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Abstract

This book is a monograph about radar data processing and its applications is the summary of
international and domestic advances in the research field and fruits of authors’ research in recent
several years. This book is composed seventeen chapters. The main contents are: radar data
processing introduction(including motivation, significance, history and current state), parameter
estimator and linear filtering approach, nonlinear filtering approach, pretreatment technique of
measurement, track initiation in multi-target tracking, multi-target data association approach based
on maximum likelihood, multi-target data association approach based on bayesian, maneuvering
target tracking, group tracking, multi-target tracking ending theory and track management, passive
radar data processing, pulse doppler radar and phased array radar data processing, radar net data
processing, performance evaluation of radar data processing, simulation technique of radar data
processing, practical application of radar data processing, the last is the review suggestion and
prospect about the radar data processing theory.

This book could be used by the scientific and technical staffs engaged in information
engineering, C3] system, radar engineering, electronic countermeasures, infrared technique, sonar
technique, military command etc. to read and consult, and can also serve as textbook of
upperclassman and graduate students of the above professions. This book also can be referenced by

engineering staffs engaged in laser, robot, remote sensing and measure,



BRETE

BEEARM R BHP N AR RE T AR L EEARAW mar R R, BRBIELHE;
ARFAER. FER. RSt iENRSEREERFENRR, RS RL
REMEZERMZ —., EFR, FEEELEFEARATRAELBERIEZRE R B4,
SERFAC IR AR E T AR T KEMERBRMS#HD, HAEFIE. A, B4, EE. B
HAXENPl. BaifEhl. £PES. IR, 5. LFEPEHE RN HTs, 23
TITZ R ER.

(FIEEIELLIE R NHY A 2006 1 ALK, 22 KiEEREMES, E5F
RRFORES. B THEEFIEGEE R, HEANHMARRRE, R EYHE
XIABHFATEU IR AEFIAE, DUENMRRENFEE.

A RRAE 2006 F HBA T E CFF AL 0B A R ) A _E N LAE SO 3T i B
LR EFREFEHERR T, WEAMSREAEE TEAT, 0. REMEEE T
AT RIBHIELEHE AR R BSOS B RER; EsR PR L, 5
FEANABFAT TR, T “BEHBRE” A CFEEELEEREE” WE, [\
BES P R A & ETAERT TARRBEENEN, e TER 0 EHE F XA
HiEpi Rk, sk . BiEh: (D) S&a/IFEEEREELEERNMERE, &
RHIE R RIRG T T EAE R R, HEEEIRAE S AS A S EEN
BZIEBIRARL T T EERZB S (2) FesE T HEHEABEEE ORI, %S
T ER S N A HAT T 568, HAER— B EE P e ek Mg vt . d B fidE & i
We A SO N RIIEER PR VAT T HUR M, (3) RET FAHIWABE T E X £ Birie
FRO I, T EAGBR SRR SR HECHE, FINRGE T L EEMAA, R TS
IERARTGE R BB A BN T REH ARERER — 32, HEOWENSE. BB EGE
FEASE =T MR B RAL F, WBFNERIGEEAT, BRSBTS ED. RS, Bus
RELZA TR T P08 B IREFF MG AR H AR, (4) A T LS A SR
A —FERINE, BN T BMHE R B P ESM EAIEAZE, RS 3 EMET
B IERALPR TR EREF R R Z A (5) XTHIAAMEIEAER AR — =817 T4, 1
TXREEME E BRI EAR: (6) N 7 EEEIEA I E IS —E, HFMNT
By GG ). AT RAR TR RSO . DU BRI BUEREAE. ERERNL
S HbrEeTy . BBUEES] . REE . FREZIA FEIIR T &S8R B T 865,
[{] it 73 #fr 7 Monte Carlo /& f#ffrik. YL B VRS WRE S H X HER AL (A
Jitk: (D) BE—PRE T HEHEEENHB SR ZE, 8T 4 Doppler BRI EIE Hbx
PRERSFN A . MAh, IRIEEFRE NIRRT TR, A BRI T LB S ORI
—hR S PR AN ) 2 AT T B IE .

ABEFEGHRERESD, WEBENT TRYRETFHERATIRERTEESR S5 ESHT
TEHLATR, BE T EERNENEN, RmEt4d. FEmEte. TAAE L




. OBKBUETLAE . XN S SN T A B WA IE SRR TAE, fFETEI—JF
AR A1 R . EE IR T T AR AL, RS T T g xd A 5 1w PR AR
IR I3 -

BAOIFEABOER, AMUAT AKNEFER TR, BT ERRES TR
ARG AR ETNSEE, A0 TERJGEY T T e rEIREAM,

Bid) K A wBEEH e 04, Y R ELMEN. BRR A RiR: E-mail:
songqiang8 @sina.com; EXRiubt: (LA ME &M EMN = L% FE B RE B AR (264001).

