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ABSTRACT

Recognition Human activity requires to predict the action of a person based on
sensor-generated data. It has attracted major interest in the past few years,
thanks to the large number of applications enabled by modern ubiquitous
computing devices. It classify data into activity like Walking, walking up stairs,
walking down stairs, sitting, standing, laying are recognized. Sensor data
generated using its accelerometer and gyroscope, the sensor signals
(accelerometerandgyroscope)werepre-processedbyapplyingnoisefilters. The
sensoraccelerationsignal,whichhasgravitationalandbodymotioncomponents, was
separated using a Butterworth low-pass filter into body acceleration and gravity.
The gravitational force is assumed to have only low frequency components. a
vector of features was obtained by calculating variables from the time and
frequency domain. The aim is to predict machine learning based
techniquesforHumanActivityRecognitionresultsinbestaccuracy.Theanalysis of
dataset by supervised machine learning technique(SMLT) to capture several
information’slike,variableidentification,uni-variateanalysis,bi-variateandmulti-
variate analysis, missing value treatments and analyze the data validation, data
cleaning/preparinganddatavisualizationwillbedoneontheentiregivendataset.
Toproposeamachinelearning-basedmethodtoaccuratelypredictthestockprice
Indexvaluebypredictionresultsintheformofstockpriceincreaseorstablestate  best
accuracy from comparing supervise classification machine learning algorithms.
Additionally, to compare and discuss the performance of various machine
learning algorithms from the given transport traffic department dataset
withevaluation.datasetwithevaluationclassificationreport,identifytheconfusion
matrix and to categorizing data from priority and the result shows that the
effectiveness of the proposed machine learning algorithm technique can be

compared with best accuracy with precision, Recall and F1 Score.
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CHAPTER - |
INTRODUCTION

1.1 OUTLINE:
HumanActivityRecognitionorHARforshort,istheproblemofpredictingwhataperson is
doing based on a trace of their movement using sensors. Movements are often
normalindooractivitiessuchasstanding,sitting,jumping,andgoingupstairs.Sensors  are
often located on the subject such as a smartphone or vest and often record
accelerometer data in three dimensions (x, y, z). The idea is that once the subject’s
activity is recognized and known, an intelligent computer system can then offer
assistance.ltisachallengingproblembecausethereisnoclearanalyticalwaytorelate  the
sensor data to specific actions in a general way. It is technically challenging because
of the large volume of sensor data collected (e.g., tens or hundreds of
observationspersecond)andtheclassicaluseofhand-craftedfeaturesandheuristics from
this data in developing predictive models. More recently, deep learning methods
havebeenachievingsuccessonHARproblemsgiventheirabilitytoautomaticallylearn
higher order features.

1.2 DATASCIENCE:

Data science is an interdisciplinary field that uses scientific methods, processes,
algorithms and systems to extract knowledge and insights from structured and 2
unstructured data and apply knowledge and actionable insights from data across a
broad range of application domains. The term "data science" has been traced back to
1974, when Peter Naur proposed it as an alternative name for computer science. In
1996, the International Federation of Classification Societies became the first
conference to specifically featuredatascience as a topic. However, the definition was
still in flux. The term “data science” was first coined in 2008 by D.J. Patil, and Jeff
Hammerbacher, the pioneer leads of data and analytics efforts at LinkedIn and
Facebook. In less than a decade, it has become one of the hottest and most trending
professions in the market. Data science is the field of study that combines domain
expertise, programming skills, and knowledge of mathematics and statistics to extract
meaningfulinsightsfromdata.Datasciencecanbedefinedasablendofmathematics,

1



businessacumen,tools,algorithmsandmachinelearningtechniques,allofwhichhelp us in
finding out the hidden insights or patterns from raw data which can be of major use in

the formation of big business decisions.

1.3 ARTIFICALINTELLIGENCE:

Artificialintelligence(Al)referstothesimulationofhumanintelligenceinmachinesthat  are
programmed to think like humans and mimic their actions. The term may also be
applied to any machine that exhibits traits associated with a human mind such as
learning and problem-solving. 3 Atrtificial intelligence (Al) is intelligence demonstrated
by machines, as opposed to the natural intelligence displayed by humans or animals.
Leading Al Textbooks define the field as the study of "intelligent agents" any system
thatperceivesitsenvironmentandtakesactionsthatmaximizeitschanceofachieving its
goals. Some popular accounts use the term "artificial intelligence" to describe
machinesthatmimic"cognitive"functionsthathumansassociatewiththehumanmind, such
as "learning" and "problem solving", however this definition is rejected by major Al

researchers.

1.4 MACHINELEARNING:

Machinelearningistopredictthefuturefrompastdata.Machinelearning(ML)isatype of
artificial intelligence (Al) that provides computers with the ability to learn without being
explicitly programmed. Machine learning focuses on the development of Computer
Programs that can change when exposed to new data and the basics of Machine
Learning, implementation of a simple machine learning algorithm using
python.Processoftrainingandpredictioninvolvesuseofspecializedalgorithms.ltfeed the
training data to an algorithm, and the algorithm uses this training data to give
predictions on a new test data. Machine learning can be roughly separated in to three
categories. There are supervised learning, unsupervised learning and reinforcement
learning. Supervised learning program is both given the input data and the
correspondinglabellingtolearndatahasto belabelledbyahumanbeingbeforehand.
Unsupervisedlearningisnolabels.ltprovidedtothelearningalgorithm.Thisalgorithm
hastofigureouttheclusteringoftheinputdata.Finally,Reinforcementlearning



dynamicallyinteractswithitsenvironmentanditreceivespositiveornegativefeedback  to

improve its performance.

Data scientists use many different kinds of machine learning algorithms to discover
patterns in python that lead to actionable insights. At a high level, these different
algorithms can be classified into two groups based on the way they “learn” about data
to make predictions: supervised and unsupervised learning. Classification is the
process of predicting the class of given data points. Classes are sometimes called as
targets/ labels or categories. Classification predictive modelling is the task of
approximating a mapping function from input variables(X) to discrete output
variables(y). In machine learning and statistics, classification is a supervised learning
approachinwhichthecomputerprogramlearnsfromthedatainputgiventoitandthen
usesthislearningtoclassifynewobservation. Thisdatasetmaysimplybebi-class(like
identifyingwhetherthepersonisSmaleorfemaleorthatthemailisspamornon-spam) or it
may be multi-class too. Some examples of classification problems are speech
recognition, handwriting recognition, bio metric identification, document classification

etc.

Analyses ____ ________ Predicts g

Past Dataset

"~ Trains

Figl.4:ProcessofMachine learning

Supervised Machine Learning is the majority of practical machine learning uses
supervised learning. Supervised learning is where have input variables (X) and an
outputvariable(y)anduseanalgorithmtolearnthemappingfunctionfromtheinputto
theoutputisy=f(X).Thegoalistoapproximatethemappingfunctionsowellthatwhen you
have newinput data (X) that you can predict the output variables (y) for that data.
Techniques of Supervised Machine Learning algorithms include logistic regression,

multi-classclassification,DecisionTreesandsupportvectormachinesetc.Supervised



learningrequiresthatthedatausedtotrainthealgorithmisalreadylabelledwithcorrect

answers.

SupervisedlearningproblemscanbefurthergroupedintoClassificationproblems.This
problemhas as goal the construction of a succinct model that can predict the value of
the dependent attribute from the attribute variables. The difference between the two
tasks is the fact that the dependent attribute is numerical for categorical for
classification. Aclassification model attempts to drawsome conclusion fromobserved
values. Given one or more inputs a classification model will try to predict the value of
one or more outcomes. A classification problem is when the output variable is a

category, such as “red” or “blue”. Past Dataset Machine Learning Result

6Movementsareoftennormalindooractivitiessuchasstanding,walking,layingsitting.
Sensorsareoftenlocatedonthesubjectsuchasasmartphoneorvestandoftenrecord
accelerometer data in three dimensions (X, y, z). The idea is that once the subject’s
activity is recognized and known, an intelligent computer system can then offer
assistance.ltisachallengingproblembecausethereisnoclearanalyticalwaytorelate  the

sensor data to specific actions in a general way.

It is technically challenging because of the large volume of sensor data collected (e.g.
tens or hundreds of observations per second) and the classical use of hand crafted
featuresandheuristicsfromthisdataindevelopingpredictivemodelsHumanactivities have
been commonly used to define human behavioural patterns. The availability of
sensors in mobile platforms has enabled the development of a variety of practical

applications for several areas of knowledge such as:

 Health—through fall detection systems, elderly monitoring, and disease prevention. °
Internet of Things and Smart Cities—through solutions used to recognize and monitor

domestic activities and electrical energy saving.

 Security—through individual activity monitoring solutions, crowd anomaly detection,

and object tracking.



 Transportation—through solutions related to vehicle and pedestrian navigation. For
this reason, the development of solutions that recognize human activities (HAR)

through computational technologies and methods has been explored in recent years

For this reason, the development of solutions that recognize human activities (HAR)

through computational technologies and methods has been explored in recent years.

In this sense, the HAR problem has previously been treated as a typical pattern
recognition7problem,andmorespecifically,aclassificationproblem,thatis,toidentify ~ the
activity being performed by an individual at a given moment. Smartphones have been
commonly employed to develop HAR solutions because of the ubiquitous capability
and diversity of sensors embedded in such devices. Smartphones are
includedinthescopeofwearablecomputing,andthesedevicesareconsideredpartof mobile
computing based HAR systems. The advantage of smartphones over other wearable
devicesis associated with their ability to capture and process data, transmit and
receive data, and connect with other devices or sensors available in the physical
environment. Inertial sensors such as the accelerometer and gyroscope are most
commonly used to capture information related to acceleration and direction of

movement of the human body, respectively.

1.5 OBJECTIVES:

The goal is to develop a machine learning model for real-time Human activity
recognition, to potentially replace the updatable supervised machine learning
classification models by predicting results in the form of best accuracy by comparing

supervised algorithm.

1.6 PROJECTGOALS:

e Explorationdataanalysisofvariableidentification

1. Loadingthe givendataset
Importrequiredlibraries packages
Analyse thegeneralproperties

Findduplicateandmissing values

o D

Checkinguniqueandcountvalues

5



¢ Uni-variatedataanalysis
1. Rename,add dataanddropthe data 8
2. To specifydatatype
e Explorationdataanalysisofbi-variateandmulti-variatePlotdiagramofpairplot,
heatmap, bar chart and Histogram
e MethodofOutlierdetectionwithfeatureengineering
1. methodofOutlierdetectionwith featureengineering
2. Pre-processingthegiven dataset
3. Splittingthe testand training dataset
4. ComparingtheDecision tree and Logisticregressionmodel andrandom
forest etc
e Comparingalgorithmtopredictthe result

1. Basedonthebestaccuracy

1.7 SCOPE:

The scope of this project is to investigate a dataset of smartphone sensor values and
meteorological sector using machine learning technique. To identifying the Human
behaviour of their regular activity tracing is not a easy one and try to reduces the risk
factor behind the Human activity prediction, to using different algorithms and
methodology based on our smartphone sensors dataset we predict the human

activities.

1.8 PROBLEMSTATEMENT:

Nowadaysmaximumofpeoplesareusingsmartphones,withthehelpofsmartphone
sensors like accelerometer and gyro, we can find the activities of the human, which is
helpto findout howThe Activitypeopleisinactivelike walking, running, sitting .Some
peoplearenotactiveinreallife,thosepeoplesarehaveobesityandsomeotherhealth issues

.We can use this also some security purpose and Transportation.



CHAPTER - I
LITERATURESURVEY

GENERAL

A literature review is a body of text that aims to review the critical points of current
knowledge on and or methodological approaches to a particular topic. It is secondary
sourcesand discusspublishedinformationina particular subject area and sometimes
informationin aparticular subject area withina certain time period. Its ultimate goal is to
bring the reader up to date with current literature on a topic and forms the basis for
another goal, such as future research that may be neededin the area and precedes a
research proposal and may be just a simple summary of sources. Usually, it has an

organizational pattern and combines both summary and synthesis.

