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Abstract: GeoEtrim (Geospatial Evaluation and Training of Images) is a set of academic software packages to evaluate optical images 

geospatially. Although GeoEtrim was developed in the MATLAB environment in the past, it was decided to be compiled in another 

programming language (C#) in order to overcome the challenges like importing/reading very big sized image files, collecting Ground 

Control Point (GCP) and Independent Check Point (ICP) in an easy way and running the orientation models, etc. Creating projects, 

importing image(s), enhancing the image contrast, collecting GCP&ICP and running sensor independent orientation models through sub-

package GeoTransform are the major opportunities of the current version. In addition, GeoTransform itself enables blunder and parameter 

validation tests. GeoEtrim can also be used free-of-charge for academic purposes; therefore, its user community increases rapidly. This 

paper focus on both theoretical background and graphical user interface of GeoEtrim 2020 executed version. 

Keywords: GeoEtrim, Coordinate transformation, Sensor orientation, Graphical user interface, Geospatial information 
 

GeoEtrim 2020 sürümü: Konumsal görüntü değerlendirme için akademik bir yazılım 

Öz: GeoEtrim (Geospatial Evaluation and Training of Images), optik görüntüleri konumsal olarak değerlendirmek için geliştirilen 

akademik yazılım paketler bütünüdür. GeoEtrim geçmişte MATLAB ortamında geliştirilmiş olsa da, çok büyük boyutlu görüntü 

dosyalarının içe aktarılması/okunması, yer kontrol noktalarının ve bağımsız denetim noktalarının kolay bir şekilde toplanması ve çeşitli 

hesaplamaların yapılmasındaki zorlukların üstesinden gelinmesi için başka bir programlama dilinde (C #) derlenmesine karar verilmiştir. 

Proje oluşturmak, görüntüleri içe aktarmak, görüntünün zıtlığını geliştirmek, yer kontrol noktaları ve bağımsız denetim noktalarını 

toplamak, GeoTransform alt paketi aracılığıyla algılayıcıdan bağımsız yöneltme yöntemlerini çalıştırmak mevcut sürümün sunduğu başlıca 

özelliklerdir. Ek olarak, uyuşumsuz ölçü testi ve parametre anlamlılık testleri de özellik olarak eklenmiştir. GeoEtrim akademik çalışmalar 

için ücretsiz olarak kullanılabilir ve böylelikle kullanıcı topluluğu her geçen gün artabilir. Bu makalede GeoEtrim 2020'nin hem kuramsal 

yapısı hem de grafik kullanıcı arayüzü tanıtılmaktadır. 

Anahtar Sözcükler: GeoEtrim, Koordinat dönüşümü, Algılayıcı yöneltmesi, Grafik kullanıcı arayüzü, Konumsal bilgi  
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1. Introduction 

Thanks to the investment on the geospatial services, geospatial information has become one of the most significant 

components in daily life of an ordinary citizen. According to the report by AlphaBeta (2017), the size of geospatial services 

has reached ~400 billion United States Dollar (USD) market share. Image-based data acquisition such as close-range, aerial 

or spaceborne optical, microwave, thermal or laser acquisition systems has an important role in the generation of geospatial 

information (Chen et al., 2016). The world has witnessed 181 remote sensing satellites (except meteorological ones) with 

17.4 billion USD budget in recent years and the additional budget is expected to be 8.5 billion USD by 2026 (Euroconsult, 

2017). As pointed by United Nations, the geospatial services based on remote sensing support the globally sustainable 

development goals of humanity (Paganini et al., 2018). 

The improving geospatial services depend on the developments of various components such as customer’s needs, data 

acquisition, hardware, software and algorithms etc. Since this paper is devoted to software, we will only focus on this 

component. A great number of academic or commercial software programs have been developed up to now. The commercial 

software could be preferred in an application-based task; nevertheless, the question is which software should be chosen in a 

research or an educational activity. The major reason of this challenge is that the theoretical background and algorithms are 

not comprehensively known by user, and the user is restricted to choose many options most of which is generally assumed 

default. One might think that this user-tendency appears only in the countries following the science-makers. On the contrary, 

this is also a trouble in developed ones, as pointed out by Dowman (2010) as “...There’s a danger that people, institutions 

and organizations are using data without understanding how they were acquired, or explaining wrongly… …And I tend to 

think that, at least from a UK perspective, more young people are going to university, but not choosing the difficult studies 

involving mathematics and science”. Following this motivation, GeoEtrim is being developed to fully control all workflow 

starting the characteristics of an image and ending the final product/result. This motivation presents a didactic behavior with 

the help of various kinds of scientific publications and user guide (GeoEtrim, 2020). 

