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__________________________________________________________________________________________ 

Abstract: In the complex clutter environment, the radar detection method for moving targets 

also has problems such as low signal-to-noise ratio and low detection performance. The use of 

ultra-wideband (UWB) radar is proposed for the detection of slow moving targets in different 

environments in the case of non-contact. First, for the acquisition and detection of echo signals, 

the methods used are threshold processing and background elimination. Secondly, for the 

processing of echo signals, the methods used are threshold processing, pulse accumulation in 

the time domain, as well as Hough transform and wavelet transform in the transform domain. 

Finally, the above methods and algorithms are applied to the detection and processing of echo 

signals. The simulation results of MATLAB realize the accurate detection of stationary targets 

and slow moving targets. 

Keywords: UWB radar; background elimination method; Hough transform; slow moving 

target. 
__________________________________________________________________________________________ 

1. INTRODUCTION 

The basic function of ultra-wideband (UWB) radar is to detect targets. For the detection of 

slow moving targets, because the detection environment is more and more complex, the 

detection target will be affected by many factors, such as noise, clutter and dynamic  

interference targets [1]. In recent years, UWB radar has been applied to the detection of slow 

moving targets in many life-related fields, such as smart home, disaster relief and 

anti-terrorism struggles. And as the target distance of the detection increases, the 

signal-to-noise ratio of the echo signal decreases, and the strength of the slow moving target 

becomes weak, which may be submerged by the clutter [5]. Therefore, in the complex 

environment of clutter interference, the signal-to-noise ratio and detection performance have 

become the hotspots in many fields in recent years. In the detection of slow moving targets, 

moving target detection (MTD) and moving target display (MTI) have become common 

methods. The MTD technique has good detection performance only when the signal-to-noise 

ratio is high and the clutter is Gaussian independent distribution. However, in the actual 

environment, the clutter characteristics are often non-Gaussian, especially when the signal is 
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low, the signal cannot be effectively accumulated, so that the target signal is missing, so the 

target detection performance is greatly affected [2]. MTI is the main method to suppress clutter. 

The principle is to keep the moving target far away from zero frequency according to the 

difference of Doppler echo of clutter and target signal, and filter the clutter near zero frequency. 

However, in the slow moving target detection, the MTI filter attenuates the target Doppler 

component near the zero frequency too much, so that the detection performance is degraded 

[4].For the detection method of the above-mentioned slow moving target, there are also 

problems such as low signal to noise ratio and low detection performance. Therefore, it is of 

great practical significance to study the target detection methods in different environments. To 

this end, in order to improve the signal-to-noise ratio of the echo signal and the detection 

performance of the target signal, this paper proposes the detection of slow moving targets using 

UWB radar. The main reason is that UWB radar has excellent penetrating power and high 

range resolution, and can detect targets in different environments. For the detection and 

processing of echo signals, the methods used in this paper are background elimination, 

threshold processing, time domain analysis and transform domain analysis. It also discusses 

the detection of different targets in different environments, different distances, especially the 

targets of both stationary and slow moving states. 

2. UWB RADAR SYSTEM WORKS 

2.1 UWB radar system overview 

The system consists of the following two modules, which are hardware modules and software 

modules. The core part of the hardware module is UWB radar. The core part of the software 

module is MATLAB for signal processing of the collected data, and the radar oscilloscope for 

echo signal acquisition. The system implementation block diagram is shown in Fig. 1 below.  

 

 

Fig 1. Radar system block diagram 

 
The realization process of the whole system is: ultra-wideband radar, which emits a pulse wave 

with a wide bandwidth and a high frequency through the antenna. After the signal passes 

through the obstacle, the obstacle mentioned here may be a static interference or a natural 

environment. The wind, and other factors interfere with the wave. Finally, the 

above-mentioned interference wave is superimposed on the acquired target echo, and then the 

correlation method of echo signal detection and processing in Fig. 1 is applied to perform target 

detection and processing of the echo signal. 
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3. ECHO SIGNAL ACQUISITION AND DETECTION 

3.1 Collection of echo signals 

For the collection of echo signals, mainly through the ultra-wideband pulse radar of hardware, 

the signal is received and transmitted, and then the echo signal received by the radar is 

transmitted to the computer through the I/O module (C232HM), and finally the Radar scope is 

used, Radar scope for data acquisition and simulation of echo signal waveforms. 

