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4 -Directional  Second-order Directional  Derivative
(DSODD)
5 -Laplacian of Gaussian

1 -Mead-Wave InfraRed
2 -Long-Wave InfraRed
3 -Heavy Clutter
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1 Facet Model
2 Principal Component Analysis
3 Least Mean Squares
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1- Low contrast
2- Heavy clutter
3- Texture information
4- Signal-to-noise ratio
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2 -Mean
3 -Standard Deviation
4 _Nonlinear Spatial Filtering

ol e sla Soluves dalllao b g5 oo |, (ool (sla JUSns
robal 4oy 0lo 5 (g Sl 3550 JUS
e S S @595 smir 9 e L Glgiee | 10 Besle
by o oy ol ol 31 i ol 19 015 om0, 1o
by Baa Oledbl 852y Jodoay el ool oolarwl ol
L e B0ssle ngai 5l (ooliel Cuon3 Sl 5 pgad 5l (SosS
a5 ol yigy Bad 4>l Sguy Tz 0 g0 ST Ao g
Oeired 53,5 ooliiul pol (ol Stz (oo slao 2y
5 e g it 88 o (e (slwe 2y 5l olitl
5 Bas la oSy ledbl (58 cows 5l g 058 0 25k
P95 0% glake ek 4 WS (a6 S o> 5080590k ngla
9 2985 5| Sy 5o LGblie (o slaoonty 5l goleiiny
ol sla am olal Jlogy (g iiloman polie o Bl
0y SO sy b ccamg ool bl ol colazul e JuSo
)L.\_EA awlxe 5 (YY" g, Q.).l 4) IXI olal 45 ol L_A;m
0y iy Sy s 900y Ol 0950 5ol o0z (]
(3gas 5 B8l SLwly o JuSoy @ oSy S jpoy (e
P55 )3 JoSy ;2 5lal Jlagys (98 lade (g s
Lo s annd a0 Ojledy b oges dnwlxs 1) 30,8090k
a8l Sggy pg—al oas@olis oS b cuws gyl loge
el oo ools Las (F) JS 5o alo e ol L5 g, il so

Ol 09, - Y
Saa L e Bigsle polai jo Slaal sgue sla g, ST
L adl oo oy my 4l cndl 5 San 4l (g5ludins
SLadaSey Sgmp Caz (g Uhg) e (nl o (pl 4 4z g
Gl 3080900 ol )3 divojm (Flp P hpnd § Suo
o0 03,51 (V) ISt )3 (soleiiy o 050) (sledsy 5 oo

— Z|—I=

By 33 lal L QK 02y 1

|
p

M

i hoe sl o
058 09k pyai

XY Sl b e sl 0oy gl el (SisSa (V) JSCb

S ySlos g oo odnlin (V) JSb 0 aS o bloen
0039 (=29,5] dmmlme (ol 5 50 Jolis goloiiy o ol

1 -Local neighbourhood


www.SID.ir

WA bl (Vo Lo oo ler Jlw o d/w&%:"u " b — ool alxeo 22
(L4 ¥

S ygmots o80s0ke yigal S5t ol A 0 5 (e )50,
bl Jlogss u’_”);;ﬂ Slade eaumslas as wil o (V) alal,
Al o MIXN olal 4y 0,00 12 50

M

SWE;; = —Z?’;‘lzi k W, ;. P j(u,v).log, Py j(u,v) (V)

N

Pijwv) = M} XN, ®

oSy (plidy, Dol jlade Kby (L)) by ol 5o
iy, s e sloolas ) olass N(i) o o,y o
JS by o Slas ) g589 Jloil Pij o)) JoSey
b aibigo Ssmtp o po il @5 5l 035 5 ol Wig o))
e dnslone 5 MtN olasl b onlio s 0,20y S5 iy o5
oy iy S o s 9 <0y 02l 09950 5l o3 2]
(§99—as g (B8l Sliwly jo JuSon & Sy O j50a (o
295 0 JeSey 2 sylal logyz (9l lade ol s
Slel 5100339 (52955 b s 5 03905 drnlna 1) 50 8055000
St pgead ol ylid aS ol LSS |, J.,...SV_. L bl
bl e azily

libs, Cod Guaai jglaiea (YY) ada)l) 4 4z b

(LSWE) (5 )Ll 5055 (o] Hlaie «Bun 4>l slo JuSy
ol Hlade gl cud 5 a4y Al 5 B (g 0 Caglboe
48 09 st (S y9b Wb (W) (9,51 039 c950ml 51 Bl oS
s 955 8 (53l Slis a3 b il i
29551 polie (03l b dwW) g9,58T )39 Jlael 5 dmslona 5|
(L Lo Sy b psad IS loo 2y )bl Jloss
sloalebn 5 25000 gLl Gpar s sl S5 LB 255
O 2led 5 5Lyl Gl wiilys e p95u bs, S 0s5
>l L5‘)LJ Slastin 4 az g b asil atsls |, axlb g0 oyl
sloo,zmy o Shs pyallle 5 508050k ngal lide
ol Cgls a0 09 YU e aloz 5l cBun bla folis
el (M k) iy cmbion ( >lg plo 4 Cuns LS,
OO ez p Sy (erwlis Rinogi oS 350 ()b 5570
g B aS oo,y )0 (opizren il Bus 4l
e Bl ol g (Sl ggomme 5l 0T sla Sy ol
ol U sl sl (a6 o Gles sla ey
Gl sls a il jo aS wils aales L_r)j).».l—‘ Al (S,

