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Analysis of the Position Control Performance under the Time Delay
in the Controller Area Network
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Abstract - In this paper, the position control performance of networked control systems is analyzed when time delay
through the network is considered. Integraling a control system into a network has great advantages over the lraditional
control system which uses point to point connection: it allows remarkable reduction in wiring, makes it easy to install
and maintain the system, and improves compability. However, a networked control system has the critical defect that
network uncertainties, such as time delay, can degrade the control system’s performance. Therefore, the major concern of
a networked control system is analyzing the effect of network uncertainiies. This paper is concerned with PID controller
performance for stability region, critical stability region and unstability region under the time delay in the Controller Area

Network.

Key Words :

LIS -

Controller Area Network(CAN)E 19803 bz}
W AA X ZF7H2 54 75l FHel we} BocshA
A A OSI = 2d9) 1, 2A%L o] &s= TR
HES A Aadolt o]Fd SO 24 fFoz AMAHD,
Mgk ol F Fx 2 Gobg HNA BAF Ao AAde
FA7ISEMN SEA B3 ARAel dFE EA A
2dolt). £, CANS AFTd ¥ WA Hd 1MBit/s
@ 40me) 114 FA E5E AFEz, HAX 7 Z2EZ
BN RE 2E7F 2f9 AEAE AT Yo HE x=3)
9 FES WREn % FAE 5 Carrier
Sense Multiple Access/Arbitration on Message Priority(CS
MA/AMP)¥4 & H&3o2r dAY A 84L& AT
3L Q1] ol¥ @ FARER YA AR HYUF 278 =
T AF3 Aa"oly e Ay Jlxks A Ao} @74
Ao B84 B4 wyge® CANel dd olg3x it
aey A Aade BEA a4 F ADAAEL HAAL A
A& 87sE Ao Alxde Aol A5S AA o3 AL
F A a%del HA21[3].

g =RME ARG 84 F A7 TEV%Y do
B AR dnte] EAFT 71, AAFo) YL we
A7) AEd, AL UL o] A7) Puo] AA G

A
A PES

A7 270

YR pUSEAE RHLBE T8N mMLRE
= olAT : BUHRARE WHHEEE TSN WLRe
e 7 GUSMAR GBS TAT 2LRe
wexe W7] 8 BOSMAE HRBE TSN g - T

Controller Area Network(CAN), Time Delay, Networked Control Systems, PID Controller

oA ogA gepAEA] ®

(%Od
) R85 w =
o) A% A 4HE Foe] BAHuL @},

2.1 AZEX| 9 AlAgio] mA
HESQ A Alo] A2l A AA, Ael7], #5719 HuHd
Az YEHIE Foo FHE0 2HRRE HEHSD A
of Nzdel 4% BM4E ANt Aaw 2ol Bastt
e AxdoA Aoy Aol 713 A J3¢e dA
F 9= ABXAS 52gsy] dAM AL SAEY
A7)+ AAgFow st MRS A Azd 7 =2
2& fEFG
£,(6) = 4,2, (0) + Bult) @
y(t) =Gz, (t)

z,(t)ER", u(t)ER", y(t)ER™

AAA717] A4F Ao)7]

z(t)= Az, (t)+ Bu,t) 2
4.(¢) = Cz (t)+ D (t)

2, () ER u (t) =w(t) ~y(t),y,(t) = ult)w(t): A¥-L=

AZAAE FAAE 248 VMEAI A, A4 A

354



o2 ol ¥ 4 Unfel £ WENA Ade
$ Ad(r), ARAA(r,), F AD(,)02 YE + At
AR Aol A doleit HENAS S FEAN A

FHE M) AT Zo] vrhd & Ut
Ton = Teome V Tuteca T Teomoa (3)
Tutiea ~ Tquewere T Tirans.ca T Tyropuca

Hugze] dae gAY
10%719} 257 Az

N Qdew naEsE AW ge
PR ey 5 314[41,[5.

