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ABSTRACT 
The purpose of this paper is to present a framework for intelligent 
goods and to relate this framework to software agents. It includes 
a description of how different levels of intelligence connected to 
the goods can be categorized, as well as of the different 
possibilities of locating information and processing. Additionally, 
we present three different types of transport services based on 
intelligent goods, and show how these can be realized using 
agents. These agents are finally related to our presented 
framework. 

Categories and Subject Descriptors 
I.2.11 [Artificial Intelligence]: Distributed Artificial Intelligence 
– Intelligent agents. 

H.4.2 [Information Systems Applications]: Types of Systems – 
Logistics. 

General Terms 
Management, Design 

Keywords 
Intelligent goods, Smart goods, Agents, Decentralized decision-
making, RFID 

1. INTRODUCTION 
The increasing demands on transports related to global flows, 
just-in-time deliveries, intermodality etc., cause 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. 
The research in the area of intelligent goods is becoming more 
mature and today there are a number of solutions on the market 
that are related to intelligent goods [9].  

The concept of intelligent goods indicates that some kind of 
intelligence is put on the local level, i.e. on or close to the goods. 
The exact meaning of the concept is still somewhat ambiguous 
though (see next section). In this paper we therefore present a way 
to categorize the different types and levels of intelligence that are 
relevant in the context of intelligent goods. Furthermore, we 
suggest a lowest level of capabilities that the goods should have to 
be classified as intelligent goods.  

Radio Frequency Identification (RFID) is usually assumed to be 
involved in solutions based on intelligent goods. In the area of 
RFID, there are some studies on the feasibility of mobile RFID 

solutions in supply chain management [4]. Furthermore, the idea 
of combining RFID and agent technology has recently attracted 
some attention. However, the question of how to use agents for 
implementing intelligent goods in transports, still needs further 
investigations. The EU funded project EURIDICE (EURopean 
Inter-Disciplinary research on Intelligent Cargo for Efficient, safe 
and environment-friendly logistics) has so far specified a number 
of general agents that can be used as an instrument for 
implementing solutions based on intelligent goods [3]. This paper 
aims at contributing to this area by presenting examples of agent 
solutions for three specific intelligent goods services. Both single 
agent and multi-agent solutions corresponding to these services 
are given and compared. The agent solutions are furthermore 
categorized according to the intelligent goods framework in order 
to find the level of intelligence. Additionally, the similarities and 
differences between the multi-agent solution and the EURIDICE 
agents are presented. Finally, different locations of the agents are 
discussed. 

The next section outlines the intelligent goods framework. Section 
3 presents the three transport services and section 4 describes the 
agent solutions. Finally, in section 5, some conclusions are drawn.  

2. INTELLIGENT GOODS  
2.1 Definition 
Within the research in the area of intelligent goods, a number of 
different denotations for similar concepts are applied, e.g. 
intelligent cargo [3], smart goods [10], smart freight [8], 
intelligent goods [5] etc. The meanings of these concepts are 
usually not identical, and often not precisely defined, but they do 
strive in the same direction. In our view, the intelligence of the 
goods is a matter of degree, i.e. goods can be more or less 
intelligent, from simply knowing its own identity to autonomous 
decision making. Therefore, we suggest that the level of 
intelligence should be characterized based on a number of 
dimensions, corresponding to different capabilities. These 
dimensions and their different values, ordered according to the 
degree of intelligence, are shown in the list below. The list has 
been developed based on the definition of smart freight [8], the 
requirements from potential intelligent goods services [6] and a 
number of different agent definitions and levels of agent 
capabilities [1] [11]. 

A. Memory storage:  

1. Ability to store ID  

2. Ability to store data (other than ID) about the goods 



3. Ability to store algorithms/decision rules 

B. Memory allocation: 

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 another entity 

2. Ability to send message 

D. Communication in: 

1. None 

2. Data (other than ID) can be written (changed) by 
another entity 

3. Ability to receive message 

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 
another entity) 

3. Proactive  capability (no external trigger needed) 

G. Sensor: 

1. None 

2. Sensor reading capability (e.g. temperature, position, 
humidity) 

In the list above, we assume that the ID of the goods is static and 
that the goods always store at least an ID. Furthermore, we 
assume that the capabilities are cumulative in such a way that a 
higher capability indicates the ability to also satisfy the lower 
capability requirements.  

