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AHoTAIlIA

B crarri onmcaHi pe3ynbTaTH JOCHIKEHHsI 3aJ€KHOCTI MOXMOOK IPOTHO3YBAaHHsS 3HAUEHHS TeMIeparypu i3
BUKOPHUCTaHHSIM HEHPOHHUX MEpEX BiJl PO3PSIHOCTI AHAITOTOBO-IM(POBOTO MepeTBopioBada. OmHCaHO aIrOpUTM
CTBOPEHHS TECTOBHMX IIOCHIJOBHOCTEH Ta HaB4YaHHA HEHPOHHHMX Mepex. HaBemeHo pe3ynbTaTd mOCHIIKEHHS
3IEKHOCTI MOXUOKM NPOTHO3YBaHHS 3HAYCHHS TEMIIEPAaTypH BiJ KUIBKOCTI BXOXIB HEHpPOHHOI Mepexi Ta BiX
pospsimHocTi ALl Takox ommcaHo pe3yiabTaTH JOCHIKEHHS 3aJIeKHOCTI CEepedHbOI TMOXHMOKM MpPOTHO3YBaHHS
3HAYEHHS TEMIEepPaTypu Ta 3aJIeKHOCTI aOCONIOTHOI HEMEeBHOCTI MPOTHO3yBaHHS 3HAYEHHsI TeMIeparypu BiJ
po3psiaHocTi AL

Abstract

Current article describes the results of the study of the error of temperature values prediction using neural networks. In
the introduction, the authors consider previous research pointing out problems that arise during measuring the high
temperatures. To solve these problems the neural networks applies. The formula for temperature transition process is
derived.

Dependence of the temperature value prediction error by neural networks on the ADC resolution is considered.
Algorithm for creating and teaching neural networks is studied. Sequences modeling for the neural network training and
the equation for calculating the absolute error of temperature prediction are given. Data used by the neural network are
guantized by the level. The number of quantizing levels depends on the ADC resolution. Thus, while processing the
results of measurements by the neural network, additional error rises caused by ADC resolution.

Results of the study of dependence of the temperature value prediction error on the number of network inputs and on
the ADC resolution are presented. They envisage that the prediction error decreases with ADC resolution growth and
the inputs amount in the neural network reduction. Also, lower predicting temperature values errors are located in the
middle of the temperature range of the object of measurement.

Also the dependence of average error and absolute uncertainty of the temperature value prediction on the ADC
resolution are studied. Equations for computing the mean temperature error, standard deviation and uncertainty are
deduced. Table with results of the study of temperature value prediction error for quantized data and for double type of
data is given. In result, we have defined the temperature prediction error dependence on the ADC resolution.
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1. Beryn

B 3ampornoHOBaHOMY METOII NPOTHO3YBaHHS 3HA4YEHHS TEMIICPAaTypH 3a IEPeXiTHHM IPOLECOM 13 BHKOPHCTaHHSAM
HEHpOHHUX Mepek [l] 3acTOCOBYETBCS MOIENh TEMIEPaTypHOTO TIEPEXiJHOTO TPOIECY, IO OIMUCYETHCA
BHpasom [2, 3]

T(t)=TP+(To _TP)(l_eiur)' @

ne t — vac; T — mocriiiHa 4acy NepBHHHOTO NEPETBOPIOBaya; 1, — TeMIeparypa 00’eKTa BUMIPIOBaHHS; p — OYATKOBE
3HAYEHHs TeMIIepaTypy NEPBUHHOTO NIepeTBOpIOBaYa; T — ODKyue 3HaYeHHS TeMIIeparypH.



JaHi, sKi BUKOPHCTOBYIOTHCS HEHPOHHOIO MEPEXEI0 € KBAaHTOBAaHMMH 3a piBHeM. KibKICTh pIBHIB KBaHTYyBaHHS
3IEKUTH B PO3PSIIHOCTI KOHKPETHOTO aHaJoroBo-mudpoBoro mneperBoproBada (ALIIT). Takum umHOM mTix dac
OTIPAIIOBAHHS PE3YJbTaTiB BUMIPIOBaHb HEHPOHHOIO MEPEKEI0 BUHHUKAE JOJIATKOBA MOXHOKA, 3yMOBIICHA PO3PSIHICTIO
AITL

2. Meta po6oTu
MerToro poboTH € ZOCHIIKEHHS 3aJIeKHOCTI TTOXUOKH MTPOTHO3YBAHHS 3HAYEHHS TEMIIEpaTypu HEHPOHHUMH MepeKaMu
Bix po3psimaocTi ALIIL

3. Marepiaau Ta MeTOIHU

B nmamiif cTarTi po3mIAmaEThCS HEHpPOHHA Mepeka 3 apXiTeKTYpOIO MPSMOTO PO3MOBCIOMKEHHS [4, 5], mo Mae 1Ba
mapu [1]. Ilig yac mociigkeHb TPOBOIIIOCH MOJETIOBAHHS TEMIIEPAaTypHOTO HepexisHoro mporecy 3a Bupazom (1)
JUIsl 3HaUeHb Temreparypu o0’ exrta B mianazoni i 200 mo 220 °C 3 kpokom AT, = 0,5 °C (pucyHok 1), ne 3HaueHHs
yacy t 3miHIoBaoch Bix 0 10 tym. 32 yac BUMIipIOBaHHS lym PO3PaxOBYBAIOCH N 3HA4YE€Hb TEMIIEPATypH IEPEXiTHOTO
npotuecy. KokHOMY 3HaueHHIO TeMIeparypu 00’ €KTa BUMipIOBaHHsI BiJIIOBIa€ MIEBHA TECTOBA MOCIiOBHICTE 111
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Puc. 1. Macue anano206ux mecmogux nociioo8Hocmel
Fig. 1. Array of analog test sequences

3Ha4yeHHs TemIeparypH Ti B kBaHTax Nj, oTpuMaHe 3a IepexiHUM IPOLECcOM Ha MPOMIKKY Yacy tyym, BU3HAYAETHCS 32
¢dbopmyroro:
Ni :(Tu _Tl)(NZ_Nl)/(TZ _T1)+N1’ 2

ne Ti — 3Ha4YeHHs TeMIIeparypH, W0 BiANOBifae mnepiioMy piBHio kBaHtyBanHs (T = 0 °C); T, — 3HaYeHHsS
TeMITeparypu, 110 BiANOBigae ocTaHHbOMY piBHIO KBaHTYBaHHS (T2 = 250 °C); N1 — nepiunii piBeHb kBanTyBaHHs ALITT
(N1 =0); N2— ocranHniit piBens kBauTyBanHst AL, sikuit BU3HAYAETHCS 32 HOPMYITOFO:

N, =2™-1, (3)

ne Mg — po3psiaaicts AL
3HadeHHs Temreparypu TKV; i3 BpaxyBaHHsIM KBAaHTYBAaHHS OOUHCITIOETHCS 32 BUPA30M:

Thy, =(T,—T,)(N; = N,)/(N, =N, )+T.. )

Heiiponna Mepexa HaBuajach Ha MAacHBI OTPHMMAaHMX KBAaHTOBAHWX TECTOBUX MOCIIAOBHOCTEW (PUCYHOK 2) i3
BpaxyBaHHAM po3psiaHocTi ALIIL
B momanbmiomy HaBdeHa HEHpOHHA Mepeka BHKOPWCTOBYBAJIACs JUIsi TPOTHO3YBAaHHS 3HAYEHHS TeMIlEparypu 3a
MePEXiAHUM MPOIIECOM Ta pO3paxoByBalach adconoTHa moxudka A7 3a popmyroro:

AT =Tor =Ty, (5)

ne Tpr — MPOTHO30BAHE 3HAUEHHS TEMIIEparypu; 1, — TeMmIieparypa 00’€KTa BHMIpPIOBAHHS Ul JaHOI TECTOBOI
MOCIIJOBHOCTI.



Bxio HM Buxio HM

| Tlke, | ------- > o
| ke, | ------- » | 2005C |
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| mmee. | ------- » [ 2200 ]

Puc. 2. Bxoou ma 6uxoou HetpoHHOT Mepexnci
Fig. 2. Inputs and outputs of neural network

ABCOIOTHY OXMOKY MPOTHO3YBaHHSI PO3PaxXOBaHO Ui TPhOX 3HaUeHb TeMreparypu o0’ekra BumiptoBaHHs: 200 °C,
209,5 °C, 220 °C i3 BUKOPUCTaHHSM THX CaMHX TECTOBHX IOCHTIJJOBHOCTEH, Ha SKNX HaB4Yajach HEHpOHHA Mepexa. Ha
PHUCYHKY 3 NIpEICTaBIeHO 3AJICKHICTh MOXUOKM MPOTHO3YBaHHS 3HAUCHHS TeMIieparypu Bix pospsanocti ALIT Ta Bin
KUIBKOCTI BXOHiB HEHpoHHOT Mepexi. JlocmimKkeHo NIBaalsTh HEMPOHHHX MEPEX, SIKI BiJPI3HSAIOTHCS KiJBbKICTIO
BxoxiB N: 10, 20, ... 200. Po3psimaicts ALIIT 3minroBanacs Big 16 no 24. HaBuanHs HEHPOHHUX MepeX MPOBOAMIOCH Ha
41 TecTOBIN MOCIIIOBHOCTI.

BpaxoBytoun pesynbratd (PUCYHOK 3) MO)XHAa 3pOOHMTH BHUCHOBOK, IO 3i 30uiblieHHsM pospsiaHocti ALl Ta
3MEHIIEHHSM KIJBKOCTI BXO/IiB B MEpeXi MOXMOKaA MTPOTHO3YBaHHS 3MeHIIyeThCst. OTXKe, TOLIIHHO BCTAaHOBIIOBATH HE
Oinbine 50 BXxoaiB HelipoHHOT Mepexki Ta BukopuctoByBat ALIIT 3 Oinbioro po3psaHicTio. KpiM Toro, MeHI moxuoku
MIPOTHO3YBaHHs 3HAYEHHS TeMIIEPaTypH 3HAXOMATHCS B CEPEIHI Aiana3oHy TeMIlepaTyp 00’ €KTa BUMipPIOBAaHHS.
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Puc. 3. 3anexcnicms noxubku npozHo3yeanHs 3HaueHHs memnepamypu 6io pospaonocmi ALl ma 6i0 Kinbkocmi 6x00i6
HeUupoHHOT Mepedici: a — 0ns memnepamypu 06 'exkma gumiprosanus 200 °C, 6 — ona memnepamypu 00'ekma
sumiproganns 209,5 °C, 6 — 012 memnepamypu 06 'ekma sumiproseanns 220 °C
Fig. 3. Dependence of temperature value prediction error on ADC resolution and on number of neural network inputs:
a — for measurement object temperature 200 °C, 6 — for measurement object temperature 209,5 °C,

6 — for measurement object temperature 220 °C

[lpoBeneHo moCHiKEHHS 3aJISKHOCTI CEpeHbOI MOXMOKN IMPOTHO3YBAHHSA 3HAYEHHS TemIleparypu (PHCYHOK 4) Ta
3aJIEXKHICTD a0CONIOTHOT HEMIEBHOCTI POTHO3YBAaHHSI 3HAYECHHS TeMIIeparypy (pucyHOK 5) Bix pospsarocti ALIL
CepenHe 3Ha4eHHS a0COIIOTHOI MOXWOKK POTHO3YBaHHs Temrieparypu A47s po3paxoByBalloCh 32 BUPA30M:

1 m
- _ 6
m;AT,, (6)

Je M — KiJgBbKicTh Jocimimkerb (B manomy Bumaaky M = 100); A7 — abGcomoTHa MOXHOKa MPOTHO3YBaHHS 3HAYCHHS
TEMIIePaTypH JJIs1 KOKHOTO JIOCJTiKSHHS.
JIyis BU3HAYCHHS HETIEBHOCTI MPOTHO3YBAHHS 3HAYCHHS TEMIIEPATYpH PO3PAaXOBYBAJIOCH CTAHAAPTHE BiIXWJICHHS 0 3a
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Puc. 4. 3anexncnicmov cepednboi noxubku npocHo3y8anHs 3HavenHs memnepamypu 6io pospsaonocmi ALIIT
Fig. 4. Dependence of mean error of temperature value prediction on ADC resolution

AOCONIOTHA HEINeBHICTh U TPOTHO3YBaHHS 3HAYEHHs TeMIeparypu sl jgoBipuoi #moipHocti p = 0,95
po3paxoByBayach 3a ¢popmysoro [6]:
u=o-Ks, ©)

1e Ks — koedimient CterogenTa (s moBipuoi iimosiprocti p = 0,95 Ks = 1,99).
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Puc. 5. 3anexcnicmo abconromnoi HenegHocmi NPOSHO3Y8AHHA 3HAUEHHS memnepamypu 6i0 pospsonocmi ALTT
Fig. 5. Dependence of absolute uncertainty of temperature value prediction on ADC resolution

B Tabmuui 1 mpuBeneHO pe3yibTaTH JOCTIIHKCHHS MOXUOKW IMPOTHO3YBaHHS 3HAYCHHS TEMIICParypH s AaHHX
KBaHTOBaHHUX 32 pIBHEM i3 BpaxyBaHHsM po3psaHocti AL Ta nanux tuny double (mociimkenns nposeaeHe B [1]).

Tabnuys 1. Pezyromamu 00Caiodicen st NOXUOKU NPOZHO3Y8AHNS 3HAYEHHS meMnepamypu 0k OAHUX
KBAHMOBAHUX 3a pieHeM 13 epaxyeanusm pospsonocmi ALl ma oanux muny double
Table 1. Results of the study of the error of temperature value prediction for quantized data and for double type

of data
Jlani kBaHTOBaHi 32 piBHeM Jani Tuny double
Po3psaanicts | Cepennst moxudka, | Cepennsi noxudka,

AT °C °C

16 0,0019

18 0,00092

20 0,00049 0,000037

22 0,00028

24 0,00011




4. BUCHOBKH

[lpoBeneHi mocHmiypKeHHS TOKas3ajid, IO TOXMOKAa IPOTHO3YBAaHHS 3HAYEHHS TEMIEparypu 3MEHIIYeTbes 3i
30inbieHHsM po3psaHocTi AL Y nopiBHsAHHI 3 MTOXHOKOI MPOTHO3YBAaHHS TeMIeparypu it nqanux tumy double
moxnOKa MpPOTHO3YBaHHs NMpU BUKOpUCTaHHI 16 pospsaHoro ALIIl 3pocrae mpakTu4HO Ha JBa MOPSAKH, a s 24
pospsanHoro AL — Ha mopsamox. OTpuMaHi 3alIeKHOCTI MOXUOKHU JTO3BOJISIOTH ONTHMIi3yBaTH METOX MPOTHO3YBAHHS
temneparypu Big po3psnHocti ALIL a Takox Bu3HauuTu po3psaHicts AL mis 3amanoi moXuOKM MPOTHO3YBaHHS
3HAUeHHS TEeMIepaTrypd 3a NepexiiHUM TMpolecoM. B  mojaipmioMy IUIaHYEThCS —JIOCTIDKEHHS  BIUIMBY
IHCTpYMEHTAILHUX IMOXHUOOK BUMIPIOBAHHS TEMIIEparypy Ha OXHUOKY MPOTHO3YBaHHSI.
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