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Abstract
Effective and efficient process management is of paramount importance in today’s businesses. This is also indispensable for the maintenance of public road system. Since the maintenance work involves lots of humans and critical conditions, the complex communication among government departments often delay progress of work and exceed the scheduled completion date. In order to shorten the time of communication among departments and facilitate the workflow of different maintenance stages, we develop a conceptual model of Road Maintenance Management System (RMMS). The RMMS makes use of alert mechanism and Web services for B2B interactions for handling urgent requests of road maintenance work. By using Web services, the RMMS integrates the internal systems of various government departments and major service providers. Based on the information provided by the involved parties, the RMMS analyzes and handles urgent requirements automatically and therefore could maintain the timeliness and accuracy of public road maintenance services.
1. Introduction
Maintaining the integrity of road networks is indispensable to the long term prosperity of a metropolis [10]. The Hong Kong public road network comprises 1943 kilometer of public roads in 2004 [11]. The Highways Department is responsible for the maintenance of public roads. To avoid causing traffic congestions and inconvenience to the public, timely public road maintenance service should be maintained. However, it is not an easy task. In a construction project, a lot of humans and processes are involved. Due to poor communication between the Highways Department and constructors, unnecessary delay in a road maintenance project often occurs. Thus, it is necessary to develop a mutually interoperable system between Highways Department and parties concerned to integrate processes and information – Web service is one of the solutions [12].

In a road maintenance project, the Highways Department takes the role as an administrator, who is responsible for monitoring the workflows and schedules of the constructors. For each project, the Highways Department only assigns an inspector to monitor the construction site several times a month and to keep track of the workflow by receiving hand-written reports from the constructors. Due to this passive monitor mechanism, communication between the Highways Department and constructors are often poor. Often, the Highways Department may not be notified of the case immediately when problem occurs. As the problem becomes worse, delay of project deadline is inevitably a reluctant choice.

By using Web services, the Highways Department can play a more active role in managing and monitoring the road maintenance work. Direct interaction with various involved parties with programmatic interfaces through the Internet is thus possible. In this paper, we study the requirements and design of the Road Maintenance Management System (RMMS) through information and process integration to help the Highways Department manage workflows and solve problems on scheduling. Since the RMMS aims at minimizing delays, an alert mechanism [7, 8] is adopted. Routing, monitoring, and logging the alerts help shift the burden of the communications from the manual work to an automated system.
In addition, some critical situations like weather, accidents, or bankrupted service providers may affect the original project schedule. Constructors usually try to solve the problem by themselves. But the solution heavily depends on their ability and experience. The RMMS further provides an exception knowledge base system to capture relevant knowledge and experience to solve the uncertainties in road maintenance projects. This knowledge base system assists constructors to solve critical construction problems in a standard and systematic way. 

This paper further adapts and extends the AMS [7, 8] in data and process integration in e-Government services [13]. The RMMS integrates information from disparate and heterogeneous sources for intelligent computations at the back-end while it integrates cross-organizational processes at the front-end. Combining with knowledge base and GIS technology, the RMMS supports intelligent analysis and user-friendly presentation of data. 

The rest of this paper is organized as follows. Section 2 introduces the background and compares the related works. Section 3 discusses an overview of the requirements for the RMMS. Section 4 describes our conceptual models for alerts and maintenance sites. Section 5 presents the system architecture, highlighting the alert mechanism and how it helps process and data integration. Section 6 discusses the advantage of our approach and concludes with our future work.

2. Background and Related Work
Hong Kong’s public road maintenance service is managed by the Highways Department of the local government [10]. In a road maintenance project, the Highways Department requires to hire private constructors and consultants for site construction works. The Highways Department, as a role of management, needs to maintain an effective interaction between constructors and consultants in order to meet every scheduled procedure. Otherwise, insufficient communication with parties concerned may often cause unnecessary delay in road maintenance projects. Such delays can lead to serious traffic congestions and inconvenience to the public. To avoid unnecessary delay, the first step is to understand the humans involved in the project. Fukuchi et al [1] pointed out that many types of professionals are involved in a civil engineering construction project such as managers, engineers, constructors, and designers. To provide mutual understandings among construction workers and unify their ideas is necessary for effective communication.

