
 

 

Abstract: RASAT is the second Turkish Earth 
Observation satellite which was launched in 2011. 
It operates with pushbroom principle and acquires 
panchromatic and MS images with 7.5 m and 15 m 
ground resolutions, respectively. The swath width 
of the sensor is 30 km. Within this study, 
radiometric and geometric qualities of RASAT 
panchromatic channel images and its products are 
analyzed. RASAT stereo pair acquired over Kesan 
city in Edirne province of Turkey has been used 
for the investigations.  The raw RASAT data (L0) 
are processed by the Turkish Space Agency 
(TUBITAK-UZAY) to produce higher level image 
products. The image products include 
radiometrically processed (L1), georeferenced (L2) 
and orthorectified (L3) data, as well as 
pansharpened images. The image quality 
assessments include visual inspections, noise, 
MTF and histogram analyzes of L1 images. The 
geometric accuracy assessments include exterior 
orientation modeling using polynomial functions 
with L1 stereo images and dense point matching 
with L2 orthorectified images. In this paper, the 
georeferencing accuracy results of the latter 
approach are presented together with the 
radiometric accuracy investigation results. 

 
Index terms: RASAT, accuracy, validation, 

radiometry, geometry, satellite imagery 

 

1. INTRODUCTION 

asat is the second Earth Observation 
Satellite (after BILSAT) of The Scientific and 

Technological Research Council of Turkey 
(TUBITAK) Space Technologies Search Institute 
(TUBITAK Space). RASAT was launched into 
orbit on August 17, 2011 and the first images 
were taken from in October 2011 (RASAT, 2017; 
Erdogan et al., 2016). It operates with pushbroom 
principle and acquires images in 4 different 
spectral bands (panchromatic, red, green and 
blue).  
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The technical specifications of RASAT satellite 

sensor is given in Table 1 (Erdogan et al., 2016). 
All product levels of RASAT imagery over Turkey 
are freely available to Turkish citizens on the 
geoportal provided by TUBITAK Space (Gezgin, 
2016; Teke et al., 2015). 

 
Table 1: Technical specifications of RASAT satellite 

sensor (Erdogan et al., 2016). 

Orbit Near polar, sun 
synchronous 

Altitude 700 km 
Equatorial pass 
local time 

10:30 

Sensor type Optical pushbroom 
Spatial resolution Panchromatic: 7.5 m 

Multispectral: 15 m 
Spectral bands 
(μm) 

0.42–0.73 (Panchromatic) 
1st Band: 0.42–0.55 (Blue) 
2nd Band: 0.55–0.58 
(Green) 
3rd Band: 0.58–0.73 (Red) 

Radiometric 
resolution 

8 bits 

Revisit time 4 days 
Swath width 30 km 

 
The georeferencing accuracy of the RASAT 

images does not represent state-of-the-art, due to 
lack of physical sensor modeling and software 
development. In addition, there are deficiencies in 
mechanical parts of the satellite, such as 
startracker and controller. These facts have been 
stated by different authors (Tufekci et al., 2011; 
Teke et al., 2015; Erdogan et al., 2016; Teke, 
2016). In order to obtain high accuracy in point 
positioning, high quality image trajectory 
measurement is crucial (Kocaman and Gruen, 
2008). In addition, despite their weaker sensor 
geometry, the Linear Array CCD sensors reach 
the accuracy potential of the conventional frame 
imagery for point determination especially with 
the use of self-calibration for modeling the 
systematic errors (Kocaman, 2009).  

 
The aim of this study is to evaluate the 

radiometric and geometric qualities of RASAT 
images over a test field near the city of 
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Edirne/Kesan in Turkey. Two overlapping images 
of the area from the year 2012 and 2015 are used 
for the investigations. The preliminary results 
presented by Kocaman et al. (2016) have shown 
that the dynamic range (radiometric resolution) of 
the images is around 6 bits for the processed 
dataset. On the other side, the noise level is 
relatively low and neither significant image 
artifacts nor systematic errors have been 
observed.  

