- P

DRREDMRGE

' Target Trackm'TechnoIogy for

nnnnnnnnnnnnnnnnnnnnnnnnnnnn



ia 214 ik H by
BRER AR

Target Tracking Technology for
Moving Sensors

pa S %:ﬂﬁﬁ-%

R S

« b3



EBEMSE (CIP) #iE
1E B kAR H PREREF B AR AT S %3, —dbat: B Tk R
#t, 2017.4
ISBN 978-7-118-11032-6

1. @i~ 1. O ML OfFE%— Bl V. O
TP212

o E A 5 CIP Hidfi#% 5 (2017) 3 040000 5

@ 1o~ oz g HRRAT
bR WREE X LB sk 23 5 IRB&4AS 100048)
e AR fa E R A R ST 2 B
PR 2
FA  710x1000 1/16 EPK 17% FE312 TF
20174 4 A% 1R L REDR)  ENS1—2000 4 ZER 89.00 T

(ERBUFENEEIR, FiHFTIAR
EBGFHE: (010) 88540777 KATHEM: (010) 88540776
KATAEE: (010) 88540755 KATIS: (010) 88540717



B ok A

A5 R e A i R A EI B A 5 S L AR B B AR

T R EBA MR S & R, AL 2 S SRR
B, WRMFRBAA, BREB RIS BB R, REPRTZET 1988
FYREFFERNER, ROLERHHRIES, BOLPHEZRR S, $hiF. #
SE AR E BT RHAL T B . XR—IARTREE XHIEI2.

ERFEHE P HREE R B KIX R

1. ZEEPIRHEERARGURF, FARAKFE, AFEEIR, ¥R LRI
Hufr B FERERL A B B B, A TREBRE R IA RN AR ELE.

2. ¥FARBAEFH WERE. LH, WEPIFSMESEEERREAR
KHENERIHE R FUE S EBBAAMRRR LA TERRFTEARN
ANLEE.

3. HEERBHRANEETHERNE, #1456 EEIAAMRS
RENRUTERFTLE., FMEARNEE.

4. 3R HATERE R SURE B RA F SN AR B R IA 4
FHEORH A .

EB B RE S ERRETRERRERERNIT FITE
TAE, SRERHRESNERTT R, PHZENEPIZE, RERBKES
BB B, LARRE PR BB 2IFHS TRBINEE, hF
R e 2% TR R [ By T S R R RO AT

B B Rk B A e 2 PR N PG T 25t Aot BBk B A5 7K 4R
LB, R RAERPBERAEdr . JTREFVFE T,
PR A3 G A Y BRI AE, TN . AU S5 R0 R sk, 5

II



i 2 PR BRI B KR AR . X #i%, URHEH
TR R BB SFF o
EFAER TR, AHEERE. B HRERmIL R A

ERREES RS
FFEERL

v



ERFRHE P L REE

FLETFHEERTHRAR

F £ £ R
Bl EFEZRA
B O#H K
B O B K
e R
FEKEBHRF)

HRE
ZH A
RABHF
Frig)E,
T BF
HR %
%) %4
Fik4
5 &
5B &
HET
3 8:9

19345

BB A
4% 8
Haede
A&
KA
B IR,
BEE
) BD. 4

RAAHF

FEohak
pRis
T
KA
AT
1 &5 -

EX: S0
FKAF
F2ER
HEN
& F
A RAL
$HALE



¥

BHERBEFBREIALEEEMRAFRERE S ZEA, MERFK
RHERFPEE. RAGBHEREK, FRAREZHAFHL. AEHNE
BERE .

AAESFNEFELRG. BIAE. LEAE. CRRGETENHK
FRHE, CEFRENEKERSTARRT FENHAEAR. AHEETHH
FrEH A 20 R R A EFHERB ERREZANFRLELTR, WERSL. £
BEW. XAEEAUTILAKE: —RAUFHE, #F2ET/LFAREELE
ERREBRR, BRAR, RAEEHRFR, GCAMXEFNEEARER,
EREM; —RZAM, FEXESRFURA, —ERATHRARRIEN, H
FRHEL— PN E R TEER L EIEA R A, ZRAEE, KEFRE
RFTEMA A, wERRERHFTZESE, REERPRFRATERER,
FOAHEANAREELE BERREFGRNNEA, Hoh, BLHRAMFRAR
RE., EELEBHEARENES, BHT S E2ERE BERREIANAK
R RH o

EEEEAEBNRATAESZHNTESERBEFRELRBEAHNES
ok, BFATEEMER. ARR. TRFE—REANZIREXTEA 7
HHIRML. HEAFHER, AARSTAERERENGEREHIEE T
EE, LRE—FRIEBAZTIBREIREATANRR, WROHEEE
RERNAERAE RE 7 A EFEEH, EHERNZTREE.

