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Executive Summary 

As a first task, WP6 aims to identify an event taxonomy to describe the characteristics of events that 

may occur in transportation. As part of the upcoming deliverables in WP6 these events will be 

processed (e.g., enriched with information), aggregated to form new events, and correlated to 

processes in order to enable end-user services for efficient, green, and safe planning and control of 

the entire transportation process. 

The objective of this deliverable is thus to study the events that may occur in transportation and how 

they look like, as well as how they can be captured and processed by a system similar to the GET 

platform. However, before delving into that issue explicitly focused on the transportation domain, a 

short description of where events in general can come from and the current mechanisms available 

to capture, identify and process them is provided to give an overall idea of the starting point of WP6. 

After that, the focus is on the domain at hand and a taxonomy that describes the properties to be 

considered for transportation-related events, that is, events involved in the procedures developed to 

make the relocation of goods possible. One of the main aspects to be taken into account is that 

events typically have an impact or consequence on the transportation, which can be positive (e.g., a 

truck being loaded on time according to the schedule does not cause any negative effect on the 

ETA), or negative (e.g., the loss of one of the documents required in customs or in inspections may 

affect not only the ETA but also other aspects of the initial plan, which may imply for instance the 

cancellation and re-booking of assets and resources in case re-planning is required). This gives rise 

to what is called expected and unexpected events, respectively. The latter are particularly important 

and thus require special attention, as they usually have such negative consequences on the 

transportation. Therefore, it is necessary to investigate the casual relations between events, to 

identify at which specific point and time of the transportation unexpected events occur, and in which 

frequency events occur, e.g. in a certain time frame or location, in order to be able to study their 

actual impact and trigger proper reaction mechanisms. Finally, a brief comparison of such a 

taxonomy to other event taxonomies in transportation- and event-related domains is given. 

Besides studying the appearance of events as they occur, D6.1 is concerned with the machine-

readable representation of the information involved in transportation-related events so that they can 

be processed by specialized information systems. Such a representation is called event object. In 

particular, a conceptual model for event processing built upon the literature on complex event 

processing is presented (Event Processing Technical Society, 2011; Luckham, 2002; Niblett & 

Etzion, 2011), especially focused on the scope of the GET Service Platform. Furthermore, the 

platform is described in the context of this conceptual model and a classification of event objects is 

performed according to the elements of the transportation process that can be involved in the 

events (referred to as target of the event). For instance, for the two examples of events described 

above, the truck loaded and the missing document would be the event targets, respectively. 

As a proof of concept and to clarify the event taxonomy and the event processing conceptual model, 

detailed descriptions of examples for expected and unexpected events and event objects, as well as 

an example applied to the Road Case 2 and the Intermodal Case 1 described in (Treitl, et al., GET 

Service Project – Deliverable 1.1: Use Cases, Success Criteria and Usage Scenarios, 2013) are 

provided. 
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Finally, at the end of this deliverable and as an advance for subsequent tasks belonging to WP6, 

three challenges related to event processing are outlined. These will need to be faced, specifically 

in relation to the integration of features of the so-called CEP engines focused on event identification, 

detection and processing, into Business Process Management Systems (BPMS) focused on 

process definition, execution and evaluation. 
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1 Introduction 

This deliverable presents the taxonomy of events, their consideration in logistics, and their 

representation in information systems of the GET Service project. This section provides the 

background to this deliverable, by presenting the goal of the project as a whole, the goal of the work 

package of which the deliverable is a part, and the goal of the deliverable itself. Finally, it presents 

the structure of the remainder of the deliverable. 

1.1 Project Goal 

The GET Service platform provides transportation planners with the means to plan transportation 

routes more efficiently and to respond quickly to unexpected events during transportation. To this 

end, it connects to existing transportation management systems and improves on their performance 

by enabling sharing of selected information between transportation partners, logistics service 

providers and authorities. In particular, the GET Service platform consists of components that: (i) 

enable aggregation of information from the raw data that is shared between partners and 

transportation information providers; (ii) facilitate planning and re-planning of transportation based 

on that real-time information; and (iii) facilitate real-time monitoring and control of transportation, as 

it is being carried out by own resources and partner resources. By providing this functionality, the 

GET Service platform aims to reduce the number of empty miles, to improve the modal split, and to 

reduce transportation times and slack, as well as response times to unexpected events during 

transportation. Thus it reduces CO2 emissions and improves efficiency. 

1.2 Work package goal 

One of the goals of the GET Service project is to use real-time information to improve the 

transportation of goods in several directions, mainly by making a better use of available resources 

and by minimizing the CO2 emissions (GET Service, 2012). Such real-time information is usually 

received in the form of events, which are either expected, i.e. in accordance with the initial 

transportation plan, thus confirming that the delivery is taking place satisfactorily, or unexpected, 

which mostly require fast and efficient reactions. 

Figure 1 shows a breakdown of the tasks to be carried out within WP6. The deliverable at hand 

specifies types of events that will be necessary to process and how to classify, characterise, and 

represent them (cf. T6.1 in Figure 1). On the basis of the results presented in this document, a 

conceptual architecture specification of an information aggregation and information provisioning 

engine will be developed (cf. T6.2 in Figure 1) and implemented (cf. T6.3 in Figure 1). Furthermore, 

in T6.4, two deliverables are provided for the correlation of events to processes: 1) a prototypical 

generation of (semi-) automated aggregation, and 2) a catalogue of rules to support the scenarios 

introduced in (Treitl, et al., GET Service Project – Deliverable 1.1: Use Cases, Success Criteria and 

Usage Scenarios, 2013) (cf. T6.4 in Figure 1). 
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Figure 1: Scheme of tasks within WP6 

 

1.3 Relation to other work packages 

WP6 aims at providing the foundation for the planning and service composition work packages by 

providing accurate state information of service composition instances with the help of events (GET 

Service, 2012). Therefore, among its main objectives are the identification, capture, and emission of 

events that can occur during the transportation of goods. This involves some operations in charge of 

processing the raw events captured from devices (e.g. locations as longitude and latitude), from the 

environment (e.g., weather conditions), or emitted by other systems (e.g. sensors attached to 

trucks); such as aggregating events to provide them with a specific meaning, and correlating events 

to specific activities that are carried out during transportation. Such activities, in the scope of GET, 

will be represented in the process models developed in WP4 or required for the proposition of tasks 

in WP7.  

In the GET Service project, WP6 has a connection to several work packages either to deliver, 

specify, or consume transportation-related information and events (cf. (GET Service, 2012)). Figure 

2 shows these connections as arrows – the direction of the arrowhead signalizes the flow of 

information, concepts, or implementation, while the textual description next to it specifies the 

dependency. 

 

T6.1: Taxonomy 

T6.2: Design Information Aggregation Service 

T6.3: Implementation of Information Aggregation Service 

T6.4: Development of an event correlation technique 
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Figure 2: Positioning of WP6 in GET Service 

 

WP1 is the requirements analysis work package that delivers information about the scenarios and 

use cases that are relevant for the project. These scenarios and examples are described in D1.1 

and serve as basis to discuss the occurrence and relevance of events in a detailed example in 

Section 5 for the Road Case 2 and the Intermodal Case 1 described in (Treitl, et al., GET Service 

Project – Deliverable 1.1: Use Cases, Success Criteria and Usage Scenarios, 2013). WP2 to WP7 

are the development work packages. WP2 defines the structure of the GET Service architecture, 

including a standardisation of the interfaces (data flows) between the different components. This 

architecture serves as basis to integrate the implementation of the aggregation service of WP6. In 

WP3, user interfaces for PCs and mobile devices are developed to access end-user services  for 

transportation management and route planning, supporting run-time aggregated transportation 

planning and control. The interaction with the user that is enabled through these services can also 

be captured in form of events and needs to be processed by the aggregation service. At the same 

time the taxonomy developed in this deliverable can help to characterise and classify the events 

that are captured. Furthermore, the implementation of the aggregation service and rules (cf. T6.2 to 

T6.4 of WP6) should support the capture of events from the user interaction as well as the provision 

of events to the user. WP4 is aimed at defining a domain-specific modelling language that allows 

the representation of transportation processes and the coordination of all the parties involved in the 

platform at run-time. As a consequence, events must be associated to the activities defined in the 

process models so that they can be automatically monitored together with the other elements. 

Regarding WP5, planning systems require run-time information about transportation, e.g. current 

train schedules, available assets or capacities, or infrastructures. This information might be captured 

in the form of events or as persistent information, which needs to be aggregated and correlated with 
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events, e.g. to ensure that assets and capacities are actually available as shown in the GET Service 

platform. Furthermore, re-planning might be required when unexpected events are detected, e.g. a 

terminal closed due to construction works. Therefore, providing accurate event definitions as early 

as possible is of utmost importance to execute proper re-planning operations. Finally, WP7 requires 

the specification of events and the aggregation service to support the orchestration of 

transportation-specific control structures, defined using the concepts developed in WP4. This 

orchestration should provide novel reconfiguration techniques to support adaptions of running 

transportation-specific control structures. 

 

 

Figure 3: Event Specifications required for the Implementation of the Aggregation Service 

 

Figure 3 shows the specific inputs that WP6 needs from the other work packages. In particular, the 

deployment of the aggregation service requires the other components to specify the structure of 

events and information that the user interface forwards and that the transport service, the run-time 

aggregated planning, and the orchestration service require. 

