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AHomauis. B Haw u4ac kinbkicmb pobomie, sKi crienpauyrorms 3 1H00bMU,
mMawuHamu ma 00uH 3 0OHUM Yy Pi3HUX cchepax sUpPOBHUUMEa ma eKoOHOMIKU, nobymy,
iHOycmpii po3eae, couianbHoI nedazoaiku, weudko 3pocmae. beskouwimosHi MobirbHi
0oGamKu  WUPOKO  8UKopucmosyombcsi 8 pobomomexHiui:  dodamku,  Wo
86ydosyrombcsi 6e3rnocepedHbO 8 rycKkadi ma MexaHi3amMu; XMapHi rpozpamMu ma iHwWi.
B pesynbmami 3miweHo20 akueHmy Ha npoOyKmueHIiCMb, eHepeito ma egpekmus-
Hicmb aneopummie dodasaHHs1 ma rriamgbopmu 0r1s1 pobomomexHiku 8 MaltibymHboMy
po3susamuMymbsCsi  ONMUMI3auicto  HacmyrnHUX anaopummis: HeobMexeHi pyxu
poboma ma Uoz2o opieHmauis 8 3D-npocmopi; 8usIBNEHHSI 3iMKHEHb mina poboma
(aemoHOMHe 8i0OHOCHe po3mauwlysaHHs]) 3 3arnobicaHHAM MyrnuKogoi cumyauii;
Mapuwipym asmoHOMHOI i30u ma nonsomy 0ns 6e3ninomHux fnpucmpois, asmo ma
6esninomHukie. ROS (Poboya onepauiliHa cucmema) Os151 nepcoHasibHUX pobomie —
gidoma nnamagopma pobomomexHiku, cb0200Hi nonynspHa & Mpomucsioeocmi ma
akademiyHux ycmaHosax. ROS eknw4yae maki apximekmypHi KOMMIOHEHMU:
KOMIMOHEeHMU yripassiHHs rnakemamu; abcmpakmHul wap 058 rnpoepamMHo20 ma
anapamHoz20 3abesneqeHHs (Hardware Abstraction Layer) ma dpatisepie rnpucmpois;
KOMMOHEeHMU 3 hyHKUiSIMU 383Ky ma 0BMiHYy nogidoMIIeHHsMU MK rnpogpamMamu abo
yacmuHamu cepeOHbO20 rpospamMHo20 3abesrnedyeHHs1 ma eeb-catimamu. Tenni
pobomu MoxHa 3anpozpamysamu 055 iMimauii 2d-¢gpopm, SKi npumamaHHi 32pasm
Komax, pub ma nmaxie. [ocniOHukam edanocsi 3abesnedumu pobomy ernacHy
KOOpOUHaujto, WO € 3HaYHUM KPOKOM Y PO38UMKY KOJIEKMUBHO20 WMYy4YyHO20
iHmenekmy ComHi pobomie criiernipayrorome y 2asy3i oHuueHHs doskirns 8id Hacniokie
CMUXitiHo20 ruxa, iHwi Modenrme couianbHi npoyecu. [JokymeHm rnpucesyeHuli 00
8aXK/1UBOI HayKOBO-MPakmMu4yHoOi npobriemu BUKOPUCMAaHHS CydYacHUX MObInbHUX
bescepsepHuUx dodamkie, 30amHux 00 asmoHOMHOI pobomu, ma pobomomexHiYHUX
nnameopm, 30kpema, 00 ix knacugpikayii ma cmaHOapmusauii. Po3ansHymo cueHapii
suKkopucmaHHsi pobomie, fKi 30cepedXyrombCs He nuwe Ha 8upobHuumsi ma
modesntogaHHIi rnpouecig y 2asnysi, a i Ha noeediHKO8OMY MOAesIH08aHHI, MOEOHYOYU iX
i3 sukopucmaHHsIM pobomig y nedazoeiyi ma coujosnoaii.