The second cause of delay is that many uncertainties may occur in road maintenance projects. Cadei et al [2] proposed the use of knowledge-based systems and tools to manage the problem complexity in order to tackle uncertainties. Knowledge-based systems first captured the expertise of experienced engineers or operators in tackling and handling similar problems. Hence, Zhang et al [3] suggested that intelligent decisions can be made based on a pre-defined knowledge base. However, knowledge-based systems involve software systems which implement complex models and functions. So, only few professionals with strong IT background are able to access the knowledge-based systems and understand the instructions provided.

To solve the problem of access difficulty, knowledge-based systems can be connected with geographic information systems (GIS) [14]. GIS is a well-developed digital map system. With spatial database technology, abstract solution concept is transformed into explicit spatial data. The user-friendly interface of GIS enables simplicity in use such as Yellow Page [5]. In addition, Babic et al [4] pointed out that GIS functions have been built into engineering applications that were not just GIS centered, for example road design or building site-plans. GIS enables a fast and clear geographical view of the data about the selected part of the road network. This intelligent digital map enables an effective and clear display of the relevant information. Hence, interactive communication from engineers to on-site workers can be facilitated. 

Koonar et al [6] proposed a Road Weather Information System [6] for Canada. It is a road administration system, combining knowledge base and GIS technologies. It acquires the data from the Road Weather Information Network using Canadian Meteorological Markup Language (CMML), which is an XML based schema. Its system architecture is scalable and is capable of handling text, image, and GIS data. Also, it integrates information though collaboration between multiple levels of government and the private sector. However, the main problem of this project is its huge cost because the system requires a number of sensors to collect information about current road conditions in addition to the sensors or surveillance closed circuit televisions for monitoring the construction sites. 
In to order to keep track of time and schedule of the maintenance project, the alert mechanism [7, 8] is a more practicable alternative. Chiu et al [7, 8] introduced an Alert Management System (AMS) that helps administrators manage urgent processes by setting different considerations such as cost, waiting time, and service time. The AMS aims to minimize delays by providing a monitoring system. In addition, alerts help manage event (and exception) handling, data integration, and process integration. The Emergency Route Advisory System [13] is another prototype of e-Government integration with AMS. Thus, AMS is also suitable for time management for road maintenance works.

Although information integration issues are not new in database research communities [9], there is no other work on an intelligent integration from different sources into a road maintenance application. Furthermore, this paper investigates alerts and their routing in handling information and process integration in road maintenance services.

