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Obcyacoaromest 803MONCHOCMU CO30aHUA HA 6aze Kagpedpbl KOCMUHECKUX CPeOCmE U MeXHOA02Ul
Cubupckoeo 2ocyoapcmeenHo2o yHugepcumema Hayku u mexroaoeutl umenu M. @. Pewiemuesa unnosayu-
OHHO20 Y4eOHO-HAYUH020 YeHmpa MOHUMOpUH2a echvlx pecypcos Cudbupu ¢ yeivio n0020MOBKU UHMCe-
HEPHBIX KAOPO8 8bICUIel KEANUPDUKAYUU U NPOBEOEHUsl NEPCNEKMUBHBIX HAYUHBIX UCCIe008AHUL 8 001acmu
MOHUMOPpUH2A, MOOENUPOBAHUS, NPOSHO3UPOBAHUA U YNPAGNeHUs JleCHblMU pecypcamu. [Ipednaearomcs
MemooudecKue peulenus U areopummsbl MpexmepHo20 MOOeIUpoBaHUs CIMPYKMYPbl U OUHAMUKU Jlecd No
OGHHBIM A3EPHO2O CKAHUPOBAHUS, YUPPOBOLU APO- U KOCMUYECKOU CheMKU. Dmu Memoobl cnocoocmaey-
FOM ONEepamueHOMY MOHUMOPUH2Y U NO3B0JAOM ZHAYUMETLHO CHU3UMb CIOUMOCHU NO KOHMPOIO CO-
CMOAHUSL U UCNIOTIL308AHUS JECHBIX Pecypco8 Ha oepomuol meppumopuu Cubupu. JanHvle OUucCmaHyuoHHO-
20 30HOUPOBAHUSL NPEOCMABNIIOMCS 8 BUOe 2e0MPAHCHOPMUPOBAHHOU DA3bl OAHHBIX U YUDPO6ol pomo-
Kapmol, COBMECMUMBIX 8 popmMamax ¢ cucmemamu agmomMamusupoSaHHo20 NPOEeKMUPOBAHUsL U OCHOGHbI-
mu eeoungopmayuonnvimu cucmemamu — ArcView, ArcINFO, MapINFO. HnHOBAYUOHHBII YeHMpP MOHU-
mopunea 6yoem UCnoIb306aH 05 ONEPAMUBHO20 20CYOAPCMBEHHO20 KOHMPOJISL U MOHUTNOPUHA 1€CONOb-
308aHUsL, COCMOAHUS IECHBIX 3eMeNb, IeCOYCMPOUCMBEA U UHBEHMAPU3AYUU 1eCO8, PEUEHUS 3a0at IKON02UU
U NPUPOOONONBLI0BAHUSL, 20IKONOSUU, POPMUPOBAHUSL KAOACMPA JIECHBIX PECYPCO8, AIPOKOCMUYECKUX Me-
MOo008 UCCIe008AHUSL NPUPOOHBIX PECYPCO8 U MeppUmopull, UHpopMayuoHHblx mexnonozuti. Peuienue oan-
HBIX 30044 NO380UM OCYUJeCMENIAMb NO020MOBK)Y CREeYUATUCTIO8 8blCOKOU U 8blcuiell Keanupurayuu. Cne-
YUATUCMAMU YeHMPA NAAHUPYEemCs c030a8amb UHMOPMAYUOHHBIE MEXHOI02UU OUCTAHYUOHHO20 30HOU-
POBAHUS NPUPOOHBIX 0OBEKMO8 C YENbI0 UMNOPMO3AMEUWEHUS 3aPYOENHCHBIX NPOSPAMMHBIX NPOOYKMOS.
OcHognble HayuHble HANPABNEeHUA C030A8AeM020 YeHmpa: paspabomKa U UcCied08anHue MemoouKu cuc-
MeMHO20 AHANU3A MHOSOMEPHBIX OAHHLIX OUCMAHYUOHHO20 30HOUPOBAHUSI DONLUIOZ0 00BEMA HA OCHOBE
Henapamempuieckux aneopummos NPUHAMUS peueHuli U MexXHOI0SUll NAPAILEeNIbHbIX BbIUUCTIEHUL, Npo-
8epKa sunomes 0 pacnpeoeieHusx OaHHbIX OUCMAHYUOHHO20 30HOUPOBAHUST OOILULIO2O 00BEMA, OCHOBAH-
HbIX HA Henapamempuieckux aieopummax pacno3Hasanus oopazos 10epHo20 muna, 0OHApyl’CceHUue KoM-
NAKMHBIX SPYNN OAHHBIX OUCTHAHYUOHHO20 30HOUPOBAHUS OOIbUI020 00bEMA, COOMBEMCMBYIOUUX OOHO-
MOOANbHBIM PPACMEHMAM COBMECMHOL NIOMHOCIU 8ePOSIMHOCIU MHO2OMEPHBIX CYYAUHBIX GETUYUH.