LA,

2016 %£5 A

VII



[

PEEEAR, ReRREG. HEHL. W%, FEME. ATHE. ARE%
BARKERE, #3)T 2 P62 EREDEERMBEARNELS, EEFMRAM
WAEZRNE; THEEES L, #ET “MRPOof” “F R “FiF
—iR” SFAUE MR, BOLT “REERM” — AR R,
Heh, 25, i, REFZEITFESERB[IVEN S B —TE
BHISCHERAR .

ABUES, § LERAERE EREITIR BN, HX2EHTFE 24
RPN AL FERER T VERIF AT, B RBMAANMAR, T RES
B, RH—RFINGIE TREE RITEE, 022305 K3 K B BUBRRLHE 7%
TR EAL GERER T A IRTCIRAL A% P RIERIAT H bRERER 7 V5. &I “Wr
g7 M BT AbERTTRAE, UUSEELE 2R BB MRS R R EE AL, HlBh H
PRERER LA R K B 58— A M AE R :

ANETHf L, T, B, REFFEREREN—NHERF AR
B, ERBNAEMESETE—&%, LRMER “MHExttE” THR
H, BEFTDAUEIT AR SRR AL T H, B3P E L ReREA S
k. A BT SCREN (ESM) FZF R lifE R, SRS FMaRY &
TR, {BFEN SRS R T RS s, MRS H APz 55
B, WizshfeRaEn B iRmERmminsE KBkik. ik, WAVEF T Zizahk&
7 HARBRER BRI G T, FHEEE T A H.

235 8 &,

1 EREMS, AERERMASBRMIHAR.

B2 EREN R FNL R B ARIREREERY, BELIRRE L ABhR 0 &
HARZELES B FERETELRENRAR. H, BIERBIRE T EZM
HSERREEWENIEETRNZ AR, AL TENHTR ERRESE
ATTEBRIGER . 54h, 6 %A R SR A Y] & 5L b 07 B8R R

53 BEoABHE RS HARREREE, EANAT Bl R RA S iR us s,
01 Kalman JE8% (KF). 3 J& KF (EKF). N KF (UKF). Bl (GSF),
PFuEs: (PF) FULAE HIREREE . FRIMESENL BirEE, NBAHE
F¥E 5Bk (Joint Probabilistic Data Association, JPDA). ZEiEREZ (Multiple

VIII



Hypothesis Tracking, MHT). Bt& — {02 %48 X (Joint Integrated
Probabilistic Data Association Filter, JIPDA). — &4t {54} %4 (Integrated Track
Splitting, ITS) FCERZEETHEINA, XBENEERBHNNETHE
WA REMZ HARREREE, W2 5% & (Probability Hypothesis Density,
PHD) JEi 2. % PHD (Cardinalized PHD,CPHD) VLK) XFr&A £ 0%
Fl (GLMB) ¥EH25%.

8 4 B R ZEIMERES R AARERAE, K& TEERER R LR
AWIOECHE, UABAMEZ BEERBIHRGIRE

%5 EHBRIEE LR (IR SERRERAEOE BRI, B
GUHET IR AR 2 20 A B 0 22 5 3928 e 2 1) P T U R 6 5 R MR 7 ¥ DA e 3 F
4l BEAS X TEYR e AL S ERER I 738, BN R E T LR = 4RI 2% 8], W]
PR S B ] 52 BXIE B SR R TR S8 A 5 BR R

% 6 B AL EHENEZ3 2 W Pkrh &S 8 HbRERER R, ARt
FEAEIEB S Z BT HER, BEEHTZEHEX &M T2 BHisRER
1X — A p o)

%7 FR B AL A U E ERER 98, 7 R F AR T ILsh B bR EBR A
MEVETCIED . A28 578 DAL TN AR R, iR
B o

8 BLG LRI TELINTE, it EahERE BRREREN
Bk FI R F ] R

BJa, ANETREET AR, FFERFPRA T AR BIRZE D)
ZEAk 1% A R HEA I TR A PHD (GM-PHD) [f] Matlab F2%.

