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The transports of goods are continuously in-

creasing in many regions, for instance within 

Europe. Often goods travel through many dif-

ferent countries, using several transport modes 

and involving a number of different actors. As a 

result, the traffic load on the transport network is 

increasing, on the roads in particular, and the lo-

gistics chains become more and more complex. 

Implementing some level of intelligence on the 

goods, which provide them with the capabilities 

to assist in the logistical activities, is one of the 

instruments that can be used to make transports 

and the handling of goods more efficient and 

controllable. The concept of intelligent goods 

both opens up for new types of services and may 

be used to improve currently available services.

Our research is mainly focused on the charac-

teristics and possible architectures of intelligent 

goods systems. In this context, an intelligent 

goods system refers to a number of interacting 

components (on-board units (OBU), back-offi-

ce, RFID tags, etc.), including intelligent goods, 

which together provide services. The architectu-

re studies are focused on which information and 

data processing are needed, where they should 

be stored and which communication links are re-

quired. By identifying architectures correspon-

ding to different service solutions, intelligent 

goods can be evaluated against other types of 

solutions, for instance more centralized confi-

gurations. In particular, different situations and 

services put different requirements on a system 

and the benefits of using intelligent goods vary.  

We present a framework which can be used to 

describe intelligent goods systems, including 

the capabilities of the goods, necessary informa-

tion entities related to the goods as well as the 

surrounding entities, primitive functions and the 

environment around the goods. Additionally, we 

identify a number of primitive, potential intel-

ligent goods level services which can be used 

as building blocks when creating more advanced 

intelligent goods services. The functional and 

information requirements of these services are 

also investigated. Based on these findings, a new 

approach for how to identify and evaluate diffe-

rent architectural solutions for potential intelli-

gent goods services is suggested. Furthermore, a 

new service description framework is proposed, 

which can be used to, amongst others, define a 

service and to perform composition/decomposi-

tion analyses. Finally, an investigation of how 

agent technology can be used to model intelli-

gent goods systems is also presented.
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Abstract 
The transports of goods are continuously increasing in many regions, for 
instance within Europe. Often goods travel through many different countries, 
using several transport modes and involving a number of different actors. As a 
result, the traffic load on the transport network is increasing, on the roads in 
particular, and the logistics chains become more and more complex. 
Implementing some level of intelligence on the goods, which provide them with 
the capabilities to assist in the logistical activities, is one of the instruments that 
can be used to make transports and the handling of goods more efficient and 
controllable. The concept of intelligent goods both opens up for new types of 
services and may be used to improve currently available services.  

Our research is mainly focused on the characteristics and possible architectures 
of intelligent goods systems. In this context, an intelligent goods system refers 
to a number of interacting components (on-board units (OBU), back-office, 
RFID tags, etc.), including intelligent goods, which together provide services. 
The architecture studies are focused on which information and data processing 
are needed, where they should be stored and which communication links are 
required. By identifying architectures corresponding to different service 
solutions, intelligent goods can be evaluated against other types of solutions, 
for instance more centralized configurations. In particular, different situations 
and services put different requirements on a system and the benefits of using 
intelligent goods vary.    

We present a framework which can be used to describe intelligent goods 
systems, including the capabilities of the goods, necessary information entities 
related to the goods as well as the surrounding entities, primitive functions and 
the environment around the goods. Additionally, we identify a number of 
primitive, potential intelligent goods level services which can be used as 
building blocks when creating more advanced intelligent goods services. The 
functional and information requirements of these services are also investigated. 
Based on these findings, a new approach for how to identify and evaluate 
different architectural solutions for potential intelligent goods services is 
suggested. Furthermore, a new service description framework is proposed, 
which can be used to, amongst others, define a service and to perform 
composition/decomposition analyses. Finally, an investigation of how agent 
technology can be used to model intelligent goods systems is also presented. 
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Introduction 
This thesis is focused on intelligent goods as an instrument to improve 
efficiency and control in goods transportations. Today, the transport sector 
represents a significant economical factor, with new challenges and 
opportunities constantly arising in terms of globalization, regulations and 
advancements in information and communication technologies (European 
Commission (2011)). As a result, the amount of cargo transportation is 
continuously growing. The increased level of transports, however, leads to 
increased traffic load, which in turn causes congestion (capacity cannot keep 
up), environmental damages, increased infrastructure wear etc. These 
problems are particularly evident in the road transport system. An increased 
use of transport modes other than road, for instance by using intermodal 
transport solutions, would hereby improve the situation (Natvig et al., 2009). 
Today, an extended use of intermodal transport solutions can be noted. 
Moreover, the containerization of goods (i.e. the use of intermodal containers as 
load carriers) is continuously increasing, which further promotes the use of 
intermodal solutions. In intermodal transports the mode of transportation 
changes at least once during the transport route, enabling for instance railway 
transportation in combination with road haulage. Intermodal transports hereby 
often require more complex logistic solutions involving a number of different 
organizations which need to coordinate and exchange information. Since the 
goods are being managed in a distributed manner by different actors, a natural 
alternative approach in these situations is to use locally implemented services 
and information instead of a centralized configuration. The concept intelligent 
goods generally implies that some level of information processing and storage 
occurs close to the goods, most often throughout the whole transport. This 
intelligence may be used in an intermodal situation to, for instance, detect 
deviations (route, delay etc.), gather information about the conditions around 
the goods, and to inform about the goods specific requirements (destination, 
temperature, expected arrival time etc.). Delays may for example be detected in 
one part of the transport chain and enable appropriate actions in the remaining 
part. Intelligent goods are hereby capable of providing automated coordination 
and information exchange between the different actors. Furthermore, the 
ability to inform about the goods requirements and the ability to trace 
information related to the transport, for instance who was responsible when 
the goods were damaged or delayed, might lead to an increased trust between 
different actors, which in turn may enable increased cooperation with higher 
vehicle filling rates as a result.  
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In general, both intermodal as well as other types of transport solutions may 
benefit from locally implemented services since they have the potential to 
enable more adjusted and efficient transports and handling of goods. Usually, 
the larger volumes of goods and the more complex logistics chains, the more 
important efficient processes become. Intelligent goods should be seen as an 
alternative or complement to a centralized approach which may make the 
information exchange better in some way, e.g. more efficient, accurate, precise 
or extensive. Since a lot of activities, and corresponding decisions (and errors), 
are performed locally in a transport chain (e.g. loading and unloading, including 
priority handling and routing decisions), locally implemented services 
sometimes represent a natural and motivated approach. In particular, such 
services can often be made less dependent of a communication link between 
back-office and the goods or vehicle, and thereby less sensitive to problems 
caused by communication delays or lack of wireless coverage during parts of 
the transport. Furthermore, intelligent goods enable services that would be 
difficult and/or costly to implement in back-office, for instance local monitoring 
of the conditions of the goods. However, intelligent goods are usually also 
associated with costs and the level of these costs naturally depends on the 
required level of intelligence and the amount of goods. In order to estimate the 
value of implementing intelligent goods the costs need to be compared to the 
decreased costs related to the benefits of using intelligent goods. 

The overall purpose with the concept intelligent goods is to achieve a better 
control and a more efficient handling of goods during transports, which in turn 
may provide decreased costs, reduced negative environmental consequences 
and decreased infrastructure wear. As stated above however, solutions based 
on intelligent goods need to be evaluated against other solutions. The general 
research within this area has so far been rather limited (see section 1.1.2) and 
the aim with this thesis is therefore to contribute by investigating system 
architectures for intelligent goods. These architectures may serve as basis 
when implementing intelligent goods services and they may also be analyzed 
using different types of criteria (robustness, costs, integrity, realizability, etc.). 
The studies are concentrated on identifying the:  

• information (which information is necessary and where it should be 
stored, back-office systems included),  

• communication (when and how the information should be transferred 
between different parts of the system) and  

• information processing (i.e. information analysis for decision support) 
needed.  
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The work is focused on the use of intelligent goods during transportation and 
storage, and it aims at encompassing all transportation modes, though some 
parts may be primarily applicable to road transportation. Our studies have 
been performed on a conceptual level and they do thereby not contain any 
measured data. 

1 Background 

1.1 Transportation of goods 
Goods can be transported by one or several transport modes, e.g. road, rail, air 
and/or water. The numbers of parties involved in the logistics operations vary.  
In one-party logistics either the buyer or producer handles the logistics. A more 
traditional form is the two-party logistics where the producer usually wraps 
and controls the goods which are hereafter collected by the carrier. The 
producer and customer have in this case a joint responsibility and either of 
them may act as carrier. Third-party logistics is the most commonly used 
arrangement today. Here, a third actor is engaged for the whole or parts of the 
logistics. In fourth-party logistics, an additional actor is involved and often the 
logistics operations are more refined and divided between the different actors. 
For instance, a forwarding agent may as a fourth party offer transport services 
which he in reality engages other transport companies to perform (Lumsden, 
2006). The forwarding agent is often also responsible for reloading, storing, 
insurance etc. In general, the more actors involved in the transport chain, the 
more complex the information exchange between the different actors often 
becomes. Furthermore, the need for monitoring and tracing information related 
to the transport may also increase with the number of actors. Since these types 
of activities are performed locally, decentralizing such services and information 
by using intelligent goods, might be a motivated solution.  

Goods may be transported by means of different traffic types, such as line 
traffic, dedicated transports and ordered traffic (Lumsden, 2006). Line traffic 
follows fixed timetables and routes, and uses intermediate terminals for 
consolidation, collection and distribution. Dedicated transports can be seen as a 
kind of private line traffic based on the requirements from only one customer 
which produces large and stable flows of goods. Finally, ordered transports are 
single, usually door-to-door, transports induced by customer orders. One of the 
more visionary identified services related to intelligent goods is to let the goods 
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find its own way through the transport network. The line traffic type would 
typically suit such a service. 

The protecting layer around the goods, or alternatively the load carrier, can be 
used as holders of intelligent goods tags. Usually standardized load carriers are 
employed in order to facilitate the handling and optimize the loading. Just like 
packages, these load carriers come in different levels, from pallets to transport 
containers and trailers. New, reusable load carriers, for instance pallets, have 
also entered the market and these are particularly suitable for intelligent goods 
since they enable an easier reuse of the intelligent goods tags as well. 

1.2 Intelligent goods 
Literature studies have shown that different denotations are used for concepts 
similar or identical to intelligent goods1, e.g. Intelligent cargo (Euridice (2009), 
Huschebeck et al. (2009)), Smart goods (Holmqvist and Stefansson (2006)), 
Smart freight (Lumsden and Stefansson (2007)) Intelligent product (McFarlane 
et al.(2003)), and Intelligent packaging (Johansson (2009)). Some of the listed 
concepts only differ slightly in their definitions, some of them are not properly 
defined in literature whereas others have been defined differently in different 
studies. Due to the ambiguity around the actual meaning of the concept 
intelligent goods, this thesis includes a separate sub-section concerning the 
area (see section 1.2.2).  

Radio Frequency Identification (RFID) technology is usually seen as an enabler 
for intelligent goods. In its basic form (passive tags), RFID has the potential to 
replace the currently used bar codes since it provides more efficient reading, 
tracking and real-time transparency (Danish Technological Institute (2012)). 
The more advanced RFID tags (active tags) incorporate a battery and they may 
moreover initiate communication.  The RFID technology has weaknesses 
though which prevent 100% readability and since new technologies may arise 
in the future, no assumptions are made in this thesis on which underlying 
technology is used for implementing intelligent goods. 

Usually, the level of cost for transporting high-value goods is of relatively low 
importance in comparison to the costs of transporting low-value goods, since 
the value of the goods and the transport costs should be in balance (Lumsden 
(2006)). Time critical deliveries might motivate high transport costs though, 

                                                             
1 The word intelligent in this context should not be confused with intelligent in the sense of 
Artificial Intelligence (AI), since many of the listed concepts involve capability levels that would 
not be considered as intelligent within AI. 
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irrespective of the actual value of the goods. In general, active tags are more 
expensive than passive tags, which means that the potential application area for 
active tags are transportation of valuable or time critical goods, for which more 
expensive and sophisticated solutions are motivated. Furthermore, it is 
important to note that the concept intelligent goods does not necessarily imply 
implementing intelligence on the actual unit of  goods. The intelligence might 
just as well be implemented somewhere close to the goods, as long as it is 
present throughout the transport and acts on behalf of the goods. The actual 
goods items might instead, for instance, only be supplied with passive tags 
storing information about ID, condition requirements etc. 

A number of trials and projects involving different levels of intelligence of the 
goods are currently being conducted within the transport sector (Huschebeck 
et al. (2009)). At the same time, research literature also present studies with 
varying levels of intelligence of the goods. The simplest and often least 
expensive solutions involves locally stored information about the goods (ID, 
delivery instructions, necessary handling instructions, etc.) and some means for 
this information to be communicated to the information systems in the supply 
chain (Kärkkäinen et al. (2002)). Usually RFID tags are involved in these 
solutions (for instance in the Wal-mart solution (Hellström and Wiberg 
(2009))). Research studies related to goods equipped with more advanced 
capabilities have so far been relatively sparse within literature. In (Meyer et al. 
(2009)), different implementation approaches are presented and classified. For 
instance, two extreme approaches concerning the location of the intelligence 
have been identified; intelligence through network (the intelligence is placed 
outside the product, for instance a dedicated agent on a server, and a device on 
the product only work as an interface towards this intelligence (Främling et al. 
(2003)) and intelligence at object (all intelligence takes place at the physical 
product (Carabelea et al. (2003)). Furthermore, the aggregation level of 
intelligence is also categorized; intelligent item (only manages information, 
notifications and/or decisions about itself) and intelligent container (manages 
itself as well as the component it is made of and may act as a proxy device for 
them). 

A number of EU projects are concerned with areas related to intelligent goods. 
For instance, the Intrans project (Intrans (2008)) works with the vision to: 
“Enable a fully automated, multimodal and environmentally friendly freight 
transport system, where the goods find the most efficient way through the 
supply chain, based on information and communication technology, and 
advanced control models and decision support”. Intrans proposes a separate 

http://www.springerlink.com/content/?Author=Cosmin+Carabelea
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role called Intelligent Goods as an extension to the Arktrans reference model 
(Natvig  et al. (2009), Foss (2010)). The main responsibilities of this role would 
be to store and protect information linked to the goods, monitor the transport 
of the goods in relation to limitation attributes (e.g. planned and stored route), 
store and/or send messages, and to communicate with the transport 
environment of the goods, e.g. roadside equipment or gate equipment in 
terminals. Intrans furthermore identifies the Transport Execution Plan (TEP), 
introduced by the Freightwise project (Freightwise (2006)), as a very relevant 
data set in relation to intelligent goods. The TEP is a plan established between a 
Transport User and a Transport Service Provider (Fjørtoft et al. (2009)), which 
include information about sender, receiver, earliest and latest delivery times, 
details about the goods, transport instructions etc. 

Euridice (Euridice , 2008) is a project funded by EU's Seventh Framework 
Programme which focuses on the individual cargo item and its interaction with 
the surrounding environment as well as the user. According to their vision, 
intelligent cargo should be able to connect itself to logistics service providers, 
industrial users and authorities to exchange transport related information and 
perform specific services whenever required along the transport chain 
(Schumacher et al. (2010)). Euridice believes that in the upcoming years, the 
usage of passive and active RFID will increase due to price reductions, which 
will lead to a situation where more and more local intelligence is available. The 
abilities for local information collection and processing as well as local 
decision-making on the basis of this information will hereby also be improved. 
Furthermore, Euridice predicts these abilities not only to be present on vehicle 
and container level, but also on pallet and goods level in order to allow for a 
greater flexibility to control and steer the transportations of goods 
(Schumacher et al. (2010)). This view is however not shared by everyone 
(Huschebeck et al. (2009)). Large parts of the research community focus more 
on cheaper, passive tags since they regard these as more promising. However, 
the prices for more advanced tags are continuously decreasing as predicted and 
the effects of this remain to be seen. 

The Internet of Things (IoT) is a concept based on the idea that a number of 
things around us, such as RFID tags, sensors, actuators, mobile phones, etc., 
would be able to interact and cooperate with each other, by means of a unique 
addressing scheme. This scenario requires the integration of several 
technologies and communication solutions. A number of application areas 
related to intelligent goods can be identified within the scope of the concept, for 
instance goods equipped with tags and sensors sending information to traffic 
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control sites, or pervasive computing in conjunction with sensors for the 
monitoring of goods condition status, e.g. temperature, humidity or shock 
(Atzori et al. (2010)). 

1.3 Software agent technology 
Software agent technology can be seen as an umbrella term covering a number 
of different agent types and technologies such as intelligent agents, distributed 
agents, mobile agents, multi-agent systems etc. These technologies focus on 
different agent properties and the general definition of software agents has 
thereby been subject to discussions. None of the definitions suggested over the 
years has reached world-wide consensus but one of the most popular ones 
reads as follows (Wooldridge and Jennings (1995)): 

“An agent is a computer system that is situated in some environment, and that 
is capable of autonomous action in this environment in order to meet its 
designed objectives.” 

Agent technology can usefully be applied to the area of intelligent goods for a 
number of reasons. Primarily, both agents and intelligent goods are grounded 
on the vision of modelling autonomous entities that acts on behalf of something 
or someone. Furthermore, one of the fundamental capabilities of agents is that 
they should detect and react to changes in the environment. Agents hereby 
represent a natural, though not exclusive, way of modelling intelligent goods on 
a conceptual level. The higher the levels of intelligence of the goods are, the 
more apparent are the benefits of modelling intelligent goods as agents. 
Intelligent goods agents act on behalf of the goods and they furthermore enable 
the goods to interconnect and coordinate, for instance to make sure that only 
goods allowed to be grouped together are loaded onto the same vehicle.  In 
general, agents as well as intelligent goods allow for autonomous solutions 
which decrease the need for human intervention.  

2 Research questions 
The main focus of this thesis is system architectures for transportation 
management systems based on intelligent goods. This focus is formulated as a 
general research question, which has been approached from the perspectives 
given by five different more specific research questions.  
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General research question: 

• What are suitable system architectures for intelligent goods services? 

As mentioned in the Introduction, the architecture studies focus mainly on 
which information and data processing should be stored where and which 
communication links are needed. Before starting this work, however, it is 
necessary to have a clear picture of what is included in the concept intelligent 
goods and which services the architecture should support. Thereafter different 
architectures based on intelligent goods as well as more centralized 
configurations can be identified and compared. Further, the ideas behind 
intelligent goods bear many similarities with those behind agent technology 
and the usefulness of agents in intelligent goods architectures therefore needs 
to be investigated. 

Specific research questions (RQ): 

• RQ1: How can intelligent goods systems be described and characterized 
(in order to enable further analysis)? 

• RQ2: Which are the services intelligent goods systems can provide and 
what are the requirements of these services? 

• RQ3: How can agent technology be used to enable intelligent goods 
systems? 

• RQ4: How can potential intelligent goods systems architectures be 
identified? 

• RQ5: How can intelligent goods systems architectures be evaluated? 

3 Methods 
Hevner et al. (2004) present an approach to information systems (IS) research 
which very well corresponds to the research approach used in this thesis. It 
includes the environment, which defines the problem space as well as the 
business needs, and the knowledge base, which provides the raw materials to 
the IS research. The business needs and the knowledge base form the input to 
the IS research process in which artifacts are built and evaluated (where 
artifacts are defined as constructs, models, methods and instantiations). 
Building and evaluating artifacts hereby represent the research activities 
whereas the constructs, models, methods and instantiations describe the 
research outputs (March and Smith (1995)). However, since the research in this 
thesis is primarily on a conceptual and theoretical level, no instantiations have 
been produced. The approach applied in this thesis can also be seen as bottom-
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up approach. It starts at the bottom with the question of how to describe and 
characterize intelligent goods systems (including the capabilities of intelligent 
goods), and ends with an investigation of the alternative locations of the 
information and processing (which determine the required capabilities) as well 
as evaluation possibilities. 

To address the main research question, it is necessary to have a clear picture of 
the main characteristics of intelligent goods. This is reflected by RQ1. As a first 
step towards an answer to this research question, literature studies on 
intelligent goods and other related concepts have been performed. The studies 
included both definitions and the context in which the goods are intended to 
operate. Apart from literature studies, visits to workshops, exhibitions and an 
advanced RFID laboratory and test centre in Denmark (Danish Technological 
Institute (2012)) were also made. Furthermore, since the technology of 
software agents can be used when implementing intelligent goods, the 
characteristics of those have also been studied and compared to the definitions 
and capabilities of intelligent goods.  

In order to gain more knowledge about which capabilities are actually required 
by intelligent goods, an investigation of which services might be implemented 
using intelligent goods has been conducted. This investigation resulted in a list 
of potential intelligent goods services. The aim in this process was to identify 
rather primitive services that can be used as building blocks when creating 
more advanced intelligent goods services. Some the services were presented as 
potential intelligent goods services in literature, whereas others were identified 
through studies of the transport chain and of both currently available and 
future ITS services related to goods transports.  The services not only serve as 
input to RQ1 but have actually been used in the processing of all the subsequent 
research questions. In particular, they give answer to the first part of RQ2. The 
last part of RQ2 has been addressed by analyzing the functionality of each of the 
services. This analysis was based on the objective to keep it independent of the 
actual location of service information and processing. The intention was to 
investigate the requirements of potential intelligent goods services, without 
any assumptions of which part was responsible for which processing or 
information storage. The question of whether to base the services on intelligent 
goods or not, was thereby kept open at this stage of research. Apart from being 
used for RQ2, the results of this last investigation also identified a set of 
primitive functions and information entities, which contribute to the 
description of intelligent goods systems, i.e. the answer to RQ1. 
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The work concerning RQ1 has also involved literature studies of different 
service definitions, related to various fields of research. The purpose of these 
studies was to gain knowledge and ideas of how a potential intelligent goods 
service might be specified. The results of this work have formed the basis for a 
new service description framework, which can be used to uniquely specify a 
particular ITS service.    

Studies of agent technology have provided an understanding of how intelligent 
goods services, primarily the more advanced ones, can be implemented using 
software agents. However, in the work with RQ3, agent modeling techniques 
have also been used, on a conceptual level, to model more elementary 
intelligent goods services. The question of whether to actually implement the 
services using software agents was thus temporarily put aside, to enable an 
independent modeling. RQ3 was approached mainly from this perspective, i.e. 
how to model intelligent goods services as agents.  

When modeling intelligent goods as agents, two different modeling methods 
have been used; Agent Unified Modeling Language (AUML) and Gaia (Odell et al. 
(2001), Wooldridge et al. (2000)). AUML was chosen because it is a well-
established modeling approach for multi-agent systems, supported by the 
Foundation for Intelligent Physical Agents (FIPA), and because it allows both 
inter- and intra-agent behavior descriptions. The inter-agent descriptions were 
used to describe the multi-agent communications whereas the intra-agent 
behavior descriptions were used to investigate the required functionalities and 
capabilities of the agents. Furthermore, Gaia provided the instruments for the 
system analysis and high-level design of the agents, and the agents resulting 
from the Gaia methodology were subsequently described in more detail using 
AUML. This process has benefitted from the organizational design approach of 
Gaia. 

The main focus of the work with RQ4 has been to investigate how potential 
intelligent goods services can be decomposed and how these different 
components can be distributed across different parts of the system. The aim 
behind this has been to identify architectural solutions ranging from placing all 
intelligence on the goods level to placing all intelligence on a central level, in 
order to be able to measure the different alternatives against each other. RQ4 
was addressed from two different perspectives; bottom-up as well as top-down. 
In the bottom-up approach different combinations of capabilities of the goods 
and of the entities surrounding the goods were analyzed with respect to how 
they affect the architectural alternatives. The top-down approach, on the other 



11 
 

hand, starts with a focus on the services. An investigation of how these can be 
decomposed and an identification of all possible locations of the resulting 
components, given specified preconditions, were performed. The synergy 
aspect was also addressed. During this process, literature concerning service 
composition and decomposition were studied as well as architecture 
representations. 

