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Abstract

Human Activity Recognition (HAR) using Deep Learning Techniques
is a significant research in the fields of Body Area Network (BAN).
The proposed model gives a noteworthy improvement in the
classification and identification of Human action. Existing research
looks into frequently utilized factual Al techniques to physically
concentrate and develop highlights of various movements. Be that as it
may, despite incredibly quickly developing waveform information with
no conspicuous laws, the customary component building strategies are
turning out to be increasingly unfit. With the advancement of Deep
Learning innovation, we don't have to extract and can improve the
system performance in HAR issues. We presented a deep learning
model dependent in the mix of establishing Neural Network and
repetitive neural system. The type sources of info the waveform
information of multiple channel sensors start to finish. Multiple
proportional highlights are removed by establishing like modules with
utilizing different portion based complexity layers. Joined with GRU,
displaying for time arrangement highlights is acknowledged, utilizing
information attributes to finish classification undertakings. Through
exploratory verification of most broadly utilized open HAR datasets,
our presented technique shows reliable unrivaled execution and has
great speculation execution.

Keywords: Complex human action, beginning neural system, wearable
sensor, computational efficiency.

1. Introduction

BAN is an expansion of customary remote detector
organize, expecting to give perfect remote setting to
HAR is a significant

unavoidable human services.

1) The obstruction of perplexing and variable foundations
on action acknowledgment

2) The trouble of situating, following and
acknowledgment brought about by numerous dynamic
subjects at the same time showing up in the image”

objective of BAN, which attempts to understand the
segregation of difficult anthropoid activities and practices
by watching the human body parts and the general
condition. During the most recent decennary ever-
increasing number of advances and techniques have been
applied to sensor-based HAR. It has been broadly utilized
in clinical consideration, athletic, savvy home and
numerous different applications.

Deep learning makes PC vision (CV) productive to
take care of the matter of human movement
acknowledgment. Be that as it may, there are

Quiet, numerous lacks in the CV-based human
movement acknowledgment conspire, for example,
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3) The requests for exacting conditions for light,
brilliance and difference.

Wearable sensors are likewise broadly utilized in
HAR and movement catch applications, because of their
simplicity of company, high accuracy, low force
utilization, and so forth... Bio-sensors are often used to
screen crucial indications, for example..., circulatory
strain, pulse, ECG, electromyography (EMG)and
reversal. Inclinometers and goniometry are different sorts
of sensors that are utilized to gauge upper/lower
kinematics. There are potential grows in a remote
checking framework utilizing body worn sensors, there
are still difficulties as far as mechanical progressions to
scheme body worn sensors are difficult to utilize and
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unease for the wearer. A successful spatial-fleeting
acknowledgment strategies to procedure multi-scaled and
commotion blend planners is another test that should be
tended to.

2. Literature Survey

Creators in [1] presented a one-dimensional (1D)
Convolutional Neural Network (CNN)- found technique
for perceiving human movement utilizing triaxial
accelerometer information gathered from the client's cell
phones. The three human movement information,
strolling, running, remaining despite everything, are
accumulated utilizing a cell phone accelerometer
detector. The X, y, and z increasing speed information are
changed into an aim size information and utilized as the
contribution for learning the 1D CNN. The triple action
acknowledgment execution of our 1D CNN-found
strategy which demonstrated 92.7% exactness outflanked
the random forest which was 89.1%.

Creators in [2] propose a model with a Convolutional
Neural Network (CNN) to distinguish human actions
utilizing the information gathered from the three-pivot
accelerometer coordinated in client's cell phones. The
everyday human exercises that are chosen to be perceived
incorporate strolling, sitting, running, upstairs and
downstairs. The three-measurement (3D) crude
accelerometer information is legitimately utilized as the
contribution for preparing the CNN with no pre-
treatment. The exhibition of our CNN-based technique
for multi HAR demonstrated 91.9% precision, which
outflanked the Support Vector Machine (SVM) approach
of 82.2% prepared and tried with six sorts of highlights
removed from the 3D crude accelerometer information.
Along these lines, this proposed approach accomplished
high acknowledgment precision with low computational
expense.

