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Abstract

Aerial photos are the basis of many researches, both applied and executive works, related to the
earth. Applications of aerial photos, especially for GIS-based analysis, aerial photo georeferencing,
and/or geometric correction are essential. Various methods have been proposed for georeferencing.
The aim of this study was to achieve a suitable simple method with a low cost and acceptable
accuracy. For this purpose, conventional georeferencing methods, including first- to third-order
polynominal transformtions, spline transformtion, projective transformtion, and orthorectiifcationl’]
transformtion were used in ILWIS3.3 and ArcGIS10.7 for two areas (flat area of Shahrekord and
rugged area of Chaleshtor). Errors of the different methods were analyzed based on minimum and
maximum errors, Mean of Error (ME), standard division, and Root Mean Square Error (RMSE). The
results showed that the errors of the varied methods had fewer changes for the flat compared to the
rugged area. Yet, with the increasing relief of land surface, the errors increased sharply and showed a
significant difference. Based on the results, the most accurate georeferencing method was
orthorectiifcation method (ME=35 and RMSE=38). However, considering the time and data required
for the orthorectiifcation method, the most suitable georeferencing method was identified as the splilJ[]!
method, which had acceptable accuracy, but not the problems of the orthorectiifcation method, such/lT [l
marginal information of the aerial photos and digital elevation models(’
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Introduction:

The potential of aerial photographs as a tool in the research of land resources has long been
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recognized. It has been the basis of many applied types of research, including soil survey studies.
Despite the informative potential of aerial photographs, so far, their usage has been scarce due to the
processing difficulty related to the lack of some key information. Fortunately, a recently introduced
technology, such as Geographic Information System (GIS), has shown to be able to overcome the
classic photogrammetric limitations. Generally, , these photos must be converted from analog to
digital forms to be used as a basis for mapping of soil resources. Thus, they have to georeferenced and
then imported into GIS. However, the accuracy of this process is very important due to the nature of
aerial photographs and distortion caused by moving the phenomena to their actual positions.
Therefore, the research design achieved an acceptable method of georeferencing with high accuracy
and low cost, besides not being time-consuming.

Materials and Methods:

For this purpose, two study areas were selected from the roughness point of view (a flat area and a
hilly area). Then, 6 transformation methods were applied for georeferencing of aerial photographs,
including first-, second-, and third-order polynomial transformations, projective transformation, spline
transformation, and orthorectiifcation. Afterwards, 15 ground control points and 15 specific points on[’
the aerial photographs were selected for measuring the error values. They included the points that were
clearly and accurately recognizable on both the aerial photographs and Google Earth images, such as
roads, buildings, waterways, peaks, etc. The coordinates of all the points were obtained based on the
Universal Transverse Mercator (UTM) coordinate system using Google Earth images. The
measurement error for each of these points was obtained based on the Euclidean distance between
each point on the georeferenced aerial photographs and the Google Earth images. Finally, Descriptive
statistics, such as minimum and maximum errors, Mean of Error (ME), standard deviation, and Root
Mean Square Error (RMSE) were utilized to compare the errors of the 6 used georeferencing methods
and introduce the best one. Georeferencing was done by using ILWIS 3.3 and ArcGIS10.7 and the
calculations were performed via Excel.

Results and Discussion:

The results revealed that the errors of the different methods had fewer changes for the flat
compared to the rugged area, but with the increaing relief of land surface, the errors increased sharply
and showed a significant difference. Based on the results, orthorectification was the most accurate
method of transforming the aerial photographs into the ground coordinate system (MR=35 and
RMSE=38). However, this method required many data and was a time-consuming and costly method.
Therefore, the most suitable approach to transforming the aerial photographs into the ground
coordinate system, especially when there was not enough information and time for orthorectification,
could be the spline method, which had acceptable accuracy for both flat and uneven areas.
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Figures and Tables

- Fig. 1: Study areas and locations of the aerial photos of Shahrekord and Chaleshtar

