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Abstract

Quick and efficient response to emergency is important for every city. This depends on the quality of the dispatch of emergency service to the scene and back to hospital or other governmental offices. To provide the path of the shortest traveling time is a difficult task, especially if there is traffic jam near the scene. In this paper, we formulate a conceptual model for the transport network and Emergency Route Advisory System (ERAS) implementation architecture handle the emergency response. The ERAS requires information integration from various governmental departments and public services through Web services, such as maintaining the databases of transportation information and traffic condition. Making use of such information, a challenge is to find a time-efficient or cost-effective path intelligently. Our ERAS interacts with the call centers of emergency service departments (such as the police, fire services, and ambulances) through alert mechanisms to integrate emergency processes. Through this complex case study, we demonstrate the effectiveness of the use of Web services and alerts in e-Government information and process integration.
Introduction

Many public organizations and governmental departments have developed and is offering a wide range of useful services and information over the Internet.  There are also increasing support of programmatic interfaces to these resources through Web services. Therefore, the advantages of Web services orchestration in e-Government processes integration and services come into perspective [16]
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[17].
Emergency service is an essential and important public service for every city and country as it protects the life of citizens. For example, the Hong Kong Fire Department received about 574,000 ambulance requests in 2004 [18]. However, in a metropolis such as Hong Kong, the traffic network is complicated. It is difficult to search for a path to the hospital manually. It is necessary to build up sophisticated knowledge about the traffic network before finding the shortest route for emergency. However, the shortest-distance route does not imply the shortest traveling time to the destination as there may be traffic congestion or traffic accident in the route. Therefore, traffic condition is also an important factor for finding an “effective” emergency routing. 

This paper studies the requirements and design of the Emergency Route Advisory System (ERAS) through information integration to help the emergency call centers better handle emergency services in Hong Kong. In Hong Kong, the public access the emergency service by dialing the emergency number 999. Calls are then taken by the police in the emergency call center. If ambulance service is requested, the call will be transferred to the Fire Services Communication Center, where call-takers will process the call. When a call is made about situations such as traffic accidents, ambulances will be requested by the call-takers at the emergency center when such casualties are anticipated. After receiving the venues of the accident, the call-takers will invoke the system by providing the venue location. The system will return the optimized path to the nearest hospital as a result. 
The ERAS finds an optimized path by considering the statistics of traffic condition and the location information. The system gathers information from two databases, one contains the traffic condition information and another contains the location and route information. The system then finds the path based on the route-based Dijkstra’s algorithm with the Knowledge Basket approach [1]. 
In this paper, we choose to study the case of ERAS because of its complexity and urgency requirements: it integrates information from disparate and heterogeneous sources for intelligent computations at the back-end while it also integrates with the processes of the emergency call centers at the front-end.  Further, we show how reuse of existing software design and components is possible with this approach. 
The rest of this paper is organized as follows. Section 2 introduces the background and the related work. Section 3 discusses an overview of the requirements for the ERAS. Section 4 presents a conceptual model for the alert and the transport network. Section 5 describes the system architecture of the system, highlighting the alert mechanism and Web services for the integration. Section 6 summarizes the paper with the advantage of our approach and our future work direction.
Background and Related Work
In Hong Kong, the road network is managed by the Transport Department. People can view the current traffic condition through the Internet as the department has installed surveillance closed circuit television systems at many coverage locations. By studying the video captured, traffic jam can be detected and statistical information will be stored into database.

The next step is to partition the area of a city into structure [2]. Liu has proposed a model for describing the road network information. In the paper, it takes Singapore as an example. In Hong Kong, there are already well-developed map that divided Hong Kong into different parts such as the Centamap [3]. By using such information, we can simply map a road network to a simple structure containing just roads and junctions. However, this approach cannot exactly locate an address easily on a map. Chiu et al [1] propose another network representation. It uses the public transportation route together with linkage to present the whole public transportation network. Dijkstra’s algorithm is a common solution for the salesman problem. Instead of using the Dijkstra’s algorithm, Chiu et al. [1] propose a route-based Dijkstra algorithm with a knowledge-basket approach to search for an optimized path. The route-based Dijkstra algorithm searches for a route instead of an edge in each round. 

