
* Corresponding Author Cite this article 

*(enesyigit@uludag.edu.tr) ORCID ID 0000-0002-0960-5335 
 (sdemirci@mersin.edu.tr) ORCID ID 0000-0002-3020-7067 
 (cozdemir@mersin.edu.tr) ORCID ID 0000-0003-2615-4203 
 
Research Article / DOI: 10.26833/ijeg.867467 

Yigit E, Demirci S & Ozdemir C (2022). Clutter removal in millimeter wave GB-SAR images 
using OTSU’s thresholding method. International Journal of Engineering and 
Geosciences, 7(1), 43-48 
 

Received: 24/01/2021; Accepted: 01/03/2021 

 

International Journal of Engineering and Geosciences– 2022; 7(1); 43-48 

 

 

 

 

International Journal of Engineering and Geosciences 

 

https://dergipark.org.tr/en/pub/ijeg 

e-ISSN 2548-0960 

 
 

Clutter removal in millimeter wave GB-SAR images using OTSU’s thresholding method 
 

Enes Yigit*1 , Şevket Demirci 2 , Caner Özdemir 2  

 
1Bursa Uludağ University, Engineering Faculty, Department of Electrical Electronics Engineering, Bursa, Turkey 
2Mersin University, Engineering Faculty, Department of Electrical Electronics Engineering, Mersin, Turkey  

 
 

Keywords  ABSTRACT 
Synthetic Aperture Radar 
OTSU 
Back projection Algorithm 
Clutter Cancellation 

 

 In this study, a filtering method based on the threshold value of normalized synthetic aperture 
radar (SAR) data is proposed to eliminate clutter in millimeter wave  ground based synthetic 
aperture radar (GB-SAR) images. In the proposed method, first, stepped frequency continuous 
wave SAR data are reconstructed by using the back-projection algorithm and focused complex 
SAR data are obtained. Then, the amplitude values of the complex SAR data are normalized 
and the best threshold values to distinguish the target from clutter is determined by the 
OTSU’s thresholding method. Next, a filter mask is created that cancels all data below the 
computed threshold values. The mask matrix is finally multiplied with the resulted GB-SAR 
data to eliminate all clutter from the image. With the proposed technique, the best threshold 
value is determined automatically by directly processing the raw data without converting the 
SAR data into any RGB images. The proposed technique is validated through real GB-SAR 
experiments that were carried out in the frequency band of 78-81 GHz. In the experiments, 
challenging GB-SAR data are obtained using high cluttered background materials, and very 
successful filtering operations are performed with the proposed technique. 

 
 
 

1. INTRODUCTION 
 

Synthetic aperture radar (SAR) is a highly effective 
remote sensing tool in producing high resolution images 
of moving and fixed land targets. While traditional SAR 
systems have been typically installed on satellites and 
aircrafts, they also have been applied to near-surface 
unmanned aerial vehicles and terrestrial vehicles in 
recent years. Compared to air-based SAR, ground-based 
(GB) SAR systems offer very cheap and practical 
implementations and thus find applications in many 
fields such as through the wall imaging (Engin et al., 
2007), agricultural applications (Gomez et al., 2006), 
observing unstable slopes (Pieraccini et al., 2006), 
foreign object debris detection (Yigit et al., 2012; Beasley 
et al., 2004) and concealed object detection (Jaeger et al., 
2007; Demirci et al., 2012). Among these, millimeter 
wave (MMW) SAR (Yigit et al., 2012; Jaeger et al., 2007; 
Demirci et al., 2012) applications, as providing very high 
resolution images, have become very popular in recent 
years. However, removal of clutter echoes in both 
traditional SAR images and millimeter wave (MMW) GB-
SAR images are one of the most important problems 
encountered in target detection. This problem becomes 