- Fig. 2: A 3-dimensional (south to north) view of the aerial photos of the relief areas Shahrekord (top)
and Chaleshtar (bottom)

- Fig. 3: The original aerial photograph of Shahrekord Area with ground control points (triangles) and
error measurement points (circles)

- Fig. 4: The original aerial photograph of Chaleshtar Area with ground control points (triangles) and
error measurement points (circles)

- Table 1: Error calculation by affine (first-order) transformation method for the aerial photos of
Shahrekord

- Table 2: Measured error statistics for the aerial photos of Shahrekord

- Table 3: Measured error statistics for the aerial photos of Chaleshtor

- Fig. 5: The effects of the different georeferencing methods on the aerial photos of Shahrekord
(Transformations: 1) affine (first order); 2) second order; 3) third order, 4) projective; 5) spline;
and 6) orthorectiifcatio Jwith first order)
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1. Digital Elevation Models (DEM)
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Figure (1) Study areas and location of aerial photos of Shahrekord and Chaleshtar



AR e 5 g AL e @lr Gl Se 835w i p o o GBS, Aeslin 5 Jlod 5 420

() Al 5 (B0) o 5 4 ol gp Ko b gy B2 5ummn glags)lgonl 51 dlad & gt o b (g ds slad (V) JSC3
Figure (2) Three-dimensional view — South to North- of the relief of Shahrekord aerial photo (top)
and Chaleshtar (bottom)

LT
.J)\sz:ch-jalbL'w@vfg;..dbjwlula;'-&@&:\@ Lds b Jslas,y Gl s s -)
sl g o e 5 Jsb sl - Qi\ﬁL;gélele;)Lg\i_lAq-.,\;g.-‘xﬁ.izypsés) Slabor Lo Luas -y

Suls 5L @f&hﬁ&i@é@bj)ﬁye)m‘

1. Polynomial first order or affine transformation
2. Polynomial second order



VERY Olaa) b ojled A ol P Jlo (aos (550,00 5 5 Ll A VoY

sl a5, 5 s b Gl ol b seal dslss ) ladesr Ao 4l ixrr“ 53y Slabor L LS Y
Syl 5L C>-Ja4.h2_’ Ve 4.3(.5@:.) 35 g0 oslinl

ol ) gledar o e gliomil Ll S s eslinal s (glelom dim i 51 Sl Jias
Sl 3L Ce-faaj.; Voo S 5 Ll

B O s agly 5 b 0o sasilame sl 835 oles O Lol s ot s G T (g pe o 0
13 5L wm e 3R Sl 4 (Sews 5 LI O Sl (Sen s e 8 sal b Ko Sl AR s 350

BasOLE el eSSy 2 O 53 45 Sl 035 o paimn (643 i sy G 13l Okl Bs, -
Sl asie Sy L (s L) S 5 e o omilin lagbrsel plad 5 ol e 815 OIS S
b s (BB sl S (Gloslsale ppai b plr S L) G55 sl So ) Gl b s e
ado 3l 0SS lsosls w0 5L ras cnl 50 o S s Sl seal 5 mrssn e gl il &S gl e
5 el Dl e Lo sl Slanie Bl e e 555 plad (S ol s S5 Hols
3 e S 53 eddeslitel a3 g8 4 (Ko Y i £0aS 305 ey dals LG ¢l

