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IIporno3upoBaHue TPAHCIOPTHBHIX MOTOKOB HA OCHOBE CETEBbIX MO/ eJIei
€ 0JIr0ii KPATKOCPO4YHOH NaMSATBHIO

A.A. ®eopunosa, [3ucso Lzsan
JloHCKOM TOCyAapCTBEHHbIN TEXHUUECKUI YHUBEPCUTET, T. PocToB-Ha-Jlony, Poccuiickas denepanus

AHHOTAIIMA

Jist moBbIneHnst 3G HEKTUBHOCTH AOPOKHOTO JBHKECHUS U peann3auuy 3(pQEKTUBHOTO YIPaBICHUs TPAHCIIOPTHBIMH
MOTOKaMH HEOOXOAMMO BBINIOJIHATH MPOTHO3UPOBaHKME UX coCcTOsiHUS. OMHOM M3 KIIIOYEBBIX 3a/1a4 B JaHHOHN oOnacTu
SIBJIsIETCsT pa3paboTKa MOJIeNel, KOTOpble CIIOCOOHBI TOYHO YYUTHIBATH ITUHAMHYECKHE M3MEHEHHS B TPAHCIIOPTHBIX
MOTOKAaX M IMPEACKa3bIBaTh MX XapaKTEPUCTUKH B IpecTosue nepruogax. C meipio MOBBIMIEHUS TOYHOCTH ITPOTHO3 -
POBaHUs, HCIIONB3YETCS MOJICNb, OCHOBAaHHASI HA HEHPOHHBIX CETAX C JOJTON KparkocpouHoi mamsaTeio (LSTM). Iens
paboTel — mpemtoxuTh Moaenb LSTM mist moBeimmeHns 3QpPEeKTUBHOCTH M TOYHOCTH MPOTHOZUPOBAHUS TPAHCIOPT-
HBIX TIOTOKOB

KiaroueBble cioBa: KpaTKOCpO‘IHBIfI MIPOrHo3 TPAHCHOPTHOTO IIOTOKA, YHPABJICHHUE TPAHCIIOPTHBIM IIOTOKOM,
HUHTCJUICKTYaJIbHBIC TPAHCIIOPTHBLIC CUCTEMBI, MOJCIIb HeﬁpOHHOﬁ CCTH
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Abstract

In order to improve the efficiency of road transport and realize effective traffic flow management, it is important to
predict traffic conditions. One of the main tasks in this area is the development of models that can accurately account
for changes in traffic flow and predict its characteristics in the future. To increase the accuracy of forecasts, a model
based on long short-term memory neural networks (LSTM) is used. The aim of this work is to propose an LSTM-based
model to enhance the efficiency and accuracy of traffic flow forecasting.
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Beenenne. B kpaTkocpOoYHOM NPOrHO3UPOBAHUM TPAHCIOPTHBIX MOTOKOB TPAAUIMOHHO HCIOJIB3YKOTCS METOJbI
CTaTHCTUYECKOW TEOPHH U CTaHIapTHBIC HeiipoceTeBble anroputMsl [1-3]. OxHako ¢ pa3sBuTHEM IITyOOKOro 00ydeHHs
MOSIBUIINCH SKCIIEPUMEHTHI, B KOTOPBIX UCCIIEA0BATEIN Hayald MPUMEHSATh 3TOT MOAXOJ A NPOTHO3UPOBAHUS Bpe-
MEHHBIX DPsoB. [IOCKOJBKY TpagWIMOHHBIE MOJENH HEHPOHHBIX ceTell MMeloT cBoum orpanmueHusi, Hochreiter u
Schmidhuber npemnoxuinn crienuaIM3IPOBAHHYIO MOJETH PEKYPPEHTHON HEHPOHHOM CETH C JOJITOBPEMEHHOM KpaTKO-
cpounoif mamaTeio (LSTM). Monens LSTM crnioco6Ha u3y4ath HEJIMHEHHBIE CTPYKTYPhI JaHHBIX, 3((EeKTHBHO H3BIIE-
KaTh KJII0OYEeBbIe OCOOCHHOCTH BXOJHBIX JAHHBIX M 00ECIeYrBaTh JIOJIrOBpeMeHHY0 amsTh [4—6]. CtpykTypa Moaenu
LSTM mnoxkazana Ha puc. 1.

KpaTkocpodHoe mporHO3MpoBaHME TPAHCHOPTHOTO TOTOKA BKIIIOYAET KPATKOCPOYHOE IMPOTHO3MPOBAHHE HHTEH-
CHUBHOCTH, CKOPOCTH, IUIOTHOCTH M SIBJISIETCSI OCHOBHOM YacThIO0 MHTEIIEKTYaIbHON TpaHCIOpTHOH cucteMsl [ 7, 8]. ITo
CpPaBHEHHIO CO CPEIHECPOYHBIM H JOJITOCPOYHBIM ITPOTHO3UPOBAHKMEM TPAHCIOPTHOTO CIIPOCa, B 33/1a4ax TPAHCHOPT-
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HOT'O IUIAaHWPOBAHUS, I'/Ie BPEMEHHON MHTEPBAJI YaCTO COCTABIISIET Yachl, THH, MecsLpl MK naxe roas [9, 10], kparko-
CPOYHBIC IIPOTHO3bI TPAHCIOPTHBIX IIOTOKOB 0ojiee IIeIEHANPABICHHO BBIABIIOT MHKPOCKOIIMYECKHE H3MEHEHHS
TPaHCIIOPTHBHIX ITOTOKOB, a BPEMEHHOH WHTEpBaJl, Kak INpaBwio, He mpeBbimaeT 30 MuHyT. [10CKONBKY COCTOSHMS
TPAHCIOPTHOTO IMOTOKA YaCTO KOJIEOIFOTCS O BO3ACHCTBHEM TaKUX (PAKTOPOB, KaK CIIydaifHbIC HIIH OCOOBIE COOBITHS,
MOTO/Ia U CITy4allHOe TOBEJICHHE BOJUTEIICH, TO B KPAaTKOCPOYHOH NEPCIEKTUBE OTMEYAeTCsl ero OoJblias HeJNHEei-
HOCTb U CJIO’)KHOCTb, YEM B JIOJITOCPOYHOH IIEPCIIEKTHBE.

X; — BXOJIHOH BEKTOP;

LY '\
C, — BBIXOJHOI1 BEKTOD;
4 ) c C\-1 — BEKTOp KOHTEKCTa;
Col ) . .
(X) (+) = h; — BEKTOp COCTOSHHIH;
Cani hy.y — mpeblylee CKPhITOE COCTOSAHHE;
(X) (%) tanh — QyHKIMA aKTHBALMH;
[ G | | o | h G — CUrMOM/anbHas (PyHKUMs (Ha BBIXOJE
J1i-1 ' naér nuanason [0; 17]);

g/ () — npousBeneHne Anamapa;

Ry
@ — 100aB/IeHUE JIAHHBIX.

Puc. 1. Crpykrypa Mozenu HeitponHoii cetu LSTM [9]

Ilens paboThl — Ha OCHOBE MPEIBIAYIINX UCCIECIOBAaHUI B 00JACTH YNPABICHUS HOPOKHBIM JBMKEHHEM IIPEIIIO-
KUTh MoJiestb LSTM muist noBsieHnst 3 (heKTHBHOCTH M TOYHOCTH NPOTHO3UPOBAHUS TPAHCIIOPTHBIX MOTOKOB.

OcHoBHast yacTb. OCHOBHOW MOJIENBI0 IPOTHO3UPOBAHUS B TaHHOH paboTe sBisieTcs HeliporHas cetb LSTM. Bri-
pa)keHHe BBITIISAUT CIASAYIONIUM 00pa3oM:

Y (t)=wxL(t)+1-wxG(t), (1)
e Y(t) u G(t) — npenckazanusie 3naueHnst mogem LSTM; L(f) — byHKImst akTHBalmm; W — HHTETPUPOBAHHBIN BeC.

B kauecTBe MaHHBIX 111 SKCHEPUMEHTOB HCTIONB3YIOTCS JaHHBIE O JOPOXKHOM JBI)KCHHH, COZIEprKalllie CBEACHUS 00
UJICHTU(HKALUK JETeKTOpa, HHTEHCUBHOCTH JIOPOYKHOTO JABWIKEHHS U 3aHATOCTH JIETEKTOpa, U MONYYEHHBIE M3 OTKPBITBIX
ncrogankoB UTD19 [11] B ropone Typure ¢ 26 centsaops o 30 cenTa0ps 2024 1., a HHTEpBaJl JCTEKTHPOBAHUS COCTABIIET
5 muHyT. JlaHHBIE O TPAHCHOPTHOM MOTOKE CHAYaJia MOJBEPraloTCsl HOPMAIM3AIMH, a 3aTeM OYUCTKE U (QUIbTpALUK VIS
anmanTaimu ux K Mozten LSTM. O6paboTaHHbIe JaHHBIE O TPAHCTIOPTHBIX MTOTOKAX TTIOKA3aHbI HA PHC. 2.

Iocne mporeaypsl HOPMATH3AIUK JAHHBIE O TPAHCIIOPTHBIX MOTOKAX, coOpaHHbIe ¢ 26 1o 30 ceHTAOps, BBOIATCS B
monenb LSTM. Ha puc. 3 noka3ana gacts koxa st o0yuenust mogernn LSTM B MATLAB. Io 3aBepriennn o0yueHUsS
MOJIEJIM CTAHOBHUTCS] BO3MOXKHBIM OCYIIIECTBIICHHE POTHO30B TPAHCIIOPTHBIX MOTOKOB.
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Puc. 2. O6paboTKa JaHHBIX O TPAHCIIOPTHBIX MTOTOKAX



Monoodoii uccied env /lona. 2024;9(6):4-8. el SSN 2500-1779

%% Clear environment variables

warning off % Close the alarm message
close all % Close the open window
clear % Clear the variable

cle % Clear the command line

%% Import data (single column of time series data)
result = xlsread(’ 11223, xlsx’);

%% Data analysis
num_samples = length(result); % Number of samples
kim = 15; % Delay step (kim historical data as independent variables)

zim = 1; % Forecast across zim time points

Puc. 3. Yactnunstii kox moaenu LSTM B coueTaHHH ¢ MAIIHHHBIM 00yYeHHUEM

Onucanue nmpodsieMbl. /s OLIEHKH TOYHOCTH MPEICKa3aHHBIX 3HAYCHHIT aBTOPAMH CTaThd OBUTH MCIIONB30BaHbI HCXO/-
HBIE JAHHBIC O TPAHCIIOPTHOM IOTOKE, 3a(pUKCUPOBaHHBIE 27 CEHTAOsL. 3aTeM 3TH JaHHbIC ObLTH CONOCTABIICHBI C MPEICKa3aH-
HBIMU 3HAYCHISIMHE, TIOJTYYEHHBIMH C TOMOIIBI0 Mozied LSTM. Pe3ysbratel cpaBHEHHMsI IPEICTABIICHBI Ha pHC. 4.
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Puc. 4. CpaBHeHHE HCXOJHBIX ¥ IPOTHO3UPYEMBIX 3HAUECHHI

I{epHaﬂ CIUIOIIHAasA JIMHUA NPEACTABIIACT UCXOJHBIC JAHHBIC O TPAHCIIOPTHOM IMOTOKE, a U€pHasd IMYHKTUpHAA JIU-
HUA — MPEACKAa3aHHbIC JaHHBIC O TPAHCIIOPTHOM ITOTOKE. )% 3 puc. 5 BUJHO, YTO NPECACKA3aHHbIC 3HAYCHUA XOPOLIO
COIIaCyroTCs € UCXOAHBIMU 3HAYCHUAMH, YTO CBUACTCILCTBYET O BBICOKOM YPOBHC COOTBETCTBUA MCKIAY ABYMSA
NMPEACTABIICHHBIMU KPUBBIMH, a4 CJIICAOBATCIIBHO — 00 aJICKBATHOCTU IIPUMCHCHU A MOJICIIN LSTM.
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Puc.5. I'paduk cpaBHEHHS IPOrHO3UPYEMBIX U HCXOIHBIX 3HAYCHHH:
a — CpaBHEHHE TOYHOCTH IMPOTHO32 TAHHKIX; 0 — 3 (EKT MOATOHKU

s obecriedeHusT TOYHOCTH PE3YJIbTaTOB IPOTHO3MPOBaHUS HeoOxoaumo BBectd B LSTM-Monenb ngaHHBIE O
TPaHCIOPTHOM MOTOKe ¢ 28 1o 30 ceHTs0ps, a 3aTeM MPOBEPHUTH MPOTHO3MPYEMbIC JaHHBIC O TPAHCIOPTHOM IMOTOKE
MyTeM OLCHKU CPEJHEKBAAPATUYHON OIMUOKK U KOd(duUIHeHTa KOppensaiuy. 3HaueHHs OLCHKU ObUIM MOJIYYCHBI B
MATLAB. B tabmurne | npuBeneHs! pe3yIbTaThl OICHKH.

Tabmuma 1
Pe3ynbTaThl OLICHKN aAeKBaTHOCTU MPUMEHIEMOH MOJICIH
IToka3zarenu oueHkH
Hara O0beM JaHHBIX R? RMSE Koasddunument koppemnsiuuu (p)
27 ceHTA0ps 288 0,8817 133,3843 0,827
28 ceHTI0ps 288 0,9011 142,1873 0,838
29 ceHTAOps 288 0,8379 138,3471 0,925
30 ceHTs0Ops 288 0,8527 140,2530 0,903

B Tabnuie npejacTaBieHbl 3HaUSHUST KOIDPHUIUEHTa KOppesLuu (p) U CpeTHEKBAPATUYHON OLINOKH R? st mc-
XOJIHBIX M MPOTHO3UPYEMBIX TaHHBIX. Ko3((HUIMEHT KOppensuuu OTpakaeT CTENEeHb B3aUMOCBS3HM MEXAY (aKkThuue-
CKUMH M NTPOTHO3MPYEMBIMH 3HAUCHUSAMH, IIPU 3TOM €ro 3Ha4eHHe Koiebiercs B auanasone oT —1 mo +1. Uem Ommxe
3HaueHHe Ko3((PHUIKEHTa KOppEeIsuy K 1, TeM Oosee BBIpAXEHHOH SBIISETCS JIMHEHHAss KOPPEISIHA MEXAY ABYMS
Ha0OpaMu JaHHBIX. AHAJIN3 JaHHBIX TAOMMIB! | TOKa3bIBaeT, 4To KO3(GGHUIMEHT Koppensuuu Bapeupyercs ot 0,8 1o
0,9, 4TO CBHAETENBCTBYET O BEICOKOM CTEIEHU CBA3HM MEXAy UCXOJHBIMHU M IPOTHO3MPYEMBIMU JaHHBIMU. boinee Toro,
Bce 3HaueHns R? mpespimaior 0,80, 4TO TaKke yKa3bIBACT HA XOPOIIYIO KOPPEISIHIO MEKIY HPOTHOBUPYEMBIMH H
(haKTUYEeCKUMHU TaHHBIMHU.

3akuarouenue. B stoii cratee Mogens LSTM BnepBble HCHIONB3yeTC I KPAaTKOCPOYHOTO NMPOTHO3UPOBAHMS Xa-
PaKTEePUCTHK TPAHCIIOPTHOTO MOTOKAa B COYETAHWM ¢ MamMHHBIM oO0ydeHneM B MATLAB. ¥YcoBepmieHCTBOBaHHBIN
aBTOPOM TPOTPAMMHBIN KOJ MOJIENN IEMOHCTPUPYET 3HAYHTEIBHOE MPEBOCXOJCTBO B 00JIACTH KPATKOCPOUHOTO MPO-
THO3UPOBAHMS TPAHCIIOPTHBIX ITOTOKOB, YTO MOJYEPKHBAET Ba)XKHOCTH NPHUMEHEHHS COBPEMEHHBIX BBIYHCIHTEIBHBIX
TEXHOJIOTHH JUIs pelIeHus 3a/1a4 B 00J1aCTH JUHAMHYHOTO YIIPABIICHUS TPAHCIOPTHBIMU ITOTOKAMH M Pa3BUTHUS UHTEII-
JIEKTYaJIbHBIX TPAHCIOPTHBIX CHCTEM.

Cnucok 1uTeparypsl

1. Polson NG, Sokolov VO. Deep Learning for Short-Term Traffic Flow Prediction. Transportation Research Part
C: Emerging Technologies. 2017;79:1-17. https://doi.org/10.1016/j.trc.2017.02.024

2. Bharti, Poonam Redhu, Kranti Kumar. Short-Term Traffic Flow Prediction Based on Optimized Deep Learning
Neural Network: PSO-Bi-LSTM. Physica A: Statistical Mechanics and its Applications. 2023;625:1;29001.
https://doi.org/10.1016/j.physa.2023.129001



https://doi.org/10.1016/j.trc.2017.02.024
https://doi.org/10.1016/j.physa.2023.129001

Monoodoii uccied eav [lona. 2024;9(6):4-8. eISSN 2500-1779

3. He Yan, Tian'an Zhang, Yong Qi, Dong-Jun Yu. Short-Term Traffic Flow Prediction Based on a Hybrid Optimization
Algorithm. Applied Mathematical Modelling. 2022;102:385-404. https://doi.org/10.1016/j.apm.2021.09.040

4. He Yan, Liyong Fu, Yong Qi, Dong-Jun Yu, Qiaolin Ye. Robust Ensemble Method for Short-Term Traffic Flow
Prediction. Future Generation Computer Systems. 2022;133:395-410. https://doi.org/10.1016/j.future.2022.03.034

5. Sattarzadeh AR, Kutadinata RJ, Pathirana PN, Huynh VT. A Novel Hybrid Deep Learning Model with ARIMA
Conv-LSTM Networks and Shuffle Attention Layer for Short-Term Traffic Flow Prediction. Transportmetrica A:
Transport Science. 2023:1-23. https://doi.org/10.1080/23249935.2023.2236724

6. Danging Kang, Yisheng Lv, Yuan-yuan Chen. Short-Term Traffic Flow Prediction with LSTM Recurrent Neural
Network. In: 2017 IEEE 20th International Conference on Intelligent Transportation Systems (ITSC). Yokohama, Japan:
IEEE; 2017. P. 1-6, https://doi.org/10.1109/1TSC.2017.8317872

7. AradhoroB A.A., FOmaranoB A.C., MscaukoB B.B. Ananm3 GoipIIMX MaHHBIX B TE€OMH(DOPMAIIMOHHON 3amadue
KPaTKOCPOYHOTO TIPOTHO3MPOBAHHS TApaMETPOB TPAHCIIOPTHOTO TOTOKA Ha 0Oaze Meroma K Ommkaimmmx cocejeii.
Komnviomepnas onmuxa. 2018;42(6):1101-1111. https://doi.org/10.18287/2412-6179-2018-42-6-1101-1111

8. AragonoB A.A., MscamkoB B. B. OmeHka W NpOrHO3MPOBAHWE ITaPAMETPOB TPAHCIOPTHBIX TIOTOKOB C
HCIIOJIB30BAHUEM KOMIIO3HMIIMM MCTOJO0B MAIIMHHOTO 06y‘-I€HI/I$[ u MOI[GJIef/i TMIPOTrHO3UPOBAHUA BPEMEHHBIX PANOB.
Kommbrotepras onrtuka. 2014;38(3):539-549.

9. Anp-CgeiiT M. MeTo/ il MallIMHHOTO 00Y4eHHs /ISl IPOTHO3UPOBaHUs Tpaduka B MHOTOYPOBHEBOM 00JauHOM
ApPXHUTEKTYPE ISl CEPBUCOB aBTOHOMHBIX TPAHCIIOPTHBIX CPEACTB. Tpyobl yuebnwvix sasedenuti cesaszu. 2022;8(4):89-99.
https://doi.org/10.31854/1813-324X-2022-8-4-89-99

10. Xiaoyu Qi, Gang Mei, Jingzhi Tu, Ning Xi, Francesco Piccialli. A Deep Learning Approach for Long-Term Traffic Flow
Prediction With Multifactor Fusion Using Spatiotemporal Graph Convolutional Network. IEEE Transactions on Intelligent
Transportation Systems. 2023;24(8):8687—8700, https://doi.org/10.1109/TITS.2022.3201879

11. UTD19. URL: https://utd19.ethz.ch/index.html (zata o6pammenus: 12.10.2024).

00 asmopax:

®eoduiioBa AHacTacusi AJIEKCAHPOBHA, K.T.H., JIOLCHT Kadeapbl OpraHU3aliy MePEBO30K U JIOPOIKHOTO JIBIKEHUS
JIOHCKOTO TOCyIapCTBEHHOro TexHudyeckoro yuuBepcutera (344003, Poccuiickas ®emeparus, T. Poctos-Ha-/loHy, UL
Tarapwuna, 1), feofilowa@mail.ru

I3an I3ucsio, acrmpadT Kadeapbl OpPraHU3AlMK MEPEBO30K M JIOPOKHOTO JBIDKEHHsS J[OHCKOrO TOCYIapCTBEHHOTO
TexHuueckoro yaueepeutera (344003, Poccuiickas denepanys, r. Poctos-Ha-Jlony, mi. ["arapuna, 1), 3396945068@gg.com

Kongpnuxm unmepecog: aBTOpHI 3aBJSIOT 00 OTCYTCTBUU KOH()JIUKTA HHTEPECOB.
Bce asmopbt npouumanu u 00006pusiu 0KOHUAMENbHBLIL 6APUART DYKORUCH.

About the Authors:
Jiang Jixiao, Graduate Student of the Department of Transportation and Traffic Management, Don State Technical
University (1, Gagarin Sg., Rostov-on-Don, 344003, Russian Federation), 3396945068@qg.com

Anastasiya A. Feofilova, Cand. Sci. (Eng.), Associate Professor of the Department of Transportation and Traffic
Management, Don State Technical University (1, Gagarin Sq., Rostov-on-Don, 344003, Russian Federation),
feofilowa@mail.ru

Conflict of interest: the authors declare no conflict of interest.

All authors have read and approved the final manuscript.


https://doi.org/10.1016/j.apm.2021.09.040
https://doi.org/10.1016/j.future.2022.03.034
https://doi.org/10.1080/23249935.2023.2236724
https://doi.org/10.1109/ITSC.2017.8317872
https://doi.org/10.18287/2412-6179-2018-42-6-1101-1111
https://doi.org/10.31854/1813-324X-2022-8-4-89-99
https://doi.org/10.1109/TITS.2022.3201879
https://utd19.ethz.ch/index.html
mailto:3396945068@qq.com
mailto:3396945068@qq.com

