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Some Airport Big Data Analytics Applications .,

Airlines

Customizing the customer
experience

Check-in

Verify which passengers
made online check-in or use
the service desk

Commercial Facilities

Know in advance customer
profile, behaviour and habits

Security

Facial recognition and
behavioural patterns assisting
with security at the airport

Tracking

Flow Passenger
Real-time Baggage Status
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Full Exploitation Of Airport Commercial Opportunities to improve

non-aeronautical revenues based on customer experience

Ho

Non-aeronautical Customer Layout Passenger Neuro
revenues Experience Flow Fuzzy

Big Data Analytics
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Database

SECONDARY DATA PRIMARY DAY#A SECONDARY DATA SECONDARY DATA SECONDARY. DATA

CIVIL
AVIATION SURVEY WITH
SECRETARIAT STRUCTURED
SURVEY FORMS

ANNUAL AIRPORT’S REGULATORY
REPORT WEB SITE AGENCIES

SINCE 2013 INLOCO REVENUES LAYOUT TRAFFIC
Passenger satisfaction User Profile Aeronautical Numbers, types, and Passenger movement
User Profile Purchase Behavior Non-Aeronautical location of commercial
Passenger Satisfaction establishments
Permanent Survey Pilot Project
21 main Brazilian airports Tancredo Neves/Belo Horizonte Airport
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DATA

Database

Pilot Project — IN LOCO Survey & Collected Data

Tancredo Neves /Belo Horizonte Airport

Commercial Performance

User
Profile

Gender

Purpose

Age (years)
Education Level
Income
Frequency
Feeling

Waiting time (h)

Purchase
Behavior

Value Spent
Store/Branding

Product

Location
Web access

» Satisfaction

Product Quantity & Quality
Product Value

Product cost benefit

Store comfort & space
Store availability & location

Store employee cordiality
Store queue time
Signaling to find the store

Scale 0 to 10
very bad - very good

W Revenues

Aeronautical
Non-aeronautical

» Layout

Store types
Location

W Traffic

Passenger movement

~=—
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Airport name

Database -~ . 5SUbsetAirport o

Permanent Survey Aimort
21 main Brazilian airports o : Terminal
Public pjrport Flight type
Agencies :

Operational Performance

Socio-demographic
Travel Purpose

CIVIL Airlines

Passenger Profile

Frequency
AV l AT l O N Waiting time
SECRETARIAT
Public Overall ‘ Satisfagtion |
Transportation Satisfaction ﬁ:ggeugu\j‘;ﬂg & Quality

Store Queue Time
Store Employee Cordiality

Scale 1t0o 5

very bad -

= 431844 rows X 90 columns (RAW DATA)
Collection Period: May 29, 2013 to March 30, 2019

very good
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METHODOLOG
Y

% o Fo ¥

. Programmin
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Data Science

Pilot Project
Tancredo Neves/Belo Horizonte Airport

Permanent Survey
21 main Brazilian airports

EXPLORATORY
RAW
DATA DATA
ANALYSIS

Test Techniques - Knowledge

Tancredo Neves/Belo Horizonte Airport ~ Tancredo Neves/Belo Horizonte Airport ~ Tancredo Neves/Belo Horizonte Airport 21 main Brazilian airports
LINEAR REGRESSION NET PROMOTER SCORE VISUALIZATIONS MEAN / GROUPING
Studio @, python’ @ python’
¢ User Profile ® Passenger Satisfaction (LOYALTY) ® Layout ® Passenger Satisfaction
¢ Purchase Behavior ° Revenues
¢ Passenger Satisfaction ® Traffic
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Computational Intelligence

NATURAL
LANGUAGE
|
> Neural Network
Neuro-fuzzy
GENETIC . o
ALGORITHMS |-|I-ngUIStIC terms (fuzzy)
COMPUTATIONAL :
INTELLIGENCE learnings (neural network)
CASE-BASED =
REASONING understand customer behaviour
. and forecast non-aeronautical
Fuzzy logic eventes
AGENTS To train the neural
" ‘ network
EXPERT
SYSTEM
)
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RESULTS 03

