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Abstract 

This paper aims to assess the geometric accuracy of large-scale digital orthophoto produced from aerial photography in the project 

area. Since accuracy assessment of digital orthophotos is a complicated issue some main factors and parameters that affect digital 

orthophoto accuracy are briefly explained and discussed throughout the study. For this aim it is investigated the accuracy of digital 

orthophotos produced in a project for large scale (i.e. 1/1000) digital photogrammetric map and orthophoto production in Kocaeli 

city. The estimated orthophoto accuracies in the project were found to be quite adequate and acceptable according to the national and 

international standards. The results also serve for a crucial approach for the usability and cost efficiency of digital orthophoto 

imagery for the production of large scale national standard maps. 

ses 
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Introduction 

Digital orthophotos are popular digital products due to 

the increasing need for digital spatial information, 

diversity of usage, its direct integration into geographic 

databases and being more sensitive and more useful than 

traditional data sources. The importance of digital 

orthophoto has increased significantly thanks to the wide 

possibilities in sophisticated mapping tools and systems. 

Produced faster and less costly with the developing 

technology, orthophotos are one of the mostly used 

photogrammetric products for high planimetric accuracy 

of image details. Through the historical development 

process, digital orthophoto production methods have 

improved in terms of cost and accuracy. It is known that 

there are many factors affecting digital orthophoto 

accuracy; i.e. accuracy of orientation parameters, ground 

control point accuracy, digital terrain model (DTM) 

accuracy used in orthorectification and image matching 

accuracy. On the other hand, determining the orientation 

parameters with the measurements performed during the 

flight with the GPS / IMU system has been one of the 

fundamental issues in the development of 

photogrammetric triangulation and direct georeferencing 

methods (Bahadur and Nohutçu, 2020). Since there is a 

linear relationship between the positional accuracy and 

the accuracy of the orientation elements; studies have 

been carried out on GPS / IMU error sources, 

photogrammetric triangulation accuracy, horizontal 

control point requirement, direct orientation accuracy 

and error sources. 

Digital orthophoto production is a complex process that 

consists of many stages and includes sources of error 

that can propagate to orthophotos in each step. For this 

reason, the accuracy assessment of the produced digital 

orthophotos is a complicated subject. Much work has 

been carried out on the accuracy of digital orthophotos. 

It is known that orthophoto accuracy is dependent on 

several parameters, i.e. final accuracy is variable based 

on the choice of values on various parameters. Some 

researchers have explored the positional quality of 

digital orthophotos obtained by unmanned aerial vehicles 

(UAV). The UAV orthophotos were assessed with 

various spatial quality tests used by international 

mapping services. Results showed that the orthophotos 

satisfactorily provided the spatial quality standards. 

(Çelik and Gazioğlu, 2020; Sai et al., 2019; Karasaka, et 

al., 2017; Bayram et al., 2015; Mesas-Carrascosa, et al., 

2014; Dalamagkidis, et al., 2008; Chiabrando, et al., 

2011; Grenzdörffer, et al., 2008). 

There are also some studies dealing with conventional 

orthoimage problems caused by aerial images of urban 

areas, especially relief displacements caused by man-

made objects, occlusions and loss of information. An 

approach has presented to produce more accurate 

orthoimages based on elevation models. The approach 

used the digital building model in addition to DTM in 

the orthorectification process. (Amhar and Ecker, 1995; 

Rau, et al., 2002; Ettarid, et al., 2005) 

Some studies have suggested automatic generation of a 

distortion-free ortho-image, where surfaces of buildings 
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(and other objects) were extracted automatically in order 

to rectify the images. It is declared that even where 

buildings are correctly included in the DSM, occluded 

areas might cause parts of the occluding objects to be 

duplicated on the ortho-image (Fradkin and Ethrog, 

1997; Smith, et al., 1997). 

There are some researches for orthophotos generated by 

using a non-metric camera mounted on a drone and 

digital images obtained from different flying heights. For 

accuracy assessment root mean square error (RMSE) 

values were calculated by comparing the digital 

elevation model (DEM) and orthophoto. As a result, it 

was observed that accuracy values changed 

insignificantly and all of these values were sub-meter 

level. It is possible to use low-cost devices for large 

scale orthophoto production. (Udin and Ahmad, 2014). 

