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YnpasjieHue ¢ UTEPaTUBHO CAMOOOYyUYeHHe ¢ OTPAHUYEH U3XO0/

Pestome: Ympasnennero ¢ uteparuBHo camooOyuenue (Iterative Learning Control, ILC) e
no0pe U3BECTEH METOJ 3a yNpaBieHHE Ha CUCTEMH, M3II'BJIHABAILM MOBTAPALIN CE 3aJauu C
BHCOKa TOYHOCT. ToBa m3cnenBane npenacrass [ILC ¢ orpannuen uzxona (Constrained Output
ILC, COILC) 3a HenuHEHHM CHCTEMH C OrPaHHYEHO MPOCTPAHCTBO Ha CHCTOSIHMETO. B
ChIIECTBYBAIaTa JUTEpaTypa HsAMa oOmo pemenue 3a npuiaraHe Ha ILC kbpM TakuBa
cucteMu. To3u HOB METO/] C€ OCHOBABAa Ha aITOpuTHhMa 3a orpanndena rpemika (Bounded Error
Algorithm, BEA) u pa3pemasa npo6ieMa ¢ HATMYMETO Ha IIPEXO/IHA IPEIKa, KOWTO € OCHOBHA
npedka npu npuiaraieto Ha ILC MeToau KbM HEJMHENWHH CHCTEMHM C OrpaHuuyeHus. [[pyro
npeauMctBo Ha COILC e, 4e To3u METOJI MOKE Jla C€ MPHIIOKU KbM CUCTEMHU C OrPAaHUYEHO
MPOCTPAHCTBO HA U3XOAHUTE ChCTOSIHUS. 3a paznuka oT apyru ILC nogxonu, meroasT COILC
U3I0JI3Ba AIFOPUTHM, KOMTO criupa UTepalnusTa Npeau NosBara Ha HapylIEHUE B HAKOE OT
OTpaHMYEHUATA HAa MPOCTPAHCTBOTO HAa ChCTOAHMETO. [lo To3m Haumn COILC paszpemasa
KaKTO mpobiieMa C OrpaHWYeHHs] B MPOCTPAHCTBOTO Ha CHCTOSIHMS, Taka WU mpobdiiemMa ¢
HAJIMYUETO Ha MpexojaHa rpeuika. CXoIMMOCTTa Ha MpeNsioKeHaTa YMCJIeHa IMpoleaypa €
JoKa3aHa B Ta3u ctaTtusl. EQekTHBHOCTTAa HA METO/1a € OLleHEeHa Ype3 KOMITIOThPHA CUMYJIalus
Y TIOJIyYEHHTE pe3yJiTaTh ca cpaBHeHU ¢ BEA MeTon1a 3a yripaBiieHHE Ha HEJIMHEMHU CUCTEMU.
Yucnenure excriepumentu mokaspar, ue COILC e mo-eexkTuBeH OT M3YMCIUTENIHA TIeaHa
TOUYKA U OCUTypsiBa MO-700pa ISUIOCTHA MPOU3BOJUTEIIHOCT. Y CTOMYUBOCTTA U CXOJIMMOCTTA
Ha METOo/la 0 MpaBsAT MPWIOKHUM 3a YIpaBlIeHHE Ha pOOOTH, KOMUTO CE€ MOJEIHpaT KaTo
HEJIMHEWHU CUCTEMHU C OTPAHUYEHO MPOCTPAHCTBO HAa ChCTOSIHUSATA.

Constrained Output Iterative Learning Control

Abstract: Iterative Learning Control (ILC) is a well-known method for control of systems
performing repetitive jobs with high precision. This paper presents Constrained Output ILC
(COILC) for non-linear state space constrained systems. In the existing literature there is no
general solution for applying ILC to such systems. This novel method is based on the Bounded
Error Algorithm (BEA) and resolves the transient growth error problem, which is a major
obstacle in applying ILC to non-linear systems. Another advantage of COILC is that this
method can be applied to constrained output systems. Unlike other ILC methods the COILC
method employs an algorithm that stops the iteration before the occurrence of a violation in
any of the state space constraints. This way COILC resolves both the hard constraints in the
non-linear state space and the transient growth problem. The convergence of the proposed



numerical procedure is proved in this paper. The performance of the method is evaluated
through a computer simulation and the obtained results are compared to the BEA method for
controlling non-linear systems. The numerical experiments demonstrate that COILC is more
computationally effective and provides better overall performance. The robustness and
convergence of the method make it suitable for solving constrained state space problems of
non-linear systems in robotics.
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Ynpas/jieHue ¢ UTEPAaTHBHO CaMOOOY4YEHHETO HA MAHMIYJALUMOHHH POOOTH ¢ TBBPAM
OrpaHuYeHust

Pestome: Tasum cratusi pasriexxia TBbPAUTE OTPAHUYEHUS B JBUKEHHETO HAa CTaBUTE Ha
MaHUIYJAIMOHHUTE POOOTH, U3ITBIHIBAIIM MOBTAPSIIN CE 33Ja4 MIPU HAIUYUE HA HETOYHU
napaMeTpu Ha MaTeMaTH4YecKusi MOJeNl Ha JuHamuKkara. B Hamara mscnenoBarencka pabora
YCTAaHOBHUXME, Y€ MpH TaKWBa YCJIOBHS METOABT 3a VYIPABIEHUETO C HUTEPATUBHO
camooOyuenue (Iterative Learning Control, ILC) e eaun oT Haili-moOpuTe MeTOaU 3a
U3ITBIHEHNE HA IOBTOPSEMH 33/1a4H C BUCOKA MPEU3HOCT. ChIIeCTBYBAIUTE MPUIIOKEHHS Ha
ILC He B3emaT mnoJ BHUMaHHE MPHUCHIIATA HEJIUHEWHOCT HAa JUHAMUYHUS MOJEI Ha
poOOTH3UPAH MAHUITYJIATOP, HUTO TBBPAUTE OrPAHUYECHUS B IPOCTPAHCTBOTO HA ChCTOSHUETO.
ToBa uscnenBane npeactans ycroiuus u cxoaum ILC merox ¢ orpannden uzxon (Constrained
Output ILC, COILC) 3a HenuHEHHUM CHUCTEMH C TBBPAM OIPAHUYEHHUS, KAKBUTO ca
uHAycTpuaaHuTe podbotu. 3a pasnuka ot u3zBectHute ILC meroau, COILC u3non3sa HOBO
yCIIOBHUE 32 NMPEKbCBAaHE HA TEKYIO M3MTbIHIBAHATA UTEpALUs IPEIu MosiBaTa Ha HapyllIeHUe
B HSIKO€ OT TBBPAUTE OrPaHUYECHHS Ha MPOCTPAHCTBOTO Ha ChCTOsIHMETO. [lo TO3M HauumH
COILC pa3pemaBa eIHOBPEMEHHO MPOOJIEMUTE C HAJUYHETO HA TBBPJIM OTPAHUYCHHS B
MPOCTPAHCTBOTO HA ChCTOSTHUETO U C HAJIMYUETO HA MPEXOJHA IPElIKa, KOUTO ca OCHOBHUTE
npeuku npen npuwiaraneto Ha ILC kbMm  HenumHeWHHM cucteMu. CXOOuUMOCTTa |
MPOM3BOJUTENIHOCTTA Ha MPEAIoKeHaTa YUCIIEHA IPOLeypa ca eKCIePUMEHTAIHO OLEHEH!
ype3 KOMIIOThpHA cumyamus Ha poOoT ot tuna SCARA TT-3000. [Tonyuyenure pesynratu
ca ouienenu u nemoncrpupar, ue COILC e moaxoasii 3a pemraBaHe npoodJIeMuTe, TOpoJCHH OT
OTPaHUYEHOTO MPOCTPAHCTBOTO HAa CHCTOSIHUSTA HAa HEIMHEHHM CHUCTEMU B poOOTHKAaTa C
HETOYHOCTHU B IIapaMeTPUTE Ha MOJIeNIa Ha AUHAMUKATA.