L
C \\l\\' ) \P‘ :\ ! l: &
3 Standardsr@* o

Customer Experience

(YL

R ‘:@:' Intelligent Systems
N evenue tical For The Management Of
Grouping 0 grn")zz;%r:%ue;cz Airport Commercial
Knowledge of  Types of store value spent by category Facilities To Improve
Non-aeronautical Revenue

the Data:‘@c_ Layout :‘@’:
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Test Techniques EXPLORATORY DATA ANALYSIS

Tancredo Neves/Belo Horizonte Airport

STUDY BEHAVIOR OF VARIABLES CONSIDERING THE
LINEAR REGRESSION FOLLOWING INDEPENDENT VARIABLES AS A BASIS:
feelings relax, age 18-25, food & beverage store,
frequency first, gender male, travel leisure, cafeteria store

User Profile
¢ Purchase Behavior
¢ Passenger Satisfaction
Source: SILVA et al, 2019 Source: SILVA et al, 2019
VALUE SPENT VALUESPENT ~ VALUESPENT B satisraction  PRODUCT VALUE  Coo! BENEFIT - SIGNAGE TO GET
. ) ) 4 OF THE PRODUT TO THE STORE
Confidence Confidence Confidence
Intervals Intervals Intervals |C_>
o . ) ] ] < Confidence Confidence Confid Int |
i Predictors Estimates  Lower Upper Estimates Lower Upper Estimates Lower Upper O Predictors Intervals Intervals onndence Intervals
g (Intercept) 35.72""  18.2553.18 31.44™" 18.86 44.0127.74" 12.21 43.27 % Estimates Lower Upper Estimates Lower Upper Estimates Lower Upper
T ) = (Intercept) 7.93"  6.08 9.77 777" 583 9.71 5.83*"  3.05 8.60
g & Travel Business -3.56 -31.72 24.59 E ) Gender Female 119" 221 -0.16
L | Oth * TTNEER Age 26-35 0.09 -1.92 2.10 -132 -3.23 0.59 2.05 -0.97 5.08
a X Travel Others 78.62°  26.23131.01 % % Age 36-45 2.98%  -4.92 -1.04 -1.99°  -3.83 -0.15 1.98 -0.96 4.93
@ &5 Age 46-55 -1.17  -3.33 0.99 037 -2.42 1.67 2.68 -0.53 5.89
. ok (TH ge . . . . . . . . .

G i SRR 120.73 7 73.68 167.79 TH 8 Age 56-64 1.86  -4.21 0.49 111 -3.36 1.15 022 -3.30 3.75
R A ccessories 102.26 163 202.89 (9) |<T: Age > 65 -4.20 -7.27 -1.12 -5.54 -8.43 265  -5.58" -10.12 -1.05
E S Crafts 10.26 -90.37 110.89 (@) Frequency <1 038 -1.49 2.24
o E Imported item/ 269.76 *** 197.76 341.76 E peo| Frequency 1-4 032 -0.89 153
(%)) Perfume = m Frequency 5-12 0.80 -0.77 2.36
'-'DJ Footwear 72.26 -28.37 17289 [g) Frequency > 12 200" 0.29 3.72
0 Diner/Pizzeria 5.95 -19.95 31.86 = Feelings Anxious -0.72  -2.55 1.10
<>E Bookstore 22.26 -78.37 122.89 &) Feelings -1.89°  -3.65 -0.13

Restaurant 10.69 2096 4233 [him Indifferent

Ice cream shop 12.26 -88.37 112.89 [N Feelings 050  -3.46 4.45

Observations 84 84 84 |<T: Unconjfortable

R/ adjusted R2  0.104 /0.082 0.236/0.226 0.440 / 0.380 ) Observations 84 84 84

R?/adjusted RZ  0.285/0.229 0.247/0.156 0.222/0.139

* p<0.05 ** p<0.01 *** p<0.001 . o e
F-statistic: 4.708 on 2 and 81 F-statistic: 25.29 on 1 and 82 F-statistic: 7.36 on 8 and p<0.05 p<0.01 p<0.001

