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Abstract: The use of robotics is to improvise and simplify
human life. Robotic manipulators have been around for a while
now and are being used in many different sectors such as
industries, households, warehouses, medicine etc. Solving of
inverse kinematics is one of the most complex issues faced while
designing the robotic manipulator. In this research a Deep
Artificial neural network (D-ANN) mode is proposed to solve
inverse kinematics of a 5-axis robotic manipulator with rotary
joints. The D-ANN mode is trained in MATLAB. Training
dataset was generated using forward kinematics equations
obtained easily from transformation matrix of the robotic
manipulator. To validate predictions made by this model an
experimental robotic arm manipulator |Is fabricated. A smart
camera setup has been linked to MATLAB for real time image
processing and calculating the deviation of the end needle in
reaching the desired target coordinate. The trained model yielded
satisfactory results with +0.03 radians error and this was also
validated experimentally. This research will help the robotic
manipulator reach the desired target coordinates even when one
does not have enough input data.Paper Setup must be in A4 size
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. INTRODUCTION

The robotic technology has become one of the leading
technologies in the world providing assistance to humans in
almost every field. Robots are being utilized for daily life
house duties like cleaning floors with vacuum cleaners,
cleaning litter and lawn mower, etc. Nowadays, the necessity
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of robots in industries is more because large quantities of
products can be manufactured in avery lesstime. Robots help
in making high quality products in a precise manner. Robots
which can work for 24 hours are used in big industries. These
robots can work in place of hundreds of workers at a time.
Electronic and vehicle manufacturing companies are aso
using robots in assembling and in other purposes which is
time consuming and difficult to perform by workers.

An attempt was made to develop a nature inspired robotic
arm that could mimic the motions of an octopus tentacle. The
experimental model was made to replicate standard
movements of octopus tentacle such as elongation,
shortening, reaching and bending. At the end controls were
simplified by muscle arrangement and by muscular hydrostat
properties[1]. A 6 degree of freedom open source robotic arm
platform was designed for training and vocational purposes.
Kinematics and the dynamics of the model was derived using
forward and inverse equations [2]. Inverse kinematics of a
3-link manipulator was solved using feed forward neural
network method. Trajectories of the path traced were
generated in a 2D Cartesian space [3]. Genetic algorithm was
used as the proposed approach for controlling trajectory of a
robotic arm. Various criterions such as operating time, energy
conversion and sum of al rotation angles had been minimized
by optimization. The genetic agorithm approach was proved
by comparing all the above criterions on an industrial robot
ABB IRB 6400FHD with 6 degrees of freedom [4].

Solving of inverse kinematics has been one of the most
challenging tasks in designing and controlling a robotic
manipulator. In this research a novel method for solving
inverse kinematics is proposed. Deep Artificial Neural
Network (D-ANN) is a type of machine learning technique
which learns and predicts the output based on input. Hence,
application of ANN techniqueisexplored asan aternative for
solving inverse kinematics of a 5-axis robotic manipulator.
The results obtained from the D-ANN is applied on an
experimental model of the robotic manipulator and image
processing technique is used to test genuine accuracy of the
robotic manipulator.

[I. METHODOLOGIES

A.Designing

A 5-axis robotic manipulator is designed for the purpose of
achieving the aim of this research. This robotic arm has 5
degrees of freedom.
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Frames are assigned to the joints of the robotic manipulator
according to the DH convention [5]. The figure 1 shows the
frames assigned to the robotic manipulator.
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Fig. 1. Convention of frame assignment to each joint.

Table 1 shows the standard DH parameters of the robotic
manipulator designed for this research. link lengths are
constrained be the dimension of the actuators used for joint
motion.

Table 1 Dh Parameter s Of The Robotic Arm

Links Link Lin Link
length k Displacemen Joint Angle
a (cm) Twi tdi (cm) 0;
St aj
Waist 0 -90 11=12.35 01
Link (1) 0
Shoulder  1,=845 0 d=-59 0
Link (2)
Arm 13=7.18 0 d3=-8.6 03
Link (3)
Forearm
Link (4) l4=6.06 0 ds=-7.0 4
End
needle ls=4.62 0 ds=-5.17 0s
Link (5)

B.Experimental M odel

The experimental model of the robotic arm designed here has
5 joints 6 links including the base and the end effector. The
sixth link is considered as end effector which is aneedle used
for reaching the target point [6]. Actuators used in thisrobotic
manipulator is dynamixel servo motors with maximum 15
kg-cm torque. Figure 2 shows the experimental robotic
mani pulator mounted on a wooden base
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Fig. 2. Complete model of the experimental robotic
arm.

In figure 2 A needle is placed at the end of the robotic
manipulator for measuring the exact deviation using smart
camera and image processing in the above-mentioned model.

1. EQUATIONS

Initially Artificial Neural network needs to be trained in
order to predict output values. Forward kinematics is used to
generate training dataset. Equation 1 shows the
transformation matrix of the robotic manipulator with respect

to its base frame.
ICB, % C(B, + 8; 46, + 6;)
58, % (0, +8,+8,+8,)

~CB X 5(6, 46,48, +68,) -56, X\
=58, C(8,+8,+0,48) -8, ¥|_

T=3r
5(8, +6, +8,+6;) —C(8, +8, +8,+8;) 0 Z
0 0 0 1/
(1)
1)+ (I3 % cos(8,) % cos{ 5, +5;)
(2

Y = cos(6,)(dy + ds + dy + ds) + (sin®;) X I X cos(8;) + (I3 X sin(8) X cos(8; + 63)
+(Iy x (sin(ﬁl) X cos(8; + 65+ 04))
+ (15 X (sin(@l) X COS(@Z + 93 + 94 + 65))

(©)

4

Equation (2) (3) and (4) shows relationship between
cartesian coordinates and joint angles. Just from these three
equationsit is observed that there could be multiple solutions
for reaching a target point. To avoid this issue constraints to
each joint angle were provided according to quadrants in
three-dimensional axis. Separate ANN can be trained for each
quadrant and unique solution can be achieved for each
guadrant. Using thislogic, joint angles were provided and X,
Y and Z axis coordinates were generated using above

equations (2), (3) and (4) for training data.