Iterative Learning Control of Hard Constrained Robotic Manipulators

Abstract: This paper considers the hard constraints in the movement of the joints of robotic
manipulators executing repetitive tasks in the presence of measurement noise in the dynamic
model. In our research work we have established that subject to these conditions the Iterative
Learning Control (ILC) is one of the best methods performing such tasks with high precision.
The existing applications of ILC don’t take in consideration the inherent nonlinearity of the
dynamic model of a robotic manipulator neither the hard constraints in state space. This paper
presents a robust and convergent Constrained Output ILC (COILC) method for non-linear hard
constrained systems like industrial robots. Unlike known ILC methods the COILC employs a
novel algorithm to cancel the currently executing iteration before the occurrence of a violation
in any of the state space hard constraints. This way COILC resolves both the hard constraints



in the state space and the transient growth problem, which is a major obstacle in applying ILC
to non-linear systems. The convergence and the performance of the proposed numerical
procedure are experimentally evaluated through computer simulation of the well-known
SCARA-type robot TT-3000. The obtained results are discussed and demonstrate that COILC
1s suitable for solving hard constrained state space problems of non-linear systems in robotics
with certain inaccuracies in the dynamic model.

3. Kaloyan Yovchev, Kamen Delchev, Evgeniy Krastev, State Space Constrained Iterative
Learning Control for Robotic Manipulators, Asian Journal of Control, 2018, Volume: 20,
Issue: 3, Pages: 1145-1150, DOI: 10.1002/asjc.1680, ISSN (print): 1561-8625, ISSN
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OrpaHuyeHo OT NPOCTPAHCTBOTO HA CHCTOSHUAITA YIpaBJeHHe C HWTEPATHBHO
camM000y4eHHeTo 32 MAHUIYJIAIHOHHU POOOTH

Pestome: Peannure paboTHM omepanuu Ha NPOMUILJICHHM MaHUITYJIallMOHHU pPOOOTH ce
U3BBPIIBAT B OrPAHUYEHO IMPOCTPAHCTBO HAa CHCTOSHUATA. TakuBa olepanuu Hai-4ecTo
M3HCKBAT TOYHO IUTAHMpAHE U MpOCiesBaHEe Ha jKejJaHa TPaeKTOpus, IPU KOETO ce B3eMaT
NPEIBH]T BCHYKH XapaKTePUCTHKH Ha IWHAMUYHUS MOJIell. Ta3u cTaTus mpecTassi 001 METOT
U epeKTUBHA W3YMCIMTENIHA MpoLeAypa 3a IUIAHUPAHE Ha JBM)KEHUE IO OTHOIICHHWE Ha
OrpaHMYEHUSITa Ha IPOCTPAHCTBOTO HA ChCTOsAHUATA. KaTo ce mma npeBu AMHAMUYEH MOJIEN
Ha POOOTHM3HMpAH MaHUMYJIATOP, MPEUIOKEHOTO PEUIeHHE OTYMTA BIMSHUETO HAa BCHYKHU
HENPEeLM3HO WM3MEpPEeHU NapaMeTpu Ha MOJeNa, W3MOJI3BallKM YIpaBJIEHHE C WUTEPATHBHO
camoobyuenuero (Iterative Learning Control, ILC). OcHOBHO NpeIuMCTBO Ha TOBa pellIeHUE
€, ue TO pasperiaBa Jo0pe U3BECTHUA MPOOJIEM C MPEeKbCBaHE HA MpOIeaypaTa 3a 0O0y4YeHHE
MopaJy BUCOKA MPEXO/IHA IPEIKa MPU U3MbIHEHHE HA TPAEKTOPHOTO ABM)KEHUE MU KOTaTo
JKeJlaHaTa TPAeKTOPHS € ITaHupaHa 0130 A0 FPAaHULIUTE Ha MPOCTPAHCTBOTO HA ChCTOSIHUSATA.
Yucnenara npoueaypa, pazpaboTeHa TyK, U3UUCIsIBa IBUKEHUETO Ha po0oTa, 3a 1a mpocienn
TOYHO >K€JaHaTa TPAaeKTOpHsl B OIPAHUYEHO MPOCTPAHCTBO HA CHCTOSHUATA, KaTO B3eMa
NpEeBUI BCUUKH JUHAMHYHU XapaKTEPUCTHKHU, KOMTO BIUSAT Ha IBUWKEHUETO. Pesynrature
OT cHUMyJalMATa C TUIWYEH HHIYCTPUAICH MAHUITYJIAlMOHEH pOOOT JEMOHCTpHUpAT
yCTOMYMBOCTTAa Ha uMciaeHata npoueaypa. Ilo-cmenumanHo, pesyiaTaTUTe pas3MIUpsBaT
npwioxumMocTTa Ha ILC B ynpaBiieHHETO Ha IBIYKCHUETO HA pOOOTHUTE M OCUTYPSIBAT CPEACTBO
3a moAoOpsiBaHe Ha ISUIOCTHATa e(PEeKTUBHOCT Ha MPOCieIIBaHEe Ha TPAEKTOPHO JIBU)KEHUE 32
OBEYETO pOOOTU3UPAHU CUCTEMH.

