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Abstract: When designing logistics processes not only technical aspects are in 
the foreground during the realization of a contract. Besides focusing on incurring 
costs, more importance is also put on the generation of pollutant emissions that 
are caused during the transportation process. A key point for resolving this prob-
lem is the use of information and communication technology, e.g. the use of fleet 
management systems. Those tools which are particularly (but not only) used in 
road transport constitute the focus of this paper. Based on the integration of fleet 
management systems into the operations of a business, the available operative 
functions will be presented and their possible uses will be discussed. In this re-
spect it is evident that the use of these kind of systems is a necessary condition 
not only nowadays but also over the next few years to find cost-effective as well 
as sustainable solutions.  

Keywords: Logistics, Fleet management, Information and communication tech-
nologies, Cost efficiency, Sustainability 

 

1 Introduction 
The mobility of goods and people is essential for the development of economies and 
their growth. However, due to necessary energy consumption mobility requires the use 
of resources which are to a large extend limited fossil fuels. Especially with regard to 
environmental aspects, it is constantly asked for the reduction of transports in freight as 
well as in passenger traffic. Not considered here though are the negative effects of 
these kinds of measures as they can hinder economic growth and can also cause an 
economic downturn.  

A crucial approach for solving this dilemma is the continuous improvement of 
planning, monitoring and control of logistics processes with the essential goal to reduce 
mileage in road freight transport. One approach arises from the increased use of suita-
ble systems from the field of information and communication technology (ICT) which 
among other things allow for acting ex-ante oriented instead of reacting ex-post orient-
ed. Key tools used in that area are fleet management systems (FMS) which were devel-
oped over the past two decades (see e.g. [5]; [6]).  

These kinds of systems have to be considered as core elements of a comprehensive 
information management in transportation processes. Figure 1 shows a possible struc-
ture which can typically be found in the area of road freight transport management.  
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Fig. 1: Information technology for transport operations in road freight transport 

This structure underlines the fact that transport operations cannot be seen as (overall) 
isolated partial processes, but conveys that they are virtually rather cross-linked with 
differing external and internal areas. Regarding the internal part of the process it in-
cludes a wide range of procedures starting with commercial data management but also 
referring to areas like personnel and technical management. In this case information 
technology (IT) services do not necessarily need to be performed by resources within 
the company, it is also possible to make use of application service providing (ASP) 
solutions (see e.g. [22]) or offers within the framework of cloud or on-demand compu-
ting (see e.g. [25]). In addition, there is the possibility of using external linkages of 
integrated IT-service providers and electronic platforms (e.g. for freight and load ca-
pacity exchange). Furthermore, in this context it needs to be accounted for the integra-
tion into (macro-logistical) information and monitoring systems. In the following sec-
tions the technical conditions of road freight transport will be outlined first. Then func-
tional structure and operational capabilities will be presented. Finally follows an evalu-
ation of the possible uses as well as an outlook of future developments in that area. 

2 Technical framework for fleet management systems 
The technical framework analyzed here, generally covers the field of macro-logistical 
(i.e. externally provided) systems that have to be linked to the internal information and 
communication structures as well as the (technical) vehicle equipment. The focus of the 
observation lies on collective recording and provision of traffic data, the individual 
detecting and visualization of positioning data and also the usage of the data within 
navigation systems (see e.g. for more details [6]).  

 Traffic data detection: The detection of data largely occurs automatically along the 
(traffic volume-relevant) routes whereas different technical systems are being ap-
plied. The objective of data collection is an illustration of the actual traffic situation 
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based on the elemental parameters of driving speed and traffic density. Besides the 
data about traffic flow additional associated information (e.g. weather) can be rec-
orded that provide more information about external (traffic volume-related) factors. 

