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Abstract
A pervasive information system for the Emergency Services is proposed: PESIS (Pervasive Emergency Services Information System).  The recent rise in attacks on the Emergency Services and the growing number of terrorist attacks have highlighted problems with communication between the services in times of disaster and whilst under attack.  PESIS is a solution to this problem, fused with a mobile information system, providing access to medical, criminal, property and vehicle records via WiFi.  PESIS facilitates RFID and GPS, with the latter used to locate nearest crews in times of emergency and RFID employed in conjunction with the proposed national ID cards (with embedded RFID tags), to retrieve information from the card possessor.  Ultimately, PESIS aims to carry the Emergency Services into a pervasive era.  Primary research revealed the requirements of the Emergency Services and a post-implementation evaluation provided feedback from the potential users based on the prototype developed.  The general consensus was that PESIS is a success and with further development, it would be a feasible option for the Emergency Services to employ.  In comparison to other similar systems, PESIS performs effectively and is currently the only integrated pervasive information system available for the Emergency Services.  
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1 
Introduction
In 1991 Mark Weiser made a miraculous prediction as to the path which computing would take in the next 20 years.  [Weiser, 1991] described the essence of Pervasive and Ubiquitous Computing by stating “the most profound technologies are those that disappear. They weave themselves into the fabric of everyday life until they are indistinguishable from it”.  The concept of Pervasive Computing (PerCom) is exactly this, as PerCom system users should not be subjected to technophobia in the sense that they are afraid to use pervasive technologies and revert back to existing technologies.  The number of people using PerCom devices is approaching one billion, and growing at a two-digit rate [Burkhardt et al., 2002].  The integration of a pervasive system into a work environment needs to be seamless in order to be successful and this involves improving the existing system, but also providing a pervasive environment in which to operate.  By reducing complexity and increasing usability in daily duties, no matter how geographically dispersed the users are, the possibility of the system being successful is increased and this is due to its pervasive nature.  
The recent surge in wireless communication has become an integral part of PerCom and wireless connectivity is an area which an integrated Emergency Services system would greatly benefit from.  Subsequently, allowing constant and rapid access to medical, criminal, property or vehicle information – a task which can often be tedious, inefficient, and time consuming when operating the existing system.  The Emergency Services currently operate on analogue radio systems, restricting each service’s interaction with each other, and although these are in the process of being upgraded to O2 Airwave - a national digital radio and communications system for the UK, costing £2.9 Billion [McCue, 2005] – is this really the right road to go down? It may have been more innovative and beneficial to implement a PerCom system instead.  A pervasive application is proposed, which integrates the information both Police and Ambulance crews require whilst in transit, as opposed to the digital radio and communication systems which each service is currently using or are in the process of transferring too.  Although the government has recognised the need for the Emergency Services to cooperate with each other in times of emergency, the technology must be in place to do this. The government have taken no risks with the new technology they are employing for each service, as it is the natural progression from the existing system, which might indicate that it will need to be upgraded in the near future.   The main focus here is an integrated Pervasive Emergency Services Information System (PESIS), which uses a combination of Personal Digital Assistants (PDAs), wireless connectivity/WiFi, GPS and RFID to retrieve the information required.  This type of system must be a serious consideration for the future, with the fast growing number of wireless cities in the UK and the greater efficiency offered through handheld real-time data.  The paper presents the background and relevant research conducted in this area.  A description of the design, theory and practical work follows in the third and fourth sections. A fifth section discusses evaluation, testing, and the implications of the research; the sixth section explains the relation to existing work in the area of interest.  Finally, conclusions and future recommendations are discussed.

2 
Background and Previous Work

A variety of new technologies are being developed and applied to the Emergency Services Industry, in an attempt to improve the existing systems and the technologies currently being used.  The most prominent of these new technologies being applied are: Radio Frequency Identification (RFID) [Bhuptani & Moradpour, 2005; Garfinkel & Rosenberg, 2005; Shepard, 2005], Global Positioning System (GPS) [Wright et al., 2003], and Wireless Fidelity (WiFi) [Davies et al., 2002].
2.1 
Emergency Services