(I3
2009 =7 H
THHEGEENT IRE%65R



BT

BB AL EE AR TR IA (S B A R X R P K ER A A S, Hix i
55 e B S A AR Th BT AL, IABIFIZB. THIE SR BG5S H I 2
JE B BEAERAE AL PR P AT AL, Gk B B AR AEBIR L H AR ARAR A B, LMEXT I A H
PREGE NPT, S EAIE T N2 B, I B b i B SC i ERER I
Hit. aEsk, AR, FEmu EEgRSrmrESEY, FSa#El LT X
— NG, XERERM B TR T R REEREE R B, W HRLE HARRLEE . Bis
A ZREE . BEEMERR AT B TEARWTINGR, 7 & (X FUE MR e 2 A W =
TR RIS HAR B R R R . AT —AFETE £ R ik i e B EART ST 2R b
BEET R, BEH . RGMAEENR T HEBIR RN R R LS BOFTI TR
DU N B A [RlAT R 6 — AN — 20 AN IX — S P W ST N SE B I T B9 FEA

25 15 2, B 1 ENG TESEIRLEIEAM R E K. B NS J S PR,
DS (0 5 0 R A A PR R — 2T ). BRI T . % 2 ENEREM S EMIE
BT, HRRAEERBA PR SETERNIEIBERM. 3 3 =oTsdkethiforis. B
4 BEIHEE BT B, AR B FRAb 21 7 T AR R & X Sl b F i S
A HbrRERERR . 56 5 S0P 1 2 HARERER P RIATSE G EE, RN L. —
SRR [ HAR B P AR BE S AR 5 — SR I A B KRB T k. 5 6 BB AR A S
Hyr BB k. ER%E 6 E4eat, 27 EUIUHEES AR DB 7%, $8 &
W HLEN HARERER 7%, F90 B HLsa il (O BRER 550 B S N BRER VAP KEBEIT IR R .
9 FiTie % HARRERA SRR EHTE B AR 3 10 EVFITEF EEH S AR, HE
IR TEPRE L HARERER (DL ARy AT T R 5 1 A AR RRERATFE RSP
RN AR OL. AR R IR MR AL B R T REAN Y &1 RIS AR T kb 2 E8) (PD) &k —
LEAROC AR SR AL BT . B 12 EINEER B MBI AR, 5 13 Bitw ik uka
MO EHEA, SRS Z M EAERA AT Monte Carlo 17 B SE 3R B BEHLE =4 J7i%, [F)
g th TR IS BAR AL B SRR D LS, DA Bh i AR A R R R R R AR B R 3L
P B AR ST N . 28 14 BN AT XL H AL RN 5 15 0o R g A-f
RIBF TR, I B L) @ 4 3 — 20 AT T

ABHMERENT TRFER A A BEE. KM, XK. BfE. 5, FE=B, K
Wedis . RAVFIE, FEEHELHBZREMERSRENRE . Bo0HBERENREDA
Wik R, T REAMRE, ASATRN XS RMERDERONHE. Wik, BIOES
HERERE AT TIRESS, R S EENFTRRMAREE SRS H . [, AT
A ACFE I, B RIS ST RIRIR, BRUIAE RIEE TR



B OW

ABAERE IR, BT HAEZB TETRIERR L. B AR A
i, VEFTERE AL R R

RS FEM T TR T EEBRS AE T 7R 20 a e ARZmAMe, e
ZHHEABY TR, B TIFFERMNE . A, 3 EZ RN RR

B gl 7B S TR, R TR S RIR I . S R g
WS TRFB SIS R Tk AR, Rl 2 W Tk AR 1 £ 7 dmi
B B AT K Dy S A ORALE 7 AR 153 391 i ot Al

ek, POCEROGTRAE IR L L, AT SRon RSO B AR R ST, A
MAEATE RS T T BRICHMA RO FIRER, IXLEHR R 3 58 BUAS 1 ) SR

5 f Jr i B TR B RHCE R R T8 3 1 e X A R B B

ol K
2005 4 9 F 26 H
THEWFE T LIRS



23

2.4

2.5

2.6
2.7

B crv v e e (D
T TAHAE AL TE(R) E [FFUEE S rerererorrvorermmrmasiontemmreiutsatssiirerestesastanssssessennessreannses N
By € el O N 2 T (2)
%gfﬂ:ﬁ@ ...................................................................................................... 7
E R BRI RAFGEI T E S TN o eeeereetmen e e e e S}
B e TR 21D OO U PSSO an

5}#5[151+—"12’,€‘F$7ﬁ§5&ﬁ5£ ........................................................................ (15)
2 = T O N (15)
%ﬁ{ﬁﬁ— ................................................................................................... (15)
221 BBUR T TR 7 e veerre s men et sttt b e e e et (15)
222 PURELABE B A Ll 575 o veevnvrrrrnerenmernnrrian e e e ee e e e re e s (17)
2 T (o B 12 T PO (26)
224 FRAHERTEIL R BRBETE s veererrrraneenrarn ot eteesree e s eeevnraaeaaeneans (27)
B I o8 L s R T P U (31)

T B = T R (31)
232 m‘g&*ﬁ}_ﬂj ............................................................................................. (32)

233 R IRIB I IS A MY, <+ coreeearrrmranaaaties ettt e et tearan e et e aaanns (35)
234 B IR B I R c e et e e e e e st e e (38)
2.3.5 ARG IEPE LTI T RS -+ veeverrrarerenraeeresnuiinteeriet s eneras e e e arnaeaesbarneeeans (38)
236 FOKE DY IS ) D TR B S [ S veeereenr e ranenreerieennraniie et te e e seinaraena 40
a—ﬁ %‘a—ﬁy R B e e et e e e et e eeaes (41)
2.4.1 a_ﬂ /,If’&%,% .......................................................................................... (42)
2472 E{'jﬁ)}‘\za~ﬁ Do T PPN (44)
243 B TEIEEER I HE] cverer oot (44)
244 a—[ly/f‘é‘{)}i%.% ....................................................................................... (46)
245 BB Ly Bl e oo e (47)

