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Abstract: In Kinematics, the analysis of acceleration and velocity is usually done whereas the forces are neglected. The
machine’s smallest unit is the link, which is akin to a cell in the human body. Robotics is built on the foundation of machines.
A pair is established by the combination of links which leads to the construction of linkage. A mechanical linkage is a
collection of bodies that are connected to control forces and movement. The combination of linkage (also known as
Mechanism) generates Machine. The robot’s kinematics equations are used in robotics, video games and animation. Inverse
kinematics is the mathematical process of determining variable joint parameters necessary to place an object at the end of a
kinematic chain in a specific position and orientation with respect to the start of the chain, such as robot manipulator or
skeleton of an animated character. The role of Forward and Inverse Kinematics in a 2R Robotic Arm are studied with
successful demonstrations. Forward Kinematics of a 2R Robotic Arm using Matlab and Python confirming similar results are
exhibited (Figure 8 and Figure 9). Matlab illustrated 2D Path Tracing for 2R Robotic Arm with Inverse Kinematics. Finally,
inverse kinematics of 2R Robotic Arm in Matlab using fuzzy logic is modelled successfully. Thus, it helps in the understanding
of kinematics and can be used in the simulation of machines.
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one will produce an angle theta 1 and link two an angle of
theta 2, respectively [4]. Due to the robot's joints and degrees
of freedom, the challenges with its kinematics are
exceedingly complicated [12].

1. Introduction

A 2R Robotic Arm constitutes of a base, two arms or
kinematic links and two rotating joints. Motion is the result
of programming of these links. With regards to the base, link

(x2,Yv2)

(X1, v1) ) 4

(x0, YO)
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Figure 1. The above figures represent the 2R Robotic Arm.

Forward kinematics is the technique of calculating position  joint angles are known in sagittal plane. The application of a

and velocity of an end effector from known joint angles and
angular velocities. For instance, wrist / cartesian fist's
coordinates can be determined if arm's shoulder and elbow

robot's kinematic equations is to determine position of end-
effector, provided joint parameter values is known as forward
kinematics. Robotics, video games and animation all make
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use of the robot's kinematics equations [1].

The robot’s fundamental arms are employed here. The
linkage known as Forward kinematics of a 2R Robotic Arm
(where 2R means 2-rotating Link i.e., 2 is several link and R
is rotation) is mainly focused upon. Two links are used to
represent Robotic Arm with Link-1 hinged at (X0, Y0) and
forming an angle 1, and Link-2 hinged towards end of Link-1
and forming an angle 2 with respect to datum. (Figure 7)

It is possible to position end of a kinematic chain such as a
robot manipulator or skeleton of animated character at a
precise location and orientation in reference to the start of the
chain using mathematical technique known as inverse
kinematics [5, 6].

The focus is to use MATLAB to evaluate forward and
inverse kinematics and be able to demonstrate for a 2R
Robotic Arm. It helps in understanding of kinematics and
demonstrate that it can be used in simulation of machines.
We need to explore role of Forward and Inverse Kinematics
in a 2R Robotic Arm. The key idea is to first identify an
admissible trajectory that complies with boundary value

restrictions as well as system dynamics constraints [10].
Denavit-Hartenberg notation can also be used to generate the

forward kinematics. [11]
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Figure 2. Flowchart / Steps followed.

2. Forward Kinematics of 2R Robotic
Arm

In Matlab, we obtained below images in video like format,
wherein cycle repeats itself.

Click below link for video presentation: https://drive.google.com/file/d/INzmSkpgr-XBH13Fylf-rPurO_wrAjymj/view

Figure 3. 2R Robotic Arm's Forward Kinematics (on Matlab).
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We get expected result (same as Figure 9).

In Python, animation is made by mixing png files of
various arm movements at different positions. Some of
output images have been shown below:
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Figure 4. Output images using Python.

The results are again as expected (replication of Figure 9).

Click below link for video presentation:

https://drive.google.com/file/d/1S07853V8_1bTgXoHEV;]
HAVdyj2RDV8Rc/view?usp=sharing

3. 2-D Path Tracing with Inverse
Kinematics

The code shows how to utilize inverse Kinematics class to
compute inverse kinematics for a simple 2D manipulator. A
simple rigid body tree object-based two-degree-of-freedom
planar manipulator with revolute joints makes up the

manipulator robot. A circular trajectory is built in a 2-D
plane and delivered as points in inverse kinematics solver.
The solver chooses right joint locations to produce this
trajectory. The robot is then animated to show how its
settings enable it to follow a circular trajectory. The crucial
and challenging component of the manipulator's real-time
control is its inverse kinematics [14]. By using inverse
kinematics, the location and orientation of the end-effector
are used to determine the joint variables. Because of the
nonlinearity equations, solving inverse kinematics is
regarded as a challenging issue [15].