A summary is a recap of important information about the source, but a synthesis is a
re-organization, reshuffling of information. It might give a new interpretation of old
material or combine new with old interpretations or it might trace the intellectual
progression of the field, including major debates. Depending on the situation, the
literaturereviewmayevaluatethesourcesandadvisethereaderonthemostpertinent
orrelevantofthem.Loandefaulttrendshavebeenlongstudiedfromasocio-economic stand
point. Most economics surveys believein empirical modelling of these complex
systems in order to be able to predict the loan default rate for a particular individual.
The useof machinelearning for suchtasksisa trend whichitis observing now. Some of

the surveys tounderstand the pastand present perspective ofloan approval or not.

REVIEWOFLITERATURE SURVEY

Human activity recognition is an embryonic research field in smart environments. The
performance of the human activities can be identified by extracting the features from
the raw data sensors after pre-processing and segmentation steps. Feature selection
plays an important role in activity recognition, hence appropriate features has to be
chosen, dimensionality reductions has to be applied if necessary before passing it to

the classifier. [1]



This paper provides a comprehensive survey for activity recognition in video
surveillanceisdone bySarvesh Vishwakarma ,AnupamAgrawal on October (2012).It
starts with a description of simple and complex human activity, and various
applications. The applications of activity recognition are manifold, ranging from visual
surveillance through content based retrieval to human computer interaction. The
organizationofthispapercoversallaspectsofthegeneralframeworkofhumanactivity
recognition. Then it summarizes and categorizes recent-published research
progresses under a general framework. In this survey, a brief overview of all pre-
processing(i.e.,detection,classification,andtracking)stepshasbeenincluded.There
aremanylimitationsandopenchallenges,whichwehavehighlighted byprovidingthe
comparison. Motion detection in dynamic scenes is a difficult task in the presence of
illuminationandweatherchanges,detectionofashadow,self-occlusion,andcomplete
occlusion. Fastand accurate methodsArestillneeded for segmentation techniquesto
affect the performance of latter stages. Description based approaches are doing well
to recognize high level activities whose sub events are organized concurrently and
occurring in a sequential manner in comparison to the statistical or syntactic
approaches.Thestatisticalandsyntacticapproachescaneffectivelyhandletheactivity

video polluted with noise. [2]

The true causes of the obesity epidemic are not well understood and there are
fewlongitudinalpopulationbaseddatapublishedexaminingthisissuebymanyauthors  like
PTimothy S. Church, Diana M. Thomas, Catrine Tudor-Locke ,Peter T. Katzmarzyk,
Conrad P. Earnest , Ruben Q. Rodarte , Corby K. Martin , Steven N on May (2011).
The objective of this analysis was to examine trends in occupational physical activity
during private industry since1960 using data fromthe U.S. Bureau of Labor Statistics.
Mean body weight was derived from the U.S. National Health and Nutrition
Examination Surveys (NHANES). In the early 1960’s almost half the jobs in private
industry in the U.S. Since 1960 the estimated mean daily energy expenditure due to
work related physical activity has dropped by more than 100 calories in both women
and men. 15 Energy balance model predicted weights based on change in
occupationrelateddailyenergyexpendituresince 1960.Givenabaselineweightof76.9 kg
in 1960-02, we estimated that a 142 calories reduction would result in an increase



in mean weight to 89.7 kg, which closely matched the mean NHANES weight of 91.8
kg in 2003-06. we estimate that daily occupation-related energy expenditure has
decreased by more than 100 calories, and this reduction in energy expenditure
accountsforasignificantportionoftheincreaseinmeanU.S.bodyweightsforwomen and

men. [3]

Detectinghumanbeingsaccuratelyinavisualsurveillancesystemiscrucialfordiverse
application areas including abnormal event detection, human gait characterization,
congestion analysis, person identification, gender classification and fall detection for
elderly people by Sarvesh Vishwakarma-Anupam Agrawal on May (2011). The first
stepofthedetectionprocessistodetectanobject whichisinmotion.Objectdetection could
be performed using background subtraction, optical flow and spatio-temporal filtering
techniques. Once detected, a moving object could be classified as a human being
using shape-based, texture-based or motion-based features. A comprehensive review
with comparisons on available techniques for detecting human beings in surveillance
videos is presented in this paper At the end of this paper, a discussion is made to
point the future work needed to improve the human detection process in surveillance
videos. These include exploiting a multiview approach and adopting an improved

model based on localized parts of the image. [4]

Vision based human motion recognition has fascinated many researchers due
to its critical challenges and a variety of applications. The applications range from
simple gesture recognition to complicated behaviour understanding in surveillance
system by the authors Geetanjali Vinayak Kale, Varsha Hemant Patil on 2nd July
(2016). This leads to major development in the techniques related to human motion
representationandrecognition.Thispaperdiscusses applications,general framework of
human motion recognition, and the detailsof each of its components. 16 The paper
emphasizes on human motion representation and the recognition methods along with
theiradvantagesanddisadvantages.Thisstudyalsodiscussestheselected literature,
popular datasets, and concludeswith the challengesin the domain along with a future
direction. Hierarchical approaches have shown great success for the recognition of

complicatedactionsandinteractions.Techniqueslikebag-of-words,andHMMthat



haveshownsuccessinspeechandtextrecognitionaresuccessfullyappliedforaction

recognition. Advances in fields like Artificial Intelligence and Machine Learning needs
to be applied for human motion recognition. Now, with efforts of research community
in human motion recognition, products with intelligent camera systems for social and

commercial applications should be made available in market. [5]

Thegreaterpartoftheseapplicationsrequirearobotizedacknowledgmentofabnormal state
exercises, made out of various straightforward (or nuclear) activities of people. This
article gives a point by point diagramof different best in class investigate papers on
human action acknowledgment. A methodology based scientific classification is
pickedthatanalyzesthepointsofinterestandrestrictionsofeachmethodology.Eneaer
al.(2016) discussed the usage of Low cost RGB-D sensors in surveillance, human
computer interaction and computed features from the skeleton joints. Histogram was
developed from the skeleton features which was denoted as various key poses.The
current methodologies concentrated on minor Al estimates which don't give the best
outcomes when contrasted with the presently accessible arrangements. They are

inclined to overfitting, under fitting, on account of choice trees in Random Forest. [6]

Ms.S.Roobini et al (2019) used deep learning approach to identify the human motion.
And also compared Convolutional Neural Network with Long-ShortTermMemory and
RecurrentNeuralNetworkwithLong-ShortTermMemory,finallyprovedthatRecurrent
Neural Network with Long Short Term Memory (RNNLSTM) provides better accuracy
with lower mean absolute percentage error.Hence they suggested RNNLSTMcan be
used to reduce the human loss of lives in recognizing the activities of human in real
world. [7]

Recognizinghumanactivitiesfromvideosequencesorstillimagesisachallengingtask  due
to problems, such as background clutter, partial occlusion, changes in scale,
viewpoint, lighting, and appearance is done by Michalis Vrigkas1, Christophoros
Nikou1 and loannis A. Kakadiaris on 16th Nov (2020). Many applications, including
video surveillance systems, human-computer interaction, and robotics for human
behaviour characterization, require a multipleactivityrecognition system. In this work,

weprovideadetailedreviewofrecentandstateof-the-artresearchadvancesinthe

10



field of human activity classification. We propose a categorization of human activity
methodologies and discuss their advantages and limitations. In particular, Moreover,
we provide a comprehensive analysisoftheexisting,publiclyavailable human activity
classification datasets and examine the requirements for an ideal human activity
recognition dataset. A comprehensive review of existing human activity classification
benchmarks was also presented and we examined the challenges of data acquisition
totheproblemofunderstandinghumanactivity.Finally,weprovidedthecharacteristics of

building an ideal human activity recognition system. [8]
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CHAPTER - lll

METHODOLOGY

3.1 PYTHONINTRODUCTION:

Python isaninterpretedhigh-level general-purpose programming language. Its
design philosophy emphasizes code readability with its use of significant indentation.
Its language constructs as well as its object-oriented approach aim to help
programmers write clear, logical code for small and large-scale projects. Python is
dynamicallytypedandgarbage-collected.ltsupportsmultipleprogrammingparadigms,
including structured (particularly, procedural), object-oriented and functional

programming.

Itisoftendescribedasa"batteriesincluded"languageduetoitscomprehensive
standard library. Guido van Rossum began working on Python in the late 1980s, as a
successor to the ABC programming language, and first released it in 1991 as Python
0.9.0. Python 2.0 was released in 2000 and introduced new features, such as list
comprehensionsandagarbagecollectionsystemusingreferencecounting.Python3.0 was
released in 2008 and was a major revision of the language that is not completely
backward-compatible. Python 2 was discontinued with version 2.7.18in 2020. Python

consistently ranks as one of the most popular programming languages
3.1.1 DesignPhilosophy&Feature:

Python is a multi-paradigm programming language. Object-oriented
programmingandstructuredprogrammingarefullysupported,andmanyofitsfeatures
support functional programming and aspect-oriented programming (including by
metaprogramming and meta-objects (magic methods)). Many other paradigms are

supported via extensions, including design by contract and logic programming.

Python uses dynamic typing and a combination of reference counting and a
cycle detecting garbage collector for memory management. It also features dynamic
nameresolution(latebinding),whichbindsmethodandvariablenamesduringprogram

execution. Python'sdesignofferssomesupportforfunctional programmingintheLisp

12



tradition.lthasfilter,mapandreducefunctions,listcomprehensions,dictionaries,sets, and
generator expressions. The standard library has two modules (itertools and functools)

that implement functional tools borrowed from Haskell and Standard ML.

The language's core philosophy is summarized in the document The Zen of

Python (PEP 20), which includes aphorisms such as:
* Beautifulisbetterthan ugly.
« Explicitisbetterthanimplicit.
» Simpleisbetterthancomplex.
» Complexis betterthancomplicated.
* Readabilitycounts.

Ratherthanhavingallofitsfunctionalitybuiltintoitscore,Pythonwasdesigned
tobehighlyextensible(withmodules).Thiscompactmodularityhasmadeitparticularly
popular as a means of adding programmable interfaces to existing applications. Van
Rossum's vision of a small core language with a large standard library and easily
extensible interpreter stemmed from his frustrations with ABC, which espoused the

opposite approach.

Python strives for a simpler, less-cluttered syntax and grammar while giving
developers a choice in their coding methodology. In contrast to Perl's "there is more
thanonewaytodoit"motto,Pythonembracesa"thereshouldbeone—andpreferably
onlyone—obviouswaytodoit"designphilosophy.AlexMartelli,aFellowatthePython
Software Foundation and Python book author, writes that "To describe something as

'clever' is not considered a compliment in the Python culture.

"Python'sdevelopersstrivetoavoidpremature  optimizationand rejectpatches
tonon-criticalpartsoftheC-Pythonreferenceimplementationthatwouldoffermarginal
increases in speed at the cost of clarity. When speed is important, a Python
programmercanmovetime-criticalfunctionstoextensionmoduleswritteninlanguages

suchasC,orusePyPy,ajust-in-timecompiler.Cythonisalsoavailable,which
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translates a Python script into C and makes direct C-level API calls into the Python

interpreter.

Python's developers aimto keep thelanguagefun touse.Thisisreflectedinits
name a tribute to the British comedy group Monty Python and in occasionally playful
approaches to tutorials and reference materials, such as examples that refer to spam

and eggs (a reference to a Monty Python sketch) instead of the standard foo and bar.

A common neologism in the Python community is pythonic, which can have a
widerangeofmeaningsrelatedtoprogramstyle. Tosaythatcodeispythonicistosay that it
uses Pythonidioms well, thatit is natural or shows fluencyin thelanguage, that it
conforms with Python's minimalist philosophy and emphasis on readability. In
contrast, 19 code thatisdifficult to understand or readslike a rough transcription from

another programming language is called unpythonic.