Knroyoei cnoea: nnameopmu 0na pobomis, sipmyaribHi pobomu, 6be3cepsepHi
mMobinbHi 0oGamku, kinobomu, b6ionoidu, ¢hisu4yHo-KibepHemu4Hi cucmemu.
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Abstract. Nowadays, the number of robots that co-operate with the humans,
machines and with each other in various fields of manufacturing and economics,
everyday life, entertainment industry, social pedagogy is growing rapidly.Server-free
mobile additions are widely used in robotics: applications that are built directly into the
actuators and mechanisms; Cloud-oriented applications and others.As a result of the
shifted emphasis on performance, energy and algorithms efficiency of addition and
platforms for robotics in the future will develop with optimization of the following
algorithms: unlimited movements of the robot and its orientation in 3D space; Detection
of collisions of robot body (autonomous relative location) with prevention of dead end
situation; Routing of autonomous ride and flight for unmanned devices, auto and drone
in.ROS (Robot Operating System) for personal robots — known robotics platform today
popular in industry and academic institutions. ROS includes the following architectural
components: Package Management components; Abstract layer for hardware and
hardware (Hardware Abstraction Layer) and device drivers;, components with
communication and messaging functions between Middleware programs or parts and
Websites.Swarm works can be programmed to simulate 2d-forms, which are inherent
in flocks of insects, fish, and birds. Researchers have managed to provide Swarm with
their own coordination, which forms a significant step in the development of collective
artificial intelligence Hundreds of robots cooperate in the field of cleaning the
environment from the consequences of natural disaster, others model social
processes. The paper is dedicated to the important scientific-practical problem of the
use of modern mobile serverless apps, which are capable to autonomous operation,
and robotics supporting platforms, in particular, to their classification and
standardization. The scenarios for the use of robots that focus not only on
manufacturing and modeling processes in the industry but also for behavioral modeling,
amomg them on the use of robots in pedagogy and sociology, are considered.

Keywords: Robotics Platforms, Virtual Robots, SLMA, ROS, kilobots, bioloids,
Cyber-PHY Systems.

BcTtyn

PisHOMaHiTTS cyyacHux poboTiB nogaHe Ha puc. 1. Ha nigctasi ctatuctuku Big IFR
(International Federation of Robotics) ouvikyeTbCa WBUAKWIA picT npogax npodeciiHnx
pobouix poboTis [1—4, 9—11]. Takox y ManbyTHbOMY HEOOXiAHI A0 5 MITH. NepCOHarnbHUX,
abo pomalHix pobortie. [Jo 2020 p. moxnvBe BBeAeHHsA B gjto o 50000 cnyx6oBux
po6OTiB Ta OPOHIB Y PI3HOMAHTHUX rany3six 3acTOCyBaHHS 3@ HACTYMHUM PO3MOAiNoM

(puc. 2):
‘ oDefense
45,00% mAgriculture

m Logistics

7,00%' m Medical
® Industrial
21,00%

Puc. 1. Po3nogin ranysen 3actocyBaHHs i poboTiB
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e 06opoHa (45%)

e Cinbcbke rocnoaapcteo (21%)
e forictuka (7%)

e meguumHa (5%)

e MPOMMUCOBICTb (22%).

K ar. F
Hainla 2
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6) fitoyquli 3pa3ok y BA Dresden (15.6.2018)
Puc. 2. PisHoMaHiTTa cyyacHMx poboTiB

PisHomMaHiTTA cyyacHux po6oTiB Ta ix knacudikadis

Tabn. 1 nogae kputepii 4Ns po3MeXyBaHHS MiXX MallMHamu, poboTamm, KOMM'to-
Tepom Ta, BnacHe, NioauHo. BHacnigok neBHOI reTeporeHHOCTi NPUMHATa HacTynHa
knacudpikauis cyvacHux pobotis (Robots Taxonomies) [1—4]:

1. 3a ranyssio 3acToCyBaHHS:

e [JOMalLLHi, cepBicHi abo npomucriosi (domain of use: domestic, service, industrial)

2. 3a Tmnom nosieu:

e aBTOMaTWYHIi, MporpamoBaHi, GaraTodyHKLUioOHanbHi NPUCTPOI (appearance:
hardware-based, software-based, programmable, multi-function devices)

3. 3a Tunom pyxi.:

e XOAsMi, KPOKYyHO4i, MOTOPM30BaHiI, fiTatoui, MOOiNbHi, cTauioHapHi (movement:
walking, motorized, driving, flying, mobile, stationary)

4. 3a 30BHiLHIM BUMMSAO0M:

e MalWHK, MaHINynaAToOpW, ramkeTn Ta rymaHoiam (optical look: engines, gadgets,
humanoids).

