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 The robots pay important role in all parts of our life. Hence, the modeling of 

the robot is essential to develop the performance specification. Robot model 

of six degree of freedom (6DoF) manipulator implemented numerically using 

model-based technique. The kinematic analysis and simulation were studied 

with Inverse kinematics of the robot manipulator through Denevit and 

Hartenberg method. Matrix transformation method is used in this work in 

order to separate joint variables from kinematic equations. The finding of the 

desired configuration is obtained precisely in all motion trajectory along the 

end-effector path. MATLAB/SIMULINK with R2018b is used for the 

implementation of the model-based robot system. Simulation results showed 

that the robot rinks follow their references smoothly and precisely and ensure 

the effectiveness of direct kinematic algorithm in the analysis and control of 

the robotic field. 
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1. INTRODUCTION 

The robotic aspects have many applications in the industry and the life such as painting pick and 

place operations, welding, grasping, assembly, material removal, medical operation and more. These tasks is 

described according to the end effector function, which should be controlled efficiently [1]. The 6DoF is 

required to explain the operation of an object in the three dimensional (3D), three for orientation and three for 

position [2]. The good performance specifications of the robots like produce much quantity compared to 

human being with elimination of the dangerous, don’t need any practice or experience to perform the job, 

high precision, works in any invireronment to improve the hard life [3]. High degree of accuracy of system 

implementation is very interested and needed in any robotic field operation with efficient control technique 

[4]. The parallel manipulators with model-based controllers studied in [5]. The ability to carry out laborious 

tasks that involve interactions with various external forces [6]. The joint flexibility in controller design of 

industrial manipulator study to check the significant performance degradation in [7]. Kinematic analysis of 

flexible-joint parallel 3-RRR manipulator is performed in [8]. The states of the system according to generate 

the effects of the impact on the manipulator motion investigated in [9]. In [10], the authors studied the 

artificial neuro-fuzzy inference system technique in the 2DoF robot with sliding mode control a fuzzy 

tracking controller for balancing and velocity control of a two-wheeled inverted pendulum (TWIP) mobile 

robot based on its Takagi-Sugino (T-S) fuzzy model, fuzzy Lyapunov function and non-parallel distributed 

compensation (non-PDC) control law [11].  
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The Jacobean matrix or the design matrix need to be carefully considered in linear analysis and the 

error modeling [12]. In the robotic, the kinematic analysis is the first step in designing of the manipulator to 

obtain information on the position of the mechanical system components which is important for dynamic and 

control analysis [13]. Analysis of location of in parallel manipulators proposed based on the static characteristics 

and the kinematic function in parallel manipulators [14]. The proposed control algorithm allows greater flexibility 

in controlling the four robotic arms instead of using a scheme to control each part separately. 

 

 

2. MATERIALS AND METHODS 

The material and methods focused on design, modeling and control of robotic manipulators 

dedicated to perform different kinds of functions in industrial applications [15]. The Denavit-Hartenberg 

(DH) parameter is addressed as one of the direct kinematic solution methods. The homogeneous 

transformation has the form in (1) [16]. 
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In this context, the axis of the new frame o1x1y1z1 is projected onto the original frame o0x0y0z0 as in (2) 
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Due to DH, each link is labeled from 0 to 𝑛 as in (3).  
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The 𝑖𝑡ℎ joint position is combined with Q𝑖. Normally, the radian and the meter are considered as 

measurement units for the revolute (R) joints position and for prismatic (P) joints respectively. Figure 1 

shows the coordinate system on each joint.  
 

 

 
 

Figure 1. Description of link mechanism and parameters 

 

 

The coordinate system of 𝑋0𝑌0𝑍0 is considered as the reference system [17]. In Figure 1, the joints i and (i+1) 

is connected to each other tightly. Hence, both size and shape described sufficiently. Where Ai, αi is the 

distance between the common normal of both axes and the twist angle of both joint respectively. For RPR 

(revolute-prismatic-revolute) motion, the relative displacement can be described in terms of θi and Di 

parameters. Where θi and Di are the joint angle and its rotation about the joint axis and link offset or initial 

position of the robot respectively [18]. The offset value in this work as in (4). The DH parameters in 

simulation work for each joint of the Figure 1 are listed in Table 1. 
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 0   0    0   1.5708   1.5708     0=offset      (4) 

 

 

Table 1. DH parameters for the joints 
links α (angles) Ai (dist) Di (dist) 

1 -1.5708 0 -240.0 

2 3.1416 540.0 0 

3 -1.5708 0 0 
4 1.5708 0 -415.0 

5 -1.5708 0 0 

6 0 0 -171.5 

 

 

3. CONTROL TECHNIQUE 

The control techniques of the proposed algorithm is Jacobean-based position control. This will 

expresses the manipulator joint angles mentioned before to eliminate the steady state error between the 

references positions the end effector of each motion. The MATLAB/SIMULINK model of the 6DoF robotic 

is shown in Figure 2. The 6DoF robot implemented in the laboratory is shown in Figure 3 and the practical 

results will be included in the second part of this paper. 

