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Small Target Detection in Multi-Resolution Image Using Facet Model
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Abstract
In this paper, we propose the technique to detect the location and size of the small target in multi-resolution image
using cubic facet model. The input image is reduced by the multi-resolution and we obtain the multi-resolution
images. We apply the facet model and the local maxima conditions to the multi-resolution images of each level.
And then, we detect the location of the small target. We estimate that the location at the maximum of the D,
which means the local maxima value of the facet model in the multi-resolution images is the location of the small
target. We can detect the small target of the various size about the multi-resolution images of each level. In this
paper, we experimented in the various infrared images with the small target. The method using the typical facet
model applies a mask. However, the proposed method applies a mask in the multi-resolution images. We verified to

vary the mask size and differ the size of the small target. The proposed algorithm can detect the location and size
of the small target.

Keywords : Small target, Facet Model, Multi-Resolution, Local Maxima, Infrared image

E40] Wl = Aol A A B B ohie
L M2 % SRR debde sbjel 845 EH9) le am B
% WA ehd ek aslel 528 AFHE AL o

Ao e xag el HE AME AY BRI g0 gon wael 2eEs we e o og du.
TAL S874A FHE Hopl A vl Fag RS A G onunA 223 TA AZo BF AT wye T REw
53 BAF AT Bole) A% el Askgel mebd A7l e T T e s maeloga] ma
H AT A A el me ) B P ANE AR g vz magan taels 242 AEGE Beld 4
Whslell A 229 23 AL vjeed FaAel AL EE g gg wgqeing oF 14 BEe AR 2U4HA An
FAolth 243 EACIHT S B 33N RO L L pon g en ma A7 el Be e S
71E JHAARE oajel 2 Agole 34 27|19 0.15% A E = o] ojdeo] wekth TaA el ZHeelMe] 23 A A
&9 aEsclen AAgHl S S PR E L FECIE LR RS DR
o A% Ak} Eo OdF aedAt o 2o AnE @

* AR EhR s P AR RSt w7 E S 2 917] w&olck

For e 20U 321 FARREA 20U 4. 20 Aoy AN AEHE 29 EREES URE 5T 29
AR <2004 30 Sa Awdez v wAud woh x4 A2 AFA ¥



05 3 GBNA HolN 2L o] §d 248 EA HE / 7

He WA ZHEE Soled W 24 @3ox Ytk A
Gl TEIA Et FEer gol A8 =) Wi 4

HE AMgshe S Bo] Hol AME-HoA gk R WHE
2 #Hy A7 "E(Mean Subtraction Filter)[2], 92 dg
(Matched Filten)[3], 34 27 A% HEHLMS Filter)[4) 5
of MY Helg FUF 4 "El(Median  Subtraction
Filter)[5] &9 HldE el AIEae WEEe] ok ofeld
JHEL W7 ZEHS ol di= &3 dAT BEHES 13
goEd FAe EG 22 e Ego] HA gow HE
# 5A e Ao gavh aela ook 29 B4} e
A3l 14" Fel9 AL FA ke RS BAFJTh

X9 Ao} e HE TAEZ Adsly] 984 obF 2AY
dgto] AgtsQie), ohE ~AAY delgs Hge) sy 8 33
A% Wgilel Ak e 2AY 94 e 288 F
B 5 e F2H JRE AT AT At Bt
49 A3g 379 944 ARE HS5ex Eso e iy
& A&y MAle AEY OF 2AY 29 528 4E 7]
Ak I WA nl&e] oyl He £4 HERES A
el HZdE dolEyl d9da SVM(Support Vector
Machine)& AHg-ate Bil[8lel glch ¢ol&8l Hioy} tF
2L AMEE A% PHES U099 A7) 28 13 AF
o] 7% A& BAETL AW oz Wy
ut Age A7iE 5314 Eﬁ}j "] 1 eﬂ
srh 228 14 HE9 E'%
Ao xef Hoja BdE o
o]gate] 24 BH ¢

AAE AEFOoEM 1
olgato] @ 9ol A ] ﬂﬂ 2 ooE zeYeldd £ 54

= [e]
5 ¥ ge ved ¢

e

Obo
e
05
7z
mlo
Pad
>
o#o
e
=
B}
9
>
ko
i3
M1 tlo of

2 =R oAl E%‘ﬂ ZR I 2L o]gdte] 24
8 ¥H9 X APt an gE AT d4g o8t
o] ¥4 7] ARAA HEaE P Adel

