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Abstract: In this paper, a joint position-force controller is used to control a 6R general-
purpose robot manipulator. The manipulator comes into interaction with a spherical 
object in a numerically simulated environment. A controller has been implemented 
using the MATLAB Simulink software which uses the Simmechanics second-
generation toolbox. A useful numerical contact model is used for modelling the 
interaction between the manipulator’s end-effector and the environment which 
generates the interaction feedback forces. The control algorithm presented in this paper 
is developed in the Cartesian space and the original control algorithm was modified to 
satisfy the desired input position in the base coordinate frame. The control algorithm 
was verified using a virtual environment, before hardware implementation. The novelty 
of the controller is determining the input tactile forces for the robot without actually 
causing a collision between the end-effector and the object in the environment which 
can lead to fracture and damage to the environment or the manipulator. The modeling 
process of interaction with the spherical environment was investigated using 
Simmechanics to model precise mechanical characteristics of manipulator that are 
unknown to the designers and provide a great advantage in the simulation for them. The 
considered position and tactile force were tracked successfully with good accuracy. The 
results show that the proposed manipulator system controls the position and force with 
more than 95% accuracy and the accuracy of desired tracing trajectory is 99%.  
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1 INTRODUCTION 

In many applications, manipulators must interact with 

unknown environments safely and reliably. It is 

necessary to include an interaction control method that 

reliably adapts the forces exerted on the environment to 

avoid damage. The hybrid position/force control method 

can be used on those applications where the maximum 

or exerted force is known. It is important to access to 

precise mechanical characteristics and application of 

manipulator. 

Hybrid position/force control was first proposed by 

Raibert and Craig [1] and then was distributed by others 

such as: Gueaieb et al. [2-3]; Kumar et al. [4]; Matsuno 

and Yamamoto [5]; Queiroz et al. [6]; Xiao et al. [7]; 

Yoshikawa [8]. In this method, force and position terms 

are separated and decoupled. Then, separate control laws 

are used for each term. After that, Zhang and Paul Zhang 

and Paul [9] proposed a Cartesian space scheme for 

hybrid control. Neha and et.al [10] analysis grasp of a 

four-finger robotic hand based on the MATLAB 

Simmechanics in which various bones, joints, tendons, 

and muscles functioning together in order to produce the 

desired motion. Pliego-Jiménez and Arteaga-Pérez [11] 

proposed an adaptive position/force control for robot 

manipulators in contact with rigid surface with uncertain 

parameters. Guibin Ding [12] worked on the 

position/force control problem for constrained 

reconfigurable manipulator via dynamic model 

decomposition. Based on a nonlinear transformation, the 

dynamic model of the reconfigurable manipulator 

system has been divided into the positioning subsystem 

and the force subsystem. This way, the control system is 

more convenient to design. In the positioning subsystem, 

an adaptive neural network is used to approximate the 

nonlinear term whose upper bound is unknown in 

different reconfigurable manipulators. In the force 

subsystem, based on the computed torque method, 

another adaptive neural network is employed to 

compensate for the model uncertainties [12]. 

Homayounzade and Keshmiri [13] investigated an 

adaptive position/force designed controller for the case 

of robot motions gained access with manipulators. 

Considering the position and velocity of the 

manipulator, parametric uncertainties were compensated 

by the mentioned controller although forces at contact 

positions were not required. Yoichi Hori [14] reported 

the efficacy of a robot control method without using 

non-linear compensation but using the inverse dynamics 

based on the Two-Degrees-Of-Freedom (TDOF) for the 

robust position. He showed the experimental results of 

various kinds of robot motion controls using the life-size 

6-axis manipulator and DSP based controllers [14]. 

Haptic communication is one of the most important 

cases of study between different structures. The 

deterioration of haptic performance is dependent on an 

interference term. Also, a novel hybrid controller for 

decoupling of response and analyzing its performance, 

stability, and robustness have been proposed. 

