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Abstract - This paper presents the design and
development of a low cost and user friendly interface for
the control of a 6-DOF slave tele-operated
anthropomorphic robotic arm. Articulation of the robotic
arm is achieved about six single-axis revolute joints: one
for each shoulder abduction-adduction (abd-add),
shoulder flexion-extension (flx-ext), elbow flx-ext, wrist
flx-ext, wrist radial-ulnar (rad-uln), and gripper openclose. Tele-operator, master, uses the Man Machine
Interface (MMI) to operate in real-time the robotic arm.
The MMI has simple motion capture devices that translate
motion into analog voltages which bring about the
corresponding actuating signals in the robotic arm.

In semi-autonomous mode, the tele-operator will still be
the commander but the robot will reject the commands
if they are dangerous for its survival. In autonomous
mode, the robot will be autonomous and will perform
live entertainment.
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I. INTRODUCTION
In this paper we aim to present the 6-DOF Robotic
Arm controlled by the tele-operator using the Man
Machine Interface (MMI) which is used by the teleoperator to control “DEXTO:EKA – the humanoid
robot”[1], which is a human-scale tele-operated
anthropomorphic robot. "Anthropomorphic" means
having appearance like a human and "Tele-operated"
means operated from a remote location.
Fig. 1 and Fig 2 shows the block diagram of Robotic
Arm interfaced with the MMI using two atmel mega
2560 Microcontroller Units interfaced through XBee
Pro units. Articulation of the robotic arm is achieved
about six single-axis revolute joints: one for each
shoulder abduction-adduction (abd-add), shoulder
flexion-extension (flx-ext), elbow flx-ext, wrist flx-ext,
wrist radial-ulnar (rad-uln), and gripper open-close[12].
The Man Machine Interface consists of an exoskeleton,
graphical user interface and a mode selection switch
which enables the tele-operator to select one of the three
modes of operation. The three modes of operation are
manual, semi-autonomous and autonomous. In manual
mode, the tele-operator will have full control over the
robot, thus disabling it to perform any action by itself.
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Fig. 1: Block diagram of Robotic Arm (Slave)

Fig. 2: Block diagram of Man Machine Interface (Master)

II. ROBOTIC ARM
The primary advantage of tele-operation is that
homo-sapiens are adaptive and hence are compatible in
dealing with unstructured environments. Specifically,
this is an anthropomorphic robotic arm with 6-DOF
(degree of freedom) [2]. The 6-DOF covers the major
and most common arm movements to cover a large
volume, and it also makes the arm easy to manoeuvre to
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lift and move objects in any orientationn of space. It is
very similar to a human arm with respecct to the number
and positioning of joints. Of the six degrrees of freedom,
four are for positioning (including the gripper)
g
and two
for orientation. If the joints are com
mpared to their
human equivalent, then the robotic arm
m can be said to
have the following joints: abduction (shooulder rotation),
shoulder back and forth [3], elbow, wrisst up and down,
pivot (wrist rotation), and gripper[7].
The actuators for all of these joints arre servo motors.
Table 1 lists the number of motors used and angle range
for each joint. There are in total ten servo
s
motors of
different torques used[8][9]. The gripperr is a two-finger
construction; each finger with two paralllel links.
Force sensors are mounted between the joints of the
manipulator. These sensors measure the amount of
strain placed on each of these joints. The higher the
strain, the greater is the amount of forcee that the joint is
exerting [6]. The main advantages of this system are
that it measures actual forces and that thhe measurement
does not interfere with the operationn of the joints
themselves. It is appropriate, for the grippper joint, to use
a force sensor to measure the amount off force the slave
is exerting on an object in its grip.

DS18S20 one wire diggital thermometer is also
attached at the gripper to meaasure the temperature of the
object and surrounding. DS
S18S20 digital thermometer
[14] provides 9-bit Celsius temperature
t
measurements.
The operating temperature range is from -55°C to
+125°C.
Table 1 show the rangee of each servo motor and
number of servo motors usedd for six joints of the arm.
TABL
LE 1
JOINT RANGES AND NUM
MBER OF SERVO MOTOR

Joint

Raange
(deggrees)
1
105

No. of
Servos
2

Shoulder

1
130

2

Elbow

1
125

2

Wrist

1
180

2

Pivot

1
180

1

Gripper

N
NA

1

Abduction

Specifications of the Robbotic Arm are:
● Length: 68.5cm( Whhen straight)
● Width: 4cm
● Weight: 2096gms (M
Moving part only)
● Load capacity: 500ggms
● Degree of freedom: 6
The specifications of the 2 DOF gripper used are:
● Gripping size: 50mm
m
● Gripping force: 5000gms (Maximum)
● Length: 110mm (W
When fully closed)
● Weight: 157gms (Inncluding 2 NRS-585 servo
motors for gripping and twisting)
Figure 4 show the actuall developed 6-DOF robotic
arm for Dexto:Eka. The fraame of the robotic arm is
made using aluminium alloy..

