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Prediction of Joint Acceleration of
2 DOF Robot Manipulator Using
Supervised Learning

Abstract— Robo-analyzer (RA) is open-source software that uses a 3D representation of a
robot manipulator to carry out various analytical studies. It was created primarily to assist
instructors and students in getting started with robotics teaching and learning utilizing
framework-based skeleton models or computer aided design (CAD) software designs of
serial robots i.e., articulated robot. The RA software is used in this work to simulate and
examine a two-degree of freedom (DOF) robot with two link and two revolute joints
respectively. The joint length is kept constant at 0.2m, and the joint velocity is varied from
0 to 180 degrees per second. The two-link manipulator is permitted tocarry out forward
kinematics after generating and establishing the input parameters for the simulation of the
2DOF model, which results in simulating the joint acceleration values, and that is the
primary prerequisite for the machine learning (ML) process. The model tends to deduce
the relationship between the input and output parameters in this study, which further aids
in the deduction of a linear relationship between the two parameters, especially input and
output parameter i.e., link length coordinates, joint velocity, and joint acceleration. The
experimentation was then carried out on the basis of RA data to apply linear regression
machine learning technique (LRMLT), which will assist in the prediction of an output,
namely joint acceleration. The model tends to pave way for future research which can be
carried out for joint vibration which is solely based on the basis of the acceleration present

at joint.
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Hence monitoring throughout the years has led to this

Robotics is a field which has achieved a steep growth in
the last two decades, among the numerous kinds of robots;
serial-linked robots arethe ones which has the most usage in
diverse application in multiple industries mainly in

aeronautics, healthcare domain and automobile industry etc.

Research Paper — Peer Reviewed
Published online — 04 August 2022

© 2022 RAME Publishers
This is an open access article under the CC BY 4.0 International License
https://creativecommons.org/licenses/by/4.0/

Cite this article — Dr M. K. Satyarthi, Tirthankar Roy, Sourabh Anand,
“Prediction of joint Acceleration of 2 DOF Robot Manipulator Using
Supervised learning”, International Journal of Analytical, Experimental
and Finite Element Analysis, RAME Publishers, vol. 9, issue 2, pp. 20-25,
2022.

https://doi.org/10.26706/ijaefea.2.9.arset1930

Int. J. of Analytical, Experimental and Finite Element Analysis

conclusion that the most partof the introductory courses on
robotics focuses on the mechanics of the serial robots. The
studies of robotics are generally not very instinctual to teach
or grasp, as these topics involve knowledge fromdomain
consisting of linear algebraic co-ordinate transformation,
and fundamentals of mechanics. Taking consideration of the
geometry, the architecture and the motion of the robot with
the sole help of textbooks can be a difficult task. These
criteria highlight the need of having robot learning/teaching
software that can be used in conjunction with any robotics
textbook. An excellent learning tool can improve the
efficiency of the learning/teaching process. With less or no
work required to develop, visualize, and simulate a robot
model in a CAD environment, more time may be spent
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understanding its mechanics. This would also make it easier
for the course instructors to show the principles and robot
motion in a classroom setting. While carrying out the study
on the topic of robot simulation software, it was observed
that several good functionalities are required in teaching
software. Some of the features have beenapplied by the
developers while designing this software’s, one of the main
principles which had notbeen focused upon is the Denavit -
Hartenberg (DH) parameter which is a fundamental
requirement which is used to define the architecture of a
robot. This feature was specifically worked upon in the AR
teaching/Learning software. Hence, this software works on
most of the important features which are specifically
required to carry out the kinematics of Robot.

The RA design philosophy was as follows: When
studying robot mechanics, the physics of the robot must not
be buried by the fundamental mathematics, and should be
plainly comprehended by a learner as ifhe or she were
moving a real robot. It was createdwith the goal of teaching
robotics using only a few standard link forms. Linear
Regression can be defined as a planar approach for framing
the relationship between a scalar response and one or more
co-dependent variables. In case of a linear relationship of
one dependent variable it is calleda simple linear regression,
for more than one; theprocess is called multiple linear
regressions. In Linear regression, the relationship is based
on linear predictor function, whose unknown model
parameters are estimated from the data. The mainpurpose
for choosing this model for carrying out the research of the
paper is because with the help of Linear regression we can
satisfy the linear relationship between the link length and
Joint acceleration which in the long run can help us to find
insightful information from the present data and help us to
study the multi faceted effects which might be caused by the
joint acceleration. One of the biggest challenges ofusing the
linear regression is that the correlation needs to be checked
before applying the model onthe present data so that we can
get the desired output. The most interesting part of using
Machine Learning is that the input data may be inany format,

including text, video, picture, sound,data, and so on.
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One of the approaches used in this work was to train and

deploy a linear regression model to predict joint
acceleration on the basis of link-length using data obtained
from the RA while simulating a 2-link Robot. The biggest
advantage of applying Machine Learning in this experiment
apart from the presence of basic Robot Kinematics
knowledge is that the model helps to verify the solution
which has been provided by the software and also the
application of this model can be done for robots with higher

degree of freedom.

