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ABSTRACT

| mproving airport performance is at the hear:
(APOC) solution. By providing access to real-time data from various data sources of

different APOC stakeholders, airports can make accurate predictions about their
operations, including passenger movements. In this study, we review APOC roles and
responsibilities, identify the key APOC processes that could be enhanced by data-driven
predictions and machine learning techniques (DDP&ML), and demonstrate a case study of

hows hared data and advanced analytics can be L
connection times. In the case study, a regression tree model is fitted to a large training set

with 3.7 million passenger records. This predictive model is applied to generate forecasts
(together with prediction intervals) of =each
flows during an eight-hour live trial. The real-time predictions generated by the model could

be used to inform Target-Off-Block Time (TOBT) adjustments and determine transfer

security resourcing levels.
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INTRODUCTION

The Airport Operation Centre (APOC) has been defined in SESAR (Single European Sky
ATM Research) and developed by major European Airports®. The APOC consolidates
different stakeholders in a physical or virtual operations room where existing airport
operations applications, such as gate management, de-icing, security, baggage, passenger
processes and crisis management, are managed in a collaborative manner.

The APOC has been viewed as the principle support to all major airport decision-making
processes. In support of these processes, different stakeholders in the centre integrate
information from commonly shared data sets, develop dynamically joint plans, and execute
plans that are within their respective area of responsibility. In their current form, existing
processes in APOC have been formalized and are supported by Airport Collaborative
Decision Making (A-CDM). There remains scope for a strategic assessment of APOC
processes and further leveraging the power of operational data.

The main purposes of this project is threefold. First, to review the APOC processes. Second,
to identify key processes that could be enhanced by data-driven predictions and by
machine learning algorithms (DDP&ML). And finally, to provide a case study to illustrate
how shared data and advanced analytics can be used to increase the benefits from an
APOC. This project has been undertaken in He at h r AP®G, sarguably the most
advanced APOC in Europe.

Heathrow airport, the largest UK airport, carries over 70 million passengers each year to

over 250 destinations worldwide?. The airport community employs over 70,000 people and

operates collaboratively with over 200 stakeholder organizations. In 2015, airport traffic
increased by 2.2% to 75 million passengers, with an average load factor of 76.5%°2.

Heat hrowds APOC went 12I"i201d. Thenvisidd ovase to thause the
advanced support systems and processes to enable the deployment of the SESAR Airport
Operations Management concept. One year on, H
centre of all CDM processes between stakeholders, capturing the benefits of close
collaborations, planning, real-time monitoring, proactive decision making and flow
management.

Heathrow is the only international hub in the UK, and the vast majority of the flights landing
or departing from Heathrow have at least 25% transfer passengers. With so many transfers
required, it is critical that the processes involved in the connecting journey are optimized to

! Eurocontrol, 2010
2 Heathrow Airport Limited, 2015a
% Heathrow Airport Limited, 2015b



ensure Heat hrowds vision to @ugivce pas‘sBetegevns |
predicti ons wansfepaxtzvises may also sniprove the accuracy and stability of

the Target-Off-Block Time (TOBT), one of the most important parameters in ai r por t 6
planning processes. In addition, the APOC has the ability to improve passengerso
experience of the connection journey. Therefore, enhancing related data-intensive analytics

activity is worth exploring.

This study begins with a general overview of
the typical APOC roles and responsibilities, focusing on the key decision processes of the

flow managers. We also identify the processes that could benefit from making better use of

data.

Based on data availability and the importance of the problem, we decided to focus the
second half of the study on improving the processes related toconnecting pass
activity. Specifically, we develop a prototype model using the regression tree method to
forecast transferring p a s s e n@mnecsod times at Heathrow. This model is built on 3.7
million passenger records collected from three datasets: the Business Objective Search
System (BOSS) dataset, the Baggage Daily Download (BDD) dataset, and the
Conformance dataset. To generate real-time predictions from the model, we developed an
application using Python. Three outputs are provided by running the application: (1) the
mean and quantiles of the passengersd connection times; (2) expected number of late
passengers for each outbound flight with its current TOBT and delayed TOBTS; (3) the
mean and quantiles of the transfer passenger flow at the Conformance desk.