Ig’fﬂiéjcﬁﬂ%{&ﬁ/k ....................................................................................... (47)
2,50 P R T A e e e e e (47)

2,52 LEAE T TR B e eerme e e mer et e et e et et e te e e s eae it e asae e et eeaas (48)
FIR B IR L A PEIE DY FIERIPEAELLAER  coreeerermrrreraieeriie et et e, (48)
%%\{,#Lfmggﬁtw&% ................................................................................. (49)
270 ARSI TR 2SI RIIG -+ erreveenerernrair e sttt e err et oe e re s ara e e e re b e e e (49)
272 HEM B B R AR R S (50)

273 %‘?H\H’\Jl’ﬂf;‘%*ﬁ% .................................................................................... (50)
2.7.4 JEFESE - BUMERY IO (KT R FHZS ] cocrrernreeraramnenmt i ir e et et e e caeas (50)



2.8

#3E
3.1
3.2

33

34

3.5

FA4E
4.1
42

43
44

45

%55
5.1
52

53

- XII »

R REEE L TR T LI SR R I I LU EEL LRI (51)

ng&vﬁﬂgf&ﬁii\: ....................................................................................... (52)
B ZE  eeveentrneen et e Lt et e s s s e (52)
#ﬁ‘ﬁff\'%ﬁﬁ% ....................................................................................... (52>
321 BT REEY oe e e et s e (52)
322 LEMEAL BKE S AIIREAME  ovrrrermsme i (55)
323 FIRE/R S PRI ] R BB R B oo oo e (56>
TBRERBIETEIR  ccrerrarimiiiiiii it st et (56)
331 AVEBAE IR coever e rrrernens et e et e (56)
332 ﬁ&*ﬁﬁy ............................................................................................. (57
333 ﬁEﬁ.*ﬁ ............................................................................................. (58)
L FIEUESE  cevennnemn et s e e e 61)
341 BGRA T FRREREEEE AL cooe oottt 61>
342 JEVEBEII vrevererietitsae s e e et e e s e st san e (61>
343 EKF. UKE. PEF =FhIELEMEua i BLIh R FIBEMR]  ovvevereeoseommmmmmnnenisimianncnin, (62)
LI T LTI PRTP PP ESRRPPIO TIPS (65)

%;ﬂlj#ﬁ}&ﬁi%ﬂ*ﬁ* .............................................................................. (66)
T T T T L T T ST TP PPPPPPRPIN (66>
Y e T RLCTTTRE P T PTTTPRPPETPIVEIPRIPRYPRYI P (66)
A.2.1  MAEFZR covree vttt e e s e bbb (66)
422 ék*ﬁg’lz}ﬁ ............................................................................................. (69)
423 Rﬁﬁﬁ?%*ﬁ%ﬂ‘]ﬂ%?ﬁ?&% ..................................................................... (71D
424  JLRHE FIAMEKE ZR A BRI ) BB veveeeeeneevesrmmeemtntie ittt (75>
425 FHEEAAKR R B R AR AT B o verererererereranianssesae et ae e e e e e (81)
ﬁ{ﬁ%ﬂﬁ%ﬁ)ﬁ ............................................................................................. (81>
431 FHEIIE . R TN correeeeremiien ettt e et (82>
432 ﬁﬁﬁz{]jﬂ” E'Jjj/f .................................................................................... (82)
ﬁﬁggﬁﬁﬁ ............................................................................................. (83)
4.4.1 %%’Jﬁﬁ"]ﬁﬁ}i?ﬁ ................................................................................. (83)
442 BETEBRGE A HBHRELE +oneerrrrerrernassrrereormrmntiaienieretesisrtiieeaeesssreanssesaeeees (85)
=T T P R (86)

% BERIREE P ATAIIRITES ++ovvoervrrre i, 87
= = L T T (87)
ﬂﬁ‘ﬁﬁﬁﬁﬁl“] E(Jﬂ%;lﬁ*ﬂﬁq— ............................................................................ (87)
5.2.1 ﬂ(ﬁzﬁ'] ............................................................................................. (88)
5.2.2 IR (ER) P reeeremmrer e s (88)
5273 %E}gﬁﬂ ............................................................................................. (89)
L R - 1 B IR P (90)
ﬁﬂﬁﬁﬁﬁ& ............................................................................................. 91)
T I = T LT LT T T T T P PP PP PP PP PPN (91)
5.3, B e st e e e e 92)



5.4
55
5.6

®e6E
6.1
6.2
63
6.4
65

6.6
6.7
L
7.1
7.2

73

7.4

7.5

7.6

533 1@E%E$ﬂy£ ....................................................................................... (93)

5.3.4 Hough i T (94)
5.3.5 {BIEHI Hough BEHRTE  corrrereererem i st e (96)
5.3.6 ET Hough BHAIBHEMIMIIRLLGELIE oo (97)
537 ?&ﬁ%tﬁﬁﬂ@ﬁé%/ﬁ ........................................................................... (98)
BTG BRI LLET 540 AT  cvevvvreemrrrrmsesinsreeieme e tsiattie s certtenesaana s see e ee aesnnananes (99)
USRS T TG DM BUITIE  voevevrerrerenreseesemtmmerirteereneasrersenssaaramseeseennneesmennns (102)
I N et e e e e s et et een cetata e ee et e e ntn taresenenaes (103)

