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SMM (SUPPORT MEDICAL MACHINE) 

Abstract. Machine learning (ML) provides methods, techniques, and 
tools that can help solve diagnostic and prognostic problems in various fields of 
medicine. ML is used to analyze clinical parameters and their combinations for 
prognosis, such as disease progression, for maintenance therapy of treatment, 

and for General patient management. In our time, computer systems have already 
begun to be introduced into the healthcare environment, which makes it possible 
to facilitate and improve the efficiency of medical professionals and ultimately 
improve the efficiency and quality of medical care. Below is a demonstration to 
tell what the main applications of ML were used in the application and show 
how they can be useful for medical care. The main task was to combine all the 
useful functions that can help people in the field of medicine. The application 
will help to determine the authenticity of medicines through text recognition and 
search through the database of official drug registers, as well as using 
recommendation systems and algorithms (K-nearest neighbor Algorithm) to help 
in the selection of medicines, using the camera and phone flash to calculate the 
heart rate, which will accordingly help people with blood pressure problems. The 

application will be available on two platforms on 10S, as well as for the Android 
operating system, as it was implemented through the Flutter framework in 
Android Studio. For the algorithms, used Google's ML-Kit libraries. Jupyter, 
numpy, pandas, matplotlib, scipy, and scikit-learn Notepad are also used for data 
preparation. 

Keywords: machine learning, KNN, medical, recommendation system. 
image recognition, Flutter, Android, IOS, heart rate. 

Hokok 

AnHotanus. MamnnHoe oOydenne (MO) mpezocTaBiaseT MeTOIBI, 

OpHeMBl M HHCTPYMEHTBI, KOTOPEIE MOTYT [OMOYb B  pelleHHI 
AHATHOCTHYECKHX H IIPOTHOCTHYECKHX 3aJa4 B  PasIHYHBIX obmacTax 

MemmuHel. MO ncronb3yeTcs AT aHaTH3a KIMHIYECKHX MapaMeTpoB M IX 
KOMOMHAINIT 717 IPOTHO3a, HANpHMep IPOrpecCHpOBaHMNA 3a00TeBaHIIA, 1T 
TIOJIIe P KITBAIONIIe]T Te AT JIeUeHIId, a TaKuKe JUIA OOILIIero Be/IeHIle AlHeHTOB. 
B mHame BpeMs yke Hauaml BBOINTH KOMIIBIOTEPHBIE CHCTEMBI B Cpexy 
31paBOOXPAHEHHs, YTO JaeT BO3MOKHOCTH OOJerduTs 1  IOBBEICHTEH 
3¢q)eK'HIBHOCTB pa(’)OTLI MEIHIMHCKHX CIICNHATICTOB H B KOHEYHOM HTOIe 

TOBBICHTE 3((eKTHBHOCTh H KauecTBO MeIHIHHCKOIl momomm. Hinke XoTimv 
paccka3aTh Kaklle OCHOBHBIe puMeHeHHs MO HCIOoTb30BaMICh B IPIIIOKEHHH 
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H TI0KA3aTh, KaK OHI MOTYT OBITh IOJIe3HBT U1 MEIHINHCKOTO 00CTy KIBAHIIA. 
T'maBHoil 3a1adeil GBI COBMECTHTE BCe NOJIe3HbIe (DYHKIIIII, KOTOPEIE MOTYT 
MOMOYb TOIAM B chepe MeIHIMHEL IIpHUIO:KeHHe MOMOKET OIpelelHTh 
MOUIMHHOCTH JIEKAapCTB depe3 DACMO3HABAHIA TeKCTa H IIOHCKa 1o Oase 
OlblllfllflflBHLIX PETHCTPOB JIEKAPCTB, @ TAKKE C IIOMOIIBIO PEKOMEHIATEIbHBIX 

