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Kyp6anosa K.I11.
WHctuTyT HHGOPMAIMOHHEIX TeXHOIOruii, baky, AsepbaiimKan

CPABHUTEJIbHbBII AHAJIN3 METOJIOB PACIIO3HABAHUS )KECTOB
HA OCHOBE HUCIIOJIb30OBAHUA KAMEP I''1YBUHbI

Aunnortanus. Paszsurie UKT npoHukaer B pasiudHble 00IaCTH MCCIIEI0BaHMUIL, a TAKKE CIIOCOOCT-
BYET B3aMMO/ICHCTBHIO YEJIOBEKA M MaIIMHbI. MaccoBO€ MPUMEHEHHE CHCTEM YIPABICHHS )KECTAMH
B TEXHHKE U Pa3BUTHE YEIOBEKO-MALIMHHOTO HHTEpdeiica MOTyT 00eCeunTh BHICOKYIO IPOU3BO-
JUTENBHOCTh. COBPEMEHHBIE TEXHOJOTHH TIIyOOKOrO BUAEHHS MOJIOKUTEIBHO BIIMAIOT HA paboTy
ajropuTMa Juisi 6osiee TOYHOro U OBICTPOrO pacrio3HaBaHUs KECTOB. B cTaThe MOKa3aH MPHHIIUIT
paboThI ANTOPUTMA, PEATH3YIOLIETO MPOLECC PACIIO3HABAHMS KECTa, 3aIIMCAHHOTO KaMepoii riy0o-
KOro BHJeHHUs: oOpabaThiBaercst MH(pOpMalHs, coOpaHHAs B BHJEC BHUJCONOTOKA, BBIBISIOTCS €€
XapaKTepHbIC MPU3HAKH, NPOBOAUTCS MOP(OIOTHUECKU aHAIU3 M FOTOBUTCS OMHApHOE H300pa-
JKeHHe pyKu. B manHoW pabGoTe GbUI MPOBEAEH CPABHUTEIBHBIM aHAIN3 TOYHOCTH PACIIO3HABAHUS
TEXHOJIOTHI TJTy0OKOro BUICHUS. BbIII0 OTMEYEHO, YTO MaCCOBOE MPUMEHEHHE CHCTEM YIIPABJICHUS
JKECTaMM B TEXHHKE M Pa3BUTHE YEIOBEKO-MAIIMHHOIO MHTEpdelica MO3BONISIOT 00ECIICUUTh BBICO-
KYIO TIPOM3BOIUTEIBHOCTD TPY/Ia.

KiroueBble c10Ba: kamepa IiTyOHWHBI, pacIiO3HaBaHHE JKECTOB, 00paboTKa N300pakeHNH, CerMeH-
Talus, OMHAPHOE MPE/ICTABICHUE XKECTa.

Beenenue

Wndopmannonno-kommyHuKannonssle Texuonorun (MKT) nunamuyHO pa3BUBaKOTCS U
BHOCAT BKJIaJl BO Bce cepbl. TexXHOJOTHH, OOHOBISIEMbIE €XKEIHEBHO, OTBEYAIOT TPEOOBAHUAM
nosp3oBareneit. YcrporictBa KT B mpouecce 3Bostoruu ctanu 6osee yA00HBIMU /Il OJIb30Ba-
Tess. DTa TeHICHIMS TaKXKe NMPOSBMIACH B CHUCTEME PACIIO3HABAHMSA JKECTOB U NPHUBJIEKIA BHUMa-
HUE UCCIIE0BATENEH.

OpHa U3 BaXXHBIX MPOOJIEM, CTOSIINX MEpe OOLIECTBOM, 3aKIF0YAETCsl B TOM, YTOOBI JIFOIU
C HapyUICHUSIMH CIIyXa ¥ Pe4H MOJIyYald Mojb3y OT MpoayKTuBHBIX poctikenuit UKT, kak u Bce
octanbHble. [lo craructuke BeemupHoit opranuzanuu 3apaBooxpanenus Ha 2021 rox, 466 mui-
JIMOHOB YEJIOBEK MMEIOT POOJIEMBI €O ClTyXoM U peusto. [To nanueiM ["ocynapcreennoro Komurera
CraTuCTHKH, KOJMYECTBO IO C HapylieHueMm ciyxa B AsepOaiimkane mocturaer 50 ThICSY.
JKecTbl SABISAIOTCS €AMHCTBEHHBIM CPEACTBOM OOLIECHHS AJIS JTIOACH ¢ HAPYIISHHAMHM CIIyXa U PEedH.
AmnmapaTHoe U IporpaMMHOE 00ecredeHre, KOTOpOEe PacliO3HAET JKECThHl M IIEPEBOJUT UX B TEKCT,
roJI0C WITH HA00OPOT, YIPOIACT 3a/1a4y COLMATU3AIMH JIFO/ICH C HAPYIICHUSIMU pedd u ciayxa [1].