 
The initial geometric assessment results have 

been obtained using 21 ground control points 
(GCPs) and using polynomial functions with 
different numbers of indeterminates (polynomial 
orders) for the estimation of the exterior 
orientation parameters. Although the dataset is 
far from being optimal, triangulation results in the 
order of 1-1.5 pixels could be obtained in the 
investigations. The difficulties encountered in the 
triangulation are manifold and the major ones can 
be listed as problems in point determination (i.e. 
few man-made targets with the given resolution) 
and measurement (i.e. radiometric differences 
between the images due to large time interval 
between the image acquisitions, finding suitable 
GCPs in both images, etc.) and unavailability of 
the metadata (e.g. accurate satellite orbit and 
rotation data, interior orientation, etc.). 

 
In this paper, absolute georeferencing accuracy 

of the panchromatic (PAN) images has been 
evaluated using Level 2 (L2) images and the 
results are presented here. A similar study has 
been carried out by Cam et al. (2016) over 
Zonguldak test site using mono images. In our 
study site, stereo images with 3 years temporal 
difference (i.e. images of 2012 and 2015) have 
been processed. Aerial orthoimages with 30 cm 
grid spacing have been used as reference data 
and an automatic image matching technique with 
dense feature points has been applied between 
RASAT images and the aerial images. The 
results show that sub-pixel accuracy in X direction 
(latitude) can be achieved, whereas in Y direction 
(longitudinal) shifts of 1.3 pixels should be 
expected. 

2. METHODOLOGY AND DATA 

2.1 Data Characteristics 

Two image acquisitions of RASAT over Kesan 
area have been used in the study. The image 
processing levels are provided in Table 2. The 
main characteristics and an overview of the 
testfield are provided in Figure 1 and Table 3. 

 
 
 

Table 2: RASAT imagery processing levels (Gezgin, 
2016) 

Product 
level 

Processing 

L0 Raw imagery 

L1 Radiometrically pre-processed 

L1R 
Radiometrically pre-processed and 
band-to-band registration is 
performed 

L1RB 

Radiometrically pre-processed and 
band-to-band registration is 
performed, and the quality of the 
Red-channel is improved 

L2 
Geometrically processed 
(georeferenced) 

L3 
Geometrically processed used 
SRTM-90 (orthorectified) 

Pan-sharp Pan-sharpened imagery 

RGB 
RGB color image produced from 
L1RB 

 
 

  
 
Figure 1: An overview of Kesan testfield. Red triangles 
denote positions of the GCPs, red circles denote 
check points and grey rectangles denote the coverage 
area of the two RASAT acquisitions. 

 
The images with all available levels and 

channels for both acquisitions have been 
downloaded from Gezgin Geoportal. So far, only 
the panchromatic channel images with a ground 
sample distance (GSD) of 7.5 m have been 
investigated. For radiometric quality 
investigations, Level 1 and Level 1R images 
(radiometrically pre-processed) have been used. 
For geometric accuracy investigations, initially 

Image 2012: 
RST_20120326_df_6 

Image 2015: 
RST_20150810_5d3_1 



 

Level 1R images have been used with stereo 
processing (Kocaman et al., 2016). However, due 
to sub-optimal stereo configuration, Level 2 
images (geometrically corrected) have been 
assessed here. The image products used for 
radiometric and geometric investigations are 
mainly panchromatic L1 and L11 images. 

 
Table 3: Main characteristics of the Kesan testfield 

Parameter Main features 
GCPs 30 points with an accuracy of 

~20 cm in X,Y,Z 

Stereo 
coverage area 

22 km x 20 km 

Min & max 
elevation  

~20 m & ~400 m 

Imagery from 
2012 

Name: RST_20120326_df_6  

Acquisition date & time: 
26.03.2012 9:37 

Availability: All channels and all 
levels except L3 are available. 

Acquisition angles: Roll: ~21°, 
Pitch & yaw: ~0° 

Imagery from 
2015 

RST_20150810_5d3_1.  

Acquisition date & time: 
10.08.2015 10:10 

Availability: All channels and 
product levels are available. 

Acquisition angles: Roll: ~3°, 
Pitch: ~0°, Yaw: 180° 

 
For geometric accuracy investigations, aerial 

orthoimages with 30 cm resolution have been 
received from the Mapping Department of the 
General Directorate of Land Registry and 
Cadastre in Ankara, Turkey. Accuracies of the 
provided orthoimages are also around one pixel. 
The tiled orthoimages have been first mosaiced 
and then downsampled to match the resolution of 
RASAT images. The aerial orthoimage mosaic is 
shown in Figure 2. Each RASAT PAN L2 image 
(2012 and 2015) is compared with the aerial 
image mosaic by dense feature point matching 
method. 
 

