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Abstract In the clutter environment, it is necessary to update the target tracking filter by detecting the target signal
among many measured value data obtained via the radar system, the track does not diverge, and tracking performance
is maintained. The method of associating the measurement most relevant to the target track among numerous
measurement values is referred to as data association. PSNF and PSNF-m are data association methods of SN-series.
In this paper, we provide an IPSNF-m(Integrated Probabilistic Strongest Neighbor Filter-m) algorithm with a track
management method based on the track existence probability in PSNF-m algorithm. This algorithm considers not only
the presence of the target but also the case where the target is present but not detected.Calculating the probability
of each caseenables efficient management. In order to verify the performance of the proposed IPSNF-m, the track
existence probability of the IPSNF algorithm applying the track management technique to PSNF, which is known to
have similar performance to PSNF-m, is derived. Through simulation in the same environment, we compare and
analyze the proposed algorithm with RMSE, Confirmed True Track, and Track Existence Probability that show better
performance in terms of track retention and estimation than the existing PSNF-m and IPSNF algorithms.
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1. M2 ojtfell A& FAHT 5 9l ¥4 FH duYES o

AFo =N 24& FAeA Arh. 24 F4EH= A

@A goltt sh=slo} AAWE 7L A T AF St mdg sutow gA o) oy ARt 9XE
Astaak sk g 245 F4% 5 ook 2d@4 @ oZata, dojd AaglozRE 59 HolHE o

*Corresponding Author : In-Je Yoo(DTaQ)

Tel: +82-55-751-5836 email: yooinje@dtaq.re.kr

Received March 23, 2017 Revised (Ist May 18, 2017, 2nd June 5, 2017)
Accepted June 9, 2017 Published June 30, 2017

681



FFAVE &8 =B A8 A63, 2017

g3to] A9 o SH FHWSE Aoz A Edd fistd &4 A E JFEsA slEth olE
g X, 5, 7HEE o JEHWTE FA] 9 Sete] Ed AANE Y, AANANE §8HR
3 ALg-3iTh oA AEE T AYHsE ulgte 2qdtony A dnwEe g3E §4 FHS v
2 FH A2EE Aojdit) A AA B FH& V)£ PSNF-m dxE]Fol 284S Yl IPSNF-m
SYEF EAlStE A o] RN, A B4 F  dugFe 4%5S U] fd8 7] PSNF-m¥
B o9 olg] g4 7o wal ZelE(clutter) 4  RMSE ASAEE 58 A 33 &984r) a4
17} gojth A28 F3) SHTh ol s g AA 9k Track Management 7]%#Ho] H]Z8%¥ PSNF-m2
EAARE &3] B8] ofgg Bk ol B3 Confirmed True Track¥} E#EAES A& = §
o] =& A} A S 4 duggoel ¥ vl wahA 7]E PSNF-m3} AR 459 Hladia &
Abete] Ao Asfjed 7bsAdo] Eolxitl ojzfst 4 augFoR Uizl PSNFY| Track Management 7|H-&
25 FoAA 2 A4 ANsE Fohyo] 4 dugsg A& % FEs T <irE]E9 Confirmed True Track
S Ao EFo] WAlslA] oFal FAA T XY ¥ EHEAFES v B4 o 24 IPSNF-m9] Al
o}, wpgba] A Ajxglo] A AlojE A= dAl & ATEATE
FATO AA mH ] FY o]9e] +{lo] B = B =19 2% A+= Track Management 7]% 3} 21
BAE FolA Al 14 4RE AFs] dds] & &+ A7) 719 As A3 71?1 PSNF, PSNF-m 118
A= AR AFH(Data Association)[1,2] W o] A% o] 55 A9sta, F Wl Track Management 7|98
v} SofE] FAA A5AT WS o] &al] AA 4 A& IPSNF, IPSNF-m®| A=Z2§ eSS Frstil
& #4817 YeiE FHstaA s 4ol e AT 3o E 44y SudEs T3 79
o Ao EFA] FEF74 9% (Validation Gate)o]  AlEd ool &322 M [PSNF-m e 5o F4
FAE A A IAA7|L F4 g Fo] Hal TS v B AE ATl AES BEd)
g u 2e7 s A FRES HAFgorN = Ak
AR Mgl & 4 dugge] AiERs FaAE
T g WoolE ke 88 22U 9tk olgA
FESZAGYG ol A F8AES Fasgxle & 2. 2=
) 34 dugEe oYY FESHEANES /XL &
2 f/5e gt g4 HrLE B8 A4 54 R e 2.1 Data Association
7H)A FH9, o5 FellA ®AE ztol FH A =k el BN Holth Alagle] BAFHE SIS
A2 FaSAA Y ou ARE o] &3t 24 ABAAV|YPL whEA] agEojok s Aotk AR
S FAs=b] whel dhgol ydnh 2A AXAR, A /ML gude® I F /HHZ UEs § ok
ASANNBRE o8 A543 7IHeR s & o 3, FESAAEY 94 HEE o]E3 NNNearest
on, B =FoM= AsH7] ARE o]&sHE AAEH Neighbon)[3]419 &4, FESAAEY] ANEA7] AR
371" = PSNF-m ¢128]59 %S A7l W S o83 SN(Strongest Neighbor)[4,5]1A149S & &
Skl i A& TS Ark NN Age 71 718e] He daggozs
PSNF-m &a@]E59 A5 34 A 149 £4  NNF(Nearest Neighbor Filter)7} 9lom, 2 duels
5o digt EAEAEE 7]9H] Track Management o] g &3} LA YR|A 7FF 7S EAXE T
[11,14]71%5 283} [PSNF-m(Integrated Probabilistic ~ 2 o]g} 115381 4 Ldug)5e AedSe s}

