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PO3POBKA CTPYKTYPHOI CXEMHM MOBLIbHOI MAHINYJISILIMHOI NJIAT®OPMH
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XapKIBCbKHI HalllOHAIBHUM YHIBEPCUTET Paio€IeKTPOHIKH

VYkpaina, 61166, Xapkis, np. Hayku 14

Email: kyrylo.konovalenko@nure.ua

AHoTauisa: B craTTi npoBeeHo aHalli3 CydacHUX MOOUIBHUX pOOOTIB, K1 BAKOPUCTOBYIOTHCS JUIS
po3minyBaHHs. Ha 06a3i mpoBeneHOro aHaiizy po3poOJieHO CTPYKTYpHY CXeMy, OOpaHO OCHOBHI
€JIEMEHTHU Ta OIMCAHO X MpU3HAUYEHHS, PEKOMEHI0BAaHI alapaTHi MOJyJl Ta 3alpOIOHOBAHO METOJ,
3a IOTIOMOTOIO SIKOTO Oy/i€ TPOBOJUTUCH PO3MIHYBaHHS.

Kurouogi cioBa: MoOUIBHI poOOTH, PO3MIHYBaHHS, CTPYKTYpHA CXeMa, arapaTHi MOIYIi.

DEVELOPMENT OF A STRUCTURAL DIAGRAM OF A MOBILE MANIPULATION
PLATFORM FOR DEMINING

K. Konovalenko

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av.,14

Email: kyrylo.konovalenko@nure.ua

Anotations: The article analyzes modern mobile robots used for demining. On the basis of the
analysis, a structural diagram was developed, the main elements were selected and their purpose was
described, hardware modules were recommended, and a method by which demining would be carried
out was proposed.

Key words: mobile robots, demining, structural diagram, hardware modules.

CydacHi MIHUM € JyXe TMOLIMPEHOI 30po€r0 B 30HAX KOHQIIKTY, K €(QEKTHUBHIA €JIeMEHT
CTPUMYBAHHS SIK JIFOJACHKOI CHJIH, TaK 1 001M0BOi TexHiKK. YacToTa X BUKOPHUCTAHHS OB’ sI3aHA TUM,
0 BOHA KOILUTYE JIOCUTh JEIIEBO, MPOCTa y BUPOOHUITBI Ta B yKJIaJaHHI. MexaHi3M NIAPUBY MIHU
MOXK€ OyTH SIK KOHTPOJIbOBAHIM Y€pe3 CUCTEMY AMCTAHLIHHOIO KepyBaHHS abo uepe3 (i3uyHUil
KOHTaKT 3 00’exToM [1]. BHacnigok yoro, BuganeHHs Ta 3HUIIECHHS BCIX GOPM HEOE3MEUHUX YIaMKiB
Ha moii 0or0, 30KpeMa MIHM Ta IHLII Ooe€rnpumacH, 10 He BHOYXHYJH, € KUTTEBO BaKIUBOIO
[epelyMOBOIO JIJIsl BIAHOBIIEHHS OYy/b-SIKOTO PErioHy micis BiiHU. BapTo Takoxx Opatu 10 yBaru, 1o
BUTPAaTH Ha BHUPOOHHUIITBO MiHI MOKe KoimBatucs Bix 3~30$, mpu mpomMy mHOTOYHA BapTICTh
pO3MiHyBaHHsI O/HI€T MiHU KosuBaeTbes B Mexax 300-1000 nomapis CIIIA 3a MmiHy (3a1€XiTh Bif
TUITy MiHI Ta 30H1 MIHHOTO 3apakeHHs) [2]. Ha ganiii yac icHye Onu3bko 2000 BUIIB MIH, Ta TIOHAJ
650 tuniB npotutaHnkoBux. Kareropii MiH OyBaloTh pI3HUMH: BUOYXOB1, OCKOJIKOBI, CIIPSIMOBaHIi Ta
oOMexyBanpHi mpucTtpoi. LI  MiHM BapitoloTbCcad BiA AyXKE€ MPOCTUX MPUCTPOIB 10
BUCOKOTEXHOJIOTTYHUX. Jleski BUIAM CydyacHUX MIH HPHU3HAYEH1 JUIsl CaMO3HMIIEHHS abo0 XIMIYHOT
00poOKH caMOCTIHHO 1HEPTHO Yepe3 IMepioj] THXKHIB abo MICsIiB. 3BUYaiiHl MIHM Y BCbOMY CBIT1 HE
MalTh MEXaHI3MYy CaMOPYHHYBaHHS, 1 BOHH JOBTHM 4Yac 3anuinaloTbes akTuBHUMHU [3]. CydacHi
MPOTHUIIXOTHI MIHM BUTOTOBJISIIOTHCA 3 CKJIAQJHUX HEMETAJIYHUX MarepialiiB, TaKOX 3apa3 BiKe
ICHYIOTH IHTEJIEKTyaJIbH1 MiH1, [0 MalOTh MOKJIMBICTb BMUKATUCS 1 BUMHUKAIOThHCS, BUKOPUCTOBYIOUH
4oro, NMpouec iIeHTU(IKaLIi Ta 3HEIKOHKEHHS MIHH € CKJIaJHOI HayKOBO-JI0CIIITHOIO 33Ja4eto, JUIs
PIILIEHHS K01, BAKOPUCTOBYIOTHCS MEPEOB1 PIILIEHHS B Taly31 poOOTOTEXHIKH [4].

