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ANALYSIS OF HARDWARE AND SOFTWARE FOR INITIAL DIAGNOSIS
OF GASTROINTESTINAL DISEASES

Annotation. In this article, the analysis of hardware and software for initial
diagnosis of gastrointestinal diseases is considered. Hardware refers to the analysis of
the principle of operation of software, algorithms based on physical models, and
algorithms based on artificial intelligence. The results of the analysis obtained in the
article were obtained as a result of work carried out in cooperation with the
gastroenterology department of the Tashkent Medical Academy and the staff of the
department of biomedical engineering, informatics and biophysics.

Keywords: medicine, diseases, hardware and software, diagnosis, artificial
intelligence, gastrointestinal diseases.

Nowadays, artificial intelligence has been applied in many fields, and good results
can be obtained through it, which can be a clear example in the scientific research
works.

Acrtificial intelligence has now risen to the level of state policy in the Republic of
Uzbekistan, as an example of which can be seen through the decisions being made.

Currently, the development of artificial intelligence in all countries of the world
is developing thoroughly and rapidly. On the development of artificial intelligence, the
decision of the President of the Republic of Uzbekistan Sh. Mirziyoyev "On measures
to create conditions for the rapid introduction of artificial intelligence technologies™
was adopted, this decision is in accordance with the strategy "Digital Uzbekistan -
2030" [1].

In the field of medicine, digital technologies can be widely used in the diagnosis
and treatment of various diseases and at various levels. With the help of digital
technologies, it is possible to ease the work of doctors, reduce the human factor, reduce
research time and increase efficiency.

At this point, the role of artificial intelligence in the digitization of the medical
field is very important. Digitization reduces the human factor in the medical field, i.e.
avoids excessive paperwork, the complete medical history of patients is stored in a
common database. Through this, knowing the patient's medical history, he acts as an
assistant to the doctor to make a correct diagnosis.

An example of this is the diagnostic centers based on the expert system being
created by the developed countries of the world. As an example, it is possible to take
the expert system introduced by the Italian company BTS [2,21,22].
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In this expert system, the diseases of the cardiovascular system of patients and the
rehabilitation treatment after various body injuries received after a car accident were
introduced (Fig. 1).

1 — picture. SMART DX

An example is the Tsels system, an expert system for the detection and treatment
of diseases of the oncology, respiratory system, and endocrine system of the Russian
Federation (Fig. 2) [2,19,20].
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2 — picture. The principle of operation of the Tcells expert system

Analysis of hardware and software tools.

Field of use: Medicine, medical devices for pre-diagnosis.

Task: increase usability by simplifying the design and reducing the size,
expanding the functionality.

The essence of the utility model: A photoelectric device includes an aperture, a
lens, a photocell, a light filter, and a light source connected to a current source and
optically coupled with the possibility of providing light to a device for placing a test
sample placed in series.

According to the results of the study of saliva samples using this device, the value
of the photocurrent ratio for patients with a healthy stomach is from 0.3 to 0.5, for
patients with a high acid state of the stomach - the K coefficient is higher than 0.5, and
the hypoacid state of the stomach is lower than 0.3 for patients with These ratios were
then used as test data.

By comparing the test data of photocurrent ratios for the saliva of healthy patients
with the data of the saliva of the examined patient, it is possible to make a preliminary
express diagnosis for the presence or absence of pathology of the gastrointestinal tract

(Fig. 3).
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Figure 3. Drawing of the first device.

The hardware components for studying a liquid sample are as follows:

3, 4, - photoelectric device placed in series and optically connected diaphragm,

7 - lens photocurrent

8 - light filter

5 - a built-in current source with the ability to give light

1 - connected light source

2 - includes. and a device for placing the test sample, which is connected to the
photocell 8

9 - if equipped with a microammeter,

6 - a device for placing a test sample and a light filter

11 - is made in the form of a removable frame installed between the lenses. 7,
wherein the transparent substrate

12 - installed with the possibility of removal.

The device works as follows. The light radiation coming from the light source
(bulb) 2 connected to the current source 1 is directed to the guides 3 and focusing
diaphragms 4 3,4, then passes through the light filter 5, then the filtered radiation, e.g.
green, part of the radiation passes through the substrate 12 with the absorbed saliva
sample.

