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Track-Before-Detect Algorithm for Multiple Target Detection

Dae-Yeon Won*, Sang-Wook Shim*, Keum-Seong Kim*, Min-Jea Tahk* Kie-Jeong Seong**
and Eung-Tai Kim**

ABSTRACT

Vision-based collision avoidance system for air traffic management requires a
excellent multiple target detection algorithm under low signal-to-noise ratio (SNR)
levels. The track-before-detect (TBD) approaches have significant applications such as
detection of small and dim targets from an image sequence. In this paper, two
detection algorithms with the TBD approaches are proposed to satisfy the multiple
target detection requirements. The first algorithm, based on a dynamic programming
approach, is designed to classify multiple targets by using a k-means -clustering
algorithm. In the second approach, a hidden Markov model (HMM) is slightly
modified for detecting multiple targets sequentially. Both of the proposed approaches
are used in numerical simulations with variations in target appearance properties to
provide satisfactory performance as multiple target detection methods.

= B

FAA i) FEF A2RE TA & Az
AAAA o 24E FXE F de %}513]—5—0] a3tk o|x Y FF Wl
SHA Yetde AAEA 249 ZFS5S FESH] A% HHoEA A58 94

£ g83%0o=7 X 3sl= Track-Before-Detect
drxE 7]1€9 TBD €S 33t t4 53 X

3|
% JbA WAL e AASETE A WA A §7

Holl 7]9rs 51 ﬁlot‘:‘ F AR Ao oY nlzmx E’_";i_-_°ﬂ Sub- Wmdow 7] < A
Lotk AQkst WA Ae B AolHE& FXA AN ARE FI EAs AT

Key Words : Target Detection(3£%] ¥ =X]), Track-Before-Detect(8A % F3]), Dynamic
Programming(& 24 A&H), Hidden Markov Model(&Y rl23x 2d)

.M B 29l A 8 ebgyel FAUgETe T
E58AY o8 4T Aol avELh oy
9 1Y 272D VI A 714 B

2AGFY BAH 282 A FF 9
AFgozd AYe BEHolw RAggs) A AT TolA TEIA T1gE U] 57H
g WP BA}] 9T 4 FPHA 9xE

t 2010 12¢ 90;2,:1 - ;ﬁzgglhﬁs% 299 AR A= JoH1]. 3 Ax stlME =3 A
o e S T 2 B UHT AANHA $AFB) L8l
eEn A Y FEHY A2 Frd

WA A X}, E-mail : eungkim@Xkari.re.kr



%39 4% 99 2011, 9 o B4 9AE 93 Track-Before-Detect &118]5 A+ 849

ARA A%H H%ol Bag Feolth

ZE8% 1% FANE GRAAE 8@
EAYAE 2FAY AokE gAsE Fuow
MEYA FEAN FAY FLF 4TS 9T

s otk FFANE o8
AAE B3 welsal o
Aol He #

(03
\Ioﬂm}ﬂ
ro 7o o
&ﬁzl
EEI'HOEO35
4 oo
Ny ok
I (=]
T
o
:;imgmlo
Flomloi?ﬂ‘
w o
b
SN
0 i)
St
oo 41 &
0, N,

ht

an o

2

> o
ftl
_O|l'4
H
o
il
2
I
ﬁ.‘L
N

EERERE:
EEEEE

M o

4y

o JE

9

L

4o

i

T

o
Lo

o % 1 X ot o ol
o
it
fo
_(|)L
PR
PRCUREIL

e bl X rlo ol oY £

4
X
2
rO
off y
o

20 o o F

o
%4 A¥% (Dynamic Programming)
rack-Before-Detect (TBD) &g 5] F
oz AFse] goen HTde SA4UY ok
M AE&Hu Sle &Y vEIz =l
(Hidden Markov Model, HMM) 7|4t} TBD &
a2EE ATE vk Av27]. 9%
A A sgste e Ao %3
st7] 918l JhdE 7 daelEe 4 W
sh= ®4o] sl B = ol 2
Holx ¢k=th SHAT o]
7] Zpolzk 171wzl
z