Analyses as well as literature studies on quality attributes and analytical 
approaches, have formed the basis of the work with RQ5. In particular, the 
Analytic Hierarchy Process (AHP) has been used for measuring different 
architectural solutions against each other. In general, AHP provides an 
approach to select the most suitable alternative from a number of alternatives 
evaluated with respect to several criteria, and this approach was useful when 
evaluating the advantages and disadvantages with different architectural 
solutions, under certain circumstances. However, AHP was applied on 
estimated, relative values instead of measured data, since no real experiments 
have yet been conducted. The focus in these studies has thereby not been on 
exact results but on how this type of analysis can be performed.  

4 Contributions 
RQ1: How can intelligent goods systems be described and characterized? 

The literature studies on intelligent goods showed that the characteristics of 
concepts related to intelligent goods differed between the studies. In particular, 
only one or a few levels of intelligence were included in the various definitions. 
Depending on what intelligent goods are used for, different levels of 
intelligence are needed and we believe that these levels should be reflected by 
the definition. Based on the literature reviews of intelligent goods, software 
agents and potential intelligent goods services, we have therefore proposed a 
new intelligent goods definition, presented in paper I. The definition differs 
from others in that it captures several levels of intelligence reflecting the 
various types and levels of capabilities the goods may have. It is based on a 
number of dimensions, corresponding to the different capabilities, and each 
dimension comprises several capability levels. In practice these capabilities 
may be located on or close to the goods, and they are present throughout the 
whole transport. The definition also suggests that all goods with capabilities 
above the lowest level in at least one of the dimensions, should be called 
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intelligent. Table 1 shows the proposed capability dimensions and the different 
levels. 

There are a number of advantages with letting the intelligent goods definition 
include different levels of intelligence. First of all it gives a more comprehensive 
description of the concept. Secondly, it may be used to classify intelligent goods 
applications, for instance based on different types of RFID tags. Furthermore, it 
may also be useful when mapping intelligent goods applications to the 
requirements of a set of intelligent goods services. For instance, when 
investigating which services can be supported by a specific application, the 
definition can be used to compare the capabilities of both parts in a structured 
way. 

Dimension Capability 
A. Memory storage 1. Ability to store ID  

2. Ability to store goods data (other than ID)  
3. Ability to store algorithms/decision rules 

B. Memory dynamics 1. Static memory  
2. Ability to change/add/delete data (other than ID)  
3. Ability to change/add/delete algorithms/decision rules 

C. Communication out 1. Data can be read by external unit, e.g. barcode, simple RFID  
2. Ability to send short-range communication messages  
3. Ability to send long-range communication messages 

D. Communication in 1. None  
2. Ability to receive short-range communication messages  
3. Ability to receive long-range communication messages  

E. Processing 
 

1. None  
2. Ability to execute decision rules, e.g. If–Then statements 
3. Ability to execute algorithms, e.g. planning capability, 
optimization algorithms 

F. Autonomy 1. None  
2. Reactive capability (actions must be triggered by an external 
unit)  
3. Proactive capability (no external trigger needed) 

G. Sensor 1. None  
2. Sensor capability incl. ability to read sensor data, e.g. enclosed 
position or temperature sensors 

H. Time 1. None  
2. Ability to measure time intervals  
3. Ability to determine actual time 

Table 1 Capability dimensions related to goods 

The complete set of intelligence levels, based on the capability dimensions in 
the suggested definition, include 4374 different combinations. However, the  
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dimensions have interrelated dependencies, meaning that some capability 
levels cannot be combined, e.g. goods with the capability of storing only the 
goods ID, which is a static information entity, and nothing else cannot at the 
same time have the capability of changing data since there is no data to change. 
These dependencies have been investigated, which has resulted in a graph 
showing all levels of intelligence possible. This work has reduced the number of 
combinations to 327 and the dependencies as well as the corresponding graph 
are presented in paper III. 

Towards the goal of investigating different system architectures for intelligent 
goods, we found it necessary to also identify a number of capability dimensions 
for the local entities surrounding or housing the goods, e.g. packaging layers, 
transport pallets, transport containers, vehicles, terminals, warehouses. We 
denote these surrounding entities as housings and the corresponding capability 
dimensions are presented in paper III. The main differences in characteristics 
between the goods and the housings, apart from them having separate sets of 
capabilities, are that they have different information entities associated with 
them (discussed below) and that the capabilities of the housings may serve 
several goods deliveries. These capabilities might furthermore not follow the 
goods throughout the whole transport, since loading and unloading may cause 
a change of the housing surrounding the goods. The capabilities of the good 
versus the housings is naturally an interesting question both from a 
functionality, but also from a cost, perspective.  

As a further complement to the studies related to RQ1, we have also identified a 
number of primitive functions and information entities, which can be used as a 
basis when creating intelligent goods services. As mentioned in the previous 
section, the outcome of RQ2 includes a list of potential intelligent goods 
services and an analysis of the functionality of these services has been 
conducted. The initial results of this analysis included a number of decision 
rules and information entities, required by the services, and examples of these 
results were presented in a separate article (paper V). The set of information 
entities has been further developed since then and a final list is presented in 
paper II2. In both papers, the information entities are related either to the goods 
or to the housings, though this relation says nothing about the actual location of 
the information entities. The subsequent studies also showed that the services 
were dependent on what might be seen as a common set of primitive functions. 
                                                             
2 In this paper the housings are named containers whereas the outmost container is called 
housing. This denotation was changed in paper III in order to avoid confusion with shipping 
containers, which only represent a part of what is intended. 
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These functions were formed by identifying all low-level functionalities needed 
by more than one of the services, and extracting those into primitive functions. 
For instance, most of the services are dependent on reading, writing and/or 
monitoring information entities, and three of the identified functions are 
thereby responsible for these particular tasks. These functions can thereby be 
seen as a connecting layer between the services and the information entities. 
The lists of all identified primitive functions and information entities are 
presented in paper II. 

As a part of RQ1, the question of how to specify a potential intelligent goods 
service has also been addressed. Based on literature studies and analysis, a new 
service description framework has been developed, which can be used for 
describing and analyzing ITS services. The framework is based on service 
decomposition in the form of AND/OR trees, and it may, apart from describing 
ITS service, also be used for a number of different types of analyses (see RQ4 
below). The framework is presented in paper IV. 

Finally, in order to relate the goods to its surroundings, a model of the context 
of the goods has been developed in paper I. Figure 1 shows an illustration of the 
model which identifies the main alternatives for placing information and 
processing required by the services. It also shows the different stages the goods 
go through during transport, as well as the communication paths that might 
exist between different information processing levels. 

In summary, the studies related to RQ1 has resulted in a framework for 
describing intelligent goods systems which includes the following components:  

• Capability dimensions of  goods and housings (papers I and III) 
• Information entities related to goods and housings (paper II) 
• Primitive functions (paper II) 
• Service description framework (paper IV) 
• Description of the context in which the goods function (paper I) 
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RQ2: Which are the services intelligent goods systems can provide and 
what are the requirements of these services? 

The proposed list of potential intelligent goods services is, as mentioned above, 
in itself a contribution to this research question. However, an additional group 
of services has also been identified. Since some of the information entities 
required by a service may need to be automatically and dynamically updated 
during the transport, a number of update services are also needed. In paper II, 
all update services needed by the listed potential intelligent goods services, are 
presented. These update services, which may be triggered by for instance time 
intervals or events, are responsible for keeping the information entities up to 
date. For instance, one of the update services keeps track of the next 
destination of the goods, based on the current position of the goods and the 
planned route. This update service is an important service used by several of 
the potential intelligent goods services, for instance when notifying about 
arrivals or out of routes. In paper II, the identified potential intelligent goods 
services are referred to as basic services that may or may not be dependent on 
one or several update services. A basic service may hereby represent a 
complete service or form a complete service together with a number of update 
services.  

As stated above, the potential intelligent goods services each depend on one or 
more primitive functions, and a set of information entities. The relationships 
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between the services and the functions as well as between the services and the 
information entities reflect the fundamental requirements of the services. 
These relationships are presented in paper II. Since the basic services as well as 
the update services depend on primitive functions and information entities (see 
Figure 2), the relationships for both categories are included. Apart from 
informing about the requirements of each of the services, the relationships 
naturally also show which services share the same requirements. These 
findings might be useful when investigating which services can be supported by 
a specific set of implemented functionalities, and vice versa.  

Additional service requirements related to architectures, such as capability 
levels in different parts of a system, communication paths etc., have not been 
investigated as part of RQ2 since the question of whether to base the services 
on intelligent goods or not was kept open at this stage of research (see section 
1.2.1). Such considerations have been treated within the scope of RQ4 and RQ5, 
instead. 

RQ3: How can agent technology be used to enable intelligent goods 
systems? 

The studied literature contained investigations of how to use agent technology 
as an instrument for implementing solutions related to intelligent goods (for 
instance by combining advanced RFID and agent technology). However, the 
research knowledge concerning the latter appeared to be scarce. Paper I 
contributes to this area by investigating how three specific intelligent goods 
services can be modeled in terms of agents.  For each of the three services, both 
single agent and multi-agent solutions are presented. The capabilities of all 
identified agents are furthermore mapped to the intelligent goods framework 

Figure 2 General relationships between basic service, update services, functions 
and information entities 
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capabilities, in order to show which (distributed) capabilities are required by 
each of the agent solutions. These mappings represent one of the possible uses 
of the intelligent goods framework, mentioned in under RQ1 above.  
Furthermore, by using Gaia and AUML, common functionalities have been 
extracted from the services into separate agents, resulting in the identification 
of two “basic agents”. These agents are responsible for sensor reading and 
database handling, respectively. In paper II, a number of primitive functions 
were listed, which, as stated above, were formed by identifying all low-level 
functionalities needed by more than one of the services, and extracting those 
into primitive functions. A comparison between the basic agents and the 
primitive functions shows that the sensor agent actually implements two of the 
primitive functions (monitor and read sensor data) and the database handling 
agent implements three of the other primitive functions (read, write and 
monitor Information Entities). An extraction of functionality, into basic agents, 
from a larger set of services would possibly result in basic agents implementing 
the two remaining primitive functions as well (read other data and send 
messages). However, the functionality of sending messages would in this case 
represent specific communication capabilities (e.g. long range communication) 
since, in a multi-agent solution, all agents usually need some fundamental 
communication capabilities in order to be able to communicate with each other. 
Like the primitive functions, all these basic agents can be used as a platform to 
build intelligent goods solutions on.  

The level of decision making and autonomy of some of the agents identified in 
paper I, as well as the amount of coordination between the agents, might seem a 
bit low to motivate the use of agents. However, all our papers concentrate on 
rather primitive services that may be used as building blocks when creating 
more advanced intelligent goods services. The three services selected for paper 
I are examples of such primitive services and the reasons for addressing these 
are that we want to give simple and intelligible examples of how this type of 
analysis can be performed and how basic agents can be identified. The benefits 
of “agentification” will naturally be more apparent with more advanced 
services.  

RQ4: How can potential intelligent goods systems architectures be 
identified? 

In order to be able to evaluate the advantages and disadvantages with 
intelligent goods in comparison to other alternatives, different architectures 
need to be identified and compared. In paper III, a new approach for how to 
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identify different architectural solutions for potential intelligent goods services 
is presented. The approach uses the intelligent goods capabilities, and is based 
on the principle that an analysis of which architectural solutions each 
combination of goods as well as housing capabilities enable, results in an 
identification of all feasible solutions for a service.  The central systems, for 
instance the ERP systems, are in this work assumed to have unlimited 
capabilities. The approach might seem overwhelming considering that all 
combinations of goods and housing capabilities must be analyzed. However, 
given the desired functionality of the service, along with the preconditions of 
the system (for instance capability and data access restrictions), the actual 
number of feasible combinations is not that large. Furthermore, the capabilities 
of interest are only the minimum ones required to implement the service. The 
idea behind the approach is that by focusing on the actual capabilities instead 
of, for instance, a selected set of service components to be distributed, the risks 
of neglecting feasible solutions may be reduced. 

Paper IV uses a different approach for the problem of how to identify 
architectures for potential intelligent goods services. A new service description 
framework is proposed, which can be used, amongst others, to decompose a 
service. All possible locations of the resulting components are subsequently 
listed and the resulting communication and capability requirements can hereby 
be identified. By decomposing a service, synergies with other services may also 
be discovered. 

RQ5: How can different intelligent goods systems architectures be 
evaluated? 

Depending on the circumstances and the functionality of a service, different 
architectural solutions might be appropriate. Some services might require at 
least a minimum level of local intelligence whereas others are possible to 
implement completely on either a central or local level. In any case, it is 
necessary to compare different alternatives against each other, in order to be 
able to determine the advantages and disadvantages with intelligent goods. 
Both different solutions of intelligent goods, and decentralized versus 
centralized configuration need to be compared. In paper I, some of the most 
important factors influencing the best placement of the processing and 
information entities, from a communication perspective (i.e. with the purpose 
of minimizing communications), are listed. Furthermore, each of the potential 
intelligent goods services identified during the work with RQ1 and RQ2, are 
related to these factors. The result of this work gives an indication of whether 
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local or central configuration is beneficial, for each of the services. It also shows 
a general way to analyze services with respect to communication. 

In paper III, a number of quality attributes are listed, which can be used to 
evaluate and compare different architectural solutions. These quality attributes 
have been identified through literature studies and theoretical analysis of 
which qualities aspects are most influenced by different architectural choices. 
Paper III furthermore specifies 4 architectural solution alternatives for a 
particular service. Based on two different scenarios, each of these solutions is 
evaluated using AHP, and the most appropriate one for each scenario is given. 
As stated previously though, these results are based on estimated relative 
values since no real experiments have been conducted. The contribution of this 
part is thereby only the presentation of how this type of analysis can be 
performed. 

5 Conclusions and future work 
This thesis presents a conceptual analysis of intelligent goods systems, 
including services and architectures, which can be used as a basis for 
developing and characterizing intelligent goods systems. The studies show that 
a more distinctive definition of the intelligent goods concept than provided by 
previous research is needed and that the intelligence of the goods can be on 
many different levels. A new intelligent goods definition is therefore suggested 
which captures these levels and reflects various capability types as well as 
different levels within each type. The definition can be used to characterize 
intelligent goods and to, for instance, map the capabilities to the requirements 
of a set of potential intelligent goods services (or vice versa). Furthermore, it 
has been shown that a framework reflecting different levels of intelligence can 
be used as a tool for developing system architectures. Yet another tool 
presented is based on a composition/decomposition model included in new 
framework for describing ITS services in a uniform and unambiguous way. 
Finally, this thesis shows that agent technology can be used when developing 
intelligent goods systems. As a foundation for the research, a list of intelligent 
goods services has been specified, which will be expanded as future work 
progress. 

The results presented in the thesis form the foundation on which subsequent 
work will be based. A natural step forward is to validate the suggested 
approaches in simulations or real life. A practical example that lies ahead is an 
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investigation of a local intelligent goods based method for calculation of the 
environmental load of transported goods. This investigation includes taking 
empty return transports, vehicle prepositioning, as well as co-loading into 
account. Only a few methods focused on goods level exist today and the results 
from this project might be interesting for consumers, logistics operators as well 
as authorities. Other problems related to intelligent goods services concerns 
the decentralized approach, which generally entail other solutions than a 
centralized approach. For instance, the problem of which goods to load onto a 
vehicle based the characteristics of the goods (such as priority, itinerary, time 
for delivery, value of the goods, value of the customer etc.) might be solved 
based on communication between the goods and a suitable optimization 
algorithm. All in all, the future work will be focused on using the conceptual 
results for more practical and quantitative studies. 

6 References 
ARENA – electronic fee collection for heavy vehicles (2006- ). Project website. 
Http://www.arena-ruc.com/?info=star, last accessed 2011.11.07. 

Atzori, L., Iera, A. and Morabito, G. (2010). The Internet of Things: A survey. 
Computer Networks, Vol. 54, No. 15, pp. 2787–2805. 

Carabelea, C., Boissier, O. and Ramparany, F. (2003). Benefits and Requirements 
of Using Multi-agent Systems on Smart Devices. Euro-Par 2003 Parallel 
Processing, LNCS series, Vol. 2790/2003, pp. 1091-1098. Springer. 

Danish Technological Institute. Institute website. 
Http://www.teknologisk.dk/16118,2, last accessed 2012.01.19. 

EURIDICE (European inter-disciplinary research on intelligent cargo for 
efficient, safe and environment-friendly logistics) (2008- ). Project website. 
Http://www.euridice-project.eu, last accessed 2012.01.20. 

EURIDICE (2009). High level architecture overview, release 2. D11.1, WP 11. 

European Commission (2011). Roadmap to a Single European Transport Area – 
Towards a competitive and resource efficient transport system. White paper. 

EUROSTAT (2009). Modal split of freight transport, % in total inland freight 
tonne-km.  

http://www.springerlink.com/content/?Author=Cosmin+Carabelea
http://www.springerlink.com/content/?Author=Olivier+Boissier
http://www.springerlink.com/content/?Author=Fano+Ramparany
http://www.springerlink.com/content/978-3-540-40788-1/
http://www.springerlink.com/content/978-3-540-40788-1/


21 
 

Fjørtoft, K. E., Westerheim, H. Vennesland, A. and Hagaseth, M. (2009). 
Freightwise framework architecture, release 3. D13.2, WP13. 

FREIGHTWISE (Freight management framework for intelligent intermodal 
transport) (2006-2010). Project website. Http://www.freightwise.info/, last 
accessed 2012.01.20. 

Främling, K., Holmström, J., Ala-Risku, T., and Kärkkäinen, M. (2003). Product 
agents for handling information about physical objects. Report of Laboratory of 
Information Processing Science series B, TKO-B 153/03, Helsinki University of 
Technology. 

Foss, T. (2010). The integration of control systems for the supply chain and 
transportation domains. 12th World conference on Transport Research, Lisbon, 
Portugal, July 11-15, 2010. 

Hellström, D. and Wiberg, M. (2009). Exploring an open-loop RFID 
implementation in the automotive industry. IEEE 14th International Conference 
on Emerging Technologies & Factory Automation, Mallorca, Spain. 

Hevner, A. R., March, S. T., Park, J. and Ram, S. (2004). Design Science in 
Information Systems Research. MIS Quarterly, Vol. 28, No. 1, pp. 75-105. 

Holmqvist, M. and Stefansson, G. (2006). ‘Smart goods’ and mobile RFID a case 
with innovation from Volvo. Journal of Business Logistics, Vol. 27, No. 2, pp. 
251–272. 

Huschebeck, M., Piers, R., Mans, D., Schygulla, M. and Wild, D. (2009). Intelligent 
Cargo Systems study (ICSS) - Impact assessment study on the introduction of 
intelligent cargo systems in transport logistics industry. 
Http://www.intelligentcargo.eu/. 

Intelligent industrial goods and ERP systems (2008-2010). Project website. 
Http://www.bth.se/tek/intelligent_gods.nsf/sidor/hem_eng, last accessed 
2011.11.07. 

INTRANS (Intelligent goods in intelligent transport systems) (2007- ). Project 
website. Http://www.sintef.no/Projectweb/INTRANS/, last accessed 
2012.01.20. 

http://www.sintef.no/project/INTRANS/Publications/The%20integration%20of%20control%20systems%20for%20the%20supply%20chain%20and%20transportation%20domain%20-%20Final%20version.pdf
http://www.sintef.no/project/INTRANS/Publications/The%20integration%20of%20control%20systems%20for%20the%20supply%20chain%20and%20transportation%20domain%20-%20Final%20version.pdf
http://onlinelibrary.wiley.com/doi/10.1002/jbl.2006.27.issue-2/issuetoc


22 
 

Johansson, O. (2009). On the value of intelligent packaging - a packaging 
logistics perspective. PhD dissertation, Division of Packaging Logistics, Lund 
University of Technology, Lund, Sweden. 

Kärkkäinen M., Holmström, J., Främling, K. and Artto, K. (2002). Intelligent 
products—a step towards a more effective project delivery chain. Computers in 
Industry, Vol. 50, No. 2, pp. 141-151. 

Lumsden, K. (2006). Logistikens grunder. Studentlitteratur, Lund, Sweden. ISBN 
91-44 
02873-3. 
 
Lumsden, K. and Stefansson, G. (2007). Smart freight to enhance control of 
supply chains. International Journal of Logistics Systems and Management, Vol. 
3, No. 3, pp. 315-329. 
 
March, S.T. and Smith, G.F. (1995). Design and natural science research on 
information technology. Decision Support Systems, Vol. 15, No. 4, pp. 251-266. 
 
McFarlane, D., Sarma, S., Chirn, J.L., Wong, C.Y. and Ashton, K. (2003). Auto ID 
systems and intelligent manufacturing control. Engineering Applications of 
Artificial Intelligence, Vol. 16, No. 4, pp. 365-376. 
 
Meyer, G.G., Främling, K. and Holmström, J. (2009). Intelligent products – a 
survey. Computers in Industry, Vol. 60, No 3, pp. 137-148. 
 
Natvig, M., Westerheim, H., Moseng, T. K. and Vennesland, A. (2009). ARKTRANS 
The multimodal ITS framework architecture, version 6. Http://www.arktrans.no. 

Odell, J.J., Van Dyke Parunak, H. and Bauer, B. (2001). Representing Agent 
Interaction Protocols in UML. Ciancarini, P., Wooldridge, M.J. (eds.) AOSE 2000, 
LNCS series, Vol. 1957, pp. 121–140. Springer. 

Schumacher, J., Rieder, M. and Masser, P. (2010). Cargo centric approach for 
Supply Chain Design-Reference Architecture. 17th ITS world congress, Busan, 
Korea, October 25-29, 2010. 

Wooldridge, M. and Jennings, N. R. (1995). Intelligent agents: Theory and 
practice. The Knowledge Engineering Review, Vol. 10, No. 2, pp. 115-152. 

Wooldridge, M., Jennings, N.R. and Kinny, D. (2000). The Gaia methodology for 
agent-oriented analysis and design. Journal of Autonomous Agents and Multi-
Agent Systems, Vol. 3, No. 3, pp. 285–312. 

http://www.sciencedirect.com/science/journal/01663615
http://www.sciencedirect.com/science/journal/01663615
http://www.sciencedirect.com/science/journal/09521976
http://www.sciencedirect.com/science/journal/09521976
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bMeyer%2C+Gerben+G.%7d&section1=AU&database=3&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bFr%26%23228%3Bmling%2C+Kary%7d&section1=AU&database=3&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bHolmstr%26%23246%3Bm%2C+Jan%7d&section1=AU&database=3&yearselect=yearrange&sort=yr
http://www.euridice-project.eu/euridice_rep_new/files/PublicDocs/pub/Public%20presentations/ITS%20World%20Congress%202010%20Busan/ITS2010_EURIDICE_Full_Paper.pdf
http://www.euridice-project.eu/euridice_rep_new/files/PublicDocs/pub/Public%20presentations/ITS%20World%20Congress%202010%20Busan/ITS2010_EURIDICE_Full_Paper.pdf


23 
 

 

Paper I: 

 
A Framework for Agent-Based Modeling of 

Intelligent Goods 

Åse Jevinger, Paul Davidsson and Jan A. Persson 
 
 

 

 
Published in: Agents in Principle, Agents in Practice, LNAI series Vol. 7047, pp. 
97-112. Springer. 
 
