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|On Evaluating Data Preprocessing Methods for
Machine Learning Models for Flight Delays
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Absiraci—Flight delays camse various incomveniences for air-

ngers. According to data provided by
the Bt Natoral Gl Avlation A peacy (ARAC) batveen
5500 nd 18, abot 335 o dumesti Brauil
were delayed by more than 15 minutes m pred

spim nmmm 55 0f an air 1
s aitports, 2 shes may be mor nlreed
mwmn klﬂy!m iy to oocur thun th

e bsence o dclays. This paper focues on . hbalaneed
mmn._\ of the clases of delay um.m and absnce) by

Ut imegrees natioml gt operstos wilh meleoriogeal
fions of airparts. indicaie the models
Sovlod bl tcheiyge poFormed mach et
predicting the occurrende of delays, petting about 60% of Rits.
L INTRODUCTION

Delay is one of the key performance indicalors of any
transponation system. A flight delay shall be represenied by
the difemnce between the programmed time and the actual
time of depanure or amival of o fight In the context of
commercial aviation, these delays can occur for a variew of
reasons, including fight process failures, weather conditions,
‘mechanical problems, ground delays, air traffic control and

scenario, delays have a high
financial impact on airlines, such as fines, additional oper-
i <o, i eling cusions eyl Ao, ghen e
uncerainty of its oceumsnce, many passenge xd to
sl thl ravl o v o e deston on e,
which often leads to mereased travel costs [1].

Specialized Tieranre. shows tht lrge volume of data has
been callccted in databases of public and privale istintions
1 study and 1o understand the operations of the ai transport
system. Analysis of this data i crucial for gaining the knowl-
odze necded to detect and predict delays. Many recent studics
have ben done in analyzing fight data uing machine kaming
‘methods (2], [3], [4]. Such initiatives arc done thanks to the
farge volume of fight that has been coliecied in these years
in what ix currently known ax the Data Scien cra 5. [6]
7. 151,

Thas, methods of predicting fight delays ar fundamental
o mitigate their occumeince, and, e a consequenee, eduwe the
financial losses. Thercfore, classification mode s for predicting

978-1-5090 6014 §/181531.00/52018 IEEE

when delays may occur are needed, given the complexity of
reasons and conditicns that generaie delays (9. In fact_any
improvement in this theme may be beneficial for airlines,
airports and passengers. Notably, the seasitivity of predicting
when delays are likely to occur is mor: relevant than trying
o target the accuracy of predicting the presence or absence of
delays.

In this context, the ohjective of this work i t perform
an experimental cvaluation of data preprocessing methods for
machine learing classification models, considering the factors
imvolved and collceicd by the databases focusing on the scasi-
tivity of machine kearning classificrs. For that, this work builds
& dataset that integrates a database:containing Might operations
data provided by Brarilian National Civil Aviation Agency
{ANAC) [10] and airport wealher data provided by Weather
Underpround [11]. From this dalasct, many data preprocessing
methods were applid in combination with different machine
leaming classification models, Their performance evaluation
regarding delay prediction was analy

This paper contributes by exploring a broader spectrum
of data preprocessing methods for building machine leaming
modcls. Although flight delay prediction is an open problem.
our results indicate that data preprocessing methods that tarpet
the problem of unbalanced distribution of the classes for delays

outperform the other prproessing methods. Additionally, we
also contribued by exploring the Brazilian fight sysems.
since o other work was observed largeting predicting fight
delays in this continental country |12

Besides this inlroduction, his paper is organized a follows.
Sections Il and I preseat the general background for data pre-
processing and machine learning methods. Section [V presents
relaied work, wheras Section V discusses the methodology
used for our exploratory analysis. Section VI analyzes the
experimental cvaluation. Finally, Section VI concludes and
point out future work.

1L DATA PREPROCESSING

The data preprocessing activitics allow for the inpul datasct
1o be preparcd for the following data mining activits. Es-
el e i coms o clasition ey dso by i
increasing both accuracy and performance of the machi
leaming methods. Amang the main activities of daia prepr-
ccssing we can highlight: Data Inlegration & Cleaning: (A}
Data Transformation (DT}, (B) Data Reductic (DR). and (C)
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1. Introduction

is an important activity in any
. It generally demands a long

Adequate data preproce:
ppcann aming ar ot ray
ion| 1,2],

s stationary [7]. In a stationary time series, statistical properties.
such a5 mean variance and covanance, femain constant over time
and in any sample of data [7,5]. However, in practice, we cbserve
that such properties are not constant in the majority of reak
world time series, especially in socioeconomics 3] where many

ot o theretos vt abtaming inaccurate andor neor-
et results and conclusions [3]. Among the

of them ‘Thus, when observed the presence of
for

e ompl seechon e ok mraisston, s o
‘mansformation.

