Best practice on automated
passenger flow measurement
solutions

Received: 8th December, 2014

CATHERINE MAYER

is the primary liaison for SITA with airport industry organisations, ensuring SITA’s availability and support
for committees, conferences and industry missions. She is an active participant in the Airports Council
International (ACI), including serving as Chairman of the ACl World Business Partners (WBP) Board and
becoming the first non-airport member to be appointed as an observer to the ACI World Governing Board
(2006201 I). Catherine also serves as the WBP observer on the ACI Europe Airport Board (2012-2015).
Previously, Catherine was responsible for developing and leading the Airport Services solution line, including
the financial results of the global business, strategy, product portfolio, implementation, customer satisfaction
and improving the business to ensure that SITA continues to meet the needs of the ever-changing air
transport industry.

Catherine Mayer

ROLF FELKEL

is a Vice President airside, terminal and security applications at Fraport AG. Rolf is in charge of the
development and maintenance of IT applications in the field of airside, landside, security and safety-related
IT solutions. In his role he represents Fraport AG on the ACI World Airport IT Standing Committee. He
joined Fraport’s ICT department in 2000 as a system planner for the flight information display system at
Frankfurt Airport. In the following year, Rolf worked as an ICT project manager and set up a group of in-
house ICT consultants, before he took over responsibility for landside IT solutions at the beginning of 2007.
Before working at Fraport, Rolf studied mathematics, gaining a diploma in 1995 at the Technical University
of Darmstadt, where he also completed his PhD at the end of 1999, becoming a Dr rer. nat. in the field of

numerical nonlinear optimisation.
Rolf Felkel

KEVIN PETERSON

has been in the air transportation industry for over 25 years, working for Westinghouse and Northrup-Grumman
before moving to SITA in 2001. He started his career in software engineering, broadening his knowledge through
positions in technical sales support, marketing, sales and product management. Currently, he is the senior product
manager responsible for SITA’s passenger flow monitoring product suite. Kevin’s formal education includes a degree
in mathematics through the University of Waterloo and a diploma in electronics engineering technology through
Mohawk College, both located in Canada.

Abstract

Kevin Peterson The authors introduce a best practice paper recently published by the ACl World Airport IT Standing
Committee on Automated Passenger Flow Measurement Solutions. The paper shows how this
supplier-independent best practice paper is structured and what benefit it can provide to those
who want to implement and use such solutions in terminal buildings. Therefore, some general
characteristics of the solutions are given, as well as the typical influencing factors from technology,
terminal layout and passenger behaviour. The paper is available on the ACl World website

Rolf Felkel, at www.aci.aero.

Landside and Security Applications,

60547 Frankfurt am Main, Germany

Tel: +49 (0) 69-690-72025;

Fax: +49 (0) 69-690-495-72025 Keywords

E-mail: rfelkel@fraport.de terminal management, passenger flow performance indicators, waiting time, sensor technologies

144 © HENRY STEWART PUBLICATIONS 1750-1946 AIRPORT MANAGEMENT VOL. 9, NO. 2, 144153 WINTER 2014-15



BEST PRACTICE ON AUTOMATED PASSENGER FLOW MEASUREMENT SOLUTIONS

INTRODUCTION

As a passenger, moving from kerbside to
airside, you want a minimum of inconve-
nience. You would prefer no queues, suffi-
cient and up-to-date information, and the
time to browse and shop in one of the top
brand retailers before boarding. You would
like it all to flow smoothly and, if there is a
hold-up or congestion, you would like to
know about it promptly. You would like to
eliminate the stress and surprises of airport
queuing and processing rather than spending
time in long lines at the security checkpoint.

Unfortunately, at the majority of the
world’s busier airports, that has become
increasingly difficult to deliver. More pas-
sengers going to more places, larger aircraft
and the 21st-century essentials of security
make flying more stressful and the smooth
operation of an airport more difficult to
achieve. Time pressure is a constant com-
panion. Each queue — and there can be
many from check-in and bag drop through
to security and boarding the aircraft — can
trigger a traveller’s panic button.

The consequences are well known.
Flight delays caused by late boarders cost
airlines tens of thousands of dollars; indus-
try figures indicate that an extra ten minutes
spent at security may reduce retail spend by
as much as 30 per cent.! JD Power found
in their North American Airport Satisfac-
tion Survey” that passengers reporting high
levels of satisfaction with an airport tended
to spend more in retail outlets — up to
45 per cent more on average.