OnHAKO CNEKTp MPUMEHEHMS! CUCTEM pPAaclO3HABAHMs XKECTOB HE OrpaHM4MBaeTcs obecrie-
yeHneM oOMeHa nHpopMmanuen s ToAel ¢ HapyIIeHUsMH ciIyXa U pedu. J[nama3oH mcroib3oBa-
HUS JKECTOB OuYeHb IMPOK. OCHOBHAS 33aaua CUCTEM PACIIO3HABAaHMs )KECTOB — OOMEH MH(pOpMa-
[Mell WM yNpaBiIeHHE Pa3IM4YHBIMHU yCTpoicTBaMu. B Hacrosiiee BpeMsi CHCTEMBI YIpPaBIICHUS
JKECTaMU IOITYJISIPHBI BO MHOTHX IIPUJIOKEHUSX — OT POOOTOTEXHUKH M aBTOMOOMIIECTPOSHHS 10
OouomenuuuHbl. Mcnonp3oBaHue TEXHOIOIHH TITyOOKOTr0 BUCHUS B MPOLIECCE PACIIO3HABAHUS JKeC-
TOB 3HAQYUTEJHHO IMOBBIIIAET TOYHOCTh PACIIO3HABAHMS. TEXHOIOTHH TIIyOOKOrO BHJICHHUS COCTaB-
JISIIOT OCHOBY CHUCTEM paclo3HaBaHUs XKECTOB pyK. UTOObI OMy4UTh OOJIee TOUHBIE ¥ JOCTOBEPHBIE
pe3ybTaThl B IPOLECCE PACHIO3HABAHUS JKECTOB, KECT JIOJKEH OBITh 3alMCaH C MOMOLIBIO CHELH-
AJIPHOM TEXHOJIOTHH TIIyOOKOTro BuaeHUs. B obnacTu pacrio3HaBaHUS KECTOB OTCICKUBAHUE U 00-
paboTKa BUACOKAPOB SABISETCS OJHON U3 HANOOIIEe aKTYalIbHBIX U BaJKHBIX MPOOIIEM.

[puHoun padoTsl aJropuT™Ma pacrno3HABAHUSA KeCTOB, 3aNIUCAHHBII KaMepoii r.1y0oKoro Bu-
JeHust
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JKecTbl SIBISIOTCS HE TOJBKO CPEICTBOM OOLICHHS JIFOJeH ¢ HApyIICHUSIMH CIIyXa H PeyH, HO
Y OZIHOH 13 (hOpM BBIPAKEHHUS MBICIIEH, YyBCTB M IMOLMH YeJIOBEKA HE3aBUCHMO OT COCTOSIHUS €ro
310poBbs. JKecThl YCIEIIHO UCIIONB3YIOTCS B Pa3iu4HbIX chepax (BOSHHAs, MEIHUIIMHA, JOPOIKHO-
natpyjbHas CiIyx0a, MPOMBIIUIEHHOCTh M T.JI.) U UMEIOT He3aMeHHMYI0 (yHKuuio. TexHonoruu
YIPaBJICHHUSI HKECTAMH JUIsl KOMITBIOTEPHBIX U POOOTOTEXHUYECKUX CHCTEM UMEIOT OOJIBIION MOTEH-
muan. OIMH JKeCT MOXKET 3aMEHHUTH PsiJi KHOIOK KJIaBHATYpPhl U MBIIIK U 3HAYUTEILHO YBEIUYUTH
CKOpOCTh paboThl. TexHoornu 6ecrpoBOIHOTO YIPABIECHHUS MO3BOJISIOT YIAICHHO YIPaBIsTh YCT-
POICTBOM C TIOMOILIBIO KECTOB.

