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Figure (2): Quadcopter, camera and its lens structure
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Table (1): Characteristics of the bird used
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Figure (3): Photographing the index at a height of a) 20 meters b) 50 meters

A



VY 5l o(FA (b)) o5lod com35150 Jlo (sl pimpwsST (ouidiieo (g cole alomo 2%

AL 53 Lo S S ey sl 5 2 bl
Coln U5 s s oy bl 3 oy il a kel
s s 3L s e e SRy s S
(e Sleld )l s by cood Cbus 5 1S Cxlw
sl sl il b s el s 40 LS 2y Ao s
45 o sl o slaais (o)l S5 55 bla Slahe
Sl S G0 &S GO Sl o 5 03500 Fl Al | gl
GlaSe (555 2 2503 S el 5 SIS
ALS iin Loy 5 cd 8 il laald jl adelnsa,
Laol ilis 5 el cpl 2l Lol cs & 50 el
53 Uast LS il e 3 Vgl &8 23l s 015 0SS b
i gl S L il 8 5 o e bl
by S ity gy o g Wb 233 L b s o 5 A

55 anllae Ol gz

LLE 51 S m s eldas S sla o S (F) i s
Slrosgdmme ol anay (il apli sl 5o (6ol 4l 05
ol 0 0313 LS OT (595 1 (ALS i gy o a3,
GarSAS enss g el S4B 5 Gla S 5 s
S S 0er Uledd ols LI Ll 5 S o S

U:"—“;')i o Sl tl._ﬁ)\ Jﬁ‘)ﬁ\bcéﬁ& odalin

el 55 slas iy Lol iy els OLES (6 2ty
Ol N 4S5 bolen ol 0l a8 (5l 5e Sl
235 el rer S sl o B s e b WS
SRS Sl e Jool L (sl 4) sline lelis)

ol sl 4.;'3;

3l balsn Gl Slasiin b oae 3l s r\_fﬁ
Sle S g sl Al ool Sl db g e 5SS
It o3 el S 5 Ve B Yo Slslinl 53 olpn
A esls sl Olgea i) 5 Colue b o5 S
e 03) pe Ao fEIG (g2 T 5 (g Y pli ) s
Olgsan Lo o Se ool d (ols m oSe 0T 5 (o 0
Olmean ot to Cobae 5 laoes oxils o [axli
Ao S & pasta slaglisl s 5l
wdd et be Oleld )l js 5 sl g s
ala L Seadain 5l (gls o Ko 3l ey LS Sols oS
A3 8 Al ol sl 5 a3l sslal 5 A Jame LB
(S JSy Bl cosliil 3y 5 3 5 s gs e S L
et 5 o SE b oSy Dy Sl S e
S sl 2 0 S 3 (il B S ol
sy 4 cie el s s asite ba oSy slas
il 53 ALS s o dalllas 5 alS iy Ao
s oslie (b Cov Colew Gl A s Al 4t
8354 GIS l3la 5 5l eslad .o IS s oS sl
5313 oV A oo | La oS ALS iy
Sl Ol 5 5 s bas 08 Lo e
A 0L oS s b (ALS iy oS
00 s acwbe 0 gl Sleli )l s e s calis
w63 oK Dol s (el Colas ke Al e
) Garls ol OF 51 o el s 4 oSy 50
Lo oSy alad B s i) o s Joy ald p e (o
Lo Sy sbnd Ol s 4 31 g iy S s i)

JL’:..:‘)J UJJ‘U’:'_;J}i duu}j& Co-ls ‘tl.é.?)\)nﬁ
w:d_gtwjlﬁ);dal:fui&ﬁwa.uuM

-




I
20
LIPX I IL IS
31 eolasiuw
16 §
) LS i
@“ MxM)OM@LM
. on“ a
Sy date
s g W, ¢

P

-




¢e

¥ ol «(FA b)Y o)losd o203150 Jlw (3l pitummpgST (ot (oiagy ool almo




7Y w95 91gS 3 ool b (LS ibgy wuoyd a4 (ltws (sl it W) e

70 20000 18 20000
18000 18000
60 16
16000 1 16000
50 14000 b 14000
2 12000 J 7 12000
§ 40 4 1 10 'r]
i 10000 .g g 10000
: 2 ) g
w0 8000 - ] 8000
. 4, . -
% 6000 i 6000
4000 4 000 3
10 =
2000 2 2000
0 0 0 0
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
(Se)glis) (Se)glis)
e e
20 - 20000 0 20000
18 - 18000 18000
16 16000 50 1600091
14 14000 J@ 0 14000 2
5 2 E
T 12 4 12000 o, i 12000i
ES . B
1 10 1 10000 é .é* 30 100003:
Y 2 o 2
AR 8000 3, . 8000 ~
5 b
6 1 6000 20 6000
4 4000 " 4000
2 4 2000 2000
0 - 0 0 0
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
(oglis) (Se)gls
ST Sld g

