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English for teachers of the Harare Institute of Tech-
nology at BNTU, lecturing by BNTU teachers at the
Harare Institute of Technology during short visits,
implementation of joint R&D between the Innovation
Hub of the Harare Institute of Technology and the
BNTU Science and Technology Park "Polytechnic".

caused by the specialties of biomedical directions,
which corresponds to the profile of the Department of
Design and Production of Devices of the Instrument
Engineering Faculty of BNTU. On these issues, it
seems appropriate to conclude Cooperation Agree-
ments between the relevant divisions of BNTU and

The main interest from the Zimbabwean side is the Harare Institute of Technology.
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SCALABLE 3D PERCEPTION: FROM ENVIRONMENTAL RECONSTRUCTION TO WORKPIECE
MEASUREMENT
Zhou Xuefeng

Institute of Intelligent Manufacturing, Guangdong Academy of Sciences
Guangzhou, China

Annotation. Three-dimensional geometric perception serves as a primary means for understanding the
environment and objects, essential for both industrial and everyday applications. Advances in sensor technology
and algorithms have expanded the scope of 3D perception, enabling its use across various fields such as geological
surveying, robotic navigation, and industrial manufacturing. However, the practical application of raw point
clouds, which consist of discrete 3D points, faces challenges related to robustness and accuracy, especially when
derived from diverse sensors with differing characteristics. This paper introduces the "Point Cloud +" approach,
incorporating multi-modal sensor fusion, deep feature extraction, active viewpoint planning, and motion priors.
The approach enhances raw point clouds with additional features and priors, supporting robust and precise
perception for both large-scale environmental reconstruction and workpiece measurement. Key contributions
include a geometric-semantic joint mapping framework for outdoor environments, a degeneration-aware place
recognition method, and a planning-control-reconstruction system for accurate workpiece measurement.
Keywords: 3D perception, point clouds, multi-modal sensor fusion, environmental reconstruction, workpiece
measurement, deep feature extraction, viewpoint planning, accuracy

MACIHITABUPYEMOE 3D-BOCHPUATHE: OT PEKOHCTPYKIIUH OKPYKAFOIIEW CPEIbI
A0 UBSMEPEHMUS 3ATOTOBOK
UYikoy Croa¢an

Hucmumym unmennexmyansHo2o npouzsoocmea I yanoyHckoil akaoemuu HayKk
Tyanuocoy, Kumaii

AHHoTanus. TpexMepHOE TeOMETPUIECKOE BOCIIPUSATHE SBISIETCSI OCHOBHBIM CIIOCOOOM ITOHUMAaHMS OKpY>KaroIien
cpensl B 00BEKTOB, YTO UTPAET KIIFOYEBYIO POJIb KaK B MPOMBIIUIEHHOCTH, TaK U B TOBCEHEBHOI xu3HH. [Iporpecc
B 00JIaCTH CEHCOPHBIX TEXHOJIOTHI M AJITOPUTMOB 00pabOTKHM pacIIMpuil BO3MOXKHOCTH 3D-BOCIpHATHSL, TIO3BOJINB
€ro NPUMEHEHHUE B TaKHUX cepax, KaK reoIoTHYeCKHUe NCCIIeI0BAaHNsI, HAaBUTallksl POOOTOB U MMPOMBIIIUICHHOE
NIPOM3BOJI-CTBO. TeM He MeHee, HCI0Ib30BaHne HeoOpaOOTaHHBIX 00JIaKOB TOYEK, IPEJICTABISIIOMINX COOO0M
JIMCKPETHBIE TPEX-MEPHBIE TOYKH, CTAIIKHBAETCS C MPOOIEeMaMy YCTOHYMBOCTH U TOYHOCTH, OCOOCHHO TPH
UCIIONIb30BAaHHUH Pa3JIMUHBIX CEHCOPOB C Pa3HBIMHU XapaKTepUCTUKaMHU. B maHHO# paboTe npeacraBiieH MOAXO0M
«Point Cloud +», BKJIIOYaIOmKii MHOTOMOJAJIbHYIO CEHCOPHYO MHTETPAIHIO, IITy0OKOe U3BJICYEHHE IIPU3HAKOB,
IUTAHUPOBAaHUE TOYEK 0030pa M yUET IBYXKEHHS. DTOT IMOIXO0] 100ABISIET K HCXOIHBIM 00J1akaM TOYeK
JIOTIOJTHUTENbHBIC ITPU3HAKH U IPUOPHUTETHI, YITy4-I1asi X YCTOWYNBOCTD M TOYHOCTH B 3371a4aX Kak
KPYIHOMACIITAOHOW PEKOHCTPYKIIMH OKPY>KAIOIIEH Cpelibl, TaK ¥ TOYHOTO N3MEPEHNUS 3aroTOBOK. OCHOBHBIE
3JIEMEHTHI BKIIFOUAIOT T€OMETPHIECKU-CEMAHTHIECKYIO KapTy Ul He-CTPYyKTYPHUPOBAaHHBIX OTKPBITHIX IPOCTPAHCTB,
METO/I PacllO3HABaHUS MECTHOCTH C yUETOM JETPATAllH JaHHBIX, & TAKXKE CHCTEMY YIPaBICHNS H PEKOHCTPYKIHH
JUISL TOYHOTO U3MEPEHUS] 00BEKTOB.

