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Pesome:

[IpunobuBaneTo Ha aJeKBaTHAa CEH30pHAa HMHQOpPMAIMS M H3MOJI3BaHETO U 3a
OCUTYpSIBaHE Ha yIpaBJIEeHUE Ha JABUTATEINTE Ca BaXKHU BBIIPOCH B Ipoleca Ha Ch3JaBaHe Ha
Kpadewmn poOotu. Llenra Ha Ta3u cTaTusl € Ja NPEACTaBH aIrOPUTMHU 3a YIpPAaBIIEHUE 3a
ONTUMH3UpPAHE Ha IMKbJA Ha XOJE€HE Ha MHOBATHUBEH Kpauell poOoT, HapeyeH ,,Big Foot®.
Konctpykuusta Ha poboTa € 6a3upaHa Ha NMPUHLUUIUTE HA MUHUMAJIUCTUYHMS JU3aiH —
MOJI3BaT c€ caMo JBa JBuUrareins, ¢ kouto Big Foot moxe na xoau u gopu J1a mpeojaosisBa
npensatcTBus. OOopy/aBaH € ¢ Pa3InYHU BHJIOBE CEH30PH, KaTO HSAKOM OT TAX MPEJOCTaBsT
nH(popmalys, HeoOX0IMMa 3a pealTu3uPaHETO Ha ONITUMHU3HMPAH HUKbI Ha XoAeHe. M3cnensame
JIBa 3aKOHA Ha JBUKEHHE - CHHYCOUJAJIEH U MOJMHOMHAJIEH - KaTO CpaBHsSBaMe IMOJIyYEHUTE
pe3yJITaTH ¢ IBUKEHHE C TOCTOSIHHA BIJIOBA CKOpOCT. Y 1BaTa npeiiokeHu 3aKkoHa ce OIMUTBAT
Jla HaMepsAT OajlaHC MeX/1y MUHUMHU3MpaHe Ha yJapHUTE HATOBapBaHUS U MaKCUMHU3HMpaHE Ha
CKOpPOCTTA Ha XOJIEHE IIPH ONPEJEJICHA IBUraTeIHa MOITHOCT. EKCIIEpUMEHTATHUTE pe3ynTaTH
ce M3BIMYAT ¢ mnomomira Ha 3D mpuHTHpaH OPOTOTHN Ha poOOTa, KaTo MPaBUIHOTO
peain3upaHe Ha 3aKOHUTE Ha JBIKEHHE CE OCUrypsBa C Iosi3BaHeTo Ha PD kontponep,
MOJIy4aBalll JaHHU OT EHKOJEPU U TAKTWIHHM CEH30pH. EKcliepuMEHTamHUTE pe3ysiTaTh
MOTBBPXK/AABAT MPEIUIOKEHUTE 3aKOHM Ha [JBUIKEHHE, a pe3ylTaTUTe Morar jaa Obrar
MPUJIOKEHU KbM APYTU XOAEIU POOOTH € MOJ00HA KOHCTPYKIIMSL.
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Abstract:

Acquiring adequate sensory information and using it to provide motor control are
important issues in the process of creating walking robots. The objective of this article is to
present control algorithms for the optimization of the walking cycle of an innovative walking
robot named “Big Foot”. The construction of the robot is based on minimalist design
principles—only two motors are used, with which Big Foot can walk and even overcome
obstacles. It is equipped with different types of sensors, with some of them providing
information necessary for the realization of an optimized walk cycle. We examine two laws of
motion—sinusoidal and polynomial—where we compare the results with constant angular
velocity motion. Both proposed laws try to find balance between minimizing shock loads and
maximizing walking speed for a given motor power. Experimental results are derived with the
help of a 3D-printed working prototype of the robot, with the correct realization of the laws of
motion being ensured by the use of a PD controller receiving data from motor encoders and
tactile sensors. The experimental results validate the proposed laws of motion and the results
can be applied to other walking robots with similar construction.
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Pesome:

[IpeacraBeHOTO M3CHNEABaHE MPEICTaBs] OPUTMHAIHA KOHUEIMUHUS 32 MPOCKTUPAHE Ha
Kpauen] poOOT ¢ MHHUMaJEH Opoil aBuratenn. PoOOTHT mMMa ONpoCcTeHa MEXaHWYHA M
yIpasJsiBalla CUCTeMa, YCIICIIHO C€ ABUXH C KpaueHe, N30srBa I MPeoI0JIsiBa IPETSTCTBUS,
KaTo M3I0JI3Ba CaMO J[Ba HE3aBUCUMO YIpaBisiBaHM aurareiiss. OmMucaHu ca OCHOBHHUTE
T€OMETPUYHU U KMHEMAaTUYHHU 3aBHCHUMOCTH, CBBP3aHHU C HETOBOTO JBIKeHHE. [Ipennara ce
ONTUMHU3HMPAHE HA OCHOBHUTE pa3MepH Ha po0OTa, 3a /1a c€ HaAMaJIsT 3aryOuTe Ha eHeprHsl pu
JBUKEHHE 10 paBeH TepeH. Paspaboren u npousseneH € 3D mpuHTHpaH NpOTOTUN Ha poOoTa.
[IpeacraBenn ca cumynanus M E€KCIEPUMEHTH 32 [MPEOJOJISBaHE HA MPEMSTCTBUE.
ExcniepuMmeHTallHO ce ONpenensaT TPAaeKTOPUUTE U MOMEHTHUTE LIEHTPOBE HAa CKOPOCTUTE Ha
3BEHO OT poboTa. Onrcanu ca ¢a3uTe Ha XOACHE U €TANUTE Ha TIPEOI0JIIBAaHE HA TIPETISTCTBHE.
CpaBHsIBaT ce TCOPETUYHUTE M EKCIIEPUMEHTATHUTE pe3yartatu. [IpemokeHnTe moaxonu 3a
ONTUMU3AIMS Ha Pa3MEPUTE 3a HaMaJsIBaHE Ha 3aryOWTe HAa €HEPrus M eKCIePUMEHTATHO
ompe/iesiTHe Ha MOMEHTHHS IEHTBhP Ha CKOPOCTUTE Ca MPWIOKHUMHU H 3a JPYTH Kpadellu
poboTH.
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Abstract:

The proposed study presents an original concept for the design of a walking robot with
a minimum number of motors. The robot has a simple design and control system, successfully
moves by walking, avoids or overcomes obstacles using only two independently controlled
motors. Described are basic geometric and kinematic dependencies related to its movement. It
is proposed optimization of basic dimensions of the robot in order to reduce energy losses when
moving on flat terrain. Developed and produced is a 3-D printed prototype of the robot.
Simulation and experiments for overcoming an obstacle are presented. Trajectories and
instantaneous velocities centers of links from the robot are experimentally determined. The
phases of walking and the stages of overcoming an obstacle are described. The theoretical and
experimental results are compared. The suggested dimensional optimization approaches to
reduce energy loss and experimental determination of the instant center of rotation are also
applicable to other walking robots.

