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Distributed State Estimation for Complex Networks With Delayed Measurements

TENG Da' XU Yong' BAO Hong' WANG Zhuo*® LU Ren-Quan’

Abstract This work addresses the distributed state estimation for complex networks with delayed measurements.
The Bernoulli process is employed to describe the measurements with randomly occurred one step delay. The state
predictor is derived based on the system mode, and the distributed state estimator is designed by using delayed
measurements. The coupling term between nodes is eliminated based on Young’s inequality, and the covariance of
state prediction is improved by optimizing the parameters introduced by Young’s inequality. Furthermore, the op-
timal state estimation error covariance is achieved by designing the estimator gain. Thanks to the state prediction
error covariance, the iterative inequality of the state estimation error covariance is derived, and its sufficient condi-
tion for stability is established. Finally, the moving vehicles based coupled system is given to illustrate the effective-
ness of the designed estimator.

Key words Complex network, distributed state estimation, delayed measurement, stability analysis

Citation Teng Da, Xu Yong, Bao Hong, Wang Zhuo, Lu Ren-Quan. Distributed state estimation for complex net-
works with delayed measurements. Acta Automatica Sinica, 2024, 50(4): 841-850

RIRM L i R ENBh A& L LRALK, BATM

ok B 2021-09-25 AT HI 2022-10-29

Manuscript received September 25, 2021; accepted October 29,
2022

JUARAR AU R TR (2021B0101410005), [E 2R H ARl 223
4 (62121004, 62006043, U22A2044, 61673041), |~ ZREH; 1%
A B ENE I BA (2019BT02X353), |7 4848 3L il 15 N7 I SE Rl F 72
FHETH (2021B1515420008) %58

Supported by Key Area Research and Development Program
of Guangdong Province (2021B0101410005), National Natural
Science Foundation of China (62121004, 62006043, U22A2044,
61673041), the Local Innovative and Research Teams Project of
Guangdong Special Support Program (2019BT02X353), and
Guangdong Basic and Applied Basic Research Foundation (2021
B1515420008)

AT BRI

Recommended by Associate Editor GE Quan-Bo

LRI RS B BT AR 48 8 RE TR SR A5 B[R] 42 ) B s
36 TN 510006 2. ALTINLAE LR K FEAUN BEEIEE FBE (BT
B 310023 3. AL AR KPR 500 i TR e b
100191

1. Guangdong Provincial Key Laboratory of Intelligent De-
cision and Cooperative Control, School of Automation, Guang-
dong University of Technology, Guangzhou 510006 2. Hang-
zhou Innovation Institute (Yuhang), Beihang University, Hang-
zhou 310023 3. School of Instrumentation and Optoelectronic
Engineering, Beihang University, Beijing 100191

BR BER T ARG 242 BN S SR AE, &9 Al
2 [E) ) DA i A AT A JE W R e R 2 AR,
IR RENS LS K RGN FERE 451, N
A3 5 WF 7T 52 2% 0 4 T A AT I Ak 5. 3 T B
EAU, B MERAE NI A3 % A Uk 15
BFIZ LA, WA AE s AR IR 2% HL T I
ZRAEL. SR [5] /M SR e kR R S B
J SCRENLR 2 5 PR IR Bh 25 I 45 A R AT 1F 7E. SCHik
(6] XA G IR ds PG R REAT B 4. B MIERAE R
B A AR AR G 0% AR 2 A R I 3 32 B AR A S5 TR
FE LRI, g 2 —Fh e
B 13 BAR 2 20 00E, 7R T ROR 2RSS
— R BA EE W TAE. TR [7-8) 43 ARt
HA R e 5 o hn B R M 28 MR sl iR i s R
AR EE T REWTIT. SR, B2 2N 75 T30 ) B 2% W 2%
ST e Bt TG