Users and admirers of Python, especially those considered knowledgeable or

experienced, are often referred to as Pythonistas
3.1.2 Syntaxand Semantics:

Python is meant to be an easily readable language. Its formatting is visually
uncluttered, and it often uses English keywords where other languages use
punctuation. Unlike many other languages, it does not use curly brackets to delimit
blocks,andsemicolonsafterstatementsareallowedbutarerarely,ifever,used.lthas  fewer

syntactic exceptions and special cases than C or Pascal.
MainArticle:Pythonsyntaxand semantics & Indentation

Python uses whitespaceindentation,rather than curlybrackets or keywords, to
delimit blocks. An increase in indentation comes after certain statements; a decrease
inindentationsignifiestheendofthecurrentblock.Thus,theprogram'svisualstructure
accurately represents the program's semantic structure. This feature is sometimes
termed the off-side rule, which some other languages share, but in most languages
indentation does not have any semantic meaning. The recommended indent size is

four spaces.
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3.1.3 StatementsandControlFlow:
Python'sstatementsinclude(amongothers):
» Theassignmentstatement,usingasingleequalssign =.

* The if statement, which conditionally executes a block of code, along with else and

elif (a contraction of else-if).

» Theforstatement,whichiteratesoveraniterableobject,capturingeachelementtoa local

variable for use by the attached block.
» Thewhilestatement,whichexecutesablockofcodeaslongasitsconditionistrue.

* The Try statement, which allows exceptions raised in its attached code block to be
caught and handled by except clauses; it also ensures that clean-up code in a finally

block will always be run regardless of how the block exits.

» The raise statement, used to raise a specified exception or re-raise a caught

exception.

 The class statement, which executes a block of code and attaches its local

namespace to a class, for use in object-oriented programming.
» Thedefstatement,whichdefinesafunctionormethod.

« The with statement, which encloses a code block within a context manager (for
example, acquiring a lock before the block of code is run and releasing the lock
afterwards, or opening a file and then closing it), allowing resource-acquisition-

isinitialization (RAII) - like behavior and replaces a common try/finally idiom.
» Thebreakstatement,exitsfromaloop.
» Thecontinue statement, skipsthisiteration andcontinueswiththenext item.

* The del statement removes a variable, which means the reference fromthe name to
thevalueisdeletedandtryingtousethatvariablewillcauseanerror.Adeletedvariable can be

reassigned.

15



» The pass statement, which serves as a NOP. It is syntactically needed to create an

empty code block.
* Theassertstatement,usedduringdebuggingtocheckforconditionsthatshould apply.

* Theyieldstatement,whichreturnsavaluefromageneratorfunctionandyieldisalso an

operator. This form is used to implement co-routines.
* Thereturnstatement,usedtoreturnavaluefromafunction.

» Theimport statement, which is used toimport modules whose functionsor variables

can be used in the current program.

The assignment statement (=) operates by binding a name as a reference to a
separate,dynamically-allocatedobject.Variablesmaybesubsequentlyreboundatany
time to any object. In Python, a variable name is a genericreference holder and does
not have a fixed data type associated with it. However, at a given time, a variable will
refer to some object, which will have a type. Thisis referred to as dynamic typing and
is contrasted with statically-typed programming languages, where each variable may
onlycontain valuesofa certain type.Python does not support tail call optimization or
first-class continuations, and, according to Guido van Rossum, it never will.[80][81]
However, better support for co-routinelike functionality is provided, by extending
Python's generators. Before 2.5, generators were lazy iterators; information was
passed uni-directionally out of the generator. From Python 2.5, it is possible to pass
informationbackintoageneratorfunction,andfromPython3.3,theinformationcanbe

passed through multiple stack levels.

3.1.4 Expressions:

Some Python expressions are similar to those found in languages such as C

and Java, while some are not:

 Addition, subtraction, and multiplication are the same, but the behavior of division
differs.TherearetwotypesofdivisionsinPython.Theyarefloordivision(orinteger22
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division) // and floating-point/division. Python also uses the ** operator for

exponentiation.

* FromPython 3.5, the new @ infix operator was introduced. It is intended to be used

by libraries such as NumPy for matrix multiplication.

* FromPython3.8,thesyntax:=,calledthe'walrusoperator'wasintroduced.ltassigns

values to variables as part of a larger expression.

* In Python, == compares by value, versus Java, which compares numerics by value
and objects by reference. (Value comparisons in Java on objects can be performed
with the equals() method.) Python's is operator may be used to compare object
identities (comparison by reference). In Python, comparisons may be chained, for

example A<=B<=C.

* Python uses the words and, or, not for or its boolean operators rather than the

symbolic &&, ||, ! used in Java and C.

» Python has a type of expression termed a list comprehension as well as a more

general expression termed a generator expression.

» Anonymous functions are implemented using lambda expressions; however, these

are limited in that the body can only be one expression.

» Conditional expressions in Python are written as x if ¢ else y (different in order of

operands from the ¢ ? x : y operator common to many other languages).

» Python makesa distinction betweenlists and tuples. Lists are written as[1,2, 3], are
mutable, and cannot be used as the keys of dictionaries (dictionary keys must be
immutable in Python). Tuples are written as (1, 2, 3), are immutable and thus can be
used asthekeysofdictionaries, providedallelements of the tupleareimmutable.The
+operator can be used toconcatenatetwo tuples,whichdoesnotdirectlymodifytheir
contents, but rather produces a new tuple containing the elements of both provided
tuples. Thus, given the variable t initially equal to (1, 2, 3), executing t =t + 23 (4, 5)
firstevaluatest+ (4,5),whichyields(1,2,3, 4,5),whichisthenassignedbacktot,
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thereby effectively "modifying the contents" of t, while conforming to the immutable

nature of tuple objects. Parentheses are optional for tuples in unambiguous contexts.

 Python features sequence unpacking wherein multiple expressions, each evaluating
toanythingthatcanbeassignedto(avariable,awritableproperty,etc.),areassociated
inanidentical manner to that forming tupleliteralsand,as awhole,areput on theleft- hand
side of the equal sign in an assignment statement. The statement expects an
iterableobjectontheright-handsideoftheequalsignthatproducesthesamenumber of
values as the provided writable expressions when iterated through and will iterate
through it, assigning each of the produced values to the corresponding expression on
the left.

» Pythonhas a"string format" operator %.This functionsanalogously ton printf format
stringsinC,e.g.“spam=%seggs=%d”%(“blah”,2)evaluatesto“spam=blaheggs=2". In
Python 3 and 2.6+, this was supplemented by the format() method of the str class,
e.g. “spam={0} eggs={1}".format(“blah”,2). Python 3.6 added "f-strings": blah = “blah”;
eggs = 2; f'spam={blah} eggs={eggs}’

» StringsinPythoncanbeconcatenated,by"adding"them(sameoperatorasforadding
integers and floats). E.g. “spam” + “eggs” returns “spameggs”. Even if your strings
contain numbers, they are still added as strings rather than integers. E.g. “2” + “2”

returns “2”.

» Python has various kinds of string literals: o Strings delimited by single or double
quote marks. Unlike in Unix shells, Perl and Perl-influenced languages, single quote
marks and double quote marks function identically. Both kinds of string use the
backslash (\) as anescape character. String interpolation became availablein Python
3.6 as "formatted string literals". 24 o Triple-quoted strings, which begin and end with
a series of three single or double quote marks. They may span multiple lines and

function like here documents in shells, Perl and Ruby.

» Python has array index and array slicing expressions on lists, denoted as a[Key],
a[start:stop] or a[start:stop:step]. Indexes are zero-based, and negative indexes are
relativeto the end. Slices take elementsfrom thestart index upto, but not including,
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the stop index. The third slice parameter, called step or stride, allows elements to be
skippedandreversed.Sliceindexesmaybeomitted,forexamplea[:]Jreturnsacopyof the

entire list. Each element of a slice is a shallow copy.

InPython,adistinctionbetweenexpressionsandstatementsisrigidlyenforced, in
contrast to languages such as Common Lisp, Scheme, or Ruby. This leads to

duplicating some functionality. For example:
* Listcomprehensionsvs.for-loops
 Conditionalexpressionsvs.ifblocks

» The eval() vs. exec() built-in functions (in Python 2, exec is a statement); the former

is for expressions, the latter is for statements.

Statementscannotbeapartofanexpression,solistandothercomprehensions
orlambda expressions, all being expressions,cannot containstatements. A particular
25 case of this is that an assignment statement such as a=1 cannot form part of the
conditional expression of a conditional statement. This has the advantage of avoiding
a classic C error of mistaking an assignment operator = for an equality operator == in
conditions: if (c==1) {..} is syntactically valid (but probably unintended) C code but if

c=1...causesasyntaxerrorinPython.
3.1.5 Methods:

Methods on objects are functions attached to the object's class; the syntax
instance.method(argument) is, for normal methods and functions, syntactic sugar for
Class.method(instance, argument). Python methods have an explicit self parameter
access instance data, in contrast to the implicit self (or this) in some other object-
oriented programming languages (e.g., C++, Java, Objective-C, or Ruby). Apart from
this Python also provides methods, sometimes called d-under methods due to their
names beginning and ending with double-underscores, to extend the functionality of
customclassto support native functionssuchasprint,length, comparison, supportfor

arithmetic operations, type conversion, and many more.
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3.1.6 Typing:

Python uses duck typing and has typed objects but untyped variable names.
Type constraintsare notcheckedat compiletime; rather, operationsonan object may
fail,signifyingthatthegivenobjectisnotofasuitabletype.Despitebeingdynamically- typed,
Python is strongly-typed, forbidding operations that are not well-defined (for

example,addinganumbertoastring)ratherthansilentlyattemptingtomakesenseof them.

Python allows programmers to define their own types using classes, which are
most often used for object-oriented programming. New instances of classes are
constructed by calling the class (for example, SpamClass() or EggsClass()), and the
classesareinstancesofthemetaclasstype(itselfaninstanceofitself),allowingmeta-
programming andreflection.Beforeversion3.0,Pythonhadtwokindsofclasses: old-style
and new-style. The syntax of both styles is the same, the difference being whether the
class object is inherited from, directly or indirectly (all new-style classes inherit
fromobject and are instances of type). In versions of Python 2 fromPython 2.2
onwards, both kinds of classes can be used. Old-style classes were eliminated in
Python 3.0.

Thelong-termplanisto support gradual typing andfromPython 3.5,thesyntax of
the language allows specifying static types but they are not checked in the default
implementation, Python. An experimental optional static type checker named mypy

supports compile-time type checking.

3.1.7 WorkingProcess:

e Download and install anaconda and get the most useful package for machine
learning in Python.

¢ Loadadatasetandunderstanditsstructureusingstatisticalsummariesanddata
visualization

e machine learning models, pick the best and build confidence that the accuracy
is reliable
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Python is a popular and powerful interpreted language. Unlike R, Python is a
complete language and platformthat you can use for both research and development
and developing production systems. There are also a lot of modules and libraries to

choose from, providing multiple ways to do each task. It can feel overwhelming.
The bestway togetstartedusing Pythonformachinelearningistocompleteaproject

» ltwillforce youtoinstalland startthe Pythoninterpreter(at the veryleast).
» It willgive youabird’s eye viewofhowto stepthroughasmallproject.

» ltwillgive youconfidence, maybeto goon toyourownsmallprojects.

Whenyouareapplyingmachinelearning toyourown datasets,youare workingon a
project. A machine learning project may not be linear, but it has a number of well-

known steps:

» DefineProblem.

* PrepareData.

» EvaluateAlgorithms.
* Improve Results.

* PresentResults.

The best way to really come to terms with a new platform or tool is to work
through a machinelearning project end-to-end and cover the key steps. Namely, from

loading data, summarizing data, evaluating algorithms and making some predictions.
Hereis anoverviewofwhatwearegoingtocover:

» InstallingthePythonanacondaplatform.
+ Loadingthe dataset.