2.2 Radiometric Quality Investigations  

In terms of radiometric quality control, MTF 
analysis, histogram checks, visual checks, and 
noise analysis on homogeneous surfaces have 
been performed. The MTF is a fundamental 
criterion for measuring the spatial resolution 
performance of the imagery and is 
mathematically defined as the normalized 
magnitude of the Fourier transform of the point 
spread function (PSF) or line spread function 

(LSF) of an imaging system (Akca and Gruen, 
2009). RASAT panchromatic channel images 
have been analyzed in terms of MTF, ESF and 
LSF using Quick MTF software (2016). The 
software provides spatial frequency by the 
contrast 0.5 (50% of MTF) and this value is called 
MTF50.  As proposed by Crespi and de Vendictis 
(2009), road edges, both along the flight path and 
also perpendicular to the flight path, have been 
selected for the MTF analysis. The results are 
provided in the following section. 

 

 
 
Figure 2: Aerial orthoimage mosaic over Kesan 
Testfield. 

 
For the histogram analysis, histograms of L1 

and L1B images from both acquisitions have 
been compared in terms of occupied bins, mean 
and standard deviations and found to be similar. 
Regarding the noise analysis, image patches 
selected on the lake surfaces have been 
analyzed in terms of mean and standard deviation 
values. This method has been proposed by 
Baltsavias et al. (2001). The number of lakes 
varies with the images due to different terrain 
coverage. 

 

2.3 Geometric Quality Control 

The geometric quality and accuracy 
investigations have been performed by 
comparing the 30 cm resolution aerial 
orthoimages with the RASAT PAN L2 images. 
According to the geometric investigations 
performed here, the L2 image pixels have 
approximately 7 meter ground resolution.  The 
aerial orthoimage tiles have been first 
geometrically preprocessed to match the ground 
resolution and the projection system of the 
RASAT PAN L2 images. The preprocessing 
includes generation of an orthoimage mosaic by 
image merging and downsampling of the mosaic 
to 7 meters using bicubic interpolation. After 
downsampling, a projection system 
transformation has been performed to obtain the 
same reference system as the RASAT images. 
Since both RASAT images (from 2012 and 2015) 



 

cover a larger area than the aerial orthomosaic, 
they have been clipped by the coverage area of 
the orthomosaic. On the other side, the aerial 
orthomosaic has been converted to 8 bit 
grayscale to prepare for image matching. Each 
RASAT image is matched with the aerial 
orthomosaic twice using a dense feature point 
matching algorithm. 

 
The software for image matching has been 

developed with Python programming language 
using PIL (Python Imaging Library, 2016) and 
OpenCV (Open Computer Vision, 2016) libraries. 
A similar method has been previously used for 
the matching of MSG SEVIRI and AVHRR image 
series (Kocaman, 2013; Kocaman et al., 2015). 
Kanade-Lucas-Tomasi (Lucas and Kanade, 
1981) tracking method provided under OpenCV 
has been used for feature point matching. The 
points to be matched have been selected using 
GoodFeaturesToTrack function under OpenCV. 
In addition, a statistical outlier detection method 
has been implemented and the false matches are 
eliminated from the matching results.  

3. RESULTS AND DISCUSSION 

3.1 Radiometric Investigations 

The L1 image histograms of both acquisitions 
are provided in Figure 3a and 3b. From the 
Figures, it can be seen that the full range (256 
gray values) of the histogram is not covered. For 
the 2012 image (RST_20120326_df_6_L1), ca. 
20% is occupied and for the 2015 image 
(RST_20150810_5d3_1_L1), ca. 30% is covered. 
These values show that the actual radiometric 
range of the sensor is approximately 6 bits. The 
mean values of the 2012 and 2015 images are 
64.8 and 82.4 with standard deviations of 10.0 
and 15.6, respectively. This shows also that the 
contrast of the latter image is better, which could 
be explained by better illumination conditions in 
summer.  

