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Abstract: Compared to the conventional two-step (including direction finding and position estimation) localization
mechanism , the direct position determination (DPD) approach presented by Weiss and Amar has lower estimation errors and
stronger resolution capability. Moreover, this technique provides a more convenient way to incorporate the signal waveform
information. In this paper,the theoretical performance of the DPD algorithm presented by Weiss and Amar ( called Weiss-
Amar algorithm) is studied analytically. The asymptotical consistency is proved and the closed-form expression of the esti-
mation variance is derived based on the error perturbation analysis method. It is also noted that the localization accuracy of
this algorithm will decrease if the signals are correlated with each other. In order to solve this problem,an improved DPD al-
gorithm is proposed for the case of known waveforms. In the new algorithm , the position parameters of all targets are consid-
ered as a whole to be estimated by using the alternating projection iteration. The performance improvement compared to the
Weiss-Amar algorithm is remarkable for correlated signals. Furthermore ,the Cramér-Rao bound (CRB) on the direct posi-
tion estimation in presence of known waveforms is also deduced. Simulation results corroborate the effectiveness of the theo-
retical analysis and the advantage of the proposed algorithm.
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nalysis ; Cramér-Rao Bound ( CRB) ;alternating projection

o AR AT, X L) 3l [ 3013547 08 0[] 20 A SR AN 7
{5 ARSI SR, LA 51235 Weiss Fl Amar 145 )
R TR AL AL AR R T WD AR, 5 i e Ak s 0 — 26 [ A B, 9 4 — o R e 4

Wk H 41 :2016-02-16 5 {1 H 341:2017-05-07 s ST G 4« A i
HIH ER A R4 (No. 61201381, No. 61401513 ) 5 i [ 1 - )5 B2 2 4 AT 1251 H (No. 2016M592989) 5 5 8 T AR £ (L 75 75 4F 2k 4
(No. 2016603201 ) 3 {% B T F k2 B FRHIFHE4: (No. 2016600701 ) 5 HF#K AR H ( No. 2015201001, No. 2015502801 , No. 2015205901 )



2882 W T

¥ W 2017 4

HLfE S AL, B FRA7 B B 456 4& ( Direct Position
Determination , DPD) . DPD $5 AR 19 Fe A< BUAH 2 M R E (=
CRER: 2/ Q=R AR VAR S W i E ha e e ST
CA AN DPD Jr b4 BT 58 (5 5 I/ 00 22 1)
FHBREEEM T ETERES ZE BN
BHBRE BT T S WA MR (%)
HAR B k7 4.

TE—Se SRR G R T A5 S IO BT LA
T AR B RS FARGL B A oh, i LS.
AR E ARG FE. Weiss 1 Amar 7ESCHRLS ] 4 5 —Fh
S BOC ORI T 0 2 B AR B 58 (AR SRR
Weiss-Amar 5% ) , 5 AESCHRL6 ] 4 Y —Fh {5 53¢
TEC R AT 3 B 152 22 1) 22 H AR B 8 335
Weiss-Amar F55 2 5L T fi R IR E I B3 1, RS 2
REME T ZA BRI B SR AT A R0 2 (BN FR 5 )
T e AR DG A ) R0t FC s TR - D Ak Tl . K1
Weiss-Amar L REWHS 21> H AR E S BT iRE A0
PR HARME S WU A B A ST, #79% 55 AN A2 T8
2, Weiss-Amar S35 18 58 (O B 2332 BB FE A, HAPERE
Al 2k th 4 1 12 2 oL $7 32 & FL ( Cramér-Rao Bound—
CRB) , A A IR AEF- LA N E AN RE 5 5] 14 e KA
SRAGTTHEN A4, T it B — 2D 3 e k.

BT BRTNE , A SCE SR SRR MR
12 BAR 3 AL 2. SCH B B ET A Weiss-Amar 573
HEATES TR RE 73 A , 4 5 S 8O T 0 00— Bk A0
ALY 28, 0048 1 YA ] B AR S 5 19 B8 AR DG 23 %
B E NS BE P2 AR AR X ) B, S —
FE POV OISR MG 2 B bR B S AL
ST AR R X AR OCAE S e RS FE . Ak, SO s e
TES IR C AT 2 Hin i 8 BT 25 m
CRB, M A 3305 ) R RS AR B T 5t
2 ZEHNEEEUNMEIESEES &
2.1 BE3ESEHEER

WA N AR HAS T AR 2 [ S Y M T RE R
GIXE D A HAR IR AT AL, Hd 5 d A B bR A7 E )
N p, (SHYEECN L =diml[p,]), R GHE S W RN
ty’ DUES n AN TR RS A A i 137 1T LAy

D
x,(t) = Y B.a,(p)s,(t —7,(p) —1,) +&,(1)
=

(1)
X a,(p,) FReE d MESHTH 0 DSKRLESIH
FEFNRIE 16 55, (0) R d MG S04 57, (py)
PR d MG T ENIRE n A KL I LRI AE 5 8,,
PR d AF T BN n D RLKFESN AL 5 R4

£, (1) TR n A KL FEH W W T 52 5 30r e s 1) i
Ho 2R o) IS 5 5 4.

