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Error Transfer and Correction between

Multi-target Measurements in a Common
Clutter Environment
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Abstract How to improve the precision of estimation is an
important problem in target tracking. Conventional method in-
tends to reduce the random errors by filtering or fusing using
measurements from target itself. A new idea based on error
transfer and correction is presented here. According to the the-
ory of error correlation, the conception, principle and technique
of the method of error transfer and correction between multi-
target measurements have been investigated. All algorithms of
the key steps about this method have been built. Simulation
results show that the measurement error can be transferred and
corrected if there is error correlation between multi-target mea-
surements, and the precision of corrected measurement can be
improved greatly when the correlation is high.
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Fig.1 Two targets measuring and tracking with one sensor in

a common clutter environment

I A ANy, SORFRE IR, Hl S AL
T AN SEF RIS R, X2 A B AN S P8
M 7 TP ) s AL, DRI, % s e B 00 el o 2 2 ()
FEAEAROHER.



772 H | 1k & £ 33 %
P CRIAR S, TRATAT AT A B AR EER 2 0 EFI s A R
(FIR5 2 F 30 AR I, BUSEAS S B T AR 41 F
1) WA AT MR, AR DR 3K p KR B0 2 Ory (k) = r1(k) = /(1 () + (1. (k))?
ZIEIMAR S, p BEE RIS H b 2 I BE B I AS LTI ZE 1 ~ 0 b, (k) = 01(k) — arcsin(y1 (k) /\/(x1(k))? + (y1(k))?)
Z AR k=1,2,...,N
o (4)
p=e O o (o (k)i W)Wk = 1,2, -+, N} o F M0 SEHE S
e . N JFH1 (30l GPS Hdis), { [ra(k),01(k)] |k =1,2,--- N}
o d 2 PA H s 2 8 FE B AT, o & — ML Jo B bR 1B B, { (6 (k). S0, (R)] Tk =
2) X Fb T, TSGR S (20, y0) BORIEEE g o Ny g P b 0 0 B 2 T 81, N Ol $H P 51 R

TEIEARTF] (r1, 01) m—ANEERE LU L, Rk H3H: P
(w1, y1) APRUETE S B br— s RS IR R 22,
T AR AR B A, R IL 5 v R PR A I e 46t
T, RIAESY BB ES + FIJTAL 6 ISR 2240 3l & 7 F1 6 1
W T, M R/RABFRR T ¢ Ay KRZE T Mg a7 L2
RKIRN

T =rcosf(cosf — 1) — 7sinOsinf—
7 sin 0 sin 6 + 7 cos 0 cos

~ ~ 2
y=rsinf(cosf — 1) + 7 cos O sin 6+ @

7 cos fsin § + 7sin 6 cos §

3) 5 TN H AR — (1 B B % 72 1EAT 43 1 A b 52 A 2L
MR ZET DL A RGIRZERBENLIR ZNR, HFRGERE
AT BLIA R A2 B IR [ iR 22, AN Bl o o A8 40 s BE AL R
7 e B I B0 AR 1, HAE ST S AR S B4 A
B 2 A BARLE R 22 3R b, 2 B [RIFE K R Gk 22
FIBENLRZE, 1006 — 5 & I BEPLR 72 & A AR, B A
TEHATRZE Sy S AR . R

{ i 72 +en @)
0, = 09, + €0,

T, (6, 60, ) SERIIRZE, (5uy Bo,) RRGE, (2, 20,)
FEREHLRZE . iS22 B A 2 AL B 2 15 20X (87, , Bey )
Ffhivh (W), 375 (ery, €0, ) BHATHME5.

4) BAr—mIWEAETF (re,00) TSR RAE IR E
(0ry,00,) W LA B B, 281k Hu i 5 2] H br — 8 0 5038 e 41
(re,02) L5 1 B br— 2 W EHE 75 (r1,01) T HIRENLR 2
(ery,€0,) MITEEERAHE A OC R AL p BB — A5 18 1) 4% 326 oR 4K
Skt 21 B bR A TS (re, 02) L.