RS 3] T S ER AT E P Tk AR K 30k, EREERES, K
DRFINEBER . TEE S bes 202, EPRFERAR KRS D« 83z,
[l B Tt A A B R g 55 T K B R AT T H B, Rt T ERAE
BIWAKA#H B, ek, oA 5Tk i BE A SRS i R S B A B 54
A R AT R 20 B RS

AP B LIE) TG S AR FEERR . & 67 LUK B ARERER 14 RAELE
MEENSHAT T —E KRR, BEEHREZKNAESTRHER, ROFEER
I B e s Bk, S RIHEShIZ 3 1% 828 H AR IRERE AR R R B — AN B s .

o, HTEEKFRR, BhfeffEariZze, BiFEEHHRIE,
B R AR E Email: weihuawul987@163.com.

% &
2016 % 10 A FR X

IX



F1E

1.1
1.2

1.3

1.4
£28

2.1
2.2

23

24

miﬁ .................................................................................................. 1
BN IR SR E BR BRI MRS, « veve-ermsovsrsssiaspionsonesrmm bt st s basm kot asas 1
gi[lé g@fﬁ”g@%ﬁ?ﬂ@ ....................................................................... 4
1.2.1 gﬂmjiit ........................................................................................ 4
122 {%‘E\Lﬁ}g ........................................................................................ 5
123 }:g @E’g}: ........................................................................................ 6
H *ﬁ:ﬂﬁ%«;ﬁ*ﬁtﬁ ................................................................................. 10
131 H *ﬂ?ﬁﬁﬁ ...................................................................................... 10
132 g,{%@gggﬁ;ﬁﬁg% R e S B L e P L e e SO 18
WAHL 52 e B o o e o S R S e 25

Eﬂ]ﬁ?@%ﬁ E#ﬂﬁﬁ%&iﬁ ................................................................ 28
E;]%‘ ......................................................................................................... 28
lllé*,j”;ﬁg}% ................................................................................................. 28

2.9:1 %?ﬁfgﬂé*ﬁig .............................................................................. 28

222 ECEF %*,{;% ................................................................................ 29

223 ;Hl_l.ﬂﬂéﬁi;?\ .................................................................................. 29

224 FEHMFRER overeeeerererensassassininonsses R e A Ve A e resssessad 30

2.2.5 FMIMABERZR eeeveesrsrecsnsessssenesmsisiosesinnesissssnasissesnssesassnsnsas e F O 30

226 éléh}g\zwyi% .......................................................................... 31
&ﬁ@gﬁ ................................................................................................. 32

b | gégg-g;é[éﬁg ECEF ﬂéf{ﬁﬂ‘]ﬁ?ﬁ?’:% ...................... GVessisaiveussen 33

2.3.2 ECEF 455 NED %*ﬁmﬁjﬁ%g\ ......................................... 34

233 NED élé*/i'—:j HRD /;Jéﬁ‘;ﬂ(y}!éﬁa’{% ........................................... 36

2.3.4 HRD A:Hr5 HRD HABFRIFIASHLIC ZR oreereeeneremsensnnesneniniiinines 38
AL R M TR IR v sl mniions i bynb B A e bttt salion iR Aot 38

