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Key points for Loop Shaping
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qImprove high frequency behavior

Key points for Loop Shaping
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Phase Lead-lag Compensator Design

Improvement of steady-state 
characteristics

Phase

The corner frequency (T) must be 
adjusted, appropriately



H. Bevrani    University of Kurdistan 7

Phase Lag Compensator Design
qComparison with PI

Phase

(Integration time)
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A Design Example

Step 1: Focusing on the PM and gain crossover frequency, the controller gain K
must be determined so that the desired transient response characteristics can be 
obtained.

Gain crossover frequency:

Find Controller K(s) to satisfy:

Phase margin:

which meets
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A Design Example

Step 2: Draw bode diagram of open-loop transfer function resulted from Step 1 
and evaluate its low frequency gain.

Open-loop transfer function:

Speed deviation constant:

The required low frequency gain is 10 times 
or more: 
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A Design Example

Step 3: Considering that the low-frequency gain increases by 
the parameter       must be determined to satisfy the required steady-state 
characteristics.

The minimum required 
low frequency gain is : 
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A Design Example

Step 4: To keep the stability against the phase delay, select the corner frequency
about 1 dec below the gain crossover frequency. Then determine second 

corner frequency                        .

: the corner frequency is sufficiently smaller than the gain 
crossover frequency
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A Design Example

Step 5: Construct the compensator using the determined parameters (                ).

Phase lag compensator:

Gain crossover frequency:

Phase margin:

rad/s
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A Design Example

Step 5: Construct the compensator using the determined parameters (              ).

Phase lag compensator:

Gain crossover frequency:

Phase margin:

rad/s   
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Evaluation

Step response Ramp response

√ √
√ √

Phase margin (damping characteristic):

Speed deviation constant (steady characteristic): √
√

No Compensation

With Phase Lag
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Phase Lead Compensator Design

Stabilizing transient characteristics

Phase lead

Note: High frequency gain is increased. Noise 
amplification degrades Robust stability!

Angular frequency where the phase advances most

Maximum value of phase lead:

, the gain becomes              times.

Phase

Times
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Phase Lead Compensator Design

Gain compensation only

Phase lead compensation
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Phase Lead Compensator Design

qComparison with PD

Phase

Note: It is difficult to realize an ideal differentiator

Phase lead compensator
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Continue
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Phase-lead Compensator: Design Example

Find Controller K(s) to satisfy:

Step 1: To meet the specifications for quick 
response and steady-state characteristics, 
determine the value of gain compensation K.

Gain compensation:

Open-loop transfer function:

Gain crossover frequency:
√
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Phase-lead Compensator: Design Example

Step 2: Draw a Bode plot of the open-loop transfer function                        using K in 
Step 1 and evaluate its phase margin          . The required phase lead amount is the 
difference between the given phase margin PM and this one (                            ). 
Considering an appropriate margin (e.g, 5 deg. or more), set it as                          or 
more.

Phase margin:

Required phase margin:

(Required phase lead amount)

(Margin)
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Phase-lead Compensator: Design Example

Step 3: Determine the value of        from                                 .
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Phase-lead Compensator: Design Example
Step 4: In phase lead compensation, the gain increases by             at the angular 
frequency where the phase leads, so the angular frequency where              is

is set as the new gain crossover frequency            after 
compensation.
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Phase-lead Compensator: Design Example
Step 5: The value of parameter T is determined from                     . At this time, the 
corner frequency of phase lead compensation is

Frequency corners:
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Phase-lead Compensator: Design Example
Step 6: After finding design parameters              , the phase lead controller is 
constructed as follows:

Gain crossover frequency

Phase margin
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Evaluation

Gain crossover frequency (rapid response):

Phase margin (damping characteristic):

Step response

√

√

√
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Phase Lead-lag Compensator Design

Lead Lag

We may need multiple stages to improve 
of steady-state characteristics and 
transient characteristics

Phase lead:
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Phase Lead-lag Compensator Design

G
ai

n 
 

Ph
as

e



H. Bevrani    University of Kurdistan 29

Phase Lead-lag Compensator Design

q Comparison with PID
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Example

Phase lag (PI controller):

Low frequency gain: large

Phase margin:
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Continue

Phase lead:

Lead-lag compensator:
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Loop Shaping Control
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Inverse-based Control Design



H. Bevrani    University of Kurdistan 35

Design Example
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Closed-Loop Performance
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Inverse-based Control Design

The plant is stable and minimum-phase:
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Inverse-based Control Design
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Inverse-based Control Design
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Loop Shaping for Disturbance Rejection
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Loop Shaping for Disturbance Rejection

Step 1
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Loop Shaping for Disturbance Rejection



H. Bevrani    University of Kurdistan 43

Loop Shaping for Disturbance Rejection

Step 2
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Loop Shaping for Disturbance Rejection
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Loop Shaping for Disturbance Rejection
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Loop Shaping for Disturbance Rejection

Step 2
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Loop Shaping for Disturbance Rejection
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Loop Shaping for Disturbance Rejection
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Loop Shaping for Disturbance Rejection
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Project: Report 3

Consider your dynamic system. Using loop shaping concept 
design a  controller K(s) to satisfy:

and

Deadline: The day before next Meeting

bevranih18@gmail.comPlease only use this email address:



H. Bevrani    University of Kurdistan 51

Thank You!