more intense in high frequency and broadband MMW 
SAR images. Many studies have been carried on to 
eliminate different types of unwanted clutter from 
focused SAR images of various Earth regions (Freitas et 
al., 2005; Conte et al., 1991). Although the popular 
methods based on statistical modeling and Constant 
False Alarm Rate (CFAR) [Demirci et al., 2008] are 
frequently used for clutter removal, clutter has not been 
completely eliminated due to the tradeoff encountered in 
setting the CFAR window (Toktas et al.2017). When the 
large CFAR window is selected, much information about 
the target remains in the image, while there are still 
clutter residues in the background. When the window is 
selected small, the background is mostly cleared, but 
there is a loss of target information. However, advanced 
image processing techniques can be used effectively to 
overcome this trade-off problem. In this study, the OTSU 
method, which is highly effective in gray level filtering, 
has been proposed to eliminate unwanted clutter in 
MMW SAR images. Although OTSU method is an effective 
method in image processing, it is mostly used in Hough-
Saturation-Value (HSV) regions of (Red, Green, and Blue) 
RGB images (Sabancı et al.2018). In many radar imaging 
applications where the OTSU method was used, the 
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operations were executed through the RGB image files 
(Işıker and Özdemir, 2019; Işıker et al., 2018; Işıker et al., 
2015; Khoukhi et al.2019; Lu and Hu 2012). However, 
converting SAR data into image files and then filtering 
these files again with image processing causes high 
computation time and data loss. Thanks to the method 
proposed in this study, a practical but effective method 
for filtering raw SAR data is presented. With the 
proposed method, images with a low signal-to-clutter 
ratio, such as MMW-SAR data, were precisely cleaned. To 
assessment the success and performance of the 
technique, 2 different measurements were performed at 
MMW frequencies (in the range of 78-81 GHz) and visual 
comparisons were made by focusing on each GB-SAR 
data with the back projection algorithm (BPA) (Yigit et 
al., 2013; Yigit et al., 2020) in order to comprehend only 
the filter performance.  

The main sections of the study are as follows: In the 
second part, the SAR imaging and focusing method is 
briefly presented, while the proposed filtering method is 
given in detail. The experimental organization and the 
outcomes of the measurements are given in the third 
section. In the last section, the results of the study are 
evaluated and the study is summarized. 

 
2. METHOD: SAR IMAGE RECONSTRUCTION 
AND OTSU METHOD 
 
2.1. GB-SAR IMAGE RECONSTRUCTION 

 
Fig. 1 shows the setup of a simple GB-SAR scanning 

system. In a 2 dimensional (2D) imaging geometry, the 
reflection function of the targets in the scanning region is 
defined as 𝜌(𝑥, 𝑦) and the positions of the antennas are 
expressed in Cartesian coordinates as (𝑥, 𝑦) =
(𝐷𝑝𝑠𝑖𝑛𝛽, 𝐷𝑝𝑐𝑜𝑠𝛽)where, 𝐷𝑝 and 𝛽 are the distance and 

angle between antennas and origin of the scene, 
respectively. Assuming that there are a total of P point 
scatterers in the scanned region, the backscatter signal 
obtained by the radar can be expressed as follows. 

 
𝑆𝛽(𝑘) = ∑ 𝜌𝑝e−𝑗𝑘𝐷𝑝(𝛽)𝑃

𝑝=1          (1) 

 
where, 𝑘 = 4𝜋𝑓 ⁄ 𝑐 is a (two way ) wave number, 𝑓 and 
 𝑐 are ferquency and speed of the light, respectively.  
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Figure 1. GB-SAR data acquisition geometry 
 
The instantaneous distance between the antennas and 
targets, 
 

𝐷𝑝(𝛽) = √(𝑥 − 𝑥𝑝)2 + (𝑦 − 𝑦𝑝)2        (2) 

where, (𝑥𝑝, 𝑦𝑝) and (𝑥, 𝑦) correspond to coordinate of the  

p th scatterer and antennas, respectively.   
As seen in the Fig. 1, the SAR platform collects back 

scatter data at a total of N different points along the L 
synthetic aperture and obtains 2D GB-SAR data (Yigit et 
al., 2013; Yigit et al., 2020). Then, in order to transform 
the obtained raw SAR data into a meaningful image, 
focused complex SAR data 𝜌(𝑥, 𝑦) is obtained using any 
reconstruction algorithm such as BPA (Yigit et al., 2013). 

 
2.2. OTSU BASED FILTERING ALGORITHM 

 
OTSU is an effective method especially used in 

automatic filtering of gray level images (Otsu, N., 1979). 
This method is mostly preferred for picture data in RGB 
format. For this reason, focused SAR data must first be 
converted into RGB image format and then processed 
into a suitable format such as HSV for OTSU filtering by 
additional processing (Işıker and Özdemir, 2019). 
However, this process adds additional cost and the 
success of the filter depends on the resolution of the SAR 
image. This is also a disadvantage for the filtering 
process. In this study, a filtering method based directly 
on focused raw SAR data rather than using any image 
format is proposed. The normalized filter method first 
starts with obtaining the amplitude |𝜌| of the complex 
𝜌(𝑥, 𝑦) matrix.  