DF, p-value: 0.1163E-01 DF, p-value: 0. 2855E-05 75 DF, p-value: 0.3529E-06 F-statistic: 5.112 on 6 and 77  F-statistic: 2.702 on 9 and 74  F-statistic: 2.681 on 8 and 75 DF,
DF, p-value: 0.0001824 DF, p-value: 0.008913 p-value: 0.01197
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Test Techniques EXPLORATORY DATA ANALYSIS

Tancredo Neves/Belo Horizonte Airport

NET PROMOTER SCORE

Product Quantity & Qualit
Q 88' Q y

®  Passenger Satisfaction (LOYALTY)

Store comfort & sduct Value

Would the customer recommend the company
to a friend?

(service or product)
Preduct cost benefit

Store availabili

01 2 3 45 6 7 8 9 10

®_
©_

ing to find the store

Store employee

—— DETRACTORS GROUP Store queue time
- NEUTRAL GROUP Source: SILVA et al, 2019
- PROMOTERS GROUP
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Tancredo Neves/Belo Horizonte Airport

VISUALIZATIONS

Test Techniques

Layout

STORE TYPES &
DISTRIBUTION

OCafeteria / Snacks / Sweets / Juices
OImported items / perfumes

O Restaurant

OCrafts / Jewelery / Semi-jewels
ODiner / Pizzeria

[JAccessories

Olce cream shop

OBrewery

OPharmacy and Cosmetics / Makeup
DOExchange offices

OFootwear

OPerfumery

OClothes

ORelax Lounge

C1Sporting goods

CBookstore

Source: SILVA et al, 2019

EXPLORATORY DATA ANALYSIS

Passenger Terminal
132,000 Square meters
@ (a) ; -] i |
- :f]'":" o0 O e ) e 20| O . ,\_,":;6 200
0 «;‘.Oo -‘:‘r'\.' o ° ] 800
_OO _ emio — 60 900
s E e STORE LOCATION
- TPS 1
Mineira Square
lobby
Landing 02

International landing
International departure
information desk / Check-in 2
information desk

ground floor

External area

domestic departure

Check-in 2

Check-in 1/ Information desk
Check-in 1 / domestic landing
Check-in1 m

0 10 20 30

~———

Store Quantity

WORKSHOP
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Test Techniques

Tancredo Neves/Belo Horizonte Airport

VISUALIZATIONS

Revenues
DISTRIBUTION OF REVENUES 2015 10 2018
2018 30% _ | ' _70% ' |
2017 30% _ | ' _70% ' |
2016 38% L e |
2015 36% L 6% ' |

0% 20% 40% 60% 80% 100%

ONon-aeronautical revenues []Aeronautical revenues
Source: SILVA et al, 2019

Tancredo Neves/Belo Horizonte Airport
being granted to the private initiative by auction in 2013, where the
concessionaire initiated the services of expansion, maintenance and
exploitation of the airport in 2014 for a period of 30 years

NON-AERONAUTICAL

EXPLORATORY DATA ANALYSIS

(2018: The five busiest airports in Brazil)

-
~n

'§ RS 8.71 . RS 8.92
— e
REVENUES 2 1 -
& Z 3 7.34
v
™
PASSENGER £ ¢
|—
MOVEMENT & °
2015to0 2018 § N
w
a0
YEAR 2015 2016 2017 2018
Quotation of the middle dollar USS, values in Reais RS (national currency):
3.33 3.53 3.19 3.65

g Passenger traffic (in million)