NN ot B oo > o m 2 0 N o% offl ofy ]

rh

e

O
o)«
=2

o2

N
- N
2
==
B
o

o

R

G
dt
]
%0
[ o o o LA~ = O

2 [d U ok
il &
le

@

ogt

2 o
8@
o

a2

ol Yo nfo

B o2
"
T a

e
n
it
Ko
(i
%
1>
o
il
=4
o
:?1:,"

[e]
o

kv

pa)
o e
o

N
=
© o
o X
os]

S

=}
I
R

rlo

ol
QL
Py
kY
b

)

i) e ey
o et
tlo g

f
N 2
o 2
n:EPJ
N, oo
z o
N {0
= N
54
n
ST
o ox
4 B g

BBy =
e I M S B ob b (M

A
i
i)
0,
e
ol
oL
£
A
i
e
K
i)
il

o 1 o
[y3}
[>
ik
ot
N
i)
o
o,
o
v
rO
~
= o ot ol o
— o
= ol
» 9K
N
2

2

2
o,

o 24 mlz3ax 72d 7
EH9] o ot 2do] F7]
A 718+ s HS
Sub-WindowZ ©| 8331 A&EH+= TIS
Aoz FTEAY= WAS HEstdt. AL
a5 FAAA Aok Yol 3wmd thgg

o o rot
fo 32
®

off kI Jt o [ ¥ N M
o XN o

9
o
kY
o o

+
i}

il

[

o

o A

W 249 g1 2 FHE f8 A
2 37 A GAZ FEREATGE]. A ¥MAe
Alolth. o] AN E FEEH = F
Je] J AT 7IHE o)Lt dAH
Yethes 98 Feoly 8L 22 ulA
gk At FAAQ B8 FAA 7= 2
o] &8 Eth T ¥Wale= TBD a3 ES ol &
g2 dAolth &Aool dAd 9 &
Al %A FEIF do{AH TBD &

o o T R R offl b o B [ ) 2

A R T Y
i gt o to rr
w Mo

T
fu

2

Association)
o F ®HA,
Ak wekd A A el s Eehe
Fe AA B A A DAY F7 7t
W82 erebA Awskdt

g nesA Hoz, HHe As
dtke 43S A3 gk wEe

2

ol

2AdE el ed ta 54

[
B Z23E AAEHAH

21 =X BX 7/#e =

>

oo © 10l

oo

o my

3 Bl-&3 o

7Hg 233 gAEs BRI A
27 % F3 drAelth. TBD ¢
2 o] Z8}(Binarization)® ¥ EE
BRI AeEd FHo8 AAH=
star 94 F4 7IHe T 4

2 J&sn Qo BH gA A2¥
A WA BAe 21 A7 e

ol M po wu by orlr oE 2 >



850 A - AL - AEG - 89A - 371A - AEH W B2 T B
o Agst7] 93 Aoz A8 AT 54 A K-#3# ¢ugl5e KHY #3 5 AHAd
GRS o83 TBD ¢alels2 ¢utzer tF Aog &, wHsetA "ok drbF oz Abde
7 e A BAZ P Aol He 2u2E FAL 71 dolH Al
Step 1. Initializatior. 7t ZE| o] JHAEL 5 Zo Qe WEE FoA J9gz Audn. K-H
d=s At 2o AEEN dA% S 7 duPdES 27 ol Ao mAe Jo]
S 7HAA "k o] HI&S ALtEY] fEAE mv) wRe, 9 ARZFE FH F9 9%
2o wet A HE FE Aoslor It = FsalA AZE ) YJelA 27 2R =4
Step 1= B Zeele] s Al el gxs H@alA dgs)olol sk
A8 F #h= 022 27|33t K-3 FudEe KA 7 F2 Aol
CF, (i, )= 0 (1) AGsHA R AAEE AAA G5 FUHAPERE
FE EA9 Fol BAgle] JJJ—‘H AAE FE
Step 2. Recursion (F= @A ZH A wol gy 9sie 23 & KE Fxdoez =87t
Eole d49 ¥y AR oA =Y HIE wWx duyse Fdysord darst ok &H
AE 7tsA b5 A st AT FE B & k7 27 @ uuig 27 231 FAL Q=
A 19 HellA kA ZE e g AAH Bl mAs ool sith ErHE 2 AL 99
€ ¥ Ee 953 2ol Zo3t. o] WEE MY A volEzte] AgE o)&