The effect of radiometric conditions on images captured 

in various lighting and weather conditions for the 

orthophoto production was also examined. It has shown 

that poor weather conditions affect radiometric 

resolution negatively and so orthophoto accuracy 

decreases (Wierzbicki, et al.,  2015). 

Pixel size effect was also investigated for orthophoto 

accuracy. Three different DEMs were produced with 

ground sample distances (GSD) of 10 cm, 30 cm, and 50 

cm to analyze the geometric accuracy. Although the 

highest geometric accuracy was obtained with the 

smallest pixel size all accuracy values provided 

international standards (Kulur, et al., 2016). 

In this study, it is aimed to investigate the accuracy of 

digital orthophotos produced in a project called " 1/1000 

large scale digital photogrammetric map and color 

orthophoto production in Kocaeli " (Arslan, 2010). 

Materials and Methods 

In the digital orthophoto production process, aerial 

triangulation is implemented by using near-vertical aerial 

photographs in order to determine the exterior 

orientation parameters and calculate the 3-dimensional 

coordinates of unknown points. The information of the 

interior orientation parameters is obtained from the 

camera calibration file. For the purpose of eliminating 

displacements due to terrain relief and perspective of 

images, the rectification process is applied. DEM 

produced from stereo models is used for 

orthorectification. As a consequence of this process, a 

perspective image is turned into orthogonal projection 

(Simard 1997), and orthophoto is generated as a final 

product. For the representation of larger areas, the 

generated orthophotos are merged and named as mosaic. 

In the course of producing mosaic, although orthophotos 

are geometrically corrected, radiometric problems such 

as tone differences are encountered. These problems are 

eliminated by using appropriate methods (Ioannou and 

Georgopoulos, 2013). The digital orthophoto production 

process is shown in Figure 1. 

The need for reliable data for many rising applications 

has led to the development in orthophoto production and 

hence finding ways to make it better in terms of its 

geometric accuracy. This paper looks at the creation of 

an orthophoto and enumerates the factors that ensure the 

geometric accuracy of the orthophoto. Users of 

orthophotos need to know the quality of the underlying 

parameters since this affects the geometric accuracy of 

the orthophoto. As is known the following parameters 

directly affect the geometric accuracy of the digital 

orthophoto (Krupnik, 2003): 

Figure 1. Digital orthophoto generation procedure 

• Transformation parameters between image and 

photo coordinate systems 

• Exterior orientation parameters 

• Ground control points 

• Elevation values obtained from DEM 

In general, the parameters to which the geometric 

accuracy of an orthophoto are dependent are shown in 

Figure 2. 

Study Area 

The city of Kocaeli is mainly an industrial center in 

Marmara region of Turkey with numerous industrial 

establishments surrounding the Gulf of Izmit. The 1999 

Kocaeli earthquake that shook Marmara Region caused 

immense loss of life and property and damaged the 

social and economic life of our country. 

The geomorphological and geotechnical features of the 

İzmit Bay entail a special interest for vertical kinematics 

of the basin at least for the horizontal regime of the 

North Anatolian Fault System (NAFS). The basin 

deposits and its ground conditions had endangered a 

devastating effect increasing the damage of the Izmit 
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earthquake.  In progress of time, fault motions induce 

positional deformation at the ground control points 

(GCPs). In the orthophoto production process, ground 

control points are used for determining the exterior 

orientation parameters with the help of collinearity 

equations. Also, when determining the accuracy of 

orthophoto, the actual coordinate values of the GCPs and 

the measured values from orthophoto are compared. 

Therefore, deformations at these points directly affect 

orthophoto accuracy. 