24.1 ‘Bﬁ%%ﬁﬁﬁﬂ@ﬁéf&ﬁﬁ*ﬁﬁ/ﬁ .......................................... 38

Y49 %ﬁ‘%‘é&bﬁgu ECEF %*ﬁiﬁﬁﬁ%%@ ................................... 40

2.43 HRD HEABFR 5 HRD A AR R EA I oo 41



2.5

2.6

$3E
3.1
32

33

3.4
F4E

4.1
42
43

4.4

2.4.4 HRD B fAAIRS NED AR HiiR Z5 (5 1 eeeerereenessssnseinsisinieniinninns 42

2.4.5 NED _lg ECEF %*ﬁwﬁ&ﬁ%{%ﬁ ............................................. 45
BENEE WIS TEASRETY oo 49
2.5.1 #ﬁmﬁﬁﬁ .............................................................................. 50
9.5:9 S}Zﬁ%;&cﬁﬁ .............................................................................. 56
253 D‘J—Eﬁ.*ﬁ- ...................................................................................... 57
254 i&'“ ﬁﬁgﬁﬁ .............................................................................. 60
,J\% ......................................................................................................... 62
B S EHARERESEI L -wvrvveeeesesresssssnsssssssnsssssss st sss s 63
Fj‘l’é‘ ......................................................................................................... 63
_$_ H *,]—;EE%—; ............................................................................................. 63
300 )F[\ME?;@UH .................................................................................. 63
322 -{5,@:%@& .................................................................................. 64
3.2.3 #@—ﬁ}j{%ﬁ& .......................................................................... 65
3.2.4 Z:@I«E;Rﬁi@& .......................................................................... 66
3925 %‘@fﬂwg& .................................................................................. 68
3.2.6 *j-?ﬁ& ...................................................................................... 69
HT NI A FBERIZ B FREREE «eererererererrsssesmssssenessisissieesnanns 71
330 Bﬁﬂ’ﬁﬁﬁ%ﬂﬂ%%’ﬂnﬂ .............................................................. 71
332 ZHEFRRELED HIFTMPMEERY - oeeooemiemsssoncmiesinmsiassassiisssnseasses 73
3:3'3 g E{ﬁ‘;[jl\[ﬂ—;ﬁﬁya ...................................................................... 73
334 ETH@@&%EE&%B{] HFREREE «ooveeeemremrresneenninnisninnnnns 74
3.3.5 %%%%ﬁ%ﬁ&ggﬁ&%gmﬁh}gﬁﬁ .............................. 75
33.6 BT XArBA AT AIEBAR B HARERER oo 78
,J\gé: ......................................................................................................... 80
ZEZ“JJ%@%%%*M?&EE;E ............................................................ 81
g]-‘g ......................................................................................................... 81
ECEF %*ﬁ%?ﬁﬁﬂ@ﬂﬁﬂ ............................................................... 81
%ﬂwﬂa?ﬁﬁﬁ ................................................................................. 83
431 H ﬁ;:{k%}\ﬁﬂf P 84
432 ABIRERIRZEEE T orvomesemsoosmosonssasrmsscnsemseassosemsassssssenssassssscssiusasassas 84
433 ﬁk{uﬁgﬂﬁﬁ&ﬁﬁ .............................................................. 85
3T ECEF AHF RN ZIENT & S A RIRALURBCHE v 87
441 ?Ea]‘ H:;E'@H{H:EE} ...................................................................... 87



4.5

4.6
4.7

£5%

31
52

53

54

F6E

XII

6.1
6.2

6.3

6.4

6.5

= R P 920
4.5.1 UGS B KALLIRTLHE «veenermemremnmimiii 90
452 ﬁ;)ﬁ,ﬂ:@@%&%jﬂﬂ?ﬁ\@ﬁ}& .......................................................... 94
453 UL IERAR B K ALLSRTTCHE «oveeererereeseseneen 97
T T SE FRBEE ) 55 SALLSRFCHELGALE «+veeveeereemvesnmsessnesnessnsienieneienn 100

/J\g'i:,: ....................................................................................................... 103
Eﬂﬁ@%%ﬁiﬁ&mﬁ .......................................................... 104

