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A Multi-channel Decoupled Event Triggered Transmission Mechanism and

Its Application to Optic-electric Sensor Network
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Abstract
network fusion system. We propose a multi-channel decoupled event-triggered measurement transmission mechanism which

This paper deals with the problem of the communication constraint caused by energy limitation on the sensor

is based on the designed event-triggered condition for each output component of each sensor separately. Meanwhile we
propose the condition which guarantees the boundary of the estimation error. The algorithm proposed in this article
ensures the accuracy of the fusion system while the data transmitted is reduced at each time instant. The effectiveness
and the feasibility of the proposed mechanism is verified through the optic-electric sensor network experiment in the fire

control system and the simulation for comparison between our method and three other techniques.
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mechanism in [17]

MIE 6 FIE 7w DA H, 2 i Al S0l
AL FLA T SCHk [17) A0SCHR [18] i 2 B &
AL AT DATE— 25 A s I 24 5 il 5 v Lo A
Wi, BEARAETIRG I URZEA BN, (AAE W] 12523
2 .



234 H 3l (4 2 i 43 %
= i Yk ~j
ﬁ __ pp = arctan (£ ) + §,
=20 - B AL
= | SCHA [18] B3 i _ , gi
N El . 71501112 fi. = arctan ( zz,%k+yi) o
1 0
E v . - - - - . . . . ~,
§ 0 10 20 30 40 Eﬁ;/s 60 70 80 90 100 di = /7%4‘3/;3‘1‘2;%4'%
& (a) fE B PR T 2R

(a) The sensor network data transmission amount per second

: R BRI
g ik (18] 5 ||
> 4 ) — LA RA T
O() 16 26 36 46 56 66 76 86 96 100
EH ) /s
(b) e RRBR WAL TIRTE
{b) The RMSE of the sensor network
2.5 T T T ; " . . :
A -~ B I AR L]
B0l A S A A e R 18] Bk
s .\yﬁwumgmvyvﬂy SN B3 A N
\ N VERRVAR
LS5 0 &5 76 75 S0 85 90 95 100
& /s
() tE B ST THRTE
(¢) The steady state RMSE of the sensor network
B 7 ZimE s ol 5 SCEk (18] hE @ iE R AL

I 1 JEt X 2 A I 2 Sl A e SRS A RS R
Fig.7 The RMSE of the estimation of the network and
its corresponding data transmission per second of
multi-channel coupled and decoupled

mechanism in [18]

L LR, i 2 T8 A Rl AL -5 SRR
[17]. Sk [18] B 3CHk [19] v i 2 3848 S il (1
5 ELNF BE T AT, 25 30 3 A A = fil 2 ML A DR
A DA TR R [ F, KO 1 12 s M 45 5
AL D A R, oA — R ) AR AN A
TR TR i 2 L A TR A S LR AR
e TR 45 R .

5 NASEH

G WA B 4% T2 ELm O Z0A. T G
Bt M A% SR S B H AR A5 B IR, I DA 2R L
T IE A5 1) Ty 2 S 2% A R A B =2, il
PEETRE 2 A SR H Aw . 20 H bR B S 2 HiE
%5,

TG HAR IR 25 ) H Ar iz sh A AL AR
X1 = Fp X +wy,

Hrp, By RS X, = [% Ty Yr Uk
2k 2k]T RS [xk Yk Zk]T TN RIRAR
WEREPIEHEFOOE, [T g )" FRERK
MR A s Bl A AR . wy, N RS, BUEE
R IE T R A, AR T 22 3RR R Q.

k2000 AR S @ Xz gl B AR oy fRan
T

HH, @, 01, di 9k 2O AR @ st
HARALfl . mdlfh . SHE SR &1, oL, 0%, di
SHy R B e B B A1 S B
FIR RS 80, FH Y. 1Y 7 2245 R 092927 0-327 0(21;‘9-

S HLA I ) 245 A Ay 1 R IO 4 1) — T, A S
1 Y 11 2 30 T AR A AT T DA R B A%
IO 4% v 0/ R R 5 £ e 1 O 46 4
Ko, 7E— AR R0 HL A IR 45 1 B
TR 8 R

[ SRS 1 TN ]
m (|28
= afemm | i R
7)) = b &
1 - AU
- . | (25T
: G
i
hofegEs [ )
[ s - L

K8 ZiEiE SOl A HLH T B AR IR 2%
H bR R =
Fig.8 The diagram of target tracking of the
optic-electric sensor network with the multi-channel

decoupled event triggered mechanism

O ST T A R 2 G 2 FORARS  Ah  MIL A
BT 22 3@ E A B WL Al e 25 el e AR R 25 1
i, PG RAR IR 2% i ks R G =S 1615 R
AU Bl A VB BN A . A S P s
* 4.
Fd RERGEEN GBI KL X

