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Optimal Period and Priority Assignment Using Task & Message-Based
Scheduling in Distributed Control Systems

dyg s oMo s
(Hyoung Yuk Kim, Chul Min Lee and Hong Seong Park)

Abstract : Distributed control systems(DCS) using fieldbus such as CAN have been applied to process systems but it is very difficult to
design the DCS while guaranteeing the given end-to-end constraints such as precedence constraints, time constraints, and periods and
priorities of tasks and messages. This paper presents a scheduling method to guarantee the given end-to-end constraints. The presented
scheduling method is the integrated one considering both tasks executed in each node and messages transmitted via the network and is
designed to be applied to a general DCS that has multiple loops with several types of constraints, where each loop consists of sensor
nodes with multiple sensors, actuator nodes with multiple actuators and controller nodes with multiple tasks. An assignment method of
the optimal period of each loop and a heuristic assignment rule of each message's priority are proposed and the integrated scheduling

method is developed based on them.

Keywords : period and priority assignment, real-time, scheduling, DCS
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Table 1. Notations in Fig. 3.

S; The j-th sensorin the i-th sensor node (=1 ~ 6, j=1,2)

z The sampling server task in the i-th sensor node (=1 ~ 6)
72'; Port for transmitting the j-th sensor value in i-th sensor node (i=1 ~ 6,j=1,2)
T | Virtual communication task for 7Ty
Port for the j-th message from i-th sensor node (j=1,2, i=1~6)
2

Port for the j-th message from i-th control node (j=3,4, i=1~4)

Z': The control task in the i-th control node (i=1~4)

t Sporadic task in the i-th control node (=1~4)

Periodic task in the i-th control node (i=1~4, j=2,3)

T, Port for transmitting the j-th control value ini-th control node (i=1~4, j=1,2)

75 | The actuator task in the i-th actuator node (i = 1~4)

A The j-th actuator in the i-th actuator node (i, j =1~4)
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Fig. 4. Timeliness of sampled data.
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LlwM 100Kbps 500Kbps , 1Mbps
8 S B -1 B2 B = B =2 B =1 B
PATL rdw| T |wiT|Ww | T|Ww|T|[w]|T]|Ww

1 |60) 40 [36| 45 (40| 25|24 |30 |55 |23 |56 |23
7 |80 | 60 |57) 60 |53| 35| 32 |35 | 31 | 30 | 28 | 30 | 28
3 | 00| 80 | 77| 90 |79 40 [ 37|40 [ 37|35 [33] 3B |33
4 |t20| 115 | 98| 100 |89 40 [ 39 | 40 | 39 |35 33| K | 33
*a=01, y=0
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Algorithm 1. Message Priority Assignment
W , 15 the priority weight of T "

™ a, B,y are constants to be adjusted */

™ Zoop(r;y) is the set of loops including T;J. */

* NumsOfT askv(r;J.)
W, =0

W,;j = W,;j +ax {IHVEJICX(MDTi )-

is the number of tasks that use 7, "

(MADT*)}

Vi eIoop (r i)

if T:n ;18 the input message of the contro] task
i _
W, =W, +pB
=W, +yx NumsOfTasks(z,, )

Set the priority of T:”j according to W;j
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Algorithm 2. Optimal Period Assignment
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e ol f’
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[* Thpy i 2 given time graularity for period harmonicity */
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Table 3. Result of proposed scheduling(500Kbps).
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