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\Y BPEJHOBAIGE NOJEJUHUX JEJTOBA JOKTOPCKE JMCEPTAIINMJE

Hacnos pana je jacHo hopMmynrcaH u y MOTITYHOCTH YKa3yje Ha caupikaj pajaa.

[IpBo mornassbe yBOaH y MpoOIeMaTuKy Te3€ U Ha MOT0JaH HaYWH M3HOCH HhEH INIaBHU HAYYHH JOTPHHOC.
Toxom u3pane Tese, MpoydaBaH je mpodIeM JIOKaTU3aIlHje U JeTEeKIHje TIpenpeKa y KOHTEKCTY HaBUTaIlije
MobumnHe T1atdpopme - pobora. Meton ,,CuMmynraHe JoKanu3amdje W Manmpama' KopuimheH je
HCTOBPEMEHO 3a ayToJIOKalu3auujy MoOwiHe ruiaTgopme y CTaTUYHO] CPEIUHHM M HEHO Mallupambe.
I'maBHUM nonpuHOC OBE Te3e Jiexku y nu3ajuy u esanyanuju OIIIA xapaBep akieneparopa 3a JIOKalIu3almjy.
Taxohe, mpemyioxkeH je OKBUpP 3a BU3yENHY JETEKIHjy INpernpeka 0a3upaHy Ha MOJENY HaMEHhEeH 3a
HaMmeHcke cucteMe. OH MOXe Jia ce HMIUIEMEHTHpA Ha BHIIEjE3rapHUM XETEPOTeHUM XapABEPCKUM
atgopmama. PeneBanTHH pagoBH y obsactu Takole Cy npeacTaB/beHH.
[pyro mornaBjbe omucyje y JeTajbeé KOHTEKCT W OrpaHHuera HCTpaXuBama. Y KpaTKHUM LpTaMa
MpeACTaBJba HaBHrauoHu cucreM Aup-KoOor pobor nemonctparopa. Taj meMoHCTpaTop ce ociama Ha
HAaMEHCKHM HaBUTAlMOHU CHCTEM KOjH IIaK MOpa Ia y3Me y O03HMp pa3Ha OTrpaHHuYCHAa: MOPTAOMIHOCT,
M3BpIIABAFE Yy pEallHOM BpeMeHy, IUCHIaNujy eHepruje urh. [locmennuno, nara je W oOjamrmeHa
METOJ0JI0THja KopuheHa 3a KOHIEMIH]Y, eMYJIalnjy, Tu3ajH U BATHAANN]y COPTBEPCKUX M XapIBEPCKUX
KOMITOHEHTH pa3BHjEHHX TOKOM H3paje Te3e. PeneBaHTHM HaydHH [ONPUHOCH TPH JIOKAIM3ANWjH |
JETEKIMjU TPETpeKa MOTy /1a Ce CYMHPA]y y:

e Pa3poj ckamabunnor EK® 6mok aknenepatopa Ha DIII'A 3a Busyenne CJIAM amutukarje

0azupaHe Ha QUITPUpaY U
e  OxBHp 3a JIETEKIH]jy Mperpeka noMohy npo3opa aerekuuje GpukcHe AUMEH3Hje 32 U3BPIIABAKLE HA
HaMEHCKHM CHCTEMHUMa