Using Eq. 3, the values of the |𝜌| data are normalized 
to be between 0 and 1.  

 

𝜌𝑛 =
|𝜌|−𝑚𝑖𝑛|𝜌|

𝑚𝑎𝑥|𝜌|−𝑚𝑖𝑛|𝜌|
          (3) 

 
In the 𝜌𝑛 data, the values of target region are mostly 

close to 1, while the values in the non-target regions are 
close to 0. In order to clean the background clutter 
precisely, the mean value is subtracted from  𝜌𝑛 data.  

 
𝜌𝑚 = 𝜌𝑛 − 𝑚𝑒𝑎𝑛(𝜌𝑛)         (4) 

 
The values of the data obtained by Eq. 4 which are 

less than zero are equalized to 0 and 𝜌𝑚′ data is obtained. 
This data is then normalized as follows. 

 

𝜌𝑛′ =
𝜌𝑚′−𝑚𝑖𝑛𝜌𝑚′

𝑚𝑎𝑥𝜌𝑚′−𝑚𝑖𝑛𝜌𝑚′  
              (5) 

 
The most appropriate threshold value of 𝜌𝑛′ is then 

determined by the OTSU (Otsu, N., 1979) method and the 
𝜌𝑚𝑎𝑠𝑘 mask is created so that the values above the 
threshold value of the 𝜌𝑛′ matrix are marked as 1 and the 
values below it are 0. Finally, all clutter are removed by 
multiplying the original image with the mask as given 
below. 

 
𝐹𝑖𝑙𝑆𝐴𝑅 = 𝜌𝑚𝑎𝑠𝑘 . |𝜌|          (6) 

 
 

3. RESULTS: MMW GB-SAR MEASUREMENTS 
 

In order to conduct MMW GB-SAR imaging 
experiments, the measurement system given in Fig. 2a 
was constructed in the International Laboratory for High 
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Technology (ILHT) in the TUBITAK Marmara Research 
Center. The system consists of two MMW horn antennas 
(WR-10), a Vector network analyzer (VNA E8362B) and 
computer to control the mobile platform. Measurements 
were carried out in the frequency range of 75 - 110 GHz. 
Half-power beam width of the antennas was measured as 
24⁰ at 100 GHz. The dimensions of the materials used as 
target are given in Fig. 2b. Since the main purpose of this 
study was to eliminate unwanted clutter in GB-SAR 
images, the targets in both experiments were placed on 
the back side of the Electromagnetic (EM) absorber 
material. Since the back surface of the EM absorber 
material has a very high reflectivity, an artificial clutter 
was created and the performance of the proposed filter 
could be better observed. 
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Figure 2. MMW GB-SAR imaging experimental setup; 

a) Linear positioner, antennas and an image of the 
targets, b) dimensions of the targets and geometry of the 
experimental setup 

 
In the experiments, the VNA mounted on the mobile 

platform gathered backscatter data at a total of 301 
points along a 1.2 m synthetic aperture. At each data 
collection point, the frequency of the VNA was altered 
between 75 GHz and 81 GHz in 201 steps. Thus, each GB-
SAR data had been expressed as a 301x201 matrix. The 
distance of the reflective surface where the targets are 
deployed to the platform was determined as 3 m, and the 
altitude of the antennas was set as 0.92 m as shown in 
Fig. 2b. 

 

        
                        (a)                                            (b) 

Figure 3. Targets used in measurements; a) 1st 
Measurement, b) 2nd Measurement 

 
 

3.1. Experiment 1 
 
In the first measurement, 2 aluminum blocks shown 

in Fig. 3a were used as targets. The first block was located 
3 m from the antennas, while the second block was 
located 3.8 m from the antennas. Then, scanning was 
performed with the given measurement parameters. As 
it can be seen in Fig. 4, it is impossible to make any 
inferences about targets from the raw GB-SAR image. 
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Figure 4. Raw GB-SAR data obtained from 2 aluminum 
blocks. 

 
Since a highly reflective material was used as the 

background, the gathered row SAR image contains very 
high clutter. To apply the recommended filtering method, 
the image in Fig. 4 is primarily reconstructed with BPA 
and the amplitude of the complex SAR image is shown in 
Fig. 5. 

