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       Abstract 

For people that need total or partial assistance to perform daily tasks, assistive robots are one of the solutions. Force 

control of these robots when interact with human or manipulate objects, is one the challenging problems in this area. In 

this paper a ROS-based force control system is implemented on a JACO assistive robot for grasping tasks. To do this, we 

need to know exactly how the robot's internal performance works and how it is structured. It is usually achieved by 

designing sophisticated control techniques that meet these criteria. Advanced control architectures such as torque 

computation control allow tracking of desired paths with high accuracy, however, the need to integrate robotic models 

remains. The work presented in this study provides a basis for applying these techniques to the JACO robotic arm. The 

calculation is based on the Euler-Lagrange method of calculating the internal energy. The results are then analyzed to 

ensure the models estimated with control schemes. Therefore, more advanced analysis and control techniques can be 

implemented on this robotic arm. Finally, this study can be controlled by PID with respect to the torque entered to the 

end effector by the object so that the robotic arm can move from the initial position to the secondary position with 

optimum capture and torque control of all robot joints. The experimental results showed the effectiveness of proposed 

method to perform grasping and manipulation scenario successfully. 

Keywords: Force Control, Assistive Robot, Grasp, JACO, Dynamic Modelling 

1. Introduction 

       For people that need total or partial assistance to 

perform daily tasks, assistive robots are one of the 

solutions. Assistive robotics (AR) is referred to robots 

that assist people with physical disabilities through 

physical interaction or assist through non-contact 

interaction, such as those that interact with 

convalescent patients in a hospital or senior citizens in 

a nursing home. Feil-Seifer & Mataric were 

distinguished between robots that provide assistance 

through interaction and without physical contact, 

namely socially assistive robotics, [1]. 

An adequate definition of an assistive robot is one that 

gives aid or support to a human user. Research into 

assistive robotics includes rehabilitation robots, [2, 3], 

wheelchair robots and other mobility aides, [4], 

companion robots, [5], manipulator arms for the 

physically disabled, fig. 1, [6], upper-limb 

exoskeleton robots, [7, 8], lower-limb exoskeleton 

robots, [9], and educational robots, [10]. These robots 

are intended for use in a range of environments 

including schools, hospitals, and homes. 
* Corresponding Author. Email:samavati@pardisiau.ac.ir 
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Force control of these robots when interact with 

human or manipulate objects, is one the challenging 

problems in this area. Especially for object 

manipulation tasks, strong grasping is one of the most 

important capabilities that assistive manipulators are 

expected to have Using. This ability becomes critical 

when the robot, in particular, starts operating in an 

unstructured environment. Due to the difference 

between the model and the real world, or even errors 

from precise robot control, its planned grasping is 

rarely performed without any errors, [11]. 

1.1. Grasping and its Applications 

      Grasping is the first step in the process of moving 

objects this, which examines the mechanical 

relationship between gripping the end-effector robot 

and the object. These mechanic communications 

introduce commit move situation conditions and, 

embedment arm robot circumstances in its grasp 

while implement duty. By looking at the process of 

object manipulation for human, we can understand 

that the most important point in performing this 

process is the grasp of the object. Grasping object by 

robot is one of the topics that in various applications, 

such as, move delicate object, Take irregular object 

and, bungle pieces. 

1.2. Definition And Important Issue 

       Position control in grasp, whenever, grasp follow 

course in space, it's easy. But when the End-Effector 

(EE) of robotic arm touched with environment, 

controlling of its position will not enough alone. In 

this paper, we follow one of the common ways that 

use sensor feedback in EE, [12]. 

Limitations such as taking objects of different shapes 

and surfaces, the ability to modify small, high-

precision positions, as well as taking into account the 

characteristics of the object taken, such as multi-

finger robotic hands. A specific deployment strategy 

for the property of unknown objects is the shape 

recognition by the mechanical arm. The approach is 

considered by controlling the position, optimizing the 

position of the contact points, [13], its force and its 

grasp using the control force. Its grasp and 

sophisticated deployment are two of the important 

capabilities expected of a robot. 

1.3. Robotic Arm 

       The KINOVA JACO2 robotic manipulator is six 

degrees of freedom commercial robotic manipulator, 

shown in fig. 1. This robot mobilized with a three-

finger controllable hand that acts as an end-effector. 