AR, BEAE T EALNE S BOR sl AR,
I 2T AT R B A B R A M KRN A



842 =l 3

S 50 &

A ) 3T AP AE A P 8 AP R G0 . AL f%
] % 0 e 3 5 AE X 28 SR AR A R A A R s 4%
A A PAT 25 550 U A5 2. SR gErizhl R 4t
ML, ML R RAEERE RIEST R
AL, fE E B SR HE 7 E AR 3
Bk [14] H 2 — AT X I AR I 2 AT S D )4
il (R X 28 AL ) AR ST, SCRIR [15] 383 i 7 AT IR
AR A LA, W FC R A (S I A AR 2 ik I 254
P 22 40 A SRR 8 1) ) L. AR AR S8 0 0 R
SCEFER G, N R RS B AR AR, FE
EAEAEI A, TS5 ZARLE, M2t A3 R it i
GRS EEEFEEW RN, Bk TRERS
AN R G M A A ) 45 4P 2 A BRI SR R R X
e 3 BOW & RS T WO AN E 17 AU B 3K
g RG M ARE, ufh TR PERE. STk
[16] 15 F7 A2 AN E Il (1 — R 2 4%, 8 id A
38 NS AT R 45 A T R ER IR S A R AR
MSEN S PRRTTVE. SRR (17) $EXAEAE— 2 B
U A0 B L 7 e R G, 3 SR A — 4 s 4
BHUN (B B2 R 3R TR, S — AR RS 0 JE Rl
BT V4%, SO [18] 0 A 3845 I 1 R L
BB A R G, W B o B R R
W p R AR . BT R, 2 RS R G A R AL
T AR L.

FEPLSEAETE T, FRAG KL RS EEAGE
i 58 AR H RGNS E, DI R GRS
it 1] R RO 72 B IS Y. JF B
A5 E R B R TE FL R, An e %
R IR BARE AT BONHE I T DL O AR
R TR B B R ) AR 2 R 4% T R ORI B
AT RIS, 2% BRPIR Al T il AU R A B
AR, A SRS T, TS
BN R RENE SR BR B S AP A BT A S S R
S ERBEAT AR A T, IRAORIE R G 2% rh g —
AN R AR RE SRS b R GRS AT Al . T
A RS HERE RO A, A S 2R A 1110
TIE 2 N TR KM AL R SR, IAE ) &R
&t Fb M FH TR 2% o A0 R R B 7 iR R R8I
R R B AT SR P AT, 18 BB K1
AR, RESEP VRS M HE R EAEA
AP, , {H B 4528 AR 40 N 28 B2 2% JREBOR B
5 IR B M 2RI K, B sUIRESATT
TIERCRAR T A B H 28 R BRI % 2R R 2
W 24, AT BE T A B R RO S e 0 A1 IR
AT IVE RSO H AT TR AL B0 I P 4 45
W RAEVIHR 22 R 58, STk [24-25] 45 Akt
RERITTA T AL TSRS A FORESA T 5 e
FE LR T R B A A B R G M S B s A

DL Y e 350 Y A A e o P 20 RIS A AN
JE PR AR ZNE R G, oA DAk T RIS B I A
THRCRET. B X A7 LI B ISy (1) 5 R R N 2 2 4
AR AT R HE ) 70 A ZORAS il T 28t 2 ik 5 Bl 7T
) E B e f . —.

ghia LR TR b, AT ERE FUAFAE AL
RIS T PR A2 2 0 2% 0 A SOIRAS Al T 1) R AR SCH 81
ik Rgsin R

1) BT 5 A AR TR T 2%, 715 2
RS TR 22 Wy 7 22 847 IRAN S Ui kT Az
B DR AS B G 0] R, i T P 2 YU H5ORT E 77 VR 45t
M RAER G SR BIUE. 5IA TR [25] &
A KA GG S BB E DUA B, A R B
IS AR TN R 22 W 07 22

2) HETAEAE— B REALIN A M A, Bk B
X 28 11 23 A RS A TH 88 SR ARG 7 v & s Al o
SR TERE SR B3 2, 15 B B RPIRAS A TR ZE T
7. 53R [24] AR, @ S04 BPIRAS T
EWWITEME S, Gl TIRESMTHRZE T E ik
[AWASw