Iyoaukanus Ne3:

Chavdarov, L., Nikolov, K., Naydenov, B., Instant Centre of Rotation of the Robot Big Foot
During Motion and Overcoming an Obstacle. Comptes rendus de 1’Acad emie bulgare des
Sciences, Volume: 72(6), 2019, Pages: 803-810, DOI:10.7546/CRABS.2019.06.13, Published:
2019, ISSN:1310-1331, Ref Web of Science, IF (0.343 - 2019), Web of Science Quartile: Q4,
SJR (0.218 - 2019).
https.//www.webofscience.com/wos/woscc/full-record/WOS:000477784300013

Pesome:

IIpencraBeH € moAXo[ 3a €KCHEPUMEHTAIHO OIPENEISIHE HA MOMEHTHUS LEHTBHD Ha
BbPTEHE M TPAEKTOPUUTE Ha TO3U LIEHTHP 3a 3BEHa Ha Kpaueml podoT. ExcnepumeHnTtute ce
u3BbpuBaT ¢ 3D npuHTHpaH Mojen Ha poboTa Big Foot. Toit nma camo aBa MOTOpa M OIIPOCTEH
MEeXaHWYeH AM3aiiH U BBIPEKH TOBa MOXE Ja BBPBHU, Ja ce oOpblla MU Ja IMPeoaosisiBa
NPEMATCTBUsL, JOPU Ja Ce€ HU3KayBa IO CTHJIOM, MPONOPLMOHAIHH Ha pa3MepuTe My.
TpaekTopusiTa HA MOMEHTHUS LIEHTHP Ha BBPTEHE 32 €JHO 3BEHO CE OIpeIesis B pa3IudHu (azu
OT IpeojioJIsiBaHe Ha npensTcTBue. M3cneaBa ce moBeAeHUETO Ha poOdOTa MpU ABUKEHHE IO
PaBEH TEPEH M IpPeoJoJisABaHEe Ha npensTcTBrue. HampaBeHu ca 3akiatoyeHus Bb3 OCHOBA Ha
MOJIyYEHUTE Pe3yJITaTH C Liel IoA00psBaHe Ha Iu3aiiHa.

Abstract:

An approach is presented for experimental determination of the instant centre of rotation
and the trajectories of this centre for some links of a walking robot. Experiments are carried out
with a 3D Printed model of the robot Big Foot. It has only two motors and simple mechanical
design, and yet it can walk, turn and overtake obstacles, even climb stairs comparable to its
size. The trajectory of the instant centre of rotation for one link is determined at different phases
of overcoming an obstacle. The behaviour when moving on a flat terrain and overcoming an
obstacle is also investigated. Conclusions are made, based on the obtained results in order to
improve the design.
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Pesrome:

I{enTa Ha Ta3u pa3paboTKa € Ja u3cieBa Bb3MOKHOCTUTE 32 M3KaUYBaHE Ha MO-BUCOKH
MPENSATCTBHS, KaTO CBHIIEBPEMEHHO MOAIbp)Ka OOIMMTE pa3sMepu Ha Kpaderl poOoT, upes
nmoAgoOpeHus B Iu3aifHa U ekcriepuMeHTH. [IpecTaBeHa € opuruHaaIHa KOHIICTIIUS 3a JTU3aiH
Ha Kpaden| poOOT ¢ MUHUMaICH Opoi aurarenu. OnpenensT ce TeOMETPUYHH U CHIIOBH
OTpaHUYCHUS 32 MPEOJOJSBAHE HA MPEMATCTBUE U YCIOBUSATA 32 MOJIbpPXKAHE HA CTaTUYHA
crabunHocT. [IpoBekIaT ce eKCIIEPUMEHTH 3a MPEOI0IsIBaHe Ha BEPTUKATHO MPEMSITCTBHE C
3D npunTtupan mozen. Msmnonssar ce 3D ormneuatanu crhiaia Ha podoTa ¢ pa3inudHu Gopmu
U Matepuanu. Pesyararure oT eKCIepUMEHTHUTE ca MPEeICTaBeHU rpauHoO, KaTo ce CpaBHSABAT
c 0azoB mojen. B ToBa mpoyuBaHe ce BbBEkIa Oe3pa3MepeH WHICKC 3a CpaBHSBaHE Ha
BHCOYMHATAa Ha IPEOJOJISTHOTO MPENATCTBHE W pa3MepuTe Ha pobOora. Tol mo3BossiBa
O00EKTUBHO Jla C€ CPaBHIBAT BBH3MOKHOCTUTE 3a MPEOJOJIIBAHE HA MPEMATCTBUATA MEXKIY
pazIMYHUTE BUO0BE MOOUITHU poOoTH. HampaBenu ca 3akIr0ueHus: 1 HACOKH 3a MOJA00pEeHHS B
KOHCTPYKIIUATA.

Abstract:

The purpose of this work is to investigate the possibilities of climbing higher obstacles
while maintaining the overall dimensions of a walking robot through design improvements and
experiments. An original concept for the design of a walking robot with a minimum number of
motors is presented. Geometric and force constraints for overcoming an obstacle and the
conditions for maintaining static stability are determined. Experiments for overcoming a
vertical obstacle are conducted with a 3D printed model. The 3D printed robot feet with
different shapes and materials are used. The results of the experiments are presented graphically
as a percentage of success against a baseline model. In this study, a dimensionless index to
compare the height of the overcome obstacle and the dimensions of the robot is introduced. It
allows to objectively compare the possibilities of overcoming obstacles between various types
of mobile robots. Conclusions and guidelines for design improvements are made.
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Pesiome:

[IpencraBs ce moapoOeH AuHamuueH Mmojnen Ha 3D mpuHTHpaH Kpaudeu] poOoT ¢
MUHHMaJIeH Opoii crenenn Ha cBobona (DOF). Po6oThT MMa caMo JBe CTelneHu Ha cBOOOAa,
HO BBIIPEKH TOBA TOU € CIIOCOOEH J1a ce JBMKM Hampe]l (MM Ha3aj), KaTo BbPBH, 3aBbpTa CE€
10JT IPOM3BOJIEH BI'bJ, 3200HMKaJIS IPETIATCTBUS U IOPH CE N3KAaYBa IO CTHJIOU, B ChOTBETCTBHE
c HeroBusi pazMep. CrenBaiiku TEHACHUUS KbM MOBHIICHA MOMYJISPHOCT Ha POOOTUTE B
oOpa3oBaTeNnHusi MpoOIeC, MPOTOTUINBT HAMUpa TMPUIIOKEHUE B  CHEHHATU3UPAHU
o0Opa3oBaTeTHu METOM 3a paboTa C Jiela C AyTU3bM WIH TPOOJIEMH C Pa3BUTHETO.

