Target Acquisition in

Communication Electionic
Warfare Systems

LIEL RO E NS
H pRIR I

Richard A.Poisel #
B PR FiE
WY W

)

http://www.phei.com.cn



E96/2

2008

W TR A% H AR

Target Acquisition in Communication Electronic
Warfare Systems

[%£ JRichard A.Poisel #
MM HRE FF
M #

T F I ¥ & AR AL
Publishing House of Electronics Industry
Jt3 © BEIJING



1-58053-913-0 Target Acquisition in Communication Electronic Warfare Systems
Copyright©2004ARTECH HOUSE,INC.
685 Canton Street, Norwood, MA 02062

A5 SCBIPERR & 5 tH AR Artech House Inc. #2FHF MR, &
LT, B LEMER 7 B BB R M4

BRHASERAZIEE BF: 01-2007-4588

BBEMSE (CIP) HiE

BEBRFRREEFR / (%) HEE (PoiselLA.) &; #M X, KR
B —Jbm. By IlktAREE, 2008.3

FH4R3C: Target Acquisition in Communication Electronic Warfare Systems
ISBN 978-7-121-06002-1

L [ OB O Q- [l EFEE—EENH—ETH V.
E9 E919

o E A 518 CIP HdE T (2008) % 017722 5

TiEwE: Z2MHE
B R JeETASERMNEFER
¥ iT: bR ILHENRIT
HAREAT: BT TR
R RETHER 173158 H% 100036

F o OZAE: 850X 1168 . 1732 EETK: 115  FE¥. 286 TF
Bl ¥R: 2008 4 3 A% 1 IRENR
Bl % 4000 M EMr: 29.00 T

FUTIEE e 7 DA i B BAE BRI S, FRWEHERR. HPEE
B, BERERATHERR, BRLMBMWEDE: (010) 88254888.

JREHVFIE KB4 E zts@pheicomen, BB AR IERBHR
dbqq@phei.com.cn.

AR&Hsk: (010) 88258888



{EE =T

Richard A.Poisel T 1969 7% E % /RIKE TR E T T
2247, F 1971 4E7E Purdue K2RGB8 F TR 24, 1971
B 1973 FEfRRESR. HERRTEEREKRY:, HT 1977 £
BizkBESS5HENTREELEM. M 1977 F£3] 2004 FEh—EH N
F—RKBUFYE I, YAk S 4, RAeEMBERRER.
FFRMITRERE. BHRS5ERRERE. 1993 B 1994 224F, Poisel
R T AR T T 2B T R B 2 B IR 18 TR B B 224
Poisel 1L BHIR— MR LN, EHRLTE 1997 3 1999 FHiH
BAALREHRTA. 1999 EMPE A EHRER, FEFER
A F A Z 5 M Huachuca B FEFEBEHR 0, HIETREH BB
i . BLEEAhRE Raytheon S AL N T K RBHAANR .



FEF

HAR R REE B FREW) REF LA DRRETHREZ —.
—RME, BEFERNAETGREFERSMENE S A NHX L
FEEREAEMESH I, BMIEEEMNS SSEEATH
&, JFHXMNEE IR sk,

A+ 2 Richard A. Poisel Il L2k CGRMEH TR F1E) (Artech
House H it 2002 G5O F (ARBFETHRIREE S5EHAR)Y (Artech
House HifAt 2004 iR ZEMN—&EE, &HMNATHEREH
IR & MRS T ARSI BRERR, METHEERENIS
B E AR S BBEYE S HEERNER, ENHE TR EDE
BB EFHEE S A TEREAREREE B RRI 7.

K R—ARIR U N A E OBARATIEAMA T, PP X
ARxt AR RBGEI R ERBRNLASER. Ti2HTRACE
SFHLHH B, A BN AR R B TR R IREGE S B iR
MRERRZ. LTREBRTFRARAKRITITECEBRIEAR, #HATLF
R FBRALM T B BT R RS R AR R E A3 RE .
BRI, A5 R FHATEAE B 75k HARRI RS Wi RvP b M 5 & F 4
RIEfE HARREURSCH “FH]”

AHH 1 NFBEFETFRARAATRRIT LELRMOBEARAR,
PA B AR LR A5 HE T R AR AP ) B AR IR T R B R 1) LAR AL
7N, R—FH THRICEFRERTFEZNRARENSE .