3) ExF prRAF RS TR ZE W 07 Z A
N, ETIHRED T Z R ENNTTE, 460 7k
THRZE W T 2R I — o 44

ARSI DL A 0] 1a) BUdEAT AUA. 55 1 5
X 55 24k I 2 RTET Ji  E B R gEAT R, FR T PIRES
TR 28 5 A A THEs. 7E5E 2 5, 25 H Bl
ZEW T R R Y T 2, A B THR ZE T T
ZERAEA. B 3 ot RZED T 2R
SE . B 4 1 I HUE S5 53 p Bk AR A A
RME. 55 T A A .

LA H, RY Ronn AL H M EE S,
diag{-} RKRXTAFEFE, tr(-), p(-) M vec(:) 7 HEK R
FERE I 1 AR AN R ) AL, 1R AR (R IR
FEFE) M, i M = 0(M =0). P{}FRENZE
MREZ, E{} R R ENEEIHE, Bire-17
FORFRERY. A® B RN A MR B 1K)
Wik, L, ARRYEFE n ERAFERE. ||| R W)
& o MR LRSI
1 (o)

11 EHMEmE

ASCHJEWE BN A R AR B O A R

N
T = Aimi gk + Y VTa; )+ wik
Jj=1

(1)

Zi k= Bixi 1+ Uik



4 3 Ji s A8 T I DN B ) B2 2 I 4 A SRS A T 843

Hrh) @ e R, 2 € R™ D AIFRIRE IR i
AT SAE kS ZIPPRES =R M w, € R”
Mv; € R™ A AT RUIME Y 0 8w i 7 g
RS T E RS A, B B A IE Y 4ERE I O
FERE. 2448250 2 A DE O R A M
(V, E, O) i, Ky R EMNES, E LR
RS, U= V)N v NE IR ISMEEHIE,
W5 >0 (i # 7) R R0V S B AT DML BT 50y,
IR Wi =— Y0 ., Uiy D=diag{ry, -+, r}
RIS AR AR, TR R (1), Ak
ﬁl:] ——F 1?13 -‘l/& [29-30] .
R 1. 719 i P R R A o, RHIN BRI S v,
M E AL, EATSE N0, H A ZE DN Q; =
E{wi7kwgk} =0V, = E{vlkv;fk} = 0.
Bi% 2. RGSEA (A, B;) ekl
BRI 3. A FIVIIG E 2, o MO T 3L AR 75
wi g AW S v, g, B BIIE RN TS 2253 5 R @40
M P; o = E{(xi,0 — &i,0)(Ti,0 — Ti0)" } = 0.
1.2 BN SRR
T A% B I B AP AE AN 2 T30, /Ml A8
A I 75 BT T4 W 2 AR, DRIt
AN 0 A P ) . AR ST R A B Z R W) )
eI %2 — AP B REALAE T, o A IR
Yik = Oczik—1 + (1 —O0r)zi i (2)
H )y € R™RIRTE k B 2RI Z2 N 2% 56 0
TAMEE, 6, RPUEN 0 803 1 FAZRIBENL
A BA W AR
POy =1}=p
{P{Gk:O}zl—p
0<p<1 ACFHEE. TR, KRR
P (3), #t— a1 FENLAS i 0, HISE RN R
{E{Hk} =p

3)

4
E{62) —p 9
HE (3) Al A, BENLAS & 0, M EUE S it 7 24|
i Z I e S R AR — . B0, = 1 B, %
71N 2411 2] I B R R AR B IR 2 0, = 0 I
W) 7% 224 i N 220) (0 R A R A
1.3 RSN E SRS
PN BB T A0 DAY (1) AN ATLR s
A (2), BB TR A TS A A SOR AT
Al PIRES . AT RS k1 R PR T
MHEARESAETHE 73 WEA & g1 M 25141

