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extremely promising. On the other hand, the active research in
teleoperation is being conducted using Internet as
communication medium. This has happened due to the fact
that the Internet has changed from a simple data transmission
medium to a virtual world application like control. The system
which uses real time control over the Internet has many
difficulties. One of the most important difficulty is the delay
due to the data packets transmission between two points over
network. This delay due to its random nature plays a
significant role in the stability and efficiency of the system
when the commands are sent and received in real time
applications. Furthermore, when the Internet began to be used
for communication, packet switched networks presented the
already established time-delay analysis with difficulties due to
randomly varying delays, discrete-time exchange of data and
loss of information. So that earlier delay related results were
adapted to the new setting as it was studied in detail in [6] as
well as to discrete-time setting in [7-10] and information loss
in [11]. These methods found their way to several applications
in handling radioactive material [12], space robotics [13,14],
telesurgery [15], and recently teleoperation of mobile robots
[16,17].

Abstract—Event based controller has been implemented to
teleoperate the real mobile robot efficiently. The system consists
of master haptic device, slave robot and a communication
network. On master side with the help of visual aid and real time
force feedback acting on the robot the operator control and
navigate the robot and receive sensory feedback. Environmental
force which is acting on slave robot is modeled as virtual force
based on obstacles in front of mobile robot using proximity
sensors and it has been reflected to human operator in real time
using perditor block. Thus the operator can feel that he is driving
the robot like a car while he is present at remote location. The
designed controller shows the excellent coordination between
master haptic device and slave robot. The slave robot follows the
master device and communication delay has no effect on the
performance and stability of teleoperated robot.
Keywords— teleoperation; event based controller; force
feedback; haptic device

I.

INTRODUCTION

In fact, teleoperated robots are excellent mean to work in
hazardous environments where human safety is at high risk
like nuclear power plants, landmines clearance and space
exploration[1-4]. Also teleoperation provides solutions in
cases where human operators simply can’t manipulate given
objects like surgery inside human body through micro-robots
which is called tele-surgery. Teleoperation is finding
applications in these areas because the technology can save
lives and reduce cost by removing the human operators from
the operation sites. However, most of these areas still need
humans in the control loop because of their very high level of
skills and because machine intelligence is insufficiently
advanced to operate autonomously and intelligently in such
complex and unstructured environments. Teleoperation has
become one of the most rapidly expanding areas in
mechanical, electrical, computer and control systems
engineering.

Moreover, several Internet based robots have been
developed and studied. Reference [18] where they considered
the bilateral teleoperation of a wheeled mobile robot over
communication channel with constant delay to enable the user
to control the mobile robot by operating a master haptic
joystick. The passivity of the closed-loop system is also
enforced so that, even with communication delays, humans
can stably and safely teleoperate the wheeled mobile robot
with force-reflection. However, this study was based on
simulation framework. Reference [19] the use of a haptic
interface is proposed to increase the user’s perception of the
workspace of the mobile robot. The passivity of the overall
system is preserved, so that the stability of the virtual
interaction is guaranteed. But the system behavior was not
evaluated in complex tasks and also it did not take into
account the significant time delay in the data transmission.
Reference [20] presented the Internet-based tele-rehabilitation
sharing system, whose aim is to achieve the situation where
multiple stay home patients in different places can share
rehabilitation instruction of one physiotherapist at the same
time. However, they have done simulation which is hard to

Today many industries utilize robots because they offer
advantage of being able to perform set routines more quickly,
cheaply, and accurately than humans. Instead of using
programmed routines to maneuver the robots, tele-robotics
allows to operate the robot from a distance and make decisions
in real time[5]. With the development of more powerful and
efficient computers, the future for teleoperation seems
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implement and the real experiment is under planning in that
research.
In this work a bilateral control of mobile robot is presented
with real time force reflection to operator which is acting on
mobile robot without any assumption on time delay using
event based control approach. The virtual interaction force is
computed on the basis of obstacles in front of the mobile
robot. Thus, the live video feed and force feedback from the
robot help the operator to drive robot like a car by generating
linear velocity equivalent to gas pedal adjustment and heading
angle equivalent to steering wheel rotation in car, commands
from haptic joystick.
Fig. 2. Non-time based control

II. PROBLEM DESCRIPTION
A. Theorem1
If the original robot dynamic system(without remote
human/autonomous controller) is asymptotically stable with
time t as its action reference and the new non-time action
reference, e=Π(y) is a (monotone increasing) non decreasing
function of time t, then the system is (asymptotically) stable
with respect to the new action reference e. The advantage of
this approach is that stability is independent of random time
delay.