Building an online traffic network monitoring system is also an interesting area for governments. In Taiwan, the government has proposed a project to integrate the public transportation with a traffic monitoring system [4]. By using the system, users can determine the route information. The Taiwan government is further interested in calculating the estimated time for each route [5]. 
For healthcare, Raghupathi and Tan [6] point out that information technology (IT) is very important and estimates the IT expenditure on healthcare in 2002 to be 21.6 billions in the United States. New healthcare applications supporting IT-based strategy are required for meeting competitive challenges. Ammenwerth et al. [7] also report that one of the major issues that mobile technologies can help in hospitals is communication and reachability management. Hripcsak et al. [8] preliminarily identify the need for event monitors, and describe some of the requirements of such monitors such as tracking medical events, looking for clinically important situations, and sending messages to the providers. Eisenstadt et al. [9] further categorize messages as alerts, results, and replies. The limitation of their approach is that they only focus on alerts that can be handled by 2-way pagers. Ride et al. [10] argue that the problem of figuring out to whom the message should be sent is a difficult one. They only suggested some ad hoc solutions, e.g., sending a message to whoever has recently examined the patient electronic record. This motivates us to conduct an in-depth study on alerts for further applications in these areas.
Another healthcare application example is the London Ambulance System [11] which aims at answering emergency calls by placing them in a queue. It contains four components: communication system, tracking system, database, and a map-based display interface. It still needs much manual interactions in using this system throughout the ambulance request. This project finally failed as the response time is too long for the ambulance call. The project brought out the importance of time management for healthcare systems, which we attempt to address with the alert mechanism [12, 13] in this paper.
Chiu et al. [12, 13] introduce an Alert Management System (AMS) which help administrators to manage urgent processes by setting different considerations like cost, waiting time, service time, etc. Alerts also help manage event handling, data integration, and process integration. Thus, an AMS is suitable for the call center application in this paper too.
Managing secure interactions over the Internet is an important issue. One method of protecting the SOAP message is to apply the IBM Web service security (WS-Security) [14] to the application. It aims at attaching the signature and encryption information together with the security tokens to SOAP message. WS-Security describes enhancements to SOAP messaging to provide quality of protection through message integrity, message confidentiality and single message authentication. Besides, WS-Security is designed to transmit security data from one application to another application in a SOAP header. Besides the above method, document security is another method to provide secured XML-based Web services for document dissemination.
In summary, there have been no researches on an intelligent integration of information from a variety sources into an emergency support application. This paper further investigates the applicability of alerts for handling information and process integration in public emergency services. 
Requirements Overview
The proposed system uses Web services as a platform for the process and information integration. Different stakeholders connect to the system through the Internet from different organizations and devices and their main interactions. Figure 1 summarized different stakeholders of the system. Their roles and requirements are as follows.
Ambulances – Ambulances receive requests from the call center and go to the venues. The ERAS provides the optimized path to hospitals and destinations (e.g., patients’ home or crime scenes) and the ambulances follow the ERAS instructions. Alerts are generated for each request so that the response time can be tracked. Also, the traffic condition along the route of each request can be saved in the database for analysis (by detecting the ambulance location and time) and as a reference for future requests. This helps detect even more useful traffic information such as traffic jams. By using the system, the ambulance attendants need not find the route themselves and they can focus on rescuing the patient.

[image: image1]Figure 1: Stakeholders of the Emergency Route Advisory System.

