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ABSTRACT 
 
Vehicle Monitoring System (VMS) has being introduced into the world marketplace with the hope 
that it will help alleviate traffic congestion and the associated environmental pollution. In this paper 
we give an overview of system composition and principle of the VMS and several communications 
link solutions in China. We review technologies and focus on the key technological issues about the 
integration of VMS with the GPRS wireless mobile network and the Internet. 
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INTRODUCTION 
 
Traffic congestion is a serious problem in China and in metropolitan areas around the globe. Because 
of large costs and limited rights-of-way, it is impractical to rely on new roadway construction or 
widening of existing roadways to increase system capacity. 
 
In concert with this philosophy of making our highway systems more efficient, China has launched 
its Intelligent Transportation System (ITS) program. ITS is a set of enhancements to existing 
transportation systems, which is a collection of technologies, systems, and transportation 
management concepts that collectively aim to make surface transportation more efficient and safe.  
 
Vehicle Monitoring System (VMS) is an important component of Intelligent Transportation System, 
providing powerful technical support for traffic departments, enterprises, institutions and individual 
users in their realization of vehicle management modernizations. Making use of integral combination 
of Global Positioning System (GPS) technology and Geographic Information System (GIS) 
technology and General Packet Radio Service (GPRS) mobile communications network as well can 
solve the issue of how to enhance utilization efficiency of mobile targets in all industries and 



professions related with urban transportation, which is beneficial for establishing an integrated 
monitoring system with scientific management, coordinated operations, security and prevention.  
 
 

COMMUNCATIONS LINK SOLUTIONS OF VMS 
 
According to the present situation of mobile communications in China, communications solutions 
adopted for vehicle monitoring system are mainly the following: regular or trunked radio solution, 
satellite communications solution, GSM network solution and GPRS network solution. 
 
 
I. REGULAR OR TRUNKED RADIO SOLUTION 
 
The simplest vehicle monitoring system is to adopt regular communication solution, namely 
establishing a management center with several users sharing one or multiple channels, once such 
system is set up, all users can perform data transmissions only using their own channels. The 
effective range of vehicle location system based upon regular communications networks is mainly 
related to wave bands of channels, antenna height of central stations, transmitting power and other 
factors. Data transmission rate operating in this mode can be freely selected from 1.2 Kbps to 9.6 
Kbps. The disadvantage of such system is that it does not adopt multiple base station technology, 
being unable to roam over a larger range, which is only suitable for a small system over a rather 
limited range. 
 
As for analogue trunked system utilizing centralized control mode more widely applied presently, its 
signaling standards can be MPT-1327 standard or non-public standards. Vehicle location data 
transmission can be performed in signaling channel or in voice channel for the system based upon 
MPT-1327 standard signaling; while vehicle location data transmission can only be performed in 
voice channel for those trunked systems adopting non-public signaling standards. Accordingly, 
digital information of vehicles must be modulated before it can be transmitted in voice channel. The 
disadvantage of this mode is that it is high in system construction costs, low in channel utilization 
ratio and has some limitations in capacity expansion. 
 
 
II. SATELLITE COMMUNICATION SOLUTION 
 
Using satellite communications as the data transmission mode of VMS is applicable to those vehicles 
that require national or even global coverage. Because of the far-reaching capabilities of satellite 
communications, it may appear reason able to rely upon satellites to fulfill all ITS communications 
needs. However, the cost of designing, constructing, and launching these complicated satellites raise 
the expense of the entire network, and those expense must be recovered through higher service fees.  
 



 
III. GSM NETWORK SOLUTION 
 
Today there are in GSM networks two ways of handling packet data that can be adopted in VMS: 
SMS and GSM bearer services. 
 
Short Message Service (SMS) provides a connection-less transfer of message with low capacity (160 
bytes in each message) and low time performance. The message is stored and forwarded by an 
SMS-service centre and it takes around 3 seconds to reach the mobile. The short messages are 
transported on the signaling links. The usage of SMS for packet data applications would load down 
the GSM signaling network. 
 
GSM bearer services for packet access provide a circuit switched connection that interfaces the 
public data network. This means that a connection will be used for the total duration of a session, 
even when no data is sent. This is a waste both for the operator, who will use up scarce radio 
resources, and for the user who has to pay for the durations of the call instead of based on the volume 
of data sent. 
 