The rest of the radiation through the collecting lens 7 falls on the photocell 8,
where the photocurrent is generated. The resulting photocurrent is measured by a
microammeter 9 connected to a photocell 8 connected to the display (screen) of the
device 10. The obtained result is displayed as a numerical value on screen 10 (for
example, 750 pA, 1050 pA).

At the same time, when the device is working, we alternately switch to the filter
that transmits red and green color.

According to the theory of turbid media and the laws of light flux absorption, the
absorption coefficient of the liquid of the light flux, that is, the decrease in the intensity
of light of a certain wavelength transmitted through the liquid, depends on the
concentration of this substance in the liquid.
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In cases where these light-absorbing elements are of a different nature, for
example, depending on the composition of organic and inorganic components, the
absorption coefficients differ from each other.

In different samples of saliva, the composition of these elements is different and,
accordingly, absorption coefficients are also different [3].

The procedure for conducting research to obtain test data:

1. The device is calibrated, "0" is determined

2. The saliva sample is applied to the surface of the transparent substrate included
in the frame and a smear is taken.

3. Switch the device to the red filter, the value of the photocurrent 11 will appear
on the screen

4. Switch the device to the green filter, the value of the photocurrent 12 will appear
on the screen

5. Calculate the ratio K = 11/12.

When examining the saliva of patients with a healthy stomach using the proposed
device, we found that the value of the K ratio was between 0.3 and 0.5.

When examining the saliva of patients with a hyperacidic state of the stomach,
the K ratio value is higher than 0.5, and in patients with a hypoacidic state of the
stomach, it is lower than 0.3.

Examples of patient screening include:

Example 1

Patient A., 29 years old.

Gastritis with hyperacidity was revealed in the examination of the stomach.

The saliva sample of this patient was tested by the proposed device. For this, a
saliva sample was applied to a transparent substrate embedded in the frame.

First, the saliva sample was screened with a green filter and a value of 855 pA
was obtained on the screen. Then checked with a red filter and got a value of 1020 pA.
We determined the ratio of these values 855 : 1020 = 0.83.

The comparison with the test data from 0.3 to 0.5 allowed us to conclude that the
stomach of the examined patient is hyperacidic, because we know that if the ratio K =
11 /12 is higher than 0.5, a hyperacidic condition is observed, and if it is lower than 0.3
there will be a hypoacidic state.

Therefore, a value of 0.83 indicates a hyperacid state of the stomach, in which the
secretion of gastric juice is higher than normal.

Example 2

Patient V., 52 years old.

The saliva sample of this patient was tested by the proposed device. For this, a
saliva sample was applied to a transparent substrate embedded in the frame. First, a
green filter was tested through a saliva sample and a photocurrent value of 563 mA
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was obtained on the screen. It was then probed with a red filter and obtained a
photocurrent value of 1115 pA. We calculated the ratio of the displayed values of photo
currents 563 : 1115 = 0.50.

The result shows that this patient does not have gastrointestinal diseases. The
proposed device makes it possible to carry out an initial express diagnosis without
much effort and to determine whether there are changes in the gastrointestinal tract of
the examined person. In this case, a small amount of saliva in the form of a smear
applied to the substrate is enough.

But it should be remembered that such diagnostic methods are only indicators.
Confirmation of the diagnosis requires a full examination and consultation with a
specialist.

If changes are detected compared to the test data, a more accurate examination of
the patient is recommended, for example, a stomach examination, fluoroscopy, etc.

Useful model formulation. A part of the electromagnetic radiation falling with the
photoelectric effect is reflected from the metal surface, and a part enters the surface
layer of the metal, semiconductor or dielectric and is absorbed there. By absorbing a
photon, an electron gains energy from it. According to the theory of 1905, based on the
law of conservation of energy, when describing light in the form of particles (photons),
Einstein's formula for the photoelectric effect is as follows:
m.vri

2

where ¢ is t. n. work function (minimum energy required to remove an electron
from a substance). A is not used in modern scientific literature to designate a work
function;

mud,

~ > — the maximum kinetic energy of the emitted electron;

hv=¢+

v__hVfrequency of an incident photon with energy;
h— Planck’s constant.
This formula shows that there is a red limit of the photoeffect at T = 0 K, that is,

the lowest frequency (MVmin = @), implies the existence, below which the photon
energy does not reach failure [4].

