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Abstract

In this paper we propose a new two-color signal processing algorithm for efficient target tracking

under complicated condition including interfernces such as background noises and countermeasures.
For the efficient target tracking, we adopt two detection bands, and define the ratio between two
band signals which represents the spectral distribution characteristics of a target or interference.
The proposed algorithm detects the ratio of interference, and extracts only the target signal from
the target and the interference mixed signal by using it. To evaluate the performance of the
proposed algorithm, we apply it to a rosette tracker and perform various simulations. The simulation
results show that the proposed algorithm extracts the target signal from the mixed signal well. The
proposed algorithm is also ready to be applied to a real system since it is simple and adaptive for
environment change.

Y IERR, PR SRS BYE TR

(Dept. of Image Engineering, Graduate School

of Advanced Imaging Science, Multimedia, and

Film, Chung-Ang University)

*IERE, BAkSM BT8R

(Dept. of Electronic Engineering, Myong—-Ji University)

% S S 3 A A
SsldTAlelel w8 BK2LAIS Ae] ol
CETUBEN

S HF20004F 28158, +4<50:20004E 7H26H

(534)

I.ME

Ao 74 4 Azgle Aol walshe
Aol AAE AlEky, a2RE g4 99 A
F58 XA FH& FATc) gely] 4 Ax
Hell glatehs FAe] HoAd ouirje EAH F24e
Mol v F88F Qaol) ke A Fd] AlAR]le]
AlA (field of view, FOV) gl B4 Hx} o 75
Ao AAAE 2= "dsgel o7t wEAe, e
8 59 A 4 welEe] EAlEh, siAkle A
e FAF WefEe] Hejde] 3k ZoRm 4

E=N

=



20004 11 BFT2EH
22e oEA TP Zeh) mE B Ao
Wl AdEd REsl LR gel FREE S4e
olgal, AlZbHelA|vt ¥4 AZWE FEHOR B
& & gl o]|2HE AxEe 4 AeE )

o= IR+

A 5 glek
Two-color ¥4 34 Az ¢ g3} wa)
£ Alsrl 2R A3k Ae] ~HEly] Rx

EAS o] &3] A AFE FHAoR Bl 919
TR g AHEShs Aol g Ao FA 4ls
F A7) A% didels, ke & AL H3-5H
e v AEE AHAES ARE EeEb] %
tigolck B =X o)l5E A7 MUgF Nuiy

olel gt} Carrier Suppression, Coded Pulse Filter,
Two-Color Carncellation, Two-Color Ratio Dis—
crimination $¢] two-color %3 &4 A|2H-L $
& AlsAle] gaelFeld 2z olge AR =
ZeolAwt A F2F 5 Bolxm glel, Exhst

A ZEzE sl AdA] Adglelld] S Alzdle] A
g "oz Zlon)k wElA E =Felldde AA A
o4 Hgo] 7153 two-color AlEAE dzelE
< AgKI} Agkd two-color AlEAE] daBlES
28 EY B¥ AL vehlle ozt AlsH] (ratio
of M band signal to N band signal, MNR)S =
A Aejslar, labele F Al Aselx HiE) Alse
MNRE F&3le] o5 Nuld Azel Fs Moy
AzelA wiel T Alzw-s Bkt o)A A
= daE]FE A Aol MNRE AlXkel=
2 71E dxss 29 7 849 w‘i}oﬂ 5%
g Qla 1 Aol sl AA| AlxHle] =
AUk

A= A3 A WUHE 8 EA AL 2
A7) HgxElo] vlofglt 27elA mojile] $3iH
ok 2 AFES Ak dzeige] A welEe]
Alzrl 3R 2zex B4 Azeke 4 &k
AL RoFrl,

al

0. Two-color AlZXz2| &1g8|&

Two-color AlZAg] 52 F A& g4de
AMgELa, AlsEe ig—‘liiﬁ X BAE o83l

M Holla B AzE AR ARk Qlck

Carrier Suppression, Coded Pulse Filter, Two-

B
Al

(535)

