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Abstract

This paper identifies key aviation data sets for operational analytics, presents
a methodology for application of big-data analysis methods to operational prob-
lems, and offers examples of analytical solutions using an integrated aviation
data warehouse. Big-data analysis methods have revolutionized how both gov-
ernment and commercial researchers can analyze massive aviation databases
that were previously too cumbersome, inconsistent or irregular to drive high-
quality output. Traditional data-mining methods are effective on uniform data
sets such as flight tracking data or weather. Integrating heterogeneous data sets
introduces complexity in data standardization, normalization, and scalability.
The variability of underlying data warehouse can be leveraged using virtual-
ized cloud infrastructure for scalability to identify trends and create actionable
information. The applications for big-data analysis in airspace system perfor-
mance and safety optimization have high potential because of the availability
and diversity of airspace related data. Analytical applications to quantitatively
review airspace performance, operational efficiency and aviation safety require
a broad data set. Individual information sets such as radar tracking data or
weather reports provide slices of relevant data, but do not provide the required
context, perspective and detail on their own to create actionable knowledge.
These data sets are published by diverse sources and do not have the standard-
ization, uniformity or defect controls required for simple integration and anal-
ysis. At a minimum, aviation big-data research requires the fusion of airline,
aircraft, flight, radar, crew, and weather data in a uniform taxonomy, organized
so that queries can be automated by flight, by fleet, or across the airspace sys-
tem.
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INTRODUCTION

1.1 BIG DATA

Recent years have witnessed a dramatic increase in our ability to collect data from vari-

ous sensors, devices, in different formats, from independent or connected applications. This

data ood has outpaced our capability to process, analyze, store and understand these datasets.

Consider the Internet data. The web pages indexed by Google were around one million in

1998, but quickly reached 1 billion in 2000 and have already exceeded 1 trillion in 2008.

This rapid expansion is accelerated by the dramatic increase in acceptance of social network-

ing applications, such as Facebook, Twitter, Weibo, etc., that allow users to create contents

freely and amplify the already huge Web volume.

Furthermore, with mobile phones becoming the sensory gateway to get realtime data on

people from different aspects, the vast amount of data that mobile carrier can potentially

process to improve our daily life has significantly outpaced our past CDR (call data record)-

based processing for billing purposes only. It can be foreseen that Internet of things (IoT)

applications will raise the scale of data to an unprecedented level. People and devices (from

home cofee machines to cars, to buses, railway stations and airports) are all loosely con-

nected. Trillions of such connected components will generate a huge data ocean, and valu-

1
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

able information must be discovered from the data to help improve quality of life and make

our world a better place. For example, after we get up every morning, in order to optimize

our commute time to work and complete the optimization before we arrive at once, the sys-

tem needs to process information from trafic, weather construction, police activities to our

calendar schedules, and perform deep optimization under the tight time constraints.

In all these applications, we are facing significant challenges in leveraging the vast amount

of data, including challenges in (1) system capabilities (2) algorithmic design (3) business

models.

1.2 RESEARCH IN THE UNIVERSITY OF MICHIGAN

The students from the University of Michigan have started a new research which helps in

understanding the weather of a particular place. They have taken data of the weather of the

past 10 years. The analysis of this data helps in understanding the patterns in the weather.

This is a very creative and new process. It could lead to understanding similarities in the

weather in the past years. It could be of help in predicting the weather in the future. This

can be very helpful for flights. With the help of this data, the flights can be cautious of bad

weather in advance. So it will be usefull.

JSCOE,Dept.of Comp. Engg.2014-15 2
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

1.3 MORE ABOUT BIG DATA FOR PREDICTIVE ANALYTICS

The data used in this research is available publicly. Since it the hourly data of the last

ten years, the data is huge in quantity. Hence, it has to be managed cleverly and all of it

must be taken into consideration. The study of the weather is carried out keeping the flights

and their journeys in mind. This enables the researchers to understand the effect of weather

on a particular journey. This is a very unique study. It will help in predicting the delays or

preventing them in certain cases.

JSCOE,Dept.of Comp. Engg.2014-15 3
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DISSERTATION PLAN

This topic is generally belongs to weather forecasting that is how we implement Big Data

computing for future weather prediction.The Objective and Aim of this report is to help

Airlines by providing information of future weather which help to avoid flight delays and

cancellation of flights.