FEF V-

AHEEHINE 1~4 EHHRRABIE: BS5, 6 EAEFENR
Bk 7 Edhkl R B8 EhZFHAEE: o EHKR
BBiE; 10, 11 ENHR B hkEEEE. B KRR
REBRERMEN, B FRNEEET THANER, EHES
EMABVHRHEL T HTEERARMBECEER, MHPK
HEBARREERICENE, FEPHEXFERMER, BiFE
H PP IE .

# &
2007 4E 8 A T8¢



RERS

HFRZRE R E S B F R (EW) RE T BAT DK RAETBZ —
—RME, BEBRNFRTREHFERCHRIES AL
FERBNENESHIHME. EMNIRFEXNESSHEET
B, JF HXFNEERIWREME B3k,

APHAAER TREEBREBMBARAR, KGR ERE BT
% RGEHIRER B AR5 5 IR AT BB OB K TREITRIR 2R . #
HFABHARTERAHRBAREWZE LUK TUAKF. 4
EAEVIRY R FRESIBRA R, HESERBIINTSHX
BR, IXLEESECRRA I LEH & T ABARRI A TR ARt
EHA. ERAKME.

%1 EfANAEHRRRAE, RANNAEGERERENET
HFHEERARE.

55— VR SHAEREIUGE 5. J5H OB AR AT
TS, FANXMES, REMERFSEE-NZNE, B4
MEERTEESERINAZE (2D KE. mir—MES8—
MRENSERFENEE, BEEDEZE S ENRNE S
B, WA EHMNRNESE. XM ESHRABIES. B
55 REERMERIER R

%2 BEAMAGTIEME R, e R



BEME «VII »

B, SEFBTFRAGHERKAEIESHTREEFT P HL IR
SRNHERGES. BRERRENE —ENBRAERREN, INRER
RERRF X LS. Flin, ATRES A — MR
B H—ME AVRELH) KRGHRIERN. EXRHANEE
RAFTRASN, WIFRT R (RTERENLED BEMMEAA,
HAMBHER . AT HEEEEIZHXEMBERL, FAHEMRDS
BENTHRIAE. 4R, FARNEEHZREENGHBH TEH
IR TEE .

53 ERENANE (RP) FEEREAR. JRIKEKE R
A—E—HHRER—MRE S LR, REEER RF FHE. T
BENBANS, BREREER, BEERLEMER. HLE,
FEXMER TIRAATERER, ROTAZERLHLEER B IRETE
KEMBME R ERATUT . EESHEEL FTEESRZHE, Bi1E
FEEH —EREREAR. IRRTHFRETHRRESHEXBRE
BZHKHE.

% 4 EREENABAAER T EANREREES. RivRR
R — A B RH R R E R R E N BRI F5R.

B ZHHf T EREE, EWLUMERESEENERES.
85 ENAATRTREGRRE B2 ATTEREE, Ri1X
ER B RSHEAUREFEES KR, BERERESHIRAGIREN
&R, LERRISHILA.

BAIFROMEEENSBHTREERGESHAR. £ 6 EN
HEAAUE T T, EX BRI RRAE S R AN BRI
FEIXFE N L, o RSP AR E IR D E S H6E S



« VIII - ISR FAERS HinREL

ERTRAZANANRELIRGRT, FEFSZHFS, RFEFEER
W ERXFBLT, 2PRGESHRIRBRB/EREE,

87 BEEENHFHEES SRRNITE. EWETER )RR
B, RBEGBBEMNBESHNTEZSHLEREHN. BAK
BES—BHMEE MRS H, EREHESHRIRR
R EZES. BEit, #EEGESHRNTEREE.