1.4 Deliverable goal 

The event taxonomy, which is the main focus of this deliverable, should be used as standard in the 

project to characterise events and exchange them among the different parties of the GET Service 

platform. Therefore, the taxonomy should be used to capture domain knowledge in an explicit, 

formal description of domain concepts and relationships as well as offer a standard way for the 

specification and display of events. In a nutshell, the objective of this Deliverable D6.1 is to study 

events that may occur in transportation and their characteristics, as well as how they can be 

captured and processed by a system in the GET Service platform.  
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1.5 Deliverable structure 

The remainder of this deliverable is structured as follows. Section 2 provides a short description of 

available mechanisms to deal with the capture, identification and processing of events, in order to 

provide an overall idea of the starting point of WP6. After that, Section 3 is focused on the 

transportation domain and starts with a presentation of the taxonomy that describes the properties 

of events to be considered in transportation (Section 3.1), differentiates between expected and 

unexpected events (Section 3.2), identifies at which specific point of the transportation expected 

and unexpected events occur, in order to be able to study their causal relations and actual impact 

and then trigger proper reaction mechanisms (Section 3.3), and finishes with a brief comparison of 

such a taxonomy to other event taxonomies and classifications in transportation- or event-related 

domains (Section 3.4). Afterwards, the representation of transportation-related events and how they 

can be made machine-readable and to be processed by specialised information systems is 

discussed in Section 4. In particular, a conceptual model for event processing (Section 4.1) built 

upon the literature on complex event processing (cf. (Event Processing Technical Society, 2011), 

(Luckham, 2002), and (Niblett & Etzion, 2011)), especially focused on the scope of the GET Service 

project (Section 4.2). Furthermore, a classification of event objects according to the elements of the 

transportation that can be involved in the events (referred to as target of the event) is given in 

Section 4.3. To clarify the event taxonomy and the event processing conceptual model, Section 5 

provides examples for expected and unexpected events and event objects, as well as the usage of 

the taxonomy and conceptual event model to events occurring in the Road Case 2 and the 

Intermodal Case 1 described in (Treitl, et al., GET Service Project – Deliverable 1.1: Use Cases, 

Success Criteria and Usage Scenarios, 2013). Finally, Section 6 outlines three challenges related to 

event processing that will be necessary to face in the future work of WP6, specifically focusing on 

event identification, detection and processing necessary for the (semi-) automated aggregation and 

provision of a catalogue of rules to support the scenarios of D1.1 requested in Deliverables D6.4.1 

and D6.4.2. In Section 7, the conclusions drawn from the work are summarised. 
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2 Event Capture, Identification and Processing 

As stated before, the main goal of WP6 is to identify and capture the events that need to be taken 

into consideration within the scope of the GET Service project, and to send them to the parties 

interested in them in an appropriate format so that they can process them and use them for their 

own purposes. Nonetheless, before delving into events in the context of logistics and, specifically, 

focused on transportation, it is interesting to provide a general overview of how events can be 

captured, how specific events can be identified and how they can be subsequently processed in an 

automatic way. 

 

Definition 1 (Event). An event is an occurrence within a particular system or domain (Treitl, et al., 

GET Service Project – Deliverable 1.1: Use Cases, Success Criteria and Usage Scenarios, 2013). 

Examples are the ring of a telephone, a traffic light changing colour, or the occurrence of a storm. 

 

There exist many definitions for the term event (Definitions of Event, 2013) but the essence is the 

same. However, the specific properties that characterise events in the different domains might vary, 

so events must be studied within the application scope. Although in this introductory section events 

are discussed in general, the focus of this deliverable lies on transportation-related events, which 

are defined in Section 3. Therefore, the event taxonomy contains the properties and relationships 

specifically related to this type of events. 

As events can be of different nature, they can come from different origins. For example, there are 

events directly related to the execution of activities, such as their start and end, which are usually 

captured by monitoring the business processes in which the activities are executed, e.g. using 

techniques for Business Activity Monitoring (BAM) (Ammon, Silberbauer, & Wolff, 2007). Other 

events are emitted by devices under specific conditions, e.g. a GPS, a fire alarm, a microwave, 

etcetera. These and other events such as those produced by sensors (e.g. movement sensors in a 

security system, temperature sensors and noise sensors) must be connected to a network in order 

to be captured and processed automatically. Otherwise, previous observation and notification by a 

person are required.  

Nowadays, there is a trend towards the so-called Semantic Web of Things (SWoT), also known as 

the Internet of Things (IoT), proposing a service infrastructure that makes the deployment and use 

of semantic applications involving Internet-connected sensors almost as easy as building, 

searching, and reading a web page today (Pfisterer, et al., 2011). This means there may be so-

called Wireless Sensor Networks (WSNs) composed of a set of sensors that send events to the 

web, where data is processed together with further information coming from events generated by 

different sources, e.g. information about traffic provided by a web service. There are some EU FP7 

projects interested in capturing, aggregating, and processing events in such a way that physical and 

digital information is combined to come up with specific knowledge and thus provide a more 

elaborate outcome. This information can be made available online and thus be re-used for further 

purposes. In particular, the SPITFIRE project (NUIG, 2012) is aimed at creating a unified network 

layer of Internet-connected objects (ICO) in order to enhance both the human interaction with real 
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world objects by enabling web-based access to them, and the machine interaction with these 

objects, broadening the action scope of web-based applications.  

All the events, coming from business process activities, devices, WSNs, or etcetera, can be 

integrated and processed with Complex Event Processing (CEP) mechanisms. In Section 4.1, the 

main components of an Event Processing Network (EPN) are described in the context of the GET 

Service platform. In summary, there are components responsible for capturing and publishing 

events, components in charge of processing them to add, remove, or transform information, and 

components interested in consuming the information generated. It is important to notice that not 

every event that is generated is also relevant for a user in a specific moment. Therefore, one issue 

to address is how to identify the events of interest, that is, how to filter the events in order to process 

only those relevant to an application context. So-called event patterns can be defined for this 

purpose. There are both textual and graphical languages for the definition of event patterns. Event 

Processing Languages (EPL) stand out among the former. The latter ones are less common but can 

offer high expressiveness while at the same time maintaining relatively low complexity, see for 

example VTS (Virtual Timed event Scenarios) (Braberman, Kicillof, & Olivero, 2005). These 

languages are integrated into systems that provide functionalities to subsequently process the 

events identified, such as Esper (About Esper and NEsper), a CEP system for high frequency time-

based event data, providing implementations both for Java and for .Net platforms. 

 

Figure 4: Event capture, identification and processing 

The previous paragraphs are outlined in Figure 4. As aforementioned, there exist techniques and 
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tools that ease the capture, identification and processing of a great diversity of events. In the 

context of the GET Service project, and specifically WP6 is concerned with the events related to the 

transportation of goods. In the following sections, the results of the studies carried out as part of 

task 6.1 are presented, that is, after analysing the application domain, the scenarios described in 

D1.1. (Treitl, et al., GET Service Project – Deliverable 1.1: Use Cases, Success Criteria and Usage 

Scenarios, 2013), the information provisioning requirements defined in D1.2 (Treitl, et al., GET 

Service Project – Deliverable 1.2: Requirements analysis, 2013), and the literature related to CEP, 

e.g. (Luckham, 2002) and (Niblett & Etzion, 2011). 
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3 Events in Transportation 

Events are of great importance for tracing how a specific transportation process is executed, for 

coordinating the different parties involved, and for making appropriate decisions in relation to re-

planning and re-scheduling. As aforementioned, events vary depending on the context and also in 

the properties that describe them. The predominant target of this deliverable is the definition of a 

flexible, concise and comprehensive structure that permits a description of a specific type of events 

that may occur in transportation, the transportation-related events. 

 

Definition 2 (Transportation-Related Event). A transportation-related event is a specific event 

that relates to the actual execution of a transportation, which includes amongst others: 

- Information about the transportation itself, e.g. transportation means, network, 

schedules/timetables, tolls, traffic congestions, construction sites, etc. 

- Information from the resources, both human (e.g. drivers) and non-human (e.g. vehicles, 

containers, etc.). 

- Information about or provided by the LSP, e.g. the terms and conditions of the LSP (e.g. payment 

procedures); if it is a 3PL, the permitted driving hours of the drivers; if there is an external 

shipping company involved, the permitted driving hours of its drivers; etc. 

Examples range from the arrival of a truck at a terminal or the loading of goods onto a vessel, to 

the occurrence of a storm that may affect the infrastructure required for the transportation. 

 

In the following, a taxonomy of transportation-related events is described, differentiating between 

two specific types of events according to their degree of expectation and their consequences for the 

transportation process. It is also outlined how events can be correlated to specific steps in the 

transportation process, as this is crucial in order to find and trigger proper mechanisms to react to 

potential negative effects caused by the events. 

 

3.1 Transportation-related Event Taxonomy 

Throughout this section, events that are to some extent related to the transportation of goods are 

discussed, however, without discussing every detail of the events, but rather highlighting the basic 

concepts and providing some links to further discussions. An event is meant to be something that 

happens, not the representation of it, let it be human- or machine-readable. As is described in 

Section 4.1, such a representation is called event object. 

 

Definition 3 (Taxonomy). A taxonomy is a set of concepts having a set-theoretic interpretation 

organized by a relation (Euzenat & Shvaiko, 2007). It is meant to describe concepts and their 

relations by putting them in different interconnected groups.  

As an example, the relation occurring between a truck and an asset is that the truck is an asset. 
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Figure 5: Transportation-related Event Taxonomy 

 

Figure 5 depicts the event taxonomy, that is, the map of interrelations that events have with the key 

concepts in the domain of transportation. 

 

Definition 4 (Transportation-related Event Taxonomy). A transportation-related taxonomy 

focuses on the concepts related to transportation-related events. 

