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Figure 7. One-step and Hierarchical classification in three flight height
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Figure 8. Accuracy histogram of species classification in One-Step classification at 100 m flight height
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Figure 10. Accuracy histogram of species classification in One-Step classification at 75 m flight height
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Figure 13. Accuracy histogram of species classification in Hierarchical classification at 55 m flight height
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1- Object-Based Change Detection
3- Individual tree crown approach

2- Local Maxima
4- Semi-individual tree crown approach


http://dx.doi.org/10.29252/ifej.6.11.61
https://dor.isc.ac/dor/20.1001.1.24237140.1397.6.11.5.6
http://ifej.sanru.ac.ir/article-1-240-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-20 ]

[ DOR: 20.1001.1.24237140.1397.6.11.5.6 ]

[ DOI: 10.29252/if€}.6.11.61 |

w WAY ials 5 5lae /omdjl ojlad /ot Jlos sl sla IS slidpss
ok &S W o L Baiod ol gl S sba Lo o )0 Wodld Julodisds o5 53 bl g Bl yusd (b,
Adh s g el ly (09 s cubl I olgy ) Ja Jidazl 3,9 516 5,5 )5 dvginyge S
by eon b OlFee 9 B8 S slaaiss ) 223 ald
ks dge |y polie ol Pewle slaiiby 5 cng L5 g8 omd lp ol G @l 4 gL

Jel

Slge pobal &S dged (pSaD lee cplpls Cygo 5 g 5l ool cadlllandyge (MKin dilais LS o

2850 Y Ul Spone 5 bl pasuis g Al wlie auS Sl o5 W) 2 Jlon
ey bdid ans o e 0 Spiiy bl oyl CatS g SS@ @8 li8l b wlg e i slasil
eyl Joo Jolos dad yidi cdday gbcwd glp Kis S e s (g0b dgan U ol 5 (8L yd pglas
48,8 a5 > 0 g 0L g 4o bl ads ledbl (lgys O 32 455 g5 i 43 Dl 5l edlaiiw] Cuze ol Y
2 polar opl CablB 5l 2ad o Spiiy pisted g P sty cbhdige I edlwl 4 Wlg e Baiod

ol

=l g oolitel Spoms b JSs jl Ks sble dg3g Sy )3 &S| 390 bgyye iy jeis Yl LSl

L2305 ol | sk ol SublB olsi yiae B 355 Qb e el pis sy ol s gl oS
Ao glayll 51 S lgiedy wles o ol oy oy lad glrosly wSep ol jo 3008 Jlgb 5 S J5b
Ll obls 5 sl g0l laoee 1 @leMb] s Lol scasls by sboodls b1y 4565 g5 s el )lg5 ol
SleMbl s canr Ko )8 cow bylyd 4 g ol 3 Ol She sjlan (09 Ao 4 gy > 4

10.

11.

12.

13.
14.

15.
16.
17.

WS 6k Y Y ooSisl ) R e 5 om0 sl
23,5 oolawl
&l

. Ameri, A., F. Dadras Javan and N. Zareinpanche. 2017. A review of methods for extracting roads

from UAV aerial images. Geospatial Engineering Journal, Iranian Society for Surveying and

Geomatic En%meermg, 4(8): 57-65 ﬂn Persian).

Benz, U.C., P. Hofmann, G. Willhauck, I. Lingenfelder and M. Heynen. 2004. Multi-resolution,

Object-oriented fuzzy analysis of remote sensing data for GIS-ready information. ISPRS Journal of

phatoarammetrv and Remote Sensina. 58(3-4): 239-258.

Chen. G.. GJ. Hav. L.M. Carvalho and M.S. Wulder. 2012. Object-based change

detection. International Journal of Remote Sensing, 33(14): 4434-4457.

Chenari, A., S.Y. Erfanifard, M. Dehghani and H. Pourghasemi. 2017. Estimation of crown area of

wild pistachio single trees using DSM of UAV aerial images in Baneh Research Forest, Fars province.

Journal of Wood and Forest Science and Technology, 24(4): 117-130 (In Persian).

Chianucci, F., L. Disperati, D. Guzzi, D. Bianchini, V. Nardino, C. Lastri, A. Rindinella and P.

Corona. 2016. Estimation of canopy attributes in beech forests using true colour digital images from a

small f_ixed-wing UAV. International J. Applied Earth Obsevation and Geoinformation, 47: 60-68.