Abstract: The purpose of this paper is to present a framework for intelligent 
goods and illustrate how it can be applied when modeling intelligent goods as 
agents. It includes a specification of different levels of capability connected to 
the goods, which is based on a number of capability dimensions. Additionally, 
three specific intelligent goods services related to transport are presented. We 
show how these services can be modeled as agents and how they relate to the 
intelligent goods framework. A discussion of different physical locations of 
service information and processing is also included. 
 
Keywords: Intelligent goods, Smart goods, Distributed intelligence, Agents, 
Transportation 
  

http://www.springerlink.com/content/978-3-642-25043-9/


24 
 

1 Introduction 
The increasing demands on transports related to global flows, just-in-time 
deliveries, intermodality etc., call for more and more complex logistics 
solutions. In order to cope with this, new instruments are continuously being 
developed and one of the concepts sometimes mentioned in this context is 
“intelligent goods”. Generally speaking, this concept usually refers to goods 
equipped with some information and/or communication technology, giving it 
capabilities beyond traditional goods. The research on intelligent goods is 
continuously progressing and as a result of this, a great number of test cases 
and pilots are being launched to show the potential of the concept [5, 8, 13]. 
Moreover, a few solutions related to intelligent goods have also actually 
entered the transport market [8]. In this paper we present a way to categorize 
the different types and levels of capability that are relevant in the context of 
intelligent goods. 

Radio Frequency Identification (RFID) is usually assumed to be involved in 
solutions based on intelligent goods. Some of the previous studies within RFID 
have focused on the feasibility of mobile RFID solutions in supply chain 
management [7, 17]. Furthermore, the idea of combining RFID and agent 
technology has recently also attracted research efforts. However, we believe 
that the question of how to model intelligent goods as agents still needs further 
investigations. The EU funded project EURIDICE (EURopean Inter-Disciplinary 
research on Intelligent Cargo for efficient, safe and Environment-friendly 
logistics) has specified a number of general agents that can be used as an 
instrument for implementing solutions based on intelligent goods [6]. This 
paper aims at contributing to this area by modeling three specific intelligent 
goods services as agents. Both single agent and multi-agent solutions are given 
and compared. The agent solutions are furthermore categorized according to 
the intelligent goods framework. Different locations of the agents are also 
discussed. 

The paper is structured as follows. The next section outlines the intelligent 
goods framework. Section 3 presents the three intelligent goods services and 
section 4 describes the agent models. Finally, in section 5, some conclusions are 
drawn. 
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2 Intelligent Goods 
Just as Artificial Intelligence (AI) research initially was focused on how to 
replicate human intelligence in a machine, intelligent goods derive from the 
idea of making the goods, to some extent, act as human travellers. Intelligent 
goods is an established concept that, however, generally comprises goods that 
would not be considered as intelligent within AI. It is hereby important to 
separate intelligence in the AI sense (which relates to the human intelligence), 
from intelligent goods (which indicates goods provided with electronically 
enhanced capabilities, usually used during transport). This confusion further 
motivates the need for a specific definition of the concept. 

2.1   Definition 
Research within the area of intelligent goods, use a number of different 
denotations for identical or similar concepts, e.g. intelligent cargo [6], smart 
goods [7], smart freight [12], intelligent packaging [11] etc. The meanings of 
these concepts are usually not identical, and often not precisely defined, but 
they do strive in the same direction. In contrast to previous definitions and 
descriptions, we include several levels of capability in the definition, in order to 
reflect a potential for different levels of (enhanced) behavior, e.g. from simply 
knowing its own identity to autonomous decision making. The higher capability 
levels indicate a potential for intelligent operations in the more traditional 
sense whereas the lower do not. However, only providing the goods with a 
relatively high level of capability is not enough to make the goods intelligent. 
The added value is created when these capabilities are used in a purposive way.  

We suggest that the capability levels should be characterized based on a 
number of dimensions, corresponding to different types of capabilities. These 
dimensions differ from the ones traditionally used within AI since they are 
partly motivated by the requirements from intelligent goods services [10]. 
These dimensions and their different values, ordered according to the 
capability degree, are shown in Table 1. The list has been developed based on 
the definition of smart freight [12], the requirements from potential intelligent 
goods services [10] and a number of different agent definitions and levels of 
agent capabilities [3] [15].  
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Table 1.  Capability dimensions related to goods 

Dimension Capability 
A. Memory storage 1. Ability to store ID  

2. Ability to store goods data (other than ID)  
3. Ability to store algorithms/decision rules 

B. Memory dynamics 1. Static memory  
2. Ability to change/add/delete data (other than ID)  
3. Ability to change/add/delete algorithms/decision rules 

C. Communication out 1. Data (including ID) can be read by external unit (e.g. barcode, 
simple RFID)  
2. Ability to send short-range communication messages  
3. Ability to send long-range communication messages 

D. Communication in 1. None  
2. Ability to receive short-range communication messages  
3. Ability to receive long-range communication messages  

E. Processing 
 

1. None  
2. Ability to execute decision rules (e.g. If–Then statements)  
3. Ability to execute algorithms (e.g. planning capability, 
optimization algorithms)  

F. Autonomy 1. None  
2. Reactive capability (actions must be triggered by an external 
unit)  
3. Proactive capability (no external trigger needed) 

G. Sensor 1. None  
2. Sensor capability incl. ability to read sensor data (e.g. enclosed 
position or temperature sensors) 

H. Time 1. None  
2. Ability to measure time intervals  
3. Ability to determine actual time 

 
In Table 1, a lower number indicates a lower capability level within the same 
dimension. We assume that the ID of the goods is static and that the goods 
always store at least an ID. Please note that the implementations of the 
capability dimensions do not have to be physically located at the goods. For 
instance, the decision rules may be stored on the goods whereas the processing 
of the rules and the sensor management may be performed by two separate 
nearby units.  

The dimensions show that the lowest capability level (i.e. capability 1 in all 
dimensions) corresponds to the simple bar codes often used in retail today. 
This level also includes the simplest forms of RFID tags. We suggest that goods 
should be included in the intelligent goods concept if at least one of the 
capabilities lies above 1, thus implying an extension of the bar code situation. 
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The concept would hereby represent goods with varying capability levels but 
that do fulfill this requirement.  

A potential usage of the capability dimensions is to map different services 
based on intelligent goods, to their implementation requirements. A higher 
level implies a higher requirement on the implementation. In particular, it is of 
interest to use these dimensions when multiple services should coexist. For 
instance, consider a set of services that are supposed to be implemented using 
agents. If the capabilities of both agents and services are mapped to the 
capability dimensions, a comparison between these two mappings will reveal 
what services can be supported by a specific set of agents. Alternatively, the 
total requirements of the services can be used to specify the capabilities of the 
agents needed to support the complete set of services.  

A practical example of areas that potentially might benefit from using the 
intelligent goods framework is the RFID technological development. Depending 
on application and development, different capability levels are today 
implemented on the RFID tags. Here, the framework could be used as a way to 
classify the different RFID tags (e.g. active and passive tags). 

2.2   Capability Dependencies  
There are several dependencies between the different capability dimensions. 
For instance, a capability of only being able to store an ID and not any data (A1) 
can’t be combined with the capability of changing data (B2), since there is no 
data to change. Naturally, different services put different requirements in terms 
of capability dimensions. It is thereby relevant to present the dependencies 
between the different capability dimensions, i.e. how the requirement of a 
capability propagates to other dimensions (see Table 2). 

According to Table 2, a reactive capability (F2) requires the ability to store 
algorithms/decision rules (A3) and at least the ability to execute decision rules 
(E2).  This indicates that the capability of being reactive requires some kind of 
processing. Thus, we do not consider for instance bar codes or passive RFID 
tags as reactive, since these are simply scanned by a reader, without being able 
to for instance decide for themselves which information to send or whether to 
send any information at all. 

Based on the capability dimensions and dependencies it is possible to create a 
list of all possible combinations of capabilities included in the intelligent gods 
concept. 
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Table 2.  Dependencies between dimensions 

Capability Required capability 
Memory dynamics: B Memory storage: A >= B 
Communication out: C > 1 Memory storage: A = 3, 

Processing: E > 1 
Communication in: D > 1 Memory storage: A = 3, 

Memory dynamics: B > 1, 
Processing: E > 1 

Processing: E > 1 Memory storage: A = 3, 
Memory dynamics: B > 1, 
Autonomy: F > 1 

Autonomy: F = 2 Memory storage: A = 3, 
Processing: E > 1, 
Communication in: D > 1 

Autonomy: F = 3 Memory storage: A = 3, 
Memory dynamics: B > 1, 
Processing: E > 1, 
Time: H > 1 or Sensor: G = 2 

Sensor: G = 2 Memory storage: A = 3, 
Memory dynamics: B > 1, 
Processing: E > 1 

Time: H > 1 Memory storage: A = 3, 
Memory dynamics: B > 1, 
Processing: E > 1 

3 Services 
The list of services that might benefit from being realized based on intelligent 
goods is extensive. In this paper we focus on services useful during loading, 
transport and unloading. In order to show how intelligent goods can be 
modeled as agents and what capability levels are required for different types of 
services, we present three concrete and illustrative example services below. 
These services originate from a list of primitive services that may be used as 
building blocks when creating more complex intelligent goods services [10]. 
The main reason for selecting these services is that they are simple, which 
makes the principles behind the analysis clear and easy to understand. The 
benefits of modeling intelligent goods as agents will however be more apparent 
with more advanced services. 

1. Delay notification service: notifies designated receivers about actual 
arrival times when the goods are arriving at a stop after the specified 
delivery time window.  
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2. Priority service: informs about the priority of the goods, as well as 
calculates the priority based on the customer class and estimated time 
of arrival to the final destination (or at least to one of the destinations 
ahead).  

3. Transport conditions service: records condition values (e.g. 
temperature) at specific time intervals, and sends these to external units 
upon request.  

The above services may be implemented using intelligent goods (e.g. instead of 
centralized configuration) and the intelligent goods may in turn be modeled as 
agents and possibly implemented using agent technology. Next we will show 
which requirements these services put on such agents. These requirements can 
then be expressed in terms of the presented capability dimensions of intelligent 
goods.  

Please note that there might be alternatives to using agent technology when 
implementing a service. For instance, the former company Bioett [2] used a 
biosensor to track the accumulated temperature, which could be read by a 
handheld scanner. A mapping of this solution to the intelligent goods 
framework shows that it falls within the category of intelligent goods (since it 
has the capability of adding data). In general, though, using agent technology 
for intelligent goods services has many advantages. For instance, agents 
represent a natural way of modeling intelligent goods, and they allow for 
autonomous solutions that decreases the need for human intervention. 
Furthermore, agents enable the goods to interconnect which may be useful in 
situations where goods need to coordinate with other goods, for instance to 
make sure that only goods that are allowed to be grouped together are loaded 
onto the same vehicle (e.g. certain types of reacting dangerous goods are 
forbidden to be grouped together). Finally, agent technology typically provides 
benefits in terms of computational efficiency, extensibility, robustness, 
responsiveness, flexibility and reusability. 

4 Agents 
There are a number of different approaches to the formal modeling of agent 
systems. We have chosen to base the modeling of our three services on the 
Agent Unified Modeling Language (AUML), as described in [14]. AUML 
represents an extension to UML and is a well-established modeling approach 
for multi-agent systems. It is supported by FIPA (the Foundation for Intelligent 



30 
 

Physical Agents) and OMG (Object Management Group). AUML allows 
describing both inter- and intra-agents behavior and is therefore well-suited for 
our purposes. We use sequence diagrams to illustrate the inter-agent 
behaviors, and activity diagrams for intra-agent behaviors. The methodology 
chosen for the design of the agents is GAIA [16], which is a general 
methodology that supports both the micro-level (agent structure) and macro-
level (agent society and organization structure) aspects of systems [16]. In this 
paper we use it for the system analysis and high-level design of the agents that 
are subsequently described in more detail using AUML. Since we only use GAIA 
for a high-level design, we will follow the methodology described in [16] and, 
for instance, not the more extensive one presented in [18]. We regard a high-
level design as sufficient in this case since the multi-agent system is of limited 
size and has relatively straightforward functionalities. 

Below we will initially assume we only have one single agent for each service, 
i.e. one agent is responsible for all functionalities related to a service. In 
practice however, different parts of the functionality may be placed on different 
units. Based on the GAIA methodology, the agents presented in section 4.3 
show one way of dividing the service functionality between different agents. In 
these solutions functionality that can be reused by more than one service, have 
been extracted and placed in separate agents. The structure of this result 
naturally depends on the set of services considered. Following this approach, a 
separate investigation of a large number of potential intelligent goods services 
should hereby result in, apart from the service specific agents, a number of 
agents with basic functionality forming a foundation for service 
implementation. This type of investigation represents future work.  

In a real world case, some form of security mechanism will most probably be 
needed in order to restrict who is allowed to access the involved information 
entities and make use of the service functionalities. This paper, does not 
address these issues. 

4.1 Information Entities  
In order to realize the services presented above, some information related to 
the goods are needed. We refer to this information as “information entities”. 
For instance, the Delay notification service needs information about the 
specified delivery time window, which is unique for each transport item. 
Additionally, information related to the “housing”, e.g. transport container, 
terminal or vehicle, of the goods is also needed. Table 3 lists the information 



31 
 

entities required to fulfill the three services in question. These information 
entities originate from a more extensive set presented in [10].  

Table 3.  Required information entities for the services 

No Goods information entities (GE) 
1 GE-ID <ID>, where ID is the unique goods identity, e.g. SGTIN, SSCC, 

GRAI [4] 
2 GE-Next Destination 

 
<position>, where position is an address, SGLN [4] or a set of 
coordinates 

3 GE-Itinerary Sequence of <position, accountable ID, time 1, time 2>, where 
position is an address, SGLN or a set of coordinates, accountable 
ID is the organization currently accountable for the goods 
(usually a transport company), and time 1 and time 2 represent 
the delivery time window 

4 GE-Priority <priority>, where priority is the delivery priority of the goods 
5 GE-Customer Class <class>, where class indicates the priority ranking of a 

transport customer (for instance based on the amount paid for 
a reliable delivery time of the goods) 

6 GE-Recorded 
Conditions 

Set of <condition type, a sequence of <time stamp, value>>, 
where condition type is the stored condition (e.g. temperature), 
time stamp is the time of measurement, and value is the 
condition value (e.g. temperature value) 

7 GE-Set of Information 
Receivers 

Set of <service no, receiver contact>, where the service number 
is a predefined number identifying the service (e.g. 1, 2 or 3 in 
our list) and receiver contact is the contacting details of the 
receiver of the information (e.g. telephone number) 

No Housing information entities (HE) 
8 HE-Accountable <accountable ID>, where accountable ID is the organization 

(currently) accountable for the housing 
No Housing information entities (HE) – vehicle specific 
9 HE-Itinerary Sequence of <position>, where position is an address, SGLN or a 

set of coordinates 
10 HE-ETA Estimated time of arrival of a vehicle, a set of pairs <position, 

ETA>, where position corresponds to the positions in HE-
Itinerary 

 
Table 3 relates the information entities to either the goods or the housing level 
but it says nothing about actual location of the information entities. For our 
purposes however, the goods information entities are assumed to be stored 
inside the agents, whereas the housing information entities are considered to 
be parts of the input data messages. In particular, HE-ETA denotes the 
estimated time of arrival to the different stops of a vehicle, i.e. it is vehicle 
specific but in theory it can be stored anywhere. We assume that this particular 
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information may be aggregated and stored in the terminals/warehouses. The 
goods may hereby acquire information about possible ETAs to a number of 
destinations of different vehicles, when arriving to a stop. This information may 
furthermore contain several ETAs for each specified position.  

4.2 Single Agents  
This section illustrates how the services presented in section 3 can be modeled 
as one agent per service. For each model, the required capabilities, in terms of 
the identified capability dimensions connected to intelligent goods, are also 
presented. In a real world case, these models are useful when only one or a few 
intelligent goods services are implemented, i.e. when there is no use of a multi-
agent system.  

Delay notification service: 
Agent description: The agent, denoted as A1, is triggered by an external unit 
notifying the agent about the arrival to a stop (e.g. an RFID sender at the 
gateway). The notification includes the stop position. In order to find the 
required delivery time window to the next stop, the information entity GE-Next 
Destination is used to search through GE-Itinerary. Furthermore, GE-Set of 
Information Receivers is used to find the recipients of the notifications.  

Required capabilities: A3, B2, C3, D2, E2, F2, G1, H3 

 

Priority Service: 
Agent description: As in the Delay notification service, the agent, denoted as A2, 
is triggered by an external unit notifying the agent about the arrival to a stop. 
The agent thereafter asks for information about all available values of ETA to 
the different stops ahead (stored in GE-Itinerary). Based on the ETAs and 
information about the customer priority class (i.e. GE-Customer Class), the 

 

Fig. 1. Activity diagram for the Delay notification service agent model (A1) 
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agent may calculate a new priority of the goods (GE-Priority). For instance, if 
the goods are delayed and the class of priority ranking is high, the priority of 
the goods is increased. The information provision about the goods priority is 
based on the itinerary and who is accountable for the transport. This means 
that an answer to a priority question is only given if the accountable ID matches 
the accountable ID in the question (HE-Accountable) and if the next stop of the 
goods can be found within the vehicle itinerary (HE-Itinerary), also included in 
the question.  

Required capabilities: A3, B2, C2, D2, E3, F2, G1, H1 

 Transport conditions service: 
Agent description: The agent, denoted as A3, retrieves sensor data from its 
condition sensors at time intervals. It uses the information entity GE-Recorded 
Conditions to store the values and put a time stamp, reflecting the actual time, 
on each of them. The agent responds to requests of stored sensor data for a 
certain time period. 

Required capabilities: A3, B2, C2, D2, E2, F3, G2, H3 

Fig. 2. Activity diagram for the Priority service agent model (A2) 
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Discussion. Since the three services differ in functionality, the corresponding 
agents have different capability levels. They do have a few things in common 
though. They all need the ability to store algorithms/decision rules and to 
change/add/delete data. They also require the ability to receive short-range 
communication messages. These seem to be fundamental capabilities, at least 
for these three services.  

From a functional perspective, they also have a few things in common. All 
agents include one internal database each, which is used for storing the service 
specific goods information entities. Two of the agents are furthermore 
dependent on a correct update of GE-Next Destination. These duplicated 
functionalities can be extracted into separate agents. However, as mention 
before, the value of this naturally depends on the set of services to be 
implemented. In particular, storing two copies of the same goods information 
entity in two different agents might involve some risks, especially if it is a 
dynamic information entity that needs to be updated from time to time. In some 
cases though, redundant information entities might give the agent control over 
the information. For instance, the Delay notification service updates the 
information entity GE-Next Destination whenever the goods reach a new stop. 
This implementation of the service is dependent on a correct update of GE-Next 
Destination, which triggers the other parts of the service. In this case, storing 
and updating the information entity inside the agent is beneficial since it gives 
the agent complete control of when it is updated. However, this can be solved in 
a distributed solution as well, which will be shown in the next section. 
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Fig. 3. Activity diagram for the Transport conditions service agent model (A3) 
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4.3 Multiple Agents 
A multi-agent system is beneficial when several intelligent goods services are 
implemented, in particular when they require similar functionality. This section 
presents such a multi-agent system based on the three services presented in 
section 3. Following GAIA we have, as part of the first analysis phase, identified 
the roles3 of the system, presented below: 

• DelayNotifier, who is responsible for notifying designated receivers 
about actual arrival times when the goods are arriving at a stop after 
the delivery time window;  

• PriorityHandler, who is responsible for answering priority requests as 
well as calculating and updating the goods priority;  

• ConditionHandler, who is responsible for updating condition values at 
specific time intervals and send these to external units upon request;  

• Database, who handles information entities;  
• Sensor, who handles a sensor; and finally  
• DestinationUpdater, who is responsible for updating the goods 

information entity GE-Next Destination. 

Table 4.  GAIA role schema for the DelayNotifier role  

Role Schema: DelayNotifier 
 
 

Description: 
Generates a delay notification if the time of arrival to a stop is later than specified in itinerary. 

 
Protocols and Activities:  
 AwaitStop, GetInformation, ProduceNotification, InformReceivers 

 
Permissions: 
 Reads goodsID             //ID of the goods 
 Reads goodsItinerary            //Itinerary of the goods 
 Reads supplied atStop            //current stop, if any 
 Reads informationReceivers       //receivers of notification 
 Generates  delayNotification               //information about delay 

 
Responsibilities 
Liveness: 
 DelayNotifier = (AwaitStop, GetInformation, ProduceNotification, InformReceivers)ω 

Safety: 
 Time at stop > upper limit in deliv. time window => notification 

                                                             
3“Here a role can be viewed as an abstract description of an entity’s expected function.” [16] 
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Based on these roles, we have created a GAIA role model, with one role schema 
for each role. As an example, Table 4 shows the schema for the DelayNotifier 
role.  

In the interaction model, which is the last part of the analysis phase of GAIA, all 
interactions between the different roles are identified. Due to limited space, the 
interaction model will not be presented in this paper. However, both the 
acquaintance model and, in particular, the AUML diagrams will show all 
necessary interactions in the multi-agent system. 

The design phase of GAIA involves three different models: the agent model, the 
service model and the acquaintance model. The purpose of the agent model is 
to identify the agent types connected to the agent roles, and the number of 
agent instances that will appear in the system. In our agent model there is a 
one-to-one correspondence between the roles and the agent types for all roles 
except one; the sensor role. The system requires one or several sensor agents 
since the condition service might make use of more than one condition sensor. 
We have hereby identified the following agents: DatabaseAgent, SensorAgent, 
DestinationUpdaterAgent, DelayNotifierAgent, PriorityHandlerAgent and 
ConditionHandlerAgent.  

Fig. 4 shows the acquaintance model, which defines the communication links 
that exists between the different agent types in the system. Following GAIA, we 
have also identified the services related to each role, according to the service 
model description. These services derive from the list of protocols, activities, 
responsibilities and liveness properties of the roles [16]. For example, the 
GetInformation protocol corresponds to one of the services. The identified 
services will, however, not be described according to the GAIA methodology in 
this paper, but examples are presented as a part of the AUML diagrams instead. 

In general, sensors and databases may be modeled either as agents or simply as 
resources of the environment [18]. We have chosen to model them as agents 
since they perform more complex operations than just influencing the 

Fig. 4. GAIA acquaintance model 
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mechanisms by which the other agents retrieve resources (according to 
guidelines presented in [18]). These database and sensor agents are actively 
involved in the agent interactions, for instance by using event-notification 
mechanisms. 

In the resulting multi-agent system, we have extracted two functionalities from 
the single agents, into separate agents types; the DatabaseAgent responsible for 
the database holding the relevant goods information entities and the 
SensorAgent, responsible for the sensors. Even though the sensor functionality 
is only present in one of the single agents, we have extracted this into a 
separate agent type since we regard this as a general functionality needed by 
several intelligent goods services (e.g. track and trace, geofencing, real time 
condition control). Similarly, the DestinationUpdaterAgent is in this system 
responsible for a relatively small task. However, we believe that several 
services are dependent on the correct update of different information entities 
and therefore it is convenient to place such functionality in a separate agent.  

