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Extended Abstract

Background: The height of trees is among the important components in the field of forest
inventory and measurement. Over successive decades, estimating tree height has been a major
concern in forest statistics and measurement. The height variable is used in estimating tree
volume, classifying stand productivity, and estimating growth rates of trees. It is also one of the
important variables in calculating biomass. Another essential characteristic at the individual tree
level is canopy diameter, which plays a role in modeling and practical attribute estimation, such
as forest canopy cover percentage, leaf area index, and biomass. Until now, the devices and tools
introduced in forestry science have only been able to measure a specific component, e.g. tree
height, and the need for different tools or techniques arises for measuring canopy diameter. The
approach of this research not only leads to the development and use of software capable of
measuring the mentioned components but also enables the recording of inventory in designed
forms, recording of geographic coordinates of tree bases, storing images taken from the trees, and
ultimately creating a data archive from the study area. To achieve these goals, the design and
development of a software (application) called HCP, which stands for H: Height, C: Canopy, and
P: Pixel, based on the Android operating system, will be considered the essence and necessity of
this research.

Methods: In this research, the HCP software based on the Android platform was designed and
developed according to the devices with the Android operating system and with the Java language.
HCP has three parts: database, image processing, and information display. Its user interface was
presented in six activity pages, including Set Image, Set Data, Set View, Set Reference, Set Pin,
and Set Final, with a SQL database structure. The entire coding, execution, debugging, and testing
process was carried out based on API 27 (Application Program Interface) associated with the
Android SDK (Software Development Kit), in the Android Studio development environment
(IntelliJ). The initial testing process was also carried out with real images stored or produced by
the device camera used. A total of 150 trees from Persian Oak species (Quercus brantii Lindl)
were selected and their height and canopy diameter were measured to conduct tests and compare
the measured height data using Vertex and HCP methods, as well as the measured canopy
diameter data using laser meter and HCP. Descriptive indices independent of the distribution type,
including the first quartile, median, third quartile, minimum, and maximum, were calculated for
the height and canopy diameter components measured by the four methods mentioned above. The
Shapiro-Wilk test was used to examine the distribution of the difference in the height and canopy
diameter of all trees. Paired t-test was used to evaluate the accuracy of HCP. The HCP error was
evaluated by the root mean square error (RMSE) and the Index of Disagreement, which is the
result of dividing the absolute value of the difference of the estimated component from the actual
value by the actual value. The accuracy of HCP was evaluated using linear correlation and the
Index of Agreement. To further investigate the dispersion of the error distribution and to examine
the accuracy and precision, the data were grouped into three levels: total trees, 75 tallest trees in
terms of height (wider in terms of canopy diameter), and 75 smallest trees in terms of height
(canopy diameter). All results were obtained using the R statistical software.

Results: The result of the paired t-test at a 95% confidence level indicates no significant
difference between the measured heights using the Vertex and HCP methods, as well as no
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significant differences between the canopy diameter measurements using the laser meter and
HCP. The RMSE values were calculated as 0.07 and 0.065 meters for the height and canopy
diameter, respectively. The values of the linear correlation coefficient and the index of agreement
were reported as 0.999 for both the height and canopy diameter measured with the mentioned
methods. The disagreement percentages were calculated as 1.068 and 0.963 for the height and
canopy diameter, respectively.

Conclusion: Modern methods of measuring tree height need to be improved before they can be
widely used in forests, and once the shortcomings are addressed, a new chapter will open in
measuring forest components, such as the canopy diameter and tree height. The following seven
steps outline the general steps for measuring canopy diameter and tree height by using HCP
photography. Finally, based on the examination of accuracy, precision, and error assessment test
results, HCP can be introduced as an alternative method for measuring the height and canopy
diameter of trees. Step 1: Design and develop HCP (other items include defining Java class file
functions to determine tree number, recording time and date of photography, calculating the time
difference between images, spatial positioning, copying the original image file to internal
memory, resizing images for re-matching, and providing output in csv and zip format). Step 2:
Taking pictures of the target tree (neighboring trees) and index. Step 3: Defining and determining
the numerical value of the index used in the image. Step 4: Determining the lower points (tree
trunk and index), upper points (tree tip and index), and the canopy diameter on the image. Step 5:
Correcting all measured components, and Step 6: Starting and performing processing by HCP.
Step 7: Automatically measuring all defined components for the target tree (neighboring trees),
generating output file, and saving all information related to each image.

Keywords: Canopy diameter, Persian Oak, Southern Zagros, Tree height

How to Cite This Article: Taheri Sarteshnizi, M J., Fallah, A., Ramezani Moziraji, H., & Mohammadi, J. (2025)
Designing the HCP Software for Measuring Tree Height and Canopy Diameter Simultaneously in Southern Zagros.
Ecol Iran For, 13(1), 120-132. DOI: 10.61186/ifej.2024.524



https://ifej.sanru.ac.ir/article-1-524-en.html
http://dx.doi.org/10.61186/ifej.2024.524
https://ifej.sanru.ac.ir/article-1-524-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/if€].2024.524 |

WYY VEF /Y ojloss [t o Jbo ol sl i awliiips

S b @alie g (55,9l egle oIl

iRy e
o515 0 QLS g e g g3 Glojed (g pS 05l jeliieds HCP 13310 5 (o ,b
P

Tgome ;S 97 2 590 oy Al o TEM ol 650k paw (g b Sl oo

(mojavadts@gmail.com : Jggume 6dim53) ()|l syl (Hlo b @lio g (65)0liS pale olSuiild ¢ b milio 0aSily (JSin pole 09)5 (8 (ggmmiily —)
o) o b e e 53125 ol oSS s e e Kl S ol 0 il ¥
Bguw eglagl g (b lis 5 (65ygliS olSutsly ¢ 3ixs =¥
O 0S5 10555 e i 5 5395 e oSl e i 015 (S o 3,5 bl F