Creators in [3] utilizes deep neural systems in HAR.
This is utilized with regards to exercises of day by day
living utilizing multilane time-arrangement. This time-
arrangement is procured from body-worn gadgets, which
are made out of various kinds of detectors. The creator
proposes a bookdeep neural system for HAR. This system
handles arrangement estimations from various body-worn
gadgets independently. An assessment of the design is
executed on three file, the Opportunity, Pamap2, and a
mechanical dataset, beating the best in class. What's
more, unique system configurations will likewise be
assessed. This exploration recommends by applying
convolutions per sensor channel and per body-worn
gadget better the capacities of the convolutional neural
system (CNNS).

Creators in [4] proposed a compound-scale
convolutional neural system (CNN) to perform effective
HAR system utilizing cell phone sensors. Analyses
display how a variety in the system boundaries brings
about a superior removal of low and mid-level highlights.
Likewise, an investigation of highlight portrayals in the
first coating gives us bits of knowledge about the idea of
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real developments. This procedure beats other
information-digging strategies in HAR for the UniMiB
SHAR benchmark dataset, accomplishing a general
presentation of 88.2% on the test set.

Creators in [8] proposed an information refining
instrument to improve the acknowledgment precision of a
system, Long Short-term Memory (LSTM), with the
guide of a proficient shallow model, for example, Single
Layer Feed-forward Neural Network (SLFN). The
acknowledgment execution has been fundamentally
improved with the proposed information refining. At last,
since the LSTM contains corresponding data, this model
shows that with the combination of LSTM and SLFN.
The last human movement acknowledgment exactness of
the proposed technique is as high as 97.7% with cell
phone sensors.

Our proposed model shows predictable prevalent
execution and has great speculation execution.

3. Materials and Methods

Human Activity dataset, CNN, ANN and LSTM
Algorithms are clarified separately right now in this
section.

Data Set:

Dataset contains information gathered through controlled,
research facility conditions. The WISDM (Wireless
Sensor Data Mining) Lab [6] is worried about gathering
the sensor information from phones (e.g., tablet PCs,
music players, and so forth.) and digging this sensor
information for valuable information. As of now our
endeavours are fundamentally centred on the
accelerometer and GPS sensor information from these
appliances.

Number of features: 5

Missing attribute merits: None

Class Distribution

Walking: 424 400 (38 6%)
Joggng: 342177 (31.2%)
Lying:- 122 869(19 2%)
Sittmg: 50930 (5 5%)
Standing: 48395 (4 .4%)

Mo owpe

CNN

A convolutional neural system (CNN, or ConvNet) is a
class of intense neural systems, most normally applied to
breaking down optic symbolism. We are utilizing the
conv2d, maxpooling2d, dropout, straighten layer do
construct and train our model for discover human action.
A convolution is a consolidated reconciliation of two
capacities that gives you how one capacity alters the
other.

LSTM

LSTMs are unequivocally deliberated to stay away from
the long haul reliance issue. Remembering data for
extensive periods is their default conduct, not something
they fight to learn.
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An LSTM cell comprises of a cell state and, it slips
input's mind and yield entryways which utilize a few
enactment capacities. Forget Gate-chooses which data
ought to be kept and which ought to be disposed of.

Input Gate-Updates the cell state.

OutputGate-Chooses what the accompanying hid
state (contains information on past sources of info) ought
to be.

Cell state-Goes about as an interstate that transports
relative information along the progression chain.

The two initiation capacities utilized:

Sigmoid-squishes esteems somewhere in the range of
0and 1.

Tanh-squishes esteems between - 1 and 1.

We are utilizing the LSTM to prepare the RNN
model utilizing to LSTM and Dense alongside that we are
utilizing actuation work to be specific relu and delicate
max.

ANN

Acrtificial Neural Networks, ANN for short, have gotten
quite renowned and are likewise viewed as the intriguing
issue of intrigue and discovers its application in talk bots
that are regularly utilized in the content grouping. Being
consistent with yourself, if and just if you are a
neuroscientist, the relationship of utilizing the cerebrum
won't show a lot. Programming analogies to
neurotransmitters and neurons in the creature cerebrum
have been on the ascent while the neural systems in the
product business have just been in the business for quite a
long time. Right now we are utilizing the dense layers
and some actuation work to train the model.

LSTM & CNN

LSTM and CNN both are consolidated bringing about the
crossbreed model for characterizing the human action,
here we are utilizing convld, maxpoolingld, dropout,
LSTM and Dense layers together among all those
algorithm the hybrid model is the best.

