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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 orthorectification
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
orthorectification method (ME=35 and RMSE=38). However, considering the time and data required
for the orthorectification method, the most suitable georeferencing method was identified as the spline
method, which had acceptable accuracy, but not the problems of the orthorectification method, such as
marginal information of the aerial photos and digital elevation models.
Keywords: geometric correction, distortion, displacement, Geographical Information System (GIS)
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 orthorectification. 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) orthorectification with first order)
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Figure (1) Study areas and location of aerial photos of Shahrekord and Chaleshtar
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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.
orthorectification by first order)
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