Numerous academic software has been developed for the purpose of generation/research of geospatial information from 

image-based data for the last decades. Some of them are developed and freely distributed by the national/international 

organizations, for instance, Sentinel Application Platform (SNAP) by European Space Agency (ESA) (2020), gvSIG, QGIS 

and GRASS GIS by Open Source Geospatial Foundation (OSGeo, 2020), MicMac by National Institut Géographique 

National and l'École de la Géomatique (IGN & ENSG, 2020), Orfeo Toolbox by the Orfeo ToolBox Project Steering 

Committee (Grizonnet et al., 2017), CloudCompare (2020), MeshLab (2020), Barista (CRCSI, 2020), while some were 

handled by the individuals or teams, such as COSI-Corr (Ayoub, Leprince, & Keene, 2009), Bundle block adjustment Leibniz 

University Hannover (BLUH) by Jacobsen (2008), E-foto (Mota et al., 2012), Phox (Luhmann, 2016), inteGRAted 

PHOtogrammetric Suite (GRAPHOS) (Gonzalez-Aguilera et al., 2018), VisualSFM (Wu, 2020), Bundler (Snavely, 2020), 

Theia (2020), COLMAP (2020), Clustering Views for Multi-view Stereo (CMVS) (Furukawa, 2020), Patch-based Multi-

view Stereo Software (PMVS) (Furukawa & Ponce, 2018), A Multi-View Reconstruction Environment (MVE) (Fuhrmann, 

Langguth, & Goesele, 2014), sv3DVision (Aguilera & Lahoz, 2006), Photogrammetry Workbench (González‐Aguilera et 

al., 2012), Python Photogrammetry Toolbox (Moulon & Bezzi, 2011), Open Drone Map (Waechter, Moehrle, & Goesele, 

2014), DGAP (Stallmann, 2020) etc. Besides those open source and/or freeware solutions, some academic software are 

commercially distributed, such as SATellite image Precision Processing (SAT-PP), PHOENIX, CLOse RAnge MAtching 

(CLORAMA), Least Squares 3D Surface Matching (LS3D) and Bundle Adjustment with Additional Parameters (BAAP) by 

4DiXplorer (2018), A Satellite Image Processing Platform for High Resolution Forest Assessment (FORSAT, 2018), and 

Photogrammetric Surface Reconstruction from Imagery (SURE) by Rothermel and Wenzel (2020) etc. It is beneficial to bear 
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in mind for the users that many of commercial software include tools developed for academic purposes. 

Similar to the ones mentioned before, GeoEtrim has the motivation of present academic software for scientific and 

educational contribution to the international community. Its chronological developments are summarized below. 

2. General Overview of GeoEtrim 

The origin of GeoEtrim was based on programming of some sensor independent orientation models, polynomial (limited 

with 5th degree), affine projective and Direct Linear Transformation (DLT), developed in MATLAB environment (Topan, 

2004; Topan, Buyuksalih, & Kocak, 2005). Later, the affine projective approaches considering IKONOS, OrbView-3, and 

QuickBird image geometry, and a new quality checking approach called figure condition were implemented within 

GeoFigcon tool by Topan and Kutoglu (2009). This approach was extended by (Topan, 2013; Topan, Taskanat, & Cam, 

2013; Topan, Oruc, Taskanat, & Cam, 2014) using sensor dependent Rational Function Model (RFM), and it was preferred 

by Moghaddam, Mokhtarzade, Naeini, and Amiri-Simkooei (2018). Some other sensor independent models such as 

similarity, projective and sensor independent RFM were also coded into this tool, and GeoFigcon was renamed as 

GeoTransform in 2018. With that last version, the outlier detection and parameter validation tests have become available, 

and the orthoimage generation is still being developed (Cam, 2018). 