BRI AR 8B (1), et an N RAS T 77 2
N
T g1k =i gk + Z Ui T'E; gk (5)
=
FETBENLE il =1 (2), AL (1) 1
B A SRS A TH S BT N

Li k4+1)k+1 =

i o1k + Ki k1 [0k+1 (zik — Zi k) +
(1= Op1) (2, k41 — 24, k+1\k)] (6)

H) K g1 € R™™ T R R ih il ot 25 3
i FBRE, 25 gk = Bils ks Zi,kilk = Bidi, g1k
b S NS Val i - < K (i o 1 a7 D K i i
JE IS B, XA E SR & AN AR TR B,
SRAFABERAT SRS Al T HE LA SRS 5 25545 B
W S A P28 T A0 BPIRES TR 22 € gpq g M
WEMTHRE e jp1 o1 AIEANTRITITT 25050 2
€ k+1lk = Li,k+1 — L4 k+1|k

€ k+1lk+1 = Li k+1 — L k+1]k+1

(7)

_ T
P i1k = E{e ky1pe; k+1|k}

_ T
P ki1 = E{ei,k+1|k+1ei,k+1lk+1}

FHAE 2% (1) ARASTII TTHE (5) AR Tt
R ZE 8 X (7), BT UG 205 4 2815 1 a (IR AS Tty
2 ei,k—&-l\ky‘j
N
€ k1t = Ai€i gk + Z Viile; pik +wi ke (8)
j=1
[ EE, BT AL (1) RS THITEE (6) FRES
flivhizR 2 € S (7), T LA 255 2 241 5 i RPIRAS
Rz N
€ k+1lk+1 =
€ ktilk — Ki kr1[Okr1(Bie; pp + Vi) +
(1= Ok+1)(Bi€; gy1jk + Vi, k+1)] 9)
ARSI A B AR AR EE R A A B AT
B, Wittt & e K RAuih Rz oy 2. R
F2 R IRA AT H.
SIEE 1 XA TERMMERE X € RV, Y e R™
A—AIEFRE ~, WL A
XYT 4+ Vv XT <4xXT 447 yy? (10)

2 EFEHR
AR FT IR TR Al TR ZE T 5 =



844 =l 3

S 50 &

AT AT, FFR B ERESAS TH R ZE T Z SN
JEVE ARG PR K o, HETAS RS AL TR 2 W
7 Z kAR

MR AR AS T % 22 B 07 22 00 e S (7) AP R
ZETTHE (B), RI5HR 2% W 2% FRPIR S Tl 5% 22 B 7 22 09

P k1 =
(A + D) P; (A + 0,0+ Q; +
N

Z \IlijFE{ej,k‘keEMk}(Ai +\I/“F)T
j=1,75%#1

N
Z \IJij (Az =+ \I'iiF)E{ei,k‘ke}) k|k}FT +

Jj=1,j#i
N N
S Y wwalE{e; el "
j=1,j#i h=1, h#:
(11)

R, 455 REM TR ZE T Z 5w L (7) RS
THRZETIE (9), RSMETHRZE T 2R
Py o1k =
Pi y1pi — (L= p) (Ki, k1 BiPy g1 +
P i1k BY K )
E{ei»k\keszrl\k} _pE{eLk-i—l\ke;r,k\k} X
BIK! i1 + Ki i1 {Bi [pPi i +
(1- p)Pi,k-i-l\k]B;f =+ Vi}KlT,kH (12)
FET RS TR Z 7 2 (11) RS AL 1%
ZW i % (12), AIARIRAAL TR 2 B 7 22 Bk AR
&H&%%mﬁﬁ%ﬁAMEﬁlﬁT

EIE 1. "ML (1) F5 k0 B AR SRS
TR 25 YN

—pK; k118 X

p(1+75%)

BiPi,k|kB;r —+
1-p

" _ T
Ki, k+1 = Pz’,k+1|kBi (

—1
Vi T
1 “p 7 i,k+1|kBi ) (13)
M 2 W2 (1) F T A d IR ES Al TR 22 P 7 22
Py pi 1k W2
P pi1jk+1 =