Tpehe noraassbe npencraBba akTyeNnHO cTame y o0nacTu Ha Temy BusyenHux EK®-CIIAM amnukanuja u
TEeXHHKa padyHapCKe BH3Hj€ 3a Ipero3HaBame oOjekara OasupaHux Ha Mogzeny. [IpBu onesbak ommcyje
yHoTpeOy padyHapcKe BH3HjE 3a MpoOiieM KiacHu(uKanuje odjexara u W3HOCH nopelere reHepaTuBHAX U
JUCKPUMHUHATHBHUX KiacudukaTopa kao mTo cy, Mmehy ocranmmma: K-meanc, OyCcTHHTr M MamunHe ca
BEKTOPCKUM TIOTIIOpaMa. J[pyro ImoriaBibe yKpaTKoO M3HOCH M MOPEAM cHcTeMe oOpane Buaea (CEKBEHIC
CIINKa) y peaTHOM BpEMEHY, KOj! Cy TPyNHCAaHN Y HAMEHCKa U HEeHaMeHCKa pellera. KonauHo, nerasbHuje
je ob6jammeHa mMerona BusyenHor CJIAM-a koja je kopumheHa y pagy 3a JOKaJH3alHjy, ca HapOIUTUM
(okycoM Ha MOHOKYJIapHY CEH30pCKy KOH(UTypauujy ¥ Ha nocrojehe xapABepcke UMILIEMEHTALH]€.
VY YeTBPTOM MOTJIABJEY M3HET j€ jelaH OJ] IIAaBHMX HAyYHHX JOMpHHOCA OoBe Te3e. OBO MOTJIaBJbE OIMHUCYje
NPUMEHY METOAOJIOTHje XapaBep/codTBep nu3ajHupama Ha mnpumepy koHkperHe 3] EK® CJIAM
aruTMKaIuje. Y3eBIIM y O03Mp CBa OrpaHMYCHa, aIUIMKallMja je HMIUICMEHTHPaHa Ha XETePOreHO]
XapABEPCKO]j Pa3BOjHOj IUIOYX KOja caapiku mporiecop (Ha KkoMme ce u3Bpinasa camo codreep) u OIITA (Ha
KOME Ce M3BpIIaBajy caMo XapABepcke QyHKIHje). Y MPBOM ey MOrIaBiba, TOK N3BpIIaBamka aruinKalyje
je TpeAcTaBJbeH Y BHIY MOJIENa IIPOTOKa mojaTaka. Ha 6asu onrtummsanmja koje omoryhaBa oBaj MoJel,
W3BpIIABamkC alUIMKanWje je moOospmmaHo. HakoH Tora ommwcaHe cy 4YeTHpU WTEpaTHBHE eTare
xapzBep/codpTBep NapTHIMOHMpama HaJ aluiMkanujoM, mnpaheHe Ko-cuHTe3oM. Kao pesynrar, Tpu
epukacua OII'A aknemneparopa cy unterpucana y 3J] EK® CIIAM Col] (xapasep apxurexrypa CJIIAM
cUCTeMa Ha YUILy) MPOTOTHIL:

o  DACT nmeTeKkTop ca TeceNalijoM

e EK® aknenepatop u

e Kopenarop BU3yeITHHUX OpHjEHTHPA.
OBHU akIenepaTopd WHTETPUCAHU Cy 0€3 HMKaKBHX alrOopuUTaMcKuxX mpomeHa. M3BpmaBame CJIIAM-a
yOp3aHo je ca mHMUMjatHUX SHZ Ha 24Hz. VHMUMjanHO NOCTaBJBEHO OTpaHUYEHE 32 H3BPIIABAKE Y
peanHoM BpemeHy - 30HZz - Huje mocTurHyTO M IaTo je oarosapajyhe objammerme 3a To. HaBeneHo je na
BPEMEHCKa Kallllbeha y KOMYHHKALMjH H3Mel)y XapABepCKMX M COPTBEPCKHX MOIyJa IpEeICTaBibajy
muMuTHpajyhu dakTop.
Ilero mornaBbe mocBeheHO je AW3ajHUpamy M XapABEPCKO] MMIUIEMEHTanuju ropecriomenyror EK®
akueneparopa Ha PIII'A. Hakon kparkor ocpra Ha EK® anropuram, naeHTH(OHKOBAHM Cy pauyHapCKu
3aXTEBH 33 HETOBO M3BpIIaBame. HEKOIMKO apXUTEKTypa je IpeIUIoKeHO, MOIMYT jeTHOANMEH3NOHAITHOT
CHCTOJIMYHOT IIPOIiecopa 3a olepalyje MaTpHIHOT MHOXEHA - Koje ¢y ThrnuHe 3a Busyesnnn EKD-CIIAM,
ApXUTEKType 3a KpOC-KOBAapHjaHCHY MAaTpUIly M TPOMaTpUuHa MHOXema. EdukacHa HMMIUIEMEHTaluja
3axTeBa aJeKBATHO MAIlUpambe U MHTETPAIM]jy XapABEPCKUX U COPTBEPCKUX JEJI0BA PauyHAPCKOT CUCTEMA.
CJIAM cuctem am3ajuupan je kao Coll ma 3muk7020 (Zynq7020) OIIT'A. M3aBaja ce MHUHHMAaIHUM
KallllbelbUMa IIpU  TIPOLECUparmy YIa3HUX [10/1aTaka, HHUCKOM EHEPreTCKOM JIMCHIAIMjOM U