CF.(z,y)=(1—-b)F,(2.y) @)
+blgalz,y)+ 1—g)8(x, y)]

Fe 34 ZddolA ‘?:‘O}EO]"E 949 bt
7] Arolm old = de HE HR a9 &
7VEA g2 HLsle Al ?}1“4- as 5 29
He ellA 718 & FAE #elH, s B4
Wel (Foate o= ?SHX“:}

Step 3. Decisionr. PFAY @AM FH 34
7} 4438k EE3k(Threshold)S 98 75 o
3 FAAQ Mo AA S

CF2,y) max > CFipresnotd ©)
222 K-B & A" 7|9y
Holg wloldolA EF teFstu, BT

CECIEE AR

o] e 98 FFow ¢

S Ae, o dolg 3

PN °
2 5 de A

sl Wel FHEEE 7IHES o8&t EAE
OHﬁ g F Ao olHd 54w SHAHY

71ME HE 44 F ojuA] B4 Fo &8&EI
Atk FHEHEY 7IHE FoA K-HT FH~
B 7He 71 tds TR 2YH&

W F R, ¥ dolHES VIEH(EY
2H F4)el 71 7irke]l A% dielg e &
X 3 A7l BF 7IHeIH8]. T3
W 7]|¥ TBD ¢ ﬂ%—% A HAdaE
& ek OME} EER 1*&91 °ldl e
= A
o7 FEE # JE} Olﬂ%
& AFA77 siA
T 2y dudEs 01%-6—11*1 ®H F

AAe Az

X

Ll
ot & X oo ek

:;
o
23]
Y
n
N

S FueFY 544 E5 AFe] AU ol
FolAA @E A7 BT + vk WA
F7HE 4 MEe A HolHER AEe
T4 ANE wgsel YISt B Aol
ElqE Easy RadRe qi w
QA FE3t7] 98 Fig, AT A

19 &=
of &3 2 dA= 2”15}93\‘:1'.
Step 1. 3 T4 WEHY = A K=1°
MY K-Bd 282H" 71Wol Hedn. o
G4 A ez 71 Gl mel 24 9E ool
27135 AR e 4 A¥W TBD T
A Lol dHolH JF Xppmo={xyxz - x)
o 2HE Hipy Hdge] T4 AXNE AT
.

dEETIEEDD

Fig. 1. Flow chart of K-means clustering

algorithm for DP-based TBD



%39 4% 99 2011, 9 o B4 9AE 93 Track-Before-Detect &118]5 A+

Step 2. 2812=HY 53
Step 2-1. Xpp.rsp® ZF HI°JHE 7HF
A #F T4 WE 2N F, dj9

ol el b ke 21 FA M7 ol A
9, AT o] EEY & 9
” xj_ci || = || ‘rj_cm, H y T = 1727"'7K (4)

= z,€C

Step 2-2. Step 2-125FH MEZ FZo] A
=59, 7t FJo) &3 doleo] uis) H A=
g Este], 23 F4 AAE S

Step 2-3. 2 (5)% #Zol #F T4 WEHY &
ol &d 2z} wlolg Ate]o] A Fog of
DE T3t

Fe 71HS AlRbstaat gtk
3 A

- =

nfzax mdold, Al AHdA T2 AH=z
HE stEo] A7 9 FeHEde ddslel A
el st RdS wdn 24 FHH
Al B=Fo] Vb3 e ¥ AAYE #5
o] 7bs3 v o] W3t AHo R FAI}E= A
< gu3ith B =EdAM g2 JE 24 Ul
23>x ®d 7y TBD &agE2 [6]9 A+
WeS 7yto g slal glon oS vt ¥F ©
Ao & F U=EE T3

F4 FA A By, FEvE SaAshe
e stude] 2 JAex EAe] 2 Ao &
A& FEoltt. A 1 FES FHAY A=Y
Fe ok weby FRAME g5 ds &
=3l HAo) nHo] =AY FES PHo=
FAYRG. o W A5 FFe omA=

