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ROBOTIC GESTURE RECOGNITION USING MACHINE LEARNING AND ARTIFICIAL INTELLIGENCE

Section 1. Information technology
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ROBOTIC GESTURE RECOGNITION USING MACHINE
LEARNING AND ARTIFICIAL INTELLIGENCE

Abstract. To improve overall accuracy and efficiency of surgery, demand of using robotic arms
with sensors attached has increased significantly. Since error-tolerant rate of surgeries is extremely low,
robotic arms can provide increased flexibility and accuracy. Many current surgical robotics arms use
machine learning algorithms to make predictions. Subtle deviations in surgery may have unintended
consequences. Compared to machine learning models, Artificial Neural Networks provides higher
prediction accuracy. In this paper, the usage of Artificial Neural networks to increase predictive power
of robotic gesture recognition is explored. Six machine learning models are used as a benchmark and
applied to a robotic arm with 8 sensors attached. Their performances are evaluated. Artificial Neural
Networks are applied to the same dataset and give higher accuracies than all of the machine learning
models. This study highlights the utilization of neural networks in robotic arms and its potential
development in the future.

Keywords: Robotics, sensors, machine learning, artificial intelligence, supervised learning.

1. Introduction

Along with the rapid development of computer
technology, human-computer interaction has be-
come more prevalent [1]. Robotics have already
been used skillfully in factories, space exploration,
agriculture and underwater exploration [2]. The
term “robot” was first used in the early 20th century.
Many decades later, the concept of robots in surgery
has been widely applied due to the emergence of vir-
tual reality and telepresence technologies. Despite
its brief history in surgery, robotic technology has
already shown its capabilities in terms of reduced
downtime, better dexterity, and more accurate re-
sults. Currently, the main system used in surgery is
the Da Vinci by Intuitive Surgical [3]. The da Vinci

surgical system is a robotic-assist system that enables
a surgeon to perform complex procedures using a
small incision. The surgeon uses a console to control
the robot arm [4]. To ensure the surgery is success-
ful, increasing its command execution accuracy is a
high priority goal. This project aims to increase the
accuracies of segmenting a sequence of surgical pro-
cedures into a set of gestures, such as a positioning
needle and an orientation needle [5].

The use of robotic tools during surgery enables
surgeons to perform complex tasks with ease. They
can also reduce the number of instruments needed
for the procedures by using the robotic tools” por-
tability and ease of use [6]. However, the primary
drawbacks of such robotic systems are their heavy
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weight, high cost, and inability to reconfigure to
meet the demands of individual patients [7]. Even
though deep-learning algorithms have produced ex-
cellent results and, in some cases, exceeded human
skills, the creation of robotic system intelligence to a
human level is currently infeasible owing to the dif-
ficulty of building one [8].

Machine learning was used to evaluate surgeon
performance in robot-assisted minimally invasive
surgery in a paper presented at the 2016 World Con-
gress on Engineering and Computer Science. In this
study, six essential movement features, namely com-
pletion time, path length, depth perception, speed,
smoothness, and curvature-were evaluated. Expert
and rookie surgeons are distinguished using ma-
chine learning algorithms. According to reports, the
experimental evaluation method correctly evaluated
surgical abilities in about 85 percent of trials [9; 10].

In order to achieve a higher prediction accuracy,
there is another study that aims to offer a machine
learning technique for analyzing automated perfor-
mance measures (APMs) and predicting clinical
outcomes of robot-assisted radical prostatectomy
(RARP). Radical prostatectomy is a surgery that re-
moves the prostate gland and tissues around it [11].
The study used APMs to train three machine learning
algorithms directly from robot system data (training
material) and hospital duration of stay (training label)
(2 days and >2 days) from 78 RARP instances, and
then chose the optimal algorithm. The data were clas-
sified as “Predicted as anticipated LOS (pExp-LOS)”
and “Predicted as extended LOS (pExt-LOS)” using
the chosen algorithm. As a result, the “Random For-
est-50” (RF-50) algorithm performed best, predicting
LOS (73 cases as “pExp-LOS” and S cases as “pExt-
LOS”) with an accuracy of 87.2 percent [12].

Recently, neural networks are gradually being
applied on a much wider scale. In fact, deep neural
networks have been developed since the 1980s, but
they gained scientists’ attention and acceptance in
recent years. The explosion of data on the internet
combined with cloud computing resources allowed

neural network models to outperform more “formal-
ly analyzable” approaches like kernel methods in pre-
diction. One of the examples is ImageNet [13]. It is
avast collection of over 14 million annotated photos
and it is designed for computer vision research [14;
15]. In 2020, the image classification on ImageNet
has achieved an impressive accuracy: 91.12% [16].

In this paper, six machine learning algorithms
are first applied to the muscle activity data obtained
from Kaggle [23] and their prediction accuracies are
evaluated. Then, to improve the accuracies, Artifi-
cial Neural Networks are applied on the same da-
taset and the resulted accuracy are compared to the
former accuracies. This paper proposes that Artificial
Neural Networks can build robotic gesture recog-
nition models with higher accuracies than Machine
learning models.

2. Methodology

2.1. The Dataset

The dataset that is used in this paper is created by
Kirill Yashuk, on Kaggle [23]. They build a system that
connects muscular activity (EMG - Electromyogra-
phy) sensors to a user app. The app takes data, after
which a server creates a Tensorflow model tailored to
this user. The model may then be downloaded and
run on the device to control motors or other attach-
ments. With the aid of the App, four types of motion
were captured from the MYO armband in this dataset.
The MYO armband includes eight sensors on the skin
surface, each of which detects the electrical activity
produced by the muscles beneath it. After each gesture
isheld, the MYO armband records 8 consecutive read-
ings of all 8 sensors. As a result, there are 64 columns of
EMG data, with the last column representing a gesture
made while the data was being recorded (classes 0-3).
The gesture classes are: rock-0, scissors-1, paper-2 and
ok-3. Rock, paper and scissors gestures are like the ges-
tures performed in rock paper and scissors game, and
the OK sign is made up of the index finger touching
the thumb and the rest of the fingers stretched out.
Table 1 show a sample of the data collected using the
original dataset.
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Table 1 Group 8 Sensor recordings subset for rock gesture (0)

sensorl | sensor2 | sensor3 | sensor4 | sensorS | sensor6 | sensor7 | sensor8

47 6 6 S 13 21 111 15 0
7 7 1 -8 7 21 114 48 0
-11 4 7 11 33 39 119 43 0
-35 -8 2 6 -13 -24 -112 -69 0
-2 —4 -3 0 -7 -7 1 2 1
-13 -8 1 1 -7 2 -5 -11 1
-10 3 3 1 15 10 0 -4 1
-9 -10 -4 -4 -8 0 2 15 1
-14 -2 -3 -4 -21 7 -8 -12 2
-5 -2 0 -4 -7 S 6 9 2
0 2 3 -8 19 20 0 -8 2
-2 16 6 9 1 31 16 4 2
-15 -6 -3 3 20 25 1 1 3
11 -4 -5 -4 3 -8 -7 -3 3
2 1 3 -1 1 9 4 4 3
-3 -1 -1 -3 0 -3 4 3 3

BOXPLOT OF MUSCLE ACTIVITY DATA
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Figure 2. Boxplot of muscle activity data
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Each motion was captured six times for a total
of 20 seconds. Each time, the motion was previ-
ously planned and held when the recording began.
While the motion was still being held, the record-
ing comes to a halt. Each motion is kept in a fixed
posture for a total of 120 seconds. In a short period
of time, they are all recorded from the same right
forearm. Every recording of a certain gesture class
was compiled into a.csv file with a unique name
(0-3) [17].

Figure 2 shows a boxplot of the muscular activity
captured. There are 64 series in the boxplot of muscle
activity data, which represents the 64 columns of the
muscle activity dataset. The hollow circles represent
the outliers in each sensor.

The range of muscle activity readings are from
-128 to 127 and the means of muscle activity are
around 0. From sensor 1 to sensor 8, the muscle ac-
tivity of sensor 3 is the most compacted, with 50%
of muscle activity data fall within -35 and 35. The
muscle activity of sensor 6 are the most spread out,
since the distance between its lower quartile and up-
per quartile are longer compared to other sensors.

2.2. Software tools

In terms of Al research, Google is extremely ac-
tive. Google spent years developing TensorFlow, an
Al framework, and Colaboratory, a development

platform. TensorFlow is now open-source, and
Google has made Colaboratory free to use since
2017. Google Colab, or just Colab, is the new name
for Colaboratory [14]. On Google Colab, users may
use Python to implement their programs. For ma-
chine learning engineers, this cloud-based platform
offers several benefits. It is not viable to install expen-
sive GPUs on personal computers in order to meet
industrial requirements or execute time and memory
intensive programs. While in Colab, each laptop has
access to free GPU, regardless of whose personal
computer is being used [15].

2.3. Feature selection

To determine the whether the 8 sensors have
impact on 4 gestures (rock, paper, scissor and ok),
a one-way Analysis of Variance (ANOVA) tests are
conducted. In this test, 8 sensors are the independent
variable and the hand gesture classes are the depen-
dent variable.

The hypothesis is defined as:

H: all sensors have equal variance.

H : At least one sensor is different.

Then, the dataset is imported in SPSS to perform
one-way ANOVA test. SPSS stands for Statistical
Package for the Social Sciences and it can perform
complex statistical data analysis. Table 3 shows the
results from the ANOVA analysis.

Table 3.
ANOVA
Sum of Squares df Mean Square F Sig.
1 2 3 4 S 6 7
Between Groups 659.17 3 219.72 0.57 0.63
sensor 1 | Within Groups 11245302.42 29162 385.61
Total 11245961.60 29165
Between Groups 68.05 3 22.68 0.16 0.92
sensor2 | Within Groups 4144975.82 29162 142.14
Total 4145043.87 29165
Between Groups 7.17 3 2.39 0.09 0.97
sensor 3 | Within Groups 806010.27 29162 27.64
Total 806017.45 29165
sensor 4 Between Groups 33.28 3 11.09 0.17 0.92
Within Groups 1943582.43 29162 66.65
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1 2 3 4 S 6 7
sensor 4 Within Groups 1943582.43 29162 66.65
Total 1943615.72 29165
Between Groups 1302.44 3 434.15 1.48 0.22
sensor S | Within Groups 8570979.07 29162 29391
Total 8572281.51 29165
Between Groups 3363.11 3 1121.04 1.84 0.14
sensor 6 | Within Groups 17734083.01 29162 608.12
Total 17737446.12 29165
Between Groups 52429.58 3 17476.53 17.95 0.00
sensor7 | Within Groups 28386444.97 29162 97341
Total 28438874.56 29165
Between Groups 1288.82 3 429.61 1.44 0.23
sensor8 | Within Groups 8725963.81 29162 299.22
Total 8727252.62 29165

The total sum of squares is used in ANOVA test
to indicate the entire variation that may be ascribed
to multiple variables [21]. Based on the results of
ANOVA test, F value needed to be calculated to ac-
cept or reject the Null Hypothesis. Even though sen-
sor 7 is shown to be the most significant with the F
value 17.95, for this work, all sensor data is used ir-
respective of the F value since robotic arms data uses
all of these readings to decide classification.

2.4. ML Model Training and Testing

In the dataset, 10-fold cross validation is used to
evaluate models’ accuracy. The dataset is split into 10
parts, train on 7 and test on 3. StratifiedKFold is used
here to ensure that each fold or split of the dataset
will have the same distribution of examples by class
as the entire training dataset. random_state is set to
1 make sure that it is the same splits of the training
dataset when performing each algorithm. To train
the dataset, six machine learning models are used
for supervised learning, which are Linear Regression
(LR), Linear Discriminant Analysis (LDA), K-near-
est neighbors (KNN), Classification and Regression
Trees (CART), Naive Bayes classifier (NB) and Sup-
port Vector Machine (SVM). Among these 6 mod-
els, the first two models (LR and LDA) are linear
algorithms and the last 4 models (KNN, CART, NB
and SVM) are non-linear models. Last, the metric

of ‘accuracy’ is used to evaluate the performance of
the models [22].

Linear Regression is used to find the relationship
between the 8 sensors that are given in the dataset
and to make a best-fit line for predicting hand ges-
ture classes. The hypothesis function for this model
is defined as:

y:91+92'x (1)

where x is the input muscle activity data, y predicts
resulted hand gesture classes as a result of the best-fit
line, 6, is the intercept of the best-fit line and 6, is
the coefficient of x of the best-fit line.

Linear Discriminant Analysis classifies the da-

taset with two classes. The classification is done
through reducing dimensions and visualizing data.
Bayes Theorem is used in this model to make predic-
tions, which use the probability of each class and the
probability of data belonging to each class to predict
the possible classes for the given input data:
P(Y = x|X = x) =[(Plk- fl(x)]/ [sum(Pll- fi(x)] (2)
where «x is the input muscle activity data and k are
the output hand gesture class. fk(x) is the examined
probability of x belonging to class k. Plk is called
prior probability which means the base probability
of each hand gesture class occurred in the training
dataset [20], and it can be defined as
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Pk =", 3)

The prediction accurac?f of this model is 34.8%.
The performance is not good mainly because not
all of the muscle activity data in sensors has normal
distribution. Skewness occurs frequently in each
sensor, which drags the prediction accuracy down
significantly. Looking at the result of the last model
and this model, it can be concluded that this dataset
is not suitable for linear prediction.

K-Nearest Neighbors algorithm can be used as
classifier and regression problem solver. This model
works based on an idea of similarity. After reading
the input muscle activity data, it will measure the
proximity of this data to the training data and evalu-
ate the most possible hand gesture class for the input
data. This model evaluates a prediction accuracy of
65.44%, which is much higher than the last two mod-
els. That’s probably because this model dose not have
many assumptions, which can fit to nearly all of the
dataset. However, since the measurement of proxim-
ity plays an important role here, the model may be
greatly affected by the outliers.

Classification and Regression Trees can be used
for both classification and regression problems. In
this model, decision trees are used to do the clas-
sification. There are two nodes in decision trees: the
internal one represents the muscle activity data in
training dataset and the outer one(leaf) represents
the resulted hand gesture classes. The branches mean
the decision rules. This model works by continuing
asking questions and making decisions until reaches
the outer node. During the process of classification,
the model will split the data based on the features
to form a suitable tree. The split score is defined as

G=sum[pk-(1—pk)], (S)
where pk is the percentage of the same input classes
that occur in a specific group. A perfect splitting oc-
curs when G = 0. The resulted prediction accuracy
is 77.41%.

Naive Bayes classifier can be used for binary and
multi-class. This model assumes that all sensors are

independent and make unique contribution to the
hand gesture classes. It is based on Bayes theorem,
which calculate the possibility of a hand gesture class
occurring based on the muscle activity readings that
are already happened. The mathematical formula for
this model is defined as

P()’|X)P(}’). (6)

P(X)

This formula finds the probability of y, which is
the hand gesture class, with input muscle activity
data X, which is given true. As a result, this model
has a prediction accuracy of 88.51%.

Support Vector Machine also can be used for
classification and regression problems. For the data-
set that is used in this paper, which is non-linear, this
model will project the dataset into higher dimension
to make it linearly separable. This is one of the rea-
sons why Support Vector Machine often gives higher
accuracies than other models, which is 89.80%. Also,
this model uses less time to make prediction and can
deal with dataset with large dataset.

2.5 ANN model training and testing

To achieve a higher prediction accuracy, Multi-
Layer Perceptrons is applied to the muscle activity
dataset, which is a feedforward Artificial Neural Net-
works (ANN). This paper proposes that using Multi-
Layer Perceptron can have prediction accuracy higher
than 98%. After the dataset is uploaded in Google Co-
lab, the columns of input and output variables need to
be spilt and stored as arrays in variable x and y.

Then Sequential Model is built and layers need
to be added to shape the network architecture.
There are 3 dense layers in total. The first layer is
the input layer. Since there are 64 columns that
indicates muscle activity, the first layer should be
64 and use Rectified Linear Activation function,
short for relu activation function. That is because
when creating multilayer Perceptron, the rectified
linear activation is the default activation and the
vanishing gradient problem is solved with the rec-
tified linear activation function, allowing models
to train quicker and perform better. The next layer

P(y|X)=

8
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is called first hidden layer and contains 32 nodes.
In the beginning, 64 nodes were first set to the
first hidden layer and the accuracy was 96.06%.
Although this accuracy is higher than all of accu-
racies of six machine learning models, it still did
not meet the goal accuracy. Then, the number of
nodes was adjusted to 50 and 40, and the accura-
cies were around 97%. When the number of first
hidden layer was 30, the accuracies rose to 98.44%.
After plugging in different node numbers around
30, the results showed that the highest prediction
accuracy occurred when the first hidden layer had
32 nodes, which yielded to 99.58%, and the Relu
activation function is also used for this layer. The
last output layer, is the number of classes that the
dataset has, which is 4 classes in this case, and use

Input Layer

Input 1
Sensor 1

Input 2
Sensor 2

Input 9
Sensor 1

Input 64
Sensor 8

First Hidden Layer

Sigmoid Activation function since this is a multi-
labeled dataset.

After the Sequential Model is defined, it needs
to be compiled. For the loss function, Sparse Cate-
gorical Crossentropy is chose for the dataset because
the dataset has more than two label classes and the
classes are integers. Adam is used for optimizer since
itis can automatically adjust itself to perform well in
a wide range of problems.

The next step is to train the loaded dataset by call-
ing fit function. 10 epochs are used. The number of
epochs is a hyperparameter that specifies how many
times the learning algorithm will iterate over the full
training dataset. Each sample in the training dataset
has had a chance to change the internal model pa-
rameters once in each epoch [24].

Qutpul Layer

O

Outpul 1 )
Rock

Output 2
Scissors

Qulput 3
Paper

Quiput 4 »
OK sign

O

Figure 3. ANN configuration

3. Results and Discussion

3.1. Accuracies of the models

Table 4 shows the accuracies obtained for the dif-
ferent models.

Among the machine learning models, Logistic Re-
gression has the lowest accuracies, which is 34.1897%.

Support Vector Machines acquires the highest accu-
racies, which is 89.7988%. The reason why SVM has
highest accuracy is because SVM performs well when
the dataset has huge dimensions, has multiple classes
to classify and using SVM does not need to worry
whether the dataset is linear or not.
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Table 4.— Accuracies of the Machine Learning models and Artificial Neural Networks

Machine Learning Models Accuracies Neural Networks | Accuracies
Logistic Regression (LR) 34.19%
Linear Discriminant Analysis (LDA) 34.80%
K-Nearest Neighbors (LDA) 65.44% Multi-Layer Per- 99.58%
Classification and Regression Trees (CART) 77.41% ceptrons (MLP) '
Gaussian Naive Bayes (NB) 88.51%
Support Vector Machines (SVM) 89.80%

Although the tradition models already did a
good job in classifying gestures, neural networks
have a much higher accuracies in classifying, with
approximately 99% accuracy. That is because neu-
ral networks are outstanding in feature extraction,
especially when the dimension of the datasets are
large.

4. Conclusion

This paper proposed thatapplying Artificial Neu-
ral Networks instead of Machine Learning models
on surgical robotic hands can increase their accura-
cies in making predictions. At first, six traditional
machine learning models are applied to the dataset
and the model with highest prediction accuracy is
the Support Vector Machine (SVM), which yields
89.80%. A Multi-Layer Perceptron neural network

is applied to the same dataset and the accuracy of
prediction is 99.58%. The Multi-Layer Perceptron
performs better because they have many layers and
make interconnections to solve complex problems.
Furthermore, the amount of time of Multi-Layer
Perceptron need to train and test the data is signifi-
cantly less than the Machine Learning models. In
conclusion, this study highlights the effectiveness
and advantages of employing Multi-Layer Percep-
tron over Machine Learning models to make pre-
dictions based on a big dimension dataset, which
can play an important role in gesture recognition
for similar surgical robotic arms.
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Abstract. Ever since 2019, people from all over the world are talking about infection with SARS-
CoV-2, also known as COVID-19. The symptoms range from asymptomatic conditions to fatal dis-
ease, with lung injury most frequently being the result of it. As time flies during the pandemic, the role
of medical imaging has been more cortical than ever, with computed tomography being an alternative
testing method combined with polymerase chain reaction testing to have a broader role. However,
only performing medical imaging testing with suspected patients without classifying whether or not
the patient has COVID-19 is not practical. Nevertheless, in many different areas, excellent pulmonol-
ogy doctors are in extreme shortage for most of the developing counties. Even in developed coun-
tries, doctors are too busy with diagnosing and curing patients, so the need for classification for the
medical image of patients to see whether they have COVID-19 or not is of high necessity. Moreover,
studies of chest radiographs and CT images with applications of artificial intelligence have shown
of big importance and necessity. In this paper, we mainly focus on the usage of deep learning and
machine learning for categories with findings typical COVID-19 infected images and an application
of medical images and testing of the system.