State Space Constrained Iterative Learning Control for Robotic Manipulators

Abstract: Real-life work operations of industrial robotic manipulators are performed within a
constrained state space. Such operations most often require accurate planning and tracking a
desired trajectory, where all the characteristics of the dynamic model are taken into
consideration. This paper presents a general method and an efficient computational procedure
for path planning with respect to state space constraints. Given a dynamic model of a robotic
manipulator, the proposed solution takes into consideration the influence of all imprecisely
measured model parameters, making use of iterative learning control (ILC). A major advantage
of this solution is that it resolves the well-known problem of interrupting the learning procedure
due to a high transient tracking error or when the desired trajectory is planned closely to the
state space boundaries. The numerical procedure elaborated here computes the robot arm



motion to accurately track a desired trajectory in a constrained state space taking into
consideration all the dynamic characteristics that influence the motion. Simulation results with
a typical industrial robot arm demonstrate the robustness of the numerical procedure. In
particular, the results extend the applicability of ILC in robot motion control and provide a
means for improving the overall trajectory tracking performance of most robotic systems.

4. Nayden Chivarov, Denis Chikurtev, Stefan Chivarov, Matus Pleva, Stanislav Ondas,
Jozef Juhar, Kaloyan Yovchev, Case study on human-robot interaction of the remote-
controlled service robot for elderly and disabled care, Computing and Informatics, 2019,
Volume: 38, Issue: 5, Pages: 1210-1236, DOI: 10.31577/cai_2019 5 1210, ISSN (print):
1335-9150, ISSN (online): 2585-8807, Ref Web of Science, IF (0.496 - 2019), Web of
Science Quartile: Q4 (135/137 Computer Science, Artificial Intelligence, JCR-2019)
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Kasyc or B3amMoaeiiCTBHETO YOBEK-po0OT HAa cepBH3eH pPoOOOT € JAUCTAHLHUOHHO
ynpasBJieHHe 32 TPHKH 32 BB3PACTHH X0Pa M X0Pa ¢ YBPeKIaAHUS

Pestome: TenneHmnusaTa Ha HEMIPEKHCHATO 3acCTapsBaHE HA HACEJICHUETO U YBEJIUYaBaHETO Ha
Opost Ha XopaTa C ABHraTEeIHM 3aTPyJHEHHUS BOAW 10 YBEIMYaBaHE HA WM3CIICABAHUATA B
obryacTTa Ha cepBu3HaTa podoTuka. Te3u poOOoTH MOraT J1a TOMOTHAT C €KETHEBHH KUTEHCKHU
3aJa4d, KaTo HAllOMHSHE 3a NpHEMaHe Ha JIGKapCTBa, CEpBUpPAHE HAa XpaHAa W HAIUTKH,
KOHTpOJIUpaHe HAa JJOMAKHMHCKU YpPEeau W JAOPH HaONI0JICHHE Ha 3PaBOCIOBHOTO ChCTOSHUE.
Koraro roBopum 3a nojmnomarase Ha Xopara B JOMOBETE UM, TpsiOBa /1a ce OTOENEeXKH, e Mpe3
MIOBEYETO BpeMe Te 1ie TpsOBa caMu Ja KOMyHUKHUPAT ¢ poOOTa U J]a MOrar jia ro yrnpasJsiBar,
3a Ja MoraT Ja M3BJIeKaT MakCMMyMma OT BBb3MOXKHOCTHTE Ha poOota. ToBa u3cienBaHe ce
(dokycupa BBpXY pa3iMyHH METOJH 3a IMCTAHIIMOHHO YIIpaBJIeHHE HAa MOOWJICH CEpBU3CH
pobot, obopyaBaH ¢ poOOTU3UpaH MaHuIynatop. M3cienBaHeTo pasriexaa MoaApoOHO
MeTOoI1, 0a3upaHy Ha yNpaBJieHHE Ype3 KECTOBE, INIACOBU KOMaH U U ye0 Oa3upaH rpaduyeH
noTpeduTencku uHTepdeiic. Bb3MOKHOCTUTE Ha TE3W METOIU 3a B3aMMOJICHCTBHE YOBEK-
po6ot (Human-Robot Interaction, HRI) ca n3cneasanu mo oTHOIIEHHE HA MU3MOI3BAEMOCTTA.
B Ta3u cratus npenacraBsme HOBa Bepcust Ha podbota Robco 19, HoBoO ynpaBneHnue Ha poboTa,
ype3 Leap Motion cen3op 3a JBukKEeHHE, KAKTO 1 HOBa MHOT'OKaHaJIHA CUCTEMa 3a YIIpaBJICHHUE.
Cratusara npeactaBs Metojosiorus 3a u3BbpiiBaHe Ha HRI ekcrnepuMmeHTH OT 4YOBEIIKO
BB3NpUSATHE U 0000IaBa pe3yiTaTuTe OT NPUJIOKEHUSTA Ha U3CJIEABAHUTE METOIU 3a
JUCTAHIIMOHHO yTpPaBJEeHUE B PEATIHU CLEHAPUU.

Case study on human-robot interaction of the remote-controlled service robot for elderly
and disabled care

Abstract: The tendency of continuous aging of the population and the increasing number of
people with mobility difficulties leads to increased research in the field of Assistive Service
Robotics. These robots can help with daily life tasks such as reminding to take medications,
serving food and drinks, controlling home appliances and even monitoring health status. When
talking about assisting people in their homes, it should be noted that they will, most of the time,
have to communicate with the robot themselves and be able to manage it so that they can get
the most out of the robot's services. This research is focused on different methods of remote
control of a mobile robot equipped with robotic manipulator. The research investigates in detail
methods based on control via gestures, voice commands, and web-based graphical user
interface. The capabilities of these methods for Human-Robot Interaction (HRI) have been
explored in terms of usability. In this paper, we introduce a new version of the robot Robco 19,



new leap motion sensor control of the robot and a new multi-channel control system. The paper
presents methodology for performing the HRI experiments from human perception and
summarizes the results in applications of the investigated remote control methods in real life
scenarios.
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Ju3aiin Ha xapayep u copryep 3a MAHUIYJIAUMOHHHU POOOTH € JONBJIHUTEIHHU CTENEHU
Ha cBo0oxa

