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Abstract : Robotic arm is widely used for industrial automation. Most programming methods used today involve
some degree of programming knowledge or involve creating an entire three dimensional workspace to virtually
program the robotic arm. The two major key drawbacks preventing from a more widespread use of robotic arm
is the cost involved and the difficulty in programming the arm as per the unique requirements of the job at hand.
To address these two limitations, this research work aims at reducing the cost of the industrial arm by using
multiple low cost embedded processors working in a coordinated and distributed fashion. Also, this work
implements a master-slave based control system for real time control and programming of the robotic arm. This
proposed master-slave control system is analogous to lead by nose programming method and overcomes the
mentioned limitations.
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1. INTRODUCTION

Robotic arm is electro-mechanical device with a kind of motorized parts which are generally programmable
[1]. Aroboticarmissaid tohave similar functionsas humanarm. The parts of an arm are connected by joints. These
joints allow the arm for articulated motion or linear displacement. Robotic arm is used to move a complex object
from one place to another. A major example of this robotic arm is in industries requiring moving heavy objects.

An industrial robot isa mechanically controlled and itis usually reprogrammable in more than three axes. There
are different kinds of robotic arms involved in industries today. The robots could be applied in industries that
involve welding, painting, assembly, packaging and other applications. These applications require elevated
endurance, pace, and accuracy. The robotic arm can be classified into many categories depending on their
kinematic configuration. The kinematics causes the motion of the robot arms [2].

A Cartesian robot is a robot arm with three prismatic joints. The joint axes are concurrent with a Cartesian
coordinator. It is used in industries requiring high difficult jobs, handling machine tools and arc typed welding. Ina
Cylindrical robot, the axes form a cylindrical coordinate system. It is used for assembly operations, handling spot
welding,and die casting machines. Spherical robot is used in fettling machines and gas welding. Articulated robot
is used for spray painting. Parallel robot is used in mobile platform handling cockpit flight simulators. This paper
describes the implementation of robotic arm for the use of industrial automation.
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The current programming methods employ some form of programming languages to program the robot. This
requires skilled programmers and has some set up time associated with the programming time. Another factor
discouraging the widespread use of robotic arm is the cost of the robotic arm. Thus this paper aims to address
these two concerns by employing some new approaches including master slave control based programming and
using multiple low cost embedded controllers instead of a single powerful computer controlling the arm.

The paper is organized as follows. Section 2 defines the parameters of robotic arm. Section 3 describes the
design and evaluation of angle sensor of robotic arm. Section 4 presents the evaluation of control algorithm and
performance. Section 5 concludes the paper with future research directions.

2. DEFININGPARAMETERS OFAROBOTICARM

Robots are competent with feats of strength, speed, and apparently smart decisions. The major advantage of
automating the robotic arm is to complete the complex industrial jobs withhigh speed andnegligible errors. Figure 1
shows the robotic arm used for the evaluation. There are many dimensions on which the parameters of robotic arm
can be defined.

Fig. 1. Robotic arm used for the evaluation

Kinematics of robotic arm is the definite arrangement of axis joints in the robot. Kinematics determines the
possible motions of robotarm. The payload was measured by increasing the weight till the robot can lift. The
movement of axes of the arm is defined in terms of angular speed of each axis.

Accuracy is tested by measuring the current position of the arm with its commanded position. The accuracy of
the arm varies according to speed and motion within the workplace with payload.

Repeatability of robot arm is tested by moving the arm from its home position to other different locations
alternately. Accuracy and repeatability are two different measures.

The base of robot arm is powered by DC motors. The details of the gear motors used aregiven inTable 1.

Table 1. Characteristics of the DC geared motors used to actuate the slave robotic arm

Axis f Number of Speed of the Effective Effectiv | No load EPM
actuator motors geared motor in | revolution speed | e torque f the
position used revolutions per of the axis in ofthe |°© non

mumute (RPM) revolutions per axis in | geared motor
mumute (BEPM) KEg'cm

Axis 1 4 200 15 20 1200
Axis 2 2 3.5 35 25 1200
Axis 3 1 10 10 5 1200
Grnipper 1 10 NA S 1200

Generally, Repeatability is the most vital measure for a robot arm. In an industrial process, Repeatability is
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subject to the accuracy of the end effectors. For example, if robot arm is commanded to pick a screw by its head,

the screw could be atarandom angle. A successive attempt to put in the screw into arm’s hole could easily fail.