b (SL“J-“‘K:-.}. S Og JA‘P Sas 4>l ‘_g\).g Lff"“’b*’

po—al 5o it 2l Jdow g i 4 az g bl olo
PRI 'L P SO AW VE FIE: KV NP UE S S JPUS IO P )
Lo S 4] (o ainjm 42l g 05 L a4 b

DAl 5l 5 (2l i polde ©olS (e )
R0k peal jo Sas 4l slefusy olids,
0592 Gt Jlade 5 az o 5l (g ple 4 Cos
Sao slafuSy )3 S s polie 5 2Bl o0
S8 o et SSL O g0t

SUS) plby) mhw polie ol a4z )5 G3g ol ¥
ol oy jlone Sl Sdrog o5 (glids) mhaw polie
(1l g9d90 (ol a il wiilgion (554 (2955
e sloo ey @bl ) Dol ke 35 o o ey
P A 42l WallS Wil oo e B9k pgad
il oS

oL ol pemay oLilgy mdaw polie gl az o yog b Y
9= (oo slwo oy (olidy) Dah (Sl (092
oLy L aiej g 4l 2ulS Wl oo 5o 80550k
aolige Bus ol et LSl O yeo ol (o il
L l) Goe andeid g osute Jos a5 300 0525 die g
D3l oe 9,49, St

6090 > U cdinj o 5o, ad aml g bl Slaxin F
s polae oglis dz 0) il oo Bus 4l 4y 4l
O Lo i iy, S 5ele 5 bawgite lids,
b o8 &) olerioy (he) Jse B Semlisr s 00
SoSE oo 5l ol v B 4l 9o (ol plet a5 0508

ls

g oLl Ol gl e 890l pgal die) g a4l O

Sl Bas 4l a4y s Koo

1 -Enhancement factor

o8 Ogole pgat calisee (g (5Ll annlie (F) JSCi

Wy U ndd (gl solpidan Jgo,8 jelate (o


www.SID.ir

Y OlSan 5 (5 peai sae 1630 410 (333 (90T 31 eoliusl b 30,8 (y30le gl jo SzgS Slanl Sgute

595 Sl (g alidy; hends g Bas 4>l Sg jolaieds
s IS 15 o 53 ad o 5 slazemom (>
b polas L oo, 5 v oolaivla s 4y (5,5045 3540
od3b (S Ly g od chndl dlrejm SlaeSy (2l
Salys Bas 4ol o iz b oy ol s 48
ool S35 el lade 409 Y oo el ol o ccuils
UL aS abl oo (F) alaly Gillae Boo a4l slo JuSy o
b sl iy L ol (oly) gl BT 25 0
9 plo 5l i g par oBays 5l g 0ad jiiny atres

ey 5o B

solie Lo Shg ganiN glabd o cwain oSy
2 i (Pla g Bas 4l sla JuSey jlxe Sl
45 s e ST ) S peke pladdes 5o 8y90ke pglad
P93 OlsSee nlple )l alold ol eadgs ol 5515
b bl Tl e saadeS by, S a5 GMM!
saatigr slp 9] adle 5395 sloosls s i
Sg—ed 00wl die )y 9 Ban 4>l g0 jlse Bl glaosls
5 Bap) g balie ¥ olawy i Ly & jemo il jo
28093l pgmal (oo ooyt Jlane Szl g (s g
=95 Joe sla bl OlsSos 10955 sloosls lo—eay
e Byl g 05l Cnwoay 1) (GuilylgsS el (Sike)
Gd g Aoy g Bad alwd ¥y |y e sloojms
Sl el gt ke gl o] (oSl 4 sladigs gl
g B ol sla Sy lane Slyaul 4 Loy e ats
Sl wil e g8 ade LIy ol oSl o5 gladgs
gl 3l aey e (Plg lxe Bl el 4y bgy e At
ged dnwlxe 15 ot ,s8l g Glgs oo | @ S9atr o o

6_12.4 LgL(bo)_?Ll.; )L:.m J|)_>v.’|| )\oﬁ J&m :J5| 4.1:>J.4
sosls laicas « X ={07;09;...01} p 8 4 0 ,80550l pgal
.GMM JAA ‘505)9

ably Bllas k=2 z)b (nl ;9) (s @s5 K I35 ggaxe
EMT 550 Lags 1

P(x|y) = f:1g(ft|5#i: ) a; QY]

