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ABSTRACT 
Added Value Services (AVS) for road based freight transportation have gained the attention of 
public authorities, industry and the private sector.  It is accentuated by systems developed or be-
ing under development for road user charging, which have the potential to support additional ser-
vices through sharing of functionalities (e.g. communication, positioning and payment). To de-
sign telematic systems with many services, the relationships underlying such services and neces-
sary functionalities is challenging to analyze. The aim of this paper is to develop a map or guide 
between important AVS and their functionalities that can be used as a foundation for analyzing 
potential system architectures for achieving such services. The paper attempts to address differing 
interest between commercial stakeholders and public authorities in deploying telematic systems 
for AVS. An analytical method for studying synergy behaviour between road-based telematic 
services, and required functionalities is proposed. The method is based on a modified hierarchical 
cluster agglomeration and is inspired by multiuse component based software design. Results of 
applying the method on AVS in the Swedish Road User Charing system shows that the choice of 
functionalities play an important role in estimating the synergy for a group of AVS, and hence in 
the architecture.  
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INTRODUCTION 
Added Value Services (AVS) for Road-Based Vehicle Freight Transports are gaining attention 
from public authorities, industry and the private sector. A previous report [1], discuss services 
that are of interest to public authorities such as speed alert, hazardous goods monitoring, emer-
gency-calls etc and services which are of commercial interest such as vehicle follow up, driver 
support, payment of transport etc. While the interest of public authorities is to support policy im-
plementation issues related to security, safety, collection of charges etc, the industrial interest is 
pre-dominantly profit related i.e. the need to be competitive. There is an increasing demand for 
flexibility, freedom of choice, security, and automated decision making, a trend likely to con-
tinue into the future [2]. A study conducted to improve telematic market in the road sector, by 
developing AVS on EFC platforms propose two ways for evaluating which AVS to consider [3]; 
first by looking at the Unique Selling Propositions (USPs) of the EFC system, second, by look-
ing at the customers or market segments for the actual services. Based on this study, the market 
for AVS can be stimulated by developing the services on EFC platforms while increasing accep-
tance of EFC at the same time. Yet other studies have been made to evaluate e-call as a suitable 
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platform for telematic services [12]. In Europe EFC systems are fast developing and are expected 
to penetrate the transport market by 50% in the next 5years. This is useful to improve on the 
transport market share for road based telematics, which is estimated today at about 5% [3]. Thus 
as anticipated in the Swedish RUC system, there is a potential to support additional services, 
through the sharing of functionalities.   

There are some potential advantages, in particular cost sharing, increased visibility, market pene-
tration etc of having a common system platform (or systems sharing a number of functionalities) 
for achieving AVS. Relevant systems are under development while others have already been im-
plemented [4], [2]. In Europe examples include the German Tolling Systems for all trucks of to-
tal wieght12 tons and above and the Austrian Tolling System. To enhance European interopera-
bility these developments are guided by directives such as EU 2004/52/CE. A distance based 
charging system for road utilization (RUC) by heavy good vehicles (HGV) is in progress in 
Sweden [5].  AVS with a potential to improve economic performance, minimize travel times and 
reduce emissions through functionalities such as real time communication and positioning re-
ceive attention both from public authorities and commercial actors. Concepts of how to design 
architectures that meet the demand of such AVS are discussed and compared in [6] and [7]. Sys-
tems with multiple services will require several functionalities, which are rather difficult to 
achieve with users needs that are sometimes contradictory. By mapping out services and func-
tions of important AVS to understand these relationships, duplicated and shared functions may 
be identified. This is similar to component based software design approach [10] which enables 
multiuse of software functionalities. Analytically, synergies can be investigated based on meth-
ods of agglomeration or clustering, which have been tested in several engineering and planning 
domains [11], [9].This could be a foundation for designing an integrated system architecture ad-
dressing diverse users’ needs. This work relates to work done in [6], in which some potential so-
lutions were discussed. Technical analysis of the pre-conditions for integrating AVS based on 
interoperable EFC systems is studied in [12]. Here, greater attention is dedicated to AVS and 
shared functionalities, different solution perspectives and a more general approach for analysing 
AVS. A simple method to estimate the synergy level for a group of services, at an early stage of 
a system design, is proposed. Whereas in [6] focus was on the important criteria for evaluating 
solutions. Results of applying the method on AVS in the Swedish Road User Charing system 
shows that the choice of functionalities play an important role in estimating the synergy for a 
group of AVS, and hence in the architecture. 