 Communication: A capable (logistic) information management needs sufficient 
communication structures for necessary intra- und inter-organizational cooperation 
as well as for the integration into macro-logistic systems and its application, respec-
tively. The required techniques are available, as e.g. telephone networks, internet, 
wireless local area networks (WLAN), trunked radio networks, satellite communica-
tion networks as well as cellular networks  

 Location of (mobile) objects: In addition location systems are required which allow a 
sufficiently exact detecting of the movement of mobile objects (vehicles, load units, 
etc.) i.a. in traffic networks and logistics facilities. The positions of objects are de-
termined (in the 2D- and 3D-space). Here different process principles are underlying, 
which in part can be used in combination types. These are the beacon-based location, 
the (vehicle on board) location based on route calculation by e.g. deduced reckoning, 
map matching and pattern recognition (see e.g. [8]: 369pp) as well as wave-based 
systems and mobile radio systems. If the use of vehicle on board location is not 
forced by specific requirements, the satellite-based (radio) location is in the fore-
ground. This has its origin in the Navigation Signal Timing and Ranging - Global 
Positioning System (NAVSTAR-GPS) developed in the USA for military applica-
tions starting in 1973 (see e.g. [18]: 106pp; [8]: 177pp) (see Fig. 2). Nearly parallel in 
the former Soviet Union the Globalnya Navigatsionnaya Sputnikovaya Sistema 
(GLONASS) system was designed (see e.g. [18]: 221pp; [8]: 245pp), whose im-
portance is currently very low for applications in the field of logistics. Independent 
from these two developments which had been characterized by the political situation 
at that time, also commercially operated systems are developed as for example the 
EutelTRACS system in the European area (see e.g. [18]: 101pp). 

 
Fig. 2: Basic structure of the GPS system segments  

With the help of the Differential Global Positioning System (DGPS) (see e.g. [7]: 
221p; [8]: 218pp; [18]: 283pp) a higher accuracy is attained by applying locally fixed 
reference stations. Based on a suitable terrestrial infrastructure it is currently possi-
ble to get an accuracy of up to 1 cm for certain applications. The basic principle (see 
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Fig. 2.2) is the integration of additional information for calculating the actual posi-
tion of an object. Moreover a distinction has to be made for reference stations on the 
basis of range within reach. So on the one hand the use of (several) stations within a 
radius of about 300 km it is referred to as Local Area DGPS (LADGPS) (see e.g. 
[18]: 291p). On the other hand a network of stations with widely global structures ex-
ists, the Wide Area DGPS (WADGPS) (see e.g. [18]: 301p). At present different 
means of transport depending on structures are available (see e.g. [18]: 321pp), 
which are designed for transportation by land, sea and air and which will also be used 
accordingly. 
 Visualization of detected data: To efficiently visualize location data e.g. for monitor-

ing and control, spatial views in form of digital maps are needed based on Geograph-
ic Information Systems (GIS). The (formal) structuring is based on four basic ele-
ments (geo objects), nodes, lines, areas and volumes (see e.g. [7]: 159pp), which are 
normally not statically determined but underlying changes over time. The stored data 
is available in functional differentiated layers (see e.g. [11]), that means, thematic 
subsets are created, which can be structured based on different aspects, e.g. depend-
ing on the responsibility for data detecting and processing as well as user-oriented. 
An additional aspect is that only those data should be shown which are needed by a 
user. Based on these reflections it is appropriate to realize (referring to transport spe-
cific applications) a reduced (slim) GIS (see e.g. [9]) or a GIS-T (see e.g. [21]), re-
spectively, that is based on publicly available GIS data (see e.g. [11]). 

 Vehicle navigation: The application of navigation systems for individual guidance 
(see e.g. [14]: 144pp) offers the opportunity to quickly adapt transport operations to 
the current situation and can also help to reduce search traffic resulting from trucks in 
delivery and pick-up processes. For the most part the framework therefore is a (satel-
lite-based) tracking process as well as a sufficient precise electronic map material. 
According to the available data it can be differentiated between two forms, the usage 
of static and dynamic (currently adjusted) network information (onboard / offboard 
systems). Another aspect is the data provision, based on centralized (vehicle-
external) and a decentralized (vehicle-internal) data bases (see e.g. [14]: 145). 