Police car – The police force also make use of the ERAS to find the shortest traveling time path to the venue. Also, police can help in keeping a selected path clear to ensure no traffic jam along the path in case of top emergency situations. 
Physicians – Physicians are sometimes required in an accident if there are many casualties. Physicians need good assistance in time and schedule management anywhere anytime. Physicians also need to know the patients’ location, symptom, and equipment required. Alerts are used as a communication channel between the call-takers and physicians for the route information. Also, alerts can help manage the finding of physicians to the venue [12, 13].
Patients and witnesses – Patients and witnesses are the initiators of calls. They initiate each of the emergency process by making a phone call to the emergency call centers. They need to specify the location information correctly to the call-taker to ensure a timely response. If there is a traffic accident or other casualties, the witness need to estimate the approximate number of casualties to the call-taker in order to send enough ambulances to the venue. In addition to phone, patients or witnesses may want to request emergency calls via the Internet or mobile devices. If a service is initiated through these channels, the location needs to be specified clearly to ensure a timely response.
Emergency call center – Costly manual procedures have many problems in providing quality services effectively and efficiently. Call center staff requires a lot of knowledge and experience in order to handle patients’ and witnesses’ calls correctly and timely. There is a strong need for further automating the workflow because of the ever increasing number of calls. Their knowledge and experience should be captured by the system. This is because the process is often urgent and error-prone, and there are many possible exception cases. The call center is the first agent for receiving the emergency call. It will forward the emergency call to the Fire Service Communication Center, hospitals, the police force, and other relevant parties where appropriate.
Fire Services Communication Center (FSCC) – Similar to the emergency call center, the FSCC provides a call center service for citizens. It helps to arrange ambulances for patients as well as fire services by invoking the system through Web services. It also makes use of the system information to analyze the performance of emergency call responses.
Transport Department – The Transport Department provides the most updated traffic condition to the system.  Information needs to be updated periodically to ensure an accurate database for analyzing the current traffic condition. Also the department reports traffic congestions to the system to keep the transportation statistics update.
Accident & Emergency (A&E) department – The A&E department of the hospitals receive alerts through Web services. The department then finds enough physicians and nurses for the patients. In other cases, the A&E department helps to gather the patient past medical record from the central database of the Hospital Authority. Hong Kong citizens are required by law to bear Hong Kong Identity (HKID) cards. The HKID number is unique for each citizen and thus can be used to identify the patients. Therefore, the Hospital Authority uses HKID numbers as the key to index the patient record database as well as the matching of the relevant medical practitioners. It also reports the availability of the hospital as a response to the alert.
Transportation companies – Hong Kong’s public transportation network comprises more than ten transportation companies including Mass Transit Railway (MTR) Corporation, Kowloon Cantoon Railway (KCR), Corporation, Kowloon Motor Bus (KMB), Citybus, and so on. These transportation companies provide the route information in their own websites. In addition, the delay of a vehicle from its expected arrival time to the next stop indicates poor traffic condition in between those particular two stops. Such information is forwarded to the ERAS for determining traffic jams. The second phase of the project will make use of the route information and software components from the ERAS to enhance the Route Advisory System (RAS) for civil use. Together with the traffic condition information, the RAS can provide the shortest estimated traveling time for users to find a route to their destinations. 
In summary, all stakeholders want their systems to be mutually interoperable, but in a secure, expandable, and timely manner. All stakeholders connect to the system through the Internet and get the response through the Internet. Such communications require an open platform through the Web services. In addition, the integration involves urgency management as it is related to the emergency requests. 
By analyzing the traffic condition and the location information, the ERAS can provide emergency vehicles with an efficient and effective path to the venue. As for deployment, the project is split into phases. The first phase is to establish an enhanced integrated call center to manage all the alerts for all emergency personnel with emergency route information. After getting used to the new arrangement, the second phase is to reuse the software components of the ERAS to enhance the current RAS for civil use (e.g., tourists).
Conceptual Model
In this section, we present two main adapted conceptual models: the alert model required for the system integration and the transport network model for the core logic of the ERAS.
1.1. Conceptual Model for Alert
Based on the requirements of different stakeholders, we enhance and adapt our earlier alert mechanism [12, 13] for the integration, as shown in Figure 2. When a workflow requires an external process request, the AMS creates an AMS task to monitor the enactment of the request. The AMS task can be a route task and emergency task. An emergency task is generated for emergency call request. Both a route alert and a hospital alert are generated for managing an emergency incident. For a route advising request, only a route task is generated with a route alert for monitoring the task.
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Figure 2: Conceptual Model for alert in ERAS.

