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ABSTRACT

The common misconception regarding robots is that, they are
used for industrial purpose only. But it is not so, they find
applications in different fields, ranging from simple household
chores to space explorations. There are different ways to
control these robots, but imagine the case of controlling a
robot miles and miles away through the internet. This paper
describes the use of internet to control the robotic arm from a
remote end by means of a visual feedback so the user can see
the movement of the robotic arm from anywhere.
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1. INTRODUCTION

Telerobotics refers to control a robot from a remote end. With
this, it is even possible to control the motion of the robot in
space directly. Internet, satellites are some of the methods for
teleoperation. The internet is universal and enables users to
access any systems on the worldwide network cheaply.
Considering the present trend and technologies, the tendency
of electric home appliances is toward home networking. The
implication is straightforward - one can control all household
electric appliances and monitor the status from the remote
end. With a web server, it becomes easy to control devices
from a remote site. When such a web server is set up in a
single board computer, it becomes a different story compared
to other non OS based devices. Raspberry Pi is one such
device. Others include Parallella (not yet released), Odroid-
X2, Hackberry, UDOO, APC Rock, Cubieboard, Beaglebone
Black, Beagleboard,etc.

With the popularity and widespread use of internet, it
becomes an easy task for anyone to control and monitor the
robotic arm from internet[1-5]. Many spent more time in
internet than the average time they sleep!! So with the
introduction of an internet controlled robotic arm, the
industrialists can even do their work from home and when
used for household applications, the user can do it from his
office or even from his tab, while driving!!

The Raspberry Pi is a credit-card-sized single-board computer
developed in the UK by the Raspberry Pi Foundation. A USB
camera (i-Ball) is used for visual feedback by providing live
video streaming through the internet.

The Robotic Arm used is Maplin‘s OWI-535 Robotic Arm
(non USB type). The Robotic arm can be controlled by a web
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server in the PC itself. Robotic arm control can be made
wirelessly by means of Zigbee [6], [7] but can‘t be controlled
from a remote site, so with a web server, it is possible.
Another method for the control of robotic arm is by means of
user motion like hand gesture control[8]. Internet based robots
can be used for teleoperation, industry, automation, household
applications. A web server is set up on the single board
computer named Raspberry Pi. Many web server applications
are available for the Raspberry Pi and Lighhtpd web server
application was chosen to be the server for Raspberry Pi [9].
With the Pi set as a web server, it’s possible for the client
computers to access the data or web pages hosted by the
Raspberry Pi server.

The Raspberry Pi has 17 GPIO pins. Using L293 motor driver
boards, the Robotic Arm is controlled from the GPIO pins. A
web page is hosted for the robotic arm control in the server.

2. HARDWARE AND SOFTWARE:

2.1 Raspberry Pi

The Raspberry Pi [10] is based on a Broadcom BCM2835
system on a chip (SoC), which incorporates an
ARM1176JZF-S 700 MHz processor. The Raspberry Pi
Foundation started off with a 256MB RAM, which was
labeled as Model A, and later made a Model B with 512MB
RAM. The GPU used is the VideoCore 1V, owned by the
Broadcom. It uses an SD card for booting and for memeory as
it doesn’t have an inbuilt hard disk for storage option. It was
developed with the intention of teaching computer to school
students but later turned out to be one of the prime choice for
many applications and a within a span of 2 years, more than 1
millions have been sold. A supercomputer can be made out of
Raspberry Pi by stacking 64 boards together.

Figure 1: Raspberry Pi
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2.2 Robotic Arm

The Robotic arm used is the Maplin’s OWI-535(non USB
type) . It has four rotational joints- the base, shoulder, elbow
and wrist. The gripper will open and close by means of the
gear wheels. Except for the base which rotates the arm around
the vertical z-axis, the other three rotate it around the x-axis.
The movement in the y-axis is absent in this arm which will
limit the movement of the arm in whole. There is a limit to the
movement each joint can produce.

