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A Real-Time Remote Control Architecture
Using Mobile Communication

Chin E. Lin, Chih-Ching Li, An-Sang Hou, and Chih-Chen Wu

Abstract—This paper presents a new development of mobile
communication for application to remote data transmission and
control. The concept of G3, including global positioning system,
global system for mobile (GSM), and geographic information
system, is proposed. In this paper, a GSM real-time control system
for data uplink and downlink remote terminals is considered. The
proposed system can be implemented on a PC-based or aP-based
to integrate into G3 configuration. This paper presents the system
design and implementation with practical data verification. The
proposed GSM real-time control system has accomplished a
very reliable two-way point-to-point uplink and downlink data
transmission within a 0.6-s time delay.

Index Terms—Integration of global positioning system (GPS),
global system for mobile (GSM), geographic information system
(GIS), (G3), real-time control system, data communication.

I. INTRODUCTION

T HE worldwide trend for wireless communication has ele-
vated into wide band data instead of voice only. Real-time

point-to-point data reporting architecture is useful for remote
surveillance and control, if communication network can be con-
venient to access. In civil aeronautical service, the concept of
automatic dependent surveillance (ADS) is one of the impor-
tant applications with positioning and communication in real-
time. Wireless data reporting has to elect proper communica-
tion media with analog and digital data transmission capability.
Communication media are varied using UHF, VHF, or HF with
critical limitations. It is difficult to develop into livelihood appli-
cations for real-time control or surveillance. As for remote com-
munication and control, wireless modem was a popular choice.
However, due to power and range limit, wireless modem has its
shortages in application.

Global system for mobile (GSM) communication and gen-
eral packed radio service (GPRS) [1], [2] are developed in cel-
lular configuration for mobile communication after the 1990s.
They are developed in digital technology with data link capa-
bility. Within the metropolitan areas, GSM service has been
greatly improved with very high serviceability and reliability.
Focusing on the concept of GSM service, the more cellular sta-
tions are being distributed, the better their service may pro-
vide. The transmitting power and coverage angle are varied ac-
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cording to users demands. By tests, GSM coverage can main-
tain acceptable quality as high as a few hundred meters above
ground. GSM has elevated the remote communication and con-
trol without boundary limit.

GSM mobile communication requires longer dial-up and con-
nection time of about 40 to 55 s for full communication. There-
fore, some known methods using the embedded “short mes-
sage” functions to deliver 120-bytes data length were developed.
Under such “short message” function, GSM delivers the speci-
fied 120 bytes data, then returns to disconnected condition. The
next short message delivery requires a dial-up process to con-
nect again. This method loses the incentive of mobile commu-
nication in real-time applications. When the GSM communica-
tion requires to send messy data or to set up real-time two-way
protocol, the “short message” service is no longer valid.

In our laboratory, the project on the lighter than air (LTA) air-
ships mainly studies microtransports for commercial and spe-
cial demands. For mission requirements, they are designed typ-
ically below a few hundred feet with cruise speed less than
10 knots. The performance of this system requires navigation,
surveillance, operation, and control. Data communication be-
comes very important in this LTA operation system implemen-
tation.

To utilize GSM for mobile data communication and control,
there are core mechanisms to build a Gconfiguration jointly
with Global Positioning System (GPS) positioning data and
geographic information system (GIS) mapping in real-time.
Real-time GPS data reporting allows 1 s to a few seconds
for data updating, depending on its demands. The proposed
G mobile control can transmit and receive digital data and
command under a protocol control device. Based on real-time
control requirements, a PC-based architecture andP-based
architecture are proposed and built for tests to deal with a few
analog and digital inputs.

Since mobile communication has significant connection and
transmission delays, the proposed Gmobile control system has
its application limitations, considering GPS [3] update tolerance
of 1–5 s. However, the design function of GSM real-time control
and surveillance systems can support most fields of applications
with lower operation frequency.

The circuit design and analysis are discussed in this paper.
Verifications and tests are demonstrated to support the proposed
system idea.

II. GLOBAL SYSTEM FORMOBILE (GSM) COMMUNICATIONS

GSM is a digital cellular communication system for public
phonic services. It was developed to establish a common Euro-
pean mobile telephone standard and has been rapidly accepted
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worldwide. At present, the cellular phone system has become
a new trend for many varieties of applications. GSM was de-
signed to be compatible with ISDN services [1]. It can, there-
fore, jointly become a part of telephonic system.