5) BH T 25 A% 32 FH LS 0 R — 2D 0 (1) S B i 2 3
TR (F IE ST ), BRIt B b TR ZE R E R, E
I
3 BiH—=2NEENRENRESTBEEE

b AL KPS E R A GPS & HdE 15 C 4 5 1 A e
HERN A (B BCAE, A SO G SRk 5T L BT 0], 752
SE AT I 25 B HE FIUAL B
3.1 EMREFRTITELAR

T GPS il (w1, y1) MRS BE LU AR K28 IR 5 e 2
o AR, BT LB R SR (1, 01)

WRZEIF A (K HEAE.
HIE 1 PR LR R, AHES W H br— B iR =

BB H(FIA).
3.2 ENHERIRERERZ
ARSI ARSI LA 0 e JE s 25 A 8 U0 30 3 AH
ASZHIE DL, BRI, AT BRI ZERR E W 2 HEAT,
H R R TE A IFEAT. AT SRR R A T
R A PT A S R SR ZE AR T, i 2R R R
FEFFHALREARBEARBEAT ST AL BE. ARG A ST REA S, X
Pl AE PR RO T BRI H Ar - B ER  R g 2s. Rk
(AR ZEhm 28 VT 25 SCHR [4~6] 55, AR SCARUMESR R TF I,
IXHL AR R GRS R Tl R IE

51(k) =D[61(1),61(2),--- ,61(k)), k=1,2,--- , N (5)

P {8u(k) = (6, (k). 3o, (B)] |k = 1,2, , N} o FLAG
MRERIEFH, D o BRIERFEE T, E5hR LA
SR AL IR, ARG SR — P S I 8 22 A o 0.
3.3 ENHEMNRESBEEL

HUR 35222 b A SIS 4R, 05—
Fei rh A3 B0 R Z WAL v, TR 25 n B 2 AT LA
BEAL IR 2= AT 50 A

{ er (k) ] _ [ e, (F) } . [ e, (k) ] 12 N
€6, (k) 691 (k) 691 (k)

(6)
o, { [0, (), 60, (K)] Tk = 1,2,--- , N} 4 Hbr— (=0
WZEFE, { 60, (K), 00, ()] |k = 1,2,--- ,N} AbrEMH
b B 1D 2E L (0 3R R 22 0791, { [y (K), 26, ()] TR =
1,2, -+, N} W B br— B R A0 1 BEA LR 2 751

4 MWBHR—=NHFER B NHIFEIRER
BEE
4.1 RFIREMEZREZL
W R R ZR e X, T T &4 tE .
B JE P DL R AL (R ERE 2 31 Bl TR SO ) B A R
% HEr AL 1 W —ME G, BRI E, NETE
— AN LA P R B, T 2 A B R b AT I = i R S
IR ZERCTE TR —/K b, FTL RS R 27T DL E EeE I — e 1 Lk
1) R Bk AT LR AR 2 R
bry (K)
5‘92 (k)

(k)

5y
N C(k) 591 (k)

:|7k:1727"'7N (7)

KIRGERZEEFI, { [6r, (k), 00, ()] |k = 1,2, , N} A HAR
R R REITA, C (k) WH kS IR R 5



73 FRERIAAE: S22 H AR B A 1R 22 A 08 S A E 773

KR, AR ANBINEE R 22 2 [0 A A oL N A
Cr(k) 0
0 Co(k)

Jorp G (k), Co (k) 737 A BEES 22 WU 5L K B2 5 72 Ik
SPRE AR RS, C(k) T ZHO00 T 1R AR R T A
BRI E. X T ISR S, A RGE IRERN AT T, I
P 3O T (1 AR R 2 KN R I A KN R R
KA, A BEEIE N ) R GER 22 KN A R MBEEATE R,
DRk — i v B 1 13 22 WAL 2R MK

Cr(k) =~ 1,

C(k) = (8)

Co(k) ~ 1 9)

W} H 8 A BB DL R AR AR RS B BRI B 454 R, 20 Y
e Cr, Cy.
4.2 KENIREMEREE

B AEIE DU IR T, A4 [ — A s X M A~ H e
BEAT [RD IR, AN BE N EATT I BN LR 22 AR AE R — 7K
b DRI, BEHLER ZE A BE ELHAL IR 8 0 B R Bk AT 2k
fle3d, G EEMR IR ZEAR A DU — AR B AT LR, B