Keywords: SARS-CoV-2, COVID-19, Lung injury, Medical imaging, pulmonology, Computed
tomography, Polymerase chain reaction, Imaging classification, Deep learning, Machine learning

1. Introduction coming a public health challenge. The World Health

It is generally believed that an infectious disease
called COVID-19 was discovered in Wuhan, China
in December 2019. The cause of it is generally be-
lieved to be Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). In 2020, especially
from March to June, the number of people infected
with COVID-19 each day has tripled in many Euro-
pean and American Countries. Coronavirus disease
is highly contagious. With the increasing number of
confirmed cases, how to control this disease is be-

Organization (WHO) declared the epidemic as a
public health emergency of international concern
(PHEIC) on January 30,2020 [1], and declared it a
pandemic on March 11,2020 [2].

Researchers say that cases of infection can be con-
firmed by performing a test called reverse transcrip-
tion-polymerase chain reaction (RT-PCR) [3]. More
than 23 million COVID-19 positive cases have been
reported until August 2020 [4]. However, the diffi-
culty of quality control during sample preparation has
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resulted in a high false-negative rate. Therefore, accurate
and fast image processing tools, especially those based
on X-ray and computed tomography (CT), can help
doctors. Otherwise, even if there are no common CO-
VID-19 symptoms, suspicious patients will be hospital-
ized orisolated until laboratory test results are clear. The
SARS-CoV-2 infection could cause asymptomatic to
severe and even fatal diseases. The most common mor-
tality rate is acute lung injury. During the pandemic, the
role of imaging has become highly important.

Compared with RT-PCR testing, CT was initially
an alternative method and a superior testing method
but later evolved into a more limited effect based on
specificindications. In the early stages of the pandem-
ic, several chests imaging classification and reporting
schemes were developed for patients suspected of
COVID-19 to help classify patients with limited RT-
PCR testing and unknown performance levels. Some
studies have been carrying out observing lung involve-
ment on chest radiographs and CT images, and they
indicate that it is related to critical illness. In addition
to pulmonary manifestations, cardiovascular compli-
cations such as thromboembolism and myocarditis
have also been attributed to COVID-19, which some-
times leads to neurological and abdominal manifes-
tations [S]. Finally, artificial intelligence has shown
promise that can be used to determine the radiology
and CT diagnosis and prognosis of COVID-19 pneu-
monia [6] Therefore, the collection of chest images
such as X-rays and CT scans plays an important role
in limiting the spread of the virus and fighting CO-
VID-19 at the appropriate stage of treatment. Artificial
intelligence-based technology is used to make quick
decisions in saving lives [ 7]. Among all possible meth-
ods, artificial intelligence-based methods tend to help
doctors as an effective tool for diagnosing COVID-19.
The image acquisition, segmentation, classification,
and subsequent diagnosis phases developed between
2019 and 2020 are widely used [8].

2. Deep Learning Network and Models

Deep Learning Networks are Al functions that
imitate how the human brain works when processing

data and creating patterns for decision making. It is a
branch of machine learning of artificial intelligence. Its
networks are capable of learning on their own with-
out supervising. To train the network, unstructured
or unlabeled data are being inputted. Until then, Ar-
tificial intelligence and machine learning technologies
improved the accuracy of Covid-19 diagnosis. Also,
most of the widely used deep learning models and
methods were implemented and a small amount of
data was used for COVID-19 diagnosis [9]. However,
due to the rapid outbreak of Covid-19, there are not
many real data sets available to the community. It is
necessary to combine the observation and image in-
formation to make diagnoses of COVID-19 [10]. AI
can introduce more alternative ways to the medical
system, and learn from multi-modal data to capture
disease characteristics to obtain reliable results used
for COVID-19 diagnosis for timely treatment [9].
2.1 Convolutional Neural Network
One kind of artificial neural network that is most
commonly applied to analyze images is convolutional
neural networks, which have properties of shift-invari-
ant and space invariant based on the shared-weight
structure of the convolution filters that slide along input
features and provide translation equivariant responses
known as feature maps [ 11]. Most of the convolutional
neural networks are equivariant, which are being ap-
plied in for example image and video recognition, im-
age classification, image segmentation, medical image
analysis, natural language processing, brain-computer
interfaces, and financial time series [12].
Convolutional neural networks were designed
base on the biological processes between neurons that
resemble the human brain cortex. Individual cortical
neurons respond to stimulations only in the receptive
field, which is a restricted region of the visual field, and
the receptive fields of different neurons partially over-
lap such that they cover the entire visual field [13].
Convolutional neural networks have multilayer
perceptron, which is thoroughly connected networks
and every neuron in each layer is connected to all oth-
er neurons in the next layer [ 14]. The property of full
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connectivity of these networks makes them capable of
processing overfitting data. CNNs take a different ap-
proach towards regularization: they take advantage of

1
r——

the hierarchical pattern in data and assemble patterns
of increasing complexity using smaller and simpler
patterns embossed in their filters [15].
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Figure 1. An example of the process of a convolutional network

Convolutional neural networks have a relatively
shorter pre-processing procedure compared to other
neural networks used for image classification algo-
rithms. This means that the network learns to opti-
mize the filters through automated learning, whereas
in traditional algorithms these filters are hand-engi-
neered, and the independence from prior knowledge
and human intervention in feature extraction is a ma-
jor advantage [16].

2.2 U-net

What it takes to train deep convolutional net-
works are thousands of annotated training samples.
An efficient sliding-window convolutional network
and training strategy that relies on the strong use of
data augmentation to use the available annotated
samples more efficiently is named U-net [17].

This network structure consists of a contracting
path for capturing contexts as well as the asymmetric
expanding path that enables localization precisely, and
itis also capable of training an end-to-end result from
very few images and outputs the best and prior method
and it is also extremely fast. Segmentation of a 512 x
X 512 image takes less than a second [17]. In the last
few decades, deep convolutional networks have suc-
cessfully finished a huge amount of visual recognition
tasks. One of the most typical applications of convo-
lutional networks is imaging classification, where the
output for an image is a single class label. However, in
many visual tasks, especially in biomedical image pro-
cessing, the desired output should include localization

[17]. Also, thousands of images used for training are
hard to fulfill in the medical task. So, the idea of train-
ing a network in a sliding-window set up to predict
the class label of each pixel by providing a local patch
around that pixel as input has been performed by Ci-
resan et al, while this network can localize while the
training data (counted by patches) much larger than
the number of training images [ 18]. Due to the prop-
erty of convolution, the output image is smaller than
the input images with a constant ratio of border width.

The network structure in (Figure 2) consists of
a contracting path, which is on the left side, and an
expansive path which is on the right side. The for-
mer follows the typical structure of a convolutional
network, which consists of the repeated application
of two 3x3 unpadded convolutions, each followed
by a rectified linear unit (ReLU) and a 2 x 2 max
pooling operation with stride 2 for down-sampling
[19]. By doubling the number of feature channels
for each down-sampling step in the expansive path,
which consists of an up-sampling of the feature map
followed by a 2 x 2 convolution called “up-convo-
lution” that halves the number of feature channels,
a concatenation with the correspondingly cropped
feature map from the contracting path with two
3 x 3 convolutions, each followed by a ReLU [20].
At the final layer, a 1 x 1 convolution is used to map
each 64-component feature vector to the desired
number of classes which in total, the network has
23 convolutional layers [17].
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Figure 2. An example of a U-net structure for 32x32 pixels. Each blue box corresponds
to a multi-channel map. The number of channels is shown on top of the box while
the x-y-size is shown at the lower left edge of the box. White boxes represent
copied feature maps, and the arrows denote the different operations [17]

A high momentum of 0.99 is used, as the energy
function is defined with a pixel-wise and soft-max
with the cross-entropy loss function. The soft-max

is defined as
oy 0
D exp(a, (x))

where a, (x) stands for the activation for channel k

at the pixel position x € Q with Q = Z?, and K is
the number of classes and p, (x) is the approximat-

(1)

ed maximum function.
The cross entropy then penalizes at each position
the deviation of Pis (x) from (1) using

E= Zw log(pl ()) (2)

xeQ)

where /: Q> {1, ..., K} is the true label of each pix-
el and w: Q) - R is a weight map that gives some pix-
els more importance in the training [17].

By pre-computing the weight map for basic
segmentation to recompense the different pix-
els frequencies from a certain class in the training
data set, and also forcing the network to learn small
separation borders being introduced between each
element, the separation border is computed using
morphological operations [21]. The weight map is
then computed as

(d,(x)+d, (x)) 3)

w(x)=w, (x)+w,-exp| - 5o
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where w, :QQ > R is the weight map for balancing
the class frequencies, d, : Q@ — R means the distance
to the border of the nearest celland d, : @ - R the
distance to the border of the second nearest cell. In
our experiments we set w, = 10 and o =S pixels
[17]. In a deep network, many convolutional layers
could be found with different paths throughout the
whole network, which makes a good initialization
weight extremely important since parts of the net-
work might give excessive activations, and other
parts never contribute otherwise. Ideally, the initial
weights should be adapted such that each feature
map in the network has approximately unit variance
[22]. For a network with alternating convolutional
and ReLU layers, this can be achieved by drawing the
initial weights from a Gaussian distribution [23].

3. Application of Deep learning models to rec-
ognize COVID-19 Infected Lung Images

The main purpose of this research is to train the
network to let it recognize the COVID-19 Infected
Lung Images. All the images are open-source chest
CT images from Societa Italiana di Radiologia Med-
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ica e Interventistica (Italian Society of Medical and
Interventional Radiology) [24], National Institutes
of Health (NIH), the Radiological Society of North
America (RSNA), [25] the American College of Ra-
diology (ACR), Centers for Disease Control and Pre-
vention (CDC) [26].

3.1 TensorFlow Coding

TensorFlow is Google Brain’s second-generation
system, it is an open-source software library for ma-
chine learning, often focus on the training and infer-
ence of deep neural networks. [27] U-net models
are available on TensorFlow, which is used to create
avirtual environment for the networking building of
this learning program.

3.2 Applications and Final Results

The used images are from the website mentioned
before to train the network. The images in these web-
sites are typical with labeled information, which is im-
portant for the training. We train the training group im-
ages by classifying them. In total, there are 1000 images
for training the network, and 100 for testing the net-
work, and they are all being concluded into a dataset.
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Figure 3. A part of the training image set

So first, inputting the training image data set al-

the data distribution. We want to put the images into

lows the program to analyze and get a conclusion of 4 groups, which are train images, train labels, test
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images, and test labels. All of the pictures are whether
healthy lung chest CT images or COVID-19 infected

(train images, train labels),

class names = [ Infected image',

Before we train the network, we want to see the
results of input.

train images. shape
len(train labels)
train labels
test_images. shape
len(test labels)

However, the input images are not the same size,
so we want to pre-process the images for different

plt. figure(figsize=(10, 10))

for 1 1in range(25):

plt. subplot (5, 5,i+1)

plt. xticks([])
plt. yticks([])
plt. grid(False)

plt. imshow(train images[i],

(test images,

lung chest CT images. So, these two labels are the

ones that the program will be classicizing on.

test labels) = train image. load data()

"Uninfected image’ ]

images, there is the need to modify them into the
same size.

plt. figure ()

plt. imshow(train images[0])
plt. colorbar()
plt.grid(False)

plt. show()

In order to test the size of the images, we show
the first 25 images in the dataset.

cmap=plt. cm. binary)

plt. xlabel{class names[train labels[i]l])

plt. show()

After all the preparation is done, we will begin to
build our deep learning network. The first step is to
set up the layers. The basic building blocks of a neural

model = keras. Sequential ([
keras. layers. Flatten (input shape=(28,
keras. layers. Dense (128, activation='A"),
keras. layers. Dense(2)

D

model. compile (optimizer="B’,

network is layers. Layers can extract representations
from the data given.

28)),

loss=tf. keras. losses. SparseCategoricalCrossentropy (from logits=True

metrics=["accuracy’ 1)

To begin with, the layer: tf.keras.layers.Dense has
a parameter that is learned in the process of training.

The first layer: tf.keras.layers.Flatten of this network

transforms the format of the images from two-di-
mensional arrays to one-dimensional arrays. Then,
after the pixels are flattened, the network consists of
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asequence of two tf.keras.layers.Dense layers will be
fully connected neural layers. The first Dense layer
has 128 nodes. The second and last layer returns a
logits array with alength of 10. Each node contains a

model =

tf. keras. lavers. Dense (125,

tf. keras. layers. Dropout (0, 2),

tf. keras. lavers. Dense (2,

D

model, compile (optimizer= (',

score that indicates the current image belongs to one
of the 10 classes [28]. In this case, another network
is also available.

tf. keras. models. Sequential (|
tf. keras. layers. Flatten(input shape= (28,

28) ),

activation="1"),

activation="R)

IU:-'H: sSparse L'-'r.l'i'.'_'-:UI'IL'-'.‘ll Crossentropy ,

metrics=_

Training the neural network model requires the
following steps: 1) Input the training data into the
model, which are train _images and train_labels ar-
rays in this example; 2) The model learns to corre-
late images and labels. We ask the model to make
predictions about a test set — in this example, the

model. fit{train_images,

The accuracy of the testing dataset is not as good
as the accuracy of the training dataset, this gap be-
tween the training accuracy and the test accuracy is
called overfitting [31]. It happens when a machine
learning model does not perform as well as on new
inputs other than the training data. An overfitted
model “memorizes” the noise and details in the train-

test _loss, test ace =

print ( \nTest accuracy: , test acc)

train_labels,

model. evaluate (test_images,

accuracy | )

test_images array [29]; 3) labels from the test _labels
array match the predictions [30]. To start training,
we need to call the model.fit method. As the model
trains, the loss and accuracy metrics are displayed.
This model reaches an accuracy of about 0.89 on the
training data [17].

epochs=10)

ing dataset to a point where it negatively impacts the
performance of the model on the new data [32].
There are a few ways to prevent overfitting, includ-
ing 1) Simplifying the model, 2) Early stopping; 3)
Use data augmentation; 4) Use regularization and;
S) Use dropouts [33].

test_labels, verbose=2)

313/318 = ls: — Joss: 0. 3333 = aecuracy: 0. 8809

Test accuracy: 0. 8809000253677368

After the model is trained, we can then make
predictions about our testing group of images. Add-
ing a soft-max layer to convert logits to probabilities

will be easier to interpret. After this step, we will
make a plot of how the classification class predicts
the result.
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probability_model = tf, keras,Sequential ([model, tf. keras. layers. Softmax() ]}
predictions = probability model. predict (test images)
predictions[0]

np. argmax (predictions[0])
test_labels[0]
def plot image(i, predictions array, true label, img):
true label, img = true labelli], img[i]
plt. arid(False)
plt. xticks([])
plt. yticks([])

plt. imshow({img, cmap=plt.cm. binary)

predicted_label = np.argmax(predictions_array)
if predicted label == true_lahel:
color = 'blue’
else:
colar = 'red
plt,xlabel (" (] (:2.0f1% ([))". Fformat (class_names[predicted label],

100%np. max (predictions array),
class names[true label]),
culaFcalarJI

We can use this model that we trained to first
make predictions about some images for the first
image in the testing groups, also for prediction

FERTo——

array.
Last but not least, our last goal is to make pre-
dictions about a single image based on the trained

model. The tfkeras models are optimized to make 3 e 4
predictions on a series of examples at once [17]. The =
Image (1) 98% (Infected_image) 0 1

method: tf.keras.Model.predict returns a list of lists
for each image in the batch of data. In the end, it pre-
dicts the correct label as expected.

i = 0

plt. figure(figsize=(6, 3))

plt. subplot(l, 2, 1)

plot image(i, predictions[i], test labels, test images)
plt. subplot(l, 2, 2)

plot value array(i, predictions[i], test_labels)
plt. show()
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img = test images[1]
print (img. shape)

img =
print (img. shape)
predictions single
print {predictions_single)
plot_value_arrav(l,
= plt.xticks(ranze(2),

predictions singlel0],
class names,

{np. expand_dims (img, 0))

probability model. predict {img)

test_labels)
rotation=45)

np. aremax (predictions_single[0])

4. Conclusion

After comparing the characters of the network
and the already-known characters of chest CT im-
ages with lung affected with COVID-19 [34], the
COVID-19 infected lung images characters includes
the presence of ground-glass opacities, presence of

consolidation, presence of nodules, presence of a
pleural effusion, presence of thoracic lymphadenop-
athy, airways abnormalities that include airway wall
thickening, bronchiectasis, and endoluminal secre-
tions, and last but not least, the presence of underly-
ing lung disease such as emphysema or fibrosis [35].

e,
(4 .L‘- F 1 .'I I'I' e
Figure 4. COVID-19 infected chest CT lung Images provided by S. S. Oncological Radiology
San Giuseppe Moscati Hospital, Taranto. A patient of a 51-year-old man presented
himself to the hospital emergency department with an 8-day fever, chest tightness, and
mild dyspnea. The image suggests that this patient with COVID-19 pneumonia manifests
at thoracic CT investigation in the form of bilateral subpleural GGO opacities with aerial
bronchogram, ill-defined margins, and a slight predominance in the right lower lobe [36]

S. Discussion words, an area of increased hazy lung opacity with

The ground-glass opacification is defined as an
area of increased lung attenuation with preservation
of bronchial and vascular margins [37], in other

vessels and bronchial structures may still be seen.
While pulmonary consolidation was defined as
opacification with obscuration of margins of vessels
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and airway walls [38], in other words, a region of
normally compressible lung tissue that has filled with
liquid instead of air.

An important direction for future research is to
alter the model used in the research to see if the im-
ages could also be classified into the correct group.
Or using more images to test the stability of the
network, maybe actually using it in medical applica-
tions. Also, noticing that we have concluded some
important characteristics of the COVID-19 infect-
ed lung images, we could create more labels that
include different kinds of symptoms. For example,
labels with ground-glass opacification, or labels of

thoracic lymphadenopathy. However, it requires the
algorithm and the network to be more complicated,
with more layers of convolutional network or more
complicated models. Once finished, it would be-
come a more mature neural network.
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Abstract. There are many hundred billion stars in our galaxy alone, and each has a combination

of unique factors that define the star itself. Such factors include temperature, relative luminosity,

absolute magnitude, spectral class, star color, and star type. By setting these qualities as parameters,

we can determine what star type a given star falls under using machine learning models.

Keywords: Stars, temperature, relative luminosity, absolute magnitude, spectral class, star color,

red dwarf, brown dwarf, main sequence, supergiant, hypergiant, machine learning, logistic regression,

gradient boosting, k nearest neighbors, Python.

Introduction:

Stars are classified using several features, includ-
ing absolute temperature, relative luminosity, relative
radius, absolute magnitude, star color, and spectral
class. Each one of these features is individually im-
portant in contributing to determine the star type.
Absolute temperature, also known as thermodynam-
ic temperature, is measured relative to absolute zero.
It is an evaluation of the kinetic energy of individual
particles within. An example of this is the kelvin scale,
which uses degrees like Celsius. Relative luminosity
is a measure of luminance. Luminance is the inten-
sity of light emitted per unit area, determined by the
amount of light that passes through, is emitted from,
or is reflected by a star. Normalization of the lumi-
nance value ranges from 1 to 100. Measuring relative
radius considers factors such as angle of rotation and
physical size. Absolute magnitude is the luminosity
of an object from a standard distance. That distance
is defined to be ten parsecs, or 32.6 light-years, with-
out dimming. Star colors include white, red, blue,
yellow, and many others, correlating directly with

their temperature. For example, blue stars have an ap-
proximate temperature of 25.000k, white stars have
an approximate temperature of 10.000k, yellow stars
have an approximate temperature of 6000k, and red
stars have an approximate temperature of 3000k. For
comparison, our sun is yellow. Finally, the spectral
class includes O, B, A, F, G, and M. Spectral class is
a classification of stars based on characteristics such
as effective temperature, color, and various other fea-
tures. Based on the factors above, stars are classified
into one of these categories.