Simulations and experiments toward cardiac surgery are 

shown, and the effectiveness of the proposed method is 

verified. W.G. Guo et al. studied the control method for 

hybrid position/force manipulators. In this method, by 

using the disturbance observer in joint space, the 

dynamics of manipulators can be linearized [15]. 

This paper presents a case study that describes hybrid 

position/force control of the interaction forces for 

simulated 6DOF Serial Manipulators and thus, 

Simmechanics (second generation) is utilized to model 

the robot. A model-based controller is used in which the 

mathematical model of the mechanical system is to 

decoupled and linearize the force and position terms. If 

the mathematical description matches the mechanical 

system described in Simmechanics, the non-linearity of 

the system will be nullified. As long as the system is 

linear, simple control laws can be used to implement the 

force and position control. To test the control system, the 

robot is given a reference input trajectory that causes the 

robot to track a trajectory on the surface of a sphere, to 

observe the environmental interaction performance. In 

this trajectory, the robot passes through a singular 

position and the stability of the system in singular points 

can be studied. Some of the programs for implementing 

the controller are obtained from the MATLAB Robotic 

toolbox, after little changes. The performance of the 

system was verified using a virtual environment and the 

results are shown and discussed. Determination of the 

input tactile forces of manipulator without any collision 

between the end-effector and the environment is desired 

for designers that can inhibit fracture and damage to the 

environment or the manipulator presumably. The main 

outstanding of the present work are the estimation of the 

feedback force and obtaining the manipulator controller 

design without the need to manufacture the desired robot 

and workspace. Also, the initial contact of the end-

effector on the environment, which sometimes causes 

damage or fracture on the surface of the impact or tool, 

is also controlled.  

2 SYSTEM DESCRIPTION 

Manipulator structure chosen for study in this paper is 

demonstrated in “Fig. 1ˮ . The manipulator has six 

revolute joints. Axes of three last adjacent joints 

intersect each other on a point. In robotics, the 

manipulator Denavit and Hartenberg (MDH) notation 

for describing serial-link mechanism geometry is 

fundamental. Given such a description of a manipulator, 

we can make use of established algorithmic techniques 

to find kinematics, Jacobians, dynamics and other 

motion planning of the manipulator and simulation [16]. 
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Table 1 shows the MDH parameter of the manipulator. 

In this work, tactile contact forces between the end-

effector and the environment are generated by numerical 

simulation of the contact environment dynamically and 

this is done without causing any actual contact or 

collision between the manipulator and the environment 

which can cause damage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1  Schematic views of the robot manipulator used in the simulation. 

 

Table 1 Modified Denavit Hartenberg parameters of the 

manipulator 

𝜽𝒊 [𝒅𝒆𝒈] 𝒅𝒊 [𝒎𝒎] 𝜶𝒊−𝟏[𝒅𝒆𝒈] 𝒂𝐢−𝟏 [𝒎𝒎] i 

𝜃1 0 0 0 1 

𝜃2 0 90 0 2 

𝜃3 0 0 640 3 

𝜃4 578 90 0 4 

𝜃5 0 90 0 5 

𝜃6 0 90 0 6 

2.1. Direct kinematics 

Direct kinematic of the manipulator can be written with 

six consecutive transformations such as the one shown 

in (1). Each of the six transformations are extracted from 

(2). In Equation (2), four-link parameters exist which are 

extracted from “Table 1ˮ . In Equation (2) c𝜃𝑖 stands for 

cos (𝜃𝑖), and s𝜃𝑖 stands for sin (𝜃𝑖). 

 

(1)) 0 0 1 2 3 4 5T   T   T   T   T  T   T     
56 1    2 3 4 6 


 

 

By means of Equation (1) kinematic equation of the 

manipulator can be derived completely. 

