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Real-time Contr ol Problems

� Control theory originated with the need to control

increasingly more complex processes (heating plant,

chemical company).

� Feed-forward, feed-back.

� In general: Controller -¿ RC -¿ Actuator -¿ RC -¿ Effect

-¿ Feedback

- Controller makes control decision.

- After some time delay and with some loss changes

actuator

- Actuator after some time delay and with some loss

affects real world

- Feedback (Measurement) is sent back to the

controller

� Examples: Most embedded systems are controllers

- Oven temperature control

- Levitating ball

- Car velocity control
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� Control theory is the branch of engineering that deals

with these problems. Sophisticated mathematical tools.

Optimal control, controllability, robustness.
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Car Velocity Contr ol

� Want to design a controller for the speed of a car.

� Simplest design on-off. What will happen?

� Hysteresis to avoid unbounded oscillations.

Desired Speed

Velocity

Controller Output
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Propor tional Contr ol

� A better idea instead of on-off is a proportinal control.

Make the setting proportional to the error.

� � ������� 	 
��
����� , where �
������� ��������� ������� . 	 � is

called the controller gain.

� What is the effect of 	 � ?

Desired Speed

Velocity

� Equilibrium output not equal to the set value. If
�
������� � , then output is 0.
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Deriv ative Contr ol

� Oscillation of high gain controller can be avoided by

using a derivative term. The change of the error.

� � ������� 	 
 ���
������� ����� �
������!��"�$# , ��� is the

derivative constant. Also: 	 � � 	 
 %&�'� .

Desired Speed

Velocity

Increased Damping

� A good controller, but susceptible to noise.
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Integral Contr ol

� Can use an integral part to get rid off the steady state

error.

� PID Controller

� � ������� 	 
 ���
������� ()!)�'*,+.-/ �
�����0�"�1� � � � �
�����2!��"�3# ,
� * is the integral constant. Also: 	 * � 	 
 !)� * .

Desired Speed

Velocity

� Influence noise. Noise limits the proportional gain

coefficient.

� Trade-off: Response time and stability.
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Problems with PID Contr oller s

� Saturation and Integral Action Wind-up.

� Usually there are physical limits to the actuator. In our

example, the velocity is bounded.

� What happens if we ask the car to go faster than its

maximum velocity.

� In this case, the error will never go towards 0 and the

integral term will continue to increase.

� Once the speed is reduced, the large integral term will

continue to increase the speed.

8



Desired Speed

Controller Output

Velocity

Road Relief

� Solutions:

- maximum and minimum values for the integral

- stop summation on saturation

- velocity algorithms

- analytical methods

9



PID Contr oller Tuning

� There is a method for finding suitable settings for the

parameters of a PID controller.

1. Select typical operating setting 4 , turn off integral

and derivative part, and increase 	 
 to maximum or

until oscillation.

2. If the system oscillates, reduce 	 
 by a factor of 2.

Otherwise continue with step 4.

3. Increase 	 � and observe behavior when changing

4 by about 5%. Choose a value of 	 � which gives

a damped response.

4. Slowly increase 	 * until oscillation starts. Reduce
	 * by a factor of two or three.

� Oscillations must not be harmful to the system.
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