« Summarizingthedataset.

* Visualizingthedataset.

« Evaluatingsomealgorithms.

+ Makingsome predictions
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3.2 EXISTINGSYSTEM:

Thispaperproposesanddevelopsacascadeddeepneuralnetwork(CDNN)toanalyze data,
collected using the sensors of smart-phones, to accurately localize an object in
anindoorenvironment.Therearemanyexistingstudiesthathaveattemptedtoidentify
thelocationof aninhabitantin aroomthroughthe analysis of theradio signal strength
(RSS), with varying success. The strength of the RSS varies with distance and the
presence of obstacles within the line of sight. As a result, an automated systemusing
RSS signalin oneenvironment might not work in another one. In thispaper therefore,
we propose and develop a different localization method based on data collected from
different sensors embedded in a smart-phone. To analyze and predict the exact
location within a very short distance (say a 1 to 1.5 m radius). we develop a novel
CDNN.Theindoorlocalizationofobjectshaslotof applicationinsideoffices,hospitals and
public places. The proposed CDNN suffers from space and computational
complexities, specially for training each of the DNNs in the CDNN. We also plan to
improve the CDNN structure such that the number of DNNs can be reduced without

affecting the localization accuracy

3.2.1 Drawbacks:

» TheCDNNachievesonly80.41%and74.14%localizationaccuraciesforthetraining and

testing data. 29

* Evidentlyprovesthedifficultyoflocalizingtheexactpositionoftheobjectwithinavery short

distance/radius (say a 1 to 1.5 m radius).

3.3 PROPOSEDSYSTEM:

The process of human activities recognition isvery similar to a generalpurpose
pattern recognition system and corresponds to a set of steps ranging from data
collection to activities classification. This process involves a set of transformations of
the raw data extracted from sensors to generate efficient classification models of
human activities. The HAR methodology for smartphones equipped with inertial
sensorscanapproachesbasedonmachinelearningtechniquesasshallowalgorithms

(e.g., SVM, decision tree, Random forest) .To find several information’s like, variable
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identification, uni-variate analysis, bi-variate and multi-variate analysis, missing value
treatments and analyze the data validation, data cleaning/preparing and data

visualization will be done on the entire given dataset.

 While applying photo graphic based method is critical to evaluate
parameters and it’s taken data size is high

+ To overcome this method to implement machine learning approach by
user interface of GUI application

* Multiple datasets from different sources would be combined to form a
generalized dataset, and then different machine learning algorithms

would be applied to extract patterns and to obtainresults with maximum

accuracy.

Training
dataset

Fig:3.3:ArchitectureofProposedModel
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3.3.1 Advantages:

» Thesereportsaretotheinvestigationofapplicabilityofmachinelearningtechniques
for human activity recognition using smartphone sensors.
» Finally, it highlights some observations on future research issues, challenges,

and needs.

3.4 PROJECTREQUIREMENTS:

Requirements are the basic constrains that are required to develop a system.
Requirements are collected while designing the system. The following are the

requirements that are to be discussed.
1. Functionalrequirements
2. Non-Functionalrequirements
3. Environmentrequirements
A. Hardwarerequirements
B. softwarerequirements
3.4.1 FunctionalRequirements:

The software requirements specification is a technical specification of
requirements for the software product. It is the first step in the requirements analysis
process. It lists requirements of a particular software system. The following details to

follow the special libraries like sk-learn, pandas, numpy, matplotlib and seaborn
3.4.2 Non-FunctionalRequirements:

Processoffunctionalsteps,

1. Problemdefine

2. Preparing data

3. Evaluatingalgorithms

4. Improvingresults
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5. Predictionthe result

3.4.3 EnvironmentalRequirements:

1. SoftwareRequirements:

OperatingSystem: Windows

Tool: AnacondawithJupyterNotebook

2. Hardwarerequirements:

Processor: PentiumIV/III
Harddisk: minimum80GB
RAM: minimum?2 GB

3.5 PREPARINGTHEDATASET:

The experiments have been carried out with a group of 30 volunteers within an
age bracket of 19-48 years. Each person performed four activities (WALKING,
SITTING, STANDING,LAYING) wearing a smartphone (Samsung Galaxy S Il) on the
waist. Using its embedded accelerometer and gyroscope, we captured 3-axial linear
acceleration and 3-axial angular velocity at a constant rate of 50Hz. The experiments
have been videorecorded to label the data manually. The obtained dataset has been
randomly partitioned into two sets, where 70% of the volunteers was selected for

generating the training data and 30% the test data.

The sensor acceleration signal, which has gravitational and body motion
components, was separated using a Butterworth low-pass filter into bodyacceleration
and gravity. The 33 gravitational force is assumed to have only low frequency
components, therefore a filter with 0.3 Hz cut off frequency was used. From each
window, a vector of features was obtained by calculating variables from the time and

frequency domain
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3.5.1 AttributeInformation:
Foreachrecordinthe datasetthefollowingisprovided:

« Triaxialaccelerationfromtheaccelerometer(totalacceleration)andthe estimated
body acceleration.

» TriaxialAngularvelocityfromthe gyroscope.

» A1l9-featurevectorwithtimeandfrequencydomainvariables.

+ ltsactivitylabel.

* An identifierofthesubject who carried out the experiment. Table shows details

of the datasets

Variable Description

SmartPhone REDMIK20PRO

Sensors Accelerometer andGyroscope
AXis 3-axis(x, y, z)

No.ofvolunteers 30

VolunteersAge 19-48

Features 19

Activates WALKING, SITTING,STANDING,LAYING

Table3.5.1: DetailsofDataset
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3.6 SOFTWAREDESCRIPTION:

Anacondaisafreeandopen-sourcedistributionofthePythonandRprograming
languages for scientific computing (data science, machine learning applications,
largescale data processing, predictive analytics, etc.), that aims to simplify package
management and deployment. Package versions are managed by the package
management system “Conda”. The Anaconda distribution is used by over 12 million
users and includes more than 1400 popular data-science packages suitable for
Windows, Linux, and MacOS. So, Anaconda distribution comes with more than 1,400
packages as well as the Conda package and virtual environment manager called
Anaconda Navigator and it eliminates the need to learn to install each library
independently. The open source packages can be individually installed from the
Anacondarepositorywiththecondainstall commandorusingthepipinstall command that
is installed with Anaconda. Pip packages provide many of the features of conda

packages and in most cases they can work together.

Custom packages can be made using the conda build command, and can be
shared with others by uploading them to Anaconda Cloud,[10] PyPI or other
repositories. ThedefaultinstallationofAnacondaZ2includesPython2.7andAnaconda3
includes Python 3.7. However, you can create new environments that include any

version of Python packaged with conda.
3.6.1 AnacondaNavigator:

Anaconda Navigator is a desktop graphical user interface (GUI) included in
Anaconda® distribution that allows you to launch applications and easily manage
condapackages,environments,andchannelswithoutusingcommand-linecommands.
Navigator can search for packages on Anaconda.org or in a local Anaconda

Repository.

Anaconda.Nowi,ifyouareprimarilydoingdatasciencework,Anacondaisalso a
great option. Anaconda is created by Continuum Analytics, and it is a Python

distributionthatcomespreinstalledwithlotsofuseful pythonlibrariesfordatascience.
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Anaconda is a distribution of the Python and R programming languages for
scientific computing (data science, machine learning applications, large-scale data
processing,predictive analytics, etc.), that aims to simplify package management and

deployment.

In order to run, many scientific packages depend on specific versions of other
packages. Data scientists often use multiple versions of many packages and use

multiple environments to separate these different versions.

The command-line program conda is both a package manager and an
environment manager. This helps data scientists ensure that each version of each

package has all the dependencies it requires and works correctly.

Navigator is an easy, point-and-click way to work with packages and
environmentswithoutneedingtotypecondacommandsinaterminalwindow.Youcan
useittofindthepackagesyouwant,installtheminanenvironment,runthepackages, and

update them -all inside Navigator.
ThefollowingapplicationsareavailablebydefaultinNavigator:

JupyterLab36
Jupyter Notebook
Spyder

PyCharm
VSCode

Glueviz
Orange3App
RStudio

AnacondaPrompt(Windowsonly)

YV V.V V V V V V VYV V

AnacondaPowerShell(Windowsonly)
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Anaconda Navigator is a desktop graphical user interface (GUI) included in

Anaconda distribution.

Navigator allows you to launch common Python programs and easily manage
condapackages,environments,andchannelswithoutusingcommand-linecommands.
Navigator can search for packages on Anaconda Cloud or in a local Anaconda

Repository.

Anaconda comes with many built-in packages that you can easily find with
conda list on your anaconda prompt. As it has lots of packages (many of which are
rarely used),it requireslots ofspaceandtime as well. Ifyou have enoughspace,time
anddonotwanttoburdenyourselftoinstallsmallutilitieslikeJSON,YAML,youbetter go for

Anaconda
Conda:

Condaisanopensource,cross-platform,language-agnosticpackagemanager and
environment management system that installs, runs, and updates packages and their
dependencies. It was created for Python programs, but it can package and distribute
software for any language (e.g., R), including multi-language projects. The conda
package and environment manager is included in all versions of Anaconda,

Miniconda, and Anaconda Repository

Anaconda is freely available, open source distribution of python and R
programminglanguageswhichisusedforscientificcomputations.lfyouaredoingany
machinelearningordeeplearningprojectthenthisisthebestplaceforyou.ltconsists of many
software which will help you to build your machine learning project and deep learning
project. these softwares have great graphical user interface and these will
makeyourworkeasytodo.youcanalsouseittorunyourpythonscript. Thesearethe software

carried by anaconda navigator.
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3.6.2 JupyterNotebook:

This website acts as “meta” documentation for the Jupyter ecosystem. It has a
collectionofresourcestonavigatethetoolsandcommunitiesinthisecosystem,andto  help

you get started.

Project Jupyter is a project and community whose goal is to "develop open-
source software, open-standards, and services for interactive computing across

dozensofprogramminglanguages".ltwasspunofffromIPythonin2014byFernando Pérez.

Notebook documents are documents produced by the Jupyter Notebook App,
which contain both computer code(e.g.python) andrich text elements (paragraph,39
equations, figures, links, etc..). Notebook documents are both human-readable
documentscontainingtheanalysisdescriptionandtheresults(figures,tables,etc..)as  well

as executable documents which can be run to perform data analysis

The easiest way to install the Jupyter Notebook App is installing a scientific
python distributionwhich alsoincludes scientific pythonpackages. The most common

distribution is called Anaconda

Launching Jupyter Notebook App: The Jupyter Notebook App can be launched by
clicking on the Jupyter Notebook icon installed by Anaconda in the start menu

(Windows) or by typing in a terminal (cmd on Windows): “jupyter notebook”

This will launch a new browser window (or a new tab) showing the Notebook
Dashboard, a sort of control panel that allows (among other things) to select which

notebook to open.

Whenstarted,theJupyterNotebookAppcanaccessonlyfileswithinitsstart-up folder
(including any sub-folder). No configuration is necessary if you place your
notebooksinyourhomefolderorsubfolders.Otherwise,youneedtochooseaJupyter

Notebook App start-up folder which will contain all the notebooks.
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3.6.2.1 Savenotebooks:

Modifications to the notebooks are automatically saved every few minutes. To
avoid modifying the original notebook, make a copy of thenotebook document (menu

file -> make a copy...) and save the modifications on the copy.
3.6.2.2 Executinganotebook:

Download the notebook you want to execute and put it in your notebook folder

(or a sub-folder of it).

e Launchthejupyternotebookapp
¢ In the Notebook Dashboard navigate to find the notebook: clicking on its name
will open it in a new browser tab.

e Click on the menu Help -> User Interface Tour for an overview of the
JupyterNotebook App user interface.

e You can run the notebook document step-by-step (one cell a time) by pressing
shift + enter.

e YoucanrunthewholenotebookinasinglestepbyclickingonthemenuCell-
> RunAll.
e Torestartthekernel(i.e.thecomputationalengine),clickonthemenuKernel-
> Restart. Thiscanbeusefultostartoveracomputationfromscratch(e.g. variables

are deleted, open files are closed, etc...)
Purpose: To support interactive data science and scientific computing across all
programming languages.