 

 

 
 

Figure 2. Simulink model of the proposed work 

 

 

 
 

Figure 3. Set up of the 6DoF robot 

 

 

Integral part controller in a part in Figure 2 after singularities block to eliminate steady state error (SSE) and 

highly precision value of (θ) [19]. The Di distance can be measured as in (5). 
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This will be expressed as a part of orientation process. 
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where F, R, L is the fulcrum, reference points of (z,y,z) and the length of the instrument respectively. The 

two dimensional distance in (5) will as in (6).  

 

]))2()2(())1()1([( 22 FRFRDxy −+−=      (6) 

 

To derive Euler which will depend on the rotation around xyz axes as in Figure 4.  

 

 

 
 

Figure 4. Euler ZYZ angle orientation 
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The above expressions of zyz Euler angles function is approved in Figure 5. The Euler angles gives local 

parametrization of the plant. 

 

 

 
 

Figure 5. Euler angles 

 

 

4. KINENAMATIC ROBOT 

In the robotic science, the kinematics can be considered as a branch of mechanics of bodies’ motion 

of the system without considering the force to investigate the relationship between the position links, 

orientation and acceleration. The end-effector position of each leg is generated by a simple trajectory 

generator with half rectified sine wave pattern. Furthermore, to move each robot's leg, it is proposed to use 

geometric-based inverse kinematic [20]. Robot kinematics reveals physical system locations and structure of 

the robot to the study movement of multi DoF kinematic chains. The robotic kinematic analysis is divided 

into, forward kinematic and inverse kinematic as can be shown in Figure 6. 
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Figure 6.The forward and inverse kinematics [21] 

 

 

According to the inverse kinematic approach used in this work, the angle of each joint need to be obtain [22]. 

The direct kinematic model is used and the procedure to find the kinematics in illustrated as in (10). 
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The constrains is included in the singularities block implies the difference between the real tuple position and 

the reference tuple should not exceed 0.6. The Homogeneous Transformation Matrix is obtained according to 

[23, 24] is shown in (11). 
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For the first three joints, the T in Cartesian relationship as in (12) 

 

3,2,1),4,()( == iiTiX cart        (12) 

 

For the next three iterations (i-4, 5, 6) the relationships will be as follows; 
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Conversion of the homogeneous transformation matrix (T) in a position XYZ and orientation Euler ZYZ is 

the final step as in (16),  
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Three rotations in this matrix, one about eachprinciple axis. The commutation does not satisfied due 

to the matrix multiplication. First rotation will be around the x-axis, then the y-axis, and the z-axis. 
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5. RESULTS AND DISCUSSION 

Robots can be mathematically modeled with computer programs where the results can be displayed 

visually, so it can be used to determine the input, gain, attenuate and error parameters of the control system 

[25]. The formulation of a tuple data is the first step and it is a vital block in this system. This block is able to 

generate the setup or reference position and orientation for the instrument tip. The comparison of the 

reference position and the End effector in the all six manipulated joints respectively. The first reference 

position is located at Xcart (1)=T (1, 4)=(746) and the actual response (746) is follow the reference precisely 

with zero SSE as shown in Figure 7. The second reference position is located at Xcart (2)=T (2, 4)=(-210.8o) 

and the actual response (-209.6) is follow the reference precisely with a very small value of SSE as shown in 

Figure 8. The third reference position is located at Xcart (3)=T (3, 4)=(-388o) and the actual response (-388o) 

is follow the reference precisely with zero SSE as shown in Figure 9. 

 

 

 
 

Figure 7. Reference and end effector of Xcart (1) 

 

 

 
 

Figure 8. Reference and end effector of Xcart (2) 

 

 

 
 

Figure 9. Reference and end effector of Xcart (3) 
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The fourth reference position is located at Xcart (4)=(-1.061o) and the actual response (-1.059o) is 

follow the reference precisely with a very small value of SSE as shown in Figure 10. The fifth reference 

position is located at Xcart (5)=2.326o and the actual response (2.326o) is follow the reference precisely with 

zero SSE as shown in Figure 11. Finally, the reference position is located at Xcart (6)=0o and the actual 

response (-3.97e-7o) is follow the reference precisely with a very small value of SSE as shown in Figure 12, In 

all above figures, Xcart defines the rotation and it is used to set the position in each case. 
 