S 3 m X o omsS byl Jos slajzall Loy

1 -Gaussian Mixture Model
2 -Unsupervised Clustering
3 -Expectation Maximization

Ot 3l S Lo IS A s diie iy s 5 So
L ol e Bigole polal d5ute 59 39250 sla il
95 ol 6 kel lasine cal asuin (F) JSo ;0 a5 jshiles
P33 el ol g bl e o A Al (o0l 5 dgu 5 4l
S al o] SiSa 5 Bae 4ol s Caz by, b
Dol aSCol an az i b Ssleoe (5900 i 3 G | 00
Sl ol polie (g5, o yidn @l 9o (pl g lel Slasin
Ol Sy olids) s polie gl az o Gliee g slne
5o gladamde LB jolay glas () sl so gl 51 e ls 592
3= ol >k 5 095 @dly ax g )90 29,51 39 Jsest
3 i Bae 4ol o (gl s ke a5 95 &0
1551 03 Ols=ean @) byl i )3 05,5 5580 4>l
b P15 plot Cod s 4ol 558y SSE cex

RGO PR

W= x@,)) = (u+86)% ()

Szl (oSle ;b a5 46 9 2 Y el b Gillas

Bl e oniy S 9 Syrn o o

1 N M ..

Hr= MgxNg ijl Zi=k1 x(i,J) *)
1 . .

6 = MgXNg Z?]fl Z?/I:ﬁ(x(l»])ﬂﬂz )

e slooy oy 45 oollin (goloidoy Jge b b Gl

Vbl ca sl peal 0 JoSs @ oSy )50
0039 (298] (V) adasly Balbae g oo o0ls &8 > ol
Sygmeiml 50 S5se dule LSy ya b blie o)Ll
(LSWE) (doxe (5Ll Jl50555 (581 molie 51 (03I s
45 4ol 8L Sgne pgal 4 g 310 SIS 5 abaly & g0 |,

woload caeal oo iy L;LQM. 3 GA.IAC‘ Comnd Ql 59

LM =

LSWE(1,1) LSWE(1,2) LSWE(1, M)
LSWE(2,1) LSWE(2,2) LSWE@ M)
LSWE(N,1) LSWE(N,2) LSWE(N, M)

O 3 gt o g dmwlmo —Y-Y
i Jol ad>so )0 anj o Slo Sty Bnd 5l g
oy LR ad o Sy 5l (B g g Slan
Sl ol s 0zl o oVl olibs, mh lade gl
D ygmoiml o it (G39d e 5 05 2Ly o


www.SID.ir

WA Ll Vo Lo oo e Jlw o d/w‘f%'!u " b — ol alxeo 2
" ¥

L o5 cpe b 5 8l o5t 2l g (@ -0) USS
o=l aS Heboles was oo (LA (0 -0) S8 a4 cond
(7 -0) IS o el (asein Q] G sles g a8l dgupe
o aiej o 9l B 655l s 2l e Jlode
oL 09> L b ad> o o @ 290 o po Jlos!
g e 4>l ;i i as Sl el opl g 4l ol

058 O9dle npal Sgnte 59 » O Sgete o y2 5L (B) YK
95 Sl (ol saman slos 5 ol 508 ygole pugas (Al
Jlosl 5l G a8l 09u0 90 (2 -0 aman slas 5 @bl o3

O g0 dw sles g Ol Sgage o>

Olig bl gl 9.k, -F
e Bogdle nglal Sgue 3l 9gabe a5 Sl Sl S j5ba
4l dgee 9 de ) SN el (SsS Slaal Juls
Ao gbaews lp cagl oo eolprinn g, I il o Bun
L pisla pln 50 «SasS Slaal 5o, I8T 50 Cgllas s
5o Slacal sepy ollgy glengs palie alies K sl SIS
T sk og 0l 5lasl adls 1) 5o Bygsle nslas gl
&) = Sltalojl (soleitn ogy S9tp oz, 0, Slos
5 SzsS Slaal Jolts (88l 080593k pslal 5l (slacgeme
Sl 4z ndy Sgo iy g Ise cplanl gla ST L At ey
slais 5 oS Gl M b (pladisjm 0di S )0 a5
iBlon oSy Wiz 0 )3 SzsS Sl Gizes g plaels
Sl (G -A) 5 (Gl =V) (G -F) sl Ko 45 psla o]
palal 5l gloasged Jold b yiay a5 col oud ools
ey (il =8 JS2) ol sloaizaspm b 50,30090k
o) podle adb o ((WI-A) JS3) byo o (! -V) JSo)
78093k Blaal sguy a3 0l (b ae (B9, g )

5 pll by le (539 @i o Aome lavoy oy Jlone Sloonil Juls
oeSiln b (S bgline JSz 52 S Sl 0% |84,
bl 2 adle 5o 30 [¥V] Sl B il g8 e 5544
e o S (699,55 slrosls slil 4 addse ol slas, Lol
A5 Sl (e S (T 5 S IS s 53 e

29,5 g0y Ay &g

g(ftls.u-i' Zl) =

1 1, — -~
GoiEE AR &XP {—g(xt —sp)"E TN - Slli)} ()