The existence of suitable technical systems and software tools as well as capable infor-
mation management systems is of great significance for the efficient operation of (road) 
freight transport. Therefore, the focus lies on extensive interconnectivity of the individ-
ual (operational) functions in order to guarantee a data and information flow free of 
system-related media breaks. Only on this basis a demand-related data processing and 
user-oriented information provision can be achieved to guarantee the efficient and 
sustainable monitoring and control of logistics processes. 

3 Applying fleet management and load unit tracking 
The underlying approach of a fleet management (FM) concept is reflected by a contin-
uous communication between a dispatcher in a (control) center and the drivers of the 
currently deployed vehicles and also the (continuous) detection of vehicle movements. 
The necessity of using such tools has been proven, overall caused by demands of the 
shippers about a preferably time-specific navigation of logistical processes. Apart from 
this externally induced enhancement of the degree of service, there is also the need of 
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improved instruments for planning as well as monitoring and control (see e.g. [5]; [6]). 
The fundamentals of a capable FM can be divided into two elements: 
º Location and communication systems to determine current vehicle positions (track-

ing) and the transmission of the information to a control center. 
º Transmission of (technical and operational) data or information between vehicles (or 

drivers) and a control center. 
The central (operational) objectives of FM are directed at creating an efficient organi-
zation of operating processes, where not only scheduling and monitoring but also the 
provision of an extensive and legally secured documentation (tracing) are essential 
factors. This includes foremost an extensive (technical) recording of the actual vehicle 
operations, e.g. with date, driving and idle times, the current load factor of the vehicle 
as well as (vehicle-based and driver-based) operating data (see the examples from the 
FleetBoard System in Fig. 3 and 4). By having such generally updated tracking data, 
there is the possibility of actively influencing the processes. There is no limitation to-
wards an ex post-oriented reaction, it is rather possible to act on a target-oriented and 
time-specific way, eventually also to undertake preventive measures. Here, the inter-
face is found in form of the board computer that enables voice and data radio commu-
nication between the driver (or the vehicle) and the control center but also handles the 
controlling of onboard equipment (e.g. chip card, RFID, and barcode readers) and also 
different sensors.  

  
Fig. 3: Overview of current vehicle loca-

tions 
Fig. 4: Geographic illustration of the current route 

of a vehicle  
Initial points for a necessary intervention into the processes are not only short-term 
disturbances in operations, but also include adaptations concerning the order situation 
that claim a current adjustment of the available resources and a (short-term) rearrange-
ment of processes (as e.g. the vehicle schedules and therefore also the delivery and / or 
pick-up times). 

Whereas the quality of the decision-making in such situations depends on the vol-
ume and suitability of the available information and moreover on the date of availabil-
ity, the usage of FMS leads to distinct operational advantages. Moreover, the time-
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related processes can be simplified and accelerated as well as improved in terms of 
quality (for example by reducing transmission errors) when having a electronic linkage. 
The continuous control of operations constitutes a controversial function in the FM as 
vehicle-related tracking process inevitable imply continuous and comprehensive tech-
nological-based control of the appointed employees. An important aspect hereby is to 
avoid time- and space-related deviations from the given timeframe, also under the con-
sideration of preventing (vehicle) theft.  

At this point it also needs to be underlined that a procedure of delivering a complete 
monitoring of the processes is indispensable in cases such as a legally prescribed doc-
umentation of transport operations. This is e.g. the case when operating hazardous 
material transports (see e.g. [9]) where the route of the vehicles is defined by (external) 
authorities due to legal regulations (see e.g. [20]). Also for frozen goods (EC-wide) 
regulations increasingly force a complete proof of correct transport procedures to en-
sure the compliance of the cool chain. These systems are based on GPS tracking in 
combination with online communication networks.  