3. Requirement Overview
RMMS uses Web-services as a global platform for information integration and interactions among different stakeholders. Stakeholders are connected together through various kinds of electronic devices without any time and place barriers. The system is designed specifically to match the need and interest of each stakeholder of the RMMS as follows:
Highways Department – The Highways Department is fully in charge of public road maintenance services in Hong Kong. Once the Department receives a complaint of road damages from its 24 hour hotline Complaint Center, it starts a series of procedures for the road maintenance project. The Highways Department will hire a consultant for the project design and a contractor for the site construction work. The Department takes a role of administration and management of the whole maintenance project. Since road maintenance projects involves lots of humans such as engineers, inspectors, and site construction workers together with lots of uncertainties such as weather, accident, and even bankrupted service providers, unnecessary delays often occur. Delays will seriously affect the flow of the transport network. Because maintenance projects require timeliness and many parties are involved, there is a strong need for a Web services to automate the project workflow, especially for the on-site construction part. Alert exchange further supports efficient communication between the Highways Department and other involved parties to minimize the delay. Moreover, effective management requires a lot of knowledge and experience of engineers to handle problems correctly and timely. Their knowledge should be captured by the system. Furthermore, other utility companies and government departments also get involved in the project. Thus, the system helps in effective exchange of useful information, for example, current traffic condition.
Transport Department – The Transport Department updates the traffic condition to the system periodically. In addition, the department needs to report traffic congestions immediately to ensure an accurate estimation of the traffic congestion indictor in our system. Our system will also report back the most updated information about current road maintenance works so that the Transport Department is able to make appropriate and alternative transport arrangement.
Constructors – Constructors may receive invitation request for the bidding of road maintenance projects from the system. The RMMS provides an optimized schedule and procedure for the selected constructor to follow. Therefore, the constructor should ensure the supply of enough workers and machineries to the maintenance site and keep track of the site-work progress. Alerts are generated for each request to the constructor so that the response time can be tracked. In case the constructor encounters problems during the site-work, they can request assistance from the knowledge base of the system for a fast solution to smooth the workflow. Also, constructors are required to submit routine reports and forms to report the progress of work. By using our system, they can fill-in and submit reports electronically via alert acknowledgements.
Site Construction Workers – Site construction workers are the major operators in road maintenance projects. They are required to seek instructions from their assigned engineers. Engineers have to monitor many sites each time. So, they may not always stay at a particular site. To maintain mutual understanding between engineer and site workers, the system helps in real-time communication by using alerts. Together with a GIS interface, clear and explicit instructions can be provided to site workers with aids of geographical information, images, and videos. Site workers can also access the system via portable devices like laptops, PDAs, or 3G phones.
Consultants – Similar to constructors, consultants also need to communicate with the Highways Department via alerts through the system. Consultants provide consultation and inspection services to the maintenance project. When a consultant discovers any problem in the project, he / she can notify the Highways Department immediately via an alert. It is essential for urgent changes in the design while site-work started. 
Complaint Call Center – The 24-hour hotline Complaint Center provides a call center service for receiving complaints from citizens. It is often the first agent in receiving notice about the road defect. It then forwards the complaint to the Highways Department to follow up the road defect case. In addition, the complaint call center makes use of the system information to measure the performance in handling complaints and provides corresponding feedback to the public.
Utility companies – Hong Kong’s utility companies such as CLP, Towngas, PCCW, and Cable TV utilize underground cables or pipes to provide services to the public. Sometimes, road damages may be caused by cables or pipes of the utility companies. Therefore, the companies should bear full responsibility in such maintenance cases. The system will filter out these cases (so called “non-Highways-related” cases) and forward such cases to the corresponding companies via alerts.
Other Government Department – Similar to utility companies, other government departments like Water Supplies Department, Drainage Services Department, and Electric and Mechanical Services Department also utilize underground facilities. They also have to deal with the road maintenance services relevant to them. Sometimes, the Highways Department cooperates with other departments in road maintenance projects. The system sends alert to notify the maintenance case to the corresponding department(s) if relevant.
In summary, all stakeholders need a system to be mutually interoperable, but in a secure, expandable, and timely manner. They are all connected to the system though the Internet so that data exchange and communication are facilitated without time and place barrier. Hence, operation cost and time can be greatly reduced. With the Internet as an open platform, both human and computer systems can get involved simultaneously. This can maximize the chances of participation of various parties. In addition, both manually and automated process requests involve urgency management according to different emergency cases. Therefore, delays can be minimized in the workflow management. 
4. Conceptual Model

Based on the requirements discussed in the previous section, we present two main conceptual models for our system design: the alert model for the system integration and the data structure of a maintenance site required for data and logic analysis.
Based on the requirements discussed in the previous section, we enhance and adapt our earlier alert mechanism for both data and process request, as shown in Figure 1. When a workflow requires an external data request or process request, the AMS generates an AMS task to monitor the enactment of the request. The AMS task can be either an inspection task or a maintenance task. Both inspection alerts and maintenance alerts are generated for responding the corresponding request. 
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Figure12: Conceptual Model for alert in RMMS
The inspection task specifies an inspector from the Highways Department usually for the initiation of the project. The inspector uses an inspection alert to monitor the service providers (constructors or consultants) and the workflow of the project. An inspection alert sends the workflow schedule and inspection result to RMMS Web service to record the project progress. Besides workflow information, an inspection alert comprises an urgency attribute describing emergency level of the alert. A corresponding action is taken for different urgency levels.