Imported itens I R 298

- Footwear mEEESS———— RS 100
<
b= Crafts mmmm RS 38
VALUE = Bookstore mmmmmm RS 50
SPENT Accessories IEEEEE— RS 130
BY o2 5] Restaurant M RS 38
CATEGORIES 9 < Icecreamshop mmmm RS 40
5019 O >  Diner/pizzeria mmmm R$34
W w
@ Cafeteria mmm RS 28
3 8 3
2z 5

RS 200

RS 250

RS 300

RS 10
RS9
RS 8
R$7
RS 6
R$ 5
RS 4
RS 3
RS 2
R$ 1
RS -
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NON-AERONAUTICAL REVENUE
PER PASSENGER (REAIS RS)

= Non aeronautical revenue per passenger RS
Source: SILVA et al, 2019
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Test Techniques

21 main Brazilian airports

MEAN / GROUPING

NomeAsrodromo

Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto
Aeroporto

Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
Internacional
de Goiania

de
de
de
de
de
de
de
de
de
de
de
de
de
de
de
do

Passenger Satisfaction

Belém

Brasilia
Confins

Cuiaba
Curitiba
Floriandpolis
Fortaleza
Maceid

Manaus

Natal

Porto Alegre
Recife
Salvador

Sdo Paulo
Viracopos/Camp
Rio de Janeiro

de S3o Goncalo do Amarante
de S3o Paulo/Congonhas

de Vitdria

do Rio de Janeiro

Product value
Snack bar/restaurant

mean

.9412092
.217860
.2648098
.356454
.408671
.897716
.43834¢
.147311
.759863
.607182
.589872
.693786
.616071
.229788
.58575¢
.653388
.695876
.377248

inas

NN RNNNNNNNNRNWNNNMNNNNNNDNNN

1.721828

2.86690¢
2.064484

Quantity & Quality
Snack bar/restaurant

mean

.614112
.544114
.433665
.060293
.646510
.801561
.704884
.693716
.247752
.261817
.56840°2
. 848048
.706053
.441536
.425588
.53927¢
.59638¢
.813619
.437916
.824130
.233084

b www

W wwwwwmNn w w

w

Queue Time
Snack bar/restaurant

mean

NaN

.731242
.658805
. 343062
.890170

NaN

.937285

NaN

.342831
.739550
.861735
. 764080
.694444
.329941
. 745837
.715360

NaN

.234568
.356157

NaN

.5120871

P www

W ow W w W w W w »

oW

EXPLORATORY
>c
s 2
ik E 3
Q4 €] I
opQ o > o
3% TS 55
03 20 S5 &
O x c 3
o O © et
eEg =) o
Ww cn (@)
mean mean mean
NaN  3.912264 3.196926
.971873  3.329081 2.139717 3
.980190 3.453861 2.537885 3
.537664 2.731682 2.477051 3
.127422  3.750463 2.986671 4
NaN  3.907438 3.306897
.117490  3.730955 2.633718 4
NaN  3.938202 3.167243
.554132 3.260@345 3.011648 3
.181518 3.229109 2.797151 3
.913751 3.579691 2.777508 4
.981440 3.855735 2.641892 3
.855409 3.753643 2.732010 3
.489759  3.514270 2.461071 3
.99@814  3,223924 2.613633 3
.904476  3.489877 2.839694 3
NaN  3.991228 2.915663
.397862 3.912014 2.807006 3
.275688  3.842992 4
NaN  3.821809 3.059659
.862350  3.350@224 2.461601 3

DATA ANALYSIS

Queue Time
Store

mean

NaN

.925617
.718250
.344477
.205503

NaN

.015694

NaN

.555327
.581522
.048200
.988294
.817418
.453730
.778924
.854328

NaN

. 322009
.056106

NaN

.788832

RS b wwhp

HPwwwbdbhbww

b w

Employee Cordiality
Store

mean

NaN

.097428
.995340
.367583
.228070

NaN

.182559

NaN

.680294
.754098
.126820
.085784
.925659
.473668
.962725
.040775

NaN

. 409692
.219355

NaN

.967109
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Identification of Research Application Area FUZZY