The Emergency Services are vital in our everyday lives and a key goal for each of them is rapid response.  Currently, the Emergency Services are improving and becoming increasingly more efficient, but in light of the July 7th, 2005 bombings in London, communication between the Emergency Services leaves a lot to be desired.  All large scale disasters require the emergency services to work together in non-standard ways. The public should therefore be accustomed to the idea that emergency responders need to communicate with one another, wherever the emergency or disaster occurs [Pande, 2006].  The poor communication between services could boil down to the technology being used by the services.  Police crews are equipped with a large number of electronic devices, for example radar equipment, video equipment, sirens, emergency lights and radios; a vast number of devices, often challenging in time constraining situations. In the Project54 system these devices are connected to the in-car Intelligent Transportation Systems Data Bus (IDB) [Pelhe et al., 2004].  The fact that the technologies required by the Police crews are integrated into one system, not only makes it easier for the Police crews to operate but it also means that the other Emergency Services could adopt a similar system, allowing all the services to be integrated.  

2.1.1 
Existing Information Systems
The Police National Computer System was launched in 1974 and holds extensive data on criminals, vehicles and property.  At present all units in transit, must contact a Control Room to access the information stored via Airwave analogue radio technology, which can be time consuming, particularly in critical situations.  The current ambulance service system uses GPS for directions to the scene of an accident but provides no other form of vital information to the paramedics (i.e. medical records).  [Mackie & Sommerville, 2000] state that the Ambulance Service in the UK uses an on-board computer with Satellite Navigation which provides the paramedic crews with details of the job/call/emergency, such as: address, age and sex of patient, main complaint (e.g. difficulty in breathing) and description (e.g. asthma patient complaining of tightness to chest, inhalers not helping).  The primary research carried out on the Ambulance Service employees also indicated that paramedic crews carry a mobile phone which can be used to call control requesting assistance (e.g. police assistance, 2nd crew or language line).  Ambulance crews in Norfolk are among the first in the UK to start using electronic patient records, which will eventually become a national system, providing paramedics with patient information, such as medication and allergies [NHS, 2005].
2.2 
Pervasive Computing
Pervasive or Ubiquitous Computing is an environment inundated with computing and communication capability, yet so gracefully integrated with users that it becomes a ‘technology that disappears’.  With this and the previous sub-section in mind, there is obvious scope for a pervasive system to be included as part of an integrated Emergency Services system, focusing on the information which each service requires to assist them with their job.  However, PerCom devices (e.g. Wearable computers, PDA’s and Smart Phones) have certain serious downfalls in terms of reliability (i.e. limitations on memory usage and processor performance, as well as tight constraints on power consumption [Hansmann et al., 2003] and restricted screen space), which may affect the success of a PerCom system when implemented, particularly in a safety-critical environment.  Security is also a growing issue with PerCom devices and systems, due to their unfamiliar territory.  The current security issues are highlighted in Table 2.1 along with the measures which can be taken to resolve the concerns associated with PerCom.
	Security Issue
	Solution