£33 E SPR B 1K 61

Color Cancellation, Two-Color Ratio Discrimi-
nation o) two-color A &x]2] daelEe] dojck
Carrier Suppression>®-& HelZ (reticle)e] 3}
5 oo9s 27t A3 gel2 dAlEhs e E
el Y 53485 F 99 ukel) Al =) 2
== *‘15—11’3}‘”4 uhg] A%E DC 432 3kech DCA

& A geE gA AAR 5 Sk 22y o]
daelFe & TR HElES AA] $1F Aol
oJ7ld) FH 3 wm= Axd] o] Wzl o) o
7Y F3hgo) Wkl 5 i) Wl As =01} et

2l s Alse] AAZE A= TS 2k
Coded Pulse Filter'™& %4 Alse}l wbsf A58 2
23] ol B3}t Pelef AsAE o] §she dare
Fog 20 gkl wel Noiy, MEH“ NCH°:’ 73%
718 d&or Agsle FHE7|Eol
g ol HaE AAE o Jé*“"ﬂ gk
g A4sle] 33 Aset W A
B} g 2 welEe 24 A
Aollx] B4 Al EE 7] Y3l HEH U]
ol Mgl FAole] Alsrt S A%
27} olgdAl =k
Two-Color Cancellation
wol SR 32E o]88) AlS
ok, Nojde] ne)) 233 M
71¢} LAFIEE HFE 329

E

] 2154

=

=

8l
-

oI55S

e Azeld Nl 155 efe Mujelel ) 4l
5 AAZL o] daelsY Al Ai EeElE
e 14 Alsst W) Asr AAE E T

Nefjdol e qb=A] el Alsmt Exjsfol gich 12
v o™ 1HE RS tidelld T Asot A gl
o o]F] o|FAgl 239 WAL ot

Two-Color Ratio Discrimination™= % thelA}
o] AlEHlE olge) AET Felshe dwElEelr
o] Al 27 HYE el o]FdHA F iy
Alo] Alzn)E Axksl] EEAHc) 39 714 g9e
2 ASE sty A Aoy ASE Xds)
o A 255 Rl e o] darg

r_:o

= O
™ EE}

Azt gl Assh AR Qe @ ) Az Bk
4 A5E AlEkm, FU D7 3 Aad Bl
Wl o, olv) AAE EEAY}L ¥AAR 4 Qe B

AL 2k ek
71&2] two-color

=
k=]

AzAe daigse

S



62 A7k A5H|E o| £33 two-color A XA duEF

are
=20001
é ? 12: 1l2 14
Wavelength [mu]
a2 1. BA A3 #eR x|l s 2~

EY X

. Normalized spectral distribution of energy
sources to be considered for target
tracking.

M. XMotEl two-color AlZX2| &1g|

ajn

At Wel el 29EY ¥ S48
s o714 oleizt ASHMNRIE Aelsh, weie
o MNRE ol& 543t W3l A3 } =39 A
Bold BA Alzwe wgHoR FF
& ARkt

1. MNR

OlKlolge] 2E BAIE 4 (D9 Fa P4
(Planck’s law)oll 93t 2ol wh2 Hxlr|sle] wha}

2dER] BT B4 Zed)
_ 2mhe® _ ¢ -2y,
w(T,A)= ("™ ) B (e (Wm ] e}

M ¢, k h, T, 48 474 4] &=, 2R A<
Fga Ag Al 2% e deRig ad 1
B4 A3 A ofuAdEe] AT
FEE RFT Yok S5 22 Wl 29E
e Hdigle] #2 IR d R o)Fsta glo) A
T 5 dge A=t 2=l g 2dEY RE 5
A& MNRE yehd 4= gk, 28 24 &
7‘%}1 t7isk AE7lelA FE sk 9 9,

FAHE Ase 4z A s AR <A

(536)

RIEF S+

nls) vleslnE MNRES A (943 £ 4 gleh

G
JM As(ecZ/lT _1) dA

Wy (T) _

Wy (T) l
T e @)

MNR(T) =

A71A Ay, ApE A7 MU Nojde| A5 A&
TFAkela, Wy, W2 27 Mdids} Neflefe] o
HkALeE (band radiant emittance)lct.

