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Abstract : Intoday’s technology development, mobile rabotics plays a vital rolein many aspects because they
are used to operate in hazardous and urban environments[1]. Some of the mobile robots are designed to
operate only on natural terrains, but some other also for rough terrains and artificial environments. In the
present day technology, it is necessary to monitor and control the robot from everywhere. Although many
methods for remotely controlled robots have been developed such as serial joysticks and RF communication
but these methods have the problem such as line of sight propagation and limited distance. Thereis an advanced
method for robotic control using the DTMF technology. DTMF (Dual Tone Multi Frequency) is one of the
most widdly used wireless controlling technologies. In the present work, the robot is controlled by a mobile
phone that makes a call to the mobile phone attached to the robot. In the course of a call, if any button is
pressed, atone corresponding to the button pressed is heard at the other end of the call, thistoneis called “ Dual
Tone Multiple-Frequency” (DTMF) tone. The output of the mobile is given to the decoder IC MT8870 which
is helpful in exciting the motor to rotate that is connected to the ARDUINO UNO microcontroller in order to
make the movement of the robot. Therobot isalso equipped with different sensorsfor industrial monitoring and
information from sensorswill betransmitted continuously to themobile using GSM technology[2]. Experimental
trials showed that the implementation of the behavior control systems was successful.
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1. INTRODUCTION

Robot had cometo human lifefor the past dmost 90 years ago. Robot once was created with the purpose as
ahuman assistant tool. But nowadays, people createrobot for many reasons and purposes. Other than as human
assistant tools, people make robotsfor hobby, entertainment, and personal use. Some peoplethink or sensea
robot isjust about wiresand wheelsbut severd just think over thelimit.

Making avehidethat can autonomoudly drive around, bothindoorsand out seens, at firg, likeasmplething.
Build achassis, add drive wheels, steering wheels, apower source (usudly batteries), throw some temperature
sensorsonit, and thereit go, arobot. Unfortunately, soon after thesefirst attempts, the designer will find the robot
getting stuck on what seemto be innocuous objects or bumps, held captive under achair or fallentreetrunk,
incapable of doing anything useful, or with amanipulator that crushesevery beer canit triesto pick up. Knowledge
of themechanics of sensors, manipulators, and the concept of mobility will help reducethese problemg 2][3].

In amobile robot, the obstacle avoidance and obstacle detection must be the highest priority. Sinceit could
crash or damage another object evenrobot itself and dso third parties. Thereforethe sensorshave agreat importance
and playsavita role, sincethey can analyze the robot’senvironment and they provideinformationto processng
unit of robot[3].

* Department of ECE, Shri Vishnu engineering college for women (AUTONOMOUS), Bhimavaram, India vamsi.0438@gmail.com,
ravuri.viswanath@gmail.com



82 T.Sairamvamsi 1, R.Viswanatham and K. Praveen kumar

Therobot is controlled using Arduino Uno microcontroller having Atmega 328p asthe heart of Uno
board. The movement of the robot is controlled by using H-Bridge | C namesasL 293D, it hasthe capable of
interfacing two DC motorsand relays. Thespeed of the mobile robot is projected based on Pulse Width M odulation
sgnalsgenerated fromtheArduino Board.

The existing system of moving robot is controlled in three possibleways

[ Existing system J

Serial Joystick [ PC Interfacing ] [ ZigBee }

Fig. 1. Existing Controlling techniques.

The abovefigure 1 showsthesome of the existing controlling methodol ogiesfor controlling the robot.

1. Firg, therobot iscontrolled by using serid joystick, the serial joystick contain pushbuttons. ThisPush
buttons control movement of motors (DC motor and stepper motor).

2. Second, therobot iscontrolled by interfacing moving robot with PC. Here serid port wasused to connect
PC with moving robot. Thisport consists of two wiresto transfer data (one for eachdirection) and a
number of sgna wires.

3. Third, RFmoduleisused to control the robot wirelesg6]. 433.92 MHz RF Transmitter and Recelver
iswireless datatransmit and receive module at high frequencies. RF having two main disadvantages
thoseare
— Lineof sight propagation and
— Short distance communication.

4. Finally, ZigBeetechnology is used to control therobot wirelesdy by interfacing the ZigBeetransmitter
with PC and ZigBeereceiver isinterfaced with Robot[4]. That meanstherobot iscontrolled by using
keyboard of PC by giving specific commandsand they are tranamitted through ZigBee transceivers.