VESLAVIYE bl oy VY51 il b VEY/ Y iy
WY BAY - amio

bw b.).gib

D AEAED (o Satee by gl )0l ¢ oo slaamy b cunl JSin (63505l g g o pylel sl )3 e (slinl I (SO b gl 18R g deddo
N OFreR 9 S50 Ghig) €55 25l oBing) (58 Jeols (sinan > 853 0 e psl e g3 €W el e sleday JSix 550l 5 L]
2)9ly 5 ilodre ) gl b cunl €80T a3 pjY Slasdie p Fietes 15503 (Ko gB kB sl 03565 liee dnnle )3 wree sl iie ]
by JSix pole jd ods (Byme Jilws g ol&iwd (g8t 055 5,3)5 035565 9 Sy prlaw adlis (JSKin Lidazh doyd i (05 Glaskin
Wl 500 (LSS b g bl 1 odlaiwl & b zU ylab o puSojlul jelaieds g 3yl |y cdys glis)) a0l (sadlie SO (gySojlnl culil
s pylel s ol aSly il asls 1y oas S5 cloadlho (6 pSojluil oUlg 45 conl (6158105 5l oolil g Cdlo 4 yorie L imghy oyl b,
Sl bl coles jo g s 1ol 4B Sy glal (gjlwepdd Sl (B> slaal oLl e Claise cud el s (b slap s LB
sojly caaso &S HCP lsic L (Application) g)lj8lp 0 (sdnmwgs 9 (b cdlial cpl &y duw, jolatods .3)l5 1) aallas 550 (sadlais jI cleMb)
W daled dlaeld g gy oyl pbul ©yg s g Cudle anl yiiuns (Android) Ayg,8l Jole piwaw g P: Pixel g C: Canopy H: Height

dnogi 9 (b Il 0l b g 2yl Jole s 15 (slall b ceslite 5 229,080 (595 1 (s HCP Jlj3le 5 gl nl 5o sy g Slgo
Set Image ol (¢ )5 aio i > o (60,8 baily sl CleMbl inled (isy g pglad (o3l (iou waly oL isy dw sl ls HCP .cdl
G905 9 SaSlud dyal i 38 A8 soles 5,5 41l SQL (o3> oKL jkisLw L Set Final ¢ Set Pin Set Reference Set View Set Data
Android (Intelli]) dswgs lawe ;3«94 (Software Development Kit) SDK | e (Application Program Interface) APT 27 jolul 5

09031 Pl yglateds (285 plonl o3litl 3590 13 ()93 Lawgs 0ad A b g ond 0,3 (Aly gl b i adgl ygeil A0l 8 cé k)90 Studio
30 sab V0 dlass HCP g (654 yio b odd (6550310l zU ylad slaodld fpicred g HCP g (SS9 b osds (6 S0l glas)] (gsbvosld (gauslio o
Sl ol @i 95 4 dtunly pé oy slaasld b (¢ Sojlnl ] ZU b 5 £las)l g Llsesl (Quercus brantii Lindl) ) boly (s565 5
Shig=gmlds Ggeil J 25 sl ysSie (39, ez Sl esd s pSeflul gb b 5 el sloalhe sl windar g 4ineS g Sy wlio ol
b)) it t eeil JIHCP Coo b))l jelaie 4y i olaul s yd S 2U b o elas)l O 505 iiSly (ow)yp (sly (Shapiro-Wilk)
il OB sllas )08 e Juols oS (Index of Disagreement) sy pac doyd (adli 3 (RMSE) lad Glaypo (15Sko jds 5| HCP (gllas
&y b oolizl (Index of Agreement) il jasls 5 Jod  Stwods JJHCP s b)) gl g cconl (Bly Jlade p oadly jlude jlods 590y
ke 5l eng) gl s I il €85 VB (s ) JS e duw )3 laodls (85 g Como iy inen g b g8 (SWSTy 028 fli gy
ol sty R gylol J5ala 3 51 oslizal b gl aled s saisaton (gl jhad) glis)) Jai jl ;iSaS <0 VD o (g o

syvg pis 5 HOP 5 LuSis b o (6,50l gl oy 1o sine B3] 3939 pis ) (S 1) A0 Jlois! glaus b s t 0] geomsss laidly
Casddy yio o[58 gl b elyy g s /Y glis)) glyy b Slasyo uSilko i 98 HOP 5 65540 jio b o 6,500l 2b b ey I3 sine V5]
Bl pas 2oy 1b ()15 )5S o (sla by, il ond (6 pSeul gl b g glis)l el /ALl Billes (aS s g s (Stsen (g polie il
A deloes AV 2l b (gl 9 VFA gl ol

P e ab b8 g @) 3l o g B0 UK )3 gy godail U3 (il 4 5l e il (5pSoiluil g (sla g, 36 S Al
b b pese SaSa ) gl jlab 5 elis)) cpSollil 7 Jolpe 0 pl i ol aalgd 3925 2l jlad g lis)] Jo J) S sloadlhe (g S0l
S50l (sl 505 by, lsiedr Bl HOP s g s oo (23] slagygei] @lis ooy 2 bl 2 «ald 53 uled o yaseiio HCP
S i ojlod e sl Iyl NS L @5 iy 1 Jald 3130 pLw) HCP (senwgi g (b i gl p5 33,5 (Byme (153 gl jlad g glis)|
Sl ol ol i o o1 dlable &y pygum Lol Bl (oS GlSe abiumbse (S0uSs ) psliad Sloj M daslme ()l 2 S8 )b 5 oo
8335 e (s 9 iy ipg— 5 (paS L g (jebre (15 )3) Ban sl ) 53 S tpgd P (2ip sV B )3 (g3 and e il
25 P pgual 59y » gl S g (LSl 5 C8 50 Sg) (VL (Lasld g 80 () (b BB s i)l P epgual )3 odlitil 590 eSS
0l iy yai laadlie (olad Suilogil (655051l spsan plS HCP Lawgs b yo3ls 5 plosil g £ 1ab pmiiad p5 0did (¢ S0l (loadlie  olod puowias
gy & bgje ML (bl (g035 5 (295 h Mg pglne (15 3) Ban garl sl

