
The Inverse Kinematics Evaluation of 6-DOF 

Robots in Cooperative Tasks Using Virtual 

Modeling Design and Artificial Intelligence Tools  
 

      

Hassan II University of Casablanca, Mohammedia, Morocco; Emails: Echchhibate@gmail.com; samrih127@gmail.com; 

Aitelattar.hicham@gmail.com 

*Correspondence: abdeer.bahani@gmail.com 

 

 

 
Abstract—This work aims at evaluating the inverse 

kinematics of a two-robot cooperative system using 

Matlab/SimMechanics-based simulations and artificial 

intelligence tools, namely the Levenberg-Marquardt (LM) 

optimization method. The artificial neural networks (ANN) 

thus constructed will replace the controllers of the six 

degrees of freedom (6-DOF) cooperative robots. Therefore, 

the entire cooperative system was designed in SolidWorks, 

taking into account all the dimensions necessary for 

kinematic modeling, then converted into 

Matlab/SimMechanics, and thanks to the manipulation of 

the model in this software, we will be able to extract the 

articulatory and operational data of the cooperative system 

in its workspace. The kinematic database of the robotic 

system is built in Matlab in order to train the ANN and 

implement it in Matlab/SimMechanics. Lastly, a test is 

performed in a collaborative task to evaluate the intelligent 

control error. The results obtained can be applied to and 

tested for the kinematic control of two real ABB IRB 120 

cooperative robots.    
 

Keywords—inverse kinematic, cooperative system, 

Matlab/SimMechanics, Artificial Neuronal Network, 

Levenberg Marquardt, 6-DOF, Robot IRB 120 

I. INTRODUCTION 

In modern robotics, the topic of multi-robot 

cooperation is very broad and covers a wide range of 

domains and applications where a group of robots can 

cooperate to perform a common task. Cooperative 

industrial robotics has several applications, including 

transportation, autonomous military systems, and 

industrial manufacturing. Fig. 1 depicts the use of 

cooperative robotics in a welding operation. 

When two or more industrial manipulators are used to 

grasp or manipulate an object, the motion trajectory and 

then the internal force of the manipulated object must be 

controlled [1]. In this paper, we attempt to track a 

cooperative robot's trajectory using not only simulation 

and optimization software but also artificial intelligence 

tools. To reach to at very convincing conclusions, we first 

investigate the kinematics of the cooperative robotic 

system, taking into account the state of the art in 
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geometric and kinematic modeling of a single 6-DOF 

robot. We then created the kinematic database using the 

SimMechanics model, and finally, using the Matlab 

library, we could build an intelligent controller that would 

be validated by the SimMechanics simulation. 

 

Figure 1. Example of multi-robot cooperation in a welding task [1]. 

II. RELATED WORKS 

The issue of cooperative path planning in a multi-robot 

system without planning tools is covered in research [1] 

and [2]. Other studies, like [3] investigate cooperative 

item manipulation tasks for two-armed robots. The 

sliding mode controller, based on the hyperbolic tangent 

function, is used in these tasks. 

The study [4] proposes a methodology for developing 

a web-based graphical user interface for motion 

simulations of the industrial robot PUMA 560. The same 

interface can then be connected to a real system using the 

web-based communication architecture to control the real 

PUMA 560 robot remotely. This methodology is 

undeniably effective for educational purposes, but it lacks 

artificial intelligence tools for controlling robots. 