In addition to providing accurate forecasts, our model can support APOC decision-making
processes in three additional ways. First, the regression tree model is helpful for the flow
managers who are interested in understanding the key factors that influence passenger s
connection times. Second, the TOBT of an outbound flight could be adjusted according to

the predictions of the number of late passengers. Third, these forecasts would allow APOC

to make better transfer security lane plans.

Finally, we ran an 8-hour live trial at Heathrow®& APOC to test the feasibility and impact of
our model in real time. During the live trial, we generated 2-hour window predictions every
five minutes. The trial was successful and the model reveled the potential to better manage
passenger flows, with a link to improving TOBT predictability and stability.

The remainder of the report is organized as follows. Section 2 will present an overview of
APOC processes. In Section 3 we will provide the framing of the transfer passenger
problem. In Section 4, we will elaborate on the predictive model for forecasting transfer
passengersdconnection times. In Section 5, we will describe the live trial of the predictive
model and report the accuracy of the predictions generated during the trial. In Section 6, we
will discuss several decision making processes that could be enhanced by our predictive
model. Finally, Section 6 will summarize the project and propose future research
opportunities

* Heathrow Airport Limited, 2015.



2. APOC OVERVIEW

2.1 Purpose of APOC, Roles and Key Decision Processes

The APOC <consists of a variety of airport t ea
passengers, travelling on time, wit h-makingprocestes g s
different stakeholders integrate information from commonly shared data sets to develop integrated
plans and execute those plans within their respective areas of responsibility.

Roles within the APOC include the airport operations manager (AOM), aircraft flow manager, security
flow manager, passenger flow manager, operations lead coordinator, engineering help centre advisor,
airport control engineer and baggage service manager (BSM). The APOC roles and their interactions
are shown in Figure 2.

In this subsection, we will focus on the key decision processes of the passenger flow manager, the
security flow manager and the aircraft flow manager that allow APOC to influence the passenger
journey. We assume as part of this study that the passengers will not be delayed by their bags. In
most cases it is assumed that the connection time of the bag is faster than the passenger in all but
exceptional cases, or that a baggage expedite process support their transfer.

Figure 1°. APOC Roles and Airport Interfaces.
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Passenger Flow Manager

The passenger flow manager sits in the APOC and monitors the flow of passengers through
Heat hr owd s Theyworkiwithadrnsinal-based operations to deploy resources and optimize
the passenger experience.

Objectives

The objective of a passenger flow manager is to reduce delay minutes with an efficient use of
resources. One delay minute is defined as one passenger waiting for one minute on his journey.

Decisions

Once the passenger flow manager realizes that there is a potential passenger congestion, they will
inform relevant teams such as the UK Border Force (UKBF) and Customer Service Team, and
recommend actions to resolve the issue. The focus of the passenger flow managers is on providing a
proactive response to anything that could happen during the day and ensuring that the relevant
teams have enough time to mitigate a problem before it happens.

Information used in making decisions

1 Integrated plan received a day before.
1 Predictions generated by the Dynamic Modeling for Arrivals and Connections (DMAC).
1 CCTV to monitor passenger flow.

Interactions with other partners
The passenger flow manager has two conference calls and two meetings within the APOC per day.

Forecasts of the passenger flows for the next day are received and reviewed each evening. The
expected impacts of the passenger flows are communicated to operational teams by the flow
manager.

Security Flow Manager

The security flow manager is a member of the APOC security planning team. They manage the
resource plan during the day through assessment of resource levels and current forecast demand.
Each terminal has its own demand profile which must be individually monitored and managed. This
assessment is complicated by unexpected peaks of passenger demand, for example the arrival of a
large group.

