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Abstract- This paper delves into the design and creation of 

Dexto:Eka:, the humanoid robot laying emphasis on the second 

phase of its development. This robot is controlled by a 

teleoperator using an exo-frame, a joystick, and a graphical user 

interface. The first phase saw the completion of left robotic arm 

and an exo-frame for the left human arm. Here, we shed light on 

the creation of the right exo-frame, right arm, torso and chassis. 

The arms of the robot are controlled using the exo-frame. A 
joystick enables locomotion manipulation. Overall control and 

monitoring is facilitated using a graphical user interface. 

Index Terms- tele-operation, humanoid, robot control, human 
machine interface, anthropomorphic 

I. INTRODUCTION 

In the never-ending quest for mechanization, automation 
and cybernation, the field of robotics claim precedence over 
others amalgamating all three factors with impeccability. 
Robots have played an integral role in assisting human beings 
in every sphere of life. The allure of today lies in humanoid 
robots and their anthropomorphic capabilities. Perhaps within 
the span of a decade or two, a humanoid robot can be expected 
to become a part of every household, aiding in daily chores. 
Not only at home but also in offices, factories, hospitals etc., 
these robots can easily integrate themselves into society. 

Through the means of this paper, we present the second 
stage of the design and development of 'Dexto:Eka: - The 
Humanoid Robot'. The robot at its present stage of 
development can be seen in Fig. 1. Our main objective is to 
achieve tele-presence. Dexto:Eka: is capable of omni
directional movement and has arms of 6 degrees of freedom 
each [1]. This enables the robot to navigate compact spaces 
and irregular environments. The first phase saw the 
development of an anthropomorphic robotic arm of six 
degrees of freedom. Second phase involved the development 
of the torso and chassis of the robot along with an easy to use 
human machine interface and right robotic arm. 

A robot such as this has diverse applications, from 
traversing uncharted terrain to bomb detection and diffusion, 
this nifty robot promotes safety and simplicity [2]. They can 
play an integral role in inter-planetary missions where they 
would be used for explorations or in preparing a landing site 
for subsequent operations. In high radiation zones and nuclear 
power plants these resourceful beings can work in conditions 
unsuitable to humans. 

Fig. 1 Dexto:Eka: 

II. RELATED WORK 

Robots that can co-exist with humans and perform 
variegated tasks have been a source of intrigue for several 
research groups worldwide. Some notable robots like ASIMO 
[3], iCub [4], WABIAN-2 [5] and its successor SABlAN [6] 
have truly changed the universe of humanoid robots. But a 
major setback in most of the humanoids developed today is 
the extremely high cost in production. This challenge needs to 
be overcome if the dream of "one robot per home" is to be 
met. Thus at every stage of design, we aimed to identify the 
most versatile components that can be purchased at very low 
costs. 

When developing the human machine interface and 
robotic arm, an optimised design which provided enough 
freedom of movement had to be chosen. The exoskeleton 
presented by Joel C. Perry [7] presents an interesting option 
for the choice of DOFs. Hence, we opted for 6 of the most 
common movements made by the human arm. 

A biped robot was an intriguing design option but as 
highlighted by Mike Stilman[8], bipeds may develop safety 
and stability issues. Hence a quest for an ideal locomotion 
system which can move in every possible direction ended in 
the choice of the Omni-directional mecanum wheel drive. 

Another trying task would be to choose the ideal 
controller to that can handle the entire system. The tele
operated humanoid presented in [9] uses the Arduino Fio 
microcontroller having only 8 analog inputs, thus limiting the 
number of sensors that can be mounted on the whole system. 
Hence, we chose the Arduino Mega controller which gave us 
higher functionality. Teleoperation from a remote location as 



mentioned by Hitoshi Hasunuma [10] gives a clear 
explanation of the utility of a teleoperated robot. 

III. DESIGN CONCEPT 

Dexto:Eka: was designed to imitate the structure and 
common motions of a human being[ll]. It has three modes of 
operation: sovereign, semi-sovereign and dependent. In the 
sovereign mode, the robot retains autonomy of its functions. In 
the dependent mode, the robot is unreservedly controlled by 
the teleoperator. Though control remains with the teleoperator 
in the semi-sovereign mode, the robot makes decisions of its 
own should an instruction prove detrimental to its well-being. 