1. Proposed Methodology: Step by step Procedure

Numerous methods or revelations from this field for the
most part produced into a journal for others to take focal
points and better as exceptional assessments. The
expertise is used to achieve the objective of the
assignment that will arrive at a perfect result. In order to
evaluate this endeavor, the discussion subject to Software
Development Life Cycle (SDLC), all around, three
noteworthy advances, which are Orchestrating/Planning,
Executing/Implementing and Examination/Analysis.
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Data Collection

Hardware and Software
requirements

Implementation
Analyze the performance

Conclusion/Summary

Planning

Implementing

Figure 1: Steps of Methodology

Planning Step:

Recognizing all the Data required, gadget and
programming should be done in the exceptional possible
way. The organize degree has fundamental modules
specifically data assortment and the stipulations of
appliances and programming.

< Data collection:

ML wants twin matters to work, data (hundreds of it) and
module. When obtaining the statistics, make certain to
have enough highlights populated to put together
accurately your mastering module. When all is stated in
completed, the more facts you've got the better so make
sure of enough data rows.

The critical data is obtained from the web sources
remains in the crude kind of explanations, digits and
subjective phrases. The crude facts consists of blunder,
exclusions and irregularities. It calls for changes after
carefully investigating the finished surveys. The
accompanying advances are engaged with the managing
of vital records. A considerable extent of crude records
gathered through field examine need to be assembled for
similar subtleties of character reactions.

« Hardware and Software Requirements

Hardware Requirements: We need a framework with a
processor i5 or more with a hard circle of 500 GB and
Ram of 16 GB.

Software Requirements: Operating System Windows
8/10 is needed with Anaconda and Jupyter Notebook.

Implementing Step:

A business astute model has been created, to characterize
distinctive human action, in view of a particular business
structure manage human movement grouping utilizing an
appropriate profound learning procedure. The model was
assessed by a logical way to deal with measure exactness.
We are utilizing Convolutional Neural Network (CNN),
ANN and RNN to fabricate our model.

< Implementation

A framework design graph used to show the relation
between different parts. Generally they are made for the
frameworks that incorporate components and the
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programming Fig 2 to show the collaboration among
them.

Learning
Algorithm

Human Activity Train
Dataset — TrainSet Model

Validate
Feature | | Model
Engineering

Data Pre-
processing

Predicted
Result

—M TestSet

Figure 2: System Architecture

e Human Activity Dataset: 2L records are taken from
the institutionalized dataset. This information is gathered
through controlled research facility conditions utilizing a
triaxial accelerometer.

Training Data

Human Test Data
Actiity

Datasat

Human Actity
Classifcation
System

User

Human Actty cl3ssification Class

Figure 3: Basic data flow diagram

e Data Pre-processing: Information Preprocessing is a
method that is used to trade over the undesirable records
into a spotless records collection. As it had been, at
whatever on point the records is assembled from
exceptional resources it has been gathered in an unwanted
configuration ~ that isn't manageable for the
exam.Particular approach are compiled to change over the
statistics right into the perfect informational collection.
This strategy is executed before the execution of the
Iterative Analysis. The association of steps is called Data
Preprocessing. It consists of -Data Cleaning, Data
Integration, Data Transformation and Data Reduction

= Information Preprocessing is important as a result of
the nearness of unformatted true information. Generally
obvious data is made out of - missing information - There
are numerous reasons behind missing Data, for instance,
Data isn't endlessly accumulated, a blunder in information
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section, particular issues with  biometrics and
extraordinary more.

= The closeness of uproarious information (mixed up
data and special cases) - The clarifications about the
nearness of riotous information could be a mechanical
issue of gadget that gathers Data or human mistake
during the data gathering.

