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Abstract

Diabetes is a major cause of organ failure in the human body, and it is one of the leading
causes of organ failure. As of now, there is no preventive medicine or vaccine for diabetes.
As a result, people all around the world are accustomed to living with diabetes for the rest of
their lives. Medical practitioners advise diabetic patients to have a healthy lifestyle that
includes regular exercise and a well-balanced diet in order to prevent the effects of diabetes
from spreading to other organs of the human body. In most cases, the diabetes is spreading
like a heredity disease to the infected people and even to children and it can’t be estimated
priory. In recent days, the deep learning algorithms are widely used to estimate the
forthcoming effects of several problems by using the data mining process. In the proposed
work, the performance of deep ANN and back propagation ANN is considered for estimating
diabetes from several primary data factors obtained from a publicly available dataset called

Pima Indian diabetes dataset.
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1. Introduction

A typical human cannot perform big data analytics using his or her intellect. Most of
the time, conducting big data analytics necessitates the application of a theorem and formula
[1, 2]. Also, in most of the analytic problems it consumes non acceptable amount of time
than the usual. Naturally, the accuracy of human analytic models will be higher. However,
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there is a greater possibility of human error while implementing human analytics [3, 4]. This
can be rectified by implementing a neural network algorithm for the analysis process. The
neural network algorithms are not common, it will change with respect to their connection
between each neurons. Henceforth, the performance of each neural network algorithm will
not be equal in nature. This necessitates the need to validate any analytic problem with more
number of neural network algorithms in order to identify the best one [5, 6].
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Figure 1. Types of Diabetes

The diabetes diseases are classified into three types; they are type 1, 2 and 3 with
respect to their effects on human body. Type 1 diabetes is also called as insulin dependent
diabetes, where the pancreas fails to generate the sufficient insulin required for a human body
[7, 8]. The irregular level of insulin produced from human body results in the poor
segregation of nutrients from the consumed food. A human action or a daily routine cannot be
instantly identified in the scene as long as the human body try to manage with the available
nutrients and produced insulin [9, 10]. The body reacts to such reduced insulin level only at

some critical stages. The second type of diabetes is called as non-insulin dependent diabetes,
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where the insulin level generated by the human body is normal but the human body cell loss
its ability to accept the produced insulin for its function. As a result, the abnormal presence of
insulin over a human body will result in some other problems rather than the type 1 diabetes
[11]. There is also one more type called type 3, where the insulin level get increased for only
few days or month due to pregnancy or other human disorders. Apart from this, there is
prediabetes, in which the pancreas produces slightly more insulin to allow the abnormal
blood cells to take the generated insulin. The abnormality is not termed type 2 diabetes in
such circumstances. Figure 1 depicts the difference between various types of diabetes in a

graphical format [12].

The diabetes comes under the category of non-communicable disease. Though it can
make a genetic disorder and spread the abnormality to the next-generation of diabetes
affected people. Therefore, with the help of parental historic statements along with the
human’s body mass index and several health conditions, healthcare practioners can predict a
diabetes condition little earlier [13, 14]. It will be easy to control the abnormality of a
pancreas, when it is found at the earlier stage. The control techniques include diet
management, adequate sleep, drugs and physical activity. The challenging task in predicting
the diabetes is its accuracy. Due to the poor prediction accuracy, there is also a chance for
observing false positive to diabetes. Treating a false positive human with the diabetes drug
can make the person health worse than the actual diabetes patient. In order to minimize the
false positive rate with better accuracy rate, a list of confirmed diabetes positive and negative
samples with different attributes are considered for training the neural network model [15].
The following section 2 discusses about the achievements and limitations of the previous
diabetic prediction models. Similarly, section 3 will provide the description and workflow of
the proposed model. The experimental analysis carried out in the work is presented in section

4 and the performed research study is concluded at section 5.
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2. Related Work

In the field of machine learning and data mining, different methods are available to
collect information from a patient. Basically, there are two types of data transmission namely
wireless and wired transmission. In both cases, the security is playing a major role in
delivering the accurate data. Due to interruption in received data, there are chances for an
algorithm to work improperly and it can lead to poor prediction [16]. The quality of wired
transmission system is always reliable in such cases than the wireless transmission. However,
for long distance communication the wireless transmissions are preferably used all over the
world. To protect the data transmitted through wireless communication and 10T modules, the
blockchain technology is developed before few years. Apart from 1oT and WSNs unmanned
aerial vehicles are also employed in several fields for transferring the measured healthcare
data from one place to another place [17].

