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Abstract: This paper proposes a least-squares registration algorithm using Time Differences Of Arrival (TDOA)
and Gain Ratios Of Arrival (GROA) measurements to solve the problem of multiple moving observers passive
localization under the influence of system error. The proposed algorithm linearizes the nonlinear measurement
equation by Taylor expansion, executes least squares algorithm for the joint estimation of target state and system
biases, and considers the influence of measurement noise and location errors of observers. Meanwhile Cramér-Rao
Lower Bound (CRLB) under the influence of measurement noise, location errors of observers and system biases is
derived, and the influence of system error on CRLB is analyzed. Simulations under several different conditions
indicate the proposed algorithm is valid, which can effectively estimate the system biases and target state.
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9in (k) = (k)

SRR PR g R, R 7 (1 8 e A A R 00
J7 2R

+ Agyy + 69, (k) (32>

He, 0y, A M-14 0 HilE: 5FFEQ,, (k) =
Q,..(k)» FFETE o2 W5 A o) =G, E(s,—3)
( —57) ]G;l-o

SR G R FH A SC T4 LSR 7 VAT 2 o v 3F:
330 H bR S
4 BEFESMHEESR

b3 eSS, BT 5 AW A fe
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PR AR STUR H bR S E A, Ut i A 1 H 2z
gl), HYHEspRE&WmR 1 for, BNz H

hy(so(k), 5, (k),s,(k)) = ri(k) (33) h, £7°F (200 km, 300 km, 0 km) 4b. # TDOA Hll
ri(k) P BRIy 20 ns, RLEIRZE40 3124 100 ns, 133
=Vl (50:51,8;) ns, 167 ns, ~100 ns, RAEFHA 1s, LM 700
_ so(k) = 5,(k) AT, 275 200 Yo M 40 s FRUAEFIAS:,
[|s (k) — sy ()| |3, (k) — 50 (K)| AR 2.
 [80(R) = su(B)][lsi (k) — 5, (R)] (34) 4.1 FEuEHHRE T EIE M RED R
s, (k) — 5, (&) B AL PR 1k 15 22 /AR TR) - ARAR [T )
G = V. by (30,508 SRR YE, WEPIMIRE. SREE 1, BHR
0 08) o0 () C6)— ) PRAESE 7,y 5 s IR 2, BSRREDE ORI o,
= ! e (35) 1 m. fHEEFWE 1K 2 PR,
(8 = (b B 1 2t TR RS F, TDOA ]
Goi = Vil (50:50,5:) b s LA S S B A 26, )
_ 5i(k) — 5 (k) (36)  HR(8)IE T CRLB HHATLLE . I 1 T,
8 = o] o) = 00 TS ST FLBRAR SO 8RR
£ 1 MMEFIRIRSS
L5 -5 7, (km) y, (km) 2, (km) v,; (m/s) v,; (m/s) v,; (m/s)
1 0 0 10 0 300 0
2 -15 0 10 0 300 0
3 15 0 10 0 300 0
4 -5 30 0 100 300 0
5 5 30 0 -100 300 0
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RMSE(km)

100 200 300 400 500 600
i )
(a)FFE11

- RS
— CRLB

5

w

RMSE(km)
N

100 200 300 400 500 600
511 (s)
(b)H 8552

1 TDOA X[ & H b e Ao X FEREIN [ 324k £ 1

% 2 FEAZ TDOA XM EE BRI RGIREH B (%)

% 3 TEVIAMITHEE THEZMECHEE

%0 (s) Ary, Ary Ary Ary,
150 99.60 89.38 92.10 86.65
200 99.72 95.44 96.97 94.80
300 99.97 98.42 99.36 99.02
400 99.99 99.29 99.98 99.86

1, RMSE ASWib. 600 s I, A5 1R @ik
ATLLRR] 75 m, IAEE 2 T AR AT LLUE #] 39 m,
WP HER ZE )N, SRS, R
o M 1(b)AT4n, HulibbiRZ=0/N, A
fieiEr CRLB.