GeoEtrim does not consist of only the sensor independent orientation models. For instance, GeoSpot is the most complex 

tool running sensor dependent orientation model specialized for SPOT 5 stereo images (Topan, 2009). This doctorate project 

was expanded by adding the parameter validation test and self/cross correlation among the interior/exterior orientation 

parameters (Topan & Maktav, 2014). Based on the principle of GeoSpot, Geo3o1 was developed for the new generation 

sensor orientation models for Pléiades 1A/1B and SPOT 6/7 triplet images (GeoEtrim, 2020). Terlemezoglu and Topan 

(2020) overcame the ill-posed orientation problem via eigenvalue-based novel approaches. 

Although the innovative approaches were programmed in MATLAB environment, the user-friendly and all-in-one solutions 

were required for the end-users’ easy-to-use. Some of the limitations were the difficulties in collection of Ground Control 

Point (GCP) and Independent Check Point (ICP) in MATLAB environment and the requirement of auxiliary software for 

this purpose. The other limitation was that although the theoretical background was given in the lessons of bachelor, master 

or doctorate programs, the users needed setting-up at least a MATLAB runtime to run the executed version. The feedback 

from the users forced us to give a decision of executed version, which is presented in this paper. 

3. C# Version of GeoEtrim 

Since this paper explains the new version of GeoEtrim written in C#, the libraries, the graphical user interface (GUI) of 

GeoEtrim and theoretical background of GeoTransform have been mentioned. 

3.1 Programming Language and Libraries 

The mentioned version of GeoEtrim in this paper has been coded in C#, which was started to develop by Anders Hejlsberg 

through C and C++ in Microsoft Corporation (Hejlsberg, Wiltamuth, & Golde, 2003). Users have an opportunity to code 

with C# more easily than older versions and is more object-oriented without losing performance. Since C# has not directly 

integrated with the machine language, .Net Framework and Mono platform are required for Windows and Linux operating 

systems, respectively. This framework presents some opportunities making the coding easier, such as namespace and Base 

Class Library (BCL), which is mostly preferred for basic mathematical functions and variables during the coding of 
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GeoEtrim. The version of .Net Framework version is 4.6. 

GeoEtrim uses the libraries such as Geospatial Data Abstraction Library (GDAL), Emgu Computer Vision (EmguCV) and 

ALGLIB for image reading/processing and algebraic requirements, respectively. As an OSGeo project, GDAL could read, 

process, analyse, translate and write raster and vector data, and C#, Python, Java, and Perl versions are available. Many 

software packages, which process remote sensing images use a wide range of opportunities presented in GDAL. GeoEtrim 

also uses its image reading function supporting 155 image formats. GeoEtrim requires EmguCV library for image processing. 

This library is derived from the OpenCV library, which is available in C and C++ (Shi, 2013). Image zooming, showing 

image histogram, contrast enhancement and histogram equalization, GCP/ICP marking on image and the matrix operations 

were performed by using this library. ALGLIB is a library to cross-platform numerical analysis and data processing 

supporting C++, C# and Delphi languages. This library was only needed for t-distribution value in GeoTransform. It should 

be noticed that the language for GUI, variables and coding are in English to ensure international cooperation and usage. 

3.2 Workflow and Principal Properties 

The workflow of GeoEtrim was illustrated in Figure 1, consisting of three main components, i.e. main user interface, 

GCP/ICP collection interface and GeoTransform. 

The main user interface consists of top menus such as File for project management, tools for importing image and contrast 

enhancement, and GCP/ICP collection, and Modules having sub-programs (only when GeoTransform is active), and Help 

(Figure 2a). Some shortcut menus such as open/save projects, import/delete image, active image name, zooming and dragging 

tools, contrast enhancement and GCP/ICP collection interface are available under the top menu. The user can see the name 

of project and images, and can open original bands and their histograms of each image by the image information interface. 

Additionally, GCP/ICPs could be shown or hidden by clicking the related button below in each band. This option supports 

an easy understanding of a multispectral image. 

One of the difficulties in visual interpretation of remotely sensed images is working with low contrast datasets. This challenge 

must be overcome for easy collection of GCP/ICPs. Thanks to the EmguCV, the user is able to enhance the image contrast 

with manual or automatic options (Figure 2b). The user can define a scale factor between 0.125 and 4.5 for multiplying the 

grey scale in the manual mode with the option of histogram equalization. 

