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Abstract : The process of guaranteeing that a distributed real-time control system will meet its timing constraints, is
referred to as schedulability analysis. However, schedulability analysis algorithm cannot be simply used to analyze the
system because of complex calculations of algorithm. It is difficult for control engineer to understand the algorithm
because it was developed in a software engineer's position. In this paper we introduce a Response-time Analysis
Tool(RAT) which provides easy way for system designer to analyze the system by encapsulating calculation
complexity. Based on the RAT, control engineer can verify whether all real-time tasks and messages in a system will be
completed by their deadline in the system design phase.

Key words : Distributed real-time control system(] A] 7} &A1 o] A] 2 &), Worst case execution time( WCET; &
o} 21 U A) 71), Worst case response time( WCRT; 2 o} -3- 4] 21), Schedulability(2=#A| & 7}%5-o] 1), Critical instance
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Nomenclature Subscripts
R :worst-case response time, ms SYNBRK : synchronization break
@ : worst-case queuing delay or time window, ms SYNDEL : synchronization delimiter
C  :worst-case execution time, ms INFRAME : in frame response space
T :period, ms INTERBYTE : interbyte space
J  :litter, ms
B :Blocking time, ms ) 1. Al 2
W higher priority QG AN EA A A HE BR, F, F
T, - bit time, ms/bit - - .

& A, Wtiel, AE el o 2717k BE LS AL
s -message length, bytes S ek o2 A AT Fh 2
P time constant for LN, ms Foll @ Az Ak 22 who] Al7ke} B
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Table 1 Timing attributes organizing tasks and messages
Task CAN message LIN message
Name Name of task Name Name of message Name Name of message
1D Identifier of task ID Identifier of message ID Identifier of message
WCET Worst case execution time Length Length of message Length Length of message
Period Period of task Period Period of message Deadline Deadline of message
Deadline Deadline of task Deadline | Deadline of message Jitter Jitter of message
Jitter Jitter of task Jitter Jitter of message SYNBRK Synchronization break
Offset Offset of task in transaction Offset Offset of message SYNDEL Synchronization delimiter
Every Every of task in transaction # of signal | Number of signal IN-FRAME In frame response space
Sema-phore | Time to be possessed by semaphore INTER-BYTE Interbyte space
MAX/USER |Max or User parameter value
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Table 63} 2-& ThAl 71x] 7 9-0]
&) 31t} Mir DF2PF<= DF side =

4y o

Name of DF side PF side DR side PR side
Task(ID) WCET(Period) WCET(Period) WCET(Period) WCET(Period)
LINmsg(20) 0.10359(15) 0.14243(15) 0.14243(15) 0.14243(15)
Door(21) 0.32370(50) 0.27191(50) 0.27191(50) 0.27191(50)
Window(22) 0.59561(100) 0.31076(100) 0.31076(100) 0.31076(100)
Mirror(24) 0.55677(100) X X
Sunblind(25) 0.11653(100) 0.20717(100) 0.20717(100) 0.20717(100)
COM(28) 0.00300(20) 0.00300(20) 0.00300(20) 0.00300(20)
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Table 4 WCRT of the tasks in each CPU [ms]

Name of Task WCRT(Deadline)
DF side PF side DR side PR side LIN node
LINmsg 0.14359(15) 0.18243(15) 0.18243(15) 0.18243(15) X
Door 0.50729(50) 0.49434(50) 0.31191(50) 0.49434(50) X
Window 1.1429(100) 0.8451(100) 0.8451(100) 0.62267(100) X
Mirror 1.5161(100) X X X X
Sunblind 2.493(100) 1.0923(100) 1.0923(100) 1.0923(100) X
COM 2.3794(20) 1.1353(20) 0.56093(20) 0.52208(20) X
ON/OFF X X X X 0.5579(100)
Table 5 WCRT of the CAN and LIN messages [ms]
CAN messages LIN messages
Name of D WCRT Name of ID WCRT
message (length[byte]) (Deadline) message (length[byte]) (Deadline)
Lock msg 0x02(1) 1.04(50) Input_msg 0x1f(2) 9.4792(100)
Sunblind_msg 0x10(1) 1.56(100) DF_mirhor_msg 0x03(2) 9.4792(100)
PF_win_msg 0x09(1) 2.08(100) DF_mirver_msg 0x01(2) 9.4792(100)
DR_win_msg 0x08(1) 2.6(100) Mirinput_msg Ox1e(2) 9.4792(100)
PR_win_msg 0x0a(1) 2.6(100) PF_mirhor msg 0x04(2) 9.4792(100)
PF_mirver_msg 0x02(2) 9.4792(100)
Winsta_msg 0x00(2) 9.4792(100)
Table 6 End-to-end WCRT for some control process [ms]
Precedence Control process WCRT [ms]
relationship Task or Message (Node or Bus) (SUM [ms])
Mir_DF2PF Mirror(DF) — LINmsg(DF) — Input_msg(LIN) — ON/OFF(PF_mir_x) ( 11;T ;369562;9)
Win DF2PE Window(DF) — PF_win_msg(CAN) — COM(PF) — Window(PF) — 20.6514
- LINmsg(PF) — Input_msg(LIN) — ON/OFF(PF_win) (15.42283)
Win DF2PR Window(DF) — PR_win_msg(CAN) — COM(PR) — Window(PR) — 21.469
- LINmsg(PR) — Input_msg(LIN) — ON/OFF(PR_win) (15.1059)
Door DF2DR Door(DF) > Lock_msg(CAN) — COM(DR) — Door(DR) - 17.2289
- LINmsg(DR) — Input_msg(LIN) — ON/OFF(DR_lock) (12.63966)
. Sunblind(DF) — Sunblind_msg(CAN) — COM(PF) — Sunblind(PF) — 24.4563
Sunblind_DF2PF LI;Ims)g(PF) - Inpat_mgs(g(LH\?) — ON/(()FF)(PF_sunblindg : (16.50013)
oA S RERE e AlolE me] Yol LN  side wEo] MB@HD, tA LIN H22 F4

2~ E3 PF_mir x =74 AEE o] A A DR_lock == ,j_%}ﬂoi Az} 7
ol vleizk el 40 AR ARE Ael HEd b Al AE Aelgt shtes
3l B3k Win DF2PFe} Win DF2PR+= Z}12Z} DF Sunblind DF2PF+= DF side = =0l A o] H- & g
side lmrzol| A @] F- 255 W2 =9 g o] CAN < AEERIE Y8 o] CAN A& F3f PF side =
¥ A3t E3) PF side$} PR side :==0of] A<Hs] 31, o} o HEE a1, thA] LIN 12 E E3) PF_sunblind
Al LIN B 2% %3] PF_wing} PR win :eZo] A8 wxof detsjo] A AEelel= &x) 7} A5 s =

A A A5

slo] AAl fEe7t AEs=d 7hA] Al ARt gl 7h2] A2l A7k et
£ % 2] 3t} Door DF2DR- DF side W= ol 4 9] A B ol Ax AL 183k A7 AL
ERE e F 3 ¥ o] CAN HAE 53 DR T Feolle GHAA EH7A] A= F $
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