Data forwarding through wireless body area networks are applied to identify several
critical and sudden illness from any human. Small self-battery operated devices are widely
used in such cases to measure certain medical parameters from a human body at certain time
interval. In some cases, the devices are connected to observe the patients in a continuous
manner. In such continuous monitoring devices, the limitation is about its continuous power
backup. Therefore, most of the devices are connected to monitor the required parameters at
certain time intervals. The observed data will also be forwarded to the base stating when the
measured reading crosses the given threshold value [18]. These kinds of devices are widely
used for patients, who have undergone critical surgery and having the chances for getting
sudden heart arrest. Some of the recent devices are having the ability to send the location of
patent data along their observed parameters. In such cases, locating the medical emergency
patient becomes easy for a medical practitioner. This eliminates the need to make phone calls
to hospital, when the patient is connected to a GPS tracking device on the health monitoring
device [19].
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The energy wastage on such healthcare data transmission devices can be minimized
by employing an efficient data mining algorithms. An algorithm with simple computational
steps can minimize and save huge amount of energy available in a battery source. Developing
an efficient computational algorithm is not easy [20]. However, due to the advancement of
neural network algorithms, this is now possible to a certain extent. All neural network
algorithms operate in terms of their internal neural connections, which might result in varying
computing time and efficiency across different algorithms. Therefore, it is always necessary
to verify the developed prototype with multiple neural network algorithms before its final

implementation [21].

Several routing algorithms are also being developed to reduce the energy
consumption of healthcare devices. When many data sets are sent at the same time, the data
waiting time at the source is reduced [22]. The routing process can also be changed and
modified with respect to the hardware modules implemented in the healthcare device. Some
of the 10T devices are directly connected to the server as a mediator for making a reliable
transmission between the source and destination. In such cases, the data loss will be
minimized and the length of data transmission can also be improved. In some other cases, the
data from source place is transmitted to the destination via several sub source stations
available near the actual devices [23]. However, these types of sub source station devices are
only suitable for very short range data transmission. To improve the quality of utilizing health
care device on a human body, it should satisfy the patient’s comfort level. As a result, the
incorporation of light-weight components is always necessary to be addressed while

developing such devices [24, 25].

3. Proposed Method

The proposed work has two major modules in its architecture. The primary module is
a healthcare device connected with very few sensors and input devices for including the

observed and measured data from a human body. The secondary module is a computer
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system with neural network frameworks for classifying the patients based on the observed
readings. Figure 2 indicates the architecture of the primary module, which consists of sensors
and keyboards connected to a microcontroller along with an IoT peripheral module. The 10T
module is attached here to send the sensor's observed values from the base station to the
destination for graphing in an online data streamer. The suggested approach makes use of a
Microsoft data streamer to store the data. The device also has a keyboard for sending health
care data to the online streamer. The energy requirement of the utilized healthcare device is
limited by changing the interval time of measurements. The microcontroller algorithm is
designed to follow its internal clock cycle for enabling the sensor pins at certain regular
period. The energy is also saved by enabling the sensors one by one. There are various
procedures to follow in medical aspects, such as if some ‘abc’ readings are normal, there is no
need to measure the ‘xyz' readings. For monitoring sensor readings, the suggested model
employs such technique. As a result, the suggested technique avoids the undesired

measurement of several sensor values.

