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The use of the newest methods and technologies of airborne laser location, high resolution digital
photography and the global positioning satellite systems, provides principally new opportunities
for remote sensing monitoring and inventory of forest resources. High efficiency of laser location
(more than 200 thousand pulses/measurements per second) in combination with centimeter spatial
resolution of digital aerial photography, high (about 10-15 cm) accuracy for coordinate definition
of trees’ and tree stands’ morphostructural parameters by satellite geopositioning systems, as
well as three-dimensional visualization of the remote sensing data at geoinformation systems,
allows to developing effective algorithms for research of forest resources’ structure and dynamics,
guaranteeing a real time automatic extraction of forest inventory parameters. Development and
application of such high-end technologies to aerospace forest monitoring is critical and essential
for boreal zone and, in particular, for regions of Siberia, where traditional approaches of forest
inventory to be used today are not effective, do not provide required accuracy and are highly time-
and funds consuming.

Keywords: laser location, digital aerial photography, satellite geopositioning, monitoring and
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Introduction

Securing reliable and efficient information about status and dynamics of forest lands at the
contemporary practice of forest use and monitoring, is an urgent problem, considering natural resources
as well as environmental and nature protection points of view.

In solving this problem in many countries of the world as well as in Russia at present time more
actively is in use laser location, digital aerial photography and satellite geopositioning, which are

major constituting part of geomatics — the newest integral direction for development of remote sensing
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methods of the Earth (aerial- and space survey), geoinformation technologies, digital photogrammetry,
cartography and telecommunications.

Those advanced and highly effective methods today find wide application in many branches of
economy, in fact being information basis for ecological monitoring, systems of gathering, processing
and data analysis systems, land- and forest planning, cadastre of natural resources and by accuracy and
economical efficiency exceeds the other methods of studying and measuring parameters of the earth
cover and natural systems [4-20, 22-24].

Intensively developing laser scanning of forest resources in Scandinavian countries shows high
efficiency of laser technology for national inventory, accurate prediction of the basic forest statistics,
identifying species of individual trees with generating 3D surface and vegetation models [12, 13, 16,
17, 23].

Several experimental works had been successfully implemented in North America confirming
great challenges for estimating tree height via LiDAR in closed-canopy forests, regional boreal
forest canopy and landscape attribute estimation, land use change and biomass characterization in
combination with the use of satellite imagery [10, 19, 20, 24].

An applicable lidar-based approach integrated with aerial photos to estimate the stem volume of
alpine forest stands in Austria and Germany has been recently completed, conforming near on ground
instrumental accuracy on getting basic forest biometrics [11, 22].

The recent findings on airborne lidar and digital photo data processing and information extraction
using mathematic filtering and morphological methods shows optimistic prospects for automatization

of the data processing and laser scenes’ thematic interpretation and mapping [1-3, 8, 9, 14].

Methods and technologies

The high-end aviation laser location, digital photographic and satellite geopositioning systems
and technologies intensively develops and as of today have a laser scanning frequency more than 200
thousand pulses (measurements) per second (Fig. 1).

The highest density for laser scanning pulses makes up 1 pulse per 5—7 cm on the surface, with
accuracy for measuring geometric parameters of the ground objects and vegetation morphostructural
elements at plan and profile projections at about +5—10 cm. Accuracy for satellite positioning of lines
and forest compartment edges, sample plots, separate trees and morphostructural elements of their
stems and crowns, including under crown space, practically is not limited and depends on technical
parameters of the GPS/GLONASS instruments [1, 14, 15] (Fig. 2, 3).

Tools for spatial and detailed displaying contours and relief of the terrain, vegetation and base for
preliminary tracing routs for laser and digital aerial photography, satellite scenes gotten by modern
optical-electronic systems as: Landsat, Resurs-DK, Ikonos, OrbView-3, WorldView-2, GeoEye-1 or
other systems of high- and ultrahigh resolution, interpreted by main parameters of vegetation cover
might be in use [4-6, 14, 20, 24].