File Extension: An IPYNB file is a notebook document created by Jupyter Notebook,
aninteractivecomputationalenvironmentthathelpsscientistsmanipulateandanalyze data

using Python.

Jupyter Notebook App: The Jupyter Notebook App is a server-client application that
allows editing and running notebook documents via a web browser. The Jupyter

NotebookAppcanbeexecutedonalocaldesktoprequiringnointernetaccess(as
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described in this document) or can be installed on a remote server and accessed

through the internet.

In addition to displaying/editing/running notebook documents, the Jupyter Notebook
App has a “Dashboard” (Notebook Dashboard), a “control panel” showing local files

and allowing to open notebook documents or shutting down their kernels.

kernel:

Anotebookkernelisa“computationalengine”thatexecutesthecodecontained
inaNotebookdocument.Theipythonkernel,referencedinthisguide,executespython code.
Kernels for many other languages exist (official kernels). When you open a Notebook
document, the associated kernel is automatically launched. When the notebook is
executed (either cell-by-cell or with menu Cell -> Run All), the kernel performs the
computation and produces the results. Depending on the type of computations, the
kernel may consume significant CPU and RAM. Note that the RAM is not released

until the kernel is shut-down

Notebook Dashboard:

The Notebook Dashboard is the component which is shown first when you
launch Jupyter Notebook App. The Notebook Dashboard is mainly used to open
notebook documents, and to manage the running kernels (visualize and shutdown).
The Notebook Dashboard has other features similar to a file manager, namely

navigating folders and renaming/deleting files.
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3.7 SYSTEMARCHITECTURE:

Dataset
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People Input Information
r \
Smartphone Sensors Data

Pre-processing

1

Flask /‘ s T
—_— e k o —

ogg

ML Model Accuracy Selection Compare ML Algorithm

People

Fig3.7:SystemArchitecture
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3.8 WORKFLOWDIAGRAM:

=TT N—
l

[ Data Processing and Cleaning ]

Fig3.8: Workflow Diagram
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3.9 USECASEDIAGRAM:

Smartphone Sensor Data

classification model

tuning model

test data .

people

machine learning algorithm

people

4
Flask output

Fig3.9: UseCase Diagram

Use case diagrams are considered for high level requirement analysis of a
system. So when the requirements of a system are analysed the functionalities are
captured in use cases. So, it can say that uses cases are nothing, but the system

functionalities written in an organized manner
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3.10 CLASSDIAGRAM:
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Fig3.10:Class Diagram

Class diagram is basically a graphical representation of the static view of the
system and represents different aspects of the application. So a collection of class
diagrams represent the whole system. The name of the class diagram should be
meaningful  to describetheaspectofthesystem.Eachelementandtheirrelationships
should be identified in advance Responsibility (attributes and methods) of each class
should be clearly identified for each class minimum number of properties should be
specified and because, unnecessary properties will make the diagram complicated.
Use notes whenever required to describe some aspect of the diagram and at the end
of the drawing it should be understandable to the developer/coder. Finally, before
making the final version, the diagram should be drawn on plain paper and rework as

many times as possible to make it correct.
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3.11 ACTIVITYDIAGRAM:

machine learning

data . pre-processing Wi
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perform preliminary pre-processing
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: Calculate total data
: set information

‘ \ 4
pply ML algorithm
: concept

Predicting the Best
Accuracy

split the data sets

apply ML algorithm

calculate the accuracy
from comparing ML

Find the Activity of Human

Fig3.11:Activity Diagram

Activity is a particular operation of the system. Activity diagrams are not only
usedforvisualizingdynamicnatureofasystembuttheyarealsousedtoconstructthe
executable system by using forward and reverse engineering techniques. The only
missing thing in activity diagram is the message part. It does not show any message
flowfromone activity to another. Activity diagramis some time considered as the flow
chart. Although the diagrams lookslike a flow chart butitis not. It shows different flow

like parallel, branched, concurrent and single.
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3.12 SEQUENCEDIAGRAM:
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Fig3.12:SequenceDiagram

Sequence diagrams model the flow of logic within your system in a visual

manner, enabling you both to document and validate your logic, and are commonly

usedforbothanalysisanddesignpurposes.Sequencediagramsarethemostpopular UML

artifact for dynamic modeling, which focuses on identifying the behavior within your

system. Other dynamic modeling techniques include activity diagramming,

communication diagramming, timing diagramming, and interaction overview

diagramming. Sequence diagrams, along with class diagrams and physical data

modelsareinmyopinionthemostimportantdesign-levelmodelsformodernbusiness

application development.
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3.13 ENTITYRELATIONSHIPDIAGRAM(ERD):

Dataset for Human
- l /

Machine

Sensors Learning

[ Data from Smartphone

Comparing Result
best Accuracy

Fig3.13:EntityRelationshipDiagram(ERD)

An entity relationship diagram (ERD), also known as an entity relationship
model, is a graphical representation of an information system that depicts the
relationshipsamongpeople,objects,places,conceptsoreventswithinthatsystem.An ERD
is a data modelling technique that can help define business processes and be used
as the foundation for a relational database. Entity relationship diagrams provide a
visual starting point for database design that can also be used to help determine
information system requirements throughout an organization. After a relational
databaseisrolledout,anERDcanstillserveasareferralpoint,shouldanydebugging or

business process re-engineering be needed later.
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CHAPTER -1V

MODULESANDALGORITHMS
4.1 LISTOFMODULES:

e Data Pre-processing
e Data Analysisof Visualization
e ComparingAlgorithmwith predictionin the formof best accuracyresult

e DeploymentUsingFlask

4.2 MODULE DESCRIPTION:
4.2.1 DataPre-processing:

Validation techniques in machine learning are used to get the error rate of the
MachineLearning(ML) model,whichcanbeconsideredasclosetothetrueerror rate
ofthedataset.Ifthedatavolumeislargeenoughtoberepresentativeofthepopulation,
youmaynotneedthevalidationtechniques.However,inreal-worldscenarios,towork  with
samples of data that may not be a true representative of the population of given
dataset. To finding the missing value, duplicate value and description of data type
whether it is float variable or integer. The sample of data used to provide an unbiased

evaluation ofa model fit on the training dataset while tuning model hyper parameters.

Jupyter M1 Last Checkpoint 01/17/2022 (autosaved) a

Y 1BodyA«

Fig4.2.1.1:DatausedforUnbiasedEvaluation.
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The evaluation becomes more biased as skill on the validation dataset isincorporated
into the model configuration. The validation set is used to evaluate a given model, but
this is for frequent evaluation. It as machine learning engineers use this data to fine-
tune the model hyper parameters. Data collection, data analysis, and the process of
addressing data content, quality, and structure can add up to a time-consuming to-do
list. During the process of data identification, it helps to understand your data and its
properties; this knowledge will help you choose which algorithm to use to build your
model. A number of different data cleaning tasks using Python’s Pandas library and
specifically, it focus on probably the biggest data cleaning task, missing values and it
able to more quickly clean data. It wants to spend less time cleaning data, and more

time exploring and modeling.

€ 5> C ) O localhost8838/notebooks/Downloads/CODE/CODE/M1.ipynb e % ® 0O i
G Gmail @B YouTube @ Maps Reading list
~ Jupyter M1 Last Checkpoint 0111772022 (autosaved) @ Logout

Edit Viev nsert Ce Kemel Nidgets Help e Python3 O
B+ & B4 & PRn B C B coe v [

M data.describe()

tBodyAcc.mean.X tBodyAcc.mean.Y tBodyAcc.meanZ tGravityAcc.mean.X tGravityAcc.mean.Y tGravityAcc.meanZ tBodyAccJerk.mean.X tBodyAcc

count 3609.000000 3609.000000 3609.000000 3609.000000 3609.00000 3609.000000 3609.000000
mean 0274544 -0.017415 -0.109195 0.670336 0.00702 0.087838 0.075124
std 0.063589 0.042589 0.056218 0513473 0.38357 0329519 0.179744
min -0.521000 -1.000000 -0.926000 -0.947000 -1.00000 -1.000000 -1.000000
25% 0.262000 0.025200 -0.122000 0.812000 -0.24400 -0.119000 0.060500
50% 0.277000 -0.017200 -0.109000 0.921000 -0.14500 0.039000 0.076000
75% 0.287000 -0.011000 -0.098000 0955000 0.14500 0204000 0.089900
max 0.693000 1.000000 1.000000 0.994000 1.00000 0.999000 1.000000
In [27]: M pd.Categorical(data['label’]).describe()
counts fregs
categories

LAYING 681 0.188695
SITTING 623 0.172624
STANDING 668 0.185093

Fig4.2.1.2:DetailedStatistics

Some of these sources are just simple random mistakes. Other times, there can be a
deeper reason why data is missing. It's important to understand these different types
of missing data from a statistics point of view. The type of missing data will influence
howtodealwithfillinginthemissingvaluesandtodetectmissing valuesanddosome

basicimputationanddetailedstatisticalapproachfordealingwithmissingdata.Before,
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jointintocode,it’'simportanttounderstandthesourcesofmissingdata.Herearesome typical

reasons why data is missing:

+ Userforgottofill inafield.

« Datawaslostwhile transferringmanuallyfromalegacy database.

* Therewasaprogrammingerror.

» Userschosenottofilloutafieldtiedtotheirbeliefsabouthowtheresultswould be used

or interpreted.

€ 5 C 3 @ localhost:8888/notebooks/Downloads/CODE/CODE/M1.ipynt 2 %t B O
G Gmai @ YouTube 9 Maps Reading list
, Jupyter M1 Last Checkpoint 01/17/2022 (autosaved) A Logout

Edit View nsert Ce Keme Nidgets Help T ‘P,m:» 30
B + @B 4 % PRin B C P cCodke v @
In [21]: M #correlation
data.corr()

tBodyAcc.mean.X tBodyAcc.mean.Y tBodyAcc.mean.Z tGravityAcc.meanX tGravityAcc.mean.Y tGravityAcc.mean.Z tBodyAccJlerk.me

tBodyAcc.mean.X 1.000000 0.216780 -0.302976 0.018880 -0.034060 -0.026783 -0.10
tBodyAcc.mean.Y 0.216780 1.000000 -0.104570 -0.008099 -0.003196 0.028619 0.05
tBodyAcc.mean.Z -0.302976 -0.104570 1.000000 -0.016145 0023714 0.033781 008
tGravityAcc.mean.X 0.018880 -0.008099 -0.016145 1.000000 0783299 -0.635952 -0.01
tGravityAcc.mean.Y -0.034060 -0.003196 0.023714 -0.783299 1.000000 0.621030 0.01
tGravityAcc.mean.Z -0.026783 0.028619 0.033781 -0.635952 0621030 1.000000 0.02
tBodyAccJerk.mean.X -0.102775 0.055201 0.080121 -0.010058 0012753 0.026250 1.00
tBodyAccJerk.mean.Y -0.050211 -0.064602 -0.068605 -0.000798 -0.016367 -0.004426 026
tBodyAccJerk.mean.Z -0.042641 0.004386 -0.127636 0.003071 0.000020 -0.004152 -0.19
tBodyGyro.mean.X -0.019215 0041435 0.082922 -0.045221 0015522 0.026561 0.00
tBodyGyro.mean.Y 0017324 0.025397 -0.028202 0072417 -0.040654 -0.094261 0.03
tBodyGyro.mean.Z -0.025870 0.016835 -0.034032 -0.122329 0.1358%0 0.109763 0.03
fBodyAcc.mean.X 0.025423 -0.056520 -0.041486 0.386996 -0.475265 0412233 0.01
fBodyAcc.mean.Y 0.012161 -0.051918 -0.035741 0404707 -0.516897 -0.428033 -0.03
fBodyAcc.mean.Z 0.008582 -0.049471 -0.033065 0.376309 -0.468693 -0.490408 -0.02
BodyGyro.mean.X 0.019280 -0.064230 -0.058497 0391229 0487344 -0.405007 0.01