Fig. 3: 3D sketch of 6-DOF robottic arm

To measure the force, a sensor is attached to the
inside of one of the gripper prongs. When
W
the gripper
closes around the object, the sensor is compressed
between the object and the gripper pronng. From this the
force can be measured. These sensors arre mounted on a
flexible circuit board and have a smalll circular dot of
force-sensitive ink. The resistance of thhis ink increases
as the force applied increases [13]. Byy using a simple
operational amplifier based circuit thiis force can be
converted into an analog voltage that can be fed into
one of the ADC inputs of the microcontrroller.
Fig. 4: Actual 6-D
DOF robotic arm
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III. MAN MACHINE INTERF
FACE
Special emphasis has been given to the ease of
operation and some form of force sensattion. The control
rig is fitted to the user’s arm. Use of a ‘wearable’ jig in
a bilateral master slave control seetup has been
introduced to simplify the MMI (Man-Machine
Interface)[4][5].The prototype of the maaster unit, shown
in Fig. 5 and Fig. 6, is aluminium alloy frame
f
which the
user straps onto his arm.

corresponding actuating voltages (pulse width
modulated signals) to actuatee the servo motors[11].

Fig. 7: Man Macchine Interface

Fig. 5: 3D sketch of the MMI (Fronnt view)

Figure 7 shows the developed Man Machine
Interface for the control of the robotic arm. This
arrangement is used to meassure the positional error. A
joint is commanded to movee to a certain angle, and the
voltage from the correspondding potentiometer is read.
The Atmel 2560 mega microocontroller used for control
operations of the humanoidd has 14 PWM ports with
individual timers, hence thhe ALU is free for other
operations rather than keepinng track of the timer count.
The inbuilt mapping functionn in the wiring language of
the Atmel 2560 mega maps the analog voltage signals
into corresponding outputs to
t drive the servomotors of
the humanoid. All the ellectronic circuitry of the
humanoid is powered by a Lithium Polymer 2 Cell,
7.4V, 5000mAh, 30C discharrge Battery.

IV. EXPER
RIMENTS
Fig. 6: 3D sketch of the MMI (Side view)

The designed sensing mechanism iss cost effective,
accurate and can be easily implemeented. In MMI
control methodology, which has been ussed in our work,
the slave robot exactly replicates the moovements of the
tele-operator. Four potentiometers (ressistance of 10k
ohm and of single turn) are placed on thhe master robot,
one each at the wrist, elbow, abductioon and shoulder
joints[10]. The tele-oprators’ movements rotate the
potentiometers, which produce an analoog voltages that
are fed to the ‘Master’ Atmel mega 2560 microcontroller unit and transmitted via a XBee
X
pro unit to
the receiving XBee pro unit [15]. The reeceived signal is
then fed into the ‘Slave’ Atmel megga 2560 microcontroller wherein they are sampled annd mapped into

We performed various experiments to check the
performance and the accuraccy of the robotic arm using
MMI. The gripper accuracyy test was performed using
various objects and it was
w
determined that the
maximum gripping size andd force of the gripper was
50mm and 500gms respectivvely.
The 10 bit ADC on the Atmel
A
2560 mega maps the
analog input into 10 bit digital data (i.e.1023 levels of
motors used in the robotic
resolution). Since the servom
arm have a maximum operatting range of 180o, only 512
levels are sufficient to maap the entire range of the
servomotor.
The work volume[17] of
o the arm was calculated
using MatLab software. It has been found that with the
joint angles computed, thee robot achieves position
precision within ±0.5cm.
The current flowing into the servomotors on the arm
was determined and the resuult is recorded in the table
below. The torque producedd by each servomotor on the

2012 IEEE International Conference on Computational Intelligence and Computing Research

arm was determined and the result is recorded in the
table below.
TABLE 2
JOINT SERVOMOTOR CURRENT AND TORQUES

Joint

Torque
(Kg-cm)

Current

Abduction

52.3

3.7

Shoulder

47.7

3.2

Elbow

32.6

2.4

Wrist

13.1

1.9

Pivot

8.4

1.2

Gripper

3.2

1.5

(Amps)

Fig 8: Picking and placing the object

Fig. 8 shows the pick and place test[16] conducted, in
which a 500gm object was picked from a table by the
robotic arm and was placed back. The robotic arm was
fully controlled using the Man Machine Interface
(MMI), which was worn by Shilpa Mehta.

V. CONCLUSION
In this paper, we presented the dynamical analysis
and development of a 6-DOF[2] arm of an
anthropomorphic tele-robot system controlled and
commanded in real-time by a tele-operator in using the
Man Machine Interface. The man machine interface
was implemented on the real robotic platform. The
presented model of the robotic arm has also provided
correct joint angles to move the arm gripper to any
position and orientation within its workspace. Results
obtained from the model were compared with the actual
performance of the robot in accomplishing a task e.g.
pick and place of an object. It has been found that with
the joint angles computed, the robot achieves position
precision within ±0.5cm. This little deviation is because
of many reasons namely, mechanical coupling of the
joints, non-linearity in mapping angles to low-level
encoder ticks.
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