KunroueBsie ciioBa: 3D-Bocnpusrie, o0aka To4eK, MHOTOMOJAJIBHAS CEHCOPHAsl HHTETPALNs, PEKOHCTPYKIHS
OKpY’KaloIIel cpesibl, U3MEPEHHEe 3ar0TOBOK, M3BJICUEHHE IPU3HAKOB, IUTAHUPOBAHNE TOUYEK 0030pa, TOUHOCTD.

Three-dimensional geometric perception is human-
ity’s most common and fundamental means of under-
standing the surrounding environment and objects,
playing a crucial role in both production and daily life.
Recent advancements in sensor hardware and pro-
cessing algorithms have significantly accelerated the
development and application of 3D perception tech-
niques. From geological surveys to robotic navigation
and industrial manufacturing, point clouds are widely
used to represent environments or products across

varying scales. However, challenges remain in the real-
world application of raw point clouds at all scales.
Raw point clouds are, by nature, discrete sets of ho-
mogeneous 3D points with positional coordinates as
their primary attributes. Only through the arrangement
and proximity of these points can geometric insights
into objects, environments, or surfaces be discerned.
Furthermore, point clouds captured from different
hardware (e.g., 2D LiDAR, 3D LiDAR, laser scanners)
exhibit variations in perceptual range, field of view
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(FOV), and resolution, leading to issues of reduced ro-
bustness, inaccurate registration, and incomplete re-
construction across different scales and tasks. In this
presentation, the ‘“Point Cloud +” approach is
introduced, focusing on multi-modal sensor fusion,
deep feature extraction and description, active view-
point planning, and high-precision motion priors. Un-
der the “Point Cloud +” framework, a geometric-se-
mantic joint mapping framework is proposed for large-
scale, unstructured outdoor environments; a degenera-
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tion-aware, rapid place recognition method is pre-
sented; and a planning-control-reconstruction system
is developed to address issues of inaccurate and incom-
plete reconstruction in precise workpiece measure-
ment. The “Point Cloud +” approach effectively incor-
porates additional features, attributes, and priors into
raw point clouds, aiming to improve the robustness and
accuracy of point cloud perception across applications
ranging from large-scale environmental reconstruction
to precise workpiece measurement.

MOBBIINEHUE D®OP®PEKTUBHOCTH HIKOJIbI PABPABOTYUKOB
SJIEKTPO-U PAJMOU3BMEPUTEJIBHBIX CPEJCTB B YCJIOBUSIX CAHKIIMOHHOM
MNOJIUTUKHU HA COBPEMEHHOM JOTAIIE PASBUTUS OTPACJIU
Paunuxkwuii A. M., Ta6oauu T. T'.

OAO «MHHAUIIN»
Mumnck, Pecnybnuka Benapyco

AnHoTanus. PagnonsmepurensHoe NpuOOpPOCTpOECHHE MPEACTaBiIsAeT co0O0il OJHY U3 KIOUEBHIX oOsacTed B
cdepe paarodEeKTPOHHOM TeXHUKU. B yClIOBUAX CTPEMHUTENILHOIO TEXHOJIOTHYECKOI0 porpecca U rodanusa-
L1 SKOHOMHKH, OHO CTAJIKHBAETCSl C MHOKECTBOM BBI30BOB, KOTOpBIE TPEOYIOT KOMIUIEKCHOT'O aHAJIN3a U TIOMCKa
3¢ QEKTUBHBIX pElICHUH, B TOM Yuciie (OpMHUPOBAHUE LIKOJIbI pa3paOd0TYMKOB JIEKTPO-H PAIHOU3MEPUTEIBHBIX
CPEICTB B YCJIOBHUSX CAaHKIHOHHOM MOJIMTUKH Ha COBPEMEHHOM ATaIle Pa3BHTHS OTPACIIH.