1.1. Objective

Themain objectiveisto control the DTMFtechnology moving robot withwirdessand fromlong disance. It's
possible to control the robot using RF wirelessly but it is short distance control. So thereisapossible control
technology availableto control the robot wirelesdy and long distanceisDTMF (Dual Tone Multi Frequency).
Along with controlling methodology, the robot should be ableto

» The robot is also equipped with different types of sensors used for monitoring different industrial
environments

 Control therobot through DTMF technology.
» Thesensor informationiscommunicated through GSM technology to the mobile phone.

2.ROBOTIC CONSTRUCTIONAND HARDWARE

The below figure showsthe block diagram of industrial surveillancerobot. The controlling technique used for
industrial robot isDTMF technology and theheart of the robot isAtmega 328p controller and GSM technology.
Here the robot is equipped with DB-9 conector and hyperterminal which are used to display the controlling
information of therobot inthe PC.
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Theblock diagram of stair climbingrobot isshown in Fig 2:
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Fig. 2. Block diagram.

The Figure2 showsthe block diagram of Arduino based moving robot controlling through DTMF technology.
The main controlling methodology isDTMF and the heart of the project iSARDUINO UNO microcontroller
board. Several hardware devicesacts as supporting devices used to operate the robots whichare DC motorsand
L293D driver circuitsetc. Inthisfigure there are two mobile phones, one mobile act astransmitter and other
mobile act asareceiver. Thistransmitter mobile makesacall to the receiver mobile. Inthe course of acall, if any
buttonispressed, atone corresponding to the button pressed isheard at the other end of thecall. The output of the
mobileisgivento the decoder IC MT8870 whichis helpful in exciting the motor to rotatethat isconnected to the
ARDUINO UNO microcontroller inorder to makethe movement of therobot. Therobot isalso equipped with
Flame sensor and Humidity sensor, this sensor informationis sent to transmitter mobile phone through GSM
technology.

Now letsdiscusstheindividual componentsin detall
A. Arduinoboard

Arduino isanopensource platform used for building electronicsprojecty 12]. Arduino consistsof botha
physical programmable circuit board (often referred to asamicrocontroller) and a piece of software, or IDE
(Integrated Development Environment) that runsonour computer, used to writeand upload computer codeto the
physica board. TheArduino platform hasbecome quite popular with peoplejust starting out with electronics, and
for good reason. Unlikemost previous programmable circuit boards, theArduino does not need a separate piece
of programming devicesfor integrating the code into the controller, instead you can simply use aUSB cable.
Additionally, theArduino I DE usesasimplified version of C++, making it easier to learnto program. Finally,
Arduino providesastandard formfactor that breaks out the functionsof the microcontroller into amore accessble
package.

Thefigure3 showstheArduino Uno board with al peripherd devices, mgorly board congstsof | SPprogrammer
whichisused for integrating the software codeinto theAtmega328p | C and 12 digital 1/0O pinswhichare actsas
generd purposeinput and output pins.

Therearemany controllersare availablefor processing of robotic actions, but thereispossiablity to select any
controller, now let seethe comparison of different parameterswith different controllers The below table 1 shows
the comparisontable with different controllerslike 8051, PIC, ARM etc[13]. By observing thebelow tableARM
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controller hasbetter characteristics compared to remaining controllerswith different parmeterslike Operating
frequency, memory sizeand number of databitsetc. but for the construction of thismoving robot for industrial
applicationsAtmega 328p is sufficient.

Digital Ground
Digital 1/0 Pins (2-13)
|

Serial Out (TX)
Serial In (RX)

Analog Reference Pin

USB Plug =i
Reset Button

In-Circuit
Serial Programmer

B

ATmega328
Microcontroller

External Power Supply

------

Analog In

3.3 Volt Power Pin Pins (0-5)

5 Volt Power Pin
Ground Pins

Fig. 3. Arduino uno board with all peripherals.

Table 1. Comparisonsof Arduinowith other controllers.

PARAMETERS 8051 PIC ARM AURDUINO
Operating Frequency 12MHZ 20MHZ 30-60MHZ 16MHZ
RAM Memory 128 Bytes 368 Bytes 96K B 2KB
ROM Memory 4 KB 8KB 512KB 32KB
Number Of Bits 16 32 32 16

B. DTMF Decoder (M T8870)

DTMF Technology isthe techniquefor controlling the various application hardware usng mobile phone[ 7].
Itspossibleto usethe DTMFtechniquefor controlling home appliances such as making theal electronic devices
inthe home asautomation and inindustries controlling various equipmentsand majorly this DTMF isused for
robotic applications. It consists of adecoder circuit for controlling all devices called asDTMF deocoder. Today,
most telephone equipment use DTMF receiver |C[7]. Onecommon DTMFreceiver ICistheMotorolaMT8870
that iswidely used in éectronic communicationscircuits. TheMT8870isan 18-pin|C.