Colomina, I. and P. Molina. 2014. Unmanned aerial systems for photogrammetry and remote sensing.
ISPRS J. of Photogrammetry and Remote Sensing, 92: 79-97.

Erfanifard, Y., J. Feghhy, M. Zobeiry and M. Namiranian. 2010. Review Possible Provision Maps

Canopy Density In The Forest Using Aerial Imaging And GIS, Proceeding of The National of Eighth

National Conference Geomatics (In Persian).

Fritz. A.. T. Kattenborn and B. Koch. 2013. UAV-based nhotoarammetric point clouds—Tree stem

maobina in open stands in comparison to terrestrial laser scanner point clouds. Int. Arch.

Photogramm. Remote Sensing Information Science, 40: 141-146.

Ghasemi, A., Sh. Shataee and J. Mohamadi. 2017. Identify Tree Species In Mixed Hardwood Stand of

The Caspian Forests Using Digital Images Aerial Cameras Ultracam-D. Journal of Wood and Forest

Science and Technoloav. 24(1): 77-90 (In Persian).

Hutchens. C.L.. B.R. Sarbin. A.C. Bowers. J.D. McKillican. K.K. Farrester and R.M. Buehrer. 2008.

An improved method for GPS-based network position location in forests. In Wireless

Communications and Networking Conference, 2008. WCNC 2008. IEEE (pp: 273-277) IEEE.

Kane, V.R.,, AR. Gillespie, R. McGaughey, J.A. Lutz, K. Ceder and J.F. Franklin. 2008.

Interpretation and topoaranhic compensation of conifer canopy self-shadowing, Remote sensing of

Environment. 112(10): 3820-3832.

Kattenborn. T.. M. Sperlich. K. Bataua and B. Koch. 2014. Automatic sinale tree detection in

plantations usina UAV-based bhotoarammetric point clouds. The International Archives of

Photogrammetry, Remote Sensing and Spatial Information Sciences, 40(3): 139.

Koch. B.. U. Hevder and H. Weinacker. 2006. Detection of individual tree crowns in airborne lidar

data. Photoarammetric Enaineerina & Remote Sensina. 72(4): 357-363.

Laliberte. A.S.. A. Ranao. J.E. Herrick. E.L. Fredrickson and L. Burkett. 2007. An obiect-based imaae

analvsis anoroach for determinina fractional cover of senescent and green vegetation with digital plot

photography. Journal of Arid Environments, 69(1): 1-14.

Lin, Y., M. Jiang, Y. Yao, L. Zhang and J. Lin. 2015. Use of UAV oblique imaging for the detection

of individual trees in residential environments. Urban Forestry and Urban Greening, 14: 404-412.

McNeil, B., J. Pisek, H. Lepisk and E. Flamenco. 2016. Measuring leaf angle distribution in broadleaf

canopies using UAVs. Agricultural and Forest Meteorology, 218: 204-208.

Mlambo, R., 1.H. Woodhouse, F. Gerard and K. Anderson. 2017. Structure from Motion (SfM)
hotogrammetry with drone data: A low cost method for monitoring greenhouse gas emissions from
orests in developing countries. Forests, 8(3): 1-20.


http://dx.doi.org/10.29252/ifej.6.11.61
https://dor.isc.ac/dor/20.1001.1.24237140.1397.6.11.5.6
http://ifej.sanru.ac.ir/article-1-240-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-20 ]

[ DOR: 20.1001.1.24237140.1397.6.11.5.6 ]

[ DOI: 10.29252/if€}.6.11.61 |

Y¥ e yobas jl odlaiwl b ()35 b K> w] S ot sodgs ) (3 cbdis glwld

18. Mohan. M.. C.A. Silva. C. Klaubera. P. Jat. G. Catts. A. Cardil. A.T. Hudak and M. Dia. 2017.
Individual Tree Detection from Unmanned Aerial Vehicle (UAV) Derived Canopy Height Model in
an Open Canopy Mixed Conifer forest. Forest, 8(9): 1-17.

19. Moselou, M. 2012. Assessment of KNN inventory method in estimating the biometric features of wild
pistachio trees (Case study: Wild Pistachio Research Forest, Fars). M.Sc. Thesis, Shiraz University.
155 pp (In Persian).