 

(2) 

c   s   0 1

s  c   c  c   s   s  1 1 1 11T       s  s   c  s   c   c  1 1 1 1

0 0 0 1

θ θ ai i i

θ α θ α α d αi i i i i i ii
i θ α θ α α d αi i i i i i i

 
 

      
    
 
  

 

2.2. Jacobin Matrix 

Jacobin matrix defines relationship between the velocity 

of the end effector and the joint velocities, as stated in 

(3). 

 

(3) 
 

v
Jq

ω

 
 

 
 

 

In which, 𝑣 and 𝜔 are linear and angular velocity of end 

effector respectively and q is a 6×1 vector representing 

joint variables. This Jacobin matrix also defines the 

relation between the task-space forces acting on the end-

effector and torques in the joint-space. 

 

(4)  q FTτ J  

 

Equation (5) shows the non-zero elements of the Jacobin 

matrix for the given manipulator. Another simple 

method for driving the Jacobin matrix is by using 

MATLAB’s robotic toolbox which can automatically 

generate the Jacobin matrix in the {0} or the {n} 

coordinate system. Figure 2 shows the developed library 

with RTB for the given manipulator. For example, The 

T0_1 block in this figure is used for computing 

coordinate transformation from the {1} frame to the {0} 

frame. The Jacobean matrix, inertia matrix, gravity and 

Coriolis terms, can be calculated as well.  

Point masses are used in the dynamic formulation of the 

manipulator and this formulation is then used in a dual 

position-force controller for on-line computations. The 

desired position is represented as a line rout on the 
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surface of a physical solid environment. The results are 

used as a reference for performance evaluation of the 

simulator and the control system. In some situations, 

deteriorative signals may be generated due to the 

Jacobean matrix becoming zero or values close to zero. 

In these situations, the pseudo-inverse method is used to 

avoid division by zero and the control signal becoming 

too large. 

 

 

Fig. 2 Library generated with the MATLAB robotics 

toolbox. 

 

(4) 