Conventiondly, we have so many controlling techniquesfor the home appliances, industriesand robotics, they
arecontrolled using RF circuits, Zigbeeand seria joystics, usang of these techniqueshave some drawbacks of
limited working range, limited frequency range, limited control and line of sight propagation. That’swhy use of a
mobile phonefor robotic control can overcome these limitations; thisprovidesthe advantage of robust control, and
working range aslarge as coverage areais available. One of themagjor advantages of mobilecontrolled robotsis
long lasting[8].

Inthispaper, therobot is controlled by amobile phone that makesasignal to the mobile phone attached
to therobot. If any buttonis pressed then atone corresponding to the button isheard at other end of thecall. This
toneiscalled Dual Tone Multi Frequency (DTMF) tone. Here the received tone is decoded into 4 bit binary
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number by using MT8870 DTMF decoder. Thisbinary codeisprocessed by the LPC2138 controller. The LPC2138
controller isaready preprogrammed to takethe decison for thegiveninput thenrelay circuit activated and motor
runs, hencerobot movesinaspecified direction. The speed of therobot isbased of PWM signal generated by the
controller.

The DTMF technique outputs separate representation of 16 common alphanumeric characters(0-9, A-D,
*, #) onthe telephone. The lowest frequency used is 697Hz and the highest frequency used is 1633Hz, as
shown in Table2. The DTMF keypad isarranged such that each row will haveits own unique tone frequency and
aso each columnwill haveitsown uniquetone frequency. Aboveisarepresentation of thetypica DTMF keypad
and the associated row/column frequencies. By pressing akey, for example 7, will generate adua tone consisting
of 852 Hz for thelow group and 1209 Hz for the high group.

Table 2. frequency assgnmentsin DTMF system.

Frequencies 1209 Hz 1336 Hz 1477 Hz 1633 Hz
697 Hz 1 2 3 A
770Hz 4 5 6 B
852 Hz 7 8 9 C
941Hz * 0 # D

C.DC Motors

Direct current (DC) motorsare generaly and extensively used in most robotic applications and electricshome
equipments such as blender machine, and aso automobile parts such as car windshield wiper which basically apply
for themovement system[6]. There are different typesof DC motorsareavailable such as

* Permanent-magnet electric motor
 Brushed DC dectric motor

Hencethe selection of DC motor dependson theapplication need.

Generally the speed of DC motorsdependson the Pulse Width Modulation (PWM) signa generated from
theAtmega328pinArduino Board. If the positive peak of the PWM signd width ishighthen DC motro rotates
with high speed in clock wise directionand if the negative peak of the PWM signal widthishighthen DC motor
rotateswith high speed in anti-clock wise direction. The veocity control of the DC motor using PWM isshown

below infigure4
=11
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Fig. 4. Velocity control of motor using PWM.

3. ALGORITHMSFOR CONTOLLINGINDUSTRIAL ROBOT
A.Keysarrangment

Aswe have discussed in the objective of the paper, theindustrial robot is controlled by usng mobile phone.
Beforewriting theflowchart for therobotic actionslet’slook at the keysallotment for the DTMF controlling.



86 T.Sairamvamsi 1, R.Viswanatham and K. Praveen kumar

' Stop

p. 4

Freq(Hz) | | 1209 1336 W 1633
697 1 2 A 3 A
770 4 5 6 Right
852 7 { 9 ?&
941 /* 0 \\# D
v

Qo >

Fig. 5. Keys allotment for each action.

Now let us see how therobot is controlled by using these hardware componentsin theform of algorithms.
These algorithmsare very helpful for the developing firmware of robot application.

Inthisproject climbing robot perform many actions such asmoving forward, moving backward and stair
climbing. So for each action weneed allot the key to perform. From theabove Fig 5 we can say that keys7 and
9 areused for robot forward and backward movement. Here robot contains mainly two modulesfront and back
module, so when climbing both the modules must be raised up. So to do thiswe are using keys4 and 3 for back
module up and front module up. Finally key 8 used for robot stop. There are another three keysareleft suchas1,
2 and 5which areused to keep therobot in steady state.