 
IV. GPRS NETWORK SOLUTION 
 
General Packet Radio Service (GPRS) is a new service designed for digital cellular networks. It 
utilizes a packet radio principle and can be used for carrying end user’s packet data protocol (such as 
IP and X.25) information from/to a GPRS terminals to/from other GPRS terminals and/or external 
packet data networks. 
 

1. GPRS NETWORK NODES 
 
Enabling GPRS on a GSM network requires the addition of two core modules, the Gateway GPRS 
Service Node (GGSN) and the Serving GPRS Service Node (SGSN). As the word Gateway in its 
name suggests, the GGSN acts as a gateway between the GPRS network and Public Data Networks 
such as IP and X.25. GGSN also connect to other GPRS networks to facilitate GPRS roaming. The 
Serving GPRS Support Node (SGSN) provides packet routing to and from the SGSN service area for 
all users in that service area. In addition to adding multiple GPRS nodes and a GPRS backbone, 
some other technical changes that need to be added to a GSM network to implement a GPRS service.  
 

2. KEY NETWORK FEATURES OF GPRS 
 
PACKET SWITCHING 
 
With GPRS, the information is split into separate but related "packets" before being transmitted and 



reassembled at the receiving end. Packet switching can be compared to sending a letter by mail, a 
page at a time. The letter is first separated into individual pages at the origin, mailed, and then 
reassembled at the destination. In the terminology of networks, a message is broken into data packets, 
the packets are then sent across the network perhaps following different paths depending on the link 
congestion, and finally the packets are collected and reassembled. The Internet itself is another 
example of a packet data network, the most famous of many such network types. 
 
SPECTRUM EFFICIENCY 
 
Packet switching means that GPRS radio resources are used only when users are actually sending or 
receiving data. Rather than dedicating a radio channel to a mobile data user for a fixed period of time, 
the available radio resource can be concurrently shared between several users. This efficient use of 
scarce radio resources means that large numbers of GPRS users can potentially share the same 
bandwidth and be served from a single cell. The actual number of users supported depends on the 
application being used and how much data is being transferred. Because of the spectrum efficiency 
of GPRS, there is less need to build in idle capacity that is only used in peak hours. GPRS therefore 
lets network operators maximize the use of their network resources in a dynamic and flexible way, 
along with user access to resources and revenues. 
 
INTERNET AWARE 
 
For the first time, GPRS fully enables Mobile Internet functionality by allowing interworking 
between the existing Internet and the new GPRS network. Any service that is used over the fixed 
Internet today will be as available over the mobile network because of GPRS. In fact, many network 
operators are considering the opportunity to use GPRS to help become wireless Internet Service 
Providers in their own right. 
 
Because it uses the same protocols, the GPRS network can be viewed as a sub-network of the 
Internet with GPRS capable mobile phones being viewed as mobile hosts. This means that each 
GPRS terminal can potentially have its own IP address and will be addressable as such. 
 

3. KEY USER FEATURES OF GPRS 
 
SPEED 
 
Theoretical maximum speeds of up to 171.2 kilobits per second (kbps) are achievable with GPRS 
using all eight timeslots at the same time. This is about three times as fast as the data transmission 
speeds possible over today's fixed telecommunications networks and ten times as fast as current 
Circuit Switched Data services on GSM networks. By allowing information to be transmitted more 
quickly, immediately and efficiently across the mobile network, GPRS may well be a relatively less 
costly mobile data service compared to SMS and Circuit Switched Data. 



 
IMMEDIACY 
 
GPRS facilitates instant connections whereby information can be sent or received immediately as the 
need arises, subject to radio coverage. No dial-up modem connection is necessary. This is why GPRS 
users are sometimes referred to be as being "always connected". Immediacy is one of the advantages 
of GPRS (and SMS) when compared to Circuit Switched Data. 
 
BETTER APPLICATIONS 
 
GPRS facilitates several new applications that have not previously been available over GSM 
networks due to the limitations in speed of Circuit Switched Data (9.6 kbps) and message length of 
the Short Message Service (160 characters). GPRS will fully enable the Internet applications you are 
used to on your desktop from web browsing to chat over the mobile network. Other new applications 
for GPRS include file transfer and home automation. 
 