GeoEtrim saves the project file in structure of eXtensible Markup Language (XML). XML is formed by intermingled 

character data and mark-up allowing a hierarchical structure for each image (writing image name, directory, number of row 

and column etc.) and the information of GCP/ICPs per image (Identification (ID), type (control or check), coordinates (image 

and object) and their standard deviations). This hierarchical structure allows easy managing and saving the project file having 

multiple images and their GCP/ICPs. Figure 3 illustrates a project file in XML format. 

The user can collect GCP/ICPs of the working image by a user-friendly interface (Figure 4a). When clicking on the image in 

the main user interface, the image coordinates (row and column in pixel unit) are automatically transferred into the relevant 

boxes, and the point is shown in the Distribution of Points window. Both control or check points are collected in this same 

interface by changing the point type. The user can import the GCP/ICPs by the loading an existing file, and if the auto locate 

function is activated, the marked point in the list is automatically located in the centre of image window at the main user 

interface. This option allows seeing the point on the original image easily at the main user interface. Since this interface might 

cover a large portion of the user’s working screen, there is an option to reduce its size allowing the essential parts, which  

remain while others are ignored (Figure 4b). Figure 4c shows the GCP/ICP exporting options. The user can select and change 
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the sequence of point ID and type, image and ground coordinate axes and standard deviations. Both GCPs and ICPs or only 

one type could be exported. The number of decimal place for coordinates and standard deviations, and the separator for 

decimal place, columns and column titles could be arranged by this interface. All these options give the user the flexibility 

of setting in an exported file. 

 

Figure 1: Workflow of GeoEtrim 

Another issue, which is served is a wide range of colour and size settings for GCP/ICPs, point list and GeoTransform (Figure 

5). These settings allow comfortable usage of these interfaces and also support better presentation of GeoTransform reports. 

For instance, the size, colour, ID or type of a GCP/ICP marker can be changed upon the user’s request. When the user wishes 

to return the default settings, the system allows it. 
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(a) 

  
(b) 

Figure 2:Main user interface and a sample of contrast enhancement via Göktürk-2 multispectral image. (a) Main user interface of GeoEtrim. (b) 

Sample for contrast enhancement 

<?xml version="1.0" encoding="UTF-8"?> 

<Project Project_name="" Information=""> 

  <Image name="" href="" bands="" width="" height="" id=""> 

    <gcp PointID="" PointType="" Row="" Column="" X="" Y="" Z="" StdRow="" StdCol="" 

StdX="" StdY="" StdZ="" /> 

  </Image> 

</Project> 

Figure 3:XML structure of project file 

4. GeoTransform 

As mentioned before, GeoEtrim executed version has GeoTransform tool for sensor independent orientation although its’ 

MATLAB version has GeoSpot and Geo3o1 tools. The user has the options of selecting the orientation (transformation) 

model, the threshold value and maximum iteration number for rationale methods (such as projective, DLT and RFM), method 

of blunder test, normalization option for avoiding the ill-conditioning and the visual setting of vector plotting. At first, the 

theoretical background of sensor independent orientation, adjustment and blunder detecting test will be introduced, then its 

user interface will be presented. 

Top menus 

  
Shortcut menus 
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Image 

  



GeoEtrim 2020 executed version: an academic software for geospatial image evaluation 110 
 

J. Geod. Geoinf., 2021, 8(2):104-119 

Figure 4: GCP/ICP collection and setting interfaces. (a) GCP/ICP collection interface (wide format). (b) GCP/ICP collection interface (minimized 

format). (c) GCP/ICP exporting interface 

 
(a) 

  
(b) (c) 
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Figure 5:Visual settings for GCP/ICPs, points and GeoTransform 

 Sensor Orientation Models 

Generation of geospatial information needs establishing the relationship between image (terrestrial, aerial or remotely sensed) 

and object (ground, map) coordinate systems. In this way, each pixel of image could have their corresponding object 

coordinates. This process is generally called as georeferencing, geocoding or geolocating. The goal of sensor (image) 

orientation is to establish coordinate transformation between image and object coordinate systems. The mathematical models 

of sensor orientation are varied in sensor dependent and independent. The sensor dependent models strive to present the real 

geometric relationship between image and object coordinate systems with the help of auxiliary coordinate systems. For 

instance, the models for linear array optical systems are established considering the coordinate transformation in the sequence 

of image, linear array, camera, body (platform), orbital, inertial and ground coordinate systems. This means such kind of 

orientation model needs all parameters reflecting the geometric relationship between them. On the other hand, the sensor 

independent models directly establish this transformation between image and ground coordinate systems ignoring the real 

geometric characteristics. 

