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Abstract
For the past decade robotic systems have been successfully used to perform specific tasks
with various degree of intelligence. Now-a-days, commercial robotics solutions are focusing
more on personal services. Personal services robots are designed with necessary mobility and
functional capabilities so that they can operate in a wide range of environment and can
provide variety of services including health care, educational, domestic chore, entertainment,
and rehabilitation. These personal robots perform various tasks and duties that are often
unpredictable in nature. But, there are some technological challenges that need yet to be
resolved. Integrating a robotic system with its components is usually a very complex task.
Developing a modular robotic system that can perform well in various environments is also
challenging. In addition, robots should be provided with necessary skills so that they can
perform various tasks. Keeping all these challenges in mind we present a networked robotic
system in this paper. The system is controlled by a smart phone. The path followed by the
robot can be monitored via an LED panel. In order to control the operation an Android OS
mobile application has been developed. Through this application a user can set a path for the
robot to follow or can choose a path from a set of already defined paths. We tested our system
in a controlled environment and the test results show that the robot can follow a path (either
user defined or chosen) with a high accuracy.

Keywords: Wireless, Mobile, Path Controller, Bluetooth, BlueSMiRF, Microcontroller,
Robot
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1. Introduction
With the advent of wide spread use of wireless technology mobile systems are now being
commonly used in industrial automation. Simple monotonous mechanical movements are
being automated based on mobile systems. Numerous applications of industrial automation
can be found in army [1-4], oil and gas industry [5-7], and automobile industry. A recent
report [8] shows that the automobile industry is playing the leading role in employing
robotics (see Fig.1). Now-a-days, robotics also finds applications in surveillance system. The
World is under the threat of terrorism like never before. To counteract terrorism 24/7
automated surveillance systems have been initiated for public safety. The automated
surveillance system has drawn considerable attentions in many applications where human
surveillance systems are almost impossible to deploy and operate. Surveillance systems for
monitoring gas and oil pipelines are examples of such applications. The gas and oil are
distributed in the pipelines under extremely hot and high pressure conditions. In addition,
safety and accuracy are major issues in gas and oil pipelines. Only small robots can fit inside
the pipelines and can move around in order to monitor the status of the pipelines.