To help them relax at airports, passengers
need real-time information that puts them
back in control. And not just about flight
delays and gate changes, but also about
queue lengths and waiting times. Fortu-
nately, technology is providing workable
solutions that deliver a wealth of extra-
value opportunities for airport operators, in
term of managing passenger flow inside the
terminal. By obtaining ‘live’ information on

these flows, airports can react more quickly
to unfolding events by deploying extra staff
and rerouting passengers to other areas of
the airport, such as security checkpoints
located in another part of the terminal.

This ensures that people move through
the airport at an optimum rate to minimise
delay and maximise comfort, which should
result in higher passenger satisfaction and
thus greater retail spend. It makes addressing
the issue an increasingly good investment,
helping not just the bottom line with better
resource allocation and on-time departures,
but also top-line growth.

More than 30 airports worldwide are
now using some form of queue measure-
ment system. By using data collected from
these systems and touch points across the
airport — both landslide and airside —
airport operators can see the bigger pic-
ture based on facts revealed by the data.
This then enables timely analytics —
giving meaning and value to the data and
facts. Airports can also track, manage and
share real-time information about their
assets. They optimise airport processes and
decision-making for all stakeholders — in
a smart predictive environment that uses
IT infrastructure intelligently.

At the same time, passengers can be kept
informed across the journey — often via
their smartphones — with personalised
up-to-the-minute information about wait-
ing times at security and passport control,
in addition to other services such as parking
availability, baggage tracking, gate changes,
flight status, retail offers and more.

LEARNING FROM EXPERIENCE

The number of airports with detailed
operational experience of passenger flow
monitoring is rapidly increasing. Recog-
nising this, the Airports Council Interna-
tional (ACI) World Airport IT Standing

Committee (WAITSC) has recently
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published a best practice paper” that brings
together existing experience on passenger
flow measurement solutions and provides
a guideline for airports intending to use
passenger flow measurement technologies
in the future.

The scope of the paper is on technical
solutions that do not assume explicitly
cooperative (or opt-in) passenger behaviour.
These non-cooperative solutions are typically
integrated in the terminal infrastructure or
use data from existing passenger processes,
such as boarding pass scans or mobile devices
and wi-fi signals. From the passengers’
perspective, these solutions are transparent —
they measure the flow without any
awareness by the passenger, or breach of
data privacy, as they monitor passenger
movements anonymously.

The best practice paper takes into
account:

 a performance indicator (PI) as the final
output data of a technical measurement
solution;

« properties of the technologies used,;

o several influencing factors such as ter-
minal environment, individual passenger
behaviour and general passenger flow
characteristics; and

o the characteristics of use cases in terminal
operations and planning.

The PI is the top-level structuring ele-
ment, with the following elements analysed:

e What is the correct interpretation of the
PI type?

e Which technology (or combinations of
technologies) can deliver the PI type?

e How can the terminal environment
influence the results?

e How can the passengers’ behaviour
influence the results?

e What other issues might arise during
implementation?

Different use cases for PlIs have also
been analysed based on a range of gen-
eral characteristics. There is no specific
mapping of PIs to use cases, since each
PI might be used in each case. Nonethe-
less, as each airport and terminal is truly
unique, usage scenarios have individual
properties that should be considered in
order to improve the benefit for terminal
operations and planning.

Two underlying lessons have become
apparent through the preparation of the
best practice paper:

e Each location and environment is dif-
ferent, so only a sufficiently long testing
phase in a live operations setting can
help to avoid painful surprises.

e Once implemented, regular checks of
the automated measurement solutions
are necessary to guarantee a constant

level of high-quality data.

CAREFUL CHOICE

As noted above, automated passenger flow
measurement solutions can be of great
value to improve efficiency and passen-
ger service quality, but care needs to be
exercised in selecting the best relevant
technologies.

The best practice paper should help to
resolve some typical challenges in selecting
and implementing the technical solution,
and so boost business value.

Generally speaking, the measurement
of passenger flow Pls helps to:

 confirm and improve passenger service
quality;

e estimate
bottlenecks in the terminal building;

o estimate future resource allocation at
process points; and

e calibrate automated passenger
forecast tools (see Figure 1 and *).

temporary and continuous

flow
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The performance of passenger flow
can also be measured manually,”> but
compared with automated solutions this
has some disadvantages. For example, the
quality of measurement will depend on
the experience and concentration of staft,
while manual measurement can only be per-
formed as a sample and not continuously
over a long period of time.