Star types in this study include Red Dwarf, Brown
Dwarf, Main Sequence, SuperGiants, and HyperGi-
ants. Red Dwarfs are the closest to the sun and have
limited radiances. They make up the largest popula-
tion of stars in the galaxy but cannot be seen with the
naked eye. Scientists estimate that twenty out of thirty
of the closest stars to the sun are Red Dwarfs, an ex-
ample being Proxima Centauri, the closest to earth.
Brown dwarf stars are failed stars that emit little to
no light and size between Jupiter and a small star. A
brown dwarfis classified as a brown dwarf if the mass
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is 15-7S times that of Jupiter due to being mainly
composed of hydrogen gas. The main sequence is an
overarching archetype of stars made from dust and gas
clouds and can be anywhere from one-tenth to 200
times as massive as the sun. Red dwarfs are a type of
main-sequence star, and less massive ones are often
considered Brown Dwarfs. SuperGiants are main se-
quence stars that are enormous in size and are very
luminous. For comparison, their diameter is hundreds
of times greater than the sun, and their luminosity is
estimated to be one million times as significant. They
are mostly formed when main sequence stars expend
the hydrogen in their cores. Finally, HyperGiants are
the most massive and luminous of all stars. One ex-
ample, R136al, has a luminosity 8.7 million times
the sun and a mass 256 as large. Due to their size and
luminosity, hypergiants are very rare.

The main objective of this project is to develop
machine learning models to predict star types. The
primary means of achieving this intended purpose is
using supervised learning. Supervised learning entails
the process of learning and developing a function that
reasonably assesses data from inputs to outputs. In this
process, I analyzed the values of the specific factors
listed above and devised a supervised learning model
to determine which type of star out of the six given
types based on the importance of the factors. My pri-
mary tool to accomplish this is the Python program-
ming language in PyCharm, which allows for written
code and third-party packages available for Python.
After adding in the script and installing packages such
as Pandas, NumPy, Matplotlib, Seaborn, and sklearn.
The result consists of several graphs and tables. For
example, one result was sixteen graphs, comparing
temperature, luminosity, radius, and absolute magni-
tude. Another is a heatmap that shows the correlation
between those four facts as well as star type with one
another, yielding numerical values from 0.39 to 1.

Data:

First, I imported several third-party packages, in-
cluding Pandas, NumPy, Matplotlib, Seaborn, and
sklearn. I will expand on this topic more in alater para-

graph. Additionally, I also imported several CSV files
obtained from Kaggle. CSV stands for “comma-sepa-
rated values” and includes the data that I use. Addition-
ally, I named the Data Frame “stars,” which consists of
the CSV file. In the Data Frame, the columns are the
attributes of each star, and the rows are star samples.
The results described output is summarized in the
form of raw data after running the program. “Print”
is a Python built-in function outside data frame class,
and head () is a method associated with the data frame
used to display the first five rows. Other categories af-
ter “print” include “star type,” which serves as a dis-
play value, and “unique,” which can access the unique
values in a column. Finally, “info” shows the general
information of the Data Frame.

I then convert the color column to clean up the
column’s redundant data. Since star color and spec-
tral class are categorical data but should be converted
to numeric data types, I encoded them and added
them to the data frame. The word “head” displays
the first five rows of all columns. Then, I pick all the
independent variables and put them in a new data
frame named “x.” After using the standard scaler to
scale the columns in “x,” I dropped the original un-
scaled columns. Finally, I split “x” into a train and
test set, where a train set is used to train the model,
and a test set is used as a new set of data to gauge the
model’s performance.

Pandas is a software library that offers tabu-
lar data manipulation and analysis. In this project,
I used it to create the Data Frame data structure and
manipulate data tables. NumPy is a support package
that sometimes serves as a library. It can develop ar-
rays and matrices as well as adding support to large
amounts of high-level math functions. NumPy is a
more quantitative method compared to other pack-
ages. Matplotlib is a plotting library that can serve
as an added extension onto Python and NumPy. It
allows plots to be embedded into other applications.
Seaborn is a visualization library based on Matplot-
lib that provides an interface for highly informative
graphs. In this project, seaborn was used to produce
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the various graphs referred to as well as the heatmap.
Finally, sci-kit learn a learning library based on the
three previously described packages. It has classifi-
ers, clustering, and regression algorithms, including
logistic regression, decision tree, gradient boosting,
and other standard machine learning models.

Methods:

Two diagrams can be produced by utilizing third-
party packages for Python such as pandas, NumPy,
matplotlib, seaborn, and sklearn in combination with
my written code. The first a heat map, which shows
a correlation between individual factors (see figure
1). This heat map includes five elements: tempera-
ture, luminosity, radius, absolute magnitude, and star
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Other notable correlation values include luminosi-
ty, radius, and absolute magnitude, star type, radius and
luminosity, and temperature and radius. All these val-
ues are between 0.6 and 0.7, which indicates a positive
correlation. Absolute magnitude and luminosity have
a correlation value of almost 0.69. This finding shows
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type. The correlation values are on ascale from O to 1,
depending on how related each factor is to the other.
For example, every aspect has a correlation value of
1 with itself, which makes sense. The highest cor-
relation value is between absolute magnitude and
star type, which has a correlation value of 0.96. This
correlation is logical since the absolute magnitude
is the luminosity measure from a standard distance,
and that is the defining factor of what star type it is.
The weakest correlation is between temperature and
luminosity and has a value of 0.39. This finding may
seem surprising as brightness is often associated with
temperature. However, luminosity and temperature
are correlated, although weak.
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Figure 1. Heat map of feature variable correlations

logically that absolute magnitude is essentially lumi-
nosity but measured from a fixed distance. The correla-
tion between star type and temperature and luminosity
indicates that there is a linear relationship. Another two
crucial correlation values are between temperature and
star type and absolute magnitude, 0.41 and 0.42, re-
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spectively. These values indicate that temperature has
arelatively weak correlation between star type and ab-
solute magnitude. This finding is logical since absolute
magnitude is not defined by temperature and star type
can vary depending on the temperature.

The second diagram produced from the code is
a series of graphs showing pairwise relationships.
These graphs show the relationship between two fac-
tors through plotting points that represent star types.
On the chart of temperature vs. luminosity, the type
S stars are concentrated at luminosities higher than
100000. Additionally, the chart highlights tempera-
tures, some exceeding 30000. At luminosities below
100000, the type of stars are 1 to 4. In temperature
vs. radius, a similar pattern occurs. At radii exceeding
500, the star type is 5, but at radii under 500, the star
type ranges from 1 to 4. Most of the type S stars are
at a temperature of close to 0. In the graph of lumi-

nosity vs. radius, the almost same scenario occurs,
where above a radius of 500, most type S stars are
seen. However, they are more spread out compared
to being concentrated at 0 like the previous graph.
Temperature vs. absolute magnitude has more ofa
visible pattern. At absolute magnitudes 15-20, all star
types are 0 or 1 and are concentrated around 0. From
10-15, the star types are all 1-2 and are concentrated
from 0 to 25,000 in terms of temperature. From -5
to 10, all the star types are 3—4 and occur at various
temperatures from 0 to 40000. Finally, from —10 to -5
are all type five stars from a range of temperatures. A
similar pattern occurs in luminosity vs. absolute mag-
nitude and radius vs. absolute magnitude, where the
star type decreases as the total magnitude increases.
However, all star types except for five are concentrated
at 0. In radius vs. absolute magnitude, type S stars are
concentrated from a radius of 1000 to 2000.
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Figure 2. Pairwise relationship graphs
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Models:

The machine learning models used include lo-
gistic regression, gradient boosting, k-neighbors and
the evaluation metrics classification report, confu-
sion matrix, and cross-validation. First, logistic re-
gression is a type of predictive algorithm thatis used
for classification. Whereas linear regression uses a
linear function, logistic uses a logistic function, also
known as a sigmoid function, where output values
are between 0 or 1. Second, a decision boundary
function is centrally created, where all values below
are classified at 0. Furthermore, all values above are
classified at 1. This 0 or 1 represents the probabil-
ity that can represent binary classes, such as a “yes”
or “no” decision. Third, in linear regression, a cost
function is then created to optimize the objective
and minimize the error.

Next, the gradient boosting model is used. Gra-
dient boosting trains learners from being weak to
strong by implementing predictive models called
decision trees. A decision tree is a model that can
learn to predict the target variable but has the expe-
rience of the original dataset and the observations
of the models of previous trees. As the tree number
increases, the better the prediction is. By predicting
through observation and error, the process can be
repeated for a set amount of time, resulting in a final
model with the added sum of improvements from
the previous trees. The main way errors are identified
through the gradients in the loss function (y = ax +
+b +e), where “e” is the error term. The loss function
is based on the margin of error between the correct
value and the predicted value. The most essential
part about gradient boosting is the optimization of
the cost function.

A classification report is a report that shows the
main classification metrics include accuracy, preci-
sion, recall, f1, and support. Four ways to check if
these values are correct, true negative (case nega-
tive, predicted negative), true positive (case posi-
tive, predicted positive), false negative (case posi-
tive, predicted negative), and finally false positive

(case negative, predicted positive). Precision is the
percentage of correct predictions, also defined as the
ratio of true positives to the sum of true positives and
false positives. The recall is the fraction of correctly
identified positives, which is the ratio of true posi-
tives to the sum of true positives and false negatives. .
F1 score is the accuracy of positive predictions, times
the recall times the precision divided by the sum of
the recall and precision. The best score possible is
1.0, while the worst is 0.0. Finally, the support score
is just a count of the occurrences of the class and
reflects the evaluation process.

A confusion matrix is in the form of a table that
describes the performance of a classification model.
It compares the actual results to the predicted results,
such as “yes” or “no,” which yield true and false posi-
tives and negatives. Assigning values in category or-
der provides a more quantitative result. The matrix
can deliver several results. Accuracy is the ratio of
true positives and true negatives to the total. Misclas-
sification rate (also known as error rate) is the ratio
of false positives and negatives to the total, one mi-
nus the accuracy rate. True positive rate, also known
as recall, is the same as mentioned previously in the
classification report. True negative rate, also known
as specificity, is the ratio of true negatives to actual
negatives, which is also one minus the recall. Finally,
the precision score is the same as the classification
report and prevalence, which is the ratio of actual
positives to the total.

Finally, cross-validation is a method of training
data in subsets, often a train and test set. Splitting
the data is vital since data that is 98 or 99% accurate
is not accurate enough. The most common cross-
validation technique is the “K-Fold cross-validation”
The first step in this technique is to split the data into
“k” equal parts. The first part is tested, while the re-
maining parts with a value of k-1 are used to train
the model. Then the trained model is tested on the
holdout set, and the process is repeated k times. The
yield is a cross-validation score, an average of a list
of k accuracy scores.
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Results:

Finally, by using the three machine learning
models, logistic regression, neighbors, and gradient
boosting, we obtained numerical results by classifi-
cation report under columns of precision, recall, f1-
score, and support. The different types of stars are
classified under the numbers 0-6, representing Red
Dwarf, Brown Dwarf, White Dwarf, Main Sequence,
SuperGiants, and HyperGiants, respectively.

In the case of logistic regression, from 0-6, the
values of precision were 0.00, 0.44, 0.89, 0.82, 1.00,
and 1.00 respectively. Precision means the number
of correct predictions, so the most accurate predic-
tions were in the SuperGiants and Hypergiants with
a value of 1.00. The lowest value was Red Dwarfs
with 0.00, meaning the predictions were not at all
correct. Both White Dwarf and Main Sequence were
mostly correct since their precision values were close
to 0.80. The recall values were 0.00, 1.00, 0.80, 0.90,
0.91, and 1.00 respectively. The recall is the fraction
of positives identified correctly, and Brown Dwarfs
and HyperGiants had the highest recall value of 1.00.
These findings signify the identification of the posi-
tives was correct. Main Sequence and SuperGiants
also had high fractions with values around 0.90. The
lowest value was the Red Dwarf with 0.00, indicating
that there was no identification of positives. Finally,
the f1-score values were 0.00, 0.62, 0.84, 0.86. 0.95
and 1.00 respectively. F1-score is the accuracy of
positive predictions, and HyperGiants had the high-
est accuracy of 1.00. White Dwarf, Main Sequence,
and SuperGiants also had relatively accurate scores.
The lowest was Red Dwarfs, with 0.00. In using lo-
gistic regression, all values of Red Dwarfs were 0.00
while all values of Hypergiants were 1.00. These re-
sults indicate a strong accuracy towards the Hyper-
Giants and a lack of accuracy toward the Red Dwarfs.

By using KNeighbors, from 0-6, the values of
precision were 0.63, 0.56, 0.91, 0.88, 0.91, and 1.00
respectively. The HyperGiant was the most accu-
rate with a precision score of 1.00, while Red and
Brown Dwarfs had lower values of 0.63 and 0.56.
White Dwarfs, Main Sequence, and SuperGiants
had relatively correct predictions, with scores of ap-
proximately 0.90. The values of recall were 0.86, 0.42,
1.00, 0.70, 0.91, and 0.93 respectively. The highest
fraction of correct positives was White Dwarfs at
1, with SuperGiants and Hypergiants close at 0.91
and 0.93. The lowest was the Brown Dwarf at 0.42,
which was a relatively low fraction. The values of the
f1-score were 0.73.0.48,0.95,0.78,0.91, and 0.97 re-
spectively. White Dwarfs, SuperGiants, and Hyper-
Giants were all highly accurate with values around
0.90, while all other values were somewhat accurate
except Brown Dwarfs at 0.48.

By using Gradient Boosting with Tree, all values
of precision were 1.00 except for 0 being 0.88. These
results show that utilizing Gradient Boosting yields
very accurate results; Brown Dwarf, White Dwarf,
Main Sequence, SuperGiants, and Hypergiants all
had a value of 1.00, meaning entirely correct. The
lowest was the Red Dwarfat 0.88, which is still most-
ly accurate. The values of recall were all 1.00 except
1 being 0.83. These results show that except for one,
correctly identified all the positives. Brown Dwarfs
still have a relatively high fraction of positives being
identified at 0.83. The values of the f1-score were all
1.00 except for 0 and 1 being 0.93 and 0.91, respec-
tively. All these values were either very high or per-
fect, so Gradient Boosting indicates high accuracy.

By comparing the three machine learning models,
Gradient Boosting is the most optimal. Most of the
precision, recall, and f1-scores were all 1.00, meaning
100% accuracy or 100% accurate predictions.
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FINITE ELEMENT ANALYSIS OF HIGH LOAD THRUST BEARINGS

Abstract. In the presented paper, the main designs of hydrogenerators are considered. It is shown
that one of the most loaded units of the Hydrogenerator is the thrust bearing. The analysis of the
causes of emergencies in the support unit of a high-power hydrogenerator is carried out taking into
account the operating experience. Cause-and-effect relations of origin and development of defects
are determined. The existing methods for calculating the stress state of the thrust bearing chambers
in the classical setting for a stationary mode of operation are considered. The main features of the
operation of the thrust bearing unit are investigated, taking into account the features of the sliding
bearings. For the first time, the calculation of the elastic chambers of a thrust bearing was performed
in a three-dimensional formulation, taking into account the physical properties of the oil, the mate-
rial of the chambers, and the unevenness of the acting loads.

Keywords: thrust bearing, fatigue calculation, three-dimensional modeling, fatigue curve.
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1. Investigation of the Generator Thrust Units
Strength

1.1 Formulation of the Task

A characteristic feature of the design of a verti-
cal Hydrogenerator is availability of a thrust bearing
designed for the taking of axial loads of the thrust
bearing [1-4]. In the suspended-type generators, the
thrust bearing is arranged on the upper cross-piece.
In umbrella-type generators, the thrust bearing is ar-
ranged on the lower cross-piece, which has the shape
ofa truncated cone resting on the turbine cover. The
axial load from the weight of the rotating parts of
the Hydrogenerator and the turbine, as well as from
the axial reaction of the water on the blades of the
impeller of the turbine act upon the thrust. In large
units, the force on the thrust bearing can be up to
2500-3000 tons. These forces are transmitted by the
thrust bearing from the shaft to the load-bearing or
supporting cross-piece, and then through the stator
casing are transmitted to the foundation. For high-
power units, two types of thrust bearings are the
most common: on adjustable screw supports and on
hydraulic supports. Each of them has its advantages
and disadvantages.

The thrust bearing is arranged in the oil bath
which has water-cooled oil coolers. The movable part
of the support structure consists of a hub, which is fit
on the upper end of the shaft, and a ring into which
the segments are inserted. The lower part of the hub
which is equipped with a disk with a polished surface
is a thrust bearing mirror.

The oil wedge is created at a certain speed of rota-
tion of the unit on which all design of a thrust bear-
ing is calculated therefore long rotations of the unit at
number of turns below the rated one are undesirable.
The most dangerous for the unit are starts and stops. To
reduce friction in the thrust bearing during the start-up
and stop stages, some generators provide additional
oil injection under pressure through holes in the seg-
ments. For high-power units, it is assumed that the ro-
tor is raised on the brakes before starting the unit, if
before that its stop had duration longer than specified.

The main causes of the thrust bearings damage
are microroughnesses. They are individual bulges and
dents with a distance between them of hundreds of
millimeters, located on the mirror surface of the disk
in the direction of rotation. When the rotor rotates,
these bulges and dents lead to the appearance of ad-
ditional periodic loads acting on the segment. The
causes of microroughnesses are structural defects and
peculiarities. For example (e.g.), the thin bottom of
the bush of the thrust bearing bends under loads ac-
tion between the ribs of the bush, causing the emerge
of bulges and dents on the attached disk of the thrust
bearing; residual deformation of the thrust bushing
as aresult of hot fit on the shaft, which after attaching
the disk to it, causes unevenness on its mirror surface;
residual deformations of the disk that appeared during
operation or installation; destruction of the gaskets
installed between the disk and the bush.

In addition, microroughness leads to deteriora-
tion of working conditions of the thrust bearing dur-
ing starts and stops. At starts the formation of the oil
film which is divided on a friction surface becomes
complicated and slows down. During emergency
shot downs, there is a violation of the oil film, as a
result of which the process of direct contact of the
friction surfaces is prolonged, there are rubs on the
segments, and then the babbit surface of the seg-
ments melts, and the thrust bearing loses efficiency.
Even distribution of load on all segments is also im-
portant for reliable operation of the thrust bearing.

The nut of the screw support is used to adjust
and ensure uniform loading of all segments. The
load of the segment is controlled by its deflection.
Micrometers or strain gauges of a design are used at
an estimation of deflections. In the latter case, it is
possible to achieve a more even distribution of the
load by segments.

The thrust bearing balance is carried out with the
help of adjusting screw supports. The screw support is
the most loaded part of the thrust bearing, which is a
disadvantage of this design. In addition, a significant
disadvantage of a rigid thrust bearing is the complexity
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and complexity of balancing. As a result of balancing,
the difference inload by segments is + 5-10%, depend-
ing on the applied method of measuring deformations.

These disadvantages have been partially over-
come in the design of the thrust bearing on the hy-
draulic support. In it, the segment rests on a powerful
steel bellows which is an elastic vessel filled with oil.
Bellows of all segments are interconnected by pipe-
lines that provide the same pressure in all bellows
and thus the same load of all segments.

