
Analysis of transport services based on 

intelligent goods 
 

 
Åse Jevinger*  

Jan A. Persson**  

Paul Davidsson***  

 
*) School of Computing, Blekinge Institute of Technology, PO Box 214, SE-372 24 Karlshamn, 
Sweden, E-mail: ase.jevinger@bth.se, Tel: +46 454 385921; Fax: + 46 455 385057 

**) School of Computing, Blekinge Institute of Technology, PO Box 214, SE-372 24 Karlshamn, 
Sweden, E-mail: jan.persson@bth.se, Tel: +46 454 385906; Fax: + 46 455 385057 

***) School of Computing, Blekinge Institute of Technology, PO Box 520, SE-372 25 Ronneby, 
Sweden, E-mail: paul.davidsson@bth.se, Tel: + 46 457 385841; Fax: + 46 455 385057 

 

Paper number: 59250 

 

 

 

 

 



1 

Paper number: 59250 
 

 
 

 

 

 
 

 
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 

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 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. 
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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). 

 

 

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 tasks1. 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. 

                                                 
1 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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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. 

 

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. 

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 
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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. 

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  ForbiddenClosebyClasses 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> 

19  RecordedAttributeStatus 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> 
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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 

 

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 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 
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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: 

 

• 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 
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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 

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 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 
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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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x x x x x 

D
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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 

D
ep

en
d

s 
o

n
 i

n
p

u
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      

 

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. 
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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 

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 
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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 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 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 



13 

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. 

 

7.1 Factors that influence the optimal location of the services 

Service 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 - - - 

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 
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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. 

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 
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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 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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