ozl s i SNl (61 0) 55 e il lis opl 55 sddeslinal la S, B e S
Lol 51 .(5 5 ax| ,» (Ta0 & Hu, 2001) 4 (Toutin, 2004) .(Hackeloeer et al., 2014) .(Sempio et al., 2019)
(ml 3e o3 aba 3ad s 508 el iy 3 5 sl 0SUSS sl iy sl psY el sliad o S &S
Gl adai 10 sl (il OLasSe La iy, des gl e ol bl slaws 30 oSl gl Jrags opl o
PG s Sl s WS (5 pastie a8 10 slin o et e (g Se3ll gl 5 055w e
R3S on g glen WSe Sas en S A Ol bl sl wdl Jade ST ol WSe s LB as A
(e opl ) el 5 badds daaal ol daolenst b lsoslr le) 35 onls jaidd CBs L5 o &)l K5
ol B8 sl sleslind by (UTM) Sler o sSas 5518 e latis Slole el bl des liatses
e slaolag s sloslmale slas j3 jas ie ddai G Sl a5 bl 5l 3 0LLE el s
Dlme 3,8 e 15 s (5 ol 1SS il gladla pslas 105 Ol 4 5 S OLSG 010
b 10 31 SO s gl e (6 Sealll .l Yo Jlo a by o Sopl 8§58 5 sad o sl clags . So3ll
sles Sloslinal b ol 858 gl 5 0l o o olon oS (955 JRide 4 w3l Aol it
:(Pha & Takeuchi, 2017) el s & 53

i abi s — V(.\'ui_ .\'.\/)v + Vai —_\"u')" o

1 Polynomial third order

2. Spline transformation

3. Projective transformation
4. Fiducial marks



ey Ser 5 s AL e @lr Gl Se 835w i p o o GBS, Aeslin 5 Jlod 5 420

R el w e gl oS 555 (D) kel e sl sk Slatie 3 50X s Xai Of 2 &S
sedd pr ey plp WS 55 (D) dbi a sl 2 s Sl (o Sa Y s Yai 5 Sl JSS leslsale
(o Sls i 5 e Aile e lel bl calisee gla s, OLL L3l Sl IS8 (lojlpale gl
S Ua Sl pdr dalons jgliens A ome Bs) o g 5 amlie oo b bl e sdor 5 las Ll
:(Liuetal, 2019) . eslazel £ UY &Vsles

',(Zn (1‘( — ¥ )T (v)
RMSE\ — v’ p =] 'll 1
]
? Y ")
RMSEV = \/zl’ 1 (.l/i, — Y )
' n
RMSE = /RMSE + RMSE, ®

2 (ol S5 Sy S el Lli b o Al T Al sl 200 5 Jsb niin ) 5X O o o5
el L& ST N 5 0ld o s 258 oS (500 4ol Olon LS i 500 Jsby' X

il 3 Y Sleiloes das 5 ATCGIS10.7 5 ILWIS3.3 (sla) /i i o La oS 03,5 o o mea s Airl 5
At ploeil foST

o g s
ol enay tlr 538 e Gblwe Bl o el Lol alsa oS s 0L S (8) 5 () e JSia
e VOTAY) ss G 5LS Aol ((1800) (ol oS gl ellest (6, Se3ll bE 5 e Asls bl
Sla Ko el ST esyl5n 51 o 3 wilinbie 353 0 eis (8) I3 s Kos sba Sy 5 5 (e
Ol P L lsn Gl oSe 058 o Slp st g adse pl 20 2z o8 Ll ail Sl se
Aol aile (o Se glails Dledbl 51 2w gt Gy ol ps s scd Sl 1S5 Sl TSI

Ll ($59 58 Sl Slagil e 5 Sl f W) (nes S5



VERY Olaa) b ojled A ol P Jlo (aos (550,00 5 5 Ll A Vot

(eﬁb) Uas L;}:gaﬂ.b‘ ‘b&:} (&Ji«) d-;ﬂ} wals bl e|}«.h4.3 J;)@J: S rb- ;53‘}& Uv&ﬁ (Y’) Jgn:'
Figure (3) Original aerial photograph of Shahrekord area with ground control points (triangle) and
error measurement points (circle)
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Figure (4) Original aerial photograph of Chaleshtar area with ground control points (triangle) and
error measurement points (circle)
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Table (1) Error calculation by affine (first order) transformation m

ethod for aerial photos of Shahrekord
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Table (2) Measured error statistics for aerial photos of Shahrekord
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Figure (5) The effect of different georeferencing methods on aerial photos of Shahrekord

(Trensformations: 1. affine (first order) 2. second order 3. third order 4. projective 5. spline 6.
orthorectiifcation by first order!(’]
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