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Abstract

Most existing production vehicle tracking services rely on the Global Positioning System (GPS) and a proprietary

server/client infrastructure. This type of inflexible and centralized architecture incurs severe vender-dependency and

high service cost. In this paper, we propose a cost-effective decentralized vehicle remote positioning and tracking

system architecture. This architecture only consists of two components: (1) a vehicle terminal for collecting real-time

vehicle location from a navigation satellite system and report it to a user terminal via the existing mobile network

and (2) a user terminal on a mobile phone for analyzing the location information from (1) and inform the owner.

We prototype the positioning and tracking system using the BeiDou Navigation Satellite System (BDS) and Global

System for Mobile Communication(GSM) Network. Experiment results illustrate that the system is capable of

tracking vehicle location and warning the owner if the vehicle unexpectedly moves more than 100 m at low cost.

With maximum vender-neutrality and high-availability as the design philosophy, the system is able to utilize

multiple available navigation satellite systems and mobile networks.

Keywords: Vehicle monitoring, Vehicle positioning and tracking, BDS, GSM mobile network, Application (APP)

monitoring

1 Introduction
With the improvement of people’s living standards, the

number of private cars is increasing. But after owners

parking their vehicles in parking lots, they might have dif-

ficulties in finding their vehicles, or their vehicles might

be stolen. In the early days, more attention was paid to ve-

hicle anti-theft, so we designed mechanical, chip-styled

and other vehicle anti-theft systems [1, 2]. Electronic and

network vehicle monitoring systems have emerged along

with the development of electronic technology, network

technology, satellite navigation technology, etc. How to

quickly determine the location of vehicles after parking or

after losing vehicles has become the main research

direction of vehicle monitoring [3–6]. Yongwei and others

introduced the GSM network into the car alarm system

for remote monitoring. When the vehicle is stolen, it can

send an alarm signal in a short message and cutoff the

automobile circuit and oil circuit [7]. Tianzi studied the

remote transmission of automobile position when the

automobile ignition switch was triggered illegally. The

user can be informed of the car’s situation and its

real-time latitude and longitude data through the liquid

crystal display (LCD) monitor in the monitoring center to

take an emergent action [8]. In view of vehicle safety prob-

lems such as vehicle theft and unauthorized driving, Xiaoli

used GPS module to collect real-time information such as

latitude and longitude, altitude, vehicle speed, and other

information, achieving real-time vehicle tracking and posi-

tioning, vehicle trajectory reporting, and anti-theft [9]. Jian

proposed an intelligent monitoring system for logistics ve-

hicles consisting of three parts: GPS vehicle terminal,

monitoring center server group, and control terminal [10].
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To sum up, most of the existing vehicle monitoring sys-

tems use GPS to collect vehicle location information, and

domestic autonomy is week. The location information is

sent by using existing mobile communication network.

We have set up corresponding database servers and moni-

toring centers to store the vehicles’ conditions and re-

motely controlled vehicles by the monitoring center. In

the monitoring center, we can only check the vehicles’

functioning conditions. To develop such a system is very

complex and costly, and its maintenance requires a lot of

manpower and money. Individuals need to register as

members and pay fees before they use the system. There-

fore, the cost of using such system is high for individual

owners [11, 12]. With the gradual improvement of BeiDou

Navigation Satellite System, the vehicle monitoring system

using BeiDou Navigation Satellite System has also become

a research hotspot [13–15]. In this paper, a vehicle moni-

toring and locating tracking system based on BDS/GSM is

designed and implemented. The BeiDou Navigation Satel-

lite System developed by China spots the vehicle location.

The location information of the vehicle is sent through

the GSM network. The system monitors the APP client by

itself. It can check the vehicles’ positions on mobile

phones at any time and monitor the vehicle in real time.

When there is no need to monitor the vehicle, this system

can be used to find vehicles in parking lots.