The robot constitutes of two arms, backbone, torso, face, 
visual and auditory system, chassis and a mecanum wheel 
drive. The robot has been fabricated using aluminium, thus 
making it economical and lightweight without compromising 
its strength. Aluminium has the advantage of having a higher 
strength to weight ratio as compared to other metals; for both 
1 Kg of steel and aluminium, aluminium is stronger. A single 
aluminium pipe forms the backbone of the robot. All wires 
pass through the backbone and connect different parts of the 
robot. The torso and kilt are lightweight hollow structures that 
give it the resemblance of a human being. 

The entire robot is controlled by a slave Arduino At Mega 
2560 microcontroller which in turn receives instructions from 
the master micro controller via a Wi-Fi channel as shown in 
Fig. 2. The slave microcontroller efficiently coalesces the 12 
DoF robotic arms, omni-directional locomotion drive and the 
audio-visual system. The master microcontroller integrates the 
exo-frame, Graphical User Interface and joystick into the 
Human Machine Interface. 
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Fig. 2 Block Diagram of Dexto:Eka: 

IV. ROBOTIC ARMS 

The flexibility of a humanoid robot primarily lies in its 
arms. Being tele-operated, the robot can mimic human 
motions precisely in its dependent and semi-sovereign modes. 
Dexto:Eka: consists of two arms of 6 Degrees of Freedom 
each. Of these, 6 DoF four are meant for positioning and two 

are for orientation. The joints can be compared with their 
human equivalent as such: 

1) Shoulder: Abduction-Adduction 
2) Shoulder: Flexion-Extension 
3) Elbow: Flexion-Extension 
4) Wrist: Flexion-Extension 
5) Wrist: Circumduction 
6) Manipulator: Open and close 
The robotic arms are supported by the backbone via a 

horizontal dowel-like structure with each arm weighing 2kgs. 
Actuators for the arm are high torque servo motors. Each joint 
is driven by two servo motors whose combined torque is more 
than that required to rotate the joint. The hand has been 
emulated using a manipulator, which portrays a two-fmger 
construction; each fmger depicts two parallel links driven by a 
servo motor enabling it to pick up simple objects. Torque 
required for rotation of a particular joint was calculated using 
DH parameters [12]. Values of torque for each joint and 
moveable range are given in Table 1. 

TABLE I 
MOVABLE RANGES AND MAXIMUM TORQUE OF EACH JOINT 

Maximum 
Movable Movable 

S. 
Joint Torque 

Range Range 

No. 
(Kg-em) 

(Degrees) Degrees) 

(Human Arm) (Dexto: Eka:) 

I Abduction (Yaw) 52.3 200 105 

2 Shoulder (Pitch) 47.7 230 130 

3 Elbow (Pitch) 32.6 145 125 

4 Wrist (Pitch) 13.1 70 180 

5 Pivot (Roll) 8.4 80 180 

6 Gripper 3.2 N.A. N.A. 

B. Sensors 

A Hall Effect current sensor regularly keeps an eye on the 
current being drawn by the servo motors. Whenever the 
current exceeds a limit of 25 Amperes, the robotic arm is 
made to stop automatically, so that no harm is made to robot 
structure and actuators. A temperature sensor mounted on the 
gripper measures the surrounding temperature and its output is 
displayed on the GUI. 

Force sensors have been mounted along the joints of the 
arm. These sensors tell the amount of strain on the joint; 
higher the strain, more the force exerted. If the force required 
for a particular operation is outside the limits of actuators, then 
the robot will abandon that task. The benefit of this system is 
that actual forces are measured without interfering with the 
operation of the joints. 

C. Control using GUJ 
The arm is perpetually monitored by the GUI which 

outputs a graphical representation of the arm motion. The GUI 
bestows upon the user, the ability to individually control each 
arm. Movement of each arm can be initiated, ceased or 



calibrated by the user. A mimic facility has been provided to 
enter into the dependent mode. Three predefmed arm motions 
have also been provided for ease of use. A battery indicator 
constantly oversees the arm battery levels. If the value falls 
below the limit of 6.8v, the arm system shuts down 
automatically. 

V. LOCOMOTION 

Mecanum wheels were chosen for locomotion so that 
there is no directional restraint in mobility. Motion is 
dependent on ping ultrasonic sensors and infrared sensors that 
alert the robot about obstacles in its path. 