*&k1u%§§g B ﬁﬁﬁ}%ﬁ&*ﬁ;‘f ............................................................... (104)
g|f§ ......................................................................................................... (104)
FILITE A3 S 7d  vevveemtome ittt ittt et ettt e st ettt ra e et ee e e esataa bt ntnnes s ennans (104)
BESHRE AUSRELIE  corenereeemermenrennine e e e er e e (107)
0-1 ﬁﬁ*ﬂt‘]/ﬁ ............................................................................................. (109
T AT mer ettt it et s s e et e e ie et ee e e e eae et oot tn e aeeanans (112)
I = T L Ty T g T (112)
6.5.2 r‘x*ﬁ%{fﬁg@% ................................................................................. (114)
JURPER AL BRI EE ML BESP T  vorvveverrnnememmemrei it toeesennters ot eeseeernnsernnesaresennns (1m
,J\gél: ......................................................................................................... (118>

n [H-wfggg E*ﬁﬁﬁﬁﬁ*)‘i;‘f .................................................................. (120)
B T vttt e e e e e i e e e e ree et eaeenae o n e s e e annen s e, (120)
B L B T PO (120)
721 %ﬁ@ﬁﬁﬁ*ﬁ;{ﬁﬁ&%& .............................................................................. (120)
722 Mz%ﬁ@ﬂﬁﬂ‘ .................................................................................... (121
%%ﬁﬁﬁﬁ%/i ....................................................................................... (122)
731 ﬁﬁ%ﬁ%mﬁi%% ........................................................................... (122)
732 Eﬁﬁ@ﬁﬁ ....................................................................................... (124)
A T I T o T YN o R (126)
A T B - 12 O 127
i R g SR e o = OO OO ORI UURURRR (129)
741 JPDA BB A I or it e ettt e rr e e rea e s e e e naas (130
7.4.2 E;@é-g{q;wzmﬁ—g .............................................................................. (134)
743 ;{ﬁ;&{ﬁﬁ—mﬁﬁmﬁ—ﬁ ........................................................................... (136)
7.4.4 TR TPDA B dE B i et et rr e st sttt e e e oo (138)
W R R k- o OO (140)
B T B B T0: e e e ettt e (142)
750 BRI BRI oo ettt e e e e et reaae e e e (142)
7.5.2  BEIETIRAETEE coeveverreemnre et ettt et e eteeeaasere s e s s ee e e (143)
%{Fiﬁ/ﬁ ................................................................................................... (143)
FE I 8 3 el L O TTTRUSR (144)
PRI S = PSR (144)
7.6.3 ﬁiiﬁﬂgfgﬂkﬁﬁ .................................................................................... (145)



7.7 ﬁ,ﬁ%i}*}‘r ................................................................................................... (146)

78 ,J\érﬁ ......................................................................................................... 147)
H8E I = [ i SR (148)
T T = PP (148)
872 ﬂﬁ*ﬂﬁJﬁ?ﬂﬂﬁ/‘JEE[&%ﬂ/ﬁ .............................................................................. (148)
A T Tl 1= PP (149)
I )= = 7 OO (150)
8.2.3 A T BT oo vemrt e ettt e e e et et e e n e (151

83 ﬁﬁ,ﬁﬂﬁg}iﬁ&: .......................................................................................... (154)
8.3.1 Singer *E@ﬁ/ﬁ .................................................................................... (154>
R T T 11 o B = B P P RO (156 )
8.3.3  Jerk BT B e vert et e e et e et s b aen e e (158)
8.3.4 BRI I IE vt e et ae e e e e aas (160)
835 fﬁf@éﬁ*ﬁéﬂﬁfﬁ ................................................................................. (161>

8.4 HLEYEHARIREEE VEPEBEELED oo vrmerremn ettt ettt et eee e cee ettt eeeaenns (164>
8.4 ] A LI I G B B B et et et e e e e ee e a et eet et et a e e e aaaas (164)
B4 A L G A M crveeretnonerer ottt e e e reeaans (165)

E 3 T A R (169)
oo BEEIEBRIRIR -ccovrrverremreemnieein ettt e coteresnteeetieerenteeesnssesaee e sesaaesennaesonesess (170)
L8 T 1 [ TR (170>
9.2 m&ﬁg@ﬁlﬁ ................................................................................................... 170)
I T < 1 1 i PO (170D
G022 B RIS EI e et e e et et et er e et et ee e et eeeaeaaa e e e e e e (L7

L R T - 1 ) U (173)
0.2.4 IR B i T e er e e e e e r e ee aseen e e een (173)
TIPS < 3 = o=l g = B VU R OUSU R (177)
9.3.1  BEIUFERLS . TS -+ o vrrrmremrreme ettt st e ee e e ettt e e e e te e aeeaee o, (178)
0.3, LI R B T o oeveeme ettt e et e e ee e e e e er et re st aan e anenann (178)
TG T < N =1 s T T T O C181)

L R = S v Rl B RPN C181)
94.1 BAHE *xﬂﬁgiﬁ{iﬁm ........................................................................ (182)
942 ZHIATE B AR EREE B VR BRI «onvverrrrnernerreereeeie e taeee e mters ee e eeneaenns (185)