With the introduction of digital tachographs (see e.g. [4]: 60pp) a new era of the 
automated monitoring of driver and vehicle data is being initiated. It is the overall 
objective to ensure a forgery-proofed data collection and storage and a direct (and 
simplified) access to control e.g. drivers working and driving time (by responsible 
authorities). The data that is recorded with the help of digital tachographs also contains 
essential information for dispatching that enables an integration of system structures of 
the FM and the working time management system.  

From the perspective of the affected driver personnel, the mentioned possibilities of 
an (automated) monitoring should not only be seen in a negative context. Positive ef-
fects have to be considered as well, such as the opportunity of fast and targeted inter-
vention in case of emergencies (e.g. traffic accident, attacks) that are made possible by 
knowing the current positions, also in combination with the alerts and control of opera-
tions of the responsible security forces.  

Moreover the advantages arising from the advanced technical monitoring of the ve-
hicles or single aggregates must be mentioned as they serve for the decision-making in 
case of (technical) malfunctions (or incidents) and create the possibility of a preventive 
and condition-related maintenance. The focus is a continuous documentation of the 
state of aggregates (motor, gear, etc.) whereas the measured data are transmitted, for 
instance to the responsible workshop management (continuously in real-time or in case 
of need) with the help of telemetry systems (see e.g. [27]: 281pp).  

Parallel to that, the cargo-related status recording needs to be recognized (for ex-
ample supported by sensors for temperature measurement and data recording related to 
RFID-technologies (see e.g. [26])) that are already mandatory for certain procedures 
(fresh goods and frozen products) (see e.g. [10]). Apart from the (technical) monitoring 
an automated documentation is included. In addition to the above described basic func-
tions of FMS, three arguments are of importance (see e.g. [16]): the continuous trans-
mission of temperature data for documentation (vehicle / trailer), the establishment of 
limits for alert in case of inadmissible temperature deviations, and the alert in case of a 
not scheduled opening of cooling box doors. It is useful for several reasons to function-
ally integrate the resulting measurements into a FMS as the information structures and 
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possibilities of intervention also allow for a short-term intervening into the processes, 
especially in order to prevent the occurrence of transport losses.  

Obvious operational advantages are a result of a more sophisticated usage of the 
available means of transport but also positive macro-economic and environmental 
aspects can be seen as supplementary advantages. These do also result from a reduc-
tion of transport-related ecological damage, thus every decrease in mileage that is pos-
sible when handling incurring transportation generally also leads to a decrease in traffic 
volume and pollutant emissions. Thus, it can be said that the mentioned operational 
objectives (including efficiency and cost savings) are not contrary to the macro-
economic and environmental aims, it can rather be understood as being complementary 
to each other.  

Nevertheless, the FM faces limits regarding its monitoring possibilities that are of-
ten not included in the analysis. The detailed documentation of processes is for instance 
only applied to the deployed vehicles and processes related to the vehicles, hence 
weaknesses arise concerning the monitoring of the load units, especially in the field of 
multi modal (road-rail) transport. An intermediate storage as in a road-rail transship-
ment terminal cause an interruption in the load unit-related monitoring that is not desir-
able, also in view of theft problems. In addition, a statement about the position of a 
load unit can only be concluded from driver-related information whereas it has to be 
assumed that no mistakes occurred when the cargo was loaded. 

In contrast, if the transport object (e.g. container, swap body, etc.) is being equipped 
with an independent monitoring system (see e.g. [3]: 131pp), it is possible then to con-
tinuously determine its locations. The monitoring that starts with the shipper and ends 
at the client, is independent from the respective transport systems and can also be used 
within transshipment facilities (e.g. multi modal road-rail transshipment terminals, 
seaport container terminals). The significant restrictions that may occur due to radio 
shadows can be overcome by using (facility-related) RFID-installations.  

Besides improved customer information, for example by provisioning frequently 
updated status information (position of the load unit, predicted delivery date, etc.), 
security aspects have to be considered that results from an (independent) load unit 
monitoring (see e.g. [3]: 176pp). It is furthermore important to mention insurance-
related considerations which generally reduce the risk of damage or loss and which 
occur as an (overall) continuous documentation of all processes concerning the load 
units (e.g. transport and storage operations). This facilitates the option of enlarging the 
room to significantly negotiate when determining the insurance rate of the transport.  