2 Key technology of vehicle remote positioning
2.1 The composition and positioning principle of the

BeiDou Navigation Satellite System

BDS is a global satellite navigation system developed by

China. In the constellations of BDS, to achieve continuous

global coverage and regional enhancement, three orbital

satellites have been designed: the Geosynchronous Earth

Orbit satellite (GEO satellite), the Inclined Geo Syn-

chronous Orbit satellite (IGSO satellite), and the

Medium Earth Orbit satellite (MEO satellite). The system

space constellation consists of five GEO satellites and 30

non-geostationary orbit (Non-GEO) satellites. The GEO

satellites were located at 58.75° (GEO01 satellite), 80°

(GEO02 satellite), 110.5° (GEO03 satellite), 140° (GEO04

satellite), and 160° (GEO05 satellite), respectively. The

non-GEO satellite is composed of 27 MEO satellites and

three IGSO satellites, of which the orbit height of the

MEO satellite is 21,500m, the orbit angle is 55°, and it is

evenly distributed on the three orbital surfaces. The IGSO

satellite orbit is 36,000 km high, evenly distributed on the

three inclined track surfaces. The orbit angle is 55°, and

the three IGSO satellites’ sub-satellite point trajectory

coincides. The intersection points are 118° east, and the

phase difference is 120° [16, 17].

The basic principle of BDS is to take the instantaneous

position of the satellite as the known starting data, and

to determine the location of the points measured by

space distance resection method. As shown in Fig. 1, if

we assume the coordinate of the point to be measured

as (x, y, z), the clock difference of the installed BeiDou

satellite-positioning receiver is b. By measuring the time

Δt required to send the navigation signals from the BeiDou

satellite to the receiver, and the satellite ephemeris received

by the BeiDou positioning receiver from which more than

four satellites’ coordinates (xi, yi, zi, i = 1, 2, 3, 4) can be

gained, we can have the following four equations [17].

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x1−xð Þ2 þ y1−yð Þ2 þ z1−zð Þ2
q

þ cb ¼ ρ1 ð1Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x2−xð Þ2 þ y2−yð Þ2 þ z2−zð Þ2
q

þ cb ¼ ρ2 ð2Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x3−xð Þ2 þ y3−yð Þ2 þ z3−zð Þ2
q

þ cb ¼ ρ3 ð3Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x4−xð Þ2 þ y4−yð Þ2 þ z4−zð Þ2
q

þ cb ¼ ρ4 ð4Þ

The unknown coordinates of the measured point x, y, z

and the clock difference of the receiver b can be obtained

Fig. 1 Schematic diagram of BDS positioning calculation
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through the above four equations. ρi = c ⋅Δti(i = 1, 2, 3, 4)

is the pseudorange between the satellite and the receiver;

c is the speed of light.

2.2 GSM technology

GSM, a digital mobile communication standard devel-

oped by the European Telecommunications Standard In-

stitute (ETSI), has been adopted by more than 100

countries worldwide. GSM standard equipment occupies

more than 80% of the current global cellular mobile

communication equipment market. It is currently the

most widely used mobile phone standard. China has

established a GSM mobile communication network cov-

ering the whole country. Short message service (SMS) is

a value-added service of the GSM system. It uses the

signaling channel to transmit information, and its trans-

mission mode is to be stored and forwarded first, that is,

after the short message is sent out, it will be stored in

the short message center (SMC) first and then for-

warded by SMC to the receiver. SMS are transmitted

through a wireless control channel, which can be stored

and forwarded through SMC. Each short message is lim-

ited to 140 B (140 characters or 70 Chinese characters).

The short message center has the function of short

message storage, and the message will not be lost when

the terminal equipment is turned off. By using the bidir-

ectional transmission characteristics of short messages,

remote control and information collection of all kinds of

electrical equipment can be realized, that is, remote con-

trol and telemetry. This research uses GSM short mes-

sage technology to realize the remote transmission of

vehicle location information. It has the advantages of

wide coverage, small investment, and less operating cost

and has unparalleled advantages which other means of

communication does not possess [18].

2.3 Single-chip computer control technology

Single chip is a perfect microcomputer system, which in-

tegrates the functions of a central processor, random

memory, a variety of I/O ports and interrupts, and timers

to a piece of silicon by using the technology of ultra-large

scale integrated circuit. Therefore, it is called a single-chip

microcomputer and is a kind of programmable operation.

