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Euxaplotieg

H nmapouca SUTAWLATLKN EPYACLO TPOYHATOTIOLONKE KATA TO aKaAdNUaiko €tog 2023-
2024 otov Topéa Texvoloyiag twv Katepyaolwv tng ZxoAr) MnxavoAloywv Mnxavikwy
Tou EBvikoU MetooBlou MoAutexveiou.

Apxika Ba nBsha va evxaplotiow Tov erPAénovia kabnyntr Mavwplo Mnevapbdo,
yla tTnv kaBodnynon Kot TV UTTooTAPLEN ToU o€ OAN TN SLAPKELA AUTHE TG Epyaciag.
ErumtAéov Ba nBela va euxaplotriow kat tov Topéa Texvoloyiag Twv Katepyaotwy yla
NV apoxn mpocBaong otov anapaitnto e€omMALoUO.

Entiong Ba nBeha va euxapLoTow TNV OLKOYEVELA LOU YL TN CUVEXN evBappuvaon Kot
UTTOOTNPLEN TIOU POV TIPOCPEPAVE KATA TIG AKASNUAIKES pou StatplPEg.

‘Emetta Oa ABela va euxapLotiow Toug piloug pou ya tnv umootnpLén Kat tn Bonbela
TIoU pou TpoodEpave otn BeAtiwon Twv cuyypadikwyv pou deflotntwy kab’ oAa ta
okadnuaika €tn.

H Anén tng mapouocag OSUTAWMATIKAG, QVIKOTOTTPIlEL OXL HOVO TNV OTOULKNA
npoomnadBela, ald tn ouAloyikr) umootnplen mou £Aafa amd TA KOVIWVA HOU
npoowTma 6Aa autd ta xpovia. EueAmiotw OTL n gpyoaocia aut Ba cupBaiel Betikd
otnv €€EALEN TOU TOUEQ TNG UNXAVLKAG OPAONG KAL TNG POUTIOTLKAG.

NaUAog Xwovidng
AGnva, OeBpouaplog 2024
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AnayopeUetal n avilypadr, anobrikevon kot Stavoun Tng mapovoag epyaciag, €€
OAOKARPOU N TUAHOTOG QUTHG YLoL EUTMOPLKO OKOTO. Emitpénetal n avatumwon,
amoBrikeuon Kal Olavour] ylo OKOTO HNn KePOOOKOTIKO, EKMALOEUTIKAG N
EPELUVNTIKNAC dUONG, UTIO TNV TTPoUTOOeoN va avadEpeTal n Ny MPOEAEUONG Kall
va dlatnpeital to mapov pvupa. Epwtripata mov adgopolv tn xprHon ¢ epyaciag
yla KepOOOKOTILKO OKOTO TPEMEL va ameuBuvovtal Tpog tov cuyypadéa. OL
amoOYELG KOL TA CUMMEPACHATA TIOU TIEPLEXOVTAL O AUTO To £yypado ekdpalouv
ToV ouyypadEa Kot Sev TPETEL val EpUNVEUBEL OTL AVTUTPOCWTIEVOUV TIC ETICNUES
B€oelg tNg IXoAng MnyavoAoywv Mnxovikwv kot tou EBvikou MetodBiou
MoAutexveiou.
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Abstract

This diploma thesis focuses on the simulation of a robotic manipulator with machine
vision to grasp objects in occlusion environments. Specifically, the robotic arm in use
is the Staubli RX90L with 6 degrees of freedom, equipped with a gripper. The study
delves into the assessment of inverse kinematics and trajectory control for the robotic
arm during grasping operations. A crucial augmentation to the system involves the
incorporation of machine vision systems for object detection. The machine vision
component encompasses the calibration of Kinect V2 RGB and depth images, along
with the mapping of RGB images to depth images. Subsequently, the theoretical
underpinnings of Convolutional Neural Networks are elucidated, with the chosen
network for this thesis being the Mask RCNN. The methodology for training the
networks is explicated, followed by comprehensive testing in diverse occlusion
environments.

A paramount aspect of this work involves addressing the occlusion problem in the
grasping methodology, determining which objects are occluded, by implementing
neural networks that utilize features extracted from the Mask RCNN network and
depth images. The acquired occlusion data undergoes a logic-based algorithm,
delineating the item to be grasped and generating an effective grasping strategy. The
entire process is simulated within the integrated MATLAB-Simulink Unreal Engine
environment, providing a holistic evaluation of the proposed methodologies.
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NepiAnyn

H mapovoa SumAwpatik epyacia €0Tldlel 0TV TPOCOUOLWON EVOC POUTIOTIKOU
Bpaxiova pe pnxavikn opaocn ylo va cuMappavel avtikeipeva oe meptfailovia
OAANAOETUKAAULYPNG QVTIKELUEVWV. MO CUYKEKPLUEVA, O POUTIOTIKOG Bpaxiovag mou
xpnotporoleital ivat o Staubli RX90L pe 6 BaBuolg eAeuBepiag, e€omAlopévog pe
apmayn. H peAétn epBabuivel otnv vAomoinon TnG aviiotpodPng KIVNUOTLIKAG KAl TOU
eAéyxou TG TpOXLAC Tou Bpaxiova katd tn cUAANYN avikelpévwy. Kplowun eivat n
EVOWUATWON TOU CUCTAUATOG UNXAVLKAG OpACNG YLOL TNV QVIXVEUON AVTIKELUEVWY. TO
KEAAALO TNG LNXOVLKNG Opaong TtepAapBAveL TN BaBuovopnon Kat tnv aviiotoixion
TWV elkOVWV RGB oTL¢ etkoveg BaBouc tou Kinect V2. Itn ouvéyela, Steukpivilovtal ot
BewpNTIKEG PACELG TWV OUVEALKTIKWY VEUPWVIKWY SIKTUWV, UE TO SIKTUO TOU
eTMAEXONKe yla ™ Statpfn autr, va sivat to Mask RCNN. Emnetta akoAouBeital n
puebodoloyia ywa tnv ekmaidbevon tou Siktvou, pe TtV Sokiur tou oe Siadopa
nieptBariovta aAAnAogmikaAuPng.

MLa TtpwTOPXLKN TITUXN TNG Epyaciog mepAaUBAVEL N AVTLUETWTILON TOU PO BARUATOC
OAANAOETUKAAUYNG TWV AVTLIKELLEVWY. Mo TOV TPOCSLOPLOUO TWV AVTLIKELLEVWVY TIOU
ETUKOAUTITOVTAL, XpNnoLlomolnOnkav veupwvika Siktua pe €l0odo XOpaKTnNPLOTIKA
niou e€ayovrtal amno to diktuo Mask RCNN kat tig elkdveg BaBouc. H £€odo¢ amo ta
VEUPWVLIKA Olktua xpnolpomoleital  omo oaAyoplbpo, o omoiog oploBetel TO
OVTLKELPEVO ToU TtpEMEeL va cUAANGDOBEL kat dnuiloupyel tTnv otpatnyky cUAANYNC. H
OAn Swadikaoia mpocopolwwvetal oto meplfallov tou MATLAB-Simulink-Unreal
Engine, mapéxovtag pia oALKr ELKOVA TWV TIPOTELVOUEVWY HeBoSoAoyLwv.
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Zuvtopoypadieg

2D: Two Dimensional

3D: Three Dimensional

ANN: Artificial Neural Network

API: Application Programming Interface
ASIC: Application Specific Integrated Circuits
BFGS: Broyden—Fletcher—Goldfarb—Shanno
CAD: Computer Aided Design

CNN: Convolutional Neural Network

CPU: Central Processing Unit

DOF: Degrees Of Freedom

FBX: Filmbox Format

GPU: Graphics Processing Unit

MS COCO/ COCO: Microsoft Common Objects in Context
PAR: Pixel Aspect Ratio

RCNN: Region-based Convolutional Neural Network
RAM: Random Access Memory

RelU: Rectified Linear Unit

RGB: Red Green Blue

RGB-D: Red Green Blue - Depth

RPN: Region Proposal Network

STL: Standard Triangle Language

UE: Unreal Engine

URDF: Unified Robot Description Format
VOC: Visual Object Classes

VRAM: Video Random Access Memory

YOLO: You Only Look Once
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1. Elcaywyn

H pnxavikr opacn mapAaAAnAa e TLG TPONYUEVES TEXVIKEG CUAANYNG AVTLKELUEVWYV OE
POUTOTIKOUG Bpaxioveg Bplokel eupela ebapuoyr O oevapla Tou xapaktnpilovral
armo Suvaulkd kot Tolkiha meptBailovta. Mapola autd To TPOBANUA TNG
oAAnAosTuKAALYNG HETOEY TWV QVILKELLEVWY TIOU Bplokovtal evidg TG MEPLOXAG
Aewtoupyeiag tou Ppayiova Sev €xel emAUBEL KOl TOPAUEVEL OTO ETUKEVIPO TNG
€peuvag yLa TOAA EpuaTO KOL EPEVVNTEG TTAYKOOWIWG. H AUon tou mpoBARuatog
autou Ba urmopoloe va GEPEL TILO KOVTA TNV avBpwnoTnTa PO TNV UAOTIOLNON EVOG
OUOTHHOTOG LNXOVIKAG 0pACNG - POUTIOTIKOU Bpaxiova pe avBpwrivn avtiAnyn. Mua
T€Tola uAormoinon €xeL Tn duvatotnta va GEPEL emavaotaon o dLadopouc TOUELS,
OMWG OTNV Topaywyn UAKWV ayabwv aAAa kal otnv kabnuepivr) Slemadn tou
avBpwrmou Ue ta pounort [5][6].

MapOAa AUTA EVW N TTOPAYETOL CNHOVTLKA £PEUVA OTOV TOUE AUTO, N edappoyh TwV
pneBodoAoylwy mou mpoteivovtal cuxva dev StatiBetal o akplBEG TpOmog uAomoinong,
adnvovtag aBeBaltdTnTeG OXETIKA e TNV ePapUOyr TWV avTioTolwv peBoSoAoyLwv.
ErutAéov, OTLG TTEPUTTWOELG TIOU UTIAPXOUV TIPOKTLKA Ttapadeiypata, cuvRBwg autd
Sokipalovtal o€ poumnoTikoUg Bpaxioveg Hikpng KALpakag £tol wote va anmodevxBouv
TOaveg {NULEG TIoU Umopouv va TPokUPouv amd ohAAUATO OTNV QVOTTTUYHEVN
pnebodoloyla kal tov KwoLKka. EMOUEVWE, N TPOCOUOLWON TOU CUCTHHOTOC OE £val
€IKOVIKO meplBalov eival peyaAng aflag, plag kKot Umopel va BeAtiwoel tnv
epapuoyn) Twv pebBodoloywwv Kol vo  emtaxUvel Tt Stadikaoio  SOKLUAG,
e\aylotomnolwvtag mapaAnAa toug KivdUvoug mou oxeTi{ovTal e TOV TIELPOUATIOUO
OTOV TPAYHOTLKO KOGLO.

e auth Tt SlatplPfr KOTOOKEUAOTNKE £va oUOTNUA TTPOCOUOLWONG TNG AViXVELONG
OVTIKELLEVWYV TIOU PBplokovtal mavw o€ pia Tpamela, TNV €AoY TOU OVTIKELUEVOU
TPOG aprmayn Kol TEAOG TNG ELKOVLKNG Ovamapactacn tng oAng Stadikaciag. H
UAoOTtolNonN OQUTOU TOU OCUOCTMHATOG TIPOYMOTOTOLE(TAOL EVTOC Tou TePLBAANOVTOC
MATLAB-Unreal Engine. EmutAéov Sivetal n mAnpng pebodoloyia yla tnv ekpadnon
TOU OUOTHMOTOC UNXAVIKAG OpaoNG KE TpayUatika dedopéva, omou to e€ayouevo
OlkTuo pmopel va avixveUoEeL KoL QVTIKELLEVA OTO €LKOVLKO TteplBdAlov. Emetta, to
MPOPANUa tnG aAANAOETUKAALYNG QVTIUETWTIETAL HUE TNV EDAPUOYN VEUPWVIKWV
SktUwv, otnv omnola Baociletal kat n pebodoloyia cUANYNG TWV AVTIKELUEVWVY. TENOG
HLOL OXETIKA artAr) aAAQ Kol AmOTEAECUATIKA TEXVIKI) oUANYPNG VAomoLeitaL pue Baon
TN oTPOPI) TWV AVTLIKELUEVWYV OE OXEON UE TO KABOALKO CUOTNO CUVTETAYHUEVWV.

12|2eAida



AutAwpatiki Epyaocia — MavAog Xwovidng

2. BiBAoypadikn Avaockonnon

To 2014, n 6nuioupyia R-CNN [7] onuatodotnoe pla onUAVTLKG TPO0do othv
QVIXVEUON OVTLKELUEVWYV OE ELKOVEG, tetu)aivovtag 30% avénon o eniboon o oxéon
LLE TO TIponyoUEVO KAAUTEPO armotéAeopa oto Pascal VOC 2012. Auth n Kawvotouia
eNMETPEYPE TNV QVIXVEUON TIOAAQTIAWY QVTIKELUEVWV OE ULA ELKOVA, aVOI{WTTUPWVOVTC
To evOLadEPOV YL TNV EVOWUATWON POUTMOTIKWY Bpaxlovwy HE HNXOVLKA Opaon.
ErutAéov, n guddvion mpoottwv atobntipwv Baboug, omwg to Microsoft Kinect
(2010) kat to Asus Xtion (2011), mpokdAeoe av&non o€ EPEVVEG TTOU ETILKEVIPWVOVTAL
o€ neBO60oUC BACLOUEVEG OE XAPAKTNPLOTIKA ELKOVAC Kal o SeSopéva Babouc.

Ou Aarth R. kat Rishma G. &diepevvnoav Tt duvatdtnteg tou Mask R-CNN otnv
QVIXVEUON QVTIKELWEVWY QTIOPPLUUATWY oTo £6adog. Ta eupnuatd toug €dslEav
oavwtepn anodoon os cLYKpLon He AAAa SiKTua, EMLTUYXAVOVTAG aKpiBELa aviXVELONG
lon He 97%. Xe pla Eexwplotr HeAETN, ot Zhen Li et al. [11] epelvnoav T XprHon Tou
YOLO yw TNV Qviyveuon OVTIKELUEVWV OE €va KLVNTO POUTIOT €EOTALOUEVO HE
poumotikd PBpaxiova kot kapepa RGB-D. Mpotewvav €va €MUTAEOV OUVEALKTIKO
VEUPWVLKO SikTtuo ylat cUAANYN AVTIKELWEVWY HECW TOU Bpaxiova, dnuloupywvtog
600 EMUTAEOV «ELKOVEG» - WE TNV HUia va amelkovilel tnv molotnta cUAANYNG o€
0oAOKANPN Kat n GAAN Seixvel T ywvia cUAANYNG. To mapadelypa avto Seiyvel tnv
gUeALflo TWV OUVEAIKTIKWYV OIKTUWV TEPA OO TNV OVIXVEUON QVTLKELLEVWY,
EMLSELKVUOVTOC TNV QMOTEAECHATLIKOTNTA TOUC o€ SLadopeC epyaaieg.

Ot Tuan-Tang Le et al. [8] xpnotpomoincav pia mapopola péBodo pe auth mou
XPNOLUOTIOLELTAL O€ aUTH TNV SUTAWUATLKN gpyacia, omou eknatdevoav diktuo Mask
RCNN, elwoayovtag kot ta dedopéva Baboug tn¢ swkovag. Edetéav OtL oe oevapla
TIPAYUATIKOU KOGHOU TO oUCTNO UIMOPEL va ertuxel akpifeta 90%. O Ziyad Tareq N.
Sle€nyaye pla €peuva OXETIKA PE TNV amoteAeopatikotnta tou Mask RCNN otnv
QVIXVEUON MOOKWV QVTIKELLEVWY O €viova OAANAETKOAUTTOMEVA TiepLBAAlovTa.
2T UEALTN TOU, TO SIKTUO EKTIALOEVUTNKE XPNOLUOTIOLWVTOC TIG TIANPEC UAOKEG TWV
OVTLIKELLEVWVY €VOvTL HOVO Twv epdaviolpwyv. H mpoogyylon auth €ixe otoxo va
afloloynoel Tnv anodoon Tou SIKTUOU OTOV XELPLOUO oevapiwv aAANAoETUKAAUYNG
XwPLg Slaxwplopd twv TANpodoplwy HACKAG o eUdavEG KoL Un €UPAVEG,
emtuyxavovtag oxedov ta (6la anoteAéopata AV lxe KAVEL TOV SLOXWPLOUO.
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3. MeBodoloyia

H pnebodoloyia mou akoAouBnOnKe g auTr TNV SUTAWUATLKY, UTOPEL VA XWPLOTEL O
3 Sladopetikég umoevotnteg. H Ewova 3-1 Selyvel to Sldypappa pong mou
0KOAOUBNONKE Yyl TNV OVTLUETWTTLON OAWV TWV SLOPOPETIKWY TIPOPANUATWY TIOU

SlepeuvnOnkav Kata ta mAaiola TG Epyaciag.

Robotic Arm Inverse
Kinematics

Robotic Arm CAD

Files to URDF

Scene Genneration

Kinect Calibration

|

| l

Images for Labeling
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q: Y
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o = > Simulation
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e) A A Data Augmentation
(@) A 4

» Grasping Technique l

Train Networks
Mask RCNN Occlusion Networks
I | 1

Ewova 3-1: Ataypouua ponc uedodoldoyioag.
e Robotic Arm CAD Files to URDF

Méoa oto SOLIDWORKS cuvappoloyeital o poumotikog Bpayiovag Kot LECW eVOG
emunpocOetou makéTou e€ayetal To apyeio tumou “.urdf”.

e Scene Generation

Méoa oto SOLIDWORKS kataockeualovtatl OAa Ta amapaitnTa aVIKEPEVA yLa TV
npooopoiwon kot outd e€ayovtat wg “.stl”. Emewta péoa oto Blender
toroBetouvtal ot KATAAANAeg B€oelg kal g€dyetal OAn n oknv o€ popdn
apxelou tumou “.fbx” yia va pmopetl va diaBaotet anod to Unreal Engine.

e UE Scene

Méoa oto MATLAB-Simulink elodyovtal Ta avilkelpdeva tng okNVAG HECW TWV
avtiotolywv otolxeiwv (Blocks). O poumotikdg Bpaxiovag swoayetal cav “.urdf”
OPXELDO, EVW HLOL EMUMTAEWV OUVAPTNON XPNOLUOTOLEITOL yla v LETOTPEPEL TO
OUOTNUO CUVTETOYHEVWY o auTo Tou MATLAB og auto tou Unreal Engine. TEAog
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gloayetal kot pla RGB-D kapepa yia tnv Afpn dwtoypadlwyv otnv tpamnela
epyaoiag.

e Kinect Calibration

MNa tnv 616pbwon ™NG €KOVAC TIOU TIPOEPXETAL amod Tov awoOntpa RGB,
Xpnotpomnolovuvtat epyadeia evtog tou MATLAB, alomowwvtag ¢wtoypadieg evog
xaptioU emidlopbwong (calibration paper) mou AndOnkav amnod to Kinect. Enetta
yivetat kat n emdlopbwon tou awobntipa Pdaboug AapBavoviag TOAAEG
dwtoypadieg (oe dtadopetikd Badn) evog AVTLIKELLEVOU YWWOTWYV SLACTACEWV.
T€Aog yivetal n avtiotoixlon Twv elkovwv RGB oTig lkovecg BaBoug.

e Images for labeling

ANPn  elKOVWV TWV QVTIKEWMEVWY HE TNV Xpnon tou Kinect kot 18wKa
TonmoBeTNUEVWY GWTOPUBUNKWY yLa TNV LELWON TWV OKLWV.

e Ground Truth labeling

Anpovpyio twv Sebopévwy €L0060U TWV VEUPWOLKWY SIKTUWV HECW TN
edpappuoyng Image Labeler tou MATLAB. Xprjon tou COCO API yia tTnv KatdAAnAn
petatponr) Twv dedopévwy yla TNV ekpuadnon tou Mask RCNN.

e Data augmentation

Anpoupyla VEWV Se80UEVWV ATIO TLG OPXLKEC ELKOVEG, eTBallovtag SltadopeTikd
dovta kot petadépovtag/meplotpePovTog Ta TEUAXLO LE TUXALLO TpOTTO.

e Train the Networks

EkpuaOnon twv veupwvikwy SIKTUWV e TV Xprion Lebodwv mou unootnpilovtat
Qo TNV KAPTA YpadLKwV yLa TNV e€0LKOVOUNCN XpOvou.

e Robotic Arm Inverse Kinematics

Anploupyla TNG AVAAUTIKAG avtiotpodng KLVNUOTLKAG TOU POUTIOTIKOU Bpaxiova
XPNOLUOTIOLWVTOG TNV VTOAN analyticalinversekinematics() evtog tou MATLAB.

e Control Law

Eupeon tncg tehwkng B€ong tou poumotikol PBpayiova ywo TNV apmayn Twv
OVTLKELLEVWV Xpnotpomolwvtag ta Sedopéva Babouc, TIG LACKEC TTOU TTapAyoVvTal
a6 to Mask RCNN kot ta anoteAéopata anod Ta VEUPWVLIKA Siktua.

e Trajectory Planning

Xprion moAuvwvupou 3°° Babuoul yla TNV KATAoTPWOoN TwV TPOXLWV OTO XWPO TOV
apBpwoswv. Ma TNV eVpeon tNG KAAUTEPNG TEALKNG TOTaG (pose) — o€ mepimtwon
TIOU UTIAPXOUV TIEPLOCOTEPEG QMO Ml AUCELG- TOU POMTMOTIKOU PBpayiova,
€TUAEYETAL N TOLA TTOU €AAXLOTOTIOLEL TO ABPOLOUA TWV TETPAYWVIKWY Sladopwv
TwvV neplotpodwyv KABe apOpwang amod Tnv apxLkn otnv TeAkn Avon.
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e Grasping Technique

Xpnon twv debopévwy paokag kat BaBoug KABe avTIKELUEVOU yLa TNV ETUAOYH TNG
OWOTNC IPOCEYYLONG KAl OpTIaYAG.

e Simulation

Mpooopoiwon OAwWV Twv TopayOUeEVWY LEBOSOAOYLWV/SIKTUWY OE ELKOVIKO
nieptBardov eviog tou MATLAB-Simulink kat tou Unreal Engine.
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4. NMopAUETPOL ZUGTHHATOC

Je auTA TNV epyacia, XPNOLUOTIOLEITOL €val ELKOVIKO HOVIEAO TOU POMTOTLKOU
Bpaxiova "Stdubli RX90L", pe uia apmayn &vo onueiwv. O PBpaxiovag autodg
amoteAsital ano 6 apBPWOELG TWV OTIOLWYV TA XOPAKTNPLOTIKA dpaivovtal atov Mivakag
4-1. O embE€Log xwpo¢g epyaciag Tou poumotikoU Bpaxiova dpaivetal otnv Ewkova 4-1
EVW ULO TIPOYMOTLKA €LKOVA TOU Bpayiova ¢paivetal otnv Ewkova 4-2.