B. Flow chart for robot forward and backward
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Fig. 6. Flowchart for forward and backward action.
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Thebelow Figure 6 flow chart for forward and backward action explainshow the robot movesforward and
backward direction. After power supply on thereisaneed to enablethe start key which is placed on chassisof the
robot to activate al the components. Now it’stime to make acall fromtranamitter mobileto receiver mobilewhich
isplaced ontherobot. Here thereceiver mobile must bein auto answering modeso that without lifting theca from
receiver mobileit automaticaly on. Now if you want to movethe robot inforward then press 5then corresponding
high frequency signal and low frequency sgnasare added and transmitted, at the receiver receivesthe signal an
send it to MT8870 decoder. The decoder decodesthe analog signd into 4-bit binary code. Thisbinary information
istransmitted to ATMEGA 328P and controller generates PWM signalswhich are used to enablerelays, servo
motors and DC motors hence corresponding action takes place. Similarly, if you press 10 then robot moves
backward and the procedure are very similar.

C. Flow chart for robot left and right

TheaboveFigure 7 flow chart for right and left action explainshow the robot movesright and left direction.
After power supply onthereisaneed to enablethe start key whichis placed on chassisof the robot to activateall
the components. Now it’stimeto make acall fromtransmitter mobileto receiver mobilewhichis placed onthe
robot. Herethe receiver mobile must bein auto answering mode so that without lifting thecall from receiver mohile
it automatically on. Now if you want to movetherobot inright then press 6 then corresponding high frequency
sgnd and low frequency sgnals areadded and transmitted, at the receiver receivesthesignal an sendit to MT8870
decoder. Thedecoder decodesthe analog signal into 4-bit binary code. Thisbinary informationistransmitted to
ATMEGA328P and controller generates PWM signals which are used to enable motor driver circuit and DC
motorshence corresponding action takes place. Similarly, if you press 9 thenrobot moves|eft and the procedure

arevery smilar
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Fig. 7. Flowchart for left and right action.

4. EXPERIMENTAL RESULTS

Herethe robot mainly containsfour modules such asArduino Board (Atmega 328P), DTMF (MT8870),
L 293D driver module, GSM module. Each moduleis having its own functiondity having itsownimportancein this
application. Thebelow Fig 6 showsal the componentswith arrow marks.
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A.Hardwareimplementation of DTM F Based M oving Robot

The Figure 8 showsthe hardwareimplementation of industrial moving robot

Fig. 8. Overview of therobot.

Theto-forth movement of therobot iscontrolled by giving inputsfromthe mobile to therobot . The movement
of forward and right directionsare as shown infigures9 and 10.

Fig. 9. Forward moment of the roblt.

Inthepresent work, therobot is controlled by amobile phone that makesacall to the mobile phone attached
to therobot. Inthe course of acall, when numeric5 buttonispressed, atone corresponding to the button pressed
isheard at the other end of the call by adding L ow band and High band of frequency corresponding to key ‘' 5'such
as 770 Hz and 1336 Hz. Thetransmitting mobile which sendsan analog data, therobot inturndisplaysit indigital
datawhereit isshown asbinary datausing LED’s. Asresult of it the robot movesinaright direction.
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Fig. 10. Right movement of the robot.

Inthepresent work, therobot is controlled by amobile phone that makesacall to the mobile phone attached
totherobot. Inthe course of acall, when numeric 6 buttonispressed, atone corresponding to the button pressed
isheard at the other end of the cdll by adding Low band and High band of frequency corresponding to key ‘6’ such
as 770 Hzand 1447 Hz. Thetransmitting mobile which sendsan andlog data, therobot inturndisplaysit indigital
datawhereit isshown asbinary datausing LED’s. Asresult of it the robot movesinaright direction

| eeses Altel 156 PM & 35%e

< o r - e

temperature s greater
than 30

temperature is greater
than 30

Fig. 11. Detection of temeperature.

When thefire sensor present inthe system sensesthetemperature then the update information of it issent as
amessageto themobile at thetransmitter side usng GSM technology asshowninfigure.
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5.CONCLUSIONS

A moving robot has been designed and implemented successfully. The micro controller ATMEGA328Pis
used intherobot whichisvery accurate and speed to control al devicesinterfaced with it. The movement of robot
iscontrolled by using dual tone multi frequency (DTMF) technology. The robot consists of four wheelswhich
rotate withthe help of DC motor and the to-forth movement of therobot iscontrolled by L293D circuit. Themain
function of L293D circuit isto rotatetwo motorsat atime. Therobot isequipped with asensor, depending upon
the requirement the type of sensor can be chosen. The sensor informationis sent as message to themobile a the
transmitting end, using GSM technology. Finaly the moving robot wasimplemented successfully.