A route alert is used to monitor a route finding process. It sends the source and destination information to the ERAS Web service to search for a shortest path. Besides the location information, a route alert also contains an urgency level attribute, specifying the urgency level of the alert.  The urgency level describes the level of emergency. Table 1 summarizes the three urgency levels with their description. An alert with an “Urgent” level has higher priority to use the system and one with a “Low” level has the lowest priority to use the system. The route alert ends by receiving a route response containing the optimized path information.
	Urgency Level
	Description

	Low
	General travel route information search.

	Normal
	FSCC call (e.g., patients’ request)

	Urgent
	emergency call center (e.g., traffic accident)


Table 1: Urgency level description
A hospital alert sends the information of the accident to a chosen (say, nearest) hospital including the number of casualties and their situation. A hospital response is returned with the information of the hospital. If the accident requires physicians to go to the venue, the response will include the basic information of the physicians as well. 
1.2. Conceptual Model for Transport Network
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Figure 3: Conceptual Model for Transportation Network in UML Class Diagram. 
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Figure 4: Road network example (a) and its representations (b,c).
By extending the conceptual model for the multi-model transportation network [1], Figure 3 shows the conceptual model for the transport network in Unified Model Language (UML) class diagram. A transport network consists of three types of elements: nodes, routes, and links.
A node represents a positional entity or places, such as junctions, places, and hospitals. Hospitals are added to the conceptual model as one of the main applications of the system is used to locate hospitals. Nodes are connected to one another with links. 
Links can be a pavement, road, tunnel, or bridge. Each link belongs to an area. If the area is monitored by a surveillance camera, the information is stored in the traffic information class. The information reports the current status of the link, which is used for the calculation of the estimate traveling time for the link. 
Routes are services provided by public transportation companies such as the bus companies. Price information and travel time information between adjacent nodes are stored inside each route.
Traffic Information stores the traffic condition statistics including the estimated traveling time within an area. The traffic information is provided by the Transport Department by analyzing the image captured from the surveillance video. Also, public transportation companies reports significant delays in vehicle arrival between two adjacent nodes in order to provide further information of traffic jams.
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Figure 4 shows an example of the road network and its representation. For the network example in Figure 4(a), it has two representations. Figure 4(b) illustrates the bus route information and Figure 4(c) illustrates the location information. For Figure 4(b), the fare and the estimated traveling time between stations is also stored in the database. In Figure 4(c), the hospital is connected to Road 3 and Road 5. The other links in the figure show the representation between roads through junction. The camera in Figure 4(a) represents the surveillance camera monitoring the junction of Road 2, 3, and 5. Therefore, the analysis from the image of the camera is associated with Road 2, 3, and 5. For Road 1, 4, and 5, no traffic information is stored.

2. System Design
In this section, we first present an overview our system architecture. We then explain the role of AMS in the integration. We also highlight the ERAS and RAS together with an overview of the intelligent route search. We highlight some security issues and show how the call center processes can be facilitated with alerts.
2.1. System Architecture
Figure 5 shows the deployment architecture of our complete plan. To integrate the Emergency Route Advisory System (ERAS) with the call centers, we use an Alert Management System (AMS). The byproduct of a Route Advisory System (RAS) for civil use will be integrated in the next phase. The ERAS and AMS are operated by using Web services through the Internet for connecting with other information sources, public organizations, and governmental departments. 
2.2. AMS Mechanism
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Figure 6: AMS mechanism.
The AMS receives and submits alerts [12]
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[13] as well as monitors them. Once the AMS receives an Incoming Alert, the Incoming Alert Monitor is responsible for receiving and queuing alerts and enacting the corresponding services. The Process Execution Module creates an Incoming Alert Response to a Web service and it triggers the appropriate alert handler in the application logic. 
The Outgoing Alert Monitor subsystem is responsible for creating and submitting the alert by sending request to the corresponding Web service provider. In our system, the route alert triggers a request to the route advisory Web service and the emergency alert triggers a request to the hospital Web service through the Internet.

Inside the Outgoing Alert Monitor, the Role Matching Module identifies which the service provider the newly created alert should be forwarded to. This module also checks the urgency level of the alert in order to make an appropriate decision. An alert with a higher urgency level requires a more stable and faster service provider regardless of the cost. The Service Provider Monitoring Module monitors the alerts and responses received. After receiving an alert, it logs the alert into the database and sends it to a suitable Web service provider. If no response is received beyond the deadline, it sends an alert to the administrator to handle this case.
2.3. ERAS Architecture

Initially, the ERAS is designed for the Fire Service Communication Center and the Emergency Call Center. These call centers are integrated to the ERAS with alerts via Web services. 

