










i 

 

  
 

 

 

 

 
APPLICATION OF L1 ADAPTIVE CONTROL TO A  

TWO-WHEEL SELF-BALANCING SYSTEM 
 

 

 

 

 

 

By 

 

Abdelrahman Osama Ahmed Mahgoub Ali 

 

 

A Thesis Submitted to the 

Faculty of Engineering at Cairo University 

in Partial Fulfillment of the 

Requirements for the Degree of 

MASTER OF SCEINCE 

in 

Electrical Power and Machines Engineering 
 

 

 

 

 

 

 

 
 

FACULTY OF ENGINEERING, CAIRO UNIVERSITY 

GIZA, EGYPT 

2020  



ii 

 

  



iii 

 

 

APPLICATION OF L1 ADAPTIVE CONTROL TO A  

TWO-WHEEL SELF-BALANCING SYSTEM 
 

By 

 

Abdelrahman Osama Ahmed Mahgoub Ali 

 

 

A Thesis Submitted to the 

Faculty of Engineering at Cairo University 

in Partial Fulfillment of the 

Requirements for the Degree of 

MASTER OF SCEINCE 

in 

Electrical Power and Machines Engineering 
 

 

Under the Supervision of 

 

 

Prof. Abdel Latif Mohamed 

Ragaei Elshafei 

…………….………… 

Dr. Mahmoud Mohammed 

Abdelrahman Elnaggar 

…………….………… 

Electrical Power Engineering Department 

Faculty of Engineering, Cairo University 

Electrical Power Engineering Department 

Faculty of Engineering, Cairo University 

 

FACULTY OF ENGINEERING, CAIRO UNIVERSITY 

GIZA, EGYPT 

2020  



iv 

 

  



v 

 

  
 

APPLICATION OF L1 ADAPTIVE CONTROL TO A  

TWO-WHEEL SELF-BALANCING SYSTEM 
 

By 

 

Abdelrahman Osama Ahmed Mahgoub Ali 

 

A Thesis Submitted to the 

Faculty of Engineering at Cairo University 

in Partial Fulfillment of the 

Requirements for the Degree of 

MASTER OF SCEINCE 

in 

Electrical Power and Machines Engineering 
 

 

Approved by the 

Examining Committee 

 
 

 

Prof. Abdel Latif Mohamed Ragaei Elshafei (Main Supervisor) 

 
 

Prof. Khaled Ali Mohamed EL-Metwally (Internal Examiner) 

 
 

Prof. Ahmed Mohamed El-Garhy  

Dean of Engineering Faculty, Helwan University 

(External Examiner) 

 
 

 

 

 
 

 

FACULTY OF ENGINEERING, CAIRO UNIVERSITY 

GIZA, EGYPT 

2020 

  

http://staff.cufe.edu.eg/ShowInstructorData.aspx?iid=502


vi 

 

Engineer: Abdelrahman Osama Ahmed Mahgoub  

Date of Birth: 21 / 7 / 1994 

Nationality: Egyptian 

E-mail: a.hemtry@cu.edu.eg 

Phone: 01114253251 

Address: 20 Mecca St. –Feisal – Giza 

Registration Date: 1/10/2018 

Awarding Date:   /    /2020 

Degree: Master of Science 

Department: Electrical Power and Machines Engineering 

Supervisors: Prof.  Abdel Latif Ragaei Elshafei 

Dr.    Mahmoud Mohammed Abdelrahman Elnaggar 

Examiners: Prof. Abdel Latif Mohamed Ragaei Elshafei 

(Main Supervisor) 

Prof. Khaled Ali Mohamed EL-Metwally  

(Internal Examiner) 

Prof. Dean. Ahmed Mohamed El-Garhy     

(External Examiner) 

(Helwan University) 

 

Title of Thesis: 

Application of L1 Adaptive Control to a Two-wheel Self-balancing System 

Key Words: 

Robust adaptive control – Discrete-time adaptive control – Intelligent 

control – Balancing robot – Simscape multibody 

Summary:  
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