N, XN, (7I1ZxAR)9 qPF=s z2t3
3] ojH|Aoll= N= N, N, A

A "tk oS N AHES ztE WEE X
EER=I8

231 24 ntza= o@ ZH

24 mz3x 2d IAHE FAS= "
© ZV7IHEEEE W9E IO, kAR Zy deA
o FeEHiHsE X, #33 VF A3, dEHA
olgtg ¥ 4, A=} FE ExAE BIT A
oz H4E5S TBD &40 FHE&37] Y3 of

o] EASA EANH) 37 st ®BAHo] &
AReH(H,)AL 7 Rk
FA ol EARGL ZHER Be-(H,), 271=

ojuA] Agel z+ A Ho] EAL FEo

i b

T oEdsttha Pgeisih meb 271dE e
Y Ie ZE NS AdEol 1/NY] fER 2
< #e 7.

H={7Ti}, ; LN for 1<i<N (6)

X= kdAl ZaQelA 2+ Halo] Ao &
A FES UEde "SR, MY dEs 3
< WEHEZ FJF F Ut weF FH0] 2xp9le
olw| A el (p, q) ARl EAeH=
(=N, +p WA Aol 1ol YwA= 0l
S E 2 AT o]E Aoz FHSH of
B A 7 2 e F N RS ZE
HE 2, (MA A8 10]1 2 &9 AELE 02
G EE ofn| it

Xy = eq-1N,+p @)

A HolBE AY AL HA] @A e oA
ez Hold FES JrhyE o))
= xFo] iHA X EAE T el W
A AAZ olET SEL vebdch meb P
A9l A71% NxN °lth

A={ay} 0y =PX =clX=¢) @)

B EEAAE Fig 20 EAG wlel Lol ®
Ho| 7lEe] FAo| A% VRS FEL 7/15,
Fylel o] 9@ 7he HAm Aol HES 47
1/158 Aolstanh. B3@ vE 94 onA
2, 7 " wololy. B33 B8 E¥ 99
L AR gETE Fold AS BEgHo] %)

AQAE JehlE Aot A pe 2%

it &3



852 AR - AFS - BB -

- ASH PR TS ik

Fig. 2. State transition probability

AA EAHel o] fx Y= A,
CIMA)7F B2HE FES e Aol
2ANAE wek A4 EHo) juA AR
m o)A EHo] WA
golk. ofee] oA

wAo] &4 i

AN He
e

E‘,élﬂlﬂoﬁl
o
F&E
_O,

30
=
o
o

(=
2
s
>
=
J\."l

2 -IIN'

T
e
(7

2

Sl

SO
o rr

fo
EEREe
ro %
kv

{,(v)} b

g @ii et PE pol 7 i
F 7] WEd, sig A %3
Ag+zq<>§ #=g FES 1
gttt A oJseh Wk,
S T2 Ao 3t3F o]
= A R oA =
JEiRg WEE2EE k
°ﬂ EHo] EAT
Zo] AAH=

(YD) =PYX, =e) (9

~

-
2 do 82 W
&
2
= mm
2 F
O
KR
(o]

L gyt

EE_:‘

N

E
RS>

Rl o O g
<
23
)
2
o
rr
0. fHl

A
e

> Jﬂ
i

o
§’:2

o2

N
do J& (o F
=

_IZFJ

12

S

i,\
~
=
w~ 2

e«
1>

flo
o

=3 JE:

(R
e o

Xy = NkBk( )/IC)A)(/V (10

o 7|14, Nk% 2 7t 8} (Normalization) Al 5= Z 4]
Aatol Axd W vtttk X A7E At
NAZED. o= 82 A9 B(Y,)Y 22 =77}
A RS “H-r°ﬂ Hspaol Atd o v}
o 2 gro]l FelAle & nHg etk wet
A kA ZE el ﬁ o] EAY FEo|