KT 51 G SE W BE SIS 5 s B 3 B B
HE RIS K B, R B AR SRRt (R T/7K, 9 H
WL T/K >>max |7, (p,) |7 S T TR, T
5 kAT BEIE S A5 i gk DL B
W R HE N 2 (1) 55 (0) Rl el (1).
2.2 FEIESIREER

FXFEE n AN REERED B2 kAT Bt 178 B np AR
e, DU AT DA B AT AR Sy

D
= (k ~(k ~ (k)
x(w) = Yb(p,Buw)r (w) +&" (w,)
d=1

(2)
=X
;fzk) (a)[/) zgf,k) (wq) * exp | —ja)qtflo) !
{bn(pd Bois®,) =B,4a,(p,) + expl —jo,7,(p,) |
(3)
Hep s (o) 1 e () B s (1) F1 e (1) 1
A 3.
UK N AR LR 5 A0 S s 1A 7 6 9 ] A
" (w,)=B(p.B,o)r'" (v, +e" (o,
=x," (w,) +£"(w,) (4)
X
B(p.B,o,)
=[b(p, B 0,)b(p,.B,,0,)b(p,.B),0,)]
r'(w,) =[n"(w)n" () (o)]"
£ (o) =" (0,)8" (0,) & (0,)]"
%" (0,) =B(p.B,0)r'" (v,
B=[BB:By)" Bi= BB Bul’
p=[pp,py]

(5)
Hrp
B(pd ’B,z,w,,> =A(P,1,wq)nﬁd AI=1,31,,,,
A(p,,w,) =diagla,(p,) * exp| —jo,7,(p,) | -
~ay(p,) *expl —jo,7y(p) 1]
(6)
FR ke BOFIAT DR RIOC THIR o, FIFES i
J5 ZEH R
R.(0,) =B(p.B,0,)R, (0,)B"(p.B,0,) +R, (0,
(7)
PR, (0,) FmRfE5 (FR) hr 2584 ,R,, (w,) %
JRMETE (B30 Py 2200 B AR EaR R AT R, (w,)
za'ilm.

Y3CHRES 6125, X B AL BB A rY (o,) ek



o124

AR SUIE TR 2 BAR ELHE (L PERE 20 B S bt 33 2883

EL T, B FE A 1 2 A5 A 1 TR P S A L ik
S R rY (0,) PRESECL {Bﬁ?}?ﬂ]‘ﬂﬁ

r' (w,) WO5E W 2 H 36 b 52 B0PH 7, T AR 45 Sk
(5,6 1R, 1% 5 A 1 ] ARG & BE 1) i B b Tt
T AR T WA AE 3RS X (0,) F1 Y (o,) 3
il b FLRAG T F AR E 5 p.

3 ESEEEMEHTEZEREEEMNE
AKAASA it i 4 T
T ARAHE I e U B GE T RE 38 R R R R AR

SRUEN BEAT SR I FEA5 5 BB S M & F T, RA
SRAUIE p B Al o, MK AAR BRI BN

2 _ 1
LMT.(p’ﬁ’a-g) = (ﬁn_o_(zg)[((msv
1 - %)
Xexp{ ; ;z ||x (w)
~B(p o) (o) |’ } (8)

FRA LS i p A1 B 955D~ TR AL b
1y
mind, (p.B)

K 0
= r;liﬁnz, > 1x"(w,) -B(p.Bo)r" () I,
B =1 =1

(9)
J TR ESEAT R, BT BN T, (p,B) HE—H
TN
K 0
B) = Z Z Ix“ (w,) I3

0=

@

K @
+ Z Zr(km(w )B"(p.B.0,)B(p.B,0,)r" (v,

2i(k)“(w(,)ﬁ(p,ﬁ,wq);“') (w,)

>
<

r'""(w,)B"(p.B,0,)x" (w,) (10)

k=1 ,,_1

2 J,(p.B) TS ARMSE p F1 B TCRHYIT, 7]
LM%@J!ID? SRNR
0
J.(p.B) = t( Z (B"(p.B,0,)B(p.B,0,)

-Z(0)Z,(0,)B(p.B,w,)
-B"(p..0w)Z)(0)Z (0))Z (®,)
(11)
A

Zl(wq) - ;;(A-)(wq);,(km(wq) (12)

Z, (w,) = i;(k)(w );C<k>ﬂ(w )
%ﬂ:iﬁ(ll)LTU\ SR T i p 1B TN A

i A
0
rilviﬁnJ(.(p,B) = min tr( Z((E(p,ﬁ,wq) -Z(w))"
x (B(p.B.w,) -Z(0,))Z (,)))

(13)
X Z(w,) =Z) ()2 (w,).
4 Weiss-Amar E L5 N\ & HIE S 1% fE
S

4.1 Weiss-Amar FiEH5|N

Weiss-Amar BRI AN R H bR 9155 B8 40 11k
SEST BT LS Z, (o,) SO CHE ) XA SRR, T
AR (13) grT LR an s D ASAH B S 0 (FEFR )
FHCAk n)