𝟏. 𝟏:  − 𝐝𝟒𝐜𝟐𝐬𝟏𝐬𝟑 + 𝐜𝟑𝐬𝟏𝐬𝟐 − 𝐚𝟐𝐜𝟐𝐬𝟏 

𝟏. 𝟐: −𝐝𝟒𝐜𝟏𝐬𝟐𝐬𝟑 − 𝐜𝟏𝐜𝟐𝐜𝟑 − 𝐚𝟐𝐜𝟏𝐬𝟐 

𝟏. 𝟑: −𝐝𝟒𝐜𝟏𝐬𝟐𝐬𝟑 − 𝐜𝟏𝐜𝟐𝐜𝟑 

𝟐. 𝟏: 𝐝𝟒𝐜𝟏𝐜𝟐𝐬𝟑 + 𝐜𝟏𝐜𝟑𝐬𝟐 + 𝐚𝟐𝐜𝟏𝐜𝟐 

𝟐. 𝟐: −𝐝𝟒𝐬𝟏𝐬𝟐𝐬𝟑 − 𝐜𝟐𝐜𝟑𝐬𝟏 − 𝐚𝟐𝐬𝟏𝐬𝟐 

𝟐. 𝟑: −𝐝𝟒𝐬𝟏𝐬𝟐𝐬𝟑 − 𝐜𝟐𝐜𝟑𝐬𝟏 

𝟑. 𝟐: 𝐝𝟒𝐜𝟐𝐬𝟑 + 𝐜𝟑𝐬𝟐 + 𝐚𝟐𝐜𝟐 

𝟑. 𝟑: 𝐝𝟒𝐜𝟐𝐬𝟑 + 𝐜𝟑𝐬𝟐 

𝟒. 𝟐: 𝐬𝟏 

𝟒. 𝟑: 𝐬𝟏 

𝟒. 𝟒: 𝐜𝟏𝐜𝟐𝐬𝟑 + 𝐜𝟏𝐜𝟑𝐬𝟐 

𝟒. 𝟓: −𝐜𝟒𝐬𝟏 − 𝐬𝟒𝐜𝟏𝐬𝟐𝐬𝟑 − 𝐜𝟏𝐜𝟐𝐜𝟑 

𝟒. 𝟔: 𝐬𝟓𝐬𝟏𝐬𝟒 − 𝐜𝟒𝐜𝟏𝐬𝟐𝐬𝟑 − 𝐜𝟏𝐜𝟐𝐜𝟑 −
𝐜𝟓𝐜𝟏𝐜𝟐𝐬𝟑 + 𝐜𝟏𝐜𝟑𝐬𝟐  

𝟓. 𝟐: 𝟎 

𝟓. 𝟑: 𝟎 

𝟓. 𝟒: 𝐜𝟐𝐬𝟏𝐬𝟑 + 𝐜𝟑𝐬𝟏𝐬𝟐 

𝟓. 𝟓: 𝐜𝟏𝐜𝟒 − 𝐬𝟒𝐬𝟏𝐬𝟐𝐬𝟑 − 𝐜𝟐𝐜𝟑𝐬𝟏 

𝟓. 𝟔: −𝐬𝟓𝐜𝟏𝐬𝟒 + 𝐜𝟒𝐬𝟏𝐬𝟐𝐬𝟑 − 𝐜𝟐𝐜𝟑𝐬𝟏 −
𝐜𝟓𝐜𝟐𝐬𝟏𝐬𝟑 + 𝐜𝟑𝐬𝟏𝐬𝟐       
𝟔. 𝟏: 𝟏 

𝟔. 𝟒: 𝐬𝟐𝐬𝟑 − 𝐜𝟐𝐜𝟑 

𝟔. 𝟓: 𝐬𝟒𝐜𝟐𝐬𝟑 + 𝐜𝟑𝐬𝟐 

𝟔. 𝟔: 𝐜𝟓𝐜𝟐𝐜𝟑 − 𝐬𝟐𝐬𝟑 + 𝐜𝟒𝐬𝟓𝐜𝟐𝐬𝟑 + 𝐜𝟑𝐬𝟐 

 

2.3. Derivation of the Manipulator Dynamics 

A common way of modelling the dynamics of robot 

manipulators is by using the recursive Newton-Euler 

method. Equation (6) shows the general dynamic 

equation of the manipulator shown in “Fig. 3ˮ . 

 (5)      
¨

τ q q , q q qM q V G    

 

 

Fig. 3 The manipulator simulated in the Simmechanics. 

 

In which, q is the vector of join parameters, M(q) is the 

inertia matrix, V(q, q ̇ ) is the coefficient matrix of the 

Coriolis and Centrifugal terms, and G(q) is the vector of 

gravitational terms and τ is vector of the input joint 

actuation torques. Note that M(q) is symmetric and 

positive definite and the actuator dynamics and friction 

have been neglected. So, the closed-form dynamics 

equations motion in join space can be extracted by using 

the MATLAB robotic toolbox. 

For Cartesian control of the robot manipulator Equation 

(3) must be written in Cartesian form: 

 

(6)      
¨

F q q , q x qM x V Gx x x    

 

Equation (4) gives the Cartesian form of the robot 

manipulator dynamics. The following relations are then 

used for the calculation of the required torques: 

 

(7)        1q qTM J q M J qx
 

 
  

(8) 

       

       

1q,q ( q , q

˙
1q    

TV J q V J qx

TJ q M J q J q

 

 
 

  

(9)      q qTG J q Gx
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3 BACKGROUND OF HYBRID CONTORL 

Hybrid position-force control is used for tracking 

position and force trajectories simultaneously. The goal 

of this hybrid position-force control is to separate and 

decouple the position and force control in two separate 

problems. Then, separate control laws can be used for 

each problem [17-18]. The general dynamic model used 

here is: 

 

(10)        1τ M q J q (x J(q)q) V q , q q G q F  end
      

 

In which, J (q) is the Jacobin matrix in the task space 

coordinate frame. Equation (12) was obtained with 

feedback linearization law: 

(11)          
˙

1τ M q J q (a  J q q)  V q , q q G q Fend
      

 

Where, a is a n × 1 vector that is used to represent 

position and force control strategies. 