20. Naesset, E. 2002. Predicting forest stand characteristics with airborne scanning laser using a practical
two-stage procedure and field data. Remote Sensing Environment, 80: 88-99.

21.Puliti, S., T. Gobakken, H.O. @rka and E. Nasset. 2017. Assessina 3D noint clouds from aerial
ggotographs for species-specific forest inventories. Scandinavian journal of forest research, 32(1): 68-

22.Rafieyan, O., A.A. Darvishsefat, S. Babaii and A. Mattaji. 2011. Identification of tree species using
object-based classification of Digital Aerial Images in the Northern forests of Iran (Case study:
Chamestan-Nur). Iranian Journal of Remote Sensing and GIS, 4(2): 63-74 (In Pe_r3|an12. )

23. Rafieyan, O., A.A. Darvishsefat, S. Babaii Kafaki and A. Mataji. 2010. Evaluation of pixel-based and
object-based classification of aerial images to identify tree species (Case Study: silviculture
Chamestan Noor). Journal of Forestry, 1(3): 35-47 (In Persian).

24.Rafieyan, O., A.A. Darvishsefat and M. Namiranin. 2005. Determination of variations in the range of
northern forests of the country between 73-80 %/ear_s by usin imaﬂes etm (case study in Babil forests).
Journal of Water and Soil Science Journal of Science and Technology of Agriculture and Natural
Resources. 3(10) (In Persian).

25. Saarinen. N.. M. Vastaranta. R. Né&si. T. Rosnell. T. Hakala. E. Honkavaara. M.A. Wulder. V. Luoma.
A.M. Tommaselli. N.N. Imai and E.A. Ribeiro. 2018. Assessina Biodiversitv in Boreal Forests with
UAV-Based Photogrammetric Point Clouds and Hyperspectral Imaging. Remote Sensing, 10(2): 338.

26. Schiewe, J. 2002. Segmentation of high-resolution remotely sensed data concepts, application and
problems. Proceeding of Symposium on Geospatial Theory, Processing and Applications, Ottawa,
Canada, 34(4): 235-242.

27. Shabani Pour, M., A.A. Darvishsefat and O. Rafeyan. 2014. Study The Possibility of Identifying Tree
Species In Digital Aerial Images Based Object Classification. Journal of the Forest and Wood
Products, 67(1): 21-32 (In Persian).

28. Shataee, Sh. 2003. Investigation of the Possibilit of forest types Mapping using satellite data (Case
study: Kheyroud-kenar forest in north of iran), Ph.D. Thesis, University of Tehran Press, Tehran. pp.
44-53 (In Persian).

29. Sperlich. M.. T. Kattenborn. B. Koch and G. Kattenborn. 2014. Potential of unmanned aerial vehicle
based bphotoarammetric point clouds for automatic sinale tree detection. Available onlilne:
ggxl)é/)/www. dgpf. de/neu/Proc2014/proceedings/papers/Beitrag270. pdf (accessed on 15 January

30. Suomalainen, J., N. Anders, S. Igbal, G. Roerink, J. Franke, P. Wenting, D. Hunniger, H.
Bartholomeus, R. Becker and L. Kooistra. 2014. A lightweight hyperspectral mapping system and
gggg%grammetrlc processing chain for unmanned aerial vehicles. Remote Sensing, 6(11): 11013-

31. ;8{'97’95' and G. Shao. 2015. Drone remote sensing for forestry research and practices. J. For. Res. 26:

32. Torres-Sanchez, F., F. Lopez-Granados and J.M. Pena. 2015. An automatic object-based method for
optimal thresholding in UAV |magie: Application for vegetation detection In herbaceous crops.
Computers and Electronics in Agriculture, 114: 43-52.

33.Torresan, C., A. Berton, F. Carotenuto, S.F. Di Gennaro, B. Gioli, A. Matese, F. Miglietta, C.
Vagnoli, A. Zaldei and L. Wallace. 2016. Forestry applications of UAVs in Europe: A review.
International Journal of Remote Sensing, 38(8-10): 1-21.

34.Vega, F., F. Ramirez, M. Siaz and F. Rosua. 2015. Multi-temporal imaging using an unmanned aerial
vehicle for monitoring a sunflower crop. Biosystems Enaineerina Journal. 132: 19-27.