CHALLENGES OF AVS AND REQUIRED FUNCTIONALITIIES 
The characteristics and choices of interesting AVS influence the system architecture (logical and 
physical). The functional requirements of the different services influence the way in which a 
given service is achievable. This has to do with cost, time, user acceptance and other require-
ments (e.g. emissions) that can potentially lead to conflicting functionalities. For some services 
the functional requirements are obvious e.g. navigation needs positioning ability, map matching 
etc. For other services the distinction between functionalities and services can only be used for 
the convenience of system development and analysis. In this report services are considered from 
a users perspective to mean the telematic applications addressing distinctly identified users needs 
e.g. navigation, track and trace, remote vehicle diagnostics etc. Functionalities describe the char-
acteristics or system mechanism that need to be implemented in order to realize a given service 



e.g. geographic coordinate, real time communication, distance covered etc. Services and func-
tionalities maybe interconnected, such that the characteristics and choices of the functionalities 
could influence which services are achievable. Further, a given collection of services could be 
achieved in one system architecture based on characteristics shared by the services. One service 
may require several functionalities while other services may share common functionalities thus 
making the mapping non-trivial (see figure 1) e.g. road charging, emergency call both require 
positioning. 
  

 
Figure 1; possible interconnections between services, functionalities and solution. 

A good system design should address possibilities for achieving a wide range of services, beyond 
RUC systems as anticipated in Sweden. It should be possible to point out good ways of handling 
varying interest across different groups in society e.g. commercial and public actors.  

RELEVANT EXISTING APPROACHES 
There are a number of system architectures that have been proposed for additional services on 
EFC platforms. The proposed systems differ mainly with respect to data processing and commu-
nication capabilities. The choice of a system regarding the on board unit information processing 
is where data processing occurs. Solution perspectives based on thin and thick clients, with lim-
ited vehicle to vehicle communication is discussed in [6].Two useful cases are; 
• Onboard data processing (thick client). Each vehicle has the necessary on board units for col-

lecting and processing data in real time. Processed data is then communicated to other areas 
e.g. using position coordinates to compute the distance covered at any given time. The results 
are then sent to a system for evaluating road charge associated to a given vehicle. 

• Off board data processing (thin client) where data is processed in an external unit and feed-
back communicated to the vehicle. All that is needed in the vehicle is an on board unit for 
communicating real time data and some information buffering in case of communication 
problem. Then it, for instance, only communicates the geographical position coordinates and 
receives a feedback of successful data communication. 

Regarding the inter-vehicle communication solutions, it is assumed that data can be transmitted 
between vehicles. The data is either processed on board the vehicle or off board. This can be of 
relevance for such services related to congestion (e.g. navigation), accidents reporting on road 
etc.   Concerning solutions for information processing on the server side, a centralized based so-
lution is where data is processed in a single central unit e.g. a server. Vehicles have onboard 
units for communicating data inputs. In a decentralized system, most of the data processing is 
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accomplished using multiple units e.g. multiple distributed servers. Synergies present an oppor-
tunity that can influence the services and potential architecture for realising these services.  

A METHOD TO ESTIMATE THE SYNERGY LEVEL FOR AVS 
New AVS are emerging everyday based on problems encountered under transportation. At the 
interest of involved actors, making the right choices of services to pursue in an architecture is not 
obvious without a good framework to guide such decisions. Functionality based synergy esti-
mates could be one way of guiding such decisions. Functionalities can be described at different 
levels of details. There are no strict boundaries between functionalities and services. A high level 
description of functionalities is chosen here to spend more time in making clear the interconnec-
tions between functionalities and services. Since different choices of services relate differently 
regarding shared functionalities, a method is proposed for comparing the synergy between dif-
ferent groups of services. On the basis of such comparison, an architectural design can be pro-
posed.  On the other hand, with a given architecture in hand, the method can be useful for select-
ing additional services to include e.g. as the case of the Swedish RUC systems. The method is 
applicable for different levels of details (in functionalities) considered interesting. The important 
issue is to maintain a fairly similar level of detail for all services and functionalities under con-
sideration. For purposes of implementation functionalities, as described in this work, has to be 
further studied and detailed out explicitly.  The method is based on a modified version of the hi-
erarchical agglomeration [9] for estimating clusters. Similar methods have been applied for ana-
lyzing ITS project in a general context [8], in which a judgement matrix is proposed. The bene-
fits in using such approaches is to help capture both the subjective and objective evaluation 
measures and thereby provide a consistency mechanism that can help detect weaknesses in the 
chosen measures. This is useful for semi structured problems of the type addressed in this article. 
AVS constitute the data space and “shared functionalities” describe the similarity between each 
pair of AVS, from which synergies are build using a clustering method.  
 
