HHHAD
Mry

Usmg Adaptive Window
Wavelet Neural Network to
Solve a Spectroscopy Inverse
Problem

EdutopoB A. O., lupoknn B.P., loneHko C.A.

HWN anepHon usnkn nvenn [1. B. CkobenbubiHa
a.efitorov@sinp.msu.ru

* This study was funded by RSF according to the research project Ne 19-11-00333


mailto:a.efitorov@sinp.msu.ru

ObpartHaqa 3agada CrneKTPoCKoNnmn

3agayva.
Onpenenntb KoHUeHTpauun 10 pacTBOPEHHbIX

B BO/IE MIOHOB HEOPraHNYECKMX CONew; Tranemiting

Filter
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CI'IeKTpOCKOI'II/Iﬂ KOM6I/IHaLI,I/IOHHOI'O pacCcedaHns, Laser

e

Laser
Blocking
Filter

MaccuB AaHHbIX:
e ~4500 cnekTpoB peasibHbIX Tab0PaTOPHbLIX N3MEPEHNIA;

* B BOAHbIX pacTBOpax NPUCYTCTBYIOT OT 1 A0 5 conen oqHOBPEMEHHO +
AVUCTUN/IMPOBaHHaA Boaa,

* OpfVH 1 TOT XXe MOH MOXET NMPUCYTCTBOBATb B HECKO/IbKNX COJISAX;

* [nanasoH namepeHuns koHueHTpaumin: O - 4.5Monb//1, war cetkn: 0.2Mornb/JT;

[MpenoobpaboTka:
* YpaneHue ropnusoHTasIbHOro NbegecTana,

* HopmupoBKa Ha niowaab Ba/IEHTHOR NO0ChI BOAb;
e LkannpoBaHMe KaHa/10B N0 TPEHMPOBOYHOMY MaccuBy B MHTepBan 0 — 1.



KP-cnekTpbl HeOpraHU4ecknx cosnemn

0.0045 - :
oooad —1
g B
S g
. -4 ——4
=
S 0.003 -
a 0.0030 -
|
<
o
2
- 0.002 4
=
£
0.0015 -
0.001 - f
M /’ .
500 1000 1500 2800 3200 3600

Wavenumber, cm™!

CpaBHeHMe CrnekTpoB KOMOUHALIMOHHOIO paccesHus A1 HU3KO4YaCTOTHOM
o6nacTu (cnesa) U BaJIEHTHOM MOMOCHI BOAb! (Crpasa) Ans pasHbIX Conen
1 — gncTunnupoBaHHasa BoAa;

2 — KNO, - 0.6M, Li,SO, — 0.75M;

3 — NaCl-0.5M, NH,Br — 1.75M, Csl — 0.25M,;

4 — NaCl - 0.2M, NH,Br — 0.2M, Li,SO, — 0.4M, KNO, — 1M, Csl — 0.6M.,



IcKkyCcCTBEeHHble HENPOHHbIE CETU

h;j = sigmoid Z XxWi
Jlornctnyeckasa perpeccus =1
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nepcenTpoH C OOHUM CKPbITbIM

CNIOEM Ha CMrMOounaasibHbIX cbyHKLlVIFD}(, = sigmoid Y ajh;
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Pe3ynbrathl peleHnsa 3agaym Ha

BeVBET KoadhpumumeHTax

umcno
NPU3HaKoB

Mean absolute error, M
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M |nitial 1824
OAggr_8192
mDWT_4 32
EDWT_S 64
m DWT_6 128
= DWT_7 256
% CWT_8 382
% CWT_16 190
% CWT_32 94

w CWT_64 46

CpenHsisi abcontoTHas owmnbKa peLleHns 3agaqym HEMPOHHOW CETbIO Ha
BXOAHbIX AaHHbIX: Initial — ncxogHble cnekTpbl, AgQgr — arpernpoBaHHble
(ycpeaHeHue) naHHble, DWT — AnckpeTHoe BenBreT-npeobpasosaHme, CWT

— HenpepbIBHOE BeliBNeT-Npeo6pa3oBaHme.




MI'YA* (MeToa rpynnoBoro yyerta aprymeHTa)

KoMOUHaATOpPHbIN KomGuHaTtopHoO- MHoropsigHbIi PenakcauynoHHO
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*G. Onwubolu et.al. b. GMDH-Methodology and Implementation in C. Publisher: World Scientific Publishing Company ISBN: 978-1-84816-610 (2014).



MHoropsagHbIn anropnTM BblibOpPa
BenBAeT-PYyHKLUNN
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Rl dTan 3: pelweHne O3 Ha 6ase
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2T0 YPOBHHA
ATan 1. pacyet KOapPNLMEHTOB
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MHoropsagHbIn anropnTM BblibOpPa
BenBAeT-PYyHKLUNN

PelueHne domsunyeckoin O3 cob6CTBEHHOMN
MOAENbI0 ANA KaXKA0W NepeMeHHON no-
OTAENbHOCTY;

CTapT pacyeToB C MUHUMa/IbHOWM LUNPUHBI
OKHa BeWBeT-OYHKUMNN;

Ha nepBoM ypoBHE BbIYNCNAKOTCA BCE
BENB/IET-KO3IPPUNLMNEHTDI;

BbI60p domKCnMpoBaHHOIO YKnucia ny4dmx
Moaenewn;

[ns nepemMeHHbIX Ny4ylnx moaenemn
fa/ibHellee n3MmeHeHne macwTtaba He
npennonaraeTca — Ux criegyert OT/I0KUTb A0
OKOH4YaHus paboTbl anropuTMa Bbibopa
BEBNET-0KOH



MHoropsagHbIn anropnTM BblibOpPa
BenBAeT-PYyHKLUNN

YpPOBHb 2: KOSPPULEHTbI LUNPUHBI X2

iz
“ ” CH ! . 1
YpOBHb 1: “OT/IOKEHHbIE” KOAPULMEHTBI 7 | |/

* Ha cneayrwouwmii ypoBeHb nonagatoT 06n1actu, NPoAEMOHCTPMPOBAaBLUNE HU3KOE KayeCcTBO
peLleHnsa 3anauu;

* CoceacTsyloLine 06nacT CAnMBatoTCA B BEMB/ETbI CNEAYLLErO YPOBHSA (OABYKpPaTHOE
yBefimyeHne macuwtaba);

* Ha KaxaoM 13 noslyyeHHbIX BENBNET-KO3h(PNLMEHTOB HOBOrO YPOBHS peLLaeTcs
dunsnyeckas 3agava,;

* BbI6op BeNBNET KOIWULMEHTOB, NPOAEMOHCTPUPOBABLLMX NyYllne pPe3ynbTaTbl PELIEHNS
03.



MHoropsagHbIn anropnTM BblibOpPa
BenBAeT-PYyHKLUNN

* PeweHne obpaTHOI 3a4a4M Ha OCHOBE BblOpPaHHbIX KO3I(ULNEHTOB C
MOMOLLbI eAVHCTBEHHOW HEMPOHHOWM CETW.
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Yucno npusHakoB

CpaBHeHMe 3HayYeHnin cpegHen aGCOTIOTHON OWNOKN 1 Ko3dhduymeHTa
AeTepMnHauumn peLLeHns obpaTHoW 3aaa4ym CrekTpockonumn Ha 6ase Npu3HakoB
HenpepbIBHOIO BenBneT-npeobpasosaHns 6e3 otéopa (CWT) 1 c aganTUBHbIM
oT60opom WwnpuHbl okHa (WNN) B 3aBUCUMOCTM OT YMcna Npu3HaKkoB




[Tybnnkaunm no teme

2015 Significant Feature Selection in Neural Network Solution of an Inverse Problem in Spectroscopy. Efitorov A.,
Burikov S., Dolenko T., Laptinskiy K., Dolenko S. B >xypHasne Procedia computer science, nsgatenncTtso Elsevier
(United States), Tom 66, c. 93-102;

2015 Comparison of the quality of solving the inverse problems of spectroscopy of multi-component solutions with
neural network methods and with the method of projection to latent structures. Efitorov A.O., Burikov S.A., Dolenko
T.A., Persiantsev I.G., Dolenko S.A. B xxypHasne Optical Memory and Neural Networks (Information Optics),
nspatenbcTBO Allerton Press Inc. (United States), Tom 24, Ne 2, c. 93-101;

2016 Neural Network Solution of an Inverse Problem in Raman Spectroscopy of Multi-component Solutions of
Inorganic Salts Efitorov A., Dolenko T., Burikov S., Laptinskiy K., Dolenko S. B xxypHane Advances in Intelligent
Systems and Computing, Tom 449, c. 273-279;

2017 Solution of Multi-parameter Inverse Problem by Adaptive Methods: Efficiency of Dividing the Problem Space.
Alexander Efitorov, Tatiana Dolenko, Sergey Burikov, Kirill Laptinskiy, Sergey Dolenko. B )xypHane Lecture Notes in
Computer Science, Tom 10614, c. 751-752;

2018 A Neural Network of Multiresolution Wavelet Analysis. Efitorov A., Shiroky V., Dolenko S. B )xypHane Lecture
Notes in Computer Science, Tom 11140, c. 567-574;

Efitorov A., Dolenko S. A new type of a wavelet neural network // Optical Memory and Neural Networks (Information
Optics). — 2018. — Vol. 27, no. 3. — P. 152-160.

Use of wavelet neural networks to solve inverse problems in spectroscopy of multi-component solutions / A. Efitorov,
S. Dolenko, T. Dolenko et al. // Studies in Computational Intelligence. — 2020. — Vol. 856. — P. 285-294



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 8
	Slide 9
	Slide 11
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