5. 3a Tnom kepyBaHHS: 3 LibOro NpuBoAy AMB. puc. 3.
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Robot control approaches

Manually controlled Program-driven
_ Permanent programmed Free-programmed
Haslen hue (Automata) (Machine Learning)
Manipulators Sensor-driven SR
platforms
Service robots — SLMA — Industry robots

Puc. 3. Knacudikauisi cyyacHmnx poboTis

Tabnuus 1
MopiBHAHHA «MawunHa — Komn’totep — Po6ot — JTroguHa»

Kputepin MawwuHa Komn’toTep PoGoT JlrognHa
MobinbHicTb, MOTOpUKA 0 - + +
MexaTtpoHika + - + -
CTtyneHi ceoboau npu 0 - 0 +
pyxax
lMporpamHe kepyBaHHSA 0 + + + (IHCTUMHKTW,

pednekcu)

JloriyHun BuBig (Output, - 0 (nporpamHe 0 +
Artificial Intelligence) 3abe3neyeHHs)
MikponporpamyBaHHs, - + (mikponporpa- | + +
3MiHHWUI Habip komaHg MyBaHHS)
CeHcopHa cuctema - 0 + + (opraHu
(Sensors) yyTTH)
MexaHiyHi KOMNOHEHTH + - 0 0

Mpumitka: 0 — YacTKOBO; + — MOBHICTIO BigMNOBIae

PoboToTexHiuHi nnatcdopmu Ta 6e3cepBepHi MOGINbLHI goaaTKu

Cnig Big3Ha4MTM cy4acHy TEHAEHLiO 0O CTBOPEHHS T.3. 6e3cepBepHMX MOBINbHUX
popatkiB (SLMA, Server-less Apps for Robotics). Taki MobGinbHI anu LWMpoKo
BUKOPUCTOBYIOTbCS B pOBOTOTEXHILUI. B Mexax icTopii po3pobkn cepBepHux i 6escep-
BEPHMX [oAaTKiB MOCTIMHO Oynu konvBaHHA Mk wabnoHamu fat and thin clients.
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O6ugea matoTb MEBHI nepeBary 1N HeOOMIKM 3aneXxHo Big BMMOr 4O aniB i gogaTtkis,
MepexeBux napameTpiB QO0S Ta KOHTEKCTY BUKOPUCTAHHS. YMOBHO BiOpi3HATb
HacTynHi Tunu SLMAs:

e 3BMYHI isnuHi kibepcuctemn (CPS, cyber-PHY systems), To6To gogaTku, ski
BOyaoBaHi 6e3nocepeaHbO 40 BUKOHABYMX MALUUH i MEXAHI3MIB.

e «XMapHo»-opieHToBaHi anu (cloud-centric 10T).

e BescepsepHi gogatkn ana Fog Computing,

e a Takox anu ansa poboris [4, 5].

YoMy poBOoTOTEXHIYHI nNnaTtopMu CbOrofHi HacTiNbKM Baxnuei? Hacamnepepn
CTBOPEHHSA PODOTOTEXHIYHUX NNAaTOPM BUKITMKAHE HACTYNHUMK dhakTopamu [1-6]:

¢ [logonaHHs reTeporeHHoCTi

e CTaHaapTu3auia 6a30BuUX PyHKLIN Ta pyxiB

e Po3pobka 6a30BuMX KOHLENLi NporpaMMyBaHHA poboTieB Ta SLMA

e [MprckopeHHs1 po3pobkn goaaTkie Ans poboTis

e BipTyanisauis (BipTyansHi po6oTn)

e MawwnHHe HaB4aHHA (Machine Learning)

o ABTOHOMHICTb Ta eHepreTuyHa eqeKTUBHICTb.