55 Jae slp el g lwo i sd pg s a > o
RV {aiysﬂirZi}iKzl

20,5 o0 alne pjalal; Gl @ S o ps Ojpocnl 50

1
ad=—- oY)

max(s;)

e Sl Sl Sl meX(544) b, cnl 3o

Sl Bl aSul 4 a4z g b g el oo adgS 99 G 0ud 035
Sygoipl 0wl 2y ple 5l 5855 Bas 4l slee o
ol aigs slajlae Slpoul (uSils 4 by o MX (s14)
el 25 @yget |, (1) daly Glgioo nlpl il oo oo

:.)5_6.3
LSWELJ =
M
- Z?]fl Y2 Wy Py, v).log, Py j(u, v) "

J5is o ally Bebo 48l 09 2l g Sules 5o

VRV PES
IRE = a.*
LSWE(1,1) LSWE(1,2) LSWE(1,M)
LSWE2,1) LSWE(2,2) LSWE(2,M) v
LSWE(N,1) LSWE(N,?2) LSWE'(N, M)

So 85 2 Mty She,y Jles! 3l slaises (0) U8 o

AU sy S8 oSz Buan | JSiite ja 30 90le g
g ISl dn az g L el ool oolo lis @ g oyl
s 53,1 ke a8 555 s ssalie )] (goad s (sl
A Sl (5 e i Bun p Jetde ax b s oLty
bl e L8 1y A e ey Bl Jols o5 g5 b
) SzoS Ban o Joitin 50 B0y93ke pgeai (1-0) JS&
8 B, dn aye So L Bas asl ol o a8 aes el
Jiael §l ol el (o —0) JSb sl 00 i
5 9l (Bl -0) S 4y (7 alayl) (g)le o9 (9,5


www.SID.ir

74 OlSan 5 (5 peai sae 1630 410 (333 (90T 31 eoliusl b 30,8 (y30le gl jo SzgS Slanl Sgute

Sonte 5° Jyere (21l e lE 95 505 (25l 5o 5 wilioe
3 (SCRG) T35 ey JUSes Lm0yt siny S8 Sl
5 dalol ;5 .50,5 o oolaiwl (BSF) VAJ_:.A)'W Gl g po
WSy (o5 5 A5 lagl)l s a4 alllan i 50 5

D9 s

S (L, -)-F

slaJso jo Bus 4Bl sgpe Sldddi (o (6 par awlis
Lo St ! 5o a8 Cewl S5 LB .l ooy ools (Lzs A 5 Y o8
50 a8l dg g sleaids ol soled Lol ssaliv jslaie 4
iloads (gau whie [--v] RYRESN

3ol (sam aw glos g 4Bl g gl (F) S5 0
29lal Sy p 503 0ad (Brme slagty; g soledn o)oKl
00)5] auLoM.\" JJ% l) M)U’“" 9 ‘5a|9.&b dd.m‘ J.ALAJ ]A)Suj.)Lc
A‘uﬁdw‘wﬁdlﬁbybw‘au\m;
A S Blaal sgpy del ol oo b wilaiilys b oo,
5o ailed a1 S s SIS g 50,8 din ) g 4l
Lol (om d (slos g a8l dgups (sloaids 4y axgi b (O Ol
LMWIE Lg.bl.ef.w.u 9y 9 (LSWE) 4lio Q,;J L;ol.e,.m.u %9,
590 Gl g, an Caud a5 wolaile |y o, Sloe o as
g 9los, S & pgdbas Hoban 1) asj ey Sla SUS
AFODD g, (ypizras oloau i dgupa |, Gun by Sy
Canl ails Koo golpiy laig, o yo |y 0 Shae o oy
C&AAJ‘ o\)s_o.; ULo.c ).:u.:_g.a M)k)‘“ LQLQJJ)*S M ).4‘ )D 9

3ol gomans las 5 aidly S5 @ls Sk (V) USs

29a8 (555 2 S eoliiny B D959 Gl p 55!
a5 Heboles il aee) WL ane; oy Jold 5o 805500
L aglse 10 PQFT (golosing (b ol Laeine JS5 (ol )
L) e o, Shos po G5t 9 Jsl gt 708 93le ngal
35 BMVT g, aizmon .Sl ails o g, plo 4 cond
S 93 G 7o B9k pgal 4y S 1y 3 Shoe 0 e
A8l Senps sloaid 4y ax g3 b cfgamme 10 .0 0 o b, mlo 4
PQFT (salpiinn sLay, iy 4o ol saman sloi
Iy 0 ,Sas (3 yige BMVT o (LSWE) allas ) (solpiion (o9,
|y aenimm LS 5500 slagts,; & o a5 cilanils
So—te ) Boe slo bS5 wlos S andl osllas j9boay
o 0 1y 0, Shes 0 50y AFODD g, (pizeots ailodicn
Gl W s yol jo 5 conl ails Koo golprins sl b,

