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Abstract

The machine learning and deep learning algorithms are broadly used in various research areas
such as medical industry and especially for predicting the physical human activities. Human activity
recognition is the ability of the machine to predict the basic movement of a human body based on
sensor data set provided to them for learning. The proposed activity is such a classification and
prediction of human basic activities such as walking, moving upstairs, moving downstairs, simply
sitting, standing or lying. The data set received from the recognized repositories are taken,
preprocessed and used with the supervised machine learning algorithm Logistic Regression(LR)
algorithm. The human activity recognition was carried out with text based dataset. The preprocessed
dataset are prepared and are fed to the created algorithm and the results were analyzed and discussed.
The classification and predication accuracy of the algorithm was found to be 95.8% for the datasets
taken.
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1. Introduction

The Machine learning is programming computers to optimize a performance criterion using an
example data or using the past experience. The model may be a predictive model to make predictions
in the future, or it can be a descriptive model which is used to gain knowledge from data, or it can be
of both types. Machine learning is mostly worried using the correct features used to build the right
models that can solve the correct tasks.

The human activity recognition is the most popular and active research area by using machine
learning algorithms. This was done using sensors, accelerometer, gyroscope etc. The accelerometer
provides the maximum functionality and followed by the gyroscope [9]. The recognition of human
activity is majorly used in the health care system which is installed in the residence, hospitals and
other medical based centers. These are also used in disease management and disease prevention
projects. The proposed activity is such a recognition and prediction of human basic activities such as
walking, moving upstairs, moving downstairs, simply sitting, standing or lying.

2. Background Study

Chieh-ChenWu, Wen-ChunYeh et al., developed and compared classification models to
predict fatty liver disease. Classification models such as random forest (RF), Naive Bayes (NB),
artificial neural networks (ANN), and logistic regression (LR) were developed to predict Fatty liver
disease [1].

Varun Arvind, Jun S. Kim, Eric K. Oermann et al. proposed that NN and LR algorithms
outperform other classification algorithms for predicting individual postoperative complications.

With growing size of medical data the training of machine learning on these large datasets
promises to improve risk prognostication with the ability of continuously learning making them
excellent tools in complex clinical scenarios[4].

Helen R.Marucci-Wellman, Helen L.Corns Mark R.Lehto proposed methods build off our
prior results by integrating Logistic Regression and Support Vector Machine algorithms with Naive
Bayes and that results in high accuracy, that significantly reduce the human resources required to
accomplish the task. They also suggested that if resources are constrained at a low level then the best
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approach for accuracy will be to combine the manual coding along with codes assigned by the LR
algorithm[8].

Negar Golestani and Mahta Moghaddam propose that recognizing human physical activities
using wireless sensor networks has attracted significant research interest due to its broad range of
applications.. There proposed that there are serious challenges in designing a sensor-based activity
recognition system that operates in and around a lossy medium such as the human body to gain
exchange between computational complexity and accuracy. They also introduce a wireless system
based on magnetic induction for recognizing the human activity to deal with such challenges and
constraints. The magnetic induction system was integrated with the machine learning LR techniques
which helps to detect wide range of human movement[12].

3. Logistic Regression Algorithm

Supervised Learning Logistic Regression (LR) is a popular machine learning algorithms. It is
used for predicting the definite dependent variable using a given set of independent variables.
Logistic regression predicts the output of a definite dependent variable. Therefore the outcome must
be a definite or discrete value. Therefore it can be either yes-no, 0-1 or true-false in case of definite
value and it gives the probabilistic values which lie between 0 and 1 in case of discrete value. Linear
Regression algorithm is mostly used for solving various Regression problems but Logistic regression
is used to solve the classification problems.