These disadvantages do not exist when
using automated, [T-based solutions —
because IT solutions deliver a continuously
updated stream of PIs with an equal level
of quality. While the automated solution
usually delivers a better return on invest-
ment, the calculation of a local business
case depends on the specific needs of that
individual airport and the local conditions
within the terminal facilities.

GENERAL DEFINITIONS

To describe the characteristics of passenger
flow measurement solutions, some gen-
eral remarks and definitions are needed to
understand how passenger flow measure-
ment technologies work in general.

1. Performance indicator

A Pl is aggregated information in the con-
text of passenger flow. The PI is derived
from raw data (RD) that was technically

measured by any kind of sensor solution.
A PI delivers performance information on
a certain aspect of the passenger flow, eg
the waiting process of passengers, or the
throughput of a process.

The calculation of a PI is often part
of the measurement solution itself. Pls
are usually functions of time and process
locations. They may be calculated for pre-
defined time ranges of different length
(one minute, five minutes, one hour, one
day, etc.) and predefined locations in the
passenger terminal building (security
checkpoint, border control, etc.).

A PIdepends—in quality and quantity—
on RD and algorithms to calculate the PI
from the RD.In general, it is possible to use
RD from different sensors to calculate a
PI, as long as they are comparable in their
meaning, quantity and quality. Examples
of PIs covered by the best practice paper
include:

e passenger waiting time in a queuing area,
including a differentiation between ret-
rospective waiting time and predictive
waiting time;

o throughput of a process point;

 occupancy level of a defined area.

2. Key performance indicator

PIs that are extremely important to cer-
tain stakeholders may be agreed upon to
become key performance indicators (KPIs).
Usually, KPIs are associated with corporate
objectives such as a passenger satisfaction
index or a service level agreement.

3. Raw data

RD is the basic information measured by
a (technical) sensor solution, which may
include one or more of the following:

e data collected through BCBP (Bar
Coded Boarding Pass) scans;
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o timestamps of Bluetooth® and wi-fi
signal strength peaks;

e people counting impulses/signals of
a passenger passing an imaginary line
in the terminal, using thermal, infra-
red and/or visual camera sensors, or
counts of an automated metal detector
(AMD).

RD is measured as an event, at a singu-
lar point in time, at a predefined location.
RD is generally without any contextual
information. Nevertheless, quality assur-
ance should be applied to RD to some
extent (eg filtering, formatting).

4. From raw data to performance
indicators (and to key performance
indicators)

Generally, RD is transformed into a PI
by special software algorithms provided
by the supplier as part of the technology
solution. Therefore, less sophisticated Pls
can be used as input data for the calcula-
tion of more complex ones.

5. Detection errors and their effect
on the performance indicator

None of the existing solutions and prod-
ucts is perfect, since the sensor solution
always has accuracy limitations. It fol-
lows that the knowledge, interpretation
and management of detection errors
and their effect on Pls is always part of
the task.

For example: if a sensor detecting
in-flow to a queuing area as RD has an
accuracy of approximately 95 per cent and
the total number of passengers to measure
is 10,000 per day, the accumulated error
over the whole day is up to 500 passen-
gers. The problem with the majority of
sensor solutions is the fact that they do

not have an equal spreading of errors, eg
following a normal distribution around
the real number of passengers. Typically
they detect fewer passengers than are
actually present; seldom do they interpret
an object (eg a suitcase) as an additional,
non-existing passenger. So in this exam-
ple, the measured number of passengers
entering the queuing area will be approx-
imately 9,500, not 10,000. Assuming that
the out-flow of the queuing area can be
measured with a higher accuracy (eg by a
different type of sensor or better lighting
conditions), the number of passengers in
the queuing area — calculated as the dif-
ference between in- and out-flow — will
be negative.

Knowledge about the typical error rate
of a sensor in general and the achievable
accuracy of the sensor in the real world
terminal environment are very important
first steps to interpreting the PI gener-
ated by the RD. But it is also important
to know how the error in the RD might
aftect the quality of the PI as the intended
output. This error propagation depends
very much on the algorithm and can only
be examined individually. Some algorith-
mic approaches will reduce the effect of
the error in the RD; others will not. It is
also possible that the PI as the final output
of the solution will deliver an unreason-
able figure, such as a negative number of
passengers in a queuing area.