“The data wansformatica: activisy becomes particularly impor-
{ant i the contexi o predicion [2,4]. This context encompasses
oth problems of classification (prediction of discrete data) and

i i 2,451, However b

e appiied.
There exist several transfarmation methods in literature for
coping with nonstationarity in times series. Hawever, the choice
for an adequate methed 0 2 pancular e seres appication
s not a simple task. The analysis of their features and
hantages & rucal oo the ettt o e o

fosth we focus on the problem of predicting numenic fime series
p

s egseson mlerchungenby i s aper.
a great variety of time series prediction mellmds
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In this context. a thorough overview of different sl
methods for handling nonstationary time series and their respec-
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cientific workflows bave emerzed 25 2 basic abstraction for

2267% compard o 4. oc worklow implementation

1. INTRODUCTION
Many scientific experiments are based an comples computer
imlations

izvalved in large-scale in-silico simularions, scientifc workdlows
am ch interest. A workflow can be defined 25 2

programs that prepare. process.
Scientific Workfow Management Sysiems (swms) [ e
soffware systems that support the definition, execufion and
‘omunng of seme wemEows Vaiows SWIMS have beer

Fenivicn 10 mke dginl o o copios of al r g of i wok fr

or Humnd fr prof o commmeenl aasinge 3nd ha copin b
oty oty ety gt iy

proposed (eg. VisTrails, Kepler, Tavemma, Pegasss, Swifi and
Tram). Each

Demobras. Bracils sent ol compary. We will se his evanle
consiretly i o rst of e paper

L1 Motivating Example: RFA application

To illustrate the problem of opcimizing dia-cenmiz scienific
workfows, let s consider the following motvati workGow
seanano from ol evploiation. A major funcnon of 1 i dasg
e

U fhe surce trough mbulr smacmres called misers
Mainiining a0d repairing sisers under desp water is difficult,
costy and. critcal for the snviooment (e.g. to Frevent ofl spill)
‘Understandinz the dymamic behavior of exch rissr amd its life

1 podace sl sy s o e b <o by
scienrists. Such workflow can be modeled as a Directed Aq[):

Goph DAG) of scrvites wih wes fo sasblichiog e
danflow. In Figure . each rectangle ndicates an actviry. solid

a
mmpe o 3 sape e g

2000 impu Hles [:bm ma) ot ]lrmwz
shost 6300 Eie (sooat TIGE) with mine achukies inchuding
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Abstract. Workflows emerged as a basi abstraction for sructuring data analy-

in the current [ Scalable Compr ISC) scena-
rio. In many situations, these w urlﬂﬂn 's are invensive, either computationally or
in relation to data managemens, requiring execution in high-performance pro-
cessing environments. However, parallelizing the execution of workflows com-
monly requires laborious programming, in an ad hoc manner and in a low level
of abstraction, which makes it difficult o explore optimization oppornanities.
Some algebraic approaches have been developed to mitigate such limitation.
This work moves in the direction converging the workfiow algebra with relatio-
nal query processing.

Resumo. Os workflows emergiram como uma abstracdo bdsica para estrutu-
rar experimentos de andlise de dados no atual cendrio de DISC (Data Inten-
sive Scalable Computing). Em muitas mnacoex estes workflows sao intensivos,
seja ou em relagto de dados, exigindo a
execugto em ambientes de g Enretano, pa-
ralelizar a execugto de warkflows comumente requer programacao trabalhosa,
de modo ad hoc e em baixo nivel de abstragao, o que torna dificil a explora-
¢tt0 das oporunidades de otimizagtio. Algumas abordagens algébricas foram
desenvolvidas visando mitigar ral limiragao. Este trabatho caminha na diregto
de convergir a digebra de workflows com o processamento de consultas relaci-
onais.

1. Contexto

Apesar de alguns sistemas de workflows possuirem recursos para execuglo paralela, pa-
ralelizar um workflow de larga escala & uma tarefa dificil, ad hoc e trabalhosa. Namaioria
das solugdes existentes, cabe a0s usudrios dos sistemas decidirem a ordeme as dependin-
cias enire as aividades além s esraigias de paraelizagdo. Estas decisoes, em muitos
casos, estringem que poderiam
levar a melhorias ivas de 101 al, 2011}, pri

~Os autores agradecen & FAPER), 3 CAPES e a0 CNPq pelo financiamento parcial do projeto.
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Exploring Machine Learning Methods for the
Star/Galaxy Separation Problem