 

 
 

Figure 10. Reference and end effector of Xcart (4) 
 

 

 
 

Figure 11. Reference and end effector of Xcart (5) 
 
 

 
 

Figure 12. Reference and end effector of Xcart (6) 

 

 

6. CONCLUSION 

Robot control is very importantant in the intelligent control field. Control of series manipulators 

with flexible-joint drives analyzed in the presence of 5% modeling error and disturbances. Series manipulator 

subject to impact considered as a case study to specify the performance of the control method. The kinematic 

direct method is powerful method in the analysis of the robotic operation. The required joint positions for end 

effector placement reached precisely. DoF considered as the independent positions used to locate all 

mechanism parts of the robot. D-H method used for selecting reference frames of in robotic field. In another 

words, all of the objectives of the study have been achieved. 

 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Robot control and kinematic analysis with 6 DoF manipulator… (Khalaf S. Gaeid) 

77 

REFERENCES 
[1] Hoang-Lan Pham, V. Perdereau, B. V. Adorno and P. Fraisse, “Position and orientation control of robot 

manipulators using dual quaternion feedback,” 2010 IEEE/RSJ International Conference on Intelligent Robots and 

Systems, Taipei, pp. 658-663, 2010. 

[2] R. Campa and H. de la Torre, “Pose control of robot manipulators using different orientation representations:  

A comparative review,” 2009 American Control Conference, St. Louis, MO, pp. 2855-2860, 2009. 

[3] A Mshari A, et al., “Design and Analysis of Robot PID Controller Using Digital Signal Processing Techniques,” 

International Journal of Engineering & Technology, vol. 7, no. 4. 37, pp. 103-109, 2018. 

[4] C Urrea,“Design, Construction, and Programming of a Mobile Robot Controlled by Artificial Vision,” Rapid 

Automation: Concepts, Methodologies, Tools, and Applications, IGI Global, pp. 411-431, 2019. 

[5] G Salas, et al., “A Stable Proportional Proportional Integral Tracking Controller with Self-Organizing Fuzzy Tuned 

Gains for Parallel Robots,” International Journal of Advanced Robotic Systems, vol. 16, pp. 1-16, 2019. 

[6] Jon Woolfrey, Wenjie Lu, Dikai Liu,“A Control Method for Joint Torque Minimization of Redundant Manipulators 

Handling Large External Forces,” Journal of Intelligent & Robotic Systems, vol. 96, no. 1-2, pp. 3-16, 2019. 

[7] M. C. Good, L. M. Sweet, K. L. Strobel,“Dynamic models for control system design of integrated robot and drive 

systems,” Journal Dynamic System Measurement Control, vol. 107, no. 1, pp. 53-59, 1985. 

[8] T. Zhao, Y. Zhao, L. Shi and J. S. Dai, “Stiffness Characteristics and Kinematics Analysis of Parallel 3-DOF 

Mechanism with Flexible Joints,” 2007 International Conference on Mechatronics and Automation, Harbin,  

pp. 1822-1827, 2007. 

[9] Sitki Kemal İder, Ozan Korkmaz, Mustafa Semih Denizli,“On the stability of inverse dynamics control  

of flexible-joint parallel manipulators in the presence of modeling error and disturbances,” Turkish Journal 

Electrical Engineering & Computer Science, vol. 27, pp. 649-662, 2019. 

[10] M. Vijay and D. Jena, “PSO based neuro fuzzy sliding mode control for a robot manipulator,” Journal of Electrical 

Systems and Information Technology, vol. 4, no. 1, pp. 243-256, May 2017. 

[11] Mustapha Muhammad et al., “ Velocity control of a two-wheeled inverted pendulum mobile robot: a fuzzy  

model-based approach,” Bulletin of Electrical Engineering and Informatics (BEEI), vol. 8, no. 3, pp. 808-817, 

September 2019. 

[12] T Huangac, et al., “Kinematic calibration of a 6-DOF hybrid robot by considering multicollinearity  

in the identification Jacobian,” Mechanism and Machine Theory, vol. 131, pp. 371-384, Jan 2019. 

[13] Umar Abubakar, Wang Zhongmin, Gao Ying, “Kinematic Analysis and Simulation of a 6-DOF Industrial 

Manipulator,” International Journal of Science and Research, vol. 3, no. 3, pp. 323-326, 2014. 

[14] A. A. Yagur and A. A. Belov, “Inverse Kinematics Analysis and Path Planning for 6DOF RSS Parallel 

Manipulator,” 2018 22nd International Conference on System Theory, Control and Computing (ICSTCC), Sinaia, 

pp. 789-793, 2018. 