35.Wallace. L.. A. Lucieer and C.S. Watson. 2014. Evaluatina tree detection and seamentation routines
on verv hiah resolution UAV LiDAR data. IEEE Transactions on Geoscience and Remote
Sensmg\,(52(12): 7619-7628.

36. Wang, Y., J. Hyyppa, X. Liang, H. Kaartinen, X. Yu, E. Lindberg, J. Holmgren, Y. Qin, C. Mallet and
A. Ferraz. 2016. International Benchmarking of the Individual Tree Detection Methods for Modeling
3-D Canopy Structure for Silviculture and Forest Ecology Using Airborne Laser Scanning. IEEE
Trans. Geosci. Remote Sens, 54: 5011-5027.

37.Wang, L., P. Gong and G.S. Biging. 2004. Individual tree-crown delineation and treetop detection in
high-spatial-resolution aerial imagery. Photogramm. Eng. Remote Sens, 70: 351-357.

38. Xiang, H. and L. Tian. 2010. Method for automatic georeferencing Aerial remote sensing gRS) images
from an unmanned aerial vehicle (UAV) platform. Biosystems Engineering j. 108: 104-113.

39.Yu, Q., P. Gong, N. Clinton, G. Biging, M. Kelly and D. Schirokauer. 2006. Object-pased_ detailed
vegetation classification with airborn high = spatial resolution remote sensing imagery.
Photogrammetric Engineering and Remote Sensing, 72(7): 799-811.

40.Yu, X., J. Hyyppé, M. Karjalainen, K. Nurminen, K. Karila, M. Vastaranta, V. Kankare, H. Kaartinen,
M. Holopainen and E. Honkavaara. 2015. Comparison of laser and stereo optical, SAR and InNSAR
point clouds from air-and space-borne sources in the retrieval of forest inventory attributes. Remote
Sensing, 7: 15933-15954.

41. Zarco-Tejada, P.J., R. Diaz-Varela, V. Angileri and P. Loudjani. 2014. Tree height quantification
using very high resolution imagery acquired from an unmanned aerial vehicle (UAV) and automatic
3D photo-reconstruction methods. European Journal of Agronomy, 55: 89-99.


http://dx.doi.org/10.29252/ifej.6.11.61
https://dor.isc.ac/dor/20.1001.1.24237140.1397.6.11.5.6
http://ifej.sanru.ac.ir/article-1-240-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-20 ]

[ DOR: 20.1001.1.24237140.1397.6.11.5.6 ]

[ DOI: 10.29252/if€}.6.11.61 |

Ecology of Iranian Forests Vol. 6, No. 11, Spring and SUMMET 2018 ...........cceiririirieieriirisisiese sttt

Detection of Tree Speciesin Mixed Broad-L eaved Stands of Caspian Forests Using
UAV Images (Case study: Darabkola For est)

Milad Pourahmad®, Jafar Oladi? and Asghar Fallah®

1- Ph.D. Student of Forestry, Faculty of Natural Resources, Sari Agricultural Sciences and Natural Resources
University, (Corresponding author: miladpourahmad@yahoo.com)
2 and 3- Associate Professor, Department of Forestry, Faculty of Natural Resources, Sari Agricultural Sciences and
Natural Resources University
Received: May 8, 2018 Accepted: June 11, 2018

Abstract

Unmanned aerial vehicles (UAVs) images have high spatial resolution. They are a valuable
source of information for magﬁing land cover and thematic information, particularly in the
identification of tree species. The aim of this study was to investigate the capability of drone
images and the base object method for detecting tree species in the Hyrcanian forests. For this
purpose, part of an area in parcel 24 of district one in Mazandaran Darabkola forest was
selected. The ground truth map was prepared through accurate recording with geographic
coordinate’s algorithm using distance and azimuth in MATLAB software. Proper processin
was done on the images and classification performed on images at three flight height; 55, 75 an
100 meters in two categories of one-step and hierarchical classifications. In object-based
classification, the nearest nei%hbor method was used to classify three species. The accuracy of
the maps derived from classifications was evaluated using 50% of the ground truth map. The
results showed that the map of the hierarchical classification by the object based method at a
flight height of 55 meters has the best ability to detect tree species in the three heights. These
comparisons showed Kappa's coefficient of 0.81 accuracy of tree species classification in 55-
meter height by UAV.
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