245 T IREL 2 54F T AR Z) TDOA S [i]
€ HFRRGORZEATVIREEE . (3R 2 nl g0, BERA]
e, RZERCHERS B W EE &, RIIA SO AR
ARG RG R ZE, SEIRZE L
4.2 AEMAETHEE TEE MRS

A7 AE B g 7 RSt AR 22 I 46 E R, SCHR[15)
P& P28 i A /N — 3 (Two-Step  Weighted
Least Squares, TS-WLS) & {7 5532 B % Al e o R
15 CRLB, H M3A ARG SCER T 1S A AL AT
1ERGERZE IR e A PE e o Ml 30 (23) PT S 7E IR S 2
A T CRLB A o, =[1855 m, 2758 m,
160 m] , A UGAUE T HE SR AEAS RV LA A5 V1K B2 41
FEVERIMERE, A HARIREVIMER T 80 7E 3L s, B
oy A, Wty 250 A Q = diag[(no,)’], I
40 235k 1, 5, 10, 15, 20.

h# 3 Al50, BEESE n AWK, HERPIME
PEEAN TR ZEANTE O, (HPTEE0 H AR 2
PRSI AR, JEAEHL CRLB. HZ&, 4
S8 n BKF) 20 B, BT HERPIGE AL B AR =
Ky FETHIFEA 2.5% MR IR IS . 5K
B I, 25 SRR, AT 38 B A e 20 1
FHA T HARVIEa S, ER ek, R
R B A0 BT P S Sy H PRI e b B Al vE, AT
R T AR

n

1 5 10 15 20
& iz RMSE(m) 39.3 371 367 378 380
CRLB(m) 36.7 367 367 367  36.7
KB (%) 0.0 0.0 0.0 0.0 2.5

4.3 FRIEMIRETEEMERED T

kUi TDOA i 2556 Fr e il vie
I, B HERZEMRRMEZE R 1 m, o RlEE
g = BRvEZE Sk 20 ns, 30 ns, 40 ns, 50 ns i, Frid
SHAEAE 700 s IP0) H AR A AS BERCR AT B, 45
B 4 FroR,

R4 FEIBMRE TEERIEMEE

TDOA &% % (ns)
20 30 40 50
SEAT RMSE(m) 393 746 1206  153.6
CRLB(m) 367 733 1100  146.7
KA (%) 0.0 1.0 8.5 15.0

& 4 a4, BEE TDOA B sk, Hk
SEN7 RMSE fll CRLB AWk, 15 Fr$ 577 fe i %t
il 52 H AR T Soehn, HE R gL CRLB,
LT HE A RAF 0 e . SR T D g 7 () 4
KR SPEUR AR NE T, EVETTSEERL, X
proyek VA KPS S R T IR R VA W R (R V=S Ly NES
[

4.4 MERELZIEH BRI EEERES

WM A E LIS H AR, AT
(200 km, 300 km, 5 km) &b, FLL100 m/s R385 1T
BT IS, A 800 s, HiAth 41 L EREE 2 A
[, It 2 fizk 5 s

K12 i TDOA fAHHi0 5] B 212 5h H br ol e
ARG 55 B B 1) A2 A0 il 2 P B L R R s S, S
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50 _F'ﬂ
40

El

24 30

€3]

n

= 20

. ]
10 %
0 i

100 300 500 700
TS
(a)flj BLE5

R —

1 \
500 600 700 800

I 1] (s)
(b) JRES IR

......... [E &R
— CRLB

2 TDOA X2 ELISH) H by g ALK L BE I 18122 16 Hh £k 5

%5 REAZ TDOA X A1 % H 4555 BiF R AR £ A HEE (%)

i %(s) Ay, Ary Ary Ary
300 92.78 87.11 0.00 0.00
400 94.32 95.73 0.00 0.00
550 99.14 99.34 87.71 79.19
700 99.92 99.68 95.69 93.08