Pesrome: Po0OTH, KOMTO HMMAaT MHHUMAIHO HEOOXOJMMHTE CTETNeHM Ha CcBoOoma 3a
M3MBJIHEHNE Ha JaJieHa 3aj7a4da, ce AeUHUpaAT KaTo poOOTH O€3 JOMBIHUTEIHU CTEIICHU Ha
cBoboaa. Korato poboture paboTaT ChbBMECTHO C XOpa WIU € APYTd poOOTH, KPaHHOTO UM
U3II'BJIHUTEIIHO 3BE€HO TpSI6Ba Ja MOXKEC J1a JOCTUTHAT IMMPOM3BOJIHA MMO3ULINA U OPUCHTALUA HA
B ISUIOTO paboTHO mpocTpaHcTBo. Koraro poGorure MMar moBeye CTENEHU Ha cBOOOJA OT
HEOOXOIMMHUTE 3a W3IIBJIIHEHHE Ha BB3JIOKEHA 3a/ladya, Te C€ OINpPENeNAT KaTo POoOOTH ¢
JOITBJIHUTECIIHU CTCIICHU Ha 01306011a. PobGotute ¢ JOITBJIHUTECIIHU CTCIICHU HMAT Ha60p oT
BBH3MOXHHU KOH(i)I/IpraHI/II/I 3a JaacHa IO3WIUA W OpHUCHTAlUWsA Ha KpaﬁHOTO UM 3BCHO.
CrnenmoBateiHo, T€ ca MO-I'bBKaBH W MMAT IMO-IIMPOKA MPUIOKUMOCT. Ta3u cratusi u3cienBa
PAaBHUHCH MAaHUITYJIAIUOHCH pO6OT C OOIIBJIHUTECIHU CTCIICHU Ha CBO60213 U HEIrOBUTEC
¢usndeckn xapakrepuctuku. Llenta Ha ToBa wuW3cienBaHE € Ja TPEUIOKHU  ITOIXOJISII
peHTabuiIeH Au3aiiH Ha Xapayep u copTyep 3a podoTa. POOoTHT TpsiOBa 1a MOXKe J1a M3ITBITHIBA
JIBMDKEHUS OT TOYKA JI0 TOYKA MJIM TPACKTOPHM JIBMKEHUs. CleoBaTeHo, HEOOXOIMMO € Ja
ce pa3paboTH cCUCTEeMa 3a YIPABJICHUE, KOSTO J1a € B ChCTOSIHUE J]a PEIITH ITpaBaTa U oOpaTHaTa
3a/ladya Ha KMHeMaThkaTa Ha poOoTa. XapayepHUTEe KOMIOHEHTH TpsiOBa na ObaaT u3dpaHu
CIIOpE]T XapaKTePUCTUKUTE Ha poOOTa M coPpTyepHUTe n3nuckBanus. [Ipeoxennre xapayepeH
¥ cOPTyEpEeH JM3aiiH ca BaJHIMPaHU Ype3 pEaTHU eKCIIEPHMEHTH.

Hardware and software design for redundant robotic manipulators

Abstract: Robots that have the minimum required degrees of freedom to accomplish a given
task are defined as non-redundant robots. When the robots operate with humans or with other
robots, they should be able to reach an arbitrary end-effector pose in the whole workspace.
When the robots have more degrees of freedom than required to execute an assigned task they
are defi ne as redundant robots. Therefore, robots with redundant configurations are more
flexible and have a wider applicability. This paper investigates a planar redundant robotic
manipulator and its physical characteristics. The goal of this paper is to propose suitable cost-
effective hardware and software design for the robot. The robot must be able to execute point
to point or trajectory movements. Therefore, it is required to develop a control system that is
able to solve the forward and the inverse kinematics problems. The hardware components have
to be chosen according to the characteristics of the robot and software requirements. The
discussed hardware and software design are validated through real experiments.



6. Kaloyan Yovcheyv, lterative Learning Control for Precise Trajectory Tracking Within a
Constrained Workspace, Mechanisms and Machine Science, 2019, Volume: 67, Pages:
483-492, DOI: 10.1007/978-3-030-00232-9 51, ISSN (print): 2211-0984, Ref Scopus,
SJR (0.172 - 2019)
https://link.springer.com/chapter/10.1007/978-3-030-00232-9_51

YnpasJ/ieHHe ¢ HMTEPATHBHO CaMOO0OyUYeHHeE 32 IPEUM3HO NPOCJIeIsiBaHe HA TPACKTOPHUATA
B PAaMKHTe HAa OTPAHMY€eHO PAa0OTHO NPOCTPAHCTBO

Pestome: MeroasT 3a ynpasieHue ¢ urepatuBHo camoodyuenue (Iterative Learning Control,
ILC) moxe 5a KOMIEHCHpa TpeUIKd MpH MpocieAsiBaHE HAa TPAeKTOpHUS, MPUYMHEHH OT
HETOYEH MaTeMaTHYeCKHM MoOJieJ]l Ha MaHHUIyJauMoHeH pobor. WHaycTtpuanHute
MaHUIYJATOPH UMAT Pa3jIMyHU CTaBHU OIPAaHUYECHHMS], KAKTO U MPENATCTBUS B paOOTHOTO CU
npoctpancTBO. ToBa uscnensane npoyusa kak ILC meTon Moxe f1a ObJie yCIenHO MPHIIOKEH,
KOrato pabOTHOTO MPOCTPAHCTBO Ha POOOTa € OrpaHUuYEHO U JKeJaHaTa TPaeKTOpUs €
IUTAHUpaHa Jia MpeMHuHe OJIM30 /10 HAKOE OrpaHWYeHHe Ha pabOTHOTO MpOCTpaHCTBO. Toil ce
BB3no3Ba ot merofa ILC ¢ orpannuena rpemika (Bounded Error ILC, BEILC) u ro agantupa
3a MPENU3HO MpocieAsiBaHe Ha TPaeKTOpHUsATa ¢ U30ArBaHe Ha MpensaTcTBUsA. B To3m cimyuait
BEILC nanara ctporu orpaHu4eHUs BbpXY H3XOJHATa TPAEKTOpHUs, KOETO BOJU /10 OaBHa
CKOpPOCT Ha cxoxuMmocT. ToBa wu3cieqBaHe Ipeasara HOBO YCJIOBHE 3a CIHpPaHE, KOETO
o0JieKyaBa OrpaHHMYEHHUATA BBbPXY H3XOoJHATa TpaekTopus. EdexkTuBHOCTTa Ha TOBa HOBO
yCIIOBHE 3a CIIMpaHe ce MPOBEPSBa U OLEHSBA Upe3 KOMIIOThPHA CUMYJIALMs U €eKCIEPUMEHTH
BBPXY peasieH yueOeH MaHMITyJIalluOHEH poOoT. Pe3ynraTtute OT eKCliepuMEHTHTE TIOKa3Bar,
Yye HOBOTO YCJOBHME 3a CIHUpaHe MOJ00psSBa CKOPOCTTa Ha CXOAMMOCT U pa3IIMUpsiBa
npwioxenuero Ha ILC meroaure, koraro ce pasriieka yNpaBJICHHETO Ha WHAYCTPUATHHU
MaHUIYJAl[MOHHU POOOTH.