Reconstructed SAR data
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Figure 5. The SAR image of Experiment 1 

reconstructed with BPA 
 

As seen in the Fig. 5, the metal block at 3 m can be 
distinguished after reconstruction, while the second 
block at 3.8 m has almost disappeared among the 
background clutter. In order to clean the clutter in the 
image, the recommended process steps in the second 
section are applied and 𝜌𝑛′ is showed in Fig. 6. 

 



International Journal of Engineering and Geosciences– 2022; 7(1); 43-48 

 

  46  

 

SAR image after step 5 
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Figure 6. The image obtained after application of Eq. 5. 
 

As can be seen in Fig. 6, the contrast in the SAR data 
has been increased and the target at 3.8 m has become a 
little more visible. To find the most appropriate 
threshold value, the OTSU method is applied to 𝜌𝑛′ and 
the threshold value is found as 0.0941. A mask image (see 
Fig. 7) is then created where all items below the 
threshold value are 0 and items above the threshold are 
1. 
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Figure 7.  Mask image after application of the optimal 
thresholds found by OTSU’s method. 

Filtered SAR Image
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Figure 8. OTSU based filtered GB-SAR image 

Then, the filtered image is obtained by multiplying the 
mask data given in Fig. 7 with the reconstructed raw GB-
SAR data. The result is seen in Fig. 8, and reveals that with 
the proposed technique, almost all clutter is completely 
removed and only the scattering signatures of the targets 
of interest are remained in the image. Thanks to the 
success of the proposed method, the target at 3.8 m is 
clearly displayed without any loss of information. 
 
3.2. Experiment 2 
 

In the second measurement, 4 targets are tried to be 
detected by adding 2 corner reflectors given in Fig. 3b. In 
this measurement, since the first corner reflector shown 
in Fig. 1 has very small dimensions, it is almost not seen 
in the reconstructed image in Figure 9. 
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Figure 9. GB-SAR image, obtained from 2 aluminum 
blocks and 2 corner reflectors 
 
The mask matrix obtained after applying the 
recommended filtering to the image in Figure 9 is shown 
in Fig. 10. In this measurement, the threshold value 
obtained with OTSU is found as 0.1020.  
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Figure 10. The created Mask image after thresholding 
found by OTSU method 
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When the data reconstructed with BPA is multiplied 
with the mask matrix shown in Fig. 10, the filtered GB-
SAR image is given in Fig. 11. 

 
Filtered SAR Image
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Figure 11. OTSU based filtered GB-SAR image of 4 
targets 

 
As seen in Fig. 11, owing to the suggested method, all 

the clutter is removed and the objects are obviously 
identified in their exact locations. Thanks to the filtering 
technique based on the OTSU method, since the targets 
are cleaned from clutter, there is no dynamic reduction 
in the filtered image. When Fig. 9 is examined, the small 
corner reflector and metal block are almost not visible. 
However, thanks to the applied technique, targets that 
could not be detected visually are clearly identified and 
no false target detection is realized. These results clearly 
demonstrate the performance of the presented 
technique in filtering highly dispersed data and are 
promising for further studies. When the results of both 
measurements are evaluated, it is seen that the threshold 
value of the first measurement is smaller than the second 
measurement. Since metal blocks with high reflectivity 
are closer to the SAR path in the first measurement, the 
signal to clutter value is higher than the second 
measurement. Therefore, with a lower threshold value 
compared to the second measurement, the clutter was 
completely cleaned. These results clearly demonstrate 
that the OTSU method can be effectively applied to raw 
SAR data other than RGB images. 

 
4. CONCLUSION  

 
In this study, an effective clutter removal method that 

can be applied in all kinds of SAR images is proposed. The 
most suitable threshold values are determined by using 
the OTSU method, which can be applied directly to raw 
data without converting the GB-SAR data into any RGB 
image. According to the found threshold value, clear GB-
SAR images are obtained by masking processes.  Thanks 
to the proposed technique, all targets are successfully 
detected without any loss of data regarding the target 
images. These results obtained in MMW measurements 
with very high clutter show that the proposed technique 
can be applied effectively to further SAR data. Since the 
clutter is mostly eliminated with the proposed technique, 

the performance of target detection algorithms such as 
machine learning-based SAR, ISAR or GPR [Ozkaya, 2020; 
Ozkaya and Seyfi, 2018] can be increased. 
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