Mivakac 4-1: MNMapauetpot tou Stdubli RX90L.

Joint 1 2 3 4™ 5 6
Amplitude (°) 320 275 285 540 225 540 @
Working range A B C D E F
distribution (°) +160 | £137.5 | £1425 | +270 | +120 | +270
-105
Nominal speed (°/s) 236 200 286 401 320 580
Maximum speed (°/s) 356 356 296 409 800 | 1125©)
Angul?r resolution 0.87 0.87 0.72 1 1.95 2.75
(°.10™)

R.m=401mm
R.b = 650mm

a ' o il | A
x | Y e

g .|/] ) Y1 V

Ewova 4-1: MpoaomeAdaoiuog xwpog epyaciac tou Stdubli RX 90L.

Ewkova 4-2: Etkova tou Stdubli RX 90L.
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Ma Toug oKomoUG TNG MNXOVIKNAG Opacng €xeL xpnowdomolnBsl to Kinect V2 mou
daivetat otnv Ewkova 4-3.

Ewkéva 4-3: Qwtoypapia tou Kinect V2.
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5. Poumnotikn

5.1 Oswpia
5.1.1 Kwnuatikn

Ma tnVv mANpn oploB£TNoN EVOG CWLOTOG OTOV KAPTECLOVO XWPO SEV amalteital Hovo
n B€on tou [x,y,z] AAAa KoL O TIPOCAVATOALOUOC TOU. To EpYAAELO TIOU EMITPETIEL TNV
LOVTEAOTIOLNGN TOU TPOCAVOTOAIOMOU HE HAONUOTIKO TPOMOo eival o Tmivakag
TepLoTpodnc mou ¢aivetat otnv Elowon 5-1.

R=|T21 T2 T21 5-1

31 T31 T33

"1 T2 7"13]

Aladopol pEBodol uTAPXOUV YLa TNV KATACKEUN TOU TILVOKA TIPOCAVATOALOUOUG GAAQ
0 TILO YVWOTOG lval auTog TwV YwvLwy Tou Euler 6mou povo 3 ywvieg amattovvral yla
NV TANPN OVATOPAOCTACN TOU TPooavatoAlopol. H Ewkova 5-1 Seixvel éva
mapadelypa tTwv ywviwv tou Euler pe tv Eflowon 5-2 va Seixvel tov TPOMoO
uAomoinong tou [16].

Ryyz = Rx(y) - Ry'(B) - Ry (a) 5-2
2‘4 2,-1
A "g 1 A
) Za 174
Z A
! Ay YB A \__) o
Yp B
y 4@7 q P, P,
B
X4 . N
Xy Xa . Xa
“ B aSom
Xp

Ewova 5-1: Twvieg Euler X-Y-Z [16].

Mapd TNV XPNOLMOTNTO KoL TNV amAoTnTa tTwv ywviwv Euler, autol pmopsl va
obnynoouv to cuotnua o€ Wopopda onpeia. Na tov Adyo autd xpnoLponolouvral
pnEBobdol mou aflomololv 4 TAPAPETPOUC yloL TNV OVATIAPACTACN TOU Tivaka
neplotpodn¢. H mo ocuyva xpnotpomnoloVevn HéBodog afLomolel TOUG MAPAUETPOUG
Euler (g;) pe v E€lowon 5-3 va SelxveL TOV TPOTIO PE TOV OTIOLO O§LOTIOLOUVTAL.

R=Q-e-1)I3+2¢-&+2-g ¢

Omnou:
& o T32 — 123 5-3
, , . ~ 1
MpwTtol Tpeic mapapetpol: € = [&2| = k - sin (E) = e 13 — 731
€3 e — 112
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T£TapTn MAPAUETPOG: £, = COS ( ) =05 \/1+71+7p+733

0 —-& &
Skew Symmetric Mivakag: £* = [ &3 0 —31]
—-& & 0

Me tnv xpnion tTou Tivaka TePLoTPOPNC (Rsys) Kol TOu Staviopatog B€ong (Ps,)
UTMOpPEL VA KATAOKEUOOTEL O OHOYEVAG UETAOXNUOTIONOG (Transformation Matrix)
onw¢ daivetar otnv Elowon 5-4 mou meplypddel MARpwG tnv Béon kol Tov
TIPOCAVATOALOUO EVOC CWHATOG.

2 T3 DPx

T = [R3x3 P3x1] T22 T23 Dy 5.4
O1x3 7"31 7”32 7’33 Pz
1

TNV neplMTwon ULag aVoLKTHG KIVNUATIKAG aAucidag omwe ¢aivetal otnv Elkdva 5-2,
elval duvato va Bpebel o petaoynUaTIopog and tnv apxn (Baon) tng aAuaoidag, wg
TO TEAOG AUTAG Xpnolponowwvtag tnv E¢lowon 5-5

Orou:

METAOXNUATIONOC OO TO TOU CUOCTNUATOG i 0 OX€O0N UE TO cUOTNUA 5

GUVTETAYHEVWY TOU j: / T;

\
A:\,_ T,

e

Ewkova 5-2: Metaoxnuatiopol UETaED CUTTNUATWY CUVTETAYUEVWY OE UL AVOLKTI) Klvnuatikn aAvoiba [17].

OL peTaoxnUaTIopol HETAEY TwV CUVOECUWV TNC AVOLKTIC KLVNUATIKNAC 0AUGLi&ag-evog
poumotikoU Bpaxiova, mpoépyxovral amo nmwg eival cuvdedepévol ol ouvdeauoL
HETAEL TOUC. . O OpOYEVAG ustaoxnuauouéc(i_lTi) peTal dUo ocuvdéouwv pmopetl
VA KATAOKEUOOTEL Le SLddopoug TPOmoug Onwe autog tou «Denavit Hardenberg»
[16][17].
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Axisi — | Axis i

1 —

\ Link /

Ewova 5-3: SUoXETION OCUOTNUATWY CUVTETAYUEVWY UETaEU SUO0 apTpwoswv [16].

ITnv mepimTwon autig tNg OSUTAWMATIKAG, OL HMETOOXNUATIOMOL MeTafl €vog
ouvdéopou onwc daivetal otnv Ewkova 5-3 efayovtal ameuBeiag and to “.urdf”
apxelo.

Emopévwe o€ mepIMTWON anaitnong evog CUYKEKPLUEVOU UETAOYXNHUOTIOUOU Yyl TV
opmayn €vOG OVTLKELUEVOU (OTe,desired), amatteitat pa Avon tng Hopdng Tou
daivetal otnv E€lowon 5-6:

OTe,desired = X(ql' qz, - qn)
Omnou: 5-6
Fwvieg meplotpodng Twv apOpwoewv: q;

Ao to 2022, to MATLAB €xeL elwoayel tTnv evtoAn analyticalinversekinematics(),n
omola pmopel va Bpel TNV avaAutiky avtiotpodn Kvnuatiki evog Ppoaxiova mou
amoteAeital pévo amnod apBpwTtol CUVEECUOUG UE TOUG TEAEUTALOUG TPELG Va lval OE
nopdn kaprmol «wrist configuration» onw¢ ¢aivetar otnv Ewkova  5-4[18].
INUELWVETAL OTL POUTTOTIKOG Bpaxiovag Tou XpnNOLUOTOLELTAL OTNV SUTAWMATIKY QUTH,
OVNKEL O€ QUTH TNV Katnyopla.

Ewkova 5-4: Bpoyiovag LUe TIG TEAEUTAIEC TPELS apTPWOELS OE HOP P KaprtoU[16].
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5.2 'EAeyxo¢ Bpayxiova
5.2.1 Nopog eAéyxou

Ma tov €AeyX0 TOU POUTIOTIKOU Bpaxiova XpnoLUOTTOLOUVTAL TA XAPOKTNPLOTLKA TIOU
g€dyovtal anod 1o cUOTNUA UNXAVLIKAG 0paong. Ta XOPAKTNPLOTIKA auTd elval onueia
EVTOG TNG lkovag pe dedopéva Baboug. EMopévwg xpnotponowwvtag tnv E¢lowon 5-7
[19] umopel va PBpebel n ocuoxétion TOV ONUELWV QUTOV (OTNV E€LKOVA) HE TNG
OITOCTACELG OTOV KAPTECLAVO XWPO OO TO CUCTNUO CUVTETAYUEVWYV TNC KALEPOG.

Ornou

Uy, Uy ElvaL oL amootdoelg evog onueiou katd tov x kat y agova.

Cx, Cy: Elva To onpeio Tou kEVIPOU NG EKOVAG KATA TOV X Kal y agova.

fer fy+ ElvaL ta eotiakd Babn.

Xp,Yp, Zp: Elval oL KOPTECLOVEG CUVTETAYUEVEG TOU AVTLKELLEVOU OE OXEON ME
TNV KAUEPQ.

5-7

H andotaon tou onueiou and tnv kapepa Zp Bpioketal ano ta dedopéva Baboug.
Enmopevog to Xp kat 1o Yp pmopouv va umoAoylotouv. Ewkova 5-5 Seixvel éva
TAPASELY A TOU UTTOAOYLOMOU QUTWV TWV CUVTETOYHEVWV.

——————————
£
<

(a) (b)

Ewkéva 5-5: Mapabetyud andotaon Zp amo v kauepa(a) kat tng 9€ong tou avtikeluévou atnv ewkova (b).

Emopévwg ylo v TILACEL O POUTOTIKOC Bpaxiovog TO QVIIKE(HEVO WUTOpEL va
XpnotpomnotnBel o OpoyeVAG LETAOXNHATIONOG pE Stavuopa B€ong to [Xp, Yp, Zp] Kkal
T(POCAVATOALOUO KABETO 0TO TPAmE(L. Apa afLOTOLWVTAC TOV UETACKNUATIOUO TNG
KAUEPOAC HUE TNV PAcn TOU POUMOT Umopel va Bpebel 0 UETOOXNUOTIONOG HETAEY
OVTIKELUEVOU KOL pPOMMOT Onwg daivetat otnv Eflowon 5-8. Emopévwg
XPNOLUOTIOLWVTAC TNV OVOAUTIKY oavtiotpodn Kvnuotik pnopel va BpeBouv ot
YWVIEG TEPLOTPOGNAC TOU POUTIOTIKOU PBpaxiova ylad TOV CUYKEKPLUEVO TivaKa
HETAOXNUATLOMOU.
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bTobj = ch - € obj
Omnou 5.g
O OMOYEVNC LETAOXNUOTIONOG HeTa€l TNS BAaong Tou Bpaxlova Kal TG
KAUEPOG: ch

ITnVv MEPLMTTWOoN TNG €pyaoiag autng Bewpeital OtL n Kapepa dtatnpeital otabepn
onw¢ ¢paivetal otnv Ewova 5-6 (c).

o]
v

o i o

(a) (b) (c)

Ewova 5-6: Matt mavw oto xépt (a), Matt kottaet to xépt (b), Zexwptoto uatt kat xépt (c)

5.2.2 'EAeyxog TpoxLag

Ou poumotikol PBpayioveg mapouoitdlouv SU0 KUPLOUG TUTOUG TpPOXLWV: Tov
KOPTEOLAVO £AEYXO TPOXLAG KOl EAEYXO TPOXLAC OTOV XWPO TWV apOpwoswv. Itov
KOpTEOLAVO €AeyXo, Eudaon Sivetal otn puBULON TNG Kivhong Tou TeAlkol Spacng
HEow KaBoplopévwy BEcswV Kal TpooavatoAlopwy otov Kapteolavo xwpo. Ao tnv
GAAN TAEUPA, O €AEyXOC TNG TPOXLAG OTOV XWPO TwV apBpwoewv e€otlalel otn
Slaxeiplon g Kivnong HEUOVWHEVWY apBpwosewv yla tnv enitevén emBuuntwy
B€oewv. InNUELWVETOL EMIONG OTL OTOV €AEYXO TPOXLAG, dev uTtApyeL TBavoTnTa O
Bpaxiovag va PBpebel oe 1616popdo onuelo plag Kal Sev XPNOLUOTIOLETAL N
avtiotpodn Kwvnuoatikn. H dtadopd petatl autwv Twv dUo TUNwV eAéyxou daivetal
oto Ewkova 5-7.

(a) (b)

Ewkova 5-7: EAgyxog otov KapTeoLlavo xwpo (a) kat EAeyxog otov xwpo Twv apBpwoewv (b).
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Katd tnv avtiotpodn Kwnuotikn €ival mbavo va umdpxouv MOPATAvVW Omo Lo
AUoelg mou Sivouv Tov (610 HETOOXNUATIONO TOU TeAlKOU onpeiou dpdong Omwg
daivetal otnv Ekdva 5-8. I€ autr TNV gpyacia n cuvaptnon tou abpolopatog Twy
TETPAYWVWY XPNOLUOTIOLELTAL WG TTPOG eAaxLloToToinon onwg ¢aivetal otnv E€lcwon
5-9 yia tnv emidoyn Tng TeEAKNS AUong.

6
. . 2
min{L;} = mln{Z(Qi,end — Qiinic) }
i=1

Omnou: 5-3
i ena: Elva n TeAkn ywvia tng dpBpwong i.

qi init: Elvaw n apxikn ywvia tng dpBpwong i.

S

(b)

Ewkova 5-8: 1610 onueio kat mpooavatoAlouog tou teAikou onueiov Spaonc o€ Suo SLaPOoPETIKES OJEG.
H cuvaptroelg mapeUBOANG TWV YWVLWV TwV apBpwoewv ATAV TO TTOAUWVU MO TpiTou
BaBuoU pe UNSEVIKEG TOXUTNTEG MEPLOTPOPNG OTO TEALKO KOL TO QPXLKO ONUELD OTWG
daivetal otnv Ewkova 5-9.

75
70
65
60
55
50
45
40
35
30
25
20

15

— Degrees

| Seconds

6 1.2 18
Position

(a)

24 30 6 12 18
Velocity

(b)

Seconds

Seconds

6 1.2 L8

Acceleration

(c)

Ewkova 5-9: Mapadetyua moAvwvu ki mapeuBoArg.
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6. ZUotnpa Mnxoavikig Opaong
6.1 BaBpovounon tou Kinect V2

H kauepeg tou Kinect V2 -RGB kat BaBoug- dev Bpiokovtal oto idlo dpuaoiko onueio,
bev éxouv (6la avaiuon kat oUTe TNV (6la avaAoyia UPoug-TAAToUC 6w dailveTal
otnv Ewova 6-1 Kal amo Ti¢ MapaUETPOUG TwV aodntrpwv otov Mivaka 6-2 Kat 6-3.
Enmopévwe emiAéxBnke va avtiotowxnBel n elkdva RGB otnv elkdva Baboug piog kat n
€lKOVa BaBoug €xeL UkpOTEPN avAAuon.

Object

Depth RGB

Ewova 6-1: Mapadetyua tng tono¥Etnong twv atodntipwv tou Kinect V2

MNa tnv eUpeon TwV TAPOHETPWY TNG KAREPOG RGB xpnonuomoleiBnke xopti
BaBuovounong pe 1o oxédlo TNG Elkdva 6-2 Kal To EMUMPOCOETO MPOypappa
BaBuovounong kapepwv evtog tou MATLAB.

Ewkova 6-2: Sxgbto Baduovounong ue tetpaywva ueyedoug 25x25mm.
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Ma tnv evpeon tng PuoLkng amodotaong TG kKapepag RGB and tnv kapepa Badoug,
XpnoLpomoLn0nke évag xapoakag e opOn ywvia o omoiog TonoBetOnKe 0TO KEVTPO
tou Kinect. Emelta tomoBetnOnke €vag kUPBog tou Rubik’s mepimou oto kévipo tng
€lkOvVoG BaBouc clupdwva pe TG evdeifelg Tou xapaka kot AndOnkav dtadopeg
dwtoypadieg. Ztnv Elkova 6-3 daivovtal HepLkEC eVOEIKTIKEG dwToypadieg amod tnv
Stadikacia evw n E€lowon 6-1 xxpnonuomoleiBnke yla va Bpebel n andotacn g
Kapepag RGB amo 1o kévtpo tou Kinect mou elvat ton pe 95mm (O6mwg eivat kot ota
apxeta CAD tou Kinect).

(Uy —Cy) " Z
X=—
fx
‘Omnou
H andotaon tou onpelou kata tnv x katevBuvon: X[m] 6-1

To gotlako Babog kata tnv x katevBuvon: f, [m]
H andotaon tng kauepag and to onpeio: Z [m]
H andotoon Tou onpelou amo To KEVTIPO TG ELKOVAG: U, — Cy [pixels]

(a) b
Ewkova 6-3: MéBobog Anyin twv pwtoypapilwy yia tnv Baduovounaonc (a), xapakag Baduovounong (8)

Emetta umtoAoyiletal n avohoyia HeTafl TwV ELKOVOOTOLXEIWV TwWV SUO ELKOVWV va
elvat ton pe PAR = 3.05 obpdwva pe v E€lowon 6-2.

pixel distance from RGB image

PAR = pixel distance from Depth image 6-2
MeTa n avtiotoixion Tng elkovag RGB otnv elkova BabBoug akoAolBnoe Aapfavovtag
Sladopetikeég pwrtoypadieg pe dtadopetika Badn (Z) Tou 6LoU AVTLKELUEVOU OE Eva
npokaBoplopévo Sitaotnua Babog [500,1400] mm. O Mivakag 6-1 &eixvel T
uTtoAoyl{opevec dladopeg tou (Slou onueiov otic U0 ELKOVEC. INUELWVETAL OTL TO
Héyebog mou xpnolpomoleital eival elkovootolxeia BaBoug. Onwg eival epdaveg n
Stadopa katd tov y afova moapopevel otabepn kal ion pe dy = —9 , to omoio
onUaivel OtL n elkova RGB mpénel a petadepOel 9 elkovootolyeia BaBoug mpog ta
navw. e avtiBeon n Stadopd katd Tov x afova &e mapapével otabepry Kal apa
XPNOLUOTIOLWVTAC TIOAUWVU LKA TTaAlvépopnon ota onpeia e€ayetal n Eélowon 6-3.
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Mivakag 6-1: AlpopES TWV ELKOVOTTOLXEIWV KATA X Kol y UETaEU TNG lkovag RGB kat tne¢ etkovag Badoug. V2.

Depth Value [mm] | dx [pixels] | dy [pixels]
543 25 -9
561 24 -9
622 20 -9
764 15 -9
855 13 -8
949 12 -9
1036 10 -9
1355 6 -9

Xnew = Xora — 5+107°-d? + 0.1078 - d + 68.46
Where the depth value in [mm)] at the specified position (x,;4,): d

6-3

KoBovtag tnv elkdva katd 25 sikovootolyela amd ta Se€ld ylo va Unv Umapxouv
onuela pndevikou BaBouc, n uTOAeOpEVn €lkOva eival Stactdoswv: [417,340]
(width, height). Znuavtiko sival 6tL n eikova RGB pnopet va AdBel SLaoTAoELG LOEC UE:
[1273,1038] omou to KkAOe elkovootolxeio PBdaboug avtiotolxel oe 3.05 RGB
€LKOVOOTOLXELQL.

Mivakag 6-2: Mapdauetpot kauepag RGB

Resolution Principal Point Focal Length Radial Distortion?
[1920,1080],, » [945,557] [1053,1053]x,y K, = 0.04
Mivakac 6-3: Mapauetpot kauepog Badouc.
Resolution Principal Point Focal Length Radial Distortion
[512,424],, [256,212] [365,365],5,3, K, =0.2

! Napdpetpol cUpdwva pe To povtélo Brown-Conrady: https://en.wikipedia.org/wiki/Distortion (optics).
‘OMot oL uTtOAoLnoL mapAapeTpoL ival ool e to 0.
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(b)

Ewova 6-4: ApxLkec elkoveg, RGB ewkova (a) ewkéva Badoug (b).

(a) (b)

Ewkova 6-5: BaBuovounuéveg eikovec, RGB etkova (a) etkova Badouc (b).