B ERalr F4] 4L ARrlelw welE 4
o4 #A4 4 AzEle dizAel eSS
2000K 2] Ageto g sigich FA Wl ge] 29
EY 2z 54, sl o d7] F38, A9z 4
I 3w 5 3l ayv $ H9d(mid
) 4499 30pum~50pum=E, iye & AHY
A(near infrared) °39¢] 15um~1.7¢mE 23 1
of ®AE 9" Ay’ a9 2% &xdl o
€ FAY MNRE HojFa glof &7t 2&ps

infrared)

MNRo] "9 & 7L &7} 248 ~dER B
29| Hojge] AFIFo 2 olBstel Nejele] AE
7} o =] gl
1044
1013
%10-6
=
10
108 L LAl e oo oo e
aar? se¢ 1000 1500 2000 XO4E 000
Temperataze [K]
38 2. = wE FSAMNR

. MNR of a blackbody as a function of
temperature.

2. A= two-color A3 A daElF

2. =24 Ak two-color AlEAE] <uElE
7HA ARdelA AlgkEel Sl MogelM &

g WAEAS Bolr] #8217} *PEHZ#

o8 o) z2he wh g FAHBc) 257} wjg-

£ A%, A 249 deiEe IR EH
=] glw, 9 dAeEyEH 7 dy At “P
Eoldeke el s A2 Foial M}k Nej



2000 117 BTFI18eH
oA whs] 4lEe] MNR(MNRpe] ##<¢ MNR

(MNR 1) Bt vi$ 2o} 258 44 72 ¢+ IS
£ vehick A4 AR 34 Ase} Wl 4Alse

By ==ige] gle) MNR;7F 2A8kn 5 oo
Alse] $labe] S vepdch 13 32 Ak &
FElEe BEX oltt MNR 19 o]5AGO)E 814}
she F oY Az e dejzlck MNR = 4 Al
3 229 99 89T AGCE A15E AAE =
712 $AAF7) $1E Ao gog palala) A
Ae 12 7R wgeby Ak daElee £
Vo MNR:e| 284 4] (3)2& vepdr}

Vo (6) =V ()= MNRV, (1) 3)

Target
signal

2] 3. Ak two-color AlzAE] duE]ge] B2
Fig. 3. Block diagram of the proposed two-color
signal processing algorithm.

3. MNR 9] &=
MNRE 371 Sl Z&71 drlshes oY 4la
=0 3

o 3A Asel Wl i) EE A @AY &
e

=
Py
N

Vi@ =V,n @O +Vy () Vy O =V @O+V, @) (g

714 o1 AN & Hzk= MUl9# Nhd& o
a5 Hxle 324 A% (D v A3 DE
vehdick o] Al3Eol zhgo) flvkn 7R o, EA
7Fs3F MNR-& %4 Alge}l vk Al57t £2)d o
MNR 1 & MNR1 28|32 A3} vl A&7} &5
2152 MNR(MNR1-)Z AHE 3 o5& A (5)d
23] A4k

MNR, = Vier MNR, = Vi MNR,,,(f) =M
NT N s Vir (0 +Vy (1)

(5)

A (Bl MNRra ke AZE FeE 2 AL

=4

ey

(537)

#3714 SPHR LK 63

MNRre} MNR:€ bt gt& ZA|%F MNR 1=
EA Aze} vl Alse] Al =) Azl o
2} W3py] Wil ¥ 19 347 welE 2%
o Azl =l mEsln o3 28 A o),
MNREZ} zZ71e 4] (6)3 o] vehdrl uleix
MNRi= §lA3Hs 2E 4139 MNRE 3|A~ETe
2 vehd o 3agadeld AR vehs H3
(peak)®] MNRe|=}