X~— (\ 2

—| Arduino [ loT —= Data
module streamer
‘ Keyboard j—» \/ v

Figure 2. Architecture of the Data Collection Module

The architecture of the secondary module is shown in figure 3, where the data
streamer is specified as a self-made dataset. The architecture of the data collection module is

also specified in the diagram as an energy efficient healthcare device. The self-made dataset

115
ISSN: 2582-3051
Submitted: 07.06.2021
Revised: 04.07.2021
Accepted: 23.07.2021
Published: 30.07.2021




Journal of Electrical Engineering and Automation (EEA) (2021)
Vol.03/ No.02

Pages: 110-123

https://www.irojournals.com/iroeea

DOI: https://doi.org/10.36548/jeea.2021.2.004

is connected with an unbalanced dataset to make an efficient database in terms of equality in
all the classes. Following to the database, there is a pre-processing step employed in the work
to verify the abnormality in the observed healthcare data. The pre-processing step is included
in the proposed model to remove and restructure the abnormal data available in the database

due to human error and machine error.
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Figure 3. Architecture of the Proposed Classification Model
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In order to identify an efficient neural network algorithm, the proposed model is
verified with a set of three most popular neural network algorithms namely ANN, DNN and
BPANN. All these three neural network algorithms are belong to one family, where there is
only a very few changes on its neurological connections. The artificial neural network (ANN)
is connected here with a single hidden layer neuron connections between input and output
layers. The network layers are only connected in a forward direction, from input to output
layers. The deep neural network (DNN) operates on the same forward direction concept as
the neural network, but with multiple hidden layer connections between the input and output
layers. There, the information collected in DNN are usually better than the actual ANN.
BPANN is also a kind of ANN model having a single hidden layer connection with a
backward propagation between the output layer and hidden layer. Therefore, the learning
ability of hidden layers will be improved based upon its recent accuracy. The complexity of
BPANN is limited by utilizing it with a single hidden layer. Apart from their accuracy
attainments, the computational speed is also considered in most of the neural network models

during their implementation stage.

4. Experimental Analysis

Pima Indians diabetes database is employed in the work for analysis and it is
mentioned as unbalanced dataset in the architecture image. The dataset is specified as
unbalanced one because the class distribution of the specified dataset is not even. The dataset
consists of 500 diabetes negative instances and 268 diabetes positive instances. Therefore, the
dataset is made balanced in the proposed work without any artificial data augmentation
process. A set of 232 instances are measured with diabetes patients through a simple health
care device and stored in a data streamer for making a balanced dataset. The complete
database is separated as like 75% and 25% for the training and testing process. Therefore, a
total of 375 samples from both the classes are taken in to consideration for the training and

125 samples are considered for the testing process. The dataset contains eight attributes, and
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in the proposed study, all eight attributes are evaluated for assessment. Table 1 compares the
performance of ANN, DNN, and BPANN algorithms.

Table 1. Performance Analysis of the Proposed Work

Algorithm ANN DNN BPANN

Accuracy 92.00 92.40 95.60

Precision 93.39 92.74 95.24

Recall 90.40 92.00 96.00

F1 Score 91.87 92.37 95.62
96.00

95.00

94.00

93.00

92.00

Percentage

91.00

90.00

89.00

88.00
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Figure 4. Performance Comparison among the Different Algorithms
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The performance of different algorithms is tabulated from the different neural
network algorithms are represented in a graphical format in figure 4. It clearly indicates that,
the performance of BPANN is performing in a better way than ANN and DNN. The overall
performance deviation is not gradual in all the parameters. Among the others, the accuracy of
DNN deviates slightly more than that of ANN. On the other hand, BPANN requires a longer
processing time than the other two algorithms. However, in medical and healthcare
applications, accuracy is more important than computational time. The following table 2
specifies the energy requirement of the proposed healthcare device model during its enabling

time and sleeping time.

Table 2. Performance of the Healthcare Device by the Proposed Method

Modes Power consumption
Active Mode 12mA
Sleep Mode 32uA

5. Conclusion

Healthcare devices are primarily used to monitor several heath issues at an instant
manner. In the proposed work, the role of the health care devices is extended to store the
observed reading for further data mining process. An experimental analysis is performed in
the proposed work to verify the accuracy and several classification parameters. It shows that,
the back propagation artificial neural network algorithm performs better than the ANN and
DNN in terms of different parameters. The accuracy level of BPANN reaches to 95.6 with an

acceptable computational time. The energy consumption of the utilized healthcare module is
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also observed in the proposed work for proving an efficient device. The developed module is

designed to operate with a simple battery source for longer hours by using a simple on-off

control algorithm and the clock cycle of the employed microcontroller.
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