] e.b}.o.i JA.C ]JW Aoy

2- Signal-to-Clutter Ratio Gain(SCRG)
3- Background Suppression Factor(BSF)

alio 5 (g0 5 (&5 (b))l Hehied 3 Lo iz (b o
Lo by, ol wciamsl o oalitol allia el o (solgiiony by, b
(ED2D LMS) aJ g (som 93 LMS ,5Ls g, ¢ ol
Joe Co A w3l 4 e it pglat plésl g, [ YF]
Ul Loz 498 ha L8 Gl 3, [ YY] (AFODD) a4
5 V-1 BMVT) J5s s (s 2,135 b, LYY] (PQFT)
DO (LMWIE) g 5T aledlbl (y59 (oome L oo,
L jlans ag adlie ool olering (ho) comized il oo
=l e s a8 el S5 a p¥ 5800 0l LSWE (lgie
i ol 5o aidl e pelas bl )l shls o,
T byl (ooled o0 Shee Gy 4 (b_Cews plaiens
Ol 59 5250 o0,0 S Gk p LolST jsbods oad (yme (b,
ol (Byme Loty 5l (B epized Sl 0ol o las allie
3 500 ads e Juld wdon 04y al> o ogdle alis o
G a8l Sgts giglal sl cdlacal 2l sl ey (5L, ]
= pgo ad> o callis ol Dgaie 4y dxgi L aS W0l oo
5 B gy cpl )0 0z ge 4Bl Sege polar I Blaal #l Sl

FOM PRVEPER SIS PP PO e

silasilicoaleicio gy 5o odd et i 5l Sl s

Sz ol 5 (Fins w55 b aS ko home (sloo
o3lasl gy ipml 5100, e bl 5o 8 s0le pglai yo CBlaal
Sl sl 45 00,5 el Ggmuian Ceilioe oy
SLadaSey ol SISy o8 CoblB 5 03 | 5lu e
nge i, L mollae ol ails | S5 Glaal Lol
Aol glyls =ly 50,8000l polar ;o S8 Blanl SPIE
Y] sl e () JeaSo Ae ) a8 sl 4 (S8
Lo pomy olwl s (st -3 5 Glaal ol AS@I:J
o 5o il T 51 a8 b Ban slad by Loy canlboe
ol aid § s s Glaal ojlusl 51 285 Wee iy olel ST >
odd Bus 4l ol o g DLy B 08, Cews e
2 dejm >l Glgie 4 (gilussg al> e jd Bas 4>l
50 Lt ael og g el ol ol o acalgs 4185 L
olml golgaion g, ;0 1) 00,8 oo Glaal oo, 5 olulis
Sgpe |y Blacal (1 5S> S e U oads Gl PV lao o

roleal o Slaalog s sla by, ol jstaie as

SOl aaim 19 g 9 SN hend 5 08050l
2= sy 52 L)l S oxte 25 5 5 sl
(&2 dmnlin) ;BLS ayo Llod 5l azil og gy o859k

1 -Localization


www.SID.ir

WA Ll Vo Lo oo e Jlw o d/w‘f%:;u " b — ol alxeo z
" ¥

e

ST AdTdd

S
= T
2

LANE

=
= B

s o LYV PQFT o9, b poas sgute gl (0 [VOI LMWIE L5, b pygai s9mge gl (z [YFI ED2D LMS g, b g 35t gl (o

LSWE (55, b ygas gm0 gulis G [YYT AFODD g, b pgus Sgute ol (5 [ VoI BMVT Lo, b poai 3500

Sgrte 5 Ao i LIS a0l 0, Ses (i
35 AFODD g, (pizcod dlatsls Bas 4l L;LQM
Sl ails S0 L;¢LQ.~MW sl gy G o Iy 0,Sas RYRRY
00903 oo Firnd b)s aejimy SLo WS and ol 535

5| ol s glos 5 axilogegs ol ,Sily (A) U

2olal (595 2 S0 @l o by 9 oling X!
Ol @ az gl b ol co Lo ST L dis ey Jols 08055000
Ll gamas glod g 4l ooy sloaiss &y azgi b g JSO
BMVT (soleinivy (b9, 9 (LSWE) dllie cnl ol (b,


www.SID.ir

A OlSan 5 (5 peai sae 1630 410 (333 (90T 31 eoliusl b 30,8 (y30le gl jo SzgS Slanl Sgute

Ban 4l sloJuSs 5 (St Ky 4 S5 disjm (>
ol ol Gy 00 e o A iilioe i K5,
2 LSWE 50 sla ig, L acslin o ol plo il o
slaaioy o sl (52 5 0L (e Lul b Cod pglas
Saal o9 sl @ Bly 4 g Sl polie (L35, 0L DL

ool f5e 0 B0sgole pslal j0 Sz

45 25 gl yybiml e wlaalin ol 4 axgi L

Baxdl o Sl A lley o554 LSWE (solpiion ho,
9 9—bdu dgie 1) Ban oSy g 0ad diejpmy sla NS
4005 dinj s 9 B G Cewl ST Al el s o
Glodidi 15 aim) s Lo OIS a5 cal astin by,
aily o Latd yle & Carnd 6508 55, (sl ls LSWE
o) 58 aS axiws 58T g Lasie Guibly @l iomes

bl

ST Azax
[

HIMNTT

M

LAOd

LANS

adoav

UMST

Olomsl atey ug b 5058 (90le gl (Gl cilieo slo g 5 fol aidliogegy oadid 5 (o sl o) g b 308 (ygole sl (V) JSC0
@l (o [YYIPQFT 35, b prsai souge gl (0 [VOI LMWIE 35, b 9 9940 gl (z [YFI ED2D LMS g, b g sgute gl (o

