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In the article, we introduce an image recognition system that is based on
least squares support vector machines with matrix inputs. Its distinctive features
include not just the ability to process images in their initial matrix form without
vectorization, but also that centers of activation functions are formed with the
observations from the training set. The tuning procedure of the system is charac-
terized by the combination of the supervised learning paradigm, «lazy» learning
using the «neurons at data points» concept, T. Kohonen’s self-learning, and
learning vector quantization. Experimental results confirm the presented theo-
retical analysis.

Ha cboronHiniHiit neHb, cepes icHyrouux npoodnem B cdepi [HTenekTyalb-
HOT 0OpOOKHM JaHUX, a TAaKOX OOUHCIIOBAIBLHOTO 1HTENEKTY OJHON 3 HalHO1IbII
aKTyaJIbHUX Ha MOTOYHHH MOMEHT € MpoOiieMa po3Mi3HaBaHHS oOpasiB, 300pa-
KeHb.

Tpu HallmomyJspHilIi MOJENi MallMHHOTO HABYaHHS PO3Mi3HABaHHS 30-
opaxxerb. SVM (Support Vector Machines), moaeni Habopy dyHKIii, sk Scale
Invariant Feature Transformation (SIFT) 1 Maximally stable extremal regions
(MSER). Cepen icHyrounx miaxoliB, Hailoinb nonynsipHumu € CNN, npote B
HUX € CyTT€BI HEHOJIKH, OJHUM 3 SIKHUX € HeOOX1IHICTh Y BEJUKIi KiNbKOCTI Ha-
BUAJIBHUX JAHUX 1 TOTY>XHOCTI.

Jns po3rnsHyTOi 3a7adi BUKOPHUCTAHHS OMOPHOTO BEKTOpa €(eKTHBHOIO
Moxxke Oyt MammHa (SVM) [1], sika onTuMi3ye eMIOipUYHUN KpUTepid HaBYaH-
HS PU3UKY Ta KOpPUTYe iHoro mapaMmeTpu Oa3yeTbesl K Ha TpaaMIliiiHOMY Kepo-
BaHOMY HaBYaHHi, TaK 1 Ha KOHIIEMIlil «HEeWpoHIB y Toukax naHux» [2]. Ha-
BuaHHs SVM MOXHa 3HaYHO MPUCKOPUTHU 1 3BECTHU JI0 PIllIEHHS] CUCTeM JiH1H-
HUX PIBHSIHb 32 JIOMIOMOTOIO TaK 3BaHUX HaMEHIIUX KBajpaTiB MaliuHu onop-
Hux BekTopiB (LS-SVM) [3]. Lli HelipoHH1 Mepexi, SKi MalOTh JIMIIE ABa LIapH
00poOKku iHQopMallii: MPUXOBaHUH piBeHb QYHKIIH aKTUBALT siIpa Ta BUXITHUN
piBeHb peryjibOBaHUX CHHANTUYHUX Bar - Ay»Ke IIBUJKI MOPIBHSHO 3 KJacH4-
auMH CNN, aje 31 301bIIICHHSIM HaBYaHHSA OOCATH JaHWX, BOHH CTHKAIOTHCS 3
00YHUCTIOBATLHUMU MpoOJIeMaMi, 0COOJMBO B PEXUMI OHJIAMNH.

B sxocTi BXITHUX JaHUX PO3TJSJa0OThCS po3MideHi BUOIPKH, a GyHKIlI aK-
TuBallii — ["ayccianu, sKi 4acTO BUKOPUCTOBYIOThCS K (YHKIIIT aKTUBaIlil B Tpa-
mumiaux SVM 1 LSSVM.
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Meton HeBH3HaueHUX MHOXXHHKIB Jlarpanyka [4] BUKOPUCTOBYEThCS IJIs
BUpIIIIEHHS TPoOJeMHU ONTUMI3allil 3 ypaxyBaHHSAM OOMeXKeHb.

[{eit minxin nqo HaByanHs [LS-SVM 3a yMOB KOJIM JaHi HaaXOIsSTh B OH-
naifH-peXuMi, SK 03BOJISIE MOTIK 1CTOTHO CIPOCTUTH 1 MPUCKOPUTH HAJIAIITY-
BaHHS 300paxeHHs. Cucrtema posmizHaBaHHs SVM mpaiftoe BiIHOCHO A00pe,
KOJIM MK KJIacaMH € 4iTKa MeXa MOy, € OUTbII e()eKTUBHUM Y BEJIUKUX MPO-
cTopax. eeKTUBHHI y BUNaJKaxX, KOJU KUIbKICTh BUMIPIB NEPEBUILYE KUTbKICTh
BUOiIpoK. SVM Takox BiTHOCHO €(eKTUBHO BUKOPUCTOBYE TaM’ STh

Pesynbratn
Anroput™ TouHicTe DyHKITIA spa
CNN 83.46 -
SVM 95.03 RBF
LSSVM 96.81 Gaussian
LSSVM 99.44 Polynomial
LSSVM 97.93 Linear

Pe3ynbTaTH KOMI'FOTEPHOTO MOJIEMIOBAHHS CBiHaTh NpPo e(PEeKTUBHICTh
3alpONOHOBAHOT CUCTEMHU MpPHU BHPIIIEHHI 3a7a4 po3Mi3HaBaHHS o0pa3iB 3 XO-
POIIIOI0 TOYHICTIO 1 HMIBUIKICTIO B YMOBaX OOMeXeHUH HaBuallbHUN Habip 1a-
HUX, 00poOKa 300pakeHb B OHJIAMH-pexuMi. EQeKTUBHICTh CHCTEeMH JOBeleHa
caMe Ha MmajoMmy HaOopu nmaHux. OpHak 31 301IbIIEHHSIM KiNbKOCTI HaBYalIbHI
CHOCTEPEKEHH s, TIMOOKI HEHPOHHI Mepexi MaloTh He3alepeyHa rnepenara.
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