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The implementation of robot for various applications has increased dramatically and 

this attributed to the rise in demands and development in fundamental components.  

Two types of joints are commonly found in serial robot manipulator, revolute joints 

(provide rotation motion) and prismatic joints (provide translation motion).  These 

joints are restricted to one degree of freedom, to simplify the mechanics, kinematic, 

dynamic, and control of the manipulator.   

 

For more complex articulation such as human arm shoulder or leg hip joints, two 

revolute joints are required.  The shoulder or hip joint; in biomedical literature, are 

usually considered as a ball and socket joint.  In engineering the ball and socket joint 

is the mechanical connection used between parts to provide some relative angular 

motion in virtually all directions.  

 

This study presents the development and implementation of a two degree of freedom 

serial ball and socket actuator controlled by an adaptive learning algorithm.  The ball 

and socket actuator has been proposed as an alternative actuator to the conventional 
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one degree of freedom revolute actuator.  The actuator is fabricated from ball and 

socket joint powered by two electro-hydraulic cylinders.  An electronic board, 

transistor relay driver circuit, is designed for the purpose of establishing 

communication interface between the computer, adaptive learning algorithm and the 

actuator mechanism.   

 

Artificial Neural Network (ANN) is the adaptive learning algorithm for controlling 

the ball and socket actuator.  ANN is well-known algorithm that simulates the human 

brain ability of learning and predicting sets of information.  In this approach, ANN 

will learn the controlling parameters to obtain the operation condition, for the 

mechanical and power elements, of each individual movement of the end effector rod 

without any prior knowledge of the actuator.   

 

In addition, kinematic and dynamic simulation models of the ball and socket actuator 

were derived and modeled.  These models represent the kinematic and dynamic 

relationships, implemented by using MATLAB/SIMULINK software package.  In 

these models, full kinematic and dynamic simulations are achieved.  All realistic 

factors such as position, velocity, acceleration, reactions, and forces, required to 

represent the real system accurately are incorporated.   

 

The results from manually operating the ball and socket actuator are collected and 

analysed to demonstrate the performance of the newly actuator.  The analysis 

includes the end effector dynamic behaviour for both the Cartesian and Spherical 

coordinates.  The manually collected experimental controlling datasets had been 

provided for ANN to learn in off-line mode.  Training process is carried out to build 
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controlling knowledge.  The result of implementing the build controlling knowledge 

for on-line operating the ball and socket actuator shows a fully obeyed actuator end 

effector to the desired kinematic behaviour within the workspace.  Finally, the results 

extracted from operating the kinematic and dynamic simulation are compared to the 

manual operation results for the both models validation technique.   

 

The fabricated actuator has successfully achieved the two degree of freedom actuator 

to be implemented in a serial robot manipulator.  Overall performance of the new 

ball and socket actuator shows an effective obey to the instruction from the adaptive 

learning algorithm.  Thus, the adaptive learning algorithm as a controlling algorithm 

can adopt any modification in the actuator mechanism and hydraulic power system, 

without any changes in the controlling algorithm, through updating the controlling 

knowledge.  Therefore, the two degree of freedom serial actuator powered by 

hydraulic system could add improvement to the serial robot manipulator for more 

degrees of freedom, flexibility and high load for any new applications.    
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Implementasi robot untuk pelbagai aplikasi telah meningkat dan menyebabkan 

peningkatan permintaan dan perkembangan komponen-komponen asas.  Terdapat 

dua jenis penghubung yang biasa dijumpai pada pemanipulasi robot iaitu 

penghubung berputar (pergerakan berputar) dan penghubung prismatik (pergerakan 

translasi).  Penghubung-penghubung ini terhad kepada satu darjah kebebasan untuk 

menerangkan mekanik, kinematik, dinamik dan kawalan pemanipulasi.  

 

Bagi pergerakan yang komplek contohnya seperti lengan (bahu) manusia atau 

penghubung peha, dua penghubung berputar diperlukan.  Penghubung tangan (bahu) 

atau kaki; dalam literasi biodemik biasanya dianggap sebagai bebola dan 

penghubung soket.  Dalam kejuruteraan, bebola dan penghubung soket adalah 

penghubung yang digunakan antara bahagian-bahagian untuk menghasilkan 

pergerakan  dalam pelbagai arah maya.   

 

Penyelidikan ini adalah tentang perkembangan dan implementasi bebola dan soket 

dua darjah kebebasan yang dikawal oleh pemadan pembelajaran algorithma.  Bebola 

dan soket telah dicadangkan sebagai alatan penggerak alternatif bagi alatan 
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penggerak berputar satu darjah pergerakan bebas.  Alatan penggerak dihasilkan 

daripada bebola dan penghubung darjah kebebasan soket dan dikuasai oleh dua 

silinder elektro-hidraulik.  Papan elektronik, litar transistar pemacu berganti 

dihasilkan untuk tujuan mengembangkan komunikasi antara komputer, 

menggerakkan kawalan pemadan pembelajaran algorithma dan mekanisma alatan 

penggerak.   