The maintenance task first filters out the non-Highways-related cases (further explain in the next section), then selects suitable service providers (constructors or consultants) by releasing tenders of contracts. Selected service providers use maintenance alerts for reporting current site information to the Highways Department inspectors and immediate instructions to the construction site workers. A maintenance alert also contains a designed schedule describing procedures of the maintenance work. If uncertainties occur during the project, immediate responses and requests with detail information should be submitted to the RMMS.
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Figure 2: Conceptual Model for Maintenance Site in UML Class Diagram
Figure 2 depicts a conceptual model for the data structure of a maintenance site in Unified Model Language (UML) class diagram. The data representation of a maintenance site consists of three main components: node, links, and site information.

A node is the exact geographic location of a maintenance site. It can be represented by street number, building name, lamp post, street intersection, or even Cartesian coordinates. These five representations are simple in searching and wide usage in geographical representation. A node is connected together with links to provide accurate spatial information about the site.

Links represent the transport vessels affected by the maintenance site. They can be a road, pavement, highway, or tunnel. Most likely, links are those roads near the site. Each link contains a traffic information attribute. Traffic information is represented by a traffic congestion indicator which is estimated by the traffic condition statistics provided by the Transport Department and public transportation companies [13]. 

Site Information stores major factors affecting the project schedules on this site. Factors include road defect type, site district, affected area, number of affected people, number of man-day, and number of site workers. Road defect type and site district are inputted by the Highways Department inspectors. Affect area and number of affected people can be estimated from the annual data provided by the Buildings Department and the Lands Department. Numbers of man-hour and workers are inputted by the hired consultants.
Figure 3 shows an example of the maintenance site in spatial data representation. In the map, the red point is the location of construction site, which is an intersection between two roads. The two light-blue lines represent the possible affected roads: Chatham Road North and Baker Street. The length and position of light-blue lines show the possible affected section. Figure 4 illustrates the textual data representation of the site shown in Figure 3. Link 1 and link 2 are the two affected roads and connected to Node A. The exact affected section is also stored in the link (e.g., street number 2 to 12). Node A is connected to a set of site information. Some information is static (e.g., defect type), while some requires update frequently (e.g., number of man days). 
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Figure 3: Road maintenance site in spatial data representation
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Figure 4: Road maintenance site in textual data representation
5. System Architecture
In this section, we first present our overall system architecture for the RMMS and explain the mechanism of the AMS. We then outline some Web service definitions required by the system. Furthermore, we detail the role of the AMS in process integration and data integration. We also highlight the usage of the exception knowledge base.
5.1 AMS Architecture and Mechanisms
Figure 5 depicts the overall implementation architecture of the RMMS. The AMS is the major component of RMMS for managing alerts and thus coordinates various workflows. By using Web services through the Internet, the RMMS connects the Highways Department, service providers, other government departments, and disparate information sources together. In particular, the AMS supports interchange of alerts between the Highways Department and service providers (constructors and consultants). All the involved parties can use AMS to receive and submit alerts [7, 8] so that the Highways Department can make use of the AMS to monitor the project progress. The AMS are divided into two major components: incoming alert monitor and outgoing alert monitor.
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Figure 5: System Architecture highlighting RMMS
When the AMS receives an Incoming Alert from the service provider, the Incoming Alert Monitor is responsible for receiving and queuing alerts and performing the corresponding processes. The Process Execution Module then executes a pre-defined task and sends out an Incoming Alert Response to a Web service. All the actions and alerts executed are triggered by the corresponding alert handlers in the RMMS Workflow and Application Logic and Exception Handling Knowledge Base. The Process and Alert Definition Module is a tool for administrators to define the action and alert response for different types of incoming alert.