Because of its unique manufacturing technology and hard-

ware structure design, the single chip microcomputer has

the advantages of fast running speed, strong control abil-

ity, low power consumption, low voltage, easy to produce,

and portable carrying. It has good expansibility and strong

practical application [19]. In this study, we use microcon-

troller unit (MCU) to filter the vehicle longitude and lati-

tude information through program operation and initially

monitor the movement state of the vehicle. On this basis,

the geographic information is processed and the geo-

graphic information is transformed into text form by the

serial port communication module of the single-chip com-

puter, and then the GSM module sends messages to

owners’ mobiles.

2.4 Android system

Android system, an open-source software, was originally

created by Andy Rubin, which was later acquired by

Google. The open-source mobile operating system, de-

veloped by Google and the open mobile alliance, is

mainly used for mobile devices. It is the most influential

mobile terminal operating system in the world. The bot-

tom of the Android system is built on top of the Linux

system. The system consists of four layers: application

software, user interface, middleware, and operation sys-

tem. Its construction uses a layer of software layer,

which separates layer from layer and defines the division

of labor in each layer. This division also ensures low

coupling between layers and layers. When the lower

layer or internal layer changes, the upper application

does not have to do any change [20]. Based on the An-

droid operating system, this study will realize real-time

display of vehicle location and voice alerts after vehicle

moving on mobile phones.

3 System requirement analysis and overall plan
design
3.1 System basic demand analysis

By summarizing the advantages and disadvantages of

various existing vehicle monitoring systems, according

to the actual situation of the current vehicle monitoring

system, we conclude that this system is mainly con-

cerned with the use of individual owners and should

have the following basic functions. It can collect the in-

formation of vehicle position in real time. It can also

process data of vehicle location and make judgments on

the change of vehicle location according to the situation

of vehicle movement. The vehicle location information

can be transmitted to the owner’s personal terminal for

long distance. The personal terminal can capture the

vehicle location information in real time and display the

vehicle location information on the terminal. At the

same time, the vehicle’s movement can be monitored by

voice prompt.

3.2 System overall plan design

According to the above basic requirement analysis, the de-

sign of the remote vehicle monitoring system based on in-

dividual user is mainly composed of three parts: vehicle

terminal, user terminal, and mobile network. The terminal

of the vehicle is mainly composed of three parts: main

control module, BDS module and GSM module. The user

terminal mainly consists of the owner’s phone and the

monitoring APP. The communication between vehicle

terminal and user terminal is realized through the existing
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mobile communication network, to achieve remote trans-

mission of vehicle location information, as shown in Fig. 2.

The main control module of the vehicle terminal is to

locate the vehicle latitude and longitude information,

conduct speed judgment, and control message sending of

the vehicle location. The BDS module mainly collects the

vehicle location information. The GSM module mainly

sends short messages of vehicle location. The user ter-

minal is mainly to capture the short message of the vehicle

location, display the vehicle position on the terminal’s

electronic map, and give voice alarm to the owner.

4 Implementation of vehicle terminal
4.1 Main hardware components of the vehicle terminal

The hardware of the vehicle terminal mainly consists of

the main control chip STM32F103C8T6, BDS module

UM220-III, GSM module SIM900A, reset module, and

power module, as shown in Fig. 3. The reset module can

reset the microcontroller manually when the single-chip

program does work abnormally so that it can work nor-

mally. The power module is connected to the system

through a Universal Serial Bus (USB) to DC5.0 interface

source, which is convenient for testing and mobile. The

mobile power supply is used. The BDS module is respon-

sible for receiving BeiDou satellite navigation signals and

calculating vehicle location information. The GSM mod-

ule is responsible for sending vehicle location messages

through the mobile terminal network to the user terminal.

In the vehicle remote positioning system, the selection of

the main control chip will affect the cost and processing

capability of the whole system. After the previous study,

the STM32F103C8T6 chip, a widely used single-chip com-

puter, produced by the Italian group is used. The kernel of

STM32F103C8T6 is based on ARM32 bit Cortex-M3

CPU, which has a 32-bit CPU on a single-chip and system

programmable flash.