HopaTtkum i nnatdopmn gna poboTexHikm (robot architectures and platforms) matoTb
[1—4] HacTynHi ocobnusocTi: 6e3cepBepHi (Client-centric), BinbHO-NoB’A3aHi (loosely-
coupled) oo cepBepa, OOMiHaHTHa napagurma mobinbHocTi «Sense-Plan-Acty Ta
NnocTinHa B3aemofdis 4YacTuH popaTky (Peers), 4acTO acCUHXPOHHA, | B pexumi
peanbHoro yacy (real-time) B ymoBax HeBu3Ha4deHocTi gaHux (Caching).

BHacnigok 3milLeHoro akLeHTy Ha NPOAYKTUBHICTb, EHEPreTUYHY Ta anropuTMidHy
edeKTUBHICTb goaatku innatcopmn ans pobOTEXHIKM Yy MakbyTHbOMY OyayTb
possuBatuca sk SLMA, ans Hux MawTb OyTWM ONTUMI30BaHI HACTYMHI BaXIuBI
anroputmu [4, 7, 8]:

e HeobOmexeHi pyxum poboTa Ta Woro TpunaTepauia B 3D-npocTopi 3aBasku
peanisauii 3B'A3Ky Ta o0O04YMCneHb [Ana  CcTauioHapHUX Ta MOOINbHUX pPoOboTIB
(unrestricted movement: communication — computation; stationary and mobile robots).

e BusiBneHHa 3iTkHeHb Tina poboTa (aBTOHOMHE BiQHOCHE pO3TallyBaHHSA) i3
3anobiraHHam TynukoBux cutyauii (Collision Detection with Deadlock Prevention,
sensing and routing, autonomous relative positioning)

e MapLpyTu3auisa aBTOHOMHOI i3aM Ta NonboTy Ans 6e3ninoTHUX NpUCTPOIB,
aBTiBOK Ta ApoHie (Path planning autonomous driving).

OnepauinHa cucrema ros — robot operating system

OnepaduinHa cuctema ROS (Robot Operating System) gns nepcoHanbHMx poboTis
(couianbHmx rymaHoigis) [1—4] 6yna pospobneHa y 2007p. y nabopatopii LUTYYHOro
iHTenekty CteHdopackkoro yHiBepcuteTy (Stanford Artificial Intelligence Laboratory).
OnepauinHa cuctema ROS Ta, BogHo4ac, ¢pelMBOpPK And po3pobku anie i3
Bnactmsoctammn OC npautoe nig niueHsieto BSD i Tomy mae BigKpuUTUn mxkepensHui
kog (Open Source). Lia Bigoma poboToTexHiyHa nnatcopma € CborogHi NonynsipHo0
y NPOMMCIOBOCTI Ta akageMivyHmx yctaHoBax. 3 2012 p. onepauinHy cucremy ROS
Takox niatpumye ¢oHg OSRF (Open Source Robotics Foundation). ROS Bkntovae
HaCTYMHI apXiTEKTYPHI KOMMOHEHTN:
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¢ KomnoHeHTu ynpasniHHa naketamn (Package Management)

o ABCTpakTHWUI piBEHb ANA anapaTHoro 3abesnedeHHs i yctatkyBaHHA (Hardware
Abstraction Layer) Ta gpansepu npucTpois

e YacTo BWKOPUCTOBYBaHI KOMMOHEHTM 3 PYHKUAMU 3B’'A3KYy Ta OBMIHY
noBigOMNEHHAMM MK nporpamamu abo uyactuHamm nporpamm Middleware Ta
Webservices.

Kpim Toro, ROS nepecnigye nigxia SOA gnsa ontumisauii 38’a3Ky MK OKpeMUmM
KomnoHeHTamu. OnepadinHa cuctema ROS ang nepcoHanbHUXx poboTiB (couianbHUX
ryMaHoifiB) MOXe BWKOPWUCTOBYBATUCHA 3 KOMMOHEHTaMU PO3LUMPEHHS B CLEHapiax
peanbHoro yacy. Ppenmeopk ROS HanawToBaHun Ha poboTiB HacTynHMX Tunie: PR1,
PR2, TurtleBot, STAIR I, STAIR Il (Stanford), Nao (Aldebaran, SoftBank), Husky A20,
Lego Mindstorms NXT, Z-Robotics Towo. Apxitektypa ROS Architecture noeaHye (puc.
4) anapaTHuin abCTpakTHMIA piBEeHb Ta piBEHb 3aBAaHb YMpaeniHHSA PobOTOM Y KOM-
GiHauiji 3 rpadhikamu, G6inbwe 2000 Gibniotek gna C++ Ta Python.