And with it, structure, volumetric tree- and tree stand indices, phytomass more reliably
and precisely are determined by laser-location data («laser portraits»), integrated with digital
geotransformed aerial photographs, based on digital terrain models (DTM) and forest canopy field
patterns, which are generated from the initial laser location data by filtering (separating) laser pulses,

reflected from the ground surface and vegetation, by means of the ground pulses’ interpolation with
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Fig. 1. Technical devices and components for technology of forest monitoring based on laser location and digi-
tal aerial photography: (@) universal aerial surveying laser topographic system Optech ALTM 3100 — supplies
laser-location data. Purpose: Digital Terrain Models, contour’s allocation, data interpretation; (b) large-format
digital photogrammetric aerial camera Vexcel UltraCamXp — supplies digital aerial photographs with ultrahigh
(centimetre) resolution. Purpose: traditional; (c) system for direct geopositioning and orientation of aerial pho-
tography sensors Applanix POSAV — supplies elements for external orientation of digital aerial photographs and
laser-location data. Purpose: direct geopositioning (geoaffixment)

- Q

Fig. 2. The principle of laser location, digital aerial photography and satellite geopositioning

the following triangulation of pulses reflected from vegetation in systems of differential satellite
positioning GPS, GLONASS [1, 14]. With processing and analyzing laser-location data and digital
aerial photographs mathematic morphology methods and concept of set- and fuzzy set theory are in
use [2-4, 14, 21].

Digital (laser-location) terrain and vegetation model allows to getting detailed coordinates and
morphostructural characteristics of the relief and tree stands by means of three-dimensional computer
graphics and visualization with the use of Altexis 2.0, ArcView Spatial & 3D Analyst software [1, 2,
4, 14] (Fig. 4, 5).
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Fig. 3. Layout drawing for onboard placement laser location, digital photography and GPS devices and instru-
ments.
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Fig. 4. Three-dimensional visualization of forest vegetation (a) and relief of the terrain under tree canopy (b) by
laser-location data
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Fig. 5. Digital polygonal model of larch stand, generated by laser-location data

Results and discussion

In some works implemented earlier in Russia and in the other countries [4-14, 16-20, 22-24],
it had been shown that accuracy of timber stock and forest biomass estimation, as well as by aerial
survey methods, is possible to increase up to 5—7 % with the use of morphological classification and
allometric correlation between tree biometrics.

Our research, completed at Krasnoyarsk territory, shows that more adequately and effectively
structure of ground surface and vegetation cover with the use of DTM, generated by laser location
and digital aerial photography, are identifying by characteristics of a tree distribution lines of the
main morphometric indices — diameter and height, vertical and horizontal crown extent, which by
turn are closely intercorrelated. And with it, volumetric and weight tree- and tree stand parameters
are approximated with high accuracy by allometric functions through their morphometric indices
(Fig. 6-8, Table 1).

It’s generally known, that construction of a tree distribution lines by their morphometric indices
traditionally supposes completing time- and labor-consuming ground biometric procedures, measuring
operations and tree recalculations (continuous or selective), which one requires substantial financial
expenditures. At the same time, laser location method combined with digital aerial photography,
satellite geopositioning and integrated to geoinformation systems (Fig. 9, 10) allows to performing
pixel instrumental-measuring forest inventory based on precision satellite geodesy and detailed
topographic survey, to study forest cover dynamics, horizontal and vertical structure of a tree stands,
to reconstruct tree line distributions by any morphometric indicators, and to calculate required forest
inventory parameters and forest biomass automatically, with high accuracy at large areas (up to 500—
700 square km per one working day).

Assessment of timber stock and forest phytomass by laser location and digital aerial photography
data at every case study brings to identification of base regulations for the forest compartments and

to determination of correlations between tree stem volumes, tree- and crown height and diameter,
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Fig. 6. Digital reconstruction of larch stand’s morphological structure, implemented by laser location data
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Fig. 7. Distribution of larch trees by morphometric indices of stems and crowns (-), approximated by Weibull
function (-): N — number of trees; D, ; _tree stem diameter 1.3 m above its base; H — tree height; D, _tree crown
diameter; L., _tree crown length; S, _tree crown area; G — tree stem cross sectional area 1.3 m above its base
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Fig. 8. Overlap matrix for distribution histogram and correlated scattering of the main morphometric indices of

larch tree stand

Table. Regression coefficients for morphometric indices and phytomass of larch trees