A. Chassis 

The chassis comprises of 3 layers: upper and lower layers 
are aluminium whereas the middle one is polypropylene, thus 
making it strong, lightweight, flexible and economical. The 
calculated weight of the whole robot is not expected to exceed 
20 Kg. The centre of mass of the robot has been designed to 
lie in its lower half, in order to keep it well-balanced. To 
ensure this, all heavy parts would be mounted on the chassis, 
along with the control mechanism including main controller, 
Wi-Fi module, batteries, ultrasonic distance sensors and 
infrared light sensors. 

B. Drive 
One of the most striking and beneficial features of 

Dexto:Eka: is the onmi wheel drive mechanism implemented 
using mecanum wheels [13].These wheels were chosen such 
that it can carry the weight of the robot and enable the robot to 
move in small and compact places. Design of mecanum 
wheels ensures that the rollers are always in contact with the 
work surface [1], thus allowing better performance on uneven 
surfaces. Positioning of mecanum wheels at each corner of the 
chassis (mirror images of each other) makes force vectors in x, 
y and rotational directions. Heavy duty side shaft motors are 
used for smooth driving of the robot. Motor drivers are chosen 
for high performance of the mecanum wheel drive. 

The drive is governed by a joystick. Directional 
movements of the joystick generate an analog voltage which is 
mapped onto the motors in order to create orientation of 
motion. With the help of the voltage multiplier in (1), the force 
on each wheel is calculated which were then used to calculate 
the net torque using (2). The force vectors can be seen in Fig. 
3. Knowing the desired angle, desired velocity, and the 
angular velocity, the voltage multipliers of the wheels can be 
calculated. [14] 

Where, 
Vx: voltage multiplier of wheel x 
ad: desired robot angle. 
V d: desired robot speed. 
V 8: desired angular speed. 

(1) 

Torque (1:) =(-Fxl-Fx2+Fx3+Fx4) ly +(FYI-FyrFY3+Fy4) Ix (2) 
Here, 

Ix =half the wheel base 
ly =half the track base 

Both are the radii at which forces are applied by wheels. 
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Fig, 3 Force vectors created by mecanum wheel 

C. Navigation 
The specialty of using mecanum wheels in our robot is 

that the robot can translate in any desired direction and can 
even rotate at a spot. This because of the net force vector 
developed due to the voltage multipliers of each wheel. This is 
especially helpful when having to manoeuvre in tight 
environments. The ultrasonic sensors as well as infrared 
sensors are installed alternatively on the circumference of the 
chassis which tell the exact location of obstacles in 10m space. 
Special Ping ultrasonic sensors are used because of their low 
cost and easy distance measurement methods. A single 110 pin 
of controller is used to trigger the Ping sensor and listen for 
the echo return pulse. The intelligent trigger hold-off allows 
the Ping to work as the most effective distance sensors. 
Ultrasonic sensors can produce good range information. IR 
sensors help in eliminating error, if any, thus making the 
system more accurate. 

Direction of movement of robot is governed by the vector 
sum of force acting on the wheels and is depicted Fig. 4. 
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Balance and orientation would be maintained using a 
gyroscope module placed on the cephalic region [15]. A 
gyroscope module is a low power 3- axis angular rate sensor is 
based on the principle of angular momentum. Mechanically, a 
gyroscope consists of a spinning wheel or disk in which the 
axle is free to assume any orientation. If there is any change in 
the orientation of gyroscope, the changed orientation data is 
sent to the microcontroller which interprets the data and 
responds accordingly. 

These sensors have been placed on the head to easily 
detect any change in orientation. If the robot falls backward 
(or forward), then there is an increase (or decrease) in speed of 
mecanum wheels unless the head and lower body are 
perpendicular to the surface it is moving on. 

VI. HUMAN MACHINE INTERFACE 

The exo-frame, Graphical User Interface (GUI) and the 
joystick control combine to form the Human-Machine 
Interface. 

A. Exo-frame 

Computerized motion control is an arduous task and 
inflexible. So to achieve superior control over the imitation of 
human motions, an exo-frame was developed for each arm. 

The exo-frame is the master unit that provides the user 
with absolute and partial governance over the robot in the 
dependent and semi-sovereign modes respectively. It has an 
ergonomic design and can be worn with ease by the 
teleoperator. Exo-frame is made of aluminium and hence is 
lightweight and portable. High precision industrial grade 
potentiometers have been mounted on the abduction, shoulder, 
wrist and elbow joints of the exo-frame to plot the movements 
of the teleoperator. The actuators of the robotic arm receive 
this data via the controller. For pivot and gripper (open and 
close), four buttons are available on the glove. 