	1. Password Theft
	1. Regular password change or use of biometric software for login

	2. Viruses and data corruption
	2. Anti-Virus Software

	3. Data theft through line sniffing
	3. Data encryption

	4. The of the pervasive device itself
	4. No data stored on the device, data accessed via WiFi

	5. Wireless vulnerabilities 
	5. Virtual Private Network (VPN) Client installed on the device 


Table 2.1. Security Problems and Solutions [Taylor, 2003]
Of the issues above, wireless vulnerabilities is arguably the most important aspect of security and VPN is a possible solution, yet unfortunately it has its own limitations (i.e. unauthorised access and information leakage) [Baukari & Aljane, 1996].  However, [Baukari & Aljane, 1996] stress the risk level is generally low, and no high-risk problems were discovered.  As long as the organisation using VPN is security conscious, the risk-level is minimal.
2.3 
Wireless Fidelity (WiFi)
WiFi is a term used for certain types of wireless local area networks (WLAN) that use specifications conforming to IEEE 802.11b or 802.11g.  WiFi is becoming increasingly more acceptable in many environments as an alternative to a wired LAN. Many airports, hotels, and other services offer public access to WiFi networks so people can log onto the Internet and receive emails on the move, from these hotspots.  The latest wireless phenomenon is wireless cities, where users have access to all of the facilities which they have at home or work, whilst mobile.  Future wireless networks will offer near-ubiquitous high-bandwidth communications to mobile users. In addition, the accurate position of users will be known, either through network services or via additional sensing devices such as GPS [Davies et al., 2002].  Therefore, in order for an application to be considered pervasive there is a strong reliance on allowing users to operate the application at all times, whilst on the move, and in many cases, WiFi permits mobile applications to operate as they usually would, without boundaries (e.g. wires).
2.3.1
Wireless Cities
Wireless Cities are being formed globally, in the same way the World Wide Web was first developed [Berners-Lee et al., 1994] (i.e. small networks joined together to create one large network).  New York City, USA has numerous wireless networks which wireless devices have access to [Vanderbilt, 2002].  These wireless cities are becoming widespread in the UK, and wireless applications for use on these wireless networks are also being developed.  In Lancaster, UK, GUIDE is a citywide wireless network based on 802.11, with a context-sensitive tour guide application with, crucially, significant content, and a set of supporting distributed systems services [Davies et al., 2002].  In Derry, NI, the Walled City to Wireless City Project is under construction, with an internal wireless network in the Derry City Council offices, the University of Ulster, Magee and NWIFHE Campuses already in place [walledcitytowirelesscity.net, 2006]. 
2.3.2
Wireless Connectivity
The standard communication protocol (TCP/IP) must be updated to cope with the needs of mobile devices.  Mobile IP is a proposed standard protocol that builds on the Internet Protocol by making mobility transparent to applications and higher level protocols like TCP [Perkins, 1998].  Mobile IP uses existing wired networks (see Figure 2.1a) and adapts their architecture to permit mobile devices to stay connected, whilst they are in transit (see Figure 2.1b).  This adaptation requires Foreign Networks, Foreign Agents (FA) and Mobile Nodes (MN), and when the existing network receives data for the MN, it forwards such data to the FA/foreign network which it is now connected to, and the FA then forwards the data to the MN.  In the case that the MN is sending data, then it sends to the IP address of the receiver as usual and the FA acts as a default router.
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2.4 
Radio Frequency Identification (RFID)
An RFID system detects and identifies a tagged object using the data it transmits. It essentially consists of three main components, the RFID tag or transponder, the RFID reader or interrogator and an application to process the results.  The basic premise of the system is that a tag containing a unique identifier is placed on an item that is to be tracked, then whenever that item passes within range of an RFID reader or interrogator, the reader sends out a radio signal prompting the tag to respond and make known its identification information.  The reader then passes this information on to the host application (usually a database) where the information can be processed.  A vast number of health care disciplines are already availing from RFID technology, in particular, patient care [Shepard, 2005]. An RFID bracelet cannot only uniquely identify a patient and their prescribed medication, it can also contain information such as blood type, allergies and medical insurance [Bhuptani & Moradpour, 2005]. Carrying this information personally, in the form of a smart card may be of critical benefit in accident and emergency situations [Garfinkel & Rosenberg, 2005].  
2.5 
Global Positioning System (GPS)
GPS is a navigational positioning system that can identify your location anywhere on earth, typically within a few metres. GPS uses a constellation of 24 satellites in predetermined orbits roughly 20,000 kilometres over the earth completing one orbit every 12 hours.  The GPS satellites continuously broadcast digital radio signals that include information on the satellites position and the precise time to the earth-bound receivers.  Based on this information the receivers are aware of how long it takes the signal to reach the receiver on earth.  Each signal travels at the speed of light, and the longer it takes the receiver to get the signal, the farther away the satellite is. By knowing how far away a satellite is, the receiver knows that the satellite is positioned in the centre of an imaginary sphere.  By using three satellites, GPS can calculate the longitude and latitude of the receiver based on where the three spheres intersect.  GPS can also determine altitude by using four satellites. GPS operates 24 hours a day, in all weather conditions, and can be used globally for accurate navigation on land, on water and even in the air.  
GPS monitors the movement of people, objects and devices [Smith et al., 2004] and is now being incorporated into the emergency services, as they use GPS receivers to determine the police car, fire engine or ambulance nearest to an emergency, in order to provide the quickest response possible in life-or-death circumstances.  Tracking is also used in the fishing industry, to assist fishermen in their catch-success.  GPS is also widely used to track fleet vehicles, public transportation systems, delivery trucks and other courier services use receivers to monitor their locations at all times for both efficiency and driver safety [Wright et al., 2003].   