As an example, a transportation-related event occurs in a location. 

 

The event is considered as central concept, together with its attributes (reported within the central 

box) and its relationships (labelled arrows). An attribute is a property that describes one single 

event. It is therefore meaningful only in the scope of that event. Relationships connect an event to 

other concepts, here depicted as grey ellipses. Concepts differ from attributes in that their 

interpretation is independent of related events. Furthermore, concepts’ status and information can 

change over time. For the sake of comprehensibility, sub-concepts (white ellipses) were added in 

order to further classify the concept into derivatives. 

An event typically is either expected or unexpected (“Type” attribute), with respect to the 

transportation process. For instance, the loading of a container onto a truck is typically an expected 

event. The loss of customs’ documents is considered unexpected, instead. This classification is 

deepened in Section 3.2. 

Each event is localised in time and space, representing when and where it is raised. Therefore, 

events have a specified “Occurrence Time” attribute and a “occurs in” relation. While the former is a 

timestamp representing the instant in which the event occurred, the latter links the event to specific 
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geographic coordinates, defining either a point or an area (“Location / Area”). For example, the 

update of the current position of a truck is effectively represented by latitude and longitude of the 

truck itself, whereas a storm usually impacts extended zones. 

The location where the event takes place typically determines the involvement of transportation 

infrastructures (“involves → Infrastructure”) as well. Indeed, a snowfall is of interest if, for instance, it 

is happening on a road on the way used by a truck to deliver a container. Possible infrastructures 

are usually roads, railways, areas on the deep sea or along inland water, as well as terminals, such 

as harbours or airports, and warehouses. The geographical proximity is not the only driver for 

identifying involved infrastructures though: an order placed in Milan, indeed, may possibly concern a 

logistics centre located in Roosendaal. 

The events may change the state of the current step in those transportations that are being carried 

out at the moment (“concerns → Step”). Such relation basically determines the link between the 

transportation activities and the events of interest. For instance, the transportation of a container by 

truck and the storage of a container into a terminal are both steps. The terminated loading of the 

container onto the truck concerns the former, while a burglary in the terminal may concern the latter. 

The notification of the successful loading of the container onto the truck has a positive impact on the 

transportation process, as it allows proceeding with the scheduling of the route, whereas the theft 

may have negative consequences, because the goods are lost or damaged. This exemplifies the 

sense of the “causes” relationship towards “Impact / Consequence”, where the latter is either 

“Positive” or “Negative”. Taking inspiration from D1.2, negative impacts are assumed to fall under 

the main categories of transportation delays, disruptions, and cancellations (see Table 1 and 

Section 3.2 for an insight). 

Events originate from a thing or person (“arises from → Originator”). For instance, a storm happens 

because of the weather (cf. “Environment” in the diagram), a security control operated on some 

cargo is performed by a “Human Resource”, the change of coordinates tracking the movement of a 

container on the road is due to the truck transporting it (“Non-human Resource”). A human or non-

human resource refers to anyone, respectively anything involved in the progression of the 

transportation. An individual person, such as an employee or a driver, is therefore considered a 

human resource. A software system, a piece of equipment, or a vessel, are examples of non-human 

resources. The environment is anything not directly involved in the transportation. An increase of 

the smog level is thus an event originating in the environment. 

From the perspective of the transportation processes, the measurement of its periodicity concurs to 

the description of events (“occurs with → Frequency”). Knowing how frequent an event is, it is 

possible to predict how likely it is that it can recur in the future. For instance, the change in the 

position of a truck is far from extraordinary, as it occurs at a high rate during the road transportation 

of a container, while a storm is an example of a rare event.  Frequency could be expressed as a 

scalar number, although depending on the case this may be inaccurate or even inappropriate.. This 

is due to the fact that the Frequency may be different in different temporal or spatial scopes. As an 

example, the event of heavy traffic is typically far more common during rush hours, when compared 

to the rest of the day. The frequency of traffic jams also depends on the specific road, region, or 

geographical area. Therefore, it cannot be considered just like any other attribute such as, e.g., 

Occurrence Time. 
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Frequency and Impact/Consequence concur in assessing how relevant an event is (“Frequency → 

contributes to → Relevance”, “Impact/Consequence → contributes to → Relevance”). As a matter of 

fact, an event that is known to occur sporadically (low Frequency) can be nevertheless extremely 

significant (high relevance), if its impact is profound in the development of the transportation 

process (high Impact/Consequence). For instance, ice conditions are known to be rare, though they 

force ships to remain moored and proceed no more along the river (see Deliverable D1.1). Events 

having less serious consequences but a high frequency can be of high relevance as well. Typically, 

this sort of events characterizes the routine actions undertaken during the transportation process, 

having a positive impact on it. For instance, this is referred to the events reporting the change in the 

geographical position of the transportation means: even though they are raised on a per-second 

rate and trace a relatively short movement, they are far from being unimportant, as they actually 

inform about the progression of the transportation activity. Clearly, frequent events having a 

considerable impact on the process are likely to be highly relevant, as long as infrequent events 

with a low impact are likely to be irrelevant. However, such a rule is not predefined and there could 

be different perceptions and interpretations of the same event, according to the transportation 

process at hand. For instance, low water levels are irrelevant in the context of road transportation, 

whereas they are crucial in the context of inland water transportation. 

Some events may automatically lead to the occurrence of other events (“may cause further” 

relationship). For instance, the stop of the refrigerating engines inside warehouses is likely to make 

the detected temperature rise up. 

 

3.2 Expected and Unexpected Events 

In accordance with (Treitl, et al., GET Service Project – Deliverable 1.1: Use Cases, Success 

Criteria and Usage Scenarios, 2013) and (Treitl, et al., GET Service Project – Deliverable 1.2: 

Requirements analysis, 2013), and as described by property Type depicted in the taxonomy in 

Figure 5, events are either expected or unexpected according to the initial transportation plan. 

 

Definition 5 (Expected Event). Events are defined as expected when they prove a new state of 

the environment confirming the predicted evolution of facts, i.e., they belong to the ideal 

transportation plan and have a positive impact on it. 

For example, for an airfreight shipment, the event confirming the timely landing of the airplane at 

the destination airport is an expected event. 

 

Definition 6 (Unexpected Event). An unexpected event is defined as such when its occurrence 

does not belong to the predicted evolution of facts, i.e., to the transportation plan. As a 

consequence, it could have a negative impact on the transportation, such as having to re-plan part 

of it. Therefore, usually the relevance of unexpected events lies in that they are likely to cause the 

disruption of a transportation process. 

For example, for an airfreight shipment, a divergence in the route is an unexpected event. 

 

All unexpected events may: 
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 have no consequence on any known transportation process but be required in the future for: 

o an analysis of run-time and persistent information, e.g. reoccurring congestions on a 

specific road 

o future planning, e.g. blocked roads or a storm in a specific region 

 have an impact on transportation processes (offline and online): 

o Offline, e.g. a transportation process can be partially affected by a storm in the 

region; although the event has already happened, it is still valid for the planned 

transportation  

o Online, e.g. a transportation process is within the regional scope of the storm 

 require  a corrective action. For example, if there is congestion on a road that is not part of a 

route, no corrective action is required. However, if the congestion affects a road that the 

driver has to take according to the transportation plan, then some corrective action should be 

carried out, in order to avoid or limit the negative impact of possible delays, disruptions or 

cancellations. For example, a congestion may lead to a delayed actual time of arrival (ATA) 

of a truck at its destination; a vehicle involved in an accident may be broken and cannot be 

used for transportation anymore which leads to a disruption of the current transportation; a 

client cancelling his/her delivery order would lead to the abortion of the corresponding 

transportation. The difference between delay, disruption, and cancellation is defined by 

means of examples in Table 1. An unexpected event must be correlated to steps of a 

transportation process to identify their delay, disruption, or cancellation. This correlation is 

part of D6.4 and described as requirement in (Treitl, et al., GET Service Project – 

Deliverable 1.2: Requirements analysis, 2013). 

 cause further unexpected events. For instance, the take-off of a plane is expected for 

airplanes involved in the transportation. However, a divergence from the expected route is 

typically neglected in the definition of a plan. Thus, it may cause alerts to be notified to the 

customer, because of a possible delay. It may even require re-planning, due to a possible 

domino effect in case of a multi-modal transportation plan. Such a divergence may be 

derived from an unexpected event, the originator of which is the destination airport, e.g. the 

denial of landing. This is an example of how events can be correlated to each other. In this 

case, the infrastructural component causes the transportation mean to raise an exception 

from the normal flow of activities. In turn, the unavailability of runways for landing could be 

due to a snow warning in the city where the airport is located. Such “snow warning” is an 

event object the type of which refers to the environment. Indeed, this example stresses the 

possible causal chain of events. The correlation of events in transportation will be studied in 

subsequent deliverables. 
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Table 1: Examples to illustrate the differences between delay, disruption and cancellation for 
a truck transporting ice cream 

 Delay Disruption Cancellation 

Cause Rerouted due to congestion Sudden sickness of driver 
with an inability to continue 

Integral reefer fails, ice 
cream melts. 

Impact Transportation process is 
being delayed by the travel 
time of the new route. 

Transportation is disrupted 
until a new driver is at site 
or driver has recovered. 

Demand for transportation 
becomes obsolete. Asset 
becomes available again. 