[IpoBoasun aHali3 Cy4acCHUX MOOUIBHUX CUCTEM PO3MIHYBaHHS, X MOKHA MOJUINTH HAa HACTYIHI
tunu (puc.l):

- TeJeKepoBaHI MalMHU (poOOT, SIKUH KEpyeTbCsl ONEpPaTopoM, Ta BUKOHYE MEXaHIYHE
PO3MIHYBaHHS 3a paxyHOK 1o/ipi0y MiH1 MalInHO0) (puc.la);



- MOOUIBHI POOOTOTH30BaHI1 IIATGOPMHU 3 MaHIyIATOpOM (puc 16);
- 0e3MUIOTHI JIiTalbHI anapaTu Ta qupuxadini (puc.1B).

' L) =
. "'. i,

a) Mamuna 151 po3minyBanus MV-4 [5];
6) MR-2 demining mobile robot [6]
B) 'excaxonrep Yuneec H520E RTF [7]
Pucynok 1 — Cy4acHi MOOUIBHI CUCTEMI JUIsl pO3MIHYBaHHS

AJle BaXJIMBO 3a3HAYMTH, 0 B YMOBAaX CyYaCHUX MIAXOMIB ISl pO3MIHYBaHHS JIS MOJICTIIICHHS
npouecy iAeHTHdIKanii Ta 3HEUIKO)KEHHS MIHM B IIpOLECl PO3MIHYBAaHHS, € HEOOXIIHICTbH
BUKOPUCTOBYBAaTH METOAU 0O€3 CHIIBHOIO MOPYIIEHHS IPYHTY, L0 JAlOTh MOXJIMBICTH JIOKAJIBHOT
iaeHTudIkaIii Ta po3mi3HaBaHHs MIHU, JUIS 1 3HEIKODKEHHs. BupimenHs 1iei mpoOiemMu, CTBOPIOE
HOBI BUKJIMKU B raity3i poOoToTexHiku [8].