MNR, < MNR,,, << MNR, 6)

e g A1l ) MNRe Blag e gl
A AR Ao A3 e Pz dehdeh e
A RES WA g0 T W, A7t g
Jedei] Nl zkge]l Mol Aguch 2 A9E

50%< Zelx, MNR-L 18 71508 ofFd B33
Aoz B¥aiy ofEe Wb Hlxi= w|$E Zolch

L ulo
LRt

m2}a] 3|2 el X vz71 Agsta, 1 v
uke] Wlxgyl AllHeg 33 d|AE1de] Ha
MNRelld o #=zg 71 Zelch zefvt 457}

Sl eddelAE Alr} AHenrt v 22 Ahg]

& W AT dIedA A AHIE L3
a F3E FALE A RES 2 Jlolnt A

ke AE F odel A37F xR AzolMw
MNR®] s|2Ea38S Axleld 3] d3s £
& 9l 2 laEme] AW F3+= MNR;olck
At A5e Nogollx £4 A3 o$ 352
Nt AlZola dA =7|(TH1) o|Ate|d AFwlo]
EFR A5 7

4. 24 A5 =&

Agrd daelEy =4
g Azl A (45 sk
Al (Dol Hhl] AE Vv =

Q A
L=

(3)ell SollA Aejat
Al (DA™Y Jepdr)
= 8338 AA=EL gle
EA Al37F MNR 1. Vnr(t) A Zo ) =2 B
21 (&)l 28l MNR i+ MNR r2o} o zteng
o] 7k AL 4= gtk WM Vo SAHSR
24 A% Vet 2ot oA Ak daEEe] &
HE Mujde] 34 Alsnts 93k

3
mh

gl

L
L

Vo) =V (6) = MNR; Vi (1) + Vg (8) — MNR, ¥y, (£)
=Vyr (6). (V)= MNR,Vy, () =0, MNR, << MNR;)

N



64 Bzt AEnE o

Al (DY A AZE 712 A= e ¥4 &%
9} 29 MNR 1l 93 2AA=H= 7}\_9_\;_‘:}:_;9] 7:_.]]
of & & & ok A @)F (9& At dwe
Eo] vk Alzo]ee] Alsel| v|x& of3kw) A 2z

¢ MNR o oJ3t A% Hristr] 43t *‘olu} 4]
(8)2] Wo(T)x Aol 2% Kellx Aloksl dwzlgel)
o8 FH=E tolx, 4 (99 R(Tx= 93 3kl
g 2" %o s Jehid ¥ 4 4
99 Aag aH=za 10475'_ et

W, (T) =W, (T)— eMNR(T = 2000\, (T) )
R = W,(T) _ MNR(T)—-eMNR(T = 2000)
W, (T) MNR(T) 9
o714 & 5% MNRS L3jeolx, 20002 W)
Azl Addgtel Lmolrh 4 MNRi= Tr}
2000 wje] MNR-E& A8t}
|
'
Eolsj “Wo(T) / WiT) —
= i o
0 -1 <
g |
5-0.5'{-»v NN
| RN
- \ N
; i \\ .
0 500 1000 1500 2000 2500 3000
Temperature [K]
33 4. o 5 AN kel nfE 23 A9
g

Fig. 4. Signal attenuation ratio as a function of
temperature at various.

ol
=

S|
o

V. 2o/dy Ayt % &

Aok daelEe 2A FAL F7)6 A=
Azl Agste] 4 Alaxeld] 2= HAHY &
HAE *é*’*ffbﬁ E’r%"d AEelld mAdd Ass

J =
!

