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1. Summary of the impact

Birkbeck researchers Roussos, Poulton and Weston worked with the London Ambulance
Service (LAS) to create software developed using a novel data-driven model, which predicts
ambulance response times within the LAS area of responsibility with 80% greater accuracy
than was previously possible. Specifically, the Birkbeck model was incorporated into two new
software tools: (i) Geotracker, a visualization tool which gives ambulance shift leaders an
overview of their capacity to respond to incidents within the mandated time; and (ii) the QUEST
simulator that helps assess the impact of strategy changes on the performance of the service
and in particular on incident response times. Geotracker and QUEST have enabled LAS to
deploy its ambulances more effectively and, as a result, to save more Londoners’ lives.

2. Underpinning research

The speed with which emergency medical services arrive following a life-threatening incident
is a critical factor in patient survival rates and is, consequently, a key performance indicator
against which ambulance services are assessed in the UK and internationally. Notably, the
Handbook to the NHS Constitution mandates that all ambulance trusts must respond to
Category 1 calls (that is, calls classified as life-threatening and needing immediate intervention
and/or resuscitation) within 7 minutes on average and to 90% of these calls within 15 minutes.
Research in urban analytics has been underway at Birkbeck’'s department of Computer
Science and Information Systems since 2005, extending earlier work on data-driven algorithms
for the analysis of consumer navigation patterns in retail [1]. Our contributions [2, 3, 5] include
methods and techniques for the analysis of personal mobility patterns, for landmark
identification and itinerary personalization, and for the exploration of the relationships between
personal motivations and patterns of urban navigation.

In 2010, research student Marcus Poulton joined the department, bringing a detailed
knowledge of the London Ambulance Service (LAS) information systems and a desire to apply
modern data-driven techniques to improve the efficiency of emergency response. Marcus was
attracted by the department’s expertise in urban navigation analytics (as detailed above), and
his arrival precipitated the development of a programme of research focussing specifically on
the problem of improving the efficiency of ambulance emergency response. In particular, the
Birkbeck team, led by Roussos, identified the analysis of mobility patterns as the key element
in predicting ambulance travel times.

Between 2010 and 2013, Roussos and Poulton investigated methods for the identification of
gaps within the LAS area of responsibility: that is, regions where under certain circumstances
LAS ambulances would be unable to reach the location of an emergency incident within the
mandated timeframe. This problem was addressed by developing algorithms incorporating
route selection and arrival time prediction techniques that could be applied to estimate
operational coverage reflecting the specifics of a particular configuration of ambulance
resources [4]. These techniques were developed using a data-driven approach whereby
historical incident and ambulance tracking data were employed to build dynamic predictive
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models. Moreover, the approach is adaptive to changing traffic conditions depending on the
time of the week, and it facilitated the development of a new method for resource relocation
that significantly improved area coverage [4].

Between 2014 and 2018, Roussos, Poulton and Weston extended the work presented in [4]
to account for the interplay between strategy and tactics so as to improve the ability of LAS to
cover its full area of responsibility more efficiently. Specifically, working on a road network
graph representation that was modified to reflect the differences between emergency and
regular vehicle traffic (a key innovation over previous predictive models based on patterns of
civilian traffic), they developed a methodology for precisely matching low-frequency and often
erroneous GPS coordinates emitted by ambulances to the road segments travelled. This
approach permits reconstruction of complete ambulance tracks in detail and gives an accurate
characterization of how long a particular road segment takes to traverse under specific traffic
conditions at a particular time during the week. This novel methodology for improving the
quality of the data employed to build their models provides one of the key ingredients for the
development of methods that can be used to calculate significantly more precise estimates of
future travel times for different types of ambulatory response vehicles.