 

(12) ¨
x a  

 

By definition of the tangent space components of x 

as xTi: 

 

(13) 
¨
x aTi Ti

 
 

The tangent space tracking error can be written as: 

 

(14) x x xTi Tdi Ti   

 

The linear position controller is given as: 

 

(15) 
¨ ˙

a x K x K xTdi TiTi Tvi Tpi Ti  
 

 

Where, 𝐾𝑇𝑝𝑖and 𝐾𝑇𝑣𝑖 are the positive control gains. 

Substituting (11) into (12) gives the position tracking 

error system: 

 

(16) 
¨ ˙

0x K x K xTdi TiTvi Tpi Ti    

 

Using the fact that 𝐾𝑇𝑝𝑖 and 𝐾𝑇𝑣𝑖 are positive in (14), it 

yields: 

 

(17) lim 0xTi
t




 

 

 

 

The normal space components of (10) are given as 𝑎: 
 

(18) 
¨
x aNj Nj  

 

With modeling environment as linear spring: 

 

(19)  f K x xNj ej Nj ej   

 

That 𝐾𝑒𝑗 is the jth component of environmental 

stiffness. Taking the second derivative of (17) to time 

gives the following expression: 

 

(20) 
¨ ¨1

  
x fNj NjKej

  

 

Substituting (16) into (18) yields the force dynamics: 

 

(21) 
¨1

  
f aNjNjKej

  

 

The force tracking error in space perpendicular to the 

interaction surface can be defined as: 

 

(22) f f fNj Ndj Nj 
 

 

The linear force controller is then given by: 

 

(23) 
˙¨1

( )
  

a f K f K fNj Nvj Npj NjNj NjKej
  

 
 

With 𝐾𝑁𝑣𝑗 and 𝐾𝑁𝑝𝑗 being the jth positive control 

gains. Substituting (12) into (21) gives the tracking error 

as: 

 

(24) 
¨ ˙

0f K f K fNvj Npj NjNj Nj  
 

 

Using the fact that 𝐾𝑁𝑣𝑗 and 𝐾𝑁𝑝𝑗 are positive in (22), 

it yields: 

 

(25) lim 0fNj
t


  

 

The hybrid position-force controller block diagram in 

the MATLAB Simulink environment is obtained in 

following sections. 
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4 ERROR CALCULATION 

Variant methods have been used for translational and 

rotational errors. In this paper, we used transformation 

matrices to calculate the tracking error. The 

transformation matrices can be redefined using (27). 

 

 

     

0 0 0 1

n o a px x x x

n o a py y y y
T n o a p

n o a pz z z z

 
 
      
 
  

 (27) 

 

The desired and the actual translation transformations 

can be compared using (28) as: 
 

(28)   .d p Pdes act 
 

 

And, rotation transformations can be computed by (29): 
 

(29) .TR R Rdes act   

 

Using Equations (24) and (25), the rotational error can 

be obtained as: 

 

(26) 
1

( )
2

n n o o p pact des act des des des        

 

Now, the skew-symmetric matrix of angular velocities is 

defined by (31): 

 

(27) 

0  

0 Ω

0

ω ωz y
TRR ω ωz x

ω ωy x

 
 

   
   

 

 

Angular velocity error can then be calculated as the 

following difference: 

(28) ω   ω .des act  
 

5 CONTACT MODEL 

When manipulator contacts with the environment, one 

degree of freedom in motion lost, since the manipulator 

cannot move through the environment surface. At this 

time the manipulator exerts force to the environment's 

surface. Usually, these constraints are expressed with the 

task selection matrix and the coordinate frame that 

defined constraints are frame constraints and are shown 

with {C}. It is a diagonal matrix that the value of 

constraining direction is 1 and free direction is equal to 

zero [19-20]. Figure 4 shows a typical task and the 

geometry of the tool and environment.  