The sensor independent orientation models of GeoTransform are similarity (Helmert), 2 Dimensional (2D) polynomial, affine 

projective, projective, DLT and sensor independent (terrain dependent) RFM. Its MATLAB version has also the sensor 

dependent (terrain independent) RFM, and various matrix inversion and regularization methods to solve ill-posed problem 

(Aytekin, Topan, Elkar, Kisi, & Erisik, 2019). The simplest model is similarity transformation assuming ground space in 2D. 

This model has two shifts in two dimensions, one scale and one orientation angle. Its formulation is 

[
𝑟𝑖

𝑐𝑖
] = [

𝑋0

𝑌0
] + 𝑠 [

𝑐𝑜𝑠 ∝ −𝑠𝑖𝑛 ∝
𝑠𝑖𝑛 ∝ 𝑐𝑜𝑠 ∝

] [
𝑋𝑖

𝑌𝑖
] = [

𝑎00 + 𝑎10𝑋𝑖 − 𝑎01𝑌𝑖

𝑏00 + 𝑎01𝑋𝑖 + 𝑎10𝑌𝑖
]                                                                                                      (1) 

where 𝑟 and 𝑐 are row and column coordinates, respectively, 𝑋0 and 𝑌0 are shift through X and Y axes, 𝑠 is scale and ∝ 

denotes the orientation angle, 𝑋 and 𝑌 mean the ground coordinates, and 𝑖 = 1, … , 𝑛, 𝑛 = 2 × number of GCPs. Since a 

shape is forced in this model, the expected accuracy is generally low. The second model is polynomial transformation 

formulated as 

𝑟𝑖 = ∑ ∑ 𝑎𝑗𝑘
𝑚
𝑘=0

𝑚
𝑗=0 𝑋𝑖

𝑗
𝑌𝑖

𝑘 , 𝑐𝑖 = ∑ ∑ 𝑏𝑗𝑘
𝑚
𝑘=0

𝑚
𝑗=0 𝑋𝑖

𝑗
𝑌𝑖

𝑘                                                                                                                         (2) 

where 𝑎 and 𝑏 are the polynomial coefficients. The 1st order polynomial is called affine transformation, and each coefficient 

is related to the geometric distortions of images (Zoej, 1997). The third model is affine projection. This model considers the 
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third dimension (i.e. height) of object space, as following 

𝑟𝑖 =  𝑎000 + 𝑎100𝑋𝑖 + 𝑎010𝑌𝑖 + 𝑎001𝑍𝑖                                                                                                                                            (3a) 

𝑐𝑖 =  𝑏000 + 𝑏100𝑋𝑖 + 𝑏010𝑌𝑖 + 𝑏001𝑍𝑖                                                                                                                                           (3b) 

This model was extended for fitting geometry of QuickBird OrthoReady and IKONOS Geo products by Jacobsen (2003) as 

following 

𝑟𝑖 =  𝑎000 + 𝑎100𝑋𝑖 + 𝑎010𝑌𝑖 + 𝑎001𝑍𝑖 + 𝑎101𝑋𝑖𝑍𝑖 + 𝑎011𝑌𝑖𝑍𝑖                                                                                                       (4a) 

𝑐𝑖 =  𝑏000 + 𝑏100𝑋𝑖 + 𝑏010𝑌𝑖 + 𝑏001𝑍𝑖 + 𝑏101𝑋𝑖𝑍𝑖 + 𝑏011𝑌𝑖𝑍𝑖                                                                                                  (4b) 

and for OrbView-3 images (Buyuksalih, Akcin, & Jacobsen, 2006) 

𝑟𝑖 =  𝑎000 + 𝑎100𝑋𝑖 + 𝑎010𝑌𝑖 + 𝑎001𝑍𝑖 + 𝑎101𝑋𝑖𝑍𝑖 + 𝑎011𝑌𝑖𝑍𝑖 + 𝑎200𝑋𝑖
2                                                                                    (5a) 

𝑐𝑖 =  𝑏000 + 𝑏100𝑋𝑖 + 𝑏010𝑌𝑖 + 𝑏001𝑍𝑖 + 𝑏101𝑋𝑖𝑍𝑖 + 𝑏011𝑌𝑖𝑍𝑖 + 𝑏110𝑋𝑖𝑌𝑖                                                                                     (5b) 

The fourth model is projective transformation, which establishes the central projection characteristics of images. 