6. REFERENCES

1

2

3

10.

14,

J. Babjak, P. Novék, T. Kot, W. Moczulski, M. Adamczyk and W. Panfil, “Control system of a mobile robot for coal
mines,” 2016 17th International Carpathian Control Conference (ICCC), Tatranska Lomnica, 2016, pp. 17-20.

R. Wang, M. Veloso and S. Seshan, “Active sensing data collection with autonomous mobile robots,” 2016 |EEE
International Conference on Roboticsand Automation (ICRA), Stockholm, 2016, pp. 2583-2588.

D. Benasulin and M. Modesti, “Monitoring, recording and control of sensor networksusing smart mobiledevices,” 2015
XVI Wobrkshop on Information Processing and Control (RPIC), Cordoba, 2015, pp. 1-5.

B. Kang, D. i. Cho and K. Kim, “A modified Cricket method for mobile robots using Zigbee and ultrasonic
sensors,” Control, Automation and Systems (ICCAS), 2015 15th International Conference on, Busan, 2015, pp. 580-
584.

M.M.Ali andT.Y. Ali, “Obstacles avoidance for omnidirectional mobilerobat using line trajectory adaptation,” 2016
13th International Multi-Conference on Systems, Sgnals& Devices(SD), Leipzig, 2016, pp. 96-101

G R. Kannaand M. Ashik, “Desgn and devel opment of arope climbing robot using four bar mechanism with wireless
control using TX2/RX2 RF module,” Sgnal Processing, Informatics, Communication and Energy Systems (PICES),
2015 |EEE International Conference on, Kozhikode, 2015, pp. 1-6.

M. S. Idam, M. B. Miaand K. T. Ahmmed, “Wirel essremote switching system for contralling deviceswith an a
[gorithm based DTMF detection,” Electrical Engineering and I nformation & Communication Technology (ICEEICT),
2014 International Conferenceon, Dhaka, 2014, pp. 1-6.

M. T. Ahammed and P. P. Banik, “Home appliances control using mobile phone,” 2015 International Conference on
Advancesin Electrical Engineering (ICAEE), Dhaka, Bangladesh, 2015, pp. 251-254.

S. Sanap, R. Nawale, S. Kapse, A. Kaleand M. Korade, “Exact virtualization of industrial environment on web using
SCADA with artificid inteligence,” Green Computing and Internet of Things(ICGCloT), 2015 International Conference
on, Noida, 2015, pp. 99-103

A. S Rondénand S. S. Guillermo, “Platform Proposal for Control Systems Practiceswith Smart Mobile Devices,” Robotics
Sympos umand Competition (LARSLARC), 2013 Latin American, Arequipa, 2013, pp. 71-76.

A. M. Al-Busaidi, “ Devel opment of an educational environment for online control of abiped robot usngMATLAB and
Arduino,” Mechatronics(MECATRONICS) , 2012 9th France-Japan & 7th Europe-Asia Congresson and Research
and Education in Mechatronics (REM), 2012 13th Int’| Workshop on, Paris, 2012, pp. 337-344.

A. Araljjo, D. Portugal, M. S. Couceiro and R. P. Rocha, “Integrating Arduino-based educational mohile robotsin
ROS,” Autonomous Robot Systems (Robotica), 2013 13th International Conference on, Lisbon, 2013, pp. 1-6.

M. Petrvalsky, M. Drutarovsky and M. Varchola, “ Differential Power Analysisof Advanced Encryption Standard on
accelerated 8051 processor,” Radioelektronika (RADIOELEKTRONIKA), 2013 23rd International Conference,
Pardubice, 2013, pp. 334-339.

J. Pdegri-Sebastia, E. Garcia-Breijo, J. Ibanez, T. Sogorb, N. Laguarda-Miro and J. Garrigues, “Low-Cost Capacitive
Humidity Sensor for Application Within Hexible RFID Labd sBased on Microcontroller Systems” in IEEE Transactions
on Ingrumentation and Measurement, vol. 61, no. 2, pp. 545-553, Feb. 2012.

J. Fei, H. Quan and D. Yuan, “Analysis and Comparison of Two Different Implementations of MCS-51 Compatible
Microcontrollers,” Dependable, Autonomic and Secure Computing (DASC), 2011 |EEE Ninth International Conference
on, Sydney, NSW, 2011, pp. 275-278.