The main cause of damage to the bearings of the
thrust bearing on the hydraulic support is the depres-
surization of the chambers, while the thrust bearing

Temporary levels

from the hydraulic with automatic load balancing be-
tween the segments is converted into a thrust bearing
on the rigid supports. This is accompanied by a signifi-
cant adjustment of the load on the segments. When
cracks appear in the elastic chamber, it is replaced with
subsequent filling of the entire system with oil.

In Figure 1 the Diagram of development of the
abovementioned defect of the thrust bearing on the
hydraulic support is shown. The causes of the defect
(they are shown at the 1-** and 2-™ time levels) are
increased pulsation in the thrust bearing or manu-
facturing defects. In the time levels 3...7 the further
development of the emergency situation is shown.

1 Increasing of pulsing in the bearing Manufacturing defects
2 Passing of the check (non-return) valve Cracks in the walls of the spring chambers
Y &
3 Depressurization of the spring chambers
Y
4 Lowering the rotor of the unit
¥ vlf
5 Damage of the seals in turbine Unbalancing the load on the segments. overload of

separate segments

/

{

6 Increasing of water level on the turbine cover over

the normal one

Rubbing, developing in the fused babbitt surfaces of
the segments

/

Shot down

Figure 1. Diagram of Development of The Defects Spring Chambers Of The Thrust Bearing

The thrust bearings in high-power generators
are subject to a significant axial load. At operation
of Hydrogenerator-Motor rated 330 MW in the gen-
erator mode during the start the axial load on to the
thrust bearing from the masses of rotating parts of
the pump-turbine and water reaction can achieve of
300 tf and total axial load from water pressure and

the rotating parts of the Hydro aggregate at rated
mode is 2300 tf.

At that, the thrust bearing design shall not allow
overheating, vibration, oil spraying and getting into
the ventilation duct at all operation modes, including
start-ups and stops, as well as operation at maximum
runaway rotation speed.
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In addition, the vertical vibration of the thrust
bearing base (double amplitude) shall not exceed of
0.15 mm.

The segments of the thrust bearing are made with
elastic metal-plastic straps (with fluoroplastic coat-
ing). At that the specific pressure on to the thrust
bearing segments are limited with 6 MPa. The design
provides uniform distribution of the load on to the
segments with tolerance of + 10%.

The thrust bearing is arranged in the oil bath pro-
tected from water ingress and is self-lubricating. For
its lubrication oil of Grade TP-30 is used in accor-
dance with GOST 9972-74 (or its analogue). It is
cooled with water circulating through the oil coolers
arranged in the oil bath to temperatures correspond-
ing to the established norms.

The thrust bearing provides reliable work in both
directions of rotation of the hydraulic unit, and also
start of the Hydrogenerator after its long stop with-
out application of special measures.

1.2 Analytical Calculation

As a result of analytical calculation, it was deter-

mined that complete stress in the tops of internal
roundings of the corrugations of the internal row from
the axial displacement and oil pressure is [S]:
0, =0, (1) +0,(p)=27.5+141=168.5MPa (1)
where o, () —is the maximum meridional stress at
the tops of the internal roundings of the corrugations
of the internal row from the action of axial transfer;

| Thrust bearing chambers

Load on internal row of segments

0, (p) —is the maximum meridional stress at the
tops of the internal roundings of the corrugations of
the internal row from the action of oil pressure inside
the chamber.

Complete stress in tops of internal roundings of
the corrugations of external row from axial transfer
and oil pressure [S]:

0, =0,(u)+0,(p)=51+102=153 MPa (2)
where 032(“) — is the maximum meridional stress in
tops of internal roundings of the corrugations of ex-
ternal row from the action of axial transfer;

GBZ(P) — is the maximum meridional stress in in
tops of internal roundings of the corrugations of
external row from the action of oil pressure inside
the chamber.

Thus, the stress level in the corrugations of
the thrust bearing does not exceed the allowable
values.

1.3 Three-dimensional numerical solution

The three-dimensional computational model
of the thrust bearing chamber, which is made by
the finite element method (MCE) (SolidWorks
Simulation) is considered. In (Figure 2) shows the
design grid and the limit conditions of the load of
the thrust bearing under the action of the total axial
load from the water pressure and the rotating parts
of the hydraulic machine, as well as from the mass
of the rotating parts of the pump-turbine and the

water reaction.

Figure 2. Calculation Diagram and Limiting Conditions of The Thrust Bearing Unit Loading
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Table 1.— Parameters of the Grid

Type of the grid Combined grid
Partition used Standard grid
Automatic grid thickening OFF
Svrntch ON automatic cycles of OFF
grid

Jacobian points 4 points
Jacobian check for the shielding ON
Dimension of the element 7 mm
Tolerance 0.35 mm
Quality of grid High
Total quantity of units 2017346
Total quantity of elements 1351299

As it can be seen from Figure 2 the design
vessel (the thrust bearing chamber) is closed. It

means that the physical properties of oil shall be
the same everywhere and, consequently, pressure
in all points of the chamber shall be almost constant
(P = const).

The successive loading of the thrust bearing was
considered at small increments of the load that al-
lowed observing insignificant change in the oil elas-
ticity modulus for each iteration.

In Figure 3 the fields of pressure are given inside
the thrust bearing chambers of the sensor at the rated
power of the generator.

Calculations are carried out with the help of the
Package SolidWorks Flow Simulation. It can be seen
from the figure that the oil pressure inside the cham-
bers at rated load equals approximately 9 MPa.

B967262,5

| 89672625

89657262.5

Figure 3. Pressure Fields Inside the Thrust Bearing Chamber, Pascal [Pa]

The stresses distribution on the surface of the
corrugated chamber cross section is shown in (Fig-
ure 4). A more detailed image of the stress field in the

corrugations is given in (Figure ). All figures show
the values of stresses calculated by Mises.

vonMises (N'mm"2 (MPa))

l340,3

1170,2
Io.o

Figure 4. Field Of Stresses in The Cross Section of The Chamber. Liquidity Limit: 220.6 [MPa]
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vophiises (Nfmm°2 (MPa))

'34{!.3

Figure 5. Stress Field in The Corrugations of The Chamber. Liquidity Limit: 220.6 [MPa]

From the calculations shown in (Figure 3-5), it
can be seen that the maximum stresses in the cham-
ber of the external row are observed in the top of
the internal roundings of the corrugations, where it
reaches 170 MPa. These data are qualitatively and
quantitatively consistent with the analytical solution,
which confirms the validity of the proposed method.

It should be noted that in the analytical calcula-
tion, the maximum tensile stresses in the chamber
have slightly lower values and are equal to 153 MPa.
At that, the analytical method uses a simplified cal-
culation scheme of the chamber, which is based on

engineering methods. Therefore, the observed dif-
ference of 10% in the values of maximum stresses
is explained by a more accurate description of the
spatial nature of the deformation of the chamber in
the proposed finite-element three-dimensional ap-
proach. In all the above results of the calculation of
the ITU are the values of not just tensile stresses, but
Mises stresses.

Thus, the yield strength beyond the yield strength
limit for the thrust bearing is about 1.3, which meets
the requirements of TX116M.0133 [ 6] for structural
fatigue and meets the strength standards.

Percentage of Damages
2 500+ 001
231 Te+0M
L 213 3e-001
. 1.9508+001
. 1.TETe+001
. 1583001
1 400001
121 Te0M
L 103304001
L B S00e+000
. 6 56T e+ 000
4 §33e-000

3 000+ Q00

Figure 6. Percentage of Damages of Thrust Bearing Chambers

Due to the fact that hydraulic units shall oper-
ate for at least 40 years, and operating conditions

require high maneuverability of electric machines,
an additional analysis of the operation of the unit on
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fatigue was carried out. When carrying out the fa-
tigue calculation, the following factors shall be taken
into account:

— technological factor;

— geometrical factor;

— the surface roughness factor (taking into ac-
count additional influence of roughness to local
stresses and, consequently, on the fatigue strength
of the component);

— the influence factor of surface hardening (tak-
ing into account influence (residual stress, hardness)
of the changed state of the surface to fatigue strength
of the corresponding technological procedure).

From the carried-out researches it can be seen
(see Figure 6) that development of production wear
(wearing out) of a design will occur not earlier than
in 100 thousand cycles. This satisfies the require-
ments of GOST 14965-80, which set the required
service life of about 55,000 cycles. Production wear
(wearing out) of the structure will be much later
than the estimated service life of the structure, which
for the generator is 40 years.

Thus, the study of the strength of the thrust
chamber of the Dniester HPP under the action of
operatingloads at rated mode confirmed its strength
and the required service life.

1.4 Study of Convergence of Results by HSS
Method

In order to exclude the singularity in deter-
mining of the stresses of the concentrators by the
method of HSS welded joint of sheets, with trian-
gular elements or in the form of a tetrahedron the
dimensions of the elements near the place of the
weld (stress concentrator) is not over than half the
thickness of the sheet t. Stresses are determined at a
distance of 0.5t and 1.5t from the weld (Figure 7). If
the computational resources allow to model welds,
then the stress concentrator shall be arranged near
the “foot” (base) of the weld. The interpolation line
(AB) shall be arranged perpendicular to the direc-
tion of the weld. The grid step is chosen so that the
test values of stresses s and s, . were calculated in

different elements. Rated (geometric) stresses s in
the hub are determined by linear interpolation by
the formula [8]:

0,=1.50,,-0.50,=1.5s,.-0.5s (3)

o

J
i
T

ikl

|

Figure 7. Using of HSS Methods for
Determining of Geometrical Stresses

We will carry out an analysis using the HSS meth-
od to calculate the thrust bearing chamber, ducts and
interpolar jumper. The results of the analysis for the
hydraulic chamber of the thrust bearing are shown
in Figure 8-9.

1 vonhfises (N/mm*2 (MPa))

':599.-1-

1200,1

1.

Figure 8. Field of Stresses in Thrust Bearing
Chamber. Liquidity Limit: 220.6 [MPa]
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Figure 9. Results of Methods HSS for Determining of
Geometrical Stresses in Thrust Bearing Chamber
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ON METHODS FOR ASSESSING THE LEVEL OF
FORMATION COMPETENCES OF SECOND COURSE
STUDENTS OF A MEDICAL UNIVERSITY

Abstract. Evaluation methods of academic achievements of higher school students are considered
in the paper from the point of view of competency-based education. Such methods as observation,
a questionnaire, appraisal tests, the expert evaluation method, the portfolio method, the case study
method and others are proposed as tools of competency formation assessment.

Keywords: universal competencies, professional competencies, evaluation methods, competency
formation level, competency formation assessment.

The modern educational process is a complex
activity aimed at the formation of universal and
general professional competencies of university
students and, in particular, the second course of a
medical university. These professional competen-
cies determine the professional potential of train-
ees, their ability to effectively and stable life in the
modern sociopolitical, economic and communica-
tion space.

The opposite of a correct saying is
false statement. But the opposite
deep truth, there may be another deep truth.

(Niels Bohr).
Thus, the set of competencies mastered by stu-
dents at different departments represents the results
of education, the effectiveness of which is determined
by the corresponding pedagogical conditions, the ex-
isting educational environment of the university.
Among the signs that signal the formation of
competence, the following features stand out: dy-
namism, interactivity, situationalilly (connection
with the context), versatility and consistency. The
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contextual nature of competence is manifested in the
ability to realize the experience of activity in a spe-
cific situation of professional or everyday interaction.
In addition, the formation of competencies is associ-
ated with the process of development, improvement
of skills, skills and abilities, achievement of a certain
level of skill and experience.

Based on the characteristics of competencies list-
ed above, we can talk about the appropriate level of
their formation and assessment procedures, reflect-
ing the functions and principles of monitoring the
formation of the level of competencies.

It is proposed to assess the level of competence
formation according to criteria including the following
levels: cognitive component (knowledge level), inte-
grative-activity component (level of skills and abilities),
personality component; motivational component.

On the basis of the cognitive criterion, the level
of knowledge of the theoretical and methodological
foundations of the studied discipline, in our case, nor-
mal physiology, and the creative abilities of students
is determined. At the cognitive level, the degree of
formation of the scientific, theoretical and practical
readiness for the professional activity of a doctor is
also determined.

The integrative-activity component is associated
with the mastery of skills and abilities acquired by
students in the process of mastering academic disci-
plines, the ability to apply the theoretical knowledge
in professional activities. These are practical skills
that students acquire in the classroom.

The personal component of competence contrib-
utes to the determination of the level of formation
of the individual qualities of students, value-moti-
vational sphere, and communication skills. First, the
ability to communicate in a group, which later will
help correct communication with patients.

The motivational component guides students
towards achieving success in their professional ac-
tivities 3, C. 81; 4].

The objectivity of assessing the level of compe-
tence formation is associated with the selection and

systematization of methods for assessing and measur-
ing the results of education. Monitoring of the forma-
tion of competencies can be carried out using the fol-
lowing research methods:

— observation (tracking changes in competen-
cies under the influence of the educational process);

— survey methods (obtaining information based
on the analysis of written and oral answers to standard
and specially selected questions, practical tasks);

— midterm certification tests;

— method of expert assessments, which implies the
involvement of experts-experts in the assessment of the
level of competence formation: practitioners, employ-
ers, representatives of the scientific and pedagogical
community (to assess the results of educational pro-
fessional, research and creative activities of students).

— portfolio (assessment technology aimed at iden-
tifying the level of formation of general cultural and
professional competencies, and their improvement by
making corrections in the educational process);

— case-method (an assessment procedure that
uses problematic situations and tasks related to the
future professional activity of students and affecting
various subject areas);

— method of projects;

— business games and trainings.

Let us dwell on some technologies for assessing the
level of competence formation in more detail. So, using
the case method, which is used as a diagnostic tool, the
ability to effectively apply the acquired knowledge and
skills, practical experience, and communication skills
in solving practical problems is assessed. Within the
framework of this method, it is possible to directly di-
agnose the level of independence, initiative of trainees,
the ability to work in a team, find rational solutions and
other analytical abilities. The case-method allows you
to obtain a comprehensive assessment of the level of
formation of professional competencies [ 1, C.227].

The use of various gaming technologies (role-
playing games, business games, trainings, intellectual
games) in professional education is one of the most
promising areas in modern conditions. The high
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innovative potential of gaming technologies is deter-
mined by the participant’s deep immersion in the game
situation, extensive use of interactive interaction, and
the formation of teamwork skills. Within the frame-
work of the appropriate game technology used by the
teacher in the educational process, it is possible to as-
sess the skills of social interaction and management of
people, the ability to lead and obey, take responsibility,
find ways to interact with partners, take individual and
joint actions to solve educational problems.

The design technology is based on the develop-
ment of the cognitive, creative, analytical abilities of
trainees, the ability to independently design their
knowledge, navigate the information space, and de-
velop critical thinking. Design technology is always
focused on independent activities (individual, pair,
group) performed by students for a certain period
of time. This approach is organically combined with
group work and technology of collective interaction.
Project technology contributes to the development of
skills for joint activities, develops a sense of individual
and collective responsibility, and teaches cooperation.
Animportant component of the project technology is
the stage of project defense, during which the teacher
assesses the level of formation of the declared com-
petencies. In addition, at this stage, presentation skills
and abilities, communicative and interactive compe-
tence of students are diagnosed. The results of com-
pleted projects should be “tangible”, substantive. So,
if trainees are working on a theoretical problem, they
must present a specific solution to it. The practical task
should be focused on practical results, ready for use.

Unlike other methods, the project method carries
not only the function of controlling knowledge, but

also a significant element of training and developing
the thinking of a future doctor. In this method, stu-
dents can use many medical terms, specific language
clichés that the doctor should use in his conclusions
and explanations, the formulation of the diagnosis,
the connection of pathological changes with clinical
manifestations, the solution of medical and diagnostic
questions and much other information that helps to
develop certain associative connections and improve
the quality of memorization of educational material.

Application of the method to control knowledge in
practical lessons and, especially, in the final lessons had
a higher productivity than the traditional questioning
and solving tests. The interview with the students was
more meaningful, since it took place on a specific clini-
cal situation and gave the student the opportunity to
show his awareness of this issue, draw logical conclu-
sions and show how deeply he understands the prob-
lem or situation raised in the problem. In addition,
other students can act as consultants, make their own
additions, or collectively discuss the situation and, us-
ing the method of brainstorming, come to the correct
and more complete solution for this particular situation.

A portfolio is a technology for working with the
results of educational and cognitive activities of stu-
dents, used to demonstrate, analyze and evaluate
and self-assess the results of educational activities.
Diagnostics of the results is carried out on the basis
of a collection of individual types of work collected
over a certain period (semester, academic year). As-
sessment is carried out in terms of the formation of
competencies acquired within the framework of this
technology (professional reflection skills, creativity,
self-education skills) [2, C. 14].
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AHHOTaIII’Iﬂ. HPOBeAeHI)I HCCACAOBAHH 110 H3YYE€HHNIO BAVSIHHA OPOIIEHMS Ha CBOICTBA ITOYB.

ITpepAoxKeH CIIOCOO MEAHOPALIMU COAOHIIOBBIX [IOYB.

KaroueBbie cAoBa: OPpOIIE€HHE, CBOMCTBA I104YB, COAOHIIOBbIE ITOYBDL, XUMHYIECKASl MEANOPAITKL.

Bsepenne. OpomeHue sSIBASIeTCS MOIIHBIM aH-
TPOIOreHHbIM (paKTOPOM, KOTOPBIF OKa3bIBaeT 3Ha-
YUTEAbHOE BAUSHUE, IPAKTUYECKH, Ha BCE IAEMEHThI
OKpYy>Xaromieil cpepbl. B opomaemom semaeaeanu
HAKOIIA€H OOABIION OIIBIT II0 OPOLIEHHIO CeAbCKO-
XO3SMCTBEHHBIX KYABTYP B Pa3AMYHbIX ITOYBEHHO-
KAMMaTH4ecKUX 30HaX. OAHAKO AO CHX ITOp y4YeHble
Y IIPAaKTUKH 3aTPYAHSIOTCS OAHO3HAYHO AQTh OTBET
Ha Bonpoc: Kaxue 3eman, kak, 1 B KakoM obbpeme
HY>KHO OpOIIaTh? JTO, IPEXAe BCETo, CBA3aHO C IIPO-
CYeTaMM IIPH CTPOUTEAbCTBE U IKCITAyaTaLUH OPOCH-
TEAbHBIX THAPOTEXHIYEeCKHX COOPYIKEHHI, BHIOOpOM
00beKTa OpOIIEHHs, C HEAOCTATOYHBIME 3HAHSIMU

IIPOLIeCCOB, MPOTEKAIOIUX B II0YBE, a B IIOCAEAHEE
BpeMs — U C HOBBIMH COITMAAbHO-9KOHOMHMYECKUMHU
ycaoBusvu [2; 3].

ITeAbro mCcCAGAOBaHMI SIBASIAOCD U3YYeHHE BO3-
MO>XHOCTU BTOPUYHOI'O 3aCOA€HUS U OCOAOHIIEBa-
HHS1 OpOIIAeMbIX [T0YB, a TAKKe BbIICHEHHE BO3MOJXK-
HOCTH IIpUMEeHEHH S TEXHMYeCKOI'0 AUTHOCYAbQOHATA
AMMOHMUS (ACA) AASL MeATIOpannu cOAOHII0B. O65-
eKTaMH HCCAGAOBAHHII OBIAM IIPEAKABKA3CKUE Yep-
HO3EMBI U COAOHIBI-coAoH4aKH (PocToBckas 06a.,
BaraeBckuil paiioH), 105KHbIE COAOHLIEBATO-TAY 6OKO-
conoHIeBaThIe 4epHO3éMbI ( CTaBpOMOAbCKHMI Kpai,
AHAPOTIOBCKHIT PaiioH).
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Pesyabrarpl. Hamu nccaepoBaHHS IOKa3aaw,
4TO IIPU IIPAaBUABHOM BBIOOpE 0ObeKTa OPOIIEeHYs
U COOAIOAEHHH OCHOB 9KCIIAYaTAIIMH OPOCHTEABHBIX
CHCTeM OpOIIeHHe He BhI3bIBaeT CYIleCTBeHHbIX H3-
MeHeHUH B BeljeCTBeHHOM COCTaBe IoyB. Tak, copep-
JKaHUe COAeH, 'yMyca, 0OMeHHbIX KATHOHOB IIOCAE
30 AeT opomIeHus NPeAKABKa3CKUX YePHO3EMOB (Po—
CTOBCKas 06A.) OCTaBaAOCH Ha ypOBHe HX Heopolla-
eMbIX aHaAoroB. OTMeYeHO HeKOTOpOe yBeAndeHHe
IIOABIDKHOCTH KapOOHATOB, KOTOPbIE AUATHOCTUPY-
I0TCSI MOPPOAOTHYECKUMHU (6eaoraaska cTaHOBHTCS
boAee PBIXAOM, IISITHA 3aMETHO YBeAI/I‘-II/IBaIOTCH)
U xuMmudeckumMu mMeropamu. IloBpimenue ypoBHA
TPYHTOBBIX BOA He OBIAO OTMeYeHO.