 

Rangkaian sarat tiruan merupakan pemadan pembelajaran algorithma untuk 

mengawal bebola dan soket.  Rangkaian sarat tiruan merupakan algoritma yang 

terkenal untuk mensimulasikan keupayaan pembelajaran bagi otak dan 

menganggarkan informasi.   Dalam kajian ini, rangkaian sarat tiruan akan belajar 

mengawal  parameter  bagi memperoleh operasi untuk unsur mekanikal dan kuasa,   

setiap pergerakan batang pengesan tanpa pengetahuan asas mengenai alatan 

penggerak.  

 

Tambahan lagi, model-model simulasi kinematik dan dinamik bagi alatan penggerak 

bebola dan soket telah dihasilkan.  Model-model ini akan melambangkan hubungan 

kinematik dan dinamik, diimplementasi menggunakan perisian 

MATLAB/SIMULINK.  Dalam model-model ini, simulasi kinematik dan dinamik 

yang lengkap dapat dicapai.  Semua faktor realistik diperlukan untuk melambangkan 

sistem sebenar yang tepat.  Faktor-faktor ini adalah seperti posisi, halaju, pecutan, 

tindakbalas dan daya yang dikira dalam simulasi.  

 

Keputusan daripada operasi manual alatan penggerak bebola dan soket diperolehi 

dan dianalisa untuk demonstrasi keupayaan alatan penggerak baru.  Analisa ini 
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merangkumi ciri-ciri dinamik hujung lengan  bagi kedudukan kartesian dan polar.  

Data kawalan manual yang dikumpul untuk rangkaian sarat tiruan bagi mempelajari 

mod bukan dalam talian.  Proses latihan dijalankan untuk menghasilkan pengetahuan 

tentang kawalan.   Keputusan daripada implementasi operasi dalam talian untuk 

alatan penggerak bebola dan soket menunjukkan batang pengesan penggerak 

menurut arahan sepenuhnya bagi ciri-ciri kinematik yang diingini dalam kawasan 

kerja.  Akhirnya, keputusan  pengoperasian simulasi kinematik dan dinamik 

dibandingkan dengan keputusan operasi manual untuk bagi kedua-dua model. .  

 

Alatan penggerak yang direka telah berjaya mencapai dua darjah kebebasan alatan 

penggerak untuk diimplementasi dalam robot manipulator bersiri.  Keseluruhan 

pencapaian untuk alatan penggerak bebola dan soket baru menunjukkan 

keberkesanan mematuhi arahan daripada pemadan pembelajaran algorithma.  Oleh 

yang demikian, pemadan pembelajaran algorithma  sebagai algoritma kawalan dapat 

menerima apa-apa pengubahsuaian dalam mekanisma alatan penggerak dan sistem 

kuasa hidraulik tanpa apa-apa perubahan dalam algoritma kawalan, melalui 

kemaskini pengetahuan kawalan.  Oleh itu dua darjah pergerakan bebas yang 

dikuasakan oleh sistem hidraulik dapat menambah perkembangan kepada pemutar 

robot bersiri bagi lebih banyak darjah pergerakan bebas, fleksibel dan beban tinggi 

bagi aplikasi-aplikasi yang baru.  
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CHAPTER ONE  

INTRODUCTION  

 

1.1   Background  

Robot manipulators play a leading role in almost all manufacturing processes.  The 

effect of any enhancement will improve both the manufacturing process and the 

production rate.  However, robots have the advantages of being deployed in 

dangerous environment, working for a longer period of time, and maintaining a high 

level of quality when completing task of a repetitive nature (Pryor, 2002).   

 

Robotic systems are a class of dynamic systems which are closely parallel to a 

human’s range of tasks.  A robotic manipulator is composed of joints and links.  

Joints denote the prime mover and its respective axis of motion.  The actuated 

motion may be revolution around the axis or a translation along the axis.  These 

joints are known as revolute and prismatic joints, respectively.  Links are connected 

by these joints.  

 

The revolute joint has one Degrees Of Freedom (DOF) and because of its simplicity, 

it is by far the most used joint in robotics.  Consequently, serial robot manipulator 

requires an individual revolute joint for each rotational degree of freedom.  To 

imitate the shoulder or hip joint in human, two revolute actuators are required to 

provide the necessary 2 DOF motions.  The present revolute actuator powered by 

electrical motor has some limitations, will be detailed in the problem statement.   
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