Objectives
The objective of a security flowmanageri s t o mi ni mi ze queue fndbreache
A breach is <categorized as a gaewicedevet setmmt inl @AAQ e
regulation.
Decisions

For each day, the security resourcing team uses predicted passenger demand to generate an
appropriate resource plan. The plan takes account of the day& resource availability in each terminal
and minimize shortfalls through inter terminal moves. During the day, the security flow manager
continually assesses the flow of the passengers and identifies any deviations from the plan. The
manager then makes decisions, in real time, on how many lanes are required to be open and



whether staff could be better distributed between terminals, taking account of the inter terminal
walking time.

Information used in making decisions

1 Daily operational plan. A forecast is generated by the forecasting team using historical trends
and airline booking information. This defines levels of demand for each 15-minute period in
each security area. Those profiles are then passed on to the planning team who generate a
daily operational plan that specifies how many lanes will be open.

1 Predictions generated by DMAC.

1 Transview. Thi s Br i t itsohprovdes predigtisné of the number of people who are
connecting within British Airways or One World flights over the next 4.5 hours. Transfer
passengers with different transfer times are shown in different colours. This system is linked to
theDeparture Control System (DCS) whi ch r d¢he
Conformance desk in real time.

1 Operational Performance Monitor (OPM). The security flow manager uses these data to
monitor real-time flow rates in search areas. He also uses this information alongside a record
of t he da ystafsto makesnteeterminokl resourcing decisions.

1 CCTV to monitor queuing and congestion.

Interactions with other partners

The resource plan made by the planning team feeds into the integrated plan. The security flow
manager has daily meetings within the APOC and works closely with the passenger flow manager.
The security flow manager also makes frequent calls to the resource planning and terminal security
managers outside the APOC.

Aircraft Flow Manager

The role of the airport flow manager is to provide a continuous stream of aircraft and to balance
demand against available capacity. The aircraft flow manager pays keen attention to the condition of
global air traffic and weather conditions.

Objectives

The objective of an aircraft flow manager is to balance and optimize the flow of aircrafts arriving and
departing from the airport.

Decisions

The aircraft flow manager can request airlines to change their schedule based on the airfield capacity
and weather disruptions. They can also make decisions on amending the stand plan to assist airlines
and handlers.

Information used in making decisions

1 Local weather forecasts provided by the Met Office, including the jet stream, typhoon
conditions, snow, fog, etc.
1 Air traffic conditions and aircraft en-route performance.

or



Interactions with other partners

Operational conference calls are held with multiple stakeholders, including airlines, the Met Office, Air
Traffic Control, and Network Operations Managers. Any requests for schedule change are made
directly with airlines.

2.2 Data Sources

The data sources available at Heathrow and through APOC can be classified into three categories:
flight level data, passenger level data, and forecasts provided by the forecasting team. Descriptions
of the first two categories are shown in Table 1. A-CDM, Inter Terminal Operations (ITO) and PTM
data sets can be accessed in real time.

We interviewed the forecasting team and learned about the forecasting models they use. This team is
responsible for providing the forecasts for the Integrated Plan. (Appendix C shows an example of the
connecting passenger flow and inter terminal arriving passenger volumes provided by the Integrated
Plan.) They produce flight level forecasts, day level forecasts, transfer passenger flow profiles, and
demand profiles, to enable airport stakeholders to make decisions. The flight level forecasts are
generated using the seasonal schedule, daily adjustments based on historical data, seasonal trends
identified from the last six weeks and any special events. Before a flight arrives at the airport, the
number of passengers on the flight will be predicted based on the booking information that Heathrow
would have received in the previous day, as well as the historical data from the Business Objective
Search System (BOSS) dataset. A transfer flow profile predicting what flights passengers are
connecting between is provided to calculate inter-terminal volumes. A security demand profile,
forecasting how many passengers will arrive at security in a 15-minute period, is created as well.

