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A Gate-corrected Event-triggered Mechanism and Its Application to the

Optic-electric Sensor Network
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Abstract
resources. This article proposes an novel gate-corrected event-triggered mechanism. When the event-triggered condition

This article focuses on the problem of the centralized target state estimation with constrained communication

is satisfied, the corresponding sensor only sends the quantization of the innovation to the fusion center. It reduces the
data transmission amount and eases the burden of the communication system. When the event-triggered condition is not
satisfied, the sensor sends the whole innovation to the fusion center. This article also derives the minimum mean square
error estimation algorithm with the proposed mechanism. The algorithm’s performance is also analyzed in this article. At
last, its application to an optic-electric sensor network verifies the efficiency and feasibility of the proposed mechanism.
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PR 1 Py < q2, SURINCIES? g1 < Ps < Pry, <(Ga.

2) Mg < po < g B, &R (g1, q2)) =
(q1,7(q2)) U (h(q1), q2) € (q1,2)-

3) FFE, M po > qo W, po > qo > ps, & HTHI
135%F Po > qo, FHE ks € N, 1153 hk5(p0) € (Q1>(_72)-

gE bEal 1R, X6 < 6 < 8, MAFEWIME po €
(07 +OO) ﬁﬁ km € N? ,TE%EJ‘ R (pO) € (QI7Q2)' [

g2 5 W3, h((q,q2) = (q1,h(g)) U
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(h(g1),q2), FLA H b, TR T 5 SCRR M R() 0%
B 0 ()

ht: (q1,h(q2)) U (h(q1), ¢2) — (q1,42)

RN h((Qh Q2)) = ((11, h((h)) U (h((h)a (12) FE ]
WX 10, AR B A B () FERTA) (g1, qo) B 05E X

Bk 2.

di =96

while d; € dom(h™)

diy1 = h7'(d;)
1=1+1

end while

EX N =i+ 1.

g 2. X Ta4nE AR AAT, B RN 1R
(q1, o) EAFTEA BRAN 1B o5, BREEYE 2 —E sk,

Big 3. h(qe) # dy_1-

FERBE 2~3 N, 512 6 W R o,

5138 6. HELAI(-),i < N —1 4£XH (q1,q2)
R ARG AAE Dy = {dy, - L di}, BRELRY()
TEIX (1] (Q1;Q2) \ D; J:%Jiéj?ﬁ‘], (qb(h) \ D; LR
DXIH] (g1, q2) B2 D; IR (A &% AN (-) 7EX
8] (q1,¢2) \ Dy—1 RSN,

MERR. R 1 AI43, 24 # 4 I, d; #d;. W
F95 2 WAL dy_y ¢ dom(RY). MEFIAAE dy_y €
(h(g2), h(qr)). SAREREh AEXTH] (g1, g2) \ Dy L&
HEER). Hh Dy = {di}, (q1, ¢2) \ D1 FobrE itk
Dy TN HIX . AGHERBEY i = j < N—2 I, ¥
hi FEX ] (g, q2) \ Dy FAZESM, WY i=45+1
I, 7+ (p) = h(W (p)), BIIE K7 TE() 2EIXTH] (g1, g2)
EBRT A Dy URT dypy (W (dy) = dy) JEELE:
(1), djs1 = h™7(dy) = h™(d;). IULEREL BT EIX
8] (1, q2) \ Djy1 FAEESE. PR e s A ghidm]
THRRE B (-) ZEXIH (g1, q2) \ Dy RS

[ A 1S 4L AN (1) ZEXE] (g1, q2) \ Dy_1 b
BT rip (WNH(p) = dy) AELEM. HT h(p) =
dn-1 € (h(q2), h(q1)), Pt p ¢ dom(h™t). i Hf
3R RN (p) 7EXTH (g1, q2) \ Dy_1 b

]

PR, T 6 A, AR Dy g ¥ IX 18] (g1, ¢o)

90 N AT IX[H]

Q={Qn, - ,Qi,--,Qs}
Qi = [di, daa-1(i)+1))

Qi = [di,q2 )

Qn = (C]bdg )

Hh ek s A() Raf i gk Dy oy I A% K/

}?, &l dA(i) < dA(i+1)7 QN %%%E@”E@?EI@, Qi
SARA TR, A1) =i, AN — 1) = 7.
X o (a.)

p-n(a,b) =
mod(a — b, N), % mod(a—b,N) >0
N, R mod(a — b, N) =0

RS o n(a,b) KGI1E 4 &, A58 7 W'k,

5138 7. MXEES Q, 1 h(Qi) € Qp_yii1)s
Qi) € Qu_yi1yint, 1 <0 < N; VQ; € Q,
RN(Q;) € Qy, hN(Q;,int) C Qi it

R, EMAES D 'R QD Qo VO €
Q1, 3Q2 € Qa,5.t. h(Q1) C Q.