No A7 2 Aolxw, EHo] EAY &
I

_IZim

o

9,

olgstel EAY EA
2 o 2ol A9 weh

ot o R
iy
o)
i)
by
L
[\
N
e
o

4 2w

=
A

ZY ol o] EAG=A A= Wl
A9 Aoz RE ALE qgkel ZIEXEY 24
kA Z# Qe f2o] EAgttta A gt} o]
W XF 7P & &S ze Ao fxE 13
o] YA =E gt
2.3.2 Sub-Window& o| &%t
shubel E Aol & H@U}E—
oA 7&Egt &Y
o] /H_T'_z-loi A EJ—;(]

Agk o] e FHo] sfrfe
sHAl "E99, 1 F M §LE°] =2 o
BEARRS &R 8ta YA FH ol A
Ao oWl HolMe= L9 g
olul x| Aol o8 71¢]

% Sub-Window & ©]&3le %3S ©
“d% 71&stAth aetE W& Fig. 39 A
@3] =23} O]"f)\‘:}

£

¢

nfE2sx 2

L
w

E

N

o

=

g3

Ao

rhy
ol
i

|

g
XN
ol

r

A8t71 3 o]n E*Xl% 3 5

9] Sub-WindowE& AJAd3stch. %2 FHo| AA
® Sub-WindowE& =H2Ql 22 o|wx|g Yz}
3t AEE 24 ml23x Bd JEE Ao}
I FPFo N FAHES FAHIG A AA o]
Ao 3 oY wEzaxz wd JEHE %75
3th, 1 & YR olu] |9 A Sub-WindowH&

& AgE Yol REUE olged Y vz
HMM TE] #H== Ho
—  meierEvE |
olo|x Zajg
No =) =aelof
HMMEE =3
ol a| x|ofl A{
@ Sub-Window
S A
Sub Window 4 & |
‘—
Sub-Windoweall

HMMZE] =2

EYFY

Fig. 3. Flow Chart of HMM-based TBD



239 & &9 5, 2011, 9 o B4 9AE 93 Track-Before-Detect &118]5 A+ 853
FZx rd HHE FYI3rh o] Sub-Window  TAE @7 dike FHERG 82 ZFS AA
7b AR FELE 5YFoE HEHE FYstn da 2] dibe FHEY oFE FeS AA
Romz, olxg AT UniA Frold X st 54 23 At o) T Agkel A 9
o] F2 EAE=A HESE Aotk sy o2 FAH CMO (Close-Minus-Open) <d4HS
EAd disiA F& rteg &Y rfEax= UEJ_ T3t Fig. 49 A7 A#He} 2ol 44 W F
dE o] Sub-WindowE HE&FozH 4o £ & HUS JAs L FHd 77k ] 54
e AEsty FHTE F vk #FAH ﬁx—if’ﬂ < 7k gAds FEEAA A9E + AT 9]
e B2 Sub-WindowE 33l 3 ety FAAE dAE AR AN HReE F
Stal 1 919 AA| FAeAE BA EH] gl H AgY 2 &Y w23z =g 7Rke TBD
AR A 2788l #1224 5 JdE 2YES 54 97 AR FFo) g Bug
®2HE FHste g ot g g2 xHo] EAte 98 =y dvitt
4 ABHOIM Hat 1S BEH CIEY BN Fg 5% el 2
At
ol BoM= AEHINS FHM 2 =@l Original Image Filtered Image
Al Ak TBD €atels9] v %4 HE: 71H
o 45e BAIAT. TBD LneAES F 74
A2 gale) 544 R IAES viwas) A8 A
soedl 54 2 BH9 5 wdel we - - -
Table 13 22 47}x 94 A3 AAS4A
9. 21219 % ABAE 30 pix x 30 pix 7] 10 20030 o 2060
o] g4 200z Yoz FAE Jon G4 A ,
%]_f_oﬂ %_]01__5_]_% 37“ Ezﬂoﬂ EH?J.' iﬁ—% Table (a) |82, 150th frame (ngh SNR)
29} Zo] HASHT) Original Image Filtered Image
wAe WAS A A WA BA Be o
A|(Noise Suppression)= FE|SHE FdAg] 7] ?
He A&ttt FHEE JAAE 7He 7 z
EHo=z 33 (Dilation)Z 2] (Erosion) Z}7g<]
Aoz ojFojAy A Ak FAH Ak 10 20 30 10 20 30
& Adstm P e FAH Hags A9 X (P9 X (P9
3= Aot WA W M PP zFPoz (b) 1S4, 150th frame (Low SNR)