In fact, the teleoperation over Internet suffers with time
delay. This delay happens due to latency in communication
via Internet. The main effects of this delay are instability and
de-synchronization. The previous researches assumed the
delay time is constant or has upper bound limit[18][21]. In
order to avoid these assumptions over delay an event based
controller has been implemented which has no impact of delay
on it. Also, a predictor block is implemented in the feedback
loop that reflect real time force acting on the robot to the
operator as shown in Fig. 3.

IV. THE CONTROL APPROACH
III. NON-TIME BASED CONTROL FOR TELEOPERATION WITH
FORCE REFLECTION

Different approaches have been used to stabilize the
teleoperated robots. The stability in this work is ensured by
using event based controller. The Fig. 1, and Fig. 2, show the
conventional control block and event based control block
respectively. Thereom1 explains the stability of the event
based controller. The proof of this theorem has been done in
[22].

Fig. 3. Block diagram of the teleoperated system.

The telecontrol of mobile robot has been implemented as
shown in Fig. 3. Haptic feedback is very crucial in telecontrol
along with vision and sensory feedback to perceive the
environment around the robot. The force acting on the slave
robot is fed to master device so that operator can feel the real
impact of force acting on slave robot. In telecontrol there is
delay due to which force acting on the hapatic device is a
delayed response. The force is modeled as virtual force which
is acting on robot and is inversely proportional to distance to
obstacle in front of robot. With the predictor block it can be
made sure that the real time force is generated by using the
Tdb(delay time backward), velocity of slave and onboard
proximity sensors to calculate the real time position and hence
virtual force.

Fig. 1. Conventional Control Loop

The operator generates joystick position Xm(e), as it is
given in the (1).
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V. TELEOPERATED SYSTEM

F (e)
X m (e ) = h
Ch

(1)
A. Hardware System
Fig. 4, illustrates the pictorial view of the teleoperated
system. It consists of force feedback joystick, client pc and
AutoMerlin along with server PC. Haptic device i.e. force
feedback joystick from Wingman generates the commands for
robot navigation and reflects the force feedback to human
operator. AutoMerlin (Auto Mobile Experimental Robot for
Locomotion and Intelligent Navigation) is a four wheel car
like mobile robot as shown in Fig. 5, which is equipped with
dspic microcontroller and onboard sensors. The robot is driven
by two dc motors and the power is transmitted equally to all
four wheels. The front wheels are steered by servo motor. The
controls are realized by pulse width modulation (PWM)
signals from the microcontroller to the drive and steer motors,
respectively. The data transfer between AutoMerlin and the
server PC has been realized by UART communication using
RS232 serial port.

Where Ch is constant and e is the event.

 X (e) 
 mx 
X m (e) =  X my (e) 
X mφ (e )



 F (e ) 
 hx 
Fh ( e ) =  Fhy ( e ) 
 F (e) 
 hφ 

(2)

(3)

Where Fh(e) given in (3) is applied force by human operator
and Fm(e) is reflected force. Fhx(e), Fhy(e) and Fhφ(e) generate
Xmx(e), Xmy(e) and Xmφ(e) positions of the joystick
respectively.
The dynamics of joystick is given in the (4), where Mm is
mass of master joystick and Vm(e) is velocity of master
joystick. Each event is triggered by the previous event as can
be seen in the (4).

•
M V (e + 1) = Fh (e) + Fm (e)
m m

(4)

 V (e) 
 mx 
Vm (e) =  Vmy (e ) 
Vmφ (e)



(5)

Vs (e) = Vm (e) − Ven (e)

(6)

 V (e) 
 ox 
Vo ( e ) =  Voy ( e ) 
 Voφ ( e ) 



(7)

Fig. 4. Pictorial View of the system.