By analyzing the picture taken from the surveillance video using image processing techniques, traffic congestion can be detected. If there is a traffic accident, the Transport Department will also update the traffic information database immediately.
The ERAS also has a traffic condition knowledge base that stores the record of each route search result. This helps to estimate the time of the route based on past records. Traffic conditions forwarded from public transport companies are also stored here. Another database is the Log database, it stores the alert information created for each emergency call. The logged alerts are used for measuring the performance of the ambulance emergency call service.
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Figure 7: Typical life cycle of a route alert in UML 
activity diagram.
Figure 7 depicts a typical life cycle of a route alert in UML activity diagram. All alert processing and messaging for an alert is logged (“Log alert” node) for auditing purposes. The entire log is saved in the Log database. The alert then enters the “Locate patient/casualty venue position” node that maps the required position in the location database. After gathering the location information, it goes to the “Determine the nearest available ambulance” node that finds the optimized path between the source and destination location. The optimization process will be highlighted in the next section
. The “Send alert” node sends the alert to both the hospital and ambulance. 

The performance of the ambulance is checked by the “Check whether response time meet target” node. If the target is not met, the AMS generates a new alert to the administrator to notify this exception. 
2.4. Route Finding Algorithm

Like the RAS [1], the ERAS also use the route-based Dijkstra’s algorithm (RD-algorithm). However, in the ERAS, traveling time is used as the cost metric of each edge instead of the price information. The system uses the three heuristics: search limit, cost bound, and knowledge based finding. 

Search Area Limit – A common heuristic is to limit the area for route searching [2]. Especially in our emergency route search, the path should be a short path within a certain area. The dotted line box in Figure 4(a) demonstrates the search area limit for the route searching for the route to hospital from the venue in scenario shows in Figure 4(a).
Cost Bound – The algorithm sets a cost bound, in our system, the “cost metric” is the estimated traveling time. The algorithm starts with a small value and continuously increases during the searching process. If it is higher than an unacceptable value, for example 20 minutes, it will ignore this route. This is especially useful for our system as we can set the estimate traveling time around the traffic jam area to a large value. In this way, the algorithm can always avoid the route near the traffic jam areas.

Knowledge Based Finding – The knowledge basket proposed by Chiu et al. [1] stores the step by step node information to speed up the searching. In the ERAS, besides the node information, we also store the traffic congestion reports. In this way, the algorithm tries to avoid the roads that often have traffic jam so that the route found has a high confidence level in avoiding traffic jams. Also, it speeds up the searching algorithm by providing past records.
2.5. RAS Enhancements
The new ERAS can provide useful information to enhance Chiu’s multi-modal RAS [1] in the next phase of the project. The RAS uses search agents to find routes in the transportation network for users from the backend route database. Route information agents gather route information from public transportation companies’ Web sites and keep the route database up to date. 
The main enhancement of the original RAS algorithm is to add the traffic conditions for a more accurate estimation of the traveling time for civil use. Instead of sharing or physically replicating the database, we reuse the software modules from the ERAS and feed the traffic condition information directly from the Transport Department website. Thus, this will not affect the performance of the ERAS. The RAS can also serve as a backup system in case of disastrous break down of the ERAS.
2.6. Security
Security of emergency support is important as the privacy of the patient needs to be protected. Most importantly, if the alert is stopped by others illegally, it may cause loss of lives. As the process integration is performed through Web services, the security is an important issue during the information transmission. We apply the framework of Bhatti et al. [15]. The model has five primary elements: users, roles, permissions, operations, and objects. The authorization of the system is maintained by an XML policy base which consists of five different XML documents: XUS (XML User Sheet) specifies the user information including the role of the user. XRS (XML Role Sheet) specifies the description of a role including its duty. XPS (XML Permission Sheet) defines the permissions for a given system. XURM (XML User-to-Role Mapping) and XPRM (XML Permission-to-Role Mapping) are the documents containing the mapping between the users, permissions, and roles.