The GSM system is divided into three parts of mobile station
(MS), base station subsystem (BSS), and network subsystem
(NS). The MS includes the mobile equipment and the subscriber
identity modules (SIM). Design of the mobile equipment, such
as handset or modem, can vary according to user specifications
for different applications.

The mobile service switching center (MSC) is the primary el-
ement of NS. Other elements of NS are specifically designed to
connect the BSS to public switched telephone networks (PSTN),
public switched data networks (PSDN) or integrated service
digital network (ISDN). Under this router design, the proposed
GSM real-time control system can link to any remote terminals.

GSM uses the time-division multi-access (TDMA) for dig-
ital data processing. In the 900-MHz system, two frequency
bands 45 MHz apart have been reserved for GSM operation for
uplink and downlink. Each 25-MHz bandwidth is divided into
124 single-carrier channels of 200-kHz width. This is similar
in 1800- and 1900-MHz systems. A certain number of these
frequency channels, called cell allocation, is built in the base
transceiver station (BTS) as a cell. Each 200-kHz bandwidth fre-
quency channel carries eight TDMA channels by dividing each
of them into eight time slots. The eight time slots in these TDMA
channels form a TDMA frame. Each time slot of a TDMA frame
lasts for a duration of 156.25-bit times. The time slot lasts 15/26
ms or equivalent to 576.9s, so that a frame takes 4.613 ms.
The recurrence of one particular time slot is defined as a phys-
ical channel. A GSM mobile station uses the same time slots in
uplink as well as in downlink [2].

To offer better service quality, BTSs have been expanded
vastly. Because of the cellular configurations, each MS or user
can receive service signals from many BTSs in different direc-
tions. Service quality regarding accessibility, availability, and
reliability has much improved.

The GSM service can be connected in point-to-point protocol
(PPP). One end of the MS is known as mobile user; the other
ends can vary as another MS or telephonic terminal. Under such
service environments, the proposed GSM real-time control ar-
chitectures can be boundless in most applications.

III. SYSTEM DESIGN

In this paper, the proposed GSM real-time control system is
composed as follows.

a) A GSM module connects two users through mobile com-
munication network in PPP.

b) A communication protocol controller uses PC-based or
P-based architecture.

c) A data input interface connects analog or digital inputs.
d) A GPS receiver offers position data.

Based on the conceptual configuration, the proposed GSM
real-time control system is designed to operate in Microsoft
Windows Operation System MS-platform with Microsoft
Visual Basic (VB) communication mode under MapInfo for
GIS, as shown in Fig. 1.

Fig. 1. Global system for mobile real-time system architecture.

Fig. 2. PC-Based GSM real-time control system in flight control application.

A. PC-Based Architecture

In the proposed PC-based GSM real-time control system
shown in Fig. 2, a PC in different varieties should be used
as the terminal user. In such a design, GSM dial-up and
communication protocol is embedded in the PC. The PC-based
architecture can build in many operational functions to access
data communication and control.

We use the industrial PC (a local brand Advantech
PCM-5864/L [4]) with four RS-232 serial ports to connect
to GSM modem, GPS receiver, and other equipment [3]. The
operation system is on Windows 98 for PC, and Visual Basic
6.0 for control program coding. Since a PC is fully operated
by CPU and memory, the PC-based architecture can be built
with software capability for GIS display and multiple functions
of input through interfaces. Therefore, the PC-based GSM
real-time control system can be used as operational real-time
terminal to control and monitor other user terminals.

The PC-based GSM real-time control system processes the
incoming data from RS-232 port or other IP ports by running a
Visual Basic program, and sends data via GSM Modem, through
the GSM public land mobile network (PLMN). The other end
user receives the transmitting data via another GSM modem
through its RS-232 port. The receiver VB program will map
GPS data onto GIS in the display. This flow chart is shown in
Fig. 3.

The PC-based GSM real-time control system is suitable to
play as a remote mobile terminal without weight and power
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Fig. 3. Flow chart of the PC-based GSM real-time control system.

limitation environment. In our flight control applications, the
PC-based GSM real-time control system plays an important
ground terminal to operate the LTA. However, the weight and
power concerns are critical to airborne applications.

B. P-Based Architecture

In most applications, the proposed GSM real-time control
system might have weight and power considerations and limita-
tions, such as carrying by an individual or installing in airborne
LTA. The design with all required functions should be handy,
portable, and have low power consumption. Fig. 4 shows the
proposed P-based GSM real-time control system design. In the
circuit design, a microprocessor C8051 is embedded with proper
software to activate the GSM module for on-line and data trans-
mission.