Figure 5. Demonstrates the 2-D Path Tracing with Inverse Kinematics.

4. Modelling Inverse Kinematics in a
Robotic Arm

Given desired location of arm's tip, angles at joints can be
numerically determined for straightforward designs like two-
jointed Robotic Arm. The inverse kinematics of more
complicated systems might be tricky to solve mathematically
(such as n-jointed Robotic Arms operating in a three-
dimensional input space). If forward kinematics of the tissue
is known, we can construct a fuzzy inference system utilizing
fuzzy logic that determines inverse kinematics without need
for analytical solution. Furthermore, there is no need for
extra background information to understand or evaluate the
fuzzy answer [3].

Since two-joint Robotic Arm's forward kinematics
formulas are known, it can be used to predict x and y
coordinates of arm's tip for entire two-joint rotational angles.
The angles and coordinates are recorded as training data for
ANFIS (adaptive neuro-fuzzy inference system) network.
ANFIS network learns how to convert coordinates (x, y) to
angles during training (thetal, theta2). ANFIS network is
then trained to control the Robotic Arm as part of a broader
control system [7].

The control system moves Robotic Arm to designated
place by applying force to its joints in line with angular
orientations of those joints as determined by trained ANFIS
network [2].

ANFIS is a hybrid neuro-fuzzy technique that gives fuzzy
inference systems access to neural networks' learning
capabilities. The learning algorithm modifies membership
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functions of a Sugeno-type fuzzy inference system using
training input/output data [2]. The input/output data in this
case refers to "coordinates/angles" dataset. The coordinates
are fed into ANFIS, which then produces angles. The
learning algorithm instructs ANFIS to map the coordinates to

angles through a procedure known as training. By the time
training is over, ANFIS network have mastered input-output
map and is ready for deployment into the larger control
system solution.
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Figure 6. Demonstrates the X and Y coordinates for all the thetal and theta2 combinations.
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Figure 7. The difference between the deduced and predicted theta values are compared in this simulation.

For all thetal and theta2 combinations, X-Y coordinates
were generated using forward kinematics formulas. The X-Y
data points are obtained by iteratively combining various
values of thetal and theta2, then determining x and y
coordinates. (Figure 6)

To determine how successfully ANFIS networks will
function inside larger control system, it is required to validate
networks after they have been trained. It is possible to
compare outcomes of ANFIS networks to outcomes of
generated formulae because this project involves a two-joint

Robotic Arm with inverse kinematics equations [8].
The next code does the same, and provides the difference
between the deduced and predicted theta value (Refer Figure 9).

5. Conclusion

Kinematics can be utilized further to simulate machines
i.e., robots (this concept can be widely applied in biomedical
industry). Using Robotic Arms' inverse kinematics, it is
possible to determine joint angles that must be adjusted to
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achieve a specific end-effector position. Robot kinematics
investigates relationship between location, velocity, and
acceleration of each link. The size and connectivity of
kinematic chains are also considered in coordinating
movement to compute actuator forces and torques. Forward
and Inverse Kinematics is an essential component of robotics
and is examined prior to creation of robot.

We may utilize programme in a variety of applications by
minor alteration. In Matlab codes, we can generate various
outputs by modifying data and generating small tweaks (e.g.,
moving Robotic Arm in multiple directions with multiple
speeds can be achieved). Many specific outputs are also
possible (such as movement of arm in same direction at
different speeds or demonstrating Forward and Inverse
Kinematics of a 3R Robotic Arm). The dynamics of the arm
during motion are exceedingly complex due to the
unpredictability of the load, gravity, and velocity contact
forces between its segments, hence research in this area is
extremely crucial [9]. Robot handwriting is challenging to
implement due to specific problems like degrees of freedom
and kinematic redundancy. This idea can be applied there to
address those problems [13].
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Figure 8. The figure represents the 2R Robotic Arm's forward motion.
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Figure 9. The figure represents the robot arm's inverse kinematics, type 2R.
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