0.5 FEHBRERESEIVEMEBESIHT oo oveereenere et e e ettt e e e e ee e e e e eae e (185)
LT B 0 152 S - O OO C185)
9.5.2 A LA L e rr et e e e e (186)
9.5.3 {I,Eﬁfm ............................................................................................. (188)

0.6 B e et s (188)
EI10E % BFrIRER LR AR TR ID SRR IE o overe e (190>
O R = B OO PRSP (190)
102 % ﬁ*ﬁﬁﬁﬁ%%@g}ﬁi@ .................................................................................... (190)
1021 FFFIRER LLRT I (SPRT) BIE +eereeoreeentereaeeeee et ceieeeeeeeeeeeeee s eeeeen e (190)

* XIV -



1022 BREZEITHTE weeeeervermtoteitiiiie ittt ttae e ittt se b et eae ces e e be s nen (191)

10.2.3 ACUTERELTE wrevreerrororermmmniiiii it s sr s sa st e e s e (192)
10.2.4  Bayes BEJE  soocerem i e (193)
1025 4548 Bayes B -rrerreeeeetmmnenete i (194)
10.2.6  BHIEPEBEIIAIT reeereeveree ettt sttt s s s s s e aas (194)

103 Eﬁ.ﬂ’%@ ................................................................................................... (196)
10.3.1 @iﬁ%-’l‘é}@ ....................................................................................... (196)
103.2 ﬁﬁ)ﬁ%%}@ .................................................................................... (202)
10.4 /J\% ......................................................................................................... (207D
=11 FB R EIREIEAIE e e (209)
I = == SR (209)
112 BYEEIEK PR B T B TR L orverrerrernrrroesenrtoireierttteremmenesereeeacsceeansnsen (209
11.3 VBT IEAS A BIYE FLER ~ovvevrvetermttioniitiiiii ittt ittt re e e ctenana s asa e e rassneans 211
11.3.1  AHQFARALFRYE  cerercerminiei s ittt s e s aes sre e s s e s s ss s s e rsensees 212
1132 BB TTRIER G SENT  rrerervrerororrtrimtiaiet et ittt treaeiiree errensanaes 215)
1133  ZAETUTE cereerrtemnmie ettt sttt es bt e es e e et neereesra e tetaaenanees e reananeos 217)
11.3.4 ETAEFARAFFEBIHERNERIDE cooeeerrrermmrenmmuiiirsisieotnre st aeeanernsnrensssseresens (220>
11.3.5 FEUHERIFTIEEEBELLIR corerrrnrensrereerensrmmmiiiriiisienereenttmseeeresaennsansnnnseeens (224)
11.4  HLEL ESM SET  creeetrerertosttttttntiiitsniniimmuiimmtomiieeietstrstisesoentesstesssonensnesssnnaenens (225)
11.5 TCYEEIRTEPEBIAEIETE «ovoveerrerrrarrerrermniimre i rierstntssertrastssnsrsaesntasesnonssresosnns (227)
)T 1% - T O (228)
gﬂ' 12 ﬁ ﬂi]()ﬁhzgﬁ]fu#m?ﬁ%iéﬁﬁﬁﬁ ............................................................ (229)
o = =P (229)
D S0 I - 7 A N (229)
12.2.1 PD %ﬁ?\%mﬁi ................................................................................. (229)
12.2.2 PD E 1A B ITHRER covvvrrervrsrerrrsriiiiniiuiiniiereesnissessessnsiosssesssssonssessennennne (230)
12.2.3 PD Eﬁﬁ&ﬁﬁﬁﬂﬁ/ﬁ ........................................................................ (232)

123 AHEE B i B B b B ceeeevere e ettt e a e en s (243)
12.3.1 *ﬁﬁ%ﬁﬁ/‘%é}ﬁmﬁ ........................................................................... (243)
12.3.2  AHISPEE A BIEALTE RLEMITNEEFITE BT voeereereeereessieeiesiinsissses s (245)
1233 A EE S IR AR B cor it e e e e e e ren s (246)
D I L U TORPR (254)
13 = IR P EGIEABTR - vevvereromnmmmerimiie e et et e vt srevre e ee e e rnn e eenan eee ae (255)
13.1 g]%— ......................................................................................................... (255)
132 FBIEMI BT S AP AT e ecoretreert et cr it rr e et s ree e e tenene b erananaas (255)
13.2.1  BIEPIMEBEDEIMIFERR ~vrvvvererrerrrosronerimnierenecrtiieenteresrtnnsrensasranieesnneermnnans (255)
1322 TEIARIUEALATEE woorererreerrrronnrrrntiiniiniiiiercereenesrerunnerrarnrseessen s seerenassaes (257)
13.2.3 Mﬁ$ﬁﬁﬁmﬂtﬂﬁlﬁﬁfﬁﬁﬁﬁﬁ{ﬁﬁ ...................................................... (261)
133 $%ﬂ'£i&?ﬁlﬂﬁﬁ%ﬂi .............................................................................. (263)
13.3.1 igiﬂgigﬁﬁﬁ%ﬁ@ﬁﬁ ............................................................... (263)
1332 BEMHEIREABIAIRSMTE coccererrrrerer ettt e cee e e (263)



13,4 AUHEHL T TA L I BIARAR T <o eorerereemmemmmiinn ettt s s e (266)