 
Image patches (ca. 20 x 80 pixels from L1 

images) selected from the lake surfaces have 
been analyzed using a window size of 5x5 pixels 
with a step size of one pixel. Examples to the 
selected lake surfaces are given in Figure 4. Only 
70% of the results for each patch have been used 
for the final analysis. The remaining 30% with 
largest standard deviations have been excluded 
from the analysis.  The analysis results of both 
images are given in Table 4. The minimum, the 
maximum and the standard deviation values are 
computed using the mean standard deviations 
obtained from all lakes per image. The results 
show that the noise levels in both images are 
relatively low. However, the low image contrast 
should also be taken into account while 

evaluating the noise level. 
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Figure 3a: Histogram of RST_20120326_df_6 L1 
image. 

 
    Number of pixels 

 
    0   50     100        150          200              
   Gray value 
 
Figure 3b: Histogram of RST_20150810_5d3_1 L1 
image. 

 
The MTF analyzes have been performed using 

several road lines in satellite along-track and 
across-track directions. Finding optimal edges 
has however been a challenging task and the 
selected lines are sub-optimal for being 
conclusive for the spatial resolution. Examples to 
the line patches are given in Figure 5. A summary 
of the MTF results are given in Table 5. The 
values in the tables are statistical summaries of 
all samples per image and direction (i.e. along-
track and across-track). These results are in 
accordance with the findings of Turkmenoglu and 
Yaglioglu (2013). No significant resolution 
difference has been observed in the along-track 
and across-track directions. The MTF, ESF and 
LSF analysis charts for one edge are given in 
Figures 6 and 7. 
 
 



 

 
 

 
 

Figure 4: Two lakes with RASAT L1 image patches 
(white rectangles with dotted lines) used for the noise 
estimation. 

 
 
Table 4: Image noise analysis results 

Image Kesan-
2012 

Kesan-2015 

No. of lakes 9 7 
Min. std. dev. 0.50 pixels 0.61 pixels 
Max. std. dev. 0.68 pixels 0.76 pixels 
Mean std. dev. 0.60 pixels 0.68 pixels 
 

    
 
Figure 5: Examples to the along-track (left) and 
across-track (right) road lines used for the MTF 
analysis. 
 
Table 5: MTF50 results of both panchromatic images. 

Image 
2012 

Along-track (3 
samples) 

Across-track (4 
samples) 

Mean 0,43 c/p 0,35 c/p 

Std. dev. 0,10 c/p 0,14 c/p 

Min. 0,29 c/p 0,20 c/p 

Max. 0,55 c/p 0,57 c/p 

Image 
2015 

Along-track (3 
samples) 

Across-track (3 
samples) 

Mean 0,34 c/p 0,50 c/p 

Std. dev. 0,05 c/p 0,19 c/p 

Min. 0,28 c/p 0,33 c/p 

Max. 0,37 c/p 0,71 c/p 
 

 
 

Figure 6: MTF analysis output in Quick MTF for the 
edge sample in Figure 5 (left image). 

 

 
 
Figure 7: ESF and LSF analysis output in Quick MTF 
the edge sample in Figure 5 (left image). 
 

3.2 Geometric Accuracy Results 

The results obtained from the processing of the 
existing data and the geometric accuracy 
assessment methodology, as described in 
Section 2, are provided in Tables 6 and 7 for the 
years 2012 and 2015 separately. The geometric 
accuracy assessment has been obtained in 2D 
only. The Mean-x and Mean-y values denote the 

mean errors in x and y directions. The x and y 
values show the standard deviations from the 
mean values; Med-x and Med-y denote the 
median errors; and the MADx and MADy denote 
the absolute deviations from the median values. 
All values except the number of matched points 
are given in pixels. Image matching between the 
images have been performed twice for each pair. 
In the first one, 5000 feature points have been 
initially selected in the aerial orthomosaic and 
matched in RASAT PAN L2 images 
automatically. Secondly, 5000 feature points have 
been selected in RASAT images and matched in 
aerial image. Image residuals are calculated 
based on the coordinate differences of every 
successfully matched point in the two images of 
each matching pair. Points having residuals with 



 

more than three times the standard deviations 
have been eliminated from the analysis. The 
residual distributions of all matching procedures 
are given in Figures 8a, 8b, 9a and 9b. 