Please note that the implementations of the capability dimensions 
above 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 may be performed by a nearby 
processing unit. Furthermore, a second close-by unit might be 
responsible for the sensor functionality. 

The dimensions show that the set of lowest levels of intelligence 
(i.e. no 1 in all capability dimensions) corresponds to the simple 
bar codes commonly used in retail today. This level furthermore 
also includes the simplest form of RFID tags. Based on this, we 
suggest that the goods should be considered as intelligent if at 
least one of the capabilities lies above 1, implying an extension of 
the bar code situation. The concept intelligent goods hereby 

represents goods with varying intelligence and capabilities but 
that do fulfill this requirement.  

A potential usage of these capability dimensions of intelligent 
goods, 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, assume that the capabilities of both agents 
and services are mapped against 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 this 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 levels of intelligence is today implemented on the RFID 
tags. Here, our 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. The 
lowest dimension never propagates to any other dimensions. The 
table below shows all such propagations.  

Table 1. Propagation of capabilities into other dimensions  

Capability Required capabilities 
Ability to 
change/add/delete data 
(B2) 

Ability to store data (A2) 

Ability to 
change/add/delete 
algorithms/decision rules 
(B3) 

Ability to store algorithms/ 
decision rules (A3) 

Ability to send message 
(C2) 

Ability to store 
algorithms/decision rules (A3) 
Ability to execute decision rules 
(E2) 

Data can be written by 
another entity (D2) 

Ability to store data (A2) 
Ability to change/add/delete data 
(B2) 

Ability to receive message 
(D3) 

Ability to store algorithms/ 
decision rules (A3) 
Ability to change/add/delete data 
(B2) 
 Ability to execute decision rules 
(E2)  

Ability to execute decision 
rules  (E2) 

Ability to store algorithms/ 
decision rules (A3) 
Ability to change/add/delete data 
(B2)  



Ability to execute 
algorithms (E3) 

Ability to store algorithms/ 
decision rules (A3) 
Ability to change/add/delete data 
(B2) 

Reactive capability (F2) 

Ability to store algorithms/ 
decision rules (A3) 
Ability to execute decision rules 
(E2) 

Proactive  capability (F3) 

Ability to store algorithms/ 
decision rules (A3) 
Ability to change/add/delete data 
(B2)  
Ability to execute algorithms 
(E3) 

Sensor reading capability 
(G2) 

Ability to store algorithms/ 
decision rules (A3) 
Ability to change/add/delete data 
(B2)  
Reactive capability (F2) 

 

According to table 1, a reactive capability (F2) requires the ability 
to store algorithms/decision rules (A3) and the ability to execute 
decision rules (E2). This indicates that the capability of being 
reactive requires some kind of processing as well. We hereby 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 or not to send any information at 
all. 

All other capabilities not included in table 1 are independent of 
each other. Based on the capability dimensions, table 1 and 
furthermore the requirement for being called intelligent goods, it 
is possible to create a list of all possible combinations of 
capabilities. Such a list would thereby show all possible levels of 
intelligence included within the group of intelligent goods. 

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 conducted during loading, transport and unloading. In 
order to show how agents can be used to realize intelligent goods 
and what level of intelligence is required for different types of 
services, we present three concrete and illustrative example 
services below. The services are based on previous research, 
presented in [6]. 

1. Time of arrival service: notifies designated receivers 
about actual arrival times when the goods are arriving at 
a stop outside the specified delivery time window. 

2. Priority service: handles the priority requests 
answering and the calculations of goods priority based 
on estimated time of arrival (ETA) to the next stop. 

3. Transport conditions service: continuously records 
temperature and humidity values, which are provided 
upon request. 