Iterative Learning Control for Precise Trajectory Tracking Within a Constrained
Workspace

Abstract: The Iterative Learning Control method (ILC) can compensate trajectory tracking
errors caused by imprecise mathematical model of a robotic manipulator. Industrial robotic
manipulators have various motion constraints and obstacles within their working space. This
research investigates how an ILC method can be successfully applied when the robot’s
workspace is constrained and the desired trajectory is planned to pass closely to any workspace
limit. It takes advantage of the Bounded Error ILC method (BEILC) and adapts it for precise
trajectory tracking with obstacle avoidance. In this case, BEILC enforces strict limits over the
output trajectory which leads to a slow convergence rate. This paper proposes a new stop
condition which relaxes the restrictions over the output trajectory. The performance of this new
stop condition is then verified and evaluated through a computer simulation and experiments
on a physical robotic arm manipulator. Those tests proved that the new stop condition improves
the convergence rate and extends the application of the ILC methods when the control of
industrial robotic manipulators is considered.

7. Kaloyan Yovchev, Denis Chikurtev, Nayden Chivarov, Milena Grueva, An Intelligent
Control System for Service Robots, IFAC-PapersOnLine, 2019, Volume: 52, Issue: 25,
Pages: 327-332, DOI: 10.1016/j.ifacol.2019.12.544, ISSN (online): 2405-8963, Ref
Scopus, SJIR (0.332 -2019)
https://www.sciencedirect.com/science/article/pii/S2405896319324632




HNHTe MreHTHA cHCTEMA 32 ypaBJieHHE 32 CEPBU3HM POOOTH

Pestome: B ta3u myOnukanmsi ce m3cieaBaT TUMUYHUTE CTHIIKH, HEOOXOIUMH 3a YCIICIIHO
M3IBbJIHEHNE HA OCHOBHMTE 33J1a4d Ha MEPCOHAIHHUTE CepBU3HU poboTu. CraTusara mpeaiara
KaK Te3W CTBIKA MOTaT Ja ObJaT CTPYKTYpPHPaHHM W MHTETPUPAHU B pPaAMKUTE Ha
camooOyyJaBara ce ekcrepTHa cucrema. [IpoBeieHM ca pealHu EKCIIEPUMEHTH BBPXY
MEPCOHAJICH CEepBU3EH POOOT. Pesynratute OT TE3M EKCIEPUMEHTH 3aKII0uMXa, 4e 4pes3
W3MOJ3BaHE HA PEXKHM HA WHTEIUTCHTHO YIPABJICHHE ISTIOCTHOTO TOTPEOUTEIICKO
W3KUBSIBaHE Cce MOA00psiBa. BrpakgaHeTo HA MHTETUTEHTEH PEXKHUM III€ TTO3BOJIM POOOTHT Ja
Ce yMpaBJisiBa MO-JIECHO OT Bb3PACTHU WU HEOTTUTHH XOPa.

An Intelligent Control System for Service Robots

Abstract: This research presents investigation of the typical steps required for successful
completion of the typical tasks of the personal service robots. It proposes how those steps can
be structured and integrated within a self-learning expert system. There have been conducted
real experiments on a personal service robot. The results of those experiments concluded that
by using an intelligent control mode the overall user experience is improving. With the
incorporated mode the robot will be easily operated by an elderly or inexperienced people.

8. Lyubomira Miteva, Kamen Delchev, Kaloyan Yovchev, Evgeniy Krastev, Design of
Biped Robot with Anthropomorphic Gait, WSEAS Transactions on Systems and Control,
2019, Volume: 14, Pages: 257-263, ISSN (print): 1991-8763, ISSN (online): 2224-2856,
Ref Scopus, SJR (0.19 - 2019)
https://www.wseas.org/multimedia/journals/control/2019/a665103-082.pdf

Ju3aiin Ha AByKpaK podoT ¢ aHTPONOMOpP(HA MOX0AKA

Pestome: ToBa uscnenBane pa3paboTBa AByKpak poOOT U MPOEKTUPA HOB MOJIEN Ha XOJICHE, C
1eJa Ja Cce TOCTHTHE JWHAaMHM4YHA CTaOWIHOCT Ha ToXojakKaTa. EAauH oT Hal-mumpoko
H3I0JI3BAHUTE METOJU 3a CMHTC3 Ha XyMaHOMWJHA MMOXOJKa € METOABT HAa HYJIICBHA MOMCHT,
npemtoxked or Vukobratovi¢ u Juri€i¢. To3u MeTo € u3ciaeaBaH U OICHEH Ype3 KOMIIOThPHA
CUMYyJIaIys Ha JBWKEHUE HAIpe, U3BBPIIECHO OT JBYKpak pobot ¢ 10 crernenu Ha cBOOOA.
BB3 ocHOBa Ha pe3ynaTaTUTe OT CHMYyJAIUsATa Ce Mpejjiara HoB MOJIEeNl Ha XOJCHE, KOWTO €
BIABXHOBCH OT YOBCIIKATa ITOXOJKA. HO)IpO6HO € OIINCaH ﬂHSaﬁHLT Ha MCTHUHCKH ABYKpakK
poboT ¢ 6 creneHu. XapayepHUTe U COPTYepHUTE KOMIIOHEHTH, HEOOXOIUMH 32 CHHTE3 Ha
aHTporoMop¢Ha TMOX0JKa W OE3KUYHO YIpaBJICHHUE, CE OICHSIBAT NPH W3IBJIHCHHETO Ha
PCATMCTUYHH Cllydad Ha y1'[0Tp€6a KaTO ABMIKCHHEC HAIIPEA U Ha3al, JIIBO U AICHO BbPTCHE U
pYTaHe Ha TOTIKA.

