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Abstract

Emergency response scenarios are difficult set-ups to simulate as display technologies, environmental factors and physical locations vary widely from department to department. Real life emergencies also include access to and control of, a number of essential services to ensure a coordinated response and maximum effectiveness. Easy-to-use simulators with live TV feeds, multimedia and communications using the latest technologies, can be used to recreate scenarios to train a range of personnel from professionals to volunteers. Mobile, convergent communications technologies should also allow us to take command and control posts to the scene of the emergency. The Quick Response Vehicle (QRV) represents a prototype of how emergency response units of the future might operate. By utilising a mobile simulator, access to standardised training can also be provided for personnel at both central and regional locations. The QRV provides operators with opportunities to become familiar with their working environment so they are able to respond in a much more efficient manner during an emergency. It has been especially designed to be easily configurable to accommodate a variety of real-life scenarios and equipment used by different organisations. This paper discusses the current and future possibilities of how mobile simulators such as the QRV can be used as both training vehicles and in real life emergencies, future research and the challenges that still need to be overcome before such systems become commonplace.

.

1. Introduction

Emergency response teams currently grapple with two major issues, one operational and the other educational.  The operational issue is the capacity of the emergency team’s command and control centre to access relevant and up-to-date information, at the point of need during a crisis.  The educational issue is the availability of immersive training systems that use real data to create simulation environments that are consistent with the real life environment during an emergency situation.  Teams dealing with emergency situations often work under extreme conditions, in a very stressful environment that is the result of the ad hoc assembly of the command and control centre, usually within the vicinity of the emergency operation.  This command and control centre may or may not have the technological capacity and/or facility to generate real-time data that will assist the team to deal with the emergency at maximum efficiency, even though ICTs, mobile and satellite technologies now offer emergency teams communication and data retrieval opportunities that were unavailable in the past.  This paper discusses some innovative ideas and practices, issues and the further research required to take advantage of current and emerging technologies to better equip emergency response operations and to provide more relevant and immersive training.

1.1 Scenario

In January 2009, Perth experienced a number of fires close to the Central Business District (CBD).  These fires were lit by arsonists in the Kings Park area of Perth.  Kings Park is a large botanical garden (17 hectares), a public memorial site with developed parkland (37 hectares) and large areas of conserved natural bush land (346 hectares), that is located on a limestone escarpment overlooking the Perth CBD (Botanic Gardens & Parks Authority, 2008).  The limestone escarpment on the southern side of the park butts against Riverside Drive which is a major arterial road to the western suburbs and includes off ramps from the Kwinana Freeway.  Also located in this area along the foreshore are a major hospital, the University of WA and apartment buildings.  The escarpment is unstable and the park authority have placed fencing along Riverside Drive, as well as some wire meshing and native planting to stabilise the cliff face.  Perth’s largest hospital and housing are located on the western side of the park.  The major professional area of the CBD overlooks the northern side of the park with the State Parliament House located in the north east corner.  The eastern side overlooks the CBD and Swan River and is surrounded by apartment and office buildings.

The fires occurred on one of the hottest days in January with temperatures of over forty degrees Celsius.  Perth had experienced a particularly dry spring and the fires could easily have turned into a major disaster similar to the Canberra fires in 2003.  It is to the credit of the emergency response teams, the police and fire emergency service that the fires were contained and there was no loss of life or property.  Emergency teams pictured on television during the crisis were operating on the front lawn of a property located within the vicinity of the fire.  Control centre operators were using computers and mobile/satellite technologies to download data from an infrared camera located on a helicopter conducting surveillance of the fire fronts.  In this way they were able to direct fire fighters and water bombing planes where they would have maximum effect.  The operators were working out in the open under a piece of hastily erected shade cloth.  Police working in conjunction with the emergency response team were responsible for the evacuation of premises directly threatened by the fires, directing members of the public out of the park and organising traffic control away from the vicinity.  The fires occurred during the late afternoon period when there is maximum traffic flow.  

A major issue for teams dealing with an emergency such as the one described above, is that the teams cannot adequately control events during the emergency or during the aftermath due to a lack of coherent, relevant and up-to-date information.  Operations personnel have to work so much harder to ensure that all services, including human personnel, equipment and infrastructure, are coordinated and available during and until the emergency is declared over.  Teams also often operate under conditions that are not conducive to optimal decision-making.  The location of the command and control centre may also be crucial to the success of the operation and in a situation such as the Canberra fires, may easily come under threat.  Once the control centre is lost, so is all cooperation amongst the separate services attending the emergency.

