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evidence-based design processes
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Against a backdrop of mandated efficiency savings and a focus on making better use of existing hospital space, it is
becoming imperative not only to capture data but also to capture the right data early in a healthcare build or rebuild project, in
order to help ensure hospital designs are efficient, productive and cost-effective. This paper presents two tools for
automatically capturing data using computer vision technologies, in support of healthcare design projects.

Healthcare estates in the NHS are facing increasing pressures to provide effective care while delivering substantial cost
savings. Changing demographics are causing the health service to experience severe strain® while the UK government aims
to make efficiency savings of £5bn a year by removing unwarranted variations between healthcare providers.?

Of this £5bn, it has been proposed that savings of £1bn a year can be made through better estates and facilities
management. This includes, for example, more efficient use of existing facilities instead of funding the development of new

spaces.

Improving the efficiency of various hospital departments, including emergency departments,®* surgery theatres,>®
pharmacy departments’~2° and nursing units,**"*% has been the focus of much work in academia and industry. A key
theme of all these case studies and research projects is the capture and use of existing data to make informed decisions,
provide recommendations and implement design changes or operational practices that improve the performance of the
relevant department in some way.

An early goal of any project should be to obtain

reliable data on which to base and justify the project’s
recommendations and findings, or form the basis of
design,* but this can be a long and arduous task. In
healthcare environments, ethical concerns may prohibit
certain data collection techniques, such as surveys and
observations. In particular, there is the need to maintain
patient confidentiality and privacy. It can also be difficult
to obtain data from staff members; for example, through
interviews, where this action may disrupt the level of
patient care provided.

There are several well-established methods used for
data collection, from questionnaires and work diaries!**°

to
Design option 1 the use of observations of current processes.”?° The
use of work diaries and questionnaires allows for large
Figure la: Comparison of design options using anecdotal amounts of data to be collected with minimal effort from
evidence (option 1) and data-based evidence (option 2) researchers; this data, however, may be biased
Photo credit: Greenroyd, FL et al (2016). Ref: 7. (intentionally or unintentionally), incomplete or

oversimplified.?2?

Observations allow researchers to see first-hand the
processes being undertaken in tasks, removing the
possibility that the task description may be
oversimplified. This approach, however, may require the
use of trained observers to record data accurately,
which can add to the

cost of a project.?° It may also be difficult to get the
participants to agree to being observed,?® and even if
consent is given, participants may also behave
differently

under observation,?*2¢ providing researchers with an
inaccurate account of the processes and tasks.

Some of these challenges can be overcome by replacing
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direct observation with the use of video recording and
analysis. By capturing video, the need for a trained
observer to be present is removed and may be easier
to accommodate than an additional person. Surgical
theatres, for example, may not be the appropriate
setting for an additional non-medical person observing
events, whereas video recording systems can be
mounted discreetly to ceilings and walls for analysis at
a later stage. The use of video analysis can also
highlight interactions that may not be captured through
traditional methods,?”?® with video recordings made
available for analysis multiple times, thus capturing
more of the data available.

The use of video recording, however, often requires
consent and may not always be beneficial or appropriate,

Design option 2

Figure 1b: Comparison of design options using anecdotal particularly in places of patient care such as consulting
evidence (option 1) and data-based evidence (option 2) rooms, where patient information may be discussed. In
Photo credit: Greenroyd, FL et al (2016). Ref: these instances, methods such as interviews and

7. questionnaires may be more applicable, as they offer

greater anonymity to participants.

RFID tagging has been used to great effect in tracking hospital staff,'>?° patients 3° and equipment®. However, the
equipment required to make use of RFID tagging can be expensive®*3! and may prohibit its use in certain projects where
budgets may be tight.

The use of data capturing methods, such as questionnaires and interviews, are appropriate for gathering qualitative data
in healthcare, including perceptions of the quality of care, perceptions of waiting times, and perceptions of physicians.
These methods have been used in numerous studies relating to quality of care.'®-1832 However, for research into
improving the efficiency or effectiveness of a healthcare facility, these methods are not particularly effective.

A recent example of this is demonstrated in a case study by Greenroyd et al,” where two designs of a pharmacy
department were evaluated for operational productivity of pharmacy staff, following a data collection exercise that
explored the working patterns in the existing facility.

The first design option was created following a series of workshops and interviews with pharmacy staff, and was compared
with the existing building using the metric of walking distance and time spent walking over a working day. It was found that
this design, produced from anecdotal evidence, predicted a 9% decrease in operational productivity. A second design option
was produced following data extraction from video observations to identify common adjacencies between functions.
Subsequent analysis of the second design option indicated a predicted 24% increase in operational productivity.

The study gives an insight into the benefits of using quantitative data to form a basis for design over anecdotal evidence
of existing processes and inefficiencies. Gathering this evidence, however, can take a significant length of time, with
video analysis taking many days to complete manually.