Model of approximation: P=aD’ ;H =aD’,. H
Parameters for the equation: a S R’ a S R2

Dependent variable:

Above ground part of a tree 0.029 0.505 0.996 0.266 2.122 0.964
Stem 0.0203 0.055 0.999 0.187 1.750 0.951
Timber 0.017 0.037 0.999 0.153 1.452 0.950
Bark 0.004 0.008 0.996 0.034 0.307 0.951
Crown 0.008 0.258 0.976 0.079 0.427 0.983
Branches @ > 1 cm 0.003 0.068 0.940 0.024 0.217 0.959
Branches @ <1 cm 0.002 0.021 0.969 0.020 0.272 0.892
Shoots of current year 0.0001 0.000 0.873 0.0001 0.005 0.966
Needle 0.003 0.089 0.917 0.024 0.074 0.995
Dead branches 0.001 0.002 0.987 0.009 0.110 0.918

where, P — phytomass at absolutely dry condition, kg; D, ; — tree stem diameter 1.3 m above its base, cm; H — tree
height, m; D,, _crown diameter, m; @ — constant for the equation; S — standard error for the equation; R’ — index
of determination.
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Fig. 9. Combined visualization and processing of laser location and aerial digital photograpy data at Altexis 2.0
working window
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Fig. 10. Two-dimensional and three-dimensional GIS-mapping of the surveyed terrain by laser location and
digital aerial photography
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and phytomass, which one constitutes 87-99 % variability for different phytomass fractions — stems,

crown skeleton and needle [4, 14].

Conclusion

Results of the practical approbation of aviation laser location technology combined with digital
aerial photography and satellite geopositioning, integrated to geoinformation systems, give us an
evidence for its high availability for the purpose of forest cover and disturbance analysis and simulation,
an inventory, on-line ecological monitoring, information securing cadastre of forest lands and forest
use control. This high-tech effective method provides remote sensing evaluation of forest resources,
their status and dynamics, minimizing field works and significant saving time and financial funds. Cost
efficiency of the technology is ensured by principal increasing accuracy of the measurement results
and a possibility of their repetition (verification), significant lowering of the job implementation labour-
intensiveness and complexity (as for a filed one, as well as for laboratory interpretation), at the expense
of high level of automation getting and processing laser location and digital aerial photography data.
Amount of a field works is minimized with it and needs only calibration of laser location results and

maintenance of aerial photography data interactive interpretation.

References

1. Altex Geomatica. — 2010: http://altex-gmt.ru/

2. Chen, Q. Airborne lidar data processing and information extraction / Q. Chen //
Photogrammetric Engineering & Remote Sensing. —2007. — V. 73. — No. 2. — P. 109-112.

3. Chen, Q. Filtering airborne laser scanning with morphological methods / Q. Chen, P. Gong,
D.D. Baldocchi, G. Xie / Photogrammetric Engineering & Remote Sensing. —2007. — V. 73. —No. 2. —
P. 171-181.

4. Danilin, .M. Morphological structure, productivity and remote sensing methods for inventory
of the Siberian tree stands / [.M. Danilin // Thesis Dr. of Agriculture Dissertation. Krasnoyarsk:
V.N. Sukachev Institute of Forest, Russian Academy of Sciences, Siberian Branch. — 2003. — 35 p. (in
Russian).

5. Danilin, .M. Assessment of forest cover structure and condition based on laser scanning
and digital aerial- and space survey / .M. Danilin, E.M. Medvedev // Geography and Natural
Resources (Geografiya i Prirodnye Resursy). —2005. — No. 3. — P. 109-113 (in Russian with English
summary)

6. Danilin, .M. High-end technologies of XXI century for aerospace monitoring and inventory
of forests. Problems of research and prospects of application / .M. Danilin, E.M. Medvedev, N.I. Abe,
A.T. Hudak, B. St-Onge // Forest Inventory & Forest Planning (Lesnaya Taksaciya i Lesoustroistvo). —
2005. V. 35. — No. 1. — P. 28-38 (in Russian with English summary).

7. Danilin, .M. Laser profiling of forest canopy / .M. Danilin, T. Sweda // Forest Science
(Lesovedenie). — 2001. — No. 6. — P. 64-69 (in Russian with English summary).