cHCTeM 1 anropHT™MoB (Asroprimy K-6mmkalfimx coceseif) moMoub B BEIGOpe 
JIeKapcTB, C ICHOJTB30BaHIEM KaMephl I BCIIBIIKH Tele(oHa BBIMIICTHTH 
CepIeYHEIl PHTM, YTO COOTBETCTBEHHO IIOMOXKET IIOIAM C IpobrieMaMi 
napyeHis. [IpioskeHire GyIeT IOCTYIIHO Ha ABYX IIaTgopmax Ha i0S, a Takke 
1 JUIA ONepaloHHBNI cHcTeMel Android, Tax kak OblI peamn3oBaH uepes 
¢dpeitvBopk Flutter B Android Studio. /1 aaropuTMOB MBI HCIIOTB30BAIN 

on6motexn Google’s ML-Kit. Takske 1cromp3yercss 6I0KHOT jupyter, numpy, 
pandas, matplotlib, scipy m scikit-learn 171 MOATOTOBKI JaHHBIX. 

KmoueBble caoBa:  MammeHoe — oOyuenne, KNN,  MemmmHa, 
peKoMeHIaTelbHAs CIICTeMa, paclo3HaBaHHe H300paxeHmil, (¢rarTep, 
Amzpon, I0S, yacToTa cepaiebueHs. 

sk 

AnrnaTna. ManmHamsK okeITy (MO) MeIHIHAHBTH 3pTYPIIi calatapbiHIa 

JIMAarHOCTHKAJIBIK JKoHe 0o/rkay MacelelepiH IIeNIyre KoMeKTeceTiH aJicTep, 
alicTep MeH Kypanamapiael ychiHamel. MO KINHHKalbIK IapaMeTplaep MeH 
oNapablH KOMOHHAUISIAPBIH OOLKay YIIH, MBICAIBL, aypyUblH 6pILyiH, 
eMJIeyaiH JeMeyInl TepamACHH, COHIali-aK JKajlmbl MallIeHTTepIi Gackapy 

YmiH maiitamanbitaxel.  Kasipri yaKeITTa JeHcayldelK CaKTay —OpTAchlHA 
KOMITBIOTepPIIK JKyilellep eHriize GacTaibl, Oyl MeINMINHA MaMaHIAPETHBIH 
JKYMBICBIH JKeHUIIeTyTe kKoHe THIMIUIIIH apTTBIpYFa, cailblll KelreHIe 
MeIHIINHAIBIK KOMeKTiH THIM/ILTIT] MeH CalachlH apTTEIPyFa MyMKIHIIK Oepeti. 
Temenne  MO-HEIH  Herisri  KOCBIMINANapbl — KOCBIMINAxa  Kaezail 

KOJIJAHBUIFAHBIH JKSHE OJapIblH MEIHIIIHAIBIK KOMEKKe Ka)]af[ flflfl.‘lafllfl 

GOATBIH/IBIFEIH KepceTy KepceTiareH. Herisri MiHIeT MeININHA CaTachIHIaFsl 
aTamapra KeMeKTeceTiH 0apibIK Mafifadsl QyHKINIATapIs! GIpiKTipy GOMIEI. 
Kocevima 1api-TopMeKTepIiH TYNHYCKATBIFBIH MOTIHII TaHy 3KoHe Iapi- 
JIOpMeKTepIIiH PecMIl PeTrHCTpiepiHe HeTi3JelreH i3ey apKblIbl, COHIAIi-aK 
YCBIHBIC Kyilenepi MeH aaropurMiaep apkeuibl (K-KakblH KeplIiTepiiH 
aIropuTMI) Jopi-IspMeKTep/Ii TaHIayFa, KaMepa MeH TeTe(OHHBIH KapKBUTBIH 

KOIIZTaHa OTHIPHITT aHBIKTayFa KeMeKTeceIi. /KYPeK COFy JKHLIITIH ecenTeri3 , Oy1 
KBICEIM TIpoGeManaph! 6ap azamaapra keMekTeceli. Kockmvma iOS-Tarer exi 
maatdopMaza, coHnaii-ak Android omepanmsIBIK Kyifeci YIIH KO KeTiMIi 
Gomansl, eiiTkeHi o1 Android Studio-nza Flutter menGepi apKeLIBI Ky3ere 
aceIpblBl.  Anroputvzep ymi 6i3 Googlexin ML-Kit kiTanmxaHanapsiH 
KOMIaHABIK. JlepekTepri daifsiHaay yimiH jupyter, numpy, pandas, matplotlib, 
scipy &aHe scikit-learn 1anTepi e KomIaHbIIa bl 
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Tyitin ce3mep: MammHATHK OKBITY, KNN, MemmmimHa, yCeiHBIC XKyifeci, 

cyperTi TaHy, ¢narrep, AHapon, IOS, XKypek COFy KHITIri. 