This will help to solve social issues of flight delays by using BIG DATA computing

method. As we know because of bad weather everyday lots of Flights has been canceled

or dalayed. This is a big SOCIAL ISSUES we need to solve to avoid fight delays. As a Soft-

ware Engineer , Engineers from University of Michigan developed a Big Data Computing

method to predict the future weather . By using Big Data Computing method , they try to

predict the future weather to avoid weather related fight delay.

4
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STARTING WITH BIG DATA

3.1 WHAT IS BIG DATA...?

Big data is a very popular term that is used to describe the large growth and availability

of data, which can be both structured and unstructured. And big data are very important to

business and society as well as the Internet which has become popular.

3.2 THREE V’S OF BIG DATA

In year 2001, industry analyst Doug Laney (currently with Gartner) had articulated the

now mainstream definition of big data as the three Vs of big data which are volume of data,

velocity of data and variety of data.

• Volume Many factors contribute to the increase in data volume of data. The trans-

action based data storage through many years. Unstructured data are coming from

5
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

social media. Increase in amounts of sensor and machine to machine data gonna be

collected. In the past years, excessive data volume was a big storage issue. But with

the decreasing costs of storage, other issues emerge, including how to determine rel-

evance within large volume of data and how to use analytics to create value from

relevant data.

• Velocity Data is streaming in at unprecedented speed and must be dealt with in a

timely manner. RFID tags, sensors as well as smart metering are driving the need

to deal with torrents of data in real time. Reacting quickly enough to deal with data

velocity is a big challenge for most organizations.

• Variety Data today comes in all types of formats that means Structured, numeric

data in databases. Information created from line of business applications. Unstruc-

tured email, text documents,video, audio, stock ticker data and financial transactions.

Managing, modifying and governing different varieties of data in many organizations

still grapple with.

3.3 ADDITIONAL TWO DIMENTIONS OF BIG DATA

We consider two additional dimensions when thinking about big data:

• Variability In addition to the increasing in velocities and varieties of stored data,

data flows can be highly inconsistent with periodic peaks. Is something really trend-

ing in social media? Daily, seasonal and event triggered peak data loads can be chal-

JSCOE,Dept.of Comp. Engg.2014-15 6
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

lenging to manage. Even more with unstructured data involved.

• Complexity Today’s data comes from various and multiple sources which need to

be analysed . And it is still an undertaking to the link, match, cleanse and transform

data across this systems. However, it is necessary to connect and correlate relation-

ships, hierarchie as well as multiple data linkages or your data can quickly spiral out

of control.

3.4 PROPERTIES OF BIG DATA

TEN PROPERTIES OF THE PERFECT BIG DATA STORAGE ARCHI-

TECTURE

• Be Scalable Any big data storage system should be scalable. What capacity will

meet to your requirements? The problem with simply adding disks are that this model

is not scalable in the number of ways. Scalability is not just all about size of data

storage,but it has wider implications. The throughput and the speed of access should

be scalable. In addition, the system should able to scale , that is, to grow quite large

without a huge increase in staff.

• Provide Tiered Storage When it comes to storing and retrieving data, the first

question is: How long can I wait to get the data I need? However, you also need to

factor in the cost of storing the data on different tiers. An optimal big data storage

architecture stores the data you need and archives what you dont need right away at

JSCOE,Dept.of Comp. Engg.2014-15 7



Push
ka

r Z
ag

ad
e

BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

the lowest possible cost. The best systems support a lifecycle that provides a home for

data flows in each stage of the lifecycle, from creation through archiving.

• Be Self Managing Storage systems almost always have so many users. Most of the

time, those users will be applications that are placing data in some type of storage and

alerting the system when data needs to be moved back and forth between the tiers just

mentioned. This sort of communication is hardwired into the applications via APIs.

The apps tell the storage system what to do.

• Ensure Content Is Highly Available As petabyte-sized information stores in-

creasingly become a key source of business advantage, there is a corresponding desire

to keep this data forever while ensuring that it is highly available. Customers need

to accomplish this objective without growing administrative or backup staff at the

same rate data grows. Well-architected storage systems leverage their internal policy

engine to automatically make copies of newly stored data across media and sites to

assure basic data availability on top of traditional RAID architectures. But as data

growth continues to outpace traditional approaches, this availability model is being

challenged, particularly in customer environments that require complete reliance on

disk storage.