In this paper, we focus mainly on the development of a 

new model of cooperative robots manipulating a common 

object. This model is designed to overcome the problem 

of inverse kinematics of cooperative manipulator arms 

because this type of work involves several geometric, 

kinematic, and dynamic constraints. The method consists 

of modeling with CAD tools, followed by simulation 

with MATLAB/SimMechanics, a technique previously 

introduced by [5]. The method of setting up a trajectory 
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for a cooperative system is given in [6], which suggests a 

method based on the closed kinematic chain model. The 

velocity and acceleration constraints caused by the 

kinematic closure in the case where two robots grasp a 

common object are deduced in [7] and [8]. In addition to 

the analytic modeling, we have tried to control our 

cooperative system with the help of artificial networks, a 

method used by [9]. The database of these networks is 

derived from CAD computer modeling after being 

uploaded to SimMechanics. Certainly, the research on 

inverse kinematics of robots has already been done [10], 

but they did not take into consideration the tool 

orientation other than when they built the database of 

networks by the conventional method based on the 

analytical approach. In contrast to our work based on the 

reunion from the "Workspace" following a 

Matlab/SimMechanics simulation. 

The development of an artificial intelligence approach 

to the task of manipulator robot trajectory planning has 

already been discussed in [11]. While [12] is concerned 

with the matrix method of a pseudo-inverse neural 

network with a correct Jacobian applied to the control of 

a robot's inverse kinematics. 

The cooperative system is supposed to be composed of 

two identical robots; that's why the configuration of only 

one robot will be enough to describe the cooperative 

system. 

III. KINEMATICS OF THE IRB 120 ROBOT 

The multi-purpose industrial robot, IRB-120, has been 

introduced by ABB. This 6-DOF robotic manipulator has 

all the capabilities and advanced design features of ABB's 

large robot but is very lightweight and cost-effective. It 

has a mass of only 25 kg, an accessibility of 580 mm, and 

the ability to reach 112 mm under its own base. It has a 

rotating arm structure, a spherical wrist structure, and a 

structure similar to that of the PUMA-560 robot. The 

important aspects of the IRB-120 robot and the range of 

variation of each joint axis are shown in Fig. 2. 

 

Figure 2. Structure of the manipulator robot IRB-120 [13].  

A. Geometric Model 

The computation of the orientation and position of the 

robot end is called a "direct kinematic analysis". In order 

to model a direct kinematic analysis for the robot, there is 

generally a methodology to follow. First, number the 

links and joints and attach local coordinate reference 

systems to each link. Then establish the Denavit-

Hartenberg (D-H) parameters for each link. Direct 

kinematic analysis of the IRB-120 robot manipulator (6-

DOF) Fig. 3 shows the D-H parameters for the IRB-120. 

The D-H for the IRB-120 listed in Table I are ai (link 

length), αi (link twist), di (link offset), and θi (joint angle). 

TABLE I. THE D-H PARAMETERS OF ABB IRB 120. 

Joint i 
D-H  parameters 

θi/(°)  di/mm ai/mm αi/(°) 

1 θ1 290 0 -90 

2 θ2 – (pi/2)  0 270 0 

3 θ3   0 70 -pi/2 

4 θ4    302 0 pi/2 

5 θ5    0 0 -pi/2 

6 θ6 +pi   72 0 0 

Fig. 3 is a schematic view of the coordinate systems, 

joints, joint angles, articulations, and centers of mass of 

the manipulator robot IRB-120. Since all joints of the 

IRB-120 robot are rotating, the robot mechanism is 6R 

(rotating). 

 

Figure 3. The centers of mass and coordination of an IRB 120 [13]. 

Given the parameters in Table I, the transformation 

matrices for the links of the robot are obtained as follows: 

cos sin .cos sin .sin .cos

sin cos .cos sin .cos .sin
, 1 0 sin cos

0 0 0 1

Li i i i i i i

Li i i i i i i
Ti i di

     

     

 

 
 
 
 
 
 
 

−

−
=+

 (1)  

The transformation matrices for six axes are given in 

Eq. (2) : 

. . . . .0,1 1,2 2,3 3,4 4,5 5,6

0 0 0 1

n o a Px x x x

n o a Py y y y
T T T T T T

n o a Pz z z z

 
 
 
 
 
 
 

=      (2) 
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where n (normal), o (orientation), and a (approach) are 

orientation elements, and P (position) is a position 

element relative to the reference frame [13]. The elements 

of the matrix on the left-hand side of Eq. (2) are given in 

the following equations: 