gl—‘g ....................................................................................................... 104
B EH B YE TR G A T BRED wsoresssisssnmssnsssssnsisinssimneninsssssussndoimmiottsonodesten 104
52.1 ECEF é&*ﬁ%\?i@ﬁj$ﬁ[‘j$?ﬁ%ﬁiﬁ .................................. 105
522 iﬂl%ﬁ“\%ﬁ%&ﬂﬁﬁiﬁ& .................................................... 108
5.2.3  AJFELATHIT soevveeremmremmeesinseietnn s sesduiveiveens 112
@@ﬂ%%ﬁ&%ﬁ%ﬁ&ﬂﬁﬁ ....................................................... 119
5.3.1  XUALEE A BETCUR BT S AR ZE AP AT weeereeermemensisisiiisiiiii 120
532 ﬂm%ﬁfﬁ%'ﬁ[—%ﬂﬁﬁ ........................................................ 123
5.3.3 AT EATHT ooerreeremrresresmse i 124
,J\gé': ....................................................................................................... 129
Eiﬂgﬂéﬁlﬁ'i&ﬂfﬁﬁﬁﬁﬁﬁﬁ ................................................... 130
%l% ....................................................................................................... 130
ECEF bR R T i 2 5 B 07 SRR R IR B oo 130
6.2.1 FT ECEF AAhR R B AR T oo 130
6.2.2 W% H BRI R BUEE BRI KR B v 132
623 WEﬁﬂﬁ .................................................................................... 136
T A FIHET GM-CPHD (9% M BT Z FRRERER oo 141
631 % E?b%dﬁ&l‘tﬂ@ﬂ%ﬁﬂﬁl‘ﬂ%ﬁﬁ ........................................ 141
6.3.2 W EEIEMNKF TR GM-CPHD Bk erereeneisinnenne. 143
633 ﬁjﬁfﬂrﬁ— .................................................................................... 146

%%ﬁ]ﬁ@T%ﬂ: GM-PHD B{Jg E*,—I;EEE;% ...................................... 149
6.4.1 I A\ MDV Bﬂ*ﬁz&lﬂﬁi&ﬂ ..................................................... 149
642 ZEWHEXTIHA MDV MLEH

(Z B ] GM-PHD JEJ AR oo 151
643 wgﬁ.*ﬁ— .................................................................................... 157
,J\% ....................................................................................................... 164



BTE

7.1
7.2

73

7.4

13
F8E

8.1
8.2

8.

w

8.4

zﬁﬁﬂ1§@%§§méﬁﬁﬁ ................................................................. 165

?-J'l—g ....................................................................................................... 165
J PR IR T B R AL BB LN H AR R BRI - ovverrereersressessnnennenns 165
7.2.1 ECEF AR ZR P RGEAET oo 166
7.2.2 ECEF M5 R T 2 AL RE8 A0 B 2 AR B SR UE B 25+ 168
723 TFIEFRITHSE] coevereerermenmrnni i 172
7.2.4 Oiﬁﬁﬂ‘ﬁ .................................................................................... 173
i R I Il p— 178
7.3.1  OOSM JH] Bl cvreeernensenramiunesiniintiniuiiniiniiitisiiine s 179
7.3.2 i OoSM HAZ T 2 AR A RE SR AR SRR IR o ooovvvvere e 179
733 AFTELAPHT eereeeeerrernrnensn s 183
LR 22 () 2 5 B 7R A3 RS GM-PHD %5 B ARERER - oeooeee-: 185
741 A EREIR oo 186
7.42 HECHERZRIEETOIRAS GM-PHD VB B ettt 189
7.4.3 ﬁjﬁﬁ‘*ﬁ .................................................................................... 195
JINEE i s 200
BIERNIERE BERIRER R o veveverereserssssine vt rss i 201
L = L T O PSP LR PSRRI 201
g?fﬁﬂjﬁ%%?ﬂﬁﬁ ................................................................................... 201
8.2.1 ]jJﬁE ............................................................................................ 201
299 éﬂﬁi ............................................................................................ 203
BRI RTEBAMEEEEL vooroemimsmimss i it st ibdsts oy 203
8.3.1 ﬁ[ﬁﬁ ........................................................................................ 203
832 ?éﬁ}#&éﬂ@ﬁ{* .................................................................... 204
833 {LIEERES BB BRI oo ovnoesinosecnsatonsabnmnins iuasmasbhabesatin bt 206
R34 . IEIBAPEIRAR: coosetesreapncisonlinesiossaiesirtussnsaticese gt curs S BN 206
83.5 ARG R WM S RHEIRALE veeeeeeeemeesmee 207
8.3.6 4?@%%%@5%%%5“4: ............................................................ 208
8.3.7 {%‘Eﬁﬁé&iﬁﬁ{t‘: .................................................................... 210
83.8 LAABILRE BIRIRAE -« verervrrvmssmsicnsssinsisnesivensinssssnsns Sl
FEDR IR senerorssersresrrastasesbasosnsisnsenssipsiesons s desn e antres ol 212
8.4.1 HSEHIZAfERKEEH *ﬁ(ﬂﬁﬂ%%éﬁ ........................................ 212
842 MG ZIZFENERBEHIRIREEZRLL < ovveerreerrernrenssssroninninnannens 212
843 ZVEZIBINEIKISHIREREERLE ooeverrererrreemseminsininiinenn 213