• Ensure Content Is Widely Accessible Just as the increasing value of big data

has made high availability a critical factor, it has also driven the need for content to be

widely and quickly accessible as more users want to leverage the data to extract value.

Often, these users are geographically dispersed and can even include suppliers and

JSCOE,Dept.of Comp. Engg.2014-15 8
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

partners. As a result, distributing data geographically so that it is closer to users has

become more important. In fact, says Lee, cloud storage is as much about providing

wider access to data as it is about outsourcing the management of that data. So , One of

the other advantages of wide area storage over RAID-based architectures is the greater

geographic distribution and, in the case of most wide area storage technologies, a

cloud-ready interface.

• Support Both Analytical And Content Application In the past, almost all

the data companies had to deal with was records in databases. Each unit of data

was small and the trick was sifting through huge collections, usually stored in SQL

databases, to find the records you wanted.But in the modern world, the analysis model

has been dramatically extended. Some of the most valuable analysis being done these

days is massive parallel analysis of big unstructure files, whether huge web logs, FI-

NANCIAL data, or sensor information. In some cases this is the same data being

shared by human users in a content management application. However, the data per-

formance requirements for these two uses are diametrically opposed; the best perfor-

mance for human analysis requires an extreme service level for delivery of a single

file or set of files to a single user so that even the most efficient granular, high perfor-

mance dataset can be delivered with integrity while the best performance for compu-

tational analytical environments (like Hadoop) are instead reliant on the simultaneous

movement of many streams of dataeach one perhaps a bit slower, but with the highest

overall parallel throughput.

JSCOE,Dept.of Comp. Engg.2014-15 9
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

• Support Workflow Atomation Smaller unstructured data, typically end user

productivity files, is typically for the use of single users. Big unstructured data is al-

most always driven by a set of data-sharing applications. Big data must be delivered to

users in context of a workflowthe transfer of information from application to applica-

tion and user to user. For this reason, a big data storage architecture must support easy

integration of workflow. This may include a specialized professional application such

as a content asset manager, a laboratory information management system, as well as

a broadcast information system. Alternatively, it may be driven by customer-written

applications or scripts.

• Integrate With Legac Application With the dramatic changes in both big data

requirements and technologies, as outlined above, customers need the ability to lever-

age the latest big data technology (such as wide area storage). However, frequently

vendors offer these new technologies only if the user is willing and able to forklift up-

grade his or her prior system. Lee notes that customers deserve a better productization

experience than this offers.

• Enable Integration With Public, Private And Hybrid Cloud Ecosys-

tem Many of the storage tiers mentioned so far are going to be profoundly influenced

by the cloud. It is possible to imagine huge networks of cloud-based computer mem-

ory, banks of flash drives, and wide area storage. As already mentioned, moving data

to and from clouds is crucial. The ideal big data storage system must be built from

the ground up to be cloud enablednot only for public clouds but also for private and

JSCOE,Dept.of Comp. Engg.2014-15 10
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

hybrid cloud environments.

• Be Self Healing The largest scale websites and applications, those created by Face-

book, Twitter,Google, and AMAZON, all have the built-in ability to handle failure.

When a server in this cloud environment fails, there is no apparent outage, and this

particular server is never fixed. Work is automatically redirected to another resource,

with the failing server automatically taken offline for later removal. A well designed

big data storage system must work in exactly this same model; it must accommodate

component failures and heal itself without customer intervention.

3.5 APPLICATIONS OF BIG DATA

• Understanding and Targeting Customers

• Understanding and Optimizing Business Processes

• Personal Quantification and Performance Optimization

• Improving Healthcare and Public Health

• Improving Sports Performance

• Improving Science and Research

• Optimizing Machine and Device Performance

• Improving Security and Law Enforcement.

JSCOE,Dept.of Comp. Engg.2014-15 11
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• Improving and Optimizing Cities and Countries

• Financial TRADING

JSCOE,Dept.of Comp. Engg.2014-15 12
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BIG DATA FOR WEATHER PREDICTION TO AVOID FLIGHT
DELAYS

4.1 INTRODUCTION

Weather forecasting has been one of the most scientifically and technologically challeng-

ing problems around the world in the last century. This is due mainly to two factors: first,

its used for many human activities and secondly, due to the opportunism created by the

various technological advances that are directly related to this concrete research field, like

the evolution of computation and the improvement in measurement systems . To make an

accurate prediction is one of the major challenges facing meteorologist all over the world.