ckaiabmmHonthy. CkanaOmiHOCT OBOT AnW3ajHa oMoryhaBa mpuiiarohaBame JaTOT XapABEpCKor ypehaja 3a
ycremHo wuBpmaBambe BuzyenHor EK®-CJIAM-a y HecTpyKTyHpaHO] CpEeOVHH TAE je MOTSHIIHjaTHO
moTpeOHO pacmoiaraT (MEMOPHCATH U MIPOIECYHPATH) BEIIMKAM Marama Tj. BETHKUM OpojeM OpHjeHTHpa.
IlTecTo WornaBsbe /1aje OATOBOP HA APYTY INIABHY XUIIOTE3y UCTpakuBama. [loka3aHo je ma mapopManmja o
NIPUCYCTBY O0jeKTa y CiuIM, onucaHa nmoMmohy komOuHamuje: poOycHH IETEKTOp Tadyaka oJf MHTepeca +
JECKPHIITOP PEruje y CIHMIM OKO JIETEKTOBaHE Tayke OJ WHTEpeca, MOXe aa Oyne TpaKeHa Y OKBUDPY
po30pa AETEeKIUje MabHUX JUMEH3Hja o TuMeH3u]ja ciuke. OOpana mojaraka BpIy ce y Tpu erarne. [Ipsa
je xnmacugukanuja boB xucrorpama 6azupana Ha mpaBuily, Ipyra je kinacupukanuja 6azupaHa Ha Xol'
XHCTOTpaMy, a y Tpehoj pe3oHyje ce Ha OCHOBY MaTpHlle CKOpOBa KiacU(pHKalUje U3 MPETXOIHE eTare:
KOOpJHMHATE IPO30pa JeTEKIHje ONTHUMH3Y]y CE y AEJIOBHMA CIHMKE Ca TO3UTHBHUM CKOPOBHMA.

VY cenMoM TOTaBJby HArJIacak je Ha cOPTBEPCKO] MMILIEMEHTAINjH TPEIIOKEHOT OKBUPA 32 NIETEKIH]Y
Iperpexa momMohy mpo3opa neTeknuje GuKCcHe TMMEH3Hje. ANTOpPUTaM je TeCTHpaH Ha MIPUMEpPY ACTEKITH]je
BO3WJIa Ha IyTY y CEKBEHIIaMa CIIMKa y3eTHX ca jaBHe Oa3e momaraka KUTTU. [IpencraBibeHn pe3ynraTa
mokasyjy moope mepdopmance y3umajyhu y 003up HCTOBPEMEHO CTONY YCHENTHHX ACTEKIHja U Op3uHY
U3BpIIaBama aJIrOpPUTMa Ha MPEUIOKCHHUM HaMEHCKUM InlaTgopMmama (BHUIIEje3rapHEe XeTeporeHe
KapTHIIE).

OcMoO 1mornaBjbe pe3uMHpa Te3y, MpEeACTaBba AajbM paj OMOryheH OBMM HCTpaXMBambeM M H3HOCH
MoryhHOCTH pUMEHE pe3yJiTaTa UCTPaKHBAbA.




V  EVALUATION OF THE INDIVIDUAL SECTIONS OF THE DOCTORAL
DISSERTATION

The thesis title is clearly formulated and summarizes well the domain of the conducted research.

Chapter | introduces the thesis problem and presents the main contributions of this thesis. During the thesis
work, the main subject studied is the localization and obstacle detection in the context of navigation of
mobile platform. The "Simultaneous Localization and Mapping" approach is used for both self-localization
and cartography of the static world around the mobile platform. The main contribution of this thesis is the design
and evaluation of FPGA-based hardware accelerator for solving the localization. A model-based obstacle
detection framework for embedded systems was also proposed. This framework can be executed on multi-
core heterogeneous hardware platforms. A background and related works are given as well.
Chapter 11 in details describes the context and constraints of the research. It describes very shortly the
navigation system for the Air-Cobot robot that is a demonstrator. This demonstrator requires an embedded
navigation system which must take different constraints into consideration: portability, real time
processing, power consumption, etc. Consequently it introduces and explains the methodology used for
conception, emulation, design and validation steps of software and hardware components developed during
the thesis. The contributions relative to localization and obstacle detection tasks mentioned are summarized
as:

o Development of an FPGA-based scalable EKF block accelerator for Filtering-based visual SLAM

applications.