|
Strongest Neighbor Filter-m) €i1g]5S Atgc}. o] w7 EA 2 SN AlE-2 SNF(Strongest Neighbor Filter)
dug| 5L 74 EA) g 71448 Markov Chain[12] L agES 7|EoR a, FE2A2] F 2359 A7)
=

of me wEe] 2AGe BA EAe) A5 Wik of b Abg 2 2RAE FH0R 9 A1 24 Sues
Yot EHo] EASHR B B 98 A 52 1 o JEASE HAF F SueSe AL UHo
aial Aol Aol dig B8S oA Tl 2 desha AiEsE s g 24 duels

682



EdTY 7Y 83 PSNF-m ¥ 323 L H5 £4 A+
o] WMiketE WS 7R AL k. whebA o]H gk ©xdo] Yol 2 7} H,, EHo] ZA5H4] &S /M H,
E]_%%] g 5ol AokEglon, B =R dst g} 314, o] Markov Chain® 2 Zdg 3}
SA7]  7]¥ke]  PSNF(Probabilistic ~ Strongest
Nelghbor Filter)[6,7], PSNF-m(Probabilistic Strongest H, : k Aol mA o] 248 A1A
i ilter- ol1glEo o sNcrsk _
Neightor Fillerm)[BIJ2el 5ol ol SATER e w46l e e A
PSNF+= #2lell AHg-at7] f18) A= 544 SNell o
3 ®A4 o] dg GEA F7FE A LT o 2H SNF B
bomE F QE A%E nee gmegeln = DAY AR MR A, A= Markov Chaine]
PSNF-m<& 2o ALg3 240 tls] w4 st  we Zadol 2] Alkte] k—1 oA k = S7Fe
WE A SEEANG AGE AGee] st o W 7H /Kol A Aol G e ol Ak
24 AEHREE alete o)gste gag ol F
SFuEe] A Iy SHNE e A Hu gl B [TF117T12]_ P(H|H,_,) P(H|H, ) W
O} frAbgk Adss AL itk olH e daEEE o Tor1 o) | P(HJH, ) P(H|H, )
&t SFHEL S AA BANA oA g 2
e 2 Qlate] A FAd o 5ol TAE 4= Qirk o] P(HJH,_):k—1 A3t 32o] EAE o) k A7t
2lgh s adHoew #eEste WRio] Track = B ZAeH B A BE
W _
Management 7] Je. PUHJH,_):h—1 Aol 540] EA3H4 24 o)
kE ARl EAE AMe g5
2.2 Track Management
Z=A5= EY olgl= Aol ZAHE
o]’ Oﬂ A ]’ ®4 ] T4 E=(true IPSNF-mQ] A]—%j Ea_]]_' Z‘,_-_ZH %o] P(]—IIJZk 1’m)8
B oo ZYE o3 WA sl= AR E D
track) 2 S8gd o8 TAstE A3E -(fal?e pel e Aol sEel 54 ()2 AAH] Total
track)o] EAI%E AAEY Qo= dagFo] 43} - 1 Lo
= ) N Probability Theorem[10]°] ]3]l th&3} 22o] A4teth
= Y ®A4 EH°H"1 270 olde] FEATL AAEE
Atk olE ek AES F4 g At 2 4 5
o sl ~ o = P(Hk|Zk—17m) = P(Hk|Hk—1)P(Hk—1‘Zk—1vm)
& Adfst= &iﬂ Hrk webA AA 140 EAS & — -
© o1 ° B +P(}[k|Hk71)P(Hk71|Zk717m>
4 g fpAska, AR Ede A58 AE(FTD, False o
Track Discrimination)dle] A|AsF= Zo] 4 &Larg]
59 45s A= Bolrt
g Z=Ale A 3 =]