[image: image9]
Figure 8: User request under authorization policy system

Figure 8 depicts the steps involved in the authorization process for a user request in the form of an alert. After the user sends a request to the access control module containing the login information and requests, the module generates a set of authorizations based on the policy base. Data that can be accessed by the user is generated through the XML instance generator in step 3. The last two steps aim at presenting the data extracted to the user. 

The session management module monitors session activities. It continues capturing relevant and dynamic context information that updates user credentials which might affect future access control decision. Furthermore, current context information helps to handle the reconnection of the user to the system.
2.7. Process Integration and Example Scenario
The main process of the ERAS is described in this section. A patient or a witness calls the call center to seek for an ambulance service by phoning the Emergency Call Center. The operator then enters the request. With the support of an AMS, the process integration and management of the emergency call centers is much simplified, as depicted by Figure 9. Each call generates an alert with urgency according to the condition of the patient(s) for process integration and management, such as route searching, hospital communications, coordination with other departments, and so on. For example, the call center may forward the call to the FCSS depending on the accident nature. If it is a traffic accident, the call center directly initiates the ambulance request by finding the appropriate ambulance and hospital through alerts. 
First, an alert is forwarded to the Hospital Authority to gather the patients’ past medical records (normally identified with their HKID numbers) from the central database. The Hospital Authority also has information about the availability of the (nearest) hospitals. After choosing the hospital, this alert is further forwarded to request for the service of appropriate medical practitioners, passing the necessary urgency and service requirements. At the same time, the ERAS searches for the shortest traveling time route to the hospital and returns it to the ambulance. The ambulance can then send the patients to the hospital after receiving the routing information. So, the patients can receive appropriate medical treatment right after the ambulance sends the patients to the right hospital.
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Figure 9: Workflow of emergency call center in UML activity diagram.

3. Discussion and Summary 
The paper has presented a case study of e-Government integration for an Emergency Route Advisory System (ERAS) in Hong Kong.  In our case study, we show how to use the alert mechanism and Web service technology to integrate a wide variety of information from disparate and heterogeneous sources so that intelligent information processing and decision support could be facilitated in the ERAS. The ERAS further integrates with the call centers with the same Web services and alert platform. The Appendix summarizes the key Web services required to illustrate the simplicity and clarity of the integration. Based on the prototype and system design, we have discussed with the major system stakeholders. We explain the significance of the alert mechanism and how various contemporary technologies help.

The main motivation of the ERAS is to further improve the integration and automation of the current emergency call centers for the provision of quality services effectively and efficiently. This is because the processes involved are often urgent and error-prone and there are many possible exception cases, such as, failure of finding suitable personnel, absence and lateness of the emergency vehicles, etc. The root of such problems originates from the variety of parties and personnel to liaise with. Once committed to service a call, the call center has to satisfy their information need (particularly the route information and electronic patient records), together with the required process support. In particular, the AMS automates the required communications and integrates the processes in order to minimize the delay and costs involved in inefficient manual calls and retry calls [12]
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[13]. The AMS further keeps track of such alerts and therefore monitors the call center workflow processes, in order to make sure that the required services are provided on time, meeting the urgency requirements. Thus, this captures the knowledge and experiences of the call center staff and help them handle emergency calls correctly and timely. 
In particular, the service outcome is the primary concern. When there are suddenly too many calls, phones may not be able to get through. This is not only frustrating but may also cause addition risks to the patients’ health.  We propose alternate access to the call centers so that emergency calls can be entered through the Web via different (mobile) devices or with a traditional phone call to the call center. Patients with long-term sickness can also call via pre-programmed devices with a simple interface (such as just an electronic button). In addition, the ERAS also help find the nearest hospital for urgent cases. Accurate, complete, and timely information routing also helps the care outcome. The ERAS can forward the call, route, and traffic information directly to the emergency vehicles as well as the hospitals to minimize human intervention and therefore improves the accuracy and timeliness. Such automation and the possible governance provided through the ERAS and AMS help reinforce privacy and security, because the information is sent directly to the relevant personnel only.
With the increasing demand of ambulance service in Hong Kong but inadequate ambulances, our proposed ERAS is expected to be particularly useful. This is because ambulances sometimes need to serve across districts. Thus, a mechanism for searching the route with the shortest traveling time between the ambulance and the patient become more essential. Besides this, our proposed system also increases the efficiency of the ambulance call service and helps the tightly staffed emergency call centers through process automation.
Another important approach of our design is to reuse existing design and software as much as possible. The ERAS is enhanced from the RAS by considering the traffic condition of the town as well as the “estimated travel time” as “cost metric.” At the same time, the AMS is an existing prototype that is light-weight, highly coherent, and loosely coupled module for process integration under urgency constraints. Web Services technology provides the underlying open platform for all the above-mentioned integration work together seamlessly across organization boundaries. This greatly helps reduce the time and cost required for the development of the ERAS and the enhancements to the existing call centers. Further, the enhancement of the ERAS helps upgrade the existing RAS (which is for civil use) to provide a more accurate estimation of the travel time as well as avoidance of traffic jam. 
Our future work is mainly on the detailed performance evaluation of the system in order to determine how the ERAS algorithms will help the emergency services. We shall compare the service response time to the existing practice. Also, the effects of the tuning parameters inside the ERAS (e.g., the knowledge basket, area partition size, etc.) to search time and quality are also important to investigate. Using questionnaires, we also evaluate the satisfaction of various stakeholders in comparison with the existing services. We are also planning simulations for the scalability and robustness as our future work.
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Appendix – Summary of Key Web Services
1. Request from call-taker - to hospital