3 e,
i- AP \/hiTeA”sdes E- /O ™ B ds
0 0 I
EI= [C; 0} h = sampling  period
£ @5 Lol YU ASAA e Aolr) mag A
@t Ze olibg ZEE Ajslr] 9iste] AMERE Ao
ARAL ABADL QokT Agen Aolzle] o4 wa
& #ESW 4G ol Jurd & )
z(k+1) = Az (k) + Bu, (k) )

vk} = Cz (k) + Du, (k) 52l (k) =T (k) w7 (k1))

c

J— — h
A=e"" B= f ¢"*Bds
0

Cc=C, D D, h=sampling  period
22 PID Hoi7|
PID Aol7ls 7271 2gdsta Aojdsel v et
o, Aojols zHo] BRY RUL ARE o Lso} e

EAA o] o851 ) AT Hedige) TY ¢ -
&9 Aadd dAFe) goe ddel vk B =FdA
°]8€ HAE PID Aoi7le AE)H 2ol Yehd £ glon,
AA717F 23 Axd AA FARE 2¥ 1 % Ze] Y
Rl =i

M(z) =K.+ —+ Kp(1—27 ") E(2) 6)
_ . KT __ K
K, =K 27;~-K Y—Pgam
KT .
K,—Tzlgam
KT, )
KD=T:Dgam

=

23 CANZ o[ 2%t o2t 2% Hof AjAH”

CANS] Alzkz19de] Ao]7] *o% of ojugk FEgZ nlA =
A AdHer E4sl7] 9std 19 29 2E Az€Es 7
Attt Aojuadezs ol J?_ Alzdoz % A
5719 7% 4t H— A AA 9 EA9 A4 o
HZ olgstx glon, AXY A FAFE EHOR st A
o)} & 4 H o] Alxwle] AL A YA up
A ot AA A 99, B gde] uEhe 4
2dlog o A °§°3°ﬂ Hrsﬂ l Aojr o) AAZ e
Qi) ofelsL A} Wﬁ}i FeH Bl 2(7)

4
2ol e AlDHSJ.
7k ARGl flg o, XM T°r
=455, doRoz v FE7I%Y ANBALE 7HE
A Aol W) el A 2dlE g FUE o, AYLHE B
o2 d 77}7‘] Zge ALE & 2
Sl AlAAY darg AEdHolNe Zieh A 4Y

g W mare

s

Az, 0 100] fo
Azy| kicoszigky kg O 0
Az.3 = 0 0 ky ks + 0 Au )]
A, 0 0keks| Lhs
Az,
Az, [1000] Az,
Y= laz,|” [0010]| Az,
Az,
2Dl k,mmou BER szm A7t 5% A W=
4% € B2
3

Actuator Node Controlier Node Sensor Node Monitor Node
Aplication Layer [ BOC198KC ] [ 80C196KC ] [ aoc195<c] [ 80C196KC }
ObjactTransfor Layar [ SUAI000T ] [ SJMOOOTJ { SJA1000T ] [ SJAT000T }
Physical Layar { PCA82C25OJ [ Pc»xs’zczso] [ PCASZCZSOJ [Pc/mczso ]
] ] ] .
r 1
CAN BUS

a9 2 ol2tn 9H Ao Alzd FAHAR

355



24 AE2old 2 AY A

CANS} A2k Ado} Aol7r] Aol ol ARE ey
A 47 A5t SjelA AN EAE mdL o3
o ANEHAE FYsAT. ANEHo|AY FYPIEL A
PGl dalM 4z HHe Aojg +YPT & 5{1“ PID Ao
AFE F2 AT AL AN Ao de ey g
—’Fﬁi% o, CPJ 7‘11}—4 AR 7 5150}2“ }Z_% %’_éd@l

2}e] 147]7} 45E°J plge ki °3"’°il*1“ ANZE A 3&7} Al
o7l Al 2 4%E WXA ¥&¢ ¢ £ Ak 29y
YA A F9d N=S B FGo] 110%ANE ’ﬂt
ARG MR A7t EAFHILE ANBYNG
ste] & 4 gl

Cumpensauon Time Rale by Time Delay

14 7
? — 45 Degree
/ ==+ 90 Degree
12 ’ K4 o= = 110 Degree [
i/
s 1wor f !
g 1 i
® ]
g g 1 H
sl
8
2 )
s gL 1 -
2l
S !
r ?

