
Lecture 7: Root Locus: Lead-Lag Compensator Design

PID Control Design based on Root Locus
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Lecture Outline

▪ Root Locus: Lead-Lag Compensator Design
▪ PID Control Design with Matlab using Root 

Locus

2

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


3

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


4

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


5

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


6

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


7

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


8

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


9

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


10

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


11

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


12

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


13

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


14

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


15

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


16

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


17

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


18

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


19

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


20

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


21

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


22

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


23

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


24

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


25

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


26

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


27

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


28

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


29

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


30

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


31

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


32

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


33

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


34

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


35

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


36

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


37

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


38

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


39

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


40

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


41

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


42

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


43

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


44

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


45

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


46

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


47

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


48

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


49

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


50

Umm Al-Qura University
College of Engineering & Islamic Architecture
Mechanical Engineering Department

http://uqu.edu.sa/


Summary▪ Controller design based on root locus
▪ Lead compensator design to improve stability and 

transient response.
▪ Lag compensator design to improve steady-state error.
▪ Lead-lag compensator design to improve stability,

transient and SS responses.
▪ PID Control

▪ Most popular controller in industry
▪ Simple controller structure
▪ Simple controller tuning
▪ Model-free methods for design are available

▪ Design based on root locus in Matlab
=====================================
=================

▪ Next
▪ Frequency Response - Bode Diagram

▪ Assignment
▪ Lecture 5 Assignment – due next Monday
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1.   For the system with the open loop function:𝐺 𝑠 = 1𝑠(𝑠 + 1)(𝑠 + 3)
Determine if the following points are on the root locus.

(Use the Angle condition)

Angle Condition:

If 𝐿 𝑠 = 𝑠+𝑧𝑠+𝑝1 𝑠+𝑝2 ➔ ∠𝐿 𝑠 = ∠ 𝑠+𝑧𝑠+𝑝1 𝑠+𝑝2 == ∠ s + z − ∠ s + 𝑝1 − ∠() s+ 𝑝2 = ∅ − 𝜃1 − 𝜃2
For a point to be on root locus ➔ ∅ − 𝜃1 − 𝜃2 = 180 𝑑𝑒𝑔
(a)   𝑠 = −0.5
(b)   𝑠 = 3𝑗
(c)   𝑠 = −1 + 𝑗

Assignment
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End of Lecture 7
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