HOBITHI TEXHOJIOTII CYYACHOT'O CYCIIJILCTBA HTCC-2017

CEKI[IA 3
TEXHIYHI HAVKH

KOHTPOJIEP JIJIS1 BEKTOPHOI'O KEPYBAHHS
THAYKIINHUAM JBUTYHOM HA BA3I IPOTPAMOBAHOI
JIOI'TYHOI IHTEI'PAJIBHOI CXEMH

Anenko C.1, ctynent, Boiitrenko B.I1., k.T.H., nouent, €pmos P./l., acucreHnt
YepHizigcbkuti HAYIOHATLHUU MEXHON02TYHUU YHIgepcumem, M. YepHnicie

HalinomupeHimuM cydacHUM JDKEPEIOM MEXaHIYHOTO pyXy B MPOMHUCIOBOCTI € €JIEKTPOIpHU-
BOJI Ha 0a3l IHAYKIIHHOTO a00 aCHHXPOHHOTO ABUTYHA 3MIHHOTO CTPYMY 3 KOPOTKO3aMKHEHHM PO-
topoM. Came 1l €JIeKTpUYHA MaIIMHA JECATKH POKIB, O€3MepecTaHHO 00epTardnch, 3abe3nedye
PYXOM COTHI MEXaHIYHUX BY3JIIB Y HalpPI3HOMAHITHIIIKX 3aCTOCYBaHHAX. Benuka nommpeHicTs H-
JOYKIIMHOTO JBUTYHA 13 KOpoTKo3aMKHEHUM potopoM (I1K3) 3ymonnena psaom nepesar [1]:

1) BiTHOCHA MMPOCTOTA 1 J€IIEBU3HA BUTOTOBJICHHS;

2) BUCOKa HaJIHHICTh Yepe3 BIJCYTHICTh KOJEKTOPHOTO BY3/a, a OTXKE, 1 MEXaHIYHOTO KOHTa-
KTY 3 HUM;

3) HU3bKI eKCIUTyaTalliiiH1 BUTPaATH;

4) BUCOKI OKa3HUKH €(PEKTUBHOCTI IPU YACTOTHOMY PETYJIIOBAHHI.

[3 BUHalIEHHAM YaCTOTHOTO BEKTOPHOTO KEPYBAHHSI IHAYKLIHHUM JBUTYHOM [2] Bce OUIBLIOTO
MOIIUPEHHS Y aBTOMPOMHUCIIOBOCTI Ha0yBae KOMIUIEKTHUN O€3peIyKTOPHUMN €JIEKTPONPUBOJ 3 BU-
kopuctansiM [JIK3. Tyt Bapro 3ragati HalinomyJspHIlll aMepUKaHChKI €JIeKTPOMOOLII ChbOTOJIEH-
Ha Big kommadii Tesla Inc. [3]. MonensHuit psin aBToMo0U1iB Tesla mpuBoAATh 10 pyXy IHIYKIIHHI
JBUTYHU 3MIHHOTO CTPYyMY 13 pOTOpPOM YHIKallbHO1 Oyn0BH. Beepenuny poTopa 3akadaHo 0XOJIO-
JDKYBaJIbHY PIIUHY, 110 J03BOJWIO 3HAYHO MOKPALUTH MAacO-rabapuTHI MOKAa3HUKHU JIBUTYHA, 30€-
pITLIK NpU IIbOMY BEJIUKY MOTYKHICTh. He BiacTae y naHiil ramysi 1 BITYU3HSHUN BUPOOHUK. Y M.
JIpBIB 3HaXOAATHCSI BUPOOHMUI HMOTYKHOCTI YKpaiHChKO-HIMEIbKOTO MiAnpuemMcTBa «EnxexTpoHT-
paHc» [4], 10 BUTOTOBJISIE CYYaCHUM MICBKUU €IEKTPOTPAHCIIOPT: TpaMBai, TPOJIeHOycH, eJIeKTPO-
Oycu. Y BCl BUIM €IEKTPOTPAHCTIIOPTY IILOTO BUPOOHUKA BCTAHOBJICHO OE3PEAYKTOPHUMN €IIEKTPOTI-
PUBOJI 3 IHAYKIIWHUMH JIBUTYHAMHU BHCOKOT MMOTY>KHOCTI.

OnHuM 13 KJIFOYOBUX Ta aKTyaJbHUX MUTaHb y MOOYAOBI CHCTEM O€3peIyKTOPHOTO aCHHXPOH-
HOTO €JIEKTPOIPUBOJY 3aJUIIAETHCA NMUTAHHS pealtizalii BUCOKOE()EKTUBHOI CUCTEMU KEPYBAHHS
IBUTYHOM. {7151 cucteMu KepyBaHHS elleKTponpuBojoM Ha 0Oa3i [JIK3 Bkpail BaxxinuBuMm napamer-
POM, SIKMIl HETPUBIAJILHO PETYIIOETHCS, € €IeKTPOMAarHiTHU MoMeHT. Jlanuil napamerp (B i1easi)
MOBUHEH OyTH CTaJIMM B IIMPOKOMY Jiania30H1 peryIroBaHHs 00epTIB ABUTYHA.

HanpaxnuBum nmapaMeTpoM, BiJ KOTO 3aJIeKUTh €PEKTUBHICTh CUCTEMU KEpyBaHHS 1HYKI[1H-
HUM JIBUTYHOM, € ii mBuIKOAis. CydacHU BHCOKOE(EKTUBHUN METOJ BEKTOPHOI'O KEPYBAHHS
[IK3 notpelye cyTTeBUX 0OUMCIIIOBAIBHUX PECYPCIB B/l CUCTEMU KEpyBaHHs, OCKUIbKH B IIPOILIECi
perynoBaHHs BiI0OYBAa€ThCS BEJIUKA KUIBKICTh CKJIAJHUX MaTeMaTUYHUX OOYMCIEHb HaJ BEKTOpa-
MU, IO CTOCYIOThCA iX MEPETBOPEHDb Y pyXoMiil cuctemi koopauHat [S5]. CyyacHi cucTeMu BEKTOp-
Horo kepyBaHHs [JIK3 3a3Buuaii peanizoByroTh Ha OCHOBI CUTHAJIBHUX IPOIECOPIB 1 MIKPOCXEM
[JIIC. MiKpOKOHTpOJIEPH 1 CUTHAJIBHI MPOLIECOPH IIUIKOM BJAJIO CIPABIISIFOTHCS 13 CKIaJHUMHU Ma-
TEeMAaTHYHUMH OOYUCIICHHSIMH, ajie 1€ MOKJIMBO 3a IOCUTh MaJIOi (32 Cy9aCHUMHU MIpKaMH) 4aCTOTH
BekTOpHOI Moy il (1o 10 kI'11), OCKUIbKM 30UTBIIIEHHS JaHOTO MapaMeTpy MoTpeOye 3HAYHOTO
3pOCTaHHS 4acTOTH BHOIPKH 3a 3BOPOTHUM 3B’SI3KOM Ha Iepioji MOIYJALii. 3poCTaHHS YacTOTH
BHUOIPKY IPU3BOAUTH JI0 CKOPOUEHHS IHTEpBaly 4acy il BUKOHAHHS 004MCIIEHb, 110 MOKE ITPUBE-
CTH 10 PI3KOTO MOTIPILIEHHS AKOCTI CUCTEMH BEKTOPHOTO KEPYBaHHS IHAYKUIHHUM JBUTYHOM.

MiHiManbHUMH 1 HEOOXITHUMHU 3aJja4aMu, sIK1 TOTpeOyIOTh BUPIIIEHHS Ha ChOTOAHILIHIN JIEHb,
€ BUXI1J 32 3BYKOBUH Jllaia30H BEKTOPHOI IIKPOTHO-IMITyAbcHOT Moaysanii (I1IIM), a Takox peani-
3allis IPeUU31itHOro KOHTPOJIKO HaJl KOB3aHHSAM 1 IMOTOKO3YEIJICHHSAM JBUTYHA JUISl €(PEeKTUBHOTO

45



HOBITHI TEXHOJIOTII CYYACHOT'O CYCIIJILCTBA HTCC-2017

KEepyBaHHsSI MOMEHTOM Ha HM3bKUX oOeprax. [Ipu yacToTi BekTOpHOT MOy 11T, MeHIIiH 3a 20 kI'11,
oOMoTKu notykHoro IJIK3 cnpuyuHsI0Th CUIIBHUHN TYyI, IKUW 4yTH, a BIICYTHICTb TOYHOT'O KOHT-
pOJIFO HaJ, MOMEHTOM Ha HHU3bKHX 00OepTax NpHu3BeJAe A0 CHWIbHUX IyJbCalllii CTpyMy Ta PHUBKIB
Ha BaJly JBUT'YHA.

Onucani Buie npobiemu perymoBannsa [JIK3 nmotpeOyroTh peainizaiiii BEKTOPHOI CUCTEMU Ke-
pyBaHHsI Ha 0a3l BUCOKONPOAYKTUBHUX LU(POBUX CUCTEM 13 IMIBUAKICHUMH MOAYJISMH aHAJIOIO-
uugposux neperBoproBauis (ALII), sixka 103BOINTH, 3aBASKU €PEKTUBHIN amapaTHIM MiATPUMILI,
BUKOHYBATH CKJIAJH1 PO3PaxXyHKH 1]l 4yac Mpoliecy KepyBaHHsA. JJopeuyHUM pIIEHHSIM y CTBOPEHHI
oA1I0HOT CUCTEMU KEpYBaHHS, 110 NOTpedye 3HAUHUX OOYMCIIOBAIBHUX pecypciB, Oyne BUKOpHUC-
TaHHs NporpamMoBaHoi joriuHoi iHTerpanbHoi cxemu (IUIIC). Cyuacni mikpocxemu IIIIC matots y
CBOEMY CKJIaJl J€CSTKH — COTHI TUCAY YapyHOK (JIOTIUHUX BEHTHUIIIB), SIKI KOH(Irypye KopucTyBad,
pi3HOMaHITHI 6;10kM 1IM(pOoBOi 00poOKM curHaiis, BucokonpoaykTuBHi siapa ALl Bei wapynku i
anapatHi 6soku B IJIIC mpauroroTh mapajienbHO Ha 4acTOTax y COTHI Merarepil, 10 JI03BOJISIE
3MIACHIOBATH CKJIAJIHI MAaTEeMAaTHYHI1 OTepaltii 3a JiiueHi MiIKpOCEeKYyH/IH.

AHani3 BITOMUX pilieHs [6, 7] mokasye, M0 HAMCKIAIHIIIUM Y TIPOIIECi pO3POOKH CHCTEMH BEK-
topHoro kepyBaHHs [/IK3 na 6a31 [IJIIC € eran po3poOku Ta IMIJIEMEHTAllli alapaTHUX MOJYIIIB
(enemenTiB) cuctemu kepyBaHHs B [IJIIC 3 BukopuctanHsM MOBU onucy anaparypu. Haltnommupe-
HIITUM MPUKIAIOM cTBOpeHHs noai0Ho1 cuctemu B [JIIC € codr-mporiecop y cykymHOCTI 3 anapa-
THUM MOJIyJIEM IIHPOTHO-IMITYJIbCHOT Monyisuii. Take pimeHHs 103Bojsie €(PEKTUBHO 1 HIBUIKO
BECTH PO3POOKY MPOTpaMHKX 3ac00iB y1si BOYAOBAHOTO CO(T-MPOIIECOpa HA MOB1 BUCOKOTO PIBHS,
ajie CIIbHO oOMexye obuncioBaibHi MokauBocTi [IJIIC. B Takomy Bumaaky yac, mo Oyae BUTpa-
YeHUH Ha CKJIaJH1 MaTeMaTH4YH1 IEepEeTBOPEHHs, OyJe HaBITh OUIbLINM, aHDK B TOTOBOMY 1 J€IlIEB-
mowmy 3a [IJIIC mikpokoHTposiepi. ToMy METOI0 JaHOTO JOCIIIKEHHS € pO3pOoOKa MPUHITUIIIB T10-
OyZ0BH anapaTHUX MOJYJIB KOHTPOJEepa CUCTEMHU BEKTOPHOTO KEPYBaHHS IHAYKLUIHHUM JBUTYHOM
Ha 6a3i [IJIIC. B xoni nocnimkeHHst 0yj10 3alpoloHOBAaHO CTPYKTYPY KOHTpOJIepa CUCTEMH BEKTO-
pHoro kepyBanHs [JIK3 nns cuntesy B [IJIIC, siky nokaszano Ha puc. 1.
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Puc. 1 Cmpykmypna cxema konmponepa 0t 6eKMOpHO20 Kepy8aHHsl IHOYKYIUHUM O8USYHOM
na 6azi IIJIIC

Kontponep na 6a3i IIJIIC cxnagaerses 3 HacTynHux ¢yHKIioHanbHUX 010kiB: IBK — inTepdetic
B3aeMoli 13 kopuctyBaueM; [1I-perynsaTopu HIBUAKOCTI, CTPyMy HaMarHidyBaHHS 1 IOTOKO3YEIIEH-
Hs; BIIII 1 B3IIIT — Gioku mpsimoro Ta 3BopoTHOTO (1HBEpcHOTO0) meperBopens [lapka; BITK — 610k
neperBopenHs Kiapk; BIIBM — 6ok npocropoBo-BekTopHoi moayssauii; CIIP — cnoctepiray noto-
ko3ueruieHHs potopa. [IJIIC kepye Tpuda3sHIM MOCTOBUM THBEPTOPOM, JI0 SIKOTO MIIKIFOUYEHO 1HIYK-
uiitHuit aeuryH (I1), a 3BopoTHIi 3B’s30K 3a0e3neuyeTbest 3a gornomororo patuuka crpymy (HC) 1
naruuka o0eptiB (H0O). [loaidHe pilieHHS JO3BOJIUTH CYTTEBO BIOCKOHAIUTH AJTOPUTM KEPYBaHHS
32 PaxyHOK BHCOKMX MOKA3HMKIB HIBHAKOJII Ta BpaXyBaHHs BIUIMBY MOMEHTY HaBaHTa)KEHHs, IO
JIOCATAETHCS allapaTHUMHU PIILIEHHIMH, K1 TIITPUMYIOThCS 1 peanizoBytoThes B [IJIIC.
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Ha nanuit MOMEHT poBeJeHO aHalli3 3aJa4, SIK1 HEOOX1JHO BUPILIUTH B XOJ1 pO3pOOKH, 1 BU-
KOHaHO MOJIEJIFOBaHHS BEKTOPHOI CUCTEMHU KEpPYBaHHS IHIYKIIHHUM JABUTYHOM Y CII€lialli30BaHO-
My naketi CAIIP PSIM. Ilomanemi gocmikeHHs OyayTh CTOCYBAaTHCS O€3M0CcepeaHbO1 PO3POOKH
anapaTHUX CKJIaJOBUX KOHTpoOJiepa IHIYKIIHHOTO ABUTYHA, a TaKOK IPOBEACHHS PEalbHOI0 €Kc-
nepuMmenty. [lnanyerbcst po3poOka anropuTMy onucy (Ha MOBI ONUCY armapaTypH) Ta IMILIEMEHTa-
uii [H-perynstopa B IIJIIC; cnocrepirauiB KoB3aHHS, IOTOKO3YEIJIEHHS] POTOPa 1 MOMEHTY; pealli-
3arfisl amapaTHUX OJIOKIB TMPsSMOro Ta IHBEpCHOro mepeTBopeHb I[lapka ta Kiapk; po3poOka
JEeTepMIHOBAHOTO IIU(POBOTO aBTOMATY I KEPYBAHHS OJOKOM MPOCTOPOBO-BEKTOPHOT MOTYISAIIT
13 MOKJTMBICTIO 3aBJIaHHA “‘MEpPTBOTO 4Hacy’ .
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PECULIARITIES OF USING THE SURF-METHOD OF
DETECTING OBJECTS IN ROBOTICS

Filimonov .Y ., student, Voytenko V.P., PhD, associate professor
Chernihiv National University of Technology, Ukraine

To date, advances in the field of electronic technology allow you to robotize many industries
and areas of people's activities. Reasonable introduction of robots in the field of medicine, space,
industry, security systems, and entertainment allows people to feel more comfortable and
harmonious. The variety of human interests generates, respectively, a variety of robot models that
cover one particular direction or aggregate of several directions in the design. One of the design
directions, which will be discussed further, is the machine vision, which is used mainly in the
industry, in particular - it's autonomous robots and visual inspection and measurement systems.

Machine vision uses a system for collecting and analyzing visual information, and then
performs the actions based on the received data. Machine vision is used to detect objects with which
you need to interact or obstacles that the robot must bypass; checking the quality of parts;
observation of the terrain and many other tasks. In the robotic assembly, the visual pattern
recognition system is designed to simulate human vision. It must be able to perceive and detect the
individual parts of the object as possible closer to human vision. To achieve this ability by choosing
the optimal method of object recognition based on machine vision. The review of existing methods
allows determining their main advantages and disadvantages. One method that has the most
acceptable characteristics for object recognition is the SURF method.
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The purpose of this work is to determine the feasibility of using this method to implement
autonomous object detection systems. The solution to this problem could have broad applications.

SURF (Speeded-Up Robust Features) is a method that allows recognizing the object using the
selected singular points of the original object and its descriptors. The main feature of this method is
that the scale of the image and its rotation to an arbitrary angle does not affect the ability to detect
the object.

A singular point is a location in the image where there is a change of the brightness gradient and
descriptors represent the area around a singular point and showing the fluctuation of the gradient.
Search for singular points is performed by using the Hessian matrix, and the determinant of this
matrix (the Hessian) reaches an extremum at the points of maximum change of the gradient of
brightness. Representation of the Hessian matrix [1]:
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where f(x,y) — brightness change function.
In the calculation method SURF used another representation of the computation of the

determinant:
2
det(H) = Dy, Dy, — (0.9D,,)

where D,,,D,,,D,, — convolution of the filters shown in fig. 1. The factor of 0.9 has theoretical
justification, and adjusts the approximate character of the calculations.

Fig. 1. Convolution filters used to find the Hessian matrix [1]

The white regions have brightness values +1, gray 0, and black for the first two filters -2 (and
for the third filter black regions have brightness values -1).

As already mentioned, the change of scale has no effect on the detection of the SURF-method
however, calculation of the determinant of the Hessian matrix depends on the image scale.
Therefore, in order to neutralize this factor, when calculating the determinant of the matrix on a
certain scale, the filters that are divided into octaves, 4 in each filter (Fig. 2).
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Fig. 2 - lllustration of filter sizes for the first three octaves [2]
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The calculation of the determinant is applied on a scale of 1 to 10. A further increase in scale
will not give any results, because in this case dramatically reduces the number of detected singular
points in the image (fig. 3).
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Fig. 3 — The dependence of the number of detected singular points of scale [2]

To compute the image descriptors using Haar filters, presented in fig. 4.
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Fig. 4 - Haar filters. Black regions have the values -1, white +1 [3]

Further studies are planned to be performed in two stages:

1) simulation of the process of solving the recognition problem considered method using the
MatLab package, in which there is the possibility of working with object detection systems, in
particular, - there is an example of a solution for the SURF method;

2) physical modeling using the hardware of a personal computer and a video camera to test the
method with the subsequent transition to embedded microcontrollers for the realization of a given goal.

Experimental researches are designed to solve the following problems:

— assess the correctness of the system operation by finding the probability and the accuracy of
determining the given object;

— determine the high-speed performance of the system;

— determine the range of possible improvement of the above characteristics.
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