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Abstract: In this paper are presented the results regarding the implementation and testing of a novel
type of remote control based on the data transmission facilities offered by the GSM network
infrastructure and the processing power achieved by new generation of microcontrollers. The system
is intended to be used in the development of complex distributed control applications that are specific
to various automated industrial processes, including the manufacturing of printed circuit boards and
electronic modules. The proposed control system was designed using a prototype board equipped with
Atmega 328 microcontroller. For implementation of data communication between the remote modules
that compose the distributed control system a Quectel M10 quad-band GSM/GPRS radio modem was
used. The quality of the proposed design was evaluated through extended performances analysis
focused on the delay time, maximum transfer rate, failure tolerance and reliability. The system allows
versatile configuration of command’s structure and can operate with an extended set of commands for
the remote modules. Also, compared with other implementation solutions the proposed design can be

used almost in any location due to the large availability of the GSM infrastructure.

1. INTRODUCTION

The distributed control appeared initially in the
industrial domain and had an evolution that begun
with the development of microcomputers and
communication networks, but in our days the concept
is extending also in home automation and embedded
systems. Also, the implementation of complex
manufacturing processes that are located in wide areas
requires  dedicated equipments organized in
distributed control and monitoring systems. Such
control systems for distributed applications imply the
integration of some basic components such: sensors,
actuators, controllers, communication buses and
dedicated wuser interfaces for human-machine
interaction or machine-machine communication. The
communication method used for data transmission
between the modules of a distributed control system
represents an essential aspect. In the latest designs,
wireless communication is increasingly used due to
the inherently advantages such as: mobility, easy
setup of the system, reduced costs. In addition, the
advent of mobile terminals and embedded servers
increased the attractiveness of distributed control
approach but also generated new security threats.
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In this context, in our paper we present the results
regarding the implementation and testing of a novel
remote control system based on the data transmission
facilities offered by the GSM network infrastructure
combined with the processing power of a performing
microcontroller [1].

2. THE IMPLEMENTATION OF THE GSM BASED
REMOTE CONTROL SYSTEM

The design of the remote control system is realized
around an Arduino Uno development board. The main
element of this board is the Atmega 328
microcontroller. This microcontroller is a high-
performance device operating on 8 bits and having a
set of 131 instructions that are mostly executed in one
clock cycle. The relatively reduced instruction set
combined with a 20MHz maximum clock frequency
lead to an increased operation speed of
microcontroller that reflects also into the operation
speed of the development board and the system.

On the peripheral side, the module offers 14 digital
input/output terminals, six of them been configurable
as PWM outputs (Pulse Width Modulation). Also the
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development board has the possibility to acquire six
analog input signals from various sensors. The
internal  analog-to-digital converter used for
implementing the analog inputs of the system operates
with a 10 bits resolution.

The initial programming of the Atmega 328
microcontroller is realized through onboard ICSP
interface (In-Circuit Serial Programming). This allows
the programming of the Atmega 328 microcontroller
while it is mounted on the board.

The communication interface of the Atmega 328 is
represented by a programmable serial Universal
synchronous/asynchronous receiver/transmitter
(USART). For connecting the development board to
the PC using the USB interface, it was necessary to be
used an interface circuit implemented with the second
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microcontroller Atmega 16U2. This device operates
also with 8 bits and has and reduced instruction set
computing architecture (RISC) based on 131
instructions. The general parameters of the Atmega
16U2 microcontroller are similar to that specific to the
main microcontroller represented by Atmega 328.

In our approach the communication with the
remote module is achieved through GSM network
infrastructure. A mobile phone is used for monitor and
control the remote module that is directly connected to
the process through actuators and sensors [1], [2].

For ensuring the bidirectional communication with
the user terminal from which are sent the commands,
the Arduino Uno development board is directly
connected to a GSM shield implemented with Quectel
M10 quad-band GSM/GPRS radio modem [3].
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Fig. 1. The main elements of the GSM based remote control system.

The GSM/GPRS radio modem is capable to
communicate using all standard frequencies: 850, 900,
1800 and 1900Mhz respectively. Also, the modem
allows automatic searching and selection of the
desired frequency bands through common AT
commands implemented is software routines. The AT
commands are sent to the radio module as short text
strings and represents a common method of control
for modem applications. The transmission power used
in our application is imposed by the radio modem
which can operate in two modes: Class 4 with 2W in
GSM 850 and 900MHz and Class 2 with 2W in DCS
1800 and 1900 MHz bands. Also, the maximum
achievable data transfer rates with the GSM module
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included in the proposed design of the remote control
system is limited to 85,6kb/s for both downlink and
uplink directions. It is used an general packet radio
service (GPRS) with multislot connectivity and a
configurable class from 1 to 12 [4], [5].