5% 7 BHXN, B8 EAHMIE SRR, #F, X
ERWRGES THRAED, SREERRE. WRESEEEM
EH, AL BEFRRIIB R AT A VT BB s . AT AT BT X
RS SRRERNXM EIES, RTRENGIXRE 7 E.
MRESH—NEHSNBSHRERMNE, WAL IR TRE
ALK, IR ARG FAR I T ¥ .

IEWRT R 2 AEE, 2GS SR T ERNES R RIE,
FEFF K RF ARHRERBREFNSR. RECLR LIRS
PR BEARRMBRIXAFE. 9 ERAFARXETE. 559 EWHAp
PIRONERAT T AN A, TN HARBOR R — 8, I LR
R T X EHEMB PR EEAE T 7 k.

® 10 EMAMT BIEF HEE S IRAL R A T
Titk. AEHADMTEFERRBZMURKAET, REANHT 2K
FULBATIBR, F45 HIX R K SERRIER .

FEAEMSERRRAT, LHETHRNSERRIEFEERN, BXR
MREEE R BRI RIEREEBRTAR BAR. 38 11 ENARES
FIC (9 77 B FA P A PR B SR PP AS R SRR R T 95

EPAR—ARFR BRI ER T, MR —FHT#



<X -

e

IR AT

PR RER BB BARENS LS. YREBHTEY
BT 5 B ARG AR S % 1,

T AE R R R A BT SLEE AR A R S (WD) TAEIR
B, 495 - BEE (John Kosinski) SR T APBFER. RE
FERUWIDFITE - B (Maria Wright) 245 0 % i HS R SF A0 T A



w115 ZE e 1
1.1 HETRER oo 1

12 ﬁ{é;ﬁj %?ﬁh ................................................................................... 3

13 F%*ﬁ?ﬁ]‘[ ............................................................................................ 4

1.4 1“‘-.3*%? ........................................................................................... 11

1.5 ﬁ%%ﬂ'\' .......................................................................................... 12

1.6 gg;ﬁh ............................................................................................... 12
g;%jcﬁk ..................................................................................................... 13
woE WE FOBHATLITER - rvererrerermermsre s 16
2.1 {@%;}f&ﬁ ....................................................................................... 16

211 JUANEEERME B AR oeveeesrersssessenmsnseinsiincs s 18

212 JUANEETRRHE wroerrressesrmsss st 2

22 Eﬁﬁ‘]‘{t%% ....................................................................................... 25

221 BEME BRIBEBRITHIR oot 27

2.3 BEHLIEFR ooveerrrererrerrems sttt 28

231 %A (ESSemble) .................................................................. 28

232 DNERFBBFFF ovvomrrrersmmmesiss sttt sttt 31

233 EX). B B PP EZRREL e 32

234 FREF MPREITER v 33

235 ]‘Eﬂiﬁﬁ (Ergodicprocess) ................................................ 34



“ii- EfEHETFRAL E AR

2.3.6 ﬁﬂ;i{l%ﬂﬁ ......................................................................... 34

2.4 BEHLE B oo 34

2.5 E' lb"éﬁ ................................................................................................ 42

25.1 [ﬁﬁ:‘gﬂgf—ﬁ‘:% ......................................................................... 43

2.6 %;ﬁ% ................................................................................................ 44

BRI SRR wvrverersessser s R 44

%’ 3 E Eﬁ?&?ﬁ}f ............................................................................ 45
3.1 —ﬂi;‘@? ........................................................................................... 48

3.2 %%&%‘3 ........................................................................................... 52

3.3 %%% ................................................................................................ 53
;‘é%%—)‘cﬁ ...................................................................................................... 54
HAE (EEITUEIBIEIRLE oorerrereorssreersrrmrsossmsrsimssoesoe 55
4.1 ﬁ&jﬁgﬁ ........................................................................................... 55

4.2 %l&mlfﬁﬁ"l’i ............................................................................. 58

43 {y\ﬁ BB, ettt e 60

4.4 ﬁ-‘&mgﬁ ........................................................................................... 62

441 D‘[\u—'—;ﬁ‘/&mu ............................................................................. 63

4.4.2 ;l:&,bwk;ﬁmu ......................................................................... 68