134.1 SUEHN T IA RGP ASTET JEZR vrevrrrrmrereemmrrmes st (266)
1342 SUEEHB T TR AE T ererrerermreeermrmmmmer i et (268)
13.4.3 XR%im?-?L)zéﬂﬁfrhﬂ' mﬁ‘—:&ﬁ};}:ﬁ ............................................................ (269)

13.5 2 BT TALH P BEARAR IR «eevvverereenaneremmtane e ettt ta ettt ces bt st e e e e cne e aeeaas (272>
1351 LML B BRI B TE coernemeerer e ee ettt e e et e (272)
13.5.2 ST LI B BEHIMII FFE  cooeeroerttemmmiutmtiiintiiiitiian s taiaa e traaaaaas (272)
13.5.3 LRHHIBEE R EIETRII—EILFE oo i s (273D

13.6 ﬁn@;"ig’)’( ................................................................................................... (274)
TR - . 5 g RPN (276)
13.7.1 B RRRI B DI IR ZERTHE ooerrrrrnrrrrrrrerneerrorannenrntsorerrisiieesreenin s rieineeeses (276>
13.7.2 SR REE S| (RTQUC ) idue e ettt (278>
13.7.3 B/ (LS) BIid ceeeverneraeniiiiociiiiiieiiiimiisioiiesiiiiniaiiitiisiiiistssenees (279>
13.7.4 J7 N E/D T (GLS) BHJE  ceererrerem e e (280)
13.7.5  HF ECEF M45 R 1) X/ 3 (ECEF-GLS) Bidi-resererersnmsssmneieinnnnn, (281)
13.7.6  fFELAFHT oxeereemeemmne e et s ettt et e st e st e e e e r s e aees (285)

T T N~ N (287)
F14E FIEBIEAIE M BETE L - oo orrr e e e (289)
I = PN (289)
| A = B - NG (289)
143 BUHRCBEEBEPRA o cevvreverarerorsrerioreriie et et i rer e et cee b ee st vateaeren aae s (290)
14.3.1  SEYHTIFADQERT ) coreerrervemnrenmtitatsnt ot iieattatieeee ettt natsena st sraeanens (290)
14.3.2 TR BRI REL -eeeve e rnine it e e e e e e a e 291)
| T T 7)Y = - I £ R O PO (291)
14.3.4 I8 BRAATHRIREL coreeeeeonesisimtiniiiii it e e ta e eas (293)

14.4 EREEIEIEMERETEAE -evrorrererrr oot e s ettt s e e s ca s e sas et s sas sannes (293)
O ) o £ T O (293)
14.4.2  BREFHLEIABREE ST rereemmrree e et (294)
14.4.3  FEIRIF LB LEAT] cvevoereorrearramenimiiienitiieit it ercer e treeereesennaresesnnsrnssrnnsennsansees (295)

F R - - N (295)
| T PN (296)

14.5  BiEBIEAL B BRI PP Ty eveerrr e e e e e (297)
14.5.1 Monte Carlo 7j(Z ................................................................................. (297)

O T - e N (298)
14.5.3  2ETEMI(EL A TE reverrssnrsrreeemmrnmiiiiseesensrenenaeaseesateteens seeseeaesererneraanansan (298)
| B N T N (299)

| T N 2 T P (299)
%15 = %ﬁﬂ?&&b}%ﬁi’ﬁ;i* ........................................................................... (301)
15.1 5 il ......................................................................................................... (301)
15.2 %gﬁmﬁ_%ﬁ;‘(%ﬁtﬁ ....................................................................................... (301
1521 ZZR07 EIE AT BRI S e eerrrrrnrretimmiteeeeraaeesennrnnesesatsemnrrsruneessesnnneesnes (301)

* XVI-



15.2.2 ﬁﬁ*ﬂﬂ%‘}%?smﬁ?ﬂ;mﬁ ........................................................................... (303)

15.3 S IRHIYEAD BHE VA BL ~vevvvemnereenronsorr et e e et et e et €307)
15.3.1 BArIZZhHEBIHITE c-vvovrrrrreorertriiat ittt st e e e (307)

15.3.2 AT GEFEBIGTEL covvnevvererreeseramermnrmionmioeetrieareiietetanesesbienssesaersstnnessnnnnns (310)

15.3.3  PREFVETS AR ETEE  covverrrnint ittt ettt et r e e e se e e e e e (311)

I = 8 o 0 1 7 PPt (316)

15.5 ,J\gi_t ......................................................................................................... (319)
16 & RV S T o L = = VU (320)
|20 T T PPN (320)

162 TEZ AT B BB FIIU ] corerrnerrrerrernieniint e ee st s eee e rae reesraeeeren e ee s (320)
16.2.1 HIB. ABFIEISR cvrrecenmiin it it e e e ee e e aa s (320)

16.2.2 BEIEBAE AL BEEEHE] cverrermre i e e e e s e e s e s ea e (321)

16.2.3  FFHASIE B ESI]  cvevereren e e e e e ce e (323)

16.3 AEREH SATE I MR covvreeermmee e it ettt e tee e e e e aaaas (329)

WS 58 1 = e 111 3 1] AT e B o v 2 R PP UO (330)
16.4.1 B85 b BRG] LI B JBUHE  oeeee it et et e e re e ere e e e e aas (330)