While some fires are beyond control, such as the recent Victorian bush fires, the efficient mobilisation and coordination of a range of services and the collation of information from a range of sources may have made a difference to loss of life.  The coordination of such services/agencies/information such as the army, police, weather bureau, power and water grids, volunteer fire fighters, fire and emergency response groups, CCTV and Global Information Systems (GIS) may make a difference during extreme emergencies, but only if the information can be coordinated and disseminated rapidly during an emergency situation.  The Quick Response Vehicle (QRV) is a prototype that represents a practical answer to the operational issues that affect emergency response teams.  It also provides an excellent vehicle for the creation of immersive training simulations using real life data collected during an emergency.

2. the qrv – prototype

While the idea of a mobile control centre is not new and there are vehicles already in use, these are usually small, single-purpose vehicles that do not provide operators with information from the multiple data sources often required during an emergency situation. The Quick Response Vehicle or QRV, however, is different. Firstly, it is an integrated and independent mobile control centre that can access and deliver data from multiple sources using a range of high speed audio and visual formats. It has the facility to send and receive multi-channel communications, thus building in operational redundancy and ensuring robustness during an emergency.  Secondly, it is an Emergency Management Simulator (EMS) that can be used by a range of public and private agencies to train personnel using immersive, real life simulations that are relevant and meet specific training needs.  Thirdly, it is a mobile unit that can be moved to better coordinate services during an emergency.  Mobility also means the QRV can be deployed easily in suburban areas, as well as to rural and remote area locations such as mine sites and oil and gas plants where it can be used in an emergency as well as for immersive training using simulations of real life emergencies.  Thus the QRV is an easily deployable, multi-purpose vehicle that may be used operationally during emergency situations, as well as an educational tool to train personnel from multiple agencies.

2.1 Operations

The QRV is divided into three separate areas according to function, with a fourth outside area that can be quickly dismantled if the vehicle needs to move in a hurry. The three areas are Communications, Operations and the Interview room.  The fourth, outside area is available to waiting emergency response teams, or the general public.  The central area in the QRV is dedicated to Operations and is visible to Communications and the Interview room. Central to Operations is a power wall (4000 x 2000 pixels).  The power wall is a high resolution display unit that generates a range of information feeds such as CCTV feeds, video streaming and video collaboration for real time interaction with personnel from other information sources.  This allows personnel attending an emergency to feed information back to other specialists and receive return information in real time.  Thus command personnel in the QRV dealing with a crisis can be kept up-to-date by specialists such as at the Bureau of Meteorology during a fire; CCTV during a public disturbance or terrorist attack, or the traffic management centre during major traffic incidents. 

The Communications and Operations areas also contain shared desktops to enable flexibility so personnel can move between desks. These are interactive, multi-touch strategy desks, which enable easy interaction and use touch displays for operations. Rather than the operator having to learn how to use complex computer equipment, these visual touch screens mean operators with no specialist training can use the facilities in the QRV. Smart boards in the Operations area also allow for interactive planning with specialists via videoconferencing and personnel in the QRV. A major feature of the QRV is flexibility to cater for different personnel and different situations. Hence, laptop inputs and the arrangement of space in the QRV are also flexible to suit different numbers of personnel. Personnel in the QRV can conduct location walk throughs using 3D helmcams and 3D stereo visualisation technologies which provide image depth, an aspect that is particularly essential for bomb disposal units. The Communications area is designed to utilise multiple 3G mobile communication links such as satellite communications through AMCOM, traditional CB radio, helicopter links and infrared cameras. Communications also has the capability to link to remote databases and supercomputer centres for maximum processing power during an emergency.

The Interview area is a discrete, sound proofed area within the QTV where the incident commander can conduct meetings with personnel or interview suspects. It can be visible to the other areas in the QRV or private. The outside area is for catering and public information dissemination. It contains stackable tables and chairs and a large viewing screen that is easy to set up and dismantle. The QRV is equipped with its own on-board generators to ensure an uninterrupted power supply or it can be hooked into an external power source. Research indicates that environmental factors such as temperature, humidity, lighting, noise control and systems design all impact on the efficiency and quality of decision-making of emergency personnel who may be working in a crisis situation for long periods of time (Booth, & Pedley, 1999; Schmid, & Collis, 1999). The QRV aims to provide a controlled and comfortable environment to ensure decision-making is not influenced by stress that is a result of physical discomfort. It provides a temperature controlled environment where noise is kept to a minimum, lighting consistent and systems are ergonomically designed for maximum comfort.

