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AHoranisi. BuknazeHo pe3ynbTaTH OCIIJDKEHHS 3aJI€KHOCTI NOXHMOKM NPOrHO3YBAHHS TEMIIEPATypH HOTOKY BOIHM Ta
HOBITPS BiJ KiJBKOCTI BXOZIB HEHPOHHOI MepeXki Ta IepeBipkM HaBUYCHOI HEHPOHHOI Mepexi Ha eKCIEePUMEHTAIbHUX IaHHX.
HageneHo ¢opMmyity TemmeparypHOro HepexiZHOro MpOLecy Ta OINMCAHO CTBOPEHHS TECTOBHX IIOCIHIJOBHOCTEH JUIS HABYAHHS
HeHpoHHUX Mepek. [IogaHo MaJllOHKH Ta ONHMC YCTaB, 3a JOIOMOIOI0 SKMX BHKOHAaHO BUMIPIOBAHHS 3HAUYCHb TEMIICPATypPHOIO
nepexigHoro nporecy. OnucaHo pe3yIbTaTy MPOBEICHUX KCIIEPUMEHTAIBHUX JIOCHIPKEHb.

KirouoBi ciioBa: HelipoHHa Mepesxa, IPOrHO3YBaHHs 3HAUCHHS TeMIIepaTypH, NePexiJHUM 1polec, TemMreparypa.

Abstract. Current article considers the results of the study of air and water flow temperature prediction error on the number
of inputs in neura network. Authors guide the architecture of neural network for temperature prediction. The formula of
temperature step response for real sensor is given. Also, the method for calculating the time constants for the temperature step
response formula using red measurement datais considered.

The purpose of the present article is to study the dependence of the temperature prediction error on the number of inputsin
neural network and to verify the neural network on rea measurement data. First, an agorithm for creating and calculating the test
sequences for neural network training is researched. Second, the neural network training this algorithm is studied for predicting the
temperature on the basis of the real measurement data. The last are received in the laboratory of Institute of Process M easurement
and Sensor Technology in llmenau University of Technology. The test equipment for air and water temperature measurements is
described. The measurement of air temperature was performed with J6-type thermocouple. Air temperature measurements were
performed at the air velocity 1.0, 3.0 and 5.0 m/s. For each case the temperature predictions have been fulfilled by means of the
neural network with 10, 20 and 40 inputs. The table with maximal air temperature prediction error is given.

The measurement of water temperature was performed with N-type thermocouple at the water velocity of 0,2 m/s. For
prediction, neural networks with 20 and 40 inputs have been used. For both cases, the prediction error was accessed as practically
the same.

Conclusions about air and water temperature prediction results have confirmed that the computed results coincide with the
experiments.

Key words: Neural Network, Temperature Prediction, Step Response, Temperature.

Beryn i3 BUKOpHCTAHHAM HEHPOHHOI Mepexi MpAMOro

VY po6oTi pO3IISAHYTO eKCIIepUMEHTabHi fgocii-  nommpenHs  (puc. 1).  JIocmikeHHs — CTOCYIOThCS
JUKGHHS, IO CTOCYIOTbCS IPOTHO3YBAHHSI 3HAYCHHs  3AIEKHOCTI MOXMOKHM IPOTHO3YBAHHS TEMIIEPATYPH Bil
TeMIIepaTypH MOBITPs Ta BOIM 3a MEPEXiHUM TporiecoM  KiIbKOCTI BXofliB (INput) HelpoHHOi Mepeski.

Puc. 1. Apximexmypa Heiiponunoi mepesici npsamoco nowupenHs

Fig. 1. Feedforward neural network architecture
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3acTocoByBaiach MOMEIb TEMIIEPATYpPHOro Iepe-
X1THOTO MPOIECY T MEPBUHHOTO TEPETBOPIOBaYa, 10
omucyeThCs BUpazoM [1, 2]:
5
T(t) =To +(To - Tp)gi' L et - Lo ey, (1)
g t,-t t,-t

1742 27 b1 %]

ge t — wac;, 1, cTaji 4Yacy II€pBHHHOTO
neperBoproBava;, I, Temreparypa 00’ €kra
BUMIpIOBaHHS; Tp — IIOYAaTKOBE 3HAYEHHS TEMIIEpaTypu
MIEpBUHHOTO TEpPETBOPIOBaYa; | — IIOTOYHE 3HAYEHHS
TeMIIepaTypH.

BumipsiHO 3HaueHHs TeMIlepaTypH MNepexiITHOro
npouecy, Skui BigOyBaBcs i 4Yac 3aHypeHHS Iep-
BHUHHOT'O IIEPETBOPIOBaYa Y BUMipIOBaHE CepeIOBUIIE. 3a
norapuMivHIM METOIOM BH3HAYCHHS CTANUX Yacy [3,
4] Ha OCHOBI CKCIIEPUMEHTAIBHUX JAHUX PO3PaXOBAHO
CTaNi 4acy 71, Tz, MICIA YOT0 3MIHCHEHO MOJCITIOBAHHS
TECTOBHX IMOCIIJIOBHOCTEH, Ha SKHX IIOTIM HaBYaJIHCh
HeWpoHHI Mepexi. Bapro HaromocuTH, IO TiJx Yac
MOJICNIOBAHHSI TECTOBHX IOCIIJOBHOCTEH Oyna onaHa
BumaakoBa moxuOka 1 %, ToOTO HelpoHHA Mepexa
HaBYajlaCch Ha JaHWX, II0 BPaxOBYIOTh MOXHOKY BHMi-
PIOBaHHS.

T2 —

Meta poboTu

Metoro poOOTH € JOCTIKCHHS 3aJIeKHOCTI
MOXUOKM TPOrHO3YBaHHS TEMIEPAaTypu BiJ KUIBKOCTI
BXOIB HEHPOHHOI Mepexi Ta TNepeBipKka HaBUEHOL
HEWpPOHHOI MepeXi Ha eKCIEPUMEHTAIbHUX JaHHX.

Marepianu Ta MmeToau

Po3misiHyTO HEHpOHHY MEpexy 3 apXiTeKTyporo
npsMoro momupennst [5, 6], mo Mae asa mrapu [7]. Tlig
Yac JOCHIMKEHb MPOBOAWIOCH MOICIIOBAHHS TEMIIe-
paTypHOro mMepexiHoro mporecy 3a BupasoMm (1) mis

A
T, °C

3HAueHb TEMIIEpaTypH MOBITPs B Iiana3oHi Big 21 no 26
°C, Tp = 50 °C 3 kpoxom AT, = 0,5 °C, misa 3Ha4YeHb
Temneparypu Boau Big 48 no 52 °C, Tp = 23 °C 3 kpokoMm
AT, = 0,5 °C (puc. 2), ne 3HaueHHs yacy t 3MiHIOBaJIOCH
Bix O 10 tym. 3a 9ac BUMiprOBaHHS lyyy, PO3paxoByBaIn N
3HAUeHb TEMIlEpaTypH TepexigHoro mporecy. KoxkHomy
3HAYCHHIO  TEeMIIepaTypu 00’ €KTa  BUMIPIOBaHHSA
BIJIIIOBija€ I€BHA T€CTOBA MOCIIIOBHICTE 177;.

[Iporuo3yBanHsi Temreparypu BiiOyBajoch “3a
gacoM”, TOOTO 3 pO3paxOBaHUX N 3HAYEHB IEPEXiTHOTO
mpolecy Ha BXiJ HEHPOHHOI Mepexi IMoAaBaliuch M
3Ha4eHb (M — KUTBKICTh BXOMIB HEWPOHHHX MEPEK),
OTPUMaHU  pe3ylbTaT MNpPOrHO3YBaHHS  3amam’ siTo-
ByBaBCs, IICIII YOro Ha BXiJ] HEHPOHHOI Mepexi
TIO/IaBAJTUCh HACTYITHI M 3HAYEHb IEPEXiTHOTO MPOLECY,
3cyHyTi Ha At kpok uacy. HeliponHa Mepeka HaB4yanach
Ha MacHBI OTPHMMaHHMX TECTOBHUX MOCIIIOBHOCTEH
(puc. 3) i3 ypaxyBaHHAM MOXUOKH BUMIPIOBAHHSI.

Hanani HaBueHy HEHpOHHY MeEpEXY BUKOPHCTO-
BYBJIM Ul MPOTHO3YBaHHS 3HAYCHHS TEMIIEPATypH 3a
€KCIIEpUMEHTAJIbHO OTPHUMAaHUM TEPEXiJHUM IPOIECOM
Ta pO3paxoByBaId a0COIIOTHY IMOXUOKY ITPOTrHO3YBaHHSI.

BumiproBanHs TeMIiepaTypu MOBIiTPsI 3AIHCHEHO Y
naboparopii [HCTUTYTy BUMIpIOBaHP Ta CEHCOPHHX
TexHonoriii TexHi4yHOro yHiBepcuTeTy InbMeHay 3a
nornomMoroto yerasu (puc. 4), omicanoi B [8, 9].

[NoBiTpsiHMIT KaHA Ja€ 3MOTYy BHMIpIOBAaTH
nepeximHuil TeMepaTypHuil Tporec (OXOMOMKEHHS) Bif
nouatkoBoi Temreparypu 1o = 40-200 °C no xiHmeBoi
temmeparypu Tp ~ 23 °C (kiMHaTHa TemIeparypa) 3a
mBuAKOCTI motoky 1-10 wm/c. BHyrpimHiii giamerp
kanaiy 300 MM, moBxuHa — Omu3sko 4000 MM. [Tocmimky-
BaHMI MEpPBUHHMI IEPETBOPIOBAY HATPIBAETHCS IO TI0-
4aTKoBOi Temrieparypu To. [loTiM mepBHHHMIA meperBo-
pIOBau OXOJIO/DKYETHCS MOBITPSIM 3 TeMIiepatyporo Ip =
23 °C, 110 mpoTikae yepe3 KaHajl Ha 3aJaHii IIBUIKOCTI.

AT,

(2 4

Puc. 2. Macue mecmosux nocnioosnocmei

Fig. 2. Array of test sequences
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Puc. 3. Bxoou ma euxoou netiponnoi mepexici
07151 NPOCHO3YBANHS MEMNEPAMYPU 800U

Fig. 3. Inputs and outputs of neural network used
for water temperature prediction

Puc. 4. Iosimpsanuii xanan 3a Jliinegecom

Fig. 4. Flow channel according to Lieneweg

MaxkcuMaabHi TOXMOKHM NPOrHO3yBAHHS 3HAYEHHS TeMIepaTypu
noBiTpst Maximal air temperature prediction error

[IBuakicTs MoBiTpst, M/c OnuHULST BUMipIOBaHHS Kimxicrs Bxonis HM
10 20 40
1 °C 0,41 0,59 0,82
3 °C 12 0,81 1,25
5 °C 18 15 18

Kpinnenns

B AL e

TepmonepeTBoproBay

— Kounreitnep 3 Bonoro

HarpiBanbHuii
CJIEMEHT

Puc. 5. Yemasa ona eumipiosanns memnepamypu 600u

Fig. 5. Test equipment for flowing water
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Fig. 6. Water temperature prediction

BumiproBanHs TeMmmepaTrypu TOBITpsS TPOBO-
Iiock Tepmomnapoto turmy J6. BumiproBanack Temie-
parypa moBiTps 3i mBuakictio 1, 3 Ta 5 m/c. [ Kox-
HOTO BUIAAKy BHKOHAHO IIPOTHO3YBAaHHS 3HAYEHHS
Temriepatypu HelpoHHuMu Mmepexkamu 3 10, 20 ta 40
BXOAaMHu. B Tabnuii HaBeneHO MaKCHMalbHY MOXHOKY
MPOTHO3YBaHHS 3HAYEHHS TEMIlepaTrypu IS pi3HHX
LIBHIKOCTEH TMOBITpS Ta PIi3HOI KIJIBKOCTI BXOJIB
HEWPOHHUX MEPEKX.

Ha maniii mBUAKOCTI MOBITPS MIHIMYM ITOXHOKH
OTPUMAHO JJIsl HEHPOHHOI MEpeXi 3 JIecsIThMa BXOAAMHU.
31 30iMBLIEHHSM IIBUAKOCTI ITOBITPSI IMOXMOKa MPOTHO-
3yBaHHS TeMIIepaTypu 30iuabiyeThes. [Ipore MiHIMyM
noxuOku gocsiraetsest 3a 20 BXOIIB HEHPOHHOI Mepexi.
OTpuMaHi eKCIIepUMEHTabHI pe3yabTaTd  MiATBEp-
JOKYIOTh TEOPETUYHI TOCITiKEHHS, IPOBeeHi B [7].

BumiproBanHsi Temneparypu BOJM BHKOHAHO 3a
nornomororo ycrasu [8, 10], HaBeneHoi Ha puc. 5.

BumiproBanHsl TeMniepaTypu BOIM BHKOHAHO Tep-
momaporo tury N. IIBuakicts Boau craHosmia 0,2 m/c.
[IporHo3yBaHHs TeMIlepaTypu 3IIHCHEHO HEHPOHHUMU
Mepexamu 3 20 Ta 40 Bxomamu. [Insg 000X BHUIAIKIB
NMoxuOKa IMTPOTHO3YBaHHS NPAKTHYHO Oyina OIHAKOBOIO.
Ha puc. 6 mogaHo pe3ynsraTu NporHO3yBaHHS 3HAYECHHS
TeMIIepaTypH B 4aci.

Sk BumHO 3 puc. 6, y MomeHT yacy 1,7 cexyHau
noxuOka npornozysanHs cranoButhb 0,7 °C.

Bucnosku

VY crarTi HaBelEHO PE3YNBTAaTH JOCIIKEHHS 3a-
JISKHOCTI TIOXMOKHM ITPOTHO3YBaHHS 3HAYEHHS TeMIlepa-

TypH BiJ KIUIBKOCTI BXOIIB HEHpPOHHOI Mepexi 3a
EKCIIEpUMEHTAJIBHO OJIep)KaHUM MEePEXiTHIUM HPOIECOM.
OTpuMaHi eKcepUMEHTaJIbHI PE3YIBTaTH ITiATBEPAMIN
TEOpeTHYHi JOCIiKeHHs. B 000X BUIaskax oNnTHMYM 3a
KUIBKICTIO BXOJIIB HEHpOHHOI Mepexi mpumamae Ha 20
3HAUYEHb.

Ha maniii mBHAKOCTI TOBITPS MIHIMYM ITOXHOKH
OTPUMAHO JJIsl HEHPOHHOI MEpeXi 3 JIeCsIThMa BXOAaMHU.
31 30UIBIICHHSIM IIBUIKOCTI TOBITPS MOXHOKA MPOTHO3Y-
BaHHs TemrepaTypu 30inbmiyerbesi. [lpore miHIMYM
noxuOku gocsaraeTbes 3a 20 BXo/1iB HEHPOHHOT Mepexi.

[lix yac mporHO3yBaHHS 3HAYEHHS TEMIIEPATypH
Bomu s HeliponHux wmepexx 3 20 ta 40 BXomamu
Mox1uOKa MPOrHO3YBaHHs OyJia MPAKTHYHO OJHAKOBOIO Ta
cra"goswia 0,7 °C 3a mBuakocti Bogu 0,2 m/c.
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