b b s> oS5 el ok s> lis)) 1 galS (sWojly

Sgleer lp WiSal, o glisa oS3l el dodde
g e ladidy julpw 3 (HBly slod Gl Sl e Gy S )5l Cawdas sl S0l porie
(Rossi & Crenna, 2018) 5,5 o )8 zuwg el 048 S8 Ably (clod 3 Lobil g oty cslusl 390 5


https://doaj.org/toc/2676-4296
https://orcid.org/0009-0000-2273-5284
http://dx.doi.org/10.61186/ifej.2024.524
https://ifej.sanru.ac.ir/article-1-524-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/if€].2024.524 |

ez ySilez g (2 pjge Sldey Al o @ jhol (5305 p (6 ymllo g sazmo

WY @92 00515 3 Q5 b kS 5 gl plejen (g pSojlul pslateas HCP Jljdle i o1 b

BB ol 5 onis 555 (RMSE) lbs Slape 555k
ol 6553k 9 (s oo

2 GE 5 jen Ml S 5 S )bl
Il copde oolel Gals 5 cE S ulide
» f)'Y Slasuie (ke j1 S gl b .l b JSs
9l g Giledde 3 gl Jhd cwl CE ST daw
oAl (JSix Gibagl oy el ()8 Clasie
(o)l zb sl 1 eMbloyls 55,5 035555 9 Sy o
&85 2biyl (SR el (giledue 5 (b Gl
5 S (Sl bl s g e
Lovynska et al, 2018) cusl (gy9p0 (awlibealdlss,
.(Nasiri et al., 2020

B 9> (PSS aw 3 gl jlad (5 ySojlul
L) (o) (o35 e b gl Sag8 9 Sy jladl Sl on 2 3900
RPE e 9 n ook & Wed e (5 Sojlul (493 I Lioxi
2 6p50ilal Jos &5 e )l 392 @ ol )
Pl 4l & e ol 5l (Solo g 0l ploxil 8>
L Slgs o puS0jlul e )l old ol Glule
) gl yhad ¢ pSojlul Jos wgesjl BMS] y5g; 5l edlizul
(el adlge (6 pSojlul yemmen) ci s il Alold cole, b
J(Taheri Sarteshnizi, 2014) s> sl

390 Jlpd J W)l aSeilul oty 5 LSS
Ools8 5 wdin S L el cpl gl 5 ledgy dn g5
YAV 53 AAWN sl Sl 5o acdio alis 4 baye
55 B sl 5 ool oSl joshe Sligia 5 i
Tiemann, 1904 Mlodziansky, 1898) cusl asg5 o
odel 51 S e S il eolawwl (Graves, 1907
sodlo bulg) il €33 )] Jguan pslaie 4 Lo 2
o= +(Graves, 1907 Mlodziansky, 1898) cuul awiin
39 9 (Faustmann) ;jlezwls (claolows (Syme b )]
st goliind (eSS g S5 (Weise)
g S Sl 35 iy i b Sy
swiid blgy (wloly 50 (Winkler) (IS5, 4 4 (Klaussner)
N85 e S pole e b am Ul
(Graves, 1907)

odel 5l (Brandis) wip  (sySejlul o&iws
aliold oo (pl 5ol Slilie balsy (sl y olKtwd
5 g Sodulbre sl ySojlul i b sy (o
McArdle & ) VAYY Jlo > ez 9 3,1 4 (1925
i U cd oy gdlold ywloly (Chapman, 1927
1y oy 55 gl 1 ol wghuns (slacums § ol
&S5 opl 4 Sy 03505 ) 8> gl (680310l (6l
IS psle o Slilie balg, 51 eslatwl K4, 45" S 0 o,)Ls]
Jdar) (BIFE Ll 4 (pwginS gt Luly) 51 )3
b psiiane (gabols (xS0}l (ppioman g (dnlone )3 Cggw
A JolSie pain U e op galol slba cap
5 (Goulier) ,Js¥ ziweud (solSusy (Bragg, 2014)
51 oolitul g 4z > (slady duoys I odlaul leliday 51 Jolas

g bl pol > pre lipl (S s el
oobol y (Unger et al., 2015) cul K (5,505l0]
@b sl 0 5uih U o g 51 (53908 (salols iy 5
(Gschwantner et al., 2009) 355 0 6500 > glas)|
2 AL o ke <853 el 300 ¢ gt slaany b
Gschwantner ef ) b o jleda JKia ¢ pSojlul o )Ll
Forbes, «Chapman & Demeritt, 1936 w«l, 2009
35y 53 elas)) yusie (Avery & Burkhart, 1994 1995
van Laar Tewari & Gadow, 1999) c& > po> yl5s0
van ) o&iysy (g Jols (ganas s (& Akga, 2007
&5 39l p (Waring et al., 2006 Laar & Akga, 2007
S omizer g (Carmean, 1972) ¢y s,
West, ) Caol 039555 Oliee dwbro )3 ppe (slopxio
Ao ply ylod ) ddlse plo oljends (glasyl (2015
jsb 4 45 4 (DBH: Diameter at Breast Height)
HB peie ©y90h; o ploaasiio Syl (s
St x e Sl pSojlal b g s (g 5ol
Opeddy Cawl 465 D50 (03555 ) o ¢ ) CubliS Ainlgs
5 Cusl Sl 5 i (gyol gW)) (5pSojlul CEd um
Wang et ) 3,ls baascin plo 35l ;5 osbins (alal,
$layse o @Lmu@w & oly e« Jlo sly (al, 2019
CESS w2 29l 59 3 €] 503l ) s g8
OS5 9038555 39l 33 oyl o (Tompalsk et al., 2014)
2,5 o Ll (Feldpausch et al, 2012) oab 0,53