LSWE g, b pgas dgng gulis G [YYT AFODD g, b g dgutp gl (5 Yo BMVT g, b pgas 950


www.SID.ir

WA Ll Vo Lo oo e Jlw o d/w‘f%:"u " b — ol alxeo vy
" ¥

bl A

SWT dTa
C

HINANT

N

LAOd

adoay

MST

—E

LANWSE

(@ eylomo] diny o b 50,8 yg0le pglas (Ll .caliee (sla yog, 5 Jeol 4idbogags (sloaids 9 b0 (slo dice) uo b 30,8 (y90le polas L(A) JSi

9 9t 7l (o [YYTPQFT gy b poas 09 ol (0 VO LMWIE g, b prgas s9m0 gl (z [YFI ED2D LMS g, b g 350 gl
LSWE 5, b ygas 09up0 g5 G [YYT AFODD 9, b pguai sguge gl (5 Y1 BMVT g, b

Sl 4z 2 Huiored (ewl Lol paal 4 Cond a8l D5
Ot iy Sl ST (Sme a4y aBl iy (B9, S SCR o0
sLasbs, BSF 5 SCR (sla lixe gl il o OIS 5 CBan
LT W) JL@.C‘ (?—A) 6L£bd.i..u S )J?LA} K9y » as 60%

Sl 00 00l UL‘.J “@-1\) LgL&:JS..i‘: 5 Ry

Sl (=10 sladSes )3 9250 slagygiw 5| S o

Sloais; gy b 8L S5 pglai BSF 9 SCR (sly lxe s
ool LS (el 5 Lo iy ey b yS Aloj o e0ee
oAt (=1 0) Lo JSi an dxgi b ol oo Wrdiioj

S 2Ll -Y-F
St )l Jsliie slojbone 5l (o5 (2l Hokaie 4
9 SCR o, (im0 B09oke pglal )0 SN cndi g Slaal
e 59 ol )l Sl o Lails, 050 o0 eoliu I BSF

A RS

SCRG = &/out 0%
(s/9)in

BSF = Lin. 00)

Cout
Slne Bl C g JUSKimw aisls S claly, opl & am g5 b

Sote po—ad Sl s i A in g 0Ut slo i) g ¢ SN


www.SID.ir

Al OlSan 5 (5 peai sae 1630 410 (333 (90T 31 eoliusl b 30,8 (y30le gl jo SzgS Slanl Sgute

Ol s 45 Sl 089 Cadly ol U gl s LT logyss
Slaal Jolis 4l slo Sy 03l 5 5kl polie o SLSL
Solol Hacyss 98T lade 1o lodas Ol cel S8
9y oml 3l 00,5 (e e Bgole pgmal (e slao iy 5o
6‘)_.\ ‘SA_AA)lﬁA m_,.._fm \.\_>‘5)$A 6)u] )bu)j ‘5>5)..u"
9 93k dej ey 9 SzoS Slacal ol 4l slafuSy
e 0oy o Skl logyss ‘_,’_3‘5)‘;3] daol yo ams lol
039 D9 s dmloe (6899 po—ai | JuSy o b bl
Ol Obl ) 098 o0 dnnlna o)ty p2 59,0 sladuSiy Hlne
Seaalys )0 ol o ey SzeS Slaal Jolss slo JuSy
Sl jiolie gunalss lawg a5 5093 Sy cu e o
olom! g Blacal (o gaiusy jshaie 4 wed oo Jol> jlas
solazwl dioea j p LSLQJ")AS 9 Sas 4>l O w‘).uS
Ol (o5 5 (RS slaaly)) s Slialejl gl (s 095 o0
Eloml lym adlie o) (golpiming iy, 085S 0,,LS 5l
= ey 9 by ol en (oS ISl ladicej
Logbss o b dmlie 13 g, cal s o Shas Sl 5 il
Gaal (S8 Blacal 59 g talex 5l aliswe slbas (o
F o oalS g o5l Sl ccds ol 8l e o sla SIS

] s QSLQ‘L“‘"’)U'“ ).31).3 O 009 ﬁjL&Lc 9 ubls )‘M

&lo-F
[1] W. Meng, T. Jin, and X. Zhao, “Adaptive
method of dim small object detection with

heavy clutter,” Optical Society of America,
pp. 6474, 2013.

[2] Y.-X.Dong,Y.Li,and H.-B. Zhang, “Research
on infrared dim-point target detection and
tracking under  sea-sky-line  complex
background,” International Symposium on
Photoelectronic Detection and Imaging, 2011.

[31 R. Lai, Y.-T. Yang, B.-J. Wang, and H.-X.
Zhou, “A quantitative measure based infrared
image enhancement algorithm using plateau

histogram,” Optics Communications, pp.
4283-4288, 2010.