Kniouesvie crosa: unnosayuonnvie memoovl OUCMAHYUOHHO20 30HOUPOBAHUS JIeCO8, NPOSPAMMHbLE
cpedcmaa, MOOeauposane, NOO2OMOBKA UHNCEHEPHBIX Kaopos evicuiell keanuguxayuu, Cubups, Kpacho-
APCKULL Kpail.
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The possibilities of creating an innovative educational and scientific center for monitoring forest re-
sources in Siberia on the basis of the Department of Space Facilities and Technologies of the Reshetnev Si-
berian State University of Science and Technology are discussed, with the aim of training highly qualified
engineering personnel and conducting promising scientific research in the field of monitoring, modeling,
forecasting and management of forest resources. Methodological solutions and algorithms for three-
dimensional modeling of forest structure and dynamics based on laser scanning data, digital aerial and
space photography are proposed. These methods contribute to operational monitoring and can significantly
reduce the cost of monitoring the condition and use of forest resources over the vast territory of Siberia.
Remote sensing data is presented in the form of a geotransformed database and digital photo map, compati-
ble in formats with computer-aided design systems and with the main geographic information systems —
ArcView, ArcINFO, MapINFO. The innovative monitoring center will be used for operational state control
and monitoring of forest management, the state of forest lands, forest management and forest inventory,
solving problems of ecology and environmental management, geoecology, formation of a forest resource
inventory, aerospace methods for studying natural resources and territories, information technology. Solv-
ing these problems will allow for the training of highly qualified specialists. The center's specialists plan to
create information technologies for remote sensing of natural objects with the aim of import substitution of
foreign software products. The main scientific directions of the created center: development and research of
methods for system analysis of large-scale multidimensional remote sensing data based on nonparametric
decision-making algorithms and parallel computing technologies; testing hypotheses about the distributions
of large-volume remote sensing data based on nonparametric nuclear-type pattern recognition algorithms;
detection of compact groups of large-volume remote sensing data corresponding to unimodal fragments of
the joint probability density of multivariate random variables.

Keywords: innovative methods of remote sensing of forests, software, modeling, training of highly
qualified engineering personnel, Siberia, Krasnoyarsk Krai.

Introduction

The most important component of the biosphere and a source of resources are forests. The timely
provision of information about their state allows for sustainable forest management, environmental
control and protection, and research in the field of global biosphere and climate changes. The need to
monitor the vast forest areas of Siberia allows us to consider remote methods as priority sources of
information about the state and dynamics of forests, which determines the relevance of the develop-
ment of appropriate methods for processing the received data. The use of Earth remote sensing (ERS)
methods provides a sufficient level of data reliability on the state of forest cover, including ones for
measuring key characteristics of forest biomass. Remote sensing methods such as ground-based (TLi-
DAR) and airborne laser scanning (LiDAR), digital aerial photography from aerial vehicles, including
unmanned aerial systems (UAS), and satellite images are used. The use of innovative aerospace meth-
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ods for sensing land covers (laser, microwave aerial and space photography, satellite geopositioning)
provides fundamentally new opportunities for monitoring forest resources in the vast expanses of Si-
beria. The high efficiency of pulsed laser ranging in combination with the submeter spatial resolution
of microwave aerial and space photography, and nonparametric pattern recognition methods make it
possible to develop an effective system for assessing the actual state of forests. Three-dimensional
modeling of forest vegetation is a primary task when constructing forest landscape scenes, since it is
high-quality vegetation models that are responsible for realistic visualization of three-dimensional
scenes of forest areas. In addition, mathematical modeling of vegetation using laser scanning data
makes it possible to calculate reliable and highly accurate biomass parameters and morphometric indi-
cators of planting structure [1-11].

Modern methods of comprehensive analysis of remote sensing data are the basis for the creation of
regional geographic information systems that ensure the efficiency of obtaining the required informa-
tion and support management decisions. Increasing the efficiency of processing large amounts of re-
mote sensing data based on non-parametric information processing systems is an urgent task and en-
sures import substitution of foreign software products. Their use will significantly improve the accu-
racy and efficiency of solving problems of decision support based on remote sensing data. It is ex-
pected to create methods for comprehensive analysis of remote sensing data, which will become the
basis for solving the most important problems in the development of natural resources of the North
and Siberia, related to the study of the spatio-temporal dynamics of the states of forests [12—17].