The proposed method is a modified hierarchical agglomeration used to compare synergy levels 
between groups of AVS. The method makes the following assumptions;  

i. That for each AVS considered in a group of services, it is possible to explicitly specify 
whether a certain functionality is required or not. 

ii. A function is considered shared if that function must be implemented to achieve n num-
ber of services where n (integer)≥2. 

Let S denote the set of AVS, and F the set of functionalities, then define; 
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The synergy level, of a subsets  is compared to determine the subset that maximises the 
value .  The subset with the highest value of  is considered to have the highest synergy, 
since the value indicates that AVS in D share a great number of functionalities. A high synergy 
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value  has a tendency of significantly changing the total synergy level of a group of ser-
vices. To minimise such an effect, a modified cluster technique of hierarchical agglomeration [9] 
can be used. Instead of using synergy values as in , the values are normalized in a similar way 
as in the hierarchical agglomeration cluster algorithm.  Thus a correction factor 1/λD, is intro-
duced to the individual synergies to obtain; 
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Dy   Di∈  p is the cardinality of S.  

 
 Algorithm; Modified Hierarchical Agglomeration 
An agglomerative algorithm begins by placing distinct data types in a cluster and successively 
merging the different clusters to form bigger clusters based on some similarity measure until a 
stopping criterion is satisfied [9]. Here the algorithm begins with an empty cluster and adds data 
into the cluster until a stopping criterion is reached. The similarity measure is the level of shared 
functions between every two services as measured by  e.g. if s1 shares ψ functionalities with 
s2 and μ functionalities with s3, then s1 is closer to (or similar to) s2 than s3 if ψ > μ.  

iDv

Step 1:  Initiate D = {}. Select the AVS, with the highest number of shared functionalities (or 
most preferred AVS) i.e. argmax{ } , and add to D Si∈ iv

Step 2: Select , such that i=argmaxSi∈ DivDiSi ∪∉∈ },{  and add to D. 
Step 3: Go back to step 2 until D=S (Note: D is a variable subset e.g. D1, D2, D3...) 
Step 4: Select  for which  is maximum. SD ⊆ Dy
Based on the assumptions above, is a fair estimation of the net synergy gains of services un-
der consideration. The value established from this approach indicates a measure of the cohesion 
between the services, the higher the value (in magnitude and sign), the stronger the cohesion i.e. 
less time, effort and resources shall be needed for acquiring the given class or group of services. 
Different services can then be combined to estimate the synergy levels and gain insight into po-
tentially high synergy groups of services depending on the functions they share.  

Dy

 

ESTIMATING SYNERGY LEVELS FOR AVS OF A RUC SYSTEM 
The proposed method for estimating synergy levels is employed in a project intended to study 
how AVS “public” applications, such as RUC system for HGVs can be integrated with other ap-
plications (existing and anticipated) for HGVs to offer additional services. Thus the task in this 
project involves the analysis of potential AVS that can be implemented with the RUC system. 
The type of functionalities (table 1), the choice of architecture (thin client, thick client etc) and 
other factors can lead to different possible additional services. The possible services (table 2) in 
this case are determined based on the level of synergy estimates proposed above. 
 
Functionalities 
GP Global Positioning: real time provision of the absolute position of a vehicle 
LP Local Positioning: provision of the relative position of a vehicle in a limited area 
MM Map Matching: vehicle position in a map  
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RTC Real-time Two-way Communication: information exchange at any time 
OTC Occasional Two-way Communication: information exchange only at certain occasions 
DP Data Processing: transformation of data to useful information 
DT Data Transfer: one way data upload or download e.g. updates 
DB Data Broadcast: one way data transfer to many vehicles at the same time 
PDP Personal Data Protection: control of integrity issues in data e.g. privacy 
UVI Unique Vehicle Identification  
VSM Vehicle Speed Monitoring 
TS Time Stamping (of information) 
TM Temperature Monitoring (of on-board goods)  