N
(1+mke Y o) x
J=1, 5%
)T+ Qi +

N N
>+ ’7>1k,i,k) Z Pyt
Jj=1,J

=1, 5#i

p(y2,i +1)

(A +9u0) Py g (Ai +

[((1 —p)(1+7k S ) (A +

=1, j#i

Ui D) Py g (As + ‘I’iiF)T

gjwﬂ

=1, j#i

+ (Vii,k +

N -1
> WuTP I + Qi> 1
j=1,j#i

-1
1

BY (p(1+ 73 ) BiPy i BT + Vi) By

(14)
He,
N
tI‘(Ml i, k:)
S LS K ADRS Y AR o e aa Al
Vl,z,k tr(M2,i,k) 2,4, k= ; 12;#1 ij J, klk
N
M ik = Z Wi (Ai + WD) Py je(Ai + 0T "
(15)

MERR. BEXPIRES TR Z W7 2 (11) PR S
T, 3z 51 1 fk RASE TR
N

Z \IlijFE{eLk‘keEk‘k}(Ai +\I/“F)T
=10

N
Z A +\II’LZF E{61 k|ke] k|k}r \Ijz] j
Jj=1,j#i

N
> ik TP el + 97, Wi (Ai +

Jj=1,j#i
Wul) Py gpi(Ai + Wil)"] (16)
[FHE, Ar1%
N N
D 2 UuTalE{e; ppeq T <
j=1,j#i1 h=1, h#i
S S et
J=1,j#i J=1,j#i

K ZRE A BRI (16) A (17) AR
WMRZEW 52 (11), AT1G

P pie 2

N
(1 + ’)’i; E Z \I/ij> (Az + \I/iiF)Pi7 klk X

J=1,j#i

(A + 0D +Q; + ( > ‘I/zg+71zk>
J=1,j#i
N
Z U TP DT
j=1, j#i (18)



4 3 Ji s A8 T I DN B ) B2 2 I 4 A SRS A T 845

= (18) 51, ANERLG U EZE v, 1 A K.
RNIRAAR T vy 5 n, ZETHFFZERI (18), & LWF

tr Ml %, k
C(’h,i,k)_(
V1,4, k

\/ M27.k711k>

2\/tr(M1,i,k)tr(M27i,k) +tr(Ms, i, k)

(19)
Hor,
M35k = (Ai + Vi) Py g (As + U, + Qi +
N N
Uy Z U, TP "
i=LgAi =l

MY (19) TR, Hy 00 =1, 0 0, HASE
1 (18) mILAFR 2]

P pin 2

N
(1 + % Z Wij) (Ai + V4 ) Py gy ¥

J=1,j#i

N
(A; +0,,)" + (’Yii,k + Z ‘I’ij> x

Jj=1,5#i

P I + Qs

N
Z 0,0
J=1, j#i
BTk, BT R (12) HVORS TR ZE T
P Py i PIBARA BT i vt &k, R
P51 B 1 A R IRA S G THR Z ) 5 £ (12)
H RS G DU AT RRAS, nT4R

- p<E{ez‘, k+1|keiT, k|k}BiTKzT,k+1 +

(20)

T
Ki,k+1BiE{ei,k|kei,k+1|k}> =

P(Vz,ipi, k+1)k T W’iiKi,/chlBiPi, k|kB;FK}:k+1)
(21)

3l (21) A (12), AT AR SR TIRESA T
WREWTTE Py jgr g IAFEI

P ky1jeyr =
(1 +py2,i)Pi ke — (1 —p) (Ki,k+1Bi X
P kq1k + Pz‘,k+1\kBiTK2k+1) + Ki k41 X
{p(l + W;,%)Bipi,k\kB;F +Vi+

(1 —p)B;P; k+1|sz‘T} Kl (22)