 
 

Fig. 1. The six degrees of freedom of JACO mounted on the wheelchair as 

a assistive robotic arm, [14]. 

The Robotic arm consists of six pieces of carbon fibre 

interconnected by six brushless direct current (BLDC) 

aluminium actuators. They have no mechanical 

limitation and allow unlimited rotations around their 

axis. Due to the carbon fibre in this device, the 

structure is very lightweight. Properties of the robot 

explained in [15]. 

In this paper, for experimental tests, the mobile robot 

of @home team of Mechatronics Research Laboratory 

(MRL) is used, as shown in fig. 2, [16]. In this robot, 

the JACO arm mounted on a wheeled mobile platform 

for executing at home tasks. 
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Fig. 2. The JACO mounted on the mobile autonomous robot as an 

assistive robotic arm, in at home MRL laboratory. 

1.4. The Method 

     The method is implementing control algorithms for 

the arm in object manipulation task. The defined task 

consists of exerting force by EE to the grasped object 

and moving it on a specified path. The framework of 

control algorithms is implementing in Robot 

Operating System (ROS) environment. Also the 

proposed algorithm is implemented with the help of 

KINOVA's C++ software interface. 

The system consists of an object by a commit of 

robotic arm and a 3-finger hand. The grasping of the 

physical object shows in Error! Reference source 

not found.. The end point of the robot moves to 

reaches the contact point for exerting the force 

according to Error! Reference source not found.. 

The forces/torques exerted to the arm by means of 

object. For controlling the force, the grasp control is 

modelled by human imitation. Capturing object is 

changing rapidly. Catch, is the manipulation of a body 

by the grasp so that it can be moved in a desired 

direction. For this purpose, when the robot is moving 

and moving the body, it must be appropriately and 

with minimal force applied to avoid fracture and/or 

deforming the body, preventing it from slipping and 

moving it steadily. 

 

 
 

 

Fig. 3. Grasping of the object by JACO and its 3-finger hand 

 

2. Mathematical Model of Robotic Arm 
 

     This section will focus on the derivation of the 

kinematic, differential kinematic and dynamic models 

of the JACO2 Robot. These models need to be 

estimated, in order to perform tasks in the workspace 

with the best possible fashion. The kinematic model, 

or also called geometric model, establishes the 

relation between a given configuration of the robot in 

joint variables and the correspondent position and 

orientation coordinates of the end-effector. The 

differential kinematic, in short, entails the relationship 

between joint and EE velocities. On the other hand, 

the dynamic model is based on the relation between 

forces/torques and the resulting motion, and allows a 

deeper analysis considering additional criteria such as 

mass, inertia and even friction terms that might 

influence the behaviour of the robot during task 

operations. 

2.1. Kinematic Model 

    The JACO2 robot is comprised of six carbon-fibber 

links. Each link of the robot can be assumed as having 

a relative position and orientation with regard to the 

base of the arm. So the base of the robot assumed as 

reference frame, which is associated to the reference 

frames of the other links by applying homogeneous 

transformations. 

Suppose an arbitrary point   in space needs to be 

represented with respect to the base frame    as 

shown in Fig. . If its position is only known from the 

reference frame    then, one way to achieve this 

would be by considering the position from that 

reference frame, adjust the orientation of the point to 
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match that of the base frame, and add the distance 

between the origins of both reference frames. 

Assuming that the matrix   
  is the rotation matrix 

between frames    and    then the position of   with 

respect to the base frame is, 

     
    

    (1) 

  

where   
 
   

 is the distance between the reference 

frames, and      is the rotation matrix between two 

frames. 

 
Fig. 4. Representation of a point between reference frames  

Homogeneous transformation is the matrix 

representation between two frames. 

 

  
  [

  
   

 

    
  

] 
(2) 

  

In which   
  is the homogeneous transformation 

matrix. These 4×4 dimensional matrices are essential 

in order to derive the kinematic model. Analogously, 

a 6-DOF robotic manipulator like the JACO2 can be 

represented by a set of reference frames between each 

of its links, in a similar fashion as displayed by Fig. . 

The transformation between the EE and the base 

frame is given by 

   
    

    
    

    
    

     
  (3) 

where each homogenous transformation matrix 

(  
   ), is a function of joint variable (  ). Equation 

(3), presents the direct kinematics model. 