Introduction 
The smartphone in the 21st century is an integral part of many people's 

lives. Globally, there are about 2.6 billion smartphone subscriptions, and by 
2020, this number is projected to reach 6.1 billion [1]. Smartphones with 
multimedia capabilities open new possibilities for app development and service 
delivery. Recently, smartphones have started to be used for medical purposes to 
measure numerous vital parameters such as heart rate (HR) and body 
temperature. This enables the use of a smartphone as a wireless HR monitor. At 

the moment, a huge part of society simply cannot imagine their life without this 
device. With the development of technology, smartphones can now become 
excellent assistants in the field of medicine. 

SMM (Support Medical Machine) is a mobile app for home pharmacy 
inventory with an intelligent reminder system. It will help create reminders for 
taking medications in a matter of minutes, as well as help with the calculation of 
originality of the drugs, thanks to the KNN algorithm, it will help with the choice 
of medicines, based on individual characteristics of person. Travel will become 
easier if anyone have a global pharmacy locator in their pocket. Swiping finger 
across the camera lens activates scanning from the app, and after a few seconds, 
the user's heart rate will be detected and displayed. 

Main part 

According to statistics and official data, in Kazakhstan, the share of 
counterfeit medicines accounts for more than 1%, in reality, this figure is 
certainly higher. Falsification has several types, as you can see, fakes can be both 
a good copy , as well as cause irreparable harm to health. 

321% 
without active substance 12% 

perfect replica 

20,2% 
8,5% according to WHO corect proportons 
with a high of components 
level of pollution 

21.4% 15,6% the presence of 
fake packaging components that do not 

correspond to the recipe 

(Types of counterfeit medicines) 
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According to WHO statistics, the world's drug-related deaths are ranked 
fifth. The reason for this is poor-quality medicines. Thanks to the official 
database of the Ministry of the Republic of Kazakhstan, it is possible to solve 
this problem and check medicines by registration code and construct right 

recommendations system for drugs. 
The app fully was developed on Flutter with Android Studio and Visual 

Studio 2019. Used such libraries like Dart SDK, Google ML-Kit. For design part 
used Figma. 

= 

Data 
To prepare data and implement algorithms, used Jupiter notebook with the 

pandas library,sklearn, etc. All data is in csv format. The data for authentication 

fi/ text recognition was taken from the state open data portal egov 

( 
Data attributes: 
1. name (text): name of the drugs; 

2. countryry(text): country of manufacture; 
3. regidru(text): registration number; 

4. recipru(categorical): recipe; 

5. id(numerical):id number; 

6. data(date): expiration date; 

7. atcclassificationru(text): classification of ATC; 

8. producerru(text): manufacturer; 
9. classificationru(text): the classification of drugs/medical devices; 
10. drugsformru(text): dosage form; 
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Data for recommendation is from 

The dataset provides patient reviews on specific drugs along with related 
conditions and a 10-star patient rating reflecting overall patient satisfaction. 
The data was obtained by crawling online pharmaceutical review sites. 
Data Information: 

. drugName (categorical): name of drug 

. condition (categorical): name of condition 

. review (text): patient review 

. rating (numerical): 10-star patient rating 

. date (date): date of review entry 

. usefulCount (numerical): number of users who found review useful O
 W
 

—
 

uniqueID drugName condition \ 
) 163740 Mirtazapine Depression 
1 206473 Crohn's Dise Main ance 

