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Abstract. The current state of education and research and development (R&D) work in Harare Institute of Tech-
nology (HIT) is briefly reviewed, as well as opportunities in partnership between HIT and Belarussian National
Technical University (BNTU). The proposed roadmap of cooperation between HIT and BNTU includes corre-
spondence training of HIT teachers in the postgraduate program of the Belarusian National Technical University
in English, organization of short advanced training courses in English for HIT teachers at BNTU, lecturing by
BNTU teachers at HIT 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" and others.
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HEPCIHHEKTUBHBIE HAITPABJIEHUA COTPYJHUYECTBA TEXHOJOT'MYECKOI'O
NHCTUTYTA XAPAPE M1 BHTY B OBJIACTH HAYKHU U OBPA3OBAHUA

Mycuusa I1. B., Tapiaosekuii A. K.2, 3mxy Y.

Texnonozuyeckuii uncmumym Xapape, Xapape, Pecnybauxa 3umbatee
2Benopycckuii HayuoHanbHblii mexuuyeckuii yuueepcumem, Munck, Pecnybnuxa Berapyco

Annortanusi. KpaTtko paccMaTpuBaeTcs TEKyIlee COCTOSHHE 00pa3oBaTElIbHOW M HAayYHO-HCCIIEA0BATEIBCKON
(HMOKP) pabots! B TexnonmormaeckoM nHCTUTYTE Xapape (HIT), a Taxoke Bo3smokHOCTH mapTHepeTBa HIT 1
Benopycckoro HanmonansHoro TexHmdeckoro yuusepcurera (BHTY). IIpemnaraercs HanpaBieHUs COTPYTHIYE-
ctBa HIT u BHTY BkitouaroT 3a04Hy10 IOAroToBKY npenogasateneid HIT B acmpanType benopycckoro Hamnmo-
HAJIFHOT'O TEXHUYECKOTO YHUBEPCUTETA Ha aHTJIMHCKOM SI3BIKE, OpPraHU3aIIMI0 KPATKOCPOUHBIX KYypPCOB ITOBBIIIIE-
HUS KBaTH(UKAIIMK HA aHTITHHCKOM si3bike utst penofaBaresieid HIT B BHTY, utenue nexiuii mpenoaaBaTeisiMu
BHTY B HIT B0 Bpems KpaTKOCPOUHBIX BU3UTOB, peanu3anuio coBMecTHbIx HUOKP mexny MHHOBanMOHHBIM
xabom HIT u Hayuno-texnonorunyeckum napkom BHTY «IlonurexHuk» u ap.

KoaioueBble cioBa: oOpa3oBaHKe, HAyYHbIE M OIBITHO-KOHCTPYKTOPCKHE paOOThI, HAYYHOE COTPYJHUYECTBO,
acrmpaHTypa, 00pa3oBaTeIbHBIE IIPOrPAMMBI.
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In April 2024, a representative of BNTU Andrey K.
Tyavlovsky completed an internship at the Harare
Institute of Technology (HIT), Republic of Zimbabwe.
During the internship, a wide range of issues on possible
cooperation between HIT and BNTU were discussed.

The main profiles of students training at HIT, pro-
vided by the relevant departments, are: biomedical
technologies; chemical production technology (in-
cluding food production technology); electronics, in-
cluding programmable digital devices based on mi-
crocontrollers, industrial automation systems, power
electronic devices; information technology; mechan-
ics; metalworking technologies. Training is carried
out at the first (bachelor's) and second (master's)

levels of higher education on a fee-paying basis. The
term of study in the bachelor's degree is 4 years, in
the master's degree is 2 years. The schedule of the ed-
ucational process in Zimbabwe is somewhat different
from the schedule of the educational process in the
Republic of Belarus: e.g., the academic year in Zim-
babwe begins on August 5.