Robot Operating System
(ROS)

SLMA: C++, Python

Message Queuing Layer

SOA Layer

Components and Middleware

Package Layer (Package
Management)

Programme Libraries

OS Layer

Device Layer

HAL

Hardware and PHY-
environment

dperimBopk i3 Bnactusoctsamn OC

BeacepBepHi MOOINbHI gogaTku

OBMiH NOBIAOMMEHHAMN MK Nporpamamu

i KOMMOHEHTaMM

CepgicHo-opieHTOBaHa apxiTekTypa Ta Web
Services

YacTo BMKOPUCTOBYBaHI QOYHKLLiT i KOMNOHEHTU
KOMYHiKauji

KepyBaHHA nakeTtamu (6ibniotekamu),
[oaaTkoBi NaeHTn (6ibniotekn)

KepyBaHHS i BUKOPUCTaHHA nporpam ans
po6iToB

Linux, Mac OS (experimental), MS Windows
(rudimentary)

[OpaviBepu i3nyHKX NPUCTPOIB

PiBeHb anapaTHOi abcTpakuii

Po6oTu Ta ghisnyHe cepenosuLLe

register

[HTTE, (publisher,
subscriber,
service)

Other
nodes...

ROS Master I

Node Parameter
Server

Puc. 4. CTpykTypa onepauiiHoi cuctemu Ta nnatgopmm
ans pobotiB ROS (ROS Architecture)
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Byanu wmepexi 3 ROS 3gilicHiOlOTE NepefaBaHHA  BUKOHYBaHUX  doannis.
MepeBaramu ujiei OC € HaCcTyMHi: BiAMOBOCTIKICTb, 3MEHLLUEHHS CKNagHOCTI pO3po0Ku,
NpUKragn BUKOPUCTaHHS  (PyHKUiOHANbHOCTI, ©0asa [aHux [JOKYMEHTIB  Ans
BiJE€OMNOTOKIB, HaBiravis No map WpyTy waypoint navigation/ location tracking. Cuctema
TakoX HanawToBaHa Ha kanibpyBaHHs iBusBneHHa obnuyda face detection.
OnepauinHa cuctema ROS BrkopmncToBYye OCHOBHUI KaTanor Master Registry, cepsepu
napameTpie (Parameter Servers) Ta npotokon Tmny «Publish-Subscribe-Request-
Reply». Ons nepepaBaHHa noBigoMneHb (Messaging) 3acTocoBaHi TpaHCMOPTHI
npotokonn UDP and TCP i3 moxnueicTio 0O6MiHY NpoOCTUMW SaHUMKW, MacvBamwu
i TcpykTypammn gaHux (Communication Primitives negotiation at connection time).
Cepsicu cucremu:

e CMHXPOHHI  (Synchronous), NepCUCTEHTHi, NOCTINHOrO 30epiHaHHSA npu
nnaHyBaHHi cLeH: planning scene

e AcuHxpoHHi (Asynchronous), MoHiTopoBaHi monitorable, i3 nepepmBaHHAM Big
nesHoro aparneepa interruptable npu nnaHyBaHHi 3agau: task planning.

HacTtynHi poboTnYHI cMcTeMm Ta cydacHi nnaTtgopmm nogaHo y tadn. 2.