6.2 Oswplia ZUVEAKTIKWV NEUPWVIKWV ALKTUWV
6.2.1 Ta&wountng Ekdvag

Ta INA (Zuvehiktikd Neupwvikd Aiktua) 1 ota ayyAitkd CNN (Convolutional Neural
Network) eivat pia L8k Katnyoplo TwV VEUPWVLKWVY SLKTUWV TTOU 0.oXOAOUVTOL LE TNV
avaAuon elkovwy. Mio cuvnBLlopévn uToKaTnyopLlo autwy eivat n taglvopnon Twy
EIKOVWVY ot SladopeTIKEG KaTnyopleg, cuUdWVA UE TA AVIIKELHEVA TTIOU BplokovTal
EVIOGC NG ewkovag (Image Classifier). H Ewova 6-6 Oelyvel pla oxnuatikn
OVATIAPAOTAON EVOC TETOLOU SLKTUOU.
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Convolution Neural Network (CNN)

A\
Lo \\\k\\\\\ Output
Pooling Pooling Pooling “\
\
NF N
“&\"/“k} B | Horse
[ S XA
~$, OO - Zebra
& Vi g 01 |
W . ek =
. % "ﬂ SoftMax
RS 2, s
Convolution Convolution  Convolution *® .7 ’;c""a.“""
+ + + 7 unction
RelLU RelLU RelLU Flatten /
Layer
Fully
Feature Maps ;CO{\nGCtedg
ayer
N |
Feature Extraction Classification Probabilistic
Distribution

Ewova 6-6: Zynuatikn avanapaotacn evog CNN.

Onwg to évopa mpodidel, €va cuUVEALKTIKO SikTuo £xel TNV TPAEN TNG CUVEALENG WG
KUpLa pEB0SO e€aywync otolxelwy amo v ewkova. Eva amAo napddelypa tng npagng
NG oUVEALENG paivetal otnv Elkova 6-7. ZNUELWVETAL OTL OTA CUVEALKTIKA SikTuaL AUTO
TIoU HeTaBAAAeTAL KOTA TNV EKUABNON €lval ol cuvteAeoteg enibpaong tou didtpou
OUVEALENG.

Traversing local patch

10 210{ 30 ‘ 62 | 25 102 11592 | 750 733 | 1499 1478 379

1 26 | 50 |123| 54 | 82 | 60 148 | 3351 2773 2674 1309 895

32 206|159 148|147 62 | a06/150[148) 1|2 -9 | 966 | 495 1928 2485 3024 1885

26 | 35 ‘158‘216 1481254 35 :158 216 * -5/-4 5 19462804 1239 -1193 218 -1029

25523512 |35 34 36| (23512135 6/7/8  1111|.1793-1252| 720 |-572 1256

8578|7946 |87 56| ‘o fEMSl 1555|275 -532 | -368 |-519 553
Input Output

Ewova 6-7: Mapadetyua tng ouveéAéng ue @iitpo 3x3.

Itnv nepintwon mou n elcod0¢ ekTelveTal Kal otnv Tpitn Stactaon (mx RGB sikdva) n
OUVEALEN yivetal og kABe Sladopetikd kavalt pe éva didtpo (filter) Tplwv Staotdcewv
onwg ¢aivetal otnv Ewkova 6-8.

Input Imgaq,
(W)E}Pf"” Fﬁ'ﬂ(u re

Ma
(wxh) ®

tiona] Filter y;
wit,
ernels of gj,eq ?irih _[

| three K

Wi | | Convoly 7z
|
‘ I

|

h

Ewova 6-8: Mapadetlyua cUVEAIKTIKOU QIATPOU Vo ETTEVEPYEL O€ pia ELkOVA.

To amotéAeopa TG CUVEALENG TEPVAEL QMO ULAL CUVAPTNON EVEPYOTIOLNONG OTIWG
daivetal otnv Ewkova 6-10. InUeELWVETOL OTL UMOPEL VoL UTIAPYOUV TIEPLOCOTEPA ATIO
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€va ¢iktpa ou Spouv TV dLa elkdva — XApTN Xapaktnplotikwy (feature map). OLmo
ouvnBnNg cuvapTHOELC evepyoTioinong eival autég ou daivovtal otig Eélowoelg 6-4
& 6-5.

ReLU: f(x) = max(0, x) 6-4
Leaky ReLU: f(x) = max(ax,x),a < 0.01 6-5

Metd tnv ouvdptnon evepyonoinong, ouvnBwg xPnolpomoleital n  TPAgn
OUYKEVTpWONG (pooling) Twv XOPaKTNPLOTIKWVY N omola HELWVEL TNV SLdoTaon Tou
XAPTN Xapaktnplotikwy. H 1o ocuvnbng mpdén eival n e€aywyn tou mo duvatou

Xapaktnplotikol (max pooling), 6mou éva amAo napadelypa dpaivetal otnv Ewkova
6-9.

Convolution

10| 1 274 '3
Te Tz I 10
93 |86 | 8 3
* ! S 5'7 '6 ia Max Pooling | 6 4
e |3 |4 E8IS)I2] 8 10 7
-1(8 1|9 |10
Output
image Feature Map
Ewova 6-9: Mapadetyua tou max pooling pe @iAtpo 2x2.
Activation Map
$Z9%
7
A
Two Convolution Filters 3x3x5
. Feature Mz
Pooling Kernel 2x2x2 L'/ayu;e Map
P> s
,—lﬁ 7
—p |
Activation, ;
. Pooling L
Function (Max Pooling)
(ReLU) L {
J Two convolutional filters with 5 kernels
e each for total of (2x3x3x5) 90 weights
plus a bias term for each filter: 92
trainable parameters. o

Ewkova 6-10: Mapadetyua evog CUVEAIKTIKOU UTTAOK.

OL mapamnavw TPALELG KATAOTPWVOUV €va UVEALKTIKO pmAok (Convolutional Block)
onwg ¢aivetal otnv Ewova 6-10. Tuvdéovtag MOAAA TETOLX UTTAOK HETAEU TOUG,
Kataokevaletal To Siktuo e€aywyng xapaktnplotikwy (Feature extractor - Backbone).
Ma tnv Taflvopnaon, xpnoLuomnololvTal Eva cUVOAO VEUPWVWV cUVEESEUEVWY PETAED
toug. OL veupwveg oautol AapBavouv Ta amoteAéopata  TNG  €€aywyng
XOPAKTNPLOTIKWY KOl «abaivouv» T amd auTd avIloTtolYoUV OE TILO QVILKELUEVO.
TéAog yla tnv KaBoAwkr Ttaflvopnon tng €lKOVOG XPNOLUOoTMoLleital otnv €€060 €L
ouvaptnon SoftMax omou £va anAo nmapadslypa ¢aivetot otnv Ewkova 6-11.
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Output Soft
'gyzlfj activat?onn}ﬁzction Probabilities
[1.3] [0.02]
] e 0.90
27 . sloos
E s
0.7 D i1 €7 0.01
il d 0.02]

Ewova 6-11: Suvaptnon SoftMax.

H ekudabnon tou Oiktou yivetal péow NG HeBOdou omioBodpdunong (Back
Propagation) pe pa ouvnOn pébBodo petafolng Twv cuvteAeoTwy enidpaong va eivat
QUTN TNG OTOXAOTKNG KaBodou pe opun (stochastic gradient descent with
momentum- SGDM) [1] mou ¢aivetal otnv EElcwaon 6-6.

Uppr = w — aVL(w) +y(w — 1)
Where:
Updated value of the Parameter: u; 4
Previous value of the Parameter: u; 6-6
Gradient of the Loss Function: V'L
Momentum value: y
Learning rate: a

Me ouvaptnon opaipatog va Aappavetal n Katnyopiki Alactavpoupevn Evtpormia
(Categorical Cross-Entropy), mou &ivetat otnv E¢lowon 6-7.

n
L= _Z_Yi -log, ¥
A
Where:

Loss Function: L 6-7

The true probability (ground truth) of class i: y;

The predicted probability of class i from the CNN: ¥;

The number of classes: n

6.2.2 AvayvwpLon AVTIKELLEVWV

MExpL OTLYUNG EXEL TIEPLYPOPEL TO LOVTEND EVOC TOELVOUNTH ELKOVAC, OHWG KOTA OLUTO
Tov Tpomo O&ev AapPavetal mAnpodopia yla TO oV UTAPXOUV OVTLKELUEVA
Sladopetikwyv KAACEWV 0TNV ELKOVA KOl TO TIou Bpiokovtal autd. Na tov Adyo auto
e€eAixbnkav pHoviéAa avayvwplong avikelpévwyv  (object  detector) mou
Kataotpwvouv TAaiola oploBétnong (bounding box) oe kdBe aviikeipevo mou
Bploketal otnVv €lkOva, OMwg daivetal otnv Elkova 6-12.
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bottle

Ewova 6-12: Mapadetyua ta€lvounong avtikelUEVwWY o€ mAaiola optodeTnong.

Itnv epyaoia autr Ba yivel avadopad oto Faster RCNN pLag Kot To XpNOLUOTIOLOU EVO
Siktuo (Mask RCNN) eivarl pia e€€AEn autou. Itnv Elkova 6-13 daivetal n oxnUOTKA
ovamapdotacn Tou Olktuou, OmMou UTApXEL akoun To O&iktuo e€aywyng
xapoaktnplotikwy (backbone) aAAa €xouv mpooteBel kamola emMAEwyV Siktua.

" Feature Feature Vector T

Backbone L

S = = \

N i
. Feature

Fast R-CNN * Map
~ _ Rol Pooling Fully Connected Layers

> -~ s

Ewova 6-13: Synuatikn avarapactacn tou Faster RCNN.

H kuplotepn mpooBnkn eivat to diktuo mpotaong neploxwv (Region Proposal Network
- RPN), T0 OMOl0 XpNOLLOTIOLWVTAG 2 «ULKPA» SiKTua: TO SIKTUO CUYKALONG TIEPLOXNG
(Bounding Box Regressor - reg) kat o tafwvountng (Clasiffier - cls) 6nwcg ¢paivovtat otnv
Ewkova 6-14. Mpaktikd to RPN dixvel oto kKUpLo SLKTUO, OE TILEG TEPLOXEG VAL ECTLACEL
[2]. Emopévwe mapayovtal meploxég eotiaong (Region Proposals) ol omoieg mepvave
OO HLOL TEXVLKN TIOPAYWYAG XOpaKTNPLOTIKWY otabepol pey£Ebouc (Rol Pooling) yia
va prnopel va ta AdBel n «kedbaln» tou Faster RCNN, dnAadr va mepdoel anod T1o
ouoTNUA VEUPWVWY. To cUCTNUA VEUPWVWY Ttapayel otnv €€odo tou N-5 €€6doug,
omou N eival To MAIBoG TwV avTKELLEVWY TIou BpéBnkav otnv sikova. Ot N £€odol
€XOUV VO KAVOUV LLE TNV KaTnyoplomoinon tng meploxng (classification), &nAadn mo
OVTIKELPEVO PBplokeTal OTNV eKAOTOTE Teploxn. Evw ot aAhot 4-N €€obolL €xouv va
KAVOUV HE TNV UETOBOAR TOU LeyEBOUG TNG MEPLOXNG, WOTE TO €€ayOUEVO TAQLOLO
oploBétnong va ebpappoleTal KAAUTEPO OTA OPLO TOU AVILKELEVOU.
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| 2k scores l [ 4k coordinates l = k anchor boxes
cls layer \ t reg layer
256-d E|

t intermediate layer

sliding window:

conv feature map

Ewkova 6-14: Sxnuatikn avanapdotacn tou RPN [2].

OL mapakdtw eflOwOeLG OelYVOUV TIC QVTIOTOL(EC OUVAPTNAOEL; OPAAUATOG TOU
AapBavovtal yla tTnv ekmaidevon tou diktuou.

Lreg:zpi'li

l
05(y;-9;)" . -
Z?# if lyi—9;| <B

lyj =9/ —05-8

With: li =
Orou 6-8
OuoAn ouvaptnon opaApartog (Smooth L1 Loss): L

T mAawoiov (Oor 1) : P;

YrioAoyl{OMEVES TLUEG TTAPAUETPWY TTAALGLOU (CUVTETAYUEVEG, MAATOC Kall
ogog) : J;

MPOYHATIKEG TUHEG TTAPAUETPWV: Y;

Las = ) yi-logFi+(1 = y) -log (1- %)
i=1

Onovu 6-9
Avadikn dtactaupoupevn eviporia (Binary Cross-Entropy Loss): L

Mpaypatikng Tagelg (0 or 1) yla tnv mepLoxn i: y;

YrioAoywlopevn mBavotnta tng mepLoxng i amo to cls: ¥,

To ouvoAikd odpdaipa tou RPN gival ioo pe:
L L

RPN Loss = -2 4 3. %4

cls Nreg

Onovu

ZuvteAeotn¢ kavovikomoinong: A = 10

Mini batch size: N,;; = 128

Znueia «okavapiopatog» TwWV apXIkwy KOUTLWV: Nyog = 1250

6.2.1 Maokeg Avtikelpévwy & MéBodol Tagvounong
Mapolo mou Ta mAaiola oploBEtnong os Lo elkova divouv pa L6€a yla to mou
Bplokovtol Ta QVTLKEIPEVA, Lol TILO akPLBAG TMpoogyylon xpelaletol. Mia Tétola
TPOoEyylon Umopel va yivel mpooBétovtag pla paoka (mask) mou va deixvel tnv
miepLoxn mou Bploketal to kAOe avrtikeipevo. H paoka eivat pa Suadikn (pe 0 1)
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€lKOVA OMou oTa onuela TmMou UMAPXOUV TIUEG (oe¢ Me 1 onuaivel OTL oTO
£LKOVOOTOLXELO QUTO, UTIAPXEL EVA AVTLKEIUEVO.

Fevikwg umtapyxouVv duo €16 HACKOG, OL OXNUATIKEG LAOKEG (Schematic Segmentation)
KOl Ol LAOKEG aVA aVTLKE(EVO (instance segmentation). Ztnv Ewkova 6-15 daivovtal
ol Slodopec peTaly Twv SUO QAUTWV HOOKWY, ONMOU OTNV SUTAWMATIKA OUTH
XPNOLUOTIOLE(TAL N LACKA VA QVTLKELIEVO.

a
ElKé\fa)6-15.' Zxnuatikn uaoka (a) Kat uaoa ava avtikeiyuevo ((bb))[20].
Onwg avadépOnke kat mponyoupévwg to Mask RCNN elvat pia eméktaon tou Faster
RCNN. Mwo ouykekptpéva to Mask RCNN pmopel Kot KATAOTPWVEL TIC LAOKEC yLa KAOe
TEpLOX €otiaong mou mapayetat amd 1o RPN. OuL pdokeg kataokeudlovrtol
npooBETovTaC Eva eMUIMAEOV CUVEALKTLKO SikTuO OMWC dpaivetal otnv Ewkova 6-16. Mia
amAomnolnuévn oxnuatiki avanapaoctoacn tou Mask RCNN ¢aivetal otnv Elkova 6-17.

Ewova 6-16: Mask R-CNN Siktuo pdaokag [3].

Classification
=
P Features

I
————— ‘ ROI Align Classification
ow || ——0 _“_’ ey =T
! [
Regression
Lay H
-
Layers

Feature Extractor Object Classification

@

§
g

Ewova 6-17: Zxnuatikn avarapactacn tou Mask R-CNN [20].
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To opaApa tng paokag urtoAoyiletal pe tnv E€lowon 6-9, evw To aBpolopa OAwV Twv
odpalpatwv (Box regression- Classification, RPN and Mask loss) wooutal pe to
OUVOALKO opaApa Tou SIKTUOU.

6.3 Anpovupyia Aiktvouv Mask RCNN

Ye autn tnVv gpyaocia to Mask R-CNN mpo-eknatdeupévo pe ta dedopéva amno to MS
COCO xpnonuomoLelBnKe yLa TO KOUUATL TNG KNXAVLKH 0paong [20]. H Statrpnon tou
TPoBARHATOG TNG AAANAOETUKAAU NG TWV OVTIKELUEVWV ELVOL TTOAU CNUAVTLKO 0TV
TEPUMTWON  apmayng OVIKEMEVWY. o Tov AOYyOo OUTO HEPLKOL €PELVNTEG
XPNOLUOTIOLOUVE TIG MANPEG LAOKEC [14] evw AAAN XPNOLUOTIOLOUV HOVO TIC EUPAVEC
HOOKEC TWV OVTLKELWEVWY [8], He tnv dtadopd autwv va ¢aivetal otnv Ewkova 6-18.
O Aoyog emhoyng TG piag évavtl tng AAANG HeBodou €L va KAVEL UE TO WG O KABE
gEpeLVNTAG €MAéyel va AUCEL -0 €EMOMEVO OTASLO- TO TPOBANUA  TNG
oAAnAogmikaAuPng. e auTh TNV SUTAWMATIKY ETUAEXONKE va xpnotponotnouv povo

ol EUPAVEC LAOKEC.
(c)

(a) (b)
Ewova 6-18: Mapadetyua (a) mAnpng uaokes (b) kat un eMIKAAUNTOUEVEG UATKEG (C).

6.3.1 Ta&wopnon Ewovwy
To avTikelpeva Tpog avayvwplon eivat autd mou ¢paivovtat otnv Elkéva 6-19.

-

(a) | S w T
Ewkova 6-19: Avtikeiueva mou xpnowuormotidnkay o€ autn tv epyaoia. “PT1” (a), “PT2” (b), “PT3” (c).
AOYO TOU TIPWTOTUTIOU OXNUATOC TWV OVTLKELMEVWY, EMPEME va Snuoupynbel éva
ouvoAo bebopévwy yla va ekmatdeutel to Siktuo Mask RCNN. lMNa tov Adyo auto 114
dwtoypadieg ANpOnkav péow tou Kinect Staotdoswv [1273,1038]. H Ewkova 6-20
Selyvel Tov TpOTO e Tov omol AdOnKav oL eLKOVEG.
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Ewova 6-20: Anyin eikévwy.

Xpnowpomowwvtag “Image Labeler” evtdog tou MATLAB, pdokeg amd moAlywva
KATOoTPpWONKaV yla tnv KABe KAACN OVTLIKELUEVOU, UE TNV KAOe paoka va €xeL Vo
ETUMAEWV UETAPANTEG:

e AvTtikeipevo - Item (Aképaog)

Autn n petapAnti Selxvel yla TO AVTLKEIHEVO avapEPETAL N LAOKA EVTOC HLOG
OUYKEKPLUEVNG KAAONG Omwe daivetal otnv Ewkdva 6-21, 6mou To aVIIKEIPUEVO
“PT3” elvat povadikd aAAa €xel 3 SLaPOPETIKEG UAOKEC.

e AAAnAoenikaAuvyn - Occlusion (Auadikadg)

Auti N PeTaBAnTh SelXVEL AV TO QVIIKEIPMEVO KAAUTITETAL OO KAMOLO GAAO, av
KQAUTITETAL TOTE AAUBAVEL TNV TIUA 1, av 0L TOTE TNV TLun 0.
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.
Ewova 6-21: Mapadetypa SnuLoupyiac LOOKWVY UE TG TTAPAUETPOUS TOUG.

H Ewova 6-22 Oelyvel pepka mapadeiypata dnupoupylog Twv HACKWYV TWV
OVTIKELLEVWVY Yla TNV ekmaibeuon. INUELWVETOL OTL Ol UAOCKEG KATAOTPpWOnKav
XElpokivnTa Kal TePimou 2 AEMTA XPELACTNKOV yla TNV dnuloupyla Toug o KABe
£lKOVAL.

)
Eiko

6.3.2 Data augmentation
MNa tnv avénon twv dedopuévwy nou Ba eknatdevoouv to Mask RCNN kataotpwOnke
pLa Stadikaoia emegepyaciag Twv ELKOVWV. MO CUYKEKPLUEVA TA AVTLKEIPEVA OE KAOE
EIKOVOL LeTadEpONKav Kol TEPLOTPAdIKAV LE TUXALO TPOTIO TOMOBETWVTAC KAl €va
SL0POPETIKO TIAPACKNVLO PE PEPIKA Ttapadeiypata va daivovtal otnv Elkova 6-23.
‘Etol ekmaldevovtag To SIKTUO UE QUTEC TIG ELKOVEC ETULTUYXAVETOL N oUYKALON TOU O€
€V0L TILO YEVIKO GUVOAO, TO OTIOL0 AUEAVEL KOl TNV LKAVOTNTO EUPECNC AVILKELUEVWV.
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Ewkova 6-23: EmeéepyaoUEVEC ELKOVEG.

6.3.3 Ekpadnon
H ekmaidevon tou Oktuou Xwplotnke oe OUo otdadla: ITo apPXKO otadlo
xpnotpomnowndnkav ot enefepyacpéveg eikoveg (1140 €lkOVEG), EVW OTO EMOUEVO
OTASL0 XpNOLUOTIOLBNKAV OL TIPAYUATLKEG ELKOVEG (114 ekoveg). H ekmaideuon €ytve
HE TNV Xpron tng kaptag ypadkwv (RTX 3090) evw otov Mivakag 6-4 Kot Tov

Mivakag 6-5 ivovtal oL mopApEeTpOL EKUABNONG.

Mivakacg 6-4: Mapauetpot ekuadnong.

Napapetpol Tipég
Training Algorithm Stochastic Gradient Decent with Momentum
Initial Learn Rate 0.001
Momentum 0.9
Learn Rate Schedule Piecewise
Learn Rate Drop Period 1
Lear Rate Drop Factor 0.95
Max Epochs 10
Mini Batch Size 2
Bach Normalization Statistics Moving

Mivakac 6-5: MNMapauetpot tou Mask R-CNN.

Napapetpol Twég
Number of Regions to Sample 128
Number of Strongest Regions 1300

Positive Overlap Range [0.75, 1]
Negative Overlap Range [0, 0.75]
Number of Anchor Boxes 15

Inuelwvetal 0t to MATLAB kot dAAoL epeuvnteg[8] emeényouv oe peydho BaBog mwg
oL TapAUETPOL auTol emidpouv oto Siktuou. O MNivakag 6-6 Seiyvel Ta chAApATO KATA
TO TEAEUTALO MEPAOCHA TWV ELKOVWV, OTIOU To odpaApa tou RPN umoAoyiletal cupudwva
ue tnv E€lowon 6-10, To RMSE &ival To HEOW TETPAYWVIKO odAApa yla To Siktuo
oUyYKALong mMAaloilwv oploBEtnong (Bounding Box Regressor) tng kepaAng, To opaipa
™C¢ paokag divetal otnv E€lowon 6-9 (binary cross entropy) kot TEAOG TO GUVOALKO
odAApa LooUTaL PE TO ABPOLoUA QUTWYV TWV TPLWV odaApdtwy. H Etkova 6-24 deiyvel
TO SLAYyPAMMUA TWV OPAAPATWY KOTA TNV EKUABNON.
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Ewova 6-24: Aaypauua exkraibevanc Mask RCNN .