Concluding, it can be said that the advantages of FMS leverage the disadvantages. 
However, a critical analysis is necessary beforehand regarding some aspects. In order 
to reach a positive effect it is necessary to fully integrate FMS into the internal and 
external information management. Based on this more fields of application that con-
tribute to the enhancement of the (logistical) service provision process can be found. In 
this context, it is focused on a stronger coordination of the time flow and time slots for 
delivery and pick-up services at the entrances of plants and on plant grounds (see e.g. 
[12] and Fig. 5). This also relates to the field of construction site logistics as well as 
monitoring and controlling the logistics processes of big events.  
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Fig. 5: Navigation of vehicle feeding concerning deliveries and pick-ups 

4 Conclusions and future developments 
It has been shown that the use of fleet management systems play an important role for 
the planning, monitoring and control of logistics processes. Like this significant effi-
ciency improvements can be achieved which not only lead to cost reductions but also to 
positive overall economic and ecological effects. They arise from efficient logistical 
structures as with the reduction of mileage a lower consumption of resources and hence 
lower pollutant emissions within transport can be obtained. In this context the follow-
ing aspects are of main interest (see e.g. [6]: 
º Reduction of the necessary driving distance through (dynamic) routing on the basis 

of actual information of the traffic situation (see e.g. [17]; [2] and through an im-
proved guidance with the help of navigation systems. 

º Enhanced response and preventive actions taking in case of derivations from the 
planned data due to an improved state of information reached by operational data in 
real-time.  

º Advancement of transparency in in-company processes with corresponding ad-
vantages in planning and decision making situations.  

º Reduction in fuel consumption applying platooning concepts (see e.g. [15]; [1]). 
º Increase of security in road traffic and of external impacts which is related to a re-

duction of costs resulting from damage, e.g. by making use of vehicle-to-
infrastructure communication (V2I) and vehicle-to-vehicle communication (V2V) 
(see e.g. [23]; [24]; [19].  

Further positive effects evolve from the customer perspective in form of an improved 
transparency regarding the logistic procedures that leads to a higher certainty for plan-
ning. In addition, a more specific data recording and evaluation encourages an ad-
vanced documentation, so that appearing sources of error can be determined. 

In the context of the reduction of driving distances an explicit decrease of ecologi-
cal damage is the result. Here, the long-term consequences on the macro climate and 
the short-term (local) influences, especially in very dense agglomeration areas have to 
be considered. On this account it can be observed that efficient logistics in fact are 
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environmentally-friendly per se, what has been known for a longer period of time than 
the discussed Green Logistics-concepts. 

Nevertheless the developments in the field of FMS are definitely not finished yet, 
notably with respect to monitoring and control concepts within the scopes of supply 
chain event management as well as the approaches of cooperative driving and platoon-
ing as well as autonomous navigation. Furthermore, concepts for intermodal transpor-
tation management for an improved monitoring of multimodal transportation chains 
can be added. Based on the innovative improvements in the field of ICT over the last 
decades which are accompanied by considerable cost savings regarding investment and 
operational costs a growing potential for customers arises. The increasing market pene-
tration is essential for necessary technologies of a capable information management. 
Like this the group of users gets bigger and hence the possibilities of inter-orga-
nizational cooperation increase which result in significant improvements of efficiency 
as continuous coordination is essential in shared work processes. 

However, it could be that the increased use of IT-based systems bears some consid-
erable risks. Thus, already partial system failures in complex structure can have large 
consequences given that sufficient redundancy is not available which in turn causes 
correspondent costs. Therefore, not every technical solution makes sense even if it 
would be feasible; rather it has to be determined with the help of detailed cost-benefit 
analyses whether a single measure could have a positive effect. 
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