Duration Known Uncertain Not relevant anymore 

 

3.3 Causal relations of events in transportation 

In the domain at hand, events can be relevant or not depending on the current activities or other 

events conducted in the transportation process (see Section 3.2). Thus, events addressing 

transportation information are challenging due to their diversity. This is best illustrated with the 

example of congestion. Congestion can occur due to a variety of reasons, such as: 

 road construction, 

 excess of transportation demand, 

 accidents or 

 other events such as demonstrations, strikes and other reasons that may or may not require 

a detour. 

Depending on the cause of the congestion and its severity, neither of which is always known, 

different durations need to be expected. Congestion caused by accidents can show this well: 

 a rear-ended car may be moved to the shoulder and the congestion hardly occurs and 

dissolves within a very short time,  

 while a severe accident for instance with hazardous materials may block the road for many 

hours. 

Thus, the impact of the same cause can make a very important difference on whether a rerouting 

should be considered. 

An additional and fundamental influence on the impact of an event is also whether the event is 

reoccurring.  

- Reoccurring events (such as peak hour problems) are relatively easy to identify provided that 

data is available and they do have an approximate end-time, which permits taking them into 

account as they do terminate. Reoccurring events increase travel times, but they do not halt 

transportation. Therefore, from a planning perspective they are unwelcome, yet mostly 

unavoidable due to their properties, but their consideration is possible. 

- Non-reoccurring events are significantly harder to handle, because they are random in time 

and space. Their impact on the transportation system is at first unknown. It is also typically 

unclear when such an event terminates. 

 

The example above mostly covers road transportation but is not limited to road transportation. Yet, it 

illustrates the different possible relations between events and their relevance for transportation 
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depending on the current activities in the process. Figure 6 shows further causal relations between 

different kinds of unexpected events. Derived from the scenarios in D1.1 and extending the 

requirement analysis in D1.2, 12 elementary categories are presented for unexpected events (gray 

nodes) shown in Figure 6 and exemplified in Table 2. The same elementary categories are used in 

Table 3 to show some examples for expected events. Here, the “Customs” category is not 

mentioned due to the fact that customs controls are usually not known a priori, and therefore 

customs-related events cannot fall under the definition of “expected”. Furthermore, Figure 6 shows 

the possible causal relations of unexpected events. Such diagram has not a global counterpart for 

expected events, though. This is due to the fact that causal relations of expected events are 

typically expressed by the different planned transportation processes: the expected flow of events is 

either implicitly or explicitly foreseen, according to the sequence of activities modelled. WP4 is 

aimed at developing a language for specifying transportation processes. To this extent, such 

language is also thought to encompass the connection between events and the 

execution/monitoring of transportation processes. 

During the planning phase, many alternatives are taken into account. A first approximation of ETA 

for a given plan can take into account the best case. E.g., referring back to the road transportation, 

it means that the assessment of ETA along a route can be done assuming a driving speed close to 

the speed limits. Some roads tend to be more subject to traffic jams than others. The key to 

elaborate ETAs that consider such deviations from the most favourable conditions may reside in the 

combined analysis of impact, frequency/impact and therefore relevance/frequency of events, for a 

certain infrastructure (see Section 3.1). Elaborating on the previous example, the risk of having 

severe delays when driving on some roads can be assessed by considering the impact that an 

event “traffic jam” has on that road, and how frequently it happens. Traffic jams on a road belong to 

the aforementioned category of recurring events. The assessment of the risk associated to given 

plans should also take into account the non-recurring events. A non-recurring event on a regular 

basis can be a rock that has fallen on a road. Though its frequency is considerably lower than a 

traffic jam, it would not just slow down the vehicles, but even stop them for a long time – and hence 

whose impact is worse. In an area that is often subject to light rain (high frequency of this weather-

related event) the event “light rain” may have a minimal impact and be therefore disregarded during 

the planning phase – indeed, it would be associated to a low relevance. 

Knowing the combination of frequency, impact/frequency and relevance/impact of events can also 

help in the selection of the events to monitor. From a computational point of view, it would allow for 

a dramatic saving of resources. Considering the example above, one could be interested in 

monitoring, processing, aggregating every possible event, related to any of the streets in the entire 

European road network. This would be a challenging or even unfeasible problem for the GET 

Service platform. Analyzing the frequency of relevant events having positive impact and searching 

for the targeted infrastructure could help the system to prioritize the events to monitor. For instance, 

ordering the position change events of trucks on the basis of their frequency, and looking at the 

road they refer to, could suggest the roads which are actually used the most by trucks. This could 

lead to the following assumption: if a truck has driven on a street rather rarely or never, such street 

could be deliberately disregarded in the analysis, without any major loss of information. This aspect 

will be delved into detail in upcoming deliverable D6.4. 



 

Figure 6: Causal relations of unexpected events in a transportation chain
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Table 2: Categories of unexpected events and their examples 

Weather conditions Storm, low water, ice, e.g. from DWD1 

Traffic conditions Congestion, reduced speed limits, priority of passenger 

transportation 

Terminal problems Broken crane, closed terminal, strike, lack of equipment 

Transportation means problems Accident, damage, technical failures 

Human problems Illness, injury 

Capacity problems Capacity overbooked, not available as agreed 

Infrastructure problems Bridge repairs, road constructions, defective signalling devices, 

deer crossing 

Controls Stop-and-search operation, border controls 

Cargo problems Theft, damaged goods 

Data problems Unclear, missing, incomplete transportation documents, 

missing signatures 

Customs problems Inspection, “red tape” (bureaucracy at customs) 

Transportation unit problems Missing cooling, damage 

 

 

 

 

                                                
1  http://www.wettergefahren.de/ 
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Table 3: Categories of expected events and their examples 

Weather conditions Weather report from DWD, tides level report 

Traffic conditions Traffic report 

Terminal Dock set up in terminal 

Transportation means Position update, destination reached 

Human Driver availability 

Capacity Capacity reservation granted 

Infrastructure Road constructions terminated, level crossing opened 

Controls Check passed 

Cargo Cargo stored in warehouse, cargo delivered at final destination 

Data Assignment of MRN, assignment of EAD 

Transportation unit Loading terminated, unloading terminated 

 

3.4 Other Taxonomies related to Transportation and Events 

Taxonomies have been widely used for representing the core concepts in the field of application. A 

brief overview of cases where such representations were adopted in the context of events and 

transportation follow. 

The taxonomy proposed in (Hummer, Inzinger, Leitner, Satzger, & Dustdar, 2012) is used to classify 

potential faults (assumed cause of an error) that may occur within distributed event-based systems. 

It aims to provide a common understanding of faults. For this purpose, the authors investigated in 

the areas of event-driven interaction paradigms, event stream processing, complex event 

processing, WSNs as well as service-oriented and event-driven BPM. Based on the evaluation of 

the research in these areas, a unified model for event-based systems is proposed. It describes the 

fundamental concepts, artefacts, and entities of event-based systems. To some extent, this model 

also served as input to the event model of this deliverable (cf. Section 4.1). In the following step, 30 

fundamental faults were identified in a hierarchical taxonomy with multiple fault dimensions. These 

faults are then discussed in the previously identified areas. The results of this research are 

embedded in the FP7 project called Engineering Virtual Domain-specific Service Platforms 

(STREP), under grant agreement 257483 (Indenica, http://www.indenica.eu/). Similar, Meier and 

Cahill (Meier & Cahill, 2005) survey existing event-based programming systems and represent their 

results in a taxonomy that was also used as input for the CORTEX project (CO-operating Real-time 

senTient objects: architecture and EXperimental evaluation, http://cortex.di.fc.ul.pt, IST-2000-

26031). 

FastFix (http://services.txt.it/fastfix-project/) is a research project funded by the European 

Community’s Seventh Framework Program, the aim of which is to build a set of software tools to 

enable time- and cost-efficient maintenance and support services, by monitoring software 

applications, replicating semantic execution failures, and automatically generating patches. To this 

http://www.indenica.eu/
http://cortex.di.fc.ul.pt/
http://services.txt.it/fastfix-project/
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end, an event taxonomy (Pagano, et al., 2011) was used, in order to detail the possible nature of 

context changes during the execution of applications. The events, to which such taxonomy refers, 

are not related to physical reality, as potentially in our case, but rather to recordings of the evolution 

of the software system during its lifecycle. Such taxonomy was part of a set of representations 

(including, e.g., application architectures and concept diagrams) constituting a whole domain-

specific ontology. 

Benjelloun et al., from Interuniversity Research Centre on Enterprise Networks, Logistics and 

Transportation (CIRRELT), wrote an extensive article in which a comparison among City Logistics 

initiatives in different countries is provided (Benjelloun, Crainic, & Bigras, 2010). In their paper, 

taxonomies are exploited in order to establish a common set of characteristics that a City Logistics 

project can have. The peculiarities of each City Logistics Project under analysis are thus confronted, 

on the basis of the criteria specified in the taxonomies. Five different conceptual areas are identified 

(description, business model, functionality, scope and technology). For each of them, a two-level 

taxonomy is defined: e.g., the business model comprises, among the others, the concept of 

infrastructure financing (first level), which, in turn, can be public or private (second level). In contrast 

to (Benjelloun, Crainic, & Bigras, 2010) our objective for the use of taxonomies is not to have a 

basis for comparisons of real-world objects, but rather to classify the semantic relationships of 

domain-specific concepts. 
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4 Event Representation and Processing in Information 
Systems 

The transportation-related events classified in Section 3 need to be captured and represented in 

such a way that they can be automatically processed by information systems in order to infer 

knowledge such as relevance and potential corrective actions, which should be put in place. In this 

next section the issue is addressed as follows:  

(i) Section 4.1 describes a conceptual model that encompasses the main elements involved in 

event processing in general, and which is suitable for the domain of transportation-related 

events; 

(ii) Section 4.2 applies this model to the GET Service platform, explaining how GET fits in with 

the concepts described; 

(iii) Section 4.3 breaks down a possible classification of event objects (see Section 4.1) in 

transportation processes according to the event target, that is, the main element involved or 

affected by the event.  

