Transactions of KSAE, Vol. 13, No. 6, pp.48-55 (2005)

Copyright © 2005 KSAE
1225-6382/2005/078-07

AKX SE AlZE sifAfofl 2hst i+t

—

A Study on Timing Modeling and Response Time Analysis
in LIN Based Network System

Jeamyoung Youn" - Myoungho Sunwoo " - Wootaik Lee”

b Department of Automotive Engineering, Hanyang University, Seoul 133-791, Korea
?Department of Mechatronics Engineering, Changwon National University, Gyeongnam 641-773, Korea
(Received 3 September 2005 / Accepted 22 July 2005)

Abstract : In this paper, a mathematical model and a simulation method for the response time analysis of Local
Interconnect Network(LIN) based network systems are proposed. Network-induced delays in a network based control
system can vary widely according to the transmission time of message and the overhead time of transmission.
Therefore, in order to design a distributed control system using LIN network, a method to predict and verify the timing
behavior of LIN protocol is required at the network design phase. Furthermore, a simulation environment based on a
timing model of LIN protocol is beneficial to predict the timing behavior of LIN. The model equation is formulated
with six timing parameters deduced from timing properties of LIN specification. Additionally, LIN conformance test
equations to verify LIN device driver are derived with timing constraints of the parameters. The proposed model
equation and simulation method are validated with a result that is measured at real LIN based network system.

Key words : LIN(Local Interconnect Network), Response time(-3-g 4| 7}, Network(W] 9] =1)

LM 2

A AFsAtolE S YEY A TR EFo] 3
£33 glon, A4 Fok A Lo et vE
913E Class A, B, C& #5733 glck” Local
Interconnect Network(LIN)-2 Class Aol $:3}+= #| <
AN UEHRD ZZEZR ~ulE 3o ol gt ~
0 e AX S E3ele A8 A TR, 4, A5
= 50) Alo] Ao A8 B2 07 Ak

LIN Y EQAES 7|9ko & a} AExk A ApA 0

N 2= R(ECU) L 5 A Zhol] T A oFe 71 2

“To whom correspondence should be addressed.
msunwoo(@hanyang.ac.kr

48



-~

LIN =26& A2t 2E3 3 mAX S AlZE oMol st A+t

g ot S5 Al REE o] &3t AL A
a7 obrk” mhabd mok @Al LIN HlE 2.9
S A7k E A 93l = LIN V| B9 =9 B4
S nHFUEYZ EH AR BES 7|wtow 5}
= HAFE AEHlA 4o sge] st
Chen” 2 LIN Y E ] = nlxE] w29} Seo]H
E2 U, 2t 2l A 848 stedolet &

ZEFOR F2A o) RURE Y3}
dEgen BAY 5 = ID FHe AR

Hold & 5 3l

(i
e
Ny
o
=
i)
_O‘h
R
kY

e
€ T 84S AR 2AEH T AR A Al
o g vyl RS Fstntk MAA 2A
Eol T FEs sty 93 AlEweld 9
A3 = (pseudo-code) 2}, A% Al7tol] 3k =314 W
Wel wpga B A2 AAEos, HEH0e
2o = 84 E agsle] LIN HIEYZY 57 A
7 S e 99 AB ol B4 FAEL, A4
LIN W] =92 Al 2ge] gt Al g o] dS a5t

o g2 S8k

LINS 743 g4l S8 Fof 4Ad Z2

ol A7ke) 4 #3245 $istel 9

2,
B
i
uy)
e
b4
)
N
il
>
2
olo
QL
H1
B
o
2
jo
a2
ot
opp

i <

g 55 A&t Aok E=F vkzvE/Ed ol
(master/slave) 2] o] W]A]A] A wF28 ARG
A EL A A28 9 silon, e
& Azke] A8 Fps A kgl

oo o |z pot

22 HIAIX] =Zgjlo] F4nt ME& A4
LIN&] WA X Z ) 9] &l (header) Z 2l Y 7} -
H(response) T o= 4] ®rh Fig. 12 LINY]

I

AlA ZEde] 748 RoF gt dy 2yl
2 5713} Al ZH(synchbreak) D=, &7 3Ksynch) &
Zeot AR ofelt] =7 4 HH, &9 ZH ¢
22,4,8 vlo] E2] dlo]E] =9} HolH HF 27
& 913 Al 24 (checksum) P == o] Fo] i}

Fig. 2= LIN Y| E9] = 9] T}k v A 2] A 532

N
& EAG Aol vhaE Bl vhal s
u

A71E A2AQstn, YEY A £33 dolads 5
71zl 4EE gtk soln Hais vt
2B 222 F3T BE Lo E4%E A

A& HA|X] ofolr]of mp}t ot T

inter frame space  Synch break field Synch fiefd ID field

Dfield Response Frame

I [T I NI

in frame response space interbyto space 2, 4 or § byts Data fields Checksum field
Fig. 1 The structure of a LIN frame
<Header Frame Transmit>
Slave Node 1

Master Node Synch field

" TIN Master Task - > LIN Slave Task
TUINSlave Task | 1D field Synch break fietd Stave Node 2
- LIN Stave Task |
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Fig. 2 LIN communication method
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Message SCHEDULER:
set the next decision point ¢ and table entry k to 0;
set the timer to expire at t,;
do forever:
current message m =m(z,);
increment i by I;
compute the next table entry k = i mod (N);
set the timer to expire at L./NJH +
sleep
end SCHEDULER

Fig. 4 Pseudocode of a static scheduling kernel
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Fig. 9 The schedule table of header frame transmission
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