30 (22) AT, RSAETHRZE T 2 P, k+1|k+1
A POE M B THER I 8 K o 34T UL, @I
T A (22) b

Py pi1jpe1 2

p(1+151)
(1-p) [Ki,k+1 — P, ki BY <1_;Bl X

—1
Vi
- i ke 1|k B ) ] X

147y
(p( 72,1)3 R k‘kB

1—p 1-—

1-p

Vi
Pi,k+1kBiT> Ki k11 _Pi,kJrl’fBiT( —+

_ T
P(1+’72,11')
1-p

—1
T T
BiP; yxB; + BiP; y1xB; >

(1=p)°P ki1 B {P(l + 'Y;i)BiPi,kUchT +
-1
Vi+ (1 —p)B;iP; k+1|kBﬂ BiP; 1k +

(I +py2,0) P, kg11k (23)
e fhivhas e (13), A% (23) fid ] BLEY
Pl /MA, B
P k11 =
(L+py2,i) Pi e — (L= p)? Py ks BY ¥

[p(1 4752 ) BiP g BY + Vi + (1= p)
—1
Bipi,k+1|k3ﬂ BiP; ik =

—1
p(v2,i + 1) P g1k + [((1 - p)Pi,k+1|k) +
B} (p(l + 'Y‘Zt)BiPi,MszT + Vi>7lBi] -
(24)
FET AR T 77 2 (20) FARSAETH T £
(24), ATf350 (14) BRSSO ZIERAL O

3 REMSH
AR AT 5 2 1 TR A TR ZE T T Z AR
EME. R TINR Z 7 2 (18) HAlivhiR Z 7 £
(22) 1 L5 N Qi ke P o SRR
AP T, € X vee(Qpqajne1) = [vee(Q1, k1ps1) T
-, vee(Qn, parpesn) )T, MIARHE 2 (20) A3 (22)

AL 2P R G

VeC(Qk+1|k+l) = E'Kk+1vec(9k|k) + HKk+1 (25)

Hr



846 H 3l th 2 {4 50 &
élaKl,kﬂ (i)lan Ky, k1 4 1ﬁEEﬁiIE

- (i)Q 1, K
Bk = ) 7. 2, k41

(D21N7 Ko k1

(i)N,l,KN,k+1 éN, KN, k+1

Zi Koo = Gi((A; + UT) @ (A; + Uy1)) +
p(1+ 75 ) (Ki k1 Bi) @ (Ki 1 Bs)

Dij ki = BiViGi(C@T)

N
> vy

=1, j#i

—1
ai =1+ 5%

N
Bi=aet D Uy

J=1,j#i
Gi=14py,i+ (1 —p)(KirBi)®
(Ki k+1Bi) — (1 = p)I @ (Ki p+1Bi) —
(1 = p)(Ki, k+1B:i) @ I,
Givec(Q1) + K1, k41 ® K1, k1vec(Vr)

HKk+1 = :
Grvec(Qn) + Ky, i1 @ Ky, gp1vec(V)

ETUL MRS, HiHREh T ZRENT
o L=t I
EIR 2. T FMEE (5) A28 (6) 5 EIMPIR
BATREN T Py jyaen B I T 0 5% 17
R EES K ={Ky, -, Ky}, 3HES
7n={11 NI My ={1, -, N}, HT
W N ANEE 2T
p(E(K, 71, 72)) <1
/ﬁ\:qj, E(K, 1, 72)) = EKk+1'
AR WA E K = {Ky, -+, Kn}, = {m1,1,
oy NE Mlye = {21, 0, e, N}, TR (26) R
57, W (19) 750
P(EE, V1 ks 72)) < p(E(K, 71, 72)) <1
B2 B (13) HfiAliTh #8425 1 i 43
PEE 115 Mk 72) < p(EE, A ks 72)) <
p(E(K, 11, 12)) <1 (28)
%%i{.‘zﬂéﬁ% (28), Ef%ﬂ ﬁ‘% VeC<Qk+1|k+1) /_\Eé%ﬁiﬁi%\
SEM. ARE R (20) FI2X (23) ATR

P i1kt 2 kg1 k1

HRAEAE (29), FTHI Py oo o1 R0 FREN.