 

4.1 Event Processing Conceptual Model 

To derive information relevant for transportation and for logistics in general, events must be 

readable by information systems. 

 

Definition 7 (Event Object). An event object is a machine-readable representation of an event. It 

contains the values of predefined attributes (e.g. its occurrence time) as well as additional data 

parameters (Luckham, 2002, p. 151) 

For example, events effecting the execution of a transportation can be stored as event objects with 

an attribute holding the description of their impact on a specific transportation. 

 

Essentially, all events in GET Service contain information for logistics services and participants. The 

basis for describing the properties of an event object is the taxonomy of events shown in Section 

3.1. Figure 7 depicts the conceptual model of event objects, which is used in the subsequent section 

to specify event objects for transportation. The properties are described as follows: 

- The expectedness defines whether the event is expected or not for the target. 

- The identifier is the unique label of an event. It is likely to be used for the storage and the 

unique identification of an event as event object in an information system. As this 

identification is only required for the representation of an event as event object in an 

information system it is excluded from the examples given below. 

- The occurrence start time is defined as starting date on which the event occurred. 

- The occurrence end time is the date representing the end of the event. By using the 

occurrence start and end time the validity of the event can be derived. 

- The date and time on which the event was observed is stored as observation time. 

- The creation time defines the date the event object was created. 
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- The place where the event occurred is defined in the occurrence location of an event object. 

The occurrence location is given via coordinates that might describe a single point, an area, 

or a polygon. 

- The event source reference stores the source of an event. 

- The originator is those entity from which the event originated. 

- The impact defines the consequences of the event for the target. 

- The textual summary is stored as description in an event object.  

- The frequency of an event holds information about the occurrences of an event type under 

certain conditions like time or location. These conditions may be different for different events. 

Based on an analysis of similar events of the same event type happened in the past (e.g. 

events close in time and location),) that happened in the past, the ratio of occurrences can 

be represented as frequency of an event. 

- The relevance represents the relation between the frequency and the impact of an event. To 

derive the relevance of an event, the environment and the context of frequency and impact 

have to be considered. For example, as was mentioned in Sections 3.1 and 3.3 as well as in 

D1.1, the occurrence of a recurring traffic jam during rush hours might have a high 

frequency, but its relevance should be low, because it has only a low negative impact as 

well. From this example it is derived that relevance always depends on events that 

happened before and the perspective from which those interested in the event are looking at 

it, which is not fully automatable.  

- Every parameter-value pair that is not represented by the other attributes is stored in the 

payload. 

For event objects, in contrast to events, the occurrence time is subdivided into start and end time. 

This is especially required for event objects that were aggregated from other event objects. For 

example, aggregated from an accident, a congestion causing a delay for a transportation can occur 

at one point in time (occurrence start time) but remains valid for a certain time period (till occurrence 

end time).  

Transportation-specific properties highly depend on the target for which the event is relevant and 

are described in Section 4.3. 
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Figure 7: Event Object Properties 

Event objects that are not an aggregation or composition of other events are called simple event 

objects (Event Processing Technical Society, 2011), i.e., they are not decomposable (e.g., a GPS 

record). Using a specific set of event constructors such as disjunction, conjunction, sequence, etc., 

complex event objects are created. As it will be explained below, events are typically observed by 

an event source. Yet, virtual events exist that did not happen in the physical world but appear to 

signify a real world event, e.g. weather forecasts. They can be computed from the relations between 

events (or event objects) and are represented by virtual event objects that include a certain 

probability under which the event might occur. This probability may be derived from event’s 

frequency. For instance, there is a high probability for a traffic jam during rush hour if the GET 

Service platform very often observed a traffic jam during rush hour on that specific road in the past.  
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Figure 8 shows the event object conceptual model. Event sources are able to recognize the 

occurrence of events and publish them as event objects in a machine-readable form for others to 

process them. Such event objects are said to be raw event objects because they have not been 

processed yet. A system processing event objects (e.g., aggregating or subdividing them) and 

generating so-called derived event objects is called event processing agent (EPA). Finally, a system 

that receives event objects is called event consumer. The events consumed may have been 

previously processed by an EPA; however, from the standpoint of the event consumer they are 

considered raw, as they do not have any meaning for the event consumer before being analysed 

and/or processed by the event consumer.  

It must be noted that an EPA sometimes acts as an event consumer to receive event objects (i.e. it 

has the functionalities of an event consumer), and as an event source in case it publishes the 

(derived) event objects (i.e. it has the functionalities of an event source). Therefore, as stated in 

(Niblett & Etzion, 2011) and mentioned above, an event object can be generated by one EPA (and 

thus be a derived event object in that system) and then be passed on to a second event processing 

agent where it would be imported as a raw event object again. Figure 8 illustrates these mentioned 

interactions and relations. 

The connection between event sources and consumers is established by so-called event channels 

in an event processing network (EPN). In general, an EPN can be viewed as a collection of EPAs 

linked by channels (Niblett & Etzion, 2011, S. 116). The channels connecting the EPAs are conduits 

in which events are transmitted. In this way, EPAs are organized into networks to communicate with 

Figure 8: Event Object Model 
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one another. This communication between EPAs takes place by reacting to incoming events and 

outputting events that can be fed to other EPAs over event channels (Luckham, 2002, p. 176). In 

particular, each channel represents an event-triggered rule by which the causal relationships 

between the events that trigger it and the events it creates are defined. With respect to point-to-point 

networks, such channels have the advantage that EPAs can be linked to a channel rather than to 

each other. This means sources and consumers can be added or removed without having to know 

the names of other EPAs in the network.  

 

4.2 Methodologies for the Application of Event Processing in the 

Context of GET  

In the context of GET Service, the processing of events is of extremely high relevance. One of the 

main objectives is to consider events at all stages, which requires the events to be in a machine-

readable format. Due to the diversity of data sources, the different Event Processing Agents (EPA) 

will feed the processed information into an Event Processing Network (EPN) (cf. Figure 8). The 

latter is to become the source for all modules in the GET Service platform that ask for events. In 

particular, the GET Service platform can: 

 act as an event consumer of transportation-related raw event objects. The raw event objects 

considered in GET have specific properties that characterise the events and are relevant for 

planning and administrating transportation. Thus, all the events received in GET contain 

information from/for logistics services and participants; 

 process transportation-related event objects and generate derived event objects, e.g. when 

the manipulation of event objects is required in order to infer knowledge from them. For 

instance, the GET platform might be used to correlate all GPS signal event objects of a 

truck to compute the distance of the route it drove, or to derive whether the truck will arrive 

at its destination on time; 

 act as an event source for external event consumers, e.g. other logistics services. 

Specifically, a derived event object can further be processed by higher logistics services 

(orchestration, service composition) that are provided to the different stakeholders 

(planner(s), client(s), operator(s)) using GET. 

All event objects can contain specific properties depending on their type. Furthermore, 

heterogeneous sources are likely to adopt different languages (e.g., XML, JSON, CSV, etc.) and 

formats (e.g., e-Freight2, EDIFACT3, etc.) to represent event objects. Therefore, the GET platform 

as event consumer will provide a mechanism to read non-uniform encodings. Such objective will be 

attained through the implementation of specific software modules, which are able to process, 

elaborate, and transform text data in a unique machine-readable format. A specific “unmarshaller” is 

thereby meant to be provided for each particular structure or coding language that the original 

events are “marshalled” with. GET platform will offer an interface to plug new event sources into the 

                                                
2 http://www.efreightproject.eu/ 
3 http://www.unece.org/trade/untdid/texts/unredi.htm  

http://www.efreightproject.eu/
http://www.unece.org/trade/untdid/texts/unredi.htm
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channel and make them accessible. For each new coding format, it will be possible to add and 

connect a new unmarshaller to the library of GET platform decoding modules. 

In order to give event objects an exact interpretation, a dictionary and thesaurus of context-specific 

terms for event objects will be exploited. Indeed, payload attributes like “humidity”, “Humidity”, and 

“humid” can be recognized as representing the same notion by, e.g., string matching or Levenshtein 

distance-based proximity. Although, “traffic level” and “road congestion estimation” do not match at 

all, even if they may represent the same concept in two different traffic reporting events. As well as 

unmarshallers, the collection of terms in dictionary and thesaurus will be extendible at run-time, in 

order to possibly comprehend new sources. 

Semantics of events may be enriched further to allow for more meaningful information to GET 

platform. To this extent, the usage of external knowledge sources that go beyond the stream of 

events will be beneficial. Road Case 1 scenario in deliverable D1.1 contributes to exemplify the idea 

(Treitl, et al., GET Service Project – Deliverable 1.1: Use Cases, Success Criteria and Usage 

Scenarios, 2013). In Use Case 1, the proposed solution suggests to move the goods by means of a 

truck from Karlsruhe to St. Ingbert-Rohrbach. Suppose that an unexpected event reports a traffic 

jam on Autobahn A65 at the entrance of Landau due to a car accident, right before the truck leaves. 

Landau is on the way from Karlsruhe to St. Ingbert-Rohrbach. Therefore, such event would be 

meaningful and should be signalled by GET platform. Although, recognizing the significance of the 

event with respect to the transportation process implies the involvement of additional knowledge 

sources. 