The BDS module is UM220-IIIN, which is the BDS/

GPS dual system module designed by the core star tech-

nology limited company. It is mainly used for vehicle

monitoring and navigation, handheld equipment, and so

on. UM220-IIIN adopts the low power Global Naviga-

tion Satellite System(GNSS) SoC chip–HumbirdTM

whose intellectual property is owned by the company. It

is the smallest and fully domestic BDS/GPS module in

the market. It has the characteristics of high integration

and low power consumption. It has a strong advantage

in the BeiDou application that has strict requirements

on size and power consumption.

The GSM module uses the SIM900A module pro-

duced by SIMCom Company and uses the SMT (Surface

Mount Technology) package dual frequency GSM/GPRS

(General Packet Radio Service) module solution. The

kernel uses the ARM9216EJ-S kernel, which can meet

the requirements of cost and size. GSM is mainly con-

nected to the single-chip computer through a serial port,

so as to realize the control of the GSM module by a

single-chip microcomputer. The connection to the single

chip is the standard serial port, which supports AT (At-

tention) instruction and 2G (second-generation cellular

technology) internet access.

4.2 Vehicle terminal software implementation

The software realization of the vehicle terminal mainly

consists of the main program, the BDS data receiving

and processing program, the GSM SMS sending pro-

gram, and the analog serial port program. The program-

ming language uses the C language. The main program

flow is shown in Fig. 4. The main program is to initialize

each module first, and the BDS module automatically

initializes the hardware after switching on the power

supply. After each module is initialized, the parking loca-

tion is sent to the owner by message so that the owner

Fig. 2 Overall design of vehicle remote positioning system based on BDS
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can see the location of its own car on the electronic

map. Then it goes into the cycle, collects the vehicle

location data by BDS module every other time, and sees

if the latitude and longitude are changed. It is specific to

judge whether the distance of the vehicle’s latitude and

longitude exceeds the specified threshold, and the distance

d of latitude and longitude on the earth is calculated ac-

cording to the following formula (5).

The longitude and latitude of point A in the formula

are λA and ϕA, respectively. The longitude and latitude

of point B are λB and ϕB, respectively. If the distance of

the vehicle’s current latitude and longitude exceeds the

Fig. 3 Hardware composition of the vehicle terminal

Fig. 4 Main program flow chart
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specified range threshold and has speed, the vehicle is

judged as unintentional movement, and the vehicle ter-

minal sends the vehicle location message to the user

terminal.

d ¼ 111:12 cos
1

sinϕA sinϕB þ cosϕA cosϕB cos λB−λAð Þ

� �

ð5Þ

When the BDS module is in working, the BDS satellite

positioning information will be transmitted through the

related serial port to the master chip (the single chip).

After receiving the data transmitted from BDS, the

MCU first judges the frame head of the data frame,

extracts the frame of the “$GPGLL” field, and gets the

location information through processing. The receiving

and processing flow of the BDS positioning data is

shown in Fig. 5. The longitude and latitude of the

single-chip computer reads out from the $GPGLL data

format are ddmm. mmmmmm format that is not con-

verted, that is, the degree format, which needs to be

converted to the dd. dddddd format first, and the calcu-

lation method is as follows.

dd:dddddd ¼ dd þmm:mmmmmm=60 ð6Þ

The communication between the GSM module and

the main chip is realized through a serial port, and the

program execution flow is shown in Fig. 6. The data

transmission of GSM is usually implemented by the AT

instruction set. When the MCU implements these in-

structions, it must be the ASCII code of the characters.

The beginning of AT instruction generally has a specific

command prefix, and the end is a command end identi-

fier. The command prefix is usually made up of two

characters in AT, and the end flag of the command is

generally a return key. After each AT instruction is sent

out, a result is returned to answer for the received com-

mand. When setting message for GSM, we use “AT” on-

line instruction. “AT+CPMS = \SM\” sets the short

message storage location; “AT+CMGF = 1” instruction

Fig. 5 BDS data receiving and processing program flow chart
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sets the text message to text; “AT+CMGS=” instruction

sets the destination phone number and message content.