I‘f}'i;/ljd(pd ’Bd)

0
= rpniﬁnz ||A(prl’wq>Hﬂd - zrl(wq) ”; (14)
B g=1

Az, (0,) RS Z(0,) M5 d 501 5T
(14) Bpargh sz A3+ D A~ HAREO A7 B 1) i p, S LA A%
R R B &E B, MRS 5 2 R 02 5O Al i 1) R fige
N D ARLER ISR A i1 L

ERRE(4) R RS & p, 1B, tLH] LLEAT
CHRRETAGTE, s i B, MR 2

« 1,2 ~
Bio = MT)( S m'A"(p,,0)z,(0,)) (15)
g=1

B (15 FRA S (14) Hra] IR B 40 RO F 1l & p,
A Y
H},?XJP(P,,) = max 1A (p)z, |5 (16)
Arp
A(p,) =[IT"A"(p,,0) IT"A" (p,,0,) -+
~IT"A"(p,,0,) 1" (17)
2, =2 (0)z) () 2} (0,) 1"

R (16) R RMERIT 3R D A~ BAR 1AL
BAHE , ZE RN AR A 44 ) Weiss-Amar 5%,
4.2 Weiss-Amar E LB HEREDTT
4.2.1 SHEITHHE—3%E

M4 (12) AT A, 2 K— + o I A] 15
limZ(w,) = B(p.B,0,)

Jim (3 (0)r " () (37 (w, M (w,))

K-+

+ hm 2 8L)(w )r(A)H(w ) ( Zr(h)(w ) (k)H(wq>)—l

-B(pB @,)
(18)
FFK(18) AT LU — 2 AT
hmz (w,) = hm Z(w )iy = B(p,ﬁ,wq)if,d)



2884 wOF % 2017 4
:b(Pdaﬂ(qu) :A(pd’wq)nﬁd (19) A (p,) = 0A(p,)

iy FRR L, 155 d 5, 2543 (14) Fsk (19) 7] I

M1, 24 K— + oo I}, Weiss-Amar 22 3245 1 945 HE 1;(, P ;1 () = aZA(pd)

B, AT ES A p, F1 B, I, Tik HAR (S5 OB &
5057, Weiss-Amar 3592458 BLAA Wi — k.
4.2.2 SEETHHEHE A £

TEHE S SR I7 22 1 K HB R F— B ist 22 40 7 7
e, B S BO0 THR 22 2275 IR G T WU A58 22 o 75 Wk
(LRI SR S TSI H bR, PR T AR 4
R IE T bR oK B A (AL i B 1 4
T X ST, % F T BRI B BE 1] HEAT— B Tay-
lor ZOKURFF , T BRAG A 115 2% 15 M 7 2 ) fry £k 4 56
Z L R R AR BB R G T A
TR U R B, T LS 0 A TR 25 R K R
FRORRARL A, 5 T3 — M 5 0 3R 5 [ 7T LA SR A5 Al 345
PG (RO RS s b K W T B
R IR AR (0, AELE — by v — R A F A 5 8
BRI R R R 5 TR MR 00 R, i 45 Ry ik
WA AT R o % T3 (16) o H bR o6 B0 6 i e 35
AR5 35, ok HURE SR A — Ay ik

B (16) IR AR A p, , ol THR 2 M Ap, =D,
-p,, P E B SR 2  Ap, 5" (w,)
ZIE LR G F, O T 3R AR A T p, BBy 2
SR

4G o BB Taylor 20550 I AT 45

Aﬂ(ﬁd>%d zAH(PJ)%(AO + z (Ap,), Alﬂ(pd)ido
=1
L

+AH(P11)§:4+ z <Apd>l 'Z?(pd)g:d

=1

+% : lZl ,Z,l <Apd>1, : <Ap(1>ll 'A/,P,[zz(pd)%(}o

(20)
A

9P, opa),
%(m = [p" (P:Ba>w, )" (Py:B>w,) b (B, ,wo) 1%,

K K

y 2k~ k) OO

& = 2 (t, ©e”) = zT‘(z €
=1 =

(21)
L

M

;(k) (wl )

~.(k)
~(k € (wz) e . ~(k
W = . ,Tf,“ :dlag[tf/)]

£ (wy)

;‘(k)H(a)1 V2, (w, )i;)d)

;(k)H(wz)Zlil (a)z)i;)d)

(22)

2(k) _
t(l -

®1Ms‘\“><l

;‘(lf)H(w())Zl_l(w(,)il(;“
HFR(20) A0 B AR R BRI p, 3R h
Je(ﬁd) ~J.(p,) +AP5 o (p,) +¢’;[(pzl)§d
=H 1 T
+&i0:(py) + AP, - @i (p,) - Ap,
+6P; - D, (pd)gd +E;‘¢§(pd) * Ap,
+§3¢3(P(1)E,1 (23)
A
ESOZ(PJ)Z?(P(;)EJO