Design of Biped Robot with Anthropomorphic Gait

Abstract: This research develops a biped robot and designs a new walking pattern in order to
achieve dynamic gait stability. One of the most widely used methods for the synthesis of
humanoid gait is the zero-moment point method, proposed by Vukobratovi¢ and Juri€i¢. This
method is investigated and evaluated through computer simulation of forward motion
performed by a biped robot with 10 degrees of freedom. On the basis of the simulation results,
a new walking model is proposed that is inspired by the human gait. The design of a real biped
robot with 6 degrees is described in detail. The hardware and software components required
for anthropomorphic gait synthesis and wireless control are evaluated in the execution of

realistic use cases like forward and backward movement, left and right rotation and kicking a
ball.



9. Denis Chikurtev, Ivaylo Rangelov, Kaloyan Yovchev, Nayden Chivarov,
Communication system for remote control of service robots, IFAC-PapersOnLine, 2019,
Volume: 52, Issue: 25, Pages: 186-191, DOI: 10.1016/j.ifacol.2019.12.470, ISSN
(online): 2405-8963, Ref Scopus, SJR (0.332 - 2019)
https://www.sciencedirect.com/science/article/pii/S2405896319323791

KoMyHHKAIIHOHHA CHCTEMA 32 TUCTAHIIHOHHO YNPAaBJeHHe HA CEPBU3HHU POOOTH
Pestome: Crarusita TpeAcTaBs IEpPCOHAIM3MpPAaHAa KOMYHHMKAIlMOHHA CHUCTEMa  3a
JTMCTAaHIIMOHHO yIIpaBJieHUE Ha cepBu3HU poboTH. Cuctemara e 6a3upana Ha loT, Web, Wi-Fi
n ROS. Onucanu ca cTpykTypaTa Ha NpeJIoKeHaTa CUCTEMA U MPUIIOKEHUTE TEXHOJIOTHH,
M3MOJ3BaHU 3a pa3paboTkara Ha cucremara. lIpencraBeH e ye® Oa3upaH MOTPEOUTEIICKH
UHTEepdeiic, U3MOI3BaH 3a JUCTAHIIMOHHO yIpaBJICHHWE Ha cepBU3eH poOoT. [IpoBenenu ca
EKCIIEPUMEHTH BBPXY MPEKOBHS TpaduK, MPEKOBOTO 3a0aBsSHE W BPEMETO 3a PEaKITUs.
[TomydeHuTe pe3yJsiTaTi ca aHAJIM3UPAHU U TIOKAa3BaT, Y€ CUCTEMAaTa € B ChCTOSIHUE J1a OCUTYPH
yeb 0a3upaHo JUCTAHIIMOHHO YIIpaBJICHUE 32 CEPBU3HU POOOTH.

Communication system for remote control of service robots

Abstract: The paper presents personalized communication system for remote control of service
robots. The system is based on the IoT, Web, Wi-Fi and ROS. The structure of the proposed
system and applied technologies used for development of the system are described. Web based
user interface is presented and used for remote control of a service robot. There have been
conducted experiments on the network traffic, network delay and response time. Finally, the
obtained results are analyzed and shows that the system is able to provide web remote control
of service robots.

10. Nayden Chivarov, Denis Chikurtev, Ivaylo Rangelov, Emanuil Markov, Alexander
Gigov, Nedko Shivarov, Kaloyan Yovchev, Lyubomira Miteva, Usability study of Tele-
controlled Service robot for increasing the quality of life of elderly and disabled —
“ROBCO 17, Mechanisms and Machine Science, 2019, Volume: 67, Pages: 121-131,
DOI: 10.1007/978-3-030-00232-9 13, ISSN (print): 2211-0984, ISSN (online): 2211-
0992, Ref Scopus, SJR (0.172 —2019)
https://link.springer.com/chapter/10.1007/978-3-030-00232-9 13

IIpoyyBaHe Ha M3110JI3BAEMOCTTA HA TeJIeYNIPaBJsieM CepBU3€eH POOOT 32 IOBUIIIABAHE HA
KA4eCTBOTO HA ’KUBOT HA Bb3PACTHU X0Pa M X0pa ¢ yBpexaanus — ,,ROBCO 17¢
Pestome: Ilenta Ha TOBa M3CienBaHE € Aa CE NPOYYM HM3IOI3BAEMOCTTA HA TEJICYIPABIAEM
cepBH3eH poOOT, Upe3 M3BBPILIBAHE HA pEaJHU TECTOBE Ha poOOTa C BB3PACTHU XOpa.
VYnpasieHueTo Ha pobOTa ce OCHOBaBa Ha MHOIOKAaHAJIHA CUCTEMa 3a pa3NpOCTPaHEHUE Ha
JTAaHHU OT BBHIIIHU YCTPOMCTBA, KaTO — JPKONCTHK, BUPTYyaJieH JUKOUCTHK, MUKpodoH, Kinect u
Leap Motion ceH3opwu, 3a Aa ocUrypu e(eKkTHBHA MOMOIIl HAa Bb3PACTHUTE XOpa 3a TEXHUTE
pasnuMuHU HYyXaM. B cratusta ca onucaHu (QyHKIMOHAJIHHWTE BB3MOXKHOCTH Ha poboTa
»ROBCO 17 m nmpuHuunuTe Ha NpOBEXKJaHE Ha ekcrnepumeHTutTe. Hakpas, npencrass
pe3yiaraTtuTe OT BIEYATICHHUSTAa HAa BB3PACTHUTE XOpa M TEXHUTE NMPENOPHKU 3a ObIeIu
MoI00pEHMS Ha CEPBU3HUS POOOT.



Usability study of Tele-controlled Service robot for increasing the quality of life of elderly
and disabled — “ROBCO 17”

Abstract: The purpose of our study is to research the usability of a tele-controlled service robot
by performing real tests of the robot with the elderly. Robot control is based on a multichannel
system for data distribution from external devices, such as — joystick, virtual joystick,
microphone, Kinect, and Leap Motion to provide effective assistance of the elderly for their
different needs. In the paper, there are described the functionalities of the robot ROBCO 17
and the principles of the performing of the experiments. Finally, we present the results of the
impressions of the elderly and their recommendations for future upgrades of the service robot.