The block diagram includes a microprocessor C8051, GPS
receiver, and GSM module in Fig. 4. C8051 [5] is fully in-
tegrated with mixed-signal system on a chip, which includes
a 12-bit multichannel analog to digital converter (ADC), two
12-bit digital to analog converters (DACs), a universal asyn-
chronous receiving and transmitting device (UART), four I/O
ports, and a watchdog timer (WDT). The UART, in full duplex
mode, is a serial port capable of asynchronous transmission. The
crossbar switch assigns the receiving (Rx) and transmission (Tx)
of UART to GSM or GPS by software instruction. The carrier
detect pins of GSM are connected to I/O bits of C8051.
The signal levels of UART are converted by 1488 and 1489.

As shown in Fig. 4, the cross-bar assigns the selected internal
digital resources to the I/O pins and it must be configured be-
fore any of these peripherals are accessed. The ADC subsystem
for the C8051 consists of a configurable analog multiplexer
(AMUX) and a 100-k bps, 12-bit successive approximation reg-
ister. The ADC subsystem is configured with software via the
special function registers of C8051. AMUX input pairs can be
programmed to operate in either the differential or single-ended
mode. This allows the user to select the best measurement tech-
nique for each input channel. The C8051 has two 12-bit DACs,

Fig. 4. �P-based GSM real-time control system.

TABLE I
DATA FORMAT FOR THE �P-BASED GSM

REAL-TIME CONTROL SYSTEM

each DAC has an output swing of 0 V to LSB for a cor-
responding input code range from 0x000 to 0xFFF. The 12-bit
data word is written from the low byte first and then to the high
byte data registers.

A GSM call routing from PC-based user is initiated with the
following American Telecom (AT) command

The mobile user, which is identified with a phone number, per-
forms a compatibility check and returns a call-confirmed mes-
sage to PC-based user via the mobile switch center (MSC), then
the mobile communication enters the active state. If the GSM
control has completed and PC-based user wish to disconnect the
mobile user, the following AT command

is required, and the pins of RS-232 interface
should be forced to logic high. The data format for the proposed
mobile communication is shown in Table I.

The flow chart for the P-based GSM real-time control
program is shown in Fig. 5. The address field carries the service
access point identifier. The information field is used to transfer
data or control command. The watchdog timer is employed
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Fig. 5. Flow chart of the�P-based GSM real-time control system.

to restart the function of theP-based GSM real-time control
system if any abnormal conditions are detected.

The proposed P-based architecture has established on-line
protocol through C8051 to activate the GSM module with em-
bedded software including a) user ID, which is specified as the
phone number; b) addresser, which is specified as the dial up
number; c) watch-dog capability; d) auto-backup and re-dialing;
e) lost and found; f) data transfer; g) data receive h) and others.

IV. GSM COMMUNICATION

The proposed GSM control system is focused on its mobility
of user with capability of transceiving data and commands
through wireless communication in real-time. The initial stage
of our experiment is to use the GSM mobile data service,
which sends all kinds of data from one terminal to another
terminal within mobile communication providers or through
public switched telephone network (PSTN). The mobile data
service provides a maximum 9600 bps transferring rate for
data exchange. This data exchange rate satisfies the real-time
application requirements for control, navigation or surveillance.

GSM modem uses the “circuit switching” technology and
the PSTN to serve as the data transfer network. The “circuit
switching” technology builds a fixed transfer tunnel with the
fixed bandwidth between the point-to-point protocol (PPP) con-
nected two terminals.

In the proposed GSM real-time control system, we use the
PPP as the base communication protocol. PPP is a set of in-
dustry-standard protocols that provides a standard method for
sending network data over a point-to-point link. The PPP ar-
chitecture enables clients to use any combination of NetBEUI,
TCP/IP, and IPX/SPX network transport protocols.

V. VERIFICATION TESTS

The proposedP-based GSM real-time control system is pro-
grammed of 12-bit A/D output to transmit four groups of data,
two ID-characters, and the GPS data. The A/D output data are
converted from analog inputs directly. C8051 has its analog
input pins AIN0–AIN7 with an external reference voltage

TABLE II
INPUT VOLTAGE AND CONVERTED DIGITAL DATA

to feed 2.7 V– 1.0 V, or its internal programmable voltage
from a standard 2.43-V source.