Abstract:

We present the detailed dynamical model of a 3D printed walking robot with a minimal
number of degrees of freedom (DOF). The robot has only two DOF, but despite that, it is
capable of moving forward (or backwards) by walking, rotating to an arbitrary angle, going
around obstacles, and even climbing stairs, in accordance with its size. Following a tendency
of an increased popularity of robots in the education process, the prototype finds application in
specialized educational methods for work with children with autism or development problems.
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Pezome:

N3cnenoBarenuTe B KOMIIOTHPHUTE HEBPOHAYKU HM3MMTBAT TPYAHOCTH, KOraTto ce
ONMUTBAT Jla W3BBHPIIAT HEBpPOAHAIM3 HA MpPAKTHKAa WJIM KOraTo TpsOBa 1a MpOeKTUpaT
KOMITIOTBPHO-MO3bueH unrepdeiic (BCI) ¢ 0bp3a HacTpoiika 1 MUHMMaIHA (ha3a HAa 00yUeHHE.
Bb3HHKBa HyXJa OT HHTEPNPETHPYEMH TEXHUKHM 32 W3UMCIMTEIHA WHTEIUTEHTHOCT U
JIEKO/IMpaHe Ha HOBU ChCTOSTHUS HA MO3bKa 3a [0-paz0upaemMa HHTEpIIpeTalys Ha CEH30pHATa,
KOTHUTWBHATA U JIBUTaTeIHaTa 00paboTka Ha Mo3bka. Hue mpemarame oOBHMBKA Ha pa3MuTa
(fuzzy) codryepHa cuctema ¢ 00110 MpeAHa3HAUYCHUE 32 pa3paboTBaHe Ha MEPCOHATU3UPaHa
EET" BCI cucrema. Merona pa3uuTa Ha wu30aumM (pe3KH IPOMEHHM) Ha TeKyllaTa
CUHXpOHM3AIIMsI/IeCuHXpoHu3ausi Ha MmomqHoctTa Ha EED uwectorara Ha HHBO cKamm M
noaabprka Obp3a HacTpoiika Ha BCI upe3 e3uKkoBH XapaKTepUCTHKH, pa3MUTa KOHCTPYKITUS Ha
»ad hoc®, o0sicanmu npaBuna AKO-TOI'ABA (IF-THEN) u xonnenuusra 3a MaTepHET Ha
nemarta (IoT), koeto mpaBu cuctemata BCI HezaBucuma oT ycTpoilcTBOTO M yciyrara. Tou
¥MMa TIOTEHIINAJI 3a MPOSKTHpaHe KaKTO Ha MAaCHBHU, Taka U Ha CBBbp3aHu cbe choutus BCI, ¢
BB3MOXHOCT 32 BHU3YaJIHO IPEJCTaBSHE HA CUTHAIM OT CKaJlla BbB (YHKIUS HA BPEMETO.
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OchIecTBUMOCTTA Ha MPEATIOKEHATA CUCTEMA € JIOKa3aHa Ype3 PeaTHH eKCIICPUMEHTH, PE3KU
MIPOMCHH HA YECTOTHATa MOIIHOCT Ca OTKPUTH B PEATHO BPeMe, B OTIOBOP Ha MPEIU3BUKAHO
BU3YAJIHO-TIPOCTPAHCTBCHO CCJIICKTUBHO BHHMAHUC. HoBuar waumu 3a ACKOAWPAHC Ha
CHTHAJIHMTE OT MO3aKa MOXE Jia C€ H3IO0J3Ba KAaTO BB3MOXKHA 3a HHTEpIpETalus Ha
MMPOCTPAHCTBCHO-BPEMCBATA OWHAMHKA Ha MTAaCUBHUTC WM HPCAU3IBUKAHU HCBPOHHHU
TPETITEHHUS.

Abstract:

Researchers in neuroscience computing experience difficulties when they try to carry
out neuroanalysis in practice or when they need to design an explainable brain-computer
interface (BCI) with quick setup and minimal training phase. There is a need of interpretable
computational intelligence techniques and new brain states decoding for more understandable
interpretation of the sensory, cognitive, and motor brain processing. We propose a general-
purpose fuzzy software system shell for developing a custom EEG BCI system. It relies on the
bursts of the ongoing EEG frequency power synchronization/desynchronization at scalp level
and supports quick BCI setup by linguistic features, ad hoc fuzzy membership construction,
explainable IF-THEN rules, and the concept of the Internet of Things (IoT), which makes the
BCI system device and service independent. It has a potential for designing both passive and
event-related BCIs with options for visual representation at scalp-source level in response to
time. The feasibility of the proposed system has been proven by real experiments and bursts for
and frequency power have been detected in real time in response to evoked visuospatial
selective attention. The presence of the proposed new brain state decoding can be used as a
feasible metric for interpretation of the spatiotemporal dynamics of the passive or evoked neural
oscillations.
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Pesome:

[TpouiechT Ha MpoOMBaHE HAa KOCTH C€ XapaKTepu3Hpa C pa3IUvHU MapaMeTpu, Hai-
BXHUTE OT KOUTO Ca CKOPOCTTA Ha MojaBaHe (mm / S) U CKOpocTTa Ha mpobuBane (rpm). Te
BIUSST CHUJTHO BBPXY KpalHWUTe €deKTH W pe3yiaTaTd OT Ipolieca Ha MpoOMBaHEe, KaTo
MEXaHUYHU U TEPMHUYHU MOBPEAN HAa KOCTHATA ThKAaH U Ka4eCTBOTO Ha oTBopuTe. [10 BpeMe Ha
PBYHOTO TIpOOMBaHE, TE3W MapaMETPH C€ KOHTPOJHMPAT OT XUPYypra BH30CHOBA HA HETOBUTE
MpaKkTUIeCcKu yMeHus. Ho aBToMaTHYHOTO MpOoOMBaHE MOXKE J]a OCUTYPU ONITUMAJIEH pe3yaTaT
OT MaHUMyJaIUATa, KOraTo TaKWBa MapaMeTpu ce ympaisBatr. [lo Bpeme Ha OMKOPTHKAIHO
ABTOMAaTUYHO KOCTHO MPOOWBaHE TaKbB MPOIEC C€ ChCTOM OT HIKOJIKO €Tama: ThpCeHEe Ha
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KOHTAaKTa C bpBaTa Kopa Ha KOCTTa, MPOOUBAHE HA KOpaTa M aBTOMATUYHO CIIUPAHE; ThPCCHE
Ha KOHTaKTa ¢ BTOpara Kopa, MpoOMBaHE HA KOpaTa M aBTOMATHYHO CIIMPaHE; BPbBIIAHE Ha
cBpemioro. Ta3u paboTa mpeacTaBs MOAXO[ 33 YIpPaBJICHHE HA CKOPOCTTA HAa MOJABaHE I10
BpEME Ha Pa3IMYHM €TalH OT Mpolleca Ha MPOOMBaHEe HA KOCTUTE (OPUTHHAJICH allTOPUTHM 32
KOHTPOJ Ha IIOJIaBaHETO), ¢ TOMONITa Ha opromeauydeH pobor 3a mpobduBane (ODRO).
KoHTponbT Ha CKOpOCTTa Ha MOJaBaHEe CE€ OCHOBaBa Ha IPEUIOKEH alTOPUTHM, Ch3AaJCH U
peanu3upan ot crienuduueH copryep. [1o Bpeme Ha mporieca Ha MPOOMBaHE HA OMKOPTHUKATHA
KOCT CKOPOCTTa Ha I0/IaBaHe MpUeMa pa3IndyHu CTOWHOCTH Ha BCEKH eran B auana3ona 0,5—6
mm / s. Te3n CTOHHOCTH 3aBHCAT OT TOJOXEHUETO Ha CBPEIUIOTO U JIAHHHUTE OT JIaTYHMKa 3a
cuiia, U3MEpPBaHM B peajHo BpeMe. HoBocTTa Ha Tasm paboTa € CHHTE3bT HAa OPUTHHAIICH
AJITOPUTHM 32 yIpaBlieHHE Ha CKOPOCTTa Ha MOJaBaHe 3a pellaBaHe Ha OCHOBHUTE MpoOiIeMu
Ha HpO6I/IBaHeTO Ha KOCTUTC B OpTOIICAWYHATA XHUPYPrusd - MUHUMHU3UPAHC HA BPCMCTO 3a
npoOuBaHe (FeHEPUPAHETO Ha TOIUIMHA); MPEMaxBaHe Ha MPUILTH3BAHETO HA CBPEIJIOTO MPHU
I’bpBaTa KOpa M OI'bBAaHE Ha CBPEJIOTO MPU BTOpaTa (J1ajieuHa) kopa,; MUHUMH3HpaHE Ha PHCKa
OT MHKPONYKHATHHHM, KOWUTO TPUYHHSBAT TpPaBMAaTUYHA OCTEOHEKPO3a; MOJ00psBaHE
Ka4eCTBOTO HA OTBOPHUTE Ha MPOOUTUTE OTBOPHU; MPEMaxBaHe Ha MPUILTH3BAHETO HA CBPEIJIOTO
U OI'bBAHETO HA CBPEIUIOTO MPHU BTOpaTa KOpa; MUHUMH3HpPAHE HA CTOHHOCTTa Ha BTOPOTO
MPOHUKBAHE HA CBPEJIOTO HA KOpaTa 4pe3 JABYKOPTUYHO NMPOOMBAHE HA KOCT.