1I. HolAl =g

Haralick®] #o]Al =@ [9]e @&Hel BE8 ado] ¥yl &
o Mg A&7 oA FEHE OAY 448 2dgsis A
ojch. FolA BHL olx AZ, w7 AstE 3d, AR 5
wgale ’s} 2ato7tx]) Abggch B AFME FHo] W
FHlo] o] g Ao thal B N2 A 671 Jaja =3
2o g ol gz drh B =FoAe 2 g 2

?30}934 H o} xt
3z 48 A}

A% AR A% PHo=A o 1 2 wag
w9e ot AT AL 24 gow e
3 A,

2.1 o Ax g3

arzizb Ngb olit #i ofgA(DOP, Discrete Orthogonal
PolynomiaD)® 7] set& A7 0414 N-1& @742 744
o} {10]

A¥ set Ro] —reR reRo|gte 2AL WEGo, o ¥

o oFY P ()2 nae Aoz ehta, nol
A 2ol EHH

0~47 A=

1 n
¥

(bt — pr g I1° +(xl~z;ur, )
Pty — 1‘2

P,z(") =t op

of Wl p it 9 setEe) MEHS §& 9njgict

53 oiks) TS oldsl TS ol g N WRHoR 4
HY % sl AQE BEAeE FT 4 s 5% oy
P.(r)S E&Es Ao}

n

[)sx+l (7.):7‘})1: (7‘)_,3"3',1(7') (2)
_ ZegrB, WA, (1)
" 5":1":’1? })n l( )

2.2 33 sjo}al x4

34 ol ReE g FHe 238 o] #alel )

& 7HE "ol F A9 ¥EE RE 3:4 ol ols 24} 8
g 5 drka gk 23 o)A Al ity e R set 1
A o)t A g 2719 dAgez 449t Hojal 2d
2 ot Au g el 33 #4E FA 3 Hou §) i
2249 o)t As ok AA A 2AsE & Sl 3379
oz fHHAE dE FO, R=1{-2 -1,0, 1, 2})o]2 C = {-2
-1, 0, 1, 2lojgte & o, R} Co dMFos AXEHE 33 I
FE 9% oAb A 3 o] setd ohS7 P

Rx(C= {1, rert—2re & —.2, 5 (17/5)’?,} 3
{(r*—2)e, (& - 2)r, & —(17/5)c

ojs} Ze ot A t}AY setd AHEHAM 37 HolA B
d& pAE ¢ gla A go) HHdh
fore) =K +Br+Ket+ K (* —2)+ K (4)
FE(@ =D+ K (= )+ K (0 - 2)e

A7IM K& ot AW tdez XHAE 32 §59 AF
Boli o] ¢ i=1,..,10& Yepbdr} o] AFES least-squares
surface fitting# thabal o] 2w EAJel) 93] AA I ojgfe] A
o2 gdd
o I{r,c) (5

2(5)9] E e W7 g AYAL FozA Ao
o 71 Hroe G4 GodAdA 7] gkg etz W
= zliﬁ A (6)3 2o] xdHt

+Er(E—2)+ K, (¢ -

K=W,



B -

A2 B¢ HmEk 1248 2 % 2011.4/ 78

Z(r.c)?, s9; (7‘, (:)
Wi oo
Z(I',(:)C 59 (1', c)

A9l H@)AH g8
2ol

3 X349 9A A=

33k Hojal mdeA] 7h Foil Ao A3 Aol TAL
ol Aol RelF AAY kAl FejolA 209 WEE
Zhe 33 4ol o] 24 3 bk F4A (ro) THAA row
S} column o g 27 viRgozy oyl e 22 W A
F7v ezl

ol A gAY A st EHD

8*f(r,e) a%f(r.c)

n? aroe | _ (2K K ) )
8%f(r.c) 32f(7‘-,0) K; 2K
aron: o

o 23} wlRel] o3 ASE A vhaAE TR TR} Prk

2 2 2 2 2
L lm-t-1-1-
W= —5|-2-2-2-2-2, ®
—-1-1-1-1-1
2.2 2 2 2
4 2 0-2-4
;|2 10-1-2
Wo=15510 000 0 W =W
-2-101 2
|-4-20 2 4
Slof wpaaz A8FH & AFA S S 2700 wetA
EAe 9AE Fevh WEAL HO9F I =F Sd 212

2107 2t}

D, =2K,, D2:4KLKG_K52’ Dy =2K; C)]

D, <0, D,>0, D, <0 10

9AR ‘43]%‘ 4 Atk

Step 1. $19] 2@ W, W, W;& ol &3slo] UG HE
F4E B9 K, K, K& Ara.