8. Favorskaya, M.N. Recognition of forest textures on airphotos / M.N. Favorskaya,
N.Y. Petukhov, .M. Danilin, A.l. Danilin // Proc. IASTED Int. Conf. on Automation, Control, and
Information Technology (ACIT 2010), June 15-18", 2010, Novosibirsk, Russia. ACTA Press, Anaheim,
Calgary, Zurich. — 2010. - P. 9

— 334 —



Igor M. Danilin and Eugene M. Medvedev. Technology for Monitoring and Inventory of Forest Resources Based...

9. Favorskaya, M.N. Realistic 3D-modeling of forest growth with natural effect/ M.N. Favorskaya,
A.G. Zotin, .M. Danilin, S.N. Smolentcseva // Advances in Intelligent Decision Technologies. Proc.
Second KES Int. Symp. IDT 2010. Smart Innovation, Systems and Technologies. Vol. 4. Springer. —
2010. — P. 191-199.

10. Gatziolis, D. Challenges to estimating tree height via LiDAR in closed-canopy forests: a
parable from Western Oregon / D. Gatziolis, S.J. Fried, V.S. Monleon // Forest Science. —2010. — V. 56.
—No. 2. — P. 139-155.

11. Hollaus, M. Growing stock estimation for alpine forests in Austria: a robust lidar-based
approach / M. Hollaus, W. Wagner, K. Schadauer, B. Maier, K. Gabler / Canadian Journal of Forest
Research. —2009. — V. 39. — P. 1387-1400.

12. Holmgren, J. Identifying species of individual trees using airborne laser scanner/J. Holmgren,
A. Persson // Remote Sensing of Environment. — 2004. —V. 90. — No. 4. — P. 415-423.

13. Korpela, 1. 3D treetop positioning by multiple image matching of aerial images in a 3D
search volume bounded by LIDAR surface models / I. Korpela // Photogrammetrie, Fernerkundung,
Geoinformation. — 2007. — V. 1. — S. 35-44.

14. Medvedev, E.M. Laser location of earth and forest / E.M. Medvedev, .M. Danilin,
S.R. Mel’nikov // Textbook. 2-nd Edition, Revised and Enlarged. Moscow: Geokosmos; Krasnoyarsk:
V.N. Sukachev Institute of Forest, Russian Academy of Sciences, Siberian Branch. —2007. — 229 p. (in
Russian with English summary). http://www.laserlocation.ru/literature.html

15. Medvedev, E.M. With laser scanning for eternity / E.M. Medvedev, AV. Grigoriev //
Geoprofessional (Geoprofi). —2003. — No. 1. — P. 5-10 (in Russian with English summary).

16. Nasset, E. Laser scanning of forest resources: the Nordic experience / E. Naesset, T. Gobakken,
J. Holmgren [et al.] / Scandinavian Journal of Forest Research. 2004. Vol. 19. Ne 6. P. 482—-499.

17. Neaesset, E. Airborne laser scanning as a method in operational forest inventory: Status of
accuracy assessment accomplished in Scandinavia / E. Nasset / Scandinavian Journal of Forest
Research. — 2007. — V. 19. — No. 6. P. 482-499.

18. Optech Incorporated. — 2010. http:/www.optech.ca/

19. Popescu, C.S. Estimating biomass of individual pine trees using airborne LIDAR / C.S. Popescu
// Biomass and Bioenergy. — 2007. — V. 31. — P. 646-655.

20. Remote Sensing of Forest Environments. Concepts and case studies / Ed. by M.A. Wulder and
S.E. Franklin. Kluwer Academic Publishers, Dordrecht, Boston, London. — 2003. — 519 p.

21. Soille, P. Morphological Image Analysis: Principles and Applications / P. Soille // 2nd edition,
Springer, Berlin, Germany. — 2002. — 391 p.

22. Straub, C. Using airborne laser scanner data and CIR orthophotos to estimate the stem volume
of forest stands / C. Straub, M. Dees, H. Weinacker, B. Koch // Photogrammetrie, Fernerkundung,
Geoinformation. — 2009. — No. 3. — S. 277-287.