Eduardo Machado Ricardo Og
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Absgac—_for recent o plamed doep strovomical s, i
portant to el stars and galavies agart, a task known
roblem (SGST: AL fain magmades,
separation hetween pointy and etended sources is Az,
i e SCSF i o T

sccurse am kot & Nghy reevant
T e work e et s comperath several

‘machine methods torsrid a1 song. he g
i In order i train the d s, the
COSMOS survey was used. We we machine learning melhods

ficial neural networks, k nearest-neighbor,
‘Support Vector Machines, Forests and Naive Bayes. The
exploratory process was modeled centric workflow The

method we considered, of which neursl networks and random
forest presen. superior pe
L INTRODUCTION

A ol has changed since the first astronomical surveys [1]
‘when, along with the well-known stars and planets, a new class
of extended sources, the nebulae, was discovered. It was only
in the heginning of the XX century that this new class was
later associad 10 extm-galactic sources, the galaxies. This
distinction between exiended and point sources was enough
o tell them apart until recently.

As astronomical surveys pushed the boundaries of the
‘observed universe, reaching fainter magnitude limits and chal-
lenging the spatial resolution of ground-based telescopes,
distinction between stars and galaxies became fuzzier, a5 one
just can not spatially rsolve distant galaxies, confusing them
with stars (or QSOs).

of the main issues that affect the spatial rsolution
of ground-based wlescopes is the blur caused by atmosphere
furbulence, or seeing. Remaving the atmosphere from the line
of sight using space elescopes. like Hubble Space Telescope
{HST [2]), one can resolve distant galaxies that would be
otherwise indistinguishable from stars when observed from
Earth

“The discovery of the accelersted expansion of the universe
by an unknown component generally called Derk
Energy, started 2 race to uncover ils nature. Several large and

978-1-5090-0620-5/16/531.00 (52016 IEEE

ando Riccardo Campisano
Maia Gustavo Paiva Guedes
Eduardo Bererra

Luiz Nicolaci da Cosla
R Observatério Nacional, LineA
{ogando, Idacosta, maia} @linea gov.br

FETIRI
{gawedes, ebezems) cefot-r br

doop photometric surveys are ongoing (DES [(41) or under
construction (LSST [5]) with the main goal of studying dark
energy. In order to do that, cosmalogical probes such as large
scale structure, weak kensing, and galany clusters. mquire
a very good distinction hetween stars and galaxies. While
surveys ke SDSS (6] relied successfully on morphological
classification on its data releases, there i an urge for new
technigues when dealing with deeper surveys. Many works
explore machine leaming techniques [7], [8], specially using
erispy HST images from COSMOS survey [2] as training set
As the amount of data collected in deeper survey's grows, the
demand for fast and automatic Starigalaxy separation methods
is peramount. Many studies exist that use one or two classi-
fieation methods. In panticular, artificial neural networks have
been & common tool (7], and, mor weently, SUpport vestor
machines [§]. On the otrer fand. it is well-known that no
on all possible
191, To e bt of s kivowlap, s s or sianfalay
separation problem lacks (1) a mote extensive experimental
analysis of a broader spectrum of machine leaming methods,
spacially near the faintunmsolvble end of magnitude/shape
distribution, and (2) a disciplined approach to fine-tune the
parsmeters of such mathods
In this paper, we explore the application of seversl ma-
chine learing metiods o e sargalery epuation proem.
neural networks, SVM, random forests, k-nearest
vmghban ad Naive Bayes To tmin and valida these
mathods, we uss COSMOS suney [2], which consists of 2
catalog of more than 500,000 objects and 90 atributes. The
explorstory process was modeled as data centric workflow
and implemznizd on wp of Hadoop framework. Our approach

experiments show that neural networks and rndom forest
present supe rior performance than the remaining methods. The
result is important because random forest is ot among the
‘most uwed methods in stargalaxy separation problem, which
reinforces the need for such exploration

This work is organized in the following sections. Section
Il presents an overview on Astronomy surveys and relsied
concepts. Section 1l provides a brief description of the
preproce ssing lechniques whereas Section IV presents the
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prme— I this paper we appliad da techniques combined
Resened 23 March 206 unveil hidden patterns of Night delays. Considering Brazilian
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aifpoits and irlimes, we evaluated and quantified all attributes that may lesd to delys,
showing nat only the main patterns, but also their chances of oceurrence in the entire net-
‘Work.in each airport and airline. We observed that Brazilian flight system has difficulties to
reciver from jrevious delays and when operating under adverse meteorolagical condi-

frosvon g tins, delays oceunences nuay increse up to 216X
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1. Introduction

Dilays are anc of the greatest challenges to transportation systems. Notably, in commerdial aviation, delay is usually
defined by the difference between scheduled and real times of departure or arrival (Wicland, 1997). Despite some differ-
ences in tolerance threshalds for delays, country regulatory awharities usually monitor delays levels through several indi-
cators. In 2014, 16.6% of flights delayed by more than 15 min in Europe and 24.7% in the United States. In Brazil, 19.1% of
domestic flights were canceled or suffered delays greater than 30min (EUROCONTROL, 2015; The Unites States
Department of Transportation, 2015; ANAC, 201 5b).