Step 2. 2J(10)9] =% =) 2412 ol g ®A T o}
Uz A4 s

Step 3. $19} Step 13} Step 22 ¥HE3lo] RE HAdoA EH
TR HAg e

Step 4. A & ol8ste] ®A AL PR dA o
FAL D < —01, D, >0.3*max(D,) ©]1, max(D,)T D, &
Ui g ovigich

Aol ge el 5
q vge 247 %;é% s oheaz sgAsY o
= £ AN ® AT E £

Fayal7] 919 vheade] 2

ol
it
+ o
>
=

>-

14
1o
g
FF
K
o
>
)
=
o2
o

& AAs g,

31 935 = 94

05 s GAdAM 9 LEVELS dAto] Hlgo wa} &5
© 9AE rigith. ¥ 94§ LEVEL 0 & & LEVELe]
—’57}?}0“ uet H2d GAeR o s 94 #ARt &
ol ARgEE vl A aHA] @1 4E5E n49 A7)0
w2t Hgo] 7t g JHAEES MAsg k. LEVELY o
& 7hasE S4 HE, RS 40D 2k

m

£= m+ 2% an

A714 m& m x mQl w23 Apel=
24 0 1, 2 3 .02 HAo] =4
ADE o83t A& e ¥49 779 @A v&S 4A)
of 4 dAE AASh 2 AFM = 5x5 vtaaE A8
3, oo wWE &4 ¥E RS AEsHE TAY AV F 5x5,
7x7, 9x9, 11x11, 13x13, 15x15°] Iq'al' vz} 1, 57, 5/9, 911,
513, 5159 Zo| dAsgrt dE Sol 9 Gie] ALe=
5x5 wtAAE AMEEH AV|7} 5x5% EAo] AEHI, JA

£ 9msla, [ LEVEL
3l

n
SR ER L
1

A3
k=3

]=M

a7t 579E é/\ﬂ—‘:— A$E 2717 7x79 A0l HE:E)
Aol 572 FAHW FHL 746 S]] wjold)

a9 12 @77t 5~159 XL ek 34 ogatolt). o7
AN xR Bdae J19-Agh g4F ol &stgE, 4 (12)9 2o
A1

T(wy) =1 « expj— (o =)+ =) (12)

b2 20_2
oA71A Iy #Hol B %, ay)E B3 FA AR o
THSAQE Tl Ae] EHAES B =
Ade] o) 4602 4454,

m o
15T




0E s oA solA Rdg o] &g

i-N'

29

kel

4 2

g
S
-
w0

1% 1 LEVELY] w2 v sjite 44

(a) LEVEL 0 944 (3418:1) (b) LEVEL 1 44 (F481&
5/7) (c) LEVEL 2 97 (F48[45/9) (d) LEVEL 3 ¥4
(ZF481€:5/11) (e) LEVEL 4 A4 (Z28185/13) (f) LEVE-
L5 9% (4918515

Flg. 1. The multi-resolution images.

{a) LEVEL 0 Image (Reduce rate’l) (b) LEVEL 1 Image
{Reduce rate5/7) {¢c) LEVEL 2 Image (Reduce rate:’5/9)

{(d) LEVEL 3 Image (Reduce rate:y/11) (e) LEVEL 4 Image
(Reduce rate’5/13) (f) LEVEL 5 Image (Reduce rate:5/15)
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Flg. 2. The facet model results in multi-resolution images.
(a) LEVEL 0 Image (Reduce rate:l) (b) LEVEL 1 Image
(Reduce rate’/7) (¢} LEVEL 2 Image (Reduce rate’5/9)

(d) LEVEL 3 Image (Reduce rate:5/11) (e) LEVEL 4 Image
(Reduce rate’5/13) (f) LEVEL 5 Image (Reduce rate:5/15)
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Flg. 3. The location detection of the target using the local
maxima conditions, (a) LEVEL 0 Image (Reduce rate:l)

(b) LEVEL 1 Image (Reduce rate:’5/7) (c) LEVEL 2 Image
(Reduce rate’5/9) (d) LEVEL 3 Image (Reduce rate’5/11) (e)
LEVEL 4 Image (Reduce rate:5/13) (f) LEVEL 5 Image
(Reduce rate5/15)
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Flg. 4. The images of facet model results in the 3D space.
{a) LEVEL 0 (Reduce ratel) (b) LEVEL 1 (Reduce rate’5/7)
{c) LEVEL 2 (Reduce rate’5/9) {(d) LEVEL 3 (Reduce rate:
5/11) (e) LEVEL 4 (Reduce rate:5/13) (f) LEVEL 5 (Reduce
rate’s/15)
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Flg. 5. The graph of comparing the D, of the facet model

results in the multi-resolution images.
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