Abstract:

The bone drilling process is characterised by various parameters, the most important of
which are the feed rate (mm/s) and the drill speed (rpm). They highly reflect the final effects
and results of the drilling process, such as mechanical and thermal damages of bone tissue and
hole quality. During manual drilling, these parameters are controlled by the surgeon based on
his practical skills. But automatic drilling can assure an optimal result of the manipulation
where such parameters are under control. During bicortical automatic bone drilling such a
process consists of several stages: searching the contact with the first cortex, cortex drilling and
automatic stop; searching the contact with the second cortex, cortex drilling and automatic stop;
drill bit extraction. This work presents a way to control the feed rate during different stages of
the bone drilling process (an original feed rate control algorithm) using the orthopaedic drilling
robot (ODRO). The feed rate control is based on a proposed algorithm created and realised by
specific software. During bicortical bone drilling process the feed rate takes various values in
any stage in the range 0.5-6 mm/s. These values depend on drill bit position and real time force
sensor data. The novelty of this work is the synthesis of an original feed rate control algorithm
to solve the main problems of bone drilling in orthopaedic surgery — minimisation the drilling
time (the heat generation); eliminating of the drill bit slip at the first (near) cortex and the drill
bit bending at the second (far) cortex; minimising the risk of micro cracks which causes
Traumatic Osteonecrosis; improving hole quality of the drilled holes; eliminating of the drill
bit slip and the drill bit bending at the second cortex; minimising the value of the second cortex
drill bit penetration by bicortical bone drilling.



IIyonuxanus Ne8:
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Pestome:

Pasrnexxnmat ce HOBM 00pa3oBaTeHu ClieHapuu ¢ kpauemus podbot BigFoot ot rimeana
TOYKa Ha KI/I6ep(1)I/I3I/I‘-IHaTa CUCTCMAa U IIPUIIOKCHUA B IMCAArornycCKkara pCXa6I/IJII/ITaHI/I$I.
[IpencraBeHa e ceH3opHaTra cucTtemMa Ha poOOTa, KOSATO CE€ JIOpa3BUBa C LN aJIeKBaTHO
MIPUJIOKCHUE B JIBa HOBOGOPMYIMpaHu o0pa3oBarenHu cieHapus. OOCHKIAT Ce pe3yITaTuTe
MOJIy4Y€HHU OT MUJIOTHO MPOYYBAHE.

Abstract:

The currently designed novel educational scenarios with the walking robot BigFoot
from a cyberphysical system perspective to pedagogical rehabilitation is described in the paper.
The sensor system of the robot is presented, which is being developed further in order to
adequately apply it to two newly formulated educational scenarios. The results of a pilot study
are discussed.

Myonuxanus Ne9:

Chavdarov L., Georgiev, 1., Miteva, L., Trifonov, R., Pavlova, G., Analysis of the kinematic
characteristics of a 3D printed finger of robotic humanoid hand. ACM International
Conference Proceeding Series, 2021, Pages: 145-150, DOI:10.1145/3472410.3472434, 145-
150, ISBN  978-145038982-2, Ref  SCOPUS, SJIR  (0.232 - 2021),
https://www.scopus.com/record/display.uri?eid=2-s2.0-85117580999&origin=resultslist

Pestome:

B ta3u cratus ce nmpencrass pazsutuero Ha 3D oTnevarana xymaHouiHa pbka. [lonssa
Ce OpUTMHAJIHA UJIes 3a OTIIeYaTBaHE Ha TPBCTUTE JUPEKHO CIIIO0EHH, KOETO € BH3MOXKHO CaMO
¢ texnosorumata 3a 3D meuar. OCHOBHUTE KHHEMAaTHYHU XapaKTEPUCTHKA Ha TMPBCT OT
XyYMaHOUJIHATa pbKa Ca U3CIIEIBAHU C TIOMOIITA Ha KOHIIETIIMUTE 3a OTBOPEHA KUHEMAaTUYHA
Bepura. [IpuioskeH e anropuTsbM 3a OnpeiesissHe Ha OCHOBHUTE KUHEMATUUYHU XapaKTePUCTUKHU
Ha MPBCTA, KaTO PAOOTHO MPOCTPAHCTBO M MAHUITYJIATUBHOCT. Pe3ynTaTute 3a BCHUKU NMPHCTH,
0e3 manena, ca mpeacTaBeHU rpaduvHO U cpaBHEHHU. [lon3BaHM ca cpeaHO CTATHCTUYECKU
pasMepu Ha MPBCTUTE U CTaBHUTE orpannueHus. OOCHKAAT C€ MOI3UTE U MPUIIOKUMOCTTA Ha
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IIPEIIOKEHOTO U3CIIEABAHE, KAKTO M IPEIUMCTBATA OT IPUIIOKEHUETO Ha TEXHOIorusATa 3a 3D
IIPUHTUPAHE.