Table 1: Functionalities chosen to estimated synergies for AVS in table 2 
 
Added Value Services 
EC E call: automatic alert of rescue services through an electronic call in case of an accident. 
Nav Navigation: informs the driver about navigating through a route network in real time  
WI Weight Indication: informs the driver about maximum weight of the vehicle, weight of goods in vehicle  etc 
ISA ISA: Intelligent Speed Adaptation informs the driver about current speed limits and warns when driving too fast 
AR Accident Reporting: provides data (history) about accident statistics to drivers in relevant geographic areas. 
ADL Automatic Driver logs: prevents driver from igniting the car in case of certain hindrances  e.g. excess alcohol  
SM Staff Monitoring: collect driver behaviour related data that can be used by employees or authorities to influ-

ence safety measures e.g. reward to good drivers 
TRO Transport Resource Optimization: collects data about vehicle conditions, location, traffic flow etc used for 

real time optimization of the entire transport operation. 
VF Vehicle Follow up: collect vehicle and cargo data for the purpose of securing and maintaining goods 
RM Remote Monitoring: collects data for solving problems related to vehicle’s performance at any time 
DRP Dynamic Route Planning: helps make correct route choice during driving e.g. rerouting  
GI Goods Identification: identify goods for owners and authorities e.g. custom control 
RTT Real Time Track and Trace: continuous electronic tracking of goods, improve visibility of a transport chain. 
GM Goods monitoring: continuously collects data about goods location, guides driver about disallowed goods on 

particular roads. 
TI Traffic Information: collects and supply traffic data continuously to road users e.g. congestion 
RG Route Guidance: inform, recommend and guides driver through a given route e.g. cameras, bridges etc 
TA Theft Alarm: automatically activated alarm guard, communicate owner and initiate recovery in case of theft. 
GF Geo Fencing: provides a virtual boundary within an area, automatically informs the driver/vehicle owner when 

an active object is detected within this area e.g. parking area 
TOH Transport Order Handling: data for locating and sequencing goods pick up, identification and drop off. 
PYD Pay as You Drive: collect data  about important vehicle parameters e.g. brakes, acceleration, speeding etc for 

use by insurance companies, environmental monitoring authorities etc 
Table 2: AVS Anticipated in the Swedish RUC system 
 
If messages are required to be transferred from the message source to sink as soon as they are 
generated, communication is considered to be real time; otherwise it is non-real time or histori-
cal. This can either be in both directions or in one direction (uploading or downloading). Since 
the choice of functionalities needed by a given service does not have standard agreements and 
depends, to a greater extent, on how the service is interpreted, we have specified our interpreta-



tion in tables 1 and 2. Moreover, in table 3 we attempt to establish the minimum required func-
tionalities for each of the AVS. 
 

 GP LP MM RTC OTC DP DT DB PDP UVI VSM TS TM 
RUC x  x x x x x x x x  x  
EC x   x  x x x  x  x x 
Nav x  x  x   x      
WI   x  x x     x   
ISA x x x x   x x  x x x  
AR x  x  x  x x  x x   
ADL     x  x   x    
SM x  x  x  x  x x x x  
TRO x  x x  x x x  x x x x 
VF x  x x x  x  x x x x x 
RM x x x x  x x  x x  x x 
DRP x x x x  x x   x    
GI  x   x  x  x x  x  
RTT x x x x   x   x x x  
GM x x x x x  x  x   x x 
TI x x x x x x x x   x x x 
RG x x x x    x  x    
TA x  x x x x x x x x x x  
GF x   x  x   x   x  
TOH x  x x  x x  x  x x  
PYD x  x  x  x  x x x x x 

Table 3; a representation of services and required functionalities (indicated by x) 

RESULTS AND CONCLUSIONS 
Based on the choice of functionalities in table 1and the modified hierarchical agglomeration for 
synergy level estimates, the relative synergy of the AVS under consideration in the Swedish 
RUC system (table 2) is presented in figure 2 below.  

 

Figure 2: Results of using the modified hierarchical method for synergy levels proposed above. 
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In this article a method that can be used to estimate the synergy levels for AVS in telematic ap-
plications is proposed. The method considers and examines shared functionalities among various 
AVS.  It can be applied to analyse possibilities of using other proposed architectures [12] for 
studying the synergy effect of different AVS. With changes to the inputs in table 3, the results 
are seen to vary. Employing this method on AVS in the Swedish RUC system, results show that 
the type of functionalities considered play an important role in estimating the synergy for a group 
of AVS, and hence in the architecture. The nature of this dependency is a subject for further in-
vestigation and will likely be a characteristic of the chosen services. The synergy is an indication 
of duplicated functions that maybe avoided and yet achieve the same utility in terms of the num-
ber of AVS offered. This presents a potential for minimizing the cost of implementation in 
telematic applications. In the future, this method can be improved e.g. evaluating the synergy of 
a given functionality by considering resources needed such as time, financial cost etc.  
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