1. Grounds for creating the center

The development and implementation of such a highly effective complex of forest monitoring and
forest management in Siberia is an extremely urgent task, since forest management data is largely out-
dated (30 years or more) and does not reflect the real state of forests due to logging and fires. Traditional
methods of inventory of forest resources today are not effective and do not provide the required accu-
racy, and are also high in cost and execution time [2-5; 9; 18] (fig. 1, 2).

Puc. 1. BeipyOku apenanoii reppuropun Jlecocubupckoro JIJIK No 1
(Boryuanckuii u Kexxemckuii paiionsl KpacHosipckoro kpasi). CriyTHHKOBBIH cHUMOK Landsat-8TM, 2022 1.

Fig. 1. Deforestation of the leased territory of Lesosibirsk LDK No. 1 (Boguchansky
and Kezhemsky districts of Krasnoyarsk Krai). Landsat-8TM satellite image, 2022
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Puc. 2. Hapymennocts siecoB CHOMPH JIECHBIMU TIOXKapaMH M BCIBIIIIKAMHU
MAacCOBOTO Pa3MHOMKEHHsI HACEKOMBIX-BpeanuTeIen

Fig. 2. Disturbance of Siberian forests by forest fires and outbreaks of insect pests’ mass reproduction

The goal of the project is to create an innovative educational and scientific center for training high-
ly qualified engineering personnel, conduct advanced scientific research in the development of new
methods for remote sensing of forests and other natural resources, develop a complex of objective and
high-precision control and monitoring of the state of forest resources and forest management in Siberia
based on integration of laser and microwave aerial and space photography and satellite geopositioning,
which are the basis of a fundamentally new system of monitoring, modeling, forecasting and forest
resource management [19; 20].

The proposed integrated multisensory approach, innovative mathematical and software apparatus
allow you to quickly and accurately determine the quantitative and qualitative characteristics of for-
ests.

Proposed methodological solutions and algorithms for three-dimensional structure modeling and
forest dynamics according to laser scanning data, digital aerial and space photography are pioneers
contributing to more efficient operational and significantly (2 or more times) less costly and resource-
intensive control and monitoring of the condition and use of forest resources over the vast territory of
Siberia [21-24].

When using the method, much higher accuracy of laser and microwave determinations of biometric
and taxation indicators of trees and forest stands is achieved than with traditional ground-based forest
inventory work. Laser ranging and microwave scanning data are presented in the form of geotrans-
formed (introduced into a system of real geographic coordinates) database and digital photo map,
compatible in formats with computer-aided design (CAD) systems and major geographic information
systems — ArcView, ArcINFO, MapINFO (fig. 3).

2. Prospects for the center

The development and implementation of the complex into the practice of forest management re-
mote monitoring at the regional level will ensure the prompt receipt of up-to-date reliable and high-
precision data on the state of forest resources, will provide a reliable information basis for monitoring
the results of economic activities in the use of forests, will significantly increase the economic and
environmental efficiency of management in the field forest management [25-27].

It is proposed to create and operate an innovative educational and scientific center within the frame-
work of the directions of the regional technological platform of the Krasnoyarsk Krai "Innovative tech-
nologies for the integrated use of forest resources” in close cooperation with the institutes of the Federal
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Research Center "Krasnoyarsk Scientific Center SB RAS", the Ministry of Natural Resources and Ecol-
ogy of the Krasnoyarsk Territory, the Ministry of Forestry of the Krasnoyarsk Territory, forestry enter-
prises complex of Siberia.

The project corresponds to priority areas of science, technology and engineering development in the
Russian Federation, critical technologies (according to the List, in the Decree of the President of the Rus-
sian Federation of July 7, 2011 No. No. 899): 04 — Information and telecommunication systems; 06 —
Rational use of natural resources. Technologies for assessing resources and forecasting the state of the
lithosphere and biosphere. Technologies for monitoring and forecasting the state of the natural environ-
ment. Codes and names of headings state rubricator of scientific and technical information: 25.00.34;
36.23.25; 36.29.33; 68.00.00; 68.47.31; 68.47.33; 89.57.15; 89.57.45.

Areas of commercial use of project results are operational state control and monitoring of forest
management and the condition of forest lands, forestry, forest management and forest inventory, ecol-
ogy and environmental management, geoecology, formation of a forest resource inventory, aerospace
methods for studying natural resources and territories, information technology, training of highly
qualified specialists.

