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ABTOMATHUYHE KEPYBAHHA OIITUYHOIO BICCIO KAMEPHU HA
OCHOBI CUCTEMMU TEXHIYHOI'O 30PY 3 BUKOPUCTAHHSAM
METOAY IIEHTU®IKALI OB’EKTIB 3A KOJIbOPOM

En Machine vision systems are used for the treatment and recognition of different
images obtained from a camera. A vision system is a means of tracking, monitor-
ing and automatic decision-making in certain situations.

This work is dedicated to the development of a new system of automatic con-
trol pilotless vehicle using a machine vision system, namely its landing offline on a
special sign / symbol, posted on the ground.

The practical application of such systems: pilotless vehicle specified by coor-
dinates reaches the final destination, using the camera (machine vision system)
finds an appropriate symbol in place of the final position, recognizes it and goes to
land; everything goes offline.

Object detection and segmentation is the most important and challenging fun-
damental task of a computer (machine) vision. It is a critical part in many applica-
tions such as image search, scene understanding, etc. However, it is still an open
problem due to the variety and complexity of object classes and backgrounds.

The optimal way to detect and segment an object from an image is the color-
based method. The object and the background should have a significant color dif-
ference in order to successfully segment objects using color based methods. This
work for object detection based on color with using software Python 3, OpenCV 3,
Web Camera, and microcontroller Raspberry Pi 2.

On the microcontroller Raspberry Pi 2, we run a web server written in Python
that provides a web interface, and which listens for commands over the WebSock-
ets protocol. When it gets commands, it sends them onto the Mini Driver via serial
USB. This is a custom Raspberry Pi camera program we’ve written that streams
JPEG images over the network. It can also stream reduced size images (160x120)
for computer vision.

The efficiency of the system is confirmed by tests on the laboratory bench.

Ru Pa3paboTka cucTeMbl TEXHMYECKOTO 3PEHMsI C LENbI0 aBTOMAaTHYECKOIO
yIIpaBJIEHUs] ONTHYECKONW OChIO KaMephbl ¢ UCIOJIb30BAHUEM METoJla UJeHTU(UKa-
uu o0BEKTOB MO 1BeTy. [IpuBeaeHb! anropuTMbl 00padboTky n3o0paxeHus. Pasz-
pabotana oOmas apxutektypa 1O Ui peanuzanuu CHUCTEMBI, a TaK)Ke ONMHUCAHBI
00BEKT aBTOMATU3ALMU U TUIMYHAS 3ajjada JJIs TEXHUYECKOTO 3PEHHUS.

Y Hayionanvnuii mexuiunuii yuigepcumem Ykpainu « Kuicokuil nonimexniuHuil iHCMumympy,

Qaxyremem agiayitiHux i KOCMIYHUX CUCTEM

? Hayionanvmuii mexuivmnuii yHisepcumem Yxpainu « Kuiscoxkuii nonrimexuiunuii incmumymy, kageopa npunadis
ma cucmem KepysarHa TIMATbHUMU anapamamu

¥ Hayionansmuii mexmiunuii yuigepcumem Yrpainu « Kuigcoxutl nonimexuiunuil incmumympy,

Gaxyremem agiayitinux i KOCMIYHUX cucmem
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Beryn

Cuctremu texuigHoro 3opy (CT3) 3acTocoByrOThCS sl OOPOOKH 1 PO3Mi-
3HAaBaHHS 300pakeHb, OTPUMAHMX 3 Tele-(poToanapaTtypu, Ta € 3aco0oM CIo-
CTEPEKEHHS 1 JHKEPEJIOM JIJIsl aBTOMATUYHOTO IPUUHSATTS PIllIeHb B PEXKUMI pea-
apHOrO yacy [1,2]. IIpu npoMy KaHaa 30pOBOrO CHPUUHATTS € OJHUM 3 Hai-
OUTBII BaXJIMBHX JiKepen iHpopMallii sk y aBTOMaTUYHUX, TaK 1 aBBTOMaTH30Ba-
HUX (JIIOIMHO-MAIIMHHUX) CUCTEMax YIpaBiiHHA. TOMy akTyaJbHUMH € 3a7adi
CTBOPEHHSI CUCTEM TEXHIYHOTO 30py. BOHHM BUPIMIYIOTHCS PI3HUMH METOJaMHU:
i1eHTudikaIfiero 00’€KTiB, SKa MOJSITae y TOMY, 00 BUPI3HUTH MEBHUM KOHK-
peTHUI 00’ eKT cepen Homy moaiOHux [3], BiHECEHHSIM 00’ €KTa 0 TOTO YU 1H-
IIOTO KJIacy, KIaCTEPHUM aHai30M, KU MOJSArae B PO3UICHHI 33/1aHOTO Ha-
O00py 00’€KTIB Ha KJacCH — IPYMH CXOKHUX MK CO00I0 00’€KTIB 3a MEBHUM KpH-
TepieM [3].

BuOip ta ehekTUBHICTh BUKOPUCTAHHS METOAY 3HAYHUM YMHOM 3JICKHUTh
B1JI KOHKPETHUX BUIIAQJIKIB.

ITocTanoBka 3agaui

Mera ctatTi — po3pobutu anroputm pobotu CT3 Ha ocHOBI ineHTU]IKA-
1ii 00’€KTy 3a HOro KoJabopoM (IIpH yMOBI, IO KaMepa € 0araToKoJIbOPOBOIO)
[2] Ta moka3atn edekTHBHICTH HOTO POOOTH B CHUCTEMi aBTOMATHYHOTO Kepy-
BaHHS TOJIOKEHHSIM KaMepH, ONITUYHA BICh SAKOi MOBHHHA OyTH CIpsIMOBaHA Ha
pyXoMui 00’ €KT.

Po3pooOka aaropurmy CT3

3amaya BUpINIYETbCS 32 JOMOMOTOI0 IMPOTPAMHOTO  CEpelOBUIIA
OpenCV - 6i6;110TeKHM KOMI'IOTEPHOTO 30PY 3 BIAKPUTHUM BUXITHUM KOJIOM, IIIO
Hajia€ HaOlp TUIIB JaHUX 1 YHCEJIIBHUX aJITOPUTMIB JIJIsi 0OpOOKHU 300pakeHb aji-
ropUTMaMH KOMII'FOTEPHOTO 30py, Ta MOBH mporpamysanHs Python [4].

Po3B’s3anHs 3a1a4i po30MBaEThCs Ha JCKIJIbKA €TaIliB: BUJILJICHHS ITiKCe-
JiB, BIAMOBIHUX 3aaHOMY O0’€KTY; BUIIJICHHS KOHTYpaMH 3HalCHI 00'€KTH;
3HAXO/KEHHSI KOHTYPY 00’€KTy; oOyaoBa MPSMOKYTHUKA, B SKUH MOTparuis-
IOTh BC1 TOYKH KOHTYpPY 00’ €KTY.

JJist BUAUICHHS Ta TOMIYKY 00'€KTIB 32 KOJIbOPOM BUKOPHUCTAEMO KOJIPHY
monens HSV, mo onucye komipHUi IpoOCTip, 3aCHOBaHWHN Ha TPHOX XapaKTepHcC-
TUKaX KOJbOpY: KoJiipHOMYy TOHI (Hue), nacuueHocri (Saturation) i sickpaBocTi
(Brightness, Value). Tanwuii npocTtip kosbopy € HemiHiitauM. [Ipoctip HSV (HSI)
MOXHa BBaKaTH i7i€albHUM 3acO00M Il TTOOYJOBU aJrOpUTMIB 0OpOOKH 30-
OpakeHb, OCKIJIbKH B MOTO OCHOBI JISKUTh MIPUPOJHUMN OMKC KOJIHOPY [1].

Konboposuii Ton gt moaeni HSV orpumyemo i3 npoctopy RGB.

Ha puc. 1 306paxeno o0 ekt (a) Ta pe3ynbTar po3i3HaBaHHs 00 €KTy (0)
3a MOMapaH4YeBUM KOJIHOPOM.
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a) 0)
Puc. 1. Po3mizHaBaHHs ~ 00'eKTy 3a  MOMapaHYeBIM  KOJbOPOM:
a) 00 eKT 0) pe3ysbTaT po3Mi3HaBaHHS 00 €KTY
[Ticns inenTudikaiii 06'ekTa 3HalIEMO KOOPAUHATH OO0 T€OMETPUYHOTO
neHTpa (X; Y) BITHOCHO ONTUYHOI OCl KAMEpPHU B CUCTEMI KOOPAMHAT PO3UIMPEHHS
KaMepu. 3Hal0UYu TI0YaTKOBY TOYKY(a; D) 3eJIeHOro npsiMOKyTHHKA, HOTO BUCOTY
(h) # mmpuny (W), 3HAXOTUMO

h w
X a+2, y b+2 1)

Matouu KoopAHHATH 00’ €KTa, JBUTYHH 31HCHIOIOTH TIOBOPOTH KaMEPH 32
KOMaHJIJaMU CUCTEMHU aBTOMATHUYHOI'O KEPYBaHHS, AJITCOPUTM POOOTH SKO1 BUKO-
pucToBye BU3HaueHI (1) 3HaYeHHsI BIAXWUJIEHHS KOOPAMHAT LIEHTpa 00’€KTa BIJ
IICHTpa KamepH (onTU4HOT oci) (puc. 2).

06'ekt

OcHoBa Kamepa
Kamepu

CueHa

[BuryH h — -

® (x0;y0) - onTHyHa Bicb

OcHoBa

Puc. 2. a) cuctema TeXHIUHOTO 30pYy; 0) 300pakeHHs KaJApy Kamepu

[Ipu BTpati 00’€KTa 13 MO 30py KaMmepa 31MCHIOE CKaHYBaHHS — KYTOBI
nepeMillieHHs] B TIEBHOMY 3aJlaHOMY Jlama3oHi /il 3HaXopkeHHsT 00’ekra. [Ipu
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bOMY B MaM’siTh TPOTPaMHU 3alMCYE€ThCS OCTAaHHE IMOJIOKCHHS KOOpIWHAT
IeHTpa 00’€KTa: SIKIO BOHO 3JIiBa — MOYATOK MOIIYKY B JIIBIM CTOPOHI, SIKIIO
CIIpaBa — CIIOYaTKy B IPaBiil CTOPOHI J1ara3oHy.

Jlnia mpakTU4yHOI peanizalii alropuTMy CTBOpeHMi cTeHn (puc. 3), sSKui
MICTUTh MiKpokoHTpoJiep Raspberry Pi 2B; mikpokontposiep Arduino Mega;
kpokoBi jaurynu 28byl-48 3 nmpaiiBepom ULN2003; BeG-xamepy Logitech;
openCV, Python.

Puc. 3. JTabopatopumii crena: 1 - kamepa, 2 — OCHOBa ISl Kamepw,
3 — IBUTYH KE€pYyBaHHS IO TaHTaxy, 4 — IBUTYH KEPYBaHHS TIO
puckaHHio, 5  —  oOeprajpHa  OCHOBa  CHUCTEMH,
6 — ocHOBa

JIBa KpOKOBUX JBUTYHU 3/IIHCHIOIOTH IOBOPOTH CTEHAY IO JIBOX OCSX.

[Ipotiec poboTH cUCTEMU KEepyBaHHS MOJIOKEHHSM ONTHYHOI OC1 MOKa3a-
HUH Ha puc. 4.

Hageneni Ha puc. 4 rpadikv Moka3yrTh 33J0BUIbHY M0 TOYHOCTI SIKICTh
poOOTH CUCTEMU aBTOMAaTUYHOTO KEPYBaHHS.

BucuHoBkn

Buxopucranns Merony iieHTH}IKaLl 00’ €KTIB 32 KOJILOPOM MOXe OyTH
edexktuBHUM 1751 moOynoBu CT3 cucreMu aBTOMAaTUYHOIO KEpyBaHHS IOJIO-
YKEHHSIM ONTUYHOI OCl, [0 CTEKUTH 3a pyxoMuM 00’ exktom. CT3 peanizoBana Ha
OCHOBI 1JIeHTU(]IKaIlli CIEeHIaIbHOTO KOJIbOPY, Yepe3 SIKUil Bi10yBA€ThCS 3HAXO-
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JUKEHHS! 00’ €KTa Ta BU3HAYEHHSI KOOPAMHAT MOro LeHTpa. EQexkTuBHICTh anro-

pUTMY MOKa3aHa Ha J1a00pPaTOPHOMY CTEHII B PEKUMI peajbHOTO Yacy.

Kyt, [rpan]

a)

N

0.2 0.4 0.6 0.8 1

Uac, [c]

Puc. 4. I'padik 3MiHH TTOJIOKEHHSI ONTUYHOI OC1 KaMepH MO BIJHOIIEHHIO
710 LIEHTpa 00’€KTa MO TOPU3OHTAIBHIN (a) Ta BEpTUKAIbHIN (0)
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