bl & ol o) SaSa ci > gyl (655051l
Sdbaog 3l oolitul yoomen ol padime LmoT 2 S pSejlul
ool &8 Sla jbg, (Telescopic poles) jlg SusSunls
omree sl Slilke bulyy sl p ol > (5,0l
sUgw (Blume-Leiss) ud poli Jlws 31 ool
Abney ) Jgasl ¢ (Haga hypsometer) 5la (Suunto)
sl bl 6 Seilul pelal a5 ola g, d(level
et Bloy 3 il el i L,
s (Chapman) e dMerritt) <oy Christen)
Osen  Varkampff-Lau hypsometer) ¢Y-ca.lS )l
Ggolyd g 53 SeSy &5 paid pin olSiws I ool
Il oo Wi e plsil 1) (U gli)) (¢Sl
J(van Laar & Akga, 2007)

Jed s e e oyl Sl ool o sl
ol jonds (Range Finder) claioly 4 (Vertex) wssy,
e Cehl o dadgn olpen Sl (a5 Ay
09> 4 9 5y |y (SIS g (815 (g4 piey sladeliy
ol 5 sty gy 5 e ST sl S 5
oo gl (g opshaioriz 4 Glgee ol Y5
355 oylal p3y0 pgas (53 glg) 9 AR5 Clgrw Medgn
Karimzadeh jafari & Pariyar & Mandal, 2019)
390 &S cile olis,bl WL Ll (Soosani, 2021
el Lg)ﬁ.fo)'l_\il Sy Nodsn olyen slayali l eolal
s ydlie Logas g Cunl 435 )50 (63935 (sl gy


http://dx.doi.org/10.61186/ifej.2024.524
https://ifej.sanru.ac.ir/article-1-524-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/if€].2024.524 |

WY

Slozs xSl g (2 njse Sldo) Al s @M ol (g5l o (5,0l Sl oo
V¥ ¥ /\ a)\«»f} /pm.))».w JL.J ul).:‘ L;‘Jbﬂ J.:L.mfy

Larjavaara & Muller-) glu¥—,Jse 5 gl ,¥
U599y 93 (awyy sly <d 0 V¥ Gl L (Landau, 2013
SIFE g owgin bulgy sl 2 <850 el 65501l
xS0l g s ey SRR 13 (oSS iy bawgs
h1a s a8 palply st |y pusinm (sl 4L 5
25,8

L (Unger et al., 2015) )| )\Ken 5 ,Sigl il 5
St b3 gl guSoilul cubls i Fr Gl
Pictometry Hyperspatial 4- ,;5lai I ooldtn! SaS'ay
slodly o 1AV Siued o pd Wb diiy Inch
Sy leds cpl p aleS (lis o

Villasante & Fernandez, ) ;oL 5 colwdy
g olpea oAl Jeg)luSl (35 0yullS (luey (2014
03,8 ole 853 )l g pSoilul sl ol 08 Fsa )8
5 oo ali I ol wls o gyl gme OS] A
9 1 Giagh (nl 53 e G pd BN D52y g
olyors 4ol £55 dogi b eyio «/AF G +/FY 0 RMSE jliio
W ‘)»J)I}f ) o.)Lél.wl

L (Vastaranta er al., 2015) -,Ken o Ul)lwly
daws 3y RMSE e TRESTIMA (35 L) o)y
adag b aopd YUY BVYY o opwiaSbl cpl U 2laie
20,8 ()15 IS 0055 o )3 00 A yrgual dluss
g gl gl £ 54030 (Bis) () et
203 WIS 5 Ve 3 RMSE Jlais 5 doys MY b0 oy
elaio gaws (apslns jolaie 4 TRESTIMA .5 355
S Ko g 035 gl 2 gl 5 A iy B
sl 32 o) )95 olel 8L dnngs g (b NS
Sl opS e JyE oolasiwl dy90 0395 I pobal (sas slp
Ol g (ol (sLad jl oslatul culslB Hl38le 5 ol sla Sisg
293 S9) p 035 )3 oddawd yslas (Upload) )50
d)b).guuﬁ.c 5l o FLgaa ol bl b Cowl Wi«bl
gl o Loy Slawle 9 hily cpslad (o )HS)L 4
JoB (s 33,5 oo Jlo)l )8 sl 9 35 (0 ©y50
el &3 B po pilins jl8le 5 cnl sla Sy ples

b gy 9 dlge
ale 390 adlo

S 3oshS Ve )3 (Mygd 550l g anlllas )50 dilate
D lsu g Joe)ke bl (pfopr ) 9 35 e
13 o S AV e 48 ol USa YOV Ay (gl Conluno
s 3] bangio gli5y] 5 )18 ol ok colin (gailaio
2 e g ol sla iy bld 5l adlate g 4e)OY- Ly
ol bob bl (K> b Gl sbye 0l
Sadeghi Kaji ef ) cusl 1315 bl 5 aty bgly « St
(al., 2015