Passenger Satisfaction Survey - Scale from 0 to 10

Triangular fuzzy numbers

Pertinence function
10 4

0.8 1

0.6 -
- Bad

- Decent

- Great
0.4

0.2 1

grades of conviction or certainty

0.0 1

0 2 4 6 8 10
grades of subjective assessment given by users
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Identification of Research Application Area NEURAL NETWORK

User Profile

Forward propagation

—»
»

Gender TO NONLINEAR SEPARABLE PROBLEMS

hidden layer

- \\\\\ AN N N N ical
Resident ﬂ{\\\\",‘g/// \\\'//A\\\'///A\\\ S /// on-aeronautica
\\\\‘V é y"llf’k A\\\\Alll/; A\\\\AlIIIL A\\\\A‘Ills R evenue
\\\\. \\‘\‘ Wie NX X/ N\X XA NX X/
NS 7 A N7 AN 7 N7
. e o W N \WOKK) _
Nationality \\“:\\“\"\“::’%zé 4‘3%\‘;‘4%7’; 4‘3% ‘; 4‘%'/; 4“%\% 57147'/’& <\ High
“ \)}e' VAR % / AW 4 / ",, / 7
educational @SS g M g IR o SN g >SS -
\ v‘ XX WY N "&Q;‘,‘A\VMA A’é’},,A\’.'L A’é@;«%\"l‘ 6v,7 Moderate MUItllayer Network
Level SRR NN 7NN, 7NN 7 V‘,&‘/ Implementation:
) o g o e e P -
A\ g VTN g NN g AN\ g~ <2
Income SR AN 1280, 9N\ £ MR /'\ . _
NV, NIV AN AN/ AR\ = Svnaotic Weight
JABEERT @ NN @ NN NN = Low JERIEEE
« @R I RN i 1/ : Taining
Accompanied "”il:’?’"é‘;‘§§\\> ’4/[&&\& 4///IAA\\\§ 4///]“\\\“\5 = Activation function
VS a8 ) Xl X - : Eror
Feelings 4//1///"“ //\\ //\\ //\x Predicting = Accuracy
///% = Learning rate

Zilh
Purpose // & Value Spent Revenues Layout
/ \(\ u u g 9,
Frequency %efo‘%\\%\o Airport  Satisfaction Waiting time
()
W Extracting Standards to customize

Back-propagation
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NEXT STEP

Continuing Exploratory Analysis Of The Permanent Survey Data Of The 21 Main Airports Of Brazil

Implement Neural Network With Fuzzy Training And Verify Network Accuracy

Apply Pilot Project To Other Airports

Submit An Online Survey For A Larger Sample Number (Similar To The Pilot Project Survey)
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FINAL CONSIDERATIONS

Linear Regression (pilot Project)
STUDY BEHAVIOR OF VARIABLES

Average / Grouping

(Permanent Survey — 21 airports)

VALUE SPENT_ . , The SP/Congonhas Airport showed lower satisfaction index
Product types: 1 imported items/perfumes for the value of products from snack bar, restaurants and
| cafeteria/snacks/sweets/juices commercial establishments
CUSTOMER SATISFACTION

Product Value  Age + 65 years }+dissatisfied Neural Network

Cos Benefit Age 36 to 45 years Multiple attribute combinations for
each neuron — nonlinearly
separable problems

Net Promoter Score (pilot Project)

CUSTOMER LOYALTY Other different techniques were important to

know about the data and enable the design of

the neural network and its implementation
Product value

Cost benefit Product Quantity & Quality
Signaling to find the store Store comfort & space
CRITICALZONE  IMPROVEMENT ZONE Fuzzy
Pertinence function in the analysis
QUALITY ZONE EXCELLENCE ZONE of satisfaction passenger
Store queue time none of the indicators with
Store employee cordiality NPS greater than 75% P — BV
Store availability & location A —
ke
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Thanks For \Watching

lenice@ita.br

le.mirian2016@gmail.com

@ Lenice Mirian
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