Fig. 1. Applications of Robotics in the Industry

In the automobile industry auto parts are delivered fast from the inventories to the
manufacturing line where they are assembled to produce cars. Moving automobile parts
might be considered dangerous at times. A high accuracy in the alignment of automobile parts
is a must in automobile industry. The whole assembly line activities can be possibly done by
laborers alone. But, it would be much more convenient in terms of accuracy, speed, and
safety if the same can be done by robots. Using the modern wireless technology machinery
can be operated and controlled from a safe distance by using a mobile device. An operator
can control a machine to move object from one point to another point by sending commands
to the machine by using a computer or a mobile device.
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In this paper we present a mobile based path controller system based on a smart mobile
phone. The proposed system can operate and control a robot, which is able (a) to follow a
path defined by a user, and (b) to move objects from one place to another. Since the system is
designed based on wireless technology one can operate the robot from a remote location. This
robot would respond to commands set by a user. These commands would move the robot
right, left, forward, and backwards. The user would be able to set a path and to command the
robots to follow that particular path. The user can also save the path so that he/she would be
able to use it rather than redefining the path again and again. The proposed system is user
friendly. We have designed a Graphical User Interface (GUI) by using mobile app. The user
would be able to control the robot through the application. In order to send the commands
from the mobile app to the controlled device we use Bluetooth technology equipped with
Arduino microcontroller. The rest of the paper is organized as follows. Section 2 presents
some works that are directly related to our work. Section 3 presents the system model. We
have presented the hardware and the software used in our work in section 4 and section 5
respectively. Section 6 concludes this paper.
2. Related Work
In this section we present some works that are directly related to our works. We compare
our works with other related works. We also discuss the novelty of our work in this section.
The idea of networked robot originated from the concept of telerobots, which has been
widely used in many applications including exploring undersea, outer space, and hazardous
areas. One of the major limitations of the telerobots is their limited accessibility. Only trained
and expert users can access the telerobots through a dedicated communication channel. But,
telerobots have evolved with the advancements of internet and networking technology. The
telerobots have become networked robots now. Several hundred networked robots have
already been developed by the year 2012 [9]. Many researches and innovations have been
done and are being done in this field. Even networked robots have been put online for public
use [10]. Now-a-days, networked robots have expanded their scope beyond simple
exploration. Instead, networked robots can now integrate human, agents, sensors, databases,
and not the least cloud computing. More recent research activities on networked robots can
be found in the website of IEEE Technical Committee on Network Robots [11]. Here, we
mentioned a few of them that are directly related to our work.
An accelerometer-based human and robot interaction system has been proposed in [12].
The proposed system consists of an industrial robot using two low-cost and small 3-axis
wireless accelerometers. These accelerometers are mounted on the human arms to capture
gestures and postures. An Artificial Neural Network (ANN) algorithm has been used to
recognize arm gestures and postures that are used as input to control the robot. The results
presented in [12] show that the system is able to control an industrial robot in an intuitive
way with a very high accuracy (92%) and with the very quick system response time (160
milliseconds).
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A wireless controlling between a robot and an Android GUI application has been
presented in [13]. The main purpose of the presented system is to make a surveillance robot
that can be controlled via an Android application. The proposed system is divided into two
parts namely the RF transmitter, and the RF receiver. The transmitter side includes an
Android device, a programmable microcontroller, and a RF module transmitter. While the
receiver side has two motors, another programmable microcontroller, RF Receiver, night
vision wireless camera, and receiver unit. The actions of controlling the motors and the
command of switching on and off the night vision camera have been carried out by the
Android application. The captured videos are then transmitted to a TV through RF signal.
A mobile surveillance vehicle controlling through an Android base mobile has been
presented in [14]. The system consists of an Android phone, Bluetooth Module, Arduino
microcontroller, and three controlled items: Vehicle Direction Actuators, Vehicle Light
Actuators, and a Voice Control Unit. The devices used in the system are similar to the one
used in our present work. The Android application is used to control the actuators direction,
to toggle the light bit, or the voice bit. The work done in both [13] and [14] are considered
similar in a way that both of them have used controlling technique through a mobile
application. However, these both works have scope to be extended. The use of two
microcontrollers in [13] has increased needed coding; where two programs are written for
both microcontrollers, and the overall system cost is increased. This has been avoided in our
present work and the work done in [14]. We use a single Arduino microcontroller for our
system. However, both works (presented in [13] and [14]) are designed only to control the
movement of devices in four directions. While in our work we designed the Android
application in a more enhanced way. The users will have the ability to (a) control the robot in
four directions, and (b) choose from a set of already programmed paths. Hence, our system is
more advantageous in some applications like industrial applications to let the robot move in a
path that can be defined by mathematical functions. The functions can be used to move the
robot in any desirable path. Hence there is no need to keep controlling the direction
constantly with four direction arrows on a graphical user interface.
3. System Model
In this section the system block diagram of the presented work is described, along with
the description of the used items. The system block diagram of our proposed system is shown
in Fig.2. The proposed system consists of a controlling device, wireless transmitter, wireless
receiver, microcontroller, and controlled device (i.e., robot). In the proposed system a
controlling device would send data wirelessly based on the user’s command. These data
would be received by a microcontroller, which in turn would send controlling commands to
the desired controlled object.