The Outgoing Alert Monitor is responsible for generating and submitting Outgoing Alerts to the corresponding service providers and monitoring the responses. The Outgoing Alert Monitor consists of two modules: the Urgencies Strategy Definition and the Service Provider Monitoring modules. The Urgencies Strategy Definition module specifies the actions and strategies to be taken according the urgency level of the unacknowledged alerts. The Service Provider Monitoring module monitors the alerts and received response messages, based on the strategies defined in the Urgencies Strategy Definition module. This module provides functions including sending alert messages, receiving responses, maintaining alert status, and logging information. For each response message received, it logs the alert into the database and updated the status information of the corresponding according to the Urgency Strategies. For each Outgoing Alert, if no response is received after the deadline, it sends an alert to the administrator to handle this case manually.

Since the RMMS is designed for the Highways Department and service providers (constructors and consultants), these two parties are integrated to the RMMS with alerts via Web services. Some key Web services are listed in the Appendix.
Figure 6 depicts a typical life cycle of an alert in a UML Activity Diagram. All alert processing and messaging for an alert is logged at “Log Alert” node for auditing purposes. The alert first goes to the “Collect road defect information” node to collect useful information about the road defect or damage case such as defect type, defect area, and location. After gathering the defect information, the alert enters both “Select suitable Service Providers” and “Assign Highways Inspector”. The “Select suitable Service Providers” node selects a group of suitable constructors and consultants (details discuss in next subsection) while the “Assign Highways Inspector” node assigns a relevant inspector for this project from the Highways Department. Then, the “Send Alert” node sends the alerts to all the participating parties, including the Highways Department, constructors, and consultants.

If the “Check if response received by deadline” node fails, the alert urgency will be increased at “Increase Alert Urgency” node and guided by resending the alert with specific actions taken according to the urgency strategy tables. The last acceptance level is triggered by “Check if service performed due” node. If the service task is not performed and responded beyond the deadline, then the AMS generates a new alert to the administrator to notify the case. Meanwhile, the alert will be routed to the “Select suitable Service Providers” again.
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Figure 6: Typical lifecycle of an alert in UML activity diagram

5.2 Service Provider Selection
The Service Provider Selection module is responsible for searching a group of suitable service providers based on the service provider selection definition. First, alerts of non-Highways-related cases are filtered out. These cases are related to the road damage due to the facilities of other government departments or utility companies. For example, leakage of drainage pipes is a non-Highways case because the Drainage Services Department is responsible for the public drainage services. For those non-Highways-related cases, alerts are forwarded to the corresponding government departments or utility companies for handling. 
For the remaining cases, further selection proceeds. The RMMS selects those service providers with suitable technical area. According to a user-supplied cost function [15], a group of service providers is selected. In this application, the cost function is based on the time required for the construction work, the number of site workers, the proposed budget, the past record of the service provider from the database, and so on. After the matching, the short-listed service providers can participate in further bidding of tender. Constructors and consultants are then hired according to the bidding result.
5.3 Urgency Strategies
Once the selected service provider starts the road maintenance project, it also begins to receive alerts and to reply by sending response messages. If no response messages are received beyond a certain period, this alert should be re-sent with an updated the urgency value following the urgency strategy definition. 

The Urgencies Strategy Definition module is a tool for defining the actions and strategies to be taken, according the urgency level of the unacknowledged alerts. This module also keeps track of the urgency level for the alerts. During the initiation of project, default urgency strategy tables and urgency functions are automatically generated by data extraction from past record. Administrators also have the right to specify the urgency strategy tables and urgency functions. The Urgency Strategy Tables define the actions to be taken for every urgency level change. The Urgency Functions estimate the current urgency level according to the four estimated factors affecting the urgency level for each alert:
(1) Number of people affected, p
(2) Size of area affected, a
(3) Service provider’s response time, t
(4) Traffic congestion indicator, i
The first two factors are relatively fixed factors while the last two factors often vary from time to time. For the fixed factors, they can be estimated from the annual data provided by the Buildings Department and the Lands Department. For those variable factors, our system needs to update with the latest information periodically. Service record log is used to calculate the response time of service provider for each service. Traffic congestion indicator is currently updated from the traffic condition knowledge base of the Transport Department [13]. With information of these four factors, the latest urgency level of each alert is estimated according to the urgency function from time to time. Therefore, alerts can be sent out associating with specific action taken according to the pre-defined urgency strategy tables. For example, an administrator may define an urgency function and urgency strategy table as shown in Table 1.
The default value is Normal. When the traffic condition deteriorates, the urgency level is increased to Urgent and the AMS creates an alert to the service provider. If no response is received beyond a given period, the urgency level is increased to Very Urgent and the AMS creates another alert to notify the service provider for the worsen traffic condition and the approaching reply deadline. If there is still no response, the urgency level is increased to Critical and the AMS creates a further alert as the final reminder to warn the service provider while an administrator is notified. If this alert still fails, the urgency level increases to Very Critical. The contract with the current service provider will be immediately terminated. All the selected service providers will receive a re-bidding alert and an administrator is notified.

