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Abstract -- The method of teleoperating a robotic arm is 
no small task. There are many questions that need to be 
answered, many problems that must be solved, and a vast 
amount of research that needs to be done for the system 
to work properly. This paper aims to solve the problem 
of how to teleoperate a 7 degree of freedom robotic arm 
with a haptic feedback device. There are many different 
types of information that go into operating this type of 
system. Inverse kinematics, forward kinematics, as well 
as the D-H Convention play key roles in the overall 
system design. The way that the haptic feedback device 
is connected to the robotic arm also plays a key role in 
the design and operational portion of this project. The 
Arduino Uno Wi-Fi Rev 2 is used to connect the haptic 
feedback device to the robotic arm. It also determines the 
different types of programming libraries that are 
available to be able to program the system. The operator 
must give a command by manipulating the haptic 
feedback controller in some way; at the same time the 
robotic arm must mirror the manipulation that the 
operator has given to the controller. 

I. Introduction 

Robotic arms are mechanically controlled devices 
designed to replicate the movement of a human arm. The 
devices are used for lifting heavy objects and carrying out 
tasks that require extreme environment and expert accuracy. 
The robotic arm most often is used for industrial and 
nonindustrial purposes.  

There are many ways to control and operate a 
robotic arm. One way of controlling a robotic arm is through 
a teleoperation system. Teleoperation is the means of 
operating a robot by using human intelligence. It also 
requires a human-machine interface that is adequate for the 
specified tasks. The design for a teleoperated robotic arm 
controlled by a haptic feedback device is admirable because 
the robotic arm could be remotely operated, while still 
maintaining the same orientation as well as mirroring the 
motion given by the controller. One aspect of the robotic arm 
for the project is that it has 7 degrees of freedom. 

Virtual environment display is done by sending 
the data obtained from the sensors to a computing device that 
creates a virtual environment based on the data from the first 
sensor. The computing device repeats the process for each of 
the sensors that are being used. Moreover, it includes a 
processor that is being used and some type of data storage. 
The 7 degree of freedom robotic arm is using a 

microcontroller to connect and operate the controller and the 
robotic arm. 

The teleoperation system can consist of at least 
two robot manipulators [1]. These two manipulators must be 
connected in such a way that allows a human operator to 
control one of the manipulators. The manipulator that is 
controlled by the human operator is also known as the master 
arm. The master arm is the manipulator that generates the 
commands that are given to the remote manipulator, also 
called the slave arm [1].  

There are a multitude of ways that the controller 
could be set up to control a robotic arm. One of those setups 
is by using a device that has haptic feedback. Haptics is a 
term that describes some type of touch feedback that is given 
to the human operating the haptic device. Force feedback as 
well as tactile feedback are the two types of haptic feedback 
that is given to the operator of devices that are equipped with 
haptics [2]. 

II. Design Description 

Fig. 1. The Design of the Robotic Arm. 

 The Current design is made in such a way that it 
gives more advantages in several different criteria. First, it 
conceals all the electrical wires so when holding or moving 
the robotic arm position the wires will be untouched and it 
will prevent electric shock or disconnecting any wires from 
the motors. The design of the robotic arm provides a better 
mechanism while conducting any experiment. It also 
provides better torque and force since the design has no 
obstacle in between while conducting any experiment. 
Using DYNAMIXEL MX-28T servo motors it supports up 
to 360 degrees of precise positioning, and a wider control 
can be achieved with the newly contactless absolute 
encoder. It also has precise angular development over an 
entire 360 degrees of Position Control exclusive of a dead 
zone [4]. A rugged Metal frame design and 14 cm diameter 
ball bearing rotational base ensure maximum rigidity and 
accuracy. It shows the capability of the robotic arm to 
function at a certain orientation. The brackets are designed 
in such a way that it can handle any kind of pressure as 
well as heat. These brackets have some holes in it, it is 



because of the motor releasing heat when it works so, these 
create an opening for the heat to go out and let the motor 
cool down. The major feature difference in its design can 
be seen on its shoulder, as it can support in such a way that 
its shoulder can support the gripper (the end-effector) to 
carry heavy objects and balance them while carrying out an 
operation. 

Figure 2. The Touch  Haptic Device [3]. 

 

Touch haptic device provides force feedback and it also 
enables to freely sculpt 3D clay, enhance scientific or 
medical simulation and easily maneuver mechanical 
components to produce higher quality designs. The purpose 
of using the haptic device is that it is used as a mechanized 

enabling it to feel virtual objects and creating consistent 
with life contact sensations as the operator controls on-
screen 3D objects. It can be used in diverse applications, 
including: Simulation, Training, Skills Assessment, 
Rehearsal, Virtual Assembly, Robotic Control, Collision 
Detection, Machine Interface Design, Rehabilitation, 
Mapping and dozens of other applications. It also has 6-
degrees-of-freedom positional sensing and a 3-degrees-of-
freedom force feedback [3]. 

 
III. Result and Discussion 

Link  (Degrees) D (mm) A (mm)  (Degrees) 
1 1* = 30 120 0 0 
2 2* = 45 0 0 -90 
3 3* = 60 140.8 0 90 
4 4* = 90 0 0 90 
5 5* = -45 0 71.8 90 
6 6* = -30 0 71.8 -90 
7 7* = -90 129.6 0 90 

Table 1: DH Parameters for the Robotic Arm. 

 

Table 1 shows the DH parameters for the robotic 
arm. Note that * represent the joint variable and those 
variables can change anytime if the robotic arm moves. The 

 is Transformation matrix of the robotic arm which was 
calculated by using the principle of kinematic decoupling 
of Inverse Kinematics. The position and Orientation of the 
robotic arm could be considered independently. From the 
Transformation matrix, it is easier to find the Rotational 
matrix ( ) and Orientation matrix ( ). The  is the 

Wrist Center of the Robotic arm and this could be 
calculated by using the equation shown above. The 
Jacobian matrix was used to determine the analysis and 
control motion of the Robotic arm. This helps in the 
planning and execution of smooth trajectories, in the 
determination of singular configuration, in the execution of 
coordinated anthropomorphic motion, in the derivation of 
the dynamic equations of motion, and in the transformation 
of forces and torques from the end-effector to the 

e calculation was done using 
MATLAB Simulation [5].  

IV. Conclusion 

This paper presented the proposal of a 
teleoperation technique, which is highlighted by the 
T -degree-of-freedom 
robotic arm cohesive with a vision tracking system. The 
system utilized in this project is advanced in such a way that 
each mechanism corresponds with each other to give a unite 
feedback to get a better result. The haptic device empowers 
a bilateral manipulator of the teleoperation system. The 
objective of this project is to construct a model of an 
operational master-slave robotic system. For the 
improvement, a unique sort of servo motor is used called 
DYNAMIXEL and haptic feedback likewise a raspberry pie 
4 model B desktop kit will be utilized to an interface device 
for the arm. Once everything is done, the developed robotic 
arm will at that point be mounted on a portable base, which 
was developed by previously, to perform even more testing 
undertakings. 
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