( ( )) ( (
6 4 1 4 1 2 3 1 2 3 6 5 1 4

( )) ( ))
4 1 2 3 1 2 3 5 1 2 3 1 2 2

n S C S S C C C C S S C C S S
x

C C C C C S S S C C S C C S

= − + − −

− − + +

             (3)                           

( ( ))
6 1 4 4 1 2 3 2 3 1

( ( ( )) ( ))
6 5 1 4 4 1 2 3 2 3 1 5 2 1 3 3 1 2

n S C C S S S S C C S
y

C C C S C S S S C C S S C S S C S S

= + −

+ − − − +

  (4)  

( ( ) ( ))3 3 36 5 2 2 4 5 2 3 2

( )6 2 3 3 23

n C S C C S S C C C S C Sz

S S C S C S

= − + +

− +

                    (5) 

( ( ( ))46 5 1 4 1 2 3 1 2 3

( )) ( ( ))
5 1 2 3 1 3 2 6 2 1 4 1 2 3 1 2 3

o S C S S C C C C C S S
x

S C C S C C S C C S S C C C C S S

= − −

− + − + +

      (6)         

( ( ))
6 1 4 4 1 2 3 2 3 1

( ( ( ))
6 5 1 4 4 1 2 3 2 3 1

( ))
5 2 1 3 3 1 2

o C C C S S S S C C Sy

S C C S C S S S C C S

S C S S C S S

= + −

− − −

− +

                                  (7) 

( ( ) ( ))5 36 2 3 2 3 4 5 2 3 2

( )
6 4 2 3 3 2

o S S C C S S C C C S C Sz

C S C S C S

= − − + +

− +

                   (8) 

( ( ))
5 1 4 4 1 2 3 1 3 2

( )
5 1 2 3 3 1 2 1 3 2

a S S S C C C C C S Sx

C C C S C C S C C S

= − −

− + −

                                  (9) 

( ( ))
5 1 4 4 1 2 3 1 3 2

( )
5 1 2 3 3 1 2 1 3 2

a S C S C S S S C S Cy

C S C S C C S S C S

= − − −

− + −

                               (10) 

( ) ( )
5 2 3 3 2 5 4 3 2 3 2

a C C C S S S C S C C Sz = − − +                          (11) 

( ( ( ))46 3 1 4 1 2 3 1 3 2

( )) ( )4 1 3 25 1 2 3 3 1 2 1 2 3

2 1 2 3 1 2 3 3 1 2 3

P d S S S C C C C C S Sx

C C C S C C S d C C S C C S

a C C a C C C a C S S

= − −

− + − +

+ + −

                    (12) 

( ( ( ))5 46 1 4 1 2 3 1 3 2

( )) ( )4 1 3 25 1 2 3 3 1 2 1 2 3

2 1 2 3 1 2 3 3 1 2 3

P d S C S C S S S S C Cy

C S C S C S S d S C S S C S

a S C a S C C a S S S

= − − −

+ + − +

+ + −

                      (13) 

( ( ) (51 3 26 5 3 2 4 2 3

)) ( )4 3 2 2 2 3 2 3 3 3 23 2 2 3

P d d C C C S S C S C Sz

C S d C C S S a S a C S a C S

= + − −

+ + + + + +

             (14) 

Where, Si  and Ci  are the representatives of  sin( )i ,and 

cos( )i respectively. 