	Urgency001
	Action

	Normal
	Default

	Urgent
	Submit a first alert to the service provider

	Very Urgent
	Submit a second alert to the service provider, notifying about the approaching deadline and worsen traffic condition

	Critical 
	Submit a third alert to the service provider, warning about the approaching deadline and worsen traffic condition. Notify an administrator

	Very Critical 
	Terminate contract with the current service provider. Send the alert to all selected SPs and restart bidding of the project. Notify an administrator


Table 1: Example urgency strategy table
5.4 Process Integration
In the original workflow of road maintenance management, many manual processes involve various parties concerned and are manipulated by different administrative staff, e.g., sending urgent emails to alert the Transport Department or receiving routine reports from constructors. It is extremely difficult to maintain the performance concurrently in each stage. With the support of an AMS, the process integration and management of the road maintenance project is much simplified as depicted by Figure 7. Each complaint generates an alert based on the urgency requirements for process integration and management, such as interactions with services providers, current traffic condition and affected area and so on. These urgency requirements are systematically and modularly captured into an RMMS, instead of scattering around in the main workflow specification. 
In the example shown in Figure 7, the complaint center may forward a road defect case to other relevant government departments or utility companies depending on the case nature. If the case is a Highways-related case, the complaint center directly sends the alert to the Highways Department for choosing appropriate service providers and inspector. Then, the alert is routed to various concerned parties besides the Highways Department. First, an alert is sent to the Transport Department for gathering current traffic condition information. By receiving the relevant traffic records, the RMMS can estimate the traffic congestion possibility near the maintenance site. Meanwhile, site work is started and the Highways Department will receive routine report for recording the site workflow. Sometimes, assigned inspectors may perform site inspections. Then, the RMMS also gathers the inspection results to generate various reports (e.g., monthly report) for the concerned parties.
In addition, asynchronous process request to different concerned parties can be uniformly modeled as alerts in this framework and architecture. The logic for sending, routing, and monitoring these alerts is supported in the RMMS and can be heavily reused. It should be noted that the AMS also suits well for urgent, asynchronous, unstructured, or even ad-hoc tasks like exception handling. For the exception handling in RMMS, in our example, the alert first notifies the Transport Department for special transport arrangement when exception occurs (e.g., accident in site work). Then, the alert is also sent to administrator requesting for possible solutions to the problem. After analyzing from exception handling knowledge base, solution will immediately be sent back to the corresponding parties (e.g., service providers). With the process integration in the AMS, the RMMS is able to handle both routine processes and exceptional processes in order to minimize possible delays in each project phrase.
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Figure 7: Workflow of Road Maintenance Project Management in UML activity diagram

5.5 Data Integration
Since data requests can be also modeled as alerts, a road maintenance management data integration process can similarly be modeled as workflows, while individual data requests are modeled as alerts. Figure 8 depicts a sample workflow for road maintenance management data integration. For example, a Chief Engineer of the Highways Department evaluates the project progress upon noticeable progress deviation. Then, consultants and constructors can be requested for the relevant reports by sending alerts via AMS. Similar urgency requirements apply as the Transport Department needs the latest information of maintenance site by the peak hour each day. As such, the AMS not only cater for the interactions but also the urgency requirements for data integration. In addition, for data sources merely support manual procedures, they can still participate in the integration process by using web-based alert response forms [7].