The lessons learned from this can only
be for airports to:

e discuss typical error rates in the RD and
their effect on the PIs with the solution
provider;

e check the real, achievable accuracy of
the sensors in the terminal environ-
ment; and

o discuss issues with the users of the Pls
in order to manage expectations and
achieve good user acceptance.
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PERFORMANCE INDICATORS

It is important to recognise that, to some
degree, and within the calculation of one
PI type, one form of sensor technology
can be substituted for or supplemented by
others, eg video-based passenger count-
ing sensors at the entrance of a security
checkpoint queuing area can be substi-
tuted for or supplemented by BCBP scans.
So a mix of well-chosen sensor technolo-
gies can support a measurement solution,
so long as the quality of the RD captured
with the sensors is comparable and the
supplier’s software supports this option.

There are five types of PI covered in
the best practice paper.

Waiting times are the most difficult
to measure and calculate, although they
are often the most interesting for airport
terminal management. There are two dif-
ferent classes of measured waiting times
that have to be distinguished:

o The retrospective (backward-looking or
historical) waiting time: the time pas-
sengers have waited in a queuing area
before they left it.

o The
waiting time: the expected time a pas-
senger will have to wait in the queuing
area when he enters the area.

predictive  (forward-looking)

To use a retrospective solution for the
prediction of waiting times is generally
not feasible and is successful only under
very special conditions that seldom exist.
So if it is planned to display waiting
times to passengers in the terminal build-
ing, the only suitable PI is the predictive
(forward-looking) waiting time.

There are then five ways of measuring
waiting time — discussed in more detail
in the best practice paper.

Process throughput involves mea-
surement of inward and outward flow
to and from the respective area per time

interval or as single counting events. These
are achieved through the use of sensors
that can detect passengers entering or
exiting the relevant area. It can involve the
use of optical sensors (cameras with detec-
tion and counting firmware), laser sensors,
thermal sensors, infrared sensors, BCBP
scans or AMD scans. BCBP scans pro-
vide nearly 100 per cent accuracy; other
counting solutions typically range from
95 per cent to 98 per cent accuracy.

Passenger arrival profile uses BCBP
scanners capable of reading both paper
and mobile BCBPs, which provide nearly
100 per cent accuracy, assuming the use
of IATA standard type ‘M’ barcodes. They
are typically located at the entry to secu-
rity, or at boarding. The BCBP scanner
can be provided through agent-manned
workstations or handheld terminals and/
or via automated security and boarding
gates. The BCBP scans can be compared
with actual flight data from the airport
operational database (AODB) in order to
determine how long before the sched-
uled time of departure a passenger shows
up at the process point. This information
obtained from all passengers delivers a
profile of general passenger behaviour
(see Figure 2).

Queue length overrun: although
best measured by simply counting heads
via an optical sensor(s), it is possible to
detect overflow queues, and their impact
on queue times, using other technologies,
eg Bluetooth®/wi-fi (adjusting for the
population with/without Bluetooth®/
wi-fi enabled phones), typically in combi-
nation with some form(s) of in-flow and
out-flow people counting.

Area occupancy is typically defined
as the number of passengers in a pre-
defined area. From this it is easily possible
to calculate a density of passengers in an
area by dividing the number of passengers
in the predefined area by its square metres.
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agement and
paper divides the output of passenger flow
measurement solutions into operational,
post-operational and pre-operational sce-
narios. Operational scenarios are relevant
for the management of the current and
upcoming passenger flow: post-operational
typically requires historical reports on what
happened during different time intervals;
pre-operational is mainly for planning and
resource allocation.

planning, the best practice

1. Operational use cases

More and more airports in the world are
keeping their passengers informed about
wait times in real time at certain process
points, especially security checkpoint
and immigration areas. As described at
the start of this paper, the motivation for
operational use cases is to provide public
and online wait times and information
in order to reduce passenger stress levels.
The information may be supplemented
with alternate, less congested, shorter wait
time routes. Additionally, this feature can
be combined with walking and processing

to the departure gate or baggage belt.
As more airports adopt these solutions,
they are quickly becoming standard ele-
ments of passenger service improvement
initiatives.

The provision of current wait times can
technically be done by displays, integra-
tion with mobile apps, airport web pages
and point-of-information systems. There-
fore it is recommended that wait times be
displayed in standard formats (eg <5 min,
5-10 min, 10—15 min, >15 min).

2. Post-operational use cases

The post-operational use cases analyse the
historical passenger flow related PIs and
KPIs that were reported yesterday, last week
or last month. In order to do this effectively,
the PIs should be stored in a business intel-
ligence (BI) reporting tool so the PIs can be
stored and categorised for future analysis.
The most popular mode of reporting
flow data is via online dashboards. PIs and
often KPIs are displayed on a dashboard
giving the current situation (eg 5 minutes
old), trend information and the average over

150
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the entire day. These dashboards use typical
graphical features such as symbolic ‘traffic
lights’ or red-yellow-green indicators.