A e XX RS Q FEMUR h T B X
WS Q) b Q5 Q.

5 4, XEEES Q v NRMA A ME—
T,

Lo = {thh T 7dN—1}
uQ = {dla e adelan}

ESCX AR Que TR

Qint = {(qla dA(l))a T (dl\(ifl)a dA(’L))? )
(dA(N—l)v QZ)}

538 4 S AHTE QL 9 QO &
Qint-

B VQ, € Q, 3n(Q:) € Q, s.t. Q; & h(Qy):;
VQiint € Qints IA(Qijint) € Qints S-t. Qiing LN
h(Qi int)-

NHT Q & X I AZ 44 2, BRI S ]
25 DX ) 20 ity 1 WS A B AT A 2 B R R, S04

h(Qz) g Qcp_N(i,l))h(Qi,int) g QQD_N(i,l),inTJ
1<i < N;VQ; € Q, hN(Q;) € Qi hV(Qi,int) C
Qi,int~

i

hN(Qz‘) CQi VQieQ
AN (Qiine) € Qisines  VQiint € Qine O

EXHXE Q;, 1<i<N—1%
Qn-1 = ™' ([d:, g2))
Qo_niiny =h(Q),VI<i< N -1

313 8. R Lk I Qi Y (Q:) C
Qi; N (Qi) C Qs
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SERR. T
h([d;, g2]) = [P(d;), h(g2)] € Q¢_N(z,1)
it LT
' ([ds, qa)) =h ' (h([di, qu])) €
W Qp viny) € Qn
BSNiA

Qn-1 =h(h'([d:, ¢2])) € h(Qn) C
Qn-1int € QN1
B Qi C Qiine € Qiy i = p_n(i,1) B,
Qgp_N(i,l) :h(Qi) C Qi) C
Qo niin)int © Qu_ (i) (14)
yei i} EEA%I‘S%UJ gk, oL, A
PN(Q:) C Qs O
TR AN () FEX AR S Qi IO EPE
BHTHIFE. BARWS 2 9 Fros.
5138 9. %L RN () FEXES
E_Xﬂ- Vp € Qi,int7 ﬁ th(p)/dp < 1.
IERR. VQ; € Q, VYD € Qiine, BT h(p) fER p
mﬂ%) h‘(p) E h‘(p) S Qj,int7Qj,int S Q HE‘JW iﬂ:—ﬁ
h2(p) = h(h(p)) fEA p BT T, HECEAHGES,
3 RN (p) fERip, LRI (p), 1 <i < N —1 k&3ymy
=N
~3.

(13)

int - I_iEI%!:,

SEAINES]
LD =1 9) 5 Y2 ) 5
W (h(p) < () = T W'(h*(p))

Mg < b (p) < ps I,

W (h'(p)) = f3(P'(p)) =
a? + =2a’c (W (p))? + 2t a®ch (p)
(2hi(p) + 1)2

W) = i) + 1)
R, 2 g1 < hi(p) < ps B, B/(Ri(p)) J97™H& HLil

WERH, I B (R (p)) < W (qy).
Mips < h'(p) < g2 M,

<0

W) = Fi0) = (g T
h//(hi(p)) — i <0

(c2hi(p) +1)°

BRI hi(p) > ps I, B/ (W' (p)) 7™k LI ek L.
HEAIAE B (R (p)) < B (ps).

e b (p) FEXIE] (g1, ps) TA 1, D RL, FEXH]
(ps, q2) A A KL W BRI 15

W0 T wwon <

1=

(R (@)™ - (W (ps))™

T p<ps <p, B8 1 (q1) < 1,0 (ps) < 1.
e

HISIE9 KrhfE B A1 W VQ, € O, Mk
AN () RXIE Q; AN Egimgt, B 30< L <1
st [[PY(p1) — AN (p2)ll < Lllpy — pall, ¥p1,p2 €
Qi,VQ; € Q.