HAE S, 4 D A AN e mey Lo O TAE A m A SRR
e gt A5 s & meol Wzl FAolt)
vtk AElE el A 37F 2a3ith o)3le] Track .
o o 2] 9] Edo) EgE35E0]  Confirmation
Management 7]Hol|A A}83tE EYEA E(Track
) . e o Threshold( 7HD,)$} Termination Threshold( 7HD,) A}
Existence Probability)°]tt. EHEAEEL 0~1 Alo]
o] e olga, 1 ol wehd Eade Ags o] 7+ 7 Tentative Track©. 2 7 2]3}al, Tentative
EdNE)3Fo =
Tentative Track, Confirmed Track, Termination Track Track®] EHEAEE0] THD, R 23 Confirmation
o vpich o|% Bol £ £ad) v ur} gug  Trackel EdEASEG] TAD N ¥ A% A% £
A7} hsaie], dAl B4 FAse 2de $rA & Confirmed Tracke:  Af@rh  rhoz
FAY ZHE R 28] AAE EAL xEH o7 §43 Tentative Track®] EHEAEEo|] THDHTH 21
T ds Hagow FolFo] Brp 8249 EH7} Confirmed Track®] E&EA|EHEo0] THD, B b5 7
7FestA #r. 9~ Termination Tracko 2 A o]3lt) EZo] AE|E 1
Edzy Hﬂﬂoﬂ oM Edo] EAdths 7l Bl oz maslEiy 08y 2k
o A dolgd S Aol gty EANZAGES E

683



FFAVE &8 =B A8 A63, 2017

Track initiation

llnitial Track Score

Tentative Track

Confirmed Track Terminated Track

Termination THD

for confirmed track

Fig. 1. Track Status

ol et Ede 24, 74 2 AAE AR E
go] e A 47 & v

(1) Track Initiation

(2) Track Confirmation, Termination
(3) Track Merging

(4) True, False Track Test

34 GnEL 27180 A% 2d9 2H
& ok Wyl doltt A2ue Ba 94H 54
A o gl £ 275 k. Ed 2715 WYL
A % 44 el ik

1-Point Initiation

A A 2ol 9] 243 SRk 44 4

Bl
lo

© g 2.

1-Point Initiation®] Z7]
2= 2,2,00]" )
~ [R@ 0

S N 12] ©)

where,

T,R

Z = [zl zy]

® Measurement at Time 1
@ Initiclized Track at time 1
—True Track
LU
o
2
Fig. 2. 1-Point Initiation
2-Point Initiation
A WA, 7 1A 2] F82] FRE o]§ato
Aol JeasE 4ok ol g £9 349 2713
2 sk Polth EA9 9= F WA 2]
A3 AR R L, S5 HRE F 2700 9179} A
A olgelo] AHEAT. 7] FEAE dolt A2
Rl 24 uE ol gate] Holdrh
® Measurement at Time 1
® Measurement @t Time 2 = Time 1 + AT
----- >Initialized Track at time 2
—>True Track
o
Fig. 3. 2-Point Initiation
2-Point Initiation®] %7]%k& th&3f 2}
; A
Tz y_ LY
~ 2p T Zn_q1 AL Zh—
AT AT
5 RL,  RL/(AT)
= 7
2 |RL/(AT) 2R L/ (AT)? @
where,
2
T T g, 0
0 oy,