2 159672 Urinary Tract Infection 
3 39293 Contrave Weight Loss 

4 97768 Cyclafem 1 / 35 Birth Control 

review rating date \ 
@ "I&®e39;ve tried a few antidepressants over th. 10 28-Feb-12 

1 "My son has Crohn&#@39;s dise has done . 8 17-May-09 
2 "Quick reduction of symptoms' 9 29-Sep-17 
3 "Contrave combines drugs that were used for al... 9 5-Mar-17 
4 "I have been on this birth control for one cyc... 9 22-0ct-15 

usefulCount 
e 22 

1 17 

2 3 

3 35 

4 4 

Text recognition: 

To check the medicine for authenticity, click on the “Check” button, 

which opens gallery to select an existing photo. After selecting the desired 
photo, the program recognizes the text on the photo and finds the registration 
code, checks through our database of medicines and if it is in our database, 
then the medicine is original. 
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Checking 

PKNC 3N0019709 
Original 

Registration codes are written in two languages, search in Russian works better 

because the Cyrillic alphabet is better recognized than the Kazakh alphabet. 

1. Text detection 

2. Character segmentation _ 

3. Character classification 

FP .—bK l—»c 

Accuracy of the recognized text depends on lots of factors including the 
quality of the photo, the angle of the text (such as less than 45 degrees of rotation 
deviated from the horizontal), lighting contrast and the resolution of the selected 
photo. For most cases, the recognition accuracy is quite good and acceptable 
though.
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SHTIPNE # SEEE o 

ONOLNY N SEER 
Positive examples (v =1) Negative examples (y = 0) 

Positive examples (y = 1), patches with text 

Negative examples (y = 0). patches without text 

For implementation, used the simple OCR plugin by Google's ML-Kit 
library. 

Analog system: 
For the analog or recommendation system, the KNN algorithm is used. 

The main parameters are DrugName (the name of the drug). condition (purpose 

of the drug), usefulcount (number of times when the drug helped). 
The algorithm searches for the nearest neighbors by these parameters and 

outputs the 5 closest ones. Possible drug alternatives are displayed. 

€& Recommendation 

vt Neosporin 

get recommendations. Bactrim DS 

Sulfamethoxazole / trimethoprim 

Clindamycin 

Benzoyl peroxide / erythromycin 

okaythanks 

The ready-made recommendations that code brought out were placed in 
a separate file. From the localhost the request with the name of the drug is 
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accepted, then search for it in the file and output recommendations. Flutter sends 
a request to the local host with the name of the medicine that the user entered 
and accepts recommendation data from the local host and displays it on the 
screen. 

Heart rate system: 
Shining a light into a blood irrigated tissue, help to measure the 

variability of reflected light and extract the variation of blood flow. As we all 
know, the blood flow is dependent on the heart rate, so to calculate the heart rate 

using the blood flow variation 

Arterial Pressu 

Frquency nd teral i 

(Vandenberk, et. al. (2017). Clinical Validation of Heart Rate Apps: Mixed-Methods Evaluation Study. 

JMIR Mhealth Uhealth. 5. ¢129. 10.2196/mhealth.7254.) 

In application need shine the camera’s flash and the app measure the intensity 
reflected using the phone’s camera. More specifically, the app will measure the 
average value of all the pixel’s intensity of the camera image. Then, if cover the 
camera and flash with finger, the intensity measured will vary with the blood 
flow. 
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over both the camera 
ind the flash with your 

in 

In conclusion as a result of the analysis of the market for the sale of counterfeit 
medicines in Kazakhstan, an increase in sales and production of illegal 
medicines was found during the global pandemic. to solve this problem, we have 
compiled a task in the development of an application that works on the basis of 

machine learning and which would help in the selection of drugs, authentication 
and calculation of heart rate. The best option in choosing the means to achieve 
this goal was decided to write a project on Flutter, thereby increasing our target 
audience of consumers, since with the help of this framework, the application 
will be available for both iOS and android users. Thus, it will reduce the risks of 
poisoning and mortality from low-quality drugs. 