Figure 2. Schematic diagram of the parameters affecting 

accuracy in digital orthophoto production process 

(Krupnik, 2003) 

Flight Plan 

A detailed flight planning is a basic prerequisite for a 

successful acquisition of airborne datasets. Given the 

definition of the products to be obtained from a flight 

mission and their technical requirements, the mission 

planning accounts for multiple steps that could be 

briefed as follows: Selection of a suitable sensor 

(camera) and platform, flight plan design, and analysis of 

the factors to be controlled during flight operations. Prior 

to the preparation of the flight plan, current GCPs were 

checked to determine whether or not the study area is 

suitable for flight. After all these controls, flight plan 

was prepared in WGS84 datum system and in 6° UTM 

coordinate system. Study area consisted of 67 blocks 

which has a rectangle form in accordance with the flight 

plan. GSD was chosen as 8cm. By having the use of on-

the-board GPS/IMU devices, we were able to determine 

the coordinates of the perspective center and the 

rotations of 3 axes. Perspective center coordinates were 

obtained by using the sufficient numbers of GPS 

satellites, and the standard deviation was varied between 

2 cm and 4 cm. Table 1 summarizes the other technical 

information about the flight plan. 

Image Acquisition 

For this study, digital images were captured by the large 

format digital aerial camera system, i.e. Vexcel 

UltraCam X camera. The sensor serves as the versatile 

airborne sensor for application in many different project 

scenarios. The short frame interval enables the sensor to 

acquire images at large scale and at rather high 

stereoscopic overlaps. The radiometric bandwidth and 

the multispectral capability of the camera offer a 

dynamic range of more than 12 bit per band and 

simultaneous infrared acquisition. The geometric 

accuracy of the sensor makes possible to achieve 

noteworthy results from aerotriangulation and bundle 

adjustment.  

Table 1. Summary of the flight plan parameters 
Perpendicular image side in ground units (m) 1154.4 

Parallel image side in ground units (m) 753.6 

Pixel size (micron) 7.2 

Focal length (mm) 100.5 

Ground sample distance (GSD) (cm) 8 

Baselength (m) 226.08 

Image scale 11111 

Distance between strips (m) 693 

Number of the GCP’s 2300 

Number of the blocks 67 

Stereomodel area (m2) 156673.44 

Flight altitude (m) 1111 

Overlap (%) 70 

Sidelap (%) 40 

Ground area of one photograph (m2) 869956 

Number of the models in a strip 28569 

Number of the photographs in a strip 28570 

Some of the specifications of UltraCam X are large 

image format of 14430 pixels across track and 9420 

pixels along track, an optical system with 100 mm focal 

length for the panchromatic camera and for the 

multispectral camera heads, image storage capacity of 

4700 frames for one single data storage unit. 

Multispectral camera specifications are given in Table 2. 

Table 2. Technical specifications of the multispectral 

camera 

Image 

format 

long 

track 
67.824 mm 3140 pixels 

across 

track 
103.896 mm 4810 pixels 

Image extent 
(-33.91, -51.95) 

mm 

(33.91, 51.95) 

mm 

Pixel size 
21.600 µm * 

21.600 µm 

Focal length ck 100.500 mm 

Principal 

point 

X_ppa 0.000 mm ±0.002 mm 

Y_ppa 0.144 mm ±0.002 mm 

Lens 

distortion 
Remaining distortion less than 0.002 mm 

Accuracy of DEM 

As was mentioned in the methods section, generated 

orthophoto accuracy depends on many parameters such 

as affine transformation parameters, exterior orientation 

parameters, the accuracy of GCP, DEM, and terrain 

slope. Orthorectification of aerial photographs implicate 

the process of the elimination of geometrical 

deformations caused by the central projection and 

vertical distances of terrain using DEM. Since DEM is 

used to eliminate relief displacement, it is a crucial 

element of orthophoto production from the point of 

accuracy. DEM elevation errors propagate through 
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collinearity equations. The vertical accuracy of points is 

obtained by Equation 1 (Simard, 1997). 

𝜎ℎ

𝑍
=

√2
𝐵

𝑍
∙𝑓
∙ 𝜎𝑝 (Eq. 1) 

where σh is height error produced, σp is parallax 

measure error, B/Z is base/height ratio, f is focal length 

and Z is flight height above ground. Utilizing the 

equation (1), the maximum height error of DEM for this 

project was 11.1 cm and the minimum height error was 

5.5 cm. Positional accuracy is given by Equation 2. 

