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PaspaboTka nopratuBHoro cnekrpocotoMeTpa Seckie
C NpUMEeHeHUEeM UCKYCCTBEHHbIX HEeMPOHHbIX

ceTed AN HEMHBA3UBHOrO ONpefesieHUs YPOBHS
rMMKUPOBAHHOrO reMoriobMHa B KpOBU METOAOM
PaMaHOBCKOW CNEKTPOCKONMUM

E.E. Monukep, b.J1. 3eMckux, K.A. KowweykuH

MepBbiit MocKoBCKMIA rocyAapCTBEHHDI MeAULMHCKVIA yHuBepcuTeT uMenn U.M. CeyeHoBa, Mocksa, Poccuiickas Qepepaums

AHHOTALIMA

06ocHosaHue: HeyHBa3WBHas AMarHOCTUKa AnabeTa — oJHa U3 KIToYeBbIX NpobneM coBpeMeHHOI MeauLMHbIL. CucTeMa,
KOTOpYI0 Mbl NMNaHUPYeM CO3[aTb, MOXET CTaTb HOBOW TEXHONOTWEN NS TOYHOTO U HeuHBa3uBHOro uamepenus HbATc. Mo-
3TOMY HaM NpeACcToMT NPOBECTU CEPUI0 UCCNeL0BaHMIA, YTOObI OLEHUTL 3PPEKTUBHOCTb M3y4aeMoro MeTosa U ONpPeSeNnTb
ero nNoTeHUMan A1 MeAULMHCKOWM AMarHOCTUKM U MoHUTOpuHra HbA'c.

Lenu:

1. U3yyeHne BO3MOXKHOCTM NPUMEHEHWS paMaHOBCKOM CMEKTPOCKONUW ANS HeMHBA3WBHOTO u3Mepenus HbA'c.
2. PaspaboTKa 1 au3anH NopTaTMBHOIO aHanM3aTopa Ha 0CHOBE AaHHOW TEXHOMOMUM.
3. OueHKa 3¢ eKTUBHOCTM U TOYHOCTM pa3paboTaHHoro npubopa.

Memodei: ons cospfaHua HelpoceTu HeobxoamMo cobpaTb 0byyatoLlylo BbIBOPKY M3MEPEHWH C LieNblo NOCNEAYHLLEro
NPUMEHEHNS K Heil MeTofoB K3 bubnnoTeku TensorFlow, a Take BbINOMHUTL J1abOpaTOpHble 3aMepbl AN KanubpoBKKu cu-
cTeMbl Ha nabopaTopHblx MeTofax onpeaenenus HbAlc. YctpoiictBo byaeT ucnonb3oBath lasep AMHON 785 HM anst cCHATUA
CMEKTPOB B COOTBETCTBUM C METOJ0M pPaMaHOBCKOM CNEKTPOCcKonuu. [MonyyeHHble faHHble ByoyT nogaBaTbcA Ha BXOL HEM-
POCETM, MOCTPOEHHOW Ha OCHOBE apXMTEKTYpbl CBEPTOUHBIX HelpoceTelt. C Lenbio onpefeneHns TOUHOCTU U 3 dEKTUBHOCTH
YCTpOMCTBa DyayT npoBefeHbl 3KCNEPUMEHTBI Ans 0bydeHus Moaenu. lnaHupyetcs BbINOAHUTL Npoueaypy cbopa AaHHbIX
B [1Ba 3Tana. BHauane byznet npoBeeHo npeaBapuTeNibHOE TeCTMPOBaHWe Ha 50 nauueHTax, KOTOPOe NO3BOJIUT UCCNe0BaTb,
KaK Hall MeToj, CpaB/iIfeTcsl C pasHbIMU BO3PACTHBIMM M FeHAEPHBIMU TPynnamm, a TakKe ¢ pasnnynbiM HbAlc. 3atem bynet
NpoAoIKeH cbop AaHHbIX Ha Bonee KpynHOM MacluTabe, BKIIOYAs NaLMEHTOB C pa3UyHbIMU TUNaMK AuabeTa v 300poBbIX
nogeit. laHHble byayT cobupaThcs ¢ NOMOLLbK NOPTAaTUBHOIO CNEKTPOMOTOMETPA M KOHTPONIMPOBATLCSA C MOMOLLBI0 BbICOKO-
3QHEKTUBHON MUOKOCTHOW XpomaTtorpaduu. [Ina oueHKM 3QdEKTMBHOCTM U TOYHOCTM YCTPOWCTBa ByayT MCNONb30BaThCA
pa3nuMyHbIe METPUKM: accuracy, precision, recall, F1-score.