684



EdgE] 71HE 283 PSNF-m 8532 FE| 9 A5 24 A7
B =FoM+= Track Initiation WHOZ  2-Point U5 Merging 3/ At ojuf, F EY F 3 EY o]
InitiationS #-8-8}¢] Track ManagementE AA3t% k. ©] Confirmed Track¥ 7-9-, Merging ¥ E X3
Confirmed Track® 2 A3},
2.2.2 Track Confirmation, Termination
EY 34 7Y EYEATES o] g3, U % 2.2.4 True, False Track Test
Aol webx Edo] HelE ¥4 3 {8 "k o] H2EE i Edlo] AA 24 F43= EY
AH-Z dAdsly] 913 true, false E3] FE gl AEolU),
(1) Track — Tentative Track Confirmed Trackol tisjrwlt =33}, ] EAY
THD, < ESEANEE < THD, 749~ Confirmed True Track, ¥49] EZo] old 7§
Confirmed False Track©. 2 ZA3HA] ©t}. H2E 33
(2) Track — Confirmation Track 2 v 2t
THD, < ESZA 85 )
VZ(Pk) < THDtrue (9)
(3) Track — Termination Track THD,,, < VkT([Dk)_le (10)
EANEZANGE < THD,
A7, v =z —a 5 Jmehe, AA F7] 14
9] 4ol A ES 4, AAsI] EZasdt I i Ay
. ] =l = At R4 A ghel WRE ek W) 'y,
EY FAS Ao EN dugso] At s P
~ e e ik ESAARES v, THD,,, BTt
/\]?_:1_ T gll’il— rue
A5 7% true track 22, THD,,, Bt 2 735 false
2.2.3 Track Merging track 0. A Frh
27 obpg|So] AL ZAFURY 2e TAL o347 Track Management™= FTD &< &dA|7]
ofe AMe| Edo] FAshe A7 WA olgjg y = ETEN AN SH AU R A Folai o
Ho 2 duESe] 24 A5 AL 5 = 2 FTD+ False Tracks X+ False Track ScansE A% =2
27t vk webA ofejgh thre] Edle] FY R4S F s A 5 Aok FdE x4 EL Confirmed
e Ao G EASS ghije] Edow gikape wp  True Track &S SallA] sebeh 4= glow, w27 2
J ) % o 1222 025l A0
Wo] Track Merging o]tk Merging Aol t}49] AE i gF o w fAEFE 78 s 7T
=)
Ed 4RE shtz g9l Hid, o gryge 2 BT AT
Ealg) B9 ol o} s e EAY 4 glon],  IPSNFme] A ASS 930 AH7 A9 Track
o]2]3 ENS Merging & 45 24 0a4= 4%a — Management 71'H-& PSNF, PSNF-m°] 44313 f=
Atk WebA Merging A Ede] FRabg olgate) TN SASATES AlwshaA wd.
Merging 7Fs o3& Al t&a} 22 ddAs
08310 Track Merging o1™-& 24343 03 ZEA 2.3 IPSNF ALGORITHM
o] 2t EYS 7|FOo R Mergings 35 ®Hth SNF &85 FE3HXE T A5 A7 7P
& S4AE Aol & A Al o] &3k ¢
~ ~ =0 2M e o2 MAFE AL FHE=E 9x
V{(PkA-’—PE) < THDm (8) E]\:t = 1 i i ]’SN o; ST =X ]
AR o3 F4 darg]Fo] WA F e dHE A
~A_ B 1 pAdol DB au YaL ek o]2fgk SNF] @& weksty] 918 5744
047]/\1, V=xy, —xy =, 7&7(]', Pkg’]' Pkt T EHj SNT:: /‘\jE—Hﬁ]’—‘EEﬂ o]o.] ul-/\g 7]. f;} ]. ] *}Zﬂ(M,
o] O zLEAXALS. o o] Ay}l 7+ [} 2N
LA AT, 5 4% el 209 EAA sl g shee weskn dee sNo| 4
3}o] Merging TestE 3} Tests V53IH 7 E .
FISHE] Merging Testf TS Tt BASET2 s Aalel 24 anelse) 4 olgste