The Quectel M10 quad-band GSM/GPRS radio
modem is connected to the Atmega 328
microcontroller from the Arduino Uno development
board through a standard serial interface (USART)
with controlled speed in the range of 4800 to 115200
bit/s. As can be observed form the block diagram
presented in Fig. 1, the SIM card that is necessary to
be inserted in the GSM/GPRS radio modem is
protected against electrostatic discharges by an
dedicate circuit SMF 05.
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4. THE SOFTWARE APPLICATION

The software program for the GSM based remote
control system presented in this paper was written in
the Arduio’s specific software development platform.
The created application was uploaded into the
memories of the microcontrollers using a serial
connection and a specific bootloader that is previously
stored in the system. The procedure imposes that after
resetting the development board to wait few seconds
for activating this small software bootloader which
allows the initial programming of the
microcontrollers.

Regarding the operation of the program for the
GSM based remote control system, as can be observed
from the main state diagram represented Fig. 2, the
first module of the application contain an initialization
of the specific parameters of the hardware module,
including communication parameters, followed by an
procedure for connecting the system to the GSM
network. From our practical tests resulted that this
connection procedure and initial parameters setting is
realized in less than 4 seconds, which represents an
acceptable value for the purpose of the proposed
design.In the second module of the software
application is implemented a procedure for receiving
and verifying the validity of a command text message
using the short message service (SMS) facility of the
GSM network. The SMS communication is realized
with the Quectel M10 quad-band GSM/GPRS radio
modem whose operation is controlled in our case by
the software routines based on AT commands. The
AT commands set represents a versatile language
specific to mobile and other transceiver units.

After receiving an SMS message the application
verifies the content and extracts the sender phone
number. If the sender number is not found in the
internally stored list containing the valid numbers,
then the application send and locally displays a
specific message, “Invalid number”, followed by the
operation of deleting the received message. But if the
sender’s number is in the stored list with accepted
users, then is analyzed the password. In the content of
the received SMS, the password is placed at the
beginning of the text string and consists in five
characters. If the validity of the received password is
not confirmed then, as in previous case, the whole
message is deleted and after a short delay (100ms) the
system is entering in the procedure of waiting the
apparition of a new received message.
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In case that the password is validated then the
application activates a special routine that read and
execute the received command. The message
containing the executed command is temporary stored
in the microcontrollers memory and will be read
sequentially. At the level of the development board
are stored a list with accepted commands. If the
received command is not found in the internal list than
an error message is sent back to the sender.
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Fig. 2. The main state diagram of the software application
for the GSM based remote control system.
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5. RESULTS

As vas mentioned before, for verifying the quality
of the proposed design we implemented an
experimental module. The prototype system contains
as main element an Arduino Uno development board
equipped with ATmega 328 microcontroller.In Fig. 3
and Fig. 4 are illustrated the prototype modules that
represents the first variant of the proposed system.
Although the remote module has a dedicated LCD for
locally displaying the state of the control system, the
information is also transmitted to a PC using the USB
interface of the Arduino Uno development board.

The results obtained in the experimental tests
focused on system’s performances. The delay time in
command execution was monitored and resulted and
maximum value of 5 seconds, depending mainly of
the GSM network state and receiving condition of
radio signal. The maximum transfer rate of 85,6kb/s
was limited by the used GSM/GPRS radio modem
Quectel M10. The failure tolerance and reliability of
the system was dictated by the used development
board and the extension module. Because the initial
design was a prototype system these parameters can
be improved significantly by special hardware design
of the mounting case and used connectors [6].

Fig. 3. The development board directly connected to the GSM
shield implemented with Quectel M10 quad-band GSM/GPRS

radio modem.

6. CONCLUSIONS

The proposed remote control system based on
GSM communication represents a versatile platform
for developing distributed control systems with very
wide spectrum of applications, beginning from
complex industrial manufacturing processes that are
located in wide areas and extending also in home
automation. Due to the global availability of the GSM
network, the proposed implementation solution can be
used almost in any location. The system can be
extended to operate with a more complex set of
commands and with a larger number of mobile
terminals or even embedded servers.
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Fig. 4. The remote control system executing a
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