Pe3ynbmamel: Ha JaHHbIM MOMEHT bbi1 NPOBEAEH aHaNW3 AOCTYMHOW NIUTepaTypbl, MO pe3ynibTaTaM KOTOpOro caena-
Hbl HUXEN3NoXeHHble BbiBoAbl. KpoMe Toro, Hamu pa3paboTaHa HelipoceTeBasi MOA€Sb, OCHOBAHHAA Ha [aHHbIX 06 u3-
mepeHun HbATc. Mpopnomkaetcs paboTa Hag ONTMMM3AUMEN HALen MOLENW AJIS MOBbILEHWS TOYHOCTU M HALEKHOCTH
pe3ynbTaTos.

3axn0yeHue: HEMHBA3MBHBIA METO/ HA OCHOBE PaMaHOBCKOM CMEKTPOCKOMMM UMEET pAS, NPEUMYLLECTB NPU U3MepEHUN
ypoBHst HbATc, KoTopble 3aKiioualoTcs B 6osiee ObICTPOM W HETPaBMUPYIOLLEM 3aMepe, a TaKXKe B BO3MOMHOCTM Henpe-
PbIBHOrO KOHTpons ypoBHA HbAlc. B yacTHOCTH, HeMHBA3MBHBIA METOA UCKIIOYAeT OLIMOKM, CBA3aHHbIe C yTeuKoi benka
3a npefebl KPOBEHOCHOTO pycna.

KnioueBble CNoOBa: [MIMKMPOBaHHbLIA TEMOMNOONH; WCKYCCTBEHHBIA MHTENNEKT, PaMaHOBCKas CMEKTPOCKOMUS;
broMe AMLMHCKAsn [MArHOCTUKA; aBTOMATMYeCKOe pacno3HaBaHWe 06pa3os; anropuTMbl MaLMHHOMO 06yYeHus.
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Development of a portable spectrophotometer
using artificial neural networks for non-invasive
determination of glycated hemoglobin in blood

by Raman spectroscopy

Ekaterina E. Poliker, Boris L. Zemskikh, Konstantin A. Koshechkin

I.M. Sechenov First Moscow State Medical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Non-invasive diagnosis of diabetes is one of the major problems of contemporary medicine. The system
being planned could be a new technology for measuring hemoglobin Alc (HbA1c) accurately and non-invasively. Therefore, a
series of studies are to be conducted to assess the efficiency of the method under study and determine its potential for medical

diagnosis and monitoring of HbA1c.
AIMS:

1. Investigation of the feasibility of Raman spectroscopy for non-invasive measurement of HbA1c.
2. Development and design of a portable analyzer using this technology.
3. Assessment of the efficiency and accuracy of the developed device.
METHODS: Neural network creation requires collecting a training sample of measurements for subsequent application of

TensorFlow library tools and performing laboratory measurements to calibrate the system for determining HbA1c. The device
will use a 785-nm laser to take spectra according to the Raman spectroscopy. The obtained data will be fed to the input of the
neural network based on the architecture of convolutional neural networks. Experiments will be conducted to train the model
to determine the accuracy and efficiency of the device. A two-step data collection procedure is planned. First, a preliminary
test will be done on 50 patients to see how the proposed method handles different age and gender groups and different
HbATc levels. Later, the data will continue to be collected on a larger scale, including patients with different types of diabetes
and healthy individuals. Data will be collected using a portable spectrophotometer and monitored by high-performance liquid
chromatography. Various metrics will be used to assess the efficiency and accuracy of the device such as accuracy, precision,
recall, and F1-score.
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RESULTS: An analysis of the available literature was conducted and the following conclusions were drawn. In addition, a
neural network model was developed using HbA1c measurements. Currently, our model is optimized to improve the accuracy

and reliability of the results.

CONCLUSIONS: The non-invasive Raman spectroscopy-based method has several advantages in measuring HbA1c levels.
The procedure is faster and non-traumatic, and HbA1c levels can be monitored continuously. In particular, the non-invasive
method eliminates errors associated with protein leakage outside the bloodstream.

Keywords: glycated hemoglobin; artificial intelligence; Raman spectroscopy; biomedical diagnostics; automatic pattern

recognition; machine learning algorithms.
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