In most substances, the phenomenon is manifested only in ultraviolet radiation,
but in some metals (lithium, potassium, sodium) visible light is also sufficient.

A reverse polarity voltage applied to the electrodes reduces the photoelectric
current because the electrons have to do extra work to overcome the electrostatic
forces.

The minimum voltage that stops the photocurrent completely is called the
retarding or blocking voltage.

The maximum kinetic energy of electrons is expressed by the retarding voltage:
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E™™ = el,

The photoelectric effect is divided into surface effects, when photoelectrons fly
from the surface layer of atoms, and volume effects, when photoelectrons fly from the
volume of a solid. The volumetric photoelectric effect is considered in three stages:

In the first stage, the atomic electron goes into an excited state, in the second stage,
the electron comes to the surface under the influence of an attractive electric field, in
the third stage, if the electron energy is sufficient to overcome the potential, it hits an
obstacle on the surface, and then it leaves the solid body. In general, the following
formula can be written:

hv=E, +E,+ E,,,, + ¢
where E»— electron binding energy relative to the Fermi level,

E;— energy loss of the electron on the way to the surface, mainly due to scattering
on the crystal lattice;

Er.in— Kinetic energy of an electron ejected into vacuum.

A photoelectric device for studying a liquid sample is equipped with a light source
connected to a current source, an aperture, a lens, a photocell, a light filter and a device
for placing the studied sample. equipped with a microammeter connected to the
photocurrent, the device for placing the test sample is made in the form of a removable
frame installed between the light filter and the lens, in which a transparent substrate is
installed with the possibility of removal.

Field of use: Medicine, medical devices for pre-diagnosis.

Task: Early diagnosis of gastroenterological diseases using artificial intelligence
algorithm.

The essence of the utility model: Early diagnosis by classification using algorithms
based on neural networks and pre-designed data sets.

Random forest performs a selection of rows and columns with a decision tree as
the basis. Models h1, h2, h3, h4 are more different from each other due to the choice
of columns than using only bags.

As the number of key data (k) increases, the variance decreases. If you decrease
k, the variance increases. But the offset remains constant for the entire process. k can
be found using cross-validation. [4]

Node implementation in Scikit-learn.For each decision tree, Scikit-learn
accepts only two primary nodes (binary tree) and calculates the node importance using
the Gini value:

W = WG = Wigge(j) Cie(y) = Wrighe(y) Crighe(y
« nisub(j)= node importance j
« W sub (j) = weighted number of samples reaching node j
« C sub(j) = node impurity value j
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o from left (j) = left child node, divided by node j
« from right(j) = child node j from the right split on node j

Then the importance of each object in the decision tree is calculated as follows:

_fl . Zj:node jsplits on feature i n"'j
;

ZF.:E&I.!' nodeas niﬁ:
1. fi sub(i)= feature importance i

2. ni sub(j)= node importance j

They can then be normalized to a value between 0 and 1 by dividing by the sum
of all feature importance values:
fi:'
Zaneraturgs Jﬁj
The final feature value at the random forest level is the average of all trees. For
each tree, the sum of object importance values is calculated and divided by the total
number of trees:

normfi; =

Licallt normft;;
REfi. = jeall trees ij
fl! T

« RFfi sub (i) = feature importance calculated from all trees in the random forest
model
« normfi sub(ij) = normalized feature importance for i in tree j
« T =total number of trees
Node implementation in Spark.For each decision treeSpark calculates feature
Importance by summing the gain in a measure over the number of samples passing
through a node:

fio=) 56
jmodes j splits on features i

« fisub (i) = feature importance i
e o sub (j) = number of samples reaching node ]
« C sub(j) = node impurity value j

To calculate the final feature importance at the random forest level, first the
feature importance for each tree is normalized with respect to the tree:
fi;

EanIIfeatures fij
« normfi sub(i) = normalized object importance i
« fisub (i) = feature importance i

Then the importance values of objects from each tree are summed and normalized:
2 norm fi;

Z:’Ea!! featureas keall trees normfljk

normfi; =

RFfi, =
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« RFfi sub (i) = feature importance calculated from all trees in the random forest
model

« normfi sub(ij) = normalized feature importance for i in tree j

Sensor f » ADC |

) l —1 Regulator
| 4
Controller  «—

i

Bluetooth «——{ UART |

;

4 - Picture. Drawing of the second "Saliva” device.