Destination- 
UpdaterAgent 

DatabaseAgent Delay- 
NotifierAgent 

Priority- 
HandlerAgent 

atStop(pos) 

subsEvent(”GE2”, change) subsEvent(”GE2”, change) 

update(”GE2”, pos) 

event(GE2) event(GE2) 

reqIE(“GE1”, “GE2”, “GE3”, 
“GE7”) 

answerIE(GE1, GE2, 
GE3, GE7) 

reqIE(“GE1”, “GE2”, “GE3”, 
“GE4”, “GE5)” 

answerIE(GE1, GE2, GE3, 
GE4, GE5) 

req- 
ETA(pos) 

answerETA( 
ETA, pos) 

[update necessary] 
update(”GE4”, prio) 

reqPrio(GE8,GE9) 

reqIE(”GE4”) 

answerIE(GE4) 

answer- 
Prio(GE1, 
GE4) 

   
 [delay] 
 delay- 
Notific( 
GE1, 
pos,time) 

Fig. 5. Sequence diagram showing the inter-agent behaviors (1) 
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We use sequence diagrams to illustrate the interactions between the agent 
types, and activity diagrams to describe the intra-agent behaviors, as defined in 
AUML.  

Fig. 5 and 6 shows the interaction between the reduced service specific agents, 
i.e. PriorityHandlerAgent, ConditionHandlerAgent, DealyNotifierAgent (denoted 
PHA, CHA, DNA below) and the basic agents, i.e. DatabaseAgent, SensorAgent 
(denoted DA and SA). The service specific agents are assumed to hold the 
service specific functionalities that are not supported by the basic agents. Fig. 5 
also includes an additional agent, DestinationUpdaterAgent (denoted as DUA). 
This agent represents an extraction of the previous single agents, but it should 
rather be seen as a subservice using the other basic agents while assisting the 
three service specific agents. It thereby both uses the other basic agents and is 
used by the service specific agents. 

Using more than one agent to implement an intelligent goods service usually 
provides a higher level of flexibility in the sense that the agents can be spread 
out in an optimized way. For instance, the physical location (goods level, vehicle 
level etc.) of an agent might influence the decision of what functionality to 
include in that agent.  

Table 5 shows the mappings of the agents representing the divided 
functionality to the capability dimensions presented in section 2. The table also 
includes the corresponding mappings of the original service agents (A1-A3),  

SensorAgent DatabaseAgent Condition- 
HandlerAgent 

reqCond(GE1, 
period) 

reqIE(”GE6”) 

answerIE(GE6) 

answer- 
Cond(values) 

subsEvent(change) 

event(newValue) 

update(”GE6”,  
newValue, time) 

Fig. 6. Sequence diagram showing the inter-agent behaviors (2) 
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presented in section 4.2, as reference material. The fundamental capability 
dimensions, such as memory storage and memory dynamics remain the same 
for all agents, but the rest of the dimension levels differ. 

Table 5.  Services modeled as agents are mapped to intelligent goods dimensions 

 A1 A2 A3 DA SA DNA PHA CHA DUA 
Memory storage 3 3 3 3 3 3 3 3 3 
Memory dynamics 2 2 2 2 2 2 2 2 2 
Com. out 3 2 2 2 2 3 2 2 2 
Com. in 2 2 2 2 2 2 2 2 2 
Processing 2 3 2 2 2 2 3 2 2 
Autonomy 2 2 3 2 3 2* 2* 2* 2 
Sensor 1 1 2 1 2 1 1 1 1 
Time 3 1 3 1 2 3 1 3 1 

*) The initial subscribe-call does not make the agent proactive since it is only called when the service is 
activated and may be triggered by the activation. 

4.4 Locations of Agents 
There are several ways of dividing the functionality of services between 
different parts of a system. The information entities related to the goods and 
the algorithms/decision rules may be stored for instance either on the goods, 
on the transport container/vehicle/terminal or centrally. Moreover, this data 
may also be distributed between different parts of the system. Different parts of 
the processing of a service may similarly be conducted on various units. 
Furthermore, the data storage might very well be separated from the 
processing. For instance, the data needed by an intelligent goods service might 
be located on the goods, whereas the service processing might be conducted on 
for instance the vehicle or central level.  

Fig. 7 shows the context of the goods. In particular, the figure shows the main 
alternatives for placing data, rules and processing connected to a service. There 
are three different information processing levels; the ERP (Enterprise Resource 
Planning), the Housing and the Goods level. The figure furthermore shows the 
stages the goods go through during transport, and the different communication 
paths that might exist between the information processing levels. IS denotes 
the information system, which is responsible for any communication and 
processing that might exist on a level. An RFID tag might for instance represent 
the IS on goods level. 
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The optimal solution to the problem of where to place data, rules and 
processing is dependent on things like the service in question, communication 
link availability, costs etc. Generally, from a strict functional perspective, if the 
complete service functionality can be conducted locally (i.e. on goods, transport 
container and/or vehicle/terminal level), the service becomes independent of 
higher levels. It may thereby be performed in situations where the 
communications towards other units are cut off. A higher level of autonomy is 
obtained. Another advantage with local services is that the closer to the goods 
the sensors are placed, the more precise sensor data can be obtained. All these 
advantages must however, as mentioned above, be valued against all other 
factors specific for each situation and service. 

5 Conclusions 
We have used three specific intelligent goods services to illustrate how 
intelligent goods can be modeled as agents. The capabilities of the agents have 
been related to a novel intelligent goods framework, which is characterized by 
a number of capability dimensions. In relation to this, we have suggested a 
lowest requirement for when the goods should be included in the intelligent 
goods concept. Finally, we have discussed some considerations and effects of 
different placements of the data, decision rules, algorithms and processing 
corresponding to a service. 
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Fig. 7. The context of the goods 
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As a part of our future work, the model will be evaluated through simulation 
experiments and further through real test cases. 
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Abstract:  
Purpose of this paper: The purpose of the first part of the paper is to identify a 
set of services that potentially can be provided by intelligent goods, and to 
show what is needed, from a functional perspective, to realize these types of 
services. In particular, we focus on what information and functions are 
required. The purpose of the last part of the paper is to present some of the 
most important factors affecting the placement (e.g. goods, vehicle or ERP level) 
of the information and processing required by a service. We also discuss how 
these factors affect our identified services. 
Design/methodology/approach: This is a conceptual paper. A number of 
potential intelligent goods services have been identified based on a literature 
study. An in-depth analysis of these services has thereafter been carried out. 
Findings: The paper presents what is needed, from a functional perspective, to 
implement potential intelligent goods services. The paper also provides an 
initial analysis of what factors influence where the data and processing 
necessary for a service should be placed, and thus under which circumstances 
solutions based on intelligent goods are recommended. 
What is original/value of paper: The literature study shows that many inventive 
services based on local information and/or local intelligence have already been 
suggested, and some have also been realized. However, the requirements 
imposed by the services have not yet been analyzed thoroughly. We address 
questions, such as, what is required for realization, what factors influence 



44 
 

which is the best realization solution, and furthermore, when is intelligent 
goods really the best instrument to use? 
 
Keywords: Intelligent goods, Smart goods, Local decision making, 
Transportation, RFID, Logistics 
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1 Introduction 
The increasing demands on transports related to global flows, just-in-time 
deliveries, intermodality etc., cause more and more complex logistics 
conditions. In order to cope with this, new instruments are continuously being 
developed and in this context, one example is the concept of intelligent goods. 
The idea behind intelligent goods is to introduce a relatively high degree of 
intelligence on the local level, i.e. on or close to the goods. The exact meaning of 
the concept is still somewhat ambiguous though. Moreover, a number of 
different denotations is used for similar concepts, e.g. intelligent cargo 
(Euridice, 2008), smart goods and smart freight (Stefansson and Lumsden, 
2009), etc. The meanings of these concepts are usually not identical, and often 
not precisely defined, but they do strive in the same direction. Previous 
research (Jevinger et al., 2010) has therefore suggested a categorization of the 
different types and levels of intelligence that are relevant in the context of 
intelligent goods. In relation to this, a lowest level of capabilities that the goods 
should have to be classified as intelligent goods, has also been suggested. This 
paper, however, is focused on the services that can be created based on 
intelligent goods.  

The use of services based on intelligent goods may have a great impact on 
freight logistics. A major advantage is that decisions and actions can be taken 
close to the goods, which enables a more efficient handling of the goods and 
better resource utilization. Other advantages are connected to safety, security 
and the possibility to perform follow-ups of the goods with respect to potential 
damages and environmental assessment. By supporting decision making close 
to the goods, the concept intelligent goods constitute a complement to back 
office systems such as Enterprise Resource Planning systems (ERP). Back office 
systems like these typically rely on the gathering of all relevant information in 
central nodes for processing, and thereby it requires information to be 
communicated to a node often far from the goods. Furthermore, the potential 
recommended actions also need to be communicated, in the opposite direction. 
Hence intelligent goods may support fast and accurate actions close to the 
goods without the time delay and costs associated with communication to 
central nodes. We will here focus on the activities related to loading, unloading, 
transport and storage. 

From an implementation perspective, Radio Frequency Identification (RFID) is 
usually assumed to be involved in solutions based on intelligent goods. The 
research within RFID is numerous and in particular, it includes a great number 
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of studies on RFID in supply chain management (e.g. Holmqvist and Stefansson, 
2006, Dreyer et al., 2008, Martínez-Sala et al. 2009, Twist, 2005). Additionally, 
the research on intelligent goods is becoming more mature and today there are 
some solutions on the market related to intelligent goods (e.g. Savi). Stefansson 
and Lumsden (2009) have outlined a so called Smart Transportation 
Management model, which includes smart goods, smart vehicles and smart 
infrastructure. Another study (Sternberg et al., 2009) has investigated how a 
specific transport process can benefit from decentralized decision making. 
However, from a more general perspective, there are a number of subject that 
have not yet been studied. In particular, a thorough search for potential 
intelligent goods services has not, to our knowledge, yet been performed. 
Furthermore, the requirements imposed by services based on intelligent goods 
have not been analyzed thoroughly. Neither has the general factors affecting the 
placement of the information and processing required by a service, been 
investigated. This paper aims at contributing to these areas. 

In the next section, we identify a number of services that might be implemented 
using intelligent goods (denoted basic services). Section 3 presents the 
information entities needed by these services, and section 4 shows a number of 
update services that the intelligent goods services are dependent on. A set of 
general and more primitive, lower-level functions assisting the basic and 
update services, are specified in section 5. In section 6, the dependencies 
between the services and the information entities, and also between the 
services and the functions are identified. These relationships show what 
information and functions are needed by our services. Moreover, since many of 
the functions can be translated into physical capabilities, these relationships, to 
some extent, also show what capabilities the services require (e.g. writable 
information entities, sensor reader capability and the capability to read close-
by RFID tags). Section 7 presents some of the most important factors affecting 
the placement of the information entities and service processings. The 
identified set of services is furthermore related to these factors and the results 
of these relations are discussed. Finally, some conclusions are drawn in section 
8.  

The relationships between the main components related to the sections 
described above, are shown in figure 1.1. The basic and update services use a 
number of functions, which in turn use the information entities (along with 
other external data). 
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2 Basic Services 
Based on a literature review of existing and future transport services 
(Mbiydzenyuy et al., 2009, Lumsden and Mirzabeiki, 2008, Euridice, 2008, 
Natvig et al., 2009 etc.), we have identified a number of services that potentially 
can be realized using intelligent goods. These services handle basic and isolated 
tasks and can be used to compose higher level services, in order to handle more 
advanced tasks4. Table 2.1 presents the list of identified services, denoted basic 
services. Naturally, this list is probably not complete. The level of intelligence 
needed by each of the services differs and as mentioned previously, we only 
focus on services that might facilitate the activities around loading, unloading, 
transport and storage. Furthermore, the security aspects concerning these 
services have not been investigated. Many of the services involve some kind of 
information retrieval (or information provision) which should be preceded by 
some authorization/security management, if the information and services need 
to be protected. 

 

                                                             
4 Each service can also be further developed by providing it with a higher level of autonomy and 
intelligence. For instance, service S4 in table 2.1 gives information about potential goods to load, 
together with the corresponding priority value of the goods. With a higher level of autonomy, S4 
might be able to change the priority value during transport, according to some predefined 
strategy (for instance if the goods are delayed), without involving any human interaction. This 
type of functionality is not included in our list since the aim of the list is to identify the most basic, 
potential intelligent goods services that can be used as a basis for creating more advanced and 
intelligent end-user services. 

Figure 1.1 Relationships between the main components 
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Table 2.1 Basic potential intelligent goods services, denoted S1-S22 

No Service (S) 
1  Informs a questioning unit about the value of an IE. 
2  Changes the value of an IE (not GE-ID or CE-ID which are fixed). 
3  Informs a questioning unit, at a stop, about what goods to unload (remains to 

be unloaded or mistakenly loaded), based on the vehicle itinerary and 
responsible actor in comparison to the next destination and the actor 
responsible for this next transport, of all onboard goods. 

4  Informs a questioning unit, at a stop, about potential goods to load and their 
goods priority, based a vehicle itinerary and responsible actor (input data) in 
comparison to the next destination and the actor responsible for this next 
transport, of the goods in question. 

5  Informs a questioning unit, at a stop, about missing or surplus goods, based on 
a comparison between what goods to load and unload according to the vehicle 
itinerary, and the actually loaded and unloaded goods. 

6  Notifies about a planned arrival, according to ETA, at a predefined time* before 
arrival. This service also provides information, for instance towards the 
receiver of the goods, about exactly which goods are on the way, making it 
possible to assure that the goods in transport meet the expectations of the 
customer. 

7  Notifies about goods that are expected to arrive outside the specified delivery 
time window (sent to e.g. customer, transport service provider, terminal or 
actor responsible for dependent goods in the case of synchronized goods). 

8  Continuously* informs about primarily dynamic, goods related information 
entities and sensor data, for instance physical conditions (e.g. temperature, 
vibrations), position, current housing ID etc. 

9  Notifies about (for instance to the driver) and stores physical conditions (e.g. 
temperature, vibrations) when the physical conditions exceed or fall below 
certain limits. 

10  Automatically adjusts those physical conditions that are adjustable (e.g. 
temperature), when the physical conditions exceed or fall below certain limits. 

11  Notifies about damaged goods (e.g. overripe fruit, melted ice cream). 
12  Notifies about the position of the goods when the position is outside the 

specified route (e.g. for dangerous goods), based on geofencing circle area 
between two stops. 

13  Notifies about goods that have been standing still for too long (i.e. remained in 
the same micro area). 

14  Notifies about and stores the actual arrival times when the goods are arriving 
to a stop at a time outside the specified time window. 

15  Notifies about the arrival to the final stop, for instance to customers who are 
planning to pick up the goods at a terminal or a post office. 
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16  Notifies about when goods are entering a predefined area (providing a geo-
fencing service), based on information about the position of the goods together 
with information about specified areas. 

17  Notifies about, possibly including the location of, lost cargo (e.g. stolen). 
18  Informs a questioning unit about the position of goods inside a 

warehouse/terminal (shelf number etc). 
19  Notifies about goods that are close to other goods that the goods in question 

are forbidden to be close to. 
20  Informs about road alternatives, based on the hazard level of the goods, 

information about high risk areas and areas that are forbidden, cargo vibration 
limits, information about known road segments that cause high vibrations, 
cargo weight, vehicle characteristics and weight related information about the 
roads, since some since roads and bridges may have different weight 
restrictions. 

21  Notifies the public authorities about total vehicle weight and other data, for 
instance when the vehicle is approaching inspection site (i.e. triggered by 
position). 

22  Informs about the content and hazard level of the onboard goods, enabling 
decisions about rescue plans in case of an accident. 

*) Points in time or time intervals are either fixed or specified by the goods information 
entity GE-SetofServices 

Each service is dependent on a number of information entities (IE) which are 
either related to the goods (GE-x) or to the container of the goods (CE-x), as 
described in section 3. A few of the services perform tasks on a continuous 
basis, e.g. send position data continuously, which means that they need a 
specified time interval for the execution frequency. These time intervals may 
either be fixed or defined by the information entity GE-SetofServices, which 
specify the settings of each service. Similarly, the set of relevant actors that the 
services send information to (e.g. regulation system, housing system, central 
node) are seen as input parameters for some of the services whereas they must 
be specified for others, again by using the information entity GE-SetofServices. 

Please note that the last three services in table 2.1 (S20-S22) only make use of 
static, goods related information entities. Furthermore, they all need additional 
information apart from what can be provided by goods and container related 
information entities. They, moreover, do not seem to gain on a further higher 
degree of intelligence (i.e. decision rules or processing) on the goods level. They 
only need the functionality of reading the information entities, and since this is 
provided by the service S1, these last services will be excluded in the analysis of 
the services in the remainder of this document. 
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Some of the services (e.g. S3 and S4) have a similar need of functionality and 
information entities, but differ in the application of the services. Often these 
services have elements which are used by both services and they may therefore 
benefit from being implemented together. Furthermore, there might also be 
practical reasons for combining services. For instance, if the loading of the 
goods is based on S4, S3 might be used to verify the process of unloading.  

In S17, a notification is sent out, including the current position of the goods, if 
the goods get lost or stolen. This means that if the lost goods, and the 
surrounding containers, only communicate through passive tags, this service 
cannot execute to its full extent since the position data cannot be transmitted. 
This shows that the location of the service functionalities might have an impact 
on the service performance. 

3 Information Entities 
Table 3.1 lists all information entities needed by the specified potential 
intelligent goods services. A few additional information entities, written in italic 
in the table, are also enclosed since they represent some of the most important 
information entities required by the UN Recommendations on the Transport of 
Dangerous Goods (UNECE, 2009). 

As mentioned previously, the information entities are classified as either goods 
specific (GE-x) or container specific (CE-x). The actual location of the storage of 
the information entities has not been specified though, but is further discussed 
in section 7. The word container refers to the object holding the goods, for 
instance an enclosing package, a transport container, a vehicle etc. A container 
may hold goods or other containers. The vehicle/terminal/warehouse is 
considered as the outmost container and is denoted as the housing. The 
information entities CE-AccountableID and CE-HousingID correspond to the 
outmost container and the value of CE-HousingID thereby equals the value of 
CE-ID at the outmost (housing) container level. Finally, all goods represented 
by the same Goods ID (denoted GE-ID) share the same origin and destination 
address. 
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Table 3.1 Information entities, denoted GE-ID etc 

No Goods information entities (GE) 
1  ID Unique goods identity, e.g. SGTIN, SSCC 
2  ContainerID Unique identity of the current container of the goods 

(i.e. CE-ID), e.g. SGTIN, SSCC, GRAI, some vehicle id (e.g. 
VIN, IMO) 

3  Sender Original sender of the goods 
4  Receiver Final receiver of the goods  
5  Content Description of the content of the goods 
6  Weight Weight of the goods 
7  Volume Volume or measurements of the goods 
8  Priority Delivery priority of the goods 
9  Classification Classification of the goods, e.g. based on the 

classification system specified by EU (95/64/EG) 
10  DangerousGoodsClass Dangerous goods class, preferably based on the 

classification system of dangerous goods specified by 
UN 

11  ForbiddenClosebyClass
es 

List of classifications of goods that may not be co-
located with this type of goods, i.e. a set of 
<Classification> 

12  GeofencingAreas List of areas that can be used to trigger a geofencing 
action for this goods, i.e. a set of <seq. no, sequence of 
(at least three)< coordinates>> 

13  Itinerary Coordinates, addresses or SGLN with required delivery 
time window and the accountable organization, 
sequence of quadruples <position, AccountableID, time 
1, time 2>  

14  NextDestination Coordinate, address or SGLN, works as a pointer to a 
position in GE-Itinerary 

15  RequiredConditions Required condition values of the goods with buffer 
zones included (e.g. temperature, humidity, 
transportation time etc.), set of quadruples <condition 
type, condition value, upper value, lower value> 

16  DamageConditions Expression used to determine whether the goods shall 
be considered as damaged or not, set of pairs <condition 
type, expression> 

17  RecordedConditions Temperature, humidity etc, with time stamp, a set of 
pairs <condition type, sequence of pairs < time stamp, 
value>> 

18  RecordedArrivals Recorded arrival position (to a stop) with time stamp, a 
sequence of pairs <time stamp, position> 
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19  RecordedAttributeStat
us 

Recorded GE- ContainerID, CE- Housing ID and CE-
Accountable ID, a set of pairs where each inner data 
record indicate a change <attribute type, sequence of 
pairs <time stamp, value>> 

20  StandingStillTime The maximum time value of how long the goods may be 
located at the same position 

21  EnvironmentalLoad The aggregated environmental load of the goods, a set of 
<e.g. NOx, SOx, SPM> 

22  SetofServices The services, with their settings, that should be active 
during the transport, a set of triples <service, time 
interval, set of <information receiver>>, where time 
interval or information receivers may be empty. The 
time interval field represents time intervals applied by 
the service whereas the set of information receivers 
field represents the receivers of service information. 

No Container information entities (CE) – general 
23  ID Unique container identity, e.g. SGTIN, SSCC, GRAI, some 

vehicle id (e.g. VIN, IMO) 
24  ContainerID Unique identity of the current container of the container 

(i.e. CE-ID of next level), e.g. SGTIN, SSCC, GRAI, some 
vehicle id (e.g. VIN, IMO) 

25  HousingID Unique, at least within the organisation of the 
accountable actor, identity of the current 
terminal/warehouse or vehicle, e.g. VIN, IMO 

26  AccountableID Unique identity of the actor (for instance a transport 
company) currently responsible for the container, e.g. 
GLN 

27  Content Content of the container, a set of < GE-ID> 
No Container information entities (CE) – specific to non terminal/warehouse 

containers 
28  Itinerary Coordinates, addresses or SGLNs and goods to 

load/unload, a set of pairs <position, set of GE-ID to load 
or unload <+/- GE-ID>>, where both the position and 
the set of GE-IDs may be changed during transport 

29  NextDestination Coordinates, address or SGLN, works as a pointer to a 
position in CE-Itinerary 

No Container information entities (CE) – vehicle specific 
30  ETA Estimated time of arrival of the vehicle, a set of pairs 

<position, ETA>, where position corresponds to the 
positions in CE-Itinerary 
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Even if we have not yet discussed the location of the information entities, it 
might be worth mentioning that in some situations it may be necessary to 
associate goods information entities with the container levels as well, because 
of the location of the information entities. For instance, suppose there are 
multiple goods units with different GE-IDs, whose information entities are 
stored on the goods level (e.g. using passive tags). Furthermore, suppose that 
these goods are encapsulated by one or more containers in a way that makes it 
impossible to read those information entities. The goods related information 
entities stored on the goods level can thereby not be reached. This situation 
may be solved by storing the necessary goods information entities on the 
container levels as well. Storing goods entities on higher levels can be 
conducted in two different ways; either all necessary goods information entities 
are copied onto the higher levels, or the necessary goods information entities 
are copied and aggregated when possible, to the higher levels. Naturally, the 
selection of entities to copy and the calculation of the aggregated values will 
need some intelligence, i.e. an additional service is needed. Such a service has 
not been included in the lists of services though, since the functionalities and 
information entities required by this kind of service is subject to the (other) 
services desired. It is only meaningful to aggregate those information entities 
that can be aggregated according to the desired services. For instance, the 
information entity GE-RequiredConditions can be aggregated for the service 
S10 (Automatic adjustments of those physical conditions that are adjustable) 
whereas it cannot be aggregated for the service S9 (Notification about and 
storage of physical conditions when the physical conditions exceed or fall 
below certain limits), since S9 requires knowledge about which goods have 
been affected in order to send the notifications correctly. 

4 Update Services 
Each service listed in table 2.1 is dependent on a number of information 
entities, which may need to be dynamically updated during the transport. Some 
of these updates have to be performed automatically in order to guarantee the 
system operability, whereas other updates might be based on human decisions 
and thereby require a human interaction with the information entities. A list of 
all automatic updates needed is presented in table 4.1. These update services 
are, like the basic services, dependent on the information entities in section 3 
and the lower level functions, presented in section 5, and they may furthermore 
represent a smaller or greater part of the complete service. For instance the 
update service might only be responsible for keeping track of the next 
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destination of the goods, providing updated information which is used by many 
different basic services. The update service might also be responsible for a 
relatively large part of the total service, for instance calculating and updating 
the total environmental load of the goods during transport. This update service, 
combined with the general basic service S1 in table 2.1, form the complete 
service. 