1. 2943 B
EE R o) Fhsdt
TFOV(total FOV)el| ®vls} AiHoz =22 [FOV

24

143 two-color Al3.A8 ¢xeE

(538)

RIEF Ht

(instantaneous FOV)Z& 714l wkx2al A4 AAME

F ZE)EE o}4s [FOVE 19 59 24 7
AL ' (rosette scan pattern)& weh o] FAIA 1
A AZE ET 1 ASES 23 dake® AT
Adsle] A9 ARE Hohlle gA7|olr},

Z

zk,

e R e

ir

Radius

Target : 0.05

Flare :0.005
Position

Target :(0.1,0.1) |
- Flarel :(0.15,-0.2) [%
] Flare2 :(0.05,-0.2) |}

D O

' Region for signal generation, ™%\ i

b / e
7 A

Ir - /L
Al = . AU Y
-1 0 1
(a)
L I S N U AW}
Radius £
Target :0.05 - O
Flare :0.005 IFOV"'.
Position PA—.
Target :(0.1, 0.1)
| Flare :(0.15, 0.05) S o
N ,'1;
o::
|
|
I
gt S T e e 1
-1 0 1
(b)
a7 5. AEHeldS AT BA FAL dRl Ao o
A (@) 2% 1, (b) A% 2

Fig. 5. Rosette scan patterns and IR images for
the simulation (a) case 1, (b) case 2.

a3 5% me Y AHE $HoRA AS 14
A AR" As5o] PIHES WA Aguk] o
A o] gly, A% 260l4E AN s

=°l
BAAEE ®A7 o] ZAH ich wadl 24 F



20006 11F BFISE@mXE H£3748 SPE £ 11 % 65

AL gA71el 24 F4b s, TFOV, IFOV, A, -

8

Q9% aelm AE A4 99e welFm At i .
FOVE 9olel Aol 4712 Fosie ddols, L T %
TFOVE IFOV7} o]$sk A oz x y= = ;‘ﬂ ﬂ HH UHH ”H )
T 1ol —1Aloln AsAE o) daez wg UL L HIL L
2 e 257X257 AR Ak A A4 e A " er T
FAE A7 1T AoR IR AR wag o
AN AE7h g P e Agaw g & 1l KT -
=2e) polARe of Gdele] Aswe el s M . &
ek i ] e i

2. Two-color ¥ 413 ¥ MNR : | m/\w@ LA L &A‘m .

a9 63 7¢ 9 59 A% 13 A4S 2004 A4 T Cr T
" ASE Be] Fa glek 1239 AlEE IFOVZE 2 gy 70 49 204 AAE 13K Al g 2390 edar
A ARE w olFahia WEeil AlE F Foial (a) Nejod, (b) Mo

odode) AlFHhE &g Aoz 23k 3ARe 1A% Fig. 7. 1D signals and 2D images generated from
AEE 202 ATHE Aoleh 13 6 7¢] 23 the case2 (a) N band, (b) M band.

4 G AR HgRel 217k 28 5ol B4
Agere] zr|Bel & 7L IFOV7E 23 547 =]
£ 3 g7] dEelth AL 16 AR
IFOVY ARk ZPgA Q48] el 23 6914 4 800

a3 88 Agel ¥ 2 63 79 13 AEe
23k MNRY] d|2~=2888 el o§7]4 MNR->-

L S — |
200 400 600 8OO 1000 1200 1400 = o = =5 = 00

sBelr Al X1 A AgERe ] = o
et ot e 600 Targets_
o] o AlgEol FelsHe] glch Ag 20Me A
Asgero] g 238 gle] I T4 AlzEe] dy
400

E ddea AAz 9k .~ Flare
o 200
£ .
& 300
E -
L ) 2 4 6 8 10 12
: MNR
317 ‘ J ” (a)

= 200 400 600 n;‘f‘? 1000 |2’tﬂ1 1400 500 "

@ 400 Target\
i - . 300
gm Flare 10 @ 200 Fl
g Target - " are /Target+Flare
3 N - 100 \ﬂ_
=N LA L Wl )
2

4 6 8 10 12
MNR
(b)
8] 8. #go] glx Azl MNRS 3|2k (a)
A% 1, (b) 3% 2
Histogram of MNR computed from signal
without noise (a) Casel, (b) Case2.