Table 1. Image sequences description
oAb A AIEA
NEES AlLlEle MY
IS1 | =2 AMSHE3d], 3 B8 =Xy 5%
1IS2 | =2 AMSHESH|, 39 EX A 8%
IS3 | &e AMSUiESH|, 390 BX XN S
IS4 |e AMSUESH|, 370 BX SA| S
Table 2. Multiple target appearance
Erps] = IS1, 1S3 | 1S2, IS4
EXN AlZH =g el 30 30
Target! | & A&t 2[R [px] (8,10] [8,10]
Y E£% [ppf] [0.1,0.1] [0.1,0.1]
EM A& =gl 60 30
Target 2 | & A&t 2% [px]| [23,28] [23,28]
8 &% [ppf] [-0.1,0.0] | [-0.1,0.0]
EM AlF =gl 120 30
Target 3| =& Al 2[%| [px]| [255] [25,5]
ENM &£ & [ppf] [-0.1,-0.1] | [-0.1,-0.1]

PR

PALLY)

Fig. 4. Noise suppression results

(a) Original Image

N =
o O

w
o

-
o
N
o
w
o

X (pix)
(c) CF (DP-TBD)

10

20

30
10 20 30
X (pix)

(b) Filtered Image

10
20

30
10 20 30
x (pix)
(d) X (HMM-TBD)

10

20

30

10 20 30
X (pix)

Fig. 5. DP/HMM based TBD algorithm results

(Is1,

47th frame)



854 AR - AFS - BB -

- ASH PR TS ik

HA 54 Ay 7]He] TBD
3 47bx P AAze W@ B4 Ao Fig
6-99} o] yehdth. 7 G4 Aldze wE 1
dzo) Hde CF Wats A Rolth EHe)
=2 o]l TBD fargls A& A= 2
zYde F A@e =AdAeH, B4 @
o]F-ol= CMO At Aol F& F4 71
HEst] HEH 24 AAY F ge =4
& Aoty dA = de el At Alel=
A =ZHde F Fel Wk 7FEA(H 059 max
method®] 7F£X(g9 08°] AH&HUTH %4 &
AE A% F g FEA= 122 2497 o

o X, |

2

ol ZFdel wE EAEH F 4o &4
AE e ZydRE 334 &1 W FZFHo] 43)
H3 Qom ahx G Ads B 3o wA
°f 54 olFe] 4FAoz GAPL & 5 9
o FAd Yeyes dls Fole ®FY 8
540 e FFL Wy W Yehhe @
olm Q44 ARz AR Aol EA W7)gkol
FEHoY AUHoz Fgol v L gL
Zretal 7hg 3kt Fig. 6-73 Fig. 8-95 ®lal
ArmM Az Feule odko] CF 7 AU A
9 271 R EAY A EFxel 9FE FE 3
S g 4 Utk TBD a5 EAldA
e 4 e AN we AsvRew 87

40

"""" Unclassified
3 Target 1
0 T

50 100 150 200
Frame

Fig. 6. DP based TBD: CF for IS1

40

------- Unclassified
Target 1
------- Target 2
""" Target 3

35

Fig. 7. DP based TBD: CF for 1S2

A FHe] EAH7] M F
Qb Aol AMA =EEo] A&H
B7} 2 ofoF 71 sttt
Fo2 24 mz3x 2d 7§ke TBD ¢
nEFel g FA ZAFE Fig. 10-15¢] =A]8}
AT Fig. 10-132 7zt G2 Ald2eA 3709 &
Aol &AH7|7HA] FeEs Xe Hdigh wsts
A AolH, Fig. 14-15% EEYX7F 263 7
ol tiEiA 2t G Aldze] tig 4 wsk g
A4E AHE yehd Aol i3 o] A ew
5Aske IS13 1532 ¥R Fig. 10, 129
% A o] AHE 349 HFHE FA e
S Holal 9oy} Fig. 142 RY Aahg
Hlo] oJgFo =z 1519 9o IS3HT} 3% Z o]
Ve o] & 43ke] WEtEo] ¥ g4% AL =
F Atk Azt w2 151{— =43 47t