100

B0 %2

2 B 440 S 8 70
Time Delay [ms]

29 3 NAA A7 9F BAANL Fol(AlFHA)

o AlEHoN ARE FAR 1Y 29 Q° AR A&

2
A d4¥e& FAF A ¥ 49 23, A4 2¥ c“*l
NEHoIMe APy FAdsA sysigd. 1Y 48
M & £ giRe] #3434 ndg T AgUN dns}
AA Ad 27 24 da2x 9%"—% ¢ e, A o
ol A= Ao71et FEF7IL /~] dol Aozl g 2
A 9FE 71AA Ee wdd, o l XY daR 2% 4
GAlAE 20ms o)de) ATBAAE 742 o, A7t Eres

AL 4 4 99 I8 R CANS ol 8319 HESHA Ao

C ion Time Rate by E
16 4 T T T
= 45 Degree
N === 90 Degree
1% ,l == 110 Degres
l'.’
- 12 X
£ o]
s oA
Ew i}
= .
S it
Bo if
B
S g !'
I3
N4
4t
2 " L . . . L L L L
0 10 20 30 4 50 60 70 80 0 100

Time Deay [ms]

38 4 ABAL 27 o@ BN Fol(dA 4F)

AT Aol 4

Axge FHEA 998 o, )
AsAE WEAZS AZALe] HA Dms o]sm 5o}
ARB Aol 45e A VL 5 AL o AY ANE

sl & 3o

3.2 =2

HEH Mol Axdoel Q] o]&EH7y] AWM &84
S0 dizted Ao HES FAATI] AT o224 A7
7} gol A3 sojgrl 2 FAME AU Aol Ao A2
ol QlolA sldsolop & FAYol Wo] AxHAAY. wa}
A B =2 AE PID A2 FAY 24 Ao Ax"d)
A Alel71ek F5712ke] dlolE Aol i XA o] of
43 9L Uehdi=a AEdolAn YL 58 AFEn
2 stk AFAME & £ %o, TAET AT 99
fM= vEYA AAd] A7) HEE o377
&) gk 111017} BrhsaA e st sAw 94 44
gl By Ao ME AL A AQAME Ao}
271580, AddeHd dodAE BdRHAE & £ A
ot wahA, B =FdAE CANS o|4std JEHI Al
A2"e A A FAs7] AAXE A 20ms 015H9) Al
BADAE gEE Fojok AAEA A 4 vk 2EL

< £ Qo

A

ey

# n 2 8

[1] Konrad Etschberger, "Controller Area Network Basics,
Protocols, Chips and Applications”, IXXAT Press

[2] Wei Zhang, Michael S. Branicky, and Stephen M.
Phillips, ”Stability of Networked Control Systems”
JEEE Control Systems Magazine Vol. 21, Issue 1, pp
57-65, 2001

[3] Feng-Li Lian, James R. Moyne, Dawn M. Tilbury,
"Performance Evaluation of Control Networks
Ethernet, ControlNet, and DeviceNet”,IEEE Control
Systems Magazine Vol. 21, Issue 1, pp 66-83, 2001

[4] Karl J. Astrom, Bjorn Wittenmark, “Computer—Controll

ed Systems Theorv and Design”, Prentice-Hall
International

[5] &%, “ApA A} wHol ’é‘% 2% HEHA A
of Axdol dAY BA” A7y Wstm FEual &
$=8, 2004

[6] Feng-Li Lian, James Moyne, and dawn Tilbury,

"Network Design Consideration for Distributed Control
Systems”, IEEE Trans. Control Sys. Tech., Vol. 10.
no. 2, pp. 297-307, Mar. 2002.

{7] Katsuhiko Ogata, "Discrete-Time Control Systems”,
Prentice Hall

(8] H7%, "ol Yw Alxdle] 94X Ao B3I
A7P dgta FAA 9 =F, 191

a7,

356