B. Inverse Kinematic Analysis of the IRB-120 6 DOF 

Manipulator Robot 

The existence of a solution to the equation X = f(q) is 

conditioned by the fact that the end effector evolves in 

the reachable domain. This domain is defined, on the one 

hand, by the dimensional limitations of the mechanical 

elements forming the vector X and, on the other hand, by 

possible structural limitations. The resolution of the 

inverse kinematics of this robot leads us to: 

For 1 , the two solutions are: 

 

  tan( , )1.1

tan(( , )1.2

a y xp p

a y xp p





=


= − −

                         (15)                        
                  

 

For 3 , the two solutions are: 

      
2tan 2( , 1 )3.1

2tan 2( , 1 )3.2

a t t

a t t

 

 


= − +


 = − − +

                      (16) 

With : 

( )
3

3

s

.

in(

0

)

 2 70 2atan

t



− =

=





                            (17)                       

calculation of 2 : 

tan 2( , )2 1 3 4 2 2 3 1 4a q q q q q q q q = + +                (18) 

with 

 302  70 2701 3 3q S C= − + +                                       (19) 

 302  702 3 3q C S= +                                                    (20) 

 4q zp= −                                                                    (21) 

calculation of 5 : 

21  ( ) )23 1 1 23

( ) )3 1 1

5.1

tan 2( (

, 2 23

a S C a S a Cz x y

C a a

a

a Sz S Cx y



−

+−

− +

=

+

+       (22)         

21  ( ) )23 1 1 23

( )

5.1

t

1

an 2(

2 )1 23 3

(

,

a S C a S a Cz x y

C a S a Cx y

a

a Sz



−

=

− +

− +

− +

+

           (23) 

For 4 and 6  

)
( )1 1 1 1 23 23

tan 2( ,4 5 5

S a C a C a S a S a Cx y x y z
a

S S


− + − + −
=     (24)                 

)

( )23 1 1 23
tan 2(6 5

( )23 1 1 23
,

5

S a C o S o Cx x y
a

S

S n C n S n Cz x y
S


− + +

=

+ +
                         (25) 

Where,
 

23 2 3cos( )C  = + and 23 2 3sin( )S  = +
 

are defined contractually.
 

IV.
 

KINEMATIC ANALYSIS OF TWO COOPERATIVE 

ROBOTS

 

A.
 

Preliminaries
 

When
 
serial robots manipulate an object in common, 

they form a closed chain, which makes the multi-robot 

system an overdriven or redundant system, since the 

effective degrees of freedom (ne) are greater than the 

strict degrees of freedom (nt).
 
This ability enhances the 

dexterity of the mechanism, which offers advantages such 

as the ability to avoid joint restrictions, singularities, and 

obstructions in the work area, but the mechanism also 

makes trajectory planning and kinematic control difficult 

[14].
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B. Combinative Kinematics Model of the Dual-Arm 

Robots 

The multi-robot system that manipulates a common-

object has a different combinatorial kinematic model than 

the traditional multi-degree-of-freedom serial 

manipulators. The diagram shown in Fig. 4 of the two-

arm cooperative system is adopted. 

 

Figure 4. Cooperating robot arms carrying a rigid object. 

The kinematic closure requirements and the pose 

constraint between the two-robot system's effectors 

impose the following structural relationships [3]. 
 

. .0, 0,10 10,1 1 ,

. .0, 0,20 20,2 2 ,

T T T TC T T C

T T T TC T T C

=


=

                    (26) 

Where  

  

 

  

 

  

 

  

 

 

The kinematics equations for the manipulators can 

therefore be determined as follows: 

. .10,1 10,0 0, ,1

. .20,2 20,0 0, ,2

T T T TT C C T

T T T TT C C T

=


=

              (27) 

We assume that the system has two 6-DOF-style 

manipulator arms. The transformation matrix is expressed 

as follows: 

0,1 0,1
0,1

0 0

R pT T
T T

 
=  

  

                       (28) 

Where 3
0,1

3R T   and 1
0,1

3p T   are a rotation matrix 

and a position vector, for robot 1, of the end-effector 

frame 1TE  relative to the base frame 0E , respectively.  

The orientation vector of the end-effector frame 

1TE relative to the base frame 0E  ; 3 1
01T   can be 

calculated by this rotation matrix. 

These matrix equations can result in six equations that 

represent the system's kinematic closure [14]. 