2.3 Web Camera

The visual feedback is provided by the iBall 12.0 MP web
camera. It has a still resolution of 12.0MP, video resolution of
2.0MP and a smooth video is given by 5G wide angle lens. A
USB hub is used to interface camera with Pi because it is
difficult for Pi to power it up after an USB keyboard and
mouse are plugged-in.

INTERMET
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2.5 Motion

Motion is a program that is used for the live video streaming.
Where it monitors the video signal from the source camera
and will detect changes i.e it can detect motion. Motion is a
command line based tool. Graphical user interface is absent in
motion. Everything is setup either via the command line or via
configuration files.

3. BLOCK DIAGRAM

Here the Raspberry Pi is connected to the internet via LAN
and the PC is connected to the internet via LAN or WIFI. The
USB webcam provides the visual feedback necessary for
monitoring the robotic arm from a remote end. Raspberry Pi
needs an HDMI/VGA monitor for its display, which is here
provided by the LCD projector through an HDMI connection.
The robotic arm is controlled from the client side via the
visual feedback.

UsE WEBCAM

LCD PROJECTOR
[RASPBEERYY PI
DISPLAY]

ROBOTIC ARM

Figure 2: Block Diagram

4. WEB SERVER

The primary role of web servers is to deliver web content that
can be accessed through the internet to the clients. Hypertext
Transfer Protocol (HTTP) is the protocol that helps in the
communication between client and server. Pages delivered are
most frequently HTML documents which may include
documents, images, style sheets and scripts in addition to text
content. Web servers also support server-side scripting using
Active Server Pages (ASP), PHP, or other scripting
languages. Apache and Lighttpd are the most favored web
server applications for Raspberry Pi.

4.1 Raspberry Pi Web Server:

Even though the Pi is significantly less powerful than most
devices one would find in a data center, that doesn‘t mean that
it can‘t act as a useful server in a home or business
environment. Despite a small amount of memory and
relatively underpowered processor, the Pi‘s low power draw
and silent running makes it a great choice for serving low-
traffic simple pages to a local network or even out onto the
Internet. A large proportion of modern web servers run a
LAMP stack, a combination of Linux, Apache, MySQL and
PHP. Different web server applications are available for

Raspberry Pi, like Lighttpd, Apache, Nginx, etc. It also has
database support as a backend system for storing and
retrieving data. Lighttpd having less footprint compared to
Apache, is used as the web server in this setup. Lighttpd can
be installed using the following command ‘sudo apt-get -y
install Lighttpd’. Similarly, PHP is also installed in the system
using commands. Once everything is installed, the web server
must be restarted to take effect. The default directory for
storing the web server files is /var/www. So whatever files are
placed in this directory can be served upon request from the
client. The directory is currently owned by the root user, so
permission must be given to the web server user to access the
files in the directory. The web server user for Lighttpd is
‘www-data’.

5. IMPLEMENTATION:
5.1 The Setup:

At first, an operating system has to be set up in Raspberry Pi.
The debian distribution was installed onto an SD card. The
internal memory of Raspberry Pi is 512MB, so an external
storage memory is required for all the operations we do in the
system, from storing a data to installing an application. As
Raspberry Pi is a single board computer, we need a mouse and
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keyboard to work, with the 2 USB ports available, it’s
possible to connect the mouse and keyboard to the system. If
another USB device has to be connected to Raspberry Pi, a
powered USB hub should be used because the device will
draw power from the Pi to work and this will cause problems
like automatic shutdown or the Pi will hang. Even though the
external powered hub will provide the necessary current for Pi
to operate, it will be good to use an external adapter. After the
initial boot up, configurations have to be changed to suit our
needs like initial boot up to the desktop, etc. After connecting
to a network via LAN, we need to check for the IPV4-address
assigned to the system using the command ‘sudo ifconfig’. As
this is the dynamic IP address, it’s possible to change it to a
static IP by editing the interface file present in /etc file. Then
update the software and kernel as required to make the system
up to date.