Fig. 2. The System Block Diagram
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There are various controlling devices or user interface devices are available in the market.
Among these computers and smart phones are widely used as user interface devices in the
current generation systems. In our system we choose to use smart phone. Because a smart
phone now can beat a computer in terms of the cost, portability, and even connectivity. For
supporting wireless connectivity we consider four alternatives namely Wi-Fi, ZigBee,
Bluetooth, and GSM. Each of these technologies is able to send the command messages from
the user to the microcontroller. Each one of these technologies have their own unique
properties and features. Among these technologies we use Bluetooth for implementing our
system. Because Bluetooth operates in the 2.4 GHz ISM band. It support wireless
connectivity among mobile phones, Personal Digital Assistants (PDAs), and other similar
devices for exchanging data among them. Since Bluetooth system uses a radio link in the
ISM band, there are several key advantages that its transport protocol can exploit. Bluetooth
can effectively provide connectivity between a mobile device and other devices namely
PDAs, Printers, LCD Projects, Mobile Phones, Wireless LAN devices, Notebooks, and
desktop PCs.
We have used a microcontroller for linking the data obtained wirelessly from the user
interface device and the controlled object. The controlled object would react depending on
whatever data sent from the microcontroller. In the proposed system we choose Arduino as
the microcontroller. Arduino is an open-source prototyping platform based on easy-to-use
hardware and software. Arduino boards are able to read inputs (i.e., light on a sensor, a finger
on a button, or a Twitter message) and turn it into an output to activate a motor, turn on an
LED, and publish data online.
In this work we also have designed a user interface. The user interface in the industrial
design field of human–machine interaction is the space where interactions between humans
and machines occur. The goal of this interaction is to allow effective operation and control of
the machine from the human end, whilst the machine simultaneously feeds back information
that aids the operator’s decision making process. In computing an interface is a shared
boundary across which two separate components of computer system exchange information.
The exchange can be among software, computer hardware, peripheral devices, humans, and
combinations of these.
4. Hardware Implementation
In this section the hardware used to implement the system are explained in details,
including the Android's Operating System, BlueSMiRF, Arduino, RGB 32x32 LED Panel,
Arduino Robot, and Kobuki Base Robot. A comparison between the two robots has been
made at the end of the section.
The hardware and software components used to implement the system include the
Android's Operating System, BlueSMiRF, Arduino, and RGB 32 x 32 LED Panel, Arduino
Robot, and Kobuki Base Robot as shown in Fig.3. In this work an Android operating system
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www.macrothink.org/npa

Network Protocols and Algorithms
ISSN 1943-3581
2016, Vol. 8, No. 2

based smart phone has been used as the user interface device. The BlueSMiRF has been used
as the wireless communication technology. Arduino Uno has been used as the microcontroller.
An RGB 32x32 LED panel has been used to display the path. Arduino Robot and Kobuki
Robot are the controlled devices in our designed system.

Fig. 3. Hardware System
We have used an Android Operating system based Smartphone as our controlling device
in our proposed system. The Android system is based on the Linux Kernel and currently
developed by Google with a user interface based on direct manipulation. The Android is
designed primarily for touch screen smart devices such as smart phones and tablet computers
with specialized user interfaces for televisions (Android TV), cars (Android Auto), and wrist
watches (Android Wear). The operating system uses touch inputs that loosely correspond to
real-world actions like swiping, tapping, pinching, and reverse pinching to manipulate
on-screen objects and a virtual keyboard. Despite being primarily designed for touchscreen
input it also has been used in game consoles, digital cameras, regular PCs, and other
electronics.
Applications (abbreviated as Apps) extend the functionality of Android devices. They are
developed primarily in Java programming language using the Android software
development kit (SDK). The SDK includes a comprehensive set of development tools
including a debugger, software libraries, a handset emulator based on QEMU, documentation,
sample code, and tutorials. Other development tools are available including Native
Development Kit and Google App Inventor. The Native Development Kit is used for
applications or extensions in C or C++. The Google App Inventor is used in various cross
platform mobile web applications frameworks. In this work we have used Google App
Inventor devolvement tool in order to create an Android App for the users to control and set
the path they would like to create on the LED Panel, or control the movement of both used
robots.
We have used Bluetooth technology as a wireless communication between the smartphone
and the Arduino. We used BlueSMiRF chip as our Bluetooth device. The BlueSMiRF, as
shown in Fig.4, is the latest Bluetooth wireless serial cable replacement. It uses the RN-42
module, which has a bit less range than the RN-41 module. These modems work as a serial
(RX/TX) pipe. Any serial data stream from 2400 bps to 115200 bps can be passed seamlessly
from the smartphone to the target. The remote unit can be powered from 3.3 volt up to 6.0
25
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volt for easy battery attachment. All signal pins on the remote unit are 3–6 volt tolerant. No
level shifting is required. It cannot be attached directly to a serial port. An RS232 to TTL
converter circuit would be needed for this purpose.