(26)

(27)

(29)
O

INEFRE R G A

BT OCHR [33) B B ARIBERIEAL, AT &
4 NN EHRRPIRN RS, ® XNFd RSN
Tk = [Sf,kv Vi g 3?,1@7 ’/iy,k]T7 Hrp, 57 ko S?,kﬂ] Vi ko
vl IR ZNEE X, Y i BRI (m) A
[E (m/s). B 1 B8R TN EEERERR, NE
() ) 8 Sk RS BT IR, N R A B S T
5T DU i AT A 4, Bl I I 2 AR RE
BHEIR . H/ANER RS R A 58 AT 5%
I, — ARORH BRI [R] B K B & R R, PR A SO
% [ERN A5 S IR ) L 28 B AR R G (1)
ZHH

4.1

-
2\/ V' 4

S5
&
K1 DNEMESRFNH
The topology of coupled systems

i
// 2D

Z

1
3 <8
£

Fig.1
consisted of vehicles

1 7, 0 0
0O 1 0 0
A=A, =A3=A, =
1 2 3 4 00 1T,
0O 0 0 1
r 73 T2 T
s s oo 0
3 2
T2
78 T, 0 0
Qi=Q2=Q3=0Qs=¢q 7
0 0 3 9
T2
s
L 0 0 2

T8k, BRAGHIRER N T, =01s, 8¢ =
0.01 m? /3. /NG 22 [ (R AR AT PN RS & 4B R

—-0.3 0.2 0 0.1
0 -0.3 0.1 0.2
v =
0 01 -0.3 0.2
0 0 0.2 —0.2

I = diag{0.2, 0.2, 0.4, 0.4}



4 3 I A BT I I B P A2 2 X 2 A RS A T B T 847

EFSFLL 12t /A 4 B, FE S NI
zo=[1 12 1 1]
zoo=[0 1 1 1]"
zso=[1 12 0 1]
zio=[0 1 0 1]
K2 g5t 1 /NG R SERRIZ s .

M=~y
co b [~ 2 s
o B 3 B
————— AN 4 B
50
540'
~ 2.
30
1.
20 ol
101 -1 .
1.0 1 2
0

0 10 20 30 40 50 60 70 80 90
z /m
K2 NERSEPREEh L

Fig.2  The actual motion trajectories of vehicles

4.2 RSV

AR (1) H AN R E I R
1 0 0 O

0 0 1 0
BRI EAE EON/NEAE X, Y B AR bR, XS R &
N 75 7 2253 N

Vi = V, = diag{0.03, 0.03}

V3 = diag{0.04, 0.04}

Vi = diag{0.05, 0.05}

HHUA EZET a0, SR R, (A, By) (=1,
2,3, 4) R RI. B, WAk B W48 — D )
HHIMER A P (0, = 1) =0.03. {28 KPRESHILAE N

5&1,1|0 = 552,1|0 = C'33,1|0 = 934,1\0 =0
CLRAIUE W J7 220
Pl,l\o = Pz,l\o = P3,1|0 = P4,1|0 =1

TR AN T3 TREAT 6 B ELAGHIE:

1) B X AN & 2 AR AR & AT AL 7,
B RAEL AR ZENER, Ry, e=1,
Y2,i = 0.7.

2) AR AR RE T R v TR AL, B
Yok = V(M k) /tr(Mzi k), 72,6 = 0.7.