= Conflicting information - The \vicinity of
abnormalities is an immediate consequence of the
inspirations to such an extent, that the closeness of
duplication inside data, human activity area, containing
messes up in codes or names, i.e., encroachment of data
objectives and altogether more.

e Feature Engineering: We are building our model by
utilizing CNN, LSTM, ANN and CNN_LSTM. After
Data Pre-preparing information is passed to the Feature
Engineering.

e Train Set: After model development, we took a shot
at model preparation. We had the option to check CNN,
LSTM, ANN and LSTM_CNN layers that can perceive
the Activity. Dataset is part of the train and test dataset.
At last, we need to assemble and prepared the model
utilizing train datasets.

e Test Set: Module testing will utilize the test set and
foresee the action.

e Train Model: The route toward setting up a ML
model remembers giving a taking for getting ready data
to pick up from. The term ML model implies the model
antique that is made by the arrangement strategy. The
planning data should require the right arrangement, which
is known as a multiple choses or target property. The
picking up figuring developing structures in the readiness
information that map the information credits to the target
(the fitting answering that we have to anticipate)

Data Flow Diagram

Preprocessed

Bag of Words
(Entropy &
Info. Gain)

Data
Labeling

Cleaning

Test data:

Predicted
value
Result
analysis

Figure 4: Detailed data flow diagram.

DFD-L2

e Validate Model: We will be using the testing dataset
in the model to start making predictions. Keras enables us
to make predictions.

e Predicted Result: We have trained our model many
times to keep getting different results. The accuracies for
each training have a high variance.
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% Proposed Model

Lying
Input Data Sitting
Standing
Walking
Conv 1D LSTM Dense Layer l
Output Layer
Max Pooling

1D

Figure 5: Proposed Model Architecture

Proposed Model LSTM_CNN: LSTM and CNN both
are joined resulting in Hybrid model. We use Convld,
maxpoolingld, LSTM, Dense layers alongside that we
utilized ReLU, Softmax initiation capacity to construct
the proposed model. Fig 5 shows the core component
Architecture.

Convld: This layer makes a convolution part that is
convolved with the layer contribution over a solitary
spatial (or fleeting) measurement to deliver a tensor of
yields. On the off chance that inclination is valid, a
predisposition vector is made and added to the yields. At
last, if the enactment isn't none, it is applied to the yields.
Max pooling 1d: It is utilized to for getting the maximum
value from the conv 1d layer.

Long short term memory: LSTM is a recurrent neural
system (RNN). Utilized in the field of intense learning.
LSTM systems are suitable to classifying, handling and
making assumptions dependent on time arrangement data
since there can be slacks of obscure length between
outstanding occasions in a time section.

Dense: The dense layer is the standard profoundly
associated neural system layer. It is generally normal and
much of the time utilized layer. The Dense layer does the
underneath procedure on the Data and return the yield.

¢+ Testing

Testing the model is the crucial bit of our proposed
approach. The PC which has Intel Core i7, CPU with 2.70
GHz and 16 GB Ram was utilized for testing. We utilized
the CPU be that as it may, we are pondering to utilize
GPU as a future work, 2L records were taken from the
systematized dataset, were restricted into double set with
80% preparing and 20% testing proportions.

Execution measurements of utilized order strategy
dependent on WISDM Dataset. Over fitting is one of the
significant disadvantages of the present ways to deal with
defeat from this issue we need to distinguish the
requirement for test information early and raise the issue
of test information as right on time as could reasonably be
expected. Careful overviews during test structure.
Dissecting the potential test information ought to happen

Published by: The Mattingley Publishing Co., Inc.

May-June 2020
ISSN: 0193-4120 Page No. 4355-4361

right off the bat in the test configuration stage by Creating
test information and executing the tests.

= Fig 6 shows the Accuracy results by using CNN.

= Fig 7 shows the Accuracy results by using LSTM.

= Fig 8 shows the Accuracy results by using ANN.

= Fig 9 shows the Accuracy results by using
LSTM_CNN.

e CNN Model:

CNN model Accuracy

cnn_score = cnn_model.evaluate(c_X_test,c_Y test)
print('Loss :',cnn_score[@]
print('Accuracy :',cnn_score[1])

840/840 [
Loss : 0.1013976495665875
Accuracy : ©.9702380952330952

] - 8s 240us/step

Figure 6: Accuracy of CNN
e LSTM Model:

LSTM model Accuracy

1stm_score = lstm_model.evaluate(X_test,Y_test,verbose=2)
print('Loss :',lstm_score[@])
print('Accuracy :',lstm_score[1])