olr

o ox T 01
I

%7}0}21‘3, 1S39] Af-ole vz 4RkstA F
Jhabch mA0) BAG SAE 1929 154 A5
o= FZ o] 30MA Z# oA FAl T3t
ol Al JHe] ®4 F &8l 7M=L s
o) 24& A4 gAt 1 F NE AN
20Z 8 ol AR v FAH UF 4E
ATt Aghe A 20ZeQ) Bl 94
Al 2ol 2 o] ojm] EA87] Wzl 4 Fk A
40
------- Unclassified
35 —— Target 1
oI e
251
% 20t

15+

101

Fig. 8. DP based TBD: CF for IS3

40

"""" Unclassified
35 — Target 1
"""" Target 2
""" Target 3

30

25

20

CF

Fig. 9. DP based TBD: CF for 1S4



$39 4& B9 5% 2011. 9 o B4 9AE 93 Track-Before-Detect &118]5 A+ 855

1.2 1.2
1
0.8
=< 0.6
04
—— Target 1
o2t/ ¥ % 7T Target2 o g0 4T Target 2
----- Target 3
‘ ) R Unclassified
0 50 100 150 200 100 150 200
Frame Frame
Fig. 10. HMM based TBD: X for IS1 Fig. 13. HMM based TBD: X for 1S4
1.2 -2
o 181
=22+ B
241
=261 § §
S| N4
----- Target 3
"""" Unclassified
160 150 200 3 5‘0 1[50 1é0 200
Frame Frame
Fig. 11. HMM based TBD: X for 1S2 Fig. 14. HMM based TBD: ~ for IS1, 3
1.2 -2
o 182
08 * -:
i 2.4
= 0.6 i H 4 - .+
i 26 2 ¢
04 [ Y 1
L= | 2
§ [ I Eet Target 3
‘ R s Unclassified ‘ ‘ ‘
0 50 100 150 200 3 50 100 150 200
Frame Frame
Fig. 12. HMM based TBD: X for 1S3 Fig. 15. HMM based TBD: ~ for 1S2, 4
A AHAA mE BEAE YouA EHol Y S A8l o e g 44% F
HA7F ol Fol Xtk 3R ®H tieiAE vk oy A FA H2F Eol7] A o] #E
Az ofA BHol PAE F 20xA Fol A HYY A FeE BFHoE AN H
949 gch Fig. 158 BW AEWALust e E 9Fugo] ok dio] vehutt
1549 A EAo §AE Wol ol oF 25 sk gL dold BH 4F ARERE F7
=9l g 2E 401] we) szt Agys oY slEas wd s TBD ¢x
& IS2E A#ko] 228E® F43] 4 AS gFe SAS vlusty] YA Table 33 #o)
E 5 Ao oe ﬁr‘” EAC diF 71l & 7 gy AEs WE 25 HE =Y YL Fe
e o5 e JINe] TBD e SN E s, 54 Ay B CF gg, &Y ne
EHeol A4 A9, B RHe) dF 18 dHel gz wu wae 4 @ JEoE BEAE A
Se) 99 AL NZAQES NS Tl gaw F 4489 &2 R Aol Bold
st 540 71993t & 78 W e 7HE X A 7] WEo] Table 39 AREREH HFHO



856 AR - AFS -

Table 3. Multiple target detection results

oAk i A&} DP-TBD | HMM-TBD
AlRA - =gl =3 =g
Target 1 30 31 47
IS1 Target 2 60 61 72
Target 3 120 121 139
Target 1 30 31 40
IS2 | Target 2 30 31 61
Target 3 30 35 82
Target 1 30 40 58
IS3 | Target 2 60 68 79
Target 3 120 129 160
Target 1 30 39 50
IS4 | Target 2 30 39 71
Target 3 30 49 92
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