 

 

Fig. 4 Typical geometry of contact between end-effector 

tool and environment. 

 

The task selection matrix is shown with S and defines 

such as Equation (33). 

 

(29) 

1 0 0 0 0 0

0 1 0 0 0 0

0 0 0 0 0 0

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

S   

 

The position feedback is tracked through the simulated 

model of the environment. The end-effector makes an 

interaction with a spherical object in the environment 

with a certain depth and direction. At the same time, the 

position controller is also active and pushing the position 

error to zero. Figure 4 shows the manipulator position 

trajectory from point 1 to point 3. The total simulation 

time in this run is three seconds and the step size is 0.01 

second. Table 2 describes that the way input data is 

commanded to the control system over the time with 

equal steps using the direction cos matrix and the end-

effector location in Cartesian coordinates [21-22]. The 

position controller is used to trace the position trajectory. 

Terms such as Kv=100 and Kp=2500 have considerable 

effect on the position controller and its running error. 

The damping term Kv and Kp are selected by computing 

the un-damped Natural frequency and the critical 

damping of the system as shown in the following 

Equations, [23-24]: 
 

(34) ω 2500 50    /  n rad s 
 

  

(35) 
2

0.126 
50

π
τ sec 

 
  

(36) 
100

ζ 1
2 2 2500

Kv

K p
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Table 2 End-effector attitude versus time for a few consecutive steps, the first column is the running time, the next nine columns 

are the components of the direction cosine matrix of the end-effector coordinates, and the last three columns are the Cartesian 

coordinates of the end-effector tip point 

t 1r 2r 3r 4r 5r 6r 7r 8r 9r x y z 

1.97 -0.02762 0 0.999618 0.999618 0 0.027624 0 1 0 0.597058 -0.00423 0.6 

1.98 -0.01973 0 0.999805 0.999805 0 0.019732 0 1 0 0.59703 -0.00302 0.6 

1.99 -0.01184 0 0.99993 0.99993 0 0.01184 0 1 0 0.597011 -0.00181 0.6 

2 -0.00395 0 0.999992 0.999992 0 0.003947 0 1 0 0.597001 -0.0006 0.6 

2.01 0.003947 0 0.999992 0.999992 0 -0.00395 0 1 0 0.597001 0.000604 0.6 

2.02 0.01184 0 0.99993 0.99993 0 -0.01184 0 1 0 0.597011 0.001812 0.6 

2.03 0.019732 0 0.999805 0.999805 0 -0.01973 0 1 0 0.59703 0.003019 0.6 

2.04 0.027624 0 0.999618 0.999618 0 -0.02762 0 1 0 0.597058 0.004226 0.6 

2.05 0.035513 0 0.999369 0.999369 0 -0.03551 0 1 0 0.597097 0.005433 0.6 

2.06 0.0434 0 0.999058 0.999058 0 -0.0434 0 1 0 0.597144 0.00664 0.6 

2.07 0.051285 0 0.998684 0.998684 0 -0.05128 0 1 0 0.597201 0.007847 0.6 

  

 
Fig. 5 Manipulator in contact with the virtual 

environment. 

6 MODELING ENVIRONMENT 

A model of the environment is included in the system. 

Linear spring model is used for environment, where f is 

the contact force, Ke is the stiffness of the environment, 

x is the end-effector position at the contact point and Xe 

is the static position of the environment. The force 

exerted to the environment was modeled as the force of 

a linear spring exerted normal to the curved surface, as 

shown in “Fig. 5ˮ  that is such a concept, where a 

manipulator of mass m contacts the environment at 

position Xe trying to reach the desired end-effector 

position Xd: 

 

(37)  f K X Xe e   

 

7 IMPLENENTATION 

Figure 6 shows the hybrid position-force controller 

block diagram in the MATLAB Simulink environment. 