Ilpu opomenuy Moys paBHOBECHOE COCTOSIHUE
HMOHOB YCTAaHABAMBAETCS MEXAY TBEPAOH $pa3oii rmo-
4BBI U IIOYBEHHBIM pacTBOpoM. [ToaTomy HeobxoAU-
MO YYUTBIBATh IPOLIECC OCAKAEHHUS HAU pacTBOpe-
HUS KaAbITUTA ITPU UCIIAPEeHHH OPOCUTEABHBIX BOA
B pesyAbTare aBanoTpancnupanuu. MccaepoBanus
IIOKA3aAH, YTO BEAMYHMHA KOIPQPHUIIUEHTA CeAeK-
tuBHOCTH 06MeHa (K) HATPUSA-KAABLUS HA OObIK-
HOBEHHBIX U KapOOHATHBIX YepHO3eMaX 3aBHCUT
OT CTEIEHHU 3alIOAHEHHS ITOYBEHHO-IIOIAOLAIOIIe-
ro KOMITIAEKCa (COBOKYHHOCTI) BBICOKOAMCIIEPCHBIX
KOAAOHUAHBIX BEIIIECTB, HHK) 0OMEeHHBIM HATPHEM.
ITpu copepxaHun 06MeHHOTrO HaTpus MeHee 1%
OT CYMMBI [TOTAOILIEHHBIX KATHOHOB HabAIOAQETCSI
6OABIIIOE CPOACTBO IIOYBBI K HATPHIO, YTO BhIpPA-
JKaeTcs B yBeAUYeHUU KO3 PHUIIMeHTa CeAeKTHUB-
HoCTH. Peskoe cHmxkenne K c pocToMm copepxanus
O0OMEHHOTrO HAaTpPHUs O3HAYAET, YTO B IIEPBbIE TOABL
OpOIIeHNUS IIPH AOCTIDKEHUH COAEPXKAHISI OOMeH-
HOTO HaTpus A0 2% aacopOLus HATPHUsS IOYBOM
CHIDKAeTCsl. TO MPUBOAUT K HAaKOTIAGHUIO HaTpus
B IIOYBEHHOM PACTBOPE, YTO BbI3bIBAET ITOBbIIIEHHE
NeNTH3UPYEeMOCTH OPTaHO-MHHEPAAbHBIX KOAAOH-
AOB, CHIDKEHHE BOAOTIPOHMI]AeMOCTH U CAUTHU3AITUH
nouB. B unTepBase ot 2 A0 30% 06MeHHOTO HaTpHs
BEAUYHMHA KO3 PUIINEHTa CEAeKTUBHOCTH MEHsIeT-
csl He3HauuTeAbHO. [Tpruem AAs pasHBIX MOYB 3Ta
BeAMYMHa OAM3KA.

Cpeanee 3Hauenne K mpu mumpoxoM cooTHO-
IIeHUU HATPHS B IIOTAOIIEHHOM KOMIIAKCE ITOYBEI
(sodium adsorption ratio) ot 2 oo 30% pasuo 0,14
moab/A. Koadpurmenr ceaexTuBHOCTH 0OMeHa Mar-
HUSI-KaABLIHS TAIOKe 3aBUCHUT OT COAEP>KAHIUS OOMeH-
Horo MarHus. IIpu cHIwkeHUH 0OMEHHOTO MarHus
B IOYBaxX A0 7—-8% KO3pPUIIMEHT CeAeKTUBHOCTH
BO3pacTaeT A0 2.

AAst TOrO, 9TOOBI He AOITYCTUTH HeXXEeAATEABHBIX
M3MEHEHHI B COCTaBe 0OMEHHBIX KaTHOHOB HE00-
XOAMMO OI[€HHMBATh Ka4eCTBO BOABI IT0 aKTUBHOCTHU
MOHOB HaTPUs U KAABIMS B IIOYBeHHOH 1macre. Co-
OTHOIIIeHHE KBAAPATa AKTUBHOCTH HATPHUS K aKTUB-
HOCTH KaAbIIMS He AOAKHO IpeBbimars 0,024,

Hamu 65140 1TOKa3aHO, 4TO 32 AECATH AT OpOlIIe-
HUSI BOAOM HU3KOTO KaYeCTBAa aKTHBHOCTb MOHA KaAb-
1S B TAXOTHOM TOPU3OHTe KapOOHATHOTO YepHO-
3eMa CHU3HAACH C 7,5 A0 2,6 MT-3KB/ A, 2 aKTUBHOCTD
HaTpust yBearmanAach ¢ 0,4 Ao 17 mr-axs/a. Coaepixa-
HIe 0OMEHHOTO HaTpUs B KAPOOHATHOM YepHO3eMe
YBEAUYHAOCH A0 9,7%. B BepxHe# 4acTH IOYBEHHOT'O
pouAs 06pa30BaAAC TPELUINHOBATASI, TABIOUCTAS
KOpPKa MOITHOCTbIO S—7CM.

Haub6oaee macimTabHble HEraTUBHbIE SIBACHUS
IIPOMCXOAST IIPU OPOLIEHUH MCXOAHO 3aCOAEHHBIX
U COAOHIIEBAThIX IOYB. 3a CPAaBHUTEABHO HEIpPO-
AOAKMTEABHBIIT Tieprop opomenust (12 aer) rox-
HbIX YepHO3eMOB (CTaBpOMOABCKHIL Kpait, AHAPO-
TIOBCKHII PaiioH) 63 yCTPOMCTBa APeHaXa, Tak KaK
PACCYUTHIBAAU HA €CTeCTBEHHYIO ADEHUPOBAHHOCTD
TEepPPUTOPHH, YPOBEHDb I'PYHTOBBIX BOA IOBBICHACS
A0 2,0-1,4m. TTpu 6AM3KOM 3aAeraHUN MUHEpPaAH-
30BaHHBIX TPYHTOBBIX BOp (14 r/A) copepxanue
COAel B OpOIllaeMOM YepHO3eMe AaKe YBEAUYHUAOCh.
Bospocao copepsxanue annonos (Cl, SO,>), obpa-
3YIOIINX TOKCHYECKUe COAU. [I3yueHne moYBeHHBIX
PacTBOPOB OpOIIAeMbIX YePHO3eMOB II0KA3aA0, UTO
OHM GOPMUPYIOTCS B 3aBUCHMOCTHU OT PaCIIOAOXKe-
HIS [TOYB 110 peAbedy. Tak, mpu pacroaoxeHHH dep-
HO3€MOB Ha BOAOPa3AE€AbHOM YacTu GOPMHUpPOBaHKE
IIOYBEHHBIX PACTBOPOB IIPOUCXOAUT IIOA BAMSHH-
€M B3aUMOAEHMCTBHS OPOCUTEABHBIX BOA C TBEPAOK
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¢asoit moyssl. IIpu pacrioroskeHNH B IOHMKEHHOM
JaCcTH CKAOHA Ha $OPMHpOBaHME ITOYBEHHBIX pac-
TBOPOB OKa3bIBAIOT BAMSHUE €llje U TPYHTOBbIE BOABL

B nepBoMm cayyae mponCXOAUT pacCoAeHHe TI0YB
B pe3yAbTaTe CHIDKEHHMs COAeH B IIOYBEHHBIX pac-
TBOPAxX 3a CYeT IIPECHBIX OPOCUTEAbHBIX BOA. CyM-
Ma HOHOB B OpOIIIaeMOM YepHO3eMe Ha BOAOpa3AeAe
B caoe 25-87cM B 2,2-4,3 pasa Oblaa HIDKe, 4eM B He-
opoaeMoii no4yse Ha ckaoHe. OpHAKO, CyMMapHas
ToxcrmuHas meaourocts (HCO 3 Mg™, Na*) nosos
IIOYBEHHOTO PacTBOPA OCTABAAACh AOCTATOYHO BBbI-
cokoii, a pH 6b1A meaouHsM. B oponraeMoM 105xHOM
JepHO3eMe, PacIIOAOXKEHHOM Ha CKAOHE, IIPOMCXO-
AMAO KOHIIEHTPHUPOBAHUE ITOYBEHHBIX PaCTBOPOB.
Hauunas, ¢ ray6uns 20-4S5cM KOHIIEHTpaLys MIo-
YBEHHOT'O pacTBOpA MpeBbIaAa B 3 pa3a AOIYCTH-
MYIO BeAMYHHY, KOTOPas IIPU XAOPUAHO-CYAbPATHOM
THIIE 3ACOAEHMSI He AOAXKHA IIpeBbImarh 3 r/A. M3-3a
BBICOKOTO COAEP>KAaHHSI TOKCHYHbIX COAEH B TOYBEH-
HOM PacTBOPE BCXOADBI AIOLIEPHBI Ha 3HAUUTEABHOM
MAOIL[AAY [IOTHOAM.

TakuM 06pazoM, OpolIeHIe HCXOAHO 3aCOAEH-
HbIX ¥ COAOHII€BATHIX IOXKHBIX Y€PHO3EMOB, Oe3 Ipo-
BeAEHHsI KOMIIAEKCHOM MEAMOPAIUH, He TIPUBOAUT
K HX PACCOAEHHIO M PACCOAOHIIEBAHHIO.

Oco60 caeayeT OTMETUTD PAKTUKY UHULIAATUB-
HOTO OpOIIEHHS Ha MECTHOM CTOKe, OCYII|eCTBAS-
eMyI0 B ITOAYMHEHHbIX U TPAH3UTHBIX AAHAIIA(TOB
CKAOHOB U B AOAMHAX MaAbIX pek. Ficrmoab3oBanue Ha
OpollleHHe MUHEPAAU30BAHHbBIX U I[EAOYHBIX BOA 32
KOPOTKMI1 TIEPHOA ITPUBEAO K 3aCOACHHIO U OCOAOH-
1ieBaHuIo o4B. CoopyrkeHHe MeCTHbIX BOAOEMOB AAS
HAKOITACHUSI BOADL, IIPY HE3HAYUTEABHON 00AECEHHO-
CTU TEPPUTOPHH, COTIPOBOXKAAETCS 3aUACHHEM BOAO-
€MOB 1 aKKYMyASILIHell B HUX 3ar p3HAIONIMX BellleCTB.
VIckyccTBeHHOE 3aperyAMpOBaHUe CTOKA IaryOHO
CKa3bIBaeTCs U Ha 9KOAOTHH ITOMMEHHBIX AAHAIIAg-
T0B. IToAOOHBIE IT0CAACTBHSI OPOLIEHHS OTMEYAIOTCS
IPaKTHYECKH BO BCEX IOXKHBIX perHOHaX.

TakuM 06pa3oM, MOXKHO 3aKAIOUHTB, YTO IIPOLjec-
ChI AET'PAAALIMH TI0YB ITPOSIBASIFOTCS HA OPOCHUTEAD-
HBIX CUCTEMaX C HEYAOBACTBOPUTEAbHBIMU ITOYBEH-

HO-MEAHMOPATUBHBIMU ycAOBUsIMU. Haamdme coaeit
B [TOYBAX, MAM OAM3KO 3aA€TAOIIHIX IIOPOAAX, HEAO-
CTaTOYHAsl €CTeCTBEHHAas APEHHPOBAHHOCTb Tep-
PHUTOPHIL, OTCYTCTBHE APeHaXKa HAM ero HeBbICOKasl
3¢ PEeKTUBHOCTD COMPOBOXAAIOTCS IIOATOIIAEHHEM,
3aCOAeHHEeM U OCOAOHIeBaHHeM 1oyB. B pesyabraTe
9TOTO COTHH THICSIY FeKTAPOB 3eMeAb ObIAM BbIBEACHDI
M3 CEAbCKOXO3SIHCTBEHHOI'O MCIIOAB30BAHM.

CoAOHIIbI XapaKTepU3YIOTCS BHICOKON AMCIIePC-
HOCTDBIO KOAAOMAHOM MacChl, IMEIOT ITAOTHYIO TABI-
OHCTYIO CTPYKTYPY, BBICOKYIO HaOyXaeMOCTb, HU3-
KyI0 ITIOPO3HOCTb M BOAONpoHuraeMoctb. ITocae
HCCYIIEHUSI COAOHIJOBBIE TIOYBBI CTAHOBSITCSI OYEeHb
IAOTHBIMH, TPENIMHOBATbIMH, TABIOMCTBIMU HAU
croabuarsiMu. OHE C TPYAOM ITOAAQIOTCSI MEXaHU-
4ecKort 00paboTKe.

KopeHHbIM MpreMOM XHUMHYECKON MEAHOPALIUH
COAOHIIOB SIBASIETCSI BHECEHHE B IOYBBI IHIICA AAS
3aMellleHUs] OOMEHHOTO HATPUsl, COAEPIKAIIerocst
B IITIK. AAst HefITpaAM3aIK BBICOKOH I[€eAOYHOCTH
COAOBBIX COAOHI]OB IPUMEHSIOT KUCAbIe XUMHYeCKHe
BellleCTBa — XeAe3HBIN KyIIOpOC, cepy, CEpHYIO KHC-
AOTY, OTXOABI XUMHYECKOH IIPOMBIIIACHHOCTH U AD.
[1]. IToMuMO CHIDKEHHS I[eAOYHOCTH, KUCABIE Me-
AMIOPAHTHI IIOBBIIAIOT PACTBOPUMOCTD COGAMHEHUM
KAABLIMS B IIOYBE.

Boabmmoit nHTEpEC AAST MEAMOPAITUN COAOHIIOB
U COAOHIIOBBIX ITIOYB IIPEACTABASIET HCIIOAb3OBaHHE
IIPOU3BOAHBIX AUTHHUHA. AMTHOCYAb(OHATHI ITOAY-
YAlOT B BHAE CMOAOIOAOOHOTO IIPOAYKTAa TEMHO-
KOPUYHEBOTO IIBeTa, IIPU THAPOAU3€e APEBECHHbI Ha
I1eAAFOAO3HO-OyMakHbIX KOMOHHATaX. OHU COCTOST
U3 CMeCU CYyAbPOAUIHMHA, TPOAYKTOB Pa3AOKeHHS
IIEAAIOAO3BI M AUTHHHA, COAEP>KAT pa3sAHYHbIE yTAe-
BOABIL, MUHEpaAbHBIE BeIleCTBA, CBOOOAHDIE CEPHYIO
KHCAOTY U CyAbQATBL.

B aaHHOI paboTe HCCAEAOBAAOCH BAMSHHE TeX-
HHUYeCKOTO AHUTHOCYAbQOHATa aMMOHUS Ha QU3H-
KO-XMMHYECKHe, OMOAOrMYecKre U OMOXUMUYeCKHe
CBOMCTBA COAOHIJA-COAOHYAKA CYAbYATHO-COAOBOTO.
Ba)kHO 6GBIAO BBLSICHHTD IIPOAOAKHTEABHOCTD AEH-
crBusi ACA Kak cTpyKTypoobpa3oBaTeas], a Takxe
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BAVSIHIIE €0 METaOOAUTOB HA MUKPOOHOAOTHIECKYI0
U pepMeHTATUBHYIO aKTUBHOCTD ITOYBbL. COAOHIIBI-
COAOHYAKH CYAbPATHO-COAOBbIE ITHPOKO Pa3BUTHI
HAa MOBbIMEHHO YacTH nokmsl p. Aon (PocToBckas
06A.) ¢ abcoaroTHbIME oTMeTKamu 4,3—4,7m. [pyn-
TOBBIE BOABI 3aAeraior Ha rayouse 250-300cwm, co-
CTaB X XAOPHAHO-CYAb(ATHO-COAOBO-HATPHEBbIH.
B cOAOHIJOBOM rOpU3OHTE COAep>KaHUEe OOMEHHOTO
Na* cocraBasier 70-85% OT CyMMbI ITOTAOIIIEHHBIX
OCHOBAHMHI, peaKiys CHAbHOII[@AOUHAs ( pH ao 9,7).
ITouBBI CyTAMHMCTbIE, MAAOTYMYCHBIE.

B coaoHIje-coroHIaKe CYAbPATHO-COAOBOM 0Opa-
6orke ACA, IpeABapUTEAbHO, PACTBOPEHHOM B BOAE,
IOABepraAcs BepxHuit 10-caHTMMeTpPOBBIN COAOHIIO-
BBIil TOPH30HT, 00AAAQIOMNIT HeOAATOIPUSTHBIMU
coricrBamu. I Ipenapar BHOCHAM B A03e 19 1 28T1/ra.
M3y4aancp 3acoaeHHe, COCTAB MOTAOIIEHHBIX OCHO-
BaHUM, IPAHYAOMETPUIECKHMIM M MHUKPOArperaTHbii
COCTaBBI, COAEPKAHIe 00Iero rymyca, 6uoAormde-
CKue CBOMCTBAa (4MCAEHHOCTh MHUKPOOPTaHH3MOB,
{epMeHTaTHBHAs aKTUBHOCTD ). B oAeBbIX ycaoBHSIX
OTIpeAeASIAY BEAMYHHY TAOTHOCTH CAOYKEHHS ITOYBBIL.

Pe3yAbTaTbl rpaHyAOMETPHYECKOTO U MUKpOArpe-
raTHOTO aHAAM30B, Yyepe3 rop nocae BHeceHns ACA,
MOKA3aAM, YTO ITperapaT BbI3bIBAaeT 3HAYUTEAbHOE
yBeAMdeHHe BOAOIIPOYHOCTH arperaToB Ha COAOHIIe-
coaonuake. Aosa 28 T/ra cHu3MAQ 3HAYEHHE PAKTOPA
AUCTIEpCHOCTH (OTHOIIEHHe COAePKAHHS YACTHI] Me-
Hee <0,001MM MHKpOarperaTHoro aHaAu3sa K CoAep-
»anmio actun MeHee <0,001 MM rpanyAoMeTpuyecKo-
ro anaausa o KaunmHCKOMY), B COAOHIIe-COAOHYAKE
TIOYTHU AO YPOBHS YepHO3eMHbIX 1ouB (K = 8-26%).
B Bapuanre onprtac 19T /ra ACA pakTOp AMCIIEPCHO-
cTH paBHAACS 46,6%, 4to B 1,4 pasa 6bIAO HIDKe, YeM Ha
xonTpose (K= 66,0%). Yepes 2 ropa mocae BHECEHHUS
ACA BepxHUIT CAOH COAOHIIA-COAOHYAKA, 06pa60TaH—
HBIIT IIPEIIAPATOM, COXPAHSIA OAATONPUSTHYIO CTPYK-
Typy. CAeAyeT OTMETUTD, UTO AeHCTBHE ITperapara Ha
CTPYKTYpPY IIO4BbI ITposiBAsieTcs U B caoe 20-30 cm,
T.e. HIDKe M3HAYaAbHO Meanopupyemoro caos.. Ha
TPETHUM T'OA IIOCAEAEHCTBHE IIPEeIapaTa Ha CTPYKTYpPy
IIOYBBI HECKOABKO CHU3HUAOCb.