Mivakag 6-6: Amodoon Siktuou Mask RCNN ota Sebdouéva tng ekmaibevonc.

RPN Loss RMSE Mask Loss Total Loss
0.0016 0.0004 0.0153 0.0223

6.3.4 AnoteAéopata AOKLLWY
Ma tv oKL Twv LKavoTHTwy Tou Slktuou xpnotpomotndnkav 15 elkoveg and 3
Sladopetikég KAAOelG aAAnlosmik@Auyng. Xtnv mpwtn kAAon Oev  umMApXEL
oAnAoemuikaAuPn, otnv Seltepn umapxel HETPLA aAAnAosmukaAuyn (<25% tng
ermupavelag), evw otnv TeAeutala umdpxel TOAU  aAAnAoerukdAuyn (>25 tng
ermupavelag). O Mivakag 6-7 Aeiyvel Ta amoteAEéopT TwV SOKLUWV Kal ol Elkova 6-25,
Ewkova 6-26 kal Elkova 6-27 Selyvouv éva mapadelypa amno tnv kabe kAdaon.

Mivakag 6-7: Amodoon tou Mask RCNN ota Sedougva Sokipuwy.

Case RPN Loss RMSE Mask Loss Total Loss
No Occlusion 0.0022 0.0005 0.0179 0.0258
Mild Occlusion 0.0031 0.0005 0.0251 0.0352
High Occlusion 0.0032 0.0009 0.0381 0.0520
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Ewova 6-25: Aokwur xwpic kadoAou aAAnAoemikaAuvn.

Ewkova 6-26: Aokuun otav urtdpyel UETpLa aAAnAogmkaiuvyn.
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Ewkova 6-27: Aokiun otav urtdpyet ToAv aAAnAoemikaAvn.

MNapatnpeitat 0Tt 600 avéavetal n aAAnAoemikalun téoo aufavetal Kot To odbaAua
To omoilo NTav Kal avopevouevo. MapoAa outd To ONMOTEAECUATA TO OTola
ETULITUYXAVOVTOL €Elval OPKETA KOAA OUYKPIVOVTOG HE AAAEG TEPUTTWOELG TNG
BiBAloypadioag [8] (ouvoAikd odalpa 0.08). Mpénel va avadepObel Opwe otL oto [8]
UTIAPXAV TIEPLOCOTEPEG KAAOELG QVTLKELUEVWY KOL TIEPLOCOTEPA OVTIKELHEVO ava
€lKOVA TO omolo aufdavel To ouVOAlkG oddalpa. Mapola autd to Slktuo TOU
avamntuxbnke dalvetal va lvol LKavo va SLOXELPLOTEL OKOA Kal TG TiLo SUOKOAEG
TIEPUTTWOELG.
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7. Neupwvika Aiktua AAAnAogmikaAuyng
7.1 Napapetpol

Je auth TNV SUTAWMATIKA XPNnoldomouénkav veupwvikd Siktua (éva yla KABe
Sladopetikn KAAON AVTIKELLEVOU) WOTe va Bpebel av Ta avTIKEIPEVO EMLKAAUTITOVTOL
N av dev emikaAuntovtat. AnAadn ta Siktua auvtd €xouv pia duadikn €€odo (1 av
erukoAUTITETAL Kal 0 av dev emkoAUTTteTal) kot €L el00doUCg TIou Teplypadovral
TIAPAKATW:

‘Yyog MNapaoknviou - Background Height

To UYog Tou mapaocknviou PBploketal MPooBETOVTAC OAEG TIG MAOKEC TWV
QVTLKELLEVWVY (UE TNV Tipatn and), avtiotpédovtag TNV paoka (6nAadn omou
unapyouv 1, tomoBetouvtal 0 kot To avtiBeto) kat AapBavovrag Tov péco 6po
Tou Uoug ota aAnbég elkovooTtolxeia tng paokag. Apa AappAavetal o HEcoG
0pog tou LYPoUG Tou Ttapacknviou.

Avoiwypévn Nepipetpog - Opened Perimeter

Elval n mepipetpog (o€ elkovooToLXEla) TNG EKAOTOTE LAOKOG SLOLPEUEVN UE TO
Uy o¢g Tou apacknviou.

Avolyuévn Emidaveia - Opened Area

Elval n emupavela (oe etkovootolyeia) Statpepévn e TO TETPAYWVO Tou LPOUG
mapaoknviou.

‘Yyog Avtikelpévou - Object Height

Elval to péoo UPoC Tou aVTIKELMEVOU OE OXEON HE To LY OC TOU TTaPaoKNViou.
Distance Between Closest Object

Elval n pikpotepn amootaon UETOED TOU OVTLKELLEVOU TPOC eMLBewpPNON e
OTtoLOSNTIOTE AAAO QVTLKELEVO OTNV ELKOVA OTIWGE ATELKOVIZEL KaL n Ewkova 7-1.
Height Difference Between Closest Object

Elval n dtadopd UPoug HETAELU TOU QVTIKELUEVOU TIPOG EMBEWPNON KAl TOU
KOVTLVOTEPOU QVTIKELUEVOU. Mo TNV amoduyr TOTMKwV OPAAPATWY oTa
b6ebopéva Baboug Aappavetal o LEGOG OPOG Tou UPOUG OE LA TIEPLOXH KOVTA
OTa KOVTLVOTEPQ onpela OTwe paivetal otnv Ewkova 7-1.

Ewkova 7-1: SXnUATIKN QVOTTapaoTao!) TwV MTOPOUETPWY EKTTaISEUONG.
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7.2 Awadikaoia Ekpadnong
Ma TNV eKLAdnon Twv VEUPWVLKWY SIKTUWV Xpnotponotnonkav ot 114 ¢wtoypadieg
TIOU TIAPONKAV KOTA TNV KATACTpWon Twv Sedopévwy yla tTnv ekpdadnon tou Mask
RCNN. Emopévwg ta dedopéva xwpilovtal o€ 114 mepumtwoelg yla kabe dtadopetiko
VEUPWVLKO Siktuo (o€ KABe elkOva uTRpXaV OAa Ta avVTIKELpeEVa péoa). Ta Sedopéva
ouTa xwpllovtal o TPELC EMUTAEWV UTtOKATnyopiec ekmaibsvong / emkvpwong /
Soklunc (training/validation/testing) pe katavour 80/10/10 (%) avtiotolya.

H ekpabnon éywve péow tng pebodou adlatdapaytne omobodpounong (resilient
backpropagation - RP), ebooov enitpEnel TNV eKUAONon Tou SIKTUOU HECW TNG KAPTAC
vpadkwv. H ouvaptnon oddlpatog emAéxbnke va e€ival auti Tou HPECOU
TETPpAYWVIKOU odAAUATOC, N omoia urtoAoyiotnke pe Lloomoon BaplTnta yla thv KABe
umokatnyopia (ekmaidevong / emkpwong / SOKLUNG).

Ewova 7-2: Structure of Neural Networks implemented in this work.

H ouvaptnon evepyomnoinong ota Kpuda emnineda sivatl n unepBolikr) edpamtopévn
"tansig", evw otnv £€060 edpapudletal oTpoyyulomoinon Tou amoTeEAECUATOC yLd VOl
AndBel 0 1 1. Ztov Mivakag 7-1 daivovial oL mapApeTpoL €kpAOnong mou
edappootnkav evw o MNivakag 7-2 divel ta anoteAéopata tng eknaibevong.

Mivakag 7-1: MNapduetpol ekmaideuonG TwWV VEUPWVIKWY SIKTUWV.

Maximum Maximum Trainin
Validation | Regularization | Normalization . 8
Epochs algorithm
Increases
Resilient
1000 20 false false .
backpropagation

Mivakac 7-2: Kpuuuéva ertimeda kat o@aAuata twv SIKTUWV.

KAdon Kpuppéva enineda Ekpabno | EmkUpwon | Aokiun
AVTIKELPEVOU n
PT1 [50,50,25,25,10,10,5,5] 2 1 1
PT2 [100,100,50,50,25,25,10,10,5,5] 0 2
PT3 [100,100,50,50,25,25,10,10,5,5] 4 1 1

43 |reliba



AutAwpatiki Epyaocia — MavAog Xwovidng

7.3 Awadkaoia Eknaidsuong

Ta anoteAéopata ou BpEBnkav amnod tnv ekpAbnon avtloTtoLyouV I EEmepvave auta
Tou €xouv BpeBel amd AAAeG epyaocieg- epeuvnTEG. MO CUYKEKPLUEVA OTNV Epyacia
tou [14] n amnodoon tng uebdSdou mou akoAouBnBnke NTav ion pe 68.3%, evw o€ AUTH
™V SuTAwpaTkA N anmodoon twv SIkTuwv NTav ion pe 90.5%. Eival onpovTiko OpUwS
va enonpavOel n Stadopd PeTall Twv SeSopévwy eKUABNONG Kal SOKLUC OTIOU OTO
[14] mapamavw aVTIKEPEVA Kal KAAOELG QVTLKELLEVWY Xpnotpomotnonkav. Eniong ot
OOKLUEG €ylVOV E ETILONMOOCUEVEG €LKOVEG (ground truth data) évavtl elkdévwv mou
g€xouv e€axBel and to Mask RCNN, to omoio Ba yivelL otnv mpaktiki ebappoyn. O
Mivakag 7-3 Selyvel Toug TUTIOUC TWV OHAAUATWY TIOU BPEBNKAV KATA TNV EKUAONnoN
Kol SOKLUN TwV SIKTUWV.

Mivakag 7-3: Mivakag aAnOelog Twv VEUPWVIKWY SIKTUWV.

KAdon NAavOaopéva OeTiko AavOaopéva ApvnTiko
PT1 1 3
PT2 0 2
PT3 1 5

Av Kkal ta anoteAéopata Twv Soklpwv umodelkviouv pla "kaAnR" amodoon, eival
ONUAVTIKO VO avayvwpLloTel OTL Ta Siktua eVEEXETAL VOl UTTOTLHOUY TNV mBavotnta
ETUKAAUYPNG TWV OVTIKELUEVWY. H Stadopd mou mapatnpeital ota Peudwg BeTika Kal
Peuvdwg apvnTika amoteAéopata pnopel va anodobel otn dpuon twv elcd6dwv mou
napExovrotl ota Siktua. Mo CUYKEKPLUEVQ, OE TEPUTTWOELS OTIOU UTIAPXEL uPnAn
oAANAoeTUKAAL YN HETAEL TWV AVTIKELLEVWY, OL TapapeTpol "Kovtivotepn anootacn
avTIKeLpévou" kat "Aladopd UPoug HETAEU TTANCLECTEPWY QVTLKELUEVWV" eVOEXETAL
va pnv &ivouv ta Sedopéval TOU QVTIKELMEVOU TIOU ETUKAAUTITEL TO UTO €€€Taon
OVTLKELHEVO. JUVENWG, Ta Sedopéva auTa avadEpovtal o £va AAAO QVTIKEIPUEVO TO
OTtOL0 UImopPEL val EMIKAAUTITETAL TO OTIOLO UITOPEL va €XEL Kal xapnAotepo U og amnod to
e€etalopevo, odnywvrtag oto €0PAAUEVO OCUUTEPACHO OTL TO EmBswpnuévo
QVTLKELLEVO BEV ETKAAUTITETOL. Z€ TETOLEG TIEPLITTWOELG, €AV TA SIKTUO ATOTUYXAVOUV
VO OVOYVWPLOOUV TIG CWOTEG LOLOTNTEG ETUKAAUYNG EVOCG OVTIKELUEVOU, N AOYLKA
oUMNUYNG pmopel va odnynoel otnv mpoomnabsia cUAANYNG TOU ETUKAAUUUEVOU
OVTIKELUEVOU, TO omolo Bf€tel oe kivbuvo oUykpouong tou PBpayxiova pe AaA\a
ovTIKElpeva. Qotooo, n mBavotnTa Tou TeEAEUTOIOU AMOTPEMETAL SLOTL OTNV AOYIKN)
oUAANYNG enAéyetal mavta To UPNAOTEPO AVTIKEIPEVO (TTou Sev eMIKAAUTITETAL) VO
oaprayOet.
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8. M£0odog Aprtayng Twv Tepaxiwv

Ye autn TNV gpyoaocia emAéxOnke va xpnotpomolnBel pia amAn Kal omOTEAECUATIKNA
HEB0BOG apmayng- cUANYNG TwV AVIIKEWWEVWY N omola Baociletal otnv ywvia
otpodnG TwV OVTIKEWWEVWY oludwva e To emimedo Tou mapaocknviou. Mo
OUYKEKPLUEVA OL OPTIAYEG TILAVOUV TO OVTLKELUEVO amo éva eUBUYPOUUO TUHLO TIOU
TLEPVAEL ATIO TO KEVTPO TNG eMLdAveLa OTwE paivetal otnv Elkova 8-1.

Ewkova 8-1: Kévtpo emnipaveiag (Kokkiva onuadia), Aéovag Aprayrg (Mpaotves ypauues).

EMopévwg o mPooavatoAlopog Tou TeAKOU onUElou SpAcelg eTUAEYETAL va €lval
KABETOG Tou Mmapaocknviou pe katevBuvon mapdAAnAn Tou euBUYPAUUOU TUALOTOG
aprayng. H B€on tomoBétnong tou teAikol onueiov Spaong eilval oto KEVIPO TNG
EMLPAVELAC TOU EKAOTOTE OVTIKELUEVOU, LUE AMOOTACHN MO KAtd Tov Z (on pe 10mm
KATW armo To VYOG TOU OVTLKELUEVOU. INUELWVETOL OTL KATA OUTOV TOV TpOTo KAOe
dopd mou adatpeital Eva AVIIKEILEVO amd TNV €LKOVA, TIPETEL VAL YIVEL Kalvou pyLa
ANPn elkOvag wote va emAexDel To EMOUEVO AVTIKELPEVO. KATd auTOV TOV TPOTO TO
ocvotnua eival o Kavo otnv APn avtikelpévwy oe TeplBailovta pe uPnAn
oAANAosTKAAL YN, OUWG AUEAVETAL N UTTOAOYLOTLKA LoxUG adol amatteitol ouveyn
ANPn kot emefepyaoio ELKOVWV.
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9. Anpovupyia EwkovikoU MeptfaAiovtog

H mpooopoiwaon oto £lkovIKO TEPLBAAAOV EYLVE UE TNV XPNON TNG EMLKOLVWVLNG TOU
MATLAB/Simulink — Unreal Engine. Ta MoOvTtéAa KoTaoTpwOnKav €viog Tou
SOLIDOWKRS evw n oknv KOTOLOKEUAOTNKE HECW Tou Blender. H oknvn e€ayetal os
nopdn apxeiov tumou “.fbx” yia va pmnopet va dtafaoctel anod to Unreal Engine.

O poumotikog PBpayiovag cuvapuoloyeite evtog tou SOLIDWORKS onwg daivetal
otnv Ewkova 9-1. Méow tou SW urdf exporter efayetal to apxeio tumou “.urdf” ywa
va xpnotpomnotnBet evtog tou MATLAB kot tou Unreal Engine.

Ewova 9-1: O ouvapuoloynuévog Bpayiovag Stiubli RX90L oto SOLIDWORKS.

Evtog tou Simulink tormoBeteital kat n kapepa pe Tnv emutAéov duvatotnta e€aywyns
€lkOvoG Babouc. Ta XOPAKINPLOTIKA TNG KAPEpaG elval (Sta pe autd Tmou
avaypadovtal oto KePAAALO TNG UNXAVIKAG OpOONG.

MNa va eivat duvati n MPoonUeElwon OUWS TOU POUTOTLKOU PBpaxiova AAAa Kal tng
Kivnong Twv QVIKEMEVWY, ATOV amapaitnto O METOOXNUATIONOG TWV
OUVTETAYHUEVWVY UETAEY TOU CUOTUATOG CUVTETAYUEVWY Tou MATLAB kat tou Unreal
Engine. H Stadopd petafl twv Suo cuotnudtwy ¢aivetal otnv Ewkova 9-2, evw n
Elkova 9-3 Seiyvel To LOVTEAD QUTAC TNC LETATPOTING EVTOC Tou Simulink.

7 z

Yaw Yaw

g gl

Y Pitch

Pitch
(a) (b)

Ewkova 9-2: Juotruata ouvtetayuévwy oto Unreal Engine (a) kat oto MATLAB (b).

46 | 2eliba



AutAwpatiki Epyaocia — MavAog Xwovidng
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Ewkova 9-3: Metatpornr twv ouvtetayuévwy tou MATLAB o€ autég tou Unreal Engineyta tov Bpayiova.

9.1 Npoocopoiwaon Aprayng
INUOVTLIKO KOUUATL TNG TPOCcOooiwaong NTav Kat n povtehomoinon tng apmayng tou
QVTLKELEVOUL, SnAadr) va davel w KAELVOUV OL OPTTAYEC KAL TILAVOUV TO OVTLKELUEVO
KOl TIWG AUTO METOKLVELTAL pall Ue TOV pOUTIOTLKO Bpayiova. MNa to teAeutaio n Avon
Tou vAomolnOnke eival n dlatripnon otabepol opoYEVOUC LETACKNUATIOUOU HETAED
OVTLKELUEVOU KOl TEALKOU onpeiov dpacnc Kota tnv Letadopd Tou. AuTO Umopel va
uAomotnBet aflomowwvtag tnv oxéon ¢ E¢iowong 9-1.

“Topj = °Tp " "Top;
Onovu
O OMOYEVNAG LETAOXNMOTLOUOG TNG BAong Tou Bpayxiova os oxéon Ue TNV
, -1
aprdyn: °T, = (°T,)
O OMOYEVNAG LETOOXNMOTIOUOG TOU QVTIKELUEVOU O€ OXEON UE TNV Baon
b
. Tobj

Ma Vv pooopoiwaon Tou KAELCLUATOG TNG apmadyng XPnonUomoLleiBnke to cuupav
(Event) tomou xtumnuatog (Hit) to omoio umootnpilet to Unreal Engine. Mo
OUYKEKPLUEVO €VW KAElVOUV HE oTaBepd pubuod oL apmayeg, OTavV XTUTOOUV TO
OVTLKELUEVO OTAUOTAVE VO KOUVIOUVTAL KoL apa Bplokovtal oto onueio apmaync. H
Ewkova 9-4 Seiyvel éva mapadelypa avtng tng Stadikaciag.
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Ewkova 9-4: Mpooouoiwon Tou KAELOIUATOG TNG apTTayng.
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9.2 NMpoocopoiwon tou NMApoug MovtéAou
To teleutaio otadlo eival n mpooopoiwon OAwvV 600C¢ £XOUV KATAOKEUAOTEL OTNV
epyacia autr o€ éva €lkoviko TeplBaAlov or the code. To dtaypappa pong daivetal
otnv Ewova 9-5.
Initialization of all
Farameters and
MNetworks

S —

h 4

Take a picture from
simulink.

Mask RCNN

While False

objects_in_image =0

End Simulation

True

Occlusion ANN

Mask RCNN

Grasping Tegnigue

Take a picture from
simulink.

h 4

A

Grasp and move
out of the scene

Are there more
objects left?

Ewkova 9-5: Atdypoupa pong katd tnv mpooouoiwa).
Mta cuvortikn epiAnyn tou kaBe Bripatoc divetal mapakATw:
e Initialization of All Parameters and Networks

To apxtko BrApa mephappavel Tn poptwon BACLKWY TTAPAUETPWY, TOV POUTIOTIKO
Bpayxiova, toug kataAoyoug dedopévwy, to Mask RCNN kat Ta veupwvika Siktua.
H oAokApwaon autol Tou BAPaTog analtel mepinou 5 deutepoAenta.
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e Capture Image from Simulink

Avolypa tou povtélou Simulink yia 0,1 SsutepOAenta wote va yivel n AN Twy
€lkOVWV PBaboug kat RGB. Qotdéoo, autd 1o Pripa ekteivetal oe mepimou 8
SdevtepoOAenta Aoyw TG évapéng tou Unreal Engine.

F
A
(a) (b)

Ewkova 9-6: ApXLKEG ELKOVEC Kal arto Tou¢ SUO0 aloBNTrpeEg.

e Mask RCNN

Xpnolgomnowwvtag TV elkova RGB mou Aappavetat anod tnv €LKOVIKA KAUEPA, TO
S6iktuo Mask RCNN Snuioupyel €Tikéteg, mMAaiola oploBETNONG Kal UACKEG yLa
OVLXVEUMEVA QVTLKEIPEVA. JUYKEKPLUEVA, Eva avaduopuevo mapdBbupo sudavilet
TO MOTEAEC AT

ke
Ewkova 9-7: AvayvwpLon avTiKEUEVWY Kat Snutoupyia paokwv armto to Mask RCNN.

e Occlusion ANN

XPNOLUOTIOLWVTOG TIG UAOKEG KAl TIG €TIKETEG oo to Mask RCNN pall pe tnv
glkOva Baboug amd 1o Kinect, dnuioupyolvtal T XOPAKTNPELOTIKA yLo KAOE
avtikelpevo, kat géayovtat ot duadikol Seikteg emikaAudng. Autd to Brua
oupBaivel oxedov akaplaia (Alyotepo amnd 0,5 SeutepoAemnta).

e Grasping Technique
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Juvdualovtag HAOKEG, TNV €KOva BaBoug Kal tnv £€£060 amd Ta VEUPWVIKA ,
uTtoAoyiletal o avtikeipevo Ba cuAANGOEeL kal dSnuiloupyeital n TpoxLd

e Grasp and Move Out of the Scene

Mvetal n mpooopoiwaon TNg apmayng ouUMEPIAAUBAVOVTAC UE TNV TPOCEYYLON TOU
TeEAKOU onueiou 6pAong OTO TEUAXLO. 2TIG MOPAKATW ELKOVEG AmMOTUNMWVETAL N
Stadikaoia yla évav Bpodxo tng mpooopoiwaong onou emAéxbnke to "PT3".