(b)
T2 6. 7% 194 Add 1A AS 9 2 A
(a) N4, (b) M=
Fig. 6. 1D signals and 2D images generated from Fig. 8.
the casel (a) N band, (b) M band.

(539)



66 7 A5uE o] 43 two-color AZA T dxE]|F SR A
005 W12 FEEZ Hags Adgke 27 013 9@ 2ol debdth el AW AXY Azt

100)t} 28]w N Als7) 0xch & 738 Ax
tl. A$ lelde 24 Alsel Aget 2357} b3
Fjgo] glel ¥ /N MNR# Ze AL o
8@dllA 2o Fa gla, AE 26 F Alsst
AA olel T3 Aol MNR ®We MNRS
Z+e A% a9 8(b)elld Bol F1 glck o7)A 3
2 MNR2 4lsfeke] MNRo|xZ 1 oJAke] MNR-&
T AlEe AXog AR AoR A (6)F 5
et

ot

A
=

12
10}
8
6
4

2

12

(a)

6 12

MNR
(b)
a3 9. 3he0) e AlTelx MNRY 3|~&73 (a)
A A% 949, (b) At AlE <4y
Fig. 9. Histogram of MNR computed from the
signal with noise (a) whole signal region,
(b) flare signal region.

10

3. MNR ¢} 24 129 A&
A daE)Eg ] A F e A
(TH1, TH2)7} 879tk THIS Agc] &A% o
F8H4o2 MNR(E &3P S E¥xlolct. Al
Zol| o] 0ol HAkel 94 A FEE Zi=
A Apgo] E3HE uf mE AlFo digk MNRS 13

(540)

e gy drEaRe 1 vEk
2 Z 73} & MNR 01904 938 &
g = gt zElx AlEr) gle 99edx= H=E
Aoz A 2 U 2 A B F3 9l
t}. MNRr7} ARl AL Noge] #4 437} o
T o} zhgo] EIEWA TAS MNRe] 5%
e FoE W] deelch o) Y 9T
Akl MNR; & 7|H2& 29[ MNR & 2%
& & g ek M dlaEasy AXRE 3R
odgke Whx] ke At Als dodelMut $sig)
28 9(b)e Ager A3 dYedlx] MNRY 3)l2E2
Aot Faw vl fAEWEM o ¥R v
gk o714 THI1-S Nule #d 239 122 4A
et

¥ 12 2% 24% MNR; & 14122 F0]4 o
57t TH1¢| Wslel] @& 2% MNR & vepd
o} 714 &2 o] 00z EAHVAR)e] s}
£ B4 Aot MNRS A&} THIel Aol
1.405}F 1.45% £A03k. MNRe] 0.05 @92 725
2 glemE 1408 Ao n 2EF Aol 145%
AR FEH geoloh et 2 3L vikg- Ao}l ¥
4oll BAF A AT 3] G FA| gk
ael3 AE 32" MNRS Agehst &xjshs 99
o] w9 AL A 2004 EAGCL HAFgHoR
TH1-S MNRI FZo 79 <d3e
4 qloh e 34 <ol Auwt
7S Eol7] 98] THIL 7Fs3hd
K321

TH2E 553 1341 A3eld 23 4
TR o B8R FA ASE HE]

A7 e
= %

tlo

4

o
i

L

[SAA=%
%

o]

[¢3

3

x 1. %23 TH19 =3l ug
MNR
Table 1. Extracted MNRIs as a function of

noise and THI.

Extracted MNR,
TH1 case 1 case 2
VAR 1/2 1/3 1/5 1/2 1/3 1/5
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4 140 140 | 140 | 145 ) 145 | 145
9 140 { 140 | 140 { 145 | 1.45 | 1.45
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