M bR ot 45 R, E—20nr 15 BE 2 W R Py
71N,

EIE 2. MU REFRIIRK T <8 <6
B, BEUREEL RIS R (8) MIfiE il N JAI;

HUERR. FHE[EL 5 AIAF, Vpo > 0, 3m € N, s.t.
"N (po) € (1, 42)-

i&ﬁﬁﬁf?%‘l‘, \V/po > 0, ElQl S Q, s.t. th(po) S
Q.

Hi5 18 8 w43, h(mt2N (po) € Q.

HT Q, MWK, Hk¥ hV() ZXH O,
B —AN RS, B RSP 3 1 VO, € O,
Vp € Q;, BB hN (1) 17 ME—[F 5T A p*, 1415

lim AN () = p*

HiE X 2 i1, M8 <6 <0 i, BEEuREEe <
FEITRE (8) M NIl N Y. O

i BE R, RS 1 AR, ATTERESY
HrEB o> I Prjp—y CAZEIERTIAL TR Z )5
ZE W OMUEEA G 5 DO Sk B BRI
TNy vh R 22 U 7 22 K. AFL pl T S R T A v 1
ZEPN )T ZEMERCAERRAT, A5 € W 22 SCVRVE IR A, LT
ARSI TR AG T % 22 By 2 B Sk REREA T
o

4 HESERRESH

L AT wid=itE s SN AR € VA € 3= 2
LU
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Tt1 = AT + Wy

HIMTTFER yp = cap + v, HPIFEERES v, € R
NEBE R, T2 g = 1. BWEEE o, WF
BE g s, iz r = 1.

s A SR Bk REGVIRES A & o AT
it REBH N a=1.2,c=1, ¥IEHE zo = 1, ¥IHH
SR ZEW T 22 Py = 0.1, i A K Ty = 50s.
S p = 1.952, p = 3.603. &S Crp Ak
fl e A (2), VHEAE AR 0 = 2.952, § = 4.603. 4
8 43k 2.9, 3.5 K 4.7 WM R RWE 1~4 K&
1 Pros. Hot KE R BRI 21 3504 5 8 5000 37 5
RIR B R A OB RIFRAE R R 29 E %, SOLI-KF
F B — B OO B B AT 5 0k & Rl A 0 i)
SOI-KF #1i:, ET-SOI-KF FR/nA ST 1 2 fF
fik AL T () B /NS T iR ZE Al T BV

AR, Rx 1 < k < Ty B, 0 <
x(k) < 28, gE AT £ 200 58 B S T BUR IR R RE
UL, fE B & D, = 8bit; MU BT 5 K
L RLG TRL T, S B D, = 1bit. $%EAL
BLHS B &5 P 3571 56 S R 7 R 2 22 (Accumu-
lation root mean square error, ARMSE) W15 1 it
7N,

*1 FAFHLHITE R LR
Table 1  The comparison of each communication

mechanism’s performance

WK KF SOLKF ET-SOL-KF
§5=29 §=35 §5=4A7
s 1 772 436 1
Wi 0.806 1288 0.808 0978  1.288

HE 1 K&E 4 (a) aTRLE W, SRS R
Pl AU TR T 6 < 6 I, Jk, € N, s.t. 4
k > ki I, SO A — E AN, SIS
¥ 56 B T B R IE A Ty, PR S A S B
PE A i & HUA B Rl rh Ol Tk BE S N P AR vE R
IR S PEW SN PEREAR 22X (8) ISk E p.

2 K&K 4(b) aTLUFH, A SO BT )
FAE R LI TIBRIR T 6 < 6 < & I, 3k, € N,
sib. Mk > ky B flOR S AT I A, 5
(8) M AL, N S eR A A ST Ak
BLEIE, flE O Al TRE B2 A T AR iR 2R 2 98
5 SOI-KF Sk 2 18], HI0 2% 5 ml A vp o 8] 16 A4 4
o AT ARER /R B98I AL SOI-KF 5k

2 T T T T

tis

(@) ZFMImAS BOL R A TR L

(a) The estimation accuracy with three communication mechanisms

0 - I 1 © :!7 ‘ 1 I 1 L I I
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ths
(by ZFPIEAS BT T A Lk
(b) The communication amount with three communication mechanisms
4 T 7 T T T LR LR LI
1,0 s
< 2
' —— ELSOLKF —<— SOLKF —4A— KF
0 / | 1 1 | 1 | | | |
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1/s
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(©) The P,;, with three communication mechanisms

Bl1 6=29 Mhegg
Fig.1 The simulation results when § = 2.9
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Fig.2 The simulation results when § = 3.5
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(©) The P,,_, with three communication mechanisms

30 =4.7 ML R
Fig.3 The simulation results when § = 4.7
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L F . . . . .
<05 _\ ET-SOI-KF
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(a) 8=2.9 I Al ALl 52 175 0L
(a) The event-triggered situation with 6 = 2.9
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(b) 6= 3.5 IS AF b A ALk o 5 00
(b) The event-triggered situation with § = 3.5
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t/s

(¢) 8 = 4.7 I e A B WL R ot
(c) The event-triggered situation with 6 = 4.7

B4 & TTBREE TR At fi AL i 17
Fig.4 The triggering condition of the variance-triggered

innovation quantization with different §
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AP Sl R L 25 T BB oAl TH Ik RE
FAAIG, AELERIN 2% X 255 5 gl v ) (1) 30845 0% 0 25 15
BINTLy, WA R A PR IR 34 A R 7 K.

3 KB 4 (c) LG, UARSCh T p)
PR RALER TR T 6 > 6 B, 3k € N, s.t. 34
k > ky WP AR 54— E L, ARSI
fl R LR, flA O A T RS Y SOL-KF
SR PEREAT Y, 2R (8) MIMISIE] 6.

P AN HE R IR, A SC P4t ) S Al R L T
B R~ H A S B AS R B, e o Al b PR Bt A
ORZE S, A0 LR o AR S g o, fE RS &kt
B S K o W, TR IR REA TR, LA AL &5 TR
PRELKR.

5 SRR A Y R

oG HLRIN W L O 2080 T B
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2B A 0y IS R 48 1R R 3 e A S AR
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45122723 AR BRI M 2 1T R A D ]
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N 65 TR A SC P B S i A B AR D' F PN A e
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B (A) SR N (B) PIFILES T H briz 3h %
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50 H b33z gl il
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(a) Lane A
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Fig.5 The diagram of the target motion trajectory
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BLE, [Tve Yva  hva]” RNIED) HARHIHE . w),
Shy ik R

1 6 ANt PRI 5 2 1) O FRLAR I 55 ik H
PRUEAT R, K I 2000 RN 2« wFiz sl H AR g S
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B st T

Rpos — 5h,

_ \/(xpos —85)% + (Ypos — 5%)? B
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e o, 04, dj, o k IR FERIAS 0 O B ot
HARJ7 A m A R S I S48, o, 0;,d;,
Sy AH TE FRY 0 P e O AR AT O S
5 R 757 51, LRI 5 2 B 02, 0% 0%
(st s ] A IHLERIIS i (G- R AR,

T LRI M 28 Th OE R RS 0 = 5m, U5
7 RS 0, = lmrad, i I A B RS
O = 1 mrad.

k5 Ay WY A b 5 B ACIBORT B A AT S T T Y
Ot LRI 4 2% 1) LA DR, KF A SCHR ) SOI-KF 5
2bit fEAb R 2 UEI VL (2bitQKF) KAl 5¢ 3%
G BN KE ST . X =MRE

pp, = arctan

0! = arctan + 0
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Fig.6 The diagram of estimation accuracy of

three algorithms
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Fig.7 The diagram of communication resources of

three algorithms
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IR LA i B (Unbiased converted mea-
surements, UCM) 201 5 X J& i 24 fik 7 B AL
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Fig.8 The diagram of the target tracking of the
optic-electric sensor network with the variance-triggered

innovation quantization mechanism
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Fig.9 The RMSE,os, RMSEyq of the fusion center with

three communication mechanisms of lane A
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Fig. 10 The RMSEos, RMSEye of the fusion center with

three communication mechanisms of lane B
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Fig.11 The communication cost between the
optic-electric sensor network and the fusion center with

three communication mechanisms of lane A
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Fig.12 The communication cost between the
optic-electric sensor network and the fusion center with

three communication mechanisms of lane B
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