Loss @ 0.83804030098329077
Accuracy : ©.9874272448864821

Figure 7: Accuracy of LSTM
e ANN Model:
Snipp

ANN model Accuracy

ann_score = ann_model.evaluate(x_test, y_cat_test,verbose=2)
print("Loss :",ann_score[@]
print("Accuracy :",ann_score[1])

Loss : 0.3876039834501109
Accuracy : 0.8360635290204557

Figure 8: Accuracy of ANN
e LSTM_CNN Model:

LSTM_CNN model Accuracy

Istm_cnn_score = model.evaluate(X_test,Y_test,verbose=2)
print("Loss :",1stm_cnn_score[@])
print("Accuracy :",1stm_cnn_score[1])

Loss : ©.815528488832975912
Accuracy : 0.9941520498144429

Figure 9: Accuracy of LSTM_CNN
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Analysis Step:

We will test our characterization model on our processed
dataset and furthermore measure the exhibition on our
dataset. To assess the presence of our made grouping and
make it comparable to current methodologies, we use
precision to gauge the adequacy of classifiers.

After the model creation, understanding the force of
module desires on various occasion significant trouble. At
the point when a farsighted model is concocted utilizing
the irrefutable realities, one could be fascinated in regards
to how the adaptation will complete on the records that it
has now not noticeable during the model structure
process. One may furthermore even endeavor many
model sorts for an equivalent estimate issues, and in some
time, should catch which module is the one to use for this
current genuine unique conditions, basically through
differentiating them on their suppositions execution
(precision).

To check the presentation of a trademark, there are
often possible by running estimations, for instance,
exactness, outline, etc. The circumstances of the most
generally used estimations that might be resolved from
the chance occasion cross section have in addition
showed up inside the work area beneath.

Table 1: Confusion Matrix

Actual Class \ P N
Predicted Class

P TP FP

N FN N

Table 2: Definition of Terms

Positive(P) Observation is positive.

Negative(N) Qbservation is not positive.

True Positive(TP) Observation 1s positive, and
is predicted to be positive.

False Negative(FN) Observation 15 positive, but
is predicted negative.

True Negative(TN) Observation 13 negative, and
is predicted to be negative,

False Positive(FP) Observation is negative, but
is predicted positive.

Table 3: Performance Metrics

Measure Formula

Accuracy (TP+TN)/(TP=FP+FN=TN)
Recall TP/(TP+FN)

Precision TP/(TP+FP)

F1 Score 2TP/(2TP+FP+FIN)

Published by: The Mattingley Publishing Co., Inc.

May-June 2020
ISSN: 0193-4120 Page No. 4355-4361

Accuracy- Accuracy is the limit of the instrument to
measure the specific worth.

Recall-Recall is called affectability in parallel order.
Assists with assessing the pace of genuine positives that
is accurately distinguished.

Precision- Precision alludes to how close rate from
divergent examples are to one another. At the point when
the standard mistake is little, gauges from different
examples will be close in esteem.

F1 Score-F1 score is a weighted consonant mean of
surveys with the ultimate objective that the best score is
1.0 and awful is 0.0.

% Analyse the performance
Fig 10 below shows the graph of Accuracy and error of
CNN, LSTM, ANN and CNN_LSTM respectively.

Comparison Graph

08

06

Scores

04

02

0.0

CNN LSTM CNN_LSTM ANN

Algorithm

Figure 10: Comparison Graph

4.  Summary of the proposed work

Deep Learning techniques are booming technology in
current jiffy. Here Human Activity Recognition process
developed using three deep learning neural networking
techniques ANN, CNN and LSTM, among these three
LSTM performing higher compare to other two. This
proposed new hybrid model is the combination of CNN
and LSTM, which are two different neural network frame
work is used. The proposed model gives more accuracy
compare to all other Neural Network Techniques which
gives 99% accuracy. So the conclusion is the proposed

hybrid model is suitable for Human Activity
classification system.
Table 4: Result Comparison
Method Accuracy | Precision | Recall Fl1
sCore
ANN 0.83 0.84 0.84 0.84
CNN 0.97 0.97 0.97 0.97
LSTM 0.98 0.97 0.97 0.97
CNN_LSTM 0.99 0.99 0.99 0.99
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The Table 4 defines the accuracy, recall, precision
and F1 score rates of the IDS modules which were
implemented by using deep learning. CNN_LSTM merge
model gives us the top precision.
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