2.3 Frame and Identify Selected DDP&ML Activity

In order to select the DDP&ML activity to be studied in more detail, we consider both data availability
and the importance of the problem. Processes that could be enhanced through data-intensive
analytics and decision support include:

1 Baggage flow management. Identify processes to reduce the number of misconnecting bags.

1 Stand allocation. Optimization of on-the-day stand allocation.

1 Passenger flow management. Understand the key factors that influence passengerso transfer
journey. Improve passenger experience and airline departure punctuality.

Compared to departing, arriving, and transfer passengers arriving from domestic origins, transfer
passengers arriving from an international origin have a more complex journey and a greater
interaction with Heathrow stakeholders. For this reason, the flow management of international
transfer passengers was chosen as a focus in this study.

While the impact of late passengers on TOBT at Heathrow appears to be marginal®, better
predictions of pas s enger sob tintecould @atentially improve the accuracy and stability of
TOBT. Mor eover, from airside operationso epable at
more stable and accurate TOBT®.

® Through impact studies conducted by Heathrow Airside operations.
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British Airways, which owns 52% of the landing rights at Heathrow, accounts for the largest
proportion of connecting passengers at the airport. The data concerning both intra- and inter-terminal
connections to Terminal 5 is rich and captures a large number of multi-stakeholder processes.

For the reasons above, the journeys of passengers arriving on international flights and connecting

through Terminal 5 were chosen as the focus of this study. Th e s e
be both domestic and international.

Table 1. Data Sources.

p a s autbounddlightsdan

Data Source Description Provider
Validated flight information data. Heathrow
BOSS Produced every Wednesday for the previous Monday to
Sunday.
Records of all flights that landed or departed on the Heathrow
CDM (IDAHO) date.
Flight T Arrival Produced at 5:00 am daily on the subsequent day. Each
Level 1 Delays day a csv file is created.
Data 1 Flights Not every delayed flight is included in the folder. The
1 Tows delayed flight will only be included if the airline specified
a particular delayed reason.
A-CDM Real time data. Heathrow
(IDAHO) Includes then Mo v e mamdiit Tor a ntabfeg r 0
1 Departures
M Arrivals
Available next day. Heathrow
This dataset provides the date, route, time, number of
ITO . . .
services and number of passengers in 15 minute
intervals.
Passenger As the airport have. no zjlccess to the DCS, t.he records of Heathrow/
p a s s e nlparding pass scans are obtained from BA .
Passenger | |'ansfer conformance data. This dataset is an extract that is Airline
Level Conformance provided by British Airways on a daily basis at the end of
Data Data the day, to get the time of boarding pass scans.
Real time data. Sent when a flight takes off from the Airline
departure airport. Each flight sends at least one PTM to
the arrival airport.
PTM

These messagesaresent by an air|l
destination airport that list passengers who are known to
be transferring onto another aircraft.

-10 -



3. THE TRANSFER PASSENGER PROBLEM

3.1 Heathrow Transfer Passenger Journey

The transfer passenger journey describes the processofa passenger 6s di sembar
until they arrveat t he departure gate of the connecting
departure and their final destinations, we divide these journeys into three categories: (i) international
inbound connecting to international outbound flights, (ii) international inbound connecting to domestic
outbound flights and (iii) domestic inbound connecting to international outbound flights. The
connection time of passengers in the first two categories is usually longer.

In 2015, 32% (24 million) of the passengers landing at Heathrow were transfer passengers. The
problem we are addressing in this study considers 15%(3.7 million) of the transfer passengers
arriving from international flights and departing from Terminal 5. Figure 2 shows an example of the
transfer passenger journey and the data collected during the journey.