2.6 
Legal and Ethical Issues

There are legal and ethical issues associated with any system which stores confidential data, and these issues arise because Legal Acts (e.g. Data Protection Act 1998) dictate who is permitted to view and use confidential data.  This is particularly the case with the public’s medical, criminal, property and vehicle records.  In the past much controversy has been caused by attempts to integrate the emergency services’ system and the UK government are in the process of upgrading each service’s equipment so that they are all operating with the same technology [McCue, 2005].  The possible problem with integrating the Emergency Services’ mobile system is to do with restricting who can view what data, as confidential data should not be viewed by people who may use it for unethical conduct, even if they work for one of the emergency services.  The Data Protection Act 1998 states that sensitive personal information can be viewed if there is a “need to process information in order to protect the vital interests of the individual or another person”.  Therefore, this permits paramedics – only - to view patient data and police officers – only – to view criminal, property and vehicle records.  The NHS is currently in the process of implementing an electronic records system which paramedics can use to access basic patient information (i.e. medication, allergies), this system is being piloted in Norfolk, England and will eventually become a national system [NHS, 2005].  With this in mind and the government’s plans to upgrade all emergency services to the same technology, there is clear scope for a fully-integrated Emergency Services Information System, which is pervasive in nature.  
2.7
National Identification Cards
Identity (ID) cards connected with large-scale databases are a key item for political debate in the twenty-first century. An increasing number of countries have begun to use, or are considering national ID card systems. The attack on the USA on September 11, 2001 has prompted more to draw up such plans, for example the UK and Canada [Lyon, 2004].  The UK is set to introduce National Identification cards by 2008, with the possibility of these becoming compulsory by 2011 or 2012 [Guizzo, 2006; Dettmer, 2004].  Although these ID cards are intended to combat fraud and terrorism, they also present opportunities for the Emergency Services to exploit.  These National ID cards provide each citizen with a unique identification number and this could then be used to provide the Emergency Services with information on the individual, through the use of RFID tags embedded in the ID card [Stanford, 2003], as when a tag is interrogated, the data from its memory is retrieved and transmitted [Bhuptani & Moradpour, 2005].
3 
Design of PESIS
A detailed approach to the design of a software system is imperative if it is to be successful.  PESIS was rigorously designed and this section comprises the: design methodology used; architecture of PESIS; Graphical User Interface (GUI) design and the database design.
3.1 
Design Methodology
PESIS was designed and implemented using an Iterative and Incremental Development design methodology [Martin, 1999; Pressman, 2000].  With the incremental approach, the basic requirements of the system are addressed during the first increment (i.e. analysis, design, coding and testing).  At the end of the first increment, the basic emergency services system is complete, and time will be taken to review it in order to identify further improvements for the next increment. The process is then repeated until a final system is produced that satisfies the user’s requirements.
3.1.1
Analysis

Analysis is an important aspect of any software project, as it identifies what is required by the potential users of the proposed system and it also goes some way to ensuring that the application is a success in its chosen field.  The analysis of PESIS was carried out using primary and secondary research, the latter carried out first in order to identify existing applications and developments in the field of interest.  The secondary research produced interesting results; it presented a niche market and scope for an information system targeted at the emergency services.  Previously, in New Hampshire, USA, a police information system was implemented successfully – Project54 [Pelhe et al., 2004] and the NHS in the UK are currently in the process of developing an information system for paramedics to utilise at the scene of an accident [NHS, 2005].  The secondary research also highlighted a potential crisis within the UK and NI in particular, regarding the recent surge in attacks on the emergency services [BBC, 2006].  With this in mind, the need for an integrated emergency services information system is essential.  
The primary research was conducted using interviews and questionnaires, whereby both local police officers and paramedics were interviewed to obtain the relevant information.  Questionnaires were also completed by those more geographically dispersed ambulance personnel.  This research highlighted: inefficiency in the existing systems (e.g. technical failure due to atmospheric issues, equipment incompatibility and equipment malfunction); compatibility amongst the Emergency Services; the requirements for the new system; a broad spectrum of information which the system should provide and the database should contain.
3.2
PESIS Architecture