2.2. Denavit-Hartenberg Parameters 

     To derive the transformation matrices of each link, 

it is necessary to assign frames to each joint according 

to Denavit-Hartenberg (DH) manner, [17]. The 

defined frames are shown in fig. 5 with length values 

shown in Table. 1. 

 

Fig. 5. The DH frames defined for joints of JACO arm 

For Definition of DH parameters, first some auxiliary 

defined in Table 2, and DH parameters of Robot is shown 

in Table 3.  

       Table 1 

      Robot length values, [15] 

Robot Lengths [mm] 

   275.5 mm Base to Elbow 

   410 mm Arm lengths 

   9.8 mm Joint 3-4 lateral offset 

   207.3 mm Front Arm lengths 

   74.1 mm 1st Wrist lengths 

   74.1 mm 2nd Wrist lengths 

   160 mm Wrist to center of the Hand 
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Fig.  2. JACO link lengths definitions 

 

 

 

Table 2 

 Auxiliary Variables of Robot 

Var. Definition Var. Definition 
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Table 3 

DH parameters of Robot 

                  

1   ⁄  0       

2      0    

3   ⁄  0        

4    0         

5    0         

6   0         
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] 

 

(4) 

  

  

Additionally, the JACO2 physical angles have to be 

converted into the angles of the DH algorithm, which 

is given by relation shown in Table 4. Since the DH 

parameters are known, by having the transformation 

matrices relating subsequent links by applying 

equation (4), then the forward kinematics (FK) model 

can be calculated through equation (3). 

 

 
Table 4 

 Physical Angle Transformation and DH Parameters 
DH Algorithm Angle Physical Angle 

            

               
               
           

                
               

 

 

2.3. Jacobian Matrix 

     The relationship between the angular and linear 

velocities of the EE and the joint velocities is defined 

by Jacobian matrix. Jacobian can also be used for 

computing the torques being in effect at the joints 

when a specific force is being applied at the EE. 

First, let the EE linear velocity be defined as  ̇   and 

the angular velocity be defined as    , while the joint 

velocities vector be  ̇ , then the relation between joint 

velocities and EE velocity is, 
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(5) 

 

Where       is a (3×6) matrix relating the linear 

velocity of the EE ( ̇  ) with the joint velocities 

vector ( ̇), and       is similarly a (3×6) matrix 

detailing the relation between the angular velocity of 

the EE (   ) and the joint velocities vector. 

Combined together, these sub matrices make the 

Jacobian matrix,     . 
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(6) 

 

Extending equation (6), the linear and angular 

velocity components can be computed as, 
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(7) 

 

The joint velocity  ̇  is expressed differently if the 

joints are prismatic or revolute. In this case, the 

JACO2 has six joints with all of them being revolute; 

therefore the angular and linear velocity for a revolute 

joint for subsequent links is denoted as, 
 

{
 ̇

 
  ̇

   
          

         ̇     

 
(8) 

 

where      is the unit vector of the joint   axis and 

       corresponds to the distance from the origin of 

the coordinate frame   with respect to the origin of the 

coordinate frame    . This means that the velocity 

in link   is the same as in link     the equalities 

presented in equation (7) are rearranged as, 

 

{
   

  ̇                  ̇                

   
  ̇   ̇     

 (9) 

Therefore, 

[
   

   

]  [
               

    
] (10) 

where     is the distance from the origin of the EE 

coordinate frame to the base frame and      the 

analogous distance from link    . 

With the FK model, it is possible to define the 

velocities of the executors for each of the arm 

frameworks. For this work, the Jacobian related to the 

linear velocities is referred to the base frame while the 

angular velocities are referred to the EE frame, which 

means it is necessary to apply the following 

remapping, 

  
     

    
  (11) 

Since the JACO is non-redundant, the inverse 

kinematics (IK) model is calculated by simply 

inverting the Jacobian matrix, 

 ̇          (12) 

2.4. Dynamic Parameters 

To obtain the dynamic parameters of the JACO2, the 

computer-aided design (CAD) model of the robot is 

generated. The CAD model provides an overall 

visualization of the robot with its different aggregated 

components. The complete set of coordinate frames 

for the various links and actuators is illustrated along 

with their relative distances with respect to the base 

frame, fig. 7. 