BHeceHMe TeXHMYeCKOTO AUTHOCYAbOHATA aM-
MOHMSI [IOAOKHUTEABHO CKa3aA0Ch Ha HOHHOM COCTa-
Be M COACP>KAaHHH AeTKOPACTBOPUMBIX COACH B CO-
AOHIJe-COAOHYAKE, OIIPEASAsIEMbIX METOAOM BOAHO
BBITSDKKH. [Ipu aToM addekT oT 06paboTKu 3ame-
TeH U B HIDKEAEXKAIUX TOPH30HTAX. YMEHBIIHAOCH
coaepKaHue rMAPOKapboHaToB. Pe3ko cHusmAaCh
IEAOYHOCTb OT HOPMAABHBIX KApOOHATOB B BepX-
HUX MEAMOPHPOBAaHHBIX IOPH30OHTAX B BapHAHTE
c191/ra ACA (c 1,45 20 0,46 Mr-5k8/100 T. ouBHI),
B BapuaHTe C 28 T/ra mpemnapara B 9THX FOPHU30HTAX
ee He 0OHapy>keHO coBceM. CHUBHAOCH A0COAIOTHOE
KOAHYECTBO AeTKOPACTBOPHMBIX COAEH HATPHSI, TOT-
A KaK OTHOCHTEABHOE COACPKAHUE COAeH KaABITHS
yBeAnurAoCh. I Tponsomao carxenne Beardrss pH
c9,4-9,7 B xoHTpOAE AO 7,9-8,3 B BapuanTe ¢ 28 T/ra
Iperapara.

ITokasareAbHbI U3MEHEHHS B COCTABE IIOIAO-
I[eHHBIX OCHOBAHUI COAOHIIA-COAOHYAKA CYyAbJAT-
HO-COAOBOTO. BeAnunHa cyMMbI 0OMEHHbIX OCHOBA-
HUH NIPaKTHYeCKU He M3MEHHAACD, HO IIPOU3O0IIAA
KayeCcTBeHHas IIepecTpOoiiKa MOYBEHHOTO ITOTAOIITA-
IOIero KOMIAeKca. AGCOAIOTHbIE M OTHOCHTEAbHbIE
KoAndectBa obmennoro Ca** 3aMeTHO BO3poCAH
c yBeandenueMm A03bl ACA. Tak poas oOMeHHO-
ro KaAbLIMS U3MeHHUAACh ¢ 32,7% Ha KOHTPOAE AO
38,4% B BapuanTe ¢ 19 t/ra ACA u p0 62,0% B Ba-
puante ¢ 28 T/ra ACA (Taba. 1). OTH u3sMeHeHus
IIPOUCXOAST 32 CYEeT CHIDKEHHS AOAU OOMEHHOTO
Harpus B [TIIK. OT™MevaeTcs TeHAEHIIMS K YBeAU-
YeHHI0 0OMEHHOTO KaAHSI C POCTOM AO3bI ITpemnapa-
Ta. [ToAOXKHTeAPHOE ACHCTBHE Ha COCTAaB OOMEHHBIX
KaTHOHOB COXPAHSETCsl Ha BTOPOH U TPETHI TOADI
C MOMEHTa BHECEHHI IIpenapaTa.

H3meHeHme $U3UKO-XUMHIECKUX CBOMCTB ITOYBBI
COIPOBOXXAAETCSI KOAUYECTBEHHO! U Ka4eCTBEHHOM
IIepeCTPOUKOI ee MUKPOOHOTO LIeHO3a. YBeAndeH e
061eil YMCAeHHOCTH MUKPOOPTaHU3MOB XapaKTepH-
3yeT yAydlleHHe OAArONPHSTHBIX CBONCTB [IOYBBL
Yepes rop nocae BHecennss ACA B COAOHIIe-COAOH-
Yake 06Mast YUCACHHOCTb MUKPOOPTaHU3MOB B I10-
4Be yBeAMYHAach B 1,7-3 pasa.
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Tabnuua 1.— CogepxxaHue rymyca, asota 1 0OMeHHbIX KaTMOHOB

B COJIOHLIE-COJIOHYaKe (4epeld rog nocne obpabotkm JICA)

3 O6MeHHbIE KATHOHDI B% OT CyMMBbI
Bapuantsi onrra T'ymyc,% 06"“:“ IOTAOIEHHBIX OCHOBaHMIT
(a03p1 ACA, T/Ta) a3or,% Car Mg" Na' <
Korrpoas 0,24 0,045 32,7 2,9 62,0 2,4
19 1/ra 0,79 0,054 384 44 54,3 2,5
28 T/ra 0,98 0,072 62,1 3,3 31,5 3,1

3akarouenue. FIcxops U3 3TOTo cAeayeT 3aKAIO-
4UTh, YTO TEXHUYECKUI AUTHOCYAbPOHAT AMMOHHS
B A03e 28T/ra MOXHO HCIIOAB30BATh AASL YAYYLIEHHS
PSAQ CBOMCTB COAOBBIX COAOHIIOB-COAOHYAKOB, OT-
HOCSIIUXCSL K HanboAee 3A0CTHOMY THITY 3aCOAEHHSI
U 00AQAQIOMINX B €CTeCTBEHHBIX YCAOBHSIX KpariHe

HU3KUM TNAaopopopueM. Hapo ormeruTs u Apyryro
CTOPOHY HeOOXOAMMOCTH IIPOKOTO UCIIOAb30BAHUS
ACA B MeAMOPaTHBHBIX LIEASIX — YTHAU3AITHIO 60Ab-
IIOTO KOAMYECTBA HEMCIIOAB30BAHHBIX OTXOAOB ITEA-
AIOAO3HO-OYMaXKHOI IIPOMBIIIACHHOCTH, YTO OyAeT
CIIOCOOCTBOBATh COXPAHEHUIO OKPY>KAIOIIEH CPEADL.
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STATE MANAGEMENT OF FIRE PREVENTION AND
FIGHTING FOR HIGH RISE APARTMENT BUILDING IN
VIETNAM - THEORETICAL AND PRACTICAL ISSUES

Abstract. Construction and development of high-rise buildings is an inevitable trend, not only in

Vietnam but also other countries in the world. The issue of state management of fire prevention and

fighting for high-rise buildings is an issue that has always received much attention from countries,

especially developing countries. The article analyzes and clarifies theoretical and practical issues of

state management of fire prevention and fighting for high-rise buildings in Vietnam; on that basis,

draw out solutions to improve the efficiency of state management of fire prevention and fighting for

high-rise buildings to meet the requirements of sustainable development.

Keyword: fire prevention and fighting; high rise apartment building; Vietnam.

1. Make a problem

Fire and explosion of high-rise buildings always
leave great consequences, causing serious damage to
people and property. With the land fund increasingly
shrinking, the planning, construction and develop-
ment of high-rise buildings is an objective necessity.
In Vietnam, as of June 2021, there are 3.679 high-
rise buildings in §5/63 localities, in which, focusing
mainly on socio-economically developed localities
such as: Hanoi City; Ho Chi Minh City; Da Nang;
Khanh Hoa; Quang Ninh; Nghe An; Hai Phong; ...
[S]. Like other countries in the world, in Vietnam,
high-rise buildings exist with many different uses,
can be high-rise condominium, may be hotels, mo-
tels high rise, high-rise offices, ... each type of facility
has different characteristics and properties of fire and
explosion hazards. Therefore, the research and man-
agement of high-rise buildings in general and state

management of fire prevention and fighting for high-
rise buildings in particular towards the goal of sus-
tainable development is necessary and meaningful.

2. State management theory on fire preven-
tion and fighting for high-rise buildings

The concept of high-rise buildings in Vietnam is
defined as follows: “High-rise buildings are houses
and public works with a height of between 25m and
100m (equivalent from 10 floors to 30 floors)” [4].
Thus, to determine whether a building or facility
is a high-rise building, it is necessary to rely on the
number of floors or the height of the building and
the building.

State management of fire prevention and fight-
ing is an organized and regulated influence by state
power on the basis of the Law on Fire Prevention
and Fighting for fire prevention and fighting ac-
tivities in agencies, organizations, households and

49



Section 6. Technical sciences

individuals of competent entities in order to mini-
mize the occurrence of fires and damage caused by
fire, contribute to the protection of lives and prop-
erty of the State, organizations and individuals, envi-
ronmental protection, security and social order and
safety [6]. From that, it can be seen that the goal of
state management of fire prevention and fighting is
to minimize the occurrence of fires and the damage
caused by fires, contribute to protecting human life
and health, protecting property of the State, organi-
zations and individuals, protecting the environment,
ensuring security and social order and safety; bring
all aspects of fire prevention and fighting work step
by step to meet the requirements of socio-economic
growth and development, effectively serve the cause
of industrialization and modernization of the coun-
try in each development stage.

With this approach, the concept of state man-
agement of fire prevention and fighting for high-rise
buildings is understood as follows: “State manage-
ment of fire prevention and fighting for high-rise build-
ings is an organized and regulated influence by the power
of the State on the basis of the Law on Fire Prevention
and Fighting for fire prevention and fighting activities
in high-rise buildings of competent entities, in order to
minimize the occurrence of fires and damage caused by
fire contribute to protecting lives and property of the
State, organizations and individuals, protecting the envi-
ronment, ensuring security and social order and safety”.
From the concept that shows, the goal of state man-
agement of fire prevention and fighting for high-rise
buildings is in order to minimize the occurrence of
fires and the damage caused by fires, contributing to
the protection oflife and property of the State, of or-
ganizations and individuals, protecting the environ-
ment, ensuring security and social order and safety.

The legal basis in the state management of fire
prevention and fighting for high-rise buildings in
Vietnam is system of legal documents, standards
and technical regulations in the field of fire preven-
tion and fighting, typically: Law on fire prevention
and fighting; Decree No. 136/2020/ND-CP dated

November 24, 2020 of the Government; Circular
No. 149/2020/TT-BCA dated December 31, 2020
of the Ministry of Public Security; TCVN6160:1996
Fire prevention and fighting of high-rise buildings —
Design standards; QCVIN06:2021/BXD national
technical regulations on fire safety for buildings and
constructions; ...

Contents of state management of fire prevention
and fighting for high-rise buildings in Vietnam are:
formulating and directing the implementation of strat-
egies, master plans and plans on fire prevention and
fighting; promulgate, guide and organize the imple-
mentation of legal documents on fire prevention and
fighting; propagating, educating and disseminating
knowledge about fire prevention and fighting; building
amovement of all people to participate in fire preven-
tion and fighting; organize and direct fire prevention
and fighting activities; organize training, build forces,
equip and manage fire prevention and fighting means;
ensure budget for fire prevention and fighting activi-
ties; organize fire and explosion insurance associated
with fire prevention and fighting activities; appraise
and approve projects, design and take over construc-
tion works on fire prevention and fighting; technical
inspection and testing and certification of conformity
for vehicles, equipment, substances and goods subject
to strict requirements on fire prevention and fighting;
organize the research, application and dissemination
of scientific and technological advances in fire preven-
tion and fighting; inspect, examine, handle violations,
settle complaints and denunciations about fire preven-
tion and fighting; fire investigation; organize the state
statistics on fire prevention and fighting; international
cooperation on fire prevention and fighting for high-
rise buildings.

On the basis of the provisions of law, Contents of
state management of fire prevention and fighting for
high-rise buildings are organized and deployed from
the central to local levels with the core management
subject being police force for fire prevention, fighting
and rescue. In addition, all violations of the law in the
state management of fire prevention and fighting for
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high-rise buildings, The Vietnamese state has strict and
thorough sanctions in accordance with the 2012 Law
on Handling of Administrative Violations (amended
and supplemented in 2020) and guiding documents.

3. State management of fire prevention and
fighting for high-rise buildings in Vietnam today

3.1. Advantages

High-rise buildings in Vietnam have been invest-
ed heavily in construction in recent years. As of June
2021, there are 3,679 high-rise buildings in Vietnam,
concentrated in some cities with fast socio-economic
development, as shown in (Figure 3.1) [S].

Table 3.1.- Statistics on the number and percentage% of high-rise buildings

Numerical order Local Number. of.hlgh-rlse Percentage%
buildings
1 Hanoi City 1.272 34.6
2 Ho Chi Minh City 1.107 30.1
3 Da Nang city 270 7.3
4 Khanh Hoa province 203 5.5
5 Quang Ninh Province 104 2.8
6 Nghe An province 85 2.3
7 Hai Phong city 60 1.6

Thus, Hanoi and Ho Chi Minh City in Vietnam
are the two cities with the highest density of tall
buildings. Thereby, it shows that the development
and urbanization speed in the two cities have far ex-

ceeded that of other provinces and cities. In addition,
high-rise buildings also develop very diversely with
all types, specifically as shown in (Figure 3.2) [S].

Table 3.2.- Statistics type high-rise and percentage%

Numerical order | Type of high-rise building Quantity Percentage%
1 Apartment 1.106 30.57
2 Hotels, motels 935 25.84
3 Office house 747 20.65
4 Mixed house 594 16.42
S Educational institution 56 1.55
6 Hospital 64 1.77
7 The house has other functions 116 3.21

The highest proportion of high-rise apartment
buildings (30.57%) shows that the demand for hous-
ing is very large. The development of high-rise build-
ings as well as the diversity of uses have attracted a
large number of people to choose to live, work and
work. At the same time, this development and diver-
sity also poses certain difficulties and challenges in
the state management of fire prevention and fighting
for high-rise buildings today.

Recognizing the importance of state manage-
ment of fire prevention and fighting for the sus-

tainable development of high-rise buildings, at the
same time, in order to organize the effective imple-
mentation of the provisions of law, contents of state
management on fire prevention and fighting for
high-rise buildings, The Prime Minister of Vietnam
issued Directive No.29/CT-TI'g on October 9,2018
In terms of strengthening the effectiveness of state
management over the operation, management and
use of apartment buildings, this is the type of high-
rise building that accounts for the highest propor-
tionin Vietnam. Simultaneously, the Fire Prevention

51



Section 6. Technical sciences

and Fighting and Rescue Police force of local units
in Vietnam organized the synchronous implementa-
tion of management measures, obtained the follow-
ing results:

— Consolidate, build and promote the effec-
tive operation of advanced models and examples of
fire prevention and fighting safety such as: “Apart-
ment is safe for fire prevention and fighting”; “Safe
residential cluster for fire prevention and fighting”;
“The collective house is safe for fire prevention and
fighting”; ..., thereby, creating a change in awareness
and implementation sense of the heads of facilities
and people in high-rise buildings; Party committees
and local authorities have paid attention to, led and
directed the work of fire prevention and fighting for
high-rise buildings.— Conducted safety inspection on
fire prevention and fighting 5,398 times of establish-
ments, detected 5,002 shortcomings and violations
and issued 964 petition documents; fined 419 cases
with an amount of more than 3,252 billion VND,
temporarily suspended operations for 43 cases, sus-
pended operations for 55 cases, and publicized the
violating establishments on the mass media [S].

3.2. Limitations, difficulties

— 'The investor, the head of the facility has not
fully performed the fire prevention and fighting re-
sponsibilities as prescribed, such as: put the works
into operation but have not yet been accepted for
fire prevention and fighting or arbitrarily build more
work items, renovate or change the use properties of
items and areas in the facility but fail to comply with
regulations on design appraisal, approval, acceptance
of fire prevention and fighting; failure to implement
or incompletely implement the compulsory fire and
explosion insurance regime; has not maintained the
organization of propaganda and dissemination of
laws and knowledge on fire prevention and fighting,
practice fire fighting plans, inspect and maintain fire
prevention and fighting systems and equipment pe-
riodically according to regulations.

— Records of monitoring and management of
fire prevention and fighting activities of the facility

have not been updated or supplemented to ensure
components during operation, such as: there are no
internal rules and regulations on fire prevention and
fighting promulgated by the head of the establish-
ment; have not updated or supplemented the com-
ponents and contents of the rescue file; In the fire
fighting plan, the typical fire and explosion situations
are not assumed.

— Traffic conditions for fire fighting, fire preven-
tion and fighting safety distances, fire fighting water
sources are still inadequate, fail to meet the require-
ments for fire fighting vehicles to deploy, fail to main-
tain a safe distance of fire prevention and fighting
between items and surrounding facilities, such as:
building more work items, allowing cars, motor-
bikes or businesses and services to encroach on traf-
fic roads or in fire prevention and fighting distances
between buildings, the system of fire-fighting water
supply posts outside the houses of urban centers,
establishments, and natural water sources must not
be maintained.

— Conditions for preventing fire spreading in the
house have not been maintained regularly or become
ineffective during operation, such as: at locations
where channels, wells, technical shafts and pipes of
the technical system pass through fire-blocking walls
and floors, the requirements for preventing smoke
and fire spread are not met; arbitrarily opening door-
ways, openings, technical pipes on walls, fire parti-
tions; dismantling or replacing the wrong type of
fire door and failing to maintain the normally closed
state of the doors on the fire prevention wall; the wa-
ter curtain system to prevent fire is not maintained
to function properly.

— Conditions for roads and exits in the house
have not been maintained regularly and are as com-
mon as: arrange and place goods and items on the
road and escape route; inserting, locking or invali-
dating the doors on the emergency exits, the doors
entering the stairwells; emergency lights, emergency
exit lights have not been installed in sufficient quan-
tity, not in accordance with specifications and many
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lights are damaged; parking vehicles on the escape
route, blocking the escape route at the garage, affect-
ing the safe escape activities for people.

— Fire prevention and fighting systems and
equipment, technical systems related to fire preven-
tion and fighting equipped at establishments that
have been put into operation for many years, estab-
lishments that have not been appraised, approved
and accepted for fire prevention and fighting, etc.,
often do not meet regulations, equipment quality
does not meet requirements, installation is not suit-
able for fire fighting area, failure to maintain the pe-
riodic inspection and maintenance of fire prevention
and fighting equipment, leading to a situation after a
period of improper operation.

— The grassroots fire prevention and fighting
force has not yet ensured the number and staffing
according to regulations, team members have not yet
grasped the knowledge and skills of fire prevention
and fighting, mainly security and operational tech-
nicians, residents and workers who join the grass-
roots fire prevention and fighting force but do not
regularly participate in fire prevention and fighting
activities; are not trained, trained in fire prevention
and fighting periodically, etc., The operation is still
formal, confusing in deploying forces and means of
fire fighting, rescue and rescue according to hypo-
thetical situations.

3.3. Causes

a) Objective causes

High-rise buildings have been in operation for
many years, mini-apartments, offices, hotels, high-rise
motels, etc., converted from separate houses or built
improperly according to planning, construction per-
mits often fail to meet fire safety requirements and the
equipment and systems of fire prevention and fighting
do not meet current regulations; used electrical sys-
tems and equipment are not inspected and maintained
and there is an increase in consumption of equipment
but the electrical system is not renovated; Damaged
systems and equipment lead to the risk of unsafety
in terms of fire prevention and fighting. At the same

time, due to lack of synchronization in construction
planning, the construction of works adjacent to the
facility, leading to failure to ensure the conditions of
traffic, safe distance for fire prevention and fighting,
and water source for fire fighting.

The implementation of regulations of laws, stan-
dards and technical regulations still has some difh-
culties and problems such as: (1) There are no regu-
lations on fire safety for buildings over 150m high,
some regulations are still inconsistent or difficult to
apply to high-rise buildings; (2) It is very difficult to
apply current regulations when renovating or chang-
ing the use of houses and works (difficult to meet
regulations on roads for fire engines, arrangement of
roads, exits, stairs, etc.); (3) Regulations on imple-
mentation of fire and explosion insurance regime are
still problematic for establishments with many own-
ers (apartment buildings, mixed-use buildings, ... );
(4) Regulations on management and use of apart-
ment buildings such as: establishment, capacity con-
ditions of the Management Board, funding sources
for maintenance and maintenance of fire prevention
and fighting activities, the investor’s responsibilities
in handing over the works, management and opera-
tion of the shared and private ownership portions of
the apartment building are not specific, unified and
difficult to implement; (5) sanctions for handling
violations of fire prevention and fighting have not yet
met management requirements, and there have been
no radical handling measures for high-rise buildings
that do not ensure fire prevention and fighting safe-
ty or refuse to comply with decisions on temporary
suspension or suspension of operations or sanctions
issued by state management agencies.

b) Subjective causes

A part of the investor and the head of the facility
has not strictly performed their fire prevention and
fighting responsibilities, leading to violations such
as: (1) arbitrarily put the works into operation with-
out being tested and accepted for fire prevention and
fighting or building, expanding, expanding, renovat-
ing, changing the use properties of items or facilities
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in the course of operation without carrying out the
procedures for appraisal, approval and collection of
fire prevention and fighting according to regulations;
(2) extending the time to hold the apartment build-
ing meeting to establish the Management Board or
having a dispute or disagreement on the manage-
ment of the area under common ownership, private
ownership, ... the management and operation are
loose and not tight, leading to violations of regula-
tions on fire prevention and fighting; (3) not focus-
ing on fire prevention and fighting, but also focusing
on economic goals, cutting investment costs for fire
prevention and fighting, equipping and installing fire
prevention and fighting systems and equipment at a
minimum level, failing to ensure quality and techni-
cal requirements and failing to regularly maintain fire
prevention and fighting safety conditions of the facil-
ity; (4) has not yet secured the nominal funding for
fire prevention and fighting activities; (5) do not buy
compulsory fire and explosion insurance according
to regulations [2].