B Hacrosiiee BpeMsi BO3MOXKHOCTh 00pabOTKH, XpaHEHHs M OTHPABKH JHOOOr0 THMA HH-
(dopMmany BBIIBUTaeT HA MEPBbIMA [UIaH MpoOJieMy pacro3HABaHHs sI3bIKA KECTOB. ABTOMAaTHYe-
CKOE pacro3HaBaHHE )KECTOB OTHOCUTCS K allapaTHOMYy M HPOrPaMMHOMY OOECICYEHHIO, KOTOPOe
PACIO3HAET JKECTHI U MPEoOpasyeT UxX B TEKCT, ToJI0¢ WM Hao0opoT. [Ipouecce pacno3HaBanus xec-
TOB PyK OCYILECTBIISIETCS B CIeayolieM mHopsiike [2]: pyka, MoKa3bIBarowLlas jKecT, cooupaercs B
BHJIE MOCJIEZIOBATEIbHOCTH U300pAKEHUH MIIM BUICOKAIPOB; HA0Op NaHHBIX aHAIU3UPYETCs C I10-
MOILbIO ONPEAEICHHBIX METOM0B PACIO3HABAHUSA, TO €CTh O0BEKT PYKH HAXOIUTCS M CETMEHTHUPY-
eTCsI M3 KaXKIOTo Kajpa M300paXeHHs WM BUCOPAA; CCTMCHTUPOBAaHHAs 4acTh 00pabaTrhiBacTcs
U BBISBJISIIOTCS. €€ OCHOBHBIC MPU3HAKH; MOJIyYEHHBIE PE3yJIbTAThl CPABHUBAIOTCS C IIAOJIOHAMH B
0a3e JaHHBIX M )KECT PACIO3HACTCS.

Texuonorust ryookoro obyuenust (Deep Learning, DL) ycnenno npumensercst B chepe
undpoBoit 00pabOTKM M300paKEHHU [Tl PEIICHUS CIOKHBIX 3a/a4, TAKHX KaK OOHApyKEHHE U
cerMeHTanus nzobpaxenuil. B 2009 rony mspannbckas komnanust PrimeSense BrepBble MpUMeHH-
Jla TEXHOJIOTHIO IIyOOKOro oOydeHHs: [uisi oOHapy»eHHsl MUKCesiel (C HMCIOoJb30BaHHEM HH(pa-
KpacHO# kamepsl B ceHcope Kinect). 3arem Apple Inc. npomomkunia pa3BuTHE TEXHOIOTHH TiTy00-
KOTO BHACHUS M MCIONB30Bana TexHouoruo ToF (Bpems mosera), KOTopas MO3BOJIMIA YIy4IINTh
mapameTpbl TOYHOCTH W pasperieHust. J[aTuuk riyOunbl, BCTpoeHHbI B cMapTdoH iPhone X, wnc-
MOJIB3YETCs TS pacno3HaBaHus i ¢ nomotibio ¢yHkiun Apple FacelD. B 2018 rony kommanus
Intel cosmana Intel RealSense — TtexHonoruto riybokoro Bunenus (puc. 1). Ycrpoiictea Intel
RealSense ycrnemHo MCHonp3yroTcsi B CUCTEMax OE30MaCHOCTH, POOOTOTEXHHUKE, PACIIO3HABAHUU
JKECTOB U T. 1. [3].

IMpaswii creanep Heeunll cranep

HE npoexmop Modvas RGB
Puc. 1. O6uwmit Bug kamepsr RealSense

PaGoTy anropuTMa pacro3HaBaHMsI )KECTOB, 3aIIMCHIBAEMYIO KaMepOil rIy0OKOro BHACHHUS,
MOYHO KJIaCCU(HIMPOBATH CICAYIOIIUM 00pa30M: JKECThI 3alMChIBAIOTCS CIICHUAIbHBIMU YCTPOii-
CTBaMH M COOMPAIOTCS B BUJIE BUCOIMOTOKA; COOPAHHBIC TaHHBIC BBOISTCS B alrOPUTM 00pabOTKH;
pyKa, MOKa3bIBAIOLIas )KeCT Ha M300paKEHHH, CErMEHTHPYETCS KaK OOBEKT M BBIMOJIHSACTCS MOP-
(onoruyeckast onepanus; 4acTb, COOTBETCTBYIOIIAs H300PaXKCHHUIO PYKH, BBIpaXKaeTcs B Buje Ou-
HapHoro maccuBa (rae 1 (eanHuna) — 6erblit, a 0 (HOJIb) — YepHBIi) (pHc.2).
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Puc. 3. briok-cxema ajaroputma pacno3HaBaHHs )KECTOB PYKH C UCIIOJIb30BAaHUEM KaMephbl ITy00Ko-
T'O BUJCHUS
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brok-cxema airoputma pacro3HaBaHHs )KECTOB PyK, pazpaborannoro Ha Python 3.6, moka-
3aHa Ha pucyHKe 3. B pabore anroputma BHAcOAaHHBIE 00pabaThIBAIICH METOIOM HEHPOHHOM ce-
TH ¥ BBLICISUIMCH €r0 XapaKTepHble 0COOCHHOCTH. J{yisi MpOrpaMMHON peaiu3aluy IPUIIOKEHUST
ObuTH KcTonb30BaHbl OnOMmoTekn RealSense ot kommanuu Intel, OpenCV u DL - dpeiiMBopku ¢
OTKPBITHIM UcX0AHBIM KonoM Keras u TensorFlow [4].

CpaBHeHHe METO/I0B PACIIO3HABAHMSI KECTOB HA OCHOBE MCIOJIL30BAHMS KaMep IIyOUHbI

TOYHOCTb PacIO3HABAHHS KECTOB 3aBUCHUT OT YCJIOBHIf, IPH KOTOPBIX OTOOPAXKACTCS HKECT
pyK# (OCBEIICHHOCTB, PACCTOSHHUE 10 KAMEPHI, IBET KOXKH, IBET (oHA U T.n.). [IpHMEeHEHHE TEXHO-
JIOTHH TIyOOKOTO BHJCHHUS B IPOLIECCE PACIO3HABAHMS CTATHYHBIX U JUHAMUYECKHX XKECTOB obec-
NEeYMBAET U3BJICUEHNUE XaPAKTEPHBIX 0COOEHHOCTEH KecTa ¢ BbICOKOH TouHOCThI0. [Iponece pacmno-
3HaBaHMs )KECTa MOXKHO O0OOIIUTh M PAa3JC/IUTh Ha JBa dTama: MepBbIil 3Tan — oOHApYyKEHHUE MPH-
3HAKOB H300PAXXCHUS PYKH, BEIPOKAIOLINX JKECT, a HA BTOPOM 3Talle XapaKTePHbIC MPU3HAKY Kiac-
CHOHULUPYIOTCS IPUMEHEHHEM OIIPEISICHHOTO MeToAa. B Tabimue | mpeacTaBieH CpaBHATEIbHBIN
aHaJIM3 TOYHOCTH PACIO3HABAHHSI )KECTOB HA OCHOBE MCIIOJIb30BaHUs KaMep riIyOuHsI [5] .

Tabnuna 1
CpaBHeHHE METOIOB PACIO3HABAHHsI )KECTOB HA OCHOBE MCIOJIb30BaHUsI KaMep Iy OHHBI
Pacno3naganue Tounocmo
Kamepui 2nyounst Memoo knaccugpuxayuu o
npusnakoe pacnosuasanus (%)
Knaccudukarop
CSEM Swissranger | IIpuMUTUBBI ABYKEHUH BEPOSTHOCTHOTO 92,9
PEIAKTHPOBAHHUS PACCTOSHUS
ToF u RGB TpexmepHble MOJETH Merton Gnmkaiinmx coceneit 99.07
Kamepul TMOJIOKEHUI pyK (Nearest Neighbors) ’

ComnocraBieHue Ma0I0HOB ¢
Kinect DopMBI pyK U MajbLEB ucnons3oBanueM FEMD (finger | 93,9
earth mover’s distance)

. Knaccudukanus, ocHoBaHHas
3HaveHHs HKCeTei

Kinect - 1:: MPHHIMIAX ClydaiiHoro jge- | 91, 84

CBepToyvHast HEHPOHHAsS CETb,
3HayeHHs MUKCeNeH TTy- cozieprKalias a1Ba BXOJHBIX Ka-
OMHBI ¥ IIUKCENEH LBeTa HaJa: [IBeTHBIC H300paXKeHUs U
U300paKeHUs TIIyOUHBI

RealSense 99,4

MaccoBoe NPUMEHEHHE CUCTEM YIPABJICHHS XKECTaMU B TEXHUKE M Pa3BUTHE UYENIOBEKO-
MAIIMHHOTO HHTepderica MO3BOJSIOT YCKOPUTH MPOLECC BBIIOIHEHHMS 3aKa30B H 00ECIIECUUTh BBICO-
KYIO IIPOU3BOAUTENILHOCTD BO MHOTHX chepax. COBpeMEHHbIE TEXHOJIOTUH ITy0OKOro BUAEHHUS 110-
JIO>KUTENBHO BIMSIOT Ha paboTy anropurMa, obecreunBas 6oiee TOUHOE U OBICTPOE PaclO3HaBaHUE
JKECTOB.

3akioueHune

IIpumenenue kamep riy0OKOro BHIECHHS B CUCTEME PACIO3HABAHUS JKECTOB YJIyUIIMIIO Ye-
JIOBEKO-MAlIMHHBIH nHTEpdeiic. YcraHoBIeHne GECKOHTAKTHOTO B3aUMOACHCTBHS C yCTPOCTBaMHU
pacHIMpHIO BO3MOXKHOCTH B3aUMOJCHCTBHS 4eloBeKa M MamuHbl. [lomMumo pemenust npoGiieMsl
o0LIeHNs JII0Jel ¢ HApyLICHUSMH CIIyXa W Pe4H, 3TH TEXHOJIOTUH TAKKe BHECIIH CBOW BKIAJ B APY-
rue obnactu. OcBOOOXKIEHHE YCTPOUCTB OT KJIaBHATyp U MBILICH M IPUMEHEHUE CUCTEM yIIpaBiie-
HUs KECTAMHU JIajM YCIIEIIHbIe Pe3yJIbTaThl B IPOMBIIIJIEHHOCTH, MEIULMHE U APYrux cdepax.
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IprMeHeHne TeXHOIOrHit TIyOOKOrO BHICHUS B CHCTEME PACIO3HABAHMUSI )KECTOB OTKPBHIBACT HO-
BBIC ICPCIICKTUBEI B YITy4IIICHIN B3AUMOCHCTBHS YEIOBEKA U MAIIHHBL.

3a nocseaHue Tobl JOCTUTHYT 3HAYUTENIBHbIH Iporpecc B 00JaCTH TEXHOJIOT Uil IITyO0oKOro
punenns. OnHako 6aza JaHHBIX CHCTEM PACIO3HABAHMUS [0 OOJNBIICH 9aCTH OrpaHUYMBACTCS HAGO-
POM H3BECTHBIX M YacTO MCIIOJIB3yEMbIX JKecTOB. JlaHHas MpoOieMa BBIABUraeT Ha MEPBbIN IUIaH
3a7a4y MOCTOSHHOTO COBEPILICHCTBOBAHHS 0a3bl JAaHHBIX, COCTOSIICH M3 XapaKTEPHBIX 0COOCHHO-
cTell M300pakeHH PyK, OTOOPAKAIOLIHUX HKECT.
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A COMPARATIVE ANALYSIS OF RNN, LSTM,
AND GRU FOR TEXT CLASSIFICATION

Abstract. Nowadays, research in deep learning area is incredibly active. Recurrent Neural Net-
works (RNNs) have become essential tools in the field of deep learning for problems involving se-
quential data, such as time series analysis and natural language processing. An examination of
RNNs and their two influential variants, Gated Recurrent Units (GRUs) and Long Short-Term
Memory (LSTM) networks, is given in this article. In this study, our primary aim is to empirically
compare the performance of three recurrent neural network (RNN) variants, namely RNNs, Long
Short-Term Memory (LSTM) networks, and Gated Recurrent Units (GRUs), in the context of text
classification. Our objective is to determine which of these architectures yields the best results in
terms of text classification accuracy, taking into consideration various datasets and experimental
settings. By conducting this comparative analysis, we aim to provide valuable insights for research-
ers and practitioners in choosing the most effective model for text classification tasks.

Keywords: Recurrent neural network, Long short-term memory, Gated recurrent unit.
Introduction

Natural language processing (NLP) is a branch of Artificial intelligence and a quickly de-
veloping field. Through the use of NLP technology computers are now able to comprehend, trans-
late and produce text or voice human language. For the purpose of processing and comprehending
human language, NLP refers to a broad range of models and techniques. Models for NLP can be
used for a variety of tasks and applications. In this fast growing field, researchers experimenting
and innovating.

There are numerous uses for NLP in different industries. Here are a few examples of NLP’s
diverse applications: Healthcare, news and media, sentiment analysis, translation services and so on.

The paper examines RNN, LSTM, and GRU deep learning models that have become quite
popular in recent years [1]. The second part of the article provides information about RNN, LSTM,
and GRU models, and their formulas. A brief overview of the datasets we used is provided in the
third section, and at the end, the experiment we conducted and its results are presented.

Recurrent Neural Network

Recurrent Neural Networks (RNNs) are a type of artificial neural network made for pro-
cessing data sequences [2]. Recurrent neural networks (RNNs) are named because with the results
based on previous computations, they properly execute the same task for each element in the se-
quence. The purpose of recurrent neural networks (RNN) is to process sequential data. Text, audio,
video, and other sequential data types, including time series, are all acceptable. The Hidden state of
RNN is its core and most crucial characteristic. It acts as the network's memory, collecting data
from earlier time steps. In RNN to keep the context and produce predictions that depend on the
whole input sequence, information passes through the recurrent connections. This makes RNNs ef-
fective for problems involving sequential data.

The network receives the input in a single-time step. The RNN uses the shared weights to
compute the weighted sum of the current input and the previous hidden state at each time step. To
determine the current hidden state, the weighted sum is fed through an activation function.