[image: image8.emf]
Figure 8: Sample road maintenance management data integration plan in UML activity diagram

5.6 Exception Handling Knowledge Base
Uncertainty is the major cause of time delay in construction work. However, there are many uncontrollable uncertainties such as weather, accidents, bankrupted service providers, and design variations. Usually, these problems are only solved by engineers or administrators in an ad hoc way. Time required to solve the problems heavily depends on the experience of the personnel. Even though experienced engineers have full knowledge dealing with uncertainties, they still need much time in discussions to make consents with various parties involved. An exception handling knowledge base [17] helps in providing a fast solution to specific problems with similar ones previously occurred and successfully handled. It captures the expertise from the experienced engineers and administrators by surveys and records. This knowledge base is fully possessed by the Highways Department.
Figure 7 describes how the Exception Handling Knowledge Base works if an exception occurs. If service providers encounter some specific problems such as accidents, they should send alerts to report the cases to the Highways department via the RMMS. In addition, they can send an Exception Handling alert to request for recommendation of solutions. The Process Execution Module then passes the requests to administrators and Highways engineers, so that they can make use of the Exception Handling Knowledge Base to analyze for possible solutions. The service providers then receive recommended solutions via the alert responses of the RMMS. This knowledge base can save much time for repeated analysis and discussion, hence, increase the efficiency of the workflow.
6. Discussion and Summary
In this paper, we have presented how the Road Maintenance Management System (RMMS) manages the workflow of a road maintenance project. The RMMS combines an alert mechanism with Web service technology as a major platform for process and data integrations. RMMS integrates processes among different involved parties and integrates data from heterogeneous sources. Thus, intelligent decision making and exception handling can be achieved.
The main advantage of the RMMS is to provide automation in the existing road maintenance project workflow. Also, it enhances the service efficiency by inter-organizational integration. Timeliness is of paramount importance in a road maintenance project. Lateness in road maintenance may often lead to serious traffic congestion. However, delay often occurs due to complicated communications among a variety of humans involved. By exchanging alerts, the AMS automates the required communications and integrates the processes in order to minimize the delay. The AMS further keeps track of such alerts and therefore monitors the project workflow processes, in order to ensure the required services are provided on time and meeting the urgency requirements.
The service quality is also one of our major concerns. Road maintenance work is outdoor construction work. It is inconvenient for the site workers to send and receive messages though wired networks. For ease of access, we have to support alternate ways to access RMMS through via multiple mobile devices and platforms [16], e.g., PDA or 3G phones. Apart from the access problem, site-workers may not understand the instructions clearly with plain text only. The RMMS uses GIS technology as a simple interface. By using GIS, site details are presented as (geo)graphical format. Images and videos can be encapsulated as well. Hence, clear and complete instructions can be provided to site-workers. Most importantly, when problems occur, site-workers can directly forward the alerts to all concerned personnel such as inspectors, consultants, and the Highways Department at the same time. Thus, accurate, clear, and timely communication by alert exchange helps improve the road maintenance service quality.
Cost in system development is another major concern. Our design tries to reuse existing design and software as much as possible. The RMMS is constructed upon an AMS, which is an existing prototype. The AMS contains light weight, highly coherent, and loosely coupled modules for process integration under different urgency constraints. Web service technology provides a global platform for all the process and data integration across organizational boundaries. GIS is popular geography software which gives user-friendly map interfaces so that all levels of participants can access the RMMS functions. This greatly helps reduce the time and cost required for the development of the RMMS by using existing prototype and software.
Our future work is to evaluate the performance of the system and determine how well the RMMS improves the workflow in a road maintenance project. We will compare the service response time and the service quality with the existing practice. We will test the effectiveness and efficiency of the current urgency factors and requirements and try to figure out more precise formulae for urgency level calculation under various situations. Selection interviews with various RMMS users will be done for further evaluation and improvement.
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