Table 4 The core data transmission protocol of
the fire control system
r E oz HE oy E oy B z 8z M
FR 2 2 279 25 29 2

PAME IR w0 B, FEZ B AR LS (4) T,
2 2% i A A (] I AR I, A Y A
1] il O R TR B A R B U.(k) = 12 7.
H T Z WEM A LE (3) M2 @ EMALE (4)
AR (24), X TR —R I e i, A2 A
KA (3) T RE W LA A AR, RIRERIT A @ Tl
B AR R UL(k) = 12 75

Sad e, 22 E M G FFMEALE (3) F, &



24 WA A5 20 3 T AP S A AL ) B HCAE Y P S ) 245 i ) 17 235

fith % £ P06 JEL IR, A B [ A TR R R I
et Ul(k) = 12 795 6T [ — & i
B, FEZME ML (4) T, TS0 8RS L%
FE R RS AT RN, TOVE AR I 4 —
B A B il K S, DR AP SRR A 0 Ry
KB LR Ul (k) WE 0 < Ul(k) <12 %
7.

Fhy R AT T, B 3 2R 6 HL AL R 2% 114
TERBR R T &, TERAFIREIT, LRm L
SRAE. R TR SR T, 2 30 8 A i
KA T 28 A A b LR, E—E
TR | T IR T RSB,

TV T M R Y 2 R i 2 L
TE G VLA S 0 2% AR A% S B B A 0 98, TE
iz S H AR B SR, S E R AL S
B i B R AL C. A sz s Ky
T 5 B AP 9 s

4000
£ 2000

=, Ol g

1000 2000 3000 4000

000 L L L L
-4000 -3000 -2000 -1000 0
x/m
(a) W% 4
{a) Lane A

1000
0 . . . . . )
2000 2500 3000 3500 4000 4500 5000
xX/m
(b) fiLl B
{b) Lane B

4000 ) AR
2000 e (H
g0 WL R
2000 :
-4000 i L L . )
500 1000 1500 2000 2500 3000 3500
x/m
©) Bilks ¢
{¢) Lanc C

K9 Hbpissh Pk rsg
Fig.9 The horizontal projection of target

motion trajectory

't HLAR M 2 Th O I EEAS B2 0 = 15m, J5
AR o, = 2.5mil, SKARNKEE op =
2mil. JEPAFWILGIRES )5 SR 2 Ty ZE R 5331

Xo=1[1000 10 1000 10 1000 10)*

Py=10* x 1

ik AL itk B KAk C £ 8 s
P AL 22 T8 E RS A L S IR AE L T

UCMKF Sy 56 F bR i £ 185 32 K2 9 4644 i 4
PR 10 ~ 12 fr.

35
ok L [ zEEmET R T
»sHil L| - B S R T

& 5ob) R e 1

= 150 Vi e T
10f |
st i
% 30 20 50 0 70 80 90 100

B [H] /s

o (@) #i% 4 FAafiil 4

Ero (a) The RMSE for lane 4

gl

s e T 2 WERAET AR T

= : e BESCEHDRIET

i e S RN T

~

s

e S

51

g 20 30 40 30 50 70 %0 %0 100

= I 5] /s

() Wil 4 RN EEE
{b) The communication amount for lane 4
B 10 ot A =FrdEHLH T F AR TR R Ko 5
Fig.10 The RMSE and communication amounts under

three communication mechanism for lane A

— ZETEARAR ST AL R AL
****** ZIER O E TR E LS T
| ——ILEIBENE] N 1

w oo AN, s
20 " 2

Op 30 40 350 60 70 80 90 100
BITE] /s

™ (2) DikE B AR itRiE
Fd (a) The RMSE for lane B
pa]
P e — EE T T Ty TETNN
e O b Z BB G H AL KL T
gl OF e T TR AL T -
U |
§ 5
& of
fﬁ 20 30 40 50 60 70 30 90 100
z AT /s

(b) ALl B RS ERIE S E
(b) The communication amount for lane B
B 11 fiitit B =FhidEE BT E AR VRS B Mod 5
Fig.11 The RMSE and communication amounts under

three communication mechanism for lane B

M 10~ 12 WA, 20l T8 AR S F Al A AL
AR T 25 3 3 A Sk A DL R I A BIL )
ot LA TR 2% 5 £ v L ) A A B R AR 3 1
FPEAR, SULFEIR, HA T RN A I EAE—E
VB Z . TR AE T RESE PR B e, AR SCER Y A 22
PR S A S BIL A T A 5 Do RS M 2% 5
By DR AR R e i, e —E AR R TR
TR 45 1) B, [ IR BRI 1% H AR A RS
HA—E M TR (.