Ewkova 9-8: [TpoaeyyLon aVTIKELUEVOU.

Ewkova 9-9: Znueio aprmayrnc.
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Ewova 9-10: KAeiowo aprayng.

A

Ewoéva 9-11: AmeAeuTEpwan QVTIKEUEVOU.

To Bivteo pe tnv mpooopoiwon umopel va Ppebel oto akoAoubBo ocUVOecO:
https://ntuagr-

my.sharepoint.com/:v:/g/personal/mc19098 ntua gr/ET8tc6sprSdJvt Ezgmybm8BIF
P8IXQMy33FBxDUm-
ZB4A?nav=eylyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiIOiJPbmVEcmI|2ZUZvcklJ1c
21uZXNzliwicmVmzZXJyYWxBcHBQbGFOZm9ybSli6lldIYilsInJIZmVycmFsTW9kZSI6InZpZ
XciLClyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGluaONvcHkifX0&e=SmhL6m
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10. ZulAtnon

MNa tnv dle€aywyn NG e€pyaciag autng amalthdnke efeldikevon o€ TPELG
SL0pOPETIKOUC TOUEIG: POUTOTIKA ouoThuata, MeBOSoug omtikomoinong Kat
HUNXOVLKN opoaon. Evw ol BepeAMwSELC YWWOELG 0 OUTOUC TOUC TOUELG amoKTOnkav
KOTA TN SLApKELa TNG akadnUaikng Lou Bntelag otn xoAn MnxoavoAoywv Mnxavikwy,
n oAokAnpwaon autng tng SlatpLPrg amattovoe MPOCHETEG YVWOELG TTOU AMOKTABNKAV
Katd tnv avamtuén tng. Eival onupavilkd va TovioTel OTL av KAl TO OVATTUYMEVO
oUOTNUA TIAPOUCLATEL CUYKPLTIKA KOAEG EMLOWOELG, UTIAPXOUV OKOUN TeplBwpla
BeAtiwong. Zuykekpluéva, dSuokoAieg epdavilovral OTav OTIG ELKOVEG UTIAPXEL UPNAN
oAAnAosTukAAL PN HETAED TWV QVTIKEIPHEVWY, Eval BEpa Tou Slepeuvatal emi Tou
TLAPOVTOC a0 TIOAAOUC QKON EPEVVNTEC.

Onwg oavoadeépBnke oOTn  OXETIK €VOTNTA  E€PYOOLOG, OPLOUEVOL EPEUVNTEG
xpnotpornoinoav Siktua Mask RCNN yia va evowpatwoouv dsbopéva Babouc pe
€lKOVEeC RGB yla va BeAtiwoouy tig duvatotnteg kahuPng. Auotuxwg, oto MATLAB,
oauti n PBabld ocuyxwveuvon Sedopévwyv péow tou Siktuou Sev elval duvarn, pe
QIMOTEAECUA TNV UTIOXpNoLUonoinon twv debopévwy. MNa va PETPLACTEL AUTOC O
TLEPLOPLOUOG, UTINPXE O LOEAOUOG va XpnotpomolnBouv eVOAANAKTIKEG UAOTIOLOELG O€
nieptBallovta O6nwg n Python omou umdpxel SLaBE€oLUog KWELKOG yla aUTOUG TOUG
Tumou¢ Siktuou 1 va dnuoupynBel eva mpooappoopévo Siktuo Mask RCNN oto
MATLAB. Qotooo0, Kot ot 800 pHEBoSOoL amattouv onUAVTLKr TIPooTabeLo UAOTIOINGNG
Kal ot BeAtiwoelg amodoong eival aféBaleg, omwg dpaivetal otnv evotnta SOKLUWY
Siktuou.

Ooov adopa tig peBdSoug XePLoHoU TNC EMUKAAUYNG, TTAPOAO TTOU UTIAPXOUV AAAEG
puEBodol ota diktua Mask RCNN kat meptdappavouv ermunmAéov CNN, n péBodog mou
EMIoNUaiveToL oe auTo To ApBpo Eexwpllel yla TNV AmAOTNTA, TNV AUECOTNTA KAl TNV
TaxUTNTA TNC. Qotdoo, auth n anddoon cuvbualetal pe TNV anodoon tou SlkTuou
Mask RCNN, To omolo pe Tn O£lpd TOU UMOpPEl va odnNyrOEL OE KOKO OMOTEAEC AT
POPBAeYPnG eav n paoka Sev eival apketd akppnig. Ot mBaveg BeAtiwoelg (o autn
™ UEB0SO) £yKevTal OTNV EVOWUATWON MPOCOeTWY 1006wV 1 otnv allayn Twv
UTTOPXOVTWVY ELCOSWV.
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11. Jvuunepdopata

Juvoyilovtag, auti n dumMAwpatiky epyacia moapouotdlel po pebodoloyla yla tnv
KATAOKEUN €VOG CUOCTHHOTOG POUIOTIKOU Bpaxiova-pnxavig opacng Lkavou va
OVTLHETWTTI{EL TIPOKANCELG TIOU oXeTilovtal Pe TtV aAAnAoemika@Auyn. OAOKANPN N
Stadikaotia, and tn dnuloupyia Sedopévwy yla ekmaibeuon wg tnv epapuoyn péoa
oto neptBaliov MATLAB-Simulink kat to Unreal Engine, avaAvUetat Aemtopepws. Me
NV Xprnon 10oo enefepyacpévwy (augmented) 660 KOl TPOAYHOATIKWY TOELVOUNUEVWY
ELKOVWV, ETILTUYXAVETAL UL oXETIKA LPNAR antddoon oe cLyKplon Ue To [8], 6mou oto
TAPOUCLO{OUEVO HOVTEAO ETLTUYXAVETAL OUVOALKO odalpa 0,025 evw oto [8]
ETUTUYXAVETOL OUVOALKO odpdaApa (oo pe 0,08. EmutAéov, Xpnolpomolndnke o
eVTEAWCG SLaPOPETIKA TIPOCEYYLON Yla TNV OVTLUETWIILON TNG aAAnAosmikaAuyng,
OTIOU TO. XOPOKTNPLOTIKA TIOU €€AyOVTOL OO TIC €LKOVEC BABOUG KOl T UAOKEG
xpnotpormnotlouvtal we eloodol ota veupwvikd diktua. H anmodoon os SokipEg €6eite
€VOL ONUAVTLIKO TT0C0OTO ETLTUXLOG TNG TAENG Tou 90,5% OTOV EVTOTILOUO TIEPUTTWOEWV
oAAnAogrikaAuPng og oUyKpLon pe To 68,3% mou Ppednke amd to [14]. H apmayn Twv
OVTLKELMEVWY HE pLla HEB0SO AoyLKAG TTou elval Taxela Kal anoteAeopatiki. To bLlo
Umopel va emwOel Kal yla Tov EAEyX0 Kol TOV OXESLOOUO TPOXLAC TOU POUTIOTIKOU
Bpayxiova, xpnowpomowwvtag ta dedopéva Baboug. TéElog, oAokAnpn n Stadikacia
TUPOCOOLWVETAL O £VA ELKOVLKO TEPLBAAAOV XPNOLUOTIOLWVTOG TIG UPNAEC YPOPLKEG
Suvatodtnteg tou Unreal Engine, emidelkviovtag tnv LKAVOTNTA TOU CUOTALOTOC VOl
OVTIUETWTTLOEL TIpOBARLATAL.

54| eliba



AutAwpatiki Epyaocia — MavAog Xwovidng

12. MeAAovtikn epyaocia

Yrniapxouv moAAoi tpomol yia va enektabel To e0POG TG Epyaciag mou mapouaotaletol
TNV nmopovoa SMAWUATLKA, EeKvwvTag He tn xprnon dedopévwv Baboug evtog tou
Mask RCNN ywa tn BeAtiwon tng anddoon ¢ Tou. Auth n mpoogyyLon £xel oulntnBel os
TiPOoNyoUHEeVN evotnta, omou n Python epudaviletol wg To MPOTIHWUEVO €pYaleio yLa
Vv vAomoinon. Evw to Mask RCNN €xeL xpnotpomolnfel eupEwg amo epeuvnTEG yLa
€pyaocieg Tunpatomnoinong, ol mpoodateg e€elifelg oe diktua 6mwe to YOLO V5 kat to
YOLO V8 €xouv b¢eiel peyaheg SuvatoOTNTEG OE MOPOUOLEG TIEPLMTWOELS. EMOUéVWG, N
EVOWHATWON OQUTWV Twv SIktuwv évavilt tou Mask RCNN pmopet va BeAtiwoet
TIEPALTEPW TNV AOS00N TOU CUCTHUATOC.

Mua aAAn mtuxn mou dev efetaletal adopd tn Snuloupyla €KOVWVY EVIOG TOU
€IKOVIKOU TteplBAAAOVTOC yla TNV ekmaidevon twv Olktbwv. Me Baon TG
TIEPLOPLOUEVEC YVWOELG TOU ouyypadEa yia To BEpa, autog o otoxog Ba pmopolos
evbexopévwg va emiteuxBel oto mepfariov tou Unreal Engine. Mo cuykekplpéva, n
XProN HLOC TEXVLKAG TUNUOTOTIOINCNG XPWHATOG B EMETPETE TN SnULOUPYLa LAOKWV.
Me t AqPn Vo elkovwy avd SLappuBRLoN TWV AVTIKELLEVWV— UL TTOU areLlkovilel
TO TIPAYHLOTLKA XPWHOTA TWV OVTLIKELUEVWY Ko pia AAAN pe SLadopeTika Xpwpata—
Ba pnmopovoav va dnuoupynBolv HACKES (KoL KOTA CUVETELX OploBeTnUéVa MAaioL)
oo T SeUTEPN, EVW N PWTN Ba mapéxel elkoveg RGB kat BaBoucg yia tnv eknaidsvon
TwvV SIKTVWV.

¥4

(a) (b) (c)
Ewkova 12-1: Anin pwtoypo@Lwy evtog Tou etkovikoU rieptBaAdovtog, Ewkoves yio eknaibeuon (a), ELKOVES yia
tov Staywptouo (b), Taévounuévn ewova (c).

Mia GAAn Booikr mTuxn autng TG SUTAWUATIKAG epyaciag Ba mepl\apPfave tnv
T(PAKTLKN TIpoCoopoiwon Twv pebodoloylwv mou avamntuxdnkayv, oe €va MPAYUATIKO
0evApLo. AUCTUXWE OUWE, AOYOo TexVIKWV tpoBAnuatwv dev Atav duvath n xprion tou
poumotikol Bpaxiova katd tnv ouyypadn tng SumAwpaTikAG. Mapola autd
mapokAtw apadidetal cuvontika n dtadikacia ou Ba eixe akoAouOnOeL:

1. Zelprakn Emkowwvia

Anploupyla pLa oeLpLakn G emkovwviog petaéd tou MATLAB kat tng povadag CS7 mou
eAéyxeL Tov Bpaylova.

2. 'EAsyxo¢ Tou Bpayiova
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Agdopévou OtL To Staubli RX90L xpnowuomolel tn yAwooa V+, o €Aeyxog Ttou
poumotikoU Ppaxiova pmopel va emiteuxBel pe tn petadoon Twv emMBUPNTWV
OUVTETAYUEVWVY O€ KWK V+.

3. BaBpovounon cuotipatog

Baowkny mpolndbeon eival n Babuovounon Tou CUCTAUATOG KAUEPAG-POUTTOTIKOU
Bpayxiova yLo Tov mpoodLlopLlopod ToU OpOYEVOUC LETAOYNUOTIOUOU HETAEY TOUG.

4. Ebappoyn

Metd tnv oAokAnpwon Twv poavadepBéviwy Bnudtwy, To povtélo Simulink pmopet
VO QVTIKATAOTAOEL UE TO TIPAYHUATIKO LOVTEAD KO E HLKPEG AAAOYEG OTOV KWOLKA val
YIVEL N TPOCOUOLWON OTOV TIPAYUATIKO KOOUO.
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Napdptnua
. Apxeia MATLAB .m

Matlab_Simulink_Control.m

clc;

clear;

%% INPUTS

%add chp funcitons

addpath('B:\OneDrive - CHP\XxoAf pabrjpota\le. Diplomatikh\matlab code\Mask
CNN\CHP_Functions");

%Insert the urdf file of the robotic arm

robot_urdf_dir ="B:\OneDrive - CHP\ZxoAr} pabrjpata\le. Diplomatikh\Cad
Models\URDF\Staubli RX9@.SLDASM\urdf\Staubli RX90.SLDASM.urdf";

%Insert the initial position of the robotic arm

Initial_Config = zeros(1,8);

%Insert Detector directory (TrainedDetector)

load('B:\OneDrive - CHP\ZxoAnj poOripotalle. Diplomatikh\matlab code\Mask
CNN\TrainedDetectors\test7.2.mat");

imageSize = [346 512 3]; %height-width (needed for detection purposes) [346
512 3]

%Depth sensor resolution

D_res = [340,417];

%Insert Simulink 3d World Directory File

simulink_dir = 'B:\OneDrive - CHP\ZxoAn pabrjpata\le. Diplomatikh\matlab
code\Testing Images\SIMULATION.slx"';

%Insert ANNS

load('B:\OneDrive - CHP\ZxoAr, po®rjpata\le. Diplomatikh\matlab code\Mask
CNN\Bestl occlusion_net.mat');

netl = best_net;

load('B:\OneDrive - CHP\ZxoAnj poOripota\le. Diplomatikh\matlab code\Mask
CNN\Best2 occlusion_net.mat');

net2 = best_net;

load('B:\OneDrive - CHP\ZxoAn poOnuata\l@. Diplomatikh\matlab code\Mask
CNN\Best3_occlusion_net.mat');

net3 = best_net;

addpath('B:\OneDrive - CHP\XxoAf pabrjpota\le. Diplomatikh\matlab
code\Kinect");

%Insert Kinect (camera) position and orientation,

%additional camera parameters are set inside simulink make sure to change
%them if needed!

%Destances from base to camera

Xcamera = 0.75;

ycamera = -0.0;

zcamera = 0.4;

%camera Rotation, vector outwards from camera

Camera_Rotation = [180,90,0];

%Camera Transformation

Rcamera = eul2rotm(Camera_Rotation*pi/180, "YZX"); %YXZ

Camera_Position = [xcamera,ycamera,zcameral;

T_base_camera= eye(4);

T_base_camera(1:3,1:3) = Rcamera;

T _base_camera(1l:3,4)=(Camera_Position)";

f = 345; %focal length of D_camera fx = fy (almost);

cx = D_res(2)/2; %center point of depth camera;

cy = D _res(1)/2; %center point of depth camera;

% Be carful optical center is in form of [x,y] while image resolution is in
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% form of [h,w] in simulink camera parameters.

%% Connect to the kinect

% colorDevice = imaq.VideoDevice('kinect',1);

% depthDevice = imaq.VideoDevice('kinect',2);

%% Take a Picture with Kinect
[im_rgb,im_d]=KinectPicture(colorDevice,depthDevice);
[rgb,d]=Kinect_RGBtoDepthMap(im_rgb,im_d);

d_show = uintl6_to_uint8(d);

figure(1)

montage({rgb,d_show});

3R 3R 3R ¥ ¥

%% Initialize robot
%Use simulink for the 3d world representation
%Use matlab to solve the problem

%import the robotic arm

Staubli RX9@L=importrobot(robot_urdf dir,"urdf");

% Set the kinematic groop to the specified links

Kinematic_group =

struct(convertStringsToChars('BaseName"'), 'base_link',convertStringsToChars(
'"EndEffectorBodyName'), 'toole");

% Solve the inverse kinematics by creating the robotIK function

%
https://www.mathworks.com/help/robotics/ref/analyticalinversekinematics.htm
1

invkin =
analyticalInverseKinematics(Staubli RX90L, "KinematicGroup",Kinematic_group)

B

analsol = generateIKFunction(invkin, 'robotIK");

% Set the data format to row manualy due to matlab restrictions

Staubli_RX90L.DataFormat="row';

%% Initialize Item Locations

%In UE coordinate system:

Item_Initial lLocs=[0.8,-0.2,-0.227; %item 1 [x,y,z]
0.65,0.0,-0.227; %item 2
0.75,0.15,-0.228];%item 3

Item_Initial Rots = zeros(3);

Item_End_Locs=[-0.2,0.7,-0.227; %item 1 [x,y,z]
0,0.7,-0.227; %item 2
0.2,0.7,-0.228];%item 3

Item_End_Rots = zeros(3);

%% Parameters for simultion initialization

%(these do not matter for the initialization but are needed to use the
simulink model)

Item_to_grab=1;

end_effector_part_transform=zeros(4);

Gripper_Position2=0;

Gripper_Positionl=0;

%% Parameters for simulation

VEL_BC = zeros(8,2); % velocity of robot at each configuration
Grab_time=30;

Letgo_time = 70;
Configs_Time=[0,20,Grab_time,40,60,Letgo_time,80,100];

%Camera Positions for Visulization

Camera_take_picture_loc = [1.699,0,-0.3581];

Camera_Hide_Loc = Camera_take_picture_loc+[0.75,0,0];
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Camera_Locations_Visulization =
[Camera_take_picture_loc;Camera_Hide Loc;Camera_Hide_ Loc;Camera_take pictur
e loc]';

Camera_Speed_Visulization = zeros(3,size(Camera_Locations_Visulization,2));
Camera_Times_Visulization = [5,10,90,95];

%6762626%6%6667676%6%6. 767676606 %6 76.7676.1676 7676 7667606 167676767676 160676 76767676166 9676 7667676 167676767676 166 96767676606 466 766766 %676 %6766
%6262626%%66626 2677676676 269676767676 %676

%% Robot Controll with matlab - simulink

%% Take a Picture with simulink

% Robot conficurations

Robot_Configs = [zeros(1,8);zeros(1,8)]"';

%Velocity at each configuration

VEL_BC = zeros(8,2); %2 extra prismatic joints for grippers
%Time stamps to achieve the configurations

Configs Time = [0,20];

% run the simulation for 0.1 sec to just get a picture

out = sim(simulink_dir,0.1);

%RGB image:

rgb = out.Image.signals.values;

%Depth image:

d = out.Depth.signals.values; % in this way we get distance in doubles
which is giving a value of meters

d=imresize(d,D_res); %change to actual depth resolution
%visualize images

figure(1)

montage({rgb,d})

% [x,y] =ginput(1)

d=d*1000; %to get the depth values in mm

%% Detection (mask RCNN)

[masks,labels, scores, bboxes] = segmentObjects(TrainedDetector,rgb);
%% visualize Detection

overlayeredImage = insertObjectMask(rgb,masks);

figure(3)

imshow(overlayeredImage)

hold on
showShape("rectangle"”,bboxes, "Label",labels, 'LineColor',[1,0,0])
itemsonimage=size(labels,1);

% Change to match depth image resolution
[rgb,masks,bboxes]=ResizeImageMasksBoxes(rgb,masks,bboxes,D res);

%696%626%6%6%6%626%6%6 67666766766 %676 %6 69696766 %66 %6766 6766766 6766766 %9696
while itemsonimage>@ %% Initiation of the loop

%% Matlab coodrinate system transforms
totalnumberofitems=size(Item_Initial_locs,1);

T items_initial = zeros(4,4,totalnumberofitems);
T _items_end = zeros(4,4,totalnumberofitems);

for i=1:totalnumberofitems

T items_initial(:,:,i)=UEtoMATLABtransform(Item_Initial Locs(i,:),Item_Init
ial Rots(i,:));

T_items_end(:,:,i)=UEtoMATLABtransform(Item_End_Locs(i,:),Item_End_Rots(i,:
))s

end

%% Grasping Tegnique

%%Gennerate Occlusion detection for all objects
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occlusion=0cclusion_Detector(netl,net2,net3,d,masks, labels);
%Gennerate the grasping information for the object to be grabbed next

[itemcenter,itemorientation,itemz_grab,Item_to_grab,Gripper_Position2,Gripp
er_Positionl] = Grab_Selection(masks,d,occlusion,f);
%The name of the object to be grabbed next
Item_to_grab_name = labels(Item_to_grab)
%set the index for the simulation
if Item_to_grab_name=="PT1"
Item_to_grab=1;
elseif Item_to_grab_name=="PT2"
Item_to_grab=2;
elseif Item_to_grab_name=="PT3"
Item_to_grab=3;
end

%% 0Object world Transformation
%Calculating X and Y diff from center of camera to the center of the

object
X_item = (itemz_grab)*(itemcenter(1)-cx)/f;
Y_item = (itemz_grab)*(itemcenter(2)-cy)/f;

Z item = itemz_grab;

R_item = R_z(-itemorientation); % - sign is to change from image frame
to world frame

% Item homogeneous transform from camera world frame to item world
frame

T_camera_item = eye(4);

T _camera_item(1:3,1:3)=R_item;

T camera_item(1:3,4)=[X_item;Y_item;Z item];

% Homogeneous transfrom from base to item

T_base_item = T_base_camera*T_camera_item;

%% Inverse Kinematics & Trajectories
%Approach Transformation from end solution (z=10cm)
T_approach_diff = [0,0,0,0;0,0,0,0;0,0,0,0.1;0,0,0,0];