The update services in table 4.1 are supposed to run continuously since the 
basic services rely on these automatic updates. Some of the basic services might 
however choose not to make use of an update service in order to be able to 
control the information entity by itself. 

Table 4.1 Update services, denoted U1-U9 

No Update service (U) 
1  Updates GE-NextDestination and GE-RecordedArrivals (if this IE exists) when 

the current position of the goods equals GE-NextDestination. 
2  Updates CE-NextDestination when the current position of the container equals 

CE-NextDestination. 
3  Updates CE-Content and GE-ContainerID when goods are moved into or out of a 

container. 
4  Continuously updates CE-ETA. 
5  Continuously* updates GE-RecordedConditions with a time stamp, based on 

condition sensor data. 
6  Updates GE-RecordedAttributeStatus whenever a current value differs from the 

corresponding value last stored. 
7  Continuously* updates GE-EnvironmentalLoad (based on GE-Volume, total 

cargo volume, GE-Weight, total cargo weight, vehicle fuel consumption (sensor 
data)). 

8  Updates CE-HousingID and CE-AccountableID when the container is moved 
into or out of a new housing, e.g. a vehicle or a terminal/ warehouse. 

9  Updates CE-ContainerID when the container is moved into or out of a new 
container. 

*) Determined by time intervals, which are either fixed or specified by GE-SetofServices 

Please note that the update service U8 in table 4.1 is not needed for the housing 
level since this represents the outmost container. As mentioned previously, 
some of the update services form, in combination with the basic service S1, a 
new potential intelligent goods service. These services are not evident and they 
are therefore listed below: 
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• The update of CE-Content is performed for every level of enclosing 
containers, all the way up to the housing level. An automatic update of 
the information system holding information about which goods are 
stored inside a (vehicle)/warehouse/terminal (e.g. a warehouse 
management system), is thereby feasible. 

• The update of GE-EnvironmentalLoad enables information about the 
estimated environmental load of the goods. The information entities 
used by this update service shall be seen as an example of parameters 
that might influence the estimation calculations. Based on our 
parameters, the environmental load calculations get more complicated 
when a vehicle is transported on another vehicle (for instance a boat 
carrying a truck). This situation should however be possible to handle 
using our information entities on several container levels (see section 3). 

• The update of GE-RecordedAttributeStatus enables information about 
who has been responsible for the goods during the different transport 
legs. This might be valuable information in case the goods get damaged 
during the transport. 

5 Functions 
We have identified a number of function parts used by several of the identified 
services and which thereby can be extracted, from the service functionality, 
into separate functions. A list of these functions is presented in table 5.1. The 
main purpose of the list is to show the functional level between the service and 
the information entity levels, but in practice, it can also be used for dividing 
functionality between different units in a service system. Furthermore, if a 
service is to be based on intelligent goods, some of the corresponding functions 
may be related to the capabilities required by the intelligent goods. Please note 
though that the list of functions does not correspond to a list of intelligent 
goods capabilities. It is merely a list of in common functionalities, based on our 
identified services. 

Table 5.1 Functions 

No Function Description 
1  Read IE Reads and returns the value of an IE 
2  Write IE Updates the value of an IE 
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3  Monitor IE Monitors an IE and returns the new value whenever the 
value changes according some specified event, e.g. when it 
is simply modified or when it passes some upper/lower 
limits  

4  Read sensor data Reads and returns sensor data, e.g. temperature, humidity, 
position or fuel consumption 

5  Monitor sensor 
data 

Monitors a sensor and returns the sensor data whenever 
the data changes according some specified event, e.g. when 
it equals some value or passes some upper/lower limits 

6  Read other data Reads and returns other data than sensor data or internal 
IE values, e.g. external data stored in close-by RFID tags 

7  Send message Sends a message, which is either broadcasted or sent to 
some specified set of receivers, using for instance short 
range communication or a PLMN 

 
In short, the functions number 1-3 in table 5.1 works as an interface towards 
the information entities whereas the functions number 4-5 corresponds to an 
interface towards the sensor data. Function number 6 represents the ability to 
read external data that can be reached through RFID reader signaling, e.g. 
external information entities or data associated with and located on each shelf. 
Function number 7 is responsible for sending messages. These messages can be 
sent using either long or short range communication. For instance, some of the 
services in table 2.1 represent typical request/answer situations, and for those, 
short range communication is typically applied. The answers in these short 
range communications might involve complete messages but they might also be 
based on for instance a red light. 

6 Relationships 

6.1 Relationships between Services and Information 
Entities 

In table 6.1, all information entities required by each of the various services are 
presented. Since some of these services are dependent on the correct update of 
the information entities they are using, they also need some of the update 
services. These update services may in turn be based other information entities, 
and as a result, the complete set of information entities needed by the original 
service becomes more extensive. The same discussion is also applicable for the 
update services, which similarly may depend on the correct update of some of 
the information entities they are using. Based on these circumstances, table 6.1 
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also includes these second order requirements, which are marked with a 
capital letter (X). Information entities needed only by the original service or by 
both the original and the update services are marked with a lower case letter 
(x). Since table 6.1 shows what information entities are needed in order to 
achieve the service functionality presented in table 2.1, the table hereby verify 
the need for each of the information entities (apart from the four information 
entities written in italic in table 3.1). 

Some of the identified services in table 2.1 can be reduced if only a part of the 
service functionality is needed, which means that the set of corresponding 
information entities required might also be reduced. Additionally, some of the 
information entities are implementation specific and may thereby not be 
needed, depending on how the service is implemented. These types of 
implementation dependent information entities are marked with brackets. 

Table 6.1 Complete relations between the services and the information entities 

 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 U1 U2 U3 U4 U5 U6 U7 U8 U9 
IE1 
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t 
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n 
in

pu
t 

x x x x x 

De
pe

nd
s o

n 
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x  x x x x x x x x x   x    x   
IE2 x             x     x   x    
IE3                          
IE4                          
IE5                          
IE6                       x   
IE7                       x   
IE8  x                        
IE9                x          

IE10                          
IE11                x          
IE12             x             
IE13 x x  x x    x  x x  x   x         
IE14 x x  x x    x  x x  x   x         
IE15      x x                   
IE16        x                  
IE17      x               x     
IE18           x      (x)         
IE19                      x    
IE20          x                
IE21                       x   
IE22 x x x x x x x x x x x x x x x x x x x x x x x x x x 
IE23 x   x x 

De
pe

nd
s o

n 
in

pu
t 

        X     x   x X x x 
IE24 X   X X         X         X x x 
IE25    x x                 x x x  
IE26 x x            x        x  x  
IE27 x  x                x       
IE28 x x x X X             x  x      
IE29 x x x X X             x  x      
IE30    x x               x      
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Although we have specified the information entities holding the information 
needed by the services, this information does not always have to appear in the 
exact same form as presented in table 3.1. For instance, service S3 uses CE-
Content in order to determine which goods are onboard the vehicle. If this 
service is placed on the goods level, each goods unit might autonomously be 
able to detect whether it is onboard a vehicle or not. The information entity CE-
Content would thereby be unnecessary to handle explicitly (but implicitly). 
However, irrespective of which solution is implemented, the same information 
is still needed; identification of what goods are onboard. The only difference is 
that the information in our example is on another, distributed form. 

6.2 Relationships between services and functions 
In table 6.2, the relationships between the services and the functions are 
shown. This list is based on the complete list of needed functionality, i.e. 
including the functionality related to the required update services (cf. table 
6.1). The service S8 is excluded from the table since the functions needed by S8 
are very much dependent on the implementation of the service. If, for instance, 
the service is set to send continuous information about temperature values, a 
sensor reader capability is needed, whereas if the service is set to provide 
continuous priority information, sensor reader capability might not be required 
(depending on the implementation of a presumable priority update service).   

Table 6.2 Complete relations between the services and the functions 

Service Read IE Write IE Monitor IE Read 
sensor 
data 

Monitor 
sensor 
data 

Read 
other data 

Send 
message 

S1 x      x 
S2  x      
S3 x x x  x  x 
S4 x x   x  x 
S5 x x x  x  x 
S6 x x x x x  x 
S7 x x x x x  x 
S9 x x   x  x 
S10 x    x  x 
S11 x    x  x 
S12 x x x  x  x 
S13 x    x  x 
S14 x x x  x  x 
S15 x x x  x  x 
S16 x    x  x 
S17 x x x x x  x 



59 
 

S18 x     x x 
S19 x     x x 
U1 x x   x   
U2 x x   x   
U3 x x x     
U4 x x  x    
U5 (x) x  x    
U6 x x x     
U7 x x  x  x  
U8 x x x     
U9 x x x     

7 Location of processing and information 
entities 

In principle, it is possible to do all the service processing and information 
storage at a central level, i.e. at the ERP level, given that the communication 
links to the goods are sufficiently fast and reliable. Similarly, it is possible to 
have all service processing and information storage distributed, at the goods or 
housing level. However, in practice there are several constraints influencing the 
decision of where to place the service processing and information storage, e.g. 
costs, available bandwidth, processing limitations, integrity, etc. Placing the 
complete service on the goods level might be relatively expensive and it might 
even be physically unfeasible. On the other hand, if for instance dynamically 
collected data (e.g. using GE-RecordedConditions), is stored on goods level, 
there is no need for a communication link (which might not always be present 
during transportation) towards the central level. The recorded data may 
hereby follow the goods throughout the whole transport. If the same data is 
stored on vehicle level instead, the data has to be transferred every time the 
goods are re- or unloaded, either to another vehicle or to the ERP level. 
Moreover, storing the same data centrally instead requires continuous 
communication, which might cause time delays (and costs). If, however, the 
communication related to a service only takes place at times when the goods 
have arrived at a stop (e.g. a terminal), a working communication link is usually 
not a problem. 

Usually, irrespective of where a service is placed, the local level will need some 
minimal degree of intelligence in order for the service to work. For instance, 
some of the services use information about which goods are onboard a vehicle. 
Since this type of information only can be acquired locally, the local level needs 
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to be at least capable of providing this information to the service in question. If 
such minimal intelligence represents a relatively big part of the service, this 
might also be an argument for placing a service locally instead of centrally. 

An optimum solution to the problem of where to place a service might be to 
separate the processing of the service and the information entities between 
different units. The information entities may thereby be spread out between 
different parts of the system, and different parts of the processing of a service 
may similarly be conducted on various units. Furthermore, the information 
entities might very well be separated from the processing of them. For instance, 
the data needed by an intelligent goods service might be located on the goods, 
whereas the corresponding processing might be conducted on the vehicle or 
central level. 

In relation to the above discussion, we have listed some of the most important 
factors from a communication perspective, that we believe influence which is 
the optimum place for the information entities and the service processing: 

1. Processing frequency: how often the service needs to process 
information 

2. Processing moment: when the service executes; when there is a 
communication link to the central management or when there is not 
(e.g. at stops or any time) 

3. Input data origin: the origin of any input request and corresponding 
input request data (e.g. from the local or central level) 

4. Output data destination: the destination of the output data (if any) 
(e.g. to the local or central level) 

5. IE update frequency: how often the values of required IEs are changed 
6. IE update moment: when the values of required IEs are changed; when 

there is a communication link to the central management or when there 
is not 

7. IE update origin: the origin of the updates of required IEs (e.g. local or 
central level) 

 
In order to value a local placement against a central placement of our services, 
with corresponding processing and information entities, the above factors have 
been related to the identified services. The result of this is shown in table 7.1, 
where each column corresponds to one of the factors above. The table values 
are only predicted values though, since they very much depend on the 
situations in which the services are used. Apart from the information entities 
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and input requests data considered in the table, the services also require sensor 
data as well as other external data reached through RFID reader signaling. The 
need for these types of data also influences the decision of where to place a 
service since these data are locally originated (at least in our services). The 
relations between the services and these types of data are however not 
included in table 7.1 since they can be found in table 6.2. 

Table 7.1 Factors that influence the optimal location of the services 

Serv. Processing 
freq. 

Processing 
moment 

Input data 
origin 

Output 
data dest. 

IE update freq. IE update 
moment 

IE update 
origin 

S1 Depends on how it is used 
S2 Depends on how it is used 
S3 low stop local local low: IE2, IE13, 

IE14, IE24, IE26, 
IE28, IE29 
high: IE27 

stop: IE2, IE24, 
IE26, IE27 
any: IE13, IE14, 
IE28, IE29  

local: IE2, IE24, 
IE26, IE27 
any: IE13, IE14, 
IE28, IE29 

S4 medium stop local local low: IE8, IE13, 
IE14, IE26, IE28, 
IE29 

stop: IE26 
any: IE8, IE13, 
IE14, IE28, IE29 

local: IE26 
any: IE8, IE13, 
IE14, IE28, IE29 

S5 low stop local local low: IE28, IE29 
high: IE27 

stop: IE27 
any: IE28, IE29 

local: IE27 
any: IE28. IE29 

S6 low any - central medium: IE30 
low: IE13, IE14, 
IE24, IE25, IE28, 
IE29 

stop: IE24, IE25 
any: IE13, IE14, 
IE28, IE29, IE30 

local: IE24, IE25, 
IE30 
any: IE13, IE14, 
IE28, IE29 

S7 low any - local/ 
central 

medium: IE30 
low: IE13, IE14, 
IE24, IE25, IE28, 
IE29 

stop: IE24, IE25 
any: IE13, IE14, 
IE28, IE29, IE30 

local: IE24, IE25, 
IE30 
any: IE13, IE14, 
IE28, IE29 

S9 low any - local/ 
central 

low: IE17 any: IE17 local: IE17 

S10 low any - local - - - 
S11 low any - local/ 

central 
- - - 

S12 low transport - local/ 
central 

low: IE13, IE14 any: IE13, IE14 any: IE13, IE14 

S13 low any - local/ 
central 

- - - 

S14 low stop - local/ 
central 

low: IE13, IE14, 
IE18 

stop: IE18 
any: IE13, IE14 

local: IE18 
any: IE13, IE14 

S15 low stop - local/ 
central 

low: IE13, IE14 any: IE13, IE14 any: IE13, IE14 

S16 low transport - local/ 
central 

low: IE12 any: IE12 any: IE12 

S17 low any - local/ 
central 

low: IE2, IE13, 
IE14, IE24, IE26 

any: IE2, IE13, 
IE14, IE24, IE26 

local: IE2, IE24, 
IE26 
any: IE13, IE14 

S18 medium stop local local - - - 
S19 low stop - local/ 

central 
- - - 
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U1 low stop - - low: IE13 any: IE13 any: IE13 
U2 low stop - - low: IE28 any: IE28 any: IE28 
U3 medium stop - - - - - 
U4 medium any - - low: IE28, IE29 any: IE28, IE29 any: IE28, IE29 
U5 high any - - - - - 
U6 low stop - - low: IE2, IE25, 

IE26 
stop: IE2, IE25, 
IE26 

local: IE2, IE25, 
IE26 

U7 medium any - - low: IE24, IE25 stop: IE24, IE25 local: IE24, IE25 
U8 low stop - - low: IE24 stop: IE24 local: IE24 
U9 low stop - - - - - 

 
In table 7.1 the factors number 5-7 are related to the dynamic information 
entities needed by the service in question. Dynamic information entities contain 
information that might be changed during the transport. For instance, GE-
RequiredConditions is considered a static information entity whereas GE-
GeofencingAreas is considered dynamic since these areas might be connected 
to the itinerary (e.g. a circle around a stop), which in turn might be changed 
during the transport. The three services S1, S2 and S8 are not included in table 
7.1 since their corresponding values are dependent on how and for what they 
are used. Please also note that the information corresponding to the update 
services in table 7.1, concern the information entities the update services 
depend on, not the information entities they are set to update. 

Column number 3 (“Input data origin”) in table 7.1 shows that all input 
requests and input requests data needed by our services, are locally originated. 
For other sets of services however, this situation might be different. Table 7.1 
furthermore shows that one and the same information entity might have 
different values, e.g. in the IE update frequency column, depending on how it is 
used by the service. 

Table 7.1 can be used as a part of the decision basis for where to place a service. 
For instance, S10 is executed any time during transport and the output of the 
service is used locally. It is furthermore not dependent on any information 
entity that might be changed at the central level. Service S14 on the other hand 
is dependent on the itinerary of the goods, which may be changed either at the 
local or the central level. It is furthermore executed at a low frequency during 
the stops, which means that there is a good chance of long range 
communication. The only local information S14 needs is the time of arrival 
connected to the goods (IE18). All this implies that from a strictly functional 
perspective, S14 might be implemented either locally or centrally whereas S10 
might benefit from a local implementation. 
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Table 7.1 can also be used to determine which services are possible to support, 
given certain circumstances. Suppose for instance that we have a transport 
system where processing capabilities and communications towards the central 
level, are only available at stops. Such a scenario would imply that services 
which either need to be processed during transport, or depend on information 
entities that need to be updated during transport, cannot be supported. On the 
other hand, the communication link towards the level means that both centrally 
and locally stored services are available. 

8 Conclusions 
We have identified a set of transport related services that potentially can be 
realized using intelligent goods. The aim of this list of services has been to 
identify a basic set of services, with isolated tasks, that can be used as a basis 
for creating more advanced and intelligent end-user services. We have also 
identified the information entities and functions needed to realize the services. 
These information entities have been categorized into two different groups; 
goods related and container related information entities. The functions 
represent functional parts used by several of the identified services and which 
thereby have been extracted into separate functions. If a service is to be based 
on intelligent goods, some of the corresponding functions may be related to the 
capabilities required by the intelligent goods. Additionally, we have presented a 
set of update services, which are responsible for automatically updating those 
dynamic information entities that the identified set of services rely on. Some of 
these update services form, in combination with one of the most basic services, 
new potential intelligent goods services, not included in the original list of 
services. 

The list of identified information entities has been verified by presenting all 
information entities required by each of the different services. The 
corresponding relationships between the services and the functions have also 
been shown. 

This paper furthermore presents some of the most important factors, from a 
communication perspective, to consider when trying to find the optimum place 
for a service. In particular, the best solution might be to divide the processing of 
the service and the information entities between different units. However, 
irrespective of where a service is placed, the local level usually still needs some 
minimal degree of intelligence to make the service work properly. In order to 
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value a local placement against a central placement, the identified services, with 
corresponding processing and information entities, have been related to our 
presented factors.  

A future study might include a quantification of all factors that have an impact 
on which is the best place for the processing of a service and for the 
corresponding information entities. Such a quantification might provide a 
better way to value the alternatives. 
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Abstract:  
Purpose of this paper: This paper presents a method for identifying possible 
architectural solutions for potential intelligent goods services. The solutions 
range from implementing all service intelligence at the goods level to requiring 
no goods intelligence at all. The paper also shows how different solutions, 
identified by the method, can be compared and evaluated through quality 
analysis in order to determine when intelligent goods are beneficial. 
Design/methodology/approach: Literature and case studies, and theoretical 
analyses form the foundations of the paper. The method is based on a general 
framework for describing intelligent goods systems, which involves several 
levels of intelligence related to both the goods and the local entities 
surrounding the goods. Three specific services are used to illustrate the 
method. The quality analysis is based on the Analytic Hierarchy Process (AHP) 
and a number of proposed quality attributes. 
Findings: The paper illustrates how the framework can be used to identify 
relevant architectural solutions for a particular service, with different levels of 
intelligence on the goods. It also shows how to qualitatively analyze individual 
solutions and suggests an extension to the general framework for describing 
intelligent goods systems. 
Research limitations/implications: The paper does not contain measured data to 
base the quality analysis on. Testing the method and quality analysis on 
implemented cases is recommended for future work. 
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What is original/value of paper: The novel method and approach for identifying 
and evaluating architectural solutions for potential intelligent goods services, 
are useful in general management when investigating the value of 
implementing intelligent goods. The paper also contributes to the description of 
intelligent goods systems. 
Keywords: Intelligent goods, Smart goods, Architecture, Transportation, 
Distributed intelligence 
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1 Introduction 
In general, the concept ‘intelligent goods’ refers to goods with some level of 
intelligence implemented on or close to the goods. It hereby represents a 
further development of bar codes or the simplest forms of RFID tags. Just as 
Artificial Intelligence initially was focused on how to replicate human 
intelligence in a machine, intelligent goods derive from the idea of making the 
goods, to some extent, act as human travellers. For instance, one of the visions 
is to make the good able to, by themselves, find the best and fastest way to 
reach their destinations (including route choices, transport modes, time 
schedules, costs etc.). Such scenarios require a relatively high level of 
distributed intelligence (see section 2) and agent-based computing therefore 
represents one possible implementation alternative. The overall purpose of the 
concept intelligent goods is to use it as an instrument for a more efficient future 
transport system.  

The characteristics of intelligent goods differ slightly between different studies 
and different denotations are used for concepts similar or identical to 
intelligent goods (Euridice (2009), Huschebeck et al. (2009), Holmqvist and 
Stefansson (2006), Lumsden and Stefansson (2007), Johansson (2009)). In this 
paper, intelligent goods is defined as in (Jevinger et al. (2010)), which means 
that the definition involves different levels of intelligence connected to the 
goods (see section 2). The definition is furthermore a part of an intelligent 
goods framework which is extended, in this paper, into also comprising the 
corresponding levels of intelligence of the local entities surrounding the goods 
(e.g. pallets, transport containers, vehicles). The reason for this extension is 
that the results of the method presented in this paper include different 
combinations of levels of intelligence on both the goods and the surrounding 
entities.  

In order to find the best solution for a service, solutions based on intelligent 
goods should be compared with other solutions in terms of costs, service 
quality etc. Furthermore, different implementations of intelligent goods also 
need to be compared. In particular, each implemented combination of levels of 
intelligence on the goods and the surrounding entities, may enable more than 
one physical architecture (Hong et al. (1995)).  The purpose of this paper is to 
lay the foundation for such analyses, by proposing a method for how to identify 
the architectural solutions for potential intelligent goods services. We believe 
that this method can be useful in general management when investigating the 
value of implementing intelligent goods, for instance, when deciding whether to 
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invest in intelligent goods and to what extent, and which level of intelligence to 
implement.  

In this paper, we denote each allocation of service functions and 
communications, in combination with the required levels of intelligence, as 
architectural solutions. Each architectural solution hereby includes a 
specification of the minimum levels of intelligence of both the goods and the 
surrounding entities, as well as the communication paths, the information to be 
transferred, service functions etc. The architectural solutions, furthermore, 
range from pure intelligent goods based, to requiring no intelligence on the 
goods at all. As a basis for this architecture analysis, we use three specific 
services; two representing some important functionalities required by the 
practitioners (as has been shown by various studies, e.g. (Lumsden and 
Mirzabeiki (2008)), see section 3), and one reflecting the more visionary idea 
about goods finding the best transport, presented above. We also propose a 
number of quality attributes for the services (e.g. time for output information to 
reach recipient, amount of required wireless communication, level of integrity). 
The paper ends by showing how these quality attributes can be used to 
evaluate and compare the different solutions on a theoretical and functional 
level. 

The paper outline is as follows. Section 3 presents the extended intelligent 
goods framework. Section 4 describes the architecture analysis by first 
presenting the three selected services to analyze. The method for how to find 
the corresponding architectural solutions is presented and the resulting 
solutions are shown. In section 5, a number of quality attributes are listed and 
the architectural solutions are analyzed with respect to these. Finally, in section 
6, the results are concluded. 