0, 0,1 1 , 0,2 2 ,p p p p pC T T C T T C= + = +              (29) 

0, 01, 1 , 0,2 2 ,C T T C T T C    = + = +                 (30) 

With : 

   

  

 

   

  

The vector can be used to express the position  of arm 

1's end effector;   ,   1 01 01
16T Tx p

T
 


=  


. Similarly, the 

vector   ,   2 02 02
16T Tx p

T
 


=  


 described arm 2, so we 

can join the two expressions by 
1

12 1  ,  2
T Tx

T
x x=  

 
. 

And by putting   ,  1 2
12 1T Tq q q

T
  


=


 is the two-

armed robots' joint position vector. The following 

relationship can be written thanks to the kinematic 

analysis: 

( )  x J q q=                                  (31) 

Deriving the above equation with respect to time t we 

can obtain: 

( ) ( )x J q q J q q= +                      (32) 

The arm robots' joint acceleration's control vector can 

be determined as follows: 

( ) ( )
1

( )q J q x J q q
−

= −              (33) 

C. Cooperative Control Strategy for the Robots 

When the two robots handle a rigid object in common, 

the task of path planning becomes very complicated 

because the object and the two end effectors form a 

closed set [14]. This is why we insert a certain stiffness at 

the level of the tool-object contact, as shown in the 

following Fig. 5 [15]. 

     10E                     0E                       20E     

Robot 1                                          Robot 2  

 

                             CE              

                   1TE        2TE               
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•
0,T C

denotes the pose transformation matrix 

of the object with respect to the world 

coordinate system 0E .

•
0,10T and 

0,20T denotes the pose transformation 

matrices of the base coordinate systems of 

robot 1 and robot 2 with respect to the world 

coordinate system, respectively.

•
10,1T T

and 
20,1T T

denotes the pose 

transformation matrix of the end effectors 

(TCP) with respect to the base coordinate

system, respectively.

•
1 ,T T C

and 
2 ,T T C

denote the pose 

transformation matrix of the object with 

respect to the coordinate systems of the two-

armed robot end effectors, respectively. 

• 3 1
1 ,p T C

 and 3 1
1 ,T C  represents the 

object frame's CE position and orientation 

with respect to the first arm's end-effector 

frame 1TE , respectively.

• 3 1
0,p C

 and 3 1
0,C  are the common 

object's position and orientation vectors with 

respect to the basic framework 0E .



 

Figure 5.The tool-object contact modeling 

D. Simplification in Our Case 

Finding the values of the joint variables in relation to 

the center of a common object in the pose is the definition 

of the inverse kinematics problem for cooperative 

manipulators. 

In our case, we coincide the global reference 0E with 

the reference of the first robot. in this situation  the 

equations become: 

.0, 10,1 1 ,

.10,1 0, ,1

T T TC T T C

T T TT C C T

=


=

                                  (34) 

Furthermore, we assume that the object is fixed with 

respect to the end effector. This corresponds to a 

stiffening of the two final object-effector contacts 

( 1k  and 2k  ) as well as a, the b-damping 

( 1b  and 2b  ), all to avoid error messages during 

the simulation. 

V. ROBOTS COOPERATIVE DESIGN AND CONTROLLING 

TOOL IN MATLAB 

Today, simulation and CAD modeling tools are 

essential for the construction of a robotic system. Among 

these tools, we find of all the modeling software 

SolidWorks, which is used to design, simulate, manage 

data, and even evaluate the impact of products on the 

environment. We use this software to design the two 

cooperative robots to build a real model; we are obliged 

to respect the dimensions and the mechanics of each arm, 

and then we insert the object to be manipulated. The 

following Fig. 6 shows the proposed cooperative system, 

which consists of the two manipulator robots in the 

Matlab/SimMechanics environment. 

 

 

Figure 6.Virtual model of the dual-arm system 

A. Synchronization of SolidWorks Software with 

MATLAB/SimMechanics 

SolidWorks is a CAD tool that offers the possibility to 

synchronize the designed model with other software, not 

only for design but also with calculation or control 

software such as MATLAB. All Design elements, 

including the mechanical and geometric characteristics of 

the structure built using SolidWorks' assembly function, 

are synchronized [5]. 