Figure 1: 2 DOF robot simulated on RoboAnalyzer Software

Il. RELATED WORK

Since robots have become an indispensible element of
modern organizations, there is a need for well-trained robot
operators or technicians to operate and maintain them.
Because the ideas of robotics are difficult to graspfrom a pure
mathematical approach, various robot visualization
software has been developed to aid in the comprehension of
robot movements.One such programme is RoboAnalyzer.
The characteristics of RoboAnalyzer and how they might be
utilized to teach robotics principles to robot technicians
were explored by Gupta et al. [1]. Liu et al. have proposed
a method for determining the inertial parameters of robot
manipulators with significantun-modeled joint friction and
actuator dynamics [2]. Gautier and Poignetsuggested an
efficient technique for nonlinear model predictive control in
their work. Essentially, the model is first linearized through
feedback, and then a model predictive control method was
demonstrated, which is implemented using an optimized
dynamic model and runs within a short sampling period [3].
Jacques [4] have introduced a novel class of adaptive robot
controllers whose parameter modification is based on both
tracking and prediction error. The implications of joint

clearing in a robotic system were explored and investigated
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byErkaya [5]. The necessity for the end effector's trajectory
has been considered while analyzing motion sensitivity.
During the working process, he also employed a neural
network to forecast trajectory deviations. He discovered that
clearance plays an important role in the motion sensitivity
of robotic manipulations in his study. A dynamic neural
predictor with appropriate input variables likewise have
been used to calculate trajectory errors [5]. Faroni [6]
provides a predictive method for trajectory scaling that is
constrained by joint velocity, acceleration, and torque. The
parameterizations of inputs and outputs, as well as the
repeated linearization of the optimum control problem
around the prior outcome prediction, drastically reduce
computational complexity [6]. The movement of a robot’s
manipulator is calculated by integrating Kkinematics,
dynamics and trajectory computations. These calculations
however are complicated and can only be utilizedin the case
where the robot’s desigh and theproperties of the joint
trajectory are known. By resolving the non-linear function
and altering theattributes of trajectories not known, Hong
[7] discusses the utilization of Artificial Neural Network to
find solution to this problem [7].The extensive usage of
Machine Learning in the fieldof robotics is not new, and it
has been done in thepast to increase robotics' functionality
and highlight the industry's adaptability. Erick et al.,
describe ongoing research on one such Machine Learning
technique, the Decision Tree learning system, and its
application in real-time mobile robot navigation in the form
of a discussion that caters to architecture that is self-
configurable according to the problem statement under
consideration. [8]. Ertugul [9] in his paper says thatmultiple
and competing criteria, as well as their interdependencies,
should be included in acomprehensive model developed for
robot selection. The proposed technique uses Quality
Function Deposition’s emphasis on creating value by
addressing customer demands and then utilizing that
knowledge throughout the development phase to robot
selection. When thereare unclear correlations among system
characteristics, fuzzy linear regression is suggested as an
alternate decision aid for robot selection issues. To
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demonstrate the suggested decision-making technique, an
instance of robot selection issue has been discussed [9]. As
a result of the preceding literature study, it wasdiscovered
that very little research has been doneon the relationship
between different attributes ofrobotic manipulators, making
this a grey area toexamine. A robot simulation programme
data isused in the current study to identify thecorrelation of
different features with the help of a data visualization tool,
and it can also be used to investigate industrial robotic

manipulators infuture.

I1. METHODOLOGY

The research in this paper is based on the principle of
applying Machine Learning technique while analyzing data
from the RoboAnalyzer software for a two link Robot. A
two-link robot consisting of revolute joints was analyzed for
this paper where the forward kinematics was carried out for
the robot through simulation and the data was collected for
a certain timeframe. The selection for the two revolute joint
serial chain robot was done on the basis of relevancy of the
revolute joint in the real world where these joints are used
in most applications. After the completion of the experiment
and collecting the experimental data which was stored in a
digital format, the same data was analyzed through various
data analytical techniques with the help of plotting various
graphs such as scatter plot, histogram, bar graph while using
Python Programming Language with importing various
library modules such as Matplot, Seaborn, numpy, pandas
which helps to visualize the data and helps in thecorrelation.
Moreover, based on the experimental data a correlation was
attempted with the help ofa confusion matrix which further
strengthens theargument on which this research is based i.e,
the linearity between the coordinates of Link Length and the
Joint Acceleration. Now based on the theory until this point
from the above-mentioneddiscussion it is quite clear that the
Linear Regression requires mainly two things -Firstly an
Independent variable and the next a dependent variable or
the one whose results are found out. Hence following the
same path we segregate the dataset present in two new

dataframes depending on the correlation matrix which
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roughly has the link length in one and the joint acceleration
in the other one.Before moving ontothe next step we recall
those two dataframes to see whether both of them have been
successfullysegregated or not.Now before moving onto the
model design one final step is carried out which requires
importing the sklinear module from which the linear model
is imported as the Linear Regression model will be
processed through thiscommand hence importing this model
is a pivotalstep in taking preliminary step in designing the
Machine Learning model. The next step involves the use of
LRMLT where the model is now constructed and the dataset
present at hand is now split into two categories mainly train
and test to find out how the Machine Learning model
fairs.Hence in this way the Machine Learning model is
trained and now the logical step after training the model is
the most vital step involved in the paper i.e, predicting the
values. This is done with the help ofthe predict function that
is present in the Python Library where it comes pre-
loaded,Hencethrough the use of this function we find out the
result whereas through the use of the coef() function we find

the equation which satisfies thismodel.