3.2 Detection of echo signals 

3.2.1 Threshold processing 

For the collected echo signals, it is first necessary to improve the signal-to-noise ratio, that is, 

the threshold processing. The main methods discussed are global thresholds and iterative 

thresholds. 

(1) Global Threshold Method, you need to select the appropriate threshold to divide the 

original image into two distinct areas, namely the target object (black) and the background 

object (white). The basic idea of the method is: if the gray histogram can see the bimodal 

distribution, then the target is more obvious than the background, then the threshold we select 

is the gray value corresponding to the valley between the two peaks. 
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Where f(x, y) is the pixel value of point (x, y), g(x, y) is the image after the threshold, and T is 

the global threshold. 

(2) Its iterative threshold is also an iterative method, which is based on the idea of 

approximation. The steps are as follows: 

1) First set a parameter T0, and select the appropriate initial threshold T1; 

2) Dividing the image by the threshold T1, dividing the image into two parts: the gray value 

greater than T1 is the first partial image X1, and vice versa, the second partial image X2; 

3) Then y1 and y2 are obtained according to the gray mean values of x1 and x2, and the 

threshold T2= (y1+y2)/2; 

4) If | T2-T1|< T0, then T2 is the optimal threshold; otherwise, the value of T2 is given to T1, 

and the steps of (2)~ (4) are repeated until the optimal threshold is obtained. 
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Fig 2. Echo map with no target and moving target 

 

 

Fig 3. Threshold processed echo map 

 
Usually, there are many noises for the echo signals collected by the radar oscilloscope. In order 

to improve the signal-to-noise ratio, a better echo signal is obtained. In this paper, two methods 

of threshold processing are proposed, which are iterative threshold and global threshold 

respectively. The threshold is worth selecting and the optimal is selected according to the 

actual situation. The echo map of the no target and moving target is as shown in Fig. 2, and the 

echo maps after the two kinds of threshold processing are as shown in Fig. 3. By comparing the 

above Fig. 2 with Fig. 3, it can be analyzed that the signal-to-noise ratio of the moving target 

after the threshold processing is enhanced, and the target is more obvious. 

3.2.2 Background elimination method 

Background elimination is a major method of detecting moving targets. The main 

implementation process is to obtain different images by using different images acquired, and 

the image of the current frame and the background image changing at a time, using differential 

operation, and then obtaining the target of motion [3]. 
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Fig 4. Background elimination method to achieve the whole process 

 
The operation process of the background elimination method is as shown in Fig. 4.The image 

frame B obtained first is the background image, and the image frame fn obtained next is the 

current image, and the corresponding gray image is B(x, y) and fn(x, y). Use the formula (2) to 

get the difference image Dn: 
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Then, using the following formula (3), an appropriate threshold T is selected, and Dn(x, y) is 

binarized to obtain an image Rn. Wherein, the target value is greater than the threshold T, and 

vice versa. Finally, a connectivity analysis is performed to obtain an image RRn of the 

complete moving target. 
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Fig 5. Common background elimination 

 
In this chapter, for the collection and detection of echo signals, the two threshold processing 

methods are global threshold and iterative threshold, and there are three ways to eliminate the 

background. The content is after the threshold, after the iterative threshold and global 

Background elimination after threshold. Through the comparison of several threshold 

processing and background elimination methods, this paper will select the optimal detection 

result and use it as the latter data. The simulation diagram is as shown in Fig. 5 above, and the 

background elimination map after the iteration threshold is selected, and the moving target is 

obvious. 
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4. ECHO SIGNAL PROCESSING  

4.1 Time domain analysis 

4.1.1 Time domain pulse accumulation 

Pulse accumulation is mainly divided into coherent accumulation and incoherent accumulation. 

The coherent accumulation is completed before the envelope detection, in addition, the 

non-coherent accumulation is completed after the envelope detection. The commonality of the 

two is to improve the signal-to-noise ratio, as well as to enhance the detection of the target by 

the radar [5]. 