CRLB #H7 T . il 2 wlamn, Bl IR Lk
SR HARRES AL THRE BE AW ¢ = . 76 400 s
ZHT, EEIEXTIE ) H AR B AR BB, R
CRLB #32; 400 s Ji, ZEIEPISL, 463 s )5,
ENREERAL CRLB. RMSE AWig/b. 600 s i,
SENAEE N 633 m, AEETE 1 xF e H AR B
gERME, FriREENE s H bR e AL, sk,
R 22, X RAHE T B RS £ 1 1l

% 5 AN Z) TDOA %473 B 2632 5 H b5 11
REGREMTREE . 3 3 AT%0, 300 s Al 400 s 1,
X6y Ay, PR TIRE BEAR 22, IXBAARRE T 400 s Z i
PR H bR e SRS BEAR I S o Bl () e, 3R

ZEMCAERG BEANWTE B, RIS EE BRI A A T
RYpzs, WIGRZERME, (AR TR 2, BIiER
SN
4.5 TDOA/GROA REBEFE D

¥ GROA il /5 ARl 220 0.03, RS ZE
0.3, -0.4, 0.5, -0.3, ALK 4.1 TAHF. &
3 WA HER ZEE DL , TDOA/GROA MG
SENAG BEBEIN )AL th 2k Il . I 3 mT4n, BEAE I
[ (1) HERE 12 SR H ARSI Al VA AN W g s
RMSE AWk . 600 s I, PREE 1 F 2 ARG AT LA
KHE 71 m, M2 FEAMKEEE A LA 36 m, &
AR PSS A N = PR VIR (VA VA RN LT
HFE 3(b)ar g, Mtk 22BN, A RRE
i CRLB.

® 6 WL 2 ZF FARINZ] TDOA/GROA
RGGEAVINEE . 3k 6 w40, B afEdE, &%=
ZERCHENS LA W iy, RWIASCRORRES A7 Rt o
RGURZE, IR ZERHE. LWRAT S 4.1 T504s
FHHE S0, 454 GROA 5 EJE, Rt e mxt

1.0 \y 1.0
205 205
z z
0 —— 0 —
100 200 300 400 500 600 100 200 300 400 500 600
I ) (s B . 1 1) (s
e — i)
(a) 541 — CRLB (b) 852
3 TDOA/GROA X[ & H 5 & A B2 Bl I ) A2 44 il 24
% 6 FREIF% TDOA/GROA AGFiRE L IHHEE (%)

HT%J(S) Ay, Ary, Ary Ary, Agy Agy Agy Ags,
150 99.50 97.39 98.17 96.89 99.88 99.97 99.97 99.93
200 99.81 99.68 99.98 99.96 99.96 99.97 99.97 99.94
300 99.98 98.04 98.13 96.91 99.98 99.96 99.96 99.96
400 99.94 99.51 99.23 98.69 99.99 99.99 99.98 99.98
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H bR IRAES TR GUIR 22 AL VRS FERC SO 1, 1245
W SR [4] S5 18 2R AL

5 HHXRIE

) 2238 Bk Jo R e L FE AP AE R AR
), AR T TDOA Ffil TDOA/GROA il
A4 LSRR ZERCHESR . S — i, 3
TR Z MR, ) A S R 7 Rk k8 222
7 2, 1921 T HARRESIRZEM R IR ZE N
WAk, FAERZEA R HARRSE. FE, #HE
ST AEAE R IR A L b ik 2 MR S A5 2 I
CRLB, J##1 T &4 iR X CRLB K2 . 1j K
gERRW, ZEIRRE A oS SR A& S A H s
HATIRSTE R R G R 2 e, (H RN R
8 HPRYIG A B A THR ZE BRI, Ak LR L
(0L o WEAMITPEEEVI [ 52 H AR Al VH RS B 558 e »
WSS, NN GROA MG S, REMEHE = ALk
B o Mk iR RN, HERIIWIUA A A VRS
r iy, AXEE e AR R E T CRLB, A&
RN AN E

5 £ 3wk
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