%Grab Approach
T_base_item_approach=T_base_item+T_approach_diff;
ikConfig = robotIK(T_base_item_approach);

Robot_approach = best_sol(Initial_Config(1:6),ikConfig);

%Grab

clear ikConfig

ikConfig = robotIK(T_base_item);

Robot_Grab = best_sol(Robot approach(1:6),ikConfig);

end_effector_part_transform =
inv(T_base_item)*T_items_initial(:,:,Item_to_grab);% transform between the
grabbing point and the part coordinate system
%getTransform(Staubli RX90L,Robot_Grab, 'base_link', 'tool@")

%Detach Approach
clear ikConfig

T_base_letgo=T_items_end(:,:,Item_to_grab)*inv(end_effector_part_transform)
; % to get the letgo position

T_base_letgo_approach =T_base_letgo+T_approach_diff;

ikConfig = robotIK(T_base_letgo_approach);

Robot_letgo_approach = best_sol(Robot _Grab(1:6),ikConfig);
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%Detach

clear ikConfig

ikConfig = robotIK(T_base_letgo);

Robot_letgo = best_sol(Robot_letgo_approach(1:6),ikConfig);

%Set the configurations and timings for simulation

Robot_Configs =
[Initial_Config;Robot_approach;Robot_Grab;Robot_Grab;Robot_approach;Robot_1
etgo_approach;Robot_letgo;Robot_letgo approach;Initial Config]'; % Robot
configuration

VEL_BC = zeros(8,size(Robot_Configs,2));

Configs Time= [0,20,Grab_time,40,50,60,Letgo_time,80,100];

%Simulate

out = sim(simulink_dir,100);
I_rgb = out.Image.signals.values;
I d = out.Depth.signals.values;

%Set new locations for items
Item Initial Locs(Item_to_grab,:)=Item_End_Locs(Item_to_grab,:);
Item_Initial Rots(Item to_grab,:)=Item_End_Rots(Item_to_grab,:);

%% Take a Picture with simulink

% Robot conficurations

Robot_Configs = [zeros(1,8);zeros(1,8)]"';

%Velocity at each configuration

VEL_BC = zeros(8,2); %2 extra prismatic joints for grippers

%Time stamps to achieve the configurations

Configs Time = [0,20];

%Run the simulation for 0.1 sec to just get a picture

out = sim(simulink dir,0.1);

%RGB image:

rgb = out.Image.signals.values;

%Depth image:

d = out.Depth.signals.values; % in this way we get distance in doubles
which is giving a value of meters

d=imresize(d,D _res); %change to actual depth resolution

%visualize images

figure(1)

montage({rgb,d})

% [x,y] =ginput(1)

d=d*1000; %to get the depth values in mm

%% Detection (mask RCNN)

[masks, labels, scores, bboxes] = segmentObjects(TrainedDetector,rgb);

%% visualize Detection

overlayeredImage = insertObjectMask(rgb,masks);

figure(3)

imshow(overlayeredImage)

hold on

showShape("rectangle”,bboxes, "Label",labels, 'LineColor',[1,0,0])

itemsonimage=size(labels,1);

% Change to match depth image resolution

[rgb,masks,bboxes ]=ResizeImageMasksBoxes(rgb,masks,bboxes,D res);

end

Reply = 'No more objects where Found by the detector'
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Kinect_Photos.m

%% INITIALIZATION (Run once)

% clc;

% clear;

%Directory to store High quallity mapped images

RGBHighQuallity dir = 'B:\OneDrive - CHP\ZxoAn pobrjpota\le.
Diplomatikh\matlab code\Kinect\Testing\RGBHigh Mapped';

%Directory to store mapped RGB images with the same resolution as depth
images

RGBFolder_dir = 'B:\OneDrive - CHP\ZxoAn poOripota\l®. Diplomatikh\matlab
code\Kinect\Testing\RGB Mapped’;

%Directory to store mapped depth images

DepthFolder_dir = 'B:\OneDrive - CHP\ZxoArn poOruata\l0. Diplomatikh\matlab
code\Kinect\Testing\Depth Mapped’;

%Directory to store raw images

RGB_RAW_dir = 'B:\OneDrive - CHP\ZxoAn pabrpato\l0. Diplomatikh\matlab
code\Kinect\Testing\RGB RAW';

%Directory to store raw depth images

Depth_RAW_dir = 'B:\OneDrive - CHP\ZxoAnj poOripoto\l@. Diplomatikh\matlab
code\Kinect\Testing\Depth RAW';

%Directory to store visulization of depth images

Depth_Images_RAW_dir = 'B:\OneDrive - CHP\ZxoAn pabrjpota\le.
Diplomatikh\matlab code\Kinect\Testing\Depth Images RAW';
Depth_Images_dir = 'B:\OneDrive - CHP\XxoAn poabrpata\le. Diplomatikh\matlab
code\Kinect\Testing\Depth Images Mapped’;

%Initialization of kinect sensors

colorDevice = imaq.VideoDevice( 'kinect',1);

depthDevice = imaq.VideoDevice( 'kinect',2);

%% Get Images
[img_rgb,img_d]=KinectPicture(colorDevice,depthDevice);
[rgb_c,d_c]=Kinect_RGBtoDepthMap(img_rgb,img d);

%high resolution mapped image:

rgb = imcrop(img_rgb,[285,39,1272,1037]);

%% Display images

d_show =uintl6_to_uint8(d c);
figure(1)

title('Montage')
montage({rgb_c,d _show});
figure(2)

imshow(rgb)

dr_show = uintl6_to_uint8(img_d);
figure(3)

montage ({img_rgb,dr_show})

%% Save images

rgbh_dir = strcat(RGBHighQuallity dir, '\',num2str(i),'.jpg');
imwrite(rgb,rgbh_dir);

rgb_dir = strcat(RGBFolder_dir, '\',num2str(i),"'.jpg");
imwrite(rgb_c,rgb_dir);

d_dir = strcat(DepthFolder_dir, '\',num2str(i));
save(d_dir,"d c")

rgbr_dir = [RGB_RAW_dir,'\',num2str(i),"'.jpg'];
imwrite(img_rgb,rgbr_dir);

dr_dir = [Depth_RAW _dir, '\',num2str(i)];
save(dr_dir,"img d")

di_dir = [Depth_Images_dir, '\"',num2str(i), " .jpg'];
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imwrite(d_show,di_dir)

dir_dir = [Depth_Images RAW_dir, '\',num2str(i),’'.jpg'];
imwrite(dr_show,dir_dir)

i=i+1;
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Dataset_Creation_With_Occlusion.m

clc;
clear;
% imagelabeler;

% Use the imagelabeler app to create polygon shaped masks and the bounding
% boxes will be created with the code bellow. export the gTrouth as "table"
% with the name "gTruth".

% In the image labler app you need to specify for each label 2 attributes:

%Item attribute with the name "Item", is a numeric value that identifies
%what number of object is the label for the same class of objects. This is
%needed in case one object was two or more polygon shaped masks (due to
%occlusion). So is two areas are fo the same object then both areas should
%have the same value for the attribute item. Eg 1,2,3,4....

Occlusion Attribute with the name "Occlusion", is a logical value that
specifies occlusion of the spesific object if an object is occluded then
this value should be true, if it is not (or if it occludes other object)
this value should be falase. If an object has multiple areas it should
you should manually set the occlusion to all the areas (set to value
"true”

% because an item that is not occluded should not have many areas)

%% INPUTS

% Add path to custom made CHP Functions

addpath('B:\OneDrive - CHP\XxoAf pabrupota\le. Diplomatikh\matlab code\Mask
CNN\CHP_Functions")

% Add the source directory to the path (add maskrcnn main functions)
addpath('B:\OneDrive - CHP\ZxoAf pabrpota\le. Diplomatikh\matlab code\Mask
CNN\mask-rcnn-main\src")

% Set the root directory for COCO API:

COCOAPIDir = 'B:\OneDrive - CHP\XxoAr} poOrijpatall@. Diplomatikh\matlab
code\Mask CNN\MatlabAPI';

%Set the Image Training Folder (needs to contain images as described in
imageFile above):

trainImgFolder = 'B:\OneDrive - CHP\XxoArn poabripoatol\l@. Diplomatikh\matlab
code\Kinect\Testing\RGBHigh Mapped'; % where the images are stored

%load the groud truth data

load("B:\OneDrive - CHP\ZxoAnj poOripotal\le. Diplomatikh\matlab
code\Kinect\Testing\OCCLUSION CLASSES\gTruth_High Occlusion.mat");%load the
gTruth table

h= 1037; %height of the images

w=1272; %width of the images

%Set the annotation folder where all the .mat files will be stored
AnnotationFolder = 'B:\OneDrive - CHP\ZxoAr pabrjpata\le. Diplomatikh\matlab
code\Kinect\Testing\OCCLUSION CLASSES\Anottations_High Occlusion';

%Set the occlison annotation folder where all the .mmat files will be
%stored

OcclusionFolder = 'B:\OneDrive - CHP\ZxoAn pabrpoata\1l0. Diplomatikh\matlab
code\Kinect\Testing\OCCLUSION CLASSES\Anottations_High Occlusion -
Occlusion';

% Set image size for training (you can change that if you need to lower the
res for faster training)

imageSize = [h w 3]; %height-width

mask_image_save_location = "B:\OneDrive - CHP\ZyoAn poOrjpota\lo.
Diplomatikh\matlab code\Kinect\Testing\OCCLUSION CLASSES\Masks_ HO\";

%% Data Manipulation

3R 3R 3R 3R X
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Image_Number = size(gTruth,1); % number of images in the table
Object_Number =size(gTruth,2); % number of objects in the table

varnames = gTruth.Properties.VariableNames; % the names are set in the
gTrouth table
varnames= varnames(1l,2:end);
blds_cell = cell(Image_Number,1); % Bounding box cell array. Working with
cell is easier (at least for me)
mask _cell = cell(Image Number,1);
variable names_cell=cell(Image_Number,1);
occlusion_cell = cell(Image_Number,1);
% the image cell is not needed for the datastore it is only cept in here
% for legacy reasons. The datastore needs only the image file names.
%image_cell = cell(Image_Number,l); %open images inside matlab and store
them inside image_cell for concatenation later
for n=1:Image_Number
i=1; %goes from [1 to Total_items]
clear masks_on_image var_name_categorical’% delete the last atempts
Total_items=0;
for ni=2:0bject_Number
if isempty(gTruth{n,ni}{1,1})==0
Total items=Total items+gTruth{n,ni}{1,1}(end).Item;
end
end
masks_on_image=false([h,w,Total_items]);
%total var_names = 1:Total_items; %to create a categorical array of
size Total items
var_name_categorical =
cell(1,Total _items);%categorical(total var_names);
occlusion_property = false(1l,Total items);
bboxes = zeros(Total items,4);
for nn=2:0bject_Number% object classes are Object Number - 1
num_of_object_segments = size(gTruth{n,nn}{1,1},2);
if isempty(gTruth{n,nn}{1,1})==0
Objects_in_Image = gTruth{n,nn}{1,1}(end).Item;% find how many
objects of a specific type exist (e.g 2 rubiks cubes)
else
Objects_in_Image=0;
end
if Objects_in_Image > ©
BD= zeros(Objects_in_Image,4); %zero-out the matrix and change
it's dimensions per iteration
%
Item=1; % to distinguish items of the same type [1 -
Objects_in_Image]
nnn=1;
while nnn<=num_of_object_segments

mask = false([h,w]); % create the mask for the specific
object
if gTruth{n,nn}{1,1}(nnn).Item==Item % every object has
1 or more segments (because of occlusion) therefore we have to create one
mask for all the segments together (of that item)
gT_polygon = gTruth{n,nn}{1,1}(nnn).Position; %
find the polygon coordinates inside the ground truth table
x = gT_polygon(:,1); % find the x coordinates of
the polygon points
y =gT_polygon(:,2); %find the y coordinates of the
polygon points
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mask=poly2mask(x,y,h,w); % crete the polygon by
inserting ones (1) where there is an object
masks_on_image(:,:,i)=mask+masks_on_image(:,:,1);

occlusion_property(i)=gTruth{n,nn}{1,1}(nnn).0cclusion;
end
if nnn<num_of_object_segments J%generate for every
objects its properties
if gTruth{n,nn}{1,1}(nnn+1).Item ~= Item
var_name_categorical(i) = varnames(nn-1);
bboxes(i,:) =
BoundingBox_From_Mask(masks_on_image(:,:,i)); %Create the vertical
rectangle (Bounding box) that encapsulates all the polygon points

occlusion_property(i)=gTruth{n,nn}{1,1}(nnn).0cclusion;

imwrite(masks_on_image(:,:,1i),strcat(mask_image save_location,num2str(n),nu
m2str(nn-1),num2str(nnn), '.png')) % write the image to a file

Item=Item+1;

i=i+1;

end
else %nnn==num_of_object_segments

var_name_categorical(i) = varnames(nn-1);

bboxes(i,:) =
BoundingBox_From_Mask(masks_on_image(:,:,i)); %Create the vertical
rectangle (Bounding box) that encapsulates all the polygon points

occlusion_property(i)=gTruth{n,nn}{1,1}(nnn).0Occlusion;

imwrite(masks_on_image(:,:,1i),strcat(mask_image_save_location,num2str(n), '
"y,num2str(nn-1)," ',num2str(nnn), '.png')) % write the image to a file
Item=Item+1;
i=i+1;
end
nnn=nnn+1;

end

%blds_cell{n,nn-1} = BD; % instert bounding boxes in the
bounding box cell array
end

end

%image_cell{n}= imread(gTruth{n,1}{1,1});

occlusion_cell{n} = occlusion_property;

blds_cell{n}=bboxes;

mask_cell{n}=masks_on_image;

variable_names_cell{n}=var_name_categorical’;
end

[~,image_names,ext] = fileparts(gTruth{:,1});
image_names = strcat(image_names,ext);%get the name and the type (.jpg)

TrainingData = [image_names,blds_cell,variable names_cell,mask_cell];

%% Create a different .mat file for every image

%In the annotation folder there need to be only .mat files the names does
%not matter but in this case we save them as 1.mat,2.mat,3.mat,4.mat.. etc
%for mask rccn training:
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for n=1:Image_Number

mat_to_save = TrainingData(n,:);

%save averything in a different variable so as when the mat files are
%loaded the open up 4 different variables with the names specified in the
%save function:

imageFile = mat_to_save{l}; % it is the image file name eg. '0001.png’
(string)

boxes = mat_to_save{2}; % it is a 2d array (double) containing bounding
boxes in the form of: Mx4 (where M is the objects in image '0001.png')
labels = categorical(mat_to_save{3}); % its is a categorical array
containing the categories for each bounding box Mx1

masks = mat_to_save{4};% its a 3d array containing the masks as
HeightxWidthxM (logical) for each object
save(strcat(AnnotationFolder, '\',num2str(n)), "imageFile","boxes","labels","
masks"); % the names play a very big role check: cocoAnnotationMatReader.m
and put the correct names there

occlusion= occlusion_cell{n};

save(strcat(OcclusionFolder, "\"',num2str(n)),"occlusion");
end

%% Save Variable Names

item_names = varnames(l:end);

save('item names','item_names');

%% Using the coco api to create the datastores (because matlab
imagedatastore does not support multi image masks)

%% Using code from MaskRCNNTrainingExample.mlx

% COCO-MATLABAPI: https://github.com/cocodataset/cocoapi

% Add the API directory to the path

addpath(cocoAPIDir);

% Create the training datastore to read image and ground truth data from
% the unpacked annotation MAT file

ds =

fileDatastore(AnnotationFolder, 'ReadFcn',@(x)helper.cocoAnnotationMATReader
(x, trainImgFolder));

%% OUTPUT

trainDS = transform(ds, @(x)helper.preprocessData(x, imageSize));
save('trainDS', 'trainDS'); % save the training datastore to use for the
training m file

%% Test the datastore!

trainDS.shuffle();

%preview the datastore needs to be in form of 1x4 cell array like this:
%{512x512x3 uint8} {7x4 double} {7x1 categorical} {512x512x7
logical}

data = preview(trainDS) % done

%% visualise an image with its bounding box

%load("1.mat")

% overlayeredImage = insertObjectMask(test_img,masks);
% figure(2)

% imshow(overlayeredImage)

% hold on

%

showShape("rectangle"”,boxes, "Label",labels, 'LineColor',[1,0,0])
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Image_Augmentation.m

clc;

clear;

%% INPUT

addpath('CHP_Functions') %Add the custom made functions

% Add the source directory to the path (add maskrcnn main functions)
addpath('B:\OneDrive - CHP\ZxoAj pobripota\le. Diplomatikh\matlab code\Mask
CNN\mask-rcnn-main\src')

% Set the root directory for COCO API:

COCOAPIDir = 'B:\OneDrive - CHP\ZxoAfj poOrjpata\le. Diplomatikh\matlab
code\Mask CNN\MatlabAPI';

% Set the directory where the images to be augmented are located
Images_location = 'B:\OneDrive - CHP\ZyoAn poOrjpota\1l0. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\RGBHigh\";

% Set the location of the initial dataset to be augmented

DS_location = 'B:\OneDrive - CHP\ZxoAnj pafnpotalle. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\trainDS.mat"'; % insert the Dataset
created with Datase_Creation.m file

%Set all the item names contained in the images

Item_Names = 'B:\OneDrive - CHP\XxoArfj paOrjpatal\le. Diplomatikh\matlab
code\Item images\v2\Testing\item_names.mat’;

%Set the directory to save the augmented images

trainImgFolder= 'B:\OneDrive - CHP\XxoAn pofnpata\le. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\Augmented\Images'; % location where
the images will be saved

%Set the directory where the annotatios are going to be stored
Augmented_Images_Annotation_Folder = 'B:\OneDrive - CHP\ZyxoArn poabrpoata\lo.
Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\Augmented\Annotations'; % location
where the annotations will be saved

%Set the directory where the Backround images are stored
Background_Images_Location = 'B:\OneDrive - CHP\ZxoAr pabrjpata\le.
Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\Augmented\Background\JPEG'; % location
of imagedatastore containing the backround images for the augmentation
%Set the ammount of augmented images created from 1 image.
Augmentation_Number = 10; %Ammount of images to create with random
rotations and translations of the Items per image using a random backround
%Set the image sizes

h= 1042; %height of the images

w=1353; %width of the images

Image_Size = [w,h];%width,height

imageSize=[h,w,3];%height,width

% Set the directory for intermediate images to be stored.
Augmented_Images_Intermediate_Location= 'B:\OneDrive - CHP\ZxoAn\
podnuata\10. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\Augmented\Intemediate\"';

%%

% Find the image center

Image_Center= Image_Size/2;

% Create an imagedatastore for the backround images (just to get their
names)

Background_IMDS = imageDatastore(Background_Images Location);

% Number_of_Backround_Images = size(Background_IMDS,1);

DS = load(DS_location); % Load the datastore to be augmented
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DS=DS.trainDS; % the datastore name should be trainDS for this to work

Number_of_Images = size(DS.UnderlyingDatastores{1,1}.Files,1); % Number of
images in the datastore

for n =1:Number_of _Images % for every image
load(DS.UnderlyingDatastores{1,1}.Files{n,1}) % load masks,
labels,boundingboxes and image name orresponding to an image from the
annotation folder

image _location = strcat(Images_location,imageFile); % directory of the
image

image = imread(image_location); %load the image to be augmented

%save the initial parameters of the annotations corresponding to the image
labels_n=1labels;

boxes_n = boxes;

imageFile_n = imageFile;

masks_n=masks;

num_of_items_in_image = size(labels,1); %number of items in the image

for nn=1:Augmentation_Number

clear msk mask img boxes labels % clear the anotation parameters
for the augmented images

masks = masks_n;

boxes=boxes_n;

labels=labels _n;

imageFile = imageFile n;

number_of_bg images = size(Background IMDS.Files,1); % number of
backround images

bg_image=floor(rand*number_of bg images+1); %pick a random
background image

IMG = imread(Background_IMDS.Files{bg image}); %initiate the
backround image

%1 is like nnn but it has randomly sorted the number (for random
occlusion purposes)

i = 1:num_of_items_in_image;

i = i(randperm(length(i))); %create an array of length num of items
in image but to have randomly distributed numbers. This number indicates
the occlusion order the i(end) item occludes all the others the i(1) is
occluded by all the other (it is placed first in the image)

for nnn=1:num_of_items_in_image

props = regionprops(masks(:,:,i(nnn)), 'Centroid'); % find
the centroid of the mask (masks need to have only 1 region)

centroid= props.Centroid;

img = image;

msk = masks(:,:,i(nnn));

Translation = Image_Center - centroid;

img = imtranslate(img,Translation, 'FillValues',[0,0,0]);

msk=imtranslate(msk,Translation, 'FillValues',0);

%image augmentation part

theta = rand*360;

img=imrotate(img,theta, "bilinear","crop");

msk=imrotate(msk, theta, "bilinear", "crop");

translate= (rand*Image_Center-rand*Image_Center); %random
translation

img = imtranslate(img,translate, 'FillValues',[0,0,0]);

msk=imtranslate(msk,translate, 'FillValues',0);
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saveloc = strcat(Augmented Images Intermediate_Location,
",num2str(nn), ' ',num2str(nnn), '.png');
Alpha = double(msk);
imwrite(img,saveloc, 'alpha',Alpha)
masks(:,:,i(nnn)) = msk;
img_intermediate = imread(saveloc);
IMG = CHP_Blend(IMG,img_intermediate,msk);
props=regionprops(masks(:,:,i(nnn)), 'BoundingBox");
boxes(i(nnn), :)=props.BoundingBox;% wrong
end
imageFile = strcat(num2str(n),’' ',num2str(nn),'.jpg');%mask rcnn
does not support png!
save_loc = strcat(trainImgFolder,'\"',imageFile);
imwrite(IMG,save_loc);

num2str(n), "