2 Extended Intelligent Goods Framework 
Among the previous definitions of intelligent goods, the one presented in 
(Jevinger et al. (2010)) differs from the others since it is based on different 
levels of intelligence, reflecting the various types of capabilities the goods may 
have. The capability types are represented by a number of dimensions, each 
including a number of different levels of intelligence. In this paper, we use these 
dimensions to describe the minimum capabilities of the goods in our 
architectural solutions. However, an architectural solution includes a 
specification of the capabilities of both the goods and the local entities 
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surrounding the goods (see section 1). In (Jevinger et al. (2010)) the word 
container is used to represent the local entities surrounding the goods (e.g. 
enclosing package, transport container, vehicle). The container may hold either 
goods or other containers. Moreover, the building (e.g. warehouse or terminal) 
or vehicle (e.g. truck, ship, train or airplane) in which the goods might be 
located is considered as the outmost container and is there denoted as housing. 
In this paper we will use a slightly different terminology; we denote containers 
as housings and the outmost container as simply the outmost housing. The 
purpose of this is to avoid the word container, since it might be confused with 
shipping containers, which only represent a subset of what is intended. The 
extended framework presented in this paper hereby specifies all essential 
levels of intelligence of both the goods and the housings, see table 2.1. The 
capability levels related to the housings are slightly more coarse-grained than 
the ones related to the goods. For instance, a minor capability change in all 
goods entities usually represents a more significant alteration than an 
equivalent change in the vehicles.  

The order in which the capabilities are listed within each dimension in table 2.1 
corresponds to the level of intelligence, i.e. a lower number indicates a lower 
level within the same dimension. The level of intelligence corresponding to 1, 
form a set of lowest level capabilities, and as in (Jevinger et al. (2010)), we 
suggest that all goods, whose capabilities lie above this lowest level (i.e. above 1 
in at least one dimension), should be considered as intelligent. The lowest level 
includes for instance bar codes and the simplest form of RFID tags. Table 2.1 
furthermore shows that both the housings and the goods are required to have 
an ID. These IDs are static and are required since they identify the goods and 
the corresponding housings throughout the whole transport. On goods level, 
one ID may represent several goods units as long as they all belong to the same 
consignment and share the same origin and destination address. In our studies, 
we assume that the capabilities of the goods along with the ID and other 
necessary information entities, will follow the goods throughout the whole 
transport. These capabilities can be implemented either on the goods 
themselves or close to the goods, e.g. on a pallet or a transport container 
accompanying the goods. Finally, please note that the sensor capability (G in 
table 2.1) in the form of position sensor is unnecessary when the housing is a 
terminal or a warehouse. The corresponding capability would in this case be 
statically stored information about the position of the terminal/warehouse. 
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Table 2.1 Capability dimensions for goods and housings respectively 

Goods Housings 
A. Memory storage 

1. Ability to store ID 
2. Ability to store goods data (other than ID) 
3. Ability to store algorithms/decision rules 

A. Memory storage 
1. Ability to store ID 
2. Ability to store data and algorithms/decision 
rules 

B. Memory dynamics:  
1. Static memory  
2. Ability to change/add/delete data (other than 
ID)  
3. Ability to change/add/delete 
algorithms/decision rules  

B. Memory dynamics:  
1. Static memory  
2. Ability to change/add/delete data and 
algorithms/decision rules 

C. Communication out: 
1. Data (including ID) can be read by external 
units (e.g. barcode, simple RFID) 
2. Ability to send short-range messages 
3. Ability to send long-range messages 

C. Communication out:  
1. None 
2. Data (including ID) can be read by external 
unit (e.g. barcode, simple RFID) 
3. Ability to send short-range messages 
4. Ability to send long-range messages  

D. Communication in:  
1. None 
2. Ability to receive short-range 
communication messages 
3. Ability to receive long-range communication 
messages 

D. Communication in:  
1. None 
2. Ability to receive short-range 
communication messages  
3. Ability to receive long-range communication 
messages 

E. Processing:  
1. None  
2. Ability to execute decision rules (e.g. If –
Then statements)  
3. Ability to execute algorithms (e.g. planning 
capability, optimization algorithms)  

E. Processing:  
1. None  
2. Ability to execute decision rules (e.g. If –
Then statements)  
3. Ability to execute algorithms (e.g. planning 
capability, optimization algorithms) 

F. Autonomy*: 
1. None  
2. Reactive capability (actions must be 
triggered by an external unit)  
3. Proactive capability (no external trigger 
needed)  

F. Autonomy*:  
1. None  
2. Reactive capability (actions must be 
triggered by another entity)  
3. Proactive capability (no external trigger 
needed)  

G. Sensor:  
1. None  
2. Sensor capability incl. ability to read sensor 
data (e.g. temperature or position)  

G. Sensor:  
1. None  
2. Sensor capability incl. ability to read sensor 
data (e.g. temperature or position) 

H. Time: 
1. None 
2. Ability to measure time intervals 
3. Ability to determine actual time 

H. Time: 
1. None 
2. Ability to measure time intervals 
3. Ability to determine actual time 

*) Bar codes and simplest form of RFID tags are not considered as reactive since they are simply 
scanned by a reader. 

There are several dependencies between the different capability dimensions. 
For instance, the ability to execute decision rules has to be combined with at 
least the ability to store decision rules. In table 2.2, we list all such 
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dependencies related to the capability dimensions of the goods. An almost 
identical version of this list is presented in (Jevinger et al. (2010)). Based on 
table 2.2, and the capabilities presented in table 2.1, we have identified the set 
of all valid combinations of capabilities. Apart from the combinations excluded 
due to the dependencies, a few redundant combinations have also been 
removed. This process has overall decreased the number of combinations from 
4374 to 327. Figure 2.1 shows the result, which hereby represents all possible 
levels of intelligence included in the concept intelligent goods, as suggested in 
this paper. Naturally, the same procedure can be performed for the capability 
dimensions related to the housings. However, in this paper we have chosen to 
focus on the goods, and in particular the intelligent goods definition, and we 
hereby leave out the dependency investigation of the housings. 

Table 2.2 Dependencies between the capability dimensions of the goods 

Capability  Required capability 

Memory dynamics: B Memory storage: A >= B 
Communication out: C > 1 Memory storage: A = 3, 

Processing: E > 1 
Communication in: D > 1 Memory storage: A = 3, 

Memory dynamics: B > 1, 
Processing: E > 1 

Processing: E > 1 Memory storage: A = 3, 
Memory dynamics: B > 1, 
Autonomy: F > 1 

Autonomy: F = 2 Memory storage: A = 3, 
Processing: E > 1, 
Communication in: D > 1 

Autonomy: F = 3 Memory storage: A = 3, 
Memory dynamics: B > 1, 
Processing: E > 1, 
Time: H > 1 or Sensor: G = 2 

Sensor: G = 2 Memory storage: A = 3, 
Memory dynamics: B > 1, 
Autonomy: E > 1 

Time: H > 1 Memory storage: A = 3, 
Memory dynamics: B > 1, 
Autonomy: E > 1 
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3 Architecture Analysis 
Based on the capability dimensions, solutions for different services can be 
identified and compared against each other. On order to find the best solution, 
we must begin by identifying the set of all possible solutions for each service. 
The method for identifying the architectural solutions can hereby, in short, be 
described as follows. By using the intelligent goods definition from (Jevinger et 
al. (2010)), the set of all valid combinations of capabilities of the goods can be 

Figure 2.1 All levels of intelligence included in the suggested definition of intelligent goods 

A1 - Ability to 
store ID 

A2 - Ability to 
store goods 
data (other 
than ID) 

 
A3 - Ability to 
store 
algorithms 

  

 

B1, C1, D1, E1, F1, 
G1, H1 - Static 
memory, data can be 
read by external 
units 

A3, F3, G1 - 
Proactive with the 
ability to store 
algorithms/dec. rules 
 

A3, F3, G2 - 
Proactive with sensor 
capability and ability 
to store 
algorithms/dec. rules 
 

A3, F2, G2 - Reactive 
with sensor 
capability and ability 
to store 
algorithms/dec. rules 
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range com. 
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H2 - Ability to 
measure time 
intervals 
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C3 - Ability to 
send long-
range com. 
messages 

E2 - Ability to 
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decision rules 

E3 - Ability to 
execute 
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identified, as shown in figure 2.1. Based on this set, and the extended 
framework concerning the housings, we may identify all possible combinations 
of levels of intelligence on both the goods and the housings for a particular 
service in question. At the same time the communication paths necessary to 
fulfil the service requirements are identified. From the resulting set of 
solutions, the redundant or unrealistic ones should finally be removed. The 
method has primarily been developed based on literature studies, case studies 
(e.g. Mirzabeiki et. al. (2010)) and in-depth analysis of the intelligent goods 
definition. The method, together with the three illustrating services, has also 
been discussed at a workshop on intelligent goods, with both practitioners and 
other researchers. It has however not been tested on implemented cases, 
mainly because goods examples of advanced implemented intelligent goods 
services are hard to find. In this section, we will use the three services to show 
how the method can be applied. The three services, together with some 
information about why they have been selected, are presented below5.  

1. Misplaced goods are detected and reported 

Description: Goods that are placed in the wrong housing (forgotten to be 
unloaded or loaded, mistakenly loaded or unloaded, stolen etc.) are detected 
and reported. The service is primarily based on information about the specified 
itineraries of the goods and the vehicles, and information about which actor is 
assigned responsible for the each part of the transport. Deviations are reported 
upon request to a local questioning unit (operated for instance by a driver or a 
terminal worker), or continuously as directed or undirected messages, 
depending on implementation.  

Motivation: Errors due to loading and unloading the wrong cargo sometimes 
cause considerable problems (Huschebeck et al. (2009)). Furthermore, using 
this service for detecting and tracking stolen goods, may prevent high costs. For 
instance, the amount of direct costs resulted from theft of cargo and/or freight 
vehicles in the European Union was estimated to more than 8.2 Billion EUR per 
year, in 2007 (European Parliament report (2007)).  

 

 

                                                             
5 In comparison to the basic potential intelligent goods services in (Jevinger et al. (2010)), these 
services can be seen as higher level services since they incorporate the basic services as parts of 
the complete functionality. 
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2. Condition and route deviations (e.g. for dangerous goods) are reported 
in real time during transport 

Description: The service sends reports on goods whose physical conditions 
(e.g. temperature, vibrations) exceed or fall below certain goods specific limits 
or whose route deviates from the one stipulated. It is based on the goods 
itinerary and position, and data from local condition sensors. Deviations are 
reported to both ERP (Enterprise resource planning) systems and housings, 
and further sent to a questioning unit upon request. 

Motivation: Studies show that practitioners value information about the 
location and condition of products in shipment high (2nd and 3rd most 
important types of information according to (Lumsden and Mirzabeiki (2008)). 
They also show that experts view self and context awareness as an important, 
however long term development towards intelligent cargo systems 
(Huschebeck et al. (2009)). Furthermore, one of the general development 
directions today is towards a stronger real time monitoring of the movements 
of dangerous goods (Huschebeck et al. (2009)). 

3. The route and priority of the goods are updated based on predicted 
delay, customer priority etc., and reported upon request 

Description: The service updates the goods priority and route, based on the 
customer specific priority, delivery time window, estimated time of arrival and 
costs connected to, at the best, the different routes that are available between 
current and final position, or alternatively route probability calculations etc. 
Depending on implementation, the priority and route can be sent to a 
questioning unit from either the housings or the goods.  

Motivation: Implementing this service on the goods represents an example of 
the more visionary, intelligent services that may contribute to more efficient 
transports (higher filling rates, improved loading/unloading procedures etc.). 
An intelligent goods based solution furthermore indicates a collective transport 
system based on time tables, governed by needs. If this solution is proved to be 
efficient, it represents an effective alternative to the centralized management 
currently used by most actors today. 

In general, each service is dependent on getting the correct input information 
(which might be stored on different places) and to, in most cases, be able to 
deliver the output information to a number of receiving actors or units. A 
transport chain usually involves many different actors, such as consignor, 
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consignee, driver, terminal/warehouse operator, forwarder/carrier, public 
authorities etc. All these actors may take part of the information 
reception/delivery of the services. From our perspective however, we do not 
need to know exactly which actors are involved but rather where the actors 
receiving/delivering the information are situated. In particular, we differentiate 
between long and short communication. On account of this, we have simplified 
the transport model by concentrating on between which levels communication 
occurs, instead of actors or units, communicate. We have identified three such 
levels; Goods level, Housing level and ERP level (Jevinger et al. (2009)). The 
Housing level can be seen as a level above the Goods level, but below the ERP 
level. The descriptions of the architectural solutions presented in this paper are 
all based on these three levels, and any communication within each level has 
been left out. In order to identify all possible solutions for each of the three 
services, we have listed all combinations of capabilities on the goods and 
housing level, based on table 2.1 and figure 2.1. From this set of solutions, the 
redundant or unrealistic ones have been removed. The most relevant ones from 
the final set is shown in figure 3.1. The specified capabilities of the Goods level 
in figure 3.1 corresponds to the goods-related capability dimension presented 
in table 2.1, and the capabilities of the Housing level corresponds to the housing 
related capability dimensions in table 2.1. The capabilities of the ERP level have 
not been specified since the resources are considered always to be sufficient on 
this level.  
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Goods route 

Start 

Service 1, sol.4 
Description: The Housing route and Accountable ID are read 
upon request from external unit. The goods route is stored on the 
Goods and ERP levels and sent to the Goods when it has been 
updated. The Goods are responsible for the matching. Deviations 
are reported from the Goods level. 
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updated 

Service 1, sol.2 
Description: The goods IDs are read whenever the goods are 
loaded and unloaded into/from a Housing. The goods route is 
stored on the ERP and Housing levels and sent to the concerned 
Housings when it has been updated. The Housing is responsible 
for the matching. Deviations are reported from the Housing level. 
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Start 

Service 1, sol.1 
Description: The goods IDs are read whenever the goods are 
loaded and unloaded into/from a Housing. The goods route is 
stored on the ERP level, which is responsible for the matching. 
Deviations are reported from the Housing level. 
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Service 1, sol.3 
Description: The goods IDs are read whenever the goods are 
loaded and unloaded into/from a Housing. The goods route is 
stored on the Goods and ERP levels and sent to the Goods when 
it has been updated. The Housing is responsible for the 
matching. Deviations are reported from the Housing level. 

Goods ID, Goods 
route? 

Goods route 

Goods 
level 

(A3, B2, C1, D3, E2, 
F2, G1, H1) 

Housing 
level 

(A2, B2, C2, D2, E2, 
F3, G2, H1) 

ERP 
level 

Goods ID, 
Goods route 

Acc. ID and 
Housing route 
is matched to 
goods route 

The goods route 
is continuously 
updated 



79 
 

Goods route 

Housing route, 
Accountable ID? Start 

Service 1, sol.5 
Description: The Housing route and Accountable ID are read 
autonomously whenever the goods enter or leave a Housing. The 
Goods are responsible for the matching. The goods route is stored 
on the Goods and ERP levels and sent to the Goods when it has 
been updated. Deviations are reported continuously from the 
goods to a stored address or undirected. If the Goods have G2 
capability, the position can also be reported.  
 

Housing route, 
Accountable ID 

Goods 
level 

(A3, B2, C2, D3, E2, 
F3, G2, H1) 

Housing 
level 

(A2, B2, C2, D2, E2, 
F2, G1, H1) 

ERP 
level 

Acc. ID and 
Housing route 
is matched to 
goods route 

The goods route 
is continuously 
updated 

Start 
Goods ID,  
Position, 
Condition data 

Service 2, sol.1. 
Description: The goods route and the requirements on the 
goods conditions are stored on ERP level. The goods IDs are 
read and sent to ERP whenever the goods are loaded and 
unloaded into/from a Housing. The Housing level continuously 
sends condition and position data to ERP.  
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Service 2, sol.2. 
Description: The goods route and the requirements on the 
goods conditions are stored on Housing level. The goods IDs are 
read whenever the goods are loaded and unloaded into/from a 
Housing. The Housing level sends all condition and position 
deviations to ERP. The goods route is also stored on the ERP 
levels and sent to the concerned Housings when it has been 
updated. 
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Service 2, sol.3 
Description: The goods route and the requirements on the goods 
conditions are stored on Goods level. The Goods level 
continuously reads condition and position data from Housing. 
The Goods level sends all condition and position deviations to 
Housing and ERP. The goods route is also stored on the ERP 
levels and sent to the Goods when it has been updated. 
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Service 2, sol.4 
Description: The goods route and the requirements on the goods 
conditions are stored on Goods level. The Goods level has a 
sensor for condition and position data. The Goods level sends all 
condition and position deviations to Housing and ERP. The goods 
route is also stored on the ERP levels and sent to the Goods when 
it has been updated. 
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Service 3, sol.1. 
Description: The goods route, goods priority, customer specific 
priority, estimated time of arrival and costs connected to 
different routes etc. are stored on ERP level. The goods IDs are 
read and sent to ERP whenever the goods are loaded and 
unloaded into/from a Housing. The position is sent continuously. 
The goods route and priority are stored on both ERP and 
Housing levels and sent to Housing when they have been 
updated. 

Goods 
level 

(A1, B1, C1, D1, E1, 
F1, G1, H1) 

Housing 
level 

(A2, B2, C4, D3, E2, 
F3, G2, H3) 

ERP 
level 

Goods ID 
Position 

Goods priority 
Goods route 

The goods 
priority and 
route are cont. 
updated 



80 
 

Figure 3.1 Architectural solutions 

One of the most essential parameter in the three services presented is the 
route, or rather the itinerary of the goods, which for each part of the transport, 
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we denote this information as Stop ID, Accountable ID and Delivery Time 
Window. Furthermore, we also assume that the route parameter is dynamic 
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updated routes, even during transport. In the architecture analysis, we assume 
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Housing route simply contains information about the position of the 
terminal/warehouse. Since the goods route is assumed to be dynamic during 
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the transport, the services would need more than one architectural solution, or 
they would cease to function. Since our architecture analysis involves different 
solutions of the same service, using different levels of intelligence on the Goods 
level, the consequences of such a scenario can be estimated based on these. 
However, we leave this particular analysis for future work. Additionally, the 
different housing levels enclosing the goods on the Goods level (packet, pallet, 
transport container etc.) have also been excluded, since we believe that our 
analysis can equally be applied on a more complicated hierarchy. In (Jevinger et 
al. (2010)) a more detailed discussion of goods hierarchies are given. 

The architectural solutions in figure 3.1 show that each service can be 
implemented in different ways. In particular, there are many alternatives of 
how to partition the capabilities between the Goods and Housing levels. The 
identified solutions can hereby be used to investigate the advantages and 
disadvantages with different implementations of the same service. Moreover, 
each solution can also be further investigated by reducing the capabilities and 
thereby reducing the service functionality and possibly quality. For instance, if 
a solution requires position sensor data capability on the Housing level but only 
the Terminals/warehouses, and not the vehicles, provide support for this, the 
quality of the service will in some way be reduced (e.g. resulting in less 
frequent service output information). Finally, apart from evaluating different 
implementations, the architectural solutions can also be used to investigate 
which functionalities can be achieved with different sets of capabilities, once 
the initial evaluations have been performed. 

4 Quality Analysis 
A service may be implemented in several ways, and each implementation may 
have different qualities. In order to investigate these qualities, we propose a 
number of quality attributes, listed in table 4.1. These can be used to evaluate 
and compare the performance of the architectural solutions, e.g. to determine 
which one is best suited for a specific situation. The list of quality attributes 
have been identified though a theoretical analysis of which qualities aspects are 
most influenced by different architectural choices, i.e. what behaviour of the 
system is influenced given the different choices. As an example of comparison, 
the centralized configuration in figure 3.1, service 1, sol. 1, makes it convenient 
to update the goods routes from the ERP level (no wireless communication 
required for this). However, the reliability of response is lower in comparison 
to for instance the purely intelligent goods based solution in figure 3.1, service 
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1, sol. 5, since it will only be able to detect misplaced goods within a Housing 
and not the goods that are placed outside. Moreover, it requires the support of 
reading the Goods ID in all Housings, otherwise the reliability of response will 
be even lower. Implementing the intelligent goods based solution on the other 
hand requires a high level of processing power on the Goods level, which might 
be costly. 

Table 4.1 Quality attributes 

No Quality attribute Description  
1 Time to response (TtR) Time to get the response from the service, assuming the goods 

and the housings have the required capabilities. The value of 
this quality attribute may be dependent on wireless coverage, 
location of information entities, updating procedures etc. 

2 Reliability of response (RoR) Information reliability of the response from the service. 
Information from a service may be more or less complete due 
to changing capabilities during transport. For instance, 
information may be sent in real time during the whole 
transport, or sometimes in real time and sometimes only at 
terminals, depending on the capability support of the 
transporting vehicles. 

3 Quality of response (QoR) The level of detail of the information response from the service, 
assuming the goods and the housings have the required 
capabilities. For instance, stolen goods may be more easily 
tracked if a service reporting about stolen goods also would 
include information about the position of the goods. The level 
of detail of the service response would hereby be higher in 
relation to a response without position information. 

4 Integrity (I) Information integrity, both concerning the stored information 
entities and the information messages transmitted. The value of 
this quality attribute may be dependent on the number of 
intermediaries, location of information entities and how well 
they can be protected etc. 

5 Short-range wireless 
communication (SW) 

Amount of short-range wireless communication needed by the 
information transmissions. 

6 Long-range wireless 
communication (LW) 

Amount of long-range wireless communication needed by the 
information transmissions. 

7 Goods processing power (GP) Amount of processing power needed on the Goods level. 
8 Vehicle processing power 

(VP) 
Amount of processing power needed on the vehicles. 

 
We will analyse the architectural solutions based on the Analytic Hierarchy 
Process (AHP) (Davidsson et al. (2006)). AHP provides an approach to select 
the most suitable alternative from a number of alternatives evaluated with 
respect to several criteria. This analysis will show a way to select the most 
suitable architectural solution for a particular application under specific 
circumstances. However, we do not have any measured data to base the 
analysis on and we will therefore use estimated, relative values instead.  
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Naturally, without real data we will not be able to draw any conclusions from 
the results of the analysis. The purpose is simply to show how it can be 
performed. We have chosen to base the analysis on the four different solutions 
of service number two. Moreover, we will evaluate the architectural solutions 
with respect to the proposed quality attributes. In accordance with AHP, we 
have therefore assigned priorities to the quality attributes, see table 4.2. These 
priorities are also estimated, subjective values and the result of the analysis is 
influenced by these settings. The first set of priorities (P1) reflects a situation 
where the long-range wireless communication resources are scarce and the 
priority of the corresponding quality attribute is thus set to relatively high. 
Furthermore, a relatively short time to response and high integrity is also 
required. The second (P2) reflect a situation where the processing power on 
the goods is low. 