Since ancient times, weather prediction has been one of the most interesting and fascinating

domain. Scientists have tried to forecast meteorological characteristics using a number of

methods, some of these methods being more accurate than others.

Weather forecasting entails predicting how the present state of the atmosphere will change.

Present weather conditions are obtained by ground observations, observations from ships

and aircraft, radiosondes, Doppler radar, and satellites. This information is sent to meteo-

rological centers where the data are collected, analyzed, and made into a variety of charts,

maps, and graphs. Modern high-speed computers transfer the many thousands of observa-

13
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

tions onto surface and upper-air maps. Computers draw the lines on the maps with help from

meteorologists, who correct for any errors. A final map is called an analysis. Computers

not only draw the maps but predict how the maps will look sometime in the future. The

forecasting of weather by computer is known as numerical weather prediction.

4.2 WORKING OF BIG DATA FOR WEATHER PREDICTION TO AVOID FLIGHT
DELAYS

Next year’s holiday so many travelers may see fewer delays thanks to research now being

conducted by a team of Engineers from Michigan University. They have gathered more than

10 to 15 years of hour by hour data of weather observations as well as domestic fight data,

and they are using advanced data analytics to spot pattern and also help airlines manage

more efficiently.

While the project uses public data that has been available for so many years, its size and

scope make it unique, says Brian Lemay, a U-M doctoral student in industrial and operations

engineering who leads the project.

”We are the first people who gather this data in one place and apply this level of computing

to it,” Lemay said. ”That enables us to do a very very sophisticated analysis of how weather

as well as flight delays are connected and also go far beyond individual airports. ”We know

that how the weather in Atlanta always affect flight operations in Detroit later in the day, or

exactly how a delayed plane on the West Coast ripples through the system to California.”

JSCOE,Dept.of Comp. Engg.2014-15 14
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

The chief goal is always to enable airlines to anticipate as well as to deal with delays

of fliight before they happen, says Amy Cohn, a U-M associate professor in industrial and

operations engineering who researches airline industry operations.

Today, most airlines compensate for delays by adding too much slack to the system. They

may schedule it in extra flight time during the winter or try to keep additional staff members

on call. But generally, they don’t look at large scale weather patterns when they are building

initial flight schedules. And their ability to shuffle resources to deal with weather patterns is

limited.

”Airlines generally deal with weather delays after they happen,” Cohn said. ”We want to

give them the ability to be a bit more proactive. When they’re able to predict delays further

in advance, they’ll be able to do a much better job of communicating with passengers and

optimizing resources.” Cohn said the data from the project may be used to build computer-

modeling software that could predict the outcome of an infinite number of hypothetical flight

and weather scenarios, helping airlines spot likely weather delays in advance.

That knowledge could enable airlines to adjust their schedules to account for weather

patterns. It may also lead to new options for passengers. For example, airlines could look

several steps ahead to predict a future flight delay, then offer passengers a pre-emptive re-

booking to avoid it. ”Imagine you’re scheduled to fly out of Detroit four hours from now

and there’s a storm in Atlanta.” Cohn said. ”The airline could use this data to determine that

the storm in Atlanta is likely to delay your plane. They could then contact you and offer you

JSCOE,Dept.of Comp. Engg.2014-15 15
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

a seat on an alternate flight. You save time, and the airline doesn’t have to accommodate

you on a later flight after the delay happens.” Airlines could also use the advance warning to

allocate their own resources more efficiently, shuffling ground crews, flight crews and other

assets to minimize disruption.

The project draws on resources from a wide swath of disciplines including engineering,

computer science and others, says George Tam, a U-M industrial and operations engineering

graduate student. He says that breadth of knowledge has brought a fresh perspective that

could hold farreaching benefits for both airlines and passengers. ”Aeronautics experts think

about airplanes and meteorologists think about the weather,” he said. ”But our background

in industrial engineering and computer science enables us to put existing data together in

new ways and ask a whole new set of questions. For me, that’s what has been really exciting

about this research.”