Time costs associated with data collection may be a contributing factor to the continued use of anecdotal evidence over
data-based evidence-in-design projects. As technology costs have decreased, the application of video analysis or RFID
tagging is becoming a more feasible method of gathering data on hospital use. This paper introduces two new technology-
based tools for gathering reliable quantitative evidence to inform design projects and operational decisions for new and
existing healthcare facilities.

Tool 1: SmartCounter3D

SmartCounter3D is a high-level occupancy-capturing device that measures current occupancy, as well as flow rates entering
and exiting a space. This tool uses the Microsoft Kinect camera for desktop use to capture people movement across an
entrance space. It uses toolkits for 3D people detection available in the Kinect software development kit (SDK), combined
with image-processing techniques to filter noise and prevent inanimate objects being transported and classed as additional
people entering the space. As people enter the camera’s field of vision, they are detected and tracked until they leave.

A crossing completed by one person (a crossing being defined as a person entering the field of vision from one side and exiting it
from the other) increments a counter that tracks the number of people who have moved in a given direction (either to the left or
right). These counts provide information on how many people have entered a space and how many have exited. The difference
between these two counts provides the current occupancy of the space at that moment. In addition, the route of the crossing is also
captured, highlighting interactions and conflicts between in-flows and out-flows. Figure 2 illustrates how this works.
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Figure 2: Diagrammatic illustration of SmartCounter3D

SmartCounter3D can be set up above the entrance or access point to a space, out of the way of pedestrian traffic, to
monitor movement. This allows data to be collected unobtrusively and, once installed, the camera can be left to capture
long-term flow trends and occupancy changes. The data that this tool provides allows an analysis of occupancy over time,
as well as the peak flow rates of people entering and exiting the space. Figure 3 shows an example graph produced using
flow data from the SmartCounter3D tool.
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Figure 3: Example flow output for SmartCounter3D
The application of SmartCounter3D can be varied and provide information on how often a space is used and at what times. Long-

term analysis can be used to inform when the peak periods occur or when the best time to close a space for maintenance might
be, or what the impact of such an action might be. In areas with multiple entrances or exits, multiple Kinect cameras can be set up
to work in parallel to capture the data of each entrance. This can provide additional information, such as which entrances
experience greater flows, bringing insight on the impact of closing certain access points.

The data collected, however, is limited solely to occupancy and flow rates. The tool is currently unable to provide dwell-time



data when the occupancy exceeds one, utilisation data for specific activities, or identify individuals. It could, however, be
extended to incorporate additional computer vision algorithms that would allow for the detection of staff members and
provide separate analysis on their flows compared with patient flows.

Tool 2: SmartCounter

SmartCounter is an automated video analytics tool for capturing occupancy levels, activity utilisation and dwell times. It uses
technologies found in the OpenCYV libraries that allow for the processing and analysis of video footage. Unlike
SmartCounter3D, which analyses the total movements in and out of a space, SmartCounter is capable of analysing several
specific areas within its field of view defined by the user. This allows it to provide occupancy data for specific activities; for
example, within waiting areas, where the occupancy of each individual seat can be recorded.

SmartCounter can analyse video footage from a variety of options, including CCTV feeds, camera phones, or home video
camcorders. Video footage is analysed using regions of interest that are created by the researcher during the analysis
phase, ensuring analysis is focused only on the target areas. This removes some of the restrictions on camera placement for
capturing data, allowing the researcher to choose the optimum camera location for their given task; for example, at a safe
location away from circulation routes. Figure 4 shows regions of interest being drawn in a hospital waiting area. Alternatively,
a region may be drawn around a self-service check-in point, and SmartCounter would be able to inform how much that
check-in point is used over a given period.

These tools allow researchers, designers
and consultants to capture movement data,
occupancies, dwell times and utilisation
figures for a range of scenarios. The
resulting data enable a clear, detailed
analysis and understanding of the current
situation in a facility. Rather than being
reliant on anecdotal descriptions of how full
might be a waiting area, the use of these
tools provides evidence on actual waiting
room occupancy with minimal effort.

Both tools can be installed and operated with
minimal interference to the operations of the
healthcare facility under investigation, and
provide meaningful data without requiring
researchers to be present. Where cameras
are used to record situations, the analysis of

footage can take significant time when

undertaken manually. These tools, however, ] ] ] o ]
perform that analysis automatically, saving Figure 4(a): Regions of interest for a waiting area with

research time that can be better spent on occupancy graph
working with the data to optimise the
design. Table 1 compares the results of
analysing waiting-room footage to obtain
occupancy levels using SmartCounter
against a manual analysis.
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The level of detail in the data provided by
both tools also exceeds that available from
reasonable manual observations, which may
be conducted using activity sampling — a
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Developed in 1927 by LHC Tippet,* activity
sampling allows researchers to capture a
subset of observations (the samples) and apply statistical calculations to infer the total activity usage. The greater the

number of samples the researcher is able to record, the greater confidence a researcher should have in the data captured.*

Figure 4(b): Regions of interest for a waiting area with occupancy graph

Table 1: Speed test results comparing SmartCounter to manual analysis

Video Regions of Time to analyse Time to analyse Samples collected Samples collected
length interest (manual) (automated) (manual) (automated)

50 min 1 35 minutes 27 seconds 50 3000



60 min 18 20 minutes 2 min 1 sec 12 3600

Unlike activity sampling, SmartCounter3D and SmartCounter both provide continuous analysis. SmartCounter3D records the
people flows for as long as the equipment is installed at a resolution of 30 frames per second, providing analysis at an
approximate rate of one sample every 0.03 seconds. SmartCounter has the capability of providing analysis for every frame in
a recorded video, with the frame rate dependent on the video quality used. This provides an in-depth understanding of the
current situation at the facility undergoing research, allowing for more informed judgements to be made.