The above services might be realized using intelligent goods (e.g. 
instead of centralized configuration) and the intelligent goods 
might in turn be realized using agents. Next we will show what 

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 agents for the 
realization of a service. For instance, the former company Bioett 
[7] used a biosensor to track the accumulated temperature, which 
could be read by a handheld scanner. A mapping of this solution 
against the intelligent goods framework, shows that it falls within 
the category of intelligent goods (since it at the very least stores 
data) and that it requires less intelligence than the services 
presented by us.  

4. AGENTS 
This section presents what kind of information and agents that are 
needed to fulfill the requirements of the services. The agents 
presented in the second subsection have been created under the 
assumption that we only have one single agent for each service, 
i.e. one agent is responsible for all functionalities related to a 
service. However, in real life, this may not be the case at all. 
Different parts of the functionality may be placed on different 
units and furthermore on different communication levels (e.g. 
ERP, vehicle/terminal or goods level). In such situations each 
agent is responsible for its own specific functionality, which may 
represent a subset of the agent functionality described in section 
4.2. 
The agents presented in subsection number three shows 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 the result naturally depends on the set of services 
considered. An investigation of a large number of potential 
intelligent goods services should thereby result in a number of 
general agents that form a basic structure for service 
implementation. This type of investigation represents a candidate 
for future research tasks. 
In the descriptions of the agents, fundamental functionalities such 
as activation, deactivation etc. has been left out. Furthermore, 
some form of security will most probably be needed in order to 
restrict who is allowed to access the information entities and 
make use of the service functionalities. This has also been left out. 

4.1 Information entities 
In order to realize the services presented above, a number of 
information entities related to the goods are needed. For instance, 
the Time of arrival service needs information about the 
prespecified delivery time window, which is specific for each 
transport item. Moreover, a few information entities related to the 
container (e.g. transport container or vehicle) of the goods are 
also needed.  

The table below lists the information entities required to fulfill the 
three services in question. The goods information entities are 
assumed to be stored in the databases shown in the agent figures 
presented in the following sections, whereas the container 
information entities are considered as a part of the input data 
messages. 

 

 



Table 2. Information entities needed for by the services 

No Goods information Entities (GE) 

1 GE-ID <ID>, where ID is the unique goods 
identity, e.g. SGTIN, SSCC, GRAI  [2] 

2 GE-Next 
Destination 

<position>, where position is an 
address, SGLN  [2] 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), and 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 Container information Entities (CE) 

1 CE-Itinerary 
Sequence of <position>, where 
position is an address, SGLN or a set 
of coordinates 

2 CE-
Accountable 

<accountable ID>, where accountable 
ID is the organization (currently) 
accountable for the container 

3 CE-ETA 
<ETA>, where ETA is the estimated 
time of arrival to the next stop of the 
container 

 

4.2 Single agents 
4.2.1 Time of arrival service 
The Time of arrival service, presented in section 3, can be 
realized using the agent, illustrated in figure 1. This agent 
(denoted O1) is not triggered by an external entity. Instead it uses 
position data to discover that the goods have arrived to one of the 
stops. 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. 

Based on Figure 1, it is now possible to relate the capabilities of 
the agent to the capability dimensions connected to intelligent 
goods, presented in section 2. We hereby are able to conclude that 
in order to implement the Time of arrival service using one single 
agent, the following capabilities are needed (at least) in that 
agent: 

• Ability to store algorithms/decision rules (A3) 

• Ability to change/add/delete data (B2) 

• Ability to send message (C2) 

• Ability to receive message (D3) 

Figure 1 Illustration of a single agent (O1) that implements the Time of arrival service 
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• Ability to execute decision rules (E2) 

• Proactive  capability (F3) 

• Sensor reading capability (G2) 

4.2.2 Priority service  
Based on the same discussion as in section 4.2.1, we present an 
illustration in figure 2 of an agent (denoted O2) that can be used 
for the realization of the Priority service.  

The agent calculates the new priority of the goods based on the 
estimated time of arrival (ETA) to the next stop of the container 
and based on the class of priority ranking (i.e. GE-Customer 
Class). For instance, if the goods are delayed and the class of 
priority ranking is high, the priority of the goods is increased. The 
use of ETA means that if the goods are located inside a 
terminal/warehouse, the terminal/warehouse needs to be able to 
provide an estimation of the time of arrival to the next stop. 
Presumably, an additional agent located in the 
terminal/warehouse is responsible for this estimation. 

