ.d 盯 1山ua剖tt阳Gη肘乓 S【(，m号 §也'! th巳 nl f，盯re ...1扣1(，轧wn 汀旧) F日tg~ι. ~-- L 

EX I-'E' rÎment parilnlt:'ter~ 盯t:': nnagt. ....lZ t:' = ~1 ti 町 ~1 ti IJÌxer. SÌncE' lhE' procεdUTE' of 3U 

t (ì m~itI(，旭r且 ~...t CCl. ptunng IS m盯在Iy u廿d fl) r the 咄可II tHrgeb Wlτh ，，:-. lZ哩 1白宫 than 2口气 20νrx

el- Ìn pr .actkal situattnns 电 the s:i-zc 01 1!1.l3 f!E' block::-. J~ ("ho~en a~ S . S plXel.! 

(.) (b) (c) 

FI I2"-:::: 1JF1 ft-'atur々叫lr ('--'1:'..::1 f"r :ln ,'\Jrpl <l ne ln tht"、的 1 a l origJndl tmagt:'咽

飞 b I trnage :.f BFT 3. jJf'T lIXl丑l.dtln鼠 c， 刀 'T 咱 I ，~ I r>;;- 飞 u It "bl,:llned by m凶gε 毛egn】entattηR

国 2 空中飞 jr， BFT 特征提攻豹结果

(a l 原始西 i曹. (b) BFT 逼近 i呈差分布图像. ([;商海分割捡到的结裂
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(日) (b) (c1 

Fig · 【 F r cj TUl c x’r clod -r ship (-11：he 、llIi 【 L ~：rlgiI Il I 1 “ ， 

f}】)im age BF 1 c jlJ roxhn；~ting ：一 - ： )Ft, L J1 f l11 l"1 by Jm He egret nt~
． fion． 

海 。舰 【 1特 征提 取 的 结果 

( lI娘始 习悔 ， BFT 坦 近 展差 廿m 罔悔 ，(C) 像 丹 割 椅测 的结 粜 

Fig 1 BF 1、[ea【life ex[rftc~cd f(r 1 1 I【、k【m 1h ground． 【 L)uIIgi hmage， 

L b)im age uf J I approx[nlatmg 。。 )r ‘c‘result obtained by image segmentation 

4 地 挪 克 BF r特 征提 取 的结 果 

( 一 原始 图像 ，c1])BF I、逼 近误 差 分 布图像 ，(C)图像 分割 椅 删 的结 果 

In the sim ulation experiment，the image of BFT approximation error is obtained bv 

compuring the BFT approximation error between a terrain local image block and f0ur local 

image blocks adjacent tO it，then a segmenting threshold is computed according to the jm 

age of approximation error，finally the man made objects can be segmented from the natu— 

ral background by use of the threshold． 

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

background has been significantly enhanced in the images of BFT approximating error
． As 

a result，the ability distinguishing man made objects from natural background has been 

1m proved． 
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(., 1 I草栓f!'I!宝.山} 15VI 逼近 l~王 ，r 知;写悸电'，--- J 罔 1军 5辛苦1检 "'1 归结果

ln the ~1U1l1 lrtttυn expenmen1电 the 1m及gè (J f llFT apprnxtmfttron <2 rrür ìs obt.a íned by 

C"ùmputing thεßFτapproxtma tlon 臼ror bεt 'i'可εn a C' ert3rn 10(" 主 I imagé btod王 and four 1üc.a t 

ìmage b10cks adjacεnt to tt.τhen a segmen口 ng thresho1d i~ζompl1 ted accurding to the 1m 

age r:;f approxinuJ.t ion 白rtlr. fin<!Î ty thεman-made t!bjects can be 时gmented from the natu 

ral b.ac主ground by USé of the thrbhold. 

It臼n b? sεen frorn thE' experiment31 results th3t th号 ('ontr3st between the targét~ and 

background has been significaηtlyεnhänεed in the irnages of H-FT approxlmaúng 巳rror. A s. 

a result" 出e abi1ity drstïnguishìng lllan-made obje C'tδfrtlrn n .'-:l tural b缸kground has been 

improvoo电
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@1 85；~71 — 
像 空间结构特征及 自动 目标检测 

( 安 电 }技 太 电 了丁侄 学 院 ，陕 西 ．西 安 ．71 0u7I- 
2／ 

摘 要 一 个选 代 教 乐 ]FS -he rat~d Funclion SyMeln)由 一妇 巨 蚌 畦 射 组 成 ，1三 }进 了研 

窆 对 摹 整体 ”和“局 部 之 间 的 受接 构 成 置 乐．计于 臣絮 亲 ，1FS描 述 了 臣像 “整 1五 和 局 鄱 

王 室 变挂 盏 系 ． 此 ，IFS可 鸯 豫 毋空 问 结 嗄 型 ，而 IFS有 姜 棼 缸 f 观 者 

厦 眭 像 空 ：结构 特 征 

1FS 的提 出起 提 干 皆 目像 压 摊 觅．匿 此 IFS 与 守形 之 ：存 在 着 密切 的 和 内在 联 

系 IFS的理论 中育两^重要的结迎：一是如墨 【FS士 压缩 射均为仿射 尊．列 IFS的嗄引 

子 将 是 一个 形 羹 台；二 是宴 际 中所通 到 围像 都 可 用 1FS 吸 引子逼 近 ．根 据 这 两A 结论 ． 

如 果 曝慝 IFS 昀压 缩 变换 均 匀仿 射 变捶 ．足 像 本 身兵 有 形 结构 ．印 图 像“整 体”和 细 节” 

之 问存在 仿 躬 变换 关 车，则用 1FS的啦 子 逼 近 舀俜 产 生 的误 差 很小 (理电 误 差值 一 n]；如果 

图像 五身不具有 形结 ，则逼近误羞很大．所 ，艰据 1FS逼近 馈差的大小 ．即 判定被研 究 

的 臣豫 是 否县 有 旁黟 结 构特 征 大 量 的 理 论 研 窆南 实验 数 据 争析 表 明 ．自然 背 景 的 图像 符 台舟 

形模型．而^造 目标 图像 符 奇苛形模型．匿 ：．可 根据 IFs逼近误 差的大小 现对 占磐背 

景 中^遣 目辱 的硷 删 

提 取 璺惶 lFs 蕈 法 有 每砷．本 文 采 。1h Fraeta]，】、 ['isform tBFT)算 _珐．它 是 一 厚理 

苘 单、实 现 万 便 、运 算速 度 怯 算 孟 跨荨 f 研 究 臣 像块 自身或 干 同 图像 蛙 之 “整体 ”与 

“局 部 之 目的 空 结构 关 皋． 
-

7-目燕 背 景 中的 ^造 E标 ．当干 目嗳 艘 自然 背 景包 围 因此 ，币讫 是 用邻 近 目标 毋告 晕 舀 

像 培 逼迁 标 臣像 块 ，还 是用 目最 图像 块 逼 迂 躬迁 毋 背景 像 块 ，都会 产 生鞍 大 的 逞 近误 差．根 

据进 一结讫 五 在研 究 自照 背 景 士^造 目哧 昀柱 通 过 程 中 通 过 计 算 邻近 图像 蚺 之 间 的 BFT 

逼近误差，获 逼近误差 像，进 而艰据逼近误差磕删 自燕背景 中的人造 E标． 

要际数 据 仿 真 实验 的结 黑 证 实 了本 提 方 法的 有艘 性．． 

关键词 图像空 结构特征 ，目仿射函数系．目标检测 
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