In Logistic regression, we fit an "S™ shaped logistic function, which predicts two maximum
values (0 or 1). The curve from the logistic function point towards the possibility of something.
Logistic Regression is a supervised machine learning algorithm because it has the ability to provide
the probabilities and classify the new data either by using the continuous and discrete datasets.
Logistic Regression can be used for classification of the observations by using different types of data
and can easily determine the useful variables used for the classification problems. Logistic
Regression is classified into three types as:

e Binomial: In binomial LR, there can be only two possible types of the dependent variables

suchasOor 1.

e Multinomial: In multinomial LR there can be 3 or more possible unordered types of the
dependent variable, such as cat, dogs or sheep

e Ordinal: In ordinal LR there can be 3 or more possible ordered types of dependent variables,
such as low, medium or high.

3.1 Logistic Regression Equation
The Logistic Regression equation can be achieved from the linear regression equation. The
mathematical steps to get the Logistic Regression equations is given below, we know that the
equation of the straight line is:
v=bp+bix;+ baxz + baxa+. ... .. +boXn
In Logistic Regression y can be between 0 and 1 only, so we will divide the above equation
by (1-y):
¥
——: 0 for v=0, and infinity for v=1
1w
Since we have to change the range between -[infinity] to +[infinity], then take logarithm of

the equation it will be as
W

]_c:g[——:——] =bpt+bix;+ byxz + baxa+... .. +bpxy
1y
The above equation is the equation for Logistic Regression
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4. Preparing the Data

In this research, WISDM Smartphone and Smart watch Activity and Biometrics Dataset is
used to predict the human activity. This research work was developed for the pre-trained ML models
to classify the different activities of human. The dataset i.e., WISDM Smartphone and Smart watch
Activity and Biometrics Dataset is downloaded from the UCI repository.

Smartphones contains accelerometers that measure acceleration in all three spatial
dimensions namely x, y and z and the raw accelerometer signal data sourced from WISDM Lab are
downloaded as raw data file. This data is collected from different users as they performed some
day-to-day human activities such as walking, sitting, standing, jogging, ascending and descending
stairs for a specific period of time. The dataset has 564 columns and our target variable (class-label)
is one of the six ‘activity’ which we intend to predict. The fig 4.1 shows an insight of the dataset
taken for training

tBodyAcc-mean()-X tBodyAcc-mean|)-Y tBodyAcc-mean|)-Z tBodyAcc-std{}-X tBodyAcc-std()-Y tBodyAcc-std{}-Z tBodyAcc-mad|)-X
025717778 0.02328523 0.014653762 0.938404 0.92009078 0.66768331 095250112
0.28602671 -0.013163359 -0.11908252 0.97541469 -0.9674579 -0.93495817 -0.9867983
0.27538482 0.02605042 0.11815167 0.99381904 0.96392551 0.96274738 0.99440345
0.27029822 -0.032613869 -0.11752018 -0.99474279 -0.97326761 -0.96709068 -0.99527433
(. 27483255 -0,027847738 -0.12952716 -0,99385248 -0.96744548 0.57829499 £.59941114
0.27921995 -0.018520399 0.11390197 0.99445523 0.97041688 -0.96531629 -0.99458514
0.27974536 -0,018271026 -0.10399358 -0,99581919 -0.97635361 -0.97772468 -0,99595613
angle{tBo angle(1Bo angle{X gravityMean) angle{Y.gravityMean) angle(ZgravityMean) subject  Aclivity  ActivityName
0.82589 D.271151 -0.72000927 0.27680104 -0.057978304 2 5 STANDING
0.20238 -0.10683 0.81653306 017052513 0.09101897 2 4 SITTING
00574065 0.224834 0.76371827 -0.46991662 0.51785124 2 6 LAYING
0.813487 -0.64668 -0.68455322 0.3154051 0.003481755 2 1 WALXING
0.98529 -0.16834 -0.67627143 0.32173046 0.012453473 2 3 WALKING_DOWNSTAIRS
0527328 -0.68917 -0.30691258 0.30394638 0.4524172 2 2 WALXING_UPSTAIRS
0.084313 -0.40584 0.62680985 0.32843315 0.048603873 2 5 STANDING

Fig. 4.1. Sample Dataset for Training
4.1 Data Cleaning and Preprocessing

Before we start training our models, the dataset needs to be cleaned and organized. Hence
preprocessing of data set is required to get the desired output. The following are the steps performed
for processing the dataset so that the desired output can be reached.