First of all, the event processing system of WP6 in the GET platform has to be aware of the ongoing 

transportation process and the undertaken activity. Therefore, it will be connected to the 

orchestration engine tracing the process instances in the extended GET Service component (cf. 

D2.1, (van der Velde, Saraber, Grefen, & Ernst , 2013)). Secondly, it must access the case-specific 

information for the activity, which is being carried out, such as the departure (in the example, 

Karlsruhe) and destination (St. Ingbert-Rohrbach) cities, possibly along with the selected route. To 

this end, there will be an exchange of process information towards the Core GET platform to 

correlate events to this information and provide these events through an interface to the extended 

GET Service component, e.g. to the Proposer in order to re-plan the corresponding process. 

Furthermore, GET platform has to recognize that the exit to Landau is along the path. This can be 

done if and only if a connection to an ontology describing the concept of proximity and a graph-like 

structure depicting the roadmap are correlated. Hence, GET platform will intersect the streaming 

data held by events with such a-priori knowledge about geo-spatial information. 

Road Case 2 in Deliverable D1.1 provides an opportunity to show another connection, aiming at 

enriching the information provided. In that scenario, the aircraft from New York to Amsterdam could 

not land at the expected airport due to adverse weather conditions. It was rerouted to Brussels 

instead. In the second leg of the logistics chain, the cargo would have been picked up by a truck at 

the Dutch airport and carried to Utrecht. Such operation had to be re-planned though, because of 

the diversion. GET platform should inform about the change in the aircraft’s route ahead of time, i.e., 

before the aircraft actually lands, in order to facilitate the successive re-planning. The prediction can 

be made by monitoring the sequence of reported flight data, in order to detect anomalous changes 

in the trajectory, speed or altitude that possibly lead to a diversion. To this extent, events describing 

the flight progression have to be aggregated over a time range (in order to calculate changes and 
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trends in the values) and then provided as input to a reasoning module able to predict whether the 

reported information characterizes a possibly diverted flight. Such reasoning module can be a 

classifier such as a Support Vector Machine, trained on previous flight data. The prediction can be 

further refined by considering not only the ongoing flight data, but also the weather conditions in the 

destination airport. As it can be deduced from the example provided by Deliverable D1.1, events will 

be aggregated in GET platform and sent to reasoning modules (such as classifiers) in order to allow 

for information provisioning. 

Table 6 (in Section 5) exemplifies properties for an unexpected event (for example a flooded 

underpass) referring to a specific transportation-related target (in this case a road). In the next 

Section, a classification of event objects according to the type of target is provided. 

 

4.3 Transportation-Related Event Objects Grouped by Target 

In GET Service, the attributes and parameters of an event object can depend on the target that the 

event object refers to. In the following, a classification of event objects in the transportation domain 

is described based on the target of the event, which is depicted in Figure 9. It has been defined 

based on the usage scenarios studied in deliverables D1.1 and D1.2 of the GET project in (Treitl, et 

al., GET Service Project – Deliverable 1.1: Use Cases, Success Criteria and Usage Scenarios, 

2013) and (Treitl, et al., GET Service Project – Deliverable 1.2: Requirements analysis, 2013).  

The idea is to first distinguish among the different targets and then identify the actions that can be 

performed for each of them, i.e., the events themselves. As shown in the figure, there are four types 

of event objects associated to four different types of targets, namely resources, data, infrastructure, 

and environment. 

In Figure 5, a taxonomy is used to explain the relations between the central concept of 

transportation-related events and the other concepts that are of interest in the context of 

transportation. Here, the event objects are classified on the basis of the thing or person affected by 

the event that the event object represents. In Figure 9, not all relations between event objects are 

considered, but only the is-a relation. For the sake of consistency, when the target refers to a 

concept already declared in the taxonomy, the event object type is named the same. This is the 

case for the several subtypes of infrastructure. There, the is-a hierarchy is reported as depicted in 

Figure 5. However, the originator of an event and the target of an event object are not necessarily 

the same. For instance, the completion of a security check on a container is an event originated by 

the person in charge of the check, but the target is the container. An originator is not even 

necessarily a possible target, and vice-versa. Furthermore, data does not originate from events, but 

event objects may, for instance, affect the value of transportation data. 

Next, each of the four target-related types is discussed in detail. 

- Resource. As far as resources are concerned, a distinction is made between events related 

to human resources (i.e., people) and events related to non-human resources (i.e., objects). 

The former could, in turn, be subdivided depending on the party they belong to in the 

transportation process (e.g. client or planner), although most of the events that can be found 

regarding human resources are similar in all cases, e.g. illness or disease. The latter can be 

further grouped into those non-human resources referring to events related to transportation 

means such as truck, train, or vessel (e.g. a damaged truck) and those related to other 
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objects or devices used in the transportation such as cranes, cargo and containers (e.g. 

incomplete cargo). In both cases, the classification is open to extensions in case it is 

necessary to make further distinctions, e.g. between two specific types of trucks. 

- Data. The second type refers to events related to information handled in the process such as 

orders, bills, and other documents exchanged between the parties involved (e.g. the MRN 

number provided in customs). Here the classification is also extendable to include other 

types of documents that should be managed in specific scenarios. 

- Infrastructure. The infrastructure used in each type of transportation can also be target of 

events such as construction works that have started or finished, or roads or railways that 

have been blocked for some reason. 

- Environment. Finally, events related to the status of the environment must be considered 

such as the weather conditions or the degree of pollution generated by the transportation 

means. The latter is especially important for the GET Service Project as one of the main 

goals of the GET Service platform is to help in obtaining green transportation, i.e. keeping, 

for instance, the CO2 emissions as low as possible. Therefore, events related to a 

malfunctioning of vehicles or devices that might lead to surpassing the thresholds of pollution 

considered acceptable are of specific importance. 
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Figure 9: Types of Event Objects in Transportation 
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Table 4: Examples of Expected and Unexpected Event Objects, Grouped by Target 

  Expected Unexpected 

      

Human 

Resource 

Client FeedbackSubmitted 

Available 

ClientUnreachable 

Unavailable 

Planner TransportationPlanDelivered ReplanningRequested 

Operator DriverLoggedIn NoDriverLogged 

Custom 

Authority 
CheckPassed CheckFailed 

      

Transportation 

Means 

Truck TrailerHitched 

Departed 

Arrived 

TyresReplaced 

Damaged 

InRepair 

Train LocomotiveStarted Derailed 

Plane TookOff RouteDivergenced 

Vessel Anchored Sunk 

      

Transportation 

Object 

Crane LoadAttached 

Loaded 

BalanceLost 

Missing 
Cargo SecurityCheckPassed SecurityCheckFailed 

Container EmptyContainerReady 
HighInternalTemperatureMea

sured 

 

Data 

Bill InvoiceSent 
Checked 

Signed 

PaymentMissed 
NotValid 

Missing 
MRN Assigned ConsistencyCheckFailed 

EAD Printed Lost 

 

Infrastructure 

Rail LevelCrossingOpened 

Traffic 

Reported 

CopperStolen 

Blocked 

Road TrafficLevelReported BridgeClosed 

Air Landed Diverted 

Sea DockGranted LowTideLevelDetected 

Inland Water StreamflowLevelReported StreamFlowLevelAlerted 

Terminal ContainerLoadedOnVessel 
CoolingSystemWarningReceiv

ed 

Warehouse CargoStored Locked 

 

Environment 
Weather TemperatureReported ForecastRepor

ted 

StormDetected 
Alert 

Pollution LevelRecorded SmogMeasured 

 

Table 4 reports some specific examples of expected and unexpected events related to the types of 

event objects described in the previous section. This table is also meant to provide some hints and 

to clarify the hierarchy depicted in Figure 9. Some types of event objects are generic and may not 

belong to a specific type, but to several siblings. Such events are shown in a separate sub-column 

with dark background in the respective general column (expected and unexpected). For instance, 

Departed and Arrived events are common to all the transportation means related event types and so 

are Checked and Signed events regarding Data. 
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5 Examples and Application of D1.1 Scenarios 

5.1 Generic Examples for Expected and Unexpected Events 

This section provides two examples, one for expected and one for unexpected events. 

 

An Example for an Expected Event and its Representation as Event Object 

Road construction is a relatively simple example for an expected transportation-related event. An 

exemplary event object for road construction is shown in Table 5. It is valid for multiple cases and 

causes a reduction of road capacity. It has to be emphasized that the impact of a road construction 

site is not static over time: in dense traffic, the impact on travel times can be far more severe than 

during off-peak traffic. Depending on the point in time and the traffic demand, a difference in 

relevance can therefore occur. In practice, the road construction will have little to no impact on road 

transportation between 10:00 hours and 16:00 hours as well as from 20:00 hours to 6:00 hours. 

Traffic volumes are typically high outside the mentioned hours (on weekdays outside of the holiday 

season) and impairment to traffic needs to be expected. Depending on the severity of the peak hour 

effects, potentially new events are triggered like dense traffic or congestion. 

The table includes general properties that characterise an event object as well as specific properties 

related to the target of the event. For roads, as shown in the example, an event object is also 

characterised by the direction (typically one or more road lanes) for which the event is relevant. In 

this very case both directions of the road are affected. 

This kind of information might be stored in the payload of the event object and derived with the help 

of event processing techniques by an EPA. Thus, the property payload is excluded from the table as 

it is a placeholder for additional information relevant for an EPA. Therefore, Table 5 shows a 

processed event object. This event is relevant when planning a specific transportation route, 

because the road is temporarily blocked in both directions and cannot be used in the route. Hence, 

the event object impairs transportation and must be considered in replanning. In summary, the 

example of road construction is clearly an expected event as it is scheduled and known in time and 

space. It can thus be considered at the time of planning. 