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 of the question and if the next stop 
of the goods can be found within the itinerary, also included in 
the question. The update of GE-Next Destination has not been 
included in figure 2 since it is identical with the one described in 
figure 1. This update functionality causes the sensor capability to 
go from G1 to G2 though (see list below). 

the question and if the next stop 
of the goods can be found within the itinerary, also included in 
the question. The update of GE-Next Destination has not been 
included in figure 2 since it is identical with the one described in 
figure 1. This update functionality causes the sensor capability to 
go from G1 to G2 though (see list below). 

When relating the capabilities of the agent in figure 2, to the 
capability dimensions connected to intelligent goods, we are able 
to conclude that in order to implement the Priority service using 

one single agent, the following capabilities are needed (at least) in 
that agent: 

When relating the capabilities of the agent in figure 2, to the 
capability dimensions connected to intelligent goods, we are able 
to conclude that in order to implement the Priority service using 

one single agent, the following capabilities are needed (at least) in 
that agent: 

• Ability to store algorithms/decision rules (A3) • Ability to store algorithms/decision rules (A3) 

• Ability to change/add/delete data (B2) • Ability to change/add/delete data (B2) 

• Ability to send message (C2) • Ability to send message (C2) 

• Ability to receive message (D3) • Ability to receive message (D3) 

• Ability to execute algorithms (E3) • Ability to execute algorithms (E3) 

• Proactive  capability (F3) • Proactive  capability (F3) 

• Sensor reading capability (G2) • Sensor reading capability (G2) 

4.2.3 Transport conditions service 4.2.3 Transport conditions service 
The transport conditions service, presented in section 3, can be 
realized using the agent illustrated in figure 3. The agent (denoted 
O3) continuously retrieves sensor data from the condition sensors 
and uses the information entity GE-Recorded Conditions to store 
the data. 
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O3) continuously retrieves sensor data from the condition sensors 
and uses the information entity GE-Recorded Conditions to store 
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service using one single agent, the following capabilities are 
needed (at least) in that agent: 

When relating the capabilities of the agent in figure 3, to the 
capability dimensions connected to intelligent goods, we are able 
to conclude that in order to implement the Transport conditions 
service using one single agent, the following capabilities are 
needed (at least) in that agent: 

• Ability to store algorithms/decision rules (A3) • Ability to store algorithms/decision rules (A3) 

• Ability to change/add/delete data (B2) • Ability to change/add/delete data (B2) 

• Ability to send message (C2) • Ability to send message (C2) 

• Ability to receive message (D3) • Ability to receive message (D3) 

• Ability to execute decision rules (E2) • Ability to execute decision rules (E2) 
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Figure 2 Illustration of a single agent (O2) that implements the Priority service 



• Proactive  capability (F3) 

• Sensor reading capability (G2)  

4.2.4 Discussion Discussion 
Since the three services presented in this paper 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 and change algorithms/decision rules/data 
(other than ID) about the goods and they all need to be able to 
send and receive messages. Furthermore, they also need a high 
level of autonomy and sensor readability. These seem to be 
fundamental capabilities, at least for these three services. 

Since the three services presented in this paper 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 and change algorithms/decision rules/data 
(other than ID) about the goods and they all need to be able to 
send and receive messages. Furthermore, they also need a high 
level of autonomy and sensor readability. These seem to be 
fundamental capabilities, at least for these three services. 
The above agents all include one internal database each, which is 
used for storing the service specific goods information entities. 

Furthermore, all the agents need the ability to continuously read 
some kind of sensor data (either explicitly or implicitly) and two 
of the agents are dependent on a correct update of GE-Next 
Destination. These three multiplied functionalities imply that the 
agents might benefit from extracting these functionalities 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 Time of arrival service uses the information entity GE-Next 
Destination to discover when the goods have reached a new stop. 
This implementation of the service assumes that GE-Next 
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Figure 4 Agent responsible for extracted database functionality (E1) 
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Figure 3 Illustration of a single agent (O3) that implements the Transport conditions service 



Destination is updated after the check for a new stop. In this case, 
storing and updating the information entity inside the agent is 
beneficial since it gives the agent the control of deciding when to 
update. However, this problem can be solved in a distributed 
solution as well, which will be shown in the next section. 