4.1.2 Signal-to-noise ratio of time domain pulse accumulation 

If the coherent accumulation of M coherent pulse signals is made, the signal-to-noise ratio (S/N) 

can be increased by M times, and the corresponding power is increased by 2M times [9]. 

Conversely, if the non-coherent pulse signal accumulates, the loss is between M and M . When 

the accumulated pulse number M is large, the accumulation loss approaches M .Coherent and 

incoherent SNRs are given by equations (4) and (5), and non-coherent losses are given by 

equation (6). 
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Among them, the SNR of one pulse is  1SNR , then the SNR after coherent and incoherent pulse 

accumulation is  CISNR and  NCISNR , respectively, and NCIL is the non-coherent accumulation loss. 

The simulation diagram of pulse accumulation is shown in Fig. 6. As can be seen from the 

figure, the signal-to-noise ratio of a single pulse, 94 pulses of coherent and incoherent pulse 

accumulation, as the distance becomes longer, the signal-to-noise ratio is attenuated. The trend, 

but coherent, is higher than the signal-to-noise ratio of non-coherent pulse accumulation. 

 

 

Fig 6. Time domain pulse accumulation 
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4.2 Transform domain analysis 

4.2.1 Hough transform 

Hough Transform (Hough Transform) is a commonly used coordinate transformation that 

converts a straight line or other shape of a Cartesian coordinate system to a point in the polar 

coordinate system to find the peak point. At the same time, it is also commonly used to detect 

straight lines in images, or other shapes, and thus a method of extracting features of images [8]. 

The Hough transform converts the image of the plane rectangular coordinate system (x, y) into 

an image of the polar coordinate system ( , ) parameter plane as shown in the following 

formula (7). The moving target after the Hough transform has been marked with a red line. As 

shown in Fig. 7 below. 

 

      sincos yx                                                         (7) 
 

 

Fig 7. Moving target detection after Hough transform 

 
4.2.2 Wavelet transform 

Wavelet transform (WT), unlike the first two transform methods, is another method of signal 

processing and time-frequency analysis in transform domain. The main idea is to change the 

locality of the short-time Fourier transform, so that the "time-frequency" window is variable, 

that is, the subdivision frequency at low frequencies, and the subdivision time at high 

frequencies, which can fully highlight the image. Characteristics. And it has been applied to 

image denoising, edge detection, segmentation and encoding. 

(1) Its one-dimensional continuous wavelet transform (WT) is as follows: 
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Where f (t) is the original function,  t is the basic wavelet,  tba,  is the continuous wavelet 

function, 0a , b, t are continuous variables, and  t  is the complex conjugate of  t . 

(2) Its one-dimensional discrete wavelet transform (DWT) is as follows: 
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Where f(t) is the original function,  tki, is a one-dimensional discrete wavelet function, and 

 tki

, is a complex conjugate of  tki,  . The simulation diagram of denoising and edge detection 

after wavelet transform is shown in Fig. 8. 

 

 

Fig 8. Denoising and Edge Detection of Wavelet Transform 

 
This chapter discusses the analysis of multiple domains for the processing of echo signals, 

which are the pulse accumulation in the time domain, and the analysis of the transform domain, 

mainly Hough transform and wavelet transform, for the detection of moving targets. After 

comparing the experimental simulation diagrams, this paper selects the Hough transform of the 

transform domain, which can better detect the slow moving target. 

5. EXPERIMENTAL RESULTS 

5.1 Simulation and analysis of echo signals 

5.1.1 Acquisition chart of radar oscilloscope 

The interactive radar view communicates directly with the development kit and highlights the 

intermodulation variables by intuitive click and drag mouse operations. The echo acquisition 

map is shown in the upper half of Fig. 9. The interface view shows the relative position of the 

captured radar frame and development kit, as well as the estimated distance between the 

reference point and the captured frame. By default, the zero point (the leftmost side of the pane) 

is used as the reference point. In this paper, the distance between the distances is determined by 

the set reference point. The measured distance range is between 0.2 and 2 m for stationary and 

moving targets. As shown in the lower half of Fig. 9, the set reference point distance is 0.8m. 
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Fig 9. Interactive radar view and interface view 

 
5.1.2 MATLAB simulation diagram of echo signal time domain 

The MATLAB is used to process the echo signal. The echo signal is shown in Fig. 10. The 

original simulation of the echo signal collected from below shows the time domain map, which 

contains the superposition of many frequency sinusoidal signals. It is difficult to distinguish the 

frequency of each signal. 