2.2 Education and Training

The QRV also provides an ideal education and training environment for a range of emergency personnel.  Since flexibility and ease of use are major design considerations, the QRV can be operated and maintained by two fully trained driver/operators.  The rest of the emergency team may be recruited from a range of different agencies depending on need and the type of incident.  Therefore the technology in the QRV must be easy to use and flexible, especially for the incident commander who is making decisions based on information received.  Peak team performance during an emergency depends of two primary factors: the sharing of quality information supplied at the point of need and the development of shared mental models that accommodate both information availability and participants’ diverse backgrounds (Paton & Jackson, 2002).  While the QRV is essentially a mobile command and control centre that provides access to up-to-date information from a diverse range of specialist sources, it can also be used for training personnel from these specialist centres.  This training can take place at the information centre or via the mobile QRV, cutting costs and introducing a flexible training schedule.  

Since the QRV acts as a conduit for information transfer and sharing during an emergency, a record of the operations for any particular emergency can be stored for debriefing purposes at a later date and as real world data for the development of simulation exercises.  Simulations are recreations of real world systems which contain rules and strategies that allow the user to participate in a range of activities in a flexible and variable environment (de Freitas, 2006).  Using real world data means that the simulation can recreate a training environment that so closely resembles real life that trainees undergo all the physical and mental rigours they might be expected to face in a real world situation (Kimenkowski et al., 2009).  A lack of real-time data has meant that simulation training to support preparedness in emergency situations does not accurately reflect the uncertainties, complexities and complications that may occur during a real emergency (Campbell, et al., 2008). The capability to archive and record all events via the QRV during an event, not only provides a mechanism for comprehensive debriefing, but real life data to develop holistic simulations for preparedness and emergency support training. In this way, trainees are equipped with essential crisis management skills where the cost of pulling specialists from diverse agencies, distance and the risks to infrastructure are prohibitive.  The QRV not only acts as the vehicle for information management and the development of real world simulations, but it also provides a focus for both operations and training that is constant.  Hence, disaster management training sessions in the QRV using a cyclone disaster simulation may be conducted in the remote north of Western Australia with personnel from an oil and gas plant, working with local emergency operators and specialists from the power and water utilities and the weather bureau located in Perth.  Such training allows different personnel to develop skills using the equipment in the QRV and helps to build team mental models which will improve decision-making during a crisis. Costs are kept to a minimum as the QRV only requires two driver/operators.

3. back to the future – getting there

Command and control centres are used to respond to, monitor and conduct remote operations during crisis situations.  Since personnel operating the centre need to provide responsive, consistent operations at a high level, the robustness and resilience of the centre is crucial to optimum performance during an emergency situation. Systems that have built-in flexibility and adaptability and the capacity to retrieve information from a range of diverse sources will enable the incident commander and emergency personnel to make effective and efficient decisions during the crisis event.  Ease of use is crucial as volunteers must be able to use the command centre during an emergency when trained personnel may be unavailable.  The command centre must be designed to accommodate the systems, the environment and the human operators.  Flexibility; access to up-to-date, quality information; training and standardisation are the key to creating consistency which will help to build team mental models and avoid role conflict, which in turn will boost team operations.  The QRV represents a prototype that could be the answer to the creation of a range of effective emergency response options.  However, there is still a long way to go before it can become a reality.

Inter-agency collaboration and communication is a major barrier to the effective access of relevant information that is essential for optimum understanding of the complexities that may arise during an evolving emergency (Paton et al. 1999).  Closely connected to this issue is the level of security required to ensure that information being accessed during operations is not open to cyber terrorist attack.  Operators in the QRV will require access to information from multiple data sources such as energy, water and transportation grids; CCTV and human resources (defense, police, fire, ambulance, emergency services); and weather.  Information from these agencies may be sensitive and is usually prohibited and protected.  To ensure the delivery of effective emergency response planning and services, cooperation between different layers of Government and private agencies to create ad hoc networks that utilise existing networks and resources (Weiquan et al., 2007),. is a major problem that must be overcome.  Ensuring that Government agencies have consistent and standarised system-wide security in place for their networks is also a major issue (Pearson, 2005).  While access and information dissemination is monitored by personnel at specific agencies, security of data and the ad hoc network created during the emergency must be guaranteed.