By=By=B;=B,=

N ECE PR AT IR B 220, 6 R SR RN Y R
171 =100 IRZEFF RO, [, AR 7 EL I )
BATH 100 s, 13 31F 77 % (Mean squared
error, MSE), H & XA

!
1 o ~0
MSE; xjx = 7 Z l|lxf ) — mz’,k\kHQ
o=1
Horr x? ) Al 5 4 FEE o IRITPEFVIRZAS Al T4k

IR & 3 B, ml R AAE 7, B I [R) ]
TRE. it r Ml asdg o (13), B4 ~7

4.0
L35}
< 30 [F
I :
ﬁ\\} o5l SRR
= : ARSI v
Z 90l |7 52 ARSI v 0
3 —— 5 3 AN AL IR 7,
% 15} —— 5 4 A AEARRALIE I 5,
H
}Q L
=
0.5
10 20 30 40 50 60 70 80 90 100
k /s
Bl 3 RAFRRALI 1 4
Fig.3  ~1,;, 5 with and without optimization
e fEGOTERARAL tr(P, ) e RSOTEARSAE MSE,
—— AR tr(P, ) - - - - ARSTERAST MSE, ,,
—o— RIITERILST (P, )
0.10 7
0.091:
go.os«;
= 0.07f
Ir |
g 0061 0 0682
= 0.05 i 0.0680
_\_]
ﬂ% -} 006781
i 0041 10 20 30
G |
5K 0.03 E;
£ |f
|

B4 FETRANMRMEAL v1, 1, B 1 AT R0
iR Z W % EFH A MSE
Fig.4  The trace of upper bound of the estimation error
covariance and the MSE of the node 1 based on
1,1, % with and without optimization



848 H 3

(8

S 50 %

SRR AR LRI IRAL 71, W50 T /RS R0
R 2 Y7 2 REGHERT MSE , 0, S bR
1 PO . AT 4 ~ 7 T BAfE A SR
58 1 (LR R — BT, BOAR AL 7, o R,
RN 2 Py EFROEHI 8 F I, MSE

—— fEGIIERARAL tr(P, )
—— RO (P, ) - - -
—— RITFERAE tr(P, )

e RITIERAAL MSEZ. HE
IR AL MSE

2, Wk

0.10
0.09 i
0.08

0.07 I
= 0.06 1

5 MSE

pi)}

0.0690 |
0.05 i 0.0686
0.0682 ¢

iR ZE M7 72 B S

&l 5 FETRARRMAL 71, 2, BIHT 2 DT R0
flTFiRZE T 22 LA R R MSE
Fig.5 The trace of upper bound of the estimation error

covariance and the MSE of the node 2 based on
M, 2,% Wwith and without optimization

e MEGITERARAL (P, ) -~ AITTERAAL MSE,
—— BIOPERRA (P, ) - - - - ASOTERAE MSE,
—e— RITFERAE tr(P, )
0.10
E} 0.09
= 0.08
1 i
o 0.07
= 0.06
=
P 0.05
R
= L
e 0.04
i
+= s
E 0.03 14"
o
Bl 6 FETRUFRIEAL v1, 5, 6 B 3 TR
it 2= W7 22 B S AT MSE
Fig.6  The trace of upper bound of the estimation error

covariance and the MSE of the node 3 based on
M,3,% with and without optimization

ARSI, A7 LRI 2 BRI B AT AR AL
i S RS Py BGOSR MSE 5 .
A A

o ARGIERMAL te(P, ) e RIOTHERA MSE
——— ARSTEARMAL (P, ) - - -
—e— RIIFHEAAIE te(P, )

1, Kk

- AT AR MSE, |,

0.10
m 0.09
U
= 0.08
Ip
E 0070 o772
g= 0.06 11 0.0770 f

Bl 7 BT RAARIA v1, 4, 6 EE 4 AT AW

flith iR ZE T 22 L5 A MSE
The trace of upper bound of the estimation error
covariance and the MSE of the node 4 based on

M,4,% with and without optimization

Fig.7

F1 ETRUFRMAA) 1,4, 0 B EF (P, kk)
Table 1~ The upper bound tr(P; ;) based on
M,4, & With and without optimization

i i R (P ) BF AT (P pn) B RAGIEEE (%)

1 0.0679 0.0622 8.50
2 0.0686 0.0630 8.23
3 0.0806 0.0733 9.04
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