685



SAVe}7| e sl =24 A18d A6F, 2017
PSNF hir2] o] A=t} PSNFe] 2.27d¢] Ed& 1 -
_ B N(D)— 1+p
AeHES 283 IPSNF dae]5-2 th3 2tk 5 = 1+p
B =23 5 357 1 __a N
My, My 23904 Ad8jg 244 SNel| gt 2E4 MDY o T +A(1_PG€ H,,)e_
VNS A7 B, B, AFE 5,2 SNo| B4 Ip _ o
55, 5, E40] okd SES vehin, g, =1-4, B PN D) Ppyf(a)
o PAE ) FEA NER 45 ol8s EAES pGJV(D)PDﬁ(a)H(}—pG{W fola)
g5 7ike duEEe g 2 - (a)
N fo(a)
B = Pr{MAZ) =P (Ml £ a o i T @
- Lipeariz) 7, @) A
By = Pr(MJZ)=Pr(Mlz, Z,_ ) 12) (16)
_ %f(a a, Mﬁleil) where, .
— 1 71+p —_ _—a
C=1(D,a, M\Z,_ )+ (D, a, M)Z, ) (13) fila)= 5,° fola)=e
~ D) + fila) ~ fola)
M= M2 F =12 F= T
©17]4, D= NDS(Normalized Distance Squared)E < ¢ b fa
w3, o AZAY), Z,_ & E—1AZA Y] 54
A Qe Sl Aragel T g g N(0)E FAUE pdl fila) S FHAAL par]
AZABE S oy A= e 3
PA131E) (AS), (A7) ket ) A& rhga go) g TR EHEANES friesty] S A SHA
29, F49 454 g5 ol&st= g, thEI 2ol UE
9 ik
(D, a, M) —fila) 1
= 14 PpPNMD) =~
& f(D,a, M)+ f(D, a, M) (14 5 e fyla) A -
5 f(D,a, My) s ! 1-96, )
O f(D,a, M)+ f(D,a, My) (1) where,
where, %/’ ~ f(a)
e 1 1
o . 8, = PpP, —MD)=—~
nVp A ((Pf ) 1 11, k ‘{ P A
o\ : ; > 7@
f(D,a, My) %) MD) 1+,
H(D: a, My)= D(l P, liﬂ)k(;a)Pw‘{;’) HEFAQ EAEZANGES the 2k
fa
(1_51@)]3([{1@%—1)
o )2 2o H|Z )= 18
o174, n- measurement space®] A Fh(E =E 2 M HJZ,) 1— 6, H)Z,_,) (18)
A9, Ve VD 2712 e faEAede] i
9, A\v 2¢Y s, Ve \/—"] 715 7= 2FE3t EPEASHE 7]9F2] Track Management 7] o]
fFasA9gde] F3] p= SNR(Signal-to-Noise Ratio), 245 IPSNF ¢z Ee o%]% U B KRB
ax= AEE A ASAY], Pr= L85 &8, P, PSNF ¢ugl53d wda, AadA¢ F718e £
© 240 fFESAYEA el AT g, P EA EAEE e S e 7E‘°l ek
55 ovgit)
o] Aol g o Halalm vlogl 7k (1=6,)P(H)Z_,)
A Ae b= delstd ohe 2t P(]‘[,JZ)— KR —1

686

1-6,P(H)Z,_,)



Egue) /NS A% PONF-m EHEH e 5 BY AT

where,

T fila) 1J
PDP{ - M )fo()

P(ijzk—l): P(Hk‘Hk—l)P([ﬂc—JZk—l)
+ A7, ) AH, 7))

2.4 IPSNF—m ALGORITHM
SNF, PSNF ae]52 Q&3 28 aitd=s

A8l A E@° 4 OHOIE o} Z*é 7HA AL ek
oF

By =Pr(Mm, Z)=Pr(Mjpm.z, Z_,)  (19)
iof(p, a, Mpml|Z,_))

By =Pr(Mym, Z)=Pr(Mym, 2, Z,_,)  (20)

1
= E}”(D7 a, Mp, m|Zk_1)