";Jbﬁﬁ_’d tu.'b‘ ﬁ‘}é‘lﬁ@&f&’“} GA\:S &a:n_,g' BB Q‘M (0) Js.\:‘
Figure (5): Changes i of vegetation percentage and The total area of the region with increasing the imaging height
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Table (2): data of photos in different directions
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Figure (6): Google Earth image at a height of 100 meters in different directions along with digitization of vegetation environments
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Figure (7): The percentage of vegetation cover in quadcopter images and the percentage of vegetation cover in Google Earth images
along with the coefficient of determination in different directions
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Table (3): data of Google Earth and quadcopter images in different directions
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Introduction
Remote sensing science has been increasingly used throughout recent years in natural resources studies,
especially for assessing and preparing vegetation maps. Moreover, aerial photography is widely used as a remote
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sensing tool, especially the ones taken by quadcopters in inaccessible areas, which could be effective, useful, and
innovative. On the other hand, digital observation of the earth is an observed data-based approach in which
photos are used to study natural resources. In many cases, using photos in time-specific and comparative studies
is highly effective, taking into account the largeness of the area, inaccessibility, and lack of roads. Therefore, this
study used a quadcopter to take photos from various points at different altitudes and compared them with aerial
images to determine which type of photo from which height provides the best information concerning the
investigated land and vegetation. Therefore, the purpose of this study is to investigate the possibility of using a
quadcopter in preparing a vegetation percentage map.

Materials and Methods
Considering the costly and time-consuming nature of ground sampling of vegetation, this study used vegetation
photography, digitizing and analyzing the collected photos after transferring them into computer systems. To this
end, first, the intended photography centers were selected in the study area at different altitudes, from 10 meters
high to 100 meters. Then, a quadcopter was sent to the area, taking photos from each selected center.

In this regard, in a single center selected as the indicator within a kilometer radius of the study area, the required
images were taken at each altitude class from four main directions, moving from the 100-meter height class to
the ten-meter height one. The images were used to calibrate the collected photos and the numerical values of the
calculated vegetation percentage. Then, the intended maps were extracted based on image dimensions and the
coordinates of the selected points in Google Earth. Finally, the phases passed for the photos taken by the
quadcopter were repeated for photos obtained from the maps so that vegetation percentage could be calculated
based on the prepared maps.

Results

The analysis of the study’s results suggested that the variations of vegetation percentage occurred at a slower
pace in the western direction at 90 meters height and above, indicating that the height is the best altitude for
determining the region’s vegetation percentage. However, a direct relationship was found between elevation and
the changes in vegetation percentage in the eastern and northern directions at 90 meters height and above, with
the vegetation percentage remaining unchanged with an increase in elevation. In other words, from 90 meters
height beyond, the elevation exerts no influence on the calculated vegetation percentage, making it optimal for
photography.

As for the southern direction, the vegetation variations remain unchanged from 40 meters height beyond,
with the increase in elevation not affecting the calculated vegetation percentage. On the other hand, an extremely
high correlation (99%) was found between the data collected in the western direction, indicating a very close
relationship between the vegetation percentage values collected from different altitudes by the quadcopter and
Google Earth.

In the eastern direction, the first flight level lies at 20 meters high. Probably, due to the low density of the
vegetation, the larger size of the shrubs, and the small surface shown in the images, the vegetation percentage is
considerably different from other points, thus making it unreliable.

Discussion and Conclusion

This study found that the images cover a greater surface of the intended area with an increase in elevation.
However, as the pixels become larger in such as process, fewer details are available. Therefore, the scope of the
studies becomes limited, and the possibility of error increases. On the other hand, fewer areas were observed,
and studies in those photos were taken from low altitudes, whose resolution was higher, though.

The study also found that the more uniform range of variations in the vegetation percentage at different
elevations indicates a uniform density, and the more non-uniform density leads to abnormal changes in
vegetation percentage as the elevation varies.

According to the study’s results, the best elevation for investigating vegetation in terms of the existing plants
in the area was 90 meters in height. Moreover, the error percentage was revealed to be too high at 20 meters
elevation due to the small dimensions covered by the images, thus making the altitude unreliable for any such
study.

Generally, it can be concluded that the useful elevation for photography depends on the type of vegetation
under study and that the optimal height should be determined based on the type of vegetation and its minimum
dimensions. Moreover, taking into account the vegetation percentage and the quality of the images taken by
quadcopter and Google Earth, it could be argued that the photos taken by the quadcopter enjoy more accuracy,
providing higher coverage percentage and more precision in recording greater details.

Keywords: Quadcopter, Photography, Level Surface, Vegetation, Height of Photography.