𝜎𝑝 = √2 ∙ (
𝑟

𝑓
) ∙ 𝜎ℎ (Eq2) 

where r is the radial distance. Positional error, as shown 

in Equation 2, is directly proportional to radial distance, 

and elevation error of the DEM point, while inversely 

proportional to camera focal length. The positional error 

value for this project was obtained to be 10.34 cm in the 

north-south flight direction when the maximum radial 

distance was taken as 7.35 cm along the diagonal. 

Results 

During the flight planning stage in the project, 67 

photogrammetric blocks were determined and some of 

them were tested for control purposes. The block is 

shown in Figure 3. Match-AT software package was 

used for aerial triangulation implementing bundle 

adjustment method with additional parameters. The 

standard deviations of the exterior orientation 

parameters, the residual values of INS and GPS 

observations and ground control points and the accuracy 

of the entire block adjustment were checked. The general 

assumed a priori standard errors for the photogrammetric 

aerial triangulation are as following Table 3.  

Table 3. A priori standard deviations used in the block adjustment 
the ground control points X, Y = 0.03 m,  Z = 0.05 m 

the automatic measured tie points  = 0. 002 mm 

the image points of ground control and manual measurements  = 0. 002 mm 

the GPS measurements 

the INS measurements 

X, Y, Z = 0.30 m 

,, = 0.015 (deg) 

the object points and ground control points X, Y = 0.027 m Z = 0.045 m 

Assessment of Orthophoto Accuracy 

The empirical accuracy of the study was checked by 

using some field surveys as check points. In order to 

evaluate the accuracy of digital orthophoto, RMSE was 

calculated using the difference values between the 

photogrammetrically measured points and the known-

points whose coordinates had been measured in the field. 

For this, field (survey) measurements of 80 points in 

Block 5 and 68 points in Block 21 were made. After the 

coordinate differences were calculated standard 

deviations were calculated, gross errors were eliminated 

from the dataset and the process was repeated. The 

results obtained are summarized in Table 4. Positional 

accuracy for the project is expected to be below of 

subpixel level. GSD of this study is determined as 8 cm 

level. As can be seen from the table that the obtained 

positional accuracies were quite similar or slightly 

different from each other for these blocks. We observe 

from Table 4 that positional (planimetric) accuracy 

magnitude is lower than GSD, that is to say, these results 

confirm the expected accuracy levels.  

Table 4. Descriptive statistics of positional accuracies obtained from field measurements 

Block 5 Block 21 

dx (cm) dy (cm) dp (cm) dx (cm) dy (cm) dp (cm) 

Mean 3.23 3.68 5.56 3.19 3.75 5.34 

Stand. Deviation 2.539 2.333 2.186 2.176 1.983 2.072 

Min 0 0 1 0 0 1 

Max 9 8 9 7 7 8 

Variance 6.448 5.390 4.779 4.735 3.932 4.295 

RMSE 5.97 5.79 

Then another approach was adopted as a basis for 

accuracy analysis of the study. Positional and elevation 

accuracy of digital orthophoto was computed using the 

following Block 08, Block 13, Block 19, Block 24, 

Block 31, Block 37, Block 42, Block 46, Block 49, and 

Block 63. Figure 3 illustrates these test blocks. 
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Figure 3. Test blocks used for the accuracy analysis of the produced digital orthophotos 

For a general accuracy assessment for computing 

positional accuracies in the study, stereomodel points 

were compared to the corresponding (homolog) points in 

digital orthophotos then descriptive statistics (such as 

variance, mean error, RMSE) were calculated for this 

purpose. Positional accuracy for selected blocks is 

summarized in Figure 4. 

Figure 4. Positional accuracy RMSE values and box plot for the test blocks 

It should be noted that the positional accuracy values 

obtained from all the test blocks were very similar as it 

shown from the figure. An approximate 6 cm planimetric 

accuracy level was observed from these ten test blocks. 