The Harare Institute of Technology has a suffi-
ciently high scientific and technical level to develop
cooperation with technical universities in Belarus,
particulary with BNTU. It is also noticed that HIT has
an urgent need to train highly qualified scientific per-
sonnel due to the lack of a system for training and
certification of scientific personnel in Zimbabwe,
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while the scientific and pedagogical level of the local
teaching staff is sufficient for successful completion
of postgraduate studies at BNTU in English. During
the internship a round table was held with teachers of
Biomedical Engineering and Electronics Engineering
Departments who wish to improve their scientific
qualifications in the postgraduate (PhD) program of
BNTU. The round table discussed the issues of choos-
ing a topic and a scientific supervisor, the structure of
the dissertation research, confirmation of scientific
and practical significance, testing the results of the
dissertation research through publications in peer-re-
viewed scientific journals and presentations at inter-
national scientific and technical conferences, imple-
mentation of the results in production, the procedure
for opposing and defending dissertations and other is-
sues. Following the discussion, those present at the
round table expressed great interest in completing
postgraduate studies and defending dissertations in
the Higher Attestation Commission of the Republic
of Belarus, while during the conversation it became
clear that a number of the teachers present already
have a necessary scientific background and a com-
pleted or almost completed research, but experience
difficulties with the publication of their scientific re-
sults due to the lack of peer-reviewed scientific jour-
nals on the relevant topic in the Republic of Zimba-
bwe and neighboring countries. So publications in
Belarussian scientific journals and presentation of re-
search papers on scientific and technical conferences
in the Republic of Belarus could be a good way for
Zimbabwean researches to approve their results and a
possible point of cooperation for HIT and BNTU.

Scientific research and development (R&D) at the
Harare Institute of Technology is conducted on ap-
plied topics within a separate structure — the Innova-
tion Hub (Figure 1), which is a close analogue of the
Scientific and Technological Park of BNTU "Poly-
technic™ in terms of its organizational principles and
the tasks it solves. The Innovation Hub provides a la-
boratory base and equipment for scientific research,
including such conducted as integral part of the edu-
cational process. If the R&D work turns into start-up,
the Innovation Hub provides advertising and infor-
mation support, and, in case of a start-up's success,
provides further support in registering spin-off com-
pany. Part of the research work is provided by budget
funding from the Ministry of Education and Science
of the Republic of Zimbabwe while the main funds
come from the implementation of business contracts
with enterprises and organizations in Zimbabwe.

The main areas of scientific research in the Inno-
vation Hub are related to solutions to issues of import
substitution of various electrical and electronic equip-
ment, in particular, power transformers, industrial au-
tomation systems based on programmable logic con-
trollers, mobile payment terminals, validators for
public transport; development and production of in-
jection molds for plastics under direct business con-
tracts, as well as production of plastic parts

themselves using high-pressure molding; development
of new chemical production technologies; development
of mobile water purification and disinfection systems;
production of household chemicals as part of a startup;
production of bottled water and soft drinks on behalf of
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Figure 2 — Inside the workshop

The Innovation Hub has a significant machine
park located in two workshops on the campus. One of
them contains CNC machines, machining centers, a
casting machine, etc., used in contract work and sci-
entific research (Figure 2). The other workshop con-
tains manually controlled machines. These machines
are used mainly for training students as part of indus-
trial practice, which helps students better understand
the principles of operation of the equipment, its
modes, and metalworking technologies. Thus, the In-
novation Hub also acts as a base for industrial prac-
tice, which at the Harare Institute of Technology is
carried out on the institute's own premises without
sending students to third-party organizations.