11. Kaloyan Yovchev, Denis Chikurtev, Nayden Chivarov, Nedko Shivarov, Precise
Positioning of a Robotic Arm Manipulator Using Stereo Computer Vision and Iterative
Learning Control, Mechanisms and Machine Science, 2018, Volume 49, Pages: 289-296,
DOI: 10.1007/978-3-319-61276-8 32, ISSN: 2211-0984, Ref Scopus, SIR (0.2 —2018)
https://link.springer.com/chapter/10.1007/978-3-319-61276-8 32

IIpenu3Ho MNO3UMIMOHMPAHE HA MAHUIMYJAIMOHEH PoOOOT ¢ MOMOIUTA HAa CTepeo
KOMIIOTHPHO 3peHNe U YIPaBjieHHe ¢ UTEPATUBHO CAMOO0YyUYeHuUe

Pestome: ChrBpeMeHHUTE CEpPBU3HHM POOOTHM ca KoMOWHAmMs OT MoOWiHa Tutatrgopma U
poOoTu3upan MaHunyiarop. EnHa oT ocHOBHUTE U HAll-TPYJIHU 3a/1a4ydl Mpej Te3u poOOTH €
TPAaHCTIOPTUPAHETO Ha MPEIMETH MEXKy JBE TOUKH. Te TpsiOBa Ja Morat Ja OTKpUBAT J1aJieH
kenaH obOekT. Crien ToBa Ja mpeMecTaT miargopMara Bb3MOXKHO HaW-OJHM30 0 JKETaHUs
o6exT. Ciex TOBa MaHHUIYJIATOPHT TPSIOBA Ja MO3UITMOHKpPA XBamava 10 odekra. [locneanara
CTBITIKA € XBaIl[aHETO W TPAHCIIOPTHPAHETO Ha 0OekTa. Ta3u cTaTust mpeacTaBsi HOB MOAXO/ 3a
pelaBaHe Ha mMpobJieMa ¢ MO3WIIMOHMPAHETO Ha pbKaTa Ha MaHuiyiatopa. [IpeacraBeHusT
noaxoa Cbu€raBa KOMIKOTHPHO 3pCHHUEC W TCXHUKH 3a YIPABICHUEC C HUTCPATHBHO
CaM006yquHe, 3a J1a KOMIICHCHUpAa BCUYKH HCTOYHOCTHU B KMHEMATUKAaTa U JUHAMHUKAaTa Ha
pob6ora. ToBa BoaM 10 €(DEKTUBHO pENICHHE, KOETO YCIsIBa MPEIHU3HO J1a TMO3WIIMOHHUPA
XBalaya 0 JKeJaHWs OOEKT, JOpM KOraro HWMa MHOTO MAaJKO TIO3HAHUS 3a Te3Hu
MAaTEMATHUYCCKHN MOJICIIN. ToBa e METOMI, KOWTO aBTOMAaTUYHO C€ azarnTtvupa KbM MCXaHUYHOTO
HN3HOCBAHC IO BPEMEC HAa HOPMAJIHU OIICpalMd, KbM JICKHM IMOBPEAN HJINM HCTOYCH MOHTAX.
[Toaxox € BayaupaH Ha peajieH MaHUITYJIaTop.

Precise Positioning of a Robotic Arm Manipulator Using Stereo Computer Vision and
Iterative Learning Control

Abstract: Modern service robots are a combination of a mobile platform and a robotic
manipulator. One of the main and most difficult tasks in front of these robots is the object
transportation between two points. They should be able to detect any desired object. Then move
the platform as close as possible to the desired object. Afterwards the manipulator arm should
position the gripper near it. The last step is to grasp and transport the object. This paper presents
a novel approach for solving the manipulator arm positioning problem. The presented method
combines computer vision and Iterative Learning Control techniques in order to compensate
any imprecisions of the robot kinematics and dynamics. This results in an efficient solution,
which succeeds in precise positioning near the desired object even when there is a very little
knowledge of those mathematics models. It is a robust method, which auto adapts to
mechanical wear during normal operations, not severe damages or imprecise factory assembly.
The method is then validated on a physical robotic manipulator.



12. Nayden Chivarov, Denis Chikurtev, Kaloyan Yovchev, Stefan Shivarov, Cost-Oriented
Mobile Robot Assistant for Disabled Care, IFAC-PapersOnLine, 2015, Volume: 48,
Issue: 24, Pages: 128-133, DOI: 10.1016/j.1facol.2015.12.069, ISSN (print): 2405-8963,
Ref Scopus, SJR (0.298 - 2015)
https://www.sciencedirect.com/science/article/pii/S2405896315026932

LleHoBO opreHTHPAH MOOUJIEH POOOT ACHCTEHT 32 TPHUKHU 32 XOPA C YBPEKIAAHUSA
Pestome: ToBa m3cienBaHe ONMCBAa HAaKpaTKO Kak MOOWJIEH poOOT acHUCTEHT 3a Xopa ¢
yBpeXKIaHUS MOXe J1a Obae peHTa0mieH. ToBa cTaBa 4pe3 U3IMOJI3BaHE HA IUPOKO JTOCTHITHH
Ha Tazapa 4acTH 3a poOoTH u yeO Oasupan norpebutencku unrepdeiic. Taka ta3u cucrema
MOKE JIECHO J1a C€ yMpaBJisiBa JOPH Mpe3 MHTEpHET. 3a na Obje yao0eH 3a moTpeduTes,
bbppMyepbT U codTyepbT Ha poOOTa IpUIaraT pasjinyHu aJrOPUTMHU 3a YIpPaBJIE€HUE — KaTo
PID 6a3upano ynpaBieHue Ha ABUraTelss U U30sirBaHe Ha cObChK. ToBa BOJIM 110 MTOCTUTaHE
Ha MHOTO IUTABHO M MPENU3HO IBMKCHUE U YIIPABJICHUE, KOETO € TOJIEPAHTHO KbM I'PEIIKH Ha
onepatopa. [IpeanoxkeHu ca u ca OLlEeHEHHM pa3IMYHU METOAM 3a M3IpallaHe Ha KOMaHIU 3a
JBUKEHHE KbM cHcTeMaTa Ha MOOUITHUS poOoT. POGOTHT 111e Moke J1a HallOMHS Ha XopaTa ¢
YBpEXKIaHUS Jla TPUEMaT JIGKapCTBA, IIe CEpBUpPA MPEABAPUTEIHO MPUTOTBEHH XPaHU H
HAIHUTKH, 1€ BKIIOYBA/M3KITFOUBA €ICKTPOHHHU YCTPOMCTBA, 1IIe aJlapMHpa MPH BIIOIIABAHE HA
3/IpaBOCIOBHOTO UM CHhCTOSIHUE U III€ C€ CBbP3Ba C JIEKYBalll JIEKap, POJHUHU WK ChC CIEIIHA
MEIUITTHCKA ITOMOIIL.