ADS1298. ADC(analog-digital converter) is a low-power, multi-channel, 24-bit
delta-sigma ADC device developed by Texas Instruments. In the ADS1298 chip, all
channels are discretized simultaneously. In addition, the gain parameters of the
ADS1298 chip can be adjusted by the built-in program of the PGA amplifier. This chip
allows you to measure body temperature, the voltage of an artificial heart pacemaker,
to determine whether the sensors are disconnected from the body, to use the RLD
circuit [5,6,7]. The data transfer of the chip can reach a speed of 250-32 kb/s (the value
of the discrete frequency transmitted per second, 103). Communication between the
ECG device and the smartphone is established through the USART interface (Fig. 4).
The ADC device also has 4 GPIOs for general use and START pins for synchronous
communication with other devices.

Below are the specifications of the ADS1298 analog-digital converter device:

8 low-noise PGA and 8 high-precision ADC;

Channel power: 0.75 mW/channel.

Noise level: 4 mVPP (150 Hz BW, G = 6).

Displacement current: 200 pA.

Data transfer rate: 250 SPS — 32 kSPS.

Common Mode Rejection: —115 dB.

Programmable gain: 1, 2, 3, 4, 6, 8, or 12

ARQO' meets the requirements of AAMI EC11, EC13, IEC60601-1,
IEC60601-2-27, and IEC60601-2-51 standards.

Provides unipolarity and bipolarity:

AVDD =27V -525V
DVDD =165V -3.6V

Built-in RLD amplifier, start detection, WST terminal, speed detection, test
signals.

Integrated respiratory impedance measurement.

http://www.newjournal.org/ E Volume-20_Issue-1_January 2023


http://www.newjournal.org/

JOURNAL OF NEW CENTURY INNOVATIONS

e Ability to measure speed digitally.
e Built-in oscillator.
e SPI interface.

Atmega328 microcontroller. The microcontroller receives the primary
processed saliva sample signals coming from the ADS1298 chips in the power supply
of the saliva device and performs secondary processing and transmits them to the
Bluetooth module via the SPI interface. The microcontroller also drives the ADS1298
module, a discrete analog-to-digital saliva sample signal converter and 12-channel
device for other peripherals (Figure 4). Communication between the Atmega 328 and
external devices was carried out using the SPI module.

The Atmega 328 microcontroller is connected to two SPI interfaces that support
high-speed communication with ADS1298 and HC-05 devices. The ADS1298 module
provides a serial communication timing system. Synchronization in all communication
processes should be at least minimal. A low-power and high-performance Atmega 328
8-bit microcontroller has the following characteristics (Figure 5).

5 — picture. Microcontroller Atmega328.

Below are the specifications of the Atmega328 microcontroller:
» Working with perfect short commands.

* 40 pin AVR.

* 32 kB flash memory.

* 1 KB permanent memory.

* 2 KB RAM.

* The number of input and output contacts are 23.

 Timer: 2 8-bit and 1 16-bit.

* 10-bit 6-channel analog-to-digital converter.

« 6-channel wide pulse modulator.

* Separate oscillator.

* Supports SPI master-slave and 12C mode.

» 20 MHz external oscillator.

« Universal synchronous-asynchronous receiver and transmitter.

Bluetooth HC-05.Bluetooth NS-05, one of the main modules of the ECG device
supply, provides the process of wireless data exchange between the smartphone device
and the ECG device through the USART interface. The NS-05 module's frequency
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band and data transmission channel are ISM compliant, ie 2.4GHz. This intermediate
frequency is the radio communication frequency range defined by the radio regulations
of the International Telecommunication Union [12,13,14].

Also, this intermediate is specially allocated for scientific research developments
in the fields of production, science and medicine. NS-05 module uses EDR method for
modulation and demodulation process. The data transfer speed of this module is
maximum 2.1 Mbits transmission and 160 Kkbits reception in asynchronous mode and
1 Mbits reception and transmission speed in synchronous mode. The scheme of the
Bluetooth NS-05 module is presented in Figure 6 (Figure 6).