4.3 Multiple agents  
4.3.1 Extracted agents 
Figure 4 shows the implementation of an agent responsible for the 
database that holds the relevant goods information entities. GE-X 
in the figure represents the goods information entity in question, 
i.e. the information entity to be updated, requested or subscribed 
for (triggered by an event). Figure 5 shows an agent responsible 
for the sensor reading. Both agents represent an extraction of the 
previously presented agents in figures 1-3. Finally, figure 6 shows 
the interaction between the service specific agents (denoted S1-
S3) and the extracted agents (denoted E1-E2). The service 
specific agents are assumed to hold the service specific 
functionalities that are not supported by the extracted agents. 
Figure 6 also includes an additional agent, called S4. This agent is 
responsible for updating the goods information entity GE-Next 
Destination. The reason for creating this agent is that its 
functionality is needed by two of the services (as discussed 
above). This agent represents an extraction of the previous agents, 
but it can at the same time be seen as a subservice that assists the 
three service specific agents. It thereby both use the other 
extracted agents and is used by the service specific agents. 
Figure 6 only presents the initiated communication calls. The 
answers are thereby not included, but only indicated by 
communication arrows. 

4.3.2 Discussion 
When dividing the functionality of a service between different 
agents, two measurements of the level of intelligence arise: the 
level of intelligence at individual agents and the total level of 
intelligence of the set of agents responsible for the service. In our 
case, the level of intelligence at the individual agents varies 
whereas the total level corresponds to the single agent solutions. 
Generally, all agents involved in the realization of a service based 
on intelligent goods, form the capability basis of that service. The 
level of the total intelligence can be found using the capability 
dimensions. 
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. Furthermore, our three services show that 
instead of letting many agents include high capability levels, 
individual agents can be specialized on the different tasks needed. 
For instance, the sensor reading capability can be dedicated to our 
agent E2 only. 
Table 3 shows the mappings of the agents representing the 
divided functionality (S1-S4 and E1-E2) against the capability 
dimensions presented in section 2. The table also includes the 
corresponding mappings of the original service agents (O1-3), 
presented in section 4.2, as reference material. As expected, these 
mappings show that when extracting some of the common 
functionality into separate agent and thereby dividing the total 
service functionality, the resulting agents need the same or less 
capability than in the single agent solutions. The fundamental 
capability dimensions, such as memory storage, communication 
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Sensor type, Event) 

AnswerSensorEvent( 
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AnswerSensorReport( 
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Send output 
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RequestCond() 

AnswerCond(Condition) 
  Cond. 

sensors 

Figure 5 Agent responsible for extracted sensor reader functionality (E2) 



etc. remain the same for all agents, but the rest of the dimension 
levels differ.  

Table 3 Mappings of agents against capability dimensions 

 S1 S2 S3 S4 E1 E2 O1 O2 O3 

Memory 
storage 3 3 3 3 3 3 3 3 3 

Memory 
allocation 2 2 2 2 2 2 2 2 2 

Com. out 2 2 2 2 2 2 2 2 2 

Com. in 3 3 3 3 3 3 3 3 3 

Processing 2 3 2 2 2 2 2 3 2 

Autonomy 3 3 3 3 2 3 3 3 3 

Sensor 1 1 1 1 1 2 2 2 2 

 