In the initial plans, the task was to make a universal application with a built-in 
drug store, with a system for finding the nearest pharmacies and a smart reminder 
system with the above-mentioned functions. Our time was limited and we 
focused on the main idea, the implementation of machine learning algorithms in 
real life. 
Our tool will be very useful for users, data may not be completely accurate and 
for a complete analysis and diagnosis, we still recommend contacting a doctor. 
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To take a drug from the recommendation system, it is better to consult a doctor 
in cases of personal intolerance, etc. In the future, it will be possible to use the 
app for medical staff and simplify the task of tracking the state of heart rate and 
heart jumps. The app will be able to record each time the heartbeat and all the 
jumps, which will help in identifying diseases such as arrhythmia, tachycardia 
and other heart diseases. The weakness of our program is the lack of data from 
the drug registry and the lack of fake drugs to identify authenticity. At the 
moment, the data is limited to 100 units of information about medicines. With 

the development of the app, I would like to add the function of full tracking of 
medication intake and expiration date with a reminder. This application has a 
great potential for development both in cases of individual use and for doctors 

to track and monitor patients ' medication intake. With the development of 
technology and gadgets such as smart watches and bracelets, by connecting these 
gadgets with the application to analyze the General condition in non-stop mode 
and in the event of cardiac arrest or General deterioration of health, notify the 
user, the doctor and in critical situations the possibility of an automatic call to 
the rescue service, which could prevent deaths and help to call for help in time. 
Initially, the main task was to help the older generation in tracking their own 
health and tracking the state of their loved ones. But in such a difficult time, 
everyone needs to monitor their own health and the problem in the health sector 
will always be relevant. 

Literature review 
Background: The purpose of this literature review is to compare different 

methods and identify the most optimal ones for application development. Mobile 
phone apps that can track arrhythmias and heart rate (HR) are increasingly being 
used for screening, diagnosing, and monitoring your heart rate. These 
applications include either the use of photoplethysmographic recording or a 
portable external electrocardiographic recording device attached to a mobile 
phone or wristband. This review aims to examine the current state of mobile 
phone applications in cardiology, as well as identify shortcomings for further 
research. 
Method: We conducted a descriptive review of mobile phone usage by searching 
PubMed and EMBASE from their inception until October 2018. The potentially 
relevant articles were then compared to the checklist for relevance and 
considered independently for inclusion, focusing on 4 highlighted topics: mobile 
phone monitoring, heart rate, and heart rate variability (HRV). 

Results 
The results of these studies revealed that in the first study, heart rate (HR, 

beats per minute) 88 random subjects, consistently measured with 3 instruments 
showed a correlation coefficient 0,834 between fibroscan and nanina, of 0.88 

between FIBROSCAN and olivetorum and 0,897 between nananom and 

olivetorum. To test the hypothesis that there were no significant differences 
between the heart rate measured by 3 devices, a single-factor analysis of variance 
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(ANOVA; P=.61) was performed. the second study analyzed 20,298 (MS) r-r 

intervals (RRI)-Peak-to-peak intervals (PPI) from 229 subjects. This resulted in 
a positive correlation (rs=.993, mean square deviation [RMSE]=23.04 MS and 
normalized mean square error [NRMSE]=0.012) between the PPI from 
FibriCheck and the RRI from the wearable ECG. There was no significant 
difference between these intervals (P=0.92). And using this data we can say that 
the results of the measurement through the camera and through the FibriCheck 
are quite similar 

Conclusions: a number of studies have demonstrated the high accuracy 
of a number of different mobile devices for heart rate monitoring. However, 
further research is needed to confirm their use for large-scale screening and 

detection of heart abnormalities. After conducting an analysis, it can be stated 
that it is acceptable and affordable for a wide audience to use only one camera 
to calculate the heart rate . After reviewing the research results and comparing 
the technologies, we came to the conclusion that the most appropriate method 
for validating the HR application is to simultaneously measure the heart rate 
using a smartphone application and an ECG system, compared based on a 
heartbeat analysis. This approach can lead to more accurate estimates of the 
accuracy of HR applications. 
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