B mnacnigok 4oro, mpu po3poOui MOOUIBHOI MYHIMYJSALIAHOT miIaTGopMu A pO3MIHYBAaHHS
MOTPIOHO BpaxyBaTH HACTYIHI BUMOTH:

- THYYKY MEXaHIKY Ta MOJYJIbHY CTPYKTYDY;

- apXiTeKTypa KepyBaHHsS Ha OCHOBI MOOUIbHOCTI;

- IHTerpaIis OJHOPITHUX 1 TE€TEPOTCHHHUX JATUYUKIB Ta 00 €JHAHHS JaHUX;

- pI3HI aCHEeKTH MBUAKOI AaBTOHOMHOI a00 HaIiBaBTOHOMHOI HaBiramii B JUHAMIYHOMY Ta
HECTPYKTYPOBAaHOMY CEpEIOBUIILL;

- IUITaHYBaHHS, KOOPJMHAIIIS Ta CHIBIIpallsl MK KUIbKOMa poOoTaMu;

- 0e3/IpOTOB1 TEXHOJIOTII IIepeiadl JaHUX Ta IHTYITUBHO 3pO3YMUIMH 1HTEpdeiic;

- BIpTyajlbHa pEAJbHICTh Ta B3a€EMOJIA B peajbHOMY 4Yaci i MIATPUMKH IUIAHYBaHHS Ta
JIOTICTHKH;

- IITYYHIM IHTEJIEKT Ta CUCTEMHU MIPUIHATTS pillieHb, Ha 0a31 OTpUMaHUX JaHuX [9].

Buxongum 3 nux BUMOr, Jjs pILIEHHS B paMKaxX JaHMX JOCIIKEHb, pO3poOjieHa HACTyIHa

CTPYKTYpHA CXeMa, sika MpeACTaBIcHa Ha PUCYHKY 2.
Mobile Robot (MR)

Computer |« Power
Vision Local Control{ | Management
Module v Systems Module
= (CVM) (o5 (PMM)
’C_) 4‘{' 2 level
; oa Woblls Reoot 4 T Motor Control
= Data / Manipulator |¢ Con(t'(/?FI{gés)tem Driver
(M) <
3_)) / Action 1 level i (MCD)
_é‘ r'd <> Manipulator Y
o Sensor Control Movers
- Data | Module J Module = (M)
(SM) (MCM)
Mine

Pucynok 2 — CtpykrypHa cxema MOOUIbHOT MaHIMYJISIOHON MIaTGOPMH 17151 pO3MIHYBAHHS

OnuieMo npu3HAYeHHS KOXKHOTO OJIOKY CTPYKTYPHOT CXEMH:



Mine — BorueOe3neunuii 00’ €KT, sIKHi Tpeda 3HEIIKOIUTH;

Computer Vision Module (CVM) — cucrema KOMIT' IOTEPHOTO 30Dy, TO3BOJISE TPAHCIIOBATH
HABKOJIMIIIHE CEpe/lOBUILE, Ui 00poOku iHpopMauii ta npuitHATTS pimieHs [10]. IIpononyrotbes
BUKOPUCTOBYBATH 2 MOJYJIsl KAMEPH:

- Kamepa, sKa Moka3zye po0ody 30HYy MaHIMyJsATOpa, TOOTO Ja€ MOXKIIHMBICTH OmepaTopy OayuTH
po0OOTY 3aXBATHOTO MIPUCTPOIO B PEKUMI PEATHHOTO Yacy;

- Kamepa, sIKa JJa€ MOKJIMBICTh TPAHCIIIOBATH HABKOJIMILHIN MPOCTIp HABKOJIO MOOUILHOTO POOOTY,
JUIsL HIOTO KEPYBAHHS OIIEPATOPOM;

Manipulator (M) — wMoaynb MaHImynIsITOpa 3 3axBaTHIM MEXaHI3MOM, JMJIs B3aeEMOMIA 3
BorHeOe3neyHuMu 00’ ekramu [11];

Sensor Module (SM) — Motysb 1aTYMKIB, TAaKUX SIK YIbTPa3BYKOBIH Ta ja3epHiil JalbHOMID;

Mobile Robot Control System (MRCS) — cuctema kepyBanHsi MOOUTbHUM pobotoMm (I piBHA), 11E
OJTHOTIJIATHUH KOMIT FOTEP 3 OIEpaIliiHOI0 CHCTEMOI0, Ha 0a3i sikoro Oyzie BUKOHYBaTucs oOpoOka Ta
CTBOPEHHSI KEpPYIOUMX CHUTHaJIB, 0OpoOKa BiJ€O-CUTHAJIB 3 KaMepu Ta NPUHHATTS pILIEHb IpH
o0puBI 3B'A3Ky 3 onepaTopom [12].