Fig4.2.1.3: Correlation

« VariableidentificationwithUni-variate,Bi-variateandMulti-variateanalysis:
= importlibrariesforaccessandfunctionalpurposeandreadthegiven dataset
= GeneralPropertiesofAnalyzingthegivendataset
= Display thegivendatasetintheformofdataframe
= showcolumns
= shape ofthedataframe
» Todescribethedataframe

» Checkingdatatypeandinformationaboutdataset
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= Checkingforduplicatedata

= Checking Missing valuesofdata frame
= Checkinguniquevaluesof dataframe

= Checkingcountvaluesofdataframe

= Rename anddropthegivendataframe

» Tospecifythetypeofvalues

=  Tocreateextracolumns

Import Packages }$ Read Data =>_ Data Prg-
Processing

Fig4.2.1.4:WorkflowofDatapre-processing

4.2.2 DataValidation/Cleaning/PreparingProcess:

Importing the library packages with loading given dataset. To analyzing the
variable identification by data shape, data type and evaluating the missing values,
duplicate values. A validation dataset is a sample of data held backfromtraining your
model that is used to give an estimate of model skill while tuning model's and
proceduresthatyoucanusetomakethebestuseofvalidationandtestdatasetswhen
evaluating your models. Data cleaning / preparing by rename the given dataset and
drop the column etc. to analyze the uni-variate, bi-variate and multi-variate process.
The steps and techniques for data cleaning will vary from dataset to dataset. The
primarygoalofdatacleaningistodetectandremoveerrorsandanomaliestoincrease the

value of data in analytics and decision making.
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4.2.3 Explorationdataanalysisofvisualization:

C 1t @ localhost

: Ju pyter |V — ﬁ Logout
File Edit View Insert Cell Kemel Widgets Help Trusted | Python 3 (ipykemel) O
B 4+ 5 @ B 4+ % PR B C B Code v =

Out[15]: array([ 'STANDING', 'SITTING', 'LAYING', 'WALKING'], dtype-object)

In [16]: del data[ 'activity']

In [17]: plt.hist(data.label,color="gray")
plt.legend(title="Human Activity™)
plt.xlabel("Activity™)
plt.ylabel("Counts")
plt.show()

No artists with labels found to put in legend. MNote that artists whose label s
tart with an underscore are ignored when legend() is called with no argument.

1600 4 Human Activity

1400 ~
1200 A
1000 A

800 A

600 -
400 A
200 -

0

STANDING SITTING LAYING WALKING
Activity

Counts

Fig4.2.3.1:Datavisualization

Data visualization is an important skill in applied statistics and machine learning.
Statisticsdoesindeedfocusonquantitativedescriptionsandestimations  ofdata. Data
visualizationprovidesanimportantsuiteoftoolsforgainingaqualitativeunderstanding. This
can be helpful when exploring and getting to know a dataset and can help with
identifying patterns, corrupt data, outliers, and much more. With a little domain
knowledge, data visualizations can be used to express and demonstrate key
relationshipsinplotsandchartsthataremorevisceralandstakeholdersthanmeasures

ofassociationorsignificance.Datavisualizationandexploratorydataanalysisare
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whole fields themselves and it will recommend a deeper dive into some the books

mentioned at the end.

i) localhost

" Jupyter M2 Last Checkpoint: 22/01/2023 (autosaved) @ | Logou
File Edit View Insert Cell Kemel Widgets Help Trusted | Python 3 (ipykernel} O
B+ |2 A DB a2 ¥ PRin B C » | code v =

500

0 T T T T
-100 -0.75 -050 -0.25 0.00 025 050 075 100
tBodyAcc.mean.Z

In [19]: |#Propagation by variable

def PropByVar(data, variable):
dataframe_pie = data[variable].value_counts()
ax = dataframe_pie.plot.pie(figsize=(7,12), autopct='%1.2f%%", fontsize = 12)
ax.set_title(variable + ' \n', fontsize = 15)
plt.show()
return np.round(dataframe_pie/data.shape[0]¥106,2)

PropByVar(data, "label")

plt.show()

e

label

LAYING

SITTING

Fig4.2.3.2: PiechartofData visualization

Sometimesdata doesnot make sense untilitcanlookatina visual form, such aswith
charts and plots. Being able to quickly visualize of data samples and others is an
importantskillbothinappliedstatisticsandinappliedmachinelearning.ltwilldiscover
themanytypesofplotsthatyouwill needtoknowwhenvisualizingdatainPythonand how to

use them to better understand your own data.

» Howto chart time series data with line plots and categorical quantities with bar

charts.
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* How to summarize data distributions with histograms and box plots. Pre-
processing refers to the transformations applied to our data before feeding it to

the algorithm.

Data Preprocessing is a technique that is used to convert the raw data into a clean
data set. In other words, whenever the data is gathered from different sources it is
collectedinrawformatwhichisnotfeasiblefortheanalysis. Toachievingbetterresults
fromthe applied model in Machine Learning method of the data has to be in a proper
manner. Some specified Machine Learning model needs information in a specified
format,forexample,RandomForestalgorithmdoesnotsupportnullvalues.Therefore,
56toexecuterandomforestalgorithmnullvalueshavetobemanagedfromtheoriginal  raw
data set. And another aspect is that data set should be formatted in such a way that
more than one Machine Learning and Deep Learning algorithms are executed in

given dataset

D localhost

" Jupyter M2 Last Checkpoint: 22/01/2023 (autosaved) a Logout
File ~ Edit  View  Inset  Cell  Kemel  Widgets  Help Trusted | Pytnon 3 (ipykemel) ©

m | +| 2= @& B 2 | >Rn m C| » |coe v| [=
=100 . | -

o 500 1000 1500 2000 2500 3000 3500

In [22]: |# Heatmap plot diagram
fig, ax = plt.subplots(figsize=(14,10))
sns.hestmap(data.corr(), ax=ax, annot=True)

Out[22]: <AxesSubplot:>

Fig4.2.3.3:HeatmapPlot Diagram

False Positives (FP): A person who will paypredicted as defaulter.When actual class
isnoandpredictedclassisyes.E.g.ifactualclasssaysthispassengerdidnotsurvive but
predicted class tells you that this passenger will survive. False Negatives (FN): A

personwhodefaultpredictedaspayer.Whenactual classisyesbutpredictedclassin
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no.E.g.ifactualclassvalueindicatesthatthispassengersurvivedandpredictedclass  tells

you that passenger will die.

True Positives (TP): A person who will not pay predicted as defaulter. These are the
correctly predicted positive values which means that the value of actual class is yes
andthevalueofpredictedclassisalsoyes.E.g.ifactualclassvalueindicatesthatthis

passenger survived and predicted class tells you the same thing.

TrueNegatives(TN):Apersonwhodefaultpredictedaspayer.Thesearethecorrectly
predicted negative values which means that the value of actual class is no and value
of predicted class is also no. E.g. if actual class says this passenger did not survive

and predicted class tells you the same thing

Import Packages => Read Data [y Data Visualization

Fig4.2.3.4:WorkflowofData visualization
4.2.4 ComparingAlgorithmwithpredictionintheformofbestaccuracyresult:

Itisimportanttocomparetheperformanceofmultipledifferentmachinelearning
algorithmsconsistentlyanditwilldiscovertocreateatestharnesstocomparemultiple
different machine learning algorithms in Python with scikit-learn. It can use this test
harness as a template on your own machine learning problems and add more and 58
different algorithms to compare. Each model will have different performance
characteristics. Using resampling methods like cross validation, you can get an
estimate for how accurate each model may be on unseen data. It needs to be able to
use these estimates to choose one or two best models from the suite of models that
you have created. When have a new dataset, it is a good idea to visualize the data
using different techniques in order to look at the data fromdifferent perspectives. The
same idea applies to model selection. You should use a number of different ways of
looking at the estimated accuracy of your machine learning algorithms in order to
choosetheoneortwotofinalize. Awaytodothisistousedifferentvisualization
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methods to show the average accuracy, variance and other properties of the

distribution of model accuracies.

In the next section you will discover exactlyhowyou can do thatin Python with
scikit-learn. The key to a fair comparison of machine learning algorithms is ensuring
that each algorithmis evaluatedin the same way on the same data and it canachieve

this by forcing each algorithm to be evaluated on a consistent test harness.
In theexample below4differentalgorithmsarecompared:

e LogisticRegression
e DecisionTree
e RandomForest

e SupportVector Machine

The K-fold cross validation procedure is used to evaluate each algorithm,
importantlyconfiguredwiththesamerandomseedtoensurethatthesamesplitstothe
trainingdataareperformed and that each algorithmisevaluatedinpreciselythesame
way.Beforethatcomparingalgorithm,buildingaMachineLearningModelusinginstall
Scikit-Learnlibraries.Inthislibrarypackagehavetodonepre-processing,linearmodel 59
with logistic regression method, cross validating by KFold method, ensemble with
random forest method and tree with decision tree classifier. Additionally, splitting the

train set and test set. To predicting the result by comparing accuracy.
4.2.5 Predictionresultbyaccuracy:

Logistic regression algorithm also uses a linear equation with independent
predictors to predict a value. The predicted value can be anywhere between negative
infinity to positive infinity. It need the output of the algorithm to be classified variable
data. Higher accuracy predicting result is logistic regression model by comparing the

best accuracy.
TruePositiveRate(TPR)=TP/(TP+FN) False

Positive rate(FPR) = FP/ (FP+TN)
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Accuracy: The Proportion of the total number of predictions that is correct otherwise

overall how often the model predicts correctly defaulters and non-defaulters.
Accuracycalculation:
Accuracy=(TP +TN)/(TP +TN+FP +FN)

Accuracy is the most intuitive performance measure and it is simply a ratio of
correctlypredictedobservationtothetotalobservations.Onemaythinkthat,ifwehave
highaccuracythenourmodelisbest.Yes,accuracyisagreat measure but onlywhen you
have symmetric datasets where values of false positive and false negatives are

almost same.

Precision: The proportion of positive predictions that are actually correct. (When the

model predicts default: how often is correct?)
Precision=TP/(TP+FP)

Precision is the ratio of correctly predicted positive observations to the total
predicted positive observations. The question that this metric answer is of all
passengers that labeled as survived, how many actually survived? High precision

relatestothelowfalsepositiverate.Wehavegot0.788precisionwhichisprettygood.

Recall: Theproportionofpositiveobservedvaluescorrectlypredicted.(Theproportion of

actual defaulters that the model will correctly predict)
Recall=TP/(TP+FN)

Recall (Sensitivity) - Recall is the ratio of correctly predicted positive

observations to the all observations in actual class - yes.

F1 Scoreis the weighted average of Precision and Recall. Therefore, this score takes
both false positives and false negatives into account. Intuitively it is not as easy to
understand asaccuracy,butFlisusuallymore useful than accuracy, especiallyif you
have an uneven class distribution. Accuracy works best if false positives and false
negatives have similar cost. If the cost of false positives and false negatives are very

different, it's better to look at both Precision and Recall.
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GeneralFormula:
F-Measure=2TP/(2TP+ FP+ FN)
F1-ScoreFormula:
F1Score=2*(Recall*Precision)/(Recall+Precision)
4.3 ALGORITHMANDTECHNIQUES:
4.3.1 AlgorithmExplanation:

In machine learning and statistics, classification is a supervised learning
approachinwhichthecomputerprogramlearnsfromthedatainputgiventoitandthen
usesthislearningtoclassifynewobservation. Thisdatasetmaysimplybebi-class(like
identifying whetherthepersonismale or femaleor that the mailisspamor non-spam) or it
may be multi-class too. Some examples of classification problems are: speech
recognition, handwriting recognition, bio metric identification, document classification
etc. In Supervised Learning, algorithms learn from labeled data. After understanding
the data, the algorithm determines which label should be given to new data based on

pattern and associating the patterns to the unlabeled new data.
4.3.2 UsedPython Packages:
sklearn:

* Inpython,sklearnisamachinelearningpackagewhichincludealotofML algorithms.
« Here, we are using some of its modules like train_test_split,

DecisionTreeClassifier or Logistic Regression and accuracy_score.
NumPy:

 ltisanumericpythonmodulewhichprovidesfastmathsfunctionsfor calculations.

