———
AHAIM3 NPOCTPAHCTBEHHOM

CTPYKTYPbl APEBOCTOS MO AAHHbIM
BO3AYLLUHOIO JIASEPHOIO
CKAHUPOBAHMA

[1.A4. TPABAPHUK, M.A. OXPUMEHKO,
H.B. WAHWH, M.T'. WALLKOB, H.B. MBAHOBA

NHCTUTYT PU3NKO-XMMUYECKNX N Bronornvecknx npobnem nousoseneHusi, PAH
NHCTUTYT MaTtemaTtuyeckmx npodbnem dunonorumn, PAH

LleHTp no npobrnemam akonormmn n npoaykTneHocTn necos, PAH

[TyLLUMHCKNX rocyOapCTBEHHbIM €CTEeCTBEHHO-HAYYHbIA UHCTUTYT

|| Bcepoccumnckana koHdepeHumsa "HayyHble OCHOBbLI YCTOMYNBOro
ynpasneHusa necamun” 25-27 oktadpsa 2016 r. MockBa



MoemuBUROBaAMKAFUACTH |

Motivation

Satisfying national inventories and forest related studies
require heavy reliance on mapping and monitoring.

However, collection of information on the location and
extent for many of the relevant characteristics of forest
ecosystems by means of pure ground-based field
iInventories is prohibitively expensive.
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Alternatives to field-work

Remote sensing




Alternatives to field-work

During the last 2 decades, operational
collection of forest information has been
revolutionized by the development of
Light Detection and Ranging (LIDAR) —
a technology producing distance
measurements based on the return time of
emitted light.
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Airborne laser scanning (ALS)
BozaylHoe 1a3epHoe
ckanupoBanue (BJIC)

ConoayxuH B. ., XykoB A. A., MaxyruH V. H., HapkeBuu B. U.
MeToabl n3yvyeHunsi BepTukasribHbIX cedeHun gpesocTtoes. 1976.

ConopnyxuH B.U., XXykoB A.A., Maxyrud U.H. BoamoXXHOCTH
nasepHoun aspodoTtocbeMkm npodunen neca // JllecH. xo3-so, 1977,
10. C. 53-58.
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Section of the TLS (green) and ALS (red) point cloud around a single tree,
together with corresponding ALS waveforms. These waveforms
represent amplitude over time which is the time lag since emission of
the laser pulse. The displayed time range equals 60 ns at 1GHz sampling
rate
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Bo3ayLHbIN Na3epHbIN CKaHep
ALTM Gemini, Optech Inc*
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Segmentation of Forest to Tree Objects

The Semi-Individual Tree Crown Approach

Tree Species Recognition

Estimation of Biomass

Predicting Tree Diameter Distributions
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To4YKkM NasepHbIX OTPpaXXeHU

pacLBeY€EHHbIe MO

BbicOTe. Bua ceepxy v B pa3spese.



First of many:
Intermediate:
Last of many:




The main advantage of the LIDAR data as an input for
the segmentation and object building is the use of the
third dimension in the resolution and accuracy

which cannot be provided by other (3D) remote sensing
methods.
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Most forest applications of the LIDAR data are based
on

digital surface models (DSM, the top of the canopy),
digital terrain models (DTM, the bare ground),
normalized DSM , (difference between the DSM and
DTM, thus representing vegetation height.)

Normalized DSM is referred also to as canopy or
crown height models (CHM).



Segmentation of Forest to Tree Objects

Forest Stand Segmentation
Segmentation of Single Trees

Tree Shape Reconstruction



The tree tops detection algorithm typically is based on
searching local height maxima.

The differences between the algorithms are mainly related to
adjusting the CHM smoothing in order to obtain a desired
number of local maxima in varying canopy conditions.



#1:. Adaptive filtering based on CHM height values

#2:. Local maxima detection with residual height adjustment
#3: Segmentation based on geometric tree crown models

#4. Adaptive segmentation based on Poisson forest stand
model

#5: Cluster formation using modified k-means approach

#6:. A voxel layer single tree modelling algorithm



A suggested algorithm works as follows

[MpeanoXeHHbIn anropuTMm cTpouT Habop
HeCBA3aHHbLIX OPUEHTUPOBaHHLIX rpadpoB Ha
MHOXecTBe U BCex 3afaHHbIX TOYeK, Haxoas
bnvxaniuyo K paccmarpnaemon Touke u=(x,Y;,z;)
TOYKY U=(X;,Y;;Z;) U3 nonynpocTpaHcTea B R?,
OrpaHUYeHHOro CHMU3Y MNOCKOCTbIO Z = Z;, C YCINOBUEM
Ha paccTosiHne Mexay Todkamu || u; - u; || <r, roer —
3aJaHHbIN CKanapHbIA napameTp.

B crnyyae HeBbINOMHEHNS aHHOrO ycrnosus (T.e.
OTCYTCTBUS TOYEK B 3aaHHOM nonycdepe)
nocTpoeHune rpada npepbiBaercd. MoXxHO nokasaTb,
YTO NOSTyYEHHbIN rpad ABnsaeTca rpadoomM-4epeBoM C
KOPHEM B BEPXHEWN TOUKE.

Anroputm 3akaH4MBaEeT MNOCTpPoeHue rpada B TOM
clydae, Korga B BepxHen rnosnycgepe paguyca r Hag
OAaHHOW TOYKOM He ByaeT HanaeHo HU O4HOW apyroun
TOYKM,

Height above ground, m
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Tree Shape Reconstruction

Our algorithm for detecting tree tops enables a delineation
of the tree crowns in the vertical direction, allowing
further applications towards

tree species recognition, modeling tree growth, forest
development, forest light interaction, and so on.
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EcologicalzApplications |

»Assessing Biodiversity
»Assessing Dead Wood
»Estimation of Canopy Cover, Gap Fraction and Leaf Area Index

=»Canopy Gap Detection

*Analysis of Tree Location Spatial Patterns

=Applications in Forest Fire Protection



Gaps play a crucial role in dynamics and
maintaining species diversity through
regeneration processes

Canopy gap detection Is based on CHM
methods
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