van Laar ) siwe cé 0 ela)) gduwlbro o olpb Ly,
(& Akga, 2007

oy oy s o)l byl 4 a8 olaolSowwd ¢ Jolwg
S ) ]y by Sy glis) pSojll Cubls s
sl ;S2By Sldee JSix lalls 5 glis)) g pSojlu
S0l bl lojad a5 glaluusg 5l odlitisl o b yme 1
2 Sl Al ansb |y o9 S b 5 c8 3 (piz i)
el asle (o)) o iz )3 )] Glojen (g S ojll
o8] (gloolSins 5 olog SaSes gl goyh lis)l L 5 as
5 Slgte slaggSojlul plonl 4 jl g Cuns ke 0u
Olejen ysb 4 Wlg &5 (gylpl (Byme 2)1> 3529 ;S
Olej 3 9 45 s ySojlul 4l o p ) (o)l aw cpviz
sl Capanl Flo 1S grh o 6165 ) (6,505l Jgane

pie 235 oLl o o Wb bl )3 & (SiSS (p Fotes
zb sad (6,505l )3 0as S5 slaolKiiws 5 Jilwy oUlgs
bl g5 ooy 5 oot ) &5 bea ol 4 ol 23
b pSojlul polaied 5 W)l> |y > )l (g S0l
OgreR) 50 GSiST L g il 5l sl & 5l 26
oo onl by gyl (C8)3 gU ) 50 (45 e
2 ogMe &S 5oy dalgs o )l38le 5l eolitul § Al 4o
b s o,Soill LUlg wnd S5 claadlie g ySojlu
5ol 5 s lapmylel plosl lo 5 bl azils 51, ey
oL bl b rimen hled oS Sy 5l e |y adlge
SHlFley opr il g Giagh pl pbul & cSl
Sbplel ol (S slapyd B 5> (a5 55 kel
(B sbal @il clase ol glEley
Sl coles 53 g iz jl oad ad)S polay (gjlwe wsd
aellan 390 (sl o2 55 330 ol Jois 531 5y
3905 Anlgs iy lSel

Sty g Hhb lal ol 4 G laied
slojly caases oS HCP lsie L (Application) (¢ ,l38ls
Jole piwww &5 P: Pixel 4 C: Canopy H: Height
ol plonl gy g Cudle ] yiie (Android) &gl
ol oo Gl b olassl el b anlss sluals iags,
g0 (53395 HCP lj8la 5 (gaals” (130 )84 jleing s
Lawloss oslazwl HCP L5°3‘5 5l lags

5 edelcwna ledMbl Wi o)lsl oS b len
Sl plo plxl sl lol (pidgrgl 5 £li5)] sloadlse
39l g dalsd wlid i 5 (59lsS (S (650l
Cymdy | COLS 0y i ol ey w2
255 BB )5 siloJae 4 S8 ¢ izl o515 g 5 S
s gl bt (L Su5eS) Blal s @b )
Sblze 503 55y haw (S LS dplons 4y SS9 (LS
b ol o 5 05 sals [hbagl 5 glis) slaadlge ol
Sy okd S5 Gl 4 s sladlae s ol
Fo Capde 395 ol 9092 mlss gl ST Sty
oSl K sleacye glal g cbls ae)
WL


http://dx.doi.org/10.61186/ifej.2024.524
https://ifej.sanru.ac.ir/article-1-524-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/if€].2024.524 |

Shezee xSilen g (2 pjge ey Al s @ ol (g3 p (6,0l g dare

o @5 0015 3 Ol gl skl g i) plojen (S ojlul slaieas HCP Jljdle 5 (510

5 sl 15 0) Baz sy 5l (g )b S sy 8

390 sl (gdae Jixvss O g Gy y2 ipg—uw plE
Ryad ) ol

{oadlad g o () (Gl BB sl i)l P8
Ry S9) 2 g a5 (el g CE 0 Sg) (VL

ol (53503l sladdlie ol pusual pzy P

HCP Ly b il plsl 5 £9,8 i S

iy )5 soadle oolod Silagil (g S0l sein P
9 (29 BB g (slme (1)) Bua sl gl 0as
25 o & bgye QMBI (lo (50,3
Cé 43 s 40 badho lojod (6583100

S )3 sl S, 5l ool (glods &5 ol 53 L
S pbal LS jasls ol Glyie Sae sl
ool 2,8 eolat wl i Cagy BB (gl wSe Pli;.mw)s
Sl 1y lainyge slaadlye (oled (6ol LSl 4y
D903 aalgs wal)d (6 S LS b ey (pn
HCP U ,I5 0950
2935 sod sl Jgl gaho HCP (g2l plSin )

4 pB 8 axans cpl o () JSKE) 24 0 03l ioles
(Gallery ailo) (ss29,80 )13l pglas @y ) g Sl
bobop glpdSihl I et poal ags Lo
Sy daled (Camera silo) Ly yiwd j3 (500 wSe

oARg 3 el (g,
5 (Android Platform) . 4,0 g8 p e HCP
ol L5 L g Lg)sil Jale s syl sl l b sl
Uity dw gyl 5 cwl 4l axwgy 5 &)k (JAVA)
Uisw g el al b3y sy (Database) oaly olSL
aio i HCP (5,8 bly .ccwl oleMbl il
Set Set Data Set Image Jol i (Activity) )5
Jt3Lw b Set Final 4 Set Pin Set Reference View
dal e omwg 38 35l aled .100,3 431 SQL (gosly o554
API 27 Lol_ul p y90jl ¢ (Debugging) S SLlod
SDK U k5, (Application Program Interface)
da_wgd luse 40 oy, (Software Development Kit)
Ogesl Wl .cépd &9 Android Studio (Intellil)
bgi 0l g b g oS 033 (Bly pgluai b 35 4l
Jolre nj slopls (83 plasl edliiwl )50 I3l (390
b s)bpose SeSarly gl jlad 5 glas)l g pSojludl (IS
yloi e asia HCP
1ol 3)lge o) HCP (genssgi 9 ()b 15l o5
S ) o)lad G (sl ol ST R @il s 5
3 pgbias Sloj SN dslona ()l ppuSs )b 5 o
w pg—ad (J—ol Lla (5 (Sl Lhicasdee (NS
A iz il (gl polad ol s o B aladls
(zip s csv LB 3 29,5

PREVIOUS DATA
] GALLERY

(o] CAMERA

Please Set Image Here!