 

 

Fig 10. Time domain map of the original echo signal 

5.2 Analysis of slow moving targets in different environments 

Through the detection of echo signals and the methods used in the processing of echo signals, 

they are applied in the following different situations to discuss and analyze, respectively, 

indoor and outdoor environments, different distances and different targets. This is the typical 

case of two kinds of situations: indoor close-range palm movement, outdoor long-distance 

human body movement. And each case discusses untargeted, stationary targets, moving 

targets. 

5.2.1 Movement of the palm of the hand 

The first target selected is the indoor close-up target palm. The color in the image is strong. It 

can be seen that there is less noise interference when there is no target in the room, but the 

stationary target is closer to the echo signal of the obstacle. And the moving target can see a 

weaker trend of moving back and forth. As shown in Fig. 11 below. 
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Fig 11. Indoor close range target 

 
After different threshold processing, three different background elimination maps are obtained. 

From the simulation results, the background elimination map after the iterative threshold can 

be seen. The stationary and moving targets are clearly distinguished, and the signal of the 

moving target is enhanced. As shown in Fig. 12 below. 

 

 
Fig 12. Background elimination after threshold 

 
After the background is eliminated, the background elimination map after the iterative 

threshold is selected, and the Hough transform is used to detect the stationary target and the 

moving target. And in the above figure, it can be seen that the stationary target is clearly 

marked with a red line in the figure; while the moving target can be found in the figure, 

although the marked red line is discontinuous, it can be changed by far and near. Discover the 

target of moving back and forth. See Fig. 13 and Fig. 14 below. 

 

 

Fig 13. Detection of stationary targets 
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Fig 14. Detection of moving targets 

 
5.2.2 Movement of outdoor human body 

The second target selected is the outdoor long-distance target human body. It can be seen from 

the echo signal acquisition map that when there is no target outdoor, a yellow strong wave is 

clearly seen in the figure, indicating that the interference is strong and stationary. The target, 

and the echo signal of the moving target is weaker than the indoor. As shown in Fig. 15 below. 

 

 

Fig 15. Outdoor long range target 

 
After different threshold processing, three different background elimination maps are obtained. 

From the simulation results, the background elimination map after the global threshold can be 

seen, the stationary and moving targets have been separated, and the signal of the moving target 

is enhanced. As shown in Fig. 16 below. 
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Fig 16. Background elimination after threshold 

 
After the background is eliminated, the background elimination map after the global threshold 

is finally selected, and the Hough transform is used to detect the stationary target and the 

moving target. It can be seen that the stationary and moving target detection is affected by the 

outdoor natural environment and the interference wave, so that the detection target echo is 

intermittent. On the whole, however, it is possible to find still targets, as well as targets that 

move back and forth, all marked with a red line. See Fig. 17 and Fig. 18 below. 

 

 
Fig 17. Detection of stationary targets 

 

 
Fig 18. Detection of moving targets 
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6. CONCLUSION 

First of all, through the use of UWB radar for the detection of slow moving targets, this paper 

discusses two typical targets in different environments, namely palm and human body. The 

overall implementation process is to discuss the basic principle of ultra-wideband radar, and 

then describe the acquisition and detection of echo signals, as well as the processing of echo 

signals. Secondly, after many measurements and method validation, this paper uses 

background elimination, threshold processing and Hough transform to detect slow moving 

targets. The simulation results can effectively improve the signal-to-noise ratio and detection 

performance, and still and slow. The moving targets can be accurately detected. Finally, due to 

the limited detection target and environment, in order to verify the applicability of UWB radar 

for detecting slow moving targets, it is necessary to collect more target signals in more 

complex environments and establish a slow detection. The database of the fast moving target 

can accurately detect the slow moving target in different environments. 
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