Fig. 4. BlueSMiRF Pin Diagram
We have used an Arduino Uno as a microcontroller for our system. Arduino is a family
of single-board microcontrollers intended to make it easier to build interactive objects or
environments. The hardware consists of an open-source hardware board designed around an
8-bit Atmel AVR microcontroller or a 32-bit Atmel ARM. Current models feature
an USB interface together with six analog input pins and 14 digital I/O pins that can
accommodate various extension boards.
The Arduino board (see Fig. 5) exposes most of the microcontroller's I/O pins for use by
other circuits. The Diecimila, Duemilanove, and current Uno provide 14 digital I/O pins. Six
of them can produce pulse-width modulated signals, and six analog inputs that can also be
used as six digital I/O pins. These pins are on the top of the board via female 0.10 inch
(2.5 mm) headers. Several plug-in application shields are also commercially available. The
Arduino Nano, and Arduino-compatible Bare Bones Board, and Boarduino boards may
provide male header pins on the underside of the board that can plug into solderless
breadboard.

Fig. 5. Pin diagram of used Arduino Uno in this project
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The first controlled device of our work was a 32x32 LED panel as shown in Fig.6. The
LED panel contains 1024 RGB LEDs arranged in a matrix of dimension 32 x 32. Each RGB
LED contains separate red, green, and blue LED chips assembled together in a single package.
The display is subdivided horizontally into two halves. The top half consists of 32 columns
and 16 rows. The bottom half also consists of 32 columns and 16 rows as shown in Fig.6. The
display’s columns and rows are driven by two different set of drivers. To illuminate an LED
the drivers for both the column and the row for that LED must be turned on. To change the
color of an LED, the red, green, and blue chips in each LED package are controlled
individually and have their own column drivers.

Fig. 6. The 32x32 RGB LED panel
In order to control any pixel (LED) of the panel, a hardware connection among the
BlueSMiRF chip, Arduino, and the LED Panel is made as shown in Fig. 7. The connections
between the previous devices were wired, whereas the smart phone was wirelessly connected
to them through the Bluetooth technology.

Fig. 7. The connection between BlueSMiRF and Arduino UNO
The second controlled device, was the Arduino Robot (Fig. 8), where the movement of
the robot has been controlled. Similar to the LED Panel a user is able to either move the robot
in an already defined paths, or directly control its movement in the four directions.

27

www.macrothink.org/npa

Network Protocols and Algorithms
ISSN 1943-3581
2016, Vol. 8, No. 2

Fig. 8. Arduino Robot, side, top and bottom view of the robot (from left to right).
The Arduino Robotic is the first official Arduino on wheels. The robot has two
processors mounted on two boards. The Motor Board controls the motors, and the Control
Board reads sensors and decides how to operate. Each of the boards is Arduino board
programmable using the Arduino IDE. Both Motor and Control boards of the robot are based
on the ATmega32u4. The Robot has many of its pins mapped to on-board sensors and
actuators. Programming the robot is similar to the process with the Arduino Leonardo. Both
processors have built-in USB communication, eliminating the need for a secondary processor.
This allows the Robot to be connected to a computer as a virtual (CDC) serial / COM port.
We connected an Arduino UNO to the control board. Fig. 9 and Fig.10 show the connection
between the Control Board and the Arduino UNO. In order to control the robot’s movement
we wrote two programs: one for the Arduino Control Board, and the other for the Arduino
UNO.

Fig.9 Arduino Robot Control Board and Arduino UNO

Fig.10 Real Connection

Fig.11 Kobuki Base Robot
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Our third controlled device was Kobuki Base Robot (Fig.11). It is a low-cost state of art
robot specially designed for education and research. With continuous operation in mind
Kobuki robot provides power supplies for an external computer as well as additional sensors
and actuators. It has a highly accurate odometer that enables precise navigation. In order to
control the movement of the robot an Arduino UNO is connected to its serial pins.
Fig.12 and Fig.13 show the hardware connection of the robot with the Arduino UNO and
the BlueSMiRF. The function of this circuit is to supply voltages to the robot’s motors
through the serial pins connection. The response and movement of each motor depend on the
voltage sent to it. The threshold voltage of the Kobuki was 1.9 volt. If both motors were
given 1.9 volt, both wheels would not move and the robot would stop. If the given voltage is
higher than that of the threshold voltage, the wheel would move forward. If it’s less than the
threshold value it would move backward.