Discussion

The use of data in the design and operation of healthcare facilities plays an important role in ensuring hospitals continue to provide
effective and efficient care while meeting cost-saving measures. Gathering this data can be costly, however, both in terms of the
time it takes and the equipment required. SmartCounter3D and SmartCounter have been developed to cover a wide range of data-
capturing aspects in a cost-effective manner. SmartCounter3D, whose biggest cost is that of a Microsoft Kinect camera, can be set
up out of the way with ease and left to monitor continuous people flows and occupancy levels of spaces, without the need for
someone to monitor the space manually. Similarly, SmartCounter can be used to analyse video footage from a variety of sources, so
set-up costs are limited to that of video camcorders, if other footage, such as CCTV, is unavailable.

The use of computing power to analyse the existing situation of a healthcare facility allows for a greater number of data
points to be collected through the use of continuous observations, as opposed to those produced manually. This does not
mean, however, that the use of automated data-capture techniques is completely without drawbacks. The majority of the time
savings associated with these tools are the result of the speed with which the tools conduct the analysis on footage captured
— but the footage itself still takes time to record and retrieve. If, for example, there is a desire to understand how waiting room
occupancy fluctuates over a week, there will still be a need to record a week’s worth of footage to analyse. Similarly,
SmartCounter3D captures the flows in real time, so it would take a week to accumulate such data.

The time required to capture enough data to provide effective design or operational recommendations should be carefully considered
when embarking on a project. Depending on the nature of the project, the time required to capture data for analysis does not
necessarily require a halt in the research; rather, the use of the tools presented in this paper grant researchers the freedom to
explore other avenues where automated technologies may not be appropriate. A study into waiting-area occupancy over the course
of a week, for example, can be accurately captured using either SmartCounter3D or SmartCounter. How patients perceive the
waiting area (such as welcoming, or uninviting) may, however, be captured best using qualitative methods.

The use of these tools can be varied owing to the generic implementation of the algorithms behind them, and can be used to
capture a multitude of data, including occupancy, dwell and waiting times, utilisation, and flows. The data captured can be used to
answer a variety of questions that help inform the design and operation of a facility, such as how long patients are waiting, how
many seats does a waiting area need, what is the visitor to patient ratio, how early do patients arrive, or when are the peak
operating times. Some of these questions may need multiple data sources to answer effectively, but such data can be used to
inform a mix of projects — from department (re)design or testing whether departments can be merged, to operational studies looking
at the impact of closing access points, to activity and equipment utilisation. The data can also be used to inform future demand or
studies that look at the impact of increasing patient throughput, in order to future-proof healthcare designs.

Limitations

Although the use of camera recording equipment is commonplace in the world today, it should not be ruled out that if people
know they are being watched, they may behave differently to when they are not. This may be countered by ensuring the
placement of video cameras is as unobtrusive as possible, to allow people to continue their day-to-day activities unhindered.

For SmartCounter3D, there is a need for the camera to have an unobstructed view of the entrance area being analysed. This
can be overcome, however, with a high camera placement looking down on the scene. Similarly, SmartCounter may be
distorted if there is too much noise around the regions of interest drawn by the user, or if the regions of interest are drawn
incorrectly by the user; for example, around two seats, as each region only counts one person. Similarly, using SmartCounter
to analyse the utilisation of activities will provide an accurate level of utilisation over time, but it would not be able to inform
necessarily how many people were using the activity at any one time.

Conclusion

This paper has presented two tools for automatically capturing data using computer vision technologies, in order to support
healthcare design projects. The use of data in such projects is vital to ensure a thorough understanding of the current
situation for which improvement is sought.



This has been demonstrated through the earlier example of a pharmacy department, where design based on anecdotal
evidence showed a potential drop in productivity, compared with an evidence-based design making use of captured
guantitative data. The tools presented here can be used in a wide variety of applications, from waiting area occupancy to
activity utilisation, to understanding the flow patterns in and out of a space. The data these tools capture can greatly facilitate
evidence-based

design practices to aid healthcare design projects. Additionally, the data collected can be used to evaluate and compare
operational practices, supporting better use of existing estates where redesign is not possible. Capturing the right data

early in the project — for example, by using tools such as SmartCounter3D and SmartCounter — can help ensure hospital
designs are efficient, productive and cost-effective.
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