OK

HCP sl doxtn -V S5
Figure 1. The first page of HCP

(ADD) g5 1; olgsds cleMb| puiomon o (Bl sy
383> Cusbge Kl oo )8 ceoxiio oyl 3 led alpg b g
ans pl&a jo 1) a9l I3l lsanwl (Fine Location)
UL sl s g B0 Gyswd WSe
Cygody Sl ismen les cdbp g)l58lesue

3yly )l OK acSs (3,88 b pguai sl 5l

(Image information) peas IS CleMbl 7,3 axio
el ([ OleMbl Slgs o )8 ¢ yisn opl )0 .Ad Jales
Clwsg (S Uil Cubee (o) 9 Job ke


http://dx.doi.org/10.61186/ifej.2024.524
https://ifej.sanru.ac.ir/article-1-524-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/if€].2024.524 |

Y&

ez xSilan g (2 pjge ey dll e @ ol (g3 p (6 ypll Al daze

S CulSSl 5 CamBoo lalad iy (sl (gloyoeiy coyizman
My)md9));SETRMLW|DMMW)D
LRI 25 o byl R1) yatls jl dbis & ( uSe
295 S92 2l g (Ml b e |y Jol 23U

(¥ JS5) 29y dled yaseiio Mol

HCP

ol ol g (ol blE oo Y S5

VF¥ /) a)L»JB /w.mﬁ).:.w JL» ul).ol L;Lin.»b wuf}\

9o (plaSebl jl alsye (pl 2)ly & S a4 265
wlgzds o 45 Wl o pylS A3 o (olaid] o)lad S
Sles (RESET) wudaissh 1) oles (!
Vo 8l g ojless il b ogd 4 g3 b jasls
sl a3 AnlgS e B (s 1Y) 3L
ﬁ‘ﬁ 0> el L Ryas bl e d)l;\i’.l‘? 9 d.é)

Figure 2. Determining the starting and ending points of the index

AL 0S50 IS S lp sl e Sl asl
el b1y 5 2y90 Jolgh el (gliz) Ll eles
k8 s e 55 s cpl )8 le s SET P
5 hwl (Pins) bl iy pl » & Golds (ol b el
S$ g o blE odg0s el 518 pae e
9 ol LB (39 )90 oniomed 9 ob 4 Cud S0
sl g (g3g908 MolS yiles il ooliwl el zb jlad Lol
&Walwbmwl)f)gdly J.J.))f .)l?vil ).g)L{dbg
O il Bn Sl &8 Ab salgs 03015 (gloyglore ()01
(R D9 WIS e (] Bl b g (63508 (gl dlaii Ly )
bls S50 O)'|9S bl )'l &l.;l’i)l L;).;o)'lx;] dl).g &S ol
B ojly J gl Jhd epSoilul sy g okl 5 (ol
F ISS 0 0,8 eolatwl (lgi o jSde oISy ol A
Olg eoead §l g 2ol g (ol bl (6518 Cundy
slp Bl oilg 5 (P1) i) cpSojlal sl (sd90e
ol 0l o0l oyl (P2) zb ks o, S0jlul

P padld il 5 pgd dall (el A 4

8lg ojlul by (ol (Reference info) (slo,gloxe
Slgde ol olis )8 4 plo e (olide 3 yaSLS
9 31 6 Buasld oj)g gliel jlade cnl 3,535 51 )18
Ay o151 53 155 Mo 15 ipd o Sty e
S ome oasl azily gMbI polie ol 5l wSe SleMbl g5
ol Wlgi o )8 o jad s eled s ¢ blE Gl
Llod (gdm 5B 3l OK a8 (35 b s 1y (yiso ol a3
b Jolsd ond oy j2dls o ol 4 cul pjY

om0 el )0 S laiyyee (Distances) bcdlus
BB lransuio (Colue) dols ads I jelaie 33,8
ool i ply a8 b g 26 jlaB gl oman (6505l
) &L&j’)] sol;'&)a O Galols Lg);a)']x’l Olfwl Cyredd
Llod (g pS0jlul pin )5 )8 a8 (63)l50 polu 5 U el
dxio W uS Al anls Aol ylae L S
sl 4 Set all pins regarding to reference


http://dx.doi.org/10.61186/ifej.2024.524
https://ifej.sanru.ac.ir/article-1-524-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/if€].2024.524 |

ez xSile g (2 pjge ey o @ ol S5k p (5 ypllo Sy dazme

WY @92 00515 2 QB b b 5 el plejen (5 S ojlil jglateas HCP Jldley (b

HCP

2

P

Set all pins regarding to reference 1.