Tabnuys 2
Tunu 6e3cepBepHux SLMA-aniB, nnarcgpopmu Ta MOBM NporpamMmyBaHHA
(3a J.Spillner@ZHAW)

Cucrtemu Ta cyyacHi MoBu MopaHHs,
nnatdopmun nporpaMmyBaHHA niueHsin
1 2 3
AWS Lambda Node.js, Java, Python, C# Service
Google Cloud Functions Node.js Service
Apache Open Whisk Node.js, Swicht, Docker, Python 0SS
IBM Cloud Functions Node.js, Swicht, Docker, Python Service
Azure Functions Node.js, Python, C#, F#, PHP Service
OVH Funtions Node.js, Python, Perl, go, Bash Service
Webtask.io Node.js OSS + Service
Hook.io Node.js, ECMAScript, CoffeeScript | OSS + Service
Effe Go 0SS
OpenLambda Python Academic + OSS
LambClI Docker-Lambda Node.js 0SS
Lever OS Node.js, Go 0SS
Fission Node.js, Python 0SS
Funktion Node.js 0SS
Kubeless Python 0SS
IronFunctions Node.js, Java, Python,Go 0SS
RoboPlus (Robotis BIOLOID) icon-driven C++ OSS + Service
Naoqi, RoboCup (Aldebaran, Python, C++, Java, JavaScript Service,
SoftBank Nao) Framework, OS
Amtel AvrStudio/ Eclipse, C++ Service
Amtel WinAVR (Kilobots)

Mpumitka: OSS — open source system
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3rpanHi poboTtm i Gionoigm

3rpanHi poboTn nogaHi Ha puc. 5. BueHi i iHxkeHepu 3 MapBapACbKOro yHiBepcuTeTy
(Kembpuox, Maccadycetc) BusBunu, $K MNigBUWUTN  eEKTUBHICTb 3rpai, LWo
cknagaetbes 3 1024 maneHbknx poboTiB (Tak 3BaHMX «KinoboTiB», ocKinbku npedikc
«Kilo»=2**10=1024). 3aBasdkuM BnacHin nnatopmi «MalmMHHaA apmaga» Moxe
po3TallyBaTuCa Y AOBINbHMX [BOBMMIPHMX KOHQirypauisix. 3rpanHi  «kinobotm»
(Swarm Robots) moxyTb ©6yTn 3anporpamoBaHi 3 MeTot imMiTauii 2D-copm, ski
nputTamaHHi 3rpasm komax, pub Ta ntaxie. JocnigHuku 3yminu HagaTtu 3rpai (Swarm)
BNACHY KOOPAMHALHO, WO CKMaAae 3Ha4YHUIA KPOK Y PO3BUTKY KONEKTMBHOIO LUTYYHOMO
iHTenekty [6, 9]. CoTHi poboTiB cniBnpauoloTb Y cdepi O4MCTKM cepefoBula Big
HacnigkiB CTUXIMHOro nnxa, iHWi MoaentoTb couianbHi npouecn» (3a Radhika Nagpal,

po3pobHuueto Kilobots).
L
e %
‘ s R oge
R
& o % ®

&
° %%
o
§888 oo

Puc. 5. 3rpanHi pobotu Kilobots Ta moxnuei 2D-koHdirypadii [6, 9]
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b
5

LOOP FOR (Count = 1 ~ RepestCount )
{

© Moton Index Number =

CaLL

Puc. 6. lNMpuknag nporpamyBaHHsa y nnatgopmi RoboPlus
ans Robotis BIOLOID [6-8, 10]

27



Cepis: iHQopMaTHKa, 00YHCITIOBAIbHA TEXHIKA Ta KiOepHETHKA

Po6otn BIOLOID [6, 10] HanexaTb kopewcokin cdipmi Robotis (1999). MoTusauieto
PO3POOHUKIB € «MpeKpacHe ManbyTHE SAK LLACNMBUIA CBIT 3NUTTs poboTiB Ta nogeny,
SIK cKasaB reHepanbHui ampektop B.Soo Kim. Po6oTtn BIOLOID BMKOPUCTOBYHOTHCA
y NPOBIOHUX YHiBepcUTETax CBITY ANS TPeHiHry cTydeHTiB, Takux dk U.S. Naval
Academy, Jlennuircbka HTWK, Tokiicbkunii yHiBepcuTeT, [HAINCbKUIA TeXHONOriYHWUIA
iHCTUTYT KaHnyp, 3 METOH BMBYEHHS YHIBEPCUTETCLKMX KYpPCiB 3 MalIMHOOYAyBaHHS,
MexaTpoHikn Ta poboTexHikn. Takox HasBHi BoHU iy BA Dresden [6-8]. ®ipma no-
CcTayae «iCTOTU» Pi3HOro PiBHA CKMAAHOCTI, NPUKNaz nporpamyBaHHSA SKMX y nnart-
dopmi RoboPlus nogaHuin Ha puc. 6.