SH <H -
e (p,) =2+ Re ZpA (P ) A (P) 2y

%50;‘ (pd )3?1 (prl)%rlﬂ
+2pA, (P, A (P) 2,
ZwA(P,) Ay (P,) 20

D, (P,1> =2 - Re +i;0;12(17d)g?(p(1)2(10

230;(17,1)2?1 (pd>%d0

L +230KL(p,1 )K:{ (pd)i,[o

(24)
22[02(1’,1);? (pd)idﬂ
o (p,) =Z(P,1)Z“(P,1)ido

5507‘(11(1);1?2 (sz)ifm %;)Z (Pd)AKlHL(P(/)%do
+20A, (P)A (P2 +20A, (P)A (P2
ZpA(P) A% (P20 2pA(P) AL ()7
LA ()N (p)Z,  +EMAL (AP, | )
230;(174)2?2 Q’d)ifﬂ) EZ)Z(p(l)Z?L(pd)idO
+2303L(p,1);1;[ (prl)ir[(] +%302L(Pd)z?(17,1)240_




%2 ORI B AT H R I PR BT R B 2885
e SR IR 0. 00 B 125 85 T I
ZAWPDAN P +2ul (POATP) | R 5 48 TTLURAISCHR 16,17 s il 9

@, (p,) =| WA@IA(P,) +24As (p)A" (P) e ARG AT AT

Z8A(p)Al(p,) +204,(p)A"(p,)
¢3 (1741) ZK(PJ)ZH(PJ)

(26)
AR B A A AL D B RT 240, A o ) 5 o)
p, RS p, 43500 2

9
.(ps) -0, 2P o, (27)
Wi evin) =0, P,

WRHER27) FIERE — K15 ¢, (p,) =0, , i3
F327) iy s —sURT R TR 2E Ap, N 2

1 .
Ap,~arg max { 5 2P (p)z+2 D (pE,

aJ.(p.)

+E1®! (p,)z } (28)
HIHIS(28) AT LAgE— 247G

Ap,~ - z 4)171(114)‘1)2(17(1)71([1:);(1()
=

- @ (p)®; (p)T " (29)

X (29) % E LR ZE 1) i Ap,, 55 B JT IR A i)

eV Z MM O R 3 diZ R, IR 22 1 B Ap, i

(L MR N L 4 o 7 434, O ELAG T p, 9 B 7 225
5]

K
cov(p,) ~ o (@] (p)@.(p) (Y, TOT™)
k=1
D) (p,) P (p,) + P, (p,) P, (p,)
K
(ST T @)@ () ) (30)
k=1

EI Xt Weiss-Amar 75 BRSPERE /AT, N IRIZS H 3
SR

R LRER TR T iR ZE S 4
A, PRI AR IO 5 e 1) TR DNDRS 3, — SR A5 e AN
RERTIK, (A F Weiss-Amar 532 7615 5 BB A0
SPF T AR PR L = A < 1 BR AR )45 M b 1 (L
SR IMIG, X B R E b P RE A RS (E MR HL T
FELEL th T {1

ERE2 R AN M L AR R IO A v
RETHUINDRG 2, U5 201 — B i 22 40 s, AT 45 31
TR 2E H s Z [ e &R, i 2 /0B HES H
P BRI = B 0 O B o 1) 00

ERE3 SCRMHERE AT RAEZ A B AR 43 HE
HIEE A1 T HES 0, A ok vt 20 (16) R H
PREREAEAE D ARAELA, HBE MRt AN IR, 3X 7R 48 K

T Weiss-Amar 533 J& 35 T fie K BLAR o D 4 1y
(0, PR Y ) E RS 5 72 I8 I S8 31 7 i), 32 1
AOAG 7 22 T LAY T 38 3 CRB. AR T, 24 W) H AR 1915
SWICAEAEAA M, 1253 1A X DA AR AR S5 0 0 Al 1
R 1, 3R PRI Z, (w, ) ©AS R 8030 % A 40 B , £
BRI (13) 5 (14) AR REAH B4, i =X (13) A
S 1 5 R AU ER A T o T, L el S AR AR B3 30 I
FOAG T1KE FE , I8 2 T [l 3 B R X (13) o AT 0
oAk, B R A8 4 — ok X (13) B9 BUAE 1
k.
5 EERFEMEGTHHESZSHIRER

EE*®

AT — R oR A (13) MBUE LS B
Jeks Hbr % T, (p,B) s an ME

J.(p.B)

Q
= Z | (B(p.B,w,) ~Z(0,))2"(w,) |}
FIHHFEAE S vee(Z,2,2,) = (Z;QZ,) + vee(Z,) W]
LUK J.(p.B) iE— A
0 _
J(,(P,ﬂ) = Z [ ((Z:/z(wr,))T ®IMN)Z<p’wq)ﬁ

- (2 (o))" ®L)z(w,) |5 (32)