Fig. 12. Hardware connection of the Kobuki Robot.

Fig. 13. Real Connection
29

www.macrothink.org/npa

Network Protocols and Algorithms
ISSN 1943-3581
2016, Vol. 8, No. 2

A comparison between the two robots in terms of: size, speed, cost, reliability, rotation
accuracy, easy of programming has been listed in Table1.
Table1: Comparison of Arduino Robot and Kobuki Robot

Topic
Size

Speed

Sensors
Reliability

Programming

Cost

Arduino Robot
Small
Speed can be changed be changed
according to the corresponding
voltage taken from the Arduino
UNO, but in general it’s faster
than the Kobuki
5 Line following IR sensors.
Reliability may vary depending
on the application used for the
robot.
Easy programming, and there is
no need for any hardware
connection in order to program it,
since it comes with a built
microcontrollers.

Kobuki Base Robot
Bigger
Speed
can
be
changed
according to the corresponding
voltage taken from the Arduino
UNO, but in general it is slower
than the Arduino Robot.
3 bump sensors.
Reliability may vary depending
on the application used for the
robot.
Not very easy to program, since
an external hardware circuit
must be connected to in order to
be able to move the robot, and a
lot of parameters must be taken
into
consideration
while
programming.
Less costly than the Kobuki Higher cost (around 580$)
(around 200$)

5. Software Implementation
In this section the Smartphone application, Arduino Robot, and the Kobuki Robot flow
charts and software functions are presented. The final Smartphone’s application design and
its working mechanism are also explained in this section.
Fig.14 shows the flowchart of smartphone’s application. The sent data, from the smart
phone to the Arduino microcontroller via the BlueSMiRF device, are dependent on the
command (button) that the users choose. If How to use button is chosen, another screen
would be opened describing the How to use explanation. If the Contact Us is chosen, another
screen that contains different contacting options between the user and the developers would
be displayed. If Design Path, Saved Paths, or the Function Paths buttons are chosen, the
smartphone would send data describing that chosen option to the Arduino microcontroller,
which in turn would be displayed in each screen. This application is the same for all the
controlled devices in this project, only one noticeable difference is in the LED Panel, where
there is no Function Path option. The function path is only used in controlling the two robots.
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The Application uses Graphical User Interface (GUI), which means that there is no need to
have a go back button to be added in each screen. In this case the user would use the built in
back button in the mobile itself. When user would just touch that button and the previous
page would be displayed.

Fig.14 Smartphone Application Flow Chart
Fig.15 shows the software flow chart of the Arduino UNO for the LED Panel. The
Arduino responds according to the data received from the Bluetooth device. The data

31

www.macrothink.org/npa

Network Protocols and Algorithms
ISSN 1943-3581
2016, Vol. 8, No. 2

received are programmed to be 13 different characters; each character would compute
different command that would be sent to the LED panel. Table-2 shows the computed
commands of each received character.

Fig.15 Smartphone Application Flow Chart
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Table 2: Received Data in the microcontroller and their computed commands
Received Data

Computed Commands

'n'

Begin controlling the path.

'w'

The controlled pixel on the LED panel would take a step up (front).

'd'

The controlled pixel on the LED panel would take a step to the right.

's'

The controlled pixel on the LED panel would take a step down (back).

'a'

The controlled pixel on the LED panel would take a step to the left.

'm'

Undo movements.

'e'

Clear the LED panel screen.

'L'

Save the current position of the pixel.

'J'

Return controlled pixel to the origin point (0,0).

'C'

The controlled pixel would move in a path similar to a sawtooth function.

'c'

The controlled pixel would move in a programmed random shape.

'V'

The controlled pixel would move in a path similar to a straight line function.

'v'

The controlled pixel would move in a path similar to a stair function.

Fig.16 Robots Flow Chart

33

www.macrothink.org/npa

Network Protocols and Algorithms
ISSN 1943-3581
2016, Vol. 8, No. 2

Fig.16 shows the software flow chart used in both robots. It is similar to the one used in
the LED Panel. The only difference is that rather than controlling the pixel’s movement, the
two motors are being controlled. Table 3 shows the computed commands in both robots.
Table3: Received Data in the microcontroller & their computed commands
Received Data

Computed Commands

'n'

Begin controlling the path.