B. SimMechanics Module 

The generation-first model is then obtained by 

synchronizing SolidWorks and Matlab. This model is 

presented as an XML file that contains the models and 

the characteristic parameters of our cooperative system. 

Once generated, this file will be able to be read in 

Matlab/ Simulink, as shown in Fig. 7. 

C. Model Manipulation and Data Collection for Neural 

Networks 

The opening of the XML file in Matlab allows us to 

manipulate our system by deleting or adding elements 

from the Simscape library [16]. We proceed to 

manipulate the object by adding motor commands to the 

file, which allows us to move the object in all directions 

and orientations while maintaining object-arm contact in 

order to collect the articular coordinates of each 

cooperative robot. Fig. 7 illustrates the collection strategy 

for articular coordinates based on object coordinates: 

 

Figure 7. The Simulink diagram for the sampling collection. 

VI. PROPOSED ARTIFICIAL NEURAL NETWORK DESIGN 

A. Preliminaries 

Artificial neuronal networks are methodical computing 

systems that process information without tiring of the 

structure of the cervix. 

Hard-limit features, linear features, and sigmoid 

features are all common. The output of the activation 

function can be connected to the input of another neuron. 

The weights and the biases are formed to minimize the 

errors between the desired outputs and the actual outputs 

[17], as illustrated in Fig. 8. 

Training is a learning process to update weights and 

biases. Site weight and bias play an important role in 
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artificial neuronal networks. The weights determine the 

position in the entry space, and without bias, the entries 

are forced to go through the origin of the entry space. the 

origin of the entry space [18, 20, 21]. 

1

( )
n

j j

j

a F w p b
=

= +                                  (35) 

 

Figure 8. A fundamental neuron's structure 

B. Levenberg Marquardt (LM) 

The Levenberg Marquardt method (LM) is a method of 

optimization or non-linear solution of the least squares. 

This is the quickest method of retropropagation training. 

Levenberg [22] and later Marquardt [23] proposed a 

Gauss-Newton method to depreciate. 

C. Network Architecture and Training 

The feedforward MLP network is employed to solve 

the inverse kinematics of each ABB robot. The learning 

technique employed is based on supervised batches of 

target values provided to the network by 

Matlab/SimMechanics and predictions (outputs) are then 

generated by the network based on the regression value of 

a well-trained network a successfully trained network 

[24,25]. 

MATLAB/neural network toolbox is used for training, 

validation, and testing. Fig. 9 shows a block diagram for 

traditional ANN and its model as follows: 

 

1

2

3

4

5

6

_ ( , , , , , )

i

i

i
i x y z

i

i

i

Q ANN N X Y Z R R Ret













 
 
 
 

= = 
 
 
 
  

      (36) 

With
 

, , , , ,x y zX Y Z R R R
 
are

 
the

 
coordinates

 
of

 
the

 

manipulated
 
object

 
with

 
respect

 
to

 
the

 
global

 
reference

 

frame.
 

 iQ :
 

is
 

each
 

cooperative
 

robot's
 

joint
 

coordinate
 

vector.
 

 

 

Figure 9. Neural network architecture. 

Levenberg-Marquardt is therefore used its reputation 

for ensuring rapid convergence of the learning error [20, 

23–27]. For all the 1000 samples collected, 150 are used 

for validation and 150 for testing the neural network. The 

700 of the remaining samples are used for the actual 

training of the neural network. 

The following Figs. 10 and 11 show how each arm's 

neural network's performance has changed over time: 

 

Figure 10. The performance of the neural network for robot 1. 

 

Figure 11. The performance of the neural network for robot 2. 

VII. SIMULATION AND RESULTS 

It would be wise to compute a solution for the inverse 

kinematics of the multi-robot system in order to control 

the handling error because, in general, the desired 

movement of the manipulated object is performed in 

cartesian coordinates while the movement of the two 

manipulator robots is controlled from the joint 

coordinates.  