(31)

s
{A(p,wq)=blkdiag[A(p,,wq)H o A(py,w,) ]
E(wq) =Vec(Z(a)q))

(33)

T (32) AT LA T fRAL R
min/ (p,B) =min | IC(p)B-v|:  (34)

st

I'=blkdiag[ (2" (w,))"®I,,, (2 (w,))"®l,,]
Ap,w,) (Z ()" ®I,)z(w,)

C(p): A(P:’wz) y= ((Zl (wz)):®IMsv)z(w2)
A(p,w,) (2 (0))" @Iz w,)

(35)
Tt (34) 26Tt B — AL I AL, i
HLRE P A
B, =(C'(p)yr'rcp)) 'c"(pr'y  (36)
$2(36) PR (34) ] LSS T 14 p (1AL
i)
max J,(p) =maxy" - QLIC(p)] -y (37)



2886 W T

¥ W 2017 4

LA, 50 (37) FUABIAL R R 77 2l RO R A, T i
A4 th— SR AR 5 (37) SRR B AR 0

S B IR 0 0 B AR A 2

7 D YR AL, 11545 — UL E S 3o M A 1 o

S 700 5 D R 532 6 0 3 1

RIS I R ST 22 1 SO 1

i)’ ® (A ) T) -

eor | @G w) D) -
d .

=i @ (ABL o) D i ©(AGLL o) D) -
””®m@ﬁmmn>”“®m@$%zﬂn~

O IEATEE L5880, I HAM X KA Es d AN BARRI DL E
i p, SEATAL AR AL BT
max/, (p,) =maxy" - QLIC IC,(p,)] -y
(38)
A
Y ®(A(py ™" ) IT)
’®MU””@»H>

ln”@i)(z‘l(p”> w) ) - lnl l)<§§>(A(I3(/’l ;o ) ) iy "®(A(P” Vo)) lﬁ)")®(A(p“ Vwy) )

i) @(A(p,,0 )
d)
q@ﬂ_zn®mw,%ﬂn (40)
'W®mw“%ﬂn
P IE 38 B A0 M i A s T 75
QHU“IC@J] [ﬂ“}uruffl
Ic,(p)(Ci(p)I" - 2" [1C" ]

-IC,(p,)) 'Ci(p)T" - 2 [IC} ] (41)

Fal (A1) FA R (38) H il LAFE 5 56 T 1) 4 p, 11
ALY Ky
max J (p,) =maxy" - 2" [IC;]

c,(p) (Ci(p)I"
- (¢ -rc,(p)) 'Ci(p,)r"
-0 IC ] -y (42)

FIFIER (42) AR U EEAS BB 84457 B 1 H 47 4
DAL SE IR T — 582640, #4725 A0 B B IC8m 1k
SESEIL T AR A R 1 AR

BT RS, FTH AR T SHE#EEAME
P A= Rs N a =L &

S WH e HEATTRM, FIT Weiss-Amar
Wit p 1 A L =1

%%Z,ﬂmeDWmﬁDAHHMﬁEmE
PEATHUE T, T 58 B — 50 AR IE B, IE 3R A8 e i
HARf BAGHE p ).

S®3 Hmax | [|p) -p, " |, <o IR
BEWA L=+ 1 IR 2.

15 Weiss-Amar B AH b, 1 34 ook 280 340 0 A4
bR 37 B i e AT U A 3, DR 2 R ) A 5
AT A7 AR SR I, 3% 1 LA T 85 0 72 SR T
6 EEREFENEGHTZEHRUEREZM

HAENRRET R

AT SIS S WIB O RS T £ B AR E B

(39)
317 220 CRB. 52 1, GRS | &S TR T2
PR SR 7 22 19 CRB B4, {5 52 s 7 A AT
W AOGD HAROL A M5 p A J7 2219 CRB 7401
W i i e 1) 26 1k SOAE SCHR 5 ] R Ay B 54
i, PRLHAS 0RE B S HE % TR M A A

e R B e
=[x () x " (w,) P (w,) 2P (w,) "
(43)
FRBHR ] B X BB
[ (E(P>ﬁa“’1)7(l)(0’1) T
B(p..0x)F " ()
pp=| T T (44)
(E(P B, 0’1)?(10(“’1)
L(B(p.B.oy)r ®(a,)]

EETLET’E@ ;*:TIEZﬁ//E%ﬂ ﬁ:TE’J CRB, [ It

im@%aﬁuﬁmip E%Tﬁ%iﬂmiﬁ %uﬂ;efnﬁ
2 oo, MK T4l {p, B CRB F 4 [ 0l L%
/j_‘j‘j [19,20]

{Reéﬁ}

CRB Im{ﬁ;Dz?- (Re|E"E})™"  (45)
p
A
T T T T T _ x a”’x a”’x
E=[E, 2 ES]—[B(RG%B%)T B(Im{ﬁf)T apT]
(46)
~ aﬂ; ~ 3[‘«,} . 7
H = —————— = ——————= = .
> EF‘ El a(Refﬁ})l’Ez 8(Im{ﬂf)l ) E]
E, = M
op