4.3.3 Relations to EURIDICE 
The EURIDICE project aims at development and diffusion of the 
intelligent cargo, intended as a paradigmatic change in the field of 
information and communication technology applications for 

defined a number of general agents that might be used in the 
realization of a service. Using the EURIDICE agents for our three 
services means dividing the functionality into several agents. A 
comparison between the EURIDICE agents and our multi-agent 
solution shows a number of similarities. Our sensor agent (E2) 
includes functionality that can be found in the two EURIDICE 
agents AgentSensorReporting and AgentSensorAccess. 
Furthermore, EURIDICE mention agents that are capable of long 
range transmitting and buffering, respectively. These two abilities 
are needed in our solution as well, for instance when sending 
notifications (agent S1) and when buffering goods information 
entities and sensor reports (agent E1). 
An interface towards the goods info

transport logistics [3]. As a part of this work, EURIDICE has 

rmation entities is created 

4.4 Location of agents 
iding the functionality of the 

service may similarly be conducted on various units. Furthermore, 

through our agent E1. Interestingly, a corresponding or similar 
agent can not be found in the EURIDICE specification [3], and 
this hence points on a potential extension of the EURIDICE 
specification 

There are several ways of div
services between different parts of a system. The information 
entities related to the goods and the algorithms/decision rules may 
be stored on the goods, on the transport container/vehicle/terminal 
or centrally. Moreover, this data may also be spread out between 
different parts of the system. Different parts of the processing of a 

E2 

S3 

SubscribeIEEvent(GE-Next  
Destination , Change) 

S4 

NotificationDeliv(GE-ID, 
Delivery time window, 
Current time) 

RequestPriority( 
CE-Itinerary, 
CE-Accountable ID) 

RequestETA() 

S2 

UpdateIE(GE-
Priority, Value) 

RequestIE(GE-Next  
Destination, GE-Itinerary, 
GE-Priority, GE-Customer 
Class, GE-ID) 

RequestIE(GE-Itinerary, 
GE-Next Destination, 
GE-ID, GE-Set of  
Information Receivers) 

S1 

SubscribeSensorReport( 
Temperature/Humidity, 
Period) 

UpdateIE(GE-Recorded 
Conditions, Value) 

RequestIE(GE-Recorded 
Conditions, Value) 

E1 

RequestIE(GE-Next 
Destination) 

SubscribeSensorEvent( 
Position, Value equals 
GE-Next Destination) 
 

RequestCondition( 
Temperature/ 
Humidity) 

UpdateIE( 
GE-Next Destination) 

Figure 6 Multiagent system implementing all three services 



the data storage might very well be separated from the processing. 
For instance, the data needed by an intelligent goods service 

nd 

Another advantage with local services
goods the sensors are placed, the more 

d. All these advantages

 framework for 
characterizes the level of intelligence by

might be located on the goods, whereas the corresponding 
processing might be conducted on the vehicle or central level.  

Figure 7 shows the context around the goods. In particular, the 
figure shows the main alternatives for placing data, rules a
processing connected to a service. There are three different 
information processing levels; the ERP, the Housing and the 
Goods level. The word housing is here used to denote the building 
(e.g. warehouse and terminal) or vehicle (e.g. truck, ship, train 
and airplane) in which the goods might be located. The figure 
furthermore shows the stages that 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. 

The optimal solution to the problem of where to place data, rules 
and processing is dependent on things like the service in question, 

 is that the closer to the 
precise sensor data can be 

 must however, as mentioned 

intelligent goods, which 
 a number of capability 

his, we have suggested a lowest 

ject called 
“Intelligent industrial goods and ERP systems” [5], which is 

ration. The project is 

ohansson, S. J. 2005. On the 
Metaphysics of Agents (extended version), BTH research 
report 2005:4, ISSN: 1103-1581 

[2] EPCglobal: http://www.epcglobalinc.org 

communication link availability, costs etc. Different solutions suit 
different situations. 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. The service may thereby be performed in situations 
where the communications towards other units are cut off. A 
higher level of autonomy is thereby obtained. For instance, if the 
goods get lost or stolen, they might be able to notify the owner of 
the incident and furthermore provide him with the current position 
data.  

obtaine
above, be valued against all other factors specific for each 
situation and service. 

5. CONCLUSIONS 
We have presented a

dimensions. In relation to t
requirement for when the goods should be considered as 
intelligent. We have furthermore shown how agents can be used 
to realize services based on intelligent goods. The capabilities of 
the agents have moreover been related to the intelligent goods 
framework. 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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