P2 4Pl Ll g -Y S

Figure 3. Correction of points P1 and P2

Jolis wledbl ol copl ply Slodds yund Bl Tjome
la.wy AW L;,,So)’lxl )iblii.o T ‘54595 alold db)w
ol (DBH) eyl Job Jols o 3 (635 lel o
o iy Sy b ol gy 2 dgly d) <o b
céy zb S5 o9 Soo8 kb 4> (Beta 4 Alpha)
Olie (Canopy Diameter B «Canopy Diameter A)
oleMbl 5 clwsy &) cpiored ¢ (Vitality) obls
5 (ADD) 2,5 oSal cuomd (pl 53 0gMe & .l olgzds
JS5) cal 4z 3 )L5 )8 )Lis] o e (e aue Sl
ly ISz slylel 8 i3 ol )3 S e 4 (F
o 5 Pl a gils g canl oad Gy )8
s b ljSle 4 aoye I (il (slvodls (s 59)9

3,105 g9

@r s oy Oygo ) dlepe (pl (295
RI1PI J.i.«)d.: (P2 cPl) o 6)50)‘..\.1‘ alold 99 9 (Rl)
99 9 (R2 ch) >0 uab-Lw 99 g9 Oyg ) 9 R1P2
RIP2 RIPI S5 4 (P2 P1) ond gpS0jlnl als
0AS iy yal Al b daled o0y Ioles R2P2 4 R2PI
P oS porao cpl dy el ol oy YV dae BP g R (4l
bl g padls VB Sl )8 clblb ppar S
YA geme 13) pasli ;o 4 dagi b alols V (4,505l
Syl3 dgn g (alold
P8 (P2 g P1) Lasye abaii 93 jo (e 5l (g
22 oleMbl cél )y (ly (Tree information) (glo,glxe
Ol g3 ove 39)5 slbdurn g 0 03l L )8 4 dlold
CE 5 S Wlgi o dlold ja L) (53 L (glojglxe oIS

Tree Information

— -

[Tree Species

[DBH

)
}
J
J
)
J
J
)

o1 Ak ()l plel p 3 -F IS
Figure 4. Designed inventory form


http://dx.doi.org/10.61186/ifej.2024.524
https://ifej.sanru.ac.ir/article-1-524-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/if€].2024.524 |

VYA

oome xSl 5 (2 pjge (Sldey dil s @M ol (it gl Sl ee
VFF /N a)\o.d} /pm.))».w JL.J ul).:‘ d‘@ﬂ J»L.wfy

aayly) silley yedld g Jod  Siwwos JIHCP céy b))
Sdiy oy (gl b odlasl (Index of Agreement) (Y
W83 g Cono (pwyp (Exed g S g (SWS1y o0
el Hlas 5l paddy cd VO (s yo S adaw dw > Waoal
) 5 eSS )3 V0 5 (o b o J )
ol (Unger et al, 2015) bus g (gb i)

el s R g)lel 138l 5 51 ool b gols

osly oo g d)gi@?
sloosly Como g C8> (aulio jolaiod Lhagsy ol 5
oy saunlis 4 5L HCP 3l Jobs zU jlaé 4 glas)|
buwg odd (6,50jlul slaodls g HCP L onds (5 u503l]
3919 30 e )'I OT N 9 oo as ngig‘.) dlmo[i;;»)
& Casl S 4 piY e dald sl onis il s
P Al Couo g CE dulie jolaiods Cotie (slaolSiwd

o {.i[s.fr.m‘ \ ol K osSish) olpl j3 (Slglyd 5,8 g e pwd

V= DL Yl g sl il ((Slides bl 5 laglojle
i SN (00— S5)? ‘L)’“'m9)J L)Jl ) ML f’mk.“i;?P?k‘ LSL:") 39) d)?’l?‘s‘)
TSN (s 0]~ o - o) Y dj@]) d).;c)".ﬁ] &l.é.':’)] dl.mo)b dwu’ﬁ 9 st)‘] quu'l )9Jé.;a LY

(5 So51 (5 JaB) gl sk L 41,2 O VL ey 5o
gyl e b ply S ()3 yie) eSSy 5l oalatul b o
L ply O HCP 3l oolizel b osds (S0l (zU ,las)
5SS yg 3l ookl b o (6 S0l (b Jlad) elis)l 1 Sle
i A5903 3145 bl N g (0655 o)
S5l sy o ke (B 4> Sl duog Lo

WY g aljaly 4l YA ccoetn (30 sl VO dlaas
B gl kb g el 6 S0jlil 3,90 5 (lolid dljesls b
olyor & 22595 £95 4 dily pf (Shrogi S aSLS A8 S
Wl g 4ipeS (Bllas )35 plie 5 jlne Byl (1SSl
VO (lis S maw o walise gla by, glp VS
V ot 0 e nlg b gaily <oy VB g el iy
¥ U ohel b jlas! 4 bbby, Lload ool il
L oodd (gpSojluil glasyl oV hgy 4 Wl (o l380 ke
¥ gy HCP L osds (6 pSejlil glas,l oY hgy STy
S0 g B I gy 5,3 b o 5 ,Se3lul g b
Lol HCP b o

gl shad sbodly (pizen g (HCP 5 (uS5)5) o
350 sl VA« ol (HCP g (5,54 yio) o (5050311
i ol (Quercus brantii Lindl) Jly) bely (g8 5]
il b s gy dsye jd i 0 dlol ja 2l el g £l
S (63 yio g (Vertex IV) uSS 5 (650100 olSiws ]
5 1>l eodlatnl (gl .2ud (6,505l (Leica Disto X310)
oS Sgunols Jdo olyer yals I HCP b pglas ¢
W9 L (Samsung Galaxy Note 9) & @
5 ool  JuSo e
JlS @iy g9 4 dily pf Lheog Sbadls
Slradlye (gl andey g aeS g Sl e (Jol S)l>
delxo yo e (b9 sl jlodd 6 pSojlul 2l b 5 £l
ly (Shapiro-Wilk) Shg—gumls g0l 1 .05030,8
olsys U gl jhd g eyl OS] @i (ST (o)
(s>t o0l S HCP oo obj)l jelaieds .0 odliiw!
(1 dady) s Slaye 5Sike ji 51 HCP olias L)
Index of) sls pae dop e3ls 5 (RMSE)
Ml glle j08 peund Jwob oS (Disagreement
&l g e (a8l ko (Bly jlaie sl ond 555 cadlze