Connectivity is another issue for emergency response teams, since the reliability and robustness of the highly mobile datalink technologies during an emergency are essential (Kopp, 2007).  Central to the design of the QRV is scalability, flexibility and ease of use.  The environment created must satisfy operational demands where everyone in the incident centre and external centres providing information receives the same picture.  Using both vertical and horizontal communications systems that provide access to the right mix of human specialists and quality information at the point of need requires the standardisation of procedures, modular design principles and interoperable systems across agencies that may be called upon during an emergency.  While artificial intelligence (AI) and mobile agents may be used to harvest information from diverse sources (Cerut, 2001) including the Internet, only relevant and quality information should be transferred to the QRV by specialists operating across a range of locations.  Collaboration is the key to the successful implementation of an effective command and control centre such as the QRV.  

Creating QRVs that can be discrete, operable units independent of other communications facilities which may go down during an emergency also requires further research.  The QRV must be capable of generating its own discrete and secure communications network, have immediate access to satellite technology, access to backup data sources if current sources are temporarily out of action, and be capable of tapping into the global network to access data if necessary.  To do this successfully requires a massive commitment by multiple agencies, both Government and private, working together for a common goal.  Education and training will also require cooperation between agencies, so the use of sensitive data from real-life emergencies can be used to create a portfolio of holistic simulations that will develop crisis management skills in personnel from a diverse range of disciplines and locations.

4. The Next Dimension

To enable this collaboration Jumbo Vision is currently building a research centre in Adelaide’s Technology Park complex. The Next Dimension will provide a central location for academics and industry stakeholders around Australia to participate in ongoing research into the design, development of integrated technologies and applications, and testing to further improve the QRV.  It will also be an educational centre for personnel from a range of different agencies and locations around Australia to provide training using relevant and immersive simulations constructed from real life data.  Jumbo Vision’s role is to provide academics, researchers and Government agencies with access to cutting edge technologies, designs and implementation processes necessary for the creation of complex communications and information systems that provide interactive solutions during an emergency. 

Features such as maximum modularity, flexibility, scalability, interoperability and ease of use are essential components of any QRV or allied command and control centre. Hence the Next Dimension building is also adaptable, with flexible spaces and multi-use areas.  It is designed to be a hub for applied communications research and security, simulation technology, education and training, and the development of emergency-based simulations. Agencies that will find it useful are the police, army, fire and emergency services, SAS, the bomb squad and Commonwealth agencies dealing terrorist planning and response. Industry stakeholders such as oil, gas and mining companies will also find the Next Dimension an excellent research facility. The Next Dimension building and philosophy is based on systems integration and the multimedia delivery of complex data flow that reflects real life scenarios including stress factors, in a safe environment. Thus the utilisation of high end communications technologies will mean that training and simulation exercises can be conducted from diverse locations, using the Next Dimension building as a command and control centre as would occur in a real emergency.  

While Jumbo Vision is able to provide the building and the systems integration expertise, the company needs research grants, researchers and specialist agencies to coordinate and provide ongoing research.  While the QRV prototype provides a solid foundation for building future directions and research, future applications are only limited by the imagination.  Police control and coordination of weekend public disturbances at known trouble spots; coordinating emergency and volunteer services during major fires; conducting remote control devices to disarm potential bombs and to move people during a terrorist attack, represent some possible applications for the QRV.  How much easier would it be if we had coordinated, collaborative response mechanisms in place to deal with emergency situations, based on clear planning and with trained personnel, both on location and offsite, who are provided with up-to-the-minute, relevant information at the point of need?  The QRV and the Next Dimension represent a starting point for this exciting journey.
5. conclusion

To create a QRV and an agenda that will address all the complexities introduced during real emergencies, collaborative research is required between academics, Government agencies, industry stakeholders and systems design and integration companies such as Jumbo Vision.  Researchers from a wide range of different disciplines including IT and AI, information security, mobile networking, engineering, education and training, global positioning and systems analysis; working in partnership with Government, public and volunteer organisations and systems integration designers and installers, represents a major hurdle to be overcome before the promise of the QRV can become reality.  Research opportunities to bring these disciplines together are now available if universities, Government agencies and industry stakeholders are prepared to collaborate.  The QRV is a glimpse of our future, but only if we are prepared to step in and become part of an exciting and innovative research team.
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