[masks,boxes, labels]=0cclusion_Correction(masks,boxes,labels,i,50);

save(strcat(Augmented_Images Annotation_Folder, '\',num2str(n),' ',num2str(n
n)),"imageFile", "boxes","labels", "masks");
end

end

%% Using the coco api to create the datastores (because matlab
imagedatastore does not support multi image masks)

%% Using code from MaskRCNNTrainingExample.mlx

% COCO-MATLABAPI: https://github.com/cocodataset/cocoapi

% Add the API directory to the path

addpath(cocoAPIDir);

% Create the training datastore to read image and ground truth data from
% the unpacked annotation MAT file

ds =
fileDatastore(Augmented Images Annotation_ Folder, 'ReadFcn',@(x)helper.cocoA
nnotationMATReader(x, trainImgFolder));

trainDS = transform(ds, @(x)helper.preprocessData(x, imageSize));
save('trainDS"', 'trainDS"'); % save the training datastore to use for the
training m file

%% Test the datastore!

trainDS.shuffle();

%preview the datastore needs to be in form of 1x4 cell array like this:
%{512x512x3 uint8} {7x4 double} {7x1 categorical} {512x512x7
logical}

data = preview(trainDS) % done

%% visualise an image with its bounding box

im_pos = string(gTruth{1,1});

figure(1)

im = imread(im_pos);

imshow(im)

hold on

rectangle("Position",TrainingData{1,2})

3% 3R 3R 3R ¥ X
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Resize_Datastore.m

clc;

clear;

%% Input

% Set the resolution to resize to

resize_res= [340,417];%height width

% Add the source directory to the path (add maskrcnn main functions)
addpath('B:\OneDrive - CHP\ZxoAj pobripota\le. Diplomatikh\matlab code\Mask
CNN\mask-rcnn-main\src')

% Set the root directory for COCO API

COCOAPIDir = 'B:\OneDrive - CHP\ZxoAnj poOrjpotal\le. Diplomatikh\matlab
code\Mask CNN\MatlabAPI';

% Set the directory of the RGB images to be rescaled

Highres_rgb_dir = "B:\OneDrive - CHP\XxoAr} pafripatal\le. Diplomatikh\matlab
code\UE Generated Pictures\High Res\RGB";

%Set the directory of the datastore to be rescaled

trainDS_dir = "B:\OneDrive - CHP\ZxoAn poOripata\le. Diplomatikh\matlab
code\UE Generated Pictures\High Res\trainDS.mat";

%Initial Occlusion Folder

Occlusion_dir = "B:\OneDrive - CHP\XxoAn pofnuata\le. Diplomatikh\matlab
code\UE Generated Pictures\High Res\Occlusion Annotations";

%The annotation folder to save the new annotation files

AnnotationFolder = "B:\OneDrive - CHP\XxoAn poabrjpotalle. Diplomatikh\matlab
code\UE Generated Pictures\Low Res\Annotations";

%The rescaled image dirirectory

Rescaled_rgb_dir = "B:\OneDrive - CHP\ZxoAn poBrpata\le. Diplomatikh\matlab
code\UE Generated Pictures\Low Res\RGB";

%0cclusion Annotations resized

Occlusion_dir_resized = "B:\OneDrive - CHP\ZxoAn poBripoto\le.
Diplomatikh\matlab code\UE Generated Pictures\Low Res\Occlusion
Annotations”;

%% Output

%load the datastore

load(trainDS_dir)

%get the file directories

Files_dir = trainDS.UnderlyingDatastores{1,1}.Files;
%get the number of files in the datastore

num_of files= size(Files_dir,1);

for i=1:num_of_files

%load one annotation file at a time

load(Files_dir{i}) %masks,labels,imageFile,boxes

%get the directory of the image to be resized

rgb_dir = strcat(Highres_rgb_dir, '\',imageFile);

rgb=imread(rgb_dir);

res = size(rgb,1,2);

resize_ratio=resize_res./res;

boxes_new = boxes;

%find the amount of different objects in the image

items_on_image = size(labels,1);

masks_new = false([resize_res,items_on_image]);

%Rescale the boxes and the masks

for ii=1:items_on_image
boxes new(ii,1)=round(boxes(ii,1)*resize_ratio(2));
boxes_new(ii,3)=round(boxes(ii,3)*resize_ratio(2));
boxes_new(ii,2)=round(boxes(ii,2)*resize_ratio(1));
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boxes_new(ii,4)=round(boxes(ii,4)*resize_ratio(1));
masks_new(:,:,ii)=imresize(masks(:,:,ii),resize res);
end
%rescale the image
rgb_new = imresize(rgb,resize res);
%save the data to a new annotation file
imageFile = strcat(num2str(i),'.jpg');
rgbwrite_dir = strcat(Rescaled_rgb_dir,'\',imageFile);
imwrite(rgb_new,rgbwrite _dir)
boxes = boxes_new;
masks=masks_new;

save(strcat(AnnotationFolder, "\',num2str(i)), "imageFile", "boxes","labels","
masks"); % the names play a very big role check: cocoAnnotationMatReader.m
and put the correct names there
%for occlusion
[n,name,ext]=fileparts(Files_dir{i});
occlusion_dir = strcat(Occlusion_dir,'\',name,"'.mat"');
load(occlusion_dir);
save(strcat(Occlusion_dir resized, '\',num2str(i)), "occlusion")
end
%% Using code from MaskRCNNTrainingExample.mlx
% COCO-MATLABAPI: https://github.com/cocodataset/cocoapi
% Add the API directory to the path
addpath(cocoAPIDir);
% Create the training datastore to read image and ground truth data from
% the unpacked annotation MAT file
trainImgFolder=Rescaled_rgb_dir;
clear trainDS
ds =
fileDatastore(AnnotationFolder, 'ReadFcn',@(x)helper.cocoAnnotationMATReader
(x, trainImgFolder));
%% OUTPUT
imageSize = [resize_res,3];
trainDS = transform(ds, @(x)helper.preprocessData(x, imageSize));
save('trainDS"', 'trainDS"'); % save the training datastore to use for the
training m file
%% Test the datastore!
trainDS.shuffle();
%preview the datastore needs to be in form of 1x4 cell array like this:
%{512x512x3 uint8} {7x4 double} {7x1 categorical} {512x512x7
logical}
data = preview(trainDS);
%% Visualise
% load('B:\OneDrive - CHP\ZIxoAn pabnupatal\le. Diplomatikh\matlab
code\Kinect\Testing\Resized to best net\Annotations\1l.mat');
% test_img=imread('B:\OneDrive - CHP\ZxoAnj pabrpotalle. Diplomatikh\matlab
code\Kinect\Testing\Resized to best net\RGB\1.jpg');

% overlayeredImage = insertObjectMask(test_img,masks);
% figure(2)

% imshow(overlayeredImage)

% hold on

%

showShape("rectangle"”,boxes,"Label", labels, 'LineColor',[1,0,0])
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Occlusion_Data_Creation.m

clc;

clear;

%% Inputs

%Add CHP Functions

addpath('B:\OneDrive - CHP\XxoAf upabruota\le. Diplomatikh\matlab code\Mask
CNN\CHP_Functions');

%load the training ds created by the dataset creation

TrainDS_dir = "B:\OneDrive - CHP\ZxoAfj poOripota\l@. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\Downscaled\trainDS.mat";

%Input the occlusion mat files for training

Occlusion_dir = "B:\OneDrive - CHP\ZxoAn pabrupata\l@. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\Occlusion";

%Input the depth images folder

Depth_dir = "B:\OneDrive - CHP\ZxoAn pafnpoto\1le. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\Depth";

%load the names of the parts

load("B:\OneDrive - CHP\ZxoAnj poOripotalle. Diplomatikh\matlab
code\Kinect\Images\Mapped\item names")

%give a location to visualize the intersection areas

intersection_dir = 'B:\OneDrive - CHP\ZxoAnR poOrjpata\le. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\Intersection_occlusion_dir';
%intersection circle radius (in pixels)

r_intersection = 10;

%% Main

load(TrainDS_dir);

TrainDS = trainDS.UnderlyingDatastores{1,1}.Files;
total_images = size(TrainDS,1);
id = 1;

for i=1:total_images
%load the masks etc from annotation folder...
load(TrainDS{i,1});
% get the name of the annotation .mat file to open the corresponting
% .mat file containing the depth image and the occlusion labels
[folder,name,ext]=fileparts(TrainDS{i,1});
load(strcat(Occlusion_dir,"\",name,"'.mat')) % load the corresponding
mat file
load(strcat(Depth_dir, '\',name, ' .mat"));
if size(labels,1)>=2
[INPUT,lab] = Occlusion_Features(d_c,masks,labels);
objects =size(occlusion,2);
for ii=1:objects
DATA(id,1:6)=INPUT(ii,:);
DATA(id,7)=occlusion(ii);
DATA_labels(id,1)=1ab(ii,1);
DATA_labels(id,2)=name;
id=id+1;
end
end
end

i1=1;

i2=1;

i3=1;

%Split the data for each network
for i=1:size(DATA_labels,1)
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end

if DATA_labels(i,1)=='PT1'
DATA1(il,:) =DATA(i,:);
i1=i1+41;

elseif DATA_ labels(i,1)=='PT2'
DATA2(i2,:) =DATA(i,:);
i2=1i2+1;

else
DATA3(i3,:) =DATA(i,:);
13=13+41;

end
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Occlusion_ANN_Training.m

clear;

clc;

%% INPUTS

load("B:\OneDrive - CHP\ZxoAnfj poBrpota\le. Diplomatikh\matlab code\UE
Generated Pictures\Low Res\DATA2.mat")

DATA = DATAZ2;

%The raw that the output values are located

output_ind = 7;

input_ind = 4;

datasize = size(DATA,1);

%Set the validation and testing indicies

validation_ind = 4:10:datasize;

test_ind = 6:10:datasize;

%% Input manipulation

test_datasize = size(test_ind,2);

input = DATA(:,1:input_ind);

output = DATA(:,output_ind);

%The remaining indices go to the training data = 80%

training _ind= 1l:datasize;% create a matrix with all the indices

index = 1;
for n =1:test_datasize
training _ind(validation_ind(n)+1-index)=[]; %remove validation indices
index = index+1;
training_ind(test_ind(n)+1-index)=[];%remove test indices
index = index+1;
end

% Separation of training,validation and testing data
training_data=input(training_ind,1:input_ind);
training output = output(training_ind);

validation_data = input(validation_ind,1:input_ind);
validation_output = output(validation_ind);

testing data = input(test_ind,1:input_ind);

test_output = output(test_ind);

%% training

HiddenSizes = [100,100,50,50,25,25,10,10,5,5]; %400,400,200,200,100,100,
net = feedforwardnet(HiddenSizes, 'trainrp');%to use gpu you have to change
from trainlm, trainscg, trainrp

%%Set ANN training parameters

net.trainParam.epochs = 10000; % maximum epochs

net.trainParam.goal = @; % We want @ error

net.trainParam.max_fail = 20; % validation failures before rejection
net.divideFcn = 'divideind'; % User defined training/testing/validation
data

net.divideParam.trainInd = training_ind;

net.divideParam.valInd = validation_ind;

net.divideParam.testInd = test_ind;

net.performParam.regularization = 0;

net.performParam.normalization = 'none’;

% net.layers{1l}.transferfFcn ='poslin';

%net.layers{end}.transferFcn ='softmax’;

%net.performFcn = 'crossentropy';%'mse'; %Using mean absolute error
net.trainParam.showWindow = @; % close window pop up for lowering
computation time
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% net.trainFcn = 'trainscg';
perf=1000;
for 1i=1:100
net.trainParam.showWindow = ©;
[trained_net,tr] = train(net,input',output'); % train the network
%'useParallel’,'yes' for cpu // 'useGPU', 'yes’
y = trained_net(input');% find the outputs for all the inputs
%p = crossentropy(trained_net,output’,y,{1});% %Define the error as
described by the performace function (sse)
p = perform(trained_net, output', y);
if perf>p
perf=p; %best performing network
best_net=trained_net; %keep the best perfoming net
y_best=y; %keep the relative error
best_tr =tr; %keep matrix tr
end
i
end

%Check best solution
y=best_net(input');

y = round(y,0);

error = abs(y-output');
totalerrors = sum(error);

error_validation=sum(error(validation_ind));
error_testing = sum(error(test_ind));
dif = y-output';
false positive=0;
false _negative=0;
for i=1l:datasize
if dif(i)>o0
false_positive=false_positive+l;
elseif dif(i)<e
false_negative = false_negative+l;
end
end
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Mask_RCNN_Training.m

clc;

clear;

%% INPUTS

% Add the source directory to the path (add maskrcnn main functions)
addpath('B:\OneDrive - CHP\XxoAfj pabrpota\le. Diplomatikh\matlab code\Mask
CNN\mask-rcnn-main\src")

% Set the root directory for COCO API:gTruth

COCOAPIDir = 'B:\OneDrive - CHP\XxoAn poOrijpatall@. Diplomatikh\matlab
code\Mask CNN\MatlabAPI';

% Add the API directory to the path

addpath(cocoAPIDir);

imageSize = [1042 1353 3]; %height-width

%load training datastore (trainDS)

load('B:\OneDrive - CHP\ZxoAr poOrjpata\le. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\trainDS.mat")

%load cell array with item_names

load('B:\OneDrive - CHP\ZxoAr po®rjpata\le. Diplomatikh\matlab
code\Kinect\Images\Mapped\item _names.mat')

%% Create the network

detector = maskrcnn('resnet50-

coco',item_names, 'InputSize',imageSize,PoolSize=[14
14],MaskPoolSize=[14,14]);%https://www.mathworks.com/help/vision/ref/maskrc
nn.html

%% Train the network

options = trainingOptions("sgdm",
InitiallearnRate=0.002,
Momentum=0.9,
LearnRateSchedule="piecewise",
LearnRateDropPeriod=1,
LearnRateDropFactor=0.99,
Plot="none",
MaxEpochs=12,
MiniBatchSize=2,
BatchNormalizationStatistics="moving",
ResetInputNormalization=false,
ExecutionEnvironment="gpu",
VerboseFrequency=10);
% GradientThresholdMethod="12norm',...
% L2Regularization=10@e-5,...

[TrainedDetector,info] =

trainMaskRCNN(trainDS,TrainedDetector,options, '"NumRegionsToSample',128, "Num
StrongestRegions',1250, 'PositiveOverlapRange',[0.75,1], ‘NegativeOverlapRang
e', [0 ©.75]); %
https://www.mathworks.com/help/vision/ref/trainmaskrcnn.html
%FreezeSubNetwork="backbone"

%% test network for one image

% Read the image for inference

test_img = imread('B:\OneDrive - CHP\ZxoAfj pobrjpota\1le. Diplomatikh\matlab
code\Kinect\Testing\Resized to best net\RGB\19.jpg');

% Define the target size of the image for inference
targetSize = imageSize; % same as the network image size
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% Resize the image maintaining the aspect ratio and scaling the largest
% dimension to the target size.

imgSize = size(test_img);

[~, maxDim] = max(imgSize);

resizeSize = [NaN NaN];

resizeSize(maxDim) = targetSize(maxDim);

test_img = imresize(test_img, resizeSize);

% detect the objects and their masks for more info:
https://www.mathworks.com/help/vision/ref/maskrcnn.segmentobjects.html#mw_a
9899d3b-d637-4834-85c9-fe5cfae7f8af _sep _mw_c42f62bd-bead-474a-96a3-
£99843001dde

[masks,labels, scores, boxes] = segmentObjects(TrainedDetector,test_img);

%% visualize test

overlayeredImage = insertObjectMask(test_img,masks);

figure(2)

imshow(overlayeredImage)

hold on
showShape("rectangle",boxes, "Label",labels, 'LineColor',[1,0,0])
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Mask_RCNN_Testing.m

clc;

clear;

%this file is named validation but it is more for testing purposes of the
%network

%% INPUTS

% Add the source directory to the path (add maskrcnn main functions)
addpath('B:\OneDrive - CHP\ZxoAj pobripoto\1l0. Diplomatikh\matlab code\Mask
CNN\mask-rcnn-main\src')

% Set the root directory for COCO API:

COCOAPIDir = 'B:\OneDrive - CHP\ZxoAnj poOrjpotal\le. Diplomatikh\matlab
code\Mask CNN\MatlabAPI';

% Add the API directory to the path

addpath(cocoAPIDir);

h= 1038; %height of the images

w=1353; %width of the images

imageSize = [h w 3]; %height-width

%insert trained detector directory

Trained_detector_dir = 'B:\OneDrive - CHP\ZxoAn po®ripoto\le.
Diplomatikh\matlab code\Mask CNN\TrainedDetectors\test7.2.mat’;

%inert validation datastore directory

ValidationDS_dir ='B:\OneDrive - CHP\ZxoAr} pabrjpata\le. Diplomatikh\matlab
code\Kinect\CleanImages\HighQuallity\trainDS.mat"';

%load cell array with item_names

load('B:\OneDrive - CHP\ZxoAr, poOrjpata\le. Diplomatikh\matlab code\Item
images\v2\Testing\item_names.mat")

%load trained detector

load(Trained_detector_dir);

%load validation datastore

load(ValidationDS_dir);

% Annotations = trainDS.UnderlyingDatastores{1,1}.Files;
% image number = size(Annotations,1);

%% Validating-Testing
options = trainingOptions("sgdm",
%https://www.mathworks.com/help/deeplearning/ref/trainingoptions.html %

InitiallearnRate=0.00000001, ... %for testing set Initial Learn Rate to
10”~-10 and epochs to 1 and verbose frequency to 1 thet take the average of
the results

Momentum=0.9,

LearnRateSchedule="piecewise",

LearnRateDropPeriod=1,

LearnRateDropFactor=0.95,

Plot="none",

MaxEpochs=1,

MiniBatchSize=2,

BatchNormalizationStatistics="moving",

ResetInputNormalization=false,

ExecutionEnvironment="gpu",

VerboseFrequency=1);
%use the same properties in trainMaskRCNN as used in actual training
[TrainedDetector,info] =
trainMaskRCNN(trainDS, TrainedDetector,options, '"NumRegionsToSample',128, 'Num
StrongestRegions',1000, 'PositiveOverlapRange',[0.8,1], 'NegativeOverlapRange
',[0.1 ©.8]); %
https://www.mathworks.com/help/vision/ref/trainmaskrcnn.html
%FreezeSubNetwork="backbone"
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%total error is the summ of errors
%amount of evaluations

TotallLoss = 0;
RPNLoss = 0;
RMSE = 0;
MaskLoss = 0;

testing _size = size(info,1);
for n =1:testing_size

from last epoch devided by the total

TotalLoss=info(n).Trainingloss/testing size+TotallLoss;
RPNLoss = info(n).TrainingRPNLoss/testing_size+RPNLoss;
RMSE = info(n).TrainingRMSE/testing size+RMSE;
MaskLoss=info(n).TrainingMaskLoss/testing size+MaskLoss;

end
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UE_Data_Creation.m

clc;

clear;

%CHP Functions

addpath('B:\OneDrive - CHP\XxoAf pabrjpota\le. Diplomatikh\matlab code\Mask
CNN\CHP_Functions");

%Initiate image numbering

% i=1;

%Add Simulink Path

simulink_dir="B:\OneDrive - CHP\ZxoArn pabrijpatal\l@. Diplomatikh\matlab
code\Testing Images\UE_Pictures.slx';

%Initial Color of Items

InitialColor = [0.5,0,0.009];

%Segmentation Color of Items

Colorl_seg =[1,90,0];

Color2_seg=[0,1,0];

Color3_seg=[90,0,1];

%Depth sensor resolution

D_res = [340,417];

%RGB Save Location

RGB_dir = 'B:\OneDrive - CHP\ZxoAn poOripota\l®. Diplomatikh\matlab code\UE
Generated Pictures\High Res\RGB';

%Depth Save Location High res

Depth_dir_H = 'B:\OneDrive - CHP\ZxoAfj poOripota\l@. Diplomatikh\matlab
code\UE Generated Pictures\High Res\Depth';

%Depth Save Location low res

Depth_dir_L="B:\OneDrive - CHP\XxoAnj pobripota\l@. Diplomatikh\matlab
code\UE Generated Pictures\Low Res\Depth';

%Annotation Folder

AnnotationFolder = 'B:\OneDrive - CHP\ZxoAn pabnpota\le. Diplomatikh\matlab
code\UE Generated Pictures\High Res\Annotations';

%% Take initial Pictures to save
Colorl = InitialColor;

Color2= InitialColor;

Color3= InitialColor;

out = sim(simulink_dir,0.1);
%RGB image:

RGB = out.RGB.signals.values;
%Depth image:

D = out.D.signals.values*1000;

figure(1)

imshow(RGB);

figure(2)

imshow(D)

imageFile = strcat(num2str(i),'.png');
rgb_h_dir = strcat(RGB_dir, '\',imageFile);
imwrite(RGB,rgb_h_dir);

3R 3R X ¥

d_c = imresize(D,D_res);
d 1 dir = strcat(Depth_dir L, '\',num2str(i));
save(d_1 dir,"d c");

%Segmentation
Colorl = Colorl_seg;
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Color2= Color2_seg;
Color3= Color3_seg;

out = sim(simulink_dir,0.1);
%RGB image:

rgb_seg = out.RGB.signals.values;
figure(3)

imshow(rgb_seg);

Maskl = Image_to Mask(rgb_seg,Colorl*256);
Mask2 = Image_to_Mask(rgb_seg,Color2*256);
Mask3 = Image_to_Mask(rgb_seg,Color3*256);
% figure(4)