[4] K. Liang, Y. Ma, Y. Xie, B. Zhou, and R.
Wang, “A new adaptive contrast enhancement
algorithm for infrared images based on double
plateaus histogram equalization,” Infrared
Physics & Technology, vol. 55, pp. 309-315,
2012.

[5] X. Bai and F. Zhou, “Infrared small target

sl 5l Ll eSils ez 10 g baiiojpmy (oled o
Csl )0 (5 0, 8ee (sl)ls 5 Bl oo (goleiian slahs,
o=l g0l a e o IS mds g Bus sl UK
5 SCR (sla,lmo azeis a5 Cawl (o dliojm 50 LS ey
e Ol (rl sl PQFT (g, 5l 1S (s3leindn (9, BSF
Dls oy dtnjm 50 1y (e 9,5ee PQFT (g, a5 sl
BSF 4 SCR sl Lo uls (1 Xils a5 b.sl.?u] 3 Sy il se
Slade hls Lod ey solod ;o LSWE (golpiiey o,
Ol sb ol M bl go ba by, plo & Caonsd (6 7t
Sl lyls adlie (ol (ooleiminy by, 45 g Oly—e
T S)ls 5 009 by, plas dy s (g yiion (g pdy Bl

] (6 e Sguge

25

| —-

n
T

& @@36 #’& s?% & &
7 &liiy slaiy, Jloel 5l Jol> SCRjLae ks .(R) Sl

BIF

I -
e
10 ot
S

o
T

S
T

(]
T

o

EA A A

2 Sliny laits, Jlos! 51 Jole BSF Jxo glis (1) JSCi
AL F ISl Bly pslas o,

G S A -0
Sl o 70,8090ke polial o die s Lo NS Canal
295 sl (o)l s oleiiay sylel o0z ]


http://profiles.spiedigitallibrary.org/summary.aspx?DOI=10.1117%2f12.900480&Name=Yu-xing+Dong
www.SID.ir

WAL bl Yoslod co)ley Jbw Lf/wm‘:"’* T by — (oele alxe
(L4 ¥

\Al

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

H. Deng and J. Liu, “Infrared small target
detection based on the self-information map,”
Infrared Physics & Technology, vol. 54, pp.
100-107, 2011.

C. Yang, J. Ma, M. Zhang, S. Zheng, and X.
Tian, “Multiscale facet model for infrared
small target detection,” Infrared Physics &
Technology, vol. 67, pp. 202-209, 2014.

X. Shao, H. Fan, G. Lu, and J. Xu, “An
improved infrared dim and small target
detection algorithm based on the contrast
mechanism of human visual system,” Infrared
Physics & Technology, vol. 55, pp. 403-408,
2012.

X. Sun, W. Hou, Q. Yu, X. Liu, and Y.
Shang, “Small infrared target detection using
frequency-spatial cues in a single image,”
Journal of Electronic Imaging, vol. 23, no. 4,
pp. 043003-1- 043003-10, 2014.

S. Qi, D. Ming, J. Ma, X. Sun, and J. Tian,
“Robust method for infrared small-target
detection based on Boolean map visual
theory,” Optical Society of America, vol. 53,
no. 18, pp. 3929-3940, 2014.

X. Bai, “Morphological infrared image
enhancement based on multi-scale sequential
toggle operator using opening and closing as
primitives,” Infrared Physics & Technology,
vol. 68, pp. 143-151, 2015.

S. Qi, J. Ma, H. Li, S. Zhang, and J. Tian,
“Infrared small target enhancement via phase
spectrum of quaternion Fourier transform,”
Infrared Phys. Technol., vol. 62, pp. 50-58,
2014.

B. Zhu and Y. Xin, “Effective and robust
infrared small target detection with the fusion
of polydirectional first order derivative
images under facet model,” Infrared Physics
& Technology, vol. 69, pp. 136-144, 2015.

T. Bae, F. Zhang, and [. Kweon, “Edge
directional 2D LMS filter for infrared small
target detection,” Infrared Phys. Technol.,
vol. 55, no. 1, pp. 137-145, 2012.

L. Yang, Y. Zhou, J. Yang, and L. Chen,
“Variance WIE based infrared images
processing,” Electronics Letters, vol. 42, no.
15, pp. 857-859, 2006.

F. Zhang, C. Li, and L. Shi, “Detecting and
tracking dim moving point target in IR image
sequence,” Infrared Phys. Technol., vol. 46,
pp. 323-328, 2005.

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

enhancement and detection based on modified
top-hat transformations,” Computers and
Electrical Engineering, pp. 1193-1201, 2010.

Z. Chaofu, M. Li-ni, and J. Lu-na, “Mixed
Frequency  domain and  spatial  of
enhancement algorithm for infrared image,”
in International Conference on Fuzzy Systems
and Knowledge Discovery, 2012.

M. Tang, S. Ma, and J. Xiao, “Model-based
adaptive enhancement of far infrared image
sequences,” Pattern Recognition, vol. 21, pp.
827-835, 2000.