Abstract:

The development of 3D printed humanoid hand is presented in this paper. An original
idea of printing the fingers completely assembled is introduced. Main kinematic characteristics
of finger of humanoid hand are researched using concepts of open kinematic chain. An
algorithm for determining the main kinematic characteristics of the finger, such as workspace
and manipulability, is implemented. The results for all fingers, without the thumb, are described
and compared using their average size and joint constraints. The benefits and applicability of
the proposed research are discussed, as well as the application of 3D printing technology.

My6oaukanusa Nel0:

Chavdarov, 1., Naydenov, B., Nikolov ,V. and Georgiev, I, Modular Design,
Communication and Control Systems of a 3D-printed Humanoid Robotic Hand, in Journal
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Pestome:

Ta3u craTus TpeacTaBs MHOBAaTHUBEH MOAXOJ 3a pa3pabOTBaHE Ha MEXaHUYHU U
KOHTPOJIHH CHCTEMH Ha XyMaHowaHa 3D-oTmnedataHa pbKa ¢ MPBCTH, Oa3upaHa Ha MOIYJICH
npuniui. HoBoctra € B ch3naBaHeTo Ha 3D oTneyaTtaHuTe MPHCTH KATO €IWHUYEH CTIIOO0CH
KOMITOHEHT U Brpa)XJaHETO Ha 3aJBUKBAIIA MEXaHU3MU U YIIPABISBAIIN €JIEMEHTH, KOETO TO
MIpaBU 3aBBbPILIECH HE3aBUCUM MOYyJ. HOBUAT MmoaX0/1 03BOJIsIBA MPUJIAraHETO HA €/IMH U ChIIT
codryep 3a aeicTBAIIM KOMIIOHEHTH, KOUTO Ja C€ U3IMOI3BaT B MPBCTOBU MOAYIIHU C PA3IUYHU
WHIUBUAYAIIHU pa3MepU U OrpaHWYeHHs Ha craBuTe. Pa3zpaboTeHa e MexaHWYHAaTa U
ylpaBisBalla CUCTeMa Ha pbKaTa U € Ch3AaJeH padorteny mporoTurn. OmHcaHO € Kak Ja
peryiaupare ¥ KOHTpOJUpaTe MO3WIMATA HAa NPBCTUTE C Pa3IMUYHUA pa3Mepu U CTaBHU
orpanndeHusi. Onucana € KOMyHHUKAIMATa Ha MOAYJIUTE ¢ pazpadboTeHus: copryep. [Ipoyusa
Cce MOBTOPSIEMOCTTA Ha IBUKEHUETO HA MPHCTA U CE€ U3MEPBA CUIaTa, KOSTO BCEKU MTPBCT MOXKE
Ja yIOpaXHd 1O BpemMe Ha crbBaHe. [IpoBexxmaT ce u ce oOChXKAAT (PYHKIIMOHATHHU
€KCIIEpUMEHTH.

Abstract:

This article presents an innovative approach for developing the mechanical and control
systems of humanoid 3D-printed hand with fingers, based on a modular principle. The novelty
is in creating the 3D printed fingers as a single assembled component and embedding the
actuators and control elements, thus making it a complete independent module. The new
approach allows the implementation of the same software and actuating components to be used
in finger modules with different individual sizes and joint constraints. The mechanical and
control system of the hand is developed and a working prototype is created. It is described how
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to adjust and control the position of fingers with different sizes and joint constraints. The
communication of the modules with the developed software is described. The repeatability of
finger movement is studied and the force that each finger is capable of exerting during folding
is measured. Functional experiments are performed and discussed.

IMyonukanus Nell:

Chavdarov, I, Naydenov, B., Algorithm for Determining the Types of Inverse Kinematics
Solutions for Sequential Planar Robots and Their Representation in the Configuration
Space. Algorithms, MDPI, Volume:15(12), 2022, Pages: 469-493,
DOI:doi.org/10.3390/a15120469, Published: DEC 2022, ISSN:ISSN:1999-4893, Ref Web of
Science IF (2.3 - 2022) and SCOPUS, SJR (0.497 - 2022), https://www.mdpi.com/1999-
4893/15/12/469

https://www.webofscience.com/wos/woscc/full-record/ WOS:000902147100001
https://www.mdpi.com/1999-4893/15/12/469

Pesome:

Pabotara neuHupa no HOB HAYMH PA3IMYHUTE TUIIOBE PELICHUs Ha oOpaTHaTa 3ajaya
Ha kuHematuyHa (IK) 3a paBHUHHM poOOTH ChC cepUiiHA TOIOJIOTUS U IPEACTaBs AITOPUTHM
3a HEWHOTO pemaBaHe. Pa3paOOTEeHUAT aJrOpUTHM IO3BOJISIBA HAMHPAHETO HAa PELEHHs 3a
HIMPOK KPBI pOOOTH Ype3 U3IO0I3BAaHE HA TEOMETPHUEH MOJIXO/, IPEICTABSIIL TOUKH B ITOJIApHA
KoopauHaTHa cuctema. OOpaTHaTa KHHEMaTHKa, KOSTO € €AUH OT Hal-BaXHUTE, Haii-
U3CIEABAaHUTE U MPEAU3BUKATEIHM IpoOJeMH B poOOTHKaTa, MMa 3a ILeJl Ja H3YMCIU
CTOMHOCTUTE Ha CTaBHHUTE IMPOMEHJIMBHU, KaTO C€ KMa MpEeABHUJ JKeJaHaTa MO3ULIUS U
OpueHTalMsl Ha KpaiHus edexTtop Ha pobdora. KoH(urypalMoHHOTO NPOCTPAaHCTBO Cce
orpezesns OT BIVIUTE Ha CTAaBUTE M € B OCHOBATa Ha MOBEYETO AITOPUTMH 3a IJaHHpaHE Ha
JBIKEHUETo. ['eHepupaT ce o6sacTu B pabOTHOTO M KOH(UTYPAalMOHHOTO MPOCTPAHCTBO,
KOHUTO €a JOCTBITHM C PA3IMYHU TUIIOBE pemeHus. Ch3aaZeHu ca IporpaMu, KOUTO U3I0JI3BAT
MPEUIOKEHUS AITOPUTHM 32 POOOTH C JBE M TPH POTALIMOHHU CTENEHU Ha CB0001a ¥ rpauuHO
NPEJCTAaBAT pe3yJiTaTuTe B pabOTHOTO M KOH(UTYpallMOHHOTO MpocTpaHcTBO. OOCHKIa ce
BB3MOXHOCTTA 3a MIPEMHHABaHE OT €IMH THUIl pellieHue Ha oOpaTHAT 3ajaya KbM JpYr upe3
IIpEMHHABaHE Mpe3 CUHTYJIspHAa KOHUrypanus. Pesynratute ca BaXHM 3a IUIAaHMPAHETO Ha
JIBUKEHUSITA B PaOOTHOTO M KOH(PUI'ypallMOHHOTO IMPOCTPAHCTBO, KaKTO W 3a JAW3aiiHa U
KMHEMAaTUYHUS aHaJIU3 Ha poOOTHTE.