A. A/D Conversion

Inthelaboratoryverification,weinputa0V~ 121Vsquare
wave intopinAIN0withan internal reference ( 2.43 V).
Table II shows the A/D conversion outputs corresponding to the
inputvoltagewithitsrangefrom0to .TheGSMmodemtrans-
mits these conversion outputs to cellular systems.

The direct transmission format for 07EF0 is $7FF0. How-
ever, since the receiver terminal of personal computer (PC) is
activated by Visual Basic (VB) program, the direct transmis-
sion format is constrained by MSComm object format in VB to
result in receiving errors. The corrected format from 07FF0
into $070F0F00 is replaced to prevent possible errors.

In VB, the declared object format for receiving and transmit-
ting in MSComm is in Text mode instead of binary mode. Text
mode does not accept ASCII 128 bytes word. VB identifies 128
bytes as a double byte word, as a part of other bytes, then holds
to combine with latter data.

B. Complete Data Transmission

In the P-based GSM real-time control system for data trans-
mission, we use $ to separate different data. For example

$

$

$

$

The meanings are as follows.

• The first data set includes 4 A/D data

$

where oA160, oB270, oC380, and oD490 represent con-
version data from four analog inputs, and its outputs are
0 160, 0 270, 0 380, and 0 490 of channel oA, oB,
oC, and oD, correspondingly.

• The second data set $ represents the user identification
(ID).

We may use any two characters for ID assignment. In
this example, the ID is A1.

• The third data set is GPS positioning data as

$
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Fig. 6. GPS Information.

This is a long data series from the GPS receiver. The fourth
data set is the GPS converted direction, and velocity to
ground (VTG) as

$

These data are useful to moving users.

C. GPS Data Transmission Test

First, we fabricate the GPS receiver on a circuit board and
transmit the received GPS data to the desktop computer and then
run a geographic tracker program to display the GPS informa-
tion as shown in Fig. 6.

In the verification, GPS positions, at fixed location or moving
along a track, on the ground or in the low altitude, are exam-
ined with its positioning accuracy and data link capability. By
the tests, a VB program is designed for information exchange
and mapping. The program includes two main subprograms, one
works to process the GPS data and catches the alphabetic strings
as we need, and the other responds to dial-up and transmits the
useful data to the receiving terminal. The positioning data will
be mapped onto proper local GIS map. Map Info is used in this
test. A differential GPS calibration is also studied in applications
to improve accuracy up to 5 m. Fig. 7 shows the Gperformance
with an integration of GPS into GIS through GSM in real-time.

D. Transmission Time

As for real-time control concerns, the possible time delay re-
sult from GSM uplink and downlink should be examined. Fig. 8
shows the required transmission time for full GPS strings in
192 m-s. If GPS data are not fully demanded, some key infor-
mation can be chosen from the controller. Typically, for surveil-
lance application, only position of (longitudinal, latitude), as
well as speed, direction, and altitude are required. Then, the GPS
data transmission time drops down to 30 ms. The GPS data can
successfully be delivered in a repeated data rate of 1 s period-
ically. The periodic rate is dependent on its applications. Typi-
cally, 1 to 5 s in control applications and 5 to 10 s in surveillance
applications are recommended.

In GSM real-time control applications, if the GPS time frame
is determined, time slots for other reporting data beyond po-
sitioning data may be allocated. The proposedP-based GSM
real-time control system can send four groups of 12-bit A/D

Fig. 7. G surveillance test on GIS display.

Fig. 8. Full GPS strings transmission time.

output data and two IP-characters at least four to six times of
repeated data rate between each 1 s of GPS update periodically.

E. Connection and Delay

GSM mobile communication requires longer dial-up and
connection time. The proposed GSM real-time control system
activates the GSM module by software program embedded in
PC-based structure orP-based structure. The transmitting data
and GPS strings are controlled by a priority assignment. Fig. 9
shows the delay time test for GSM real-time data transmission.
In PPP, A delay time is measured from the test to get 580 ms.
In statistics, we can assure the delay time is less than 600 ms
in PPP.

GSM wireless data transmission has switching stations over
stations. The delay time contains wireless up-link and down-link
times, and wired transfer time between base-stations and its net-
work. If the application of the proposed GSM real-time control
system has one end used in telephonic systems, which are wired
systems, the delay time can be reduced. The delay time is im-
portant to impact its real-time applications.

