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Figure 3. Multi-scale segmentation with scale 50, Figure 0.7 and compaction 0.3 for differentiation of canopy
specimens using orthophoto and CHM data
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1- Multiresolution segmentation

2- Over-segmentation

3- Under-segmentation
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Figure 4. Position and distribution of terrestrial reality points on the orthophotomosaic area

Table 1. Equations for evaluating the accuracy of the points of canopy gap

Source Formula Equations
e Jseyd &Yolse
Overall accuracy (O.A)
¥ Eii (0.A) 5 cono ] o
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N error matrix
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o) Cesdly
User Accuracy (UA)
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Table 2. Criteria for evaluating the geometric conformity of canopy gap (A illustrate total area of reference
objects,Aq(jy: show total area of evaluated segments,A,ynAsj): The total area of overlap is extracted and
reference canopy gap, Index D: derived from Oversegmentation (OS) and Undersegmentation (US))

Source Formula Criteria
& Jge b )lime
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Figure 5. Position and distribution of polygons on the orthophotomosaic area

5 0dS )y Cors (fS Cons gl e dw el
oo g o dw ol bl 4 cond ¢yt LIS o
@l oeoren )l didyy dib glswl 3 g8 )l
b lis e dw glas)l b siidid cous Jbj)l 5l Juols
LE oy g dopd A8/+Y IS cono gl)h aiis ) o«
als Olis didey gl el u’l’))] b m FOMIRYLN{
Couo o iad & o gd 5l oW dliwl o iulel b
sghiedy Bl Rl eniSalyg cone g S p)
) Jio b sl o s g 380 p
YO g Voo P05 2l (o)) Jio cund polie ¢ izl
Bas obesl ady, S bl s lgea 1) aop
2 Nad et Cous byl Bl Gjands plaS e
TV s dilal do @ bgsye S Como g o)
5 oy AY/WY IS oo b ol aib lecay aS

(Y Jgia) s sl + /5 LK o o

Col (o5 )] Wl (glasdy, glabds Cono (b))
(CHM) SR iwogrzli (ool Jobo sl
L (CHM) (gl )] (gogd) Joo il jI
o b g g oley dw o) it (o)l do iy e
saieds 038 Jolbs S (ibggl g aidy) ddbgd
5 IS como LS oo bl glajpal)l cds b))
odlil b aids I Sy yo (gly ganaib slas G yilo
Loolw) (bolad Cogod ej diged YoV
K9y 2 2 L;.\L\:.'{ 9 DGPS b u.,l.m dl.m;ufab).g
Jdel @l w8 dwbe g gl (Saljsess))
s ol elisy] Sll cloalis gl cous )
bl tiad (Jod BB IS oo gl)h baiss den 45 2l
So dw () do gbdil 4 bae IS cono e
albwl 8 ol Sl audib lgea o dge

sl ()] Jo b 5 <ol (o] il el Sl ol (slaadis (slebs Como ) Y Sy
Table 3. Evaluation of the point accuracy of the maps obtained from the application of a fixed height threshold and

the slope of the canopy height model
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Table 4. Evaluation of the point accuracy of object-based algorithms
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Figure 6. Results of object classification with support vector machine algorithm
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Table 5. Evaluation of geometric conformity of the range of fixed height threshold and slope methods of CHM

canopy height model
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Table 6. Evaluation of the geometric conformity of the scope of the object object classification method
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Figure 7. Comparison of different methods of clear detection in terms of matching the area of the extracted samples
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Extended Abstract

Introduction and Obijective: Forest canopy gaps play an important role in forest dynamics.
Unmanned aerial vehicle (UAV) data provide demonstrated capacity to systematically and
accurately detect and map canopy gaps and have been considered as an alternative way to
describe the forest stands. This study aims to extract canopy gaps using UAV data and compare

the performance of different canopy gap extraction methods in a part of the replanted forest in
the Arab Dagh Region, Golestan Province, Iran.

Material and Methods:After the acquisition of UAV images and initial preprocessing, the
digital terrain model (DTM), digital surface model (DSM), Canopy height model (CHM), and
orthophoto mosaic were produced. CHM classification performs to extract forest gaps by
different methods of height thresholding on CHM, CHM slope thresholding, and object-based
classification. For performance evaluation of used methods and accuracy assessment of the
canopy gap maps, the central position and boundary of some gaps were measured by DGPS.
Finally, the point and polygon base accuracy of delineated gaps were assessed for each of the
methods..

Results: The results of the point accuracy assessment showed that the canopy gap map obtained
by object-based classification method with applying the support vector machine (SVM)
algorithm with 99% overall accuracy and 0.98 kappa coefficient had the best performance
compared to other algorithms and methods. About area accuracy assessment, the best match
between delineated gaps and ground truth polygons was achieved by using 3 m height

thresholding.

Conclusion: The results showed that with aerial images of the UAV and its outputs, as well as

the use of automated methods, the map of the canopy gap can be accurately extracted. Of
course, the degree of accuracy depends on several factors such as the type of drone and cameras

used, flight parameters and so on. Given the results, it is hoped that this approach will gradually
be used as a cheap and accurate method in forest surveying.
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