Local Control System (LCS) — cucrema xepyBanns (Il piBHs), npu3HaueHa uist kepyBaHHsa Motor
Control Driver (MCD), o no3BoiuTh 3MeHIIUTH HaBaHTakeHHs Ha MRCS, Ta nae MOXIHBICTBH
PO3pOOUTH ELIEHTPaTI30BaHy CUCTEMY KEPYBaHHSI;

Manipulator Control Module (MCM) — monyns kepyBanHs MaHinmyiastopoMm (11 piBust), BinnoBigae
3a KepyBaHHS MEPEMIIICHHS JIAHKIB;

Power Management Module (PMM) — npusHaueHud A KOHTPOJIO JKHBJICHHS MOOUIBHOTO
po0oTa, CKIIaAa€ThCs 3 MOAYJIS KEPpYBaHHS JKUBJICHHSAM Ta €JIEMEHTAaMH >KUBJICHHS (aKyMYJISTOPH);

Motor Control Driver (MCD) — Moaynb kepyBaHHS ABUTYHAMH, 3 miATpuMKo0 PWM curnanis

Movers (M) — DC nBuryHu.

Ha 6a3i po3poOneHoi CTPyKTypHOi CXeMH MOOUIBHOT MAHIMYJSAIMIMHOW TUIaThOpMH IS
pO3MiHYBaHHs, po3poOuMo rpad cxemy KepyBaHHS, fika OyJe IOJuUleHa Ha piBHI, Ta Oyne
noOynoBaHa Ha 0a31 nenentpamizanii [13-14]. Jlane pimieHHs T03BOJMTHh 3HU3UTH HABAHTAKCHHS Ha
MRCS, 3a paxyHOK MoAiTy OOYHCIIOBAJbHOIO HAaBAaHTAXEHHS HAa KOXEH MOJYjb, IO MOKpAIlye
yIOpaBIliHHSA K YChOTO MOOUIBHOIO po0OTa, Tak 1 KOKHOro Horo eixemeHta. Po3pobieHna rpad cxema
KEepyBaHHsI NIPEICTaB/IeHa Ha PUCYHKY 3.

Sk MokHa OauuTH 3 PUCYHKY 3, rpad cxema KepyBaHHS MOOUIBHOI MAaHIMYJISIIHOO
mnaTdopmoro, moavieHa Ha Yotupu piBHi [15]. Koxxuuii piBeHb BiAMoBigae 3a 00poOKy iHpopmarrii
abo BUKOHaHHS KoMaH . Ha 3 piBHI 3HaXoA4ThCsA BUKOHABYI NPUCTPO1 (MaHinymnsitop, DC nBurynu)
Ta NPUCTPOi OTpUMaHHS iH(opMaIllil 3 HABKOJIUUIIHBOTO OTOYEHHS (JaTYMKU, KaMepH), Led pIBeHb
J03BOJISIE peaizyBaTh B3aemoailo 3 ¢Gi3uyHuM cBitoM [16]. Ha 2 piBHI 3HaxXomsThcs amapaTHi
MOAyJl Ha 0a31 MIKpPOKOHTpOJEpY, SKl BIANOBINAIOTH 3a KepyBaHHS POOOTOI0 MaHIMyJsTOpa Ta
CUCTEMOIO  KOHTPOJIIO  JBUTYHAMH, BCl 1[I  €JIEMEHTH MIIKOPIOIOTHCA  OJHOIJIAHTHOMY
MIKpOKOMII'IOTEpY, SIKii 3HaxoauTbcsd Ha 1 piBHI. Ha mpoMy piBHI BUKOHYeTbcs 00poOKa KOMaH]
omnepartopa, 00poOka Bijeo-curHainy Ta iHpopMmauii 3 JaTYUKIB, TyT OyJe NMPOBOJAUTUCH HPUKHOM
pimieHb Ta (OpPMYBaHHS KEpPYHOUMX CHUTHAJIIB Ha HDKHI piBHI. Omneparop MoOOUIBHOrO poOoTa,
3HaxoauThes Ha 0 piBHI, KOTpUH OTPUMYE JaHHI yepe3 Oe3IpOTOBY Mepexy, Ta NpUiiMae pilieHHS,
Ha 6a31 oTpumanoi iHpopmaii [17-19].
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Pucynok 3 — I'pad cxema kepyBaHHsSI MOOUIbHOO MaHINYJISALIHHOIO MIATPOPMOIO JUIs
PO3MIHYBAaHHS