Abstract:

The work defines in a new way the different types of solutions of the inverse kinematics
(IK) problem for planar robots with a serial topology and presents an algorithm for solving it.
The developed algorithm allows the finding of solutions for a wide range of robots by using a
geometric approach, representing points in a polar coordinate system. Inverse kinematics,
which is one of the most important, most studied and challenging problems in robotics, aims to
calculate the values of the joint variables, given the desired position and orientation of the
robot’s end effector. Configuration space is defined by joint angles and is the basis of most
motion planning algorithms. Areas in the working and configuration space are generated that
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are reachable with different types of solutions. Programs are created that use the proposed
algorithm for robots with two and three rotational degrees of freedom, and graphically present
the results in the workspace and configuration space. The possibility of transitioning from one
type of solution to another by passing through a singular configuration is discussed. The results
are important for planning motions in the workspace and configuration space, as well as for the
design and kinematic analysis of robots.

IMyonukanus Nel2:

Boiadjiev, G., Krustev, E., Chavdarov, 1., Miteva, L., A Novel, Oriented to Graphs Model
of Robot Arm Dynamics. Robotics, MDPLVolume: 10(4), 2021, Pages: 1-21,
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Pesome:

PobGoTukara e MHTepAMCUUIUIMHAPHA O0JAacT B KOSATO CHIIECTBYBAT HAKOIKO J00pe
M3BECTHU MOJAXO0JA 3a MPEJICTaBIHE HA JUHAMUYHHUS MOJEJ] MEXAHMYHATa KOHCTPYKUUS Ha
poboTu3upana pbka. Prkara Ha poO0oTa € OTBOpEHAa KHHEMAaTHYHA Bepura OT 3B€HA, CBbP3aHH
Ype3 PpOTALMOHHU M TPAHCIALMOHHU CTaBU. B 001us cioydaid € MHOTO TPYJIHO Ja Ce MoJydaT
SICHU U3Pa3H 3a CHIIUTE U BbPTALIUTE MOMEHTH B YPABHEHHUSATA, KbJIETO BBPTAIIM MOMEHTH Ha
3aBMKBAIIUTE MEXAHU3MU MIPEAU3BUKBAT KEJAHOTO JIBMKEHUE HA XBallaya. Y IPaBJICHUETO
Ha pbkaTa Ha poOOTa 3aBUCHM OT TOYHOCTTAa HAa JUHAMUYHUS Mojnel. B cwiecTByBamarta
JIUTEpaTypa CIOXKHOCTTA HA JUHAMHYHHUS MOJEJ CE€ HaMallesiBa Ype3 TEXHUKHU 332 MAIUHHO
oOyueHue 3a WIACHTH(PHUIMpPAHE HAa HEMOJeNupaHa IUHAMHKa. Ta3u craTus mpejsiara HOB
MOJXO/1 32 U3BJIMYAHE HA YPABHEHMATA HA IBU)KEHUETO U BEPTALLIUTE MOMEHTH HA JBUTATEIIUTE
Ha pbka Ha poOOT ¢ mpou3BoiieH Opoi crtaBu. lIpemnokeHHUsT MOAXOA 3a MOJy4daBaHE Ha
TUHAMHYHUS MOJIEN B 3aTBOpeHa ¢opMa H3MOJI3Ba TeopusiTa Ha rpaduTe U MPUHIIMIA Ha
OPTOTOHAJTHOCTTA, MOIIIHA KOHIICTIIIHS, KOSITO CITY>KH KaTo 0000I1IeHre Ha 3aKOHA 3a 3arma3BaHe
Ha eHeprudra. [IpunoxeHnero Ha To31 MOIX0/T CE IEMOHCTpHUpa ¢ momotrra Ha 3D npuHTHpaH
paBHMHEH POOOT C TpH CTETNEHHU Ha cBOOOaa. KOMIIOTHpHUTE €KCIIEPUMEHTH C TO3U pOOOT ce
W3ITBIHABAT 3@ BAJIMIUPAHE HA JUHAMUYHUTE XapaKTEPUCTUKU HA MAaTEMAaTHYECKUSI MOJEN Ha
JNBH)KEHUE, TIOJYYEH 4Ype3 IMPUIaraHeTo Ha MpeMIoKeHUs noaxoxn. Pesynrature ot
EKCIIEPUMEHTHUTE Ca BU3yaTu3UpaHu U 00CHIACHH MOJAPOOHO.

Abstract:

Robotics is an interdisciplinary field and there exist several well-known approaches to
represent the dynamics model of a robot arm. The robot arm is an open kinematic chain of links
connected through rotational and translational joints. In the general case, it is very difficult to
obtain explicit expressions for the forces and the torques in the equations where the driving
torques of the actuators produce desired motion of the gripper. The robot arm control depends
significantly on the accuracy of the dynamic model. In the existing literature, the complexity of
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the dynamic model is reduced by linearization techniques or techniques like machine learning
for the identification of unmodelled dynamics. This paper proposes a novel approach for
deriving the equations of motion and the actuator torques of a robot arm with an arbitrary
number of joints. The proposed approach for obtaining the dynamic model in closed form
employs graph theory and the orthogonality principle, a powerful concept that serves as a
generalization for the law of conservation of energy. The application of this approach is
demonstrated using a 3D-printed planar robot arm with three degrees of freedom. Computer
experiments for this robot are executed to validate the dynamic characteristics of the
mathematical model of motion obtained by the application of the proposed approach. The
results from the experiments are visualized and discussed in detail.

Myoaukanusa Nel3:

Miteva, L., Yovchev, K., Chavdarov, I., Preliminary Study on Motion Planning with
Obstacle Avoidance for Hard Constrained Redundant Robotic Manipulators.
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Pesome:

[InanupaneTo Ha IBUKEHUETO HA POOOTH € €IUH OT Hal-BaXHUTE U MPEIU3BUKATEIIHUA
npoOiiemu 3a ynpapieHueTo uM. OCHOBHATa 3aj7ada Ha pOOOTHU3MpAHHS MAaHUIYJIATOp € Ja
MPEMECTH CBOETO M3MBJIHUTEIHO 3BEHO OT II'bPBOHAYalIHA MO3MUIMUSA W OPHUEHTALHUS KbM
MPEIBAPUTEIHO 3aJaJicHa IEeJeBa MO3MIMA W OpUEHTauus. ToBa W3CIEABaHE pasriexia
IJIaHUpaHe Ha JABUKEHUE C M30sirBaHE HA MPEMSATCTBUS 32 PAaBHUHHU PEAYHIAHTHU POOOTH C
OTYUTAHE Ha CTaBHUTE OTPaHUYCHUS. AHAIM3Upa Cce TSIXHATAa KMHEMaTHKa U ce AeQUHHUpAT
pa3nMYHUTE BUJIOBE OOpaTHH KMHEMaTH4HHU perieHus. Ha 6a3aTa Ha Te3u THIOBE pElICHUS B
paboTHOTO MPOCTPAHCTBO Ha POOOTA C€ OMPENeNsT 30HH, CHOTBETCTBAIIM HA BCEKH THII
pemienue. M3cneaBaHeTo mpeaiara 4ucieH MoAXo/l 32 HaMUpaHe Ha Cielu(UUHUTE TOUKH, B
KOUTO pOOOTHT MOXKE J1a IPOMEHU THUIA CH pelieHue. Te3u TOUKHU MPEeACTABISIBAT UHTEPEC,
KOraTo poOOTHT TpsiOBa Ja M3MBJIHU JBMXCHHE, KOETO MPEMUHABa NPe3 pa3InyHU 30HU Ha
pabOTHOTO MPOCTPAHCTBO. B TakuBa cimyyau ot poOOTa ce U3UCKBA J1a TPEMHUHE MPE3 HIKOU OT
TE3U TOYKH, 32 Ja MOKE J]a TPOMEHHU THUIA HA PEIIEHUETO U Ja U3IBJIHU KEJTAHOTO JIBUKEHHUE.
[IpunoxuMocTTa Ha MOAXO0/A € BaJlMANPAHA Ype3 NPOBEACHU EKCIIEPUMEHTH.