R. Zheng, J. Hong, and Q. Liao, “Study of
Infrared Image Enhancement Algorithm in
Front End,” in. Advances in Computer
Science, ‘Environment, <Ecoinformatics, and
Education, Springer Berlin Heidelberg, pp.
416-422, 2011.

C. Cafer, J.” Silverman, and J. Mooney,
“Optimization of point target tracking filters,”
IEEE Trans Aerospace Electronic System,
vol. 36, no. 1, pp. 15-25, 2000.

S. Deshpande, H. E. Meng , V. Ronda, and P.
Chan, “Max-mean and max-median filters for
detection of small targets,” Proc. SPIE, vol.
3809, pp. 74-83, 1999.

S. Leonov, “Nonparametric method for clutter
removal,” IEEE Trans Aerospace &
Electronic Systems Society, vol. 37, no. 3,
pp. 832 - 848, 2001.

Y. Gu, C. Wang, B. Liu, and Y. Zhang, “A
Kernel-Based  Nonparametric  Regression
Method for Clutter Removal in Infrared
Small-Target Detection Applications,” IEEE
Geoscience And Remote Sensing Letters, vol.
7, no. 3, pp. 469 - 473, 2010.

T.-W. Bae, “Spatial and temporal bilateral
filter for infrared small target enhancement,”
Infrared Physics & Technology, vol. 63, pp.
42-53, 2014.

H. Deng, J. Liu, and Z. Chen, “Infrared small
target detection based on modified local
entropy and EMD,” Chinese Optics Letters,
vol. 8, no. 1, pp. 24-28, 2010.

X. Qu, H. Chen, and G. Peng, “Novel
detection method for infrared small targets
using weighted information entropy,” Journal
of Systems Engineering and Electronics, vol.
23, no. 6, pp. 838-842, 2012.


www.SID.ir

Yo

OIS 5 (5w (50 1551 1S 539 (95T 5 ooliswl b 30,8 yg0lo yglai yo Sz oS Slual dgupy

[31]

[32]

[33]

S. Fine, J. Navratil, and R. Gopinatth, “A
Hybrid GMM/SVM Approach to Speaker
Identification,” ICASSP, 2001.

W. Zhang, M. Cong, and L. Wang,
“Algorithms for optical weak small targets
detection and tracking: review,” in Neural
Networks and Signal Processing, Nanjing,
2003.

C. Hilliard, “Selection of a clutter rejection
algorithm for real-time target detection from
an airborne platform,” in Proc. SPIE 4048,
Signal and Data Processing of Small Targets,
2000.

[27]

[28]

[29]

[30]

X. Bai, S. Zhang, B. Du, Z. Liu, T. Jin, B.
Xue, and F. Zhou, “Survey on dim small
targetdetection in clutter background:wavelet,
inter-frame and filter based,” Procedia
Engineering, vol. 15, pp. 479 — 483, 2011.

Z. Cao, Y. Ge, and F. Feng, “Fast target
detection method for high-resolution SAR
images based on variance weighted
information entropy,” Advances in Signal
Processing, 2014.

M. Varma and A. Zisserman, “Texture
classification: are filter banks necessary?,” in
IEEE Conference on Computer Vision and
Pattern Recognition, 2003.

S. Mirmahdavi, A. Ahmadyfard, A. Shahraki,
and P. Khojasteh, “A<Novel Modeling of
Random Textures Using Fourier Transform
for Defect Detection,” in Computer Modelling
and Simulation, Cambridge, 2013.


www.SID.ir



www.SID.ir

Journal Of Electronical & Cyber Defence
6 Vol. 4, No. 2, 2016, Serial No.14

Small Target Enhancement in Infrared Image using Local
Statistical Weighted Entropy

M. Nasiri*, S. Chehrehsa, S. A. Mirmahdavi
*Imam Hossein University
(Received: 10/01/2015, Accepted: 03/05/2016)

ABSTRACT

Small targets Enhancement in infrared images are one of the most important issues in the target search and
tracking systems. Target enhancement algorithms Provide more accurate differentiation between the back-
ground and target areas in Infrared Images. In this paper, anew method of statistical weighted entropy has
been suggested to suppress background clutters and increasing the contrast between target and clutter
background. Local entropy is the best ways to express image-intensity specifications. As a result, statistical-
ly weighted entropy is designed in accordance with the fact that, existence of small target areas cause the
major changes in statistically weighted entropy value in local window of infrared image and target areas
and background can be easily separated from each other. In first stage, the local Statistical weighted entro-
py corresponding to each pixel is calculated. At the end of this stage, background clutters are greatly sup-
pressed and target areas are enhanced. In the next step, an automatic enhancement coefficient is used to
highlight the targets and create higher contrast between the target area and background clutters. In order
to qualitatively and quantitatively evaluation, the proposed algorithm was tested on a set of infrared images
with 30 different background complex clutters. The results show that the proposed method can well sup-
press background clutter, whereas enhance the target area and increase the possibility of detecting and
tracking targets.
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