Cartesian space coordinates generated were used as input
for training the D-ANN model and joint angles were
designated as output. Training of D-ANN was done using
MATLAB software. Network architecture of the proposed
D-ANN isshownin figure 3.
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Fig. 3. Network architecture of D-ANN model.

As seen in figure 3 the D-ANN has an input layer and
output layer and 3 hidden layers with 30 neurons in each
layer. There are three inputs and five outputs signifying
cartesian coordinates and joint angles respectively. Training
of the D-ANN is done for 500 epochs. Training algorithm
used for this research is Levenberg-Marquardt (LM) function
and performance is calculated using mean squared error
(MSE).

V. RESULTS

After training was compl eted, performance of the training was
observed. Figure 4 shows MSE convergence graph of the
training validation and testing data obtained after training.
Training, validation and testing data were split randomly in
60%, 20% and 20% respectively.
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Fig. 4. M SE Convergence graph after training.

Fromfigure4 it isobserved that the training, validation and
testing data of the model istending towards 0 and isachieving
near convergence at 8.926 x 10-07 value. Lesser the value of
convergence better the model istrained.

<10 Error Histogram with 20 Bins
35 b I Taining
R o bdation
-Tu:n
3 E— ] 2
25 F
Wy
£ |
B
£ st
1 b
0S5 [
N e s e rw g E T EEEEEIEEE
s e - = =3 E EgZ 2
§§§§¢;;§§§§D§§;;;ggz

FF F oSS =
Errors = Targa?u = Qutputs

Fig. 5. Error histogram plot
Figure 5 shows a histogram plot between number of
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training datasets and error found after validating and testing.
This graph shows the maximum and minimum error one will
get after prediction as compared to the actual value found
from inverse kinematics. Here maximum and minimum value
found from the graph will be 0.03 to -0.03 radians.

For testing the accuracy of the experimental robotic arm, a
point is marked on an apple, which is then placed in trained
D-ANN quadrant of the workspace. The target coordinate
points are fed asinput to the trained D-ANN model and joint
angles were received as output in return using MATLAB.
After getting the required joint angles, the robotic arm is
programmed, to reach for that target point marked on the
apple. Figure.... Shows the experimental setup of the robotic
manipulator at starting position.

Fig. 6. Robotic manipulator at starting position

The deviation in reaching the target point is measured in 3
dimensions using two Bader smart Cameras which is
interfaced with MATLAB in rea time. Using the image
processing technique for measuring the pixel distance and
converting it to real world dimension, actual deviation is
found.

To calculate the size of each pixel captured by the cameras
in mm a simple mathematical formulais used which is shown
in equations (5), (6) and (7).

Focal length of the lens / CCD sensor width = Standoff
distance/ Field of view (5)

Size of one pixel in mm = Field of viewinmm/ 1278 (6)

Deviation in the respective axis in mm = Size of one pixel
in mm x no. of pixels found through image processing

()
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Thisprocess validates the application of D-ANN model for
solving inverse kinematics of a 5-axis robotic manipulator in
real world application. Multiple experiments were performed
to test the repeatability and accuracy of the D-ANN model
and robotic manipulator for application in real world. Table 2
shows all the five experiments performed for two different
target coordinates and the deviationsin X, Y and Z axes that
are calculated using image processing donein MATLAB. The
deviation isfound approximately in the order of 0.3 to 0.4mm
inX axis, 0.1t0 0.3mminY axisand 0.2 mmin Z axis.

Table 2 DeviationsIn X, Y And Z Axis

Deviation in each axis (mm)

S X-axis Y-axis Z-axis
mm mm mm _axi _axi
2|. (mm) (mm) (mm)  X-axis  Y-axis axis
1 260 0 0 0.32054 0.31772 0.196
260 0 0 0.329 0.29082 0.184
260 0 0 0.311 0.304 0.126
4 260 0 0 0.306 0.296 0.154
260 0 0 0.36848 0.2645 0.193
256 -17 80 0.293 0.287 0.172
2 256 -17 80 0.2415 0.238 0.115
256 -17 80 0.238 0.244 0.13
256 -17 80 0.246 0.339 0.145
5 256 -17 80 0.29175 0.36275 0.124

V. CONCLUSION

In this research a 5-axis robotic arm manipulator was
designed successfully for experimental purposes. A novel
method for solving the inverse kinematics of a robotic
manipulator is proposed using D-ANN machine learning
technique. D-ANN model, after training yielded satisfactory
results as the error was within the range of £0.03 radians. To
test this theoretical D-ANN model, arbitrary coordinate
points were taken within the quadrant of the trained model in
the workspace and robotic manipulator was programmed to
reach that target point. Validation was done using smart
camera and image processing technique was used to calculate
the deviation of the end needle from the e=intended target
point. Deviation was found to be in the range of 0.3 to 0.4mm
inX axis,0.1t00.3mminY axisand 0.2 mmin Z axis. These
deviations are negligible and could also occur due to actuator
limitations. This research validates that D-ANN can be used
as an aternative for solving inverse kinematics.

To reduce the deviation more training is required. Training
of the datasets in different quadrants will unlock more
dexterity of the robotic manipulator.
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