C=f(D.a, MpmlZ,_ )+ f(D,a, MpmlZ,_))
21

AsAge 43

elgel oig 7Pg[131e] (AS),

(Al Wt 9 A2 o3 Ze] AeEErh
B f(D, a7M1,m)
b= f(D,a, Mpm)+f(D;a, Mpm) @2)
b, = f(D7 a, Mp m) 23)

f(D, a, Mp, m)—O—f(D7 a, Mp m)

8, = — ' (24)

_ PGIV(D)PDf:(a)(l _]70(!1))
{PGZNV(D)PDE (a)(lﬁ](a))+/\(1PDPG))%(a)(lf:](a))}

1 R
+7G(m*1) Pple—Pee fola)
fila) 1
) P, PCN(D)f @ »
. 1ip 1 1
1-P.P.|1 Vf(in 1)[1 P, Jklf[)(a)
Al 1
f~0(a) A
where,
fila)= 141rpe 1+pafo(a)_eﬂ
o MD) = Hla) - fifa)
]V(D) PG , 1(0,) PD 7f0(a)7 Pfa

il
b= =5 (25)
where,

1 e M1 1
6, = P,P, 1—(m1)[l—]— =
k D" G VG PD A 17f0((],)

— fila) 1
N(D)fo(a) X

dge oot 2.

_ (1—0) AH|Z,_,)

1_51@P(Hk|Zk—1)

(26)

s EFEAEE 7|9k] Track Management 719 ©]



FFAVE &8 =B A8 A63, 2017

Z]

485 IPSNF-m €189 oF 2 3 Hge )&

SNF-m 1253t FAsh, HAeA F7bsl

o P
AzAgE 45 F4L es) o] 4wk

E

(1-6,)P(H)Z,_,)

PUIZm) =5 B )
where,
1 e”"]l 1
8, = PpPy|1———(m—1)|1— X1 (a)
v = Lola Vg(:n )[ P A 1=fyla)
~ fila) 1
—MD) =~
fola) A

AH|Z m):P(Hi-l]{).«—l)PL[#—l‘Zk—l’ m)
+P(Hk‘HL~—1)P<Hk—1‘Zk—U m)

F7HA] EEAEE 7]9k9] Track Management 7]
IPSNF, IPSNF-m ¢tile] 58 §53holrh,
&3l confirmed true track 4}
gz Eel sl

-0 =)
T2 v, 4

od A% Ho %

=
=
s

it

T4

al
=

1 AlZ8o|M
=l A AeteheE
=371 Sl
Aetaal gl shube]

1000m, A%  400m
210" *scan/m?9] YA
Y 4= 33S 4
FAL 209m/s 2
3F

5ol $93)

A% B

gul

oM,

o
=

offt

5

300 4

E

=200 —
>

100 | L

—— Target
Clutter

1000

0

i T T T T
0 200 400 600 800
X [m]

Fig 4. Simulation Environment

688

TS 7 % it 0, WA V0.75m/s%, SR
g8 7 % BT 0, WA smel ASAG LTI P,
= 090, AlEHA AZF 40z, SAHFT] 1x0]H,
5003]9] EEHIZE AlE#HolAS T3

4, AQkstE IPSNF-me| %4 34 A5 1S
A3 719 daElEel PSNF-m#}e]  Distance,
Velocity RMSEE- W] L&} t},

10
IPSNF-m
PSNF-m

Distance RMSE [m]
®
|

Y
|

4 T T T T
20
Time [sec]

(@)

30

——————— IPSNF-m
——— PSNFm

o

Velocity RMSE [m/s]
IS
1

2

0 . T . T : T
20
Time [sec]

(b)
Fig 5. RMSE(IPSNF-m, PSNF-m) (a) Distance RMSE[m]
(b) Velocity RMSE[m/s]

40

% 5% IPSNF-m, PSNF-m¢ RMSE Z3jo]t}.
Track Management”’} 4-8-%# IPSNF-m-> EIEA &

o] confirmation threshold

E

ik

Hol o Wz

22 IPSNF-m3} [PSNF2}2] H|alo|t}, EdEA S
Z0])3) 8L Markov Chain one model & AH&-3}3] 1L

dolAL A7te] @ e 2.