KaroueBble cj10Ba: pagnon3MepUTeNIbHOE IPUOOPOCTPOCHUE, Pa3BUTHE IIKOJBL, 3P (EKTUBHEIE perieHus, Gop-
MHPOBaHHE HABBIKOB Y BHIITYCKHUKOB YUeOHBIX 3aBEICHUI, KOOTIEPALUS C YHUBEPCUTETOM.

IMPROVING THE EFFECTIVENESS OF THE SCHOOL OF DEVELOPERS OF ELECTRICAL
AND RADIO MEASURING INSTRUMENTS IN THE CONTEXT OF SANCTIONS POLICY
AT THE CURRENT STAGE OF INDUSTRY DEVELOPMENT
Rachitsky A., Tabolich T.

0OJSC MNIPI
Minsk, Republic of Belarus

Abstract. Radio measuring instrumentation is one of the key areas in the field of electronic engineering. In the context
of rapid technological progress and the globalization of the economy, it faces many challenges that require a
comprehensive analysis and search for effective solutions, including the formation of a school of developers of electrical
and radio measuring instruments in the context of sanctions policy at the current stage of industry development.

Key words: radio measuring instrumentation, challenges, effective solutions, the formation of skills among

graduates of educational institutions, cooperation with the university.
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HNMmnopro3amelieHye, Kak KIHOYEBOM BBI3OB,
TpeOyeT He TOJNBKO pa3pabOTKH HOBBIX TEXHOJO-
T'MH 1 KOMITOHEHTOB, HO U TIEPEOCMBICIICHHS CyIIle-
CTBYIOIIMX TIPOM3BOJCTBEHHBIX M 00pa3oBaTellb-
HBIX TIPOILIECCOB, YTO B CBOIO OYepelb BIUSIET Ha
KayecTBO M KOHKYPEHTOCIIOCOOHOCTh OTE4YeCTBEH-
HOH paJuo3JIeKTPOHHOI annapaTypsl. B ycrnoBusx,
KOTJla MHOTHE DPaJAHO’IeKTPOHHBIE KOMIOHEHTHI
paHee MMIIOPTHPOBAINCH, 3aJja4a UX 3aMEIICHUS
CTaHOBUTCSI OCOOEHHO aKTyallbHOW H Tpelyer
KOMIIJIEKCHOTO TTOIX0/a.

Hayunsle mccienoBanus U pa3pabOTKH UTParOT
KIIFOYEBYIO POJb B CO3JAHMU HOBBIX TEXHOJIOTHH U
KOMITOHEHTOB, 4TO, B CBOIO OYepeib, CIIOCOOCTBYET
Pa3BUTHIO Bcel oTpaciay. BaxxHO oTMeTHTS, 4TO B3a-
NMOJICHCTBHE MEXAYy HAy4YHBIMH, 00pa3oBaTeib-
HBIMU YUYPEXAECHUSIMH U IPOMBIIIICHHOCTBIO MOXKET
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3HAYUTEIHHO YCKOPHUTH MPOLIECC BHEAPEHNS HHHOBA-
I U TOBBICUTH YPOBEHb KOHKYPEHTOCIIOCOOHOCTH
OTE4YECTBEHHOH NMPOJYKIIUU.

Ha nporskeHMn nmociaeqHUX TpexX IeCSTUIEeTUR
OCHOBHYIO JIOJIIO TIOCTABIEHHBIX HNPEANPHUITUIM
Pectiyommkn Benapyce u Poccuiickoit deneparyn
JJIEKTPOU3MEPUTENBHBIX U PaAUOM3MEPUTEIBHBIX
CPEICTB M3MEPEHUH COCTABISIA MPOIYKIUS IPOU3-
BoacrBa xommanwii CIIIA, Espomeiickoro Coro3a,
SAnonunn, KHP, TaiiBans.

Texymas cutyanus B cepe odecrnedeHus: poc-
CHUHCKHX U OEJIOPYCCKUX MPEATNPUIATHNA IIEKTPOH3-
MEPUTEIBHBIMH U PaTIUOU3MEPUTEILHBIMH MPUOO-
paMH XapaKTepU3yeTCsl CyIIEeCTBEHHBIM IOBBIIIE-
HHUEM CTOMMOCTH U  CPOKaMH  IOCTaBKH,
npuoOperaeMoil B 00XOJ CaHKUMWH ammapaTypbl
3apy0eKHOT0 ITPOU3BOJICTBA.
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