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ABSTRACT

This paper focuses on design of a voice controlled robotic arm for picking and placing an object. The arm has 2 links
and 3 joints. The coordinates from which the object is to be picked and placed is selected by giving proper commands
and the robotic arm uses inverse kinematics to execute the task.
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1. INTRODUCTION

Robot is a machine to execute different task repeatedly with
high precision. Thereby many functions like collecting
information and studies about the hazardous sites which is
too risky to send human inside. Robots are used to reduce
the human interference nearly 50 percent. Robots are used
in different types like fire fighting robot, metal detecting
robot, etc.

The first robotic arm to be used in an automobile industry
was “UNIMATE” in GM motors USA in 1950s. From then
there has been tremendous improvement in the research and
development in robotics. Now robots are an integral part of
almost all industries. Robots have to do different tasks
including welding, trimming, picking and placing etc.
These robots are controlled in different ways like keypads,
optical control, etc.

In this paper, we introduce voice control of the robotic arm.
The voice commands are picked up by a PC and by using
the speech recognition software and special software
developed in Microsoft Visual Studio, the commands are
passed to the robot as serial codes. To select the real time
object, the corresponding coordinate is selected. Once the
robot gets the coordinates, it uses the inverse kinematics to
calculate the required rotation.

2. HARDWARE

2.1 Mechanical

The robotic arm has 2 links and 3 joints. It is mounted on
the center of a table or the platform on which it is supposed
to deal with the objects. The end point of the second link
has an electromagnet and all objects are magnetically
attractive.

The range of the arm is the total length of the two
links. The length of each link can be designed as per
requirement. It can be of equal or different lengths. The arm
has 3 degrees of freedom. Each joint has a dc geared motor
for the link movement.
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Figure 1 robotic arm

2.2 Electronics
The robot electronics consists of a PIC microcontroller, PC,
motor driving unit and a power supply.

The voice commands from human master are fed to the PC
with the help of a microphone. The PC uses the speech
recognition software and VVRobo developed using Microsoft
Visual Studio to convert the voice commands to serial
codes.

The main commands used are pic, place, X, v, stop, and the
numerical values. The required command pic/place is said
first and then the corresponding coordinates are told.

For instance, if we need to pic an object from (1, 2) and
want to place it at (3, 8), then the following commands are
given;

Pic, X, one, y, two, place, x, three, y, eight.

The motors used are dc geared motors with appropriate
torque and rpm. Solenoid type relay is used as the motor
drive unit.

A lead acid battery is used as power source for the entire
system.
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3. MATHEMATICAL MODELING

3.1 Inverse kinematics
O is the point to be reached.
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We know that area of a triangle is given by; \Q
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Figure 2 schematic of working environment
Where, s = (at+b+c)/2 (5)
3.2 Kinematics
Here, ¢ and a are arm length of link one and two

respectively. From figure (2),
We also know that the area of a triangle is given by; X coordinates are decided by the arm lengths c, a, angles
_ A, C,0,0.
Area = Y*base*altitude (6)
] As the effective length decreases with increase in angles,
From figure (2); A and C, it has a cosine relationship with the x
coordinate.
The effective length decreases with increase in the values
Area = Yo*b*h () of 0 and @.
Buth = c*sinA (8) Hence, the x coordinate can be written as;

X = (cCosA+aCosC) Cos 6 Cos @
Now, by substituting (8) in (7), we get; Similarly

Area = Y2*b*c*sinA 9) Y coordinates are decided by the arm lengths c, a, angles
As we know values of a, b and c, the area is calculated as A C9,0.
per equations (4) and (5) As the effective length increases with increase in angles,

Hence, from equation (9): A and C, it has a sine relationship with the y coordinate.

SinA = 2*Areal (b*c) The effective length decreases with increase in the values

of 6 and 0.
Or Hence, the y coordinate can be written as;
A =sin™ (2*Area/(b*c)) (10) Y = (cCosA+aCosC) Sin 6 Cos @
Similarly, Similarly,
B =sin™ (2*Area/ (a*c)) (12)
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Z coordinates are decided by the arm lengths c, a, angles
A C0,0.

As the effective length increases with increase in angles,
A and C, it has a sine relationship with the z coordinate.

The effective length increases with increase in the value
of @.

There is no relation for z with respect to 6.

Hence, the z coordinate can be written as;

Z = (cSinA+aSinB) Sin @

Hence the kinematic equations for the robotic arm are;

X = (cCosA+aCosC) Cos 6 Cos @
Y = (cCosA+aCosC) Sin 6 Cos @
Z = (cSinA+aSinC) Sin @

Matrix Transformation;

cosOcos@ cosOcosD 0 0 cgosé X

sinfcos@ sinbcosD 0 0 |* i ng 4 =Y

0 0 sind sind . Z
aSinC

3.3 Motor Rotation

From equations (2), (9) and (10), the values of 6, A and B
are obtained.

O is the angle of rotation for the base motor. A is the angle
of rotation for the motor connecting the first link and B is
the angle of rotation for the motor connecting the second
link.

Here, we consider that all motors are of 10rpm. And hence,
all the motors cover 60° in one second.

To improve accuracy, the motor is turned on only for 1ms
in one on loop in the program.

Hence the motor covers an angle of 0.06° in one on loop.

Once the angles are calculated by using the inverse
kinematics, the PIC microcontroller decides the number of
on loops to be executed for each motor.

For example, if the angle to be covered by the base motor is

24°, then the PIC microcontroller will execute the on loop
400 times.
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3.4 Transformation from initial to final point

Once the robot gets the coordinate values, it computes the
angles using the inverse kinematics and proper rotations are
made by the motors. These angle values are stored in
eeprom of the controller.

When the next coordinates are obtained, again the robot
calculates the angles, but this time it looks back to the
values stored in eeprom and compares it with the newly
computed angle values. Then the robot rotates the motors in
such a way that the new angles are achieved. And the newly
computed angles are overwritten on the previously stored
values.

For example;

If the robot has rotated the motors in the following
sequence;

A with 15°

B with 20°

@ with 10°

@ with 25°

And if the newly calculated angles are
A with 17°

B with 19°

® with 10°

@ with 27°

Then the robot will make the following rotations;
A with 2° positive rotation

B with 1° negative rotation

® with 0°

@ with 2° positive rotation

Thus transformation is done from initial point to the final
point.
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4, SOFTWARE

Onboard software is mainly developed with micro C. This
software interfaces between the PIC microcontroller and the
PC. Simulations have been executed both in PIC simulator.
The voice control software was developed using Microsoft
Visual Studio.

Add Voice Libram

Command ; “

Code ; I

“Yoice Processing Status
Yoice Status :

No Yoice Received
Last Received :

place
Receiving Status :

Idle

Passwiard :

Figure 3 voice control panel

5. CONCLUSION

Voice controlled robotic arm for picking and placing an
object was successfully designed. The robot control was
found to be user friendly.

In  future, etc can be
implemented.

brain caps, finger gesture,
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