AR5 H A H A BeRoxr # FE BE 45 44, DRI X



o124 AR SUIE TR 2 BAR ELHE (L PERE 20 B S bt 33 2887

LA B HEESRAC T & p (19 CRB FREFE. S, i
FEAE S STIR 21 ] Py 40 B 5 s, BB E L— BT S
Hje)
n=[(Re{B} +Re{W} « p)" (Im{B} +Im{W} - p)'p"]"
(47)
A W=EE;. i (47) AT A0
Re{B} I O Re|{W| Re{B}
n=F- [Im{ﬂ} ]:[0 I Im{W} ] . [Im{ﬂ}]
P 0o 0O 1 }/
(48)
I (48) R LR OC T 1) i m 1) CRB JHFE

2

CRB(m) =7* - (Re| (EF™)"(EF™)|) ™" (49)
st
EF'=[E, j-E Q'[E]-E] (50)
$53(50) fRA (49) T 78

CRB () =% - [ (1)

0 04"
o o)
A
_ (RelE"E,] -Im|E"E,]
[Q':[lm{E?El% Re{E?EI}] (52)
0,=Re|E" - 0'[E,] - E,|
H T2 (51) ST BelRout £ 4 M 2 4, MR ol LA A5 1 56
Fii it p g CRB FAEFE 9 28 k28

U-S

CRB(p) =75+ 0,

:% - (Re{EYE, -EJE (E'E)) 'E'E,}) "'

7 (hEXK

AR A T 7 L S S o B
BRI IL S, FH H 530K S T8 i {5 2 B
FATT B B HE LA (R Weiss-Amar 3% 2581
P25 VL3 (MUSIC 33 + Taylor 2% 80 AUE (25
) LUK 6 1 HE S 19 CRB gEF7HERE Fude, Bk, e
A Weiss-Amar F5 1€ FIPEREDT HAE 550 4 WHES
B fELPEA T L, DT 98 TR 265 4 19 BEE 20 Hr (9 A 8%
P 3 LR AT E AR 5 A7 249 07 AR R 2 o Al Sk i 4
fig, HEZ I

1 < ~ 2
Ep, = 500 : ; P, —pPaus Il > (54)
K p FORE b SRR d AN HFR GRS (45 R
AR A 3 A s % A B AR5 5 IR B 17 e A, 3
AN 2 P 7 B A AR 43 )R B A (4km ,4km) | (4km, —

4km) FI( - 4km, dkm) , BRI [0l 1225 5 U 214
W, AR AR TT A BE 5 9 K L 35 5 0.5, IS B AR {5 5
WA AL E AR AR 23 5 0 ( = Tkm, — Tkm) ( H A5 1) A0
(2km,2km) (H#52) , BFESBIE et & M, I HAR
5 BRI 3 1 5 P 1 AR B3R 1 £ 5 I K g
1L 2 W5y FFT 55 A BB , FFT 3395 10 5

S 128 .
*1 BERESIEMN SIS EEERY
Hir 1 75 Hbr2 (75
S 3 1 0. 6428 +0. 7660j 0. 3420 +0. 9397]
X 2 0.5736 +0. 8192j 0. 1736 +0. 9848;j
XLk 3 —0. 1392 +0. 9903 —0. 5000 +0. 8660j
G B R R BRI RE A SR E Ry 20, A

FARE S A R DG R B E 9 0.7, 18] 1 AAT 2 53531
T HAS LRIEBR 2 B A7 84 77 HRIR 22 B fr IR L
AASAE I k. HR BRI L8 E 9 0dB, A~ HARTE 5
(I SC R K E 2 0.7, 1 3 Al 4 23 Bl 5t 1 H
B 1 ATE R 2 (95 (7 45 75 MR U 22 B 13 sl R
AR AR 2R, e, K A5 1 FL T RE 2 OdB, BE 3
AR BUAEAS i B0 E S 20, 1] 5 R 6 203l 25 1 T
HAR 1 FTE R 2 095E (0307 IR ZREE P~ B AR5 5
I 26 R B 2R AL b 2k

0.07 : ; ‘ ‘ ‘ ‘
v MUSIC [ 553+ Taylord Bid A CAE F 7
0.06 % Weiss-Amar& 75 ({FE(H) i
B o AR ED:
gy 005 ¢ --- Weiss-Amar® % (HIB1H)
K — CRB

6 3 0 3 6 9 12 15 18 2l
frWEL /dB
E1 HERUEN IR 22 E 5 W F A fh i £k

ME T ZE 6 ] LA H : (1) Weiss-Amar 575
RLPEREMI O FLE 55 4 W NS EW) A& K4, A
MGG UE T IS BT A A R, (2) ele 2Y 42 i 55
ARG BE 2 T Weiss-Amar 535, 3 HLFl % 7 1
H AR5 5 B OGP Y 38 5, T I e 342 s o B
TR DRUA B B K 22 A B AR 0 67 B 1) o R AT BRI A
T, 1M Weiss-Amar 5235 W24 24> H 45 B9 07 B 1) i
TR A AT, I S A R B AR5 5 AH G, B 51k
ML AT LR . (3) Btk 2 F 4 5 o vk i 1k e
55 6 TS CRB W& 804, IS E T i
AR T RE, X2 B TR AR R I T R R AUSR A
TUE T A, DT AT A2 HE 3030 e P I G 3 T 1 .