1. The null values are identified and dropped.

2. The datatype of the ‘z-axis’ column is changed to floating values.

3. Also drop the rows where the timestamp value equal to 0.

4. Sort the data in the ascending order based on activity columns.

After preprocessing there are 7352 rows of data available for training the LR algorithm and
2947 rows of data is kept for testing the algorithm for classification and predictions. The
implementation part of the work is explained below. Python and Juypter interface were used for
coding and implementation. Initially set the required packages by import using them and also set the
input directory.

All the human activity based data is preprocessed and stored in the file DATA.csv. This is fed
to the python code for processing. The data is read from the ht excel file and verified with coding.
The sample code is presented. The length of the raw data taken is 7352. Necessary labels are added
for processing.

# Set dataset file name

input_data_file = 'DATA.csv’

# Display 1ist of files in input directory

os. Tistdir('input’)

# To get the input data path

data_path = os.path. join{os. curdir,input_dir,input_data_file)
data_path

# To read data from excel file

raw_data = pd.read_csv(data_path)

raw_data. head()

# save the labeled data
raw_data.to_csv{"input/LSs.csv',index=False)

# Read the labeled dataset

def load_data():

data = pd.read_csv( input\Ls5.csv’,encoding="¢cpl252")
return data

Ldf = Toad_data()

Fig. 4.1.2 Code for reading dataset from files
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4.2 Splitting dataset for Training and Testing

The dataset is divided so that the training and testing data are different. To analyze the class
label distribution among the training data, the number of samples by activity is plotted against the
activity. The following chart depicts the same. The activities such as standing, laying, sitting,
walking, walk downstairs and walk upstairs are plotted again the number of dataset taken.
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Fig. 4.2.2 Comparison of data taken from training based on the activity class
It can be noted from the above graph that except walking downstairs label all the other labels
where fed with data that is almost above 1050 samples for the purpose of training. The variation in
dataset was planned so as to identify the prediction rate and accuracy of the algorithm training. 2947
data sets are used to test and check for classifying.

5. Training and Classification with ML-LR Algorithm

Once the data is fed and trained and tested the end result of the logistic regression algorithm
for predicted the basic physical human activity is 0.95795. Thus, we have got nearly 96% accuracy
on the test data and with error rate of 3.4% which is comparatively a small number. Now let’s
observe the confusion matrix to see how our model performs on each of the six class label that is
chosen.

The confusion matrix explains how well the algorithm was able to classify and predict based
on its previous learning's. The confusion data will be the error rate of the algorithm.

Standing 492 1 3 0 0 0
Laying 25 444 2 0 0 0
Sitting 4 13 403 0 0 0

Walking 0 3 0 431 57 0

Walk_Down 0 0 0 16 516 0

Walk_Up 0 0 0 0 0 537

Standing Laying Sitting Walking Walk_Down Walk_Up

It can be observed from the above confusion matrix that the three most common activities in
our dataset are walking, walking downstairs and walking upstairs. In that the walking upstairs was
classified perfectly since the training data was more. In the case of walking down stairs which had
the less number of training data 57 numbers of dataset were classified as walking instead of walking
down stairs. This is expected as these can be fined tuned by providing sufficient data during training
so as to accurately predict them. The classification and prediction accuracy was also better than
walking down stairs for the other three classes.

6. Conclusion
The human activity recognition was implemented with text based dataset and the results were
found on a positive note. The process started with processing the raw data consisting of six relevant
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features of physical activity of human. Then we trained the data with supervised LR machine
learning network on the preprocessed data. The LR algorithm learned the complex features
automatically from the provided data and it is able to predict the class label with high accuracy. The
LR algorithm was also able to distinguish and recognize all the activities with better accuracy.
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