Fig. 5 3D sketch of the exo-frame 

B. Graphical User Interjace(GUJ) 

A Graphical User Interface as shown in Fig. 6 was 
conceived for remote control and monitoring. It was designed 
using Processing [16]. Processing, a Java based software, was 
chosen in order to make a highly customized and user friendly 
interface. 

Arm motions can be unceasingly kept track of on the GUI 
which obtains positions from each servo motors and plots a 

graph. The graph is dynamic and pauses when the exo-frame 
and robotic arm are perfectly aligned in dependent mode or 
when the motion of arms pauses in sovereign mode. 

Safety features have been built into this virtual control 
system. An emergency stop function allows the user to cut off 
power in case of any critical situation. A check is also kept on 
current drawn by actuators to ensure vital levels are not 
crossed. It also has a battery level indicator which tells us the 
amount of energy left in battery. 

Output of ultrasonic and infrared light sensors is 
simulated as a radar display. 

The GUI is password protected for security purposes. 
When the robot is present in a remote location live streamed 
content of the environment can be accessed on the GUI. The 
auditory and visual system placed on the cephalic region of 
the robot would facilitate this. 
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Fig. 6 Screenshot of GUI 

C. Joystick control 

Manipulation of locomotion in dependent mode by the 
tele-operator would be using a joystick. This controls the 
omni-directional motion of the mecanum wheel drive ensuring 
smooth functioning. 

VII. EXPERIMENTS 

A. Robotic arm 
All joints were calibrated for smooth functioning like a 

human arm and tests were conducted: 
1) To check the amount of rotation of each joint 
2) To ensure rotation is within the limits of a normal 

human arm 
3) To identify the maximum weight that can be lifted by 

the arm 
4) To check tele operation 
Tests on tele-operation revealed that the robotic arm used 

to vibrate in slave mode. So, the problem was overcome by 
improving the exo-frame and implementing a proportional 
method of control. 

B. Exo-frame 

Each joint of robotic arm was calibrated with the 
potentiometers installed on the exo-frame. The following tests 
were conducted: 

1) Movement of each joint 



2) Pick and place operation of a simple object as seen in 
Fig. 7 

Minor errors that occurred were removed when the 
previously mentioned solution was applied. 

Fig. 7 Pick and place operation of left robotic arm 

C. Teleoperation 
The robot is able to effectively mimic the motion of the 

teleoperator's arm with negligible error. This can be clearly 
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seen in figures 8 and 9 which show plots the degree of motion 
of human arm to that of the robot. Figure 10 shows actual 
teleoperation taking place. 
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Fig. 10 Robotic arm mimicking the teleoperator 
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D. Graphical User Interface 

Hardware is calibrated using GUI before use. The GUI 
was tested for proper operation, all functions implement like 
emergency stop, predefined movements, calibration of exo
frame with robotic arm worked well. 

E. Safety 
Tests were conducted: 
1) To check the maximum amount of current that 

actuators can withstand (Output in Table 2) 

TABLE 2 

MAxIMUM CURRENT AT EACH JOINT 

S. No. Joint 
Maximum Current 

(Amperes) 

1 Abduction 3.7 

2 Shoulder 3.2 

3 Elbow 2.4 

4 Wrist 1.9 

5 Pivot 1.2 

6 Gripper 1.5 
. .  

2) Adverse condltlOns tests to check the dIfferent 
security measures like abandoning tasks when robot 
comes in region of high temperature or when asked to 
pick a heavier object. 

3) To check the strength and balance of robot 

VIII. CONCLUSION AND FUTURE WORK 

Tests conducted on the robotic arms and the Human 
Machine Interface (HMI) returned positive results. Robot is 
able to mimic tele-operator and GUI displays the correct 
values of angles of every joint. Output of sensors like 
temperature sensor mounted on arms was accurate. Robot is 
able to survive at a temperature of 350K. Backbone of robot 
provides excellent support and total weight of robot is within 
the prescribed limits. Each arm is able to lift object weighing 
not more than 800 gm. Predefined movements work perfectly 
and safety features exceeded expectations by automatically 
shutting down during situations like exceeding of current over 
prescribed limit, drainage of battery or other hazardous events. 

In the near future, audio and visual processing systems 
would be implemented. A wireless Internet Protocol (IP) 
camera with night vision would give the user live video 
broadcast from a remote location. 
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