The Harare Institute of Technology demonstrated
a high interest in cooperation with BNTU in the edu-
cational and scientific spheres. As specific proposals
for cooperation in a course of mentioned internship,
the representatives of the Institute named the imple-
mentation of joint educational programs at the first
stage of higher education according to the "2 + 2"
scheme, training of students of the Harare Institute of
Technology at the BNTU Summer School in English,
full-time education of master's students at the second
stage of higher education at BNTU in English, corre-
spondence training of teachers of the Harare Institute
of Technology in the postgraduate program of the
Belarusian National Technical University in English,
organization of short advanced training courses in
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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 PEKOHCTPYKIIUU OKPYKAFOIIEW CPEIbI
A0 UBSMEPEHMUS 3ATOTOBOK
Yikoy Croa¢an

Hucmumym unmennexmyansHozo npouzsoocmea I yanoyHcKoul akaoemuu HayKk
Tyanuocoy, Kumaii

AnHoTamus. TpixMepHOe reoMeTpudecKoe BOCHIPHUATHE SBIISETCS OCHOBHBIM CIIOCOOOM NOHMMAHHUS OKpY KaroIeit
CpeIbl M 0OBEKTOB, YTO UTPAET KIIFOUEBYIO POJIb KaK B IIPOMBIIUIEHHOCTH, TaK U B MOBCETHEBHOM skn3HU. [Iporpecc B
00JIaCTH CEHCOPHBIX TEXHOJIOTHI M alTOPUTMOB 00paOOTKH PACIIMPHI BO3MOXKHOCTH 3D-BOCTIPHSTHSL, TIO3BOJIUB €T0
NpUMEHEHHE B TakuX cepax, Kak reoornueckie UCCIeI0BaHusl, HaBUTalysi pOOOTOB U IMPOMBIIILUIEHHOE POU3BO/I-
ctBO. TeM He MeHee, UCIIONIb30BaHUE HEOOPAOOTaHHBIX 00IAKOB TOYEK, NPEICTABISIONIMX COOON AUCKPETHBIE TPEX-
MEpHBIE TOYKH, CTAIKUBAETCS ¢ MPOOJIeMaMy YCTOWYUBOCTH M TOYHOCTH, OCOOEHHO MPHY MCHOJIB30BAaHUH PA3TUIHBIX
CEHCOPOB C Pa3sHBIMH XapakKTepucTHKamMu. B manHON pabote npexncrasieH noxaxon «Point Cloud +», Brmrowarommit
MHOTOMOJJIBHYIO CEHCOPHYIO MHTETPAIHIO, TTyOOKOe H3BJICYEHNE NIPU3HAKOB, TUIAHNPOBAHIE TOYEK 0030pa U yuET
JBIDKEHUS. DTOT MOAXO0] J00AaBIAET K UCXOAHBIM 00JIaKaM TOUYEK JOIOIHHUTENbHBIC IPU3HAKH U TIPHOPHUTETHI, YITyd-
mast UX yCTOMYMBOCTh M TOYHOCTD B 331a4aX KaK KPYITHOMACIITaOHOH PEKOHCTPYKIIMM OKpPYXKAloIIeH Cpeabl, TaK U
TOYHOTO M3MEPEHUs 3aroToBOK. OCHOBHBIC 3JIEMEHTHI BKIIIOYAIOT I'€OMETPHYECKU-CEMAHTHUYECKYIO KapTy IUIs He-
CTPYKTypPHPOBAHHBIX OTKPBITHIX MPOCTPAHCTB, METO] PACIO3HABAHHUS MECTHOCTH C YUETOM JETpajallii JAHHBIX, a
TaKoKe CHCTEMY YNPABJICHUS U PEKOHCTPYKIUH AT TOYHOTO M3MEPEHHsI OOBEKTOB.

Kuarouesbie ciioBa: 3D-Bocnpustue, 061aka ToueK, MHOTOMO/IAIbHAS CEHCOPHAs MHTErpalusi, PEKOHCTPYKIHSI
OKPYXKaIOIIEH Cpelibl, U3MEPEHUE 3ar0TOBOK, U3BJICUCHUE [IPU3HAKOB, IIIAHMPOBAHKUE TOUEK 0030pa, TOTHOCTb.

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