% montage({Maskl,Mask2,Mask3});

labels = categorical(["PT1";"PT2";"PT3"]);
masks = false([size(Maskl),3]);
masks(:,:,1)=Maskl;

masks(:,:,2)=Mask2;

masks(:,:,3)=Mask3;

boxes = zeros(3,4);

boxes (1, :)=BoundingBox_From_Mask(Mask1l);
boxes (2, : )=BoundingBox_From_Mask(Mask2);
boxes (3, : )=BoundingBox_From_Mask(Mask3);

% visualise an image with its bounding box

%load("1.mat")

overlayeredImage = insertObjectMask(RGB,masks);

figure(2)

imshow(overlayeredImage)

hold on
showShape("rectangle",boxes, "Label",labels, 'LineColor',[1,0,0])
%Save Annotation File
save(strcat(AnnotationFolder, "\',num2str(i)), "imageFile", "boxes","labels","
masks");

i=i+1;
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Il. Zuvaptiosic MATLAB

best_sol.m

function [Final_Config] = best_sol(Initial Config,Final_Configs)
%This function finds the "best" solution for the end configuration of a
% robotic arm based on angle rotations.
[num_of_sol,~] = size(Final_Configs);
minimum_movement=10000;
for n=1:num_of_sol
movement = sum((Initial Config-Final_Configs(n,:)).”2); %summed squered
error
if movement<minimum_movement
minimum_movement=movement;
best_ik_sol=n;
end
end
Final Con = Final_Configs(best_ik_sol,:);
Final_Config = [Final_Con,9,0];
end

BoundingBox_From_Mask.m

function [Box] = BoundingBox_From_Mask(mask)
%This function creates a bounding box from a mask
props=regionprops(mask, 'BoundingBox");
bboxes=cell2mat(struct2cell(props)');
bboxes(:,3)= bboxes(:,1)+bboxes(:,3);
bboxes(:,4)= bboxes(:,2)+bboxes(:,4);
x=min(bboxes(:,1));

y=min(bboxes(:,2));

w=max (bboxes(:,3))-x;

h=max(bboxes(:,4))-y;

Box=[x,y,w,h];

end

BoundingBox_From_Polygon.m

function [BD] = BoundingBox_from_Polygon(x,y)

%This function create a bounding box from a polygon

upper_y = floor(min(y)); %as it is in images y is from top to buttom
lower_y = ceil(max(y));

left_x = floor(min(x));

right _x = ceil(max(x));

w = right_x-left_x;

h=1lower_y-upper_y;

BD = [left_x,upper_y,w,h];

end

BW_circle.m

function [out] = BW_circle(c,r,res)

% This function creates a binarry image of size res =[h,w] with a circle of
% radius r in pixels and a center at c = [y,x]

out = false(res);
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for i=1l:res(1)
for ii=1:res(2)
dist = sqrt((ii-c(2))"2+(i-c(1))"2);
if dist<=r
out(i,ii)=1;
end
end
end
end
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CHP_Blend.m

function [out] = CHP_Blend(Background, img,mask)
%This function inserts an image on top of the background image as specified
%by the mask (alpha channel).
if size(Background)==size(img)
H=size(Background,1);
W = size(Background,2);
out=Background;

for n=1:H
for nn=1:W
if mask(n,nn)==1
out(n,nn,:)=img(n,nn,:);
end
end
end

else
end

end

DrawBW_line.m
function [BW1] = DrawBW_line(cl,c2,res)
%This function creates a binary image containing a line prom point cl to
%point c2
%initial point c1 = [x,y] and ending point c2=[x,y];
%res = [h,w] the resolution of the image
cl=[ceil(c1(1)),ceil(c1(2))];
c2=[ceil(c2(1)),ceil(c2(2))];
dp = c2-c1;
a=dp(2)/dp(1);% dy/dx
BW=false(res);
X_pixels = dp(1);
if x_pixels>=0
for x=1:abs(x_pixels)
y=a*x+c1(2);
BW(ceil(y),x+cl1(1))=1;
end
else
for x=1:abs(x_pixels)
y=a*x+c2(2);
BW(ceil(y),x+c2(1))=1;
end
end
se=strel('rectangle’,[2,2]);
BWl = imdilate(BW,se);
end
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DrawBW_lineA.m

function [BW] = DrawBW_lineA(c,a,res)

% This function creates a binary images with a line passing from point
% c=[x,y] with an angle of a.

Bw=false(res);
A=tan(a);

b=c(2)-A*c(1);
if A>1 %if the angle is greater than 45deg use the form x=(y-b)/A
for i=1l:res(1)
xx=round((i-b)/A);
if xx>0 && xx<=res(2)
BW(i,xx)=1;
end
end
else%if the angle is smaller than 45deg use the form y=Ax+b
for i=1l:res(2)
yy=round(A*i+b);
if yy>0 && yy<=res(1l)
BW(yy,1i)=1;
end
end
end

Grab_selection.m

function [center,orientation,simplez,Pick_Item_Index,Gripperl,Gripper2] =
Grab_Selection(masks,depth,occlusion,f)

%% Select a part (the one that is not occluded but also is the tallest)
[height,background_height] = Height of_Objects(masks,depth);
items_in_image = size(masks(1,1,:),3);
BiggestHeight =-10;
for i =1:items_in_image
if occlusion(i)==0 && height(i)>BiggestHeight
Pick_Item_Index=i;
BiggestHeight=height(i);
end
end

%% Get orientation of the part

mask = masks(:,:,Pick_Item Index);

props = regionprops(mask, "Centroid","Orientation");

center = props(1l).Centroid;

orientation=props(1).0rientation/180*pi; % angles in degs from x axis [-
90,90] positive with right hand rule with z towards us from the screen
simplez = (background_height-BiggestHeight+10)/1000; % to get the z
distance from item

%% Get Grpipper positions

res=size(mask);

%Get the perimeter of the mask

perim = bwperim(mask);

se = strel('rectangle’,[2,2]);

%dilate it by 2

perim = imdilate(perim,se);

%Daw a line where the gripper is going to grab the part
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Line =DrawBW_lineA(center,orientation-pi/2,res);

%Find the two grasping positions

Grab_BW =and(Line,perim);

% To get the correct gripper to move we proceed with the following:
R=R_z(pi-orientation);

T=eye(4);% tranfrorm from image coordinate system to item coordinate system
T(1:3,1:3)=R;

T(1:2,4)=center’';

%b-> image coordinate system, %c-> item coordinate system

T c b =1inv(T);

Grab_props=regionprops(Grab_BW, "Centroid");

Grab_locs = struct2array(Grab_props); %[x1,yl,x2,y2]

cl=Grab_locs(1:2);

c2=Grab_locs(3:4);

cl new=T_c_b*[c1,0,1]"'; %y coordinate indicates the distance needed to move
from the center of the item to the grabbing location
c2_new=T_c_b*[c2,0,1]";

Dist_of_gripper_from_center=0.085;

if c1_new(2)>0 %Gripper is located in the positive direction while gripper
2 is in the negative

Gripperl=Dist_of gripper_from_center-cl new(2)/f*simplez;%distance that
gripper needs to move for visulization
Gripper2=Dist_of_gripper_from_center-abs(c2_new(2)/f*simplez);

else

Gripperl=abs(Dist_of gripper_from_center-c2_new(2)/f*simplez);%distance
that gripper needs to move for visulization
Gripper2=abs(Dist_of_gripper_from_center-abs(cl_new(2)/f*simplez));

end

end
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Height_of_Objects.m

function [height,background_height] = Height_of Objects(masks,depth)
%This function calculates the average height of an object specified by a
%mask and calculates the background height (where there are no objects).
res = size(masks(:,:,1));

items_in_image = size(masks,3);

background_mask= false(res);

for ii = 1:items_in_image % find backround height
background_mask = or(masks(:,:,ii),background_mask);
end

background_mask = imcomplement(background mask);
background_mask_height = double(background_mask).*double(depth);
background_area = sum(background_mask, "all");
background_height = sum(background_mask_height,"all")/background_area;
height = zeros(items_in_image,1);
for ii =1:items_in_image

Area = sum(masks(:,:,ii),"all");

mask_depth = double(masks(:,:,ii)).*double(depth);

height(ii) =background_height-sum(mask_depth,"all")/Area;
end

end
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Occlusion_Correction.m

function [masks,bboxes,labels] =
Occlusion_Correction(masks,bboxes,labels,i,min_occlusion_pixel area)
loop = size(i,2);

for n =1:(loop-1)
for nn=1:n
masks(:,:,i(end-n)) = masks(:,:,i(end-
n)).*imcomplement(masks(:,:,i(end-nn+1)));
end

end
ii=o;
while n <= loop-ii
S = sum(masks(:,:,n), "all’);
if S<min_occlusion_pixel area % it can be altered
masks(:,:,n)=[1];
labels(n)=[1];
bboxes(n, :)=[];
n=n-1;
ii=ii+1;
else
stats = regionprops(masks(:,:,n), '‘BoundingBox");
bb= stats.BoundingBox;
if size(bb,1)==1
bboxes(n, :)=bb;
else
bboxes(n,1)=min(bb(:,1));
bboxes(n,2)=min(bb(:,2));
% find the maximum x from all the regions that represent the

item
xmax = max(bb(:,1)+bb(:,3));
ymax = max(bb(:,2)+bb(:,4));
bboxes(n,3) = xmax-bboxes(n,1);
bboxes(n,4) = ymax-bboxes(n,2);

end
end

n=n+1;

end

end
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Occlusion_Detector.m

function [occlusion] = Occlusion_Detector(netl,net2,net3,d_c,masks,labels)
%this function utilizes the occlusion networks to find occlusion properties
num_of objects detected = size(labels,1);
if num_of_objects_detected==1
occlusion=0;
elseif num_of_objects_detected>1
[Features,Features_labels] = Occlusion_Features(d_c,masks, labels);
occlusion = false(num_of_objects_detected,1);
for i=1:num_of_objects_detected
if Features_labels(i,1)=='PT1'
occlusion(i,1)=round(netl(Features(i,:)"),0);
elseif Features_labels(i,1)=='PT2'
occlusion(i,1)=round(net2(Features(i,:)"'),0);

else
occlusion(i,1)=round(net3(Features(i,:)"),9);
end
end
else
occlusion = [];
end
end

Occlusion_Features.m

function [DATA,DATA_labels] = Occlusion_Features(d_c,masks,labels)
%This functionextracts the features for the detection of occlusion
%d_c is the depth image

%mask is the masks on the image

%labels are the labels of the masks

%radius of intersection circle for local area height
r_intersection = 10;

%the ammount of objects-items in an image is equal to the ammount of
%labels
items_in_image = size(labels,1);
% find the resolution of the images
res = size(masks(:,:,1));
%% Generate the background mask and find its height
background_mask= false(res);
if items_in_image<=1 % if there is only one item then there is no occlusion
%do not create any data
else
for ii = 1:items_in_image % find backround height
background_mask = or(masks(:,:,ii),background_mask);
end
background_mask=imcomplement(background_mask);
background_mask_height = double(background_mask).*double(d c);
background_area = sum(background mask, "all");
background_height = sum(background mask_height,"all")/background_area;
%% Calculate the distance between all the items-objects in an image
% Find minimum distance between objects
%valuable info from:
https://nl.mathworks.com/matlabcentral/answers/91046-how-to-find-distance-
in-binary-image
% gennerate a matrix with very high diagonal values
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%(maximum distance between objects is set to 100 pixels)
min_distance _matrix = eye(items_in_image)*100;
%matrix of cells containint [Xx,y] coordinates of pixels, to keep track
%of the pixel positions that have the smallest distance between the
objects
min_distance_index = cell(items_in_image);
%find the local height at the closest points between objects
local_height_matrix = eye(items_in_image)*1000;
pixeldistance_mask=zeros(res(1l),res(2),items_in_image);
mask_perimeter = false(res(l),res(2),items_in_image);
for ii = 1:items_in_image
pixeldistance_mask(:,:,ii) = bwdist(masks(:,:,ii));
mask_perimeter(:,:,ii) = bwperim(masks(:,:,ii));

end
for ii= 1:items_in_image
for iii =1:items_in_image
if ii~=iii

%Distance of item iii from item ii

perimeter_distance_ii_iii =
pixeldistance_mask(:,:,ii).*mask_perimeter(:,:,iii);

% create a matrix with very high values where there is no
perimeter

% (to add it to the distance so when I take the minimum I
take the distance and not 9)

perimeter_inverse =
inverse BW_CHP(mask_perimeter(:,:,iii))*1000000;

Distances_matrix =
perimeter_distance_ii_iii+perimeter_inverse;

%this gets the minimum from all columns

[a,I]=min(Distances_matrix,[],1);

%this gets the mimimum from the row (gets index as well).

[min_distance _matrix(ii,iii),II]=min(a);

%get the indexes to a matrix (pixel where there is the
closes distance)

min_distance_index{ii,iii} = [I(II),II];

% Gennerate a binary image with resolution res witch
contains a

% circle with radius r and center at the closest point
between two objects

circle =
BW_circle(min_distance_index{ii,iii},r_intersection,res);

% find the local height of item ii in the closest point to

item iii.
circle_intersection= and(masks(:,:,ii),circle);
%find the area of intersection
circle_intersection_area = sum(circle_intersection, 'all');
% gennerate a metrix containing the local heights between
objects

local_height matrix(ii,iii)=background_height-
sum(double(circle_intersection).*double(d_c),"all")/circle_intersection_are
a;

end
end
end
local _height_difference_matrix = eye(items_in_image)*1000;
for ii=1:items_in_image
for iii=1:items_in_image
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if iii~=ii
local _height_difference matrix(ii,iii)=
local_height matrix(ii,iii)-local_height_matrix(iii,ii);
end
end
end
for ii = 1:items_in_image

[closest_object_distance,closest_object_index] =
min(min_distance_matrix(ii,:));

props =
regionprops(masks(:,:,ii), 'Area’, 'MajorAxisLength', 'MinorAxisLength', 'Perim
eter');

Area = props(1).Area;

Perimeter = props(1l).Perimeter;

aspect_ratio = props(1l).MajorAxisLength/props(1).MinorAxisLength;
mask_depth = double(masks(:,:,ii)).*double(d c);

avg_height =background_height-sum(mask_depth,"all")/Area;

%hiest_point = background height-min(smothed _mask_depth,[],"'all");

Openned_Area = Area/background_height”2;

Openned_Perimeter = Perimeter/background_height;

%find the minimum height ddifference of object ii in terms of all

%other objects (for occluded objects it might be negative)

min_height_difference =
local height difference_matrix(ii,closest_object_index);%min(local height d
ifference_matrix(ii,:));

if isnan(min_height difference)

min_height_difference=0;

end

DATA(ii,:) =
[Openned_Area,avg_height,Openned_Perimeter,aspect_ratio,closest object_dist
ance,min_height_difference];

DATA_labels(ii,1)=1labels(ii,1);

end

end
end
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R_z.m
function [R] = R_z(t)
%Rotation matrix when a coordinate system its rotated by t rad in the z
%axis
c=cos(t);
s=sin(t);
R=[c,-s,0;
$,C,0;
0,0,1];
end

ResizelmageMasksBoxes.m

function [im_new,masks_new,boxes_new] =

ResizeImageMasksBoxes(im,masks,boxes,newres)

%Resize the image,masks and boxes to new resolution specified by newres
ge, p y

res=size(im,1,2);

resize_ratio=newres./res;

boxes_new = boxes;

items_on_image = size(masks,3);

masks_new = false([newres,items_on_image]);

for ii=1:items_on_image
boxes new(ii,1)=round(boxes(ii,1)*resize_ratio(2));
boxes new(ii,3)=round(boxes(ii,3)*resize _ratio(2));
boxes_new(ii,2)=round(boxes(ii,2)*resize_ratio(1));
boxes new(ii,4)=round(boxes(ii,4)*resize_ratio(1));
masks_new(:,:,ii)=imresize(masks(:,:,ii),newres);

end
im_new = imresize(im,newres);

end

UEtoMATLABtransfrom.m

function T = UEtoMATLABtransform(L,eul)

%Ureal Engine to MATLAB coordinate system tranfromation
1sgn = [1 -1 1];

rsgn = [1 -1 -1];

T=eye(4);

T(1:3,4)=(L.*1sgn)"';

eul=eul.*rsgn;

T(1:3,1:3)=eul2rotm(eul, "XYZ");

end

9 |reAida



AutAwpatiki Epyaocia — MavAog Xwovidng

Kinect_RGBtoDepthMap.m
function [rgb_cropped_fix,d_cropped_fix] =
Kinect_ RGBtoDepthMap(RGB_im,D_im)
%This function maps the rgb image to the depth image
%resolutions
Pixel Ratio = 3.05; %depth pixels are 3 times larger than rgb pixels
Scale_Ratio = 2; %How much bigger ratio should the rgb image have
%the center distance value in the x direction changes!!
c_X = 0; %pixels in depth image plane(move it towards the depth plane)
c_y = -15;%pixels in depth image plane
f = 365; %focal length of D_camera fx = fy (almost);
cx = 256; %center point of depth camera;
cy = 212; %center point of depth camera;
K_depth = [f,0,cx;

0,f,cy;

0,0,1];
RadialDistortion_depth = [0.2,0]; % it specifies an elipse(rx ,ry)
side_cut = 35; % is an additional cropping in pixels from each side that
needs to be done in order to compensate for the distortion correction;
% x = 1i-0.0000500604*bg_depth”2-0.1078012098*bg_depth+68.4597461493;
%% Fix distortion of depth image
depth_params =
cameraParameters('K',K_depth, 'RadialDistortion’',RadialDistortion_depth);
D_im = undistortImage(D_im,depth_params);
res_d = size(D_im);
boundingBox = [side_cut,side_cut,floor(res_d(2)-2*side_cut),res_d(1)-
2*side_cut];
D_im = imcrop(D_im,boundingBox);
res_d = size(D_im);

principal points
principal _rgb = res_rgb/2;
principal d = res_d/2;

3% 3% R R ¥

res_ratio = res_rgb./res_d;
RGB_im = imresize(RGB_im,1/Pixel Ratio);

res_rgb = size(RGB_im,[1,2]);

RGB_im = imtranslate(RGB_im,[c_x,c_y]); % move the rgb image to the depth
center

boundingBox = [0,0,floor(res_rgb(2)-abs(c_x)),floor(res_rgb(1l)-abs(c_y))];%
Becarefull!!!! only if c_x and c_y are negative this works

% Crop the translated image to remove empty areas

RGB_im = imcrop(RGB_im, boundingBox);

res_rgb = size(RGB_im,[1,2]);

new_image_res = [min(res_rgb(1),res_d(1)),min(res_rgb(2),res_d(2))];
%355x512

x_diff = ceil((res_rgb(2)-res_d(2))/2);

y_diff = ceil((res_d(1)-res_rgb(1))/2);

rgb_cropped = imcrop(RGB_im, [x_diff,1,new_image res(2)-

1,new_image res(1)]);

d_cropped = imcrop(D_im, [1,y_diff,new_image_res(2),new_image_res(1)-1]);
% d_cropped = imgaussfilt(d_cropped,2);

%% Fix depth pixels to rgb mapping issue in x direction
cropped _res = size(d _cropped);
d_cropped_f = d_cropped;
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for i=1:cropped_res(1)
for ii = 1:cropped_res(2)
if d_cropped(i,ii)==0
%do nothing (should probably fill the area with the average of
the perimeter)
else
d_at _pos = double(d cropped(i,ii));
dx = (0.0000500604*d_at_pos”2 - 0.1078012098*d_at_pos +
68.4597461493);
X = ii-dx;
if x>=1 && x<=cropped_res(2)
d_cropped_f(i,ceil(x))=d_cropped(i,ii);
d_cropped _f(i,floor(x))=d_cropped(i,ii);
end
end
end
end
%crop again both images
rgb_cropped_fix = imcrop(rgb_cropped,[1,1,cropped_res(2)-
27,cropped_res(1)]);
d_cropped_fix = imcrop(d_cropped_f,[1,1,cropped_res(2)-27,cropped_res(1l)]);
end

KinectPicture.m

function [img_rgb,img _d] = KinectPicture(colorDevice,depthDevice)
%This function takes a picture using the Kinect
step(colorDevice);

step(depthDevice);

step(depthDevice);

img_rgb = step(colorDevice);

img_d=step(depthDevice);

img_rgb = flip(img_rgb,2);

img_d = flip(img_d,2);

end

Uintl6_to_uint8.m

function [out] = uintl6_to uint8(d)

%This function converts a depth image for visulization
max_z = max(d,[], 'all");

dd = d;

dd(dd==0)= max_z;

min_z = min(dd,[], "all");

out = uint8(ceil((double(dd-min_z))*255/double(max_z-min_z)));
end
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Ill. Movtélo Simulink
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IV. Me0Bodoloyia Eknaidevong Mask RCNN & ANNs

[ Kinect_Photos.m ]

|
v v

RGE Images Depth Images

¥

[ Image Labeler App ]

h i
gTruth Table

h 4

[Dataset_Cre ation_With_O cclusinn.m]

v

Mask RCNM Occlusion
Annotations Annotations

h 4

Resize Datastore? [ Occlusion_Datacreation.m ]

h 4

Resize_Datastore.m ] | Occlusion Datasets |
¥ ¥
Mask R':.:NN Occlusion_ANMN_Training.m
Annotations
¥ ¥

—)[ Image_Augmentation.m ] Ccclusion Metworks

Augmented Images
Mask RCNN Real Images Mask

Annotations RCMM Annotations

| |
v

[ Mask_RCNN_Training.m ]

¥
Mask RCNMN Metwork

V. Xapaktnplotikad YroAoyioti & Mpoypappdatwv
| CPU | AMD Ryzen 9 5900X @4.2GHz
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RAM 64GB ddr4 @3600MHz
GPU NVIDIA GeForce RTX 3090

MATLAB Version 2023a, update 3.
SOLIDWORKS 2023 SP3.

Blender 2.93.4.
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