The program of the MCU control module is divided

into an analog serial port subroutine and serial port

interrupt service program. The process of serial port

interrupt service program execution is shown in Fig. 7.

The analog serial port subroutine is 1 or 0 for the two

input and output pins of the STM32F103C8T6 micro-

controller. Usually, 0 stands for low level and 1 for high

level. The serial port interrupt service program is mainly

to send data to the GSM module, and the serial port

needs to set the interrupt in the execution of the inter-

rupt mode. When the data is sent, the ES is set 0 to

close the serial interrupt and then the data to be sent to

the SBUF register. When the serial port sends only data

that is not accepted, the initialization process only needs

to explain the work way.

5 Realization of user terminal and system test
results analysis
The realization of the user terminal is mainly realized by

the APP installed on the owner’s mobile phone. It mainly

includes the functional modules such as SMS monitoring,

vehicle location display, and voice play. The monitor mod-

ule is used to determine whether to receive the message of

the vehicle location information. The display module

is used to display the extracted vehicle location infor-

mation in real time on the electronic map. The voice

playback module is used to simultaneously broadcast

the voice alarm information of the vehicles that are

previously recorded, which indicates that the vehicle

owner has left the original parking position. The pro-

gram flow is shown in Fig. 8.

5.1 SMS monitoring and processing

The method of getting SMS about the vehicle location on

the mobile terminal is to set up a short message broadcast

monitor on the Android terminal. When a new message is

received, the monitoring system can monitor the content

of the SMS latitude/longitude that has been formatted

on the hardware, parsed it, and extracted the latitude

and longitude in the content by using the word char-

acter capture. After that, it is passed to the activity in

the display map.

5.2 System test methods and results analysis

The vehicle terminal with the SIM card is placed in the

test car, and the SIM card number of the vehicle ter-

minal is inputted on the user mobile phone monitoring

APP. When leaving the test vehicle, the vehicle terminal

power is turned on, and the user’s mobile phone APP

will display the current vehicle parking location, as

shown in Fig. 9. This location can also be used to pro-

vide the user with the ability to find a parking location

for a car in a large parking lot, when the vehicle is not

Fig. 6 GSM module program flow chart

Fig. 7 Flow chart of serial interrupt function

Wei et al. EURASIP Journal on Wireless Communications and Networking        (2019) 2019:112 Page 7 of 9



moving abnormally. The parked test vehicle is driven

away from the original parking location in four different

directions. When the vehicle leaves the set threshold

range of 100 m, the monitoring APP will display the new

location of the vehicle again, trigger the voice alarm

mechanism, and play the corresponding voice alarm to

inform the car owner that the car has left the original

parking location. When the vehicle continuously moves,

the system will continuously update the vehicle location

according to the set time interval, and the positioning

tracking of the vehicle is realized.

6 Conclusions
In view of the continuous improvement of the BeiDou

Navigation Satellite System, the coverage of the satellite

navigation system has developed from the regional sys-

tem to the world. Combing with the monitoring demand

of the individual car owners, this paper designed and re-

alized a remote monitoring system based on the com-

bination of BDS and GSM. After testing, we found out

when the vehicle left the original parking location 100

m, the system could display the vehicle’s location in real

time, then sent out the voice alarm information at the

owner’s mobile phone, and realized the remote position-

ing and tracking of the vehicle. The system does not

need back-end database support, and users do not have

to pay registration fees. It only requires low price hard-

ware costs and mobile network SMS fees. Based on daily

use of mobile phones, it realizes using mobile phones to

monitor the vehicle. After further optimization, it can

also be widely used for tracking persons or items. This

remote positioning and tracking system architecture can

also be realized by other satellite navigation systems and

mobile networks and has wide application prospects.

Fig. 8 Flow chart of user terminal vehicle monitoring

Fig. 9 APP monitoring effect
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