Using the results of the analysis, the PESIS system could be designed.  Figure 3.1 illustrates the PESIS architecture, which has been designed to permit Ambulance crews to arrive at an accident and use their RFID- and GPS-enabled mobile device (e.g. PDA) to scan the victim in order to retrieve encrypted medical history. This information is complimented with centrally stored medical data (e.g. NHS databases), accessed via a wireless network (e.g. GSM/GPRS/UMTS/WiFi). As a consequence, ambulance crews have immediate access to vital medical statistics, enabling them to treat the patient in the most effective manner.  
Police officers can operate the system also, but their connectivity is via a wireless connection to a central database containing police records (PNCS) on vehicles, criminals and property.  When a police officer pulls a car over, instead of having to radio into headquarters for information on the vehicle, they can enter search criteria and retrieve information from the central database on the vehicle and its owner.  PESIS also facilitates the requesting of backup by each service (e.g. paramedics can request backup from police or vice versa) in times of emergency.  
UML 2.0 was used in conjunction with the architecture diagram (Figure 3.1) to design PESIS and ensure that the system meets the requirements of the user’s and to guarantee that the required functionality and interactivity within the system is established.  Using Rational Rose, use-case, activity, communication, state-machine and sequence diagrams were created for PESIS.
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Figure 3.1. PESIS Architecture
3.3
GUI Design

The PESIS Graphical User Interface (GUI) was designed in MS Visual Studio in accordance with the HCI Guidelines [Preece, 1994; Sommerville, 2001] and the golden rules of user interface design [Shneiderman, 1998].  The interface is designed and structured consistently throughout in terms of the layout, clarity, colours, font, terminology, feedback and the flow of control.  Due to the limited screen space on pervasive devices, the interface has been kept as minimalist as possible to ensure that the functionality of the system is clear and that memory is not distributed unnecessarily (i.e. unnecessary graphical content).  The HCI guidelines and the golden rules of UI design are a valuable asset, as closely following and adhering to them whilst designing the PESIS GUI enabled a more user-friendly interface to be produced, which remains consistent on all platforms, environments or screen sizes the application is to operate on.  Figure 4.1 illustrates the simplicity of the PESIS interface and its clarity in terms of usability.  Multiple searches are made available to prevent user operation being restricted.  Due to the limited textual input available on PDA’s it is necessary that the amount of input from the user is kept to a minimum and the system automates much of the required operation, which prevents unnecessary errors and in the event of an error, informative feedback is provided to the user in a non-jargon format.  Five tabs along the bottom of the GUI were influential to utilising the limited screen space and permitting access to five different information areas within one form, all easily accessible through the single touch of a stylus.  Pop-up menus are also provided, thereby preventing over use of buttons and saving screen space, as most users will have experience with MS Windows and these menus are commonly featured within the Operating System.
3.4
Database Design

The relationships between data within PESIS were modelled in an RDBMS, in order to identify how and where the data should be stored.  An ERD/Class Diagram for PESIS was then modelled to identify associations between each entity/class and to assist the development of the XML Schema, which provides the structure and data types to be stored within the PESIS back-end database.  The XML data was then created based upon this schema. Therefore, PESIS was designed using XML to store and retrieve the required data locally on the PDA device, with a view to extending this in the future to allow remote access to a fully-integrated central database for the Emergency Services, using the ERD/Class diagram to model the database.  
4 
Implementation