V. RESULT AND DISCUSSION

On the basis of the application of LRMLT model the
prediction of Joint Acceleration has been achieved on the
basis of the Experimental data that is present from the Robo
Analyzer software. After the completion of the simulation
and running the Experiment, it was allowed to accumulate
data on the basis of which the Machine Learning Model was
selected and trained. The data present in the form of tabular
data was necessary to find the result of this work.As can be
seen from the figure 4 that there is a linear relationship
between the Link Length and the Joint Acceleration i.e., the
graph plotting the input and output parameters tend to be
linear for most part of time, which has also been visualized
with the help of the scatter plot and moreover thisis a pivotal
part of why the Linear Regression model was selected for

the prediction of the model. Based on the same data the
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correlation matrix was formed for the dataset for which the
heat map was generated as shown in the figure 5 & the heat
map was thoroughly studied to find thescore of 1.00 which
linear relation between the two

would represent a

component whereas -1.00 which would represent no
relation was present at all, hence on the basis of the above
said principle the heat map helps in explaining the dataset in
a muchmore elaborate form as well as further strengthens
the argument as to why Linear Regression Model should be
selected for designing the Machine Learning model in this

paper and not any other Machine Learning technique.

Designing the robot in the RoboAnalyzer
Software

Setting the parameters for the Robot i.e, fixing the
link length

1

Creating the forward kinematics simulation for the 2
Degree of Freedom robot

l

ing the data of the simulation in the form of CSV.

s
\_ v

linear ion princi
Figure 2 Data Acquisition and overview of work
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Figure 3: Flow Chart of Linear regression used in training the model
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reg = linear_model.LinearRegression()
reg. fit{new_df,Jointllointiccl)

LinearRegression()

reg.predict{[[-0.88,8,188]])

array( [ -587.5200452])

Figure 6: Code Snippet of the Linear Regression work
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Figure7: Predicted vs. Measured graph
Moreover, based on this principle and the sole purpose

of applying Linear Regression the dataset currently under

examination is divided into training and testing dataset
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randomly which would help to train the model in a more
uniform manner and give the output. Hence the equation got
helps us to represent the dataset in a mathematical form
which helps to sum up the experimentation.
V.  CONCLUSION

Apart from the Kinematics study of the robots with the help
of RoboAnalyzer very little work had been done in this field
to study the data generated after the kinematical solutions
havebeen achieved. The primary focus of this researchpaper
was to focus on how to increase the reusability of the data
from the RoboAnalyzer that is being generated as well as
implementing Machine Learning Principle to attain
favorable outputs which are matching with theexperimental
data present in hand. Hence in this paper a Linear
regression-based Machine Learning model has been
constructed and tested to find out whether the result
achieved from the model matches the Experimental data or
not. Moreover, the selection of the Linear regression model
was based on the fact that the codependency was found
within the various parameters with the help of various data
analytical methods which would help to suffice inreasoning
as to why this model was selected. One of the biggest
challenges in this proposed works seems to be based on the
fact that the model selected was based on the tested method
of linear relation between the link length and Joint
Acceleration, Meanwhile the Machine Learning can be used
for prediction in higher dof model hence in those cases the
textual principle on the basis of which this model was based
on in hope that this might satisfy the problem equations of
higher DOF model might not be true hence this principle
might be jeopardized.

Moreover, the main purpose of the linear regression in
real life is to forecast future output on the basis of the
present data but in this case as we take the data that is in the
form of time series data we don’t seem to predict any value
that is not already present in the current dataset. The data
is then used to cross validate the experimental findings of
the two link robot, One of the biggest drawbacks as can be
guessed fromfig.7 of this algorithm was in the form of the
limited data being present for this configuration of the robot
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which caused the model to not be tested on diverse data and
hence the model has limited functionality in terms of use
beyond this research model and as previously has been
discussed and can be inferred from the graph that the model
is based on an artificial dataset which shows that it cannot
be used to find relation in real world robot kinematics
solution. Moreover, basedon the theory of robot kinematics
the principle ofserial chain robots has been studied in detail
the

codependency in higher degree of freedom Robot models

throughout research in the history of robotics but

can be taken for research in futurestudies with the help of
various Machine Learning and Deep Learning techniques to
show the versatility and multi-faceted use of Machine

Learning in the study of robotics.
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