{ ery (k) e (k)

4k
ok ] —»fs{p(k)»[ o, (k)

:|}7k_1723"'7N

(10)
el { ey (K), 20, (K)] |k = 1,2,--- , N} A HEg R IEIE
MIBENLR 2 P8, { [ery (k) 0, (B)] "k = 1,2,--- N} A H
b BB AL 22 R0, p(k) 4 K 16 204k a8 % bR
e FUAR AT L N OB 2RI, £5 L, ) b
Je B 220 BN LA TR 3 b e KR 1 B L5 2
B, B AN AR T R

e T BERLASE 22 e S R B M X e T ), R — AV
IRNERVTI L DR £ [ o] PR T IR A4 R e 7
BT L2 MR R R s, 0 PR B e B
IR A B R, A T ISR L, AR <A R
+ LU FRH 3 I — A B 5 AT I B S

|:Er2(l€) :| _MCUC)[&”(}{;) :|,k—1,2,"',N

€62 (k) €01 (k
(11)

o, O (k) MRl IR 22 M REOERE, R(k) A
S H b e bk AT R 25 0000 I 6 L5 25 A O 2R 4
W, R ep ORI 7 A B DR AR G R o b T 2522 L.
5 1 I T8 T (R B B R 22 2 TR R A R R I O T A
pr(k) 0 ] 12)
0 pe(k)

o, pr(k), po(k) 5350 K I ZIAE 0T H AR — LU Hbr —
() A0 REA T LU B P B T L ) PR T P B LR ZE AR DG R B

W S BT 5 ) R (R B B 2 A OC R BOH ], )
R(k) BB —DFRE p(k), W R(E) = p(k) Iz, H I
S ALFERE. BRI, an R DR IR BE AL R ZE A R R
AR, W) R(k) ¥aE— 0B84 — [ 2 W 4, WA R(k) = pls.

5 BRZENHFEMNIRERERE

A TR E A R R ZE AT R, IR ZERIE AR
PR AAT T

R(k) = [

HI T 75 B T T IR B 22 AR5 T, AR R R 22 I I Bl
LR AT A IE RS (BIRZE AR DX 7 ), PAEXS
b B DI BEAT SR 22 IR I, ELR 25 I H bR — A3 2]
FAR I R GeiR 2 MBEHL R =R, AR

w2 ] [ ][ ) ][ era)
bt | L o) | [t || o)
k=1,2,--- N (13)

I, { [r2(k), 62(R)) |k = 1,2, N} & H B UG ) 5
TEE 0, { [F2(k), 02(K)) Tk = 1,2,--- N} 2 HAr -2
2R I S Al 7 4.

6 MEIXEER

PSRBT SR 0 B0 R

1) W BAR¥EAIE HLkIE ), HigshHalT4T;

2) 7 Bl R AL AR S 1 B e — BT I MBS 4
it

3) AR IR, MBR R ZE RN 100m, WA RZEE
¢4 0.001 JNE, SRS IE BB N GPS i, R ZE R
z,y A A 1m;

4) PEEEAY B AR R IE SRR TR AR A7 B
B IREE G, HoA R ZE MU REUERE O (k) AU AT
FERE Iy, BENLIRZEHI DA R(E) WHUE — MR RS p;

5) JEVCR AR UE R /R B I

RIS, BENLR ZEAHCREN 0 ~ 1 Z ], A T
W ZRAH 2 Z2 B /N o 157 2 A 3o RS 1E S8R (R S M AR BE, 40 )
BIA R p BB R 0.2. 0.5 0.9 F1 0.99 PYF A [0, Sz
gt R 2 Fron (B g o0 ORISR B AR A7 B AL
3375 IR2 % RMSE).

150

100+

Position RMSE (m)

50r

0 . . .
200 250 300 350 400
Time (s)
Bl 2 iRZEAl i SRR IE S H b e B RG B B e
Fig.2 Improving the precision of measurements with error

transfer and correction method
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