The Robot1 block in “Fig. 6” represents that the 

manipulator and the contact model was modeled in 

Simmechanics. Figure 7 shows manipulator modeling 

and environment in the Simmechanics. Because of using 

MATLAB Robotic toolbox for creating a set of block 

libraries for the manipulator, we cannot use traditional 

translators for generating the Simmechanics model. 

Coordinate frames in the Simmechanics translator is not 

identical to the Denavit and Hartenberg notation [25-26]. 

Figure 7 shows a developed link block model in the 

Simmechanics. Visualization solids and their 

corresponding mass properties are defined in the blocks. 

Block mass can simply be calculated by the block 

geometrical volume and the corresponding density. In 

“Fig. 7ˮ , the transform1 block defines the kinematic 

property of links. And in this work, successive links are 

connected with the revolute joint. Each joint consists of 

an input torque signal and two-position and velocity 

signal [27-28]. Figure 8 illustrates the modeling of this 

serial 6R robot chains in the Simmechanics simulator. 

Inputs of the Robot1 block are the joints moments and 

the outputs are the angular velocities of revolute joints 

and the contact force obtained from the proposed contact 

model [28]. 

 



58                                            Int  J   Advanced Design and Manufacturing Technology, Vol. 15/ No. 1/ March – 2022 
  

© 2022 IAU, Majlesi Branch 
 

 

 

 

 
Fig. 6 Hybrid position/force controller block diagram in MATLAB Simulink environment. 

 
 

 

Fig. 7 A developed link model in the Simmechanics. 

 

The position of the end effector in the base coordinate 

system can be obtained by multiplying 𝑇  6
0  by joint 

angles. The velocity of the end effector in the base 

coordinate system is calculated from Equation (3). Then, 

position value is compared with the desired position and 

the error is calculated [29]. Thus, the orientation error is 

obtained using (30). Control torque (per unit mass) can 

be calculated with position control law and then 

transferred to the task space by multiplying with the 

rotation matrix. After that we extract tangent space 

moment by task specification matrix (S), on the other 

side, contact force sensed from the robot1 simulator is 

transferred to task space and compared with the desired 

force trajectory. The force control law is then, applied. 

Figures 9 -10 show the force and the position control 

laws. Due to the presence of noise in the force sensors, 

velocity feedbacks were used instead of the velocity 

derivatives. The control torque arising from the force 

control law is multiplied with the S' and is then added to 

the position value obtained from the control signal. i.e., 

the summed value multiplied with Mx (q) obtained from 

(8). The Coriolis and gravity load blocks are calculated 

by Equations (9) and (10). The lower part of ˮ Fig. 11ˮ  

shows the modeling of the contact. If the distance 

between the tool and sphere is smaller than the threshold 

value. In “Fig. 12ˮ  the Jacobian matrix, the inertia 

terms, the gravity load, the Coriolis terms in task space 

calculated from joints angle, the angular velocity and the 

outputs are used for implementing the control law. 
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Fig. 8 Manipulator kinematic modeling chains defined using the Simmechanics. 

 
 

 

Fig. 9 Flow diagram of the force control system. 

 

The introduced singularities from the inversion of the 

Jacobin matrix can make the system unstable. To 

eliminate this problem, the pseudoinverse function in the 

Matlab was used [30-31]. Figure 13 represents the 

system response for the applied force of the 

manipulators on the surface of the spherical 

environment.  

 

The end-effector makes available the desired 

commanded force. Results as shown in “Fig. 13ˮ  

indicates that in case of the error even when the system 

is corrupted with random noise, the control system was 

able to keep the error to within less than 5%. Fiures 13-

14 show that the contact-force Error is less than 5% 

while, the end-effector position error is less than one 

percent which confirms the performance accuracy of the 

hybrid Position-Force controller [32-33].  