Nevertheless, only the planimetric ground coordinates are taken into account. It is formulated as 

𝑟𝑖 =
𝑎00 + 𝑎10𝑋𝑖 + 𝑎01𝑌𝑖

1 + 𝑐10𝑋𝑖 + 𝑐01𝑌𝑖

  , 𝑐𝑖 =
𝑏00 + 𝑏10𝑋𝑖 + 𝑏01𝑌𝑖

1 + 𝑐10𝑋𝑖 + 𝑐01𝑌𝑖

                                                                                                               (6) 

The 3rd dimension ignored in projective transformation is considered in DLT, which is derived by Abdel-Aziz and Karara 

(1971) from the collinearity equations well known in photogrammetry. This is formulated as 

𝑓1 = 𝑎000 + 𝑎100𝑋𝑖 + 𝑎010𝑌𝑖 + 𝑎001𝑍𝑖                                                                                                                                         (7a) 

𝑓2 = 𝑏000 + 𝑏100𝑋𝑖 + 𝑏010𝑌𝑖 + 𝑏001𝑍𝑖                                                                                                                                                                (7b) 

𝑓3 = 1 + 𝑐100𝑋𝑖 + 𝑐010𝑌𝑖 + 𝑐001𝑍𝑖                                                                                                                                                     (7c) 

𝑟𝑖 =
𝑓1

𝑓3
, 𝑐𝑖 =

𝑓2

𝑓3
                                                                                                                                                                                  (7d) 

So DLT does not need the interior and exterior orientation parameters in contrast to the collinearity equations. Moreover, the 

interior and exterior orientation parameters could be estimated from the DLT coefficients (Seedahmed & Schenk, 2001). 

The last model is the sensor independent RFM. Its generic formulation, which is valid for both sensor dependent and 

independent versions, is 

𝑓 = ∑ ∑ ∑ 𝑃𝑔𝑗𝑘𝑋𝑖
𝑔

𝑌𝑖
𝑗
𝑍𝑖

𝑘𝑚𝑘
𝑘=0

𝑚𝑗

𝑗=0

𝑚𝑔

𝑔=0                                                                                                                                                 (8a) 

𝑟𝑛𝑖
=

𝑓𝑎

𝑓𝑏
, 𝑐𝑛𝑖

=
𝑓𝑐

𝑓𝑑
                                                                                                                                                                           (8b) 
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 Adjustment 

Adjustment process is an essential step to estimate both corrected (adjusted, compensated) image coordinates and also the 

orientation elements with the most probable values. The approximate values of coefficients in the sensor independent models 

are zero at the beginning. Since the number of observations is more than the number of unknowns (coefficients), the degree 

of freedom is higher than zero (i.e. 𝑓 > 0, 𝑓 = 𝑛 − 𝑢). This allows us to run adjustment via Least Squares Estimation (LSE). 

Let us show the mathematical model 

(𝑟, 𝑐)𝑖 = F{𝑃𝑗 , (𝑋, 𝑌, 𝑍)𝑖}                                                                                                                                                                      (9) 

where F defines the orientation model and 𝑃 is the coefficient. The ground coordinates are considered free of error. The 

adjustment with observation equations among various types of adjustment models fits the models presented above mentioned. 

So, the adjusted observations (𝑟, 𝑐) are estimated as following when the weight matrix is identity matrix (𝐈) (Koch, 1999) 

�̅� = 𝓵 + 𝐯 = 𝓵0 + 𝐀𝐝𝐏                                                                                                                                                                     (10) 

𝐝𝐏 = (𝐀𝐓𝐀)−1𝐀𝐓(𝓵 − 𝓵0)                                                                                                                                                            (11) 

𝐐dpdp = (𝐀𝐓𝐀)−1                                                                                                                                                                               (12) 

𝐐ℓℓ = 𝐀𝐐dpdp𝐀T                                                                                                                                                                                           (13) 

𝐐vv = 𝐈 − 𝐐ℓℓ                                                                                                                                                                                     (14) 

�̅� = 𝐏0 + 𝐝𝐏                                                                                                                                                                                             (15) 