3. Pre-operational use cases

The pre-operational use cases help airports
to enhance planning and resource allocation.
The better the forecast of demand at a pro-
cess point in the future, the better resources
can be allocated depending on real demand
and a predefined service level. Measured Pls
can be used to support this. The historicised
PIs should be analysed by a BI tool in order
to identify patterns and to predict scenarios
and resource needs into the future.

Additionally, these measured passen-
ger flow Pls are valuable input parameters
for terminal layout and capacity planning.
The mean values from historical Pls such
as throughput, arrival time profiles for a
specific process, or waiting times can be
used to maximise terminal facilities and
confirm the layout, quantity of operators
(eg security lanes), etc. For the validation
of a planned terminal layout, simulation
tools are required using the valuable
parameters and historical PIs from a pas-
senger flow measurement solution.

INFLUENCING FACTORS

The interpretation of any passenger flow
solution data depends on several influenc-
ing factors (see Figure 3): some of them
are solution inherent (sensor technology
and calculation software) and some are
more external (terminal environment or
passenger behaviour).

1. Technology: sensors and software

Obviously the most important influencing
factors are encountered through the mea-
surement solution itself. The solution archi-
tecture and the technology used (sensor
as well as software) have special properties
that should be known and considered by
any airport looking to deploy automated
passenger flow technology. For example:

e Does the general approach provide
100 per cent coverage of the relevant
passengers, or is it only a sample with an
uncertain ratio covered? It 100 per cent
coverage is not achieved, what ratio is
necessary in order to deliver adequate,
quality results?

e What are the normal error rates of the
sensors? Which error rate is tolerable

Technology

Performance Type of raw Algorithm to
Indicator (PI) = data (provided = 4 calculate Pl
Type by sensors) out of raw data

Terminal layout

Passenger
behavior / Flow
characteristics

Figure 3 Performance indicators, raw data and influencing factors
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in order to deliver acceptable quality
results from the entire solution?

o Are there any relevant time schemes to
be considered in the process of captur-
ing the RD to the calculation of the PI?

e What is the exact meaning of the PI
compared with the passenger flow (ret-
rospective or predictive)? If it is retro-
spective, how long was the time from the
first RD captured to the provisioning of
the PI?

o Are there any data privacy aspects to be
considered?

e What is the system supposed to do in
‘irregular’ situations, such as a total lack
of passengers or too many (non-moving)
passengers in a defined area at a certain
time?

2. Terminal environment

The environment of the passenger ter-
minal and the location of sensors can
influence the quality of the measurement
solution. Precautions that should be taken
include:

o Avoid a mixture of different passenger
streams in one observed area. Define

queuing areas clearly — especially
entrances, lines and exits — where
applicable.

e Ensure that sensors are not blocked or
influenced by obstacles, eg doors, walls.

e Ensure that construction activities in the
terminal are planned and implemented
hand-in-hand with the measurement
solutions.

o Consider the lighting conditions, as
suitable lighting is often necessary for
visual sensors.

3. Passenger behaviour and
flow characteristics

Interpreting the results of a passenger flow
measurement solution must also take into

account the possible behaviour of the
individual or group of passengers, and
the characteristics of passenger flow as a
whole. Some issues to consider include:

o The timely resolution of Pls should be
higher than the mean variability in pas-
senger flow.

 Single individuals may not behave as
expected, eg entering or leaving the
queuing area via the wrong direction,
moving within the queuing area in an
unexpected way, waiting longer than
necessary due to a telephone call.

o The detection of people that are not
actually passengers, eg staff.

e The movement of people in groups.

A BOOST FOR EVERY AIRPORT
OPERATOR

From the moment a passenger arrives
at the airport it is possible to collect
data about their progress and move-
ments, suitably anonymised. As they
go through check-in, bag-drop, border
control, security, tax & duty free, food
& beverages, executive lounge to board-
ing gate, their progress, speed and dwell-
time can all be used to smooth progress
ahead and make it easier for those who
follow. Real-time and historical data
analysis can help airport management
provide the optimal number of process-
ing points along with the right number
of staff in the right place at the right
time, and ensure that the right assets
are deployed and the right information
is available and presented. Each passen-
ger becomes part of a trigger to deliver
improvements to customer service that
benefit everyone.

The acquisition of passenger flow data
is not difficult (given the right technol-
ogy and careful planning), but making the
best use of that data is complex, requiring
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