 

 

Fig. 10 Flow diagram of the position control system. 
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Fig. 11 Modeling of the manipulator and the environment using the Simmechanics. 

 

 

 
Fig. 12 Hybrid position/force controller block diagram in MATLAB Simulink environment part 2. 
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Fig. 13 Components of the contact force errors with noise 

corrupted position controller and gains of Kp=2500, Kv=100. 

 

 
Fig. 14 The end-effector normal force exerted on the 

surface with controller gains of Kv=350, Kp=100, Ki=20. 

 
The Tracking trajectories in the x, y, and z axes are 

shown in “Figs. 15 to17ˮ . 

 

 
Fig. 15 Tracking X-axis trajectory with the joint position-

force controller. 

 

 
Fig. 16 Tracking the Y-axis trajectory with the joint 

position-force controller. 

 

 
Fig. 17 Tracking the Z-axis trajectory with the joint 

position-force controller. 

 
Figur 18ˮ  shows the simulator for the noise generator 

using a random number generator with an amplitude 

between 1 and -1 and discreet time steps of 0.001 

second. 

 

 
Fig. 18 Noise generator simulator using the random 

number generator. 
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8 RESULT 

Figure 6 shows the complete MATLAB model for this 

control system. It includes the manipulator mechanical 

model, the model-based controller dynamics, the virtual 

environment model, the hybrid position-force controller, 

and the desired input trajectories. 

To test the performance of the control system, the 

desired force and position trajectories are given as the 

system inputs. These inputs are indicated in “Fig. 10ˮ  

by “Figs. 1, 2 and 3ˮ . The points are connected with 

straight lines and the time intervals are one second. The 

Input force was kept constant, and equal to the value of 

10 [N]. 

The environment stiffness was selected as 100000 [N/m] 

and the Position control gains were chosen by trial and 

error as KTv=500, KTp=1000. In the force control law, 

the gains were chosen as KNv=35, KNp=100, and 

KNp=20. The following graphs show the simulation 

results. 

Figure 14 shows that the contact force profile follows the 

desired trajectory i.e., the hybrid position-force 

controller performs as desired and, the Steady-state force 

converges to the value of around 10 N, which indicates 

that the steady-state error is zero. Therefore, the 

manipulator tries to follow the given input position 

trajectory but, the resulting contact force doesnot permit 

the end-effector tool to enter the spherical surface. Thus, 

the manipulator is expected to have position errors in the 

normal space. 

9 CONCLUSION 

This paper describes the process of modeling a robotic 

manipulator and its end-effector force interaction with a 

virtual environment.  The use of Simmechanics as a tool 

to model the mechanics of the robot allows verification 

of this model-based control algorithm. In real 

applications, the precise mechanical characteristics of 

the model are usually unknown to the designer. 

Therefore, the ability to model the robot manipulator 

using SimMechnics toolboxes provides a great 

advantage in the simulation. It allows the testing of the 

techniques like the proposed dynamic model-based 

control system. Also, numerical testing of these 

techniques can be used to extract the model parameters 

of the plant under consideration. On the other hand, a 

first insight into the use of the Cartesian joint position-

force controller shows its adequacy to control the robot-

environment interaction, especially in the completely or 

partially unknown environment where robot compliance 

comes before the controlling of the exact forces applied 

to the environment. In other words, the proposed 

technique decreases cost because it avoids actual 

collisions, the possible failure of end-effector or damage 

to the environment especially when the geometry of the 

environment is unknown for the controller. 

The proposed joint position-force controller has 

successfully tracked the commanded position and the 

requested tactile force with relatively good accuracy. 

The tactile forces in a steady-state condition show less 

than 5 percent error. The position control performance 

even with added noise shows less than 1 percent error. 

Also, the proposed technique reduces cost by using the 

animated simulation of the robot manipulator and the 

objects in the environment without any physical damage 

to the objects in the environment or the robot mechanism 

before completion and verification of the design.  
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