F. Analog Waveform Transformation

In this paper, we used a function generator to send the analog
waveform from one terminal to another to test the capability
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Fig. 9. Delay time for GSM real-time data transmission.

of the proposed GSM real-time transceiving performance. The
GSM has a communication data rate for 9600 bps. There is a bot-
tleneck frequency for the analog waveforms at around 103 Hz.
We send the test waveform for test under 100 Hz.

In Fig. 10, the tests have successfully transmitted 1) sine, 2)
square, and 3) triangle waveforms. Apparent time delay is ex-
amined. The test waveforms do not match with channel syn-
chronism. The embedded analog to digital converter and low
pass filter will cause significant influence to performance and
fidelity. However, the waveforms have severe distortion from
GSM transceiving due to the bottleneck frequency in data sam-
pling. In Fig. 10(d), the waveform at 177.5 Hz is significantly
distorted. The test frequency of 101 Hz is defined as “bottle-
neck frequency” in applications. Fig. 10 shows that the proposed
GSM real-time control system is capable to send and receive
analog data boundlessly below this bottleneck frequency.

G. Circuit Implementation

In this paper, we have made the proposedP-based GSM
real-time control system into a delicate product implementation.
The GPS receiver, C8051 microprocessor, and the GSM module
are integrated into a 4 W 7 L 3 H (in cm) of two-layer sur-
face mounted circuit board as shown in Fig. 11. Its weight is less
than 164 g, including aluminum housing, but without battery. Its
power consumption is about 300 mA under GPS data updating.

H. Measurement and Control Applications

The proposed GSM real-time control system can be used as a
communication interface between any two remote units where
one unit can receive measurement data, as shown in Fig. 10,
and generate appropriate commands to control the other unit. As
long as the data sampling rate is less than 101 Hz, the measures
will be correct for use. It is also viable to establish a surveillance
base station to monitor many remote units, and give instructions
in broadcast manner or independent links.

This system is tested in remote control airship for low al-
titude flights. The airborne unit carries avionic measurements
and downlinks to ground unit, while the ground unit pilots the
airship in constant speed cruise toward destinations. Control
avionics handles airship stability independently in this test.

Fig. 10. Analog data transmission via the�P-based GSM real-time control
system. The upper to send and the lower to receive.

Fig. 11. Integrated hardware of the�P-based GSM real-time control system.

VI. CONCLUSION

In this paper, the GSM real-time control system is designed
and implemented for control and surveillance purposes with an
inherent connection and transmission time delay. From tests and
verifications, both digital and analog data are successfully trans-
mitted with very high reliability and performance.

In our study, we have successfully implemented the proposed
GSM real-time system to control an LTA in low-altitude flight
using a P-based hardware in airborne and a PC-based hardware
in the ground terminal. The flight tests show the proposed GSM
real-time control system is useful to track the airborne LTA in
GIS display with reliable actual flight data.

For surveillance applications, the proposed GSM real-time
control system can report user position with appropriate analog
and digital data in real time. In our tests, the surveillance data
rate can be adjusted from 1 to 5 s for GPS updating, depending

Authorized licensed use limited to: IEEE Xplore. Downloaded on November 3, 2008 at 01:34 from IEEE Xplore.  Restrictions apply.



LIN et al.: REAL-TIME REMOTE CONTROL ARCHITECTURE 1003

on the demand. Between two successive GPS data, there is
enough time to send or receive analog and digital data. In our
tests of 1-s GPS updating rate, at least four to six times of
analog and digital data refreshing can be accomplished. This
means that we can send or receive four to six control data
within 1 s.

As long as the GSM base station can cover two user terminals,
the proposed GSM real-time control system has no boundary
limitations. The data transmission can be accomplished in real
time. Since GIS can be implemented into the proposed system,
many real-time remote surveillance applications can be adopted.
In surveillance application, the GPS position may be the key
input. Furthermore, the appropriate sensors may be adopted for
different monitor specifications.

Since the base stations in Taiwan have been well installed,
the coverage of GSM is excellent, and the lose-data rate is
very low in real-world tests. In Fig. 11, we can integrate a
finished product for hand-carried units in many applications. In
this study, we do not consider the GSM communication cost.
Typically, one minute for $ – (5–15 Cents USD) may
apply under different contract conditions in Taiwan. However,
communication costs vary in different states. The proposed
system is valuable in real-time control applications.
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