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HEUYITKA JIOriKA B 3AAAYAX
PO3NMNIBHABAHHA XECTIB

LaHa cmamms nipucesiyeHa npobriemi po3nisHasaHHs Xecmig K O0HIl 3 8aX/usux
obsiacmeli 3acmocysaHHS KOMITHOmMepHO20 30py, 30Kpema, 0r1si nobydosu pizHO20 mury
JNIIOOUHO-MaWUHHUX iHMepdgbelcie, KepyeaHHS 8i0MO8IOHUMU MEeXHIYHUMU 3acobamu i
cucmemamu gipmyarbHOi peanibHocmi ma iH. Ocobrusy yeaz2y rnpudifieHo po3rii3HagaHHIo
OesiKuX xapaKmepHUX pyxie pyK foOUHU, WO Marmp y 8U3HaYeHIl npedmemsHil obriacmi
8i0Mo8IOHI ceMaHmMUYHi 3Ha4YEeHHS, Ha OCHOBI 3aCMOCy8aHHs HEYIMKOI f102iKUu ma cucmem
HeYimKo20 5102i4H020 8UCHOBKY. HasedeHi ma 062080prorombCs pe3yribmamu Modesito8aHHs,
wo nidmeepdxyrome rpauesfamHicmb ma 8UCOKY eheKmueHIiCmb po3pobrieHOI He4imkoi
cucmemu po3nizHasaHHs O 7-Mu Pi3HOMUIMHUX Xecmie.

Knroyoei cnoea: posnisHagaHHs, 0bpa3s, xxecm-komaHOa, Hedimka rioeika, anzopumm,
306pakeHHs, GhoH, nepetuKkoou.

HaHHasi cmambs nocesiueHa npobrieme pacro3HasaHUs XXecmos Kak 00HOU U3 8aXKHbIX
obnacmeli nNpUMeHeEHUsI KOMIbIOMEPHO20 3PEHUS], 8 YacmHocmu, Orisi MOCMpPOeHUs! pas-
JIUYHO20 muna 4Yesio8eKo-MallUHHbIX UHMepghelicos, yrpasrieHus coomeemcmeyouumu
mexHuYeckumMu cpedcmeamu U cucmemamu supmyarsnbHoU peanbHocmu u dp. Ocoboe
8HUMaHuUe yOerieHO pPacrio3HasaHUr HEKOMOPbIX XapaKmepHbIX O8UXKEHUU PYK 4Yesloeeka,
umerowux e onpederneHHoU npedMemHol obsiacmu coomeemcemeyroujue ceMaHmu4Yeckue
3HaYeHUsl, Ha OCHOBE MPUMEHEeHUsT HeYyemkoUl JI02UKU U CUCMEM HEeYemKoeo Jl0eU4eCKOo20
ebigoda. [NpusedeHbl u obcyxdaromces pesyrbmambl ModenuposaHusi, nodmeepxxdarowjue
pabomocrnocobHoCmb U 8bICOKYHO 3¢hghekmusHoCMb paspabomaHHoU HedemkoU cucmemabl
pacriosHagaHus 0151 7-Mu pa3siuyHbIX XXecmos.

Knroyeeblie cnoea: pacrosHagaHue, obpas, xecm-komaHoa, Heyemkasi fioauka, aneo-
pumm, uzobpaxeHue, ¢hoH, MoMexu.

This article is dedicated to the problem of gesture recognition as the one of the
computer’s vision applying most popular field, particular, for creating different types of
human-machine interfaces and for the appropriate technical means and virtual reality
control systems and so on. Special attention paid to the recognition of some human hand
movements, that have appropriate semantic value in a certain subject area, on the basis
of fuzzy logic systems and fuzzy inference engines. The simulation results, that confirm
the efficiency and high potential of fuzzy recognition system for seven different gestures,
are under concideration and discussion.

Key words: recognition, vision, gesture-command, fuzzy logic, algorithm, representation,
background, interferences.

IocTanoBka npo6semu. Ha choroHimHiil [eHp iCHye TEHICHIIIS MiABUIIEHHS PiBHA PO3POOKH 1 BUKOPUCTAHHS
pizHEX Momudikamiii crenianizoBaHUX pOOOTIB Ta POOOTOTEXHIYHUX CHUCTEM JUIS 3aCTOCYBAaHHS B MEIMIIHHI.
OnHi€ro 3 TakuX o0JacTell € peadumiTarist XBOPUX 3 MOPYLIEHHSIM pyXoBuX QyHKLiH [1; 2; 3]. IIpn upoMy icHyrOTH
TpoOJIeMH OTIepaTHUBHOI KOPEKIil MporieciB peabimiTariii moJi0HOTO THITy, OCKLUTBKH OPTaHH i CHCTEMH KepyBaHHS
po3paxoBaHi Ha 310poBHX Jitozeid. ToOTO JroHHA-ONIepaToOp Mae HEMepepBHO 3IMCHIOBATH MPOLEC KepyBaHHS
pob6oToTexHiuHo crcteMoro (PTC) B iHTepakTUBHOMY peXXHMI TIpH ii B3a€EMOJIIT 3 MAIli€HTOM.

3aranbHa cxema pobotu PTC 3 naiientom HaBeieHa Ha puc. 1.

SIK BHITHO 31 CXeMH OCHOBHHMM KOpPHCTyBaueM poOOTOTEXHIUHOI crcTeMu € omneparop (Jikap-QizioTeparnesT),
SIKAH TOBHICTIO 11 KOHTpoItoe. [lalieHT BUCTYNae B poui KiHIIEBOI JJaHKU cucteMu. J{iist mpucKopeHHs (i3udHOTro
OJly’)KyBaHHsI, KpiM BUKOHaHHS peaOuTiTaliifHUX BIpaB, BKIIMBY POJIb TAKOXK BIJirpac MCUXOJIOTTYHE BiIHOLICHHS
namieHTa 10 cede Ta CBOTrO 3aXBOpIOBaHHs. bakaHHs mnamieHTa OyTH HE NMAacHBHHUM, a aKTUBHHM YYaCHHKOM
peabuniTaniifHoro mporecy Moke OyTH peani3oBaHO IPH BHKOPHCTaHHI HAcTymHOI Momugikarii poOoTOTeXHITHOT
cucreMH (pHc. 2), sika TacTh 3MOTY IAIiEHTOBI HE JIMIIE BUKOHYBATH BIIPABH, a 1 MaTH MOXJIMBICTh BIUIMBATH Ha
X1 mpornenypu, ToOTO BUCTYIATH y POl orlepaTopa.
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Puc. 2. Moaudikosana cxema 3aemosii PTC 3 marienTom

[Mpucyrhicts omepatopa (puc. 2) € HeoOXiIHOK Tmepex MovyaTkoM cepii peaOuUTITALiHUX BHIpaB s
HanawryBanHst PTC mii KOHKpeTHOro naiiieHTa, 3 BpaxyBaHHsIM 0COOJIMBOCTEH HOro 3aXBoproBaHHs. B nonasibiomy
MALIEHT M€ MOXKIMBICTh CAMOCTIIHO B3a€EMOJIISITH 3 OpraHaMK KepyBaHHs CUCTeMOI0. [Ipu HEOOXiAHOCTI orepaTop
3aBXIM MOXE BIUIMHYTH Ha Ipollec pealimiTariiifHOro BiJJHOBJICHHS Ha OyAb-sSKOMY eTalli Horo peasizarii.
ABTOpamMH JaHOi CTATTi 3allPONOHOBAHO peaslizyBaTH MoaudikoBany cxemy poborn PTC 3 nmaumienrom (puc. 2)
HAa OCHOBI BUKOPHCTaHHI Bifeo-iHTep(eiicy, kil BKIIoYae B cebe cUCTeMy po3Mi3HaBaHHS 00pa3iB (B JaHOMY
BHIIAAKY PO3Ii3HABAaHHS HAa 300pa)keHHI BIAMMOBIIHUX KePyBaJIbHUX JKECTIB PyKH).

AHani3 nocaimkens i myGuaikaniii. B icHyrounx 3aco6ax po3mi3HaBaHHS 300paKeHb BUKOPHCTOBYIOTH Pi3HI
METOJH 3aJIeKHO BiI TOTO, 94U € 00’€KT po3Mmi3HaBaHHS IITyYHUM abo mpuponHuM [4]. Y mepmioMy BUMAIKy
3BHYAHO MAIOTh CIPaBY 3 OKPEMHUMH IIPeIMETaMH 4iTKo1 GOpMH, TOMY BEIHKE YUCIIO JOCIIHKESHb IPUCBIYEHO
3ICTaBJICHHIO 00pa3iB LUIIXOM BUSIBJICHHS KOHTYPIB Ta MEX a00 CTBOPEHHS TPUBHUMIPHOI (DOPMHU 3 BUKOPUCTAHHSIM
reoMeTpudHUX pasui [S]. Cepen MpupoJHUX 00’ €KTIB iCHYye 6araTo 00’ €KTiB HEMPABUIILHOI (POPMHU 3 CBITJIOTIHAMH,
TOMY TP pPO3Ii3HaBaHHI 00’€KTIB TaKOro KJacy 3a3BU4ail 3a JOINOMOIOK KIIACTEPHOT'O aHali3y 3.iHCHIOITH
PO30UTTS 300payKeHHs Ha OIHOPIHI 00J1aCTi, a MOTIM 32 0COOIMBOCTAMHU (HOPM LIMX 00JIACTEH POOIISATH BUCHOBOK ITPO
00’ext. KpiMm TOTO, OCTaHHIM 4acoM MPOBOJUTHCS OaraTo JOCIIPKEHb 110 BIATBOPEHHIO BOX- 1 TPUBUMIPHHUX (GopMm
00’€KTIB Ha OCHOBI 0OPOOKHM BENHMKOI KiJIBKOCTI 300paskeHb [6]. Y poOOTOTEXHIll BUHUKAE HEOOXIHICTH 0OPOOKH
PyXoMHX 300pakeHb Y pealbHOMY daci, TOOTO BEJIMKOTO 3HaYCHHS Ha0yBae MIBUIIKICTh po3Mi3HaBaHH: [7; §].

HoBa xBuits po3BUTKY 3ac00iB JTFOAMHO-MAIIMHHOI B3a€MOIi1 0a3yeThesl Ha BUKOPUCTAHHI TIPOLIEAYP CIHPHHHATTS
(Perceptual User Interface) 3 ronocoBux (Voice User Interface), cercoprux (Touch User Interfase) i 3acHoBaHmX
Ha komm orepHOoMy 30pi (Vision Based Interface) intepdeiicis, siki BHKOPHCTOBYIOTH MPHUPOIHI AJIS JIIOIUHH
criocoOu BBesieHHs iHpopMaltii, 30kpeMa, Moy [ 10], nmucbMoBe BBeieHHs, xectu pyk [11; 12], Hanpsim norusiy
[13], mimiky [14], pyxu romnoBH i Tina moauau [15].

MeTor0 1aHOI CTaTTi € aHATi3 MOMIIMBOCTEH 3aCTOCYBAHHS HEUITKOI JIOTIKM JUIs CTBOPEHHS Bimeo-iHTepdeiicy,
uro Oyne cnpuiimMaty pyxu omneparopa-maiienra (JIIIP — sroqunu, Mo npuiiMae pileHHs) siKk KepyBalbHI KOMaH/IH.
[pu upomy JIIIP He moTpiOHI OJATKOBI MPHUCTPOI i MPUCTOCYBAHHS HAa 3pa30K KOJLOPOBHX PYKaBUYOK abo
cnemianbHUX AaT4yuKiB [9]. Po3pobiena PTC 3 Binmeo-iHTepdeiicoMm Mae MUTTEBO pearyBaTd Ha KOMaHIH, TOOTO
Ma€ TIpamoBaTH 3 MOTOKOBOIO Bineoindopmanieto. Jlns 3abezneuenns ynpasiinag PTC B peamsHOMy 4aci
HaKJIQJIA€EThCSl BUMOTa HAa BUKOPUCTAHHSI MIBUAKOJIFOUMX METO/IB 00pOOKH 300pakeHb.

Buxkiaa ocHoBHOro martepiaiy gocaimxenHs. OCKUTBKH IPU PO3ITi3HABAHHI JKECTIB CHCTEMa Ma€ TPAIIOBaTH
3 SKICHIM TapaMeTpOM «CXOXICTb», TO IJIi aBTOMATH3aIlil MPOIECIB pO3IMi3HaBaHHSA JKECTIB BHKOPHUCTAHO
CHCTEMY 3 HEUiTKiM JIOTiYHMM BHCHOBKOM Mawmpani- tuny (CHJIB) [16, 17, 18], curTe30BaHa 6a3a mpaBuil sIKOL
3a0e3neuye OUiHIOBAaHHS CX0KOCTI IBOX 00’€KTiB 3a mapameTrpamu «Po3mipy, «I'parutrs, «Popmay. JIiHrBicTHIHI
TEepMH BXiIHUX 1 BuxigHuX napamerpis CHJIB npencrasieni Ha puc. 3.

B cunresoaniit CHJIB BUKOPHCTOBYIOThCS HACTYIHI 3Ha4€HHS JIHrBicTHYHMX TepMiB (H — Hu3bkuii, BH —
Butie Husbkoro, HC — Hmxue cepeanvoro, C — cepenniii, BC — Bume cepentusoro, HB — Hmkue Bucokoro, B —
BUCOKHI), 30Kpema:

— «Posmip» — H, C, B;

— «['panuusa» — H, HC, BC, B;

— «®opma» — H, HC, C, BC, B;

— «Cxoxicte» — H, BH, HC, C, BC, HB, B.
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Puc. 3. 3Ha4yeHHs BXiqHUX 1 BUXigHOTO JNiHrBicTHYHMX TepMmiB CHJIB

Cunre3oBaHa 0a3a MpaBmIT MPOAYKIIHHOTO THITY Ut 00poOKu Bxiqaux curHaiis CHJIB (Ha oCHOBI BUIIICHABEICHUX
Ha puc. 3 JIHTBICTHYHUX TepMiB) 1 (opMyBaHHS BIANOBIAHOTO BHCHOBKY MicTHTh 60 mpaBwi. BimnosimHi
XapaKTEepPUCTHYHI TIOBEPXHi JUIsl CHHTE30BaHOi 0a3u npasui po3podienoi CHJIB HaBeneHi Ha puc. 4-6.

Puc. 4. Xapakrepuctuana nosepxust CHJIB: Bxoau — «I'panuts» ta «@opmay; BUXig — « CX0XKIiCTb»

Puc. 5. Xapakrepuctuuna nosepxust CHJIB: Bxoau — «Po3mip» ta «@opmay; Buxin — «CX0XICTbY
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Puc. 6. Xapaxrepuctuana nosepxass CHJIB: Bxoau — «Po3Mipy» Ta «[ paHuiyy; Buxig — « CXOXKIiCTb

Jns BUALIEHHS BiOIIOBIIHMX O3HAK HEOOXITHO 3 OTPUMAaHUM 300paKEHHSM BHKOHATH HACTYIHY MOCITIJOBHICTH
niid. Ieprm kpokom micist popMyBaHHS 300paKEHHS € IEPETBOPEHHSI KOJIbOPOBOTO 300paKEHHs HA HAITIBTOHOBE
(BiATIHKY CipoT0) 32 HACTYITHUM ajaroput™MoM [19]:

C=03*R+0,59*G+0,11*B, @)
ne R, G, B — 3Ha4yeHHsI IHTEHCHBHOCTI BIAMOBITHO Y€PBOHOT, 3€JIEHOT i CHHBOT CKJIa[JOBOT KOJBOPY;

C — 3HaYeHHS IHTEHCHBHOCTI CIpOro KOJIbOPY.

Hacrynaum kpokoM € cermenTaitis TpaHcopmoBanoro 3rinuo (1) 3o00paxkenss [19]. OnHuUM 3 HAUMOMIMPEHIIHX
BUJIIB CErMEHTAII] 300paKCHHs € CerMEHTAaIlis 300pakKeHHs 3a MOPOTOBUM 3HAYCHHSIM [piBHIB sicKpaBocTi [19].
Le#t merom 0a3yeTbcs Ha Ti 0COONHMBOCTI, MO0 OaraTo pi3HOTHITHUX 00 €KTiB abo oOxacTeil 300pakeHHS
XapaKTepHU3yIOTHCS MOCTIHHOIO BIACTUBICTIO BiOOpaskeHHs a0 IOTIMHAHHS CBITJIa Ha iX noBepxHi. [lepeBaroro
METO/y CeTMEHTAIlii 32 TIOPOTOM € HOro OO0UYHNCIIOBAIbHA €PEKTUBHICTD | MOXKIIMBICTh BUKOPHUCTAHHS B CHCTEMAX
peanbHOro yacy. Pesynbrar cermenrarii mo4aTkoBoro 300paxeHHs f{x, ) BU3HAYA€ThCS HACTYITHUM YHHOM:

S(x, p), sxwo f(x, y)>T
g(x, y)= , 2
0, sxmo f(x, y)<T
Jie X, y — BIAMOBIIHI KOOPJMHATH MIKCEII0 Ha 300pa)KeHHi;
T — 3HaYeHHs HOPOrYy.
MHani npoBoautses ¢inbrpattis [19]. B qaniit poOoTi GiibTpaliis BAKOHYEThCS TSl JPIOHMX YACTOUOK 1 3a0e3reuye
BHJAJICHHS 3 300pa)KCHHS YaCTOYOK, SKi TOPKAIOTHCA TpaHuili. Hampuknan, Ko HeoOX1,JHO BUAATUTH 00’ €KTH,
PO3MIp SIKUX HE TepeBuIlye 2 X 2 miKcedi, To Uit 300paxeHHst OyayeTbes Macka [19] posmipom 4 x 4:

0 0 0 0

=] G Gy O (3)
O Cx,y+1 Cx+l,y+l 0
0 0 0 0

ne C — 3HaueHHS SICKPaBOCTI,

X, ¥ — KOOPJIMHATH BiJIIIOBITHOTO MIKCEJI0 HAa 300paxeHi.

Ipu npomy, Ao ymosa (3) BUKOHY€ThbCA, TO 3HaYeHHs MiKceliB Cyy, Citiy, Cypi1, Crirpe1 OOHYIIOIOTHCS, &
SIKIIO HE BUKOHYETHCS — 3QJIUILIAIOTHCS 0€3 3MIHH.

Jaii 3miiiCHIOEThCS TIONIYK 3B’ sI3HUX oOnactei [19], A 4oro 3a1aeThcsi MHOXKHHA HACTYITHUX MMapaMeTpiB:
MiHIMaJIbHa Ta MaKCHMMaJIbHA ILJIOIIA 00’ €KTY TOIIYKY, HOro 3HaK KOHTPACTHOCTI (00 €KT € TeMHHUM a0 CBITJIMM),
mopir OiHepu3aril (3HAYCHHs, BUIIE SIKOTO CIIiJi BB)KATH 00’ €KT CBITIIMM, a HIDKYE SKOTO — TEMHHUM). BuineHHs
3B’SI3HHUX 00NacTell BimOyBa€eThCS 32 METOIOM «JIicOBO mmokexi» [19].

Ines Metony «BUMamOBaHHS 00JIaCTI» ab0 «METOAY JIICOBOI MOKEXi» mojsirae B Tomy [19], mo obnacts
«IIIIATIOETHCS» B OJHIM TOYII, MICTs YOTO KOXHA «ITiIMalieHa» TOYKa, B CBOIO UEPry, «ITiINAIIFOE» BCiX CBOIX
CYCIJIiB, III0 MAIOTh TaKy ) SICKPaBiCTh. YIKe «3ropijii» TOYKH BAPYTe HE «IIiIaTIOI0THCS».

HacrymHi n1ii OyayTh BUKOHYBaTHCH HaJ CPOPMOBAHAM Ha TOTIEPEIHBEOMY KpOIIi 00 €KTOM 3 METOI0 OTPUMAHHS
JIOJJATKOBHX XapaKTEPUCTHUK JJIs PO3B’si3aHHs 3a71avi po3mizHanHs. [lo momatkoBoi iHpopMaIii mpo 00’ eKT CItif
BIJTHECTH:

a) po3Mip NPSIMOKYTHHKA, B sAKuil BnucaHuii 00’ext. [y Bcix C, 3HayeHHs skuX Ouibine 0, mapameTpu
npsiMokyTHUKA ([ upuna, /[oeoxcura) BAZHAYAIOTHCS HACTYITHUM YHHOM:
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lHupuHa :XmaxC _XminC7 (4)
Hosorcuna =Y, c = Yincs (5)

mq
e Xmax c — MAKCUMaJIbHA KOOPAMHATA 110 OCi X MIKCEJII0, B sAKii 3HaueHHs C OiIbIle HYJIS;

Xinin ¢ — MiHIMaJIbHa KOOPJFHATA 10 Oci X MiKCeIto, B sKiii 3HadeHHs C OLIbIne HYIS;

Yinax c — MaKCUMaJIbHA KOOPAMHATA IO OCi Y TiKCeIto, B siKili 3HaueHHs C OUIBIIE HYIIA;

Yinin ¢ — MiHIMaJIbHA KOOPAMHATA 110 OC1 Y MiKCeto, B sKiil 3HadeHHs C OUTbIIe HYJIS,

0) rpaHuis 00 €KTY, IO NPEACTABIAETCS Y BUIIISAL JESIKOT MHOKHHU KOHTPOJIBHUX. TOYOK, KUIbKICTh SIKMX
€ 3a31ayeriap HeimoMoro. KoxkeH 5-i psamok (3Ha4eHHS MOXKe OYTH 3MIHEHO) MPEJCTABIETHCS Y BUIIISI BEKTOPY
1 BIZIUIYKYFOTBCSI TOUKH Tiepexoxy sickpasocTi C 3 0 1o Oyap-sikoro 3HaueHHs, 10 Ounbiie 3a 0. [Touryk 3mificHIOEThCS
OJTHOYACHO MpPABOPYY Ta JIBOPYY, AOKH HE 3HAMIEThCs BIANOBiIHA mepiia Touka (puUc. 7), KOOPAUHATH SKOT
30epiraroThes;

[ofofofofof4] [ofofofo]o]

&
> <

Puc. 7. Inrepnperanist npouecy MouryKy rpaHuib 00’ €Kty

B) (opma 00’ekry. OTpuMaHe 300pakeHHsI PO3IUISETHCS Ha BIANOBIAHY KiJbKIiCTh (B maHii poboti Ha 100)
OJTHAKOBHX 3a PO3MipoM cekTopiB (puc. 8). SIkmio y BigmoBizHOMY cektopi (puc. 8) 300pa)keHHsI NPUCYTHE
Oinbiie HK Ha 50 % (KITBKICTH MIKCENIB, SICKPABICTh SIKMX Oinbiie (), MepeBHIIy€e MOJIOBUHY BCi€l KITBKOCTI
MMKCENiB B CEKTOpi), TO JaHWUH CEKTOp KomyeThcs oxmuuIero (1), akmo meHme Hix Ha 50 % — mynem (0). B
pe3ysbTaTi Takoi onepatii popMyeThCSI MaTpHLLS, sIKa cKiIanaerbesi 3 01 1.

0 45 49 52 56 54 42 32 25 44 0 0 0
0 0 46 50 54 52 40 32 23 42 (42 24 ... 0
0 0 47 51 55 0 0 0 24 43 |43 0 0
0 0 44 48 52 49 47 0 21 40 [40 21 0
0 0 0 50 54 51 0 0 0 42 142 23 . 0
0 0 0 0 0 56 43 28 17 38 0 19 .. 20
46 0 0 0 0 0 0 0 0 0 43 20 ... 21
44 43 42 48 0 0 0 0 15 0 0 18 ... 19
42 0 0 0 52 58 41 26 13 0 0 0 0
43 44 43 49 53 0 0 0 0 0 4 19 .. 20
40 45 42 50 49 0 0 0 0 39 41 20 ... 17
0 0 0 0 0 62 49 35 21 45 59 31 0
0 0 0 0 0 24 67 72 65 48 95 0 0
82 45 65 47 85 0 0 0 0 0 0 0 0

Puc. 8. Buainenuns cekropy npu o0po6ui 300pakeHb

Ha ocHOBI 3anponoHOBaHOT CTPYKTYPH JIFOJUHO-MAIIMHHOTO iHTepdEiCy, IKHii BUKOPHUCTOBYE JKECTH PYK 5K
KOMaHJIH, pO3po0OJICHO porpaMHe 3a0e3MeYeHHsT OCHOBHUX IMPOIeayp (3aX0oIuIeHHs 300paxeHHs 3 web-kamepw,
JIoKasti3arii 00JacTi pyku Ha 300pakeHHI, pO3MTi3HABaHHS KECTIB) Ta MPOBEICHO HOTO AOCTIKeHHS. B Tadmuii
1 mpezcTaBieHH] pe3yJIbTaTH TECTYBaHHS (MOJACITIOBAHHS) PO3pOOIIEHOT CUCTEMH Ha 7 jKecTax.

Tabnuys 1
Pe3y.m,TaTn MOJACJIIOBAHHSA
Ne BBenenuii xect ETanon BincoTok cxoxocti | Ne BBenenmuii :kect ETtanon BincoTok cxoxocTi
1 2 4 1 2 4
1 3 1 98,6 2 1 55
2 55 2 97
3 83,33 3 89,65
4 55 4 61
5 83,28 5 55
6 70 6 40
7 81,74 7 80,92
3 1 70 4 1 55
2 65 2 55
3 85,6 3 55
4 55 4 96,16
5 72,69 5 55
6 57,14 6 40
7 73,68 7 64
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3axinuenns mabnuyi 1

5 1 70 6 1 55
2 55 [ -, 2 55
3 80,05 3 55
4 55 4 55
5 83,16 5 55
6 70 6 70
7 55 7 55
7 1 57.5
2 96,16
3 96,4
4 70
5 55
6 55
7 98

BucHoBku. B craTTi 3anpornoHOBaHO CTPYKTYpY JIHOJAMHO-MAIIMHHOTO iHTep(eicy Ha OCHOBI KECTIB PYK.

Po3pobiteHo nmporpamue 3a0e3redeHHsT HEUiTKOT CUCTEMH aBTOMATHYHOTO PO3ITi3HABAHHS JKECTIB, HA OCHOBI SIKOTO
MPOBEACHO JIOCTIKCHHS OCHOBHHX MPOICIYp: 3aXOIUICHHS 300pakeHHS 3 web-kamepw, Jiokamizamii o0yacTi
pyKH Ha 300pakeHHi, po3mi3HaBaHHs >kecTiB. [Iporpamue 3abesneueHHst po3poOieHe B cepeposuili National
Instruments LabVIEW 3 Bukopuctanusam 06ibmiorek komm torepHoro 30py IMAQ Vision Assistant Ta IMAQ
Visio, a Takoxx Habopy iHcTpyMerTiB Fuzzy Logic Toolkit. 3acTocyBaHHS 3alIpOTIOHOBAHOTO TAXOAY IO OpraHi3amil
JIOMHO-MAIIHHHOTO iHTep(eiicy T03BOIUTH MiABUIIUTH 3pyJHICTh B3a€MO/IIi 3 KOMII FOTEPOM IO HOBOTO OLIBIIT
IHTYITUBHOTO PIBHSI, @ TAKOX PO3IIUPUTH MOMIIMBICTh 3aCTOCYBaHHSI TAKOTO KJIACY CHCTEM B MEIUIIMHI.

17.

18.
. JleonenkoB A. B. Heuetkoe moznenupoBanue B cpene MATLAB u fuzzyTECH. — CII6. : BXB-Ilerepoypr, 2003. — 736 c.
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