¢ Single-scale obstacle detection framework for embedded systems.
Chapter 111 references state-of-the-art and relevant visual EKF SLAM applications and computer vision
techniques used for model-based object recognition. The first section describes the computer vision for object
classification with a comparison of generative and discriminative classifiers like: K-means, boosting and
support vector machines. Section two presents and compares very shortly the real-time video analytics
systems, grouped in non-embedded and embedded solutions. Finally, the visual EKF-SLAM method used
for localization is explained in more detail with a specific focus on monocular sensory configuration and its
hardware implementations.
Chapter 1V is one of the main contributions of this thesis. This chapter describes an application of a
HW/SW methodology to design a 3D EKF SLAM application. Taking into account all the constraints, the
proposed application is implemented on heterogeneous hardware development board which is based on
processor (Software part) and FPGA (Hardware part). In the first part of the chapter, a dataflow model of
computation is used to refine the application model before the start if the implementation. Further in the
chapter, four iterative hw/sw partitionings are presented followed by co-syntheses. As a result a three
performing FPGA accelerators are integrated into
the 3D EKF SLAM SoC prototype:

e FAST feature detector with tessellation,

o EKF-accelerator and

e landmarks Correlator.
These accelerators are integrated without any algorithmic changes. The loop is accelerated from initial 5Hz
to 24Hz. The initial preset real-time constraint of 30Hz is not met and the appropriate conclusion for this
unmet requirement is given. It is stated that timing delays in communication between software and
hardware modules is a limiting factor.
Chapter V is devoted to the design and hardware implementation of the aforementioned EKF-accelerator
on FPGA. After a brief overview of the EKF algorithmic, computational requirements are identified.
Different architectures were proposed like 1-D systolic array for visual EKF-SLAM matrix
multiplications, a cross-covariance matrix architecture and the tri matrix multiplication. The efficient
implementation requires an adequate mapping and integration of the Hardware part and Software part. It is
designed as a System On Chip on a Zynq7020 device. It is characterized by minimal latency, low power
consumption and scalability. Scalability of the design allows for adapting this device in unstructured
environments where it is potentially required to have larger map sizes with higher amount of landmark
observations and corrections for a particular visual EKF SLAM application.
Chapter VI gives an answer to second main hypothesis. It is shown that the information relative to the
presence of the object, described by using a robust interest point detector with a region descriptor, may be
searched for in a detection window of a fixed size. Processing pipeline consists of three stages. The first is
rule-based BoW classification, the second is SVM classifier on HoG holistic features, and the final stage
employs reasoning about obtained scores and performs non maxima suppression.




Chapter VII focuses on a software implementation of single-scale model-based detection framework. The
algorithm is tested for vehicles detection on a road sequence taken from the KITTI public data set.
Presented results show good performance in terms of detection rate and execution speed on proposed
embedded platforms (multi-core heterogeneous boards).

Chapter VIII summarizes the thesis, exposes the remaining questions to be asked, and gives an outline of
the subsequent work enabled by the research.

VI CIIHCAK HAYYHHUX U CTPYUYHHUX PAJJOBA KOJU CY OBJAB/JBEHHU NJIN
INPUXBAREHU 3A OBJAB/BUBAILE HA OCHOBY PE3YJITATA HCTPAXKUBAIBA Y
OKBUPY PAJJA HA JOKTOPCKOJ JUCEPTALINIA

TakcaTMBHO HaBeCTH Ha3MBE PajioBa, IJie U Kaja cy oOjaBibeHH. [IpBO HaBecTH HajMame jenaH pan
o0jaBsbeH wiH npuxBahieH 3a 00jaBJbUBame Y yacomucy ca IS| nucTe omHOCHO ca JucTe MUHHCTapCTBa
Ha/UIS)KHOT 3a HayKy Kaja Cy y IHTamby JIpYIITBEHO-XYMaHHCTHUKE HayKe WM pajoBe KOJU MOTY
3ameHUTH 0Baj ycioB 1o 0l jamyapa 2012. romune. Y ciydajy pamoBa mpuxBaheHHX 3a 00jaBIbHBambC,
TAaKCaTMBHO HABECTH Ha3WBE paJioBa, Ilie M Kajga he OMTH 00jaBJheHN U MIPHIIOKHUTH TOTBPIY O TOME.
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Tertei, D. T., Piat, J., Devy, M.: "FPGA design of EKF block accelerator for 3D visual SLAM",
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10.1016/j.compeleceng.2016.05.003
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Vil 3AK/bYUIIN OJTHOCHO PE3YJTATH HCTPA’KHUBAIBA