For more complicated applications, such as welding and spray painting, motion must be constantly controlled
to follow a path in gap, with controlled direction and velocity. Some of the robots use electric stepper motors as
power source and others use hydraulic actuators. The electric motors are faster but the hydraulic are stronger and
highly advantageous in complicated applications.

Degree of freedom of robotic arm is quite important to understand. The degree of freedom of a robotic arm is
the jointon the arm. Itis the place where the arm could bend, translate or rotate from its position.

3. DESIGNAND EVALUATION OFANGLE SENSOR

A sensor measures the physical quantity and converts it into equivalent electrical signal. The user of the robotic
arm, in order to move the robot should make a hand movement. This different movement is sensed by
potentiometer. The potentiometer gives the feedback in the form of voltage.

Alow cost angle sensor was fabricated from a potentiometer. The potentiometer used was a single turn 10
KQ linear potentiometer. The potentiometer has a turning range of 300 degrees. This sets the limit on the
maximum measurable axis rotation. The design of the potentiometric angle sensor required the use of filtering
capacitors to smoothen out the noise in the circuit. This filtering out of the noise is required as this noise could
be read by the sensitive 10 bit ArelogioDigid Converter (ADC)and injects measurement errors in the system.

The overall block diagram showing the interfacing of the various modules is shown in Figure 2. The
communication bus is an 12C bus transferring usinga modified 12C data format for increased bus data throughput.

Figure 3 illustrates the data transfer when the master slave system is working in programming mode.
data values
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Fig.2 Overall block diagram showing the interconnection between various embedded nodes
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Fig. 3. Data transfer when the system is in programming mode

The master controller node is connected to the master robotic arm and reads the values of the master robotic
arm angle sensors. The microcontroller in this node consists of an MSP430G2432 microcontroller. The angle
encoder inputs are sampled repeatedly by the ADC partand the data read is verified to be within the maximum
and minimum limits. If the data are valid and within the limits, they are transmitted via I2C along with the precise
time stamp generated by the timer unit. The timestamp is used to order the data send by the other controller nodes
and prevents swapping of stray data by newdata if any delay occurs due to the communication interface. The
configuration of angle sensor evaluations are shown in Fig4.The 12C data format used is modified to suit the needs of the
paper and is discussed in detail in future sections.

. 100nF
K =9 10K =9
100nF 100nF
- -

Fig. 4. Configurations of angle sensor evaluated.

Clockwise 1. The angle sensor consisting of one filtering capacitor to reduce noise.

Clockwise 2. The sensor designed with two capacitors which has marginally better performance than the
one capacitordesign.

Clockwise 3. The design with no capacitors giving noisy output.

Table 2 shows the maximum and minimum values of the angle sensors read via the MSP430 ADC. The
table presents the results taken from a sample of 1000. ADC conversions done with no changes is performed
on the angle sensor. The noise seen here is a sum of thermal noise present in the resistor and the ADC
conversion noise. The effects of the angle sensor without any capacitor and with one and two capacitors
connected to filter noise could be easily deduced from the table.
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From Table 2, itis evidentthatwith a single capacitor filtering the sensor output, there isa good improvement in
the output noise. By adding another capacitor, the performance increases marginally. The design uses two
capacitors filtering the potentiometer output before they could be read viathe ADC.

Table 2. Noise measured with three configurations of angle sensor design

Maximum ADC | Mmmmum ADC | Maximum error
voltage 1n a voltage n a (Maximum —
sample of 1000 | sample of 1000 | mummum ADC
conversions conversions. voltage)
Volts Volts Volts
Without capacitor 0.821 0.756 0.065
With one capacitor 0.784 0.798 0014
With two capacitors 0.781 0.792 0.011

I2C communication is used to transfer the data serially to other controller nodes in the paper. 12C
communication is device based and addresses a data to each deice. This would require multiple 12C frames to
transfer data to each and every controller node. To overcome this and to increase the data throughput, a modified
frame format was developed. The modified 12C transmission does not employ a single node intended transmission
as traditional 12C. The 12C transmission is of broadcast type where all the data is send as a single frame to a
common broadcastaddress. The I12C frame transmitted isshownin Fig.5. This methodis employed to reduce
the address overheads which arise when each node is addressed individually.