Vm(e) travels through communication channel with some
delay but this delay has no effect on the performance of
system since advancement in time has no effect on slave robot
only advancement in event e stimulates the slave robot.
Therefore when there is connection loss then the slave robot
will stop and wait for new event. After reconnection the slave
will start following master again. Vs(e) mentioned in the (6) is
slave input velocity and it is same as Vm(e) when there is no
obstacle in front of robot. Ven(e) is reduction in Vs(e) when
there is some obstacles to reduce the speed of robot. The
proximity sensors mounted on the slave robot scan the
environment and adjust the Vs(e). Vo(e) is output velocity of
slave robot given in the (7).

Fig. 5. AutoMerlin
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B. Software Framework
Two algorithms have been developed in C# language for
both client and the server. The client part is hosted in client PC
and it is taking inputs (velocity and steering angle) from the
joystick. Then, it has the ability to send information to the
server PC via TCP/IP. It reflects force feedback to haptic
device that is the force feedback joystick. Second part is the
server which is hosted in the server PC. The server algorithm
receives velocity commands from the client and process them
according to environment e.g. if there is no obstacle then
Vm(e) is fed as Vs(e) and if there is obstacle in the range of
0.5m then Vm(e) is adjusted to reduce the Vs(e), and if the
object is in the range of 0.2m then the robot will stop. The
server execute the velocities commands for 200ms and then
wait for the next event. So each event has duration of 200ms.
Client generates new commands as next event. These
commands travel through network and reach server algorithm
which sends them to AutoMerlin via serial port. Server
algorithm receives sensor data from the robot and sends them
back to the client. Also, it sends the visual feedback from the
vision sensor (camera) to enhance the perception of operator
about the environment around the slave robot as shown in Fig.
6.

Fig. 7. The master heading angle.

TCP/IP is reliable and guarantees sending-receiving data,
therefore it has been used for important data transfer (velocity,
heading angle, and sensor data). While UDP is faster than
TCP and packet loss is acceptable in video streaming,
therefore it has been used for sending live video stream from
robot to client.
Fig. 8. The slave heading angle.

Fig. 7, and Fig. 9, show the heading angle and linear
velocity of master device i.e. haptic force feedback joystick
when there is perfect connection between master and slave.
Fig. 8, and Fig. 10, show the slave robot heading angle and
linear velocity. It is clear from these four plots that the slave
robot is following the master device i.e. haptic force feedback
joystick.

Fig. 6. Client GUI

VI. EXPERIMENTS
Some experiments were carried out over local network to
check the behavior of the controller when there is perfect
connection between client and server and then we made
deliberate disconnection and reconnection to evaluate the
performance of controller.

Fig. 9. The master linear velocity.
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Fig. 12. The slave linear velocity with disconnection.

Fig. 10. The slave linear Velocity.

Fig. 13, plots the master linear velocity, Fig. 14, plots the
slave linear velocity and Fig. 15, the force acting on the robot.
These plots are related with each other. When there is no
obstacle the slave follows the master. At event 50 there is
some obstacle so velocity is reduced and force is increased as
shown in Fig. 14, and Fig. 15. Slave is not following master
now but instead it is following the algorithm developed in
server program to avoid obstacles. So when there is maximum
force the velocity is of slave is minimum regardless the
velocity of master device and when the object is in the critical
range of 0.2m the slave will stop and force will become
maximum and it will not listen to master device.

Fig. 11, and Fig. 12, show the master linear velocity and
slave linear velocity with disconnection. In the beginning the
master and slave linear velocity is zero then slave follows
master until there is connection loss and both master and
slave velocities become zero. When the connection is
reestablished the slave starts following the master again.

Fig. 11. The master linear velocity with disconnection.

Fig. 13. The master linear velocity when there are obstacles.
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Fig. 14. The slave linear velocity when there are obstacles.
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Fig. 15. The force acting on slave reflected to master device.

VII. CONCLUSION AND FUTURE WORK

[16]

The above mentioned results have been plotted to analyze
the performance of controller and the coordination between
master and slave. The results are quite impressive and exhibit
the excellent coordination between master and slave. In future
work the map building will be added to the GUI so that the
human operator can understand the environment around slave
robot more precisely and the vision system will be used to
detect and localize humans in the environment and then send
to them the rescue robot after detection.
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