OBa Te3a 0aBM ce ayTOHOMHMM MOOWIHHM alUIMKal{jamMa. ATUIMKaijamMa TOT THIIA TPUA0/Aaje Ce CBE
BHUIIIEC MaXKEe Y OpOjHUM MHIYCTPUjCKAM CEKTOpHMa. AYyTOHOMHA HaBWTaIlHja IOApa3yMeBa: MEpIejy
(xoja ce u cama Oa3mpa Ha BHIIE CEH30DA), JOKAIH3ANH]Y, ITIAHUPAKHE IyTalkhe U YIPaBIbamkhe KPETamheM y
npocropy. HaBurannonu cucteM MMIUIEMEHTHPAH j€ HA HAMEHCKHM IIIaTopMama M 3aXTEBa CE HETOBO
U3BpLIABAEC Yy PEATHOM BpeMeHy. JemaH o HajOMTHHjMX M3a30Ba je JW3ajHUpPAe U MMIUIEMEHTAlWja
edukacHe xapaBep/coTBep apXUTEKType Koja y3uma y o03up OBakBa aljIMKaTHBHA OrpaHHYea. [Januen
MIOCTaBJba JIBE IJIaBHE XUIIOTE3E:

e MeToxoJIOTHja XapaBep/coTBep KoIM3ajHa MOXE Ja ce yHnoTpeOu 3a yTBphuBame ajekBaTHe
Collll apxuTexkType Koja mojpkaBa ()YHKIMOHAJTHOCTH JIOKaNW3alMje M JETEeKLHje Ipernpeka
0azupaHe Ha BU3UjH

e wuHpoOpMaIHja O TMpHCYCTBY oOjekTa y CIWIM, OmucaHa (kKoxumpaHa) momohy KoMOwWHaImje:
poOyCHHU AETEKTOp Tadaka ol MHTepeca + JECKPUITOP PETHje Y CIUIM OKO AETCKTOBAHE TAYKE OJ1
HHTEepeca, MOoXke na Oyae TpakeHa y OKBHPY IIpO30pa JAeTeKIuje (UKCHE AMMEH3Hje YMECTO
CTaHAApPIHHUX METOJa NCPIIITHE NPETpare ca Mpo30prMa y BHIIE AUMECH3Hja

Hannen mpemmaxe OIIIA xapasep akueneparop 3a yOp3aBame JOKaIH3aldje M OKBHP 32 BHU3YEIHY
JeTeKLjy Mpenpeka Oa3supaHy Ha MOJENy ca aJeKBaTHOM CO(TBEp apXUTEKTYypoM Koja MOIp)KaBa HCHO
U3BpLIABAKE Y PEATHOM BPEMEHY Ha BHUINEje3rapHUM XeTeporeHuM (Buiuejesrapuu mnpouecop + OIITA)
kaptunama. /lodujenn pesynrari notplyjy nznere xunorese. lllTaBuie, y cBojoj Te3u Jlanuen pasmarpa
npoOiemMe U M3BaH CBOjUX NOCTHrHYha, IITO OTBapa npocTop 3a HoBa Oyayha ucTpakuBama.

Vil CONCLUSIONS/RESULTS OF THE RESEARCH

This thesis addresses the autonomous mobile applications. These applications are increasingly
important and concern a variety of industrial sectors. The autonomous navigation requires different
functions: perception (multi-sensor application), localization, path planning and motion control. Navigation
system is based upon real-time and embedded platforms. One of the important issues of this system is to
design and implement an efficient HW/SW architecture that respects the constraints of the application.
Daniel introduces two main hypotheses:
o the software/hardware co-design methodology can be used to determine the SoPC architecture for
efficient embedding of vision-based localization and obstacle detection tasks
o information relative to the presence of the object, described by using a robust interest point
detector with a region descriptor, may be searched for by a detection window of fixed size instead
of a standard multi-scale exhaustive search approach
Daniel proposes an FPGA-based hardware accelerator for solving localization task and a multi-core
heterogeneous (multi-core CPU+FPGA) platform based framework with software architecture for model-
based obstacle detection under relevant real time constraints. The results obtained corroborate the
appointed hypotheses. Moreover, within the thesis, Daniel nicely discusses the issues beyond his
achievements, which opens the questions for the future research.