With respect to frequency and impact the aspect of time has already been shown. Furthermore, it 

needs to be distinguished among the modes as well. Imagine the case of a container that has fallen 

off the vehicle due to inadequate mounting. The frequency is identical for all modes (low), but the 

impact can vary severely from:  

- low to medium for inland waterway, where a floating (or sunken) container may cause 

troubles, but in many cases other vessels may be able to pass.  

- medium to high in the case of road transport, because the recovery of the container is likely 

to be quick, yet due to a higher infrastructure utilization its impact is higher, and 

- a high impact for rail transportation, since the recovery is more difficult and furthermore the 

infrastructure may have to be repaired; hence the impact may be valid for several days.  

As the example shows, the attribute impact is of non-static nature and consequently has a 

significant effect on the relevance. 
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Table 5: Example Characteristics of a Road Construction Event Object 

Road Construction 

Description: the surface of a road is being maintained. The road’s capacity is impaired since not all 
lanes are available. 

Property Value Comment / Remark 

Expectedness: 

(specified as type in the 
taxonomy) 

expected This may depend on the target 
whether he/she expects this kind 
of event to happen. 

Occurrence start time: June 1st 2013 Time the event occurred. 

Occurrence end time: August 31st 2013 Time the event will end (when it 
will loss or lost its validity). 

Observation time: June 1st 2013 16:30 Time that the event was 
observed by the event source 

Creation time: June 1st 2013 16:30 Time that the event was created 
in the EPA. 

Occurrence location: Prof.-Dr.-Helmert-Straße, Potsdam 

Lat: 52.3935 N, Lon: 13.1288 E 

 

Event source reference: Road Authority  

Originator(s): Road Authority It is identical with the event 
source as the road authority is 
responsible to maintain the road 
and to publish this notification.  

Impact/Consequence: Capacity Reduction. Adaption to 
available road capacity relevant for 
planning the routes.  

A coarse estimate of capacity 
reduction would be very helpful, 
but probably very difficult to 
obtain. 

Frequency high  

Relevance low to high Depending on the traffic volume 
the relevance can be low or high. 

Target-Type: Road (including the parameters and values below) 

Direction: Both directions Derived from the payload of the 
event object. 

 

An Example for an Unexpected Event 

Depending on their severity, unexpected events may require re-planning. Unexpected events can 

occur due to a lack of infrastructure availability4, but also due to vehicle damages or container 

problems5. 

The example provided in this section is a flooded underpass, which needs heavy rainfall to 

materialize, but also a malfunctioning pump or a drainage system, which is insufficiently maintained 

                                                
4  e.g. high transportation demand and thus a network overload which results in congestion and travel time 

increases 
5  e.g. the temperature of a cooling container increases which results in a not functioning container that has 

to be exchanged causing a delay due to a detour and the transhipment time 
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or ill-designed. Both “ingredients” are unexpected and form this unexpected event. This event may, 

at a later stage, be correlated with a second event that describes the increasing level of congestion 

as a direct result, since this road link is closed and other links in the vicinity are faced with a higher 

traffic load than usual. It thus does have a high frequency and depending on the circumstances a 

high impact.  

 

Table 6: Example characteristics of a weather-related infrastructure event object 

Flooded Underpass 

Description: heavy rainfall led to the flooding of an underpass, which is temporarily blocked. 

Property Value Comment / Remark 

Expectedness: Unexpected  

Occurrence start time: June 1st 2013 16:00  

Occurrence end time: Unknown Unlike with accidents, there is no 
safe duration estimate available. 

Observation time: June 1st 2013 16:30 The time the event was observed 
by the event source. 

Creation time: June 1st 2013 16:35 Time that the event was created 
in the EPA. 

Occurrence location: Prof.-Dr.-Helmert-Straße, Potsdam Can be specified further by the 
target specific properties 

Event source reference: City / Road Authority / Police  

Originator(s): Heavy rainfall Here, the originator is another 
event that caused it. It shows a 
causal relation. 

Impact/Consequence: Blocked Adaption to usable road network 
in WP5. 

Description: Heavy rainfall lead to the flooding of 
an underpass, which is temporarily 
blocked 

 

Frequency low  

Relevance high Due to bad circumstances (e.g. 
malfunctioning pump) a high 
relevance occurs. 

Target-Type: Road (including the parameters and values below) 

Direction: Both directions  

Area: Lat: 52.3935 N, Lon: 13.1288 E - 
Lat: 52.3935 N, Lon: 13.1288 E 

Derived from the fact that the 
underpass is not a specific point 
but characterised by an area. 

 

5.2 Scenarios from D1.1 transformed into GET Events 

In Deliverable 1.1, five scenarios have been developed. This section uses the Road Case 2 (in 

Table 7) as well as the Intermodal Case 2 (in Table 8) as examples to show what events are 

generated throughout the respective transportation process. While D1.1 mentions and explains the 
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fundamental steps, this section provides an insight on the kind of information that needs to be 

exchanged to make the process fully functional. Therefore, the original step of receiving a booking 

order as a logistics company is segmented into smaller pieces of information, which can be 

represented as single events. This applies also to all other processes with the exception of 

provisioning assets, because this is a very complex process. For this, at the very minimum, the 

availability and location of cooperating partners as well as the asset-type offered are relevant. 

Validating the asset provisioning is thus not part of the taxonomy itself, but is related to aspects of 

correlation and transportation algorithms. 

 

The order from a client consists of more information such as what needs to be transported (amount 

and type of freight), where it shall be hauled from and where it needs to be delivered to, and by 

when (cf. Step 1 in Table 7). These are the most important ones, but may be complemented by a 

client’s preferred shipping line, the type of container to use, etc. Depending on the client, additional 

requirements may need to be considered such as a specific route and mode for safety reasons (e.g. 

due to geo-fencing). The generated events can be considered to be expected. The step is planning, 

because it imitates the planning of resources. No infrastructure is assigned to these events. In each 

case, the originator usually is resp. was verified by a human resource. In Table 4, more expected 

and unexpected events are shown.  

The subsequent steps in Table 7 are segmented similarly. Generally, unexpected events need to be 

considered during all stages of the process. In Table 7, the steps 3c and 10b consider unexpected 

events from a transportation domain. In 3a, the first transportation plan is laid out, which will need 

the consideration of events such as those from the example in Table 5 or Table 6. The impact of a 

weather-related event may yet be more likely to be considered during the execution of the 

transportation. 

By and large, the impact of unexpected events is quite likely in the planning steps of transportation 

and during the reservation and positioning of assets, since external influence is at work. Internally, 

troubles with loading and unloading cargo are the most typical unexpected events. 
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Table 7: Road Case 2 Scenario from D1.1 Enhanced with a Selection of Events 

S
te

p
 

Description in D1.1 S
e
g

m
e
n

t 

Events e
x
p

e
c
te

d
 

u
n

e
x
p

e
c
te

d
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a
s
tr

u
c
tu

re
 

O
ri

g
in

a
to

r 

1 Booking 1a Transportation Booked    HR 

  1b Cargo Volume Published    HR 

  1c Arrival at Destination    HR 

  1d Definition of Origin and Destination    HR 

2 Order Control and Feedback 2a     HR 

3 Transportation Planning 3a Transportation Planning Process 
Started 

  
Road HR 

  3b Selected Route and Mode   Road HR 

  3c Consideration of Unexpected Events 
on Route 

  
Road NHR 

4 Capacity Reservation 4a Capacity is Requested and Confirmed    HR 

5 Provision of Assets 5a Assets are Provided    HR 

6 Issue and Transfer of 
Transportation Documents 

6a Issue of Documents   
 NHR 

   Transfer of Documents    NHR 

7 Positioning of Assets 7a Planning of Pickup of Assets   Road HR 

  7b Assets are Positioned at Origin   Road NHR 

8 Loading of Container on the 
Truck 

8a Goods are Loaded   
 HR 

9 Status Report 9a     NHR 

10 Transportation of the Goods by 
Truck 

10a Transportation is Started   
Road HR 

  10b Consideration of Unexpected Events 
on Route 

  
Road NHR 

  10c Transportation is Completed   Road HR 

11 Unloading of the Goods at the 
Client 

11a Goods are Unloaded   
 HR 

12 Status Report 12a     NHR 

13 Document Return, Payment 
and Transportation Completion 

13a Documents are Returned   
 NHR 

  13b Billing is Initiated    NHR 

Notes: NHR:  non-human resource HR:  human resource 
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Table 8: Intermodal Case 1 Scenario from D1.1 enhanced with a Selection of Events 

S
te

p
 

Description in D1.1 S
e
g

m
e
n

t 

Events e
x
p

e
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d
 

u
n

e
x
p

e
c
te

d
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a
s
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u
c
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O
ri

g
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a
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1 Booking 1a Transportation Booked    HR 

