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Abstract 

In this project a user interface is designed for the purpose of integrated dispatching of taxi 

vehicles and parcel delivery. In order to make business more profitable for taxi companies 

integrating parcel delivery into their business model may be a successful new approach. For 

that not only the business model has to be adapted, but the entire way of working, including 

the tools being used, need to be changed to suit the new requirements.  

This project looks at adaptations that may need to occur in the workflows of a taxi company 

if their plan is to integrate these two businesses. Based on the workflows of the Dutch taxi 

company Connexxion it is concluded that very little adaptations will have to be made to the 

order and dispatching process when integrating said parcel service. Having looked at the 

workflows findings concerning adaptations to the data model and functions of the system 

are presented thereafter. Finally, having explained the system from a workflow, data and 

functional point of view a non-functional prototype is developed that gives an impression on 

what the interface of the system could look like. 
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Executive Summary 

Research Objective 

Integration of Parcel delivery services and taxi services can lead to increased revenue and 

efficiency compared to deploying these services individually. Considering a taxi company 

would take up this idea in their business model they would need to adapt their dispatch 

system to allow for parcel delivery as well. In this thesis a dispatch system is designed that 

can support the enhanced workflows of such a business model. The Dutch Taxi company 

Connexxion provided the relevant business insight for this purpose. 

While parcels and passenger may not have the same routes, a taxi that is carrying one 

person can easily transport a parcel at the same time. For designing a system the routing 

algorithms need to be adapted to result in small detours only and to thus allow taxis to 

increase their profitability. In addition to that workflows and other system elements such as 

architecture, functions and data may need to be looked at. Therefore the research questions 

that are set to be answered in this thesis are as follows: 

1. What does the workflow for a taxi booking and the workflow for a parcel pick-up and 

delivery look like?  

2. How can the taxi and parcel delivery workflows be integrated?  

3. What will the new workflow look like eventually? 

4. Based on business processes and workflows, which functions does the system need to 

support?  

5. What will the interface look like in order to support the workflows and functions? 

6. How does the new interface support the workflows? 

Parcel Integration 

As a first step for parcel integration a business model should be considered. Looking at all 

the aspects of a potential business model is too broad for the scope of this research. Thus, 

for the purpose of this research the following assumptions are made: 

1. A client can only place an order for on parcel at a time.  

2. Combining passengers in a ride and thus accepting detours reduces the price for the 

passenger. 

3. The price per parcel does not depend on the distance travelled, the price per passenger 

does. 

4. The price of the parcel or luggage depends on size but not weight. 

5. The price for parcels and passengers does depend on the urgency. 

 

Next to these assumptions stemming from the business model a number of further 

assumptions is taken into account. Sub-contracting is assumed to be possible and hub-

integration is not considered a special case as hubs are simply considered special pick-up or 

drop-off points. Two constraints are discussed in further detail: the case of the 10% per cent 

law concerning taxation of vehicles and the storage constraint for vehicles.  

 

• Dutch tax law (Wet MRB) requires that a vehicle has to be used entirely or almost 

entirely for public transportation or taxi traffic in order to be allowed to receive a 
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dispensation for the Dutch tax on motor vehicles (called BPM in Dutch). If only a 

certain percentage of kilometers can be used for the transportation of parcels, the 

system must not be able to dispatch a vehicle that would supersede the threshold 

percentage, if it were used for the job. Ideally a warning is given, if a vehicle is 

approaching the threshold. Since the percentage of kilometers used for parcel 

delivery depends on the total amount of kilometers that the vehicle has driven 

already, the suitability of a job for a vehicle needs to be re-calculated for every new 

incoming parcel delivery job. 

 

• For each vehicle type that is used by the taxi company a maximum parcel size and a 

maximum number of parcels has to be defined. For the purpose of this project a 

very simple luggage/parcel size model is assumed. The luggage/parcel sizes are 

defined by 7 categories ranging from 0 to 6, 0 meaning no luggage and 6 meaning 

the largest luggage/parcel category. Each category is characterized by the maximum 

size of the luggage/parcel. For each vehicle type the maximum luggage category will 

be defined as well as the maximum numbers of luggage/parcels from this category. 

 

Finally, the system designed in this project supports 2 out of 3 possible use cases. 

Dispatching of orders to pick up passengers as well as parcels are both supported. The case 

of a taxi picking up a passenger on the road is neglected in this project, since the majority of 

Connexxion’s business stems from contract business and pre-ordered rides. For both use 

cases the separation of the system in order intake and dispatching is relevant. The order 

intake workflow does not differ for passengers and parcels, however the required data is not 

equal for both cases. Therefore a separation of order intake for parcels and order intake for 

passengers is required. This separation is not required for the dispatching module. 

System Design  

 

A reference-architecture for a dispatch system has been identified in the literature study. 

This architecture as provided by Goel, et al. (2006) is adapted to the needs of this research 

and results in the components shown below: 
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Furthermore a basic datamodel is being created. The model mentions only data that is 

relevant for the order intake and dispatch workflow. 

 

 
 

Next, the functions of the system are investigated and for both, the central system that the 

dispatching center uses for their order intake and dispatching, as well as the peripheral 

system which is the in-vehicle system represented by the fleet telematics system in the 

architecture, the relevant functions are explained. The following functions are relevant for 

the respective systems: 

 

Central System 

• User Interface 

• Data Management 

• Automatic Scheduling 

• Communication 

• Visualization 

• Exception Handling 

Peripheral System 

• Data storage 

• Wireless communication 

• Emergency event alert 

• Location 

• GIS information query & visualization guidance 

• RFID and barcode confirmation (RBC) 

 

Interface Design 

 

For the interface design a number of basic principles were taken into account to create a 

first prototype. The most important considerations were to keep the interface as simple as 

possible to use and to de-clutter the information on the screen. Having created a first 

prototype this was tested using the heuristic evaluation approach. This resulted in a number 

of suggestions for improvements which were incorporated in the second version of the 

prototype. The full separation between parcels and passengers in the order intake was 

noted as important, even  though a partial integration could have been possible, due to 

similar data properties. Screenshots of the final interface can be seen in the images below: 
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1. Introduction 

 

Parcel delivery services worldwide are facing financial restrictions and efficiency problems. 

At the same time taxi companies have plenty of empty cruising time and even when they 

transport passengers, there are empty spaces. Filling empty trunk spaces with parcels while 

delivering passengers regularly can help to increase efficiency of parcel services and at the 

same time improve taxi profitability. In this thesis a dispatch system is designed that can 

support the enhanced workflows of such a business model. 

 

For this purpose a connection with industry was established and a leading Dutch taxi 

company, Connexxion, was involved in the analysis of the workflows as well as the 

evaluation of the results. Connexxion serves their customers by not only providing standard 

taxi services within a city but also personalized transportation contracts for regular 

transportation of passengers. In their business model a combination of several passengers 

into one ride is possible, if the contract with the client permits it. Like this public 

transportation can be individual like private transportation. Connexxion employs these 

services for people with health restrictions who need individual attendance. Their travel 

routes many times include public locations such as schools or health care institutions which 

other people have to reach as well. This gives Connexxion the opportunity to combine routes 

of different people to or from the same location into one ride.  

 

This project is aimed at integrating parcel delivery services into taxi services and thus takes a 

similar approach. While parcels may not have the same destinations as passengers, a taxi 

that is carrying one person can easily transport a parcel at the same time. With the adapted 

routing algorithms only small detours will be necessary and taxis can increase their 

profitability. Considering a company would take up this idea in their business model they 

would need to adapt their dispatch system to fit parcel delivery as well.  

 

This project will look into the requirements for adapting such dispatch system to fit the 

needs of integrated parcel and taxi dispatch. For this the methodology will be described in 

detail in chapter 2. Chapter 3 will give more insight in the background on dispatch systems 

and taxi dispatch processes before the parcel integration can be discussed in chapter 4. 

Chapter 5 and 6 focus on the design, while the system design including workflows, 

architecture, data and functions is discussed first and the user interface design with the 

prototype is presented hereafter. A prototype will be designed that will give an impression 

on how such a system could look like.  Finally chapter 7 concludes the report looking at the 

outcomes, the limitation and the future work. 
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2. Methodology 

2.1. Research Questions 

 

In the research proposal preceding this project a number of research questions have been 

identified. The research questions that are set to be answered in this thesis are as follows: 

 

1. What does the workflow for a taxi booking and the workflow for a parcel pick-up and 

delivery look like?  

2. How can the taxi and parcel delivery workflows be integrated?  

3. What will the new workflow look like eventually? 

4. Based on business processes and workflows, which functions does the system need to 

support?  

5. What will the interface look like in order to support the workflows and functions? 

6. How does the new interface support the workflows? 

2.2. Approach 

The approach taken in this research project is based on the interactive, process-oriented 

system development (IPSD) method described by van der Aalst and van Hee (2004, pp. 217). 

In their book, they describe this method for the development of workflow systems. The 

dispatch system that will be designed herein can be seen as a workflow system, as it aims at 

supporting the entire workflow of the taxi or parcel delivery booking process. Unlike 

workflow management systems, the dispatch system looked at here will not integrate a 

number of legacy systems but it is supposed to be a new and independent design. The most 

important reason for the use of this method in the context of this work is its focus on 

business process orientation (Van der Aalst & Van Hee, 2004, p. 218). Since it is stated that 

the model can be used for the development of other systems as well (Van der Aalst & Van 

Hee, 2004, p. 217), there is no problem in using this method for the purpose of this work. 

The IPSD method consists of 11 phases. Not all phases are applicable to this work. As an 

implementation of the system will not take place yet, the phases 7 to 11 are considered 

irrelevant in this context. Instead of constructing (phase 7), integrating (phase 8), delivering 

(phase 9) and enacting (phase 10), a first prototype will be designed and evaluated with the 

help of an industry expert. The evaluation will lead to a number of possible improvements, 

thus part of phase 11, monitoring and improving will be partly relevant again. As for phases 

1 to 6 that were mentioned by van der Aalst and van Hee, the following adaptations apply: 

 

Phase 1 – Preparation: 

The preparation phase has already been concluded. As for the establishment of a project 

team the stakeholders were mentioned in the research proposal. These include the 

supervisors of the thesis, a PhD candidate who is working on a related project and an 

industry partner. The Dutch taxi and transportation company Connexxion has agreed to take 

part in the project for the Process redesign and evaluation phase. The purpose of the project 

has been identified in the research proposal by formulating above mentioned research 

questions. Also a project plan can be found in the research proposal. 
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Phase 2 – Diagnosis: 

The diagnosis phase, similarly to the preparation phase, has already largely been concluded. 

The analysis of the current situation has been made in the literature review preceding this 

project, where a number of current systems were looked at. The aim of this project is to 

design new workflows and a user interface and not to actually restructure the way of 

working at a specific company yet. Thus key performance indicators could be identified, but 

cannot be measured. Therefore they will not be considered relevant here.  

Scoping and visioning the possible improvements has been done in the literature review and 

was narrowed down in the research proposal. Finally, use cases are to be determined that 

describe the new way of working and are the basis for the process redesign, along with 

current process descriptions. These use cases can be found in chapter 4.3. 

 

Phase 3 – Process redesign: 

For the redesign phase input from Connexxion is used. Their workflow descriptions of the 

taxi dispatch process have been used as a basis for the redesign. Since these descriptions are 

confidential the exact workflows can only be found in the unpublished appendix. Only the 

adaptations that are made to their processes due to the redesign can be found in the main 

text of the thesis. 

 

Phase 4 – Requirements:  

The requirements will include merely functional requirements of the system. At this point of 

the design phase non-functional requirements of the system are not relevant yet. The data 

structure will be shown in the requirements, however formal models will not be considered 

at this point. The main focus of the requirements will lie on the interaction between process 

steps. The system requirements are presented in the system design chapter 5. 

 

Phase 5 – Architecture: 

A reference-architecture for the functional architecture has already been chosen in the light 

of the preceding literature study. This reference-architecture will be presented here 

including its adaptations towards the specific case. However it will not be a focus of the 

study. Furthermore the technical infrastructure will be largely disregarded. The reference-

architecture can be found in chapter 3.1. 

 

Phase 6 – Component design: 

The individual components of the architecture will be disregarded. Only one part of the 

system, the order and fleet management system, is designed. 

 

Phase 7 - Construction:  

This phase is the moment when the main deliverable of this project comes into existence. 

The prototype of the user interface is designed using a mock-up system designer. As this 

project is focused on creating a prototype only, the construction of the system will be 

omitted.  
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Phase 8 - Integration: 

Similarly to the component design and the construction phase, the integration of the system 

cannot take place with the prototype. 

 

Phase 9 - Delivery:  

Adapting the delivery phase to this project means that only the prototype is be presented. 

This happened in a review session with the industry partner Connexxion. 

 

Phase 10 - Enactment:  

The enactment phase does also not take place; however, in cooperation with Connexxion 

the first prototype will be analyzed.  

 

Phase 11 - Monitor and Improve: 

Having analyzed the first prototype suggestions from potential users of the industry partner 

Connexxion can be included in order to improve the first prototype further. 

 

2.3. Heuristic Evaluation 

As mentioned above, phase 10, the enactment, is not taking place in the form in which it is 

described by van der Aalst and van Hee (2004) in this work. However an analysis of the 

prototype is performed in order to determine the usability of the prototype. For performing 

this analysis heuristic evaluation was used. Heuristic Evaluation is a method described by 

Nielsen (1994), for evaluating the usability of an interface design. Nielsen describes the 

method as follows: “Heuristic evaluation involves having a small set of evaluators examine 

the interface and judge its compliance with recognized usability principles (the 

"heuristics").” The main advantage of this method is that a big number of usability problems 

can be found without having to engage a large number of people in user testing. Even 

though user testing may still be necessary later on, heuristic evaluation gives a good list of 

usability problems, especially if at least 3 evaluators are involved in the analysis.  

Nielsen recommends a small set of 3 to 5 evaluators in order to find the usability problems 

of a system. For the evaluation of this prototype 5 evaluators were involved. Two of these 

evaluators were employees of Connexxion who work with the IT department and therefore 

have a good insight into the requirements of their dispatch system. Two other evaluators 

were staff from the Technical University of Eindhoven who are involved in the project of 

integrating taxi and parcel delivery. Finally the fifth evaluator was an independent interface 

designer who had spent approximately six months on the design of an interface for a taxi 

dispatch system. In accordance with Nielsen’s methodology, the evaluators performed the 

inspection of the interface alone and the results from all evaluators were then aggregated. 

They can be found in Appendix I. 

As for the heuristics that are used to guide the evaluators through the evaluation, they are 

taken from Nielsen (2005) Ten Usability Heuristics: 

• Visibility of system status 

• Match between system and the real world 

• User control and freedom 

• Consistency and standards 
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• Error prevention 

• Recognition rather than recall 

• Flexibility and efficiency of use 

• Aesthetic and minimalist design 

• Help users recognize, diagnose, and recover from errors 

• Help and documentation 

 

Each evaluator received the prototype and could explore it by himself. No time limit was 

given. By adding a section with general questions about the perception of the system to the 

survey, it was assured that each evaluator went through the system at least twice. Once for 

familiarizing himself with the system and once again to perform the tasks that were given in 

the survey. This is in accordance with Nielsen as he describes that evaluators should go 

through the interface at least twice and that the evaluators can be provided with a typical 

usage scenario as a basis for the evaluation. 

 

2.4. Open Coding 

Having performed the heuristic evaluation with 5 participants a structured way of analyzing 

the answers of the evaluators was needed. For this analysis the open coding approach was 

used. As Moghaddam (2006) explains Open Coding is an approach used in Grounded Theory 

to categorize concepts that emerge from surveys in qualitative research. The heuristic 

evaluation of the prototype is a qualitative research regarding the usability of the proposed 

system. Instead of sticking to the 10 heuristics that the evaluation proposes, the concepts 

mentioned during the evaluation can be encapsulated into more high level ideas.  

During the open coding phase the data from the survey is labeled with topics or codes that 

are defined on the go. Moghaddam (2006) calls this approach “unfocused” and “open” as 

the amount of labels is not limited and new labels can be added at any time. Once labels are 

assigned to all ideas that occur in the text, the labels can further be categorized. For the 

purpose of this work the survey answers were uploaded to a dedicated website for open 

coding
1
. In this tool labeling and categorization of the answers could easily be performed. 

Appendix J contains the results of the open coding that was performed on the survey. The 

resulting categories were then used to present the design approach of the user interface in a 

structured way. This can be found in chapter 6. 

3. Background 

3.1. Architecture for dispatch systems 

A reference-architecture for a dispatch system has been identified in the literature study. 

This architecture as provided by Goel, et al. (2006) and shown in figure 1 uses a fleet 

telematics system that communicates via a messaging and fleet monitoring system with the 

order and fleet management system. The order and fleet management system hereby 

represents the frontend system that supports the workflows of order intake and scheduling 

                                                           
1
 www.saturateapp.com 
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in the dispatch center. Thus, this is the subsystem for which a user interface design is 

intended.  

 

The fleet telematics system plays an important role in the communication with the driver. 

Since its functions depend on the communication and workflows with the central system, 

they will be looked at in detail in chapter 5.4.2. However designing a user interface for the 

fleet telematics system is out of the scope of this project and will therefore not be 

considered. 

 

The dynamic planning system is a back-end system which performs the automatic scheduling 

with the data that is entered from the order & fleet management system as well as an 

external traffic and travel information system. For the algorithm of scheduling a number of 

constraints for the dynamic planning system are identified. These constraints are elaborated 

upon in chapter 5.4.1. 

 

The unique advantage of the architecture proposed by Goel, et al. (2006) is that the system 

supports collaborative dispatching. Thus the scheduling algorithm is run by a separate 

subsystem that controls access to the data and assures data consistency. For an 

environment where new order intakes from different dispatchers are constantly added to 

the scheduling list, this is a vital functionality. In addition a traffic & travel information 

system from an external service provider can be connected to the system, in order to 

calculate routes even more accurately.  

 

Another advantage of this architecture is the use of a messaging & fleet monitoring system 

that facilitates the communication between the fleet telematics system, the order & fleet 

management system and the dynamic planning system. Thus it facilitates the 

communication between the automatic planning system, the driver and the dispatcher. It 

reacts, if deviations of the vehicle from the automatically planned schedule occur and 

notifies the dispatcher in this case. Also it processes all departures and arrivals and 

calculates expected arrival times, which can then be used by dispatchers to adjust their 

planning. 

 

Finally the system architecture was designed for dispatching commercial vehicles in general. 

It does not focus on any specific dispatch field. Thus the architecture is flexible enough to 

incorporate any kind of adaptation that would be necessary for the dispatch of parcel 

delivery as well as taxis. 

 



7 

 

 
Figure 1: System Architecture 

 

3.2. Taxi Processes 

The taxi dispatch process is not standardized and depends on the environment a taxi 

company is working in. Taxi dispatch may involve real time assignment of the orders to the 

vehicles or detailed advanced planning, depending on the type of taxi company. For this 

project cooperation with the Dutch taxi company Connexxion has been established. In their 

field of business the dispatch generally happens in advance, as they are mainly active in 

contract business. Thus if a taxi order is compatible with the contract of the client with 

Connexxion, it will be forwarded to the planning system which will dispatch it or outsource it 

to an external provider. Models of the specific processes of Connexxion are shown in 

Appendix D and Appendix E. The workflow models are based on internal workflow 

descriptions of Connexxion which can be found in Appendix A. The initial version of the 

process models that was merely based on Appendix A was reviewed with Roel van 

Heijningen, Application Manager at Connexxion. For both sub-processes a number of 

changes were made to the initial versions of the models.  

The models represent the workflows of order intake and dispatch. The dispatch workflow 

gets started in the morning of a working day and keeps reiterating. Like this the company 

stays flexible and can quickly adapt to changes and problems that may occur during the day. 

Order intake is initiated by a client sending an order to Connexxion. This can happen via 

several channels (phone, email, mobile app,…). It became clear that for new clients it may 



8 

 

not always be necessary to register, thus this option was added. Once the client details are 

clear the order details are received by the employee. The system checks these details 

against the contract that the client may have with Connexxion. If the client agrees to the 

price of the ride the order confirmation can be given over the phone or written. This step 

was missing in the first version and added in the second version of the workflow model. 

Finally the assignment of a ride to internal resources or subcontractors has been removed 

from the initial workflow in the second version, as it is seen as part of the scheduling 

algorithm, rather than the workflow itself.  

The dispatch sub-process starts with the automatic initiation of the automatic scheduling. 

The schedule can be modified by the dispatcher if needed. Checking of available vehicles 

only happens when routes are manually adapted, not in the case of automatic scheduling.  

The route is automatically transmitted to the driver who has to confirm it. If he does not 

confirm the dispatcher first contacts relevant contact persons before he reassigns it to a 

different vehicle. Therefore the option of a driver not accepting a route includes more 

possible paths in the second version since communication with the driver will be considered 

before assigning a different vehicle. Once a route is confirmed the driver has to handle the 

execution of the ride, including the payment. The option to pay for a ride before it is 

executed was added to the second version of the model. In parallel the dispatcher is 

constantly monitoring the execution. Once a route is completed the driver can receive a new 

route. 

4. Parcel Integration 

 

For the integration of parcel delivery in the order intake and dispatch process a number of 

issues have to be considered first. Firstly, to realize the integration of two services an 

underlying business model needs to be developed. Then, there are constraints which arise 

out of the combination of the taxi and parcel business and new use cases that the system 

has to be able to handle. The business model, constraints and use cases are discussed in the 

following chapter. Before proceeding with the constraints and use cases, certain 

assumptions need to be clarified. 

 

4.1. Business Model 

In order for a company to deploy the integration of parcel delivery service into taxi services a 

business model needs to be developed to make the integration worthwhile. A business 

model generally covers a number of aspects including but not limited to 

• Financial & Revenue Model 

• Business Process Model 

• Enterprise Architecture 

• Marketing Plan 

• Information Systems Architecture 

• Market & Competitor Analysis 

A company adapting the integrated services approach would have to define specifications of 

the above mentioned aspects.  An analysis of all aspects is out of the scope of this project. 
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However a general view on the revenue model is given here as it is considered one of the 

most important parts of the business model. 

 

For taxi services the price of a route usually depends on the exact distance travelled. 

Different rates may apply due to different conditions such as the acceptance of detours or 

surcharges for additional passengers. In parcel delivery clients are usually charged 

depending on the size and the weight of the parcel. Distance itself rarely plays a role, except 

when sending parcels to different countries. Urgency is another reason for charging 

additional fees. In an integrated service there are two options for a revenue model: either 

parcels and passengers are treated the same way or there are different pricing options for 

parcels and passengers.  Variables that can come into consideration when defining the prices 

for services could be 

1. Amount of parcels or passengers 

2. Distance travelled for passengers and parcels 

3. Size and weight of parcels or luggage 

4. Urgency for parcels and passengers (corresponds with acceptance of detours for 

passengers) 

Creating a full-blown business model is subject to further research. For the purpose of this 

research the following assumptions are made: 

1. A client can only place an order for on parcel at a time.  

Placing orders for several parcels results in separate orders, every parcel has the same 

pricing conditions. This assumption is made for simplicity reasons. 

2. Combining passengers in a ride and thus accepting detours reduces the price for the 

passenger. 

The aim of this research is to improve efficiency of transportation services. To allegorize 

this increase in efficiency it is reasonable to transfer the saved time and distance 

travelled into monetary terms. 

3. The price per parcel does not depend on the distance travelled, the price per passenger 

does. 

This is assumed because it reflects the general way of working of most parcel services 

and taxi companies. It may be interesting for companies to try out different ways of 

charging for parcel and taxi services on the basis of an integration of the services 

however.  

4. The price of the parcel or luggage depends on size but not weight. 

This assumption is kept for simplicity reasons. It may be a hassle for vehicles to carry 

scales on board while size can be measured more easily. 

5. The price for parcels and passengers does depend on the urgency. 

Again, as stated under point 2 it is reasonable to transfer the saved time and distance 

travelled into monetary terms. For parcels the distance travelled can be reduced by 

carrying it around until the taxi driver needs to go to the neighbourhood of the drop-off 

address for other reasons. Thus for less urgent parcels it would be reduce distance 

travelled. 
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4.2. Assumptions 

4.2.1. Sub-contractors 

Instead of declining jobs, the company may want to make use of sub-contractors, if they 

cannot accept a job. This practice is already followed by Connexxion for passenger transport 

and is therefore also worth considering for parcel delivery. The use of sub-contractors offers 

the advantage of being flexible and able to serve requests, which would otherwise have to 

be declined. These orders may have little direct financial impact, as the sub-contractor gets 

paid for performing them, however a receiving a commission will lead to increased revenue. 

More importantly however the company can also improve its image with clients, if it does 

not reject jobs.  

Generally in parcel delivery it is not common to reject jobs, as the available delivery 

capacity is determined by the amount of parcels to be delivered. In the taxi industry the 

available capacity is determined by the amount of passengers to be transported. If parcel 

transportation exceeds passenger transportation, a taxi company would have to expand 

capacity for something that is not within their core business. This restriction is further 

tightened by the Dutch 10% rule, which will be explained in chapter 4.3.1. In this case parcel 

delivery capacity is directly tied to passenger transportation capacity. Thus forwarding parcel 

orders that cannot be executed to regular parcel delivery services can be a feasible solution 

for avoiding declining orders.  

Similarly in taxi services, orders that cannot be served can be forwarded to sub-

contractors. This scenario is already included in the initial Connexxion example. Therefore 

we will assume that also for parcel delivery sub-contractors can be used. 

In addition it will be assumed that there is always a subcontractor available that can 

serve the request. This assumption may not fully reflect reality. However it can be assumed 

that the taxi company performs a certain type of capacity planning. Subcontractors are 

generally used to be able to fulfill request during peak periods. Therefore we can assume 

that based on accurate capacity planning contracts with subcontractors contain enough 

capacity to account for peak periods. 

4.2.2. Hub Integration 

In order to increase the flexibility of the system, hub integration can be considered. Instead 

of picking up and dropping off a parcel with only one vehicle a hub can be used to be able to 

increase the amount of parcels that can be transported. At such a hub, taxi drivers as well as 

individuals could drop off parcels that are due to be delivered within a certain time range. If 

a vehicle drives in the direction of a delivery point from the hub, it can take along the parcel. 

Such a hub could be at a highly frequented location in a city such as a train or bus station. An 

airport would be less convenient as people tend to carry a lot of luggage. Having more than 

one hub in a city could increase the efficiency of the integrated service further. In order to 

integrate a hub for parcels into the system, the same data as for normal parcel delivery 

would be needed. The difference in the routing when integrating hubs would be that a 

parcel would not be delivered directly from A to B, but it would need to go through the hub 

H. Thus a route A-H-B would need to be computed. However, this route can be split up into 

two different routes A-H and H-B. Dispatching these two routes would not differ from 
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dispatching without a hub. The constraint that the parcel can only be picked up at H after it 

has been delivered to H can easily be included into the scheduling algorithm. 

4.3. Constraints  

In this chapter a number of constraints concerning the scheduling process for parcel 

integration are listed. The receiving of an order is not touched by these constraints, apart 

from the fact that the dispatcher needs to ask for specific data within the client call.  

4.3.1. Dutch Law 

This constraint is tied specifically to the current situation in the Netherlands. Similar rules 

may apply in other countries.  

In the Netherlands currently there is one main practical constraint to the approach that is 

presented in this report. Dutch tax law (Wet MRB) requires that a vehicle has to be used 

entirely or almost entirely for public transportation or taxi traffic in order to be allowed to 

receive a dispensation for the Dutch tax on motor vehicles (called BPM in Dutch). In 

discussions with Connexxion (Appendix C) it has become clear that “almost entirely” is 

translated into 90% in practice. The taxi company has to declare that it will use its taxi cars 

almost entirely for taxi transportation. This means it can use no more than 10% of its 

kilometers for other purposes. If a taxi is transporting a package and no passenger, the 

vehicle is clearly being used for a different purpose. Therefore kilometers which are driven 

merely for parcel delivery count against these 10%. However the goal of this project is to 

also give taxi companies the chance to combine the services and transport passengers and 

parcels at the same time. It is still questionable if law-wise a combination of these purposes 

would suffice consider these kilometers as taxi transportation or if all parcel delivery 

kilometers would count entirely against all taxi kilometers. Concerning the workflow and 

user interface however, it is irrelevant at which point a taxi has used up its 10%. This is 

merely relevant for the algorithm that would determine the point. Therefore, for the 

purposes of this research, it will only be looked at, if the constraint applies, however it will 

not be made explicit, how the constraint is applied. This would be a topic for further 

research into the application of the law.  

  

If only a certain percentage of kilometers can be used for the transportation of parcels, the 

system must not be able to dispatch a vehicle that would supersede the threshold 

percentage, if it were used for the job. Ideally a warning is given, if a vehicle is approaching 

the threshold. Since the percentage of kilometers used for parcel delivery depends on the 

total amount of kilometers that the vehicle has driven already, the suitability of a job for a 

vehicle needs to be re-calculated for every new incoming parcel delivery job. This needs to 

be done for all vehicles that in theory are available for the job in order to select the right 

vehicle. The concrete vehicle selection depends on further variables. For incoming taxi jobs 

the suitability according to the 10% law does not need to be calculated, however suitable 

vehicles need to be selected according to a different sub process, because other complex 

variables play a role here. Thus, as can be seen in figure 2, representing the model of the 

constraint, the system first needs to check if the request is a parcel or a taxi job and can then 

make the vehicle decision depending on the job type. Only vehicles which comply with the 
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requirement that they have no more than 10% of their kilometers spent on parcel delivery 

after having performed this job are in the list of filtered vehicles in the end. 

 

If the constraint does not applyv a suitable vehicle needs to be found. In this case the 

treatment of the incoming job is the same for taxi jobs and parcel jobs and coincides with 

the original taxi booking process. However the sub-process for finding an available taxi and 

parcel delivery vehicle differs as different kinds of parameters play a role. 

 

 
Figure 2: Dutch Law constraint 

 

4.3.2. Vehicle storage space 

Parcels transported by the company have to fit into the vehicle. Taxis may be filled with 

passenger luggage and are generally not of a van size that can fit big packages. Thus for each 

vehicle type that is used by the taxi company a maximum parcel size and a maximum 

number of parcels has to be defined. The taxi company can approach this constraint from 

two different perspectives.  

Either the space dedicated to parcels is fixed. Like this there will always be the possibility 

for a vehicle to transport parcels. If the space used for parcels is determined by the space 

that is left over after passenger luggage has been fit into the car, then the constraint is 

flexible. For planning matters this approach is much more difficult, since the passengers will 

have to define in advance exactly how much luggage they have, in order to make planning 

possible. Thus it will be easier to split up the space dedicated to parcels and the space 

dedicated to luggage in a fixed manner. Like this, maximum measurements for both, luggage 

and parcels can be given to the clients.  

Assume that one third of the storage space is reserved for parcels and two thirds are 

reserved for luggage. If clients with a lot of luggage want to reserve additional space, they 

can pre-order the parcel space, which would still make the route easily plannable. The other 

case is that clients have no luggage whatsoever. In this case more parcels could be 

transported by the vehicle. Thus the client specifies in advance that they have no luggage 

and the planner knows exactly how much additional space for transporting parcels is 

available. Depending on the business model, this selection can be associated with different 

prices for the passenger.  

On the other hand parcel sizes can be handled more flexibly like this as well. If parcels 

exceed the maximum size, they can still be transported at a surcharge, as long as they do not 

exceed the maximum parcel size + maximum luggage size. 

For the purpose of this project a very simple luggage/parcel size model is assumed. The 

luggage/parcel sizes are defined by 7 categories ranging from 0 to 6, 0 meaning no luggage 

and 6 meaning the largest luggage/parcel category. Each category is characterized by the 

maximum size of the luggage/parcel. For each vehicle type the maximum luggage category 
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will be defined as well as the maximum numbers of luggage/parcels from this category. This 

model is chosen for its simplicity. A company may wish to use a different model for storage 

space, depending on their business model.  

 

4.4. Use cases 

In order to look at the workflows, different types of scenarios have to be analysed. A system 

should be able to support all possible scenarios. Below an overview of these possible 

scenarios is given. Not all scenarios can be considered in the course of this project. The 

scenario of picking up a passenger along the way is disregarded along the way but can be 

subject to further research. The system that is designed in Chapter 5 and 6 only supports 

parcel and passenger orders. 

Considering the use cases at the dispatch center there are two possible variables that have 

to be taken into consideration. Firstly the question is, whether an incoming order is a parcel 

pick-up/delivery request or a passenger pick-up/delivery request. For a passenger pick-up 

request the taxi should arrive within a very narrow time frame, while for a parcel this time 

frame can be much larger, depending on the agreement with the customer. Hence for 

parcels the system can be more flexible in assigning a vehicle. Another use case is 

considered where the job is not entered into the system via a regular client request but the 

client gets picked up on the road. For parcels this scenario is unlikely.  

To fulfil the request the system needs to consider whether there is a vehicle available for the 

transport of a passenger or parcel at the given time. If all vehicles are booked by passengers 

within the upcoming hour and a client wishes to be picked up in half an hour, the request 

cannot be fulfilled. Typically a passenger needs a taxi at a given moment; therefore it is 

unlikely that the customer will agree to be picked up an hour later. However this possibility 

should not be ruled out completely. Similarly, if all vehicles are transporting parcels when a 

new parcel needs to be picked up, it will not be possible to fulfil this request. However, since 

parcels tend to be less time critical than passengers, it is likely that the customer will agree 

to a different pick-up time.  

4.4.1. Dispatcher receives an order to pick up a passenger 

If the dispatcher receives an order to pick up a passenger, the process will not differ from 

the initial process of taxi scheduling. One important piece of data that the dispatcher needs 

to know about the passenger is the amount and size of luggage he or she will carry with 

them. Thus the dispatcher should inform the client about the maximum size of luggage that 

is possible to be carried under the vehicle storage constraint. The dispatcher can identify the 

category to which the luggage size belongs. Depending on the specific business model the 

price for the passenger may be dependent on the size. 

 

 

4.4.2. Dispatcher receives an order to pick up a parcel  

The dispatcher receives a parcel order call from a client. Similar to the passenger order, the 

dispatcher needs the client details. Also contracts with clients for regular parcel delivery may 
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exist, thus the contract option of the workflow is also applicable. Then the parcel delivery 

details need to be discussed, before the client can confirm or reject the offer. 

The client requests that a parcel be picked up by the company in a certain time frame at a 

certain address. The dispatcher can inform the client about the price for the specific parcel 

in the specific circumstances. The price can be dependent on the size of the package, on the 

distance traveled and on the urgency. Thus he needs to ask for the following information: 

• Pick-up address 

• Drop-off address 

• Earliest pick-up time 

• Latest pick-up time 

• Urgency (latest drop-off time) 

• Parcel measurements 

If the client rejects the offer the dispatcher can ask if it is possible to loosen some of the 

constraints (e.g. decrease the urgency). Then a new price can be calculated. The other 

option would be that the client does not like the offer and would like to reject it altogether. 

If the client confirms that he is willing to pay the price, the dispatcher enters the job details 

into the system. Furthermore he needs to ask for the payment details and enter these into 

the system. Having entered all data into the system he can give the order confirmation and 

end the call with the client. Overall this order intake process coincides with the order intake 

for passengers shown in Appendix D. 

The scheduling process happens independently of the order and is initiated by a time trigger. 

The system has to check if there is a vehicle available during that time for the relevant 

parcel. A vehicle can be available if it is going from a place that is close to the pick-up 

address to a place near the relevant drop-off address while all constraints are satisfied. A 

vehicle can also be available if it has no route assigned yet. The Dutch 10% rule has to be 

taken into account here. 

If there is no vehicle available the dispatcher would have to decline the request. However, 

for the sake of client satisfaction the request will be forwarded to a sub-contractor in our 

example instead. Since this specific case is already discussed by the sub-contractor 

constraint, it is not included here. The workflow is shown in figure 3. 
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Figure 3: Assign vehicle workflow 

 

Another unique part of the parcel delivery workflow is the barcode scanning. The literature 

study has pointed out that for parcel delivery it is necessary that barcode scanning is 

supported by the system. If a parcel is picked up it needs to receive a unique code that 

identifies it. The easiest way to realize this is to print a barcode that is then attached to the 

parcel. Instead of using mobile barcode printers it could be a requirement for the client to 

attach the barcode to the parcel before it is picked up. Whenever there is a change in parcel 

status, eg. it is delivered or dropped off at a hub, the driver needs to scan the parcel and tell 

the system what is happening to it. This step of scanning and transmitting the status of the 

parcel is similar to the current step “register passenger movement” in the Connexxion 

model. Thus a “register movement” task can replace the “register passenger movement” 

task. The system will then have to differentiate between the different types of possible 

movements for passengers and parcels. The barcode scanning is incorporated in the 

workflow shown in figure 4. 
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Figure 4: Driver workflow 

4.4.3. Taxi picks up passenger along the way 

In addition to the planning scenarios a taxi may also be cruising through the city and pick up 

a passenger along the way. For the specific case of Connexxion this use case will be unlikely 

as only contracting business is considered here. Therefore this scenario will not be 

considered in the prototype. However for other taxi companies, especially in big cities, such 

a scenario is possible. Hence it is included in the use cases.  

Overall the workflow is rather straightforward as can be seen in figure 5.When picking up a 

passenger along the way the taxi driver needs to report to the dispatcher that a passenger 

has just been picked up. The following data is relevant to be reported for this case:  

• Drop-off address 

• Luggage size and amount 
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Figure 5: Random passenger workflow 

 

4.5. Integration of use cases and constraints 

Looking at the entire model the above mentioned scenarios need to be integrated while the 

constraints need to be served. In summary the following adaptations need to be made to 

the taxi case: 

1. To comply with the Dutch Law constraint, every time a parcel job comes in, it needs 

to be checked that no more than 10% of the transportation of the respective vehicle 

has been done with parcel delivery. 

2. For the vehicle storage constraint it is necessary to ensure that enough space is 

available for the passenger or the parcel. Therefore,  

a. passengers need to be asked about the amount and size of their luggage, 
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b. parcels have to be checked for their size, 

c. combinations of parcels and luggage that fit in the vehicle have to be made. 

3. If the transportation of a passenger or a parcel cannot be served by internal 

resources, the job can be forwarded to a sub-contractor. 

4. If a vehicle picks up a passenger along the way, it has to inform the dispatch central 

about it, including the luggage details. 

 

A number of these adaptations however do not touch the workflow explicitly. They will alter 

the process on an algorithm or data level; however the process from the clients’ or 

employees’ point of view will only change moderately. The following changes of the ones 

mentioned above concern other points than the workflow: 

 

• Adaptation 1: Considerations about complying with the Dutch law are a question of 

using an adapted algorithm for the scheduling of vehicles. Thus the additional 

constraint will increase the computing necessities for the automatic scheduling. 

• Adaptation 2: As for the vehicle storage constraint a certain adaptation needs to be 

made. The client has to be asked for additional information about their ride or 

parcel. However the high level workflow is again not affected by the constraint. 

Adaptations here need to be made on a data level and algorithm level. For the 

former the client needs to specify which luggage option to choose from (no luggage, 

normal luggage, and additional luggage) and for the latter the scheduling algorithm 

needs to be adapted to fit parcels into taxis that have enough space available. 

• Adaptation 3: The decision of forwarding a job to a subcontractor can be accounted 

for in an adapted scheduling algorithm. Connexxion already is working with 

subcontractors for the taxi business, and assigning jobs automatically to them. Thus 

the respective rules need to be adapted to account for outsourcing of parcel delivery 

jobs.  

 

Workflow adaptations: 

• Adaptation 4: Informing the central dispatcher about picking up a passenger along 

the way (this case is disregarded in the further progress of this research as it does 

not comply with Connexxion’s way of working) 

 

The order intake process will not depend on what kind of order the client is placing. If the 

client wishes to order a taxi, the current process of Connexxion is largely untouched, apart 

from the additional luggage data that is asked for. If the client wishes to place a parcel order, 

the process will remain the same, while the specific data will differ from the taxi case. Thus 

for both workflows the Connexxion models can be used as a starting point. Since the data 

will differ between the parcel delivery and the taxi cases the data properties are looked at in 

chapter 5.3.  

 

For the dispatch process adaptations are necessary for the execution of the route. Currently 

the passenger pick-up and drop-off cases are considered. The parcel pick-up and drop-off 

cases need to be included as further options there. 
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5. System Design 

5.1. Workflows 

As has been stated in chapter 4.5, the workflows for the integrated processes do not differ 

from the initial workflows as identified in Connexxion to a large extend. Thus the workflow 

models of Appendix D can be used to base the order intake sub-system on. The model found 

in Appendix E would need to be adapted for the execution of the ride, as the driver needs to 

perform different tasks when picking up or dropping off a parcel, when compared to the taxi 

case. However, for the central system design the specific tasks that the driver performs 

when picking up or dropping off parcels are not relevant. Data about changes in status for a 

parcel will be transmitted to the central dispatch system in those cases. The workflow of the 

dispatcher will not be influenced.  

 

5.2. Architecture 

In chapter 3.1 an architecture for the system has already been presented. Looking at the 

workflows established in the previous chapter it can be seen that this architecture is suitable 

for the purposes of the integrated dispatch system. The separation of an automated 

scheduling system and an order and fleet management system represents very well the 

separation of the workflows into order intake and dispatch. Clearly the fleet telematics 

system is required as a subsystem for communication with the driver. Hereafter the fleet 

telematics system will be referred to as peripheral system. Finally, paying additional 

attention to the communication between the dispatch center and the vehicles the 

messaging and fleet monitoring system plays an important role in coordinating the 

communication between the different subsystems. Other systems that are mentioned in the 

architecture of Goel, et al. (2006) are external systems which can have interfaces with the 

dispatch system. They are disregarded for our purposes. The resulting architecture is 

presented in figure 6. 

 

 
Figure 6: System Architecture 
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5.3. Data 

It became clear in the previous discussions that the differences between a taxi dispatch 

system and a dispatch system that would integrate both, parcel delivery and taxi dispatch, 

are more extensive on a data level than on a workflow level. Therefore this chapter 

discusses the data that is used by the system.  

 

The data objects that are currently used by Connexxion can be largely maintained for the 

new approach. Thus the workflow presentation from Connexxion that can be found in 

Appendix B was used to filter out the objects that are in use now and will be necessary for 

the integrated system as well. Taking into account the additional constraints and use cases, 

further property types for some objects are identified. Only data that is relevant for the 

order intake and dispatch workflow is mentioned here. Additional data such as invoicing 

data may be relevant at other moments in the process. 

 

The data structure that was established for the system is shown in figure 7. 

 
Figure 7: Data Structure 

 

The largest and most outstanding table in the model is the “order”. An order has a number 

of attributes which are the same for parcel orders or passenger orders. Some of the 

attributes however differ depending on the type of order. For this reason there is also a 

separate table for each, the “parcel order” and the “passenger order”.  The attributes for an 

order can be adapted in a real world scenario according to the specific possibilities of a 

company. An order also contains a specific product which is specified in the product table. A 

product can be any combination of constraints and determines the price for the order. In the 

Connexxion case these properties are specific to their contract with their clients. They are 



21 

 

confidential and are partially mentioned in Appendix B. The specific product properties can 

be very diverse and can generally be described as contract constraints. 

An order also is linked to a client who in turn has a contract with an insurer. The contract 

states exactly which products the respective client is allowed to use within the scope of this 

product. Also the payment method is clarified in the contract. The payment may however 

also be linked directly to the client.  

For dispatching the order is assigned to a ride which is performed on a specific day at a 

specific time by a specific vehicle. The vehicle is of a specific type. The vehicle type contains 

the attributes of the vehicle that restrict whether the vehicle can execute an order or not. 

Finally the vehicle belongs to a carrier since it may belong to a sub-contractor and the map 

table identifies the current location of the vehicle with its latitude, longitude and a 

timestamp. 

 

On a final note regarding the data, adaptation of the model may be required if the system is 

supposed to be integrated with other systems such as an invoicing system. Thus the data 

model that is shown below only represents the specific needs for the actual dispatch system, 

while other system integrations are not considered. 

 

5.4. Functions 

Out of the previous findings a number of functions that the system should support can be 

derived. The functions depend on the workflows that shall be supported. Besides the central 

system a peripheral system needs to be in place to support the driver in executing the 

routes. In the architecture this system is called Fleet Telematics System. Due to the required 

interaction not only the functions of the central dispatch system will be explained here, but 

also the functions of the peripheral system. 

5.4.1. Central System 

The central system needs to support two workflows, the order intake and the dispatch. Both 

workflows share a number of functions that need to be supported by the system. 

 

• User Interface 

 

For both workflows the system needs to guide the user through the workflow and 

ask for the relevant data at the relevant moments. It needs to be intuitive and at the 

same time support all communication that is necessary for all other functions to 

work. The user interface function along with the visualization function will be looked 

at in more detail in chapter 6. 

 

• Data Management 

 

Another functionality that is shared for the order intake and the dispatch is the data 

management. An underlying database needs to be established. For that the data 

considerations mentioned in chapter 5.3 need to be taken into account. 

Furthermore the agreement details with subcontractors need to be analysed in 
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order to determine the data structure for carrier constraints. Also the map data 

needs to be included into the database. The data structure for this will likely be 

defined by an external service provider. 

In addition to the database establishment, data consistency plays an important role. 

For this matter Goel, et al. (2006) have introduced a data management system that 

allows for collaborative dispatch in real time with continuous calculation of 

optimized schedules. Their system uses optimistic locking of data records, meaning 

that data records are not locked when they are read, but only when they are 

updated. In order to ensure consistency a Transaction Control Number (TCN) is 

introduced which is checked every time an update is supposed to be done on a 

record. If the TCN of the change still matches with the TCN in the database at the 

moment the change is supposed to happen, the update can be performed, 

otherwise it is rejected. The new TCN is then written into the database. This method 

for ensuring data consistency has the advantage of avoiding lockouts that could 

happen when pessimistic locking is used. At the same time data consistency is 

ensured. 

 

For the dispatch process a number of further functionalities need to be considered.  

 

• Automatic Scheduling 

 

The automatic scheduling is an important function of the dispatch system. In the 

architecture there is a separate module taking care of the scheduling process. Thus 

it becomes clear that it is a key function of the system. Instead of leaving this 

function within the order and fleet management system, a separate dynamic 

planning system is responsible for the automatic scheduling. This facilitates the 

management of the data consistency and distributes the computing capacity onto 

two different systems. It also leaves the dispatcher with the chance to manually plan 

the routes in case of failure of the automatic system.  

As for the scheduling algorithm, there is currently research being done by Li (2012) 

to develop an Integrated People and Freight Transport (IPFT) model which is based 

on a general share-a-ride problem (SARP). This model incorporates restrictions such 

as detour inconvenience for passengers or capacity. There are 3 restrictions in 

particular that derive from constraints and assumptions that have been elaborated 

in this work. Their influence on the automatic scheduling algorithm will be analyzed 

in further detail. 

 

1. Sub-Contractors 

 

For assigning jobs to subcontractors rules need to be established that comply with 

the relevant contracts. Such contractual restrictions are outside the scope of this 

study, as they represent individual agreements between two companies. A basic rule 

can be formulated as 
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Input: order 

 

if internal vehicle is available for order 

assign order to vehicle; 

return vehicle; 

else  

select relevant subcontractor for order; 

assign order to subcontractor; 

  return subcontractor-vehicle; 

 

Checking if an internal vehicle is available for the requested order includes the full 

algorithm that checks if there is a vehicle available at the required time that has 

enough space to fulfil the job and also complies with all other requests of the client. 

If that is not the case the algorithm has to choose a subcontractor that can fulfil the 

order instead. This selection is subject to the contractual restrictions that are 

mentioned above. The assumption that a job can always be served by a 

subcontractor has been stated in chapter 4.2.1. Thus having performed the 

subcontractor selection, the job can be assigned to the selected subcontractor. 

 

2. Dutch Law 

 

No more than 10% of the kilometres that a vehicle rides may at the current state of 

the Dutch tax law, be used for parcel transportation. It has already been found that 

it is unclear how a combination of passenger and parcel transportation would 

influence the number of kilometres counted for each vehicle. This is subject to 

further legal research. Independent of the precise interpretation of the law a basic 

rule can be formulated  

 

Input: order, parcel kilometres for selected vehicle, all kilometres for selected vehicle 

 

repeat until all vehicles are checked 

 check vehicle for suitability for order; 

 if vehicle found 

  if parcel order 

   parcel kilometres = parcel kilometres + kilometres current job; 

   check percentage parcel kilometres/all kilometres; 

   if percentage <= 10%; 

    assign vehicle; 

    exit loop; 

   else 

    repeat; 

  else  

   assign vehicle; 

   exit loop; 

 else  

  repeat;   
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For all internal vehicles that are available in the system a first suitability check is 

performed. This tries to find an available vehicle in the system that complies with all 

restrictions that are given by the client. If an available vehicle is found, it can only be 

assigned to the job immediately if it is not a parcel job. In the case of a parcel job the 

system first needs to check if the vehicle would exceed the 10% threshold, if the 

vehicle was chosen for the job. If the threshold is not exceeded the vehicle can be 

assigned to the job. This rule coincides with the workflow model created for the 

Dutch Law constraint in chapter 4.3.1.  

Since at this moment route planning has not been conducted yet, there are two 

options to identify the kilometres of the current job. On the one hand the system 

could calculate a preliminary route at this moment, based on previously assigned 

routes. This would result in rather accurate distance estimation; however it would 

increase computing time. On the other hand a very rough estimate based on the 

Euclidian distance between the pick-up and drop-off place could be used. Since 

optimized routing is expected to result in a distance that is shorter than the 

Euclidian distance, it can safely be used, since the goal is to stay well under the 

threshold and not necessarily to reach it.  

 

3. Vehicle Storage 

 

Vehicle storage space restricts the amount of parcels and/or passengers that can be 

transported by a vehicle. The system must know what the maximum measurements 

of parcels for each type of vehicle are. In addition the order details must include the 

size of the parcel or luggage. The size must not exceed a maximum threshold. This is 

already assured by rejecting orders for parcels or suitcases that exceed the 

maximum threshold. Underneath that threshold the parcel size can be grouped into 

categories. The size category is assigned during the order process. Each vehicle can 

be able to accommodate either a package of up to a certain maximum size or a 

combination of several packages. Once a package is added to a vehicle the system 

can recalculate how much space there will be left in the vehicle for other parcels or 

suitcases. Thus, the checking of a vehicle for suitability must at least include a way to 

check for storage space. For example 

 

Input:vehicle, storage space left, parcel size or luggage size, vehicle treshold 

 

if storage_space_left + parcel_size OR storage_space_left + luggage_size is below 

vehicle_threshold 

 approve vehicle; 

else  

 reject vehicle; 

 

• Communication 

 

The central system needs to communicate with the vehicle. This function also 

becomes clear from the architecture, as there is a separate module connected to the 
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order and fleet management system through which communication with the vehicle 

is transmitted. The messaging and fleet monitoring system takes over the role of 

communicating with the vehicle. The communication module is thoroughly 

described by Goel, et al. (2005) and not scope of this work. 

 

• Visualization 

 

The visualization of the routes for the dispatcher is a key function. Visualization can 

range from a list view to a sophisticated layered map view. The literature study has 

already found that a combination of view types will be most beneficial, as each view 

type highlights specific aspects of the route. Visualization interacts with the User 

Interface function, as the latter is the basis for incorporating a well thought through 

visualization concept. In the literature study preceding this work, it has already been 

noted that for visualization a combination of list, map and matrix view options may 

be suitable. Information clustering can help to highlight important information. 

Chapter 6 will give more insight in a possibility to realize visualization for the system. 

 

• Exception Handling 

 

Finally the literature review as well as the interview with Connexxion has suggested 

that it will be important to have a special monitoring and alert function to take care 

of exceptions. This function is related to the data management as well as the 

visualization function. Exceptions are detected by constantly monitoring if what is 

happening in real life corresponds with the data in the database. Limited 

imprecisions in reality as compared with computed solutions may be acceptable, but 

in case of severe deviations alerts to the dispatcher need to be given. This has also 

become clear in the interview that is found in Appendix C. These alerts need to be 

incorporated into the user interface and while being clearly visible (and possibly 

audible) to the dispatcher, they should distract the dispatcher to an unwanted 

degree. Again, the exception handling visualization will be described in detail in 

chapter 6. 

5.4.2. Peripheral System 

As for the peripheral system the functions will not be elaborated upon in detail. It must be 

clear that the peripheral system is essential for the business to function. The literature 

review has suggested that the functions of the peripheral system are generic and similar 

across industries. They have been identified by Xuping (2008) as follows:  

 

• Data storage module 

The data storage must take care of storing local data about the current route, timing 

and passengers as well as general map data. It will receive its input of the route, 

timing and passengers through the wireless communication module and should 

contain the map data as static information. Also real life data as oppose to planning 

data is stored here, for a short amount of time until it is transmitted to the central 

dispatch center. 



26 

 

 

• Wireless communication module 

To transmit messages between the dispatch central and the vehicle some form of 

wireless communication needs to be used. The literature review has shown that 

GPRS/Internet is commonly used for this purpose. Relevant communication 

protocols need to be used. The data that is transmitted to the vehicle is saved in the 

data storage module. Also temporary real life information is transmitted from the 

data storage to the dispatch central via this module. 

 

• Emergency event alert module 

This module alerts the driver when planning and real events diverge to a large 

degree or when the dispatch center is trying to get in contact with the driver. It is 

connected to the data storage module as it interprets the planning data and can 

receive direct messages through the wireless communication module. 

 

• Location module 

The vehicle needs to be located via GPS coordinates. This module is responsible for 

getting these GPS coordinates as well as other relevant information such as speed 

and direction. The data is then stored in the data storage module together with a 

timestamp. 

 

• GIS information query and visualization guidance module 

This module will likely be an external application running on the device, being 

responsible for visualization of routes and maps. It can be integrated with the 

location module, showing the current location of the vehicle on a map. It can also 

provide navigation. For more accurate navigation it can be connected to an external 

traffic information system. 

 

• RFID and barcode confirmation (RBC) module 

This module identifies the parcels that are transported by the taxi. Note that the RBC 

is not necessary for plain taxi transportation. However, to identify parcels these are 

needed. RFID tags can be used but the use of barcodes may be simpler. In order to 

avoid having to have a barcode printer on board, a requirement for senders can be 

that they print out the barcode for the parcel themselves.  

 

6. User Interface Design 

 

For the design of the user interface a first prototype was developed based on the aspects 

that were pointed out in the literature review. In addition to the literature review, 2 

screenshots of Connexxion’s current dispatch system were used as an inspiration. These 

screenshots can be found in Appendix F and Appendix G. Having developed this first 

prototype a heuristic user evaluation was performed as described in chapter 2.3. In order to 

determine the most important factors that were mentioned during this evaluation an open 
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coding approach was used, as described in chapter 2.4. The open coding results can be 

found in Appendix J. This approach resulted in the identification of categories which 

constitute the following chapters. First the general aesthetics played an important role in 

the evaluation, which are discussed in chapter 6.1. Then the navigation within the system 

needed to be optimized. Chapter 6.2 therefore discusses this issue. Next, the interaction of 

the system with the user was mentioned in a number of comments and is therefore 

discussed in chapter 6.3. Finally the actual functionality of the system is mentioned in 

chapter 6.4. 

 

6.1. Aesthetics 

Designing the system started out with a basic aesthetical design. Several ideas were 

regarded in this design.  

6.1.1. Colour scheme and basic design 

As a first step a basic aesthetical design had to be chosen. As a basic colour scheme, blue 

and orange were chosen as complementary colours (see figure 8). It was mentioned that the 

interface gave the evaluators a “good feel” and that the use of colors was appropriate. The 

usage of green and red for positive and negative actions as well as grey for example fields 

was meant to support the user intuition in the interaction with the system. 

Critical points about the basic design mentioned by the evaluators included that the text 

outline was not correct everywhere, however this issue is dependent on which browser was 

used for the prototype. Issues such as text outline and correct display of the formatting 

options will require testing of the final system in the environment in which it will be used. 

Creating a web based system which runs on a browser would thus require testing on all 

browsers.  

 

 

 
Figure 8: Starting Screen 
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6.1.2. De-cluttering and simplicity 

One of the most important considerations for the looks of the system was the de-cluttering 

of information. Looking at the system that is currently in use in Connexxion (see Appendix F 

and Appendix G) it can be seen that a lot of information is packed onto one screen. While an 

experienced user may well know where to find which information, such a system will be 

difficult to learn for a new user and may confuse users and therefore lead to errors. Artman, 

et al. (2005) suggest that clustering of information and the introduction of tabs to navigate 

between views can help to reduce information overload. 

Having created the first prototype the evaluation showed that the focus on simplicity and 

the minimalistic design was considered a positive aspect of the prototype. While 4 

evaluators pointed out that hiding unnecessary information makes the interface easy to use 

and information easy to find, there was one mentioning that the interface may simplify 

especially the dispatch screen too much. In order to determine the degree of simplicity 

which is appropriate a user test with actual dispatchers would be necessary. 

The criticism concerning a high degree of simplicity went along with a second thought, 

namely that the system looked like it was designed for “small companies”. This formulation 

does not give detailed insight into why this impression was created and what needs to be 

adapted to make it scalable. Scalability is an issue that needs to be taken into account when 

building a system and the feel of having a system designed for “small companies” may have 

been derived from the fact that the prototype only contained static data and thus filtering 

and sorting options were not available. Finding out which aspects play a role when making 

the system scalable would require an extensive requirements analysis which is not in the 

scope of this project. Further research can thus be done in the analysis of functional as well 

as non-functional requirements. 

 

6.2. Navigation 

For the navigation though the system two ideas drove the initial design: For the order intake 

the split up between parcel orders and passenger orders was important, while for the 

dispatch screen the de-cluttering of the view was a key objective. 

 

6.2.1. Splitting up parcel and passenger orders 

In the order intake both types of orders contain some similar data, a part of the data that 

has to be entered for each order is different. In the initial design the order intake was only 

split after generic data such as pick-up address and drop-off address was entered. During the 

evaluation it became clear however, that it may be better to fully split up the order intake. 

Two evaluators mentioned that having a partial integration of the order intake would add 

unnecessary complexity. Considering that simplicity was a key aspect taken into account in 

this prototype, the second version included two entirely separated order intake screens. Like 

this the number of additional process steps is kept to a minimum and it becomes clear for 

the user if he is entering a parcel or a passenger order. After the order intake the order 

review needs to appear immediately without having an additional click in between, as 

mentioned by one of the evaluators. Thus the order intake for both order types in the end 
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contains of two steps: entering the data and reviewing the data. Figure 9 and figure 10 show 

these two screens for the order intake for parcels. This setup serves two purposes: 

• The number of steps per order intake is kept to a minimum and few switches 

between using the mouse and the keyboard are required. 

• The system actively supports the last step in the order intake workflow of repeating 

all order details to the client and/or sending the order confirmation to the client. 

 

 
Figure 9: Order Intake Form for Parcel Orders 
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Figure 10: Order Review Parcel Order 

 

6.2.2. De-cluttering of the dispatching screen 

The second main consideration for the navigation is the use of clustering and tabs to de-

clutter the screen. Clustering was used mainly in the order intake forms where data that 

belongs to the same object is shown in one field. However only the most important 

information is shown on the main screen and for seeing further details on each object the 

details can be displayed in the sidebar. Figure 9 and figure 10 show this clustering. 

Instead of having all information on one screen at the same time, dynamic panels were 

added that show detailed information for example on the client or the ride, only when 

selecting them. Tabs were used in the dispatch view as shown in figure 11. Tabs have the 

advantage that everything is kept in the same window. The evaluation of the first prototype 

showed that this is much appreciated. However, the separation of data into different tabs 

was noted negatively by 1 evaluator. As mentioned in the last chapter the question on what 

is more important has to be answered by performing further user tests: either presenting all 

information in one screen or creating a less cluttered view by separating information into 

different tabs and having to move between screens. 

 

 
Figure 11: Use of Tabs for Navigation 
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6.2.3. Sitemap and windows 

For general navigation through the system a sitemap was suggested by one of the 

evaluators. While the sitemap was shown to this participant due to an error in the browser, 

he appreciated its existence. The sitemap that was shown to this user enabled him to skip 

steps in the process which should not be possible if a sitemap were to be included into the 

final system. For including a sitemap into the system the two order intake forms and the 

different tabs of the dispatch overview could be shown as direct links. In the second 

prototype however this feature was not included yet since it was only included by error into 

the screen of one evaluator. Thus other evaluators could not give their opinion about a 

sitemap and the usability of it cannot be tested within the scope of this project. It would be 

an interesting addition to test in a further round of user testing however. 

Lastly the first prototype still had too many windows opening up in a separate screen as 

mentioned by 2 evaluators. This was simplified in the second version. Now users can only 

move either forward or backward in the order intake or look at different views by selecting 

different tabs in the dispatch window. Opening of new windows was removed from the 

prototype as much as possible. 

6.3. User Interaction 

For creating a good user experience the following considerations from the literature review 

were taken into account: Pratsch, et al. (2006) and Da Silva, et al. (2007) pointed out that a 

combination of different views of the data best supports the user in visualizing and thus 

understanding the dispatch process. They suggest the use of lists, matrices and maps. 

Furthermore Artman, et al. (2005) point out that the focus of the visualization should be on 

the most important information while less important information should be hidden and only 

available on demand.  

6.3.1. Map 

When performing the evaluation a number of additional points came up regarding the user 

interaction. Firstly the usage of the map was appreciated, even though it did not have any 

functionality in the prototype yet. Adding functionality to the map in the prototype is out of 

the scope of this work however highly relevant and important when taking the next step and 

starting to develop a functional prototype. 

6.3.2. Use of Keyboard and Mouse 

In the navigation section the frequent switching between mouse and keyboard has already 

been mentioned. In order to reduce this inconvenience the order intake form was reduced 

to one form per intake. When using the tabulator to move through the input fields it has to 

be made sure that they are in the appropriate order and the example text should disappear 

automatically when the field is highlighted. These issues have to be dealt with when 

developing the actual system; the prototype cannot represent these details.  

Similar to this the disappearance of the dropdown menu and the clearing of the greyed out 

area when clicking on a notification in the dispatch overview are issues that need to be dealt 

with when developing the actual system. When a user clicks on a notification all fields that 

do not belong to the ride of the respective notification are greyed out as shown in figure 12. 

Currently the grey field can only be cleared by clicking on the grey field or a different 
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notification. In the real system it may be nice to be able to clear the grey fields by clicking on 

the blank area as well. To determine the best way of making this work further user tests may 

be needed. 

 
Figure 12: Greyed out fields when selecting a Notification 

6.3.3. Status of the system 

While it was mentioned by evaluators that the system gives good feedback to the users and 

the status of the system is generally well shown, the status of the automatic scheduling was 

not shown well in the first prototype. This was changed in the second prototype by 

indicating that the user can turn the automatic scheduling on or off. Furthermore the user 

can now, in the second prototype move directly from automatic to manual scheduling by 

clicking on the status of an assigned or unassigned order. When moving to the manual 

scheduling tab the automatic scheduling will automatically turn off. Instead of showing the 

notifications on the sidebar in the manual scheduling tab the passenger or parcel details are 

shown in the second prototype, since one evaluator mentioned that it is important to know 

these details when reassigning an order to a ride. When building the real system the details 

that are shown in the sidebar are dependent on the order that is selected to be assigned or 

removed to/from a ride. Finally with regards to the manual scheduling the criticism of one 

evaluator that the dispatcher should be able to only select an order for assigning to or 

removing from the ride was taken into account. Thus in the second prototype the dispatcher 

first has to select if he wants to assign an order to a ride or remove it from a ride, before 

being able to carry the action out. The automatic scheduling screen is shown in figure 13. 

 
Figure 13: Manual Scheduling Screen 
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6.3.4. Help and tooltips 

A final remark on the user interaction in the dispatch system was the use of tooltips for help. 

Generally this prototype does not contain any user help yet. However, the use of tooltips 

was suggested in one window and considered positive by one evaluator. Therefore the use 

of tooltips can be appropriate for other fields as well. In the second prototype they were 

therefore used in the order intake form to clarify the different luggage or parcel size 

categories. Figure 14 shows the tooltip that is used in the manual scheduling screen for help. 

 
Figure 14: Use of tooltips to show help 

6.4. Functionality 

6.4.1. Prototype restrictions 

With regards to functionality it has to be mentioned that this prototype is not meant to 

show a fully functional system. It has prototype features and is not connected to any 

database. Therefore all content in the prototype is static and user interaction can only be 

presented exemplarily. Even though this was mentioned to the evaluators some of the 

comments were focused on functionality which cannot be provided by the prototype yet. 

These points surely are important for building the system and need to be considered at the 

next stage, when the system is build in a functional way. However in this work most of these 

points cannot be implemented. Some of these functions were already mentioned in the last 

three subsections such as the clearing of the greyed-out area in the dispatch overview, the 

correct moving of the tabulator and the clearing of example text in the order intake forms, 

the functionality of the map and on a general level the correct display of text outline and 

formatting on all browsers.  

6.4.2. Checking for mandatory fields 

In addition to these mentioned issues the checking of mandatory fields is not happening in 

the prototype as pointed out by one evaluator. While the first prototype did not indicate 

mandatory fields at all, the second version shows that a field is mandatory through the use 

of an asterisk as figure 15 indicates. 

 
Figure 15: Indication of required fields 

6.4.3. Use of exemplary categories 

For the input of the luggage size a category view was used in the prototype. This is merely 

exemplary and was used for simplicity since defining specific luggage sizes or categories can 

be very difficult and depend on several aspects. For building a functional system the luggage 
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and parcel sizes need to be defined in accordance with the specifications of the delivery 

company. This can be included in an extensive requirements analysis. 

6.4.4. Map interaction 

The map view should, in a working system, be interactive and give the user the chance to 

click on different markers which will then enlarge and show additional details. Creating an 

interactive map prototype would require extensive work and is out of the scope of this work.  

Currently this functionality is suggested by showing differently sized markers on the static 

map, shown in figure 16.  

 
Figure 16: Static representation of the Map functionality 

6.4.5. Data sorting and filtering 

Furthermore a functional system should be able to sort and filter the data in the different 

lists depending on the user’s needs. In the prototype the idea of being able to sort and filter 

is indicated by showing the necessary dropdown menus (see figure 17) to select the types of 

filtering and sorting that can be available.  

 
Figure 17: Reprensentation of Dropdown options for filtering 

 

As a final note on the functionality of the system, one evaluator mentioned that the division 

between different functions is clear. 
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7. Conclusion 

 

In this chapter the conclusions of the work will be presented. This includes the outcomes of 

the research with regard to the research questions, the limitations and the ideas for future 

work. 

 

7.1. Outcomes 

Looking at the outcomes of this research it is necessary to go back to the research questions 

that were asked in chapter 2.1 and go through them carefully to see to what degree they 

could be answered. Therefore the research questions are again listed here and for each 

question a short discussion follows about the degree to which it is answered. 

 

• What does the workflow for a taxi booking and the workflow for a parcel pick-up and 

delivery look like?  

 

The workflows for taxi booking, dispatch and execution were analyzed by means of workflow 

descriptions from and interviews with Connexxion. The outcomes of this analysis are the 

workflows found in Appendix D and Appendix E. It has to be noted that such a workflow is 

highly individual and largely depends on the company. Therefore the workflows of 

Connexxion here cannot be considered applicable for any company working in this business. 

However, a similar pattern in the workflows of other companies can be expected since the 

tasks that they need to perform are similar within the same business. 

For parcel pick-up and delivery the separate workflows were not described in this work. 

Instead the integration of both workflows was based on scenarios that were validated only 

with Connexxion. In order to get a better insight in the parcel delivery business further 

research that also includes a relevant actor from this side may be required. 

 

• How can the taxi and parcel delivery workflows be integrated?  

Interestingly for this question the answer was very simple: for the case of Connexxion the 

high level workflows can remain untouched when they want to integrate parcel orders into 

their business model. This is partly due to the fact that Connexxion is currently already 

integrating more than one client order into one ride. The flexibility of this way of working 

can, like that, be easily expanded to the transportation of other goods such as parcels as 

well.  

While the general way of working does not need to change for Connexxion the data level of 

the dispatch system does require adaptation. Parcels and passengers have different 

attributes which need to be recorded by the system and included in the dispatch algorithm. 

On a workflow level however these changes need not be represented. Depending on the 

level of detail of a workflow model the different attributes could be represented in the 

workflows by including the specific questions that the dispatcher needs to ask the client. 

Since no specific order needs to be followed in the conversation with the client it is sufficient 

to record these differences between taxi dispatch and parcel dispatch on a data level. 
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• What will the new workflow look like eventually? 

 

It has been determined that the workflows from Connexxion need no adaptation to suit the 

needs of an integrated workflow. Therefore no new workflow was created. It may be 

interesting to compare the suggested integrated workflow of Connexxion with workflows 

from other companies operating in the same industry. Also creating a more detailed 

workflow which includes the data considerations could be of added value. Such detailed 

workflow was out of the scope of this research but can be valuable for implementation of 

the concept in different companies.  

 

• Based on business processes and workflows, which functions does the system need to 

support?  

 

Concerning the system design the first consideration was the architecture which has been 

taken over from literature, as there has already been done a lot of work in this field. 

Reference architecture suitable for vehicle dispatch, regardless of specific field of application 

is readily available and can be applied to this system. 

 

Furthermore the data view of the system has been looked at in more detail because the 

differences for the taxi and parcel cases can be portrayed best on a data level. A limitation is 

that this is a generic study. To create a valid data model integration with other systems has 

to be considered and a more detailed look on the data requirements is needed. 

 

Finally the actual functions of parcel delivery system coincide largely with functions of taxi 

dispatch. These typical functions were presented in literature and adapted from there. 

Adaptation of some functions is necessary especially when it comes to the implementation 

of the system. The scheduling algorithm is the most important component that needs to be 

adapted as more constraints apply. Currently research in this field is being performed at the 

Operations, Planning, Accounting, and Control group at Technische Universiteit Eindhoven.   

 

• What will the interface look like in order to support the workflows and functions? 

 

A prototype of a dispatch interface has been designed and screenshots were presented in 

chapter 6. The interface went through one iteration of feedback and improvement. 

However, the interface suggestion should not be seen as the final interface. Further 

improvements can be made by applying thorough user testing. Before creating a real system 

out of this prototype a more thorough requirements analysis will also be needed. 

 

• How does the new interface support the workflows? 

 

Finally the support of the system for the workflow has to be analyzed. The scope of this 

project did not permit a thorough analysis. However some specific points with regards to the 

workflows can be found in the final prototype.  

Firstly the prototype actively supports the two steps of the order intake workflow of 

recording the data and confirming it to the client. By separating the order intake and order 
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confirmation screen the employee implicitly gets reminded to repeat all the recorded data 

to the client when on the phone. When not on the phone the system automatically sends 

out the order confirmation after the second step so that the employee has the chance to 

review the data before sending it out.  

Secondly the prototype actively supports the communication between the driver and the 

dispatcher by displaying notifications. These notifications are in the prototype updated 

manually but should, in order to be effective, be updated automatically. The importance of 

the notification is highlighted by the usage of a red exclamation mark in the prototype, but 

other indicators of importance such as the usage of different colors or sounds could be 

included as well. 

Thirdly also manual scheduling is supported by the system. Intuitive navigation by clicking on 

the status of the order that should be scheduled manually is supporting the dispatcher in the 

process.  

Finally the dispatcher can use different views in the monitoring process and switch between 

the vehicle view, the map view and the general overview showing all orders. 

7.2. Limitations 

 

A number of limitations of this project became clear when looking at the outcomes of the 

research. This will be discussed here in more detail. 

Firstly the project aims at integrating two concepts hypothetically. There is no real business 

case surrounding this scenario and a number of issues may arise that cannot be captured 

yet. This is not a problem for creating a theoretical model surrounding the case, however 

when building an interface, all such issues need to be dealt with. Constraints such as the law 

that prohibits using the vehicle for more than 10% for non-taxi transportation need to be 

matched further against reality. Lawyers would be needed here to define exactly where the 

10% line can be drawn. This is not possible in the scope of this research. Also to create a 

valid data model integration with other systems has to be considered and a more detailed 

look on the data requirements is needed. The scope of this study is too generic to deal with 

these details. 

A second restriction concerns the testing of the user interface. Although users from the 

relevant domain were involved in the evaluation of the prototype, they could only assume 

how actual dispatchers would be using the system. Therefore the feedback of these industry 

experts may not lead to an optimized system in terms of user friendliness. Furthermore the 

fact that only a non-functional prototype has been created restricts the quality of the 

feedback.  

7.3. Future work 

Recommendations for future work can be derived from the previously mentioned limitations 

of this research. 

First and foremost additional testing of the system will be required. It has been pointed out 

that a combination of heuristic evaluation and traditional user testing can be very beneficial 

to improve the usability of a system. In the evaluation a number of issues came up that need 

to be tested further such as the degree of simplicity that users prefer, the usage of more 

tabs vs. having more information on the same site and the best way for having users interact 
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with the system. However, before applying additional tests to determine the usability of the 

interface a number of issues have to be dealt with. 

For the next step of testing a functional prototype should be built. The basic requirements 

for a functional prototype are listed in this research and include the workflows, the 

architecture, the data model and the functions. Once a functional prototype system has 

been built further user testing with real users can be applied. For additional user testing it 

will be required that employees and dispatchers who will have to deal with the system on a 

daily basis are involved.  

The functional requirements for the system need to be worked out in more detail as 

suggested in the analysis of the user interface. A number of points that need to be taken 

into account when building a functional prototype have been mentioned already in chapter 

6, such as the functionality of the map, the automatic clearing of example text, the right use 

of tabulators and correct display in different environments or browsers. Further 

requirements may have to be included however, for example how to make the system more 

scalable. Once a coherent basic model for a system is ready, it can be built using lightweight 

technology. Only when a basic database is available the real user experience of dispatchers 

can be mimicked.  

It was mentioned in the limitations that a business model surrounding this case has not been 

established yet. In order to create a more realistic prototype it may, in addition to the 

functional requirements, be necessary to work out a business model as a basis for testing 

the system. The business model should deal with legal questions and based hereon also 

suggest a revenue model. In the current system the revenue model is only assumed 

implicitly.  

As mentioned above the view from a parcel delivery business may be a valuable addition in 

further research. This for analyzing the functional requirements further and building a 

business model not only a taxi company should be included in the data gathering but also a 

parcel delivery service provider. This addition may bring valuable insight from a different 

perspective. The parcel delivery service provider can give a more detailed view on specific 

workflow and data requirements for parcel delivery and also point out further legal issues 

that taxi companies may be unaware of. 

Finally, in a next step the design of a peripheral system needs will be required as well. One 

key element of the dispatch system is the communication of the system with the driver. In 

order to make sure that communication between the driver and the dispatcher will run 

smoothly the in-vehicle system has to carefully be designed as well to match with the central 

dispatch system. 
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