The PESIS prototype was designed and developed in Microsoft Visual Studio .NET 2003 with Visual Basic .NET and XML the core development languages.  In order to develop PESIS for pervasive devices the .NET Compact Framework was used, which is basically a condensed version of the .NET Framework, used when developing applications for the desktop.  Due to the sensitivity of the application – in terms of ethics (e.g. police officers should not be allowed to view patient’s medical history) – it was important to allocate different access rights to each type of user, which ultimately defined what they could and could not view/do.  PESIS was implemented with three explicit types of user in mind: (1) Paramedics; (2) Police Officers; (3) Administration staff.  Aspects of the existing Ambulance services mobile system have been integrated with PESIS, as it allows the existing despatch system to be performed by the Admin users, but PESIS provides additional functionality in that it allows Admin users to locate the nearest paramedic crew to the emergency location via the GPS simulator within PESIS.  The Admin user then sends the information to that paramedic crew, who can then use their on-board GPS system to obtain directions to the emergency location (as they presently do).  Once the paramedics reach the emergency, PESIS can then be used to ascertain a brief medical history, medication and allergies for the injured party, via any of the three different search facilities: (1) National ID Number (contained on new National ID Cards); (2) Name; (3) Car Registration Number (if unconscious but involved in a car accident).  The first type of search could be further developed to permit the use of RFID (as this is currently simulated through a numeric search facility (see figure 4.1c)), whereby the paramedics could scan the injured person and retrieve their National ID Number from an RFID tag embedded in the National ID Card they possess.  PESIS also focuses on providing valuable information for the Police Service users, as it supplies information on criminals, vehicles and property (using any of the three search facilities above), which the existing Police National Computer System consists of.  
Whilst PESIS is mainly an information system for the emergency services, it does however contain other beneficial aspects.  In light of the recent increase in attacks on the Emergency Services, PESIS provides a ‘request backup’ feature which permits Police users to contact Ambulance users and vice versa, in the event of an attack or dangerous situation.  This is a problematic issue which the current Emergency Services’ systems do not catered for and it is an aspect which is required increasingly more, due to terrorist attacks and attacks on the crews themselves. Wireless cities are proving to be important in these types of mobile system, as they present obvious opportunities for interaction amongst devices running the same application – the walled to wireless city project in Derry, NI is a project where PESIS could be piloted.  The fusion of PESIS with a wireless city will only serve to increase its significance and value to the Emergency Services, due to the enhanced connectivity and vast knowledge base it provides.  PESIS is a complete information system for the Emergency Services, which incorporates aspects of the existing systems being used by each service and builds on these through the complete integration of the services into one mobile system, which is more efficient, beneficial and informative to the users.  Although much of PESIS is static, locally stored information (XML database), a broad spectrum of data can be accessed (see Figure 4.1) wirelessly in a user-friendly, proficient and professional manor, which ultimately benefits both the Emergency Services and the public in general, as it aids better medical treatment and assists the abolition of criminal activity.  
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Figure 4.1: a) GPS Simulator, b) Emergency Details, c) Search, d) Medical/Criminal Details, e) Locate Crew
5 
Evaluation and Testing
Three types of testing were conducted sequentially: defect testing; integration testing and system testing.  Defect testing is concerned with making the system perform incorrectly and therefore exposing defects.  Integration Testing takes place once the individual program components have been tested, ensuring that these components integrate successful with the rest of the system.  System testing then proved that PESIS works as specified and intended.  This thorough testing strategy enabled the developer to validate, integrate and completely debug the PESIS prototype, ensuring that no errors would be encountered by the potential end-users.  To further test and also evaluate PESIS, usability testing forms were completed by two paramedics, two police officers and a colleague, requiring them to complete selected tasks within PESIS.  Figure 5.1 illustrates a selection of the feedback ascertained from these five potential end-users in terms of usability, their views on the system and whether or not they feel PESIS is a success and has the potential to be fully-implemented for the Emergency Services.
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Figure 5.1: a) Search, b) View Medical Records, c) Locate nearest crew and request backup, d) Access GPS 
The results in Figure 5.1 exemplify that the majority of feedback was positive and any negative comments were suggestions for possible further developments to PESIS, in order to create an effective integrated information system which provides all of the functionality required by the potential users.  Any suggestions have been incorporated and where possible changes were made to PESIS to cater for the needs of the potential users.  The introduction of PESIS to the Emergency Services could be beneficial and of significant consequence, due to its mobility, interactivity, ‘always-on’ nature and the critical information it provides.     
6 
Relation to other work