Fliht deays impact passengers, aiflincs, and aimorts,especially incresing.(1p nd operations costs Given he uncer-
tainty of their occurrence, arrival on time. hand, airines
may have to mypem\nesﬁmormcurmm(m.sum:sm ions in airparts (Eritto etal.,
2012). Moreaver,
sians (Pejovic et al. 2000; Ryerson et al, 2014; Simi€ and Babic, 2015}

Defays also afft the aiines maskting stategles snce the loyaly of customers are mthated by puncaual pefor

mances (Vlachos and Lin, 2014). Furthermare, delay levels are not anly related to operational and ecanomic choices of an
airine (such as aircraft sizes, flight frequencies, and fares), but also with complaints about airline service (Bhadra, 2009;
Pai, 2010: Zou and Hansen, 201 4] In this context. for can direct public

and private investments in air ransportation systems, improve @ctical and operational decisions of airports and airlines
managers, and warn passengers, so they can rearmnge their plans (Marsden, 2002; Lv and Wang, 2008).

Every moment, a massive amount of data from commercial aviation is collected and stored in public and private data-
bases. Seeking to ddat. intensifying the usage
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Abstract. The problem of discovering spatiotemporal sequential pat-
temns affects n broad range of applications. Many initintives find
sequences constrained by space and time. This paper addresses an
appealing new challenge for this domain: find tight space-time sequences,
i.c., find within the same process: (i) frequent sequences constrained in
space and time that may not be frequent in the entire dataset and (i)
the time interval and space range where these sequences are frequent.
The discovery of such patterns along with their constraints may lead
to extract valusble knowledge that can remain hidden using traditional
methods since their support is extremely low over the entire dataset. We
imtroduce a new Spatio-Temporal Sequence Miner (STSM) algorithm to
discover tight space-time sequences. We evaluate STSM using a proof
of concept use case. When compared with genersl spatial-time sequence
mining algorithms (ST SM), STSM allows for new insights by detect-
ing maximal space-time areas where each pattern is froquent. To the
best of our knowledge, this is the first solution to tackle the problem of
identifying tight space-time sequences.

1 Introduction

Space and time are pervasive in our day-to-day lives. As many datasets that
include both time and space data are becoming available, new opportunities to dis-
cover interesting spatiotemporal patterns arise. An event may be classified as an
occurrence of a phenomenon in a given space and time. A spatiotemporal sequen-
tial pattern is a sequence of events that are constrained in space and time [7]. Due

to that, spatiotemporal sequence mining is gaining attention [11,12].

In this work, we investigate a new problem related to spatiotemporal pat-

tern identification. We are interested in finding tight space-time sequences,

i.e.,

sequences that are constrained in space and time that may not be frequent in
the entire dataset but are frequent inside a time interval and space range (spa-
tiotemporal blocks). The primary challenge is to discover these blocks and the
frequent. sequences they contain. Solving this problem has a valuable impact on

many applications.
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Abstract. The growth af urban populaion and, consequently, the number of
vehicles causes the increase of waffic jams and emission of polluring gases. in
this contexs, we abserve the intensificarion of papers shat aim o idensify bortle-
necks and their causes. These papers prapase methodologies tha use ajectory
dnia model and aim w0 explain sysiemic behaviors. This article propases the
identification and classification of anomalies in the urban road transport system
Jfrom space-time aggregations 1o permanent objects. The methodology consists
of pre-processing of data, idemificarion of anomalies. identification, and clas-
sification of frequent pawterns. Through it, we can idemify the systemic and
specific behaviors on the urban transic of Rio de Janeiro.

Resumo. O dap urbanae, do mimero
de vefculos provoca o aumento de engarrafamentos e da emissdo de ga-
ses poluentes.  Nesse comeexto, observa-se a imensificagao de pesquisas
que buscam idemificar engarrafamentos ¢ swas causas. Esas pesguisas
propoem metodologias que usam modelo de dades de wajerdria ¢ visam ex-
plicar comportamentos sistémicos. Este anigo propde a identificacta € a
classificacdo de anomaiias no sistema de mansparte mdwnfrm wrbano a partir
de agregacoes espag is @ objeros p doiogin con-
siste do pre-pro dos dados, de lias, idenri

e classificagao de padroes frequentes. Por meio dela, ¢ possivel idensificar com-
portamentos sisitmicos e pontmuais do wansito urbano do Rio de Janeiro.

1. Introduciio

Em 2007, pela primeira vez existiam mais pessoas vivendo em freas urbanas do gue em
zonas rurais, resultado de uma urbanizagio expressiva que se impulsionou desde a década
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