'w'

The robot moves forward.

'd'

The robot moves to the right.

's'

The robot moves backward.

'a'

The robot move to the left.

'L'

Robot stops.

'C'

The robot would move in the first saved path.

'c'

The robot would move in the second saved path.

'V'

The robot would move in the third saved path.

'v'

The robot would move in the fourth saved path.

'M'

The robot would move in the first function path.

'm'

The robot would move in the second function path.

'E'

The robot would move in the third function path.

'e'

The robot would move in the fourth function path.

It’s important to note, that these characters (the received letters) are nothing but a case
structure in the Arduino program (see Fig. 17), which we’ve defined to compute different
commands.

Fig.17 Part of the Arduino code for LED & two robots (Left to Right)
In order to design the Android Smart Phone App, App Inventor, an open-source web
application originally provided by Google and is maintained by the Massachusetts Institute of
Technology (MIT), has been used.
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App Inventor allows programmers to create software applications for Android Operating
System (OS) smart phones. It uses a graphical interface that is very similar to Scratch and
StarLogo TNG user interface. It allows users to drag-and-drop visual objects to create an
application that can run on Android devices. We've used App Inventor 2 in designing our
mobile Application, which has an additional and easier features than the App Inventor
Classic.
The first phase of application design goes through App Inventor Design page. Design is
accessible through the web page and all the ingredients for the app are available on the left
side of the window. The ingredients include elements like a screen for the app, buttons for
tapping, text boxes, images, labels, animations and many more. The right side of the design
allows users to view the screen and components added to the screen. Additionally, the
properties section of the window allows users to modify the properties of components (see
Fig. 18). The Block screen is used to set any components on the Design, basically the Block
is where programmers would control the function of each element on the Design screen (Fig.
19).

Fig. 18. App Inventor 2 Designer

Fig. 19. App Inventor2 Block

To control the movement of either the robot motors or the LED pixel of the panel, we
have design an Android Application to pass the users commands to the controlled devices.
We’ve named the Application E-Messenger. The Panel’s E-Messenger application enables

user to choose between drawing any shape manually, or choose from a built in paths to
display on the LED Panel as shown in Fig.20. These paths are the paths that the user
would want to set for the object to move in.
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Fig. 20. Main, Design Path and Saved Paths of the LED Panel App (Left to Right)
When the user clicks any button on the App, the App would send the character indicating
that button to the Bluetooth module that in turns forwards the character to the Arduino
microcontroller used. The Arduino microcontroller then receives that character, and matches
it with the set conditions to send a command to the LED Panel to display. Fig. 21 and Fig. 22
show a saved path and a set path by user respectively.

Fig. 21. Saved Path

Fig. 22. Set Path by User

Similarly, another application with same functions has been designed to control
the other two robots. The application name is also E-Messenger. Both Apps works the
same, except that a page called “Function Path” has been added. Through this page
users would be able to move the robots in a path similar to a specific function. The
only thing needed by user is to set the bandwidth, or the distance that the robot must
move in, and then the robot would just follow that path. Fig.23 shows the Function
path page. Fig. 24 shows how a Kubuki robot is being moved along as saved square
path.
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Fig. 23. Function Path

Fig. 24. Kuboki robot moving
in a saved squire path

6. Conclusion
In this paper we have presented wireless path controller system for moving Robots. The
system uses an interface hardware, which is a smart phone device. We have created an
Android Application for users to choose from various built in paths or set their own paths to
move the controlled object. The selected commands were wirelessly sent via a Bluetooth
device called BlueSMiRF. The BlueSMiRF consequently sends a certain character to the
Arduino microcontroller depending on the selected command on the App. We tested our
proposed system to control three devices namely the LED Panel, Arduino robot, and Kobuki
Base robot. We presented the E-Messenger application where user would be able to (a) design
his/her own path by directly controlling the movement of the robots, (b) choose from an
already saved paths, (c) choose from a set of mathematical functions and inputting the
distance that the user would like the robot to move in. So far the function of the robots is
limited. In future the robots can be made smart, and can be enhanced.
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