The knowledge and sense of compliance with the
law on fire prevention and fighting of a part of em-
ployees and people is still limited, failing to comply
with the rules and regulations on fire prevention and
fighting, causing many violations such as: damage
or inactivate the fire prevention and fighting system;
leaving items on the corridor, in the stairs; insert,
block the exit door; installing more power-consum-
ing equipment, using fire and heat sources that do
not ensure fire prevention and fighting safety; do not
know how to use fire prevention and fighting means
originally equipped for fire fighting; not actively su-
pervise the implementation of responsibilities of the
investor and the management and operation unit.

A part of leaders of departments, branches and
People’s Committees of districts and communes
have not yet fulfilled their responsibilities in direct-
ing, inspecting, supervising and performing the
state management of fire prevention and fighting.
The coordination between sectors is still formal,
not consistent in the appraisal, appraisal, approval,

construction without permits and does not meet the
requirements on fire prevention and fighting; There
is no synchronous planning for the construction of
condominiums and high-rise buildings, so many
works are built alternately in residential areas, fail
to meet safety requirements on fire prevention and
fighting, causing difficulties in handling violations
of violating works that have been put into operation.

The coordination between units of the police in
some localities is not consistent and close leading
to failure to provide timely information about the
establishment’s violations to take appropriate and
timely measures to prevent the risk of fire, explosion,
incidents and accidents. In addition, the professional
qualifications of a part of staff are limited, lack skills
and experience or have not fulfilled their respon-
sibilities in performing their duties, leading to the
following characteristics: (1) a number of facilities
have been accepted and put into use, but with rec-
ommendations on fire prevention and fighting that
are difficult to overcome; (2) the inspection content
is incomplete as prescribed, focusing on testing fire
prevention and fighting systems and equipment, not
carefully checking other conditions such as: traffic
for fire engines, layout of premises, use functions,
prevention of fire spread,...; (3) the detection of
violations on fire prevention and fighting and the
implementation of penalties is still low, due to the
lack of resoluteness in handling violations, at the
same time, there is a situation where violations are
recorded as existing, omissions or not recorded in
the inspection report or petitioned many times but
did not carry out sanctions, in many cases wrongly
identified violations, incorrectly recorded the con-
tents of the violation minutes; ...

4. Solution

High-rise buildings will continue to be strongly
planned and developed, to improve the efficiency
of state management of fire prevention and fighting
for high-rise buildings, contributing to the success-
ful implementation of the goal of minimizing fires,
explosions and damage caused, as well as the goal of

54



STATE MANAGEMENT OF FIRE PREVENTION AND FIGHTING FOR HIGH RISE APARTMENT BUILDING IN VIETNAM — THEORETICAL AND PRACTICAL ISSUES

sustainable development. As the core force in per-
forming the function of state management of fire
prevention and fighting for high-rise buildings. The
police force for fire prevention, fighting and rescue
needs to do well a number of the following contents:

— Assume the prime responsibility for, and co-
ordinate with functional units under relevant minis-
tries and branches in, continuing to research, advise
and propose amendments and supplements to the
provisions of legal documents, construction, fire and
explosion insurance and other relevant regulations
to ensure consistency in management and imple-
mentation organization; to develop national tech-
nical regulations on fire prevention and fighting for
buildings with a height of over 150m; promulgate a
resolution guiding the criminal handling of crimes
specified in Clause 4, Article 313 of the Penal Code
2015 (amended and supplemented in 2017); regula-
tions on responsibility, management and inspection
of safety assurance in electricity installation and use
at establishments and households. To advise and
develop documents to guide and direct professional
activities and organize professional training and in-
spection for officials performing the work of apprais-
al, approval, management and safety inspection of
fire prevention and fighting, investigate and deal with
fire and explosion, handle violations; guide measures
to organize fire fighting for high-rise buildings, gath-
ering situations in basements, crowded public ser-
vice floors and upper floors; organize the inspection
of the implementation of the state management of
fire prevention and fighting for high-rise buildings
by the local police.

— Advise the People’s Councils and People’s
Committees of provinces and centrally run cities to
issue documents directing the enhancement of the ef-
fectiveness of state management of fire prevention and
fighting for high-rise buildings, focus on thoroughly
handling establishments that do not meet the require-
ments, In the immediate future, it is necessary to direct
and immediately handle the works that have been put
into operation but have not been appraised, approved

and accepted according to regulations, there are many
problems and violations that pose a risk of fire and
explosion, fail to ensure the conditions for prevent-
ing fire spread and safe escape for people of the facil-
ity; for existing establishments, violations cannot be
remedied, It is necessary to coordinate with functional
ministries and branches to agree on a solution and take
measures to ensure the lives of people in buildings that
do not meet fire prevention and fighting safety condi-
tions when they are shut down. To ensure the level
of local budget expenditure to support fire preven-
tion and fighting activities for establishments that are
unable to secure funding for implementation; equip
fire prevention and fighting means and equipment,
maintain the operation of the civil defense force; take
responsibility for compulsory fire and explosion insur-
ance for establishments that are headquarters of local
state agencies.

— To step up the propaganda on fire preven-
tion and fighting, to renovate the contents, forms
and methods of propaganda, in which, focus on dis-
seminating measures and skills for escape and initial
handling when a fire occurs. Instruct the investor,
the head of the facility, the management board of the
apartment building to deploy the daily propaganda
using the sound system, the advertising screen that
is available in the building. Review and guide the es-
tablishment and maintenance of operation, ensure
funding and operating means for grassroots fire pre-
vention and fighting teams and periodically organize
practice of fire fighting plans for high-rise buildings.

— Regularly update new regulations related to
design appraisal and acceptance, fire prevention and
fighting works. In particular, the application of stan-
dards and technical regulations on fire prevention
and fighting in design appraisal and approval must be
fully and accurately applied, suitable to the scale and
nature of the works, but must comply with the provi-
sions of law [1]. Actively follow up, grasp the situa-
tion, conduct basic investigation on the construction
investment of projects, works and high-rise buildings
in operation, properly assess the current situation of
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fire prevention and fighting to serve the management
and come up with a fire fighting plan suitable to the
situation and characteristics of each high-rise build-
ing. To guide research institutions and implement
a number of measures to increase efficiency in fire
fighting and rescue and rescue for high-rise build-
ings such as: clearly determine the location for the
ladder truck, the fire truck to park and the position
to open the glass panes on the outside of the house
to serve the ladder truck to approach and deploy fire
fighting, rescue and rescue activities; arrange refuges
and equip necessary means and equipment for fire
fighting, rescue, rescue and first aid; renovating the
pipeline of the waiting throat system for professional
fire forces to connect with fire engines and supply
water to the upper floors of high-rise buildings.

— Inthe construction of apartment buildings and
high-rise buildings, it is necessary to comply with the
provisions of the law right from the stage of site ap-
proval, appraise and approve the design of fire preven-
tion and fighting, invest in construction until the work
isaccepted and put into use. The law on fire prevention
and fighting specifies these contents very specifically,
therefore, investors, design consultants and construc-
tion contractors need to strictly abide by them when
implementing them; resolutely not to accept and put
into use the works that do not ensure the safety of fire
prevention and fighting according to regulations [3].
Carry out safety inspection on fire prevention and
fighting in accordance with the procedures, sequence
and content and ensure the number of times as pre-
scribed, strengthen irregular inspection of establish-
ments with many shortcomings and violations but
have not yet been remedied; determine the respon-
sibility of each violator in order to make recommen-
dations and offer effective remedial solutions. The in-
spection record made must fully record the inspection
contents, omissions, violations, recommendations for
measures, time to remedy, terminate the status of re-
cording violations to “existence, omission” or no error
recognition. Resolutely deal with the acts of arbitrarily
renovating, changing the nature of use, building more

work items; failing to maintain conditions for prevent-
ing fire from spreading, escaping, operating the fire
prevention and fighting system, etc.; ensuring that
100% of detected administrative violations must be
handled in accordance with the provisions of law and
decisions on sanctioning of administrative violations
must be strictly implemented, ensuring within the pre-
scribed time limit.

— Assign officers to perform the management
and safety inspection of fire prevention and fighting
to ensure that they fully meet the prescribed stan-
dards and meet the requirements on qualifications
and experience to effectively implement the manage-
ment of high-rise buildings; organize professional
training and retraining for inspection staff, resolutely
do not arrange cadres whose professional examina-
tion results are unsatisfactory. Review, revise and
promulgate regulations on decentralization of man-
agement for police forces of fire prevention, fight-
ing and rescue, provincial-level police, district-level
police, professional process in accordance with the
provisions of law and the guidance of the Ministry of
Public Security of Vietnam. Strictly comply with the
provisions of law and the direction of the Ministry
of Public Security on assignment of tasks and co-
ordination in investigation and handling of fire and
explosion, to ensure that all fires and explosions must
be investigated, clarified and completely dealt with
without leaving a long backlog.

S. Conclusion

Each country has different conceptions, manage-
ment and administration in the field of state manage-
ment of fire prevention and fighting in general and for
high-rise buildings in particular. With an approach
from theory to practice of state management of fire
prevention and fighting for high-rise buildings in
Vietnam today, along with that is a system of logical
and scientific solutions that contribute to improving
the efficiency of state management of fire prevention
and fighting for high-rise buildings. Each solution
has a scientific basis and feasibility when applied in
practice, however, the study and application of these
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solutions in the state management of fire prevention  and especially the characteristics and organizational

and fighting for high-rise buildings for each coun-  model of each country must be suitable, only then
try requires a clear study of the subjects, the subject  can the solution be effective.
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PREDICTING DAILY AVERAGE PM 2.5 MOVEMENT
USING MACHINE LEARNING MODELS

Abstract. The article discusses the implementation of multiple machine learning algorithms on

particulate matter data. The models were assessed on the ability to predict if the average particulate

matter concentration for the succeeding day would increase or not.

Keywords: Particulate matter; Machine learning; ARIMA; Linear regression; Logistic regression;

Random forest.

1. Introduction

Air is one of the most important aspects to our
survival; without it, humans are not able to survive.
However, due to the lingering problem of pollution,
society must be aware of its actions that impact the
quality of air we breathe. Ever since the industrial revo-
lution, pollution has damaged the well-being of planet
Earth, whether it be through gas emissions or through
chemical reactions between gases in the atmosphere.
In recent years, the issues of air pollution and global
warming have become imminent in society. Although
there has been some misunderstanding on the state of
climate change, the consensus in the scientific com-
munity is that the Earth’s climate has been continu-
ally affected by humans [4]. With advocates such as
Greta Thunberg and Al Gore, world leaders have felt
the need to strengthen their climate policies in order
to preserve the environmental safety of the Earth.

One of the most prevalent catalysts in the air pol-
lution process are particles called particulate matter
(PM). These particles are a mixture of small solids and

liquid droplets in the air that once inhaled, can cause
serious health problems in the future. The two differ-
ent types of particulate matter are classified by the
diameter of the particles themselves; they are called
PM2.5 and PM10, containing particles with diameter
less than 2.5 micrometers and particles with diameter
less than 10 micrometers respectively [6]. Generally,
particles falling under the PM2.5 category are more
dangerous to the human body because they can build
up more efficiently inside the lungs, weakening the
breathing system [6]. Both types of particulate matter
form most prominently through the emission process
of gasoline, oil, or wood. Additionally, they can also
be formed naturally in the air through gaseous reac-
tions between particles like sulfur dioxide or nitrogen
oxides, both of which indirectly accelerate the process
of greenhouse gas emissions.

Specifically in Beijing, China, the concentrations
of particulate matter have always been hazardously
high. After the initial COVID-19 swarm throughout
the country, air pollution began to return to its nor-
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mal level. These high levels of air pollution not only
have damaged the environment but have also caused
the citizens to suffer dramatic health problems. More
than a million deaths could have been prevented with
more attentive care to fossil fuel emissions, and with
China and India accounting for more than half of the
global PM2.5 death toll, it is clear that the country
must play a part in reducing its particulate matter and
gas emission levels. Additionally, there has been alack
of comparison between different predictive methods
of forecasting. Therefore, being able to predict the
concentration of particulate matter in the atmosphere
poses clear benefits to society. We look at four differ-
ent machine learning methods, ARIMA, Logistic Re-
gression, Linear Regression, and Random Forest in
our procedure for tackling this research problem.
Firstly, in section 2.1, a brief overview of the data-
set itself is explained. Then in section 2.2, the entire
plan of analysis is revealed, starting with filtering and
cleaning the data, to the way the predictive power
of each model was assessed. The establishment of

the prediction accuracy is important because it must
remain the same for each of the four different mod-
els. Sections 3.1-3.4 outline the models themselves
and the way they are applied into the PM2.5 dataset.
Finally, sections 4 and 5 report the results, summa-
rize the findings, and add more points of discussion
about the state of air pollution in the world.

2. Methodology

2.1 Data Set

The dataset used in this research paperisa part of the
Beijing Multi-Site Air Quality Data Set found through
the University of California-Irvine Machine Learn-
ing Repository [S]. The chosen dataset was centered
around the ChangPing district in Beijing and included
hourly data values for “6 different main air pollutants
and 6 different meteorological variables.” For the pur-
poses of this research, only the PM2.5 (measured in pg/
m®) column was examined, and daily average particu-
late matter concentration levels were calculated to pre-
dict air pollution levels from day to day. Figure 1 shows
the daily fluctuation of the average readings.
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Figure 1. Plot of daily average PM2.5 concentration
2.2. Research Plan were excluded from the calculation of the daily aver-

1. Extract the PM2.5 column from the dataset.

2. Calculate the average PM2.S concentration
for each day available in the dataset. This was done
by using the data value at each hour of the day and
computing the mean. There were hours for which
no PM2.5 concentration was recorded; these hours

age PM2.5 concentration.

3. Run the new, cleaned data through each of the
models to test for predictive accuracy. The four types
of models used in this research paper were ARIMA,
Logistic Regression, Linear Regression, and Ran-
dom Forest.
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4. Obtain the prediction accuracy of each model
and compare. Graphs and visuals are also produced
in this step of the process.

The prediction process is inspired by Shannon’s
MindReader Game. In 1953, Claude Shannon sought
to create a machine that could accurately predict the
patterns of a human. To play the game, a user must
choose either “left” or “right,” and the machine will
make a prediction either “left” or “right” as well. If the
computer can predict the same side as the user, that is if
both the user and the machine selected “left” orif both
the user and the machine selected “right,” then a point is
given to the machine for its correct guess. On the other
hand, if the machine and the user do not predict the
same side, that is to say if both “left” and “right” appear
in a single round, then a point is awarded to the user.

Table 1.— Summary of Possible
Algorithm Outcomes

Actual Reading
Increase Decrease
= Q
2| 8
5| & Correct Incorrect
B | =
S
=N
[
S | 3
§ 5 Incorrect Correct
O
A

For this research, the list of actual PM2.5 daily aver-
age concentrations and the lists of PM2.5 predictions
were converted into lists of 1’s and —1’s, with the 1’s
representing an increase in the daily average concentra-
tion from one day to the next and the —1’s representing
a decrease in the daily average concentration from one
day to the next. If there exists an instance where both
the predicted and actual PM2.5 concentration change
indicate a 1 or a —1, then the algorithm is rewarded
for guessing correctly. However, if the predicted and
actual PM2.5 concentration changes differ, then the
algorithm has guessed incorrectly and is not rewarded.

3. Models

As mentioned before, four different methods were
used throughout the whole research process. Time se-

ries analysis, logistic regression, linear regression, and
random forest models were put up against each other
to determine the most efficient method for analyzing
and predicting this air quality dataset. All coding for the
models and their analysis was completed in RStudio.

3.1 Arima

Times series analysis using ARIMA is a popular
and effective method for prediction. It is generally
thought of as an augmentation of ARMA with its
ability to make trends stationary [3]. The function
auto.arima in R from the “forecast” library was used
to select the proper parameters for the time series,
while the predict function appended the predicted
PM2.5 value to a list. Those predictions were then
used to produce a predictive percentage.

3.2 Logistic Regression

Logistic Regression is an efficient method for
modeling binary outcomes. It can produce a predic-
tive, directional probability of an event happening.
In the case of this research paper, the events are
either the PM2.5 concentrations will increase, or it
will decrease. The logistic regression prediction for
a given day was completed based on the lagged data
of steps one through five for all the days leading up.
If the generated probability was greater than 0.5,
the algorithm correlated this to an increase in the
PM2.S concentration, and if the generated prob-
ability was less than 0.5, the algorithm correlated
this to a decrease in the PM2.5 concentration. The
function used to complete this task was the glm
function found in R.

3.3 Linear Regression

Linear regression is another useful predictive
tool used for modeling due to its simplicity in na-
ture. However, instead of outputting a probability,
linear regression models output a continuous vari-
able, which can be more useful visually speaking.
Much like logistic regression, the linear regression
prediction for a given day was completed based on
the lagged data of steps one through five for all the
days leading up. The function used to complete this
task was the Im function found in R.
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3.4 Random Forest

Random Forest is one of the most popular ma-
chine learning methods to use for modeling and
prediction. It is very versatile, as it can handle both
classification and prediction problems. In addition
to this flexibility, the model gets more and more
accurate as the number of trees increases [2]. Us-
ing the randomPForest function from the “random-
Forest” library, decision trees were made based on
the lagged data of steps one through five. Then, the
function automatically counted and determined the
highest voted “prediction target” to use as the overall
prediction of PM2.5 concentration change. For the
purpose of this research paper, 100 trees were used
during the random forest modeling process.

All models started their prediction process from
day 100 to ensure adequate amount of data in each
step of the prediction process.

4. Results and Discussion

The results from all the models are shown below
in tables 2-§ in the form of two-way tables. In each
of these tables, Actual represents the movement in
the actual PM2.5 concentration data after transfor-
mation, while Predicted represents the movement in
the predictions of PM2.5 concentration data gener-
ated by each of the models after transformation (For
details of how the PM2.5 concentrations were converted
into 1's and —1%, please refer back to section 2.2). Each
box within the two-way table receives a tally based
on the movement of both the actual and predicted
daily average PM2.5 concentration for a given day;
the table gets filled up once the last day that is fea-
tured in the dataset is covered.

The formula for prediction accuracy is then de-
fined to be the proportional percentage of the num-
ber of correct predictions [1]. In other words, this is
the count of the number of times where the predic-
tion and actual movements are -1 plus the number
of times where prediction and actual movements are
1, divided by the total number of occurrences. All
prediction accuracies are then rounded to five sig-
nificant figures with three numbers after the decimal.