8.5 NG e 214
mi ............................................................................................................. 215
A. Eﬁé’éﬁ;gzwéﬁﬁ;gﬁ ..................................................................... 215
B. HRAL RIS TE U MR R AT EE R B <oeeeeeeneeneenesnemisniics 218
C. mmg@ﬁg%&&%%ﬁﬁﬁﬂw;ﬁ@mﬁﬁ .................................. 219
D. T ZEFRPEIHES: e 226
E. ﬁﬁlﬂg%ﬁ .................................................................................................. 297
F. ﬁ:%—ﬂ% .................................................................................................. 229
G. Kalman JEJE Matlab FRJF - rerereremrresrsssinnenniinnsiei e 230
H. GM-PHD ﬁ& Matlab E}? ................................................................... 231
;g;*%jﬁ ...................................................................................................... 237

X1V



Chapter 1 Introducﬁon .......................................................................................... l
1.1 Concepts of Target Tracking for MOVINg SEnSors -« - -+sswssesseuserssssuuscs 1
1.2 Networking with Multiple Moving Sensors on Multiple Platforms -+ 4

1.2.1  Networking Ways:«« s sstsssucsssisssussussesiunsiiitisiisiisniiiss s 4
1.2.2  Information Processing « ==« =sssserssrussrsmmssssissnmssscnninnnssssssasenaes 5
123 Main Problems ................................................................................ 6
1.3 Technological Progress of Target Tracking:: -« s swsvseesessseuseussinssussnsens 10
1.3.1  Target Tracking -« +--+sssessrecasensestussnscscensunsissmsmstssmnniaseasensenssosninns 10
1.3.2 Target Tracking with multiple SENSOrs -+ -sswesesssserssssssssssssissuess 18
1.4 Content Organization and Chapter Arrangement:« -« seeesssereresccseees 25

Chapter 2 Foundation of Target Tracking for Moving Sensors:--««------=---- 28
2_ 1 Introduction .............................................................................................. 28
22 Coordinate Systems ................................................................................. 28

22] Geodetic Coordinates .................................................................... 28
2.2.2 Earth-Centered Earth-Fixed Coordinates:-««=«-«:=-ssssssseeesrnsersscenanecs 29
223 Geographic Coordinates ............................................................... 29
224 Platform’s Coordinates ................................................................. 30
225 Measuring Coordinates ................................................................. 30
226 Coordinate Relationship ............................................................... 31
23 Coordinate Transformation ...................................................................... 32

2.3.1 Transformation Between Geodetic Coordinates and ECEF

Coordiﬂates ................................................................................... 33
2.3.2 Transformation Between ECEF Coordinates and NED

Coordinates ................................................................................... 34
2.3.3 Transformation Between NED Coordinates and HRD

Coordinates ................................................................................... 36
2.3.4 Transformation Between HRD Coordinates and HRD

PO]ar Coordinates .......................................................................... 38

Contents



2.4 Error Analysis for Coordinate Transformation «=+-«::«-sseesseercanensscnenracas 38
2.4.1 Analysis for Error Propagation Based on the First Order