We import the two neural networks into SimMechanics 

for testing when they have finished their training. The 

SimMechanics model of our cooperative system, 

including the two neural networks, is shown in the 

schematic in Fig. 12 below. 
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Figure 12. Internal blocks in Simulink of the cooperative system 
controlled by intelligent controller 

A. Evaluation of the Trajectory by the  Neural  Network 

Obviously, for this reason, a sample of the coordinates 

of the object manipulated in the workspace (X, Y, Z, 

XR , YR , ZR ) is introduced in the network. This set of 

data will correspond to known values of the joint 

coordinates delivered by ANN; the same values would be 

compared as calculated from the previous section or 

given directly by Matlab/SimMechanics. Table III below 

shows some samples of these simulation results.  

 

TABLE II. ERROR CALCULATION FOR PREDICTED JOINT ANGLES 

Input 

(mm) 

Robots 

joint 

angles 

 

Real 

output 

in 

degrees 

desired 

output in 

degree 

Error 

 % 

 
 

 

747.6

-77.0

687

1

11.24

20

X

Y

Z

X

Y

Z

R

R

R

   
   
   
   

=   
   
   
   

     

 

11  −22.77 −22.46 1.36 

12  11.52 11.90 3.29 

13  38.02 37.84 0.47 

14  57.57 59.58 3.49 

15  52,78 55.11 4.41 

16  1 0.981 1.9 

21  −4.30 −4.41 2.55 

22  −17.96 −18.97 6.18 

23  48.95 47.96 2.02 

24  −24.65 −24.12 2.15 

25  79.52 78.48 1.3 

26  1 0.986 1.4 

 
 

 

936.3

-189.2

685

0

7.78

-6.1

X

Y

Z

X

Y

Z

R

R

R

   
   
   
   

=   
   
   
   

     

 

11  −14.09 −14,37 1.98 

12  27,77 27,56 0.75 

13  17,45 17,79 1.94 

14  12,81 12,16 5.07 

15  38,10 40,58 6.5 

16  1 0.98 2 

21  42.55 41,88 1.57 

22  −4.69 −4,98 6.18 

23  63.94 63.73 0.32 

24  48.52 47.30 2.51 

25  83.53 82.01 1.81 

26  1 0.97 3 

Several readings can be taken to calculate the 

position/orientation errors. The average 

position/orientation error of the object manipulated by the 

cooperative system in a given position/orientation is 

shown in Table III below: 

TABLE III. THE PROPOSED METHOD'S PERFORMANCE FOR A 

ROBOTIC SYSTEM. 

Desired 
position/orientation 

Real 
position/orientation 

Parameters Error( %) 

630

150

670

20

10

15

 
 
−

 
 
 
 
 
 
  

 

631.05

151.12

671.17

19.75

9.86

15.33

 
 
−

 
 
 
 
 
 
  

 

X 0.16 

Y 0.75 

Z 0.17 

XR  1.25 

YR  1.4 

ZR  2.2 

B. Trajectoir Prediction by ANN 

After constructing each robot manipulator's ANN 

network, experiments are carried out, and the controlled 

solid is moved (without orientation; Rx=Ry=Rz=0) along 

a helical track within the workspace. The Simulink 

library creates the trajectory by monitoring the following 

equations: 

( ) ( )O t Amp Sin Freq t Phase Bias=   + +   (37) 

So in order to program the helix equation, we proceed 

to the following parametric equation:   

( ) 100 sin( ) 700

( ) 100 sin( / 2) 100

( ) 3 600

x t t

y t t

z t t



=  + 
 

=  + + 
 = + 

              (38) 

In this simulation, the object to be manipulated must 

follow this parametric equation, which gives the desired 

helix built from the previous equations and real-designed 

thanks to the ANN network as shown in Fig. 13. 