Compared with other communications means, GPRS is characterized strongly as its fast 
communications rate, small data delay, flow based billing, very low costs in system operations, very 
large system capacity, browsing online and making telephone calls can be conducted simultaneously 
and free switchover can be allowed because it adopts IP protocol for transmission, which is very 
suitable for applications in large scale urban transportation systems. 
 
 

THE REALIZAITON OF VMS BASE ON GPRS 
 
I. COMPOSITION OF SYSTEM 
 
GPRS based vehicle monitoring system mainly consists of three main segments, namely vehicle 
mounted segment (including GPS receiver, control system and GPRS module), GPRS 
communications segment and monitoring centre segment (including GIS network server, monitoring 
terminals and so on). In such system, sending and receiving of positioning information and control 
information between mobile targets and the monitoring center can also be divided into two subparts, 
GPRS network is used between mobile targets and GPRS gateway while Internet is used between 
GPRS gateway and the monitoring center as shown in Figure 1.  
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HLR: Home Location Register      MCU: Microcontroller Unit       DDN: Digital Data Network 

BTS: Base Transceiver Station     BSC: Base Station Controller     SGSN: Serving GPRS Service Node 

GGSN: Gateway GPRS Service Node   MSC: Mobile Switching Centre   VLR: Visitor Location Register 

 
Figure 1 System simplified diagram 

 
II. PRINCIPLE OF THE SYSTEM 
 
Global Positioning System (GPS) was a US$10 billon program pioneered by the Department of 
Defense to provide worldwide position, velocity and time data to military forces around the globe. It 
has been so successful a program that it has changed the way we navigate and determine location 
forever. GPS consists of a constellation of 21 satellites with three in orbit spares deployed in a 
10,000 N mi circular orbit with a 12hr period. Four satellites are located in each of six planes 



inclined at 55°to the plane of the earth equator. By knowing where each satellite is at any given 
instant, the GPS receiver can determine the distance to each satellite, and through simple coordinate 
geometry it can determine its own terrestrial location. At least three satellites must be visible to the 
receiver to obtain latitude and longitude; to obtain elevation a fourth satellite is required.  
 
As shown in Figure 1, the location information output by GPS receiver is sent to GPRS mobile 
network in IP protocol by wireless GPRS Modem. The information of the moving target received by 
GPRS mobile network will be transmitted to the monitoring center through GPRS backbone network 
and Internet, and processed with computer before matching with digital map at the monitoring 
terminal and displaying correct location of the moving target in map, consequently enabling the 
monitoring center to visually know dynamic location information of the moving target. When the 
moving target is in case of emergency, it can send its location, alarm information and other data to 
the center, and then precise location and alarm information of the moving target in emergency will be 
displayed in digital map. Meanwhile the user database can be opened to query original records of the 
user, which will be reported to public security and traffic control for timely processing. 
 
III.  KEY TECHNOLOGICAL ISSUES 
 
Due to constraints in the current GPRS network performance, virtual IP address after the mobile 
station activates IP protocol does not remain unchanged, and it is unable to realize point-to-point data 
communications between different modules. With regard to this case, the following measures should 
be taken so as to establish the communications link between the moving target and GIS network 
server: GIS network server must access to Internet in fixed and independent IP address; mobile 
station must take the initiative to report its IP address after activation of IP protocol each time, of 
which the specific process of establishment is as follows: 
 
After MCU in GPS vehicle mounted segment finishes system self-check, it will control GPRS 
module to activate IP protocols and establish PPP communications link between MCU and GRPS 
module. After the link is established, PPP data frames embedded in UDP datagram transmitted from 
MCU will enter GPRS network through GPRS module, GPRS network will then forward the UDP 
datagram through GGSN to transmit in Internet. After GIS network server in the monitoring center 
receives such UDP datagram, it will extract and store IP address and port number of such mobile 
station, timely update the corresponding table between new vehicle identity and IP address. The 
software of the monitoring center through such corresponding table can transmit control information 
downwards to the mobile station in UDP protocol, consequently establishing both-way 
communications link between the monitoring center and the GPS vehicle mounted system. 
 
 

CONCLUSIONS 
 
The development trend of mobile communications is to realize high-speed interconnections with 



Internet. Many new concepts are under investigation and development with the objective to provide 
advanced communications and navigation services in order to operate transportation more safely and 
efficiently. Vehicle monitoring system can make full use of the advanced mobile communications 
technology, reduce operational costs and serve urban transportation domain much better. 
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