Taylor EXPansion -+« - sesssesseusessenssusimssississmssmmnisssmnssmsssinsines 38
2.4.2 Error Propagation From Geodetic Coordinates to ECEF
Coordinates ................................................................................... 40
2.4.3 Error Propagation Between HRD Polar Coordinates and HRD
Coordinates ................................................................................... 4 1
2.4.4 Error Propagation Between HRD Coordinates and NED
Coordinates ................................................................................... 42
2.4.5 Error Propagation Between NED Coordinates and ECEF
Coordinates ................................................................................... 45
2.5 Trajectory and Attitude Models of Moving Platformsg ««-:--eseeeeeesereeee 49
251 A Platform’s Trajectory Model ..................................................... 50
252 A Platform’s Attltude Mode] ......................................................... 56
253 Simu]ation AnalySiS ...................................................................... 57
254 ’I‘he Real Data Validation .............................................................. 60
2 6 Summary .................................................................................................. 62
Chapter 3 Target Tracking Algorithms for Moving Sensors:«:::tsseeaeeereeceese 63
3 » l Introduction .............................................................................................. 63
3.2 Single Target Tracking -+ seserseasesssessersenssnsenstusssssrssissnisiussnssasensans 63
3.2.1 Bayesian RECUISION -« «wsseeseessessensenssasmnssussisssissisin s 63
322 Kalman Fllter ................................................................................ 64
323 Extended Ka]man Fllter ................................................................ 65
324 Unscented Kalman Fllter .............................................................. 66
325 Gaussian Sum Fllter ...................................................................... 68
326 Partlcle Fllter ................................................................................. 69
3.3 Multi-target Tracking Based on Random Finite Setg::«:«:seeeeeeereeneneneees 71
3.3.1 Basic Knowledge about Random Finite Sets:««::-sxseresemeeseseneen: 71
3.3.2 Multi-target State and Multi-target Measurement Models:--+++-- 73
333 Multi_target Bayes RecurSion ....................................................... 73
3.3.4 Target Tracking Based on the Probability Hypothesis
Density (PHD) Filter:: - +eseesssssssssssenscnsmmnsissisnnssansnnssnnnsinsns: 74
3.3.5 Target Tracking Based on the Cardinalized PHD Filter:-«-+--++ 75
3.3.6 Target Tracking Based on the Generalized Labeled Multi-
Bemouui Flltel' .............................................................................. 78

XVI



Chapter 4 Maximum Likelihood Registration for Multiple Moving Sensors - 81

4. 1 Introduction .............................................................................................. 8 1
4.2 Biased Measurement Models Based on ECEF Coordinates «:«+«+=+==+++++ 81
4.3 The Maximum Likelihood Registration Algorithm «+sssseresreresnessssvenanens 83
431 Target State Estimation ................................................................. 84
432 SCUSOI' Biases Estimation .............................................................. 84
43.3 Implementation of the MLR algorithm -+« - -sseesesesssemensssienanees 85
4.4 The MLR Sensor Registration on Multiple Moving Platforms
Based on ECEF Coordinates .................................................................... 87
441 The Derivation Of JaCObian Matrice ............................................. 87
4.4.2 Slant Range Estimation for Passive Sensorg:«:::::-«ssssseeeesseesssess 89
45 Simulation AnalySiS ................................................................................. 90
4.5.1 Maximum Likelihood Registration for Active Sensors -+« 90
4.5.2 Maximum Likelihood Registration for Heterogeneous Sensors--- 94
4.5.3 Maximum Likelihood Registration for Passive Sensorg:-«-««::+- 97
4.6 Maximum Likelihood Registration Validation Based on the
Real Data ................................................................................................ 100
4' 7 Summary ................................................................................................ 1 03
Chapter 5 Passive Location and Tracking for Multiple Moving Sensors -~ 104
5 3 1 IntrOdUCtion ............................................................................................ l 04
5.2 Passive Location and Tracking for Single Moving Sensor -« :-«-:s=-==:- 104

583

5.2.1 Passive Location for Single Moving Sensor Based on
ECEF Coordinates ...................................................................... 105
5.2.2 Passive Location and Tracking with Multiple Measurements

From Slngle Moving SenSOf ....................................................... 108
523 Simulation AnalySiS .................................................................... 1 12
Passive Location and Tracking with Angle Measurements
for TWO Moving senSOI'S ........................................................................ ] 19
5.3.1 Passive Location with Angle Measurements and Error

Analysis for Two MOVing seﬂsors .............................................. 120
5.3.2 Passive Location and Tracking with Multiple Measurements

From TWO Moving Sensor .......................................................... ]23
5.33 Simulation Analysis .................................................................... 124



