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AHoTalifn

B crarTi onucani pe3yabTaTH JOCTIIKEHHs MOXHUOOK MPOrHO3yBaHHS 3HAUEHHS TEMIIEPATypH 13 BUKOPUCTAHHAM
HeWpoHHUX Mepexk OmNucaHo anropuTM CTBOPEHHS Ta HaBYaHHS HEHpOHHMX Mepex. HaBeneHo pesynbTaTi
JOCITI/DKEHHsI 3aJIKHOCTI TOXMOKM MPOrHO3yBaHHS 3HAYECHHsS TEMIIEpPaTypH BiJ KiJIbKOCTI ILIapiB B Mepexi, Bin
KIJIBKOCTI BXOJIB MEPEXKi Ta BiI KINBKOCTI TOCHIZOBHOCTEH 11 HaBYaHHA. JIOCHIMKEHHS 3aJCKHOCTI MOXHUOKH
NPOrHO3YBaHHS TEMIIEPATYPH BiJl KIJIBKOCTI BXO/IIB MEPEXi MPOBOJAMIOCH VIS IBOX BUIAJKIB: KOJHM Yac BUMIpPIOBaHHS
TEMIIEpaTypy IEepexiJJHOr0 TPOIEeCy OJHAKOBMI 1 KONM 4ac BUMIprOBaHHs pi3Huil. KpiM Toro HeiipoHHa Mepexa
NepeBipsUIach Ha TECTOBUX MOCIIAOBHOCTSIX, SIKI CITIBIIIalIU Ta HE CHIBIAJalli 3 TECTOBUMH OCIIJIOBHOCTSIMH, Ha SIKUX
HEHUpPOHHA MepeXka BUMIIACH.

KnrodoBi cioBa: HeiipoHHa Mepeka, IIPOTHO3YBAHHS 3HAUCHHS TEMIIEPATypH, TEMIIEPAaTypHHH HepexiTHui
poriec.

Abstract

The present paper describes the study of the prediction error of temperature values with help of the neural
networks. Since the problems come up while measuring the high temperatures, the proposed method able to solve them
seems to be the neural networks method.

Firstly the authors present a neural networks classification based on their architecture (feed-forward neural
networks, recurrent neural networks and completely linked neural networks are highlighted) as well as the previous
works with the derivations about the relevant neural network architecture for temperature predicting by type of
transition process.

Current studies are implemented in the MATLAB computing environment. An algorithm for creating and
teaching neural networks is described. Sequences modeling for the neural network training, the functions using for
neural network creation and studing, the formula for calculating the absolute error of temperature prediction are given.
During the sequences creation the measurement error was not taken into account. So the network has been studied on
ideal sequences.

The results of the study of dependence of the temperature value prediction error on the number of layers in the
network, on the number of network inputs, and on the number of sequences for training are presented. Investigation of
the dependence of the temperature prediction error on the number of network inputs was carried out for two cases: when
the duration of transition process of temperature measurement is the immutable and when the duration is variable. In
addition, the neural network has been tested on sequences that coincided and did not coincide with the sequences on
which this network studied previously. The conclusions about the most relevant neural network parameters (number of
layers, number of inputs and the number of sequences for training neural network) is linked with temperature prediction
error value.

Keywords: Neural Network, Temperature Prediction, Temperature Transition Process.

Beryn. B Garathox TEXHOJOTIYHMX Ipolecax MOTPiOHO BUMIprOBaTH BHCOKI Temmepatypu [1; 2].
TpuBane nepeOyBaHHs nepBuHHOrO neperBoproaya (I1I1) 3a BUCOKMX Temmeparyp MPHU3BOAUTH JO 3MIHU
HOMiHaJIbHOI ctaTuuHoi Xapaktepuctuku I, a omke moripmye merponoriuni xapakrepuctuku I, mo
CYTTEBO CKOPOUYYE TEPMiH HOro eKcruTyaTalii. 3MEHIIEeHHS Yacy BUMIPIOBaHHS MOXKHA JOCATHYTH HUISIXOM
NPOrHO3YBaHHS 3HAYEHHS TEMIEpaTypH 3a TepexiZHMM mpouecoM [3], HEe OUiKyl4M CTaHy TEIIOBOL
piBHOBaru. Y TakoMy BHUIMAaJKy 3HA4YCHHS TEMIIEpaTypyd BHM3HAYAETHCA 3a TEMIIEPATyPHUM MEpeXiqHUM
MPOLIECOM, IO OMHUCYETHCS BUpa3oM [4]:



T(t):TP +(To _TP)(l_eit/T)i 1)

ne t — yac; T — mocriifHa yacy NnepBUHHOTO MepeTBOpIOBaya; 1, — TeMiepaTrypa 00’ €KTa BUMIPIOBAHHS;, 1p —
MOYaTKOBE 3HAYECHHS TEMIIEpaTypH MEPBUHHOIO IIEPETBOPIOBaYa; T — OiKyde 3HaUEHHS TeMIIepaTypH.

OpmHUM 3 TMEpCIEeKTUBHUX CIIOCOOIB BUPILICHHS 3a7adi MPOrHO3yBaHHS 3HAYEHHs TEMIIepaTypH 3a
MepexiJHIM TIPOIECOM € 3acTocyBaHHS HehpoHHux Mepex (HM). HM MoXyTh BUSBISTH INPUXOBaHi
3aJIOKHOCTI MK BXITHUMH Ta BUXIIHUMH JaHuMH. HaBuaHHS Mepexi MOXHa MPOBOIUTH K 3a MOJICILIIO
mporecy Tak 1 3a eKCIepUMEHTAIbHUMH JaHMMH. HaBueHa Mepeka 3 JOCTaTHBO BHCOKOIO TOUYHICTIO
JI03BOJISIE POTHO3YBATH 3HAYEHHS TEMIIEPATypH 00’ €KTa BUMIPIOBAHHS 32 TIEPEX1THIM MTPOIIECOM.

Meta. [locimimpkeHHs 3aJIeKHOCTI TIOXMOKM TPOTHO3YBAaHHS 3HAYEHHS TEMIIEPaTypH HEHPOHHUMU
MepexaMH 3a 1JIeaIbHUM MIEPEXiTHUM TPOLIECOM.

OcnoBuuii Tekcr. IlTy4Hi HeHpOHHI Mepexi CKIAJAIOTHCS 3 B3AEMOJIIOUMX HEHPOHIB, SKi
JIO3BOJISIIOTH TIPOBOJIUTH TapaieibHi oOuncieHHst [5]. 3 TOUKM 30py CTPYKTYpH MOXKHa BUAUIMTH TPU
OCHOBHI THUTIM HEWPOHHUX Mepex [6; 7]: Mepexi mpsMoro po3moBCIOJDKEHHS, PEKYPEHTHI HEHpPOHHI Mepexi
(HEeHpOHHI Mepexi 31 3BOPOTHIM 3B’SA3KOM), IMOBHICTIO 3B’s3aHi Mepexi. AHAJITHYHUN OIS 1CHYHOUUX
CTPYKTYp HEHpOHHHMX Mepex [8] mnokazaB, [0 ONTUMAJIbHHM ISl MPOTHO3YBAHHS TEMIIEPATypH €
3aCTOCYBaHHS HEHPOHHOI MEPEXKi 3 apXITEKTYPOIO MPSMOTO POIIOBCIOKEHHS.

JocmipkeHHs, ONMCaHi B CTaTTi, peaizoBaHi B MporpaMHoMy cepenoBuii. CroyaTky MpoBOAWIOCH
MOJICITIOBaHHSI TEMIIEPATypPHOro MepexiIHOro mpoiiecy 3a BupazoM (1) s 3HadeHb TemrepaTypu 00’ €KTa B
miara3oHi Big 200 g0 220 °C 3 kpokom AT, (pucyHok 1), ne 3HadyeHHs dacy t 3miHOBanoch Big 0 10 tym. 3a
MPOMDKOK 4acy tym OyJI0 po3paxoBaHo N 3HAUEHb TEMIIEPATypH MepeximHoro npoiecy. KoxHoMy 3HaYeHHIO
TeMIepaTypd 00’€KTa BUMIpPIOBaHHS BiJIOBigae 1eBHAa TectoBa mociimoBHicTh (TII), mpu YoMy ocraHHE
3HAYEHHsS TeMIIepaTypd B TECTOBIM ITOCIIJOBHOCTI HE MEPEBUIIYBAJIO TOJOBHHU 3HAYEHHS TEMIIEpaTypH
00’ekTa BUMIpIOBaHHA, 100 YHUKHYTH meperpiBy IIII. Yci TecToBI MOCTIMOBHOCTI YTBOPIOIOTH MAaCHB
TECTOBUX TociigoBHOCTeH. Ilim 9ac CTBOpEHHS TECTOBUX IOCIITOBHOCTEH HE BpPaxOByBaJlach MOXHOKa
BUMIPIOBaHHs, TOOTO Mepeka HaBYaJIach Ha i7IcalIbHUX TOCIIJOBHOCTAX. B CTaTTi BBEIEHO TaKi MO3HAYCHHS
K — KiNBKIiCTB TIOCTIZOBHOCTEH [UIA HABYAHHS, M — KITBKICTH MIapiB HEWPOHHOI MepEKi; N — KiIBKICTh BXO/IIB
HEHPOHHOIT MEpEexKi.

CrtBoproBasiach HEHpOHHa Mepeka 3 apXiTeKTypor MPSMOrO PO3MOBCIODKEHHS  ((YHKITiS
feedforwardnet) i3 BpaxyBaHHSM KUTBKOCTI HEHPOHIB B MPUXOBaHHX MIapaX. HellpoHHY Mepexy HaByal
(dhyHKIi€rO train, s K0T BKa3yBallMCh Ha3Ba MEPEXi, MACHB TECTOBHX IMOCITITOBHOCTEH, IS AKOTO KOXKHA 3
3 TECTOBUX IIOCIIJIOBHOCTEH € BXOJOM HEWPOHHOI MEpeXi, Ta MacHB BIIINOBIAHUX 3HAYEHb TEMIIEPATypH
00’€KTa BUMIPIOBAaHHS, SIKi € BUXOJIOM HEHPOHHOI Mepexi (PUCYHOK 2).

A
T, oC

AT,

A 4

t,

tvvm
Pucynox 1 — Macue mecmosux nociioognocmetl 0151 HA8UAHHS HEUPOHHOL MepexsCi
Figure 1 — Array of test sequences for neural network training



B moganbiiioMy HaBueHa HEHpOHHA Mepeka BUKOPHCTOBYBAJIACS [T TPOTHO3YBAHHS TEMIIEPATYPH 3a
i7IeaTbHUM TEPEXiJHUM TPOIIECOM Ta PO3PaxOByBalach aOCOMIOTHA MOXHOKA MPOrHO3YBaHHS TEMITEpaTypu
3a GopmyIIok0:

AT =Teg =Ty, )

ne Tpr — IPOTHO30BaHE 3HAYCHHSI TEMIIEPATypH; 1, — TemIepaTypa o0’€KTa BHUMIpIOBAaHHS Ui JaHOL
TECTOBOI MOCI1IOBHOCTI.
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Pucynox 2 — Bxoou ma euxoou neuponnoi mepesxnci
Figure 2 — Inputs and outputs of neural network

Hmwxue (sxmo He BKa3aHO I1HINE) MPEACTABICHO PE3YIbTATH AOCTIKEHHS TMOXHUOKU IMPOTHO3YBAHHS
TeMITepaTypH 13 3aCTOCYBAaHHSM TECTOBUX ITOCIIIOBHOCTEH, SIKi BHKOPHCTOBYBAINCH /sl HaBdaHHs HM. Ha
PUCYHKY 3 MPENCTaBIICHO 3aJICKHICTh TOXUOKU IMPOTHO3YBAHHS 3HAYCHHS TEMITEPATypH BiJl KUTBKOCTI MapiB
B MEpexKi.

IIpoBemeHo MOCTIMKEHHS T’ ITH HEHPOHHUX MEPEX, IKi BIIPI3HAIOTHCS KIIBKICTIO mapis m (2, 3, 4, 5,
6). KinpkicTb BXOmIB KOKHOI HEHpPOHHOI Mepexi N — 25. HapuaHHsA HEHPOHHUX MEPEX MPOBOIUIOCH HA 41
TECTOBIM TIOCHTIIOBHOCTI (TemrepaTypa 00’ekra BUMiproBaHHS 3MiHIOBasack Bim 200 mo 220 °C 3 Kpokom
0,5 °C). BpaxoBytoun pe3ynbTaTd (PHCYHOK 3) MOXKHA 3pOOMTH BHCHOBOK, IO 3i 30UTBIICHHSIM KUTBKOCTI
mapiB B Mepexi 30UTbIIyeThbcs MOXuOKa mporHo3yBaHHA. OTXKe, JOMITFHO BHKOPHCTOBYBATH HEUPOHHY
Mepexy 3 HaMEHIIIOI0 KUTBKICTIO mapiB. 3HAYeHHS a0COMOTHOI MOXHOKH MPOrHO3YBaHHS TEMITEPaTypH s
iealbHUX TECTOBHX IIOCHiMOBHOCTEH IBOIIAPOBOIO Mepexero € MeHmomo 3a 2:10%* °C. B momambmmx
JOCIIDKEHHSX BUKOPHCTOBYBAJIAch JBOIIApOBA HEHPOHHA MepeXxa MPSIMOT0 PO3IOBCIOKEHHSI.
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Pucynox 3 — 3anexcnicmo noxubku npocHo3y68anHs 3HAYEHH MeMnepamypu 6i0 KilbKOCmi uapie 6 Mepexici
Figure 3 — Dependence of the temperature value prediction error on the number of layers in the network



JlocmipkeHHST HEHPOHHOT MEpeXi 3a KUTBbKICTIO BXOJIB MPOBOIWIIACH JJIsl IBOX BHITAJIKIB: KOJH 4Yac
BUMIPIOBaHHS OJJHAKOBHH, @ KPOK 3a 4acoM pPi3HUH (twym

const, At = var) (pucyHok 4, a) i KOJU dac
BHUMIPIOBAHHS PI3HHH, a KPOK 32 YacoM oHaKkoBuit (twym = var, At = const) (pucyHnok 4, 6).
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Pucynox 4 — Jlea sunadku 0ocniodicents HeUpoHHOT Mepedici 3a KibKiCmio 8x00i8
a — yac sUMIpIo8aHts 0OHAKO8UI, O — 4ac GUMIDIOBANHSL PI3HULL
Figure 4 — Cases of neural network research by number of inputs:
a — the measurement time is the same, b — the measurement time is different

Ha pucyHky 5 mpencraBieHO 3aleXHICTh ITOXHOKH IIPOTHO3YBaHHS 3HAYEHHS TEMIIEPAaTypu Bij
KUTBKOCT1 BXOMIB HEHPOHHOI Mepexki (KpOK 3a 4acOM Pi3HHH ).
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Pucynok 5 — 3anexcnicmo noxubxu npocHo3y6anHs 3HA4eHHs memMnepamypu 6i0 KilbKocmi 6X00i6 HelUpoHHOT

Mepexci (Kpok 3a uacom pizHuii)

Figure 5 — Dependence of the temperature value prediction error on the number of neural network inputs
(time step is different)



KinbkicTs BX0/iB HEHPOHHUX Mepex N cTaHoBuia 5, 10, 15, 20, 25, 30, 40, 50, 70, 100; remnepatypa
00’exTa BUMiproBaHHs 3MmiHIOBanach Big 200 qo 220 °C 3 kpokowm 0,5 °C.,

Ha pucynky 6 npencraBieHO 3aJieXHICTh MOXHOKM MPOTHO3YBAHHS 3HAYCHHS TEMIIEpaTypd BiJ
KUTBKOCT1 BXOJIIB HEHPOHHOT Mepexi (KpPOK 32 4aCOM OJHAKOBHIA).
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Pucynox 6 — 3anescnicmo noxubku npoeno3yeanHs 3HAYEHHI MeMnepamypu 6i0 KilbKocmi 6X00i6é HetupOoHHOT
Mmepedici (KpoK 3a 4acom 0OHAKO8UIL)
Figure 6 — Dependence of the temperature value prediction error on the number of neural network inputs
(time step is the same)

KinpkicTs BXxomiB HelipoHHUX Mepex N cranoBuia 10, 20, 30, 40, 50. Jlnsg nBox BUHAAKIB (PUCYHOK 5,
pUCYHOK 6) MiHIMaJlbHAa MOXHOKA MPOTHO3YBAHHS 3HAYCHHS TEMIIEPATYPU OCATAETHCS Ui HEHPOHHOI

Mepexi ska Mae Bim 20 mo 40 BxoziB. B momanbmimx IOCHTIKEHHSIX BHKOPHCTOBYBaiach Mepexa i3 25
BXOJIaMH.

Ha pucyHKy 7 TpencraBleHO 3aJeKHICTh MOXHOKM MPOTHO3YBAHHS 3HAYCHHS TEMIIEPATypH Bij
KIJIBKOCTI IOCITOBHOCTEN IS HABYAHHS.
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Pucynox T — 3anexcnicmv noxubxu npocHo3y6anHs 3HA4EHHs memMnepamypu 6i0 KilbKocmi nociioosHocmel
0151 HABYAHHS
Figure 7 — Dependence of the temperature value prediction error on the number of sequences for training



Kinpkicts mocmimoBHOCTEM it HaBuaHHs K cranmosuna 41, 51, 68, 101, 201. I3 30inbLIeHHAM
KIUTBKOCTI TOCHiZOBHOCTEH /it HaBuanHs HM (pucyHOk 7) moxumOKa TpPOrHO3YBAaHHS TeMIIEpaTypH
3MeHmyeTbes. [Ipore, HaBiTh MpH HaWMEHIIIH KUTBKOCTI IMOCTIZOBHOCTEH s HaBYaHHS aOCONOTHA
OXHMOKA POrHO3YBAHHS 3HAYEHHS TEMIIEPaTypHu He nepeBurye 2,5-10° °C, 110 € 10CTaTHRO IS GiIBIIOCTI
MPAaKTUYHUX 33]]a4 BUMIPIOBaHHS TEMIIEPaTypH.

Ha pucynky 8 mpezcraBieHa 3aieKHICTh MOXHOKH MPOTHO3YBaHHS TEMIIEPATypH BiJ TeMIEpaTypu
00’€KTa BUMIPIOBaHHSI.

AZ °C A

-5
1.8 =10 T T T T T T T T T

16 4

1.4 1

1.2H i

08 1

06

0.4

0.2f

0 L L L L L L L I ;

200 202 204 206 208 210 212 214 216 218 220 To; °C

Pucynox 8 — 3anesicnicmo noxubku npoeno3yeanms memnepamypu 0jist KOX¥CHOI mecmoeoi Nocii006HOCMI, Ha
AKUX s4UIACA Heﬁpona mepeaca
Figure 8 — Dependence of the temperature value prediction error on sequences on which the neural network
has been studied

SAx MoxHa mMOOaYMTH 3 PHCYHKY 8 HaAHOUThIIa mMOXWOKa MPOTHO3YBaHHS € Ha Kpasx [iama3oHy
BUMIPIOBaHHS, NPOTE B HANMTIpIIOMy BHMAAKy MOXHOKa He Tepesuiye 2,510 °C. B cepenuni miamaszony
HaByaHHA Mepexi (Bix 200 1o 220 °C) moxubka ne nepesurye 0,3-10° °C.

Kpim Toro HelipoHHa Mepexa mepeBipsiacs Ha TECTOBUX IIOCHIJOBHOCTSX, SKi HE CITiBIagaid 3
TECTOBHMH MOCTITOBHOCTIMH, Ha sikux HM Bumnace (pucyHok 9).
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Pucynox 9 — 3anesxcricmo noxubku npoeHo3y8anHs memnepamypu 6i0 memnepamypu 00’ 'ekma, 015 3HAYeHb
HA AKUX mepeodica He Hasualacsb
Figure 9 — Dependence of the temperature value prediction error on sequences on which the neural network
has not been studied

B nmanomy Bumasky Mepexa HaBualach Ha TECTOBHX IOCIHIIOBHOCTAX MJIsl TeMrepaTtypu 00’e€KTa
BuMiptoBanHs 201,5 °C Tta 202 °C. Sk BuAHO 3 pucyHKa 9 crocTepiraeTbcsi HECYTTEBE 3pOCTaHHS TTOXUOKH
MPOTHO3YBaHHsS 3HAYeHHS TeMmmeparypu. HaiiOinplmie 3HadueHHS TOXWOKM NPOTHO3YBAHHS OTPUMAHO
BCEpEIMHI Jliana3oHy, ke He nepesunye 3-10° °C.

BucHoBok: [IpoBezieH1 A0CITIHKEHHS TOKA3aJIH, 110 JOIIEHO BUKOPHUCTOBYBATH HEUPOHHY MEPEXKY 3
OJIHMM BHYTPIIIHIM mapoM (aBomapoBy). OnTuMalnbHa KiTBKICTh BXO/IIB HEHPOHHOT MEpEKXi € B MEeXKax Bij
20 no 40. TloxuOka TPOrHO3yBaHHS 3HAYEHHsI TEMIEpPaTypH 3MEHINYEThCs 13 30UIBIICHHSM KLTBKOCTI
MOCITiTIOBHOCTEH 7151 HaB4aHHS. [ToxnOKka MporHo3yBaHHS 3HAYEHHS TEMITepaTypH IS iJeaIbHUX TECTOBUX
nociijoBHOCTel He mepepumye 3-107° °C.

B mopanmeniomy miaHyeTbes JIOCHIDKEHHS BIUIMBY 1HCTPYMEHTAJIBHUX MOXHOOK BHMIpIOBaHHS
TEeMIIepaTypH Ha OXUOKY MPOrHO3yBaHHSI.
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