Boxplot graph was also drawn for visualizing the 

statistical distribution (i.e. variability) of positional 

accuracies.  We can also use international standards to 

test whether the resulting values comply with current 

standards. One of these is the standards established by 

the American Photogrammetry and Remote Sensing 

Society (ASPRS). According to the ASPRS Spatial 

Accuracy Standards published in 2014, horizontal 

accuracy standard values for the project are given in 

Table 5. In the instruction the "Accuracy Standards for 

Digital Geospatial Data, (March 2014)” applied by 

ASPRS position and height accuracy of the digital 

orthophoto images is classified according to method and 

accuracy values. Class 1 is recommended for high 

accuracy projects, Class 2 for standard mapping and GIS 

applications, Class 3 for visualization studies and 

projects with low accuracy (ASPRS 2015). From the 

figure 4, we can see that the maximum horizontal error is 

6.39 cm. This value should be less than 8 cm for high 

accuracy projects according to ASPRS standards. Hence 

horizontal accuracy values are within the acceptable 

limits with regard to the ASPRS standards. In the 

previous section, we found that the maximum positional 

error is 10.34 cm for this study. Therefore, we can say 

that accuracy values are below the expected limit. 
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Table 5. ASPRS Horizontal Accuracy Standards 

Orthophoto 

pixel size 

Horizontal 

Accuracy Class 

Absolute Accuracy Orthoimagery 

Mosaic Seamline 

Mismatch (cm) 
RMSEx and 

RMSEy (cm) 

RMSEr 

(cm) 

Horizontal Accuracy at 95% 

Confidence Level (cm) 

8 cm 

1 8.0 11.3 19.6 16.0 

2 16.0 22.6 39.2 32.0 

3 24.0 33.9 58.8 48.0 

In addition, we used a different scheme for the 

assessment of elevation accuracy in the study. Elevation 

accuracy assessment was performed according to two 

different parameters. One of these parameters is dz1 

which represents the RMSE of differences between the 

elevation derived from orthophoto and model. The other 

parameter is dz2 which represents the RMSE of 

differences between orthophoto and DEM. Figure 5 

shows these estimated accuracy values for the test 

blocks.

Figure 5. Elevation accuracy RMSE values and box plots for the test blocks 

When the accuracy of DEM produced for this project 

was considered maximum elevation error was estimated 

as 11 cm. As easily seen from the graph above that 

estimated elevation errors are within the acceptable 

limits. Boxplot of the parameters dz1 denoted the normal 

distribution of the accuracy values while the second 

parameter (i.e. dz2) might denote a skewed distribution 

of the estimated values. It should be noted however that 

the estimated values of all elevation accuracies were 

within the acceptable limits of international standards. 

Discussion and Conclusion 

As widely known in the related literature production of 

digital orthophotos deals with many steps and each step 

entails some errors which can propagate to digital 

orthophotos. The motive of this paper is to investigate 

the accuracy of digital orthophotos using these steps. 

Some main factors that affect digital orthophoto 

accuracy is briefly discussed throughout the study. 

Because accuracy assessment of digital orthophotos is a 

complicated issue, the method of combining theory with 

practice might be a suitable approach. For this goal it is 

aimed to investigate the accuracy of digital orthophotos 

produced in a project for large scale (i.e. 1/1000) digital 

photogrammetric map and orthophoto production in 

Kocaeli city. A geodetic field surveys were employed to 

check and produce a reliable point network in the project 

area. GPS measurements provided an accurate positional 

network for the ground points in the study area and 

levelling measurements were made to check existing 

elevation points.   The estimated accuracies in the project 

provided that the produced digital orthophotos could be 

used for producing large scale standard national maps 

even in an unstable ground district (i.e. due to the fault 

lines) like Izmit. The geomorphological features of the 

İzmit Bay and its ground conditions have endangered a 

strong effect increasing the damage of the Izmit 

earthquake.  In progress of time, fault motions have 

induced positional deformation at the GCPs. When 

determining the accuracy of an orthophoto, deformations 

at these points directly affect orthophoto accuracy. Note 

that all the estimated accuracy results obtained in the 

study were found to be within acceptable standard limits. 

Since the geodetic surveys were made in parallel to the 

photogrammetric triangulation in the project area, 

accurate digital orthophotos could be produced as can be 

seen from the accuracy assessment findings. Then the 

existing ground control networks should be monitored 

and updated precisely for determined periods as fault 

motions induce positional deformation at the ground 

control points. 
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