For a practical experiment such as this project, it is 

important to consider all the main components of the 

arm (even the inertial parameters of the actuators) to 

obtain the best results from the dynamic parameters. 
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Fig.  7. CAD model of the JACO2 robot 

The total mass of each section consists of the mass of 

link and the plastic strip located on the joint, 

  
     

   
           

    
 (13) 

where   
     

 is the combined mass of actuator and 

plastic ring for the   joint. The dynamic parameters 

can be attained pursuing different methodologies. One 

can assume that each dynamic contribution of the 

links and actuators is calculated separately. The other 

approach is that the dynamic parameters of each 

degree of freedom of the robot consist of joint and 

link, are computed cumulatively. 

2.5. Dynamic Model 

The dynamic model of the robot is based on the 

relation between the position, velocity and 

acceleration of the joints and the resulting torques 

delivered to the joints. It based on the estimation of 

the motions of the robot, given the torques/forces 

applied to the joints. So the acceleration of each joint 

of robot, as the cause of joint torque array ( ), End-

Effector Force array (   ), and joint position array 

( ) and velocity array ( ̇), 

 ̈              ̇        (14) 

Also the torque exerted to joint by actuator, which we 

could control on it with control commands, is a 

function of joint position, velocity and acceleration. 

              ̇  ̈      (15) 

Equations (14) and (15) are the basis of the 

torque/force control architecture design. Many 

parameters, such as the mass of each link and their 

inertia and friction, have a negative effect on the 

performance of arm movement. In most of the studies 

done by both Euler-Lagrange (EL) and Newton-Euler 

(NE) methods or combining these methods, the 

dynamic model of the robot arm is identified. 

The EL technique has its foundation on the kinetic 

and potential energies existent during robot motion. 

This can be summarized by the Lagrangian (L), 

represented by, 

     ̇       ̇       (16) 

where      ̇  and      are scalar values representing 

the kinetic and potential energy of the manipulator. 

The kinetic energy is given by, 

     ̇  
 

 
 ̇      ̇ (17) 

where      is the mass matrix of the robot. The 

potential energy is described as, 

          
     (18) 

where      is the gravity acceleration vector and 

     
 is the position vector of the center of gravity 

(COG) for link   of the robotic arm.    is the mass of 

link   of the robot. 

In EL method, the joint generalized non-conservative 

torque is obtained by, 

 

  
  

  

      ̇ 

  
 

     

  
 (19) 

which after some algebraic manipulation the equation 

of motion of the robotic manipulator could written 

with the following close form, 

       ̈       ̇        (20) 

 

where      is defined as a symmetric positive 

definite inertia matrix.      is the Coriolis and 

centripetal forces array.    is the term relating to the 

gravity forces. With the derivation of equation (19), 

the calculation of these matrices in real-time, allow us 
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to apply model based control architectures, for 

torque/force control. 

With dynamic parameters, the kinetic energy, and 

therefore the total torque to each joint of manipulator 

is given in the general form as, 

  ∑(  
       

     
)

 

   

 (21) 

where being the summation of the contribution of 

each link and actuator. From equation (19), 

     ∑(   
   

     
       

     ̅  
    )

 

   

 (22) 

where for computing Jacobian suppose each joint and 

link are integrated as a augmented link. So   ̅ is the 

moment of inertia matrix of augmented links of the 

robot with respect to Center of Mass (COM) of each 

augmented link. The rotation matrix    , transform the 

rotational term of kinetic energy with respect to base 

frame (  
 ). 

Computing the Jacobian is adapted from equation 

(10). The column   of the Jacobian matrix could 

computed as, 

     ̂    (           ) 

     ̂    
(23) 

where      is the position of the origin of the DH 

frame     in base frame coordinates,        is the 

position vector of COM of the augmented link   with 

respect to the base frame, and  ̂    is the unit vector 

of axis z of DH frame     . 

3.Control Strategy 

In this section the control strategy of the robot in 

executing object manipulation task, is proposed. The 

selection of the controller depends on the type of task 

to be performed. In motion control problems, the 

robot moves to a defined position to grasp and pick up 

a specific object, manipulates and transports that 

object to another defined position, and finally deposits 

or place it. Such a task is an integral part of any 

complicated manipulation tasks. 