 

Figure 13. Trajectory configuration generated by two robots  in 
cooperative task with ANN 

The position errors along the helical path are 

represented in the following Fig. 14: 

X(mm) 
Y(mm) 

Z(mm) 
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Figure 14. ANN motion error in 𝑥, 𝑦, and 𝑧 direction 

Another simulation in the (x, y) plane was run to see 

how well the two robots on the plane could be tracked. 

 

Figure 15. The comparison results of the desired and the actual 
trajectory of the common object using ANN 

To evaluate the cooperative system with the ML 

control approach on a planar trajectory, we ran this 

simulation and obtained many images, which are shown 

in Fig. 16 on the following page. 
 

 
(1) 

 
(2) 

 
(3) 

 
(4) 

 
(5) 

 
(6) 

 
(7) 

 
(8) 

Figure 16. The simulation snapshots for the object manipulated along an elliptical trajectory 

We have only tested the position of the manipulated 

object for the time being, but keep in mind that our ANN 

network can always predict the orientations of the object, 

as demonstrated in numerous works [28–32], as shown in 

Table IV below. The following two Figs. (17 and 18) 

show the effectiveness of our proposed model, which is 

concerned with tracking the object's orientation around 

the Y and Z axes. 

 

Figure 17. The comparison results of the desired and the actual 
orientation around the Z axis of the common object using ANN. 

TABLE IV. SYSTEM PERFORMANCE COMPARISON BETWEEN THIS STUDY AND OTHERS. 

Study  System  DOF Method  MSE Erreurs  

 

Proposed 

 

Two ABB IRB 120 

 

12 

 

ANN 

 

56.83e−
  

X=0.16% 

Y=0.75% 

Z=0.17% 

XR =1.25% 

YR =1.4% 

ZR =2.2% 

 

Almusawi et al ,2016[9] 

 

DENSO VP6242 

 

6 

 

ANN 

 

3.3 
8e−

 

X=0.17% 

Y=0.36% 

Z=0.12% 

XR , YR , ZR  are not done  

 

Luv et all,2014 [31] 

 

PUMA 560 

 

6 

 

ANN 

 

 

1.217 

X=6.42% 

Y=4.90% 

Z=2.92% 

XR , YR , ZR  are not done 

 

Hasan et all,2010[32] 

 

FANUC M-710i robot 

 

6 

 

ANN 

 

∼1  

X=3.34% 

Y=6.72% 

Z=0.35% 

XR , YR , ZR  are not done 
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Figure 18. The comparison results of the desired and the actual 
orientation around the Y axis of the common object using ANN. 

As shown in Fig. 13, when the two manipulators 

follow the object trajectory, the angles of the joints run 

smoothly. At the same time, the positional errors for a 

complex trajectory are between-2 and 2 mm, as shown in 

Fig. 14. Fig. 15 for an elliptical trajectory in the (x,y) 

plane confirms these errors. 

For the capacity of the ANN control for the rotations 

around the z and y axes, the errors are very small, as 

shown in Figs. 17 and 18.   

We attempt to develop a control strategy based on 

artificial intelligence tools, specifically the LM method, 

in this paper. This control will be able to cooperatively 

manipulate an object with two 6-DOF manipulators. 

 The two-armed robots' combinatorial kinematic 

geometric model is established, and the intelligent 

controller is designed and validated using SimMechanics 

simulation. The simulation results show that the proposed 

model is effective. 

VIII. CONCLUSION 

The ANN approach proposed in this paper has proven 

to be an effective method for 6-axis cooperative robot 

control, offering advantages and gains over other 

traditional geometric, iterative, or algebraic methods. 

From the coordinates of a common-object in the 

workspace, the ANN developed in this work can 

confidently predict the inverse kinematic solution of a 

cooperative system consisting of two 6-axis manipulator 

arms. With high accuracy, this prediction includes not 

only the position of the manipulated object but also its 

orientation. This method is extremely useful for 

cooperative robot path/trajectory planning, particularly 

for computer-aided cooperative robots. 
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