Some of the first changes that passengers see are likely to be simple ones, like tweaks

to flight times and more proactive communication. ”I think these new analytics will enable

passengers as well as airlines to better manage the whole travel process,” Cohn said. ”If

airlines can offer more options and passengers can educate themselves on how to use those

options, we’ll see fewer delays and a less stressful travel experience in the years to come.”

JSCOE,Dept.of Comp. Engg.2014-15 16
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DATA MINING IN FIELD OF BIG DATA

5.1 DATA MINING

Generally, data mining (sometimes called data or knowledge discovery) is the process

of analyzing data from different perspectives and summarizing it into useful information -

information that can be used to increase revenue, cuts costs, or both. Data mining software

is one of a number of analytical tools for analyzing data. It allows users to analyze data

from many different dimensions or angles, categorize it, and summarize the relationships

identified. Technically, data mining is the process of finding correlations or patterns among

dozens of fields in large relational databases.

5.2 DATA WAREHOUSE

Dramatic advances in data capture, processing power, data transmission, and storage capa-

bilities are enabling organizations to integrate their various databases into data warehouses.

Data warehousing is defined as a process of centralized data management and retrieval.

Data warehousing, like data mining, is a relatively new term although the concept itself has

been around for years. Data warehousing represents an ideal vision of maintaining a cen-

tral repository of all organizational data. Centralization of data is needed to maximize user

access and analysis. Dramatic technological advances are making this vision a reality for

17
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BIG DATA TO AVOID WEATHER RELATED FLIGHT DELAYS

many companies. And, equally dramatic advances in data analysis software are allowing

users to access this data freely. The data analysis software is what supports data mining.

5.3 WORKING OF DATA MINING TO PREDICT THE FUTURE

In this paper, there is one and only a rough step by step description of how the classifica-

tion as well as prediction of weather forecasting is taking place, means a designing Classifi-

cation and Prediction of Future Weather by using BackPropagation Algorithm technique is

described.

The Classification and Prediction of Future Weather by using BackPropagation Algorithm

is basically developed for forecasting weather and processing information.

5.3.1 STEP BY STEP DESCRIPTION OF OPERATION

• Data Collection

The different sensors like rain sensor, wind sensor, and thermo-hygro sensor records

different parameters like rainfall, wind, temperature and humidity. The recorded data

is present in the form of datasheet. This data set is send for Pre-processing and then

to the Statistical Software.

• Pre-processing

The Pre processing step is used to remove the unwanted data or noise recorded by

the sensors during transmission or it may refer to the selection of a particular area for

consideration for prediction purpose.

JSCOE,Dept.of Comp. Engg.2014-15 18
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• Data Transfer

The recorded data is transferred to the Statistica Software in order to give an input

data.

• Data Mining

The Data Mining Technique is to be applied to the transferred data in order to val-

idate data. This technique will be implemented by using Statistical Data Miner Soft-

ware and by quantitative analysis. Quantitative Analysis is the process of presenting

and interpreting numerical data. It can allow for greater objectivity and accuracy of

results. Generally, quantitative methods are designed to provide summaries of data

that support generalizations about the phenomenon under study. In order to accom-

plish this, quantitative research usually involves few variables and many cases, and

employs prescribed procedures to ensure validity and reliability

• Prediction of Future Weather using ANN by Back Propagation Algo-

rithm

In order to perform a BackPropagation Algorithm a program or logic must has to be

created. What will be the change on other parameters by changing any one parameter,

will be observed.

JSCOE,Dept.of Comp. Engg.2014-15 19
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• Classification

After predicting data, what will be the weather in upcoming future after some peri-

ods, the Classification will take place. In Classification , it will display what will be

the future weather, whether it will be sunny day or rainy or cloudy day what will be

the change in speed of wind, humidity etc. the Classification Technique will help for

taking some prevention from the climatic hazard.

JSCOE,Dept.of Comp. Engg.2014-15 20
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CONCLUSION

It concludes that the new technology Big data Computng can be used for weather fore-

casting process. Data Mining in field of big data compute accurate future weather. The

system increases the accuracy ,reliability and consistency of identification and interpreta-

tion of weather . It also concludes that the BackPropagation Algorithm can also be applied

on the forecasting weather data. Neural Networks are capable of modeling a weather fore-

cast system. Which overall help airlines to avoid flight delays and cancellation of flight

.
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