Abstract:

The motion planning for robotic manipulators is one of the most important and
challenging problems of the robot control. The primary task of a robotic manipulator is to move
its end-effector from an initial position and orientation to a predefined goal position and
orientation. This research considers motion planning with obstacle avoidance for planar
redundant robots with constrained joint space. It analyses their kinematics and defines the
different types of inverse kinematics solutions. On the basis of those types of solutions in the
robot workspace are defined zones corresponding to each solution type. The research proposes
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a numerical approach for finding the specific points at which the robot can change its solution
type. Those points are of interest when the robot has to execute a motion which passes through
different zones of the workspace which are not intersecting. In such cases the robot is required
to pass through some of those points in order to be able to change the solution type and to
execute the desired motion. The approach applicability is validated through conducted
experiments.

IIyonukanus Nel4:

Miteva, L., Yovchev, K., Chavdarov, 1., Planning Orientation Change of the End-effector
of State Space Constrained Redundant Robotic Manipulators. Computer Systems and
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DOLI:https://doi.org/10.1145/3546118.3546136, ISBN:978-1-4503-9644-8, SCOPUS, SJR
(0.209 - 2022),

https://www.scopus.com/record/display.uri?eid=2-s2.0-85137181634&origin=resultslist

Pesome:

B Hamm qHM poOOTH3MpaHUTE MAHUITYJIATOPU TPSOBA Ja paboTAT B AMHAMHUYHA Cpelia
Y Jla M3IBJIHSBAT BCE IMO-CIIOKHU M MPELU3HU 3aJ1ayd. 3aTOBa CE€ M3I0JI3BAaT pOOOTH, KOUTO
MMaT TIOBEYE CTENEeHM Ha cB0OOa, OTKOJKOTO M3HMCKBA jKeJIaHaTa 3ajada. Te3u poOoTH ce
HapwyaT peIyHJaHTHU POOOTH M MOTaT Jia JOCTUTHAT JIO TIPOU3BOJIHA TOYKA OT PAOOTHOTO CH
MIPOCTPAHCTBO C MHOXKECTBO OT Pa3jIMyHU KOH(UTYypaluu Ha craBuTe. OCBEH TOBa T€ UMaT
pa3lIMpeEH AUana3oH OT OPUEHTALIMU HA CBOUTE KPailHU M3MBJHUTEIHU 3BeHA. MiMa TOUKM B
paboOTHOTO TPOCTPAHCTBO Ha POOOTA, KOUTO M3WCKBAT KPAWHOTO W3ITBIHUTEIHO 3BEHO Ha
poboTa a ce mpeMecTH OT TeKyIlaTa CH MO3WIMA, 32 Ja IPOMEHU OpueHTalusaTa cu. Toa
W3cle/IBaHe M3ydaBa 30HUTE B PaOOTHOTO MPOCTPAHCTBO Ha poOOTa, B KOMTO TOM MOXe Ja
MIPOMEHU OPHEHTAIMsATAa Ha CBOETO M3IIBIHUTETHO 3BEHO 0€3 J1a ce MPOMEHS TeKyllara My
MO3ULIMS U TE3U, B KOUTO TOBA € HEBB3MOXKHO. CTaTusATa npejjara nojaxo/ 3a IIaHupaHe Ha
TPAeKTOPHSITA 32 TPOMSIHA HA OPUEHTAIIHMATA HA U3ITBJIHUTEIIHOTO 3BEHO HA PEIyHIAaHTEH pOOOT
C MUHMMAaJIHO U3MECTBAHE OT TEKyIara My no3unus. [IpoBexiar ce eKCepuMEeHTH 32 OLICHKA
Ha MPUIOKUMOCTTA HA TO3U MOIXO/I.

Abstract:

Nowadays, robotic manipulators must operate in a dynamic environment and perform
more and more complex and precise tasks. Therefore, robots that have more degrees of freedom
than the desired task requires are used. These robots are called redundant robots and they can
achieve an arbitrary point from their workspace with multiple sets of different joint
configurations. Also, they have an extended range of orientations of their end-effectors. There
are points in the workspace of the robot which require the end-effector of the robot to move
from its current position to change its orientation. This research studies the zones in the
workspace of the robot at which it can make orientation change of its end-effector without
moving from the current position and these at which that is impossible. Therefore, the paper
proposes an approach for trajectory planning for orientation change of the end-effector of a
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redundant robot with minimal displacement from its current position. Experiments are
conducted to evaluate the applicability of this approach.

IIyonukanus NelS (mateHr):

Yapaapos, WU., PoGorusupana xymaHouana pbka, (2020), Ilarear Ne 67070 BI,
ODUINAJIEH BIOJIETHUH, BPOU 06.1 15.06.2020 r., CTp. 18,
https://bulletin.bpo.bg/2020/binder-2020-06-15.pdf

Pesome:

N300pereHuero ce oOTHAacs A0 pOOOTH3UpaHAa XYMaHOHMJIHA pPbKa, KOSATO HMa
HE3aBHCHMO YIPAaB JISIEMU JIBUraTelNd, 3a/BIKBAILM NPBCTUTE. PbhKaTa MOXKe Aa ce Ioi3Ba
CaMOCTOSITEITHO MJIM KaTo 4acT OT poOoT xymaHous. Hamupa npunoxkeHue npu ch3gaBaHETO
Ha poOOTU3HpaHH CTPYKTYpUpaHU HTPH, C IEJI COLIMajHa Tepamnus Ha Jena ¢ mpobiieMu B
pa3BUTHETO WJIM 3a TPENoJaBaHE €3WKa Ha JKeC TOBETE IPU XOpa C YBPEKTAHHUS.
Po6oTusupanara xymaHougHa pbKa c€ ChCTOM OT OCHOBa (1), KbM KOATO ca MOHTHpPaHU
CEpBOMOTOPHU (2), KOUTO 3aJ BHXKBAT POJKHU (3), KbM KOUTO Ca CBbpP3aHU IIbPBU Kpaullla Ha
HUIIKH (4), KOUTO TPEMUHABAT TIPE3 OT BOPU B €AHOTUITHU NIPBHCTHU (5), a BTOPU Kpauila Ha
HUUIIKUTE C€ 3aXBalllaT HEMOJBHUKHO KbM IOCIEIHU 3BeHa (6) Ha mpbcTuTe. EnHOTHNHUTE
npbetu (5) ca npucheAMHEHU KbM ocHoBaTa (1) mocpencTBom pasriodsiemMa BUHTOBA Bpb3Ka
(7), a popmara Ha cTa BUTE HA BCEKU OT MPBHCTUTE € C JBa IMIMHIPUYHH ydacTbka (8) u enHa
chepuuna yact (9) o cpenata, KaTo €Ha OT YACTUTE HA MPHCTA € CBbpP3aHa CbC CHEPUUHUS
y4acThK HEMOABMKHO, a Clie[[BalllaTa JiarepyBa B JBaTa LMIUHAPUYHHU ydacTbka (8) u
yacTU4HO B cdepata (9). Enacruuen paBHuneH rodpupan eneMeHT (10) e cBbp3aH B AMHHS
CH Kpal HEMOJBMKHO KbM HAWBBHINTHOTO 3BeHO (6) Ha mpwecTa (5), a APYrHsIT My Kpai e
HEMNOJIBUYKHO CBbP3aH MOCPEICTBOM BUHTOBETE KbM OCHOBaTa (1).

Abstract:

The invention relates to a robotic humanoid hand that has independently controllable
motors driving the fingers. The arm can be used alone or as part of a humanoid robot. It finds
application in the creation of robotic structured games, for the purpose of social therapy for
children with developmental problems or for teaching sign language to people with disabilities.
The robotic humanoid arm consists of a base (1) to which are mounted servomotors (2) that
drive rollers (3) to which are attached first ends of tendons (4) that pass through holes in
identical fingers (5 ), and second ends of
the threads are fixedly attached to the last links (6) of the fingers. The identical fingers (5) are
connected to the base (1) by a detachable screw connection (7), and the shape of the joints of
each of the fingers is with two cylindrical sections (8) and one spherical section (9) in the
middle, as one of parts of the finger is connected to the spherical section immovably, and the
next bearing in the two cylindrical sections (8) and partially in the sphere (9). An elastic planar
corrugated element (10) is fixedly connected at one end to the outermost link (6) of the finger
(5) and its other end is fixedly connected by screws to the base (1).
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IIyonukanus Nel6 (maTeHT):

Yapaapos, U., Tanes, T., [laBnos, B., Kpayem pobot, (2018), Ilatent Ne 66752 BI,
ODPUIIMAJIEH BIOJIETUH, BPOI 10.2, 31.10.2018 r., cTp.16,
https://bulletin.bpo.bg/2018/binder-2018-10-31.pdf

Pesome:

Kpauemr po6ot, chcTosIn ce OT IeHTpaaHa omopa (1), KbM KOSATO € JTarepyBaH KOpIyc
(2) c BepTuKaliHA OC HA POTALIUS U KbM HETO € JarepyBaH XOpU30HTajeH Baj (3a), U KbM Bajia
(3a), HemoABMXKHO ca 3axBaHAaTH JBE CHMETpUYHU YycropenHu pamena (3b u  3c¢),
XapaKTepu3upalll ce C TOBa, 4Ye B CBOOOIHUTE Kpauilla Ha pameHaTta (3b, 3¢) ca narepyBaHu JBe
crpnana (4 u 4a), Karo ocuTe Ha pOTAIMK Ha Te3u cThiana (4 u 4a) ca B3aMMHO ChOCHHU U ca
yCHOpeIHU Ha ocTa Ha Bana (3a), a 1Be poiku (5 u 5a) ca marepyBaHd Ha XOPU3OHTAIIHUS BaJl
(3a) u ca 3axBaHATH HEMOJBUKHO KbM Kopityca (2), KOUTO IOCPEACTBOM PEMBILH, UM HUILLIKH,
unu Bepurdu (6 u 6a), ca CBbp3aHU CHOTBETHO C BTOpa JABOMKa poiku (7 u 7a), KOUTO ca
JarepyBaHH B OCHTE Ha poTauus Mexay pamenata (3b, 3¢) u crpnanara (4, 4a), kato Bropara
nBoiika ponku (7 u 7a), ca HENOJABUKHO 3aXBaHATH KbM cThlanara (4 u 4a) U BCUUKU POJIKU
(4, 4a, 7 u 7a), uMaT eHAKBH TUAMETPHU, IPU KOETO CTATOp Ha POTAIMOHEH aBHUraTeln (8) e
3axBaHaT HEMOJIBIKHO KbM Kopmyca (2), a poTOPBT My € CBbpP3aH IOCPEACTBOM TPETa POJiKa
(9) Bepura wim pembk (10) ¢ merTpanHa poska (11), HEMOABMKHO 3aXBaHaTa KbM IICHTpaJTHATA
omopa (1), a BTopu poranmonen asuraten (12), cbio e 3axBaHaT HEMOABIKHO KbM KOpITyca
(2), a poTOpBT My € CBbp3aH OCPEACTBOM UeTBBbpTa posika (13) Bepura uinu pembk (14) ¢ neta
poika (15) kbM xopuzoHTanHUA Bai (3a).

Abstract:

The invention relates to a walking robot with central support and two synchronously
moving legs, which finds application in the study of hard-to-reach terrains as a means of
transportation in undefined environments. The walking robot consists of a central support (1)
to which a housing (2) with a vertical axis of rotation is mounted and a horizontal shaft (3a) is
mounted to it, to which two symmetrical parallel arms (3b and 3c), in the free ends of which
two feet are housed (4 and 4a) the axis of the rotation of these feet (4 and 4a) being mutually
coaxial and parallel to the axis of the shaft (3a). Two rollers (5 and 5a) are mounted on the
horizontal shaft (3a) and are fixed to the housing (2) and by means of straps or threads or chains
(6 and 6a) respectively connected to a second pair of rollers (7 and 7a) , which are supported in
the axis of rotation between the arms (3b, 3c) and the feet (4, 4a), the second pair of rollers (7a
and 7a) being fixed to the feet (4, 4a). All rollers have the same diameters. The motor (8) is
immovably attached to the housing (2) and its rotor is connected by means of a third roller (9),
a chain or belt or a thread (10) to the central roller (11) fixed to the central support. A second
rotary engine (12) is also fixed to the housing (2) and its rotor is connected to the horizontal
shaft (3a) by means of a fourth roller (13) chain or belt (14) with a fifth roller (15). A third
rotary motor (17) is fixed to the housing (2) and its rotor is connected by means of a seventh
roller (18), belt or chain (19) with an eighth roller (20) fixedly connected to a second central
support (16). A movie with an 3D printed model prototype can be seen here:
hitps://www.youtube.com/watch?v=ePiC0b5xf40
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