Table 2.— Results of ARIMA
Model on PM2.5 Data

ARIMA Actual

1 !
g || 38 172
Q
s
£
= 1| on 579

Table 3.— Results of Linear
Regression on PM2.5 Data

Linear Actual
Regression -1 1
T -1 377 283
2
9
=t
A 1 222 468

Table 4.—- Results of Logistic

Regression on PM2.5 Data

Logistic Actual
Regression -1 1

B -1 296 168

Q

"é

S

A 1 303 583

Table 5.— Results of Random

Forest on PM2.5 Data

Random Actual
Forest -1 1
T -1 293 215

Q
2
=
- 1 306 536
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Table 6.— Summary of models and their prediction accuracies broken down

Prediction vs Actual ..
- Prediction
Models Agreement Disagreement Accurac
(L1 [FL-0] L1 ] L 1] Y
ARIMA 579 328 172 271 67.185%
Linear Regression 468 377 283 222 62.593%
Logistic Regression | 583 296 168 303 65.111%
Random Forest 536 293 215 306 61.407%

Table 6 compares the overall prediction accura-
cies of the models. All the prediction accuracy val-
ues hovered roughly between 60% and 70%, with the
ARIMA model performing the best with an accu-
racy of 67.185%. Interestingly, we observe that the
models had the most success predicting correctly
when the daily average PM2.5 concentration would
increase. This is likely due to the fact that the daily
average PM2.5 concentration was increasing more
often than not. For example, in the case of ARIMA,
the model gave a positive one prediction 850 times
out of 1350. When the models predicted incorrectly,
there seemed to be no clear trend.

We notice that the data created happened to be a
time series with one observation per day. Therefore,
the result of the model comparison is interesting be-
cause it may have indicated that the PM2.5 dataset
has satisfied the assumptions of the ARIMA model.
We suspect that ARIMA may be the best option for
this type of analysis because certain hidden factors
affecting particulate matter may have been stationary.
With that being said, the predictive power that this
procedure has to offer may prove to be rather ben-
eficial. Using ARIMA, we would be able to predict
the movement of particulate matter concentrations
in any region with up to almost 70% accuracy. Politi-
cians may gain a better sense of the state of pollution
in their country, while companies may seek new loca-
tions for venues that they may not have considered
in the past for the safety of their employees.

Additionally, we recognize a few areas for im-
provement, including potential next steps for fur-

ther research. One idea we can explore is adding
more columns of data to analyze for the purpose of
gauging the dangers of global warming. In addition
to analyzing particulate matter concentration, it is
possible to analyze categories of data such as tem-
perature, greenhouse gas emissions and fossil fuel
consumption. Together, these sets of data can be
combined to provide a more reliable outlook when
it comes to understanding the level of danger that
global warming has on the world and how soon ef-
fects may take place.

S. Conclusion

In this research paper, multiple predictive mod-
els are implemented in order to better estimate the
daily average concentrations of PM2.5 levels in
ChangPing district of Beijing from 2013-2017.
ARIMA, logistic regression, linear regression, and
random forest models were implemented to predict
the exact concentration value or if the concentra-
tion would increase or decrease based on all the
preceding days. Prediction accuracies were then as-
signed based on the number of times a given algo-
rithm was able to correctly predict whether the dai-
ly average PM2.5 concentration would increase or
decrease. Afterward, these results were compared in
order to satisfy the goal of finding the best method
of predicting movement of the daily average PM2.5
concentration. The findings of this paper conclude
that the ARIMA time series method yields the best
predictive accuracy for forecasting PM2.5 levels on
the ChangPing air quality dataset out of the four
models used.
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IMMOBILIZATION OF C@TIO,, IN CALCIUM ALGINATE HYDROGEL
FOR PHOTODEGRADATION OF ORGANIC POLLUTANTS

Abstract. Nano titanium dioxide is a widely used photocatalyst, but there are still two problems
with it. On the one hand, nano titanium dioxide can only absorb ultraviolet rays, so the utiliza-
tion rate of sunlight is relatively low. On the other hand, it is not easy to recycle, which will cause
secondary pollution. In response to the above problems, this study prepared polyvinyl alcohol
coated nano titanium dioxide by simple solution mixing. By controlling the thermal degradation
of polyvinyl alcohol on the surface of nano titanium dioxide into carbon, a carbon coated nano
titanium dioxide composite photocatalyst was made. The carbon coating on the surface is about
2.5 nm, and the carbon content is about 3.1%. A supported photocatalyst was prepared by em-
bedding carbon coated nano titanium dioxide in calcium alginate hydrogel. The calcium alginate/
carbon coated nano titanium dioxide composite hydrogel has good photocatalytic activity and is

easy to recycle.

Keywords: carbon coating; titanium dioxide; hydrogel; visible light photocatalyst.

1. Introduction

According to the World Health Organization
(WHO), 80% of human diseases are related to wa-
ter pollution, and more than 800000 people die of
diarrhea caused by unsafe water every year [1]. At
present, titanium dioxide is regarded as one of the
best white pigments. It is broadly utilized in coat-
ings, plastics, papermaking, synthetic fibers and cos-
metics. In 1972, Fujishima and Honda discovered
that titanium dioxide (TiO,) can absorb ultraviolet
light and decompose water catalytically to produce
hydrogen, which has attracted widespread atten-
tion [2]. The photocatalysis principle of TiO, is
shown in (Figure 1) [3]. When TiO, is exposed to
sunlight, especially ultraviolet rays, the electrons in
the valence band will be triggered and move to the

conduction band, no matter in water or in the air, to
generate free electrons-hole pairs. Free electron-hole
pairs possess strong redox ability, which is able to
activate oxygen and water in the air to generate ac-
tive oxygen and hydroxyl radicals. When benzene,
toluene, formaldehyde, bacteria, viruses and other
pollutants are adsorbed on the surface of TiO,, they
will combine with free electrons or holes, causing
redox reactions and being decomposed into carbon
dioxide and water. At present, nano titanium dioxide
are utilized in great scale in air purification, sewage
treatment, hydrogen production (by water splitting),
CO, reduction, and dye-sensitized solar cells [4; 5].

While using TiO,, people discovered that there
were two problems with the titanium dioxide pho-
tocatalyst.
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Figure 1. Schematic diagram of TiO, catalytic degradation
of pollutants under UV irradiation [3]

On one hand, because of the relatively large for-
bidden band width of TiO,, about 3.2 eV (Anatase),
and the wavelength of light is inversely proportional
to the energy, titanium dioxide can only absorb ul-
traviolet (UV) below 388nm, while in the sunlight
spectrum, the ultraviolet light content is about 4%.
Therefore, TiO, almost absorbs no visible light,
hardly has photocatalytic activity in regions with
visible light, and has a poor utilization rate of sun-
light [6]. On the other hand, with the continuous
reduction of TiO, particle size, the specific surface
area of TiO, increases, Therefore, the TiO, used for
photocatalysis is all nano TiO,. However, a problem
emerges when using nano TiO,: the separation and
recycle of nano TiO, is hard. If it cannot be recycled,
the loss of nano TiO, particles into the natural envi-
ronment will pose a potential threat to the ecosystem
and human health [7].

In order to improve the visible light absorption
performance of TiO,, a lot of attempts have been
made, including doping with a variety of metals and
nonmetals, supporting precious metal particles, and
coupling with narrow bandgap semiconductors, etc
[8]. In recent decades, the grafting of materials con-
taining conjugated structures on the surface of TiO,
nanoparticles has attracted more and more inter-
est. This is mainly because the conjugated structure
can capture visible light and inject excited electrons

into the conduction band of TiO,, thereby improv-
ing the photocatalytic activity of TiO,. Therefore,
many materials containing conjugated structures,
such as graphene, fullerene, carbon nanotubes,
chlorophyll, fluorescein, etc., have been used to
improve the visible light catalytic activity of TiO,
[9]. However, scientists have found that only by
building a bridge capable of transporting electrons
between the conjugated structured material and
the TiO, can the photocatalytic activity of TiO, be
greatly improved [10].

In terms of improving the recyclability of nano
TiO,, the most effective method currently is to load
or wrap nano TiO, particles in a large size solid car-
rier to prepare a supported nano TiO, photocatalyst
[11]. Carriers supporting nano TiO, can be divided
into inorganic carriers and organic carriers. Inorgan-
ic carriers mainly include glass beads, ceramics, clay
and aluminum foil, etc., and organic carriers mainly
include polyethylene terephthalate, polypropylene,
cellulose and activated carbon [12]. However, many
carriers themselves absorb and block light, which
significantly reduces the photocatalytic activity of
nano TiO,.

Therefore, there are still many challenges to de-
velop a cheap and environmentally friendly method
for preparing efficient and easy-to-recover TiO,
composite photocatalysts. This study proposes a
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simple, effective, and capable of large-quantities
manufacturing method to synthesize carbon coated
TiO, nanoparticles (C@TiO,), and then embed
the carbon coated nano titania in calcium alginate
hydrogel to prepare a supported photocatalyst. The
composite photocatalyst has good photocatalytic
activity and easy recovery.

2. Experimental

2.1 Materials

Polyvinyl alcohol (PVA, average degree of po-
lymerization 1750 * 50), sodium alginate (analyti-
cal grade), and calcium chloride (analytical grade)
were purchased from Sinopharm Reagent Co., Ltd.
Nano-TiO, (P25, 20% rutile and 80% anatase) with
an average particle size of 21nm was purchased from
Evonik Industries. Methyl orange (MO) manufac-
tured by Yongjia Fine Chemical Plant in Zhejiang,
China was used as a model pollutant. All chemicals
were not further purified.

2.2 Synthesis of Carbon Coated Nano Titanium
Dioxide (C@TiO,)

2g PVA was added to 98g deionized water, then
the temperature was raised to 95 °C, and the mix-
ture was stirred for 1 hour to obtain a clear and
transparent PVA solution with a concentration of
2%. 15g nano titanium dioxide and 30g of deion-
ized water was added into a beaker. Then, 40g of
the PVA solution mentioned above was added. The
mixture was ultrasonically dispersed for 10 min-
utes, magnetically stirred for 1 hour, then poured
into a watch glass and placed in an oven at 80 °C for
10 hours to obtain PVA coated nano titanium diox-
ide. The PVA coated nano titanium dioxide was put
into a muflle furnace, calcined at 230 °C for 3 hours,
and grounded to obtain brown carbon coated nano
titanium dioxide powder.

2.3 Synthesis of Calcium Alginate/ C@TiO,
(Ca-Alg/C@TiO,)

0.8g C@TiO, was added to 392 g of deionized
water. The mixture was ultrasonically dispersed
for 10 minutes, then stirred for 2 hours to obtain
a brown solution with a concentration of 0.2%. 8

g sodium alginate was added to the C@TiO, dis-
persed solution mentioned above. The mixture was
stirred for 1 hour to obtain sodium alginate/C@
TiO, mixed solution. 16 g anhydrous calcium
chloride was added to 384 g of deionized water,
and stirred to obtain clear and transparent calcium
chloride solution with a concentration of 4%. So-
dium alginate/ C@TiO, mixed solution was drawn
by a Sml medical syringe and slowly dripped into
the stirred calcium chloride solution at a distance
of about 15cm. The mixed solution solidified into
small pellets immediately after it was dripped into
the calcium chloride solution. After 2 hours of cross-
linking, the obtained Ca-Alg/C@TiO, pellets were
rinsed three times with deionized water.

2.4 Photocatalytic Degradation

15mg of methyl orange was added to a 1L volu-
metric flask. Water was added to the mark. The mix-
ture was then shaken to dissolve to obtain an orange-
red methyl orange solution with a concentration of
1Smg/L.

50g Ca-Alg/C@TiO, pellets was added to a
bottle containing 400g methyl orange solution. Then
the bottle was placed under sunlight. Every 3 days,
samples were taken to test the concentration of the
methyl orange solution.

2.5 Characterization

Transmission electron microscope (TEM) and
scanning electron microscope (SEM) were used to
observe the morphology of the sample. The accel-
eration voltage of the scanning electron microscope
(SU8020, Hitachi) was 15 KV. In order to prepare
of the sample of scanning electron microscope,
nano titanium dioxide was diluted with alcohol and
dropped on the sample stage. After the diluted nano
titanium dioxide was dry, gold was sprayed on the
surface. Then the sample was ready for observation.
In order to prepare the sample of the projection
electron microscope sample, nanometer titanium
dioxide was diluted with alcohol and dropped on
the supporting carbon net. The sample was ready
for observation after drying. The Fourier Transform
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Infrared Spectroscopy (FTIR) analysis of the sample
was conducted with the Nicolet Smart Orbit Acces-
sory (Thermo Fisher Scientific) of the Nicolet Ava-
tar 6700 Fourier Transform Infrared Spectrometer
of Thermal Fisher Company, the wave number range
was 4000~650 cm™, and the resolution was 4 cm™.
A sample was scanned for 32 times. The thermal
weight loss analysis (TGA) under air atmosphere
was conducted with the Perkin-Elmer TGA-7 series
thermal analysis system, the temperature range was
100 °C to 700 °C, the heating rate was 20 °C/min,
and the air flow rate was 20 mL/min. The absor-
bance of the methyl orange solution (MO) solution
at the maximum absorption wavelength of 465 nm
was measured with an ultraviolet-visible absorption
spectrometer (Lovibond, ET99731). The measure-
ment was repeated for three times, and the average
value was calculated. The degree of degradation of
MO was described by C /C (=A /A ). The C /C -t
curve was plotted.

3. Results and Discussion

Light absorption range is one of the key factors
affecting the photocatalytic performance of TiO,
photocatalyst. As shown in Figure 2 (A), pure nano
TiO, is white powder, which hardly absorbs visible
light, so the photocatalytic activity of pure TiO, in
the visible light region is very low. The C@TiO,
is dark brown powder, indicating that the organic
polyvinyl alcohol material has undergone ther-
mal degradation on the surface of nano-TiO, and
formed carbon coated nano TiO,. It also shows that
the nanoparticles can absorb visible light. There-
fore, we tested the light absorption range of nano
TiO, with Uv-Vis Spectrometer. The results are
shown in Figure 3. Pure nano TiO, has obvious
absorption of ultraviolet light below 400 nm and
basically no absorption of visible light above 400
nm, the C@TiO, nanoparticles can not only absorb
ultraviolet light below 400 nm, but also absorb vis-
ible light above 400 nm.

Figure 2. Photos of TiO, (A) and C@TiO, (B)
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Figure 3 UV-Vis diffuse reflectance spectra of TiO, samples
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We observed the morphology of nano TiO, by
scanning electron microscope. The photo in Figure
4 shows that the pure nano TiO, particles have good
dispersion, the particle size is less than 100nm, and
the C@TiO, nanoparticles have obvious aggregates,
but there are many voids on the surface of the ag-
gregates, indicating that the carbon material slightly
adheres the nano TiO, particles together. The ele-
ment scanning function (EDX) of SEM was used to

scan C@TiO, nanoparticles, as shown in the photo
in Figure S, the distribution of C, O and Ti is basi-
cally consistent with the shape of C@TiO, nanopar-
ticles, the distribution of in nanoparticles The shape
of nanoparticles is basically the same, indicating that
the carbon material formed by thermal degradation
of polymer is successfully coated on the surface of
nano TiO,, rather than the simple mixing of carbon
and nano TiO,.

Figure 5. SEM and EDX images of TiO, and C@TiO,

Pure nano TiO, and nano C@TiO, nanopar-
ticles were further studied by TEM. The photo in
Figure 6 show that the surface of pure nano TiO, is
smooth and the particle size is about 20 nm. How-
ever, a fuzzy coating layer can be seen on the sur-
face of C@TiO2 nanoparticles. The coating layer is

evenly distributed and dense. The thickness of the
coating layer is about 2.5nm. It can be concluded
that the coating layer is a carbon material produced
by thermal degradation of polymers, indicating that
we have successfully prepared carbon coated nano
titanium dioxide nanoparticles.
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The content of carbon in C@TiO, nanoparticles
characterized by TGA, which is shown in Figure 7.
Nano TiO, has good heat resistance, and does not
contain organic substances. When heated to 600 °C,
there is only 1.3% weight loss. These thermal weight-
lessness is mainly caused by the removal of adsorbed
water on the surface of nano TiO,. It is worth not-
ing that, there is obvious thermal weight loss of C@
TiO, nanoparticles at 450 °C, which is mainly caused
by the oxidation of carbon materials. The weight of

Figure 6. TEM images of TiO, (A) and C@TiO, (B)

LY

TiO, and C@TiO, nanoparticles above 500 °C is
basically unchanged,

The average weight is basically unchanged above
500 °C, indicating the carbon material on the surface
of C@TiO, nanoparticles has been completely de-
composed. At 600 °C, the weight loss of nano TiO

2

and C@TiO, nanoparticles is 1.3% and 4.4% respec-
tively. So, the weight of carbon material coated on the
surface of TiO, is about 3.1% in C@TiO, nanopar-
ticles.

100 200

300

400 500 600

Temperature (°C)
Figure 7. TGA of TiO, and C@TiO,

The Fourier transform infrared spectrometer was
used to further characterize the structure of C@TiO2
nanoparticles. According to the FTIR of nano TiO,,
the absorption peaks at 3270 cm™ and 1643 cm™ are
attributed to the stretching vibration and bending vi-
bration of OH, indicating that there is adsorbed wa-

ter on the surface of nano TiO,, which is consistent
with the results of TGA. In C@TiO, nanoparticles,
the absorption peaks at 3240 cm™ and 1609 cm™ are
attributed to the absorption of OH, indicating that
there is also adsorbed water on the surface of C@TiO,
nanoparticles. But in C@TiO, nanoparticles, several
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new absorption peaks have been observed, 2925 cm™,
1706 cm™ and 1417 cm ™. These peaks correspond to
the stretching vibration of CH2, C=C double bond
stretching vibration and CH2 bending vibration, in-

dicating that the polymer is degraded into carbon on
the surface of nano TiO,, and formed C=C double
bonds, which have been proved to be beneficial to the
transmission of electrons[13; 14].
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Figure 8. FTIR of TiO, and C@TiO,,

Figure 9. Photos of Ca-Alg/C@TiO, hydrogel pellets and photocatalysis under sunlight

Figure 9 shows the Ca-Alg/C@TiO, hydrogel pel-
lets that we prepared, the diameter of pellets is about
2mm and color is brown. It shows that C@TiO, is
more uniformly dispersed in calcium alginate. We mix
the Ca-Alg/C@TiO, hydrogel pellets with the methyl
orange solution, put them in a transparent bottle, and
place them in a place where the sunlight can reach, and
take samples every three days to test the concentra-
tion of pollutants. The results are shown in Figure 10,
the methyl orange solution is orange-red, without the
photocatalyst, the concentration of the methyl orange
solution is almost unchanged after being irradiated

by sunlight for 18 days, merely degraded about 3%.
However, under the catalysis of Ca-Alg/C@TiO, hy-
drogel beads, the concentration of methyl orange so-
lution decreased significantly. But as time passed, the
decrease rate of the concentration of methyl orange
solution slowed down. This is because that the photo-
catalytic process reaction is a first-order reaction, and
as the solubility of the dye decreases, the contact ef-
ficiency between the photocatalyst and the pollutants
decreases. Under the sunlight, the Ca-Alg/ C@TiO,
composite photocatalyst degraded about 96% of the
methyl orange pollutants after 18 days. The color of
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the solution was really close to colorless and transpar-
ent, and the appearance of hydrogel pellets did not

change significantly, and the composite photocatalyst
was easy to separate from pollutants.
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Figure 10. Photocatalytic degradation of Methyl orange
solution by Ca-Alg/C@TiO, hydrogel pellets

4. Conclusion

Aiming at the problem that nano titanium di-
oxide cannot absorb visible light and is not easy to
recycle, this paper proposes a simple and effective
solution. Polyvinyl alcohol coated nano titanium
dioxide was prepared by solution mixing, and the
coating amount of polymer was easy to adjust. Then,
by controlling the thermal degradation of polyvinyl
alcohol on the surface of nano titanium dioxide to
carbon, a dark brown carbon coated nano titanium
dioxide composite photocatalyst was prepared. The
carbon coating layer on the surface of nano titanium

dioxide is about 2.5 nm, and the carbon content is
about 3.1%. The structure of carbon material made
by thermal degradation contains a large number of
CH, and C = C chemical bonds. By embedding the
carbon coated nano titanium dioxide in calcium
alginate hydrogel, a supported photocatalyst with
a diameter of about 2 mm was prepared. This Ca-
Alg/C@TiO, composite hydrogel pellets have rela-
tively good photocatalytic activity, which catalyzed
about 96% of the pollutants under the sunlight in
18 days. In addition, these composite hydrogel pel-
lets are easy to recycle.
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