Oroadcast addiess| | Time | | Dstal Oatal | [Data0| [Datad| [Oatal] [Datal
start lwr.ingﬂﬂlﬁ [ '.'Hl'l'p Alnadal |Al(Nadal|Alnesa | AZ|NGoa 2| A2 ool (A NGSe JIA] EIGF
Numbsr of
clocks per
feld | 1 8 (1] e i) & [ & [a] s {2 8 |2| 8 |2| 8B |21

Fig. 5. Modified 12C Data format.

This modified 12C messaging format reduces the communication overhead by removing the transmission of
separate addresses for data transfers, thereby reducing the communication delay which would otherwise hinder the
real-time behavior of the system.

4. EVALUATIONOF THE CONTROL ALGORITHM AND PERFORMANCE

The design was evaluated using a custom made three axis electrically actuated revolute robotic arm. This
robotic arm was interfaced with the embedded controller nodes and the system was evaluated to infer the real
time behavior, lag and the error of the system.

To evaluate the system, UART communication was established with a PC to study the various parameters
withinthe systemin a real time manner with minimal design intrusion. Figure 6shows the Tera Term trace window
showing the trace in progress. The results discussed were obtained using this real time data output.

The UART trace method was used to get the angle sensor values of the master and the slave robotic arm for

asingle degree of freedom. These values are tabulated in Table 3. . The table also shows the calculated ADC count
value and the calculated angle sensor output value. The calculations used to arrive upon these values are as follows.
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Fig. 6. Tera Term UART trace showing the axis 1 angle sensor data from the master controller

ADC count = (Data 0 * 256) + Data 1

Where Data 0 and Data 1 are the high and low data bytes send via the 12C. the formula gives a maximum of
1023 for the 10 bit values of the ADC10.

Anglevalue = ADC count * (300/1023)

This formula gives the precise angle output of the axis. The table also shows the error in the system. Thiserror
is calculated from the values from the master controller and the value measured at the slave axis.
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Table 3. Comparison of the axis data from the master and the slave robotic

arm for a single axis (axis 1)
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Fig. 7 Graph shows the angle sensor values of the axis 1 of master and slave robotic arms.
The lag between master and slave arms is evident from the graph
The graph in Fig.7 showsthe output data values. A sample of 395 data values are utilized from the UART trace. The
graph plots the received target angle value from the master controller node and the measured slave angle value
from the axis controller node in the same graph to allow comparison of the lag of the system.

Fig. 8 Graph showing the error between the angle sensor values of the axis 1 of the master and the slave robotic arms

Thefigure 8 showsthe variation of theerror inthe system as a function of time. Also, the graph specifies that
the error is more for high rapid movements in the master arm compared to the slave arm.

Because of the higher error values, this can only be used for jobs that require less precision. The precision
could be increased by using more precise angle encoders and by using a higher speed communication bus to
transfer the master data.

5.CONCLUSION

In this paper, a master-slave based method of programming and control has been designed using multiple
embedded controllers and the performance is evaluated. It is designed multiple nodes based on MSP430G2432
microcontroller and interfaced them to control the slave robotic arm. Thisressarchwork had designed and evaluated the
control algorithm for coherently controlling all the nodes in real time. Further, thisworkwasdesignedand builtathree
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axis revolute robotic arm using DC geared motors and custom designed angle sensor circuitry. The method

has been evaluated electrically on a freedom of three degree actuated robotic arm and the results are
discussed. The concept could be expanded further to include more complex arm geometries involving increased
degrees of freedom.

Another interesting work would be to expand the scope to a mobile robotic arm platform. This would involve
newer challenges as to navigation of the mobile platform and collision avoidance, but the possibilities of such a
programmable mobile robotic arm are very high.
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