443 Neyman-Pearson ?&[)‘UJ ............................................................ 70

4.5 g/l\'(ﬂ'li ........................................................................................... 72

4.6 g/l\ﬁ-‘& ........................................................................................... 73

47 %ﬁi% ................................................................................................ 73
%&%iﬁ ..................................................................................................... 74
I BERBEUT e 75

51 {g%%&ﬁ{ﬁﬂ— .................................................................................. 75



H * i *

52 ﬁ}l‘f%_yﬁﬁﬁ ............................................................................. 77
52.1 AWGN EF'%"D?E{] CRLB :-++seeerererereeseraressntuineieieseesinnninneene. 81

5.3 %j{{ﬂ%,ﬁiﬁ— .................................................................................. 93
5.4 BETRIE oo 103
%%%jcﬁ .................................................................................................... 103
%’ 6 E iﬂafi{ai-l- ....................................................................................... 105
6.1 %Eﬁ@%{ﬁ-ﬁ‘jﬁ‘& ....................................................................... 105
6.1.1 ilzy}]ﬁ%gq@ ........................................................................... 109

6.2 Blackman - Tukey L T TS P O T 114
6.3 T e e e s 115
6.3.1 K,ﬂgﬁ .................................................................................... 117

632 BN s s s 120

6.4 gﬁjﬁﬁ@“%%:ﬁﬁg ....................................................................... 128
6.5 B ID e 129
%%jg:)‘cﬁk .................................................................................................... 130
%’ 7 E ﬁﬁi"ﬁ'ﬁ '-E—‘-‘.'—_:’—'E(]*ﬁmu .................................................................. 131
7.1 B%n%&ﬁmm%:ﬁ%%mﬁ*@ﬂ ................................................ 132
71.1 ﬂmﬁ&%ﬁmj ................................................................... 133

7.12 EEME'A}Z%EB‘J‘IZ{% ............................................................... 137

7.2 *%n?ﬁmmﬁtﬁ%%mﬁym“ ................................................ 140
721 IET&?AM%% ........................................................................... 141

7.2.2 GLRT ﬁmn ............................................................................ 146

723 Eﬁ*%n?ﬁ%ﬂzgzﬁﬁﬂgﬁmu ....................................... 157

72.4 Fﬁ%gﬁ%‘%ﬁﬁlum%gﬂ%ﬁﬁmu ....................................... 161

725 mw%%lﬁﬁﬁ ................................................................... 177



five EEBRTFRASHFRER

726 MHERHIEES (AWGN) HIEZLRMBHI
%Kfﬂﬂ?fﬁﬂ' (MLE) cereveeesrvemerensnnncnisnnninuneni. 182
727 FEAERKIF RPN RS B A SR B AW - 187
T3 BHTEIE oo s 191
?%I@Q .................................................................................................. 192
% 8 E Fiﬁ*il%%ﬂ"l*ﬁi!‘iﬂ ...................................................................... 194
8.1 X RMEBENE S BIREI - orerrrmreiiinen i, 194
8.1.1 EE*J'L%%E@ GLRT ﬁ{ﬂ“ ....................................................... 194
8.1.2  BHNUS B KRR B ALY T - ervsrerererenmorsmmssessserimaresesssasaaee 200
8.2 Eg;‘ﬁ;,— .............................................................................................. 202
821  AEGTTFHAI B +eoverernemr st 203
8.2.2 ﬁgﬂ--ﬁ—‘ﬁﬁg ........................................................................... 205
823 ﬁ%i—'—ﬁﬂ ........................................................................... 206
8.2.4 Z:m%%}?gmgg ................................................................ 212
8.2.5 AIRAREE - overererrermseresisssirssn s e et 215
8.3 %ﬁiﬁ .............................................................................................. 217
g%im .................................................................................................. 217
%’ 9 E %ﬁmglgfﬁi-r ...................................................................... 220
9.1 HBEIAMEIEIIRERY e 2721
9.11 }%z;j]i‘zwﬁi] ....................................................................... 224
912 g @Eﬁ&} ........................................................................... 225
0.13 BEEIHEEN TR oorermserermmmmerssssssssinnesensssnissens 227
9.1.4 %i%iﬂaﬁﬁ*ﬁ ....................................................................... 234
9.1.5 ﬁﬂm&g{]m% ................................................................... 240
9.1.6 E [‘E‘]Eiﬂéﬁ*ﬁmﬁ%g ......................................... srsesennenans 245

