
7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

 553

Determining the effects of different scanner and scanning 
resolutions on orientation errors in producing of Orthophotos 

Günay Çakır, Sedat Keleş, Fatih Sivrikaya, Emin Zeki Başkent and Selahattin Köse 
Karadeniz Technical University, Faculty of Forestry 
61080, Trabzon, Turkey 
Tel: +90 462 377 37 34, Fax: +90 462 325 74 99 
gcakir@ktu.edu.tr; fatihs@ktu.edu.tr, skeles@ktu.edu.tr, baskent@ktu.edu.tr, skose@ktu.edu.tr 

Abstract 
An orthophoto is a geo-referenced image produced from aerial photos. It has geometric 
features of a map and the qualities of photographs, representing all terrain features. Due to its 
unlimited capability, it can be used in various areas such as forest management, ecosystem 
management, environmental planning and social science. The quality of the final orthophoto 
mainly depends on several major factors such as the accuracy of the Digital Surface Model 
(DSM), clarity of the air photos, scanning resolution and quality, Ground Control Point 
(GCP) accuracy, camera model and mosaicking. The objective of this study is to explain the 
effects of different scanners and scanning resolutions on spatial accuracy in conversion of 
analog aerial photos to orthophotos. We selected two different scanners, a normal desktop and 
photogrammetric. 23 by 23 cm diapositives and 23 by 23 analog photographs of air photos 
were scanned through desktop scanner with a resolution of 600 dpi. In addition, 23 by 23 cm 
diapositives of air photos were scanned through photogrammetric scanner with a resolution of 
1200 dpi. Orthophotos were created with ERDAS imagine OrthoBASE software. DEM was 
also used to produce orthophoto images. Results show that orientation errors of digital 
orthophoto generation for diapositives and analog photographs, scanned with a desktop 
scanner, are 2 – 3 pixels and 10 – 11 pixels, respectively, whereas the errors of diapositives, 
scanned with the photogrammetric scanner, are 0.1 – 0.3 pixels. 
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1 Introduction 
Aerial photos and satellite imagery are intensively called on assisting decision makers for 
important efforts such as identifying forest stand types and assessing environmental impacts. 
Orthophoto reduces the cost and time associated with triangulating and orthorectifying aerial 
photography, satellite imagery and video camera imagery when collecting geographic 
information. All field information collected were carefully transferred into rectified orthophoto 
images of each forest type along with its boundaries, detail forest units and types, which were 
latter geo-referenced to Geographic Information System (GIS) for detailed spatial queries and 
analysis. Thematic maps of forest species composition, forest types, forest crown closure and 
maturity types along with forest boundaries of each forest type were prepared for use in better 
planning and management natural resources such as forest ecosystems. 

An Orthophoto is a geo-referenced image produced from normal remote sensing images. It has 
geometric features of a map and in the mean time qualities of photographs representing true 
detail terrain features of specific time periods. The orthophoto was produced from normal 
aerial photographs or other remotely-sense images. Orthographic photograph image is also 
called Orthophotos. Orthophoto has various capabilities that can be used in the management, 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

554 

planning and development of any specific micro level program by the illiterate to literate 
people, planners to decision makers, development agencies to researchers, natural resource 
scientists to social scientist. In order words, it provides invaluable and unlimited high 
resolutions information to all kinds of people in documentation, management, plans and 
programs of communities, watersheds, districts and regions.  

There is a growing need of large scale maps and the associated data for the quantification, 
planning and management of natural resources its socio-economic characteristics at a 
community level to address the emergent needs and demand of rapid population. The 
geometrically corrected orthophoto image is applied to assess the details of forestry inventory 
in Turkey for the better management and planning of the forest resources on a sustainable 
basis. 

Large scale spatial information is very important for the sustainable planning and development 
at all levels, from communities to watersheds and from districts to regions. But due to its 
unavailability most of the development plans, projects and planning efforts are running in the 
absence of this information. Digital photogrammetry has given much more emphasis of these 
kinds of large scale information producing orthophotos to document and quantify natural 
resources and socioeconomic characteristics for synthesizing the vast amount of datasets to 
understand the process and trends and its interaction of present as well as future bench mark 
studies. 