Table 4.2 Priorities 

Priority TtR RoR QoR I SW LW GP VP 

P1 0.2 0.1 0.1 0.2 0 0.4 0 0 

P2 0.1 0.1 0.1 0.1 0 0.1 0.4 0.1 

 
The next step of AHP would involve collecting metrics for each of the quality 
attributes, for each architectural solution. Since we will perform our analysis 
without metrics, we will skip this step and instead use estimated, normalized 
values of the quality attributes, see table 4.3. These values will, in combination 
with the priorities above, be used for calculating an overall performance result 
for each architectural solution. We assume that low values of the quality 
attributes TtR, SW, LW, GP and VP are desirable, and therefore a high real, 
measured value should result in low or no contribution to the final 
performance result. This contribution is however also depending on the set of 
priorities. If for instance we do not want the priority of a low level of processing 
power on the goods to influence the result, e.g. if it constitute no obstacle, the 
corresponding priority can be set to 0 to eliminate this factor. Values of the 
quality attributes RoR, QoR and I should, for similar reasons be high and thus 
the opposite should be true for these. In table 4.3 a relatively low value 
represents a less desirable quality than a higher. A low corresponding value in 
table 4.3 will hereby result in a relatively low contribute to the overall 
performance result. 
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Table 4.3 Estimated, normalized values of the quality attributes for each solution of 
service no 2, and the results 

 TtR RoR QoR I SW LW PG PV Result P1 Result P2 
Sol. 1 0.1 0.2 0.2 0.3 0.25 0 0.45 0.2 0.12 0.28 
Sol. 2 0.3 0.2 0.2 0 0.25 0.4 0.45 0.1 0.26 0.30 
Sol. 3 0.3 0.2 0.2 0.3 0.1 0.3 0.1 0.3 0.28 0.2 
Sol. 4 0.3 0.4 0.4 0.4 0.4 0.3 0 0.4 0.34 0.22 

 
In the final step, we will calculate the final performance result for each 
architectural solution. This is done by multiplying the priorities (table 4.2) with 
the corresponding normalized values (table 4.3), for each architectural 
solution. These are thereafter summed for each architectural solution and 
presented in the last two columns in table 4.3. As expected, when long-range 
communication resources are scarce, architectural solution number 4 is the 
most suitable and when processing power on the goods are low, solutions 
number 1 and 2 are superior.  

5 Conclusions 
Implementing intelligence on the local level (e.g. on the goods or housings) both 
enable new types of services and provide old services with new opportunities 
(e.g. paperless handling, positioning, condition monitoring etc). Some of these 
services are completely dependent on some form of local intelligence whereas 
others may be implemented either as entirely centralized services or utilizing 
decentralized intelligence, based on for instance intelligent goods. However, 
depending on the implementation, the services put different requirement on 
the level of intelligence of the goods. Moreover, the benefits from using 
intelligent goods vary from service to service. 

This paper has illustrated how a previously published intelligent goods 
framework can be used to identify relevant architectural solutions for potential 
intelligent goods services, with different levels of intelligence on the goods. The 
framework has slightly been extended to fit our purposes and the method is 
illustrated using three specific potential intelligent goods services. The 
architectural solutions show that a number of alternative implementations may 
exist for a specific service, and different situations may require different 
implementations. In order to decide which solution is the best, given a 
particular situation, the solutions must be evaluated and compared against 
each other with respect to the different situations. To lay the foundation for 
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such an analysis, the paper also proposes a set of quality attributes that are 
used in a qualitative analysis of one potential intelligent goods service. 

The method and approach for identifying and evaluating architectural solutions 
for potential intelligent goods services have not been verified against 
implemented cases. The main reason for this is that goods examples of 
advanced implemented intelligent goods services are hard to find. As future 
work though, we intend to test our results through simulation and/or empirical 
investigations. 
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Abstract:  
Purpose: The primary objective of this paper is to propose a framework for 
specifying and analyzing Intelligent Transport System (ITS) services. 
Design/methodology/approach: Essential service information are identified and 
stated in a uniform way.  A separation into an abstract description, focused on 
what the service does, and a concrete description, focused on how to perform 
the service tasks, is made.  
Findings: The proposed a framework has been used for specifying and 
distinguishing ITS services and for different types on analyses, e.g. service 
composition/decomposition analyses and architecture analyses.  
Original/value: The usefulness is illustrated by an architecture choice analysis 
applied on a specific intelligent goods service. Apart from ITS services, the 
framework has the potential to also apply to other types of information 
services. 
Keywords: Service framework, Service description, Intelligent goods, Service 
composition, ITS  
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1 Introduction 
Representing services in a way that that reveals the essential information, such 
as, input, output and service functionality in a uniform way, is critical when 
conducting certain types of service analyses, e.g. in service 
composition/decomposition analyses, synergy analyses or architecture 
analyses. For each service involved, it must be possible to specify all 
information relevant for the analysis and the descriptions must furthermore 
enable a clear distinction between the different services (i.e. capture the 
characteristics of each service). The aim of the suggested framework is to fulfill 
these requirements. Moreover, as an additional contribution to service analysis, 
a service composition/decomposition approach is also included in the 
framework. Since the framework is focused on services and their descriptions, 
a short introduction to the service concept is given below. 

Over the years, researchers within both business science and other fields have 
argued for different definitions of the service concept. Literature thereby 
contains an abundance of various definitions. The Organization for the 
Advancement of Structured Information Standards (OASIS) works for open 
standards for the global information society, and the organization has defined a 
service as “a mechanism to enable access to one or more capabilities, where the 
access is provided using a prescribed interface and is exercised consistent with 
constraints and policies as specified by the service description”1. This definition 
is consistent with the suggested framework since the framework prescribes a 
uniform interface that can be used to access the service and to get information 
about constraints and policies. The service description thereby enables services 
to be accessed and exercised consistent with constraints and policies. 

This paper focuses on Intelligent Transport Systems (ITS) and, in particular, 
services provided by such systems to different users. According to ISO 14813-1, 
20072, an ITS (user) service consists of a product or activity targeted to a 
specific type of ITS user addressing a given user need. One of the fundamental 
challenges in the study of ITS services for various users has been to have a 
common, uniform and standard terminology as well as taxonomy for ITS 
services analogous to the Web Services Description Language. Existing 
literature about ITS services focuses on the description of enabling 
technologies, functionalities (or information) and operational characteristics of 
the services3, 4, 5, 6. Describing services with focus on the technologies obscure 
non-technical but important issues associated to such services. Using 
functionalities to describe services maybe ambiguous if the level of detail for 
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each functionality is not the same5. Describing services based on operational 
characteristics enable such services to be categorized according to operational 
domain, e.g. safety4, 5, but such an approach does typically not include detailed 
specifications of the services and analyses of such services may thereby be 
limited. 

Given the multiplicity of ITS services, both emerging and existing, upfront 
knowledge that may facilitate implementation is increasingly of great value 
considering the high costs of field experiments. Further, there is a tendency 
among stakeholders to prioritize different services (hence the need to compare 
services) due to limited financing7, 8. Consequently, the current ITS service 
specifications (as outlined in previous paragraph), raise a number of questions, 
including: 1) how can service composition/decomposition analyses be 
performed if the services are specified with different schemes, 2) how can 
service architecture options as well as alternative implementation options be 
analyzed if the service descriptions do not reveal appropriate information? 
However, to completely and unambiguously specify all information related to a 
service is very hard, if not impossible – and this goes for both machine 
processable descriptions and descriptions intended for human reading. A 
complete description is usually not needed though. Depending on the intended 
purpose of the descriptions, as well as the set of services in question, different 
levels of detail are required. As a fundamental requirement however, 
descriptions must enable a clear distinction between different services, i.e. 
different services must differ in their descriptions. In this paper a framework is 
proposed that can be used to describe ITS services. The service characteristics 
are reflected by a number of service description elements which are sufficient 
for our particular set of services and our analysis purposes. The framework has 
been applied on several services, primarily from three different fields within 
ITS (intelligent goods, e-freight, and vehicle centric services), and we therefore 
believe that the identified elements may apply for a large set of ITS service. It 
might even apply for other IT related services, in particular for services focused 
on information. The framework is primarily designed for information services, 
where input and output are important factors, and not for services in which, for 
instance, physical actions or changes of state are central. Other studies are 
more focused on these areas. In particular, Zinnikus et al.9 work with software 
agents and describe services in terms of changes of state.  

Additionally, apart from being used for specifying ITS services, the proposed 
framework can be used for different types of service analyses. In this paper we 
will show how an architecture choice analysis can be performed on a specific 
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intelligent goods service. In summary, the primary objectives of this paper are 
as follows: 

• Review different approaches for specifying services, in particular ITS 
services, and to understand how such frameworks are used for ITS 
service analysis. 

• Based on the review, propose a framework for specification and analysis 
of ITS services that: 

o Supports uniform descriptions of ITS services, i.e. describes what 
an ITS service do (what service it provides to its users), what 
input it needs and what output it produces 

o Supports unambiguity, i.e., if two descriptions are the same, it's 
the same service 

o Supports various levels of detail 
o Is implementation (technology) independent 
o Supports the combination of services into complex services and 

vice versa 
• Illustrate how the proposed framework can be employed for an 

architecture choice analysis (as a pre-study, the framework has been 
validated by employing it for different types of analyses on services from 
different ITS fields, see section 4). 

This paper is structured as follows. In section 2, the results from the literature 
review are discussed. Section 3 presents the service description framework, 
which is subsequently applied to a specific intelligent goods service, in section 
4. Finally, in section 5, some conclusions are drawn. 

2 Literature review 
The framework presented in this study concern the specification, including 
characteristics and functional perspectives, as well as the analysis of ITS 
services. In particular, the framework shows how services can be represented 
and their interactions and relationships identified. Our perspective on ITS 
services can be compared to the approach used for Service Oriented 
Architecture (SOA) in software engineering and computer science. The concept 
SOA is defined as “a paradigm for organizing and utilizing distributed 
capabilities that may be under the control of different ownership domains”, by 
OASIS1. Generally speaking, a SOA includes different services cooperating in a 
location transparent manner. A system is hereby composed of a set of 
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interacting services, where each service has well-defined functionality and an 
interface that can be published and discovered10. This means that the service 
metadata need to be defined and communicated, and common specifications 
used for these purposes are WSDL (Web Services Description Language), SOAP 
(Simple Object Access Protocol) and UDDI (Universal Description Discovery 
and Integration). These specifications do not support complete uniform 
descriptions of services but are limited to metadata in order to facilitate 
information exchange between services with different capabilities. According to 
the SOA Reference Model10, the functionality of the SOA service, might be 
described either as machine processable descriptions or as human readable 
descriptions. The SOA however provides a potential approach that can be used 
to study a service at different levels (each service seen as a composition of 
subservices) by proving a means of uniformly specifying the interface between 
various service levels. 

The SOA concept can be seen as an evolution of component-based 
architectures. A component-based architecture is simply made up of software 
components, meant to interact with other components. One of the ideas behind 
component-based architectures is that software should be componentized in 
order to reuse the components for different purposes11. These components may 
be distributed across many machines and a system represents a composite of 
these interacting components. A number of software component models have 
been presented in literature, which defines what components are, how they can 
be composed or assembled, how they can be deployed and how to reason about 
their quality11. The framework presented in this paper can be used for both 
composition and decomposition of services, as will be shown in the analysis 
part of the paper.    

Representing a service in a way that reveals the essential information, such as, 
input and output, and the service functionality that together can be used to 
characterize a service constitute the perspective adopted in this study. Quite a 
lot of framework studies have been carried, with focus on different 
perspectives of ITS12, 13, 14, 15, 16. Two trends have emerged from the literature on 
ITS related framework studies which can be referred to as category based 
approach and a hierarchical based decomposition/composition approach. Both 
approaches have been used to address different analysis perspectives of ITS 
from analysis of service concepts for deployment18, to analysis of service 
composition and specification that will answer questions related to 
architectures. These general approaches to different extent support some of the 
objectives of this paper (as stated above). 

http://en.wikipedia.org/wiki/Web_Services_Description_Language
http://en.wikipedia.org/wiki/Universal_Description_Discovery_and_Integration
http://en.wikipedia.org/wiki/Universal_Description_Discovery_and_Integration
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In the category based approach, focus is on the description of ITS services (and 
systems) so as to disclose essential information that enables such services to be 
associated together in groups addressing a common service application area 
(or domain), e.g. traffic management services.  Hence, a category based 
approach enables the description of what the service do, especially the outputs 
expected from the service. Several reasons exist for attempting to categorize 
services. For instance, travel and traffic management, public transportation 
management, electronic payment etc. are suggested categories or groups to 
enable development of service repositories5. Others have concentrated on 
development area and application domain to enable development of system 
architecture4. To minimize variation in ITS service specification across regions 
and nations, ISO proposed a taxonomy consisting of 11 categories (purpose 
based) that identifies the domains within which the ITS services reside in the 
current perception of the ITS sector2, 3. When services are described using a 
category based approach, their description content reflects the category in 
question and not the internal details and functional behavior of the service. As 
such, a category based approach do not necessarily require that service 
descriptions are uniform, or advocate a detail specification of services that can 
enable them to be composed to complex services. 

In the hierarchical based decomposition/composition approach, studies have 
focused on specification of ITS services from general to specific elements 
sometimes referred to as subservices. The Freight Functional Framework (FFF) 
proposed by the THEMIS project (air and rail freight sectors) recommends 
different roles, function profiles and information flows13, 17. Roles are further 
decomposed in a hierarchy according to different levels with more specific 
roles lower in the hierarchy. As such the hierarchical based approach provide 
one way of specifying a service in different levels as in the SOA approach, 
except that focus is shifted from the interface between services to the 
functionalities of the service. A framework for integrating existing services 
where such services have been decomposed into subservices with focus on 
information type, content, calculation process and visualization is proposed by 
the European project eMotion14. Service chains ranging from user request 
(PULL), subscription (PUSH) and monitoring (PULL) are considered. A 
difference in comparison to the THEMIS FFF is that no hierarchy of roles and 
functions is considered, instead, the technology aspect is accounted for in terms 
of basic services. In general a hierarchical based approach for ITS services 
provide one way not only to specify different levels of services (according to 
service functionality), but  also to achieve a technology independent 
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specification of services as well as to compose simple services to complex 
services. 

As mentioned above, one of the fundamental challenges that have led to the 
development of frameworks has been to have a common, uniform and standard 
terminology as well as taxonomy for ITS services2. Within the Web Service 
community, research has reached quite far in these matters, addressing specific 
issues such as automatic discovery, composition and execution of web services. 
WSDL19, for instance, focuses on machine readable descriptions of the protocol 
bindings and message formats required to interact with a web service. It is 
based on XML and it includes interface information about the available 
functions, data type information for the message requests and responses, 
binding information about the transport protocol to be used, and address 
information for locating the service (e.g. <xs:element name="body" 
type="xs:anyType" minOccurs="0"/> can be seen as a WSD for a service that 
can be called with name “body” with data,“any type” returning a minimum of 
zero). The use of WSDL, however, still requires human interaction to a large 
extent since the programmer has to manually search for and invoke 
appropriate web services in a useful manner. In other words, it does not fully 
describe web services in a machine-understandable fashion. As an extension to 
WSDL, Semantic Annotations for WSDL (SAWSDL) was released by W3C in 
2007. SAWSDL is a lightweight specification for adding semantic annotations to 
WSDL. It aims at specifying how semantic annotation is accomplished (for 
instance, to annotate WSDL interfaces and operations with categorization 
information that can be used to publish a Web service in a registry) using 
references to semantic models, e.g. ontologies.  Further, Web Service Modeling 
Ontology (WSMO) and Semantic Markup for Web Services (OWL-S) are two 
major frameworks for automation of web service usage with the help of 
semantic descriptions. WSMO and OWL-S provides support for further 
automation for discovering or composing services. Some use of SAWSDL can 
today be seen in a variety of systems, and at the same time researchers 
continue the work by developing generic extensions to SAWSDL in order to 
cater for additional functionalities, e.g. WSMO-Lite.  However, in many cases the 
solutions adopted are application-specific and hence highly dependent on the 
technology. However, in addition to supporting machine readable interface 
specification, extensions of WSDL require the use of annotations for describing 
message communication between web services and facilitate the composition 
of such services into more complex services. 
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ITS services like any other services are composed from multiple technological 
elements or functions that may be common with other services4. In addition, 
services can be seen as building blocks that can be combined for deployment in 
a variety of ways. However, little work has been done that takes advantage of 
the composability of ITS services in order to facilitate service analysis and 
understanding. Composition of web services have proven to be a useful 
technique when services have to “co-operate” with each other in the sense of 
B2B20, 21. Such composition can either take place in real time during service 
operations as in the case of web services or in the planning stage similar to web 
service proactive composition20. Further, composition/decomposition 
approaches of ITS services are sometimes used to address architectural 
analysis, implicitly assuming that components offer well-defined services which 
are composed to meet system requirements similar to Architectural 
Description Languages (ADLs) for web services20. Thus approaches developed 
for decentralized web service compositions based on AND/OR trees21 may be 
extended to analyze ITS services. In their proposed approach21 a formalization 
of Input/Output Dependency, AND/OR Tree and AND/OR tree search algorithm 
was used for analysis of web service composition. We believe, however, it is 
important that a service framework does not only allow for 
composition/decomposition of services but also provide support for describing 
services uniformly and unambiguously at different levels in a technology 
independent fashion. In Table 1 we summarize our views on how the different 
approaches to service related frameworks either fully, partially or do not 
address the objectives of the proposed framework in this paper. Under the 
various framework approaches we refer the reader to the examples discussed 
above, e.g. WSDL, covers the different variants such as SAWSDL, WSMO etc. 

Table 1. Our view on the different approaches to service related frameworks 
Framework 
approach 

Description 
of what 
service does 

Uniform 
service 
description 

Unambiguou
s service 
description 

Different 
levels of 
details 

Technology 
independent 
description 

Combination 
to complex 
services 

SOA partially partially no yes Partially no 
Categorical partially no no no Partially no 
Hierarchical  partially no no yes yes yes 
WSDL partially yes yes partially no yes 

 
From the above review, this study aim to suggest a framework for ITS services 
that support the stated objectives as much as possible. 
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3 A Description Framework for ITS Services 
The service description framework has been developed primarily for 
describing and analyzing ITS services. Below we list a number of different types 
of potential analyses that we suggest can be performed based on the 
framework: 

• Service composition/decomposition 
• Information and functionality synergies analysis 
• Service quality analysis 
• Physical architecture analysis 

This list is however not exhaustive and we believe that the framework can be 
used for more areas than presented here. 

3.1 Abstract Service Description 
Service descriptions are required in order to analyze, explain or compare 
different services. These descriptions should be as precise and condensed as 
possible. In particular, the descriptions must enable a distinction between 
different services in a set and they must furthermore be flexible enough to 
provide as much information as needed to perform intended analyses. In this 
paper, we propose a set of mandatory elements that can be used to specify ITS 
services. The collection of these elements represents an Abstract service 
description since it is only concerned with what the service does, leaving out 
the question of how for the moment. The elements are Input, Output, 
Processing, Information Entities, Triggers and Procedures. The last three 
elements represent sets that are used by the first three element sets to describe 
a service.  

According to the proposed framework, an Abstract service description is 
specified by the tuple <I,O,P,IE,T,R>, containing the following six 
elements: 

Input: I = {i1, i2,…, iia}, where ia  is the number of input parameters and ik = 
<what, when>, what ϵ IE and when ϵ T 

Output: O = {o1, o2,…, ooa}, where oa is the number of output parameters and ok 
= <what, when>, what ϵ IE and when ϵ T 

Processing: P = {p1, p2,…, ppa}, where pa is the number of processing parts and 
pk = <what, when>, what ϵ R and when ϵ T 
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Information Entities: IE = {ie1, ie2,…,ieea}, where ea is the number of 
information entities relevant to the service and iek is an information entity 

Triggers: T = {t1, t2,…,tta}, where ta is the number of triggers relevant to the 
service and tk is a trigger 

Procedures: R = {r1, r2,…,rra}, where ra is the number of procedures relevant to 
the service and rk is a procedure such that r(In) = Out, where In ⊆ IE  represents 
potentially multiple inputs and Out ⊆ IE  represents potentially multiple 
outputs 

The IE set represents the set of Information Entities that might serve as input 
or output. The T set specifies all events that serve as triggers for input/output 
generation or processing activities (e.g. a trigger for when to measure a 
temperature). A service may be reactive meaning that a processing activity 
must be triggered by an external action, or proactive with for instance a 
periodic behavior triggered by an internal clock. These behaviors are reflected 
by the events in T. R includes all procedures needed to describe what a service 
does. The three sets IE, T and R, are domain specific (i.e. different subject 
domains have different sets of possible values) and their contents (the 
components) can be described using for instance natural language (see section 
4) or pseudocode. In order to compare and relate different services to each 
other, common ontologies are, however, required. 

The above defined sets may actually be empty. For instance, services with no 
input data will be described without the Input element. Please note that the 
Abstract service description is focused only on what the service does, not how 
(the aspects concerning how a service performs a task are addressed by the 
Concrete service description below). In particular, the procedures in the 
Processing element must strictly concern what the service does, not how the 
service is implemented. Therefore, an appropriate level of detail of the 
Processing element information must be found. For our purposes, the 
Processing element can be expressed with relatively procedures (see section 4), 
or even in natural language.  However, more advanced formal methods might 
sometimes be needed and in such situations the Z-language or some other 
formal specification language can be used.  

During the development of this framework a substantial amount of services, 
primarily from three different ITS fields (intelligent goods, e-freight and vehicle 
centric services) have been examined and described according to the Abstract 
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service description. We therefore believe that the identified service description 
elements may apply, as a fundamental implementation independent service 
description framework, for a relatively large set of ITS services. One of the 
major advantages with using this framework is that it provides a high-level 
condensed and purposive description that can easily be used for different types 
of analyses.   

The Abstract service description is illustrated below with a simple example, a 
real-time vehicle tracking service. The elements in the R, T and IE sets have self-
explaining names and explicit explanations of them have therefore been left 
out. 

IE = {vehicleID, currentPosition, currentStatus, time} 

T = {timeInterval, startServiceReq} 

R = {ReadPosition() = currentPosition , ReadStatus() = currentStatus } 

I = {i1}, where i1 = <vehicleID, startServiceReq> 

O = {o1, o2}, where o1 = < currentPosition, timeInterval>, o2 = < currentStatus, 
timeInterval> 

P = {p1, p2}, where p1 = <ReadPosition, timeInterval>, p2 = <ReadStatus, 
timeInterval> 

The input to the service is the ID of the vehicle and the service is initiated by a 
start request holding the input data. The service will then provide the current 
position and status of the vehicle every time interval. The IE time can be seen as 
an internal information entity and is therefore not included in the input or 
output elements. In general, input parameters can be excluded from the 
definition if they can be seen as system internal since these might be unknown 
(for instance, alternative input parameters might exist, depending on which 
implementation solution is used).  

In the above example, p1 and p2 does not explicitly specify the input/output 
parameters connected the two procedures since these are already defined by R. 
However, if the outputs of a procedure serve as inputs to another, it is possible 
to let p1 and p2 include this information as well (see section 4). 
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3.2 Concrete service description 
The service description framework basically consists of two different service 
description levels; the Abstract service description and the Concrete service 
description. These two represent different levels of specification such that the 
Concrete service description is a further specification of the Abstract service 
description. Apart from describing what the service should do, the Concrete 
service description is also concerned with how the service should fulfill these 
tasks (though the aim is not to capture the complete description of how a 
service should operate but only the aspects needed for the desired purpose of 
the description) . Since a number of alternatives to this may exist, there might 
be several Concrete service description instances. Each service description 
level is defined by a set of mandatory elements and since the Abstract service 
description elements describe the functional requirements that must be 
fulfilled, the Concrete service description also incorporates these elements. 
However, the information specified for each element may be more extensive in 
the Concrete service description, for instance additional input parameters 
might be needed for the specific solution. In particular, the Processing element 
may, in the Concrete service description, also include information about how to 
perform specific tasks. In addition to this, the Concrete service description 
includes an optional where part of the service description elements, which 
specifies the origin or destination of the input/output information (which 
might differ from their current physical location), and the location of the 
processing units. The where part thereby introduces architectural aspects to 
the Concrete service description level. In summary, the aspect of how the 
service fulfills its tasks is captured in the Concrete service description by 
additional procedures as well as more specified information about them, i.e. 
extended and more specified P and R sets (with focus on how). It is also capture 
by extended and more specified I, O and IE sets, additional information about 
origin or destination of input/output and location of the processing units.   