𝐯 = 𝓵0 − 𝓵 + 𝐀𝐝𝐏                                                                                                                                                                                              (16) 

𝑚𝑟 = ±√
𝐯𝑟

T𝐯𝑟

𝑓
, 𝑚𝑐 = ±√

𝐯𝑐
T𝐯𝑐

𝑓
                                                                                                                                                             (17) 

𝑚0 = ±√
𝐯T𝐯

𝑓
                                                                                                                                                                                           (18) 

where 𝓵 is the observation, 𝐯 means the residuals, 𝓵0 shows the approximate values, 𝐏0 is the approximate values of 

unknowns, 𝐝𝐏 means the unknowns, 𝐐dpdp is the cofactor matrix of unknowns, 𝐐ℓℓ is the cofactor matrix of the adjusted 

observations, 𝐐vv is the cofactor matrix of residuals, 𝑓 is the degrees of freedom, 𝐀 denotes the Jacobian matrix constituted 

by coefficients, and the posteriori accuracy (𝑚0) is expected 𝑚0  ≤  ±1 pixel (Leprince, Barbot, Ayoub, & Avouac, 2007). 

Additionally, [𝐯𝑟] = 0, [𝐯𝑐] = 0, and [𝐯𝐯] = min are expected since LSE is preferred. The rationale functions such as 

projective, DLT and RFM need the iterative solution. 𝐏0 = 0 and 𝓵0 = 0 at the first iteration, and the adjusted coefficients 

(�̅�) and image coordinates (�̅�) are replaced in the iteration up to the limit for iteration (iteration number or the difference 

between 𝑚0 of consecutive iterations) as illustrated in Figure 1. 

Since the ill-conditioned Jacobian matrix might possibly arise, all coordinates are normalized into ±1 for stable matrix 

inversion. The normalization is applied for row coordinates, for instance, as following: 
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𝑟𝑛 =
2𝑟−𝑟𝑚𝑎𝑥−𝑟𝑚𝑖𝑛

𝑟𝑚𝑎𝑥−𝑟𝑚𝑖𝑛
                                                                                                                                                                                (19) 

and remains follow the similar formulation. This option is preferred by the user (Figure 1).  

The outliers could be estimated to ignore some GCPs, which reduce the posterior accuracy. GeoTransform presents two 

options, normal (Baarda test) and 𝑡 distribution, as following (Baarda, 1968; Koch, 1999) 

Normal distribution: 𝑇𝑛𝑖
=

|𝑣𝑖|

𝜎𝑜√𝑄𝑣𝑣𝑖,𝑖

                                                                                                                                                    (20) 

𝑡 distribution: 𝑇𝑖 =
|𝑣𝑖|

𝑚0i√𝑄𝑣𝑣𝑖𝑖

, where 𝑚0i = √
[𝐯𝐯]−

𝑣𝑖
2

Q𝑣𝑣𝑖𝑖

𝑓−1
                                                                                                                   (21) 

where 𝛼 = 0.05 and 𝜎𝑜 is defined by the user. If 𝑇𝑖 > 𝑡𝑓−1,1−𝛼/2 subsequently, the ith GCP is assumed outlier. 

The orientation model has coefficients some of which can be negligible. Such coefficients could be statistically estimated by 

validation test as following 

𝑚𝑑𝑃𝑖
= ±𝑚0√𝑄𝑑𝑃𝑑𝑃𝑖𝑖

                                                                                                                                                                                              (22) 

𝑇𝑖 =
|𝑃𝑖|

𝑚𝑑𝑃𝑖

                                                                                                                                                                                             (23) 

where 𝑚𝑑𝑃 is the posterior accuracy of coefficient. If 𝑇𝑖 > 𝑡𝑓,1−𝛼/2,, 𝛼 = 0.05, the coefficient is assumed as significant and 

is reported by GeoTransform. 

 User Interface 

This section consists of the user interface of GeoTransform (Figure 6). The left part of GeoTransform allows to select working 

image, the mathematical model and model ID (1st-5th degrees of polynomial model, three types of affine projection or 1st-

3rd of RFM), the type of blunder detection test (normal or t distribution), a priori 𝜎𝑜 if the normal distribution is selected, 

threshold to terminate the iterative models (projective, DLT and RFM) and the maximum iteration number. If a rationale 

mathematical model is run, the maximum iteration number is reached and the difference between 𝑚0 of the last two iterations 

are displayed in a message box. The quality of adjustment is shown in the relevant section including 𝑚r, 𝑚c, 𝑚0, [𝐯𝐫], [𝐯𝐜], 

[𝐯𝐯], and the number of points considered in the adjustment, degree of freedom and the invalid parameters in a message box. 