3.1. Conceptual Design of the Control Structure 

Control commands are usually executed in the joint 

space to achieve the desired goals. In this paper, we 

used the joint space approach for controlling pick and 

place task. The main goal of this approach is to design 

a feedback controller such that the joint coordinates 

track the desired motion as closely as possible. To this 

end, consider the equation of motion (20) of the robot 

expressed in the joint space. In this case, the control 

of robot is normally achieved in the joint space, since 

the control inputs are the joint torques, fig. 8. 

 

 
Fig. 8. Joint Space Control approach of the JACO2 

 

 

With a classic point of view, control design in robot 

manipulators can be understood as a PD or PID 

compensator at the level of each actuator driving the 

robot joints. Fundamentally, a PD controller is a 

position and velocity feedback that has suitable 

closed-loop properties when applied to physical robot 

as a second order system. Actually, the strong points 

of a PD or PID control lies in its simplicity and clear 

physical meaning. So the overall structure of control 

policy of robot is developed as shown in fig. 9. 
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Fig. 9. The PD controller for outer loop Control of the JACO2 

The control approach was built applying the 

kinematics model, position and velocity feedback, 

without any attention to the dynamics of the 

manipulator. This can be enough for general task 

operations whose precision does not need to be very 

high. However, including the dynamic model into the 

control design generally improves the stability, 

performance and accuracy during task operations as 

long as its estimations are approximate to the real 

model. Additionally, there is the significant advantage 

of making the system linearized, reducing the 

coupling effects described in the last section. 

In paying attention to the dynamic terms, most of 

robot control schemes can be considered as special 

cases of the class of computed-torque control or 

Computed-Torque Method (CTM), fig. 9, which is the 

technique of applying feedback linearization to 

nonlinear systems in general. 

Feedback Linearization (FL) approach generalizes the 

concept of invers dynamics of rigid manipulators. The 

basic idea of FL is to construct a transformation as a 

so-called inner-loop control, which exactly linearizes 

the nonlinear system after a suitable state space 

change of coordinates. One can then design a second 

stage or outer-loop control in the new coordinates to 

satisfy the control design specifications such as 

tracking, disturbance rejection, etc. 

 

 

 

 
Fig. 10. The Computed-Torque Method (CTM) controller for inner- loop 

Control of the JACO2 

Finally, as the result of conceptual design of control 

strategy, the total structure with a CTM controller for 

inner-loop and a PID controller for outer-loop is as 

the block diagram shown in fig. 11. 

 
Fig. 11. Total control structure of the JACO2 : The CTM controller for 

inner-loop and a PID controller for outer-loop  

 

Computed torque control improves the control design 

accuracy until its approximation is approximately 

equal to the actual model itself. Additionally, there is 

the significant advantage of making the system 

linearized, reducing the coupling effects described in 

the last section. 

3.2. Formulation of the Control law 

As a starting point, according to concept of inverse 

dynamics control in joint space, our goal is based on 

cancelling nonlinear terms of dynamic model of the 

robot and decoupling the dynamics of each link. So 

consider the control input as below known as 

computed-torque control, 

             ̇        (24) 

It consist of an inner nonlinear compensation loop and 

an outer loop with an auxiliary control signal  . If this 

control law applied to dynamical model of the JACO
2
 

manipulator, equation (20), it follows that, 
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 ̈    (25) 

It is important to note that this control input converts a 

complicated nonlinear controller design problem into 

a simple design problem for a linear system consisting 

of six decoupled subsystems. 

One approach to the outer-loop control   is PID 

feedback, as follow, 

   ̈     ̇         ∫    (26) 

where  ̈  ,  ̇  , and    represent desired joint 

positions, velocities and accelerations Therefore the 

overall control input becomes, 

        ̈
 
    ̇         ∫     

      ̇        
(27) 

It is note that for experiments with the relatively slow 

robots, the term      ̇  could be neglected. Also if 

the task consists of noticeable friction torque 

(         ) and/or external torque (         ), they 

should take into account in forming control torque in 

the left hand side of the equation (27). Finally, the 

resulting linear error dynamics is, 

 ̈     ̇         ∫      (28) 

 

According to linear system theory, where    and    

and    are diagonal positive-definite gain matrices, 

convergence of the tracking error to zero, and 

therefore the stability of error system is guaranteed, 

[18]. We obtain the following results to obtain the 

coefficients for Equation (28) with the natural 

frequency    , and damping ration   ,necessary for 

each joint, 
 

      
  (29) 

 

And, 

 

          (30) 

where     and     are the   the diagonal elements of 

gain matrices, and in relation to     , the gains are 

manually chosen to each joint. 