16.4.2 ﬂm%ﬁﬁﬂﬁﬂfﬂié‘s&m%ﬂﬂﬁﬁ/ﬁ ......................................................... (331)

16.5 TEHRTH B YETE IE T oeerrereomrrerrt ettt e i et sne e re rn e s sresaenencanans (333)
16.5.1 BB FEE TR BTH coverecmeirie e e et et e e et eee e e eneas (333)

16.5.2 BB Ab BRI PR v e erm ettt e e eet e e e (334)

16.6 TEHF |- AT GE LI F weevereeeeermeemremnenmeremmmsmmmsnenneanenes s (335)
16.6.1 FHIE. ZHRE ISR coeeerit e e e et e ea e (335)

16.6.2  ¥F LSRG MILERE +oerrorrrsrmernorsnntemmuiiniieeraaetreoeereranernnereanserennneeennsans (336)

1607 FERH S BRI B covmrere ot oottt s ettt e e e e e e e eu s sen e arnenennns (337)

16.8 Z[}gjjgx\jgrf%f&%lél_f_uﬂq@ﬁg ........................................................................ (338)

16.9  FEHIBETTAE T T HH [KIRITT] erevvroeerrermrmmmstoniceneereetnmmneesaesereresrnnsssnnnseeeeeemnneaeans (339)
1610 TEARE L AR KA IR LG TGIG ] wvvvvvrrrnssesssnmmnnenmnnnneesimsnnnnsnnsassmss e oeeennns (339)

| T B I 3 U PR (340)
E17E [OF. R G B oo e e e ee e (341)
i T U (341)

17,2 BIFGE IR LTI oo e eevmn e o et ere et ettt e et et e e e ot e e e aaeaanaenaan (341

| T Ly = N UV (343)

| S 7y - SO (345)

FR L STHE TS + oo crvrnrernanrninetu ettt rrs tb ettt ee e es e s et e ee e e e e e e e et (347
BEE LR cocvvverreervnreer it et e e e s et s ot e et aan e en e et e e (350)

* XVIIL -



Contents

Chapter 1 INTrOAUCTION  srevermmrerrt ittt tate st n et cer st e s e nee (1
11 MOtiVatiOn and Signiﬁcance Of Rada_r Data Proeessing ................................................... ( ] )
1 2 Basic Concepts Of Radar Data Processing .................................................................. ( 2)
1 3 Dynamic MOdel ................................................................................................ ( 7)
1.4 The History and Current State of Radar Data Processing --=-sr-sesssersenrssreserrasmeensoseseeeeees (10
]5 Scope and Outline Of BOOk ................................................................................. ( 1 l )

Chapter 2 Parameter Estimator and Linear Filtering Approach «--------oseeeeeensenee (15
2.1 Introduction ................................................................................................ ( 15 )
22 Parameter EStimation ....................................................................................... ( 15 )

221 Basic COHCCptS Of Parameter EStimatiOn ...................................................... ( 15)
222 FOUr Basic Methods Of Parame[er EStimation ................................................ ( 17)
223 Quahty Of EStl matioﬂ .............................................................................. (26)
2.24 Parametc[- Estimation_StatiC Case ............................................................... (27 )
I T L L T TEITRILPRD (31)
23.1 Dynamic Model .................................................................................... (31 )
232 Filter Mode] ««-escreeceesseseeenctimiimninniiatnectccsttssocsansanonccaccccrccrocaateciascsncssese ( 32 )
233 Initialization of Kalman Filter «««stetseetseseseenarttiimtiiitiatiiiioterserasasnterscarancosas (35)
234 Steady_State Kalman Fll[er ........................................................................ ( 38 )
235 Application Example Of Ka]man Filter secscccrsereseerecnvernntiaicrracaccstoncrrenccanacaans (38)
2.3.6 Notices in Kalman Filter APplICAtion =+ =++-x- es e rsssessrsrismntiinnin e 40)
2.4 Q-BFilter and Q- -y Filter «+=ssesesrresrerrasrotiintte ittt e (41>
241 O FHIEr  eeeeeeereeesss s e (42)
242 Adaptive 0B Flter -s--seeeeereremsensitii (44)
2.43 Application Example of 0B Filter s+-s+r-sssssevesssissionnenninmmnianeneannae (44)
244 (Z-ﬂ-}'Fl]ter .......................................................................................... (46)
245 Adaptive a_ﬂ_ ')/Fllter ................................................................................. (47 )
2.5 Other Linear FilLer s« reetcetteeeserttotrutiontttiiutistiitieistettetsteeiettieriatietrrtonscinseoreanenns 47>
2.5.1 Two Point Extrapolate Filter == estesssesssasstsisasiisioeniitiaitii ittt ennes (47)
.52 Linear AUto-RecUrsive FIlLer «=-teserereseaserasesrorantuttotetioiiotutsisiiaiiiai e, (48)
2.6 Performance Comparison of Kalman Filter and Other Filtering Methodg e« sxereeeeroerreroeerecnee (48>
2.7 Consistency Test of State ESHIMAte  «erererrveerrrevssmumsimmmmmiuiiiitiiiie e (49)
2.7.1 Consistency Test of State Estimate Error ««««sesssssresssrearersimniii e (49)
2.7.2 Consistency Test of INNOVAHON  «--=ss=ssreessesersnensmiienmi e (50)
273 Whiteness Test Of [NNOVALION re+vtecxceereremorsenmsmriermtettaatateeanttirtaeaeaanenaereaaaeras (50)
2.7.4 Application Example of Filter Consistency Test —ceorresreercesrenresaescraccainioianiieen. (507