Further, from this foundation Roussos, Poulton and Weston introduced the novel hybrid multi-
dimensional model presented in [6], which can precisely predict the actual route taken by an
ambulance travelling under blue lights and sirens, while minimizing the journey duration
estimate error. This was accomplished by combining a method which correctly predicted
routes selected by LAS’s ambulance navigation system in current use, and the Birkbeck
team’s best-performing speed estimation method selected from several alternatives presented
also in [6]. Assisted by Noulas of the New York University Data Science Institute, the Birkbeck
team conducted experiments demonstrating that this model significantly outperforms
alternative mobility models in its ability to predict the time taken by an ambulance to travel
from its point of departure to its destination [6]. This finding also suggests that an operational
navigation system for LAS tailored specifically to ambulance mobility and the traffic patterns
of London would offer substantial operational improvements. The model described in [6]
provides the computational basis underpinning the development of the two software systems
developed with LAS, namely Geotracker and QUEST described in Section 4 below.
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4. Details of the impact

Birkbeck’s novel hybrid model for metropolitan-scale ambulance route selection provides the
computational basis of Geotracker and QUEST, two bespoke software tools used
operationally on a daily basis by the London Ambulance Service. The improved accuracy in
route planning and optimization offered by this software is especially critical for LAS as it is
the busiest ambulance service nationally, having responsibility for an area with the highest
population density in the UK. Capitalizing on the ability of the Birkbeck model to predict more
precisely the time required for an ambulance to reach a particular incident, the software has
helped improve the accuracy of service area coverage, the efficiency of resource deployment
strategies, and the ease with which this information can be accessed and interpreted. This
enables LAS staff to make informed and effective decisions more quickly, furthering the
Service’s lifesaving mission. Ambulance control room shift supervisors rely on the predictions
of the software to make rapid decisions about how best to deploy their fleet. The Assistant
Director of Information Management and Technology at the LAS states that “The work from
Birkbeck has changed the way we map and deploy ambulances for the better, and that means
helping to save lives. | can’t think of a more important application of research than that.” [B]

The two software tools developed in collaboration with Birkbeck have assisted LAS to achieve
shorter response times, thus addressing a well-established clinical finding of critical
importance for the survival of individuals involved in high-severity emergency incidents [F]. In
the UK, ambulance services operating under the National Health Service treat approximately
30,000 Category 1 out-of-hospital cardiac arrest patients every year [G] with a survival rate of
approximately 9% for those reaching hospital discharge [H]. Short ambulance response times
are a key factor in attaining improved clinical outcomes because longer delays between
collapse and the commencement of emergency life support result in significantly reduced
survival rates [l]. After 10 minutes, very few patients survive [J]. Achieving this level of
performance is particularly difficult in London: the LAS attends to over 3,000 emergency
incidents every day, making it the busiest service in the country. It does so across a region
with the highest population density in the United Kingdom: 8,770,000 people inhabiting an
area of approximately 1,572 km?. This population distribution is associated not only with a high
number of medical emergencies but also with traffic congestion that presents particular
challenges to rapid ambulance movement across the city.

Roussos, Poulton and Weston worked with LAS to address this problem, using historical
incident and response performance data maintained by the Service. They employed a data-
driven methodology to adaptively reconstruct ambulance mobility patterns across the city
which they encapsulated in a hybrid model for route prediction [6]. This model also
incorporates a bespoke road map of London derived from Ordnance Survey data and tailored
specifically to emergency vehicle traffic travelling under blue lights and sirens. In particular,
the map reflects the fact that ambulances can take routes that civilian vehicles cannot; for
example, they can make right-hand turns where civilian traffic is forbidden from doing so. The
model developed by Roussos, Poulton, Weston, and validated with the support of Noulas,
allows accurate estimates for travel speeds over particular road segments at different times
of the week and under different conditions. This approach results in 80% better accuracy in
predicting the time taken by an ambulance crew to reach an emergency incident compared
with alternative systems, for example the industry-leading Google Distance Matrix API [F].

Geotracker capitalizes on the performance gains enabled by the Birkbeck model to provide a
comprehensive software application that allows LAS shift managers to track ambulances
across the city and use available resources with considerably improved effectiveness. The
software incorporates a visualization tool, also powered by the Birkbeck model, which provides
control room staff with an intuitive “heatmap” of ambulance coverage across the LAS area of
responsibility. Geotracker continuously calculates which locations can be reached by available
ambulances within the time limit set by the NHS performance targets. The software responds
to changing patterns of the overall demand on the service, generating notifications when
increased demand is predicted to adversely impact LAS resources. It also enables staff to
make fully-informed decisions about how best to deploy the approximately 300 LAS vehicles
that are operational at any one time. This goal is achieved through interactive exploration of
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alternative tactics via a ‘drag-and-drop’ user interface feature, which assesses the effect of
deploying a particular vehicle to a specific incident or standby point.