4.  Experimental Results 

4.1. Position control 

The outer-loop control of the total control strategy 

proposed is a position control algorithm. Examine the 

control architecture as well as the anonymous 

geometric, differential, and dynamic models of the 

JACO2 robot with the 6-DOF described in the 

preceding section. In fig. 12, it can be imagining that 

no object forces removed by the robot arm interfere 

with the main task forces. 

 
 

Fig.  12. Comparison of the end-effector of the robot in three main modes, 

1.5 kg body weight and 0.5 kg body weight 

It can be seen that although there is still an acceptable 

limit, despite the constant state of error, the path of 

movement as expected was not a big difference with 

the main path, but as the main path to the main path 

(Reference blue diagram and red and yellow graphs 

when the bottle bubbles with physical opposition 

conditions) 

4.2. Torque Control 

In fig. 10, a simple PID controller is described that is 

purposefully used as a quick way to compute the 

dynamic anonymous model. This has been done, 

mainly because the computation surrounding the 

dynamic model recognisability of a public robot is 

very troublesome and easily error-prone. Therefore, it 

is important to use as simple control architecture as 

possible. 

Due to the facilities available in the lab and the 

existing sensors installed by the factory on its robot 

arm and grasp, the amount of force applied by the 

robot's fingers is obtained using the flow sensor. 
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On the other hand, due to the object that lifts the arm 

and moves from the initial position to the final 

position, it needs to identify the dimensions and 

weight of the object. There are two very important 

points in this situation. 

 

1. The amount of force exerted by the robot on the 

object is commensurate to its physical condition, 

which does not cause damage to the object or 

grasping to be released during the intended path of 

the object by the robot. 

2. Due to the designed route that the robotic arm is 

to be locomotive from the initial position to the 

second position, the arm should not depart from the 

path when carrying the object. 

 

So, it is necessary to torque control and position. On 

the other hand, the object can be of different materials 

and dimensions that vary greatly in weight. Here, our 

main task is torque control applied by the object and 

each of the operators along the path for its grasping 

and transmission, and the second task is to control its 

position and orientation. In this case, the robotic 

fingers first grasp the object in the initial position with 

minimal force and with the coefficients specified in 

the preceding chapter relations increase the force 

applied to the object, in fact as soon as it touches, the 

force grows slightly. 

The robotic arm then lifts the object slightly less than 

one millimetre from the initial position shown in fig. 

13. In this case, all the torque inputs to the EE and the 

joint of the robot are measured and are estimated to be 

commensurate to the torque generated in the joint. 

Then, if the object mass is exceeded, the forces 

applied to the object by the fingers will be increased 

so that they are not lost or separated during transport 

along the path. 

 

 

Fig.  13. Grasping object with differences in geometry and mass by the 

robotic arm. 

In contrast, the position of each joint and the EE is 

measured simultaneously. In this case, the desired 

direction of travel from the primary to the secondary 

point will be reversed to the kinematics to obtain the 

detailed angles needed at any given moment along the 

route. 

Figures 14, 16, 18, 20, 22 and 24, compare the 

position and orientation diagrams of the EE in the 

ideal state with the robotic arm moving the object 

along the path, along the X, Y, Z directions, and 

around them. The axis is compared. Blue line is ideal 

mode and red line is real robot. 

In figures 15, 17, 19, 21, 23 and 25 the diagrams show 

the position and orientation errors of the EE in the 

original state that ideally designed with the robotic 

arm moving the object along the path, along the X, Y, 

Z directions, and around that axis. 

As can be seen in the diagrams to verify and ensure 

the non-slip and shifting position of the EE of the 

arm, after reaching the end of the path, it remains 

fixed at the end of the path when there is no 

discernible difference in the graphs of the object as in 

the ideal case. This is a testament to the validity of the 

experiment. 