[15] Zheng Hong Zhu, Gangqi Dong, “Visual Servo Kinematic Control for Robotic Manipulators,” Novel Design and 

Applications of Robotics Technologies. GI Global, 2019. 

[16] D. Kostic, “Introduction Robotics,” WTB Dynamics and Control lectures. Technical University of Eindhoven, 2009. 

[17] C. J. Pérez-del-Pulgar, V. F. Muñoz, J. J. Velasco and R. Gomez, “Parallel force-position control scheme with 

fuzzy gain tuning for single port laparoscopic surgery,” 2013 13th International Conference on Control, 

Automation and Systems (ICCAS 2013), Gwangju, pp. 101-106, 2013. 

[18] A. Chennakesava Reddy, “Difference between Denavit–Hartenberg (D-H) Classical and Modified Conventions for 

Forward Kinematic of Robot with Case Study,” International Conference on Advanced Materials and 

manufacturing Technologies (AMMT), pp. 267-286, 18-20 December 2014. 

[19] B. Siciliano, Oussama Khatib, “Springer Handbook of Robotics,” 2nd Edition, Springer, 2016. 

[20] Wahyu S. Pambudi et al., “Simulation design of trajectory planning robot manipulator,” Bulletin of Electrical 

Engineering and Informatics (BEEI), vol. 8, no. 1, pp. 196-205, March 2019. 

[21] Serdar Kucuk, Zafer Bingul,“ Robot Kinematics: Forward and Inverse Kinematics,” Industrial-Robotics-Theory-

Modelling-Control, pp.117-148, 2006. 

[22] N Shubham. Vinode, et al.,“ Development of 3DoF Kinematics,” International Journal on Recent and Innovation 

Trends in Computing and Communication, vol. 6, pp. 106-108, 2018. 

[23] M. J. Mahmoodabadi, A. Ziaei, “Inverse Dynamics Based Optimal Fuzzy Controller for a Robot Manipulator via 

Particle Swarm Optimization,” Journal of Robotics, Article ID 5052185, pp. 1-10, 2019. 

[24] M. Steven, LaValle, “Planning algorithms,” Cambridge University Press, 2006. 

[25] Muhammad Aziz Muslim et al., “Development of a quadruped mobile robot and its movement system using 

geometric-based inverse kinematics,” Bulletin of Electrical Engineering and Informatics (BEEI), vol. 8, no. 4,  

pp. 1224-1231, December 2019. 

 

 

 

 

 

 

 

 

 

 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 10, No. 1, February 2021 :  70 – 78 

78 

BIOGRAPHIES OF AUTHORS  

 

 

Khalaf S. Gaeid received the B.Sc. degree in electrical engineering/Control from MEC, 

Baghdad, Iraq in 1993 and the M.Sc degree in Control Engineering from University of 

Technology, Baghdad, Iraq in 2004. He graduated from University of Malaya, Malaysia in 2012 

with the PhD degree in control system and machine drives. His doctoral research was in  

the development new fault tolerant controller based wavelet for induction machines.  

He is currently assistant professor in control systems at the Department of Electrical 

Engineering, College of Engineering, Tikrit University, Tikrit, Iraq. His research interests 

include fault tolerant control, wavelet, fault diagnosis, machine drives and their applications in 

electrical engineering. He is IEEE member with a lot of publications in high rank journals and 

confrences. He got top 100 engineer according to the international biographic center  

in Cambridge.  In addition, he is a monge the top 3 % in the scientific research according to  

the Marques association and many other awards. 
  

 

Asaad F. Nashee recieved the B.Sc degree in electrical engineering/control from 

MEC,Baghdad, Iraq in 1993 and the M.Sc degree in control Engineering from university of 

Technology, Baghdad, Iraq in 2005. He is currently assistant lecturer in Department of 

information and communications Technology/Institute of Technology/MTU/Iraq. His research 

interests include control systems, communications technology, machine drives, and their 

applications in electrical engineering. 

 

 

  

 

Ibrahim Abidalbari Ahmed received the B.Sc degree in electrical engineering from Tikrit 

Univeristy, Salahadin, Iraq in 2019. His research interests include intelligent control, robotic, 

machine drives and their applications in electrical engineering. He is working now in  

the ministry of elecricity as an Electrical Engineer.  

 

  

 

Mohammed Hamad Dakheel received the B.Sc degree in electrical engineering from Tikrit 

Univeristy, Salahadin, Iraq in 2019. His research interests include industrial application, robotic, 

machine drives and their applications in electrical engineering. He is working now in  

the ministry of oil as an Electrical Engineer. 

 