Different values of the service description elements indicate different services. 
The elements of the Concrete service description are described below. Please 
note that the Concrete service description requires the specification of a 4:th 
set , L, which reflects the different location alternatives on input origin, output 
destination and processing location. Also note that the number of output 
parameters are equal in the Abstract and Concrete service descriptions, 
whereas the number of input parameters may be larger in the Concrete service 
description. 
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According to the proposed framework, a Concrete service description is 
specified by the tuple <I,O,P,IE,T,R, L>, containing the following seven 
elements: 

Input: I = {i1, i2,…, iib}, where ib≥ia  is the number of input parameters and ik = 
<what, when, where>, what ϵ IE, when ϵ T and where ϵ L 

Output: O = {o1, o2,…, oob}, where ob ≥ oa is the number of output parameters 
and ok = <what, when, where>, what ϵ IE, when ϵ T and where ϵ L 

Processing: P = {p1, p2,…, ppb}, where pb≥pa is the number of processing parts 
and pk = <what, when, where>, what ϵ R, when ϵ T and where ϵ L 

Information Entities: IE = {ie1, ie2,…,ieeb}, where eb≥ea is the number of 
information entities relevant to the service and iek is an information entity 

Triggers: T = {t1, t2,…,ttb}, where tb≥ta is the number of triggers relevant to the 
service and tk is a trigger 

Procedures: R = {r1, r2,…,rra}, where rb ≥ra is the number of procedures 
relevant to the service and rk is a procedure such that r(In) = Out, where In ⊆ IE  
represents potentially multiple inputs and Out ⊆ IE  represents potentially 
multiple outputs  

Locations: L = {l1, l2,…, llb}, where lb is the number of location alternatives 
relevant to the service and lk is a location alternative 

The Abstract service description example above can be further specified 
according to the Concrete service description, as shown below. Please note that 
the description naturally can be even further expanded and specified in details, 
if required.  

IE = {vehicleID, currentPosition, currentStatus, time} 

T = {timeInterval, startServiceReq} 

R = {ReadGPSPosition() = currentPosition , ReadODBStatus() = currentStatus} 

L = {back-office, vehicle} 

I = {i1}, where i1 = <vehicleID, startServiceReq, back-office> 
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O = {o1, o2, o3}, where o1 = < currentPosition, timeInterval, back-office >, o2 = < 
currentStatus, timeInterval, back-office >, o3 =  < currentPosition, timeInterval, 
back-office > 

P = {p1, p2}, where p1 = <ReadGPSPosition, timeInterval, vehicle>, p2 = 
<ReadODBStatus, timeInterval, vehicle> 

The start request is initiated by back-office, the processing units are located on 
the vehicle and the outputs are destinated to back-office. The additional output 
o3 is needed since there might be several vehicles serving back-office with their 
respective position and status. Back-office needs to know which vehicle the 
output belongs to. This output is not included in the Abstract service 
description since it might not be necessary in other implementations of the 
service.  

The two procedures specify how the position and the status should be read 
(through GPS and the ODB port). No input parameters are needed into the two 
procedures since they are located on the vehicle, and in is the position and 
status of the very same vehicle that should be read. 

3.3 Service composition/decomposition, basic approach 
In this section we present a composition/decomposition approach, which is 
based on the two service description levels, with Abstract service description 
instances alternated by Concrete service description instances. For simplicity, 
the Abstract service description is denoted Service description level A, in this 
section, and the Concrete service description is denoted Service description level 
B. 

In this approach, a service decomposition always starts with a topmost A-level 
instance describing what the service should do, i.e. the requirements of the 
service. The set of A-level input parameters may, as indicated above, exclude 
input parameter that can be seen as internal to the system, and one of the 
objectives with the approach is therefore to support the identification of all 
required input parameters, including the internal ones.  As a second step, the 
top-most A-level instance will be broken down into B-level instances, one for 
each solution alternative. Each B-level instance hereby specifies complete lists 
of inputs corresponding to the different options. The input parameters 
specified in the superior A-level instance must be included in the corresponding 
B-level instances. Moreover, the optional where parts of all B-level service 
description elements have been excluded from the basic approach, since it  
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should be able to serve as a foundation for a variety of analyses, including those 
without architectural aspects. However, if architectural aspects are required, 
the where parts can easily be included when applying the approach. In this case, 
the different B-level instances, representing different solution alternatives, 
might contain different values of the where part of the elements, i.e. different 
solution alternatives might reflect different placements of for instance the 
procedures (an example of this is shown in section 4).  

All input parameters related to the B-level instances must be 
retrieved/received from somewhere. If the B-level input parameters must be 
produced by a secondary service (i.e. subservice), additional A-level instances 
should be defined describing all subservices needed to produce these input(s) 
(unless a discontinuation of the analysis is desired at this level). Since several 
subservices might be needed to produce the inputs to a B-level instance, there 
may be several A-level instances corresponding to one superior B-level 
instance. Based on the mandatory service description elements, all A-level 
instances corresponding to one superior B-level instance are hereby 
complements (ANDs, e.g. providing as outputs the different inputs required by 
the superior level B instance) whereas all B-level instances corresponding to a 
superior A-level instance are substitutes (ORs, e.g. requiring different inputs 
but providing the same outputs). There is one exception to these rules however. 
If a redundancy in the system is required, implemented using several different 
B-level instances which all produce the same output, then they are all 
complements since they are all required. Redundancy may be motivated by, for 
instance, a requirement to make a system more robust and reliable. The 
complement/supplement relationships may also, naturally, change with 
additional, self-defined service description elements. 

Please note that exactly one B-level instance from each B-level split are 
required to implement a corresponding service (since they are substitutes). The 
composition/decomposition approach is flexible in the sense that an analysis 
might be terminated at any level. The point of termination naturally depends on 
the desired level of analysis but also on the type of service in question.  

Using the above approach it is possible to decompose a service, and to conduct 
various types of analyses on the resulting structure. Such a structure can be 
illustrated using for instance trees, “black input/output boxes” or tables. In this 
paper we will primarily illustrate the composition/decomposition approach by 
building tree structures (i.e. AND/OR trees), where the tree nodes correspond 
to A- and B-level instances. The leaves will always accommodate information 
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entities or B-level instances. Please note that each service, represented by an A-
level instance, might be used both as a subservice and as an individual service. 
Thus, for a service composition the tree will be continued upwards instead of 
downwards. 

An example of a tree based on the approach is shown below. Since the service 
description elements identify the A- and B-level instances, two different 
services may be represented by the same tree structure. In order to separate 
the trees, we therefore also include some element values; input and output. We 
have, however, in this particular example only included the what part of the 
Input and Output elements, for readability reasons. In the tree, the following 
symbolic representations are used: 

• An A-level instance is denoted as: 𝐴𝑖𝐼→𝑂, with input set I if mandatory inputs 
exist, output set O and index i  

• A B-level instance is denoted as: 𝐵𝑖𝐼→𝑂, with input set I, output set O and 
index i 

• ORs are represented by: 

• ANDs are represented by: 

  

As Figure 1 shows, the service description of A1 does not include any input 
parameters. This means that no input requirements have been set, which 
possibly opens up for more alternatives that might being explored in the 
analysis. A13 on the other hand specifies the input parameter requirement z 
which is fulfilled by B14. The tree furthermore shows that A1 needs subservice 
B1, which takes the same input as output parameters. B1 might for instance be 
responsible for assembling and delivering the output information to some 
specified recipients. B1 in turn is dependent on all of the services described by 
A11, A12 and A13. A11 can be implemented using either B11 or B12. As can be seen, 
both B111 and B14 in the figure need the same input parameter (z). One 
conclusion that can be drawn by this tree is that B111 and B14 potentially may be 
merged into the same subservice, represented by a new B-level instance taking 
z as input and producing y and c as output. This would also mean that A111 and 
A13 would be merged into one A-level instance, with both y and c as output 
parameters. If the new merged subservice was already known as an existing 
subservice when building the AND/OR tree, the merged instances would have 
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been inserted from the beginning. In general, when building AND/OR trees, 
depending on what type of analysis is performed there might be several 
considerations that must be taken into account. For instance, there might be 
several architectural limitations affecting the structure of the tree. All these 
preconditions must be specified before using the composition/decomposition 
approach.  

3.4 Service composition/decomposition, alternative 
approach 

Depending on the purpose of a particular service composition/decomposition, 
an alternative approach, based on the two service description levels, may be 
applied. As in the previous approach, the service description starts with a 
topmost A-level instance describing what the service should do and which 
output it should deliver. However, instead of performing the analysis stepwise 
backward, searching for services to deliver input to the previous service, a 
service is further broken down into sub-services, which in turn are broken 
down into even smaller sub-services and so forth. This means that the top-most 
A-level instance is broken down into B-level instances which may be both 
complements and alternatives to each other. These B-level instances may in 

Figure 1: Composition/decomposition, basic approach 
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turn be broken down into further B-level instances and the previous alternation 
between A- and B-level instances does hereby not exist in this approach. In 
principal, the two approaches are identical since a service description based on 
one of the approaches can be transformed into a service description based on 
the other. The example tree in Figure 1 can hereby be transformed into the tree 
shown in Figure 2. We believe that this alternative approach might be preferred 
when a known service needs to be broken down into subservices, whereas the 
original approach is beneficial when the complete scope of a service needs to be 
investigated. Please note that the tree corresponding to the first approach 
actually indicates which parts of the service (i.e. B-level instances) need to 
communicate. This quality is further explained and utilized in the architecture 
analysis (see section 4). 

4 Application of the service description 
framework on a potential intelligent goods 
service 

This section illustrates the service description framework by applying it to a 
potential intelligent goods service. Apart from generating a service description,  
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Figure 2: Composition/decomposition, alternative approach 
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a very simple architecture analysis is performed to illustrate the basic 
composition/decomposition approach. The aim of the analysis is to identify the 
information entities needed as well as possible combinations of where to place 
different processing parts of a service. Based on these, the required 
communication paths will also be investigated. In order to provide a simple and 
clear analysis, alternative solutions other than different processing locations, 
have been excluded.  

The main purpose with the selected service is to inform about the priority of 
goods. This information can be used to facilitate decisions about which goods to 
load onto a vehicle. The service is activated by an incoming request which 
includes the accountable ID and itinerary of a departing vehicle. Here, 
accountable IDs reflect different organizations, for instance haulage 
contractors, assigned to be responsible for the goods on different transport 
links. If the two inputs match the upcoming accountables and the itinerary of 
the goods, an answer is generated by the service with the priority (otherwise 
another vehicle should be selected).  

Below, the service description according to the framework is presented. The 
description starts with a number of tables specifying the IE, T, R and L sets 
necessary for this particular description and analysis (see Tables 2-5). These 
sets are a result of the subsequent analysis. Table 6 shows all identified 
Abstract and Concrete service description instances. A1 represents the main 
service to be analyzed whereas A2 represents a sub-service. The corresponding 
service descriptions can be found in the table. Figure 3 shows the tree resulting 
from the basic service composition/decomposition approach. The “+” mark on 
some of the information entities indicates possible plurality, i.e. one or several 
information elements of the same type. Furthermore, each Concrete service 
description instance has a G, V, I or M attached to it, which show the where part 
of the Processing element. 

Table 2: IE = {IE1, IE2, IE3, IE4, IE5, IE6} 
Information 
entity 

Description 

IE1 Unique ID of the goods 

IE2 Priority of the goods 

IE3 Itinerary of the goods, including stop positions, delivery time windows and 
accountable IDs for each transport link 

IE4 Next destination of the goods, must be updated at every stop 

IE5 Accountable ID associated with a vehicle 

IE6 Itinerary of a vehicle 
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Table 3: T = {ERequest, EPush, EPull, AnsReady} 

Event Description 

ERequest An incoming request is received 

EPush Information entity is received 

EPull Information entity is retrieved 

AnsReady An answer has been created and is ready to be delivered 

 
Table 4: R = {CollectPresentItemData, FindMatchingItems, GetItemsData, 
GetPresentItemsData, GetSurroundingGoodsData, IdentifyPresentItems, MatchDestAcc} 

Procedure Description 

CollectPresentItemData() =  
(IE1+, E2+, IE3+, IE4+) 

Asks another service process for information about 
IE1, E2, IE3 and IE4 of all present goods items. 
Returns this information. 

FindMatchingItems(IE5, IE6) = (IE1+, 
IE2+) 

Finds and returns IE1 and IE2 from all present goods 
items whose itinerary matches the input parameters.  

GetItemsData(IE1+) =  
(IE1, E2, IE3, IE4) 

Finds and returns IE1, IE2, IE3 and IE4 for every IE1 
parameter by accessing stored information about this. 

GetPresentItemsData() =  
(IE1+, E2+, IE3+, IE4+) 

Finds and returns IE1, E2, IE3 and IE4 from all 
present goods items. 

GetSurroundingGoodsData() =  
(IE1+, E2+, IE3+, IE4+) 

Finds and returns IE1, IE2, IE3 and IE4 of all nearby 
goods items, which are identified through broadcast 
request. 

IdentifyPresentItems() =  
(IE1+) 

Finds and returns IE1 of all goods items present by 
accessing stored information about this. 

MatchDestAcc(IE1+, IE2+, IE3+, IE4+, 
IE5, IE6)= 
(IE1+, IE2+) 

Searches for IE4 in IE3 for each input goods item and 
identifies all upcoming destinations. Compares these 
destinations to the destinations listed in the planned 
vehicle itinerary. Also compares the accountable IDs 
for each transport link. Returns corresponding IE1s 
and IE2s for each match.  

 
Table 5: L = {Sender, Driver, Loader, Process, G, V, I, M} 

Location entity Description 

Sender Sender of the goods 

Driver Driver of a transporting vehicle 

Loader Loader of goods into a transporting vehicle 

Process Another service process 

G Goods level 

V Vehicle level, i.e. transporting vehicle 

I Infrastructure level, e.g. back-office systems 

M Local mobile terminal 
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Figure 3: Decomposition tree of the intelligent goods service; inputs, outputs and 
location are shown for each instance 
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𝐵𝐺 1
𝐼𝐸1+− 𝐼𝐸6→𝐼𝐸1+,𝐼𝐸2+ 𝐵𝐼 3

𝐼𝐸1+− 𝐼𝐸6→𝐼𝐸1+,𝐼𝐸2+ 

 

𝐵𝑉 12
𝐼𝐸1+−𝐼𝐸4+→𝐼𝐸1+−𝐼𝐸4+  

IE5 IE6 

IE1 IE2 IE3 IE4 

𝐵𝐼 13
𝐼𝐸1+−𝐼𝐸4+→𝐼𝐸1+−𝐼𝐸4+  𝐵𝐺 11

𝐼𝐸1+−𝐼𝐸4+→𝐼𝐸1+−𝐼𝐸4+  𝐵𝑀 14
𝐼𝐸1+−𝐼𝐸4+→𝐼𝐸1+−𝐼𝐸4+  
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Table 2: Identified Abstract and Concrete service description instances 
Ins. Input (I) Output (O) Procedures (f) Processing (P) 

A1 i1 = <IE5, EPush> 
i2 = <IE6, EPush> 

o1 = <IE1+, AnsReady> 
o2 = <IE2+, AnsReady> 

FindMatchingItems(IE5, 
IE6) 

<f, ERequest> 

B1 i1 = <IE1+, EPull, Sender> 
i2 = <IE2+, EPull, Sender> 
i3 = <IE3+, EPull, Sender> 
i4 = <IE4+, EPull, Sender> 
i5 = <IE5, EPush, Driver> 
i6 = <IE6, EPush, Driver> 

o1 = <IE1+, AnsReady, 
Loader> 
o2 = <IE2+, AnsReady, 
Loader> 

MatchDestAcc( 
CollectPresentItemData(), 
IE5, IE6) 

<f, ERequest, G> 

B2 <f, ERequest, V> 

B3 <f, ERequest, I> 

B4 <f, ERequest, M> 

A2 i1 = <IE1+, EPull> 
i2 = <IE2+, EPull> 
i3 = <IE3+, EPull> 
i4 = <IE4+, EPull> 

o1 = <IE1+, AnsReady> 
o2 = <IE2+, AnsReady> 
o3 = <IE3+, AnsReady> 
o4 = <IE4+, AnsReady> 

GetPresentItemsData() <f, ERequest> 

B11 i1 = <IE1+, EPull, Sender> 
i2 = <IE2+, EPull, Sender> 
i3 = <IE3+, EPull, Sender> 
i4 = <IE4+, EPull, Sender> 

o1 = <IE1+, AnsReady, 
Process> 
o2 = <IE2+, AnsReady, 
Process> 
o3 = <IE3+, AnsReady, 
Process> 
o4 = <IE4+, AnsReady, 
Process> 

GetSurroundingGoodsData(
) 

<f, ERequest, G> 

B12 GetItemsData( 
IdentifyPresentItems()) 

<f, ERequest, V> 

B13 <f, ERequest, I> 

B14 <f, ERequest, M> 

 
Within ITS, three basic building blocks are sometimes used for characterizing 
ITS services; Data Acquisition, Data Processing and Information Distribution22. 
These building blocks can be identified in Figure 3. A1 is responsible for the 
Information Distribution whereas A2 is responsible for Data Acquisition. Both 
A1 and A2 involve Data Processing. 

Even though the analysis performed in this section is, as stated above, very 
simple, it illustrates a number of outcomes from using the service description 
framework. For instance, the tree identifies a sub-service required by the main 
service, which can be placed in a separate location (see Figure 3). It also 
exposes all information entities needed and which instance they are required 
by. Since the where parts of the framework is included, the tree furthermore 
indicates the necessary communication paths. For instance, the connection 
between B1 and B11 (via A11) implies that IE1 and IE2 need to be transferred 
from B11 to B1. 

Table 7 shows the different processing location alternatives and the resulting 
communication paths, derived from the above analysis. In this analysis all 
locations have been assumed to possess all necessary capabilities (memory 
storage, processing communication capabilities etc.), in order for the evaluation 
to cover all the different alternatives. Furthermore, for simplicity the  
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information entities are assumed to be present wherever needed, i.e. they 
might be stored redundantly. For a more comprehensive analysis, the location 
of the information entities can be investigated by inserting additional columns 
for these as well. The “-“ sign in the last column indicate a required 
communication path. A local mobile terminal is assumed to generate the initial 
priority request. 

Table 3: Location and communication path analysis 
No Bx where Bxx where Req.* Com. req. 

1 B1 G B11 G M M-G 

2 B2 V B11 G M M-V, V-G 

3 B3 I B11 G M M-I, I-G  

4 B4 M B11 G M M-G 

5 B1 G B12 V M M-G, G-V 

6 B2 V B12 V M M-V 

7 B3 I B12 V M M-I, I-V 

8 B4 M B12 V M M-V 

9 B1 G B13 I M M-G, G-I 

10 B2 V B13 I M M-V, V-I 

11 B3 I B13 I M M-I 

12 B4 M B13 I M M-I 

13 B1 G B14 M M M-G 

14 B2 V B14 M M M-V 

15 B3 I B14 M M M-I 

16 B4 M B14 M M none 

*) Location of the requester 

Solution 11 in Table 7 represents a completely centralized solution, where the 
local mobile terminal sends its request to the infrastructure level. Information 
about which goods items are present, for instance in the terminal, must thereby 
be stored at the infrastructure level. After processing the request, the 
infrastructure level sends an answer. Solution 1 on the other hand is a pure 
intelligent goods solution. The local mobile terminal broadcasts its question to 
the nearby goods. The goods processes and answers the request. The rest of the 
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solutions require varying degrees of intelligence on the goods and the vehicles, 
and they represent different levels of viability. In particular, in solution 16 the 
mobile terminal has all information and performs all processing tasks, which 
might be seen as an unrealistic scenario. 

5 Conclusions and future work 
This paper summarizes a review of framework approaches that are currently 
used for specifying ITS user services. The review shows that most ITS related 
framework studies either follows category based or hierarchical based 
decomposition/composition approach. In the former the main aim is to be able 
to categorize ITS services into different domains whereas in the latter, the focus 
is to specify the various components of the service. In order to be able to 
compare, and in some situations also analyze, different services a precise and 
condensed description of each service in question is needed. We have in this 
paper proposed a framework for specifying and distinguishing (primarily) ITS 
services. As an extension of this, the framework can also be used to analyze 
services from different perspectives. In particular, a 
composition/decomposition approach has been presented and an architecture 
analysis has been performed. The architecture analysis is based on a relatively 
simple intelligent goods service since the objective was to, in a comprehensive 
way, show an example of how this type of analysis can be performed. In the 
analysis we used tree structures to represent the service, which revealed the 
required communication paths between different parts of the service. It also 
enabled an investigation of different placements for different parts of a system. 
As a result, an exhaustive set of possible solutions, covering both functional and 
architectural aspects, to the service were identified. This type of analysis can be 
used to identify the capability requirements of different parts of a system for 
different service solutions. It might thereby serve as input to the discussion of 
advantages and disadvantages with solutions based on intelligent goods. 
Finally, as a part of the service analysis, a uniform definition of the selected 
intelligent goods service was also presented. 

Even though the service framework requires concrete presentation of 
processes, it focuses on the process rather than the technology for the process.  
It also allows for a variation in the scope of services but it does provide a 
systematic composition/decomposition that can reveal if there are differences 
in the specification of two services.  While the framework was proposed from 
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the mindset of ITS services, it should be possible to apply it for non-ITS 
services. In the future the Information Entities can be used to assess the 
availability of relevant useful information existing for different services. 
Possibilities of using tree structures for assessing of benefits and costs of 
services can also be explored. Synergy analysis of Information Entities and 
service processes can furthermore be analyzed if the services are described 
following the suggested framework. 
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The transports of goods are continuously in-

creasing in many regions, for instance within 

Europe. Often goods travel through many dif-

ferent countries, using several transport modes 

and involving a number of different actors. As a 

result, the traffic load on the transport network is 

increasing, on the roads in particular, and the lo-

gistics chains become more and more complex. 

Implementing some level of intelligence on the 

goods, which provide them with the capabilities 

to assist in the logistical activities, is one of the 

instruments that can be used to make transports 

and the handling of goods more efficient and 

controllable. The concept of intelligent goods 

both opens up for new types of services and may 

be used to improve currently available services.

Our research is mainly focused on the charac-

teristics and possible architectures of intelligent 

goods systems. In this context, an intelligent 

goods system refers to a number of interacting 

components (on-board units (OBU), back-offi-

ce, RFID tags, etc.), including intelligent goods, 

which together provide services. The architectu-

re studies are focused on which information and 

data processing are needed, where they should 

be stored and which communication links are re-

quired. By identifying architectures correspon-

ding to different service solutions, intelligent 

goods can be evaluated against other types of 

solutions, for instance more centralized confi-

gurations. In particular, different situations and 

services put different requirements on a system 

and the benefits of using intelligent goods vary.  

We present a framework which can be used to 

describe intelligent goods systems, including 

the capabilities of the goods, necessary informa-

tion entities related to the goods as well as the 

surrounding entities, primitive functions and the 

environment around the goods. Additionally, we 

identify a number of primitive, potential intel-

ligent goods level services which can be used 

as building blocks when creating more advanced 

intelligent goods services. The functional and 

information requirements of these services are 

also investigated. Based on these findings, a new 

approach for how to identify and evaluate diffe-

rent architectural solutions for potential intelli-

gent goods services is suggested. Furthermore, a 

new service description framework is proposed, 

which can be used to, amongst others, define a 

service and to perform composition/decomposi-

tion analyses. Finally, an investigation of how 

agent technology can be used to model intelli-

gent goods systems is also presented.
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