3anponoHOBaHa CTPYKTypHA cXemMa MOOUIbHOT MaHIMYIISiIHOT mi1aThopMu A pO3MIHYBaHHS Ta
rpad cxema il KepyBaHHS Jla€ MOKJIMBICTh IPUCTYIHUTH 10 aHAN3y Ta BUOOPY amapaTHUX MOAYIIB
Ui peaitizaiiii BciX QyHKIIH.

JIITEPATYPA

1. Opeyemi Oladunjoye, Christina Maffattone, Julia Al-Nawal, Sofia Fasullo, Eva Greenspan,
Jeffrey Koller, Alex Nikulin, Timothy de Smet, Garrett M. Clayton. (2022). Omnidirectional All-
Terrain Screw-Driven Robot Design, Modeling, and Application in Humanitarian Demining. IFAC-
PapersOnLine. Volume 55. Pages 7-12. https://doi.org/10.1016/j.ifacol.2022.10.480.

2. Emanuela Elisa Cepolina, Alberto Parmiggiani, Carlo Canali, Ferdinando Cannella. (2022).
Disarmadillo: an open source, sustainable, robotic platform for humanitarian demining. Acta
IMEKO, Vol. 11 No. 3. DOI: https://doi.org/10.21014/acta_imeko.v11i3.1262.

3. Petrisor, S.M.; Simion, M. Contributions on Highlighting an Energy Method Used for
Constructive Optimization of the Mechanical Structure of a Mobile Robot Implemented in
Humanitarian Demining Operations. Preprints 2022, 2022030023 (dot:
10.20944/preprints202203.0023.v1).

4. Hegedis, E. 2022. Geopolitics and geoeconomics in funding humanitarian mine action — the
case of Angola. Insights into Regional Development, 4(4), 166-183.
http://doi.org/10.9770/IRD.2022.4.4(10).

5. Samila, Andrii, Oleksandra Hotra, Oleksandr Moisiuk, Mykola Khobzei, and Taras
Kazemirskiy. 2022. "Modified Transceiver Antenna for NQR Detection of Explosive Objects in
Demining Conditions" Energies 15, no. 19: 7348. https://doi.org/10.3390/en15197348.



6. Samila, A.; Haliuk, S.; Krulikovskyi, O. Structural and functional synthesis of the
radioelectronic means of a pulsed NQR. In Proceedings of the 15th International Conference DAS,
Suceava, Romania, 2—4 July 2020.

7. Yevsieiev V. Development of a program for modeling the control of a mobile manipulation
robot in the unity environment / Yevsieiev V., Starodubcev N. // Scientific Collection «InterConf»,
(141), 331-334.

8. Igor Nevliudov; Vladyslav Yevsieiev; Svitlana Maksymova; Natalia Demska; Kostyantyn
Kolesnyk; Olha Miliutina. (2022). Object Recognition for a Humanoid Robot Based on a
Microcontroller. In XVIII International Conference on the Perspective Technologies and Methods in
MEMS Design (MEMSTECH). 07-11 September. DOI:
10.1109/MEMSTECHS55132.2022.10002906.