Geotracker is now routinely used in the control room at LAS. The Head of Quality Assurance
at LAS explains that its use represents a milestone for the Service, which had attempted to
introduce a dynamic emergency vehicle deployment system for some time but had found
predecessors to Geotracker limited. The updated Geotracker which Marcus, George and
David built has benefited the LAS by allowing the service to use resources more effectively
and efficiently, basing decision-making on historical information as well as on an accurate
real-time picture of its crews at work. This in turn benefits the patients served by enabling the
LAS to respond more quickly to emergency calls. Such increased effectiveness also benefits
the taxpayers whose money supports this publicly-funded service.

As well as increasing its efficiency today, the tool also enables the LAS to plan more effectively
for the future. Having an accurate understanding of the time taken by our vehicles to cover
specific routes allows the LAS to identify hotspots where crews can most usefully be stationed
during key periods of demand. Geotracker also allows them to monitor the coverage of these
hotspots, informing discussions around coverage and resourcing at the local station level (e.g.
this information might be used to make a case for stationing more vehicles at a particular
location). Indeed, [redacted] also reports that local managers have found the system so useful
that access to the server has had to be rationed to cope with demand [A].

This forward-planning functionality combines with that of the QUEST routing engine, also
powered by the hybrid model described in [6]. QUEST provides an accurate simulation of
ambulance movement, which allows the LAS planning department to assess the likely impact
of new NHS policies or response strategies on service delivery. The availability of an accurate
simulator to predict the implications of strategic change enables LAS to anticipate and pre-
empt problems that have direct implications for people’s lives: ‘LAS needs to make absolutely
sure that the system works well all of the time’ [C].

Moreover, QUEST provides an open application programming interface (API), which facilitates
innovation by supporting further research in effective response strategies by others. In 2018,
a group of researchers at King’s College London visited LAS as part of the ESRC-funded
project ‘Improving Efficiency and Equity of Ambulance Services through Advanced Demand
Modelling.” By using the QUEST API, they were able to investigate a family of novel incident
response allocation strategies inspired by bio-memetic robotics, with preliminary experiments
suggesting a potential reduction in response time of approximately 50% [E]. QUEST enabled
this experimentation without the need for LAS to share historical data of incident occurrence
and response, which incorporate sensitive personal information, and demonstrates how the
work of Roussos, Poulton and Weston can also enable innovation by others by removing
barriers related to open data sharing.

In 2019, London Higher, the membership body representing over 40 higher education
institutions in London, selected the work undertaken by Roussos, Poulton and Weston with
the LAS for their London Impact Catalogue. The catalogue exemplifies the distinct
contributions London’s universities make for, and to, the Capital with the Birkbeck work
selected specifically as a demonstration of impact on health and analytics. This work was also
presented at the event ‘Impacting London — What London’s Universities do for London’ which
took place at the House of Lords in December 2019.

In summary, by substantially improving the way ambulances are tracked and deployed,
Birkbeck’s novel model of metropolitan-scale route selection for ambulances and the resulting
Geotracker and QUEST software, have enabled the LAS to enhance their vehicle deployment
strategy and hence further their lifesaving mission. The computational tools developed in
collaboration with Birkbeck achieve this through their tailored design to match the unique
challenges of the Capital’s characteristics, namely the nationally highest emergency call
volume, highest population density and lowest traffic speed. The tools enable LAS staff in
operational and management roles to make informed and effective decisions on a day-to-day
basis more quickly, and thus to make the best use of fixed resources under high demand. By
providing concrete evidence to inform discussions around coverage and resourcing and by
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facilitating further research, the work by Roussos, Poulton and Weston makes a significant
contribution towards supporting LAS to deploy its ambulances more effectively and as a result,
to save more Londoners’ lives.
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