972 %&1}5%{-*}% ..................................................................................... 250



H X% ‘v

9.2.1 B/ TIRIE oottt 252

922 PI‘Oﬂy 7‘7—'& ............................................................................ 252

9.2.3  ABIE Prony Fik «worreeseessermsnmmesssisssssssssissesssssssssssssssissee 253

93 %‘%?"fﬁl&* ........................................................................... 254
9.3.1 Pisarenko 7‘3—& ...................................................................... 260

9.3.2  Pisarenko SRHIEE - reerreresermmnsininnesres s rscesensesssasennanen 265

933 MUSIC ﬁﬁ% ......................................................................... 265

034  JB/NTEBIE - erorerrreeresiniririe et 268

9135 355}%1%1’31«"‘ ....................................................................... 270

R T 21
95 ﬁ%g ttg‘z ..................................................................................... 279
9.6 %d@m% ......................................................................................... 280
0.7  BEBRIE oottt e 281
%E%jcﬁ .................................................................................................... 285
F10FE BrRIEBIAIATIIEIE oo eeeessesssenene 788
10.1  TFFBFERE oottt et s e snans 288
10.1.1  ZHAFRI e vevererrerermenermmmerntin s reiscscrsesesetssssssassssessessesssesene 292

10.1.2  Dempster-Shafer 5K R ERPE v reeereererarererenmmininicieinns 300

102 FECEIBHR oo eeorerereeeie ettt ene e 301
10.2.1 ﬁmgﬁﬂﬁﬁé ................................................................. 301

1022 9’6% ..................................................................................... 305

10.2.3 ]‘E}Eﬁﬁﬁgﬁ ..................................................................... 306

10.2.4 ﬁm If-Then #j}]ﬂu ............................................................... 313

10.2.5 ﬁ*ﬂﬂﬁﬂ ............................................... et e 313

10.3  BEBFE oottt st et ess s 325



i AR B TR RS H R

%’ 11 E Jﬁﬁﬁm ................................................................................. 328
11.1 ﬁH'SA ............................................................................................... 328
11.1.1 EFW\VQB@%'H‘% ................................................................. 330

11.1.2 Kendall-Lee ﬁﬂ—'\‘ffi ............................................................ 332

1113 ﬁF—K)\#&?\ ............................................................................. 334

11.1.4 M/M/1 *ﬁgg ......................................................................... 335

11.1.5 ﬁfﬂllﬂﬁﬂ%ﬁ ..................................................................... 338

112 é’—g;ﬁi% ............................................................................................ 339
%%%‘jzm .................................................................................................... 340
R A FABBIETREGE v eresremssses s st e 341
Mrji B ﬂ@ﬂ ....................................................................................... 343
%%j%‘im .................................................................................................... 347



TI1E & B

R (EW) BREBBEEREFEREONERIRZ— A
MAME L, BFEAOERRMTEK, RN ER— R
FB. WUHRTHRE-FAEFR, REANEGAETEN, BHiFN
M A —E EAMEEL L, TIRTEBRAELLEMEN, Tk
&k ML EE AR R K TSR -

BT RNANERARREE N, A TRERNAE, &N
REHMHRT . HXHARHEEERREEEW. FxLL, NH
R T R BOR AN 545 BT A 8T AR AT B AR R R

AEMNHETREXEBZARESE—HENA. FEHAARE
HERRAFHETEX—RASR, ZORFEFEER, HEHTHR
Aitig. '

1.1 HBFE

BTN BT R LH RS SR R TREERR
S mTXE (BS). TN (BA) FETHY (EP) M.
ERITAMAATEEPFERTIENART T2 —: B,

BB FHREIRMSIR, BRERBRESHE X
58, USEREARNBR. B FZEITHINNEEIEEHE T
T, BAIE:



