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Abstract. This paper presents DREAMS, a web-based integrated information and management system for mobility services in urban areas, designed specifically for the city of Milan, Italy. The core of the system is the travel planner module, which proposes a set of travel solutions for a specific trip taking into account traditional and innovative mobility services. Within this system, we developed two software tools to plan and manage dial-a-ride and car pooling services. We describe in particular the second software, which can be useful especially for company mobility managers and area mobility managers. 

1. Introduction 
This paper presents an ongoing research project, financed by the Italian Environment Ministry and the municipality of Milan. The project’s main goal is to study and develop a web-based integrated information and management system for traditional and innovative mobility services in urban areas. The system, called DREAMS (Demand Responsive Extended Area Mobility Services), is designed for the city of Milan, Italy.  The direct objective of the system is to enable single citizens or groups of citizens to organize their trips using modes different from the private car, also in areas which are not intensively served by the public transportation service. DREAMS will be connected with (or will directly manage) a set of traditional transportation services, such as the municipal taxi system, the park system, the local public transportation, and a set of innovative mobility services, such as dial-a-ride, car pooling, and car sharing services. 
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The idea behind DREAMS is that the effectiveness and competitiveness of public transportation can be improved through an integrated system based on real-time data management. In general, poor information to customers is one of the major issues in public transportation services, which is the reason to allocate substantial efforts to implement a powerful information tool easy to use and access.  An indirect objective of the system is to test and to promote mobility management measures, which represent an important component of sustainable transportation strategies. Mobility management measures are generally “soft” measures that do not require new infrastructures but try to shift the users’ modal choice from the private car to more sustainable modes making use of techniques based on information, communication, co-ordination, and organization [6], [3]. The project started in June 2003 and will end in December 2005. We developed two software tools embedded in DREAMS, in order to plan and manage car pooling and dial-a-ride services. At the present, these tools are in the pre-release phase and the trial will begin in autumn 2005 in some areas of Milan. 

2. The DREAMS system 
The role of DREAMS is to connect the demand side and the supply side in passenger urban transportation. The core of the system is the travel planner module, which, like a travel agency (1) receives the requests of the users, (2) looks into the available transportation services, (3) proposes a set of travel solutions taking into account the users’ preferences. As shown in Figure 1, the travel planner module takes into account the future services embedded in DREAMS, the car pooling and the dial-a-ride, and a set of existing external services, such as the local municipal taxi system, the local public transportation, a car sharing service (called Guidami), and a dial-a-ride night service (called Radiobus). In the following sections, we describe the users, their communication interfaces, the two software developed in the project, and the travel planner module. 

3. The users 
DREAMS manages the following profiles of users. 

• Citizen: a single citizen or an organized group of citizens that needs to make a trip and wants to know the available travel solutions and their expected travel times. 
• Mobility manager: the company mobility manager (CMM) and the area mobility manager (AMM) are figures instituted by the Italian law. The CMM designs the company transportation plan for the home-work employees’ trips; the AMM organizes the mobility management initiatives at municipal or provincial levels. In the trial of the car pooling software, the AMM of the city of Milan will identify some CMMs that will have access to DREAMS and will experiment the car pooling in their companies. 
• Dial-a-ride companies: in the trial, the municipality of Milan will identify some transportation companies that will experiment the dial-a-ride software in some areas where the transportation demand is sparse. 
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Figure 1. The DREAMS system. 

4. The users’ interfaces 
The communication means between DREAMS and the users are: 

• Web: all the functionalities of the DREAMS system are accessible on the Internet, based on the profile of the user. For instance, the planner of one of the dial-a-ride companies can manage the buses schedule directly on the Internet from everywhere. 
• Call center: the users that do not have access to the Internet or that are not familiar with computers can access to some functionalities (e.g. the reservation of the dial-a-ride) via call center.  
• Short Message Service (SMS): DREAMS is able to communicate some unexpected events (delays, cancellations, …) to the users via SMS in an automatic and inexpensive way. 

5. The DREAMS car pooling 
The car pooling problem is to match the available drivers with car and the potential passengers, and to identify the routes to be driven in order to minimize the economic and environmental costs, subject to users’ time windows and car capacity constraints [9]. While non-monitored and unrestricted car pooling systems are being used in some cases (for instance [1], [7], [8]), we developed a web-based software tool that focuses on the reliability of the overall system: (1) the users are provided with the expected schedule for their trip and they are informed immediately in case of delay or changes; (2) the use of the system is restricted to the employees of  given companies. Using the DREAMS tool, the AMM coordinates the CMMs of the single companies, fixing the general rules of the car 
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pooling service. The CMMs of the single companies manage the employees’ accounts and adapt the general rules to the specific situations of the companies. Each employee can define his/her car pooling preferences with the following information: (1) origin and destination of the trip, (2) the set of days when he/she is willing to carpool, (3) the earliest departure time and the latest arrival time, (4) the maximum travel time, and (5) the availability of the car. The employees have to state their preferences in advance, e.g. by Thursday for the next week. Afterwards, e.g. on Thursday night, the system computes a matching among the employees (for details on the algorithm, see [4]). The result is a set of routes starting from the driver’s house, arriving at the workplace and stopping by the houses of the non-drivers, respecting the time windows and the car capacity constraints. This schedule is available, e.g. from Friday morning, on the DREAMS web site and is sent via email to the employees. At present, car pooling is not widely applied for many reasons. First of all, it can be difficult to group adequately the car pooling users when they do not reach a “critical mass”. In order to overcome this problem, the service has to be proposed in a large area. Moreover, it is important that all the employees perceive a clear benefit in order to continue using the service. The system has to calculate and show in a transparent way the costs and benefits of all the carpoolers. Therefore, we developed an accounting system associated with the employees’ trips, that takes into account how much the passengers own to the driver. The system can be used on the single trip (that is, each passenger pay the driver at the end of each trip), or on a period of time, e.g. an year, taking into account the credit and the debit of each employee. This accounting system can be used to assign to the drivers possible incentives provided by the AMM. 

6. The DREAMS dial-a-ride  
Dial-a-ride is a demand-responsive transportation system [5], in which a fleet of vehicles, with flexible routes and schedules, serves customers that have submitted their requests. Each request specifies the characteristics of the desired trip, the number of passengers and the approximate time when the trip must occur. The service differs from a traditional taxi service because it serves more requests at the same time and it has cheaper fares. We developed a web-based software to plan and manage a dial-a-ride service that is able to manage: 

• an off-line as well an on-line passenger demand; 
• several transportation companies, with different quality of service levels; 
• numerous territorial areas; 
• different categories of users (students, disabled, elderly, ...). The software communicates with the vehicles via cell-phone technology (GSM/SMS, GPRS) and controls the pick-up and the delivery of the customers in real-time. The software is able to respond to the possible delays, due for example to traffic congestion, reassigning the customers to other vehicles. The transportation companies manage online their fleet, for instance having access to the real-time situation, and modifying the buses’ compositions and schedules.  For more details on the algorithms and the software, see [2]. 
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7. The travel planner module 
The user defines the origin, the destination, the date, and the time of the trip he/she needs to make. With this data, the travel planner calculates the travel time and the cost of  the transportation services available in the area and time requested by the user, showing also the travel time, cost and route of the car mode. Figure 2 shows an example of the result of a request. For the calculation, the travel planner searches via web the transportation systems that have joined the DREAMS initiative, such as the car sharing service Guidami and of course the DREAMS dial-a-ride. For the other transportation services, the travel planner uses approximate formulas that depends on the travel time and cost of the car mode, or do not calculate these indicators. 

8. The network 
The routing and scheduling algorithms behind each software tool inside the DREAMS system (car pooling, dial-a-ride, and travel planner) uses a time-dependent network model of the city of Milan. In the near future, we will integrate our model with the model developed by the transportation agency of the Milan municipality, which will collect real-time information and forecast the link travel times.  

9. Conclusion 
We described DREAMS, a web-based integrated information management system for traditional and innovative mobility services in urban areas. In particular, we presented two software tools integrated in the DRAMS system to plan and manage dial-a-ride and car pooling services. The system is in a pre-release phase and it will be tested starting from autumn 2005 in some areas of the city of Milan. After the trial, we will carry out an evaluation of the strengths and weaknesses of the overall system and of the single software tools. In particular, we are interested in the response of the CMMs to the possibilities to use information technologies to support their strategies. As often happens, the major difficulties are not related to models and algorithms, but with the integration of various agencies and departments of a city. For instance, we encountered some difficulties in linking the DREAMS system to the external transportation services. Future developments of DREAMS may include freight transportation in urban areas and the complete multimodality of the travel planner. 
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Figure 2. An example of result of the travel planner. 