 
Fig.  14. Comparison of the end-effector diagram of the ideal position and 
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the actual position of the object in X position 

 

 
Fig.  15. Error diagram of the ideal position of the end-effector with the 

actual of the object X position 

 
Fig.  16. Comparison of the end-effector diagram of the ideal position and 

the actual position of the object in Y position 

 
Fig.  17. Error diagram of the ideal position of the end-effector with the 

actual of the object Y position 

 
Fig.  18. Comparison of the end-effector diagram of the ideal position and 

the actual position of the object in Z position 

 
Fig.  19. Error diagram of the ideal position of the end-effector with the 

actual of the object Z position 

 
Fig.  20. Comparison of the end-effector diagram of the ideal position and 

the actual position of the object in X orientation 

 
Fig.  21. Error diagram of the ideal position of the end-effector with the 

actual of the object in X orientation 
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Fig.  22. Comparison of the end-effector diagram of the ideal position and 

the actual position of the object in Y orientation 

 
Fig.  23. Error diagram of the ideal position of the end-effector with the 

actual of the object in Y orientation 

 
Fig.  24. Comparison of the end-effector diagram of the ideal position and 

the actual position of the object in Z orientation 

 
Fig.  25. Error diagram of the ideal position of the end-effector with the 

actual of the object in Z orientation 

 
Fig.  26. Comparison of the torque diagram of arm number one in ideal 

and actual body displacement mode 

 
Fig.  27. Error diagram for joint torque number one 

 
Fig.  28. Comparison of the torque diagram of arm number two in ideal 

and actual body displacement mode 

 
Fig.  29. Error diagram for joint torque number two 
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Fig.  30. Comparison of the torque diagram of arm number one in ideal 

and actual body displacement mode 

 

 
Fig.  31. Error diagram for joint torque number three 

 
Fig.  32. Comparison of the torque diagram of arm number four in ideal 

and actual body displacement mode 

 
Fig.  33. Error diagram for joint torque number four 

 
Fig.  34. Comparison of the torque diagram of arm number five in ideal 

and actual body displacement mode 

 
Fig.  35. Error diagram for joint torque number five 

 
Fig.  36. Comparison of the torque diagram of arm number six in ideal and 

actual body displacement mode 

 

 
Fig.  37. Error diagram for joint torque number six 
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Finally, to confirm the work done in this paper, which 

is the control of the force exerted on the grasp and all 

the robot joints, we examine figures 26, 28, 30, 32, 34 

and 36, which examine the torque of each joint 

separately. In figures 27, 29, 31, 33, 35 and 37, the 

error diagrams show the torque of each joint ideally 

with the actual state of the robotic arm. 

In most joints, as can be seen in the figures, the results 

are very close and follow a similar behaviour in terms 

of comparing torque to the ideal robot position. In 

figure 28, joint2 diagram, the ideal torque with the 

actual mode of movement of the object there is some 

difference in torque and the delay in the applied 

torque due to the pressure applied on the 2nd joint, 

during removal and holding. It is the body. Since the 

torque applied to this joint does not have much effect 

on other joints and does not disturb the original work, 

so this amount of difference can be justified. 

5.Conclusion 

The main goal of this paper is moving the robot with 

grasped objects, for pick and place task, and tried to 

improve its performance by computed torque control 

for its grasp and robot arm. While performing the 

task, according to the experiments performed it can be 

stated that the main objectives have been achieved. 

The conclusions can be summarized as follows: 

As an industrial worker in the field of rehabilitation, 

although the robot can be used publicly for routine 

and medical work that requires high precision, this 

article is the basis of projects that will be used in the 

future. 

We understood the robot's intrinsic performance and 

how it was structured and implemented a control that 

calculated torque to allow tracking of the desired 

paths with the highest accuracy available, although 

robotic model integration was also required. 

The calculations for the latter model are based on the 

Euler-Lagrange method of calculating the internal 

energy. Afterwards, the results were analysed to 

ensure the models estimated with the control program. 

PID control was used in this study to control position 

control for its grasp and robotic arm. The amount of 

force exerted by the fingers of the robot is obtained 

using a flow sensor. 

In this study, to adaptation grasping during the test, it 

required that in addition to controlling the torque of 

the robot, torque control was applied to all finger 

joints. 

Finally, this study can be controlled by considering 

the torque applied to the EE and all the joints of the 

robot arm by the object so that the object with the 

optimal grip and torque control in all the robot joints 

can achieve the desired path without initially, along 

the way or at the end of the object, release the robotic 

armour with excessive pressure (Incompatible with 

physical conditions of objects) grasping cause damage 

to the object. 
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