P11 = 0.985 py; =05 p1y =0.02; pyy =1;



Ede] 7He

489 PSNF-m E454 Bee] ¥ B4 @7

AlEe o] A9l Track Management 7|5-2[11]3}

YU R, EY %7]3}= two-point initiation
He  AEA olwl, XA Hd HEE

. :25m/sf¢ A éé}mz} 27 Eﬂ#%xﬂi&%ﬁ—
0.02¢0]M, 4 & E
™ confirmation E 0.
2o termination ﬁa—”j._i Z_}Tﬁ]'oi TRk
confirmation threshold= IPSNF¢} IPSNF-m9] Z71&
FA5HA ©7] 98] confirmed false tracke] 7H=7}
H]<23 ZA(IPSNF 1937, IPSNF-m 1957) 0.5 A3
3}ttt oJul,  confirmation threshold= IPSNF7}
0.9995, IPSNF-m°] 0.9992, termination threshold:
0.010]1:}. = 70 o]}gg] Eaﬂo] o l_,ﬂ;iul/ﬂg 7]-;(]"7
she] 4& FA4Y o] F ESS merging s,
olu] merging threshold= 52 743}t

9] AlEH ol 3l 4457 %= Confirmed True
Track, EHEAEE, RMSE($IA], $5)2 v 3kS )

2l WA 2 Confirmed True Track ZA¥}o]t},

500

IS

S

3
1

@

S

3
|

N

S

5}
|

Confirmed True Track [#]

=]
3
1

— IPSNF-m
—— IPSNF

0 T T T T

0 10 20 30 40
Time [sec]

Fig. 6. Confirmed True Track

Confirmed True Track®] #thgk % 500740, ©]
Zbzke) Ae] QoM F23 1709 48 % 5003

9] %Eﬂﬂi /\]giﬂol’}ié THFoEN WA gho]
. =

0.99 —

Track Existence Probability

0.96 —

0.95

o

©

L3
1

o

©

S
1

IPSNF-m
IPSNF

0

T i T T T
10 20 30 40
Time [sec]

Fig. 7. Track Existence Probability

e =4 A% & A& olfrE FE84H sheA A
= Al FE2SAA Y N5 HEst e st
7] wiiEoltk whhA] Fejg Fhde)] gid viEs
Hojrrg] ehYA oz {AS FAG oI o|F=
% 77} o] IPSNF-mo] 43k [Ale] 24 774
o tisll o & EEATES /A2 AL F4
3 21 gl

&2 IPSNF-m¥ IPSNFO| %], Smo] g
RMSE Z3}o|t}

Distance RMSE [m]
e
|

o
1

IPSNF-m
IPSNF

20
Time [sec]

(a)

~
1

Velocity RMSE [m/s]

N
1

—— IPSNF-m
——  IPSNF

T T T T
10 20 30 40
Time [sec]

(b)

Fig. 8. RMSE(IPSNF-m, IPSNF) (a) Distance RMSE[m]

689

(b) Velocity RMSE[m/s]



A Eersl=EA) Asd A6E, 2017

I3 8¥} Zo] Distance RMSET ZWH& o
IPSNF-m®] Aol $53 2& & 4 o,
ZF A HE Im 7}-7]}0] s A7) BAE=

oh;]_

dob 41t

to ot

o Jm

61—

=)
w
N
)
i
oX,
off
N,
=51
CC

G FY s
35 Apole
3.2 &8
B =RdAe &
N ch_Lo}o;]
PSNF-m &1
&g 7]9ke] Track Management 71HE&
o2 #E]8k= IPSNF-m %L E]T:‘% Ak
Aket Weh 7]E] PSNF-m a1
ANE v
9k PSNF-m< &3l Track Management2]
Confirmed True Tracky} EYEATES
5, ©©vE, PSNF-m %ual—ﬂ} AR s
A PSNFoﬂ Track ManagementE 483t IPSNF&
ogw IPSNF-m¥} IPSNF T+ ¢ate|& 4

7FeA
Lﬁigiﬁ

[mrby

0

3l
o
= "1

t}, :Lﬂi

ol
-

A

=] stlp_iz,q Ass ;ILO

ol
P

ol
Wy ¥2 1o

ro
o

Al oox = o e e
[ oft

2]3 Confirmed True Track,

Ny
I
Lﬂ
il
offt
L
e
w2
Z
]
=
2
fd
AT}
ol
o
=
2]
Z
s}
.
uj
in

MM oox oo rff P
_0|L
N
~N

oo ol

2

690

(1]