(o 1oly) @i £95 4 Al pf (nogi slaadls =) Jgi>

Table 1. Descriptive indicators independent of the distribution type (unit: meter)

Sl 3 ApeS (3llas )15

RYRP Gkl Sl ) S IS
Absolute Absolute Sbee 05k ”;hirc)l b J’i:irs: sl oS 9 gaw
value of the value of the Standard Mean Median Maximum Minimum Method Level
. ue nda quarter quarter
maximum minimum deviation
difference difference
021 0 2.764 5.524 6.975 5.115 3.297 13.700 1.550 1 o JS
: 2.767 5.529 7.045 5.135 3.285 13.570 1.560 2 s
2.434 5.522 7.000 5.190 3.525 11.500 0.910 3 All 1)50
0.18 0 2431 5520 7072 5.220 3.570 11.380 0.910 4 \reen
0.10 0 1.020 3.340 4.225 3.290 2.515 5.100 1.550 1 (Gt
. 1.029 3.343 4.240 3.280 2.475 5.080 1.560 2 olisS
0.14 0 1.011 3.571 4.365 3.500 2.925 5.180 0.910 3 Sgortest
: 1.011 3.573 4.395 3.540 2.945 5.190 0.910 4 75 troes
021 ) 2.163 7.708 8.465 7.000 6.110 13.700 5.130 1 (Gt
. 2.162 7.716 8.550 7.060 6.075 13.570 5.190 2 sl
018 0 1.788 7.473 8.810 7.000 5.775 11.500 5.200 3 T;lleét
: 1.790 7.466 8.850 7.080 5.760 11.380 5.250 4 75 troes

s 5 Cdd oo U5, s yg0;l s
pvalue ga> t 90jl ooyl polie ¥ Jgus
l, (Disagreement) sllas pic doyd o (d) ol s ls

C&)D Yo 9 )Jbl); &5)-} Yo 4(')1}'5).) Jf dl)) (":Ja») Y »

WS 29395 w»fl)a RYY3 @lﬁa
590 ;5 (Shapiro-Wilk) b =g 0l o905l W (g0 L]
O Ol 5 gl Jhd g el WS mje 8]y
dh"u:’ﬁ) uu9(P= '/\'Q) '/‘V\OL)J‘)JY 9 ) L;Lmui‘:”


http://dx.doi.org/10.61186/ifej.2024.524
https://ifej.sanru.ac.ir/article-1-524-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.61186/if€].2024.524 |

dw,&u; 9 > RIP UJLZ:.A) ﬂ]w xc)ﬁ )i.o‘ sdw)«d L;)mlb )l,;,\w

W @5 0015 3 Ol gl skl g i) plojen (S ojluil slaieas HCP Jljdle 5 (511

s 9 B (oo 5] alises L;Lhuﬁs) L;LMD)LJ )J.)LQA -y J?b

Table 2. Statistical values of different methods for examining accuracy, precision, and error

Sl oSl S

c]gw t o)lni

@l pas a0y . w : i b caw
Disagreement (%) il bt Sl ks S$ibine t-value Method Level
d RMSE P
Y,
1.068 0.999 0.070 0.999% 0.378 -0.884 5
1 and 2 eV S
0.963 0.999 0.065 0.999* 0.689 0.400 \EM AILLS0 trees
3and 4
1.129 0.999 0.044 0.999* 0.625 -0.490 Vi) ,
1and 2 ol s VO
1.097 0.999 0.050 0.998% 0.682 -0.411 AN Shortest 75 trees
3and 4
Y,
1.041 0.999 0.088 0.999% 0.461 20,740 5
1 and 2 BRHICRSNRA
0.899 0.999 0.077 0.999* 0.457 0.746 \EM Tallest 75 trees
3and 4

#Significant at the 95% confidence level
b S o b adye L& o cpiomen ol osd 03]
Ol ) S5y oal sl 043 oo 3 (Solas (K55 b (S
) 33 010 ol aiis oYU (goi0 )D od Al oS
oo b bl g oud yusi Juolod c)l;’MJol 5 Ao (sl
JuSy g s glagslide 3 ol dlal 5 alols o)les
OleMbl g yyguad ol Wlgh o 3yl ol o 02ld igled
Gls aely oYU (cote p odddus eSO L) L kiye
295 nyal pl Sl jlalgi e )8 Guinen Lo
oSe SleMbl )8 dsiin opl )3 (opl g ogMe asles dugs
ly (Reference Info) (o) jasls cleMbl 4 (Image Info)
oMbl wld calie aBlis Ojpod Wlg
OB 5 pegshe (elie 93 50 5 padld e daadla
(0 JS5) sau 0 00l oyl Sy

200 A0 Jligebs] g )3 )l gine

HCP (29,5 @l
ol opzmen g Jolgp BB (eles i ol
Ll glayl glizoay RIPL losss ooy lis ba yasli
RIP2 oSy YYO-/OY 5 (5o VIFY) yiale VEIY
Cawly oo | gl 405D sansl ool Cemsdey JuSy VWO- /Y
oleMb| 9 popas Bl d‘)‘? Jaws 405> (9> A dl).g
il S & Ceand ol 3 Joolgd plos (gslne ol
Slgi oo aoxio Vb gl (LS5 b )l 9 00 03l
5 b asli dl).g ol s b jled 5l Syt Lioled
wasls 4 bie Jolg ble .l ssalie fwolsd
@l cpl )3 ) wled plyedr (635 wpade pgas
o 5 93 8 el ol 5 pb cblis o)lad 5 pb s 09e

IMAGE INFO REFERENCE INFO

Distance (10)

Distance [mm]: 7612.074113

Distance [px]: 2450.536880

Distance (11)

Distance [mm]: 5438.185642

Distance [px]: 1750.702145

Figure 5. HCP output
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