» ltisusedtoreaddatainnumpyarraysandformanipulationpurpose.
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Pandas:

» Usedto read andwritedifferent files.

« Datamanipulationcanbedoneeasilywithdataframes.

Matplotlib:

« Data visualization is a useful way to help with identify the patterns from

givendataset.

« Datamanipulationcanbedoneeasilywithdataframes.

4.3.3 LogisticRegression:

It is a statistical method for analysing a data set in which there are one or more
independent variables that determine an outcome. The outcome is measured with a
dichotomous variable (in which there are only two possible outcomes). The goal of
logisticregressionisto find the bestfitting model to describe therelationship between
the dichotomous characteristic ofinterest (dependentvariable= response or outcome
variable) and a set of independent (predictor or explanatory) variables. Logistic
regression is a Machine Learning classification algorithm that is used to predict the
probability of a categorical dependent variable. In logistic regression, the dependent

variable is a binary variable that contains data coded as 1 (yes, success, etc.) or 0
failure etc).

# | Python 3 (ipykernel) O

v =
,  tovuyayru.mean.c
*, 'fBodyAcc.mean

lzv, "1abe1rl,

data[i] .fit_transform(data[i]).astype(int)

In [12]: data.lsbel.unique()

out[19]: array([2, 1, @, 3])

In [20]:  data.head()

¥ ¥ tBodyAc
o 0278 o018 01100 e 0124 00931

0277 -0.0127 01030 0988 0152 00813
2 0277 -0.0147 -0.1070 0.969 0154 00818

3 0.298 0.0271 -0.0817 0.945 -0.293 -0.0214
a 0.276 -0.0170 -0.1110 0.954 -0.263 -0.0114

ication_report, matthews_corrcoef, cohen_kappa_scc

Fig4.3.3.1:LabelEncoding
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In other words,thelogisticregression model predictsP(Y=1)asafunctionofX.

Logistic regression Assumptions:

* Logistic regression predicts the output of a categorical dependent variable.
gThereforetheoutcomemustbeacategoricalordiscretevalue.ltcanbeeither Yes or
No, 0 or 1, true or False, etc. but instead of giving the exact value as 0 and 1, it
gives the probabilistic values which lie between 0 and 1.

» Logistic Regression is much similar to the Linear Regression except that how
they are used. Linear Regression is used for solving Regression problems,
whereas Logistic regression is used for solving the classification problems.

* In Logistic regression, instead of fitting a regression line, we fit an "S" shaped
logistic function, which predicts two maximum values (0 or 1).

« The curve from the logistic function indicates the likelihood of something such
aswhetherthecellsarecancerousornot,amouseisobeseornotbasedonits  weight,
etc.

» Logistic Regression is a significant machine learning algorithm because it has
the ability to provide probabilities and classify new data using continuous and
discrete datasets.

» Logistic Regression can be used to classify the observations using different
typesofdataandcaneasilydeterminethemosteffectivevariablesused forthe

classification. The below image is showing the logistic function:
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Accuracy comparison Human Activity
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Fig4.3.3.2:Reportof logisticregression Result

4.3.4 LogisticFunction(SigmoidFunction):

« The sigmoid function is a mathematical function used to map the predicted
values to probabilities.

* It mapsany realvalueintoanothervaluewithin a rangeof Oand 1.

» The value of the logisticregression must be between 0 and 1, which cannot go
beyondthislimit,soitformsacurvelikethe"S"form. TheS-formcurveiscalled the

Sigmoid function or the logistic function

54



Fig4.3.4..S-form Curve

* In logistic regression, we use the concept of the threshold value, which defines
the probability ofeither 0 or 1. Suchas valuesabove the threshold value tends to

1, and a value below the threshold values tends to 0.
AssumptionsforLogisticRegression:

* Thedependentvariablemustbecategoricalin nature.

* Theindependentvariableshouldnothavemulti-collinearity.
4.3.5 LogisticRegressionEquation:

ThelogisticregressionequationcanbeobtainedfromtheLinearRegressionequation. The

mathematical steps to get Logistic Regression equations are given below:

+  Weknowtheequationofthestraightlinecanbewrittenas:
y=bgo + byx; + byxy + byxz + -+ + by x,

* In LogisticRegressionycanbebetweenOandlonly,so forthislet'sdividethe above

equation by (1-y):

%—y ; 0 for y= 0, and infinity for y=1
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butweneedrangebetween-[infinity]to+[infinity], thentake logarithm ofthe

equation it will become:

log [%] = bg + byxy + byxy + byxs + - + b,x,

Theaboveequationisthefinal equationforLogisticRegression. Type of

Logistic Regression:

Onthebasisofthecategories,LogisticRegressioncanbeclassifiedintothreetypes:

BinaryorBinomial

In suchakindofclassification,adependentvariablewillhaveonlytwopossible types
either 1 and 0. For example, these variables may represent success or failure,
yes or no, win or loss etc.

Multinomial
Insuchakindofclassification,dependentvariablecanhave3ormorepossible
unordered types or the types having no quantitative significance. For example,
these variables may represent “Type A” or “Type B” or “Type C”.

Ordinal

In  suchakindofclassification,dependentvariablecanhave3or = morepossible
orderedtypesorthetypeshavingaquantitativesignificance.Forexample,these
variables may represent “poor” or “good”, “very good”, “Excellent’” and each

category can have the scores like 0,1,2,3

Import Packages Read Data Split Train/Test Data

Implementing
Algorithm

Fig4.3.5:Workflowof ImplementingAlgorithm
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4.3.6 DecisionTree:
IntroductiontoDecision Tree

In general, Decision tree analysis is a predictive modelling tool that can be
applied across many areas. Decision trees can be constructed by an algorithmic
approach that can split the dataset in different ways based on different conditions.
Decisions trees are the most powerful algorithms that falls under the category of

supervised algorithms.

Theycanbeusedforbothclassificationandregressiontasks. Thetwo mainentitiesof a tree
are decision nodes, where the data is split and leaves, where we got outcome. The
example of a binary tree for predicting whether a person is fit or unfit providing various

information like age, eating habits and exercise habits, is given below -

—_ Person _ —*1
\..:. .\‘)‘l
- Eats lots o -~ Exercise

offast -~ ~. regularly?

Yar i Ve No®

y A 4 Y h J

Unfit Fit Fit Unfit

Fig4.3.6:DecisionTree

In the above decision tree, the question are decision nodes and final outcomes are

leaves. We have the following two types of decision trees.

¢ C(Classificationdecisiontrees—Inthiskindofdecisiontrees,thedecisionvariable is
categorical. The above decision tree is an example of classification decision
tree.
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e Regression decision trees — In this kind of decision trees, the decision variable

is continuous.
ImplementingDecisionTreeAlgorithm Gini
Index
4.3.6.1 ImportantTerminologyrelatedtoDecisionTree:

1. RootNode:ltrepresentstheentirepopulationorsampleandthisfurthergets
divided into two or more homogeneous sets.

2. Splitting:ltis aprocess ofdividinganodeintotwoormoresub-nodes.

3. DecisionNode:Whenasub-nodesplitsintofurthersub-nodes,thenitis called the
decision node.

4. Leaf/TerminalNode: NodesdonotsplitiscalledLeafor Terminal node.

5. Pruning: Whenweremovesub-nodesofadecisionnode,thisprocess is called

pruning. You can say the opposite process of splitting.
Branch/Sub-Tree:Asubsectionoftheentiretreeis calledbranchorsub-tree.

ParentandChildNode:Anode,whichisdividedintosub-nodesiscalledaparentnode of sub-

nodes whereas sub-nodes are the child of a parent node.

[ ROOT Node
N 2 Branch/ Sub-Tree
j 2 :
Splitting .
Decision Node A’ Decision Node |
‘ Terminal Node . Decision Node Terminal Node ‘ [ Terminal Node
S B c
‘ Terminal Node \ Terminal Node ’

Fig4.3.6.1:ParentNode
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Decision trees classify the examples by sorting them down the tree from the root to

some leaf/terminal node, with the leaf/terminal node providing the classification of the

example.

Eachnodeinthetreeactsasatestcaseforsomeattribute,andeachedgedescending from
the node corresponds to the possible answers to the test case. This process is

recursive in nature and is repeated for every subtree rooted at the new node.
4.3.6.2 AssumptionswhilecreatingDecisionTree:
BelowaresomeoftheassumptionswemakewhileusingDecisiontree:

¢ Inthebeginning,thewholetrainingsetis consideredastheroot.

e Featurevaluesarepreferredtobecategorical.lfthevaluesare continuousthen they
are discretized prior to building the model.

e Recordsaredistributedrecursively on thebasis ofattributevalues.

e Order to placing attributes as root or internal node of the tree is done by using

some statistical approach.

4.3.7 Entropy:

Entropy is a measure of the randomness in the information being processed. The
higher the entropy, the harder it is to draw any conclusions from that information.

Flipping a coin is an example of an action that provides information that is random.

A
10 —

(8] 0.5 1.0
Pr(X = 1)

Fig4.3.7.1:Graph
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From the above graph, it is quite evident that the entropy H(X) is zero when the
probabilityiseitherOor1.TheEntropyismaximumwhentheprobabilityisO.5because it
projects perfect randomness in the data and there is no chance if perfectly

determining the outcome. Mathematically Entropy for 1 attribute is represented as:

E(S)=> - p,log, p,
i=1

Where S — Current state, and Pi — Probability of an event i of state S or Percentage

of class i in a node of state S.

Informationgainor 1Gisa statisticalpropertythatmeasureshowwell a givenattribute
separatesthetrainingexamplesaccording totheirtargetclassification.Constructinga
decision tree is all about finding an attribute that returns the highest information gain

and the smallest entropy.

low
information
gain

high
Information
gain

7 a1 e
\ + -+ + ( -
CACTACTIASY,
K -
Information Gain = Entropy(before)— N Entropy(j, after)

Fig4.3.7.2:InformationgainofEntropy
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Information gainis a decreaseinentropy. It computes the difference between entropy
before split and average entropy after split of the dataset based on given attribute
values. ID3 (Iterative Dichotomiser) decision tree algorithm uses information gain.

Mathematically, |G is represented as:

Information Gain(T,X) = Entropy(T) - Entropy(T, X)

In a much simpler way, wecan concludethat:
.
Information Gain = Entropy(before)— ¥ Entropy(j. after)

4.3.8 SplitCreation:

Asplitisbasicallyincludinganattributeinthedatasetandavalue.Wecancreatea

splitindatasetwiththehelpoffollowingthreeparts -

« Part 1: Calculating Gini Score — We have just discussed this part in the previous

section.

* Part 2: Splitting a dataset — It may be defined as separating a dataset into two lists
of rows having index of an attribute and a split value of that attribute. After getting the
twogroups-rightandleft,fromthedataset,wecancalculatethevalueofsplitbyusing

Giniscorecalculatedinfirstpart.Splitvaluewilldecideinwhichgrouptheattributewill reside.