The video streaming can be enabled by using the motion
software and the configuration file has to be edited in order to
suit our needs for live streaming. The default port through
which the video will be out is port 81.

Using a suitable editor, the web page has to be designed. A
dynamic web page is created and is saved in the web server
default directory /var/www. Python is the preferred language
for Raspberry Pi, but it also supports C, Java, Ruby, etc..
Python programs are written for the forward and backward
motion of each joint of the arm and are linked with the PHP
script. The entire experimental setup is shown in figure 3.

Figure 3: The experimental setup

The interfacing of the motors of the robotic arm with the
Raspberry Pi is shown in the figure 4. The robotic arm has 5
motors, so 3 motor driver ICs are required for the control of
all the joints of the robotic arm. A triple L293 driver board
which consists of three L293D motor driver ICs is designed
for the control of all the motors and is interfaced with the
GPIO pins of Raspberry Pi. The enable pin should be made
high for the motor to run and by changing the values of the
input pins, we can change the direction of motion of the arm.
Each driver IC can control a maximum of two motors. A total
of 15 GPIO pins of Raspberry Pi are used for the control of all
the joints of robotic arm. For a motor driver IC like L293D,
we need to provide separate power supply for both the IC and
motors connected to it. As all the motors of the arm works at
5V, asingle 5V supply is given for both the IC and the motor.
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Figure 4: Raspberry Pi connection to the DC motor of
robotic arm through driver ICs

6. IMPLEMENTATION:
6.1 Live Video Streaming

Video streaming is an integral part of this project as it serves
as the means by which the user can monitor the robotic arm
from a remote end, otherwise the user has no other way to
determine whether the arm is moving or not, unless he is
present at the local site where the arm is present. The live
video streaming is shown in the Figure 5. The video is out
through the port 81 and can be viewed from any browser by
providing the IP address in the address bar of the client
browser — 192.168.1.2:8081

) LPIG Image, 640 + 480 piue) - Warfla Feor

Figure 5: Live video streaming through port 81

6.2 Robotic Arm Control with Live Video

Streaming

Once the video streaming is working perfectly, a web page is
designed to integrate the video streaming with the buttons to
control the arm. As there are 5 motors for the arm, 5 pair of
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buttons are created for the arm movement in both forward and
backward direction. Buttons are created using Ajax and PHP
is used for the button controls such that each press will
execute the corresponding python program at the server side.
The reason why Ajax is used is that for each button press, the
web page will reload and the video will also reload and is out
for atleast 2 seconds. At that time the user willn’t be able to
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see the movement of robotic arm. When the buttons are
created using Ajax, the web page will not reload and the user
can see the live streaming as it is. The Figure 6 shows the web
page designed for robotic arm control and live video
streaming. The address for the web page is
192.168.1.2/RoboticArm.php

l (_ RASPBERRY PI ROBOTIC ARM CONTROL. ] + ‘

€& | @ 192.168.36.77/RoboticArm.php

Transferring data from 192,168, 36, s B 74 W
e ; =
74 start ") RASPBERRY PIROBO... | ‘B New Microsoft Office ...

=< QW LW 4:29PM

w =N 5

Figure 6: Web page designed for robotic arm control and live video streaming

7. CONCLUSION AND FUTURE WORK:

The purpose of this project isto control the robotic arm from
internet with live video streaming as a means of visual
feedback. This project is almost same as [2] with the
advantage that with port forwarding it is possible for a person
in a different country to see the robotic arm and control it
according to his needs, whereas many other projects require
user to be at the station as there is no means of giving a visual
feedback. In future, by making a mobile robot with a robotic
arm by means of a wireless network, it can be made a
multipurpose robot, ranging from surveillance and home
security to industrial applications where the user need not be
present at the work place in person but can do it from his
home itself.
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