VIl O EHA HAYMHA INPUKA3A U TYMAYEA PE3YJITATA HCTPAYXKUBAIBA
EXCIUTMITNTHO HAaBECTH NO3UTUBHY WJIM HETATHBHY OIIEHY HauMHA MpHKa3a ¥ TyMadema pe3yiaTara
HCTPaKUBamba.

Huceprargja je 100po CTPYKTypHpaHa, a J00HjeHH Pe3yNTaTH UCTPaXHBabha Cy MPErJIeHO IPUKAa3aHu U
JacHO M CHCTeMaTCKH M3JIOKEHHU. Y3 CBe IpHKa3aHe pe3ysiTaTe ¥ yBeJeHe HOBHHE Cy Jara u oarosapajyha
obpaznoxema. Kopumhena nurepaTypa ykasyje Ja Ccy pa3MOTPEHH AakKTyelHH CTAaBOBH BE3aHU 3a
npobJeMaTHKy JAn3ajHupama e(UKAacCHOI HAMEHCKOT CHCTeMa 3a HaBHTAlWjy MOOWJIHHX poOora.
Komucuja mpema ToMe KOHCTaryje Ja Cy IpHKa3aHUM pe3yjiTaTiMa jacHO MOTBpheHe [OCTaBJbeHE
XHIIOTE3€ OBE ANCEPTAIIH]e.

VIl EVALUATION OF THE PRESENTATION AND INTERPRETATION OF RESULTS OF
THE RESEARCH

Give an explicite, positive or negative, evaluation of the presentation and interpretation of results of the
research.

The dissertation is well structured and the obtained results of the research are presented transparently and




exposed in a clear and systematic manner. Besides all presented results and proposed innovations,
explanations are given accordingly. The consulted literature suggests that state-of-art attitudes and
techniques for designing an efficient embedded system for mobile robot navigation are taken into
consideration. Therefore, the committee states that the proposed hypotheses of this dissertation are
corroborated with presented results.

IX KOHAYHA OLHEHA JOKTOPCKE JUCEPTALIMJE:

ExcnuuuTHO HaBeCTH Jia JIM JUCepTalyja jecTe WK HHje HalKucaHa y CKJIaly ca HaBeJICHUM
00pazioxemeM, Kao U Jia M OHa CaJIp>KU WM HE CaApku cBe OuTHe eneMenre. JlaT jacHe, MpelU3HE U
KOHIIM3HE OJTr0oBope Ha 3. 1 4. nuTame:

1. [la nu je nucepTranyja HamcaHa y CKJIaay ca o0pasiioKemheM HaBeICHHM Y TIPHjaBU TeMe
Jucepranyja je HanucaHa y CKJIaay ca oOpasioXemeM M LUJbeBHMa HCTpaXHMBamba KOje je KaHAuAaT
NPEUI0KNO IPUITUKOM MPHjaBe TEME.

2. Ja nu mucepranuja caapixu cBe OUTHE €IeMEHTe
Jucepranuja canpxu cBe OWTHE elEMEHTE: jaCHO Cy IOCTaBJbEHH NPEAMET M LUJBEBU HCTPAKUBAIbHA,
IIOCTaBJbEHE Cy ABE XUIIOTE3€ U Y TOKY pajia Cy KopulllheHe aJjeKBaTHEe UCTPaKUBAUYKe METOJE.