2888 wooF % 2017
0.1 0.05
0.09F v MUSICIIA S+ Taylor REGE A E LR 0045 | v MUSICIl I 535+ Taylor L HGRAR 8 (L 5
2 0.08] “ Wejss»Am/ariéﬂZ‘ (P EMH) g « We\iss-Amarﬁi‘FE (fhEMHE)
:\G 007l ° /wﬁif%n‘ﬂﬂ"]ﬁfi o < 004} ° 4—*XT%:’:HE"]§%‘—‘{% ‘
i ---- Weiss-Amar®E (FRIB1H) ﬁg - Weiss-Amarfik (BLIE1)
% 0.06} , — CRB 00351 — CRB
=
= y;
§ 003} .
20025| v
= Voo~
= o0} v _a ]
v M v Z/ —*
o015, 1 o s — 7 oA
21 001 -
0 0.1 02 03 04 05 06 07 08 09

{F1 L /dB
2 Hbr2me 47 R R 22 b A 5 W i AR Akt 26

0.05 . . . . . . . . .
00450 | v MUSICHllIF B+ Taylor AU FUE R 3 7
» Weiss-Amar5 75 (i E(H)

\ Ny o
£ 004t o ASCRHINEY:
B 0035 \ - Weiss-Amar53: (HLB(E)
o ¥ — CRB
ﬁ 0.03}
30.0257
®0.02f
e
Zo0.015}
0.01f
0005b— — .
0 10 20 30 40 50 60 70 80 90 100
B AT A A

3 HARUE SRR ZE A 1 0 s R EEAS S A Akt 28

0.07

0.06| v MUSIC#ll [ 5535+ TaylorZR A% A L s
g *  Weiss-Amar$i i ({7 EH)
=< 0.05L v o Z’*I}%ﬁﬂqﬁ{i
W - Weiss-Amar$75 (BE(H)
E — CRB
= 0.04] v
5 3
;3‘ 0.03}
2
2 0.02f
m

0.01}

0

0 10 20 30 40 50 60 70 80 90 100
BRI REAS L
[l4 EURR2E 375 MR ZEREAT BRI SRR A B AL P2
(4) M AR GE WL RE 37 J5 1 , Weiss-Amar B35 F0 9 k7Y
FLARE LSRR BE S 45 ) 5 i 1) 5 SRS B, 3 — T T
SE W T L B A T IR B Bl R Ak, o5 — 5
T U2 5 BB e 5 S0 i ok P R 4

8 #Hit

ARSCH SEE AT Weiss F Amar $2H 955 2 C AN
U2 B bR B A Sk AT B R RE A BT UE
BT HS AT s — B0 S T S HUh Y
WA Ty 25, 4R 1SR A H AR S 5 A I S0 A A
PP RE P AR A M. B XK R, SO R T — b

ML R EREAIER N EE N e
K5 BRUENAIARBEREETPI BARE SN A ALtk

0.08 T T T T T T T
v MUSICU 55 i+ Taylordd 5% A CE A 4575
§ 0.07F & Weiss-Amarfiy: (F7EL(H)
e o ARIHEHHINAE
K 0.061 - Weiss-AmarEiy (BIE(H)
o
= — CRB
= 0.05
= v
iz‘
15 0.04F
E v
m 0.03F . 1
v v v v -
0.027 v =T
7:(_—;:—&———&-—‘2"‘;719__9———‘

0 01 02 03 04 05 O 07 08 09

W\Hbﬂﬁmmﬁna‘é%ﬁ
Elo  EhRai RS LR  EAR SRS i
HBORC RS T ik B 2 B bR BB A Bk
5 Weiss-Amar S5 [R] (1 /2 , wCak 576 % 4238 H A5 19
LB SEHAT PR T, 38 i 28 B 48R R AT 4
LA, BEA2 & 2 4 i % 2 AH A5 5 TR 8 AR
WAk, ek gt TR S BB E At T 2 BHinfi &
EHAE T 209 CRB P 3R E . 7 3 52 30 A (U UE A
T3 ELIE A BT B A AL, I8 R T ek R Bk 1 A

S & 30k

[1] Weiss A J. Direct geolocation of wideband emitters based
on delay and Doppler [ J |. IEEE Transactions on Signal
Processing ,2011,59(6) ;2513 - 5520.

[2] Amar A, Weiss A J. Localization of narrowband radio emit-
ters based on Doppler frequency shifts[ J]. IEEE Transac-
tions on Signal Processing,2008,56(11) ;5500 - 5508.

[3] M, RN —FhJE T2 5 5 5 2238 S 3 0 4 1) 32 5
FIbR B € 2 )y i [T ], W 7274k, 2017,45 (3) : 591
-598.