[2]

[3]

[4]

[3]

(6]

(7

(8]

91

[10]

[11]

[12]

[13]

[14]

References

Y. Bar-Shalom, T. E. Fortmann, Tracking and Data
Association, Academic Press, New York, 1988.

Y. Bar-Shalom, X. R. Li, Estimation and Tracking,
Principles, Techniques, and Software, ArtechHouse, 1993.

X. R. Li, Y. Bar-Shalom, "Tracking in Clutter with
nearest neighbor filters :Analysis and Performance,"
IEEE Trans. on AES, vol. 32, no. 3, Jul. 1996.

DOI: https://doi.org/10.1109/7.532259

Li, X. R., Bar-Shalmo, Y, "Theoretical Analysis and
Performance Prediction of Tracking in Clutter with
Strongest Neighbor filters," The Proceedings of the 34th
conference on Decision and Control, New Orleans, pp.
2758-2763, Dec. 1995

Li, X. R, "Tracking in Clutter with Strongest neighbor
measurements - Partl : Theoretical analysis, "IEEE
Transaction on Automatic Control, vol. 43, no. 11, Nov.
1998.

DOI: https://doi.org/10.1109/9.728872

X. R. Lia, X. Z hi, "PSNF : A refined strongest neighbor
filter for tracking in clutter, "Proceedings of the 35th
CDC, Kobe Japan, pp. 2557-2562, Dec. 1996.

X. Rong Li, Xiaorong Zhi, "Probabilistic Strongest
Neighbor Filter for Tracking in Clutter, "Proceedings of
SPIE Conference on Signal and Data Processing of
Small Targets, vol. 2759, pp. 230-241, 1996.

DOI: https://doi.org/10.1117/12.241211

K. J. Rhee, T. L. Song,"A probabilistic strongest
neighbor filter algorithm based on number of validated
measurements, "Proceedings of the 16th International
Sessions, JSASS, Yokohama, Oct. 2002.

DOI: https://doi.org/10.1109/TAES.2009.5089532

Taek Lyul Song, Kye Jin Rhee, Dong Gwan Lee, "A
Probabilistic Strongest Neighbor Filter Algorithm for m
Validated Measurements," The Proceedings of the 7th
International Conference on Information Fusion, June
28-Julyl, Stockholm, Sweden, pp. 1052-1058, 2004.
DOI: https://doi.org/10.1109/TAES.2009.5089532

A. Papoulis, “Probability and statistics”, Prentice Hall,

1990.

D. Musicki, R. J. Evans, “Clutter map information for
data association and track initialization,” IEEE Trans. of
Aerospace Electronic Systems, vol. 40, no. 2, pp.
387-398, Apr. 2004.

DOI: https://doi.org/10.1109/TAES.2004.1309992

Y.Bar-Shalom, X. R. Li, “Estimation with Applications
to Tracking and Navigation”, John Wiley & Sons Inc.
2001.

DOI: https://doi.org/10.1002/0471221279

Dong Gwan Lee, “A Study on Maneuvering Target
Tracking Filters in an Adverse Environment with ECM
and Clutter” pp. 11-12, Feb. 2006.

Tae Han Kim, Byung In Choi, Ji Eun Kim, Yu Kyung
Yang, Taek Lyul Song, “A Study of LM-IHPDA
Algorithm for Multi-Target Tracking in Infrared Image
Sequences”, Journal of Institute of Control, Robotics and
Systems, vol. 19, no. 3, pp. 209-218, Mar. 2013.
DOI: https://doi.org/10.5302/J.1CROS.2013.12.1796




Ed 7¥e 283 PSNF-m EH3Z e 45 24 dF

Ol HM|(In-Je Yoo) (A2

10

02012\d 8¢¥ : st AAF
3} (38D

020141 8¢Y : st FAAA|
2 el3ela) (F3HAh

020143 8¢ ~ Al . FWEFE
A4 A4

<ok
dloThA 28, A3 AL, AR AT

691




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