236 H zf) LA il 43 %
50 . . . I
R TR GRS, B0, ATRRAE. i BE T RO RS s S M 045 5 2 W
40 -ﬂ ‘ ZIEM AR R T B AT B3R, 2015, 41(9): 1649—1658)
m 30 Al — ILE AN -
E L 4 Cattivelli F S, Lopes C G, Sayed A H. Diffusion recur-
~20 sive least-squares for distributed estimation over adaptive
104 i networks. IEEE Transactions on Signal Processing, 2008,
o ) : ! 56(5): 1865—1877
20 30 40 50 60 70 80 90 100
' Hﬂfﬂ /S\ 5 Bokareva T, Hu W, Kanhere S, Ristic B, Gordon N, Bessell
i (a) HLEE C l:{ﬁﬁfr*%}@; T, Rutten M, Jha S. Wireless sensor networks for battle-
’k;*j (a) The RMSE for lanc € field surveillance. In: Proceedings of the 2006 Land Warfare
Hﬁls - *éﬁgﬁﬁiﬁgﬁﬁg—ln Conference. Brisbane, Australia: APDR, 2006. 1-8
= ZIBEM S E AR T
el e bl 6 Huo HW, Xu Y Z, Yan H R, Mubeen S, Zhang H K. An
Hﬁ ) elderly health care system using wireless sensor networks at
18 S 1 home. In: Proceedings of the 3rd International Conference
§ on Sensor Technologies and Applications. Athens/Glyfada,
Z20r , . . , , , , 1 Greece: IEEE, 2009. 158—163
# 20 30 40 50 60 70 80 90 100
£ B [H] /s 7 Santini S, Ostermaier B, Vitaletti A. First experiences us-
Ed (b) AL C%@@%ﬁw%ﬁﬁi ing wireless sensor networks for noise pollution monitoring.
{b) The communication amount for lane C In: Proceedings of the 3rd ACM Workshop on Real-World
B 12 i C =ASEAEHLE O E AR RS R R z\lfljzlgss Sensor Networks. Glasgow, Scotland: ACM, 2008.
Fig.12 The RMSE and communication amounts under
three communication mechanism for lane C 8 Gungor V C, Hancke G P. In(.ius.trial wireless sensor net-
works: challenges, design principles, and technical ap-
proaches. IEEE Transactions on Industrial Electronics,
6 i 2009, 56(10): 4258—4265
- JRRBE Y] 4 A A 3 = 9 Gungor V C, Lu B, Hancke G P. Opportunities and chal-
AT /ﬁ%' "‘\‘%ﬁ [;‘l i e Eliﬁ i %ii’ 1 lenges of wireless sensor networks in smart grid. IEEE Trans-
T PR T 2 T T AR ) Sl A BLI, actions on Industrial Electronics, 2010, 57(10): 3557—3564
f S A o B
#%Eﬂj \T‘TE}:ZE/J{EVF%{% ;SEP/H/,CE Tﬁhtﬂ{alﬁ 10 Trimpe S, D’Andrea R. Event-based state estimation with
%%'fﬁl"‘%%ﬁ ﬁ‘ﬁg/ﬁ'ﬁ: gl *ﬁ THd‘ ZU Wjé% 'qub i—FﬁU variance-based triggering. IEEE Transactions on Automatic
Mo, ISk [17]. ek [18] FiscEk [19] g Control, 2014, 59(12): 3266—3281
v A 5 Ve N N
%ﬁﬁﬁé%ﬁiﬁmﬁmﬂ%ﬂﬁﬁTﬁEﬁ Hﬁﬁj\;l:ﬁ jﬁi 11 Astrém K J, Bernhardsson B M. Comparison of Riemann
TG B2 U AR U B S SCHE HS %) 22 30 1 RS {4 fa ;nd Lezgsgue ?arﬁpljﬁg foIL;Ef]'i:r];t grdefr stochasti(]:)sys.ttems. Irz
. l A EONN b A7 3 A 5 l roceedings of the 41st onference on Decision an
ZV:HL%J*HEBC:J: E F]IJDJE.H% Hﬁgyﬁﬁﬁiﬂ 5{43@7/{1%%3: Control. Las Vegas, NV, USA: IEEE, 2002. 2011—-2016
A RATE Do/ TRt I 6% 38 5 e B i [m) I, AE— 7
o R ST EH A AN Sk RE B O o s 12 Feeney L M, Nilsson M. Investigating the energy consump-
%}E Wﬁlﬂz tﬂﬁ = EP‘UE’J{E}T%H_’E' Ez{aﬁﬂ};jjﬁ tion of a wireless network interface in an ad hoc network-
ﬁiﬂ%?ﬁ‘? E/‘lefl EE'T%EEWJé%EZHq %Wﬂ EL‘LTJ—.ETE]"%%:% ing environment. In: Proceedings of the 20th Annual Joint
:tI%}%F‘_ZH% ':F' E/‘Jm‘ﬁ_‘?lri Conference of the IEEE Computer and Communications So-
T cieties. Anchorage, Alaska, USA: IEEE, 2001. 1548—1557
References 13 Shnayder V, Hempstead M, Chen B, Allen G W, Welsh M.
1 Yue Yuan-Long, Zuo Xin, Luo Xiong-Lin. Improving mea- Slmulatlng th‘.a power consump‘Flon of large-scale sensor net-
1 . . . . . work applications. In: Proceedings of the 2nd International
surement reliability with biased estimation for multi-sensor
data fusion. Acta Automatica Sinica, 2014, 40(9): 1843— (?onference on Embedded Networked Sensor Systems. Bal-
1852 timore, Maryland, USA: ACM, 2004. 188—200
e =Y = T IRy Py IR L TR K HEL
}fg’a{i /%1”73 fﬁ%g’* : jgl'zﬁf(g)%giﬁ 1’%8'5*‘2‘?;@%”’*”75 % 14 Imer O C, Basar T. Optimal estimation with limited mea-
v - Halessa, ’ ’ surements. In: Proceedings of the 44th IEEE Conference on
. Decision and Control. Seville, Spain: IEEE, 2005. 1029—
2 Xue Dong-Guo, Chen Bo, Zhang Wen-An, Yu Li. Kalman 1034
fusion estimation for networked multi-sensor fusion systems
with communication constraints. Acta Automatica Sinica, 15 Rabi M, Moustakides G V, Baras J S. Multiple sampling for
2015, 41(1)1 203-208 ) - i estimation on a finite horizon. In: Proceedings of the 45th
(BEAR I, EET‘%“: K%, @—‘L T 1E 2 R W 454 2 e Tl AR B IEEE Conference on Decision and Control. San Diego, USA:
Kalman fi &l Bahk2:4R, 2015, 41(1): 203—208) IEEE, 2006. 1351—1357
3 Zhao Guo-Rong, Han Xu, Lu Jian-Hua. A decentralized 16 Li L C, Lemmon M, Wang X F. Event-triggered state es-

