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 The pulse ultra-wide band (UWB) radar consists of switching of energy of 

very short duration in an ultra-broadband emission chain, and the UWB signal 

emitted is an ultrashort pulse, of the order of nanoseconds, without a carrier. 

These systems can indