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OIITHKA IKOCTI CTIMKOI'O 3AXBATY, CILTAHOBAHOI'O
HA OCHOBI TPUBUMIPHOI PEKOHCTPYKIII HIJIbOBOI'O
OB’EKTY 11O 30bPA’KEHHAM 3 MOHOKAMEPH

QUALITY EVALUATION OF THE STABLE GRASP PLANNED
ON THE BASIS OF THE 3D RECONSTRUCTION OF THE OBJECT
USING MONOCAMERA IMAGES

VY cTarTi po3riAmaEThcs MpoOiieMa OIMHKK SKOCTI MOOYAOBH TPUBUMIPHOL
MojieTli 00’€KTy Ha OCHOBI KapTH HABKOJHUIIHBOTO CEpPEOBHINA MOOLIHLHOIO poboTa,
0 OTpHMaHa aJIrOPUTMOM OJIHOYACHOI JIOKamizamii Ta KaprorpadyBaHHS, IS
3MIACHEHHSI CTIMKOTO 3axBarTy po0O0dY00 KIHIIBKOK poboTa. SKicTh OTpUMaHUX
MoJieJel TTpoaHa i30BaHa Ha OCHOBI YCIIIIHOCTI 3aXBaTiB y CIHPOEKTOBaHIM CUCTEMi
Ui 00poOKHM Bi3yallbHUX JAAHHMX 3 MOHO KaMepu MOOUTRHOTO poOOoTa Ta IIaHyBaHHS
CTIHKOTO 3aXBaTy IJIbOBOTO 00’ EKTY.

KiarouoBi cjioBa: TpuBHMipHa PEKOHCTPYKIIiS, 3aXBaT 00 €KTiB, OJHOYACHA
JoKaizaris 1 kKaprorpadyBaHHs

Tabn.: 1. bi6n.: 14.

The article deals with the problem of estimating the quality of reconstruction of
a 3d object model on the basis of a map of the environment of a mobile robot, obtained
by the algorithm of simultaneous localization and mapping, in order to achieve a stable
grasp of the robot end effector. The quality of the obtained models is analyzed on the
basis of the success of the grasps in the developed system for the processing of visual
data from the mobile robot mono camera and the planning of the stable grasp of the
target object.

Keywords: 3dreconstruction, object grasping, simultaneous localization and
mapping
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AKTyaJbHiCTh TeMH JociaizkeHHsl. Hagiramis poOora 3a JI0MOMOTOIO
Bi3yasibHOI 1H(OpMaIlii mossrae y mocTIHHOMY OHOBJICHHI CBOT'O PO3TalllyBaHHS Ta
KapTH CEPEIOBUINA IIIIXOM 31CHEHHS BUMIPIB BIJICTaHI A0 OTOYYHOYHX 00’ €KTIB. Y
TEXHOTEHHUX YMOBax MpPOIEC TPUBUMIPHOI PEKOHCTPYKIli Ha OCHOBI JEKiJIBKOX
300pakeHb MOK€ OYyTHM BUKOPUCTaHHM, MIO0 IOMOMOTTH po0OTaM BHM3HAYaTH iX
TIOJIOXKCHHST Yy TPOCTOpI Ta TMOOYydyBaTH TPUBHMIPHY KapTy HaBKOJHUIIHHOTO
CepeIoBHUIIIA.

AJTOpuTM OJHOYACHOI JIOKamizamii Ta KaprorpadyBanHs (Simultaneous
Localization and Mapping -- SLAM) Bupiiye 3aBIaHHs OIIHKW MO3HUIIT MOOUIBHOTO
JaT4rKa Ta MOO0YI0BH KapTH HABKOJMITHHOTO CEPEIOBHINA B PEKUMI PEaTLHOTO Yacy.
Momnokymsipauiit  SLAM, mo o0poOise maHi 3 OAHIE] KaMepH, CTaB OCOOJIMBO
aKTyaJTbHOI TEMOIO TOCII/KEHb OCTAaHHBOTO JICCATHIITTS.

IToctanoBka nmpo6semu. [IpoTsaromM ocTaHHIX POKIB, TOCTIKEHHS Bi3yalbHOI
OJIOMETPil JOCATIM 3HAYHUX PE3YJbTATIB TO MiJBUIICHHIO TOYHOCTI aJITrOPUTMY
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OJHOYACHOI JOKaji3alii Ta KaprorpadyBaHHs, HaIiMHOCTI Ta edexTtuBHOCTI [1].
3nificHeHo crpobu peaiizallii pi3HUX BUIB Bi3yadbHOI 0JIOMETpii, HANPUKIIAJ, MpsiMa
Ta HempsiMa (Ha KIIOYOBUX TOYKax), IMUIbHA YHM HAIIBIIUIbHA ONTHMI3aIlis Ta
po3pikeHa omnrTumizaris. JIOCHIDKEHHIO MIAJNsTae 3acTOCYBaHHS — alITOPUTMY
OJIHOYACHOT JIoKamizamii i KaprorpadyBaHHS SK METONy OTPUMAHHS TPUBUMIPHOI
PEKOHCTPYKIIIT 00’ €KTY I 3aXBaTy POOOUYO0 KiHIIIBKOKO MOOLILHOTO poOoTa.

AHani3 ocTtaHHiX JocailkeHb i myOaikaniii. B ocranni gecaTnmiTTs
mpobjeMa aBTOMAaTHYHOTO 3aXOIUICHHS HEBIJOMHX 00’ €KTIB CTaja BiirpaBaTH BcCe
OuUTpIIy poOJIb B MAaIIMHHOMY OaueHHI. bBimbIiicTe pO3MIIHYTHX —aNrOpUTMIB
BUKOPUCTOBYIOTh TIEBHUI BUJI HABUAHHS ISl 3/11lICHEHHS CTIMKOTO 3aXOIUICHHS.

OcCKUTbKH 3aXOIUICHHS Tiepeadadae KOHTAKT Ta CHJIM TMAalblliB Ha MOBEPXHIO
00’€KTa, TO BAXKIMBO MaTH JIOCTOBIpHY IiH(MOpMaIiio SK MpO PyKy, TaKk 1 TIpo
MOBEPXHIO MUILOBOTO 00’ekTa. HeoOXiHO BpaxoByBaTu OOMEKEHHSI PyKH poOoTa Ta
KoH(piryparrii 00’ekTa, a TakoX 0OMEKEHHsI IToCcTaBIeHOTO 3aBAaHHs [2]. He3Bakaroun
HAa HAABHICTh MIAXOAY 31 3MIMCHEHHS 3aXOIUICHHS JIMIIE 110 JBOBHMIPHUM
300paxkeHHsM [3, 4], OUIBIIICTh TEXHIK MOJATAIOTh Y 00pOoOIli TPUBUMIPHHUX JaHUX. 3
OTJISly Ha CKIAJHICTh IOCTaBleHOi 3ajadi, Oarato poOiT Oynu crnpsMoOBaHI Ha
CIpPOIICHHS TPUBUMIpPHOI (OpMH, 30KpeMa IUIOCKHX TMpeAcTaBleHHsAX [5] Ta
KOMIUTAHAPHOCTI, 0 KOMOiIHYyeThbes 3 iH(popmaliiero mpo koiip [6]. [Hmi migxomu
nependavaTh HASBHICTH TOYHOI Mojei 00’ekTa abo Takoi, IO CKJIQJAa€ThCs 3
BHUCOKOPIBHEBUX MPUMITHUBIB. [IpHKIaoM € BUKOPUCTAHHS MPUHIIUITY CHHEPTil PyKU
[7, 8, 9]. Takox icHye MiAXiJ 13 3aCTOCYBaHHSM MAIIMHHOTO HAaBYAaHHS, 30KpeMa
anroputMy Support Vector Machines (SVM) Ta BUKOpUCTaHHSM NPUMITHBIB (Hopm
BUCOKOTO piBHS [10]. AnroputM 3 HaBUaHHSM Ha OCHOBI SIKOCTI JIBOBHMIPHHUX
3axXOIIeHb, 10 0a3yeThCs HAa HEUPOHHHX MEpekKaxX Ta TECHETUYHOMY aJITrOpPUTMY,
npencraBieHuit 'y pob6ori “Real-Time Visual Grasp Synthesis Using Genetic
Algorithms and Neural Networks” [11].

3amaya 1mMoOYyIOBH PEKOHCTPYKIIT HABKOJIHMIIHBOTO CEpeloBHUIAa POOOTOM €
aKTyaJIbHOIO Ta aKTHBHO JIOCHIKY€EThCS. OCKUTBKH KaMepH TTHOWHU HE € HACTUIbKU
MOIIMPEHUMH, SK KOJhOPOBI Kamepw, Oarato poOIT TOB’sA3aHl 31 IIUIBHUMH Ta
HaIBIIUTPHUMHA ~ METOJIaMH  OJHOYACHOi  JoKami3amii Ta  KaptorpadyBaHHS
(simultaneous localization and mapping - SLAM) no 300pakeHHsIM 3 OJHI€1 KaMepH
[12, 13, 14].

BuainieHHs1 HeZOCIIKEeHUX YACTHH 3arajbHol npoodjemu. He3paxkaroun Ha
TaKy PI3HOMaHITHICTb JOCIPKYBaHUX ITiIXOJIIB, BCE 1€ 3aJTUIIAETHCS MUTAHHS 11010
e(eKTUBHOCTI BUKOPUCTAHHS MOJEJI HaBKOJMIIHBOTO CEPEAOBUINA IS TUIAHYBAHHS
CTIKOTO 3axBaTy 00’ €KTY SIK JIeIKOi YaCTUHU IIbOTO CEpPEOBHIIIA.

IlocranoBka 3aBaaHHs. {19 LUTICHOI OLIHKKA pOOOTH MOIYJS TPUBHMIPHOL
PEKOHCTPYKIIii HA OCHOBI aJITOPUTMY OJIHOYACHOI JIOKaji3amii Ta KapTorpadyBaHHs K
JpKepella MOJeNl IUIbOBOrO O0’€KTy, TOCTae 3ajada aHajiizy e(EeKTHBHOCTI
TPUBHUMIPHOI PEKOHCTPYKIIii 3 TOUKH 30py YCIIIITHOCTI 3IMCHEHHS 3aXBaTiB MOJIEIICH
UJIBOBUX 00’ €KTIB.

BukJiiajeHHs1 0CHOBHOI0 MaTepiaiy.

MexaHi3M 00MiHY JaHMMU peani3oBaHo Ha ocHOBI cuctemMu ROS. Crpykrypa,
CTBOpEHA MiJl 4ac JOCIIJDKEHHs, IOJISira€ B KOHTPOJ €MYJIbOBAHOTO 3aXBaTHOTO
npucTporo pyku Jaco Bim omHoro "Master" komm'rorepa. lle 3pobOieHo mHUISIXOM
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CTBOPEHHS HEBEIMKOI miaMepexi BuaaBmiB ROS, 1m0 3B's3ye eMynsTOp pyKd pa3oM 3
OCHOBHOIO cucTeMoro. Kpim Toro, cucrema moB’si3aHa 3 MOHOKAMEpOIO, sKa
3aKpimieHa Ha poOodiil KiHIIIBII poOoTa.

[Toxu emynsitop 00pobnsie nii pyku 3a momomororo Oibmioteku Movelt!,
OCHOBHHMI KOMITIOTEpP MOXE TMPOCTO BIINPABIATH TOBIAOMIIEHHS 1 MpUMaTH
iH(hOopMaIIifo PO CTaH yepe3 0OMiH y BIAMOBIIHUX TeMaXx.

Bukopucranas ROS 3HauHO crpolye iHTErpamito MiK yciMa KOMIIOHEHTaMH,
OCKIUJIBbKH 1X HOpPMAJIbHE CEpEIOBUINE pOOOTH € HeomHOpimHUM. [liiicHO, eMyIsiis pyKd
cuctemoro Movelt! KOHTpOJIOEThCS OKpEeMUM IMakeToM moveit setup assistant, Toai sk
00poOka 300pakeHb 3 KaMepu Ta MOoOyA0Ba TPUBHMIPHOI MOENI CEpPEIOBHUINA 3aIpo-
rpamMoBaHi 3a fornomMororo okpemux 6i6miorek CH+ (OpenCV ta PCL BianosigHo). Takum
griHOM, ROS 1103B0JISIE aBTOMATH3YBATH 3B'I30K MK PI3HUMH MIPOTPaMaMH, 110 MPAIIOI0Th
OJTHOYACHO Ha OJIHIM MAIlIMHI Ta Ha 1HIIMX MAITUHAX OJHIET 1 Ti€l XK IMiJT Meperka.

Jliist orinku po3po0ieHoi cucteMu Oyno oOpaHo 4 mMojeni MiIboBUX 00’ €KTIB,
0 OTPUMAaHI 3 PEKOHCTPYKIIil ClieHH y popmi XMapu TOUOK. 30KpeMa, Oyso oOpaHo
OJIMH 00’ €KT, SIKU € 3aHAATO BEJIMKUM JUIS 371HCHEHHS 3aXBaTy 00paHOIO KiHIIBKOO.
AJTOPUTM Ma€ pO3IMi3HATH, IO OO0’€KT HE MJAXOJAUTh Ta MaKCHUMaJIbHUN KyT
PO3KPUTTS PYKH € HAATO MAJIHM.

Sk Gaummo, cucrema moOyA0BU TPUBHMIPHOI MoJeni 00’ €KTa Ta TUIaHyBaHHS
3axBaTy JJIsl HEBIIOMHUX 00’ €KTIB IEMOHCTPYE XOpolii pe3ynbTaTtu (Tadum. 1). Bei tectn
OyJ10 TIPOBEICHO Ha MEPCOHANBLHOMY KOoMII toTepi 3 npouecopoM 3.2GHz Ha aBa smpa
Ta CepeHIM yacoM poOoTH O6mau3bko 485.48 cek., MIaHyBaHHsS ONTUMAJILHOTO 3aXBaTy
noTpeOyBano 61au3pko 385.67 cek. /s TecToBOi XMapu TOYOK 3HAUCHHS HABEJICHI Y
TabJIuIl.

Tabnuys 1
TpuBajiicTs 00unc/ieHb

O0uncaOBAILHAN eTan Yac, cek.

durbTpallisi XMapu TOYOK 14

['eneparrist menry 57

CermeHraris 3

[InanyBaHH4 3axBaTy 380

3arajiom 454

Koxen 3 oOpaHux 00’€kTiB OyJIO0 MPOTECTOBAHO HA YOTHUPHOX XMapaxX TOUOK,
SK TI0OKa3aHO B Ta0ji. B jxoqHOMY BHITaJIKy poOOT HE 3MIr 3AIHCHUTH 3aXBaT 00 €KTa
HOMED 2 Yepe3 HEBIAMOBIIHICTh HOT0 PO3MIPIB, sKi € 3aHAATO BEJIMKHWMHU JISI TAaHOTO
3aXBaTHOI'O MPHUCTPOr0. TaKuM YMHOM, He3aI0BUIbHUI 3aXBaT OyB YCIIIIHO MPOTECTO-
BaHud. [ Toro, mo0 3axBaT BBa)KaBCS YCHIIIHMM, PykKa poOOTa IMOBHHHA B3SITH
00’€KT, CTUCHYTH HOTO Ta TpUMaTH 0e3 BITYCKaHHS.

B cepennpomy, poOOT migHIMaB HEBiJOMHI 00’ €KT y 65% BUTIAIKIB, BKIFOYHO
3 TECTOBUM 00’€KTOM HOMep 2, SKUH He € 3aJOBUIBHHM. SIKIO HE BpPaxOBYBaTH 2
00’€KT, piBEHb YCHIIIHOCTI CcTaHOBUTH 87%. [nst 00’ekTy y BUIISAII KOPOOKH-
naparnesnerninena ajiropuTM BiAmnpaloBaB igeanbHO 3 piBHeMm ycmixy 100%. Xoua,
00’€KTH TaKl sK YalllKa Ta ITPaIKOBUNA aBTOMOOLIb € OUTBIII CKIaJHUMHU, a7PKE MICTATH
KPUBU3HY Ta HEOJHOPITHICTh TIOBEPXOHb, PE3yJIbTaTH iX 3aXBaTy € JIOCHTh
YCHIIIHAUMHM 3 HEBEJIMKUM PIBHEM TOMMJIKOBHX 3aXBaTiB.
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Tabnuys 2
YcnimHicTh CIUIAHOBAHMX 32XBATIB TECTOBUX 00’ €KTIB
Homep O00’ekT PiBeHb ycHilIHOCTI 3aXBaTy
1 KopoOka 100%
2 Kynbka 0%
3 Yamika 85%
4 IrpamkoBuii aBTOMOOLIB 75%
3araiom 65% (87%)

BucnoBku. Y crarti mpoaHanizoBaHO €(EKTHUBHICTH POOOTH CUCTEMH TPHBU-
MipHOi PEKOHCTPYKIIi Ha OCHOBI aJTOPUTMY OJIHOYACHOI JIOKaiizalii Ta KapTorpady-
BaHHS SIK JDKepesa MOJIENl IITbOBOTO 00’ €KTY 3 TOYKU 30py YCIIITHOCTI 31HCHEHHS
3aXBaTiB MOJIEJICH IITLOBUX 00’ €KTIB, IO OTPUMAaHI JAHOK CUCTEMO.

Jis 1uporo po3poOieHo cuctemMy MOOYJAOBH TPUBUMIPHOI PEKOHCTPYKITT
CEpeIOBUIIA HA OCHOBI JJAHUX CUCTEMH KOMIT IOTEPHOTO 30py poOoTa /sl TUIaHyBaHHS
CTIMKOTO 3axBary IIILOBOrO 00’ekTa. Po3poOka 3milicHeHa Ha OCHOBI TaKUX
TIPUHITUITIB B3a€EMO/IIi KOMIIOHEHTIB: 3ac00aMU CHCTEMH BiJIOYBA€THCS OOMIH JTAHUMH
MK TiJCHCTeMaMu 0OpOOKHM BXITHUX 300pake€Hb 3 KaMmepu, MoOYyJOBU TPUBUMIPHOI
PEKOHCTPYKIIIi cepeIoBUINA, OTPUMAHHS TPUBUMIPHOT MOIEIl 00’ €KTY Ta IJIaHyBaHHS
CTIKOTO 3axBaTy poO0OYOI0 KiHIIBKOO.

3nilicCHEHO 3arajbHy OI[IHKY pIBHS YCIIIIHOCTI 3allJlAaHOBaHUX 3axBaTiB Ha
Habopi TectoBux 00’ekTiB. [lpu 1mboMy 3aranbHUN PiBEHb YCIHIIIHOCTI BUKOHAHHS
3axBaTy € JOCUTh BHCOKMM — 87%, IO CBITYUTH TPO BUCOKY €(EKTUBHICTH
PO3TJIAHYTOI CUCTEMHU.
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QUALITY EVALUATION OF THE STABLE GRASP PLANNED ON THE
BASIS OF THE 3D RECONSTRUCTION OF THE OBJECT USING
MONOCAMERA IMAGES

Relevance of research topic. Navigation of the robot using visual information
means continually update its location and environment maps by making measurements
of distance to surrounding objects. In anthropogenic conditions, the process of 3d
reconstruction based on multiple images can be used to help robots determine their
position in space and build a three-dimensional environmental map.

The research objective. Research of the application of the simultaneous
localization and mapping algorithm as a method for obtaining a 3d reconstruction of
the object for a mobile robot grasping.

Actual scientific researches and issues analysis. In recent decades, the
problem of automatic grasping of unknown objects began to play an increasingly
important role in the machine vision. Most of the considered algorithms use predefined
object model for grasping.

Uninvestigated parts of general matters defining. Despite such a variety of
research approaches, there is still a question about the effectiveness of using an
environmental model to plan a stable grasp of an object as part of this environment.

Target setting. In order to evaluate the effectiveness of the 3d reconstruction
module on the basis of the simultaneous localization and mapping algorithm as the
source of the model of the target object, the task of analyzing the effectiveness of the
3d reconstruction in terms of the success of the seizure of the target object models is
presented.

The statement of basic materials. The system of constructing a 3d
reconstruction of the environment based on the data of the system of computer vision
work is developed for planning of the sustainable seizure of the target object. The
overall assessment of the level of success of the planned grasps in the set of test
objects is carried out.

Conclusions. The overall assessment of the level of success of the planned
seizures on a set of test objects was performed. At the same time, the overall level of
success of the capture is quite high - 87%, which indicates the high efficiency of the
considered system.

Key words: 3d reconstruction, object grasping, simultaneous localization and

mapping.