Cost-Oriented Mobile Robot Assistant for Disabled Care

Abstract: This abstract describes briefly how mobile robot assistant system for disabled persons
can be cost-effective. This is done by using a widely available on the market robot parts and a
web based user interface. So this system can easily be controlled even over the Internet. To be
a user-friendly the robot firmware and software implements various control algorithms — like
PID based motor control and collision avoidance. This results in achieving a very smooth and
precise movement and a control tolerant to operator’s mistakes. Different methods for sending
movement commands to the mobile robot system are proposed and evaluated. The robot will
be able to remind disabled persons to take medications, it will serve pre-prepared food and
drinks, will turn on/off electronic devices, will alert when his/her health is getting worse and
will connect to his physician, relatives or with the emergency services.

13. Stefan Chivarov, Denis Chikurtev, Kaloyan Yovchev, Nayden Chivarov, Multi-channel
software infrastructure for remote control of service robots, 2019 6th International
Conference on Control, Decision and Information Technologies, CoDIT 2019, Pages:
1283-1288, DOI: 10.1109/CoDIT.2019.8820362, Ref SCOPUS, Ref IEEE Xplore
https://ieeexplore.ieee.org/document/8820362

MHorokanajiHa co)ryepHa HHQPACTPYKTypa 3a [JMCTAHIMOHHO YIPABJICHHE HA
CEePBHU3HHU pPo0OTH

Pestome: B Ta3zu cratus e npenctaBeHa yHUBEpCalIHa CUCTEMA 3a KOHTPOJI U YIIpaBJIEHHE Ha
cepBu3HU poOoTu. ToBa wu3ciHeABaHE ONUCBA OCHOBHUTE WJEH, apXUTEKTypa U
3aIbJKUTENIHUTE QYHKIIMOHAIHOCTH Ha copTyepHa HH(GPACTPYKTYpa € IIUPOKO MPUIIOKEHHE,
noaxoadina 3a pa3jiudyHUTEC 3aJadd, HU3IbJIHABAHU OT CBBPEMCHHHUTC CCPBHU3HH pO6OTI/I.
[Ipenyioskenara cucrema TpsiOBa Ja MpeNoCTaBs OTAAJIEYEH JOCTBI 10 podOTa M I'BIHO
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JUCTAHIIMOHHO a/IMUHUCTPHUpAaHE, AMAarHOCTHKA U yrpaBieHue. B cpiioro Bpeme copryepHara
cucTtema TpsA0Ba J1a chOepe BCUUKHU JIaHHU U YIIPABJIABAILY CUTHAIIM U J1a TH Pa3pOCTPAHU KbM
BcsKka nojacucrema. Cratusta NMpeAcTaBs NMPUMEPU OT PEATHMS KUBOT W INPUIOKEHHS Ha
onucaHarta coptyepHa cuctema. J[ageHu ca HaCOKH 3a ObJIeIH T0I0OPEHUS U IPUIIOKEHHSI Ha
IpeIoKeHaTa CUCTEMa.

Multi-channel software infrastructure for remote control of service robots

Abstract: a versatile system for control and management of service robots is presented in this
paper. This research describes the main ideas, architecture and the mandatory functionalities
of a generic software infrastructure suitable for the various tasks executed by the modern
service robots. The proposed system must grant remote access to the robot and full remote
management, diagnostics and control. In the same time, the software system had to gather all
data and control signals and distribute them over any subsystem. The paper presents real-life
examples and applications of the discussed software system. Future improvements and
applications of the proposed system in the field of the industrial robotics are given.

14. Martin Kambushev, Stefan Biliderov, Kaloyan Yovchev, Denis Chikurtev, Kiril
Kambushev, Nayden Chivarov, Influence of atmospheric turbulence on the control of
flying robotics systems, 2019 28th International Scientific Conference Electronics, ET
2019 - Proceedings, DOI: 10.1109/ET.2019.8878670, ISBN(print): 978-1-7281-2575-6,
ISBN (online): 978-1-7281-2574-9, Ref Scopus, Ref IEEE Xplore
https://ieeexplore.ieee.org/document/8878670

Biausinue Ha armocpepHaTra TYpOYJIeHUHSI BbPXY YIPABJEHHETO Ha JIETHALIH
poO0OTHU3HPAHM CHUCTEMH

Pestome: Mankute poOOTH3MpaHU OE3MWIOTHU JIETaTEIHM amnapaTd ca W3JI0KEHU Ha
HEJIETEPMUHUCTUYHU CMYLIEHUs], IPUYUHEHHU OT CpesiaTa, B KOsITo paboTsT. ToBa u3cienBaHe
pasriexaa BIMSHUETO Ha CMYIICHHATa, NPUYUHEHH OT aTMocdepHaTa TypOyJICHIMS.
OTKJIOHEHHETO OT KEJIAHATa TPACKTOpHs Ha IOJIETA NPHU TaKHWBa YCIIOBHS CE€ OLEHSABA 4Ype3
koMmioTbpHa cuMynamuss Ha MATLAB na LQR ynpaBnenwe Ha KBaJpOKOITE.
[TpennoxeHaTa eKCIIEpUMEHTAIHA IOCTAHOBKA MOXKE Ja CE M3II0JI3BA 3a CPABHEHUE U OLICHKA
Ha JApYyTr'¥ METOJM 33 TPAEKTOPHO yIIPaBJICHUE.

Influence of atmospheric turbulence on the control of flying robotics systems

Abstract: Small-sized robotized unmanned flying vehicles are exposed to non-deterministic
disturbances caused by the environment in which they operate. This research investigates the
influence of the disturbances caused by the atmospheric turbulence. The deviation from the
desired flight trajectory in such conditions is evaluated through a MATLAB computer
simulation of LQR control of quadrotor. The proposed experimental setup can be used for
comparison and evaluation of other trajectory tracking control methods.
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