3. TIlo yemy je nucepranyuja OpHruHaNIaH JONPUHOC HAYLH

JobmjeHn pesyntaTd y OKBHPY OBE Te3e MpEICTaBJbajy 3Ha4YajaH IOMPHUHOC Y PEIeBaHTHOj 00IacTH
HCTPAXUBarbha: M3HETO je YIYTCTBO KAKO WTEPATHBHO JHM3AjHUPATH aITOPUTME M XapIBepcKy IaTdhopMy
ca LWbEM IOCTH3alka IOCTaBJbCHUX AaIlJIMKAaTUBHUX 3axTeBa. Kao TakBa, OHa IpeicTaB/ba 3HA4ajHY
WHOBallMjy y KOJM3ajHy apXUTEKType W airopuramMa y KOHTEKCTY MOOWIHMX IuaThopmu. 3a
(GYHKIMOHAIHOCT JloKanu3auuje, pasBujeH je epukacan Col| npororun 3a Buzyenne EKD-CJIAM
arukanuje, nosehaBum Opoj AXII (cemMOAMMEH3MOHAIHMX) OPHjEHTUpPA KOjU CE€ MOTY OOpajuTH Yy
peaJHOM BpeMeHY y OKBHPY 3aXTEeBHHMX pauyyHCKHX omepauyja - Tuna Kanmanosor ¢unrpa. To omoryhasa
ynotpedy podycuuje Buzyenne CJIAM amnukanyje y KOMIUIEKCHUM (HECTPYKTYMpaHUM) CpeJuHama. 3a
(YHKIMOHATHOCT JCTEKIHje MPenpeKa, jelaH OPUTHHANAH U TeHEPHIKH OKBUP Ha 0a3M Ipo30pa JeTeKIuje
je mpemnoxeH u BamumupaH. Kopucrehu mpo3op QukcHe mUMEH3Hje 3a JIOKATU3aIjy O0jeKTa y CIUIH
YMECTO BHIIE HPO30pa Pa3IMuUTHX IUMEH3Hja, 3HATHO CE CHIDKABA PadyyHCKa KOMIUICKCHOCT alropHTMa
nerekuuje. Ha 6asu Te ynmeHunne Moryhe je peann3oBaTu aJeKBaTHY COMTBEp apXUTEKTYpy 3a alropHTaM
JeTeKLHje Koja Ce M3BpLIaBa y pEalHOM BPEMEHY Ha HaMEHCKHM, BHILICje3rapHUM XETEPOreHHM
XapABEPCKUM InIaThopMama (KapTUIiama).

4. Henocranu nucepranuje u lbUXOB YTUIA] HA PE3YJITAT HCTPAKUBAHA
JlokTopcKa JicepTranyja He Caap ki HelocTaTKe KOju OM yTUIAIH Ha Pe3yNTaTe HCTPaKMBarba.

IX  FINAL EVALUATION OF THE DOCTORAL DISSERTATION

State explicitly whether the dissertation is or is not written relative to given specifications, and whether it
does or does not contain all relevant elements. Provide clear, precise and concise responses on 3rd and 4th
questions:

1. Is the dissertation written in accordance to specifications given in Thesis topics registration
(previous procedure)
The dissertation is written in accordance with specifications and research objectives that were proposed by
the candidate for the Thesis topics registration procedure

2. Does the dissertation contain all the relevant elements
The dissertation contains all the relevant elements: subject and objectives of the research are clearly
stated, two hypotheses were proposed and adequate research methods were used during the work

3. What is the original scientific contribution of the thesis
The results obtained in the thesis are an important contribution to the field: it gives a recipe how to
iteratively design the algorithms and the hardware platform in order to reach the preset requirements. As
such, it presents an important innovation in co-design of architectures and algorithms in the context of a
mobile platform. For localization functionality, an efficient SoC prototype for visual EKF-SLAM
applications is developed, augmenting the number of Anchored Homogeneous Points (AHP) -
parameterized landmarks that may be processed in a Kalman filtering scheme in real time. That enables




robuster VSLAM applications that may be executed in complex environments. For obstacle detection
functionality, an original, generic detection window framework for embedded systems is proposed and
validated. Using a single-scale window for object localization within an image instead of windows of
multiple sizes alleviates greatly the computational complexity of the detection algorithm. Based on this
fact, an adequate software architecture may be realized that supports real-time execution of an object
detection algorithm on an embedded, multi-core heterogeneous hardware platform.

4. Shortcomings of the dissertation and their influence on results of the research
The doctoral dissertation does not contain shortcomings which would influence on results of the research

X HOPEJJIOT:

Ha ocHOBY yKyITiHE OIleHE AHMCEpTAaIlije, KOMHCH]ja TpeIaxe:
Ja ce JoKTopcka aucepranuja mo vaciosom: ,,KOOAN3AJH APXUTEKTYPE U AJTTOPUTAMA 3A
NOKAIMM3ALNJIY MOBUIMHNX POBOTA N OETEKUWJY MPEMNPEKA BASUPAHUX HA
MOJEJY* npuxsaru, a kanauaaty dauueny Tepteny omobpu oa6pana.

X PROPOSITION:

Based on an overall evaluation of the dissertation, the committee proposes:
the acceptance of the doctoral dissertation titled " CO-DESIGN OF ARCHITECTURES AND
ALGORITHMS FOR MOBILE ROBOT LOCALIZATION AND MODEL-BASED DETECTION OF
OBSTACLES" and the authorization of Daniel Tertei's defence.
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