Scientific background, level of practical implementation. An instrument complex and technologies
for remote sensing of forests have been developed based on high-resolution pulsed laser
and microwave aero- and space sensors : DJI Matrice 300 RTK, RIEGL RiCOPTER VUX-1, Leica
ALS 60+RCD 30 (60 MP 6 mxm) + NovAtel OEM 5 GPS/TJIOHACC, WorldView-2, GeoEye-2,
Radarsat II.

THE METHOD OF FOREST INVENTORY AND MONITORING BASED ON
g LASER SCANNING, DIGITAL AEROSPACE IMAGING AND SATELLITE
I, 4 GEOPOSITIONING

Innovative, high precision, knowledge-
intensive, high-tech, economically 2-3
times less expensive method of
inventory and monitoring of forest
resources based on remote sensing,
digital processing and three-dimensional
modeling of forest structure

Puc. 3. MCTO,Z[ HWHBCHTapnU3allui U MOHUTOPHUHTA JIECOB HAa OCHOBEC JIA3€PHOI'0O CKAaHUPOBAHMA,
IIPI(prBOfI aBpOKOCMH'—IeCKOfI CbEMKH U CITYTHUKOBOI'O I'€ONMO3UIIMOHUPOBAHUA

Fig. 3. Method of forest inventory and monitoring based on laser scanning,
digital aerospace photography and satellite geopositioning

Methods and software products have been developed for assessing forest structure based on laser,
microwave and digital aerial and space survey data, digital models of the earth's surface and forest
cover in the regions of the Krasnoyarsk Krai. Three-dimensional digital mapping of forest areas of the
Krasnoyarsk Territory was carried out on a scale of M 1:200000 and larger for the purposes of state
control, detailed inventory and monitoring of forest resources, including the use of unmanned aerial
systems (Fig. 4).
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Puc. 4. becnunoTHbIe ABUAlMOHHBIC CUCTEMBI JIA3CPHOI'0 CKAHUPOBAHUS U A9POCHEMKHU, UCIIOJIb3YEMBIC B IPOCKTE

Fig. 4. Unmanned aircraft laser scanning and aerial photography systems used in the project

Qualitative and quantitative composition of project performers. The project implementers include 5
doctors of science, professors, 5 candidates of science, 3 graduate students (Reshetnev Siberian State
University of Science and Technology, Federal Research Center "Krasnoyarsk Science Center of the
Siberian Branch of the Russian Academy of Sciences"), 2 test engineers, 5 masters and 5 bachelors of
the Department of Space Facilities and Technologies Reshetnev Siberian State University of Science
and Technology.

Main expected results. On the topic of the project, highly qualified personnel are trained (masters,
candidates and doctors of science), more than 30 scientific articles have been published in peer-
reviewed Russian and international journals, 5 monographs, 3 textbooks, 3 Russian patents have been
received. The implementation of the project will make it possible to introduce a technological and
software complex in the monitoring system of forest resources and forestry in the Krasnoyarsk Terri-
tory and other regions of Siberia, train highly qualified personnel, create at least 30 additional high-
tech jobs, attract investments in the amount of at least 150 million rubles per year, due to funds from
tenants of forest plots, forest and natural resource users.

Forms of implementation and protection of intellectual property: technology — 1; prototype — 1;
copyright certificates — 3; patents — 3; certificates of state registration of computer programs — 5; edu-
cational and methodological publications — 3; articles in peer-reviewed scientific journals from the List
of Higher Attestation Commission, RSCI, RSCI, Scopus, WoS (Q 1-3) — 15

Planned project budget is ~ 50 million rub. per year (2024-2028). Scientific supervisors of the pro-
ject: Lapko Vasily Aleksandrovich, Doctor of Technical Sciences, Professor, Head of the Department
of Space Systems and Technologies Reshetnev Siberian State University of Science and Technology;
Danilin Igor Mikhailovich, Doctor of Agricultural Sciences, leading researcher at the Laboratory of
Taxation and Forest Management of the Sukachev Institute of Forest SB RAS, Professor of the De-
partment of Space Facilities and Technologies Reshetnev Siberian State University of Science and
Technology.

Conclusion

As a result of the project implementation, significant budget savings will be achieved by reducing
the costs of carrying out work on state control of forest use and forest inventory. Higher accuracy in
determining timber reserves, reducing the error of determination results by 3—4 times, and increasing
revenues to local and regional budgets for forest use by 20-25% will be guaranteed by obtaining up-
to-date and reliable accounting data on the state of forests.
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