* XVIII -



2.8 Summa.ry ................................................................................................... (51)
Chapter 3  Nonlinear Filtering Approach ............................................................... (52)
3.1 IOLFOQUCHION  +##eseeeeresmonsneramseetanuamsasasstueerrttsattonsoosssstntamronsostateroesetsaracesaonss (52)
3.2 Extended Kalman Flter ««ccr«eeseesaataarotetsummaisiittioienistoraeicmatiotensmeanresotaanasnencs (52)
301 Filter Mode] =+« s+ eseeersartattesutstimansearsarsatrensosissnssustorcottssessotaannssatnns Creeresnaes (52)
3.2.2 Error Compensation int Linearized Filters «=+e-e-s-sseessseerernassertieistimeieetnnie (55)
3.2.3 Notices in Extended Kalman Filter Application «««««««cesceseremsesrrsiacsoomnosinciitienan (56)

3.3 Unscented Kalman FIlter «c«cceceseeresessesautmtieranettstiomocectarssssusntsorassnnssrsessasssncssnnns (56)
3.3.1 Unscented TransfOrT <« e=:ctscesoesstetssmaaracreerramtstetessassnressessesssesessssssasonsssenne (56)
332 Flter MOd@] -+ cxcveverocaonttasantannateissteeratsrssiserioriesstosiotossssssnssessrnssnsesossssense (57)
3.3.3  Simulation AnalySis —«eeeseresresees et s (58)

3.4 Particle Fllter .............................................................. R P PRT T (6] )
3.4.1 Dynamic Equation and Observation EQUation «+-=+-++ssssesersenssararseniininiuiianueeens (61)
3.4.2 Filter Mode] soewre e centetontoantiiatiaeneittinsussiaietieatasesssieciacsetocsssssscsosnssancnsnes (6]1)
343 Application Example of EKF,UKF P oo B o ST T (62)

35 Summa.l'y ................................................................................................... (65)
Chapter 4 Pretreatment Technique of Measurement -« eoeoieiimniiininnn (66)
4.1 INtrOdUCEION  “s = s essrrerrrrmoenraieaniaiieenaetsearortsssasssnoisosattonsassosassstosscesnsesrosscnassnsses (66)
4.2 Coordinates TranSfOrIn = estseerrecetarettateteieeioeietieticsontornsrasesssstesoannnrsrssrnrarsseassassen (66)
4.2.1  COOTAINALES ++-+++++ssrsresrrorneenrsansuemmunrustnntuntssenetnstaeensasereessarsersseersmnnennsons (66
4.2.2 Coordinates Transform sescrcerereeorroertenteetiretioiorececrsairtoressrecrassvessvassssnsasnsas (69 )
423 TranSfOITn of SCVeral COITHnOﬂ COOrdinateS ................................................... (71D
4.2.4 Tracking Problem in Several Common Coordinates ««««-s++sssrmresrreeciniieniiinn. (75)
4.2.5 ChOiCe of Coordina[es and State VECTOr *eererrestesittinitisitatienteereriotioscssecscsacsancas (81 )

43 Outlier Rejection Technique ............................................................................. (81 )
4.3.1 Definition, Cause of Formation and Classification of Qutlier —«=-««+--ssssssmesssmseasens (82
4.3.2  DiSCHMINANCE OF OULIEE -+« =+ +essesssmrantrsrnneuseanorerentanemterenteersarsarssemansansens (82)

4.4 Data Compression TEChNIQUE  ++++tseresreseseseeneenrenemtiiutiiiiiitietttetnrnisrierneraeriennnss (83)
4.4.1 Data Compression in Monostatic Radar rs-eeeeevereretettaniiieiiniiitetseieiiarienesneeinnenes (83 )
4.472 Data COmpreSSiOn in Mu]tistatic Radar SyStem ................................................ (8S)

4.5 Surnmary ................................................................................................... (86)
Chapter 5 Track Initiation in Multi-target Tracking -+« eseeeeemmimniiniii (87)
5.1 INtrOQUCLION = cevv=v v eer et teetteueeaetiecuesnatanensosesecsussssesssssnosnssoanssssassasssssononssnnesas ( 87)
5.2 Form and Dimension of Initiation Validation Region «+««s+tesesseereeermormtinnieiiniiii.. (87)
52.1 Annularity Validation Region ..................................................................... (88)
5.2.2 Ellipse Validation Region ««+er=eresreesteemmeetiiiiiiiiiiiiieecsns e e (88)
5.2.3 Rectangle Validation Region ««serestssstmneeemmeniiiniiiiiie it trane i aaaes (89)
5.2.4 Fan-Shaped Validation Region -« rsrsseereeceeetmmiiiiiinie e sninnnaee, (90)

5.3  Track Initiation Algorithim «+«==sseeseerscrstnetmtmiiiieiniiii et e e, (91>
5.3.1  Direction-Vision Method ==« = tcsseseeststenotnnetersrtiueetestsetotseesasnnersesasnnssrasansns (91)
5.3.2 Logic-Based Method sr«ressesemermereemimiiiiii et eerrrt et e e e (92)