Aim: 
This Web service helps the call taker to prepare the hospital for the call.

Invoker: 
call-center call-taker

Receiver: Hospital Web service provider

	Input Parameters 

	Description

	Accident location information
	The accident address information for searching.

	Number of casualties
	The approximation of the number of casualties in the accident venue.

	Number of physicians 
	The number of physicians required in the accident venue. It could be zero if the accident is not so serious.

	Patient HKID
	If a patient calls the call, send also the HKID of the patient for searching the patient records. If it is a serious accident, this field will be null.


	Output Parameters

	Description

	Number of physicians found
	The number of physicians found for this call. It can be zero if it is not a serious accident.

	Name of physicians
	The name list of physicians and the total number of names is the number of physicians found. It will be null if the number of physicians found is zero.

	Estimate travel time 
	The estimate traveling time of each physician.

	Medical record summary
	The patient record summary if the call is made by a patient.

	Estimate arrival time

	The estimate traveling time of the ambulance to the accident venue.


2. Request from call-taker - to ERAS

Aim: 
This Web service helps to search for the optimal route for the ambulance to go to the accident venue.

Invoker:  
call-center call-taker

Receiver: ERAS Web service provider

	Input Parameters 

	Description

	Accident location information
	The address information for searching


	Output Parameters

	Description

	Hospital chosen
	Name and address of the hospital.

	Route information
	Route information of the route chosen by the system.

	Ambulance car number
	The car number of the ambulance that will arrive at the accident venue.

	Estimate arrival time

	The estimate traveling time of the ambulance to the accident venue.





3. Request from hospital to physicians
Aim:
This Web service helps the hospital to search physicians for the accident.

Invoker: 
Hospital Web service provider

Receiver: Physician
	Input Parameters 

	Description

	Accident location information
	The location of the accident.

	Number of casualties
	The approximation of the number of casualties in the accident venue.

	Ambulance car number
	The car number of the ambulance that will arrive at the accident venue.


	Output Parameters

	Description

	Reply Decision
	Decision of whether the physician will go to the venue.

	Estimate arrival time

	The estimate traveling time of the ambulance to the accident venue.


4. Updates from traffic department after analyzing the image

Invoker: Traffic department Web service provider

Receiver: ERAS Web service provider


	Input Parameters 

	Description

	Accident affected area
	The affected area of the traffic congestion.

	Estimate travel time
	The estimate travel time to across the road.

	Estimate recovery time
	The estimate time for the traffic condition become normal.
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Figure 5: Deployment diagram of the whole system.
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� Please refer to [1] for details as the theme of this paper is integration.
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