9. Yevsieiev, V., Maksymova, S., & Starodubcev, N. (2022). A ROBOTIC PROSTHETIC A
CONTROL SYSTEM AND A STRUCTURAL DIAGRAM DEVELOPMENT. Collection of
Scientific  Papers «AOI'OX», (August 12, 2022; Zurich, Switzerland), 113-114.
https://doi.org/10.36074/logos-12.08.2022.33.

10. Yevsieiev V., Maksymova S., Starodubcev N. Software Implementation Concept Development
for the Mobile Robot Control System on ESP-32CAM // Current issues of science, prospects and
challenges: collection of scientific papers «SCIENTIA» with Proceedings of the II International
Scientific and Theoretical Conference (Vol. 2), June 10, 2022. Sydney, Australia: European Scientific
Platform., 2022. P. 54-56.

11. Yevsieiev V. Development of Architecture for Mobile Robot Control Based on Raspberry Pi
Model 3 B+ / V. Yevsieiev, A. Skripkin // Scientific Horizon in the Context of Social Crises: The XI
International Scientific and Practical Conference, April 6-8, 2022. — Tokyo, Japan, 2022. — P. 274—
277.

12. Yevsieiev V. Analysis of Crawler Robots / V. Yevsieiev, S. Shmatko // “Innovations
Technologies in Science and Practice”: The VI International Scientific and Practical Conference,
February 15-18, 2022. — Haifa, Israel, 2022. — P. 510-514.

13. Yevsieiev V. Development of the Environmental Visualization System Based on ESP32-CAM
/ V. Yevsieiev, O. Luchaninova // Theory and Practice of Modern Science: The III International
Scientific and Theoretical Conference, 1 April 2022. — Krakow, Republic of Poland, 2022. — Vol. 1. —
P. 79-81.

14. Hesmonmos I. 1., AaapyceBuu A. O., €BceeB B. B., Hoocenos C. Il., demcrka H. II.
[IpoexTyBaHHS MOOUILHUX MaHINYyIALIHHUX poOoTiB: MoHorpadisa. — X. :, 2022. — 427 c.

15. €BceeB B.B. IlpoexkrtyBaHHS MOOUIBHUX poOOTIB Ha 0a3l OJHOIUIATHUX KOMIT'IOTEPIB
(Raspberry Pi u moBu Python 3.6) // Hesmtonos 1. ILI., Aunpycesud A. O., €BceeB B. B. Iliapyunuxk.
— Xapkis: 2020. C. 257.

16. Attar, H., & et al. (2022). Zoomorphic Mobile Robot Development for Vertical Movement
Based on the Geometrical Family Caterpillar. Computational Intelligence and Neuroscience, 2022,
Article ID 3046116, https://doi.org/10.1155/2022/3046116.

17. Po3poOka 3D-moneni 300MOpPHOro MOOLILHOTO pobOoTa JUIsl BEPTUKAIBHUX MEPEMILIEHb O
MetanesuM noBepxusim / 1. 111. Hesmronos, B. B. €Bcees, H. I1. [lemcbka, B. O. Pynenko // Hayka 1
TexHika cborogHi. — 2022. — Ne 4(4). — C.163-174.

18. Vladyslav Yevsieiev, Nikolaj Starodubcev (2023). Development of a control algorithm for a
small-sized mobile manipulation robot. Proceedings of the 2nd International Scientific and Practical
Conference«Diversity and Inclusion in Scientific Areay, Value 140, P.648-651.

19. Mopeni Tta meroau Kibepdi3uyHUX BHUpOOHMUMX cucTeM B koHuenuii Industry 4.0 :
moHorpadis / I. III. Hesmonos, B. B. €BceeB, A. O. Auapycesuu, C. C. Makcumosa ; — Oktan Print
— Prague. 2023. — 321 c.

Hayxoeuii kepienuk: [ypin [Imimpo Banepitiosuu, cmapwuii euxnadau xagheopu KITAM,
Xapxiscbko20 HAYIOHAILHORO YHIBepCcUmemy padioeieKmpoHiKu