 
Table 6: Absolute geometric accuracy results of 
RASAT PAN L2 image from the year 2012 obtained 
from image matching (in pixels). 

 Aerial 
orthomosaic 
as reference 

RASAT PAN L2 
as  reference 

Mean-x 0,00 -0,05 
Mean-y 0,76 -0,98 
x  2,43 2,27 
y 2,58 2,39 
Med-x -0,33 0,35 
Med-y 1,34 -1,57 
MADx  1,49 1,26 
MADy 1,61 1,41 
Number of 
matched 
points 2202 

 
2511 

 
Table 7: Absolute geometric accuracy results of 
RASAT PAN L2 image from the year 2015 obtained 
from image matching (in pixels). 

 Aerial 
orthomosaic 
as reference 

RASAT PAN L2 
as  reference 

Mean-x 0,64 -0,22 
Mean-y -1,33 1,21 
x  1,13 1,30 
y 0,66 0,75 
Med-x 0,66 -0,27 
Med-y -1,35 1,25 
MADx  0,75 0,84 
MADy 0,42 0,46 
Number of 
matched 
points 3480 

  
3684 

 
The values provided in Tables 6 and 7 show 

that the matching results are similar for both 
matching pairs (orthoimage as reference and 
RASAT as reference), which is an indication of 
the reliability of the matching method. Both 
RASAT acquisitions have subpixel accuracy in X 
direction (latitude). In the Y direction (longitude), 
the mean and the median values are above a 
pixel. The larger standard deviations in 2012 
image indicate the existence of systematic errors 
in this image. The higher median value in 
comparison to the mean value for this image also 
emphasizes the same fact. Local systematic 
errors can be seen in Figures 8-9. In addition, the 
errors increase over hilly terrain. This can be 
explained with the fact that the RASAT L2 images 
are georeferenced but not orthorectified. 

 
Figure 8a: Residual vectors obtained from the point 
matching between the aerial orthomosaic (reference 
image) and RASAT PAN L2 image acquired in 2012.  

 

 
Figure 8b: Residual vectors obtained from the point 
matching between the aerial orthomosaic and RASAT 
PAN L2 image (reference image) acquired in 2012. 

 
 

 
Figure 9a: Residual vectors obtained from the point 
matching between the aerial orthomosaic (reference 
image) and RASAT PAN L2 image acquired in 2015. 
 



 

 
Figure 9b: Residual vectors obtained from the point 
matching between the aerial orthomosaic and RASAT 
PAN L2 image (reference image) acquired in 2015. 

4. CONCLUSION 

The geometric and the radiometric qualites of 
the RASAT panchromatic images have been 
investigated in this study. Two RASAT images 
acquired over Edirne/Kesan Testfield in 2012 and 
2015 with ca. 60% overlap have been analyzed 
for this purpose. The radiometric investigations 
show that the radiometric range of the images is 
lower than 8 bit and equals to ca. 6 bits. The 
estimated noise is relatively low and around 0.6-
0.7 pixels. The MTF analysis both in cross-track 
and in along-track directions do not show 
significant spatial resolution difference in these 
directions. 

 
For the geometric analysis, georeferenced 

RASAT PAN L2 images were compared with the 
aerial orthophotos received from the Turkish 
General Directorate of Land Registry and 
Cadastre with dense feature point matching 
method. Thousands of points determined for this 
purpose have been automatically matched in the 
other image. The results show that georeferenced 
RASAT L2 images have subpixel accuracy in X 
(latitude) direction (~ 1/3 pixel). In the Y 
(longitude) direction, 1.3 pixel accuracy could be 
obtained. 

 
Evaluating these results, it can be said that the 

RASAT PAN images can easily be used for 
applications where 7.5 meters resolution is 
sufficient (e.g. regional land use changes). The 
lack of stereo images will be a problem for 3D 
applications. In addition, 3D point positioning 
accuracy should be re-evaluated with images with 
better stereo configuration (e.g. more suitable 
acquisition angles, low temporal variance, etc.). 
For a more comprehensive analysis of the 
sensor, images taken in the multispectral bands, 
band-to-band registration accuracy and the 
quality of the other products in different 
processing levels should be investigated as well. 
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