Wang Ding,Zhang Gang. A direct localization method for
moving narrowband source based on Doppler frequency
shifts[ J]. Acta Electronic Sinica,2017,45(3) :591 —598.
(in Chinese)



o124 AR SUIE TR 2 BAR ELHE (L PERE 20 B S bt 33 2889

[4] Weiss A J. Direct position determination of narrowband ra-
dio frequency transmitters[ J |. IEEE Signal Processing Let-
ters,2004,11(5) ;513 -516.

[5] Weiss A J, Amar A. Direct position determination of multi-
ple radio signals[ J]. EURASIP Journal on Applied Signal
Processing ,2005,2005 (1) ;37 -49.

[6] Amar A, Weiss A J. Direct position determination in the
presence of model errors—known waveforms [ J]. Digital
Signal Processing,2006,16(1) :52 —83.

[7] Oispuu M, Nickel U. Direct detection and position determi-
nation of multiple sources with intermittent emission|[ J ].
Signal Processing,2010,90(12) :3056 —3064.

[8] Li J,Compton R T. Maximum likelihood angle estimation
for signals with known waveforms [ J ]. IEEE Transactions
on Signal Processing,1993,41(9) :2850 —2862.

[9] Li J,Halder B, Stoica P, et al. Computationally efficient an-
gle estimation for signals with known waveforms[ J]. IEEE
Transactions on Signal Processing, 1995, 43 (9 ). 2154
- 2163.

[10] Wang D,Wu Y. Sensor array calibration method in pres-
ence of gain/phase uncertainties and position perturbations
using the spatial and time-domain information of the aux-
iliary sources [ J]. Multidimensional Systems and Signal
Processing,2015,26(3) :835 — 868.

[11] Stoica P, Nehorai A. MUSIC, maximum likelihood, and
Cramér-Rao bound[ J]. IEEE Transactions on Acoustics,
Speech and Signal Processing,1989,37(5) :720 - 741.

[12] Swindlehurst A, Kailath T. A performance analysis of sub-

[

space-based methods in the presence of model errors, part
1. the MUSIC algorithm[ J ]. IEEE Transactions on Signal
Processing,1992,40(7) ;1758 - 1773.

[13] Swindlehurst A, Kailath T. A performance analysis of sub-

[

space-based methods in the presence of model errors ; part
II-Multidimensional algorithm [ J]. IEEE Transactions on
Signal Processing,1993,41(9) :2882 —2890.

[14] Ho K C,Chan Y T. Geolocation of a known altitude ob-
ject from TDOA and FDOA measurements [ J |. IEEE
Transactions on Aerospace and Electronic Systems, 1997,
33(3):770 - 783.

[15] Wang D,Wu Y. Statistical performance analysis of direct
position determination method based on doppler shifts in
presence of model errors [ J ]. Multidimensional Systems
and Signal Processing,2017,28(1) ;149 - 182.

[16] Ferreol A,Larzabal P,Viberg M. On the resolution proba-
bility of MUSIC in presence of modeling errors[ J]. IEEE
Transactions on Signal Processing, 2008, 56 (5 ) : 1945
-1953.

[ 17] Ferreol A,Larzabal P, Viberg M. Statistical analysis of the
MUSIC algorithm in the presence of modeling errors, tak-
ing into account the resolution probability [ J ]. IEEE
Transactions on Signal Processing, 2010, 58 (8 ) : 4156

-4166.

[18] Ziskind T, Wax M. Maximum likelihood localization of
multiple sources by alternating projections [ J ]. IEEE
Transactions on Acoustics, Speech and Signal Processing,
1988,36(10) ;1553 - 1560.

[19] Stoica P,Larsson E G. Comments on “Linearization meth-
od for finding Cramér — Rao bounds in signal processing”
[T]. IEEE Transactions on Signal Processing, 2001, 49
(12):3168 -3169.

[20] Liu Z M. Conditional Cramér-Rao lower bounds for DOA
estimation and array calibration[ J ]. IEEE Signal Process-
ing Letter,2014,24(3) :361 - 364.

[21] Pesavento M,Gershman A B, Wong K M. Direction find-
ing in partly calibrated sensor arrays composed of multiple
subarrays[ J ]. IEEE Transactions on Signal Processing,
2002,50(9) :2103 -2115.

&=

T OB B9 FAETEHIEN, L
(U5) - MABREFER I BRRAFELERE TR
2eBERN AR, BT Ty ) Ry T U 2 A 51
{H oAb B,

E-mail ; wang _ ding814 @ aliyun. com

KREF 55,1986 FA TR ZY, 5 TRKEH L. AR
AR B TRRFAE R RGE TR =B UFIN. 205 7 1m) S TR E
LRS54 B
E-mail ;3092004009 wzd@ 163. com

FET(BEEER) L, 1989 4 T A M, B R 2545
BITRRRAE B RE TR L0 A, A7 1 T E
LRS54 B
E-mail ; Cindyin0807@ 163. com



