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Steady-State Response Analyses

The steady state performance of a stable control system is generally 
judged by its steady state error to step, ramp and parabolic inputs. 
Consider a unity feedback system as shown in the Figure below. 
The difference between input and output is the error signal E(s). 
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Steady State Error ( Ess) for Step input 
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1. P - Proportional Controller
Think of this as the "Present" error. It reacts to the error happening right 
now.
• How it works: The output is directly proportional to the size of the error.  
• Equation (Transfer Function): G(s) = Kp

• Key Benefits:
• Reduces rise time (makes the system respond faster).  
• Reduces steady-state error (but does not eliminate it).  
• Important Note: If used alone, a steady-state error will always remain. 
You cannot achieve perfect tracking with just a P-controller.  

2. I - Integral Controller
Think of this as the "Past" error. It accumulates the history of the error.
• How it works: The output is proportional to the accumulation (integral) of the error over time.  
• Equation (Transfer Function): G(s) = Ki/s
• Key Benefits:
• Eliminates steady-state error completely (ess = 0). This ensures the system eventually reaches the exact target.  
• Rejects constant disturbances.  
• Important Note: Adding Integral control can make the transient response worse (more oscillatory) and increase 
settling time. It can also destabilize the system if the gain is too high.  

3. D - Derivative Controller
Think of this as the "Future" error. It predicts where the error is going.
• How it works: The output is proportional to the rate of change of the error. It "anticipates" changes.  
• Equation (Transfer Function): G(s) = KD s
• Key Benefits:
• Increases stability.  
• Reduces overshoot (prevents the system from shooting past the target).  
• Improves the transient response.  
• Important Note:
• Never used alone: If the error is constant (even if it's huge), the rate of change is zero, so the D-controller does 
nothing.  
• Noise Sensitivity: It amplifies high-frequency noise.  
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The Characteristics of P, I, and D controllers

A proportional controller (Kp) will have the effect of reducing the
rise time and will reduce, but never eliminate, the steady-state
error.

An integral control (Ki) will have the effect of eliminating the
steady-state error, but it may make the transient response worse.

A derivative control (Kd) will have the effect of increasing the
stability of the system, reducing the overshoot, and improving the
transient response.



Proportional Control

By only employing proportional control, a steady state error 
occurs.

Proportional and Integral Control 

The response becomes more oscillatory and needs longer to 
settle, the error disappears.

Proportional, Integral and Derivative Control

All design specifications can be reached.



CL RESPONSE RISE TIME OVERSHOOT SETTLING TIME S-S ERROR

Kp Decrease Increase Small Change Decrease

Ki Decrease Increase Increase Eliminate

Kd Small Change Decrease Decrease Small Change

The Characteristics of P, I, and D controllers



Tips for Designing a PID Controller

1. Obtain an open-loop response and determine what needs to be improved 

2. Add a proportional control to improve the rise time 

3. Add a derivative control to improve the overshoot 

4. Add an integral control to eliminate the steady-state error 

5. Adjust each of Kp, Ki, and Kd until you obtain a desired overall 
response.  

Lastly, please keep in mind that you do not need to implement all three

controllers (proportional, derivative, and integral) into a single system, if not

necessary. For example, if a PI controller gives a good enough response (like the

above example), then you don't need to implement derivative controller to the

system. Keep the controller as simple as possible.
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