23. Suvanto, A. Using mixed estimation for combining airborne laser scanning data in
two different forest areas / A. Suvanto, M. Maltamo // Silva Fennica. — 2010. — V. 44. —No. 1. -
P. 91-107.

24. Wulder, M.A. Integrating profiling LiDAR with Landsat data for regional boreal forest
canopy attribute estimation and change characterization / M.A. Wulder, T. Han, C.J. White, T. Sweda,
H. Tsuzuki / Remote Sensing of Environment. —2007. — V. 110. P. 123-137.

— 335 —



Igor M. Danilin and Eugene M. Medvedev. Technology for Monitoring and Inventory of Forest Resources Based...

TexH0JI0rMsi MOHMTOPMHIA U MHBEHTAPHU3ALMHU
JIECHBIX PeCypPCOB Ha OCHOBe JIa3ePHO JIOKaluH,
ungposoii adpodorocreMKH

H CIYTHUKOBOI'O re0nmo3MMOHUpPOBaAHUSA

N.M. Jauuaun®, E.M. Mensenen®

“ Vupeorcoenue Poccutickotl akademuu HayK
HUncmumym neca um. B.H. Cykauesa CO PAH,
Poccus 660036, Kpacnospck, Axademeopoook, 50/28
® Anomexc I'eomamuxa,

Poccus 115088, Mocksa, yn. Yepewckas, o. 3, cmp. 1

Hcnonvzosanue Hogetiwux mMemooog8 u mexHono2uil asuayuoHHOU AA3epHOl ToKayuu, yugdpogou
a’podhomocyeMKU CBEPXEbICOKO20 PA3PEUEHUS U CHYMHUKOB020 2€0N03UYUOHUPOBAHUS 0Decne ugaem
NPUHYURUATLHO HOBbLE B03MOINCHOCMU Ol OUCIAHYUOHHO20 MOHUMOPUH2A U UHBEHMAPU3AYUU
JlecHbIX pecypcos. Beicokas sgpgpexmusnocmov nazeproil nokayuu (bonee 200 movicau umnyivcos/
usmepeHuli 6 CeKyHOy) 6 Ccouemanuu ¢ CAHMUMEMPOBLIM NPOCMPAHCMBEEHHbIM pA3pPeUeHUem
yughposoti aspogpomocvemxu, vicokoli (nopsoxa 10-15 cm) mounocmoio onpedeneHus KOOpOUHam
00beKmMo8 U MOPHOCMPYKMYPHLIX NAPAMEMPOE 0ePesbes U OPe8OCMOes 8 CUCEMAX CRYMHUKOBO20
2€0NO3UYUOHUPOBAHUA U MPEXMEPHOU Gu3yarusayuei OAHHbIX OUCMAHYUOHHO20 30HOUPOBAHUS
8 2COUHDPOPMAYUOHHBIX CUCEMAX hno36oasem paspabomams d@exkmusnvie  anopummeol
UCcne008anuti CmpyKmypuvl U OUHAMUKU JIECHbIX PECYPCO8, 2aPAHMUPYSL AGMOMAMUYECKOe U3BeYeHUe
J1ecOmaKcayuoHnblx nokasamenel 6 pexicume peaibHozo epemenu. Pazeumue u npumenenue maxux
8bICOKOIPPeKMUBHBIX MEXHON02UL AIPOKOCMULECKO20 MOHUMOPUH2A 1€CO8 ABNACMC KPUMULECKUM
U 8bICOKO 3HAUUMBIM 0151 60PeaIbHOU 30HbL U, 8 0COOeHHOCMU, 0114 pe2uor08 Cubupu, 20e ucnonv3yemole
Cce200Hs MpaouyuoHHble NO00X00bl 8 NeCOUHEeHMAapus3ayuu He 3pgexmusHel, He o0becneyusarom
mpebyemoti MmOYHOCMU, GbICOKO 3AMPAmMbL HO CHOUMOCIU U 8DEMEHU GbINOTHEHUS.

Kniouesvle cnosa. JaaszeprHas JoKayus, uud)poea}z aSqubOWlOC'beMKa, CnymHuKkoeoe
2E0NO3UYUOHUPOBAHUE, MOHUMOPUHS U UHBEHMAPU3AYUS IECHBLX PeCYpPCOo6 .