The right side is designed for the graphical representation of residuals. Analyzing the direction of residuals is important as 

much as their magnitude. They are expected to be non-systematic in a proper orientation. The user could open the image 

behind the vectors, and the residuals are presented in a rose-diagram to visualize their dominated directions. There are some 

options to magnify the scale factor, and to change the size of GCP/ICP dot and width of vector for better visualization. 
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Figure 6:User interface of GeoTransform. Samples is related to the Göktürk-2 panchromatic image 

 Sample Application 

Results of a sample application are presented for Göktürk-2 panchromatic images (2.5 m ground sampling distance) dated 

27.05.2014 (Table 1). 75 GCPs were collected from Pléiades 1A panchromatic images. Those results were confirmed the 

GeoTransform’s MATLAB version derived by Cam (2018). Figure 7 presents the vector graphics of residuals of similarity, 

DLT and 1° RFM methods. 

   
Similarity. DLT 1° RFM 

Figure 7:Sample of vector graphic of residuals 

5. Community 

GeoEtrim aims to be established by both international user and developer community. It is distributed free-of-charge for 

research and educational activities through its account via http://github.com/geoetrim. A website (http://www.geoetrim.org) 

also allows the detailed information about tools, team, publications, presentations and contact. GeoEtrim is actively used in 

the applications of the lessons at bachelor, master and doctorate programs in Zonguldak Bulent Ecevit University, Department 

of Geomatics Engineering, and is being developed by substantial feedback. The team is growing with the new members, the 

master and doctorate students advised by the second author, and the students and their advisors from the Department of 

Computer Engineering (Karabuk University), and also the contributors from related communities. 

http://github.com/geoetrim
http://www.geoetrim.org/
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Table 1: 2D georeferencing accuracy (± pixel) 

Method 𝒎𝒓 𝒎𝒄 𝒎𝟎 

Similarity 174.26 194.08 184.44 

Affine (1° polynomial) 
1.87 5.27 3.95 

1° polynomial (Affine) 

2° polynomial 0.91 4.09 2.96 

3° polynomial 0.89 4.05 2.94 

4° polynomial 0.79 3.81 2.75 

5° polynomial 0.75 3.68 2.65 

Affine projection 
1.85 4.00 3.11 

Affine projection (Generic) 

Affine projection (for OrbView-3 geometry) 0.91 2.66 1.99 

Affine projection (for IKONOS & QuickBird geometry) 1.75 3.95 3.06 

Projective 2.43 4.60 3.68 

DLT 2.42 2.99 2.73 

1° RFM (sensor independent) 1.35 2.05 1.74 

2° RFM (sensor independent) 0.71 0.69 0.70 

3° RFM (sensor independent) 0.47 0.38 0.43 

6. Conclusion and Further Studies 

This paper presents the new version of GeoEtrim, which is freely available for the academic usage. Although full version 

consists of sensor dependent and independent orientation models, the version in this paper runs only the sensor independent 

models. The main motivation of developing such kind of version is to suggest user-friendly software for geospatial image 

evaluation overcoming the limitations of the MATLAB platform. Therefore, a user can create the project by importing many 

images, and collecting/importing/exporting the GCP/ICPs, and running the sensor independent orientation models by getting 

the numerical and graphical results. The theoretical background and details are presented through the software web site. 

Although this first executed version has reached a proper structure, it will definitely need further developments in the future. 

For instance, GeoTransform could be improved by adding sensor dependent RFM for mono and stereo images, and its’ image-

to-ground version should be taken into account. In spite of the fact that GeoTransform’s MATLAB version has the orthoimage 

generation, the executed version still does not have that capability. Performing the first version of Geo3o1 tool was completed, 

and its first publication via Pléiades 1A stereo panchromatic images will be soon. This tool is also available for SPOT 6&7 

and Göktürk-1 images. C# version of GeoEtrim has been stopped since the advisory board of GeoEtrim has decided to 

continue the developing of GeoEtrim in C++ via Qt environment with GitHub platform to be fully open access project. 
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