The total size of the information of the 8 channels coming from the ADS1298
device is equal to 224x8 = 224x23=227, that is, 227x50/8 = 838 860 800 or 838 860
800/1024 = 819200 Kbit or 800 Mb. If this value is expressed in 16 number system, it
Is equal to 800/216 = 0.0122 Mb. The total bandwidth of the Bluetooth NS05 device
selected for the design of the ECG device is 2.1 Mbits, which is about 10 times more
than that of the ADC device (0.0122 Mb), which is suitable for the current demand

[16,17,18].
JTT|* o Bluetooth HC-05

e LS
— k¥
] Sl

Figure 6. Block diagram of the Bluetooth NS-05 module

Bluetooth NS-05 has two different states (modes): command and transmit/receive
states. 38400kbit/s in command mode and 9600kbit/s in data transmission/reception
mode.

Below are the specifications of the Bluetooth NS-05 device.

« Chip Bluetooth: HC-05 (BC417143).

. Radio frequency range: 2.4-2.48 GHz.

« Transmission power: 0.25-2.5 mW.

« Signal sensitivity: —80 dBm (0.1% BER).
« Supply voltage: 3.3-5 V.

« Current requirement: 50 mA.

« Radius of influence: up to 10 meters.

« Interface: serial port (UART).

« Mode: master, slave, Master/Slave mode.
« Operating temperature: —25...75 °C.

« Dimensions: 27 x 13 x 2.2 mm.

« Standardized based on IEEE 802.15.1.

« FHSS - radio signal transmission method, modulation type is used.
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« The default transmission speed is 38400, but 9600, 19200, 38400, 57600,
« Supports 115200, 230400, 460800 transmission speeds.
An example of a study sample is shown in Table 1. The composition and
parameters of the saliva of a healthy patient are shown (Table #1).
KNN and Random Forest algorithms were analyzed, the number of patients in the
training sample are 100 and 1000. The obtained results were as expected [9,10,11].

Table #1

parameters of the study sample

Parameters in the study sample Naming the composition of saliva

Parameter 1 Protein

Parameter 2 Let's go

Parameter_3 Cholesterol

Parameter 4 Glucose

Parameter 5 Ammonium

Parameter_6 Uric acid

For the first time, the process of training a training sample consisting of 100
patients was carried out (Figures 7, 8).

Patient Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5
1 14 08 0.02 0.10
15 0.9 0.03 0.11

013

1

1 1.6 0 0.0 0.12
L 1.7

1 1.8

0.14

10.9
1.0
1.1
11.2

113

9

7-p

x olumns

icture. A study sample of 100 patients
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8 — picture. Parameter importance levels (100)

The selected algorithms KNN and Random Forest determined and predicted the
importance levels of the parameters (Figure 9).

Parallel Coordinates Plot

Paramatee 2 Parsmater 3 Paramater_1 Parametes, s Parmaer e
Fi

Figure 9. Determination of significance levels of parameters and prediction of
disease.

In this algorithm, 3 different color results were obtained during training.

The resulting colors are:

« Black color - the probability of disease is high

« Green - the probability of the disease is low

. Dark green is healthy

In the second process, the training process was carried out on a study sample of
1000 patients. The selected algorithms KNN and Random Forest determined and
predicted the importance levels of the parameters (Fig. 10,11).

10 — picture. A study sample of 1000 patients
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Visualizing Important Features
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11 - picture. Parameter importance levels (1000)

Andrews Curves Plot

12 - picture. Determination of significance levels of parameters and prediction of
disease.

In this algorithm, 3 different color results were obtained during training (Fig. 12).
The resulting colors are:

« Black color - the probability of disease is high

« Green - the probability of the disease is low

. Dark green is healthy

Accuracy level of algorithms:

KNN 70% (100) 75% (1000)
Random Forest 75% (100) 84% (1000)
CONCLUSION

In conclusion, the above-mentioned devices provide an opportunity for initial
diagnosis of gastrointestinal diseases.
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This device is mainly used for preliminary diagnosis as a trial in children and
patients who experience discomfort in swallowing the tube.

Devices called "Saliva" are created using the latest technologies, that is,
preliminary diagnostics are carried out using algorithms based on neural networks of
artificial intelligence.

In the future, we intended to increase the accuracy levels of algorithms based on
neural networks.
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