When a flight takes off from the departure airport, Heathrow receives a PTM that includes transfer
passengersd informati on. o#éandthe padsdngers flisemlmk,ttransfex n d s

Figure 2. The Heathrow Connection Passenger Journey.
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passengers follow purple signs for flight connections. Those transferring to Terminal 5 from one of
the other terminals use a shuttle bus. In each Terminal, apart from Terminal 5, a Flight Connections
Validation (FCV) desk ensures that the passenger passes through security in the terminal of their
departing flight. In Terminal 5, this function is performed by a d&rReady-to-Flyédesk.

The shuttle bus between other terminals and Terminal 5 runs approximately every 10 minutes and
the capacity of the bus is 53 passengers. The number of passengers who board the bus is counted
by sensors and reported as part of an ITO dataset.

Upon arrival at Terminal 5, passengers are required to go through a Conformance desk. If a
passenger does not have a boarding pass for the connecting flight, they are provided with one at
ticketing desks located in front of the Conformance desks. Staff at the Conformance desk will check
the boarding pass to ensure that the passenger is in the right place, their hand baggage meets airline
regulations, and they have enough time to catchtheironwar d f | i ght . I n the

me

trave | information i s r ecorDE® & a@assenges a tha Confavmance deska i 1

is unlikely to reach their outbound flight, they will be redirect to a ticket desk for assistance. Terminal
5 has two flight connection areas, one forthe6 1 nt er nati onal to Domest.
passengers departing on international flights.

Passengers connecting to domestic flights need to pass through immigration, and these controls are
operated by Border Force. In Terminal 5 these queues are split in two T one for European Union
(EV), European Economic Area (EEA), and Swiss nationals, and another for all other nationalities.
Security staff checkspassenger so b ¢racordsitheiginfgrnaasos, earsd enrol them to the
common departure lounge process. After this point, passengers progress to the security screening.

Enrolment is not required for passengers connecting to international flights. After passing the
Conformance desk, they progress directly to security screening.

Security queue time service levels are monitored through the queue time of a random passenger.
Boarding pass information, where scanned, is recorded by airport temporarily for the purpose of
gueue time measurement.

After moving through airport security, passengers enter the departure lounge, and walk toward their
boarding gates. When boarding commences, staf
information wil/ be checked against the airl:i
domestic destination, their information will be checked against that recorded at the common
departure lounge enrolment. After boarding is completed, transfer passengers are ready to begin
their onward journey.

3.2 Problem Framing

Currently, the prototype Dynamic Model of Arrivals and Connections (DMAC) system provides a
dynamic view of expected flows versus scheduled expected flows. This system could help managers
make decisions for immigration and ITO operations (Figure 3).

As shown in Figure 4, in our chosen DDP&ML activity we focus on the first half of the connection
journey. The reasons for this choice are threefold. Fi r st , f or ec a st ssarovaltineeaat

-12 -
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the Conformance desk can help airlines predict which passengers are at risk of missing their
outbound flights. Given these predictions, the airline would be able to expedite late passengers and

Figure 3. The DMAC system’.
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ensure that TOBT remains stable. Second, betterpr edi cti ons on pansisescogle r s
support making accurate TOBT amendments. Third, the forecasts of the number of passengers
arriving at the Conformance desk can support making decisions on allocating security resources.

Next, we define the key objectives, performance indicators, and constraints of this study.

Key Objectives: The objective of this study is to develop a model using machine learning techniques

to forecastt he ti me di ff er ence s &revdl atetleenairpart apdatises arrnvgl etr 6
Terminal 5 Conformance desk. Specifically, we focus on the connection journeys of passengers who
arrive at the airport on international flights. This model should offer insight as to the key factors

i mpacti ng masestientimges.r s 0

Figure 4. Key Process to be Predicted and the Available Data Sets.

PTM:
Passenger’s
name,
number of
people in each
booking, .

P DRFO:
Arrival time, Passengers’ TOBT, delay
number of Inbound flight duration,
transfer informatien arrival stand,
passengers, Ourbound current
stand flight stand.....
number... information...

" Heathrow prototype tool. Provided by Heathrow Integrated Planning and Performance Team.
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