« Part3:Evaluatingall  splits =NextpartafterfindingGini  scoreandsplittingdatasetis
theevaluationofallsplits.Forthispurpose,first, wemustcheckeveryvalueassociated  with
each attributeasa candidatesplit. Thenwe need to find the bestpossible splitby
evaluating the cost of the split. The best split will be used as a node in the decision

tree.
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4.3.9 BuildingaTree:

Asweknowthatatreehasrootnodeandterminalnodes.Aftercreatingtherootnode,

wecanbuildthetreebyfollowingtwoparts -
Part1:Terminalnode

creationWhilecreatingterminalnodesofdecisiontree,oneimportantpointistodecide when
to stop growing tree or creating further terminal nodes. It can be done by using two

criteria namely maximum tree depth and minimum node records as follows -

» MaximumTreeDepth—Asnamesuggests,thisisthemaximumnumberofthenodes in a
tree after root node. We must stop adding terminal nodes once a tree reached at
maximum depth i.e., once a tree got maximum number of terminal nodes. It may be
defined as the minimum number of training patterns that a given node is responsible
for. We must stop adding terminal nodes once tree reached at these minimum node

records or below this minimum.
Part2:Recursive Splitting

Aswe understood about when to create terminal nodes, nhowwe can start building our
tree. Recursive splitting is a method to build the tree. In this method, once a node is
created, we can create the child nodes (nodes added to an existing node) recursively
on each group of data, generated by splitting the dataset, by calling the same function

again and again.
4.3.10 Prediction:

After building a decision tree, we need to make a prediction about it. Basically,
prediction involves navigating the decision tree with the specifically provided row of

data.

Wecanmakeapredictionwiththehelpofrecursivefunction,asdidabove. Thesame

prediction routine is called again with the left or the child right nodes.
4.3.11 Assumptions:
Thefollowingaresomeoftheassumptionswemakewhilecreatingdecisiontree-
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e Decision tree classifier prefers the features values to be categorical. In case if
you want to use continuous values then they must be done discretized prior to

model building.

While preparing decision trees, thetraining set isasroot node.

e Basedontheattribute’s values,therecordsarerecursivelydistributed.

e Statistical approach will be used to place attributes at any node position i.e.as

root node or internal node.

~

Import Packages »  ReadData Split Train/Test Data

Fig 4.3.9:WorkflowofDecisionTreeAlgorithm

4.3.12 RandomForest Algorithm:

RandomForestisapopularmachinelearningalgorithmthatbelongstothesupervised
learning technique. It can be used for both Classification and Regression problems in
ML. It is based on the concept of ensemble learning, which is a process of combining

multiple classifiers to solve a complexproblemand to improve theperformance of the

model.
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As the name suggests, "Random Forest is a classifier that contains a number of
decisiontreesonvarioussubsetsofthegivendatasetandtakestheaveragetoimprove the
predictive accuracy of that dataset." Instead of relying on one decision tree, the
random forest takes the prediction from each tree and based on the majority votes of

predictions, and it predicts the final output.

The greater number of trees in the forest leads to higher accuracy and prevents the

problem of overfitting.

The belowdiagramexplains theworking of theRandomForestalgorithm:

Training Training Training
Data Data P Data
1 2 n
Training ¢ ¢ ¢
Set Decision Decision Decision
Tree Tree Tree
| \ 2/ )
Voting
Test Set (averaging)
Prediction

Fig4.3.12.2:WorkingoftheRandomForestalgorithm.

4.3.12.1 AssumptionsforRandomForest:

Since the random forest combines multiple trees to predict the class of the dataset, it
is possible that some decision trees may predict the correct output, while others may

not. But together, all the trees predict the correct output.
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e Therefore, below are two assumptions for a better Random forest classifier:
Thereshouldbesomeactualvaluesinthefeaturevariableofthedatasetsothat the
classifier can predict accurate results rather than a guessed result. 79

e The predictions fromeachtreemusthavevery lowcorrelations.

Why useRandomForest?
Beloware somepointsthatexplainwhyweshouldusetheRandomForestalgorithm:

¢ [ttakesless training timeascompared tootheralgorithms.
e ltpredictsoutputwithhighaccuracy,evenforthelargedatasetitrunsefficiently.

e |t canalsomaintainaccuracy when alargeproportionofdatais missing.

HowdoesRandomForestalgorithmwork?

RandomForestworksintwo-phasefirstistocreatetherandomforestbycombiningN

decisiontree,andsecondistomakepredictionsforeachtreecreatedinthefirstphase.
TheWorkingprocesscanbeexplainedinthebelowstepsanddiagram: Step-
1: Select random K data points from the training set.

Step-2: Build the decision trees associated with the selected data points

(Subsets).Step-3: Choose the number N for decision trees that you want to build.
Step-4:RepeatStep1&2.

Step-5: For newdata points, find the predictions of each decision tree, and assign the

new data points to the category that wins the majority votes.
The workingof thealgorithmcanbe betterunderstoodbythebelowexample:

Example: Suppose there is a dataset that contains multiple fruit images. So, this
datasetisgiventotheRandomforestclassifier. Thedatasetisdividedintosubsetsand  given
to each decision tree. During the training phase, each decision tree produces a
prediction result, and when a new data point occurs, then based on the majority of
results, the Random Forest classifier predicts the final decision. Consider the below

image:
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4.3.12.2 ImplementationinScikit-learn:

Foreachdecisiontree,Scikit-learncalculatesanodesimportanceusingGini Importance,

assuming only two child nodes (binary tree):

nij = wjC; — Wiere(j)Creft(j) — Wright(j)Cright())

nisub(j)=theimportanceofnodej

e wsub(j)=weightednumber ofsamplesreachingnodej
e Csub(j)=theimpurityvalueofnodej

e left(j) =child node fromleft split onnode j

¢ right(j) =childnodefromrightspliton node;j
sub()isbeingusedassubscriptisn’tavailableinMedium See
method compute_feature_importances in _tree.pyx

Theimportance foreach feature ona decision treeisthencalculated as:

Zj:node j splits on feature i TtY

fiy =

ZkEall nodes niy

e fisub(i)=theimportanceoffeaturei

e nisub(j)=theimportanceofnode;j

ThesecanthenbenormalizedtoavaluebetweenOand1bydividingbythesumofall feature

importance values:

fii

z:anll features fij

normfi; =
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The final feature importance, at the Random Forest level, is it's average over all the
trees.Thesumofthefeature’simportancevalueoneachtreesiscalculatedanddivided by

the total number of trees:

Zanll trees normfiij

RFfii= T

e RFfi sub(i)= theimportance of featurei calculated fromall trees in the Random
Forest model

e normfisub(ij)=thenormalizedfeatureimportanceforiintreej

e T =totalnumber of trees
Seemethodfeature_importances_inforest.py.

NotationwasinspiredbythisStackExchangethreadwhichlfoundincredibleusefulfor this

post.
Implementationin Spark

For each decision tree, Spark calculatesa feature’simportance by summing the gain,

scaled by the number of samples passing through the node:

/ll — S/Ci

Zj:nodcs J splits on feature i

o fisub(i)=theimportanceoffeaturei
e ssub(j)=numberofsamplesreachingnodej

e Csub(j) =theimpurity valueof node j
SeemethodcomputeFeaturelmportanceintreeModels.scala

To calculate the final feature importance at the Random Forest level, first the feature

importance for each tree is normalized in relation to the tree:
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fi

Zanll features fij

normfi; =

e normfisub(i)=thenormalizedimportanceoffeaturei

e fisub(i)=theimportanceoffeaturei

Thenfeatureimportancevaluesfromeach treeare summednormalized:

Zjnormfii,-

Zjeall features,keall trees normf‘jk

e RFfi sub(i)= theimportance of featurei calculated fromall trees in the Random
Forest model

e normfisub(ij)=thenormalizedfeatureimportanceforiintreej

Implementing
Algorithm

Import Packages Read Data Split Train/Test Data

Fig4.3.12.3:WorkflowofRandomForest Algorithm
4.3.12.4SupportVector Machines:

Givena set of training examples, each marked as belonging to oneor theother of two
categories, an SVM training algorithm builds a model that assigns new examples to
one category or the other, making it a non-probabilistic binary linear classifier. The
objective of applying SVMs is to find the best line in two dimensions or the best
hyperplane in more than two dimensions in order to help us separate our space into

classes.
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4.3.12.4SupportVector,Hyperplane,and Margin:

The vector points closest to the hyperplane are known as the support vectorpoints
because onlythesetwo pointsarecontributing to theresultof thealgorithm, and other
points are not. If a data point is not a support vector, removing it has no effect on the
model.Ontheotherhand,deletingthesupportvectorswill thenchangethe positionof the

hyperplane.
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CHAPTER -V

RESULTSANDDISCUSSION

5.1 DEPLOY:
5.1.1 Flask(webframework):

Flask is a micro web framework written in Python.lt is classified as a micro-
framework because it does not require particular tools or libraries.It has no database
abstraction layer, form validation, or any other components where pre-existing third-

party libraries provide common functions.

However, Flask supports extensions that can add application features as if they
were implemented in Flask itself.Extensions exist for object-relational mappers, form
validation, upload handling, various open authentication technologies and several

common framework related tools.

Flask was created by Armin Ronacher of Pocoo, an international group of Python
enthusiasts formed in 2004. According to Ronacher, the idea was originally an April
Fool'sjokethatwaspopularenoughtomakeinto a seriousapplication.Thenameis a play
on the earlier Bottle framework.When Ronacher and Georg Brand created a bulletin
board system written in Python, the Pocoo projects Werkzeug and Jinja were
developed. In April 2016, the Pocoo team was disbanded and development of Flask

and related libraries passed to the newly formed Pallets project.

Flask has become popular among Python enthusiasts. As of October 2020, it has
second most stars on GitHub among Python web-development frameworks, only
slightly behind Django, and was voted the most popular web framework in the Python
Developers Survey 2018. The micro-framework Flask is part of the Pallets Projects,
andbasedonseveral othersofthem.FlaskisbasedonWerkzeug,Jinja2andinspired by
Sinatra Ruby framework, available under BSD licence. It was developed at pocoo by
Armin Ronacher. Although Flask is rather young compared to most Python

frameworks,itholdsagreatpromiseandhasalreadygainedpopularityamongPython
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webdevelopers. Let'stakea closer look into Flask,so-called “micro”frameworkfor Python

jupyter Notebook
localhost

tGravityAccmean.Z fBodyAccmeanZ

tBodyAcclerk mean X #BodyGyro.meanX

{BodyAcclerk mean.Y fBodyGyro.mean.Y

{BodyAcclerk meanZ fBodyGyro.meanZ

HUMAN : Standing

localhost

tGravityAcc.meanZ fBodyAccmeanZ

tBodyAcclerk mean X fBodyGyro.mean X

tBodyAcclerkmean.Y fBodyGyro.mean

tBodyAcclerk mean.Z fBodyGyro.meanZ
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Fig5.1:Results
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CHAPTER - VI

CONCLUSIONANDFUTUREWORK

6.1 CONCLUSION:

Theapplicationsofactivityrecognitionwithsmartphonesarenumerousandinclude
healthcare,fitness,sports,andsecurity.Forexample,activityrecognition canbeused to
monitor and analyze patients' movements to provide better healthcare, to track fitness
levels and provide personalized workout plans, and to detect suspicious behavior and

potential threats in security settings.

Overall, the recognition of human activities with smartphones using machine
learning process is a promising area of research with potential applications in a wide
range of industries. As technology continues to advance, it is likely that we will see
more sophisticated and accurate methods of activity recognition that will further

enhance its usefulness and applications.

6.2 FUTUREWORK:

HumanActivityRecognitionconnectwith Almodel.Toautomate thisprocessbyshow the
prediction result in web application or desktop application. To optimize the workto
implement in Artificial Intelligence environment. Improving the accuracy of activity
recognition is one of the main challenges in activity recognition is achieving high

accuracy, particularly for complex activities that involve multiple movements.

Using multiple sensors while smartphones are equipped with several sensors,
including accelerometers, gyroscopes, and magnetometers, future research can
explore the use of multiple sensors to improve the accuracy of activity recognition.
Improvingtheaccuracyofactivityrecognition,usingmultiplesensors,developingreal- time
activity recognition systems, addressing privacy and security concerns, and exploring

new applications in different domains.
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