  1b Cargo Volume Published    HR 

  1c Arrival at Destination    HR 

  1d Definition of Origin and Destination    HR 

2 Order Control and Feedback 2a     HR 

3 Transportation Planning 3a Transportation Planning Process 
Started 

  
Road
/Rail 

HR 

  3b Route and Mode Selection   
Road
/Rail 

HR 

  3c Consideration of Unexpected Events 
on Route 

  
Road
/Rail 

NHR 

4 Capacity Reservation 4a Capacity is Requested and Confirmed    HR 

5 Provision of Assets 5a Assets are Provided    HR 

6 Issue and Transfer of 
Transportation Documents 

6a Issue of Documents 
   NHR 

  6b Transfer of Documents    NHR 

7 Pre-Notification of Empty 
Container Terminal 

7a  
   NHR 

8 Positioning of Assets 8a Planning of Pickup of Assets   Road HR 

  8b Assets are positioned at origin   Road NHR 

9 Loading of Empty Container  9a     NHR 

10 Status Report 10a     NHR 

11 Transport to JdR customization 
terminal 

11a Transportation to JdR 
  Road NHR 

  11b Consideration of unexpected Real-
Time-Traffic Events on Route 

  Road NHR 

12 Unloading of Empty Container 12a     NHR 

13 Status Report 13a     NHR 

14 Transportation Completion 14a     NHR 

15 Issue of Transportation 
Documents 

15a  
   NHR 

16 Notification of Customs Office 16a     NHR 

17 Loading Container with Goods 17a Started Loading    NHR 

  17b Trouble with Goods Identified    HR 

  17c Completed Loading    NHR 

18 Transportation Planning 18a Transportation Planning Process 
Started 

  
Road
/Rail 

HR 

  18b Route and Mode Selection   
Road
/Rail 

HR 

  18c Consideration of Unexpected Events 
on Route 

  
Road
/Rail 

NHR 

19 Capacity Reservation 19a Capacity is Requested and Confirmed    HR 

20 Provision of Assets 20a Assets are Provided    HR 
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21 Assignment of MRN number 21a      

22 Loading of a sealed container 
on truck 

22a  
   NHR 

23 Transfer of transportation 
documents to the driver 

23a Re-Issue of Updated Documents 
   NHR 

  23b Transfer of Documents    NHR 

24 Pre-Notification of Port of 
Rotterdam 

24a  
   NHR 

25 Status Report 25a     NHR 

26 Transport to Rail Terminal 26a Transportation by Truck to Terminal   Road NHR 

  26b Consideration of Unexpected Real-
Time-Traffic Events on Route 

  Road NHR 

27 Transhipment from Truck to 
Train 

27a  
  

Term
-inal 

NHR 

28 Status Report 28a     NHR 

29 Rail Transport to Sea Port 29a Transportation by Train   Rail NHR 

  29b Consideration and Reporting of 
Unexpected Events en Route 

  Rail NHR 

30 Unloading of Container 30a Arrival in Port    NHR 

  30b Unloading completed    NHR 

31 Transport Completion 31a Has the Cut-Off Time been met?    NHR 

32 Customs 
Declaration/Inspection 

32a  
   NHR 

33 Loading of Container onto Sea 
Vessel 

33a  
   NHR 

34 Confirmation of Exit 34a Confirmation of Exit for Vessel    NHR 

  34b Confirmation of Exit for Container    NHR 

  34c Status Report to Orderer/Client    NHR 

35 Document Return, Payment 
and Transportation Completion 

35a Documents are Returned 
   NHR 

  35b Billing is Initiated    NHR 

Notes: NHR:  non-human resource  HR:  human resource 

 

The remaining three scenarios from D1.1 can be split into similar sequences of steps. The 

consideration of multiple operators and transportation modes generally increases the complexity of 

information flows, which has already been shown in D1.1. 
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6 Challenges in Event Processing in Transportation 

As stated in Section 1, WP6 deals with capturing, processing, and making available transportation-

related events that might later be used by other GET Service components developed in other work 

packages. In subsequent deliverables, it must be studied what exactly must be done with the events 

in order to provide the required information in the required format. As an advance for future work, 

three challenges related to event processing being identified in (Cabanillas, Baumgrass, Mendling, 

Rogetzer, & Bellovoda, 2013) are outlined. These challenges especially occur when events are 

used in conjunction with business process models. It will be necessary to take these challenges into 

account during the next steps, as they constitute real challenges that need to be faced for the 

integration of WP6 and WP4. 

 

Challenge 1: Discretization for Monitoring Status based on Streaming 

Events 

Events are not always isolated entities. Indeed, in the transportation domain, it is easy to find large 

streams of events coming from devices and systems, e.g. the GPS coordinates of a GPS device 

connected to a truck. The first challenge is to observe concrete events in an event stream and 

associate them with specific activities of the transportation process. There have been some 

attempts to face this problem in literature. For instance, Zaharia et al. introduced a new 

programming model called Discretized streams (D-Streams) that treats a streaming computation as 

a series of deterministic batch computations on small time intervals, thus lowering the event 

computation frequency of typical record-at-a-time processing models (Zaharia, Das, Li, Shenker, & 

Stoica, 2012). The proposal by Appel et al. introduced event stream processing units as a 

conceptual frame for integrating complex event processing into BPMSs (Appel, Frischbier, 

Freudenreich, & Buchmann, 2013). Further modelling concepts related to this issue are presented in 

(Kunz, Fickinger, Prescher, & Spengler, 2010) and (Caracas & Kramp, 2011). 

 

Challenge 2: Aggregation for Monitoring Activities based on Fine-

Granular Events 

The second challenge is to aggregate events and to associate them with specific executions of 

activities in the ongoing transportation. In a nutshell, it is necessary to know which set of events are 

valuable and what turns out to be affected when such events occur, e.g. the assets involved in an 

accident. Technically speaking, Baier and Mendling state that an event to activity mapping is always 

a combination of both a mapping on type and a mapping on instance level. In their work, they 

provide insights about all the possible mappings at both type and instance level, along with several 

heuristics for the definition of the instance border conditions (Baier & Mendling, 2013). Günther et al. 

cluster events to activities based on time and position distance (Günther & van der Aalst, Mining 

Activity Clusters From Low-level Event Logs, 2006). This approach is enhanced by considering co-

occurrence of terms in (Günther, Rozinat, & van der Aalst, Activity Mining by Global Trace 

Segmentation, 2010). In addition, events can arrive at the system in charge of capturing (and/or 

processing) them in the wrong order (i.e., different to the real occurrence order). In that case, and if 
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the order is relevant for the processing, mechanisms to detect such a situation and react properly, 

must be put in place (Mutschler & Philippsen, 2013). 

 

Challenge 3: Correlation for Monitoring Cargo based on Events of 

Different Focus 

The third challenge is to correlate events in order to monitor the transportation of cargo, that is, to 

monitor each consignment6 separately and to consider all of them as a whole to ensure Complete 

and On-Time Delivery (COTD). As stated by Werner and Schill (Werner & Schill, 2009), modern 

Radio Frequency Identification (RFID) and sensor technologies enable the automatic identification 

of tagged items by eligible readers in combination with environmental information and thus can be 

used to monitor Service Level Objectives (SLO). Making use of this, they identified seven 

requirements for the monitoring of individual quality objectives for goods transportation using 

distributed event data and they described the architecture of a corresponding monitoring system. 

However, the actual problem of monitoring pieces of cargo separately and jointly (also known as 

focus shift) was not explicitly considered. Gerke et al. (Gerke, Claus, & Mendling, 2009) investigated 

how the EPCglobal standard7 for processing RFID can be utilized to construct supply chain case 

information from event logs pointing out focus shift as key challenge in their approach. Besides such 

cargo monitoring mechanisms, some software must be implemented dealing with the monitoring of 

the transportation unit with which cargo is being transported. Patroumpas and Sellis defined 

concepts for real-time traffic surveillance over densely congested road networks in large 

metropolitan areas (Patroumpas & Sellis, 2012). Their monitoring dashboards could also show 

current weather conditions, which may negatively affect the ETA. Further software solutions for the 

monitoring of events in logistics chains are, for instance, ProModel8, TIBCO9 and APAMA10. 

 

                                                
6 A consignment is the delivery of the smallest portion of goods that is necessary to track and trace 

after bundling it for shipment. It ranges from a single unit of the type of goods being delivered (e.g. a 
steel coil), to a container that is loaded onto a truck, a vessel or any other transportation means. 
7 http://www.gs1.org/epcglobal  
8 http://promodel.com/solutions/logistics/  
9 http://www.tibco.com/industries/logistics/default.jsp  
10 http://www.softwareag.com/corporate/products/bigdata/apama/overview/default.asp  

http://www.gs1.org/epcglobal
http://promodel.com/solutions/logistics/
http://www.tibco.com/industries/logistics/default.jsp
http://www.softwareag.com/corporate/products/bigdata/apama/overview/default.asp
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7 Conclusions 

In this deliverable, the relation of events to the transportation of goods is studied by deriving a 

taxonomy that describes the properties associated to events and their relations with elements of the 

application domain. Relevant issues arising while processing and predicting events have already 

been presented, such as the calculation of their relevance depending on their frequency and their 

impact on the transportation chain. Frequency, in turn, must be calculated within a specific temporal 

and positional scope. Semantics play an important role in such calculations, so ontologies and 

semantic technologies lie beneath these problems. A brief description of the causal relationships 

that may appear between two or more events (i.e., event correlation) has also been presented in 

this deliverable. Nonetheless, all these issues will be further elaborated in D6.4, where details about 

how to calculate frequency, relevance and causality will be provided.  

The way in which events can be represented in information systems by means of event objects has 

also been analysed in this deliverable, giving rise to a conceptual model built upon the event 

taxonomy and the literature on complex event processing. Specific examples within the context of 

the GET Service project have been described for all the concepts introduced. To conclude, some 

further challenges that need to be faced in this context, which were identified while studying the 

scope of the problem and the related literature, have been summarised and will be considered in the 

future. 

The next step now is the definition of a conceptual architecture that involves all the elements 

described in this deliverable and incorporates functionality related to event correlation and the 

aggregation of events to specific activities carried out in the transportation process. 
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