Normal aerial photographs or remotely-sensed images are distorted as a result of the 
combination of camera and undulating topographic landscape. The amount of distortion 
depends on the distance from the image center and the difference in elevation. The digital 
Orthophoto is created by scanning aerial photographs with a precision image scanner. The 
scanned image file is digitally rectified to an Orthographic projection by processing each 
image pixel. This process requires ground control points, camera orientation parameters, 
digital elevation model, aerial photographs and scanning. 

The objective of this study is to determine the effects of different scanner and scanning 
resolutions on orientation errors in producing orthophotos. First of all, orthophoto images were 
produced for entire Artvin Forest Planning Unit in Turkey. Secondly, analog photos and 
diapositives were scanned with both desktop and photogrammetric scanner. Finally, it was 
determined the orientation errors with ERDAS Imagine software in producing orthophotos. 

2 Methodology 

2.1 Study area  
The study area fully covers the Artvin Forest Planning Unit (AFPU), characterized by a high 
steep and rough terrain with an average slope of 61% and an altitude from 200 to 2 220 m 
(Figure 1). It extends along UTM ED 50 datum 37.zone 731000-743000 E and 4556000-
4570000 N on the Northeastern Black Sea Region of Turkey. Out of 5 220 ha total area, 4 249 
ha is forested and the rest non-forested. 

2.2 Scanning air photos 
The aerial photographs flown in 2002 at a scale of 1:15,000 color infrared analog and 
diapositives were scanned on a normal desktop scanner with a resolution of 600 dpi (dots per 
inch). In addition, diapositives also were scanned on a photogrammetric scanner with a 
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resolution of 1200 dpi. It corresponds to a ground resolution of 0.35-1.50 meters at nominal 
scale. It is important that all eight corners fiducially marks appear clearly in each scanned 
image. 

 

 
Figure 1 Map of the Artvin Forest Planning area. 

2.3 Digital surface model (DSM) 
Ten-meter-interval contour map was produced at 1:25 000 topographical map of AFPU and 
used as source for the DSM. The Triangulated Irregular Network (TIN) module of ERDAS 
Imagine software was used for the development of the DSM. 

2.4 Orthophoto generation 
After importing the digital images into the ERDAS Imagine software, the ground control 
points have been identified and the individual images have been Ortho-rectified. The absolute 
accuracy of the final products was about 10 meters of the Artvin FPU. The main source of 
errors was the inaccuracies in the DSM which was produced from the 1:25 000 contour map 
based on limited ground control. Finally, the images have been assembled into a seamless 
Ortho-photo-mosaic of 1 meter resolution. This dataset can be used as background in any GIS 
application for deskwork. More importantly, any sections of it can be printed on a color printer 
and taken to the field to map the forests and discuss management issues with the Forest User 
Groups. 
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3 Results and Discussion 
The accuracy of Orthophoto product is independently checked with traditional and latest land 
survey methods in ERDAS software. Results were evaluated in two ways. In the first, 
orientation errors of digital orthophoto generation for analog photos and diapositives scanned 
with a desktop scanner were realized as 10 – 11 and 2 – 3 pixels, respectively. In this situation, 
scan file sizes of analog photos and diapositives were about 60 – 70 and 110 – 120 megabytes, 
respectively. In the second way, diapositives were also scanned with a photogrammetric 
scanner of 1200 dpi and orientation errors of these diapositives resulted in 0.10 – 0.30 pixels. 
Scan file sizes were about 370 – 450 megabytes.  

Orthophoto image contains terrain features in fine detail with map information. It has 
geometric features of a map and the qualities of photographs. Orthophoto and GIS is a 
worthwhile and appropriate tool for obtaining information for research purposes as well as to 
disseminate research results to the community. This is a good way of organizing and accessing 
both quantitative as well as qualitative information. The final products of ortophotos are 
related to scanning types and resolution. 

The quality of the final Orthophoto will mainly depend on several major factors such as the 
accuracy of the Digital Surface Model, clarity of the air photos, scanning resolution and 
quality, Ground Control Points accuracy, camera model and mosaicking. Therefore, it is 
important to be precise with all of these factors. Scanner distortions should be taken into 
account for more accurate mapping purposes. However, if digital aerial photos are available 
then the scanners are not required. When mosaicking photos together, it is sometimes difficult 
to entirely remove the tonal differences. This is more apparent when using the photos taken 
from different weather conditions or at different times of the day. However, analog 
photogrammetry is effected by the scanner type and resolution size (Çakır 2006). 
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