The healthcare industry is set to change dramatically over the next few years, due to the increasing demand for quality healthcare in the face of diminishing resources [Garfinkel & Rosenberg, 2005].  The introduction of RFID applications in Healthcare is a certainty, as it is already being applied in numerous healthcare domains (e.g. the hospital, home healthcare for the elderly and patient care).  The use of RFID required by PESIS is already under deliberation, as being able to carry medical details is considered by many as critical in accident and emergency situations [Bhuptani & Moradpour, 2005; Garfinkel & Rosenberg, 2005].  
In addition to these RFID applications, there are other systems being used by the Emergency Services globally.  Table 6.1 provides a complete comparison of the techniques and technologies being used in the healthcare industry at present, with PESIS included in this comparison.  EMERGENCY is an SMS system employed by the Police Service Northern Ireland, to allow the deaf and speech impaired to be able to contact the Emergency Services in an emergency.  Mentor with RescueNet despatch software is a system employed by Queensland Ambulance Service, Australia.  Mentor uses Mobile Data Computers (MDCs) equipped with GPS/AVL receivers, to despatch paramedic crews to emergencies via GPS guidance.  This is similar to the O2 Airwave system used by Ambulance crews in the UK.  O2 Airwave is the new national digital radio and communications system for the UK ambulance service.  Such system has already been implemented in Hereford, Worcester and Merseyside and the Government plans to create a single digital communications network for emergency services in the event of a disaster [McCue, 2005].  A Satellite Tracking System and email based messaging service is installed in each ambulance, which enables control centre staff to locate an ambulance before sending emergency details to its on-board computer.  The on-board computer then processes the emergency details and provides the quickest route to the accident. Project54 is a mobile computing system used by Police in the USA, its main focus is on integrating all of the equipment carried by police cruisers into one intelligent interface for the police officers to interact with.  
ASTA Skywire is a company producing wireless applications, with two of its applications targeted at the Police service and the Ambulance service. ASTA is the most closely related system to PESIS, in that it targets both the Police and Ambulance Services with a WiFi enabled pervasive application for the PDA.  However, ASTA differs from PESIS in that patient data is collected on handhelds at the accident and this data is transferred wirelessly to the on-board computer which in turn is sent wirelessly to the destination treatment facility.  ASTA provides invaluable diagnostic and preparation time, but it does not provide patient information, which can be critical in life or death situations.  In addition, ASTA provides two separate solutions for the Emergency Services, with the Police service being able to query records and files.  Police officers can also record crime scene data, note investigation details and record routine patrol check points at the point in time, transmitting the data wirelessly to a central data store.  This again differs from PESIS as ASTA offers data entry facilities.  Overall ASTA and PESIS are very similar, but there is one underlying difference between the systems, the fact that PESIS is an integrated information system and ASTA is two separate applications for the Emergency Services.  The aforementioned difference is also apparent in all of the systems shown in Table 6.1, as none of these provide integrated services.  Again, the ability to contact each other is a growing requirement for the Emergency Services in this modern age.   
	System
	Emergency Service
	Information System
	Device
	Technology

	
	Police
	Ambulance
	Fire
	
	PDA
	Phone
	Onboard Computer
	RFID
	GPS
	SMS
	WiFi
	Radio

	EMERGENCY
	X
	
	
	
	
	
	
	
	
	X
	
	

	Mentor with RescueNet
	
	X
	
	
	
	
	X
	
	X
	
	X
	

	O2 Airwave
	
	X
	
	X
	
	
	X
	
	X
	
	
	X

	Project54
	X
	
	
	X
	
	
	X
	
	
	
	X
	X

	ASTA Skywire
	X
	X
	
	X
	X
	
	X
	
	
	
	X
	

	PESIS
	X
	X
	
	X
	X
	
	X
	X
	X
	
	X
	


Table 6.1. Comparison of Emergency Service Systems

7 
Conclusion and Future Work

PESIS is a pervasive information system, which avails of a number of state-of-the-art technologies: WiFi, GPS and RFID.  The Emergency Services would undoubtedly benefit from both the integrated aspects of such a system and also the pervasive aspects, as both will greatly assist them in their job.  Having completed and tested and evaluated the PESIS prototype with members of each Emergency Service, it is possible to conclude that PESIS is a viable and feasible prototype pervasive application, which with some further development could actually be implemented for the Emergency Services, as a replacement for their existing analogue radio system, which is dated, time-consuming and frequently unreliable.  The success of PESIS relies upon a wireless city to provide an ‘always-on’ information source which the Emergency Services can access through their wireless, pervasive device, with the assistance of PESIS.  As a result, Emergency Services have fast, efficient and direct access to medical, criminal, property and vehicle records, which enables them to perform their job more efficiently and helps them provide the general public with a better all-round service.  
Although PESIS is by no means a definitive pervasive emergency services solution, it does serve as a useful prototype to build on.  Healthcare is such a vast area for research and to fully implement PESIS would require further development, which is beyond the scope of this project.  One major area for future work is the integration of each Emergency Services database into one central data store, which can be accessed remotely.  The RFID aspect of PESIS also requires further development and depends on the introduction of national ID cards, which contain RFID tags for the PESIS users to retrieve data from. In order to further test the effectiveness and efficiency of PESIS, it could be deployed alongside the Emergency Service’s existing radio system to provide a comparison and potentially confirm its superiority.  There are many technological advancements which could be made to PESIS (e.g. biometric login and full GPS amalgamation), due to its pervasive nature and there is scope for PESIS to be developed further on a National or even International scale, with the fire service, coastguard and mountain rescue incorporated.  However, PESIS is an approach, which sets a benchmark for future development of pervasive applications targeted towards the Healthcare Industry and the Emergency Services in particular.
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Figure 2.1a. Example Network





Figure 2.1b. Data Transfer to the Mobile System
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