MaiibyTHi nnatdopmn 3 poboTM3aLii OTPUMYHOTb MOXIMBICTE BUKOPUCTAHHSA
TEeXHOJOriN BipTyani3auii Ta 3any4eHHs BipTyanbHUX poboTiB yepes mepexy (Inclusion
of Virtual Robots over a Network). Pucn manbyTHix nnatdgopm gns poboTiB nogaHo
y puc. 7.

Emo-robots Mathematical Foundations of
Robotic Movement
Home Facility Ao o
gorithms and Libraries for |
Robots co_re II’tl]ieatfa::frrrl cat ‘ Robotic Movement
Eilois, isolation of applications
Humanoids ° Mullhlenancy APls for Sensors and Actors
+ Billing swarm management
Service + inclusion of virtual robots APls for Network-Assisted |
Robots Robots
Building Fault Tolerance,
Robots Thresholds and Adaptivity
Development Platform Web Sockets: communication —
L Application catalogue,
Webots between robot and its virtual '
T RAPS — Robotics App Store
Runtime Platform Specialized mobile ROS Security Polices for Robots
Privacy for Robots in
Coordination platform Interaction with Humans
«  Use cases of swarms Energy Efficiency and Limitations
= facility surveillance "Sense-Plan-Act" Framework
« construction sites
« large-scale deployments Advanced Robot-2-Robot
with imperfect networking Swarms, Wrap-up and Battles Communications
of Robots
Integrated Platform for Robotics
Puc. 7. Pucu manbytHix nnatcpopm ansa poboris
BucHoBku

1. PoboTta npucBsiieHa cydacHMM MOGINbHUM AodaTkam Ta nnaTtdopmam ans
poboTiB, 30kpeMa ix knacudikaLii Ta ctaHgapTusavii. Baxxnueoto napagnrMoro pos3pobku
Cy4YacHuX MpuKNagHMx nporpam pobOoTOTEXHIKM € Tak 3BaHi 6e3cepBepHi ann SLMA
(Serverless Mobile Apps). Po3rnsiHyTi cueHapii BUKOpUCTaHHS poboTiB, SKi 30CepepKeHi
He TifbKM Ha MOAEeNoBaHHI NpoLUeciB B iHOYCTPIl, ane v npugaTHi Ang noBeniHKoBOro
MOAENOBaHHS, 30Kpema, Ha BUKOpUCTaHHI pobOTiB y neaaroriui Ta couionorii.
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2. lMopaHun aHania BnactMBocTen ManbyTHix nnatcopm poboTis. ManbyTHi
nnatdopmu ansa poboTiB € iHTerpoBaHMMK i CKNagatoTbCsA 3 TAKUX KOMMOHEHTIB, SK
0a30Bi KOMMOHEHTK, 6iOnioTekM Ta MmKepenbHW Kogd, CepedoBulle pPo3pPobKM,
nnatcopma Ans BUKOHaAHHS, BipTyanisauii i koopauHadlii.

3. [Oyxe BaxnvMBMM acnekToMm € JOTPUMaHHS iHGOpMaLinHOI 6e3nekn KoMyHikaLlii
MiXk poboTamm, 3axXMCTy AaHWX NigNPUEMCTBA, OCOBUCTUX AaHUX rpoMagsiH, ki B3aEMo-
JitoTb 3 pPOBOTUYHUMM NPUCTPOAMMN, @ TAKOX aHOHUMHICTb | 3aXMCT NpMBaTHOI chepu.

4. TlpakTnkymn i CTyQeHTCbKi NPOeKTN 3 pOBOTEXHIKM OpIiEHTOBaAHI Ha KOHKPETHI
HaB4YanbHi gucuunniinm 3 IT. TMovnHatoum 3 2016p. OO HaBYanbHOI Nporpamu
OakanaBpaTta B CakcoHcbkin akagemii BA [pesgeH Oynu BkntoyeHi moayni i3
BUKOpUCTaHHAM poboTis [6—10].
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