fusion estimator using data-driven communication strategy
subject to bandwidth constraints. Acta Automatica Sinica,
2015, 41(9): 1649—1658

timation in vector linear processes. In: Proceedings of the
2010 American Control Conference. Baltimore, Maryland,
USA: IEEE, 2010. 2138—2143



24 WA A5 20 3 T AP S A AL ) B HCAE Y P S ) 245 i ) 17 237

17

Wu J F, Jia Q S, Johansson K H, Shi L. Event-based sensor
data scheduling: trade-off between communication rate and
estimation quality. IEEE Transactions on Automatic Con-
trol, 2013, 58(4): 1041—1046

TG BT A S BRI
. FEWTT AR BE K
I H.

E-mail: liyinya@mail.njust.edu.cn

(LI Yin-Ya  Associate professor at

18 Shi D W, Chen T W, Shi L. An event-triggered approach to . ..
state estimation with multiple point- and set-valued mea- the College of Automation, Nanjing
surements. Automatica, 2014, 50(6): 1641—1648 University of Science and Technology.

His research interest covers nonlinear

19 Battistelli G, Benavoli A, Chisci L. Data-driven communica- estimation theory and application.)

tion for state estimation with sensor networks. Automatica,
2012, 48(5): 926—935 ,
RER  mntd TR H sl bRl 3

20 Anderson B D O, Moore J B. Detectability and stabiliz- . FEHR T 10N S AL R AR
ability of time-varying discrete-time linear systems. SIAM E-mail: qiguoqing@mail.njust.edu.cn
Journal on Control and Optimization, 1981, 19(1): 20—32 (QI Guo-Qing  Associate professor

at the College of Automation, Nan-

21 Duan Z S, Han C Z, Li X R. Comments on “unbiased con-

verted measurements for tracking”. IEEE Transactions on
Aerospace and Electronic Systems, 2004, 40(4): 1374—1377

MR M mERUEL TR A St Bt L
WA, FEERETE 7 ok 2 E B R A,
il A AT, AT
E-mail: 0711370107@Q163.com
(CHEN Ye Ph.D. candidate at the
College of Automation, Nanjing Uni-
versity of Science and Technology. His
research interest covers information fu-

jing University of Science and Technol-
ogy. His main research interest is multi-
sensor information fusion.)

BRE  FpOH LR BRI
FRBET I A 2 R AE SR A, AR
v BRI B .

E-mail: shengandong@mail.njust.edu.
cn

(SHENG An-Dong  Professor at
the College of Automation, Nanjing
University of Science and Technology.

His research interest covers multi-source information fusion,

sion and event-triggered estimation algorithm.  Corre- and the nonlinear estimation theory and its application.)

sponding author of this paper.)



