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Session Outline

e Control Loop Timing

e Temporal Non-Determinism
e Switching

e The Jitter Margin

e Subtask Scheduling



Subtask scheduling

A control algorithm normally consists of two parts:

while (1) {
read_input();
calculate output();
write output();
update_state();

¥

ldea: schedule the two parts as separate tasks

e reduce delay
e reduce |itter



Task models

Each control task 7 is divided into two subtasks:

e Tco — Calculate output
e Tys — Update state
e Input and output operations are ignored in the analysis

Two possible scheduling algorithms:

e deadline-monotonic scheduling
e EDF scheduling



Deadline assignment (DM scheduling)
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e We want to minimize D¢ for each task. Algorithm:
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Start by assigning D¢ := T — Cyg for all tasks
Assign deadline-monotonic priorities to all subtasks
Calculate the response time R of each subtask
Assign D¢ := R¢o for all tasks

Repeat from 2 until no further improvement.



Control of three inverted pendulums using one CPU:

Example
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Example

e Discrete-time LQG controllers

e Execution time: C; = 3.5 ms

e Sampling intervals: (A1, ho, h3) = (10, 14.5, 17.5) ms
e Control delay of 3.5 ms assumed Iin the design
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Simulation under RM scheduling

Time

Pendulum 1
0.1 0.2 0.3
0.1 0.2 0.3

1.5

1

0.5

-10

=20

Pendulum 2

0.1

0.2

0.3

0.1
Time

0.2

0.3

10

-10

-20

Pendulum 3

L

0 0.1 0.2 0.3

0 0.1 0.2 0.3

Time



Simulation under RM scheduling

Schedule (high=running, medium=ready, low=sleeping)
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e Large delay and jitter for controller 3



Subtask scheduling analysis

Each pendulum controller is divided into two subtasks:

e Calculate output: Ccp = 1.5 ms
e Update state: Cys = 2.0 ms

First iteration of algorithm:

T D C R
Tco;1 100 8.0 15 1.5
Tysy 10.0 10.0 2.0 3.5
Tcoe 145 125 15 5.0
Tyse 145 145 20 7.0
Tcos 17.5 155 15 8.5
Tyss 17.5 175 2.0 14.0




Subtask scheduling analysis

Third iteration (converged):

T D C R
Tco; 100 15 15 |15
tys; 100 100 20 6.5
Tcos 145 3.0 15 [3.0
Tuse 145 145 20 85
tcos 175 45 15 |45
tuss 175 175 2.0 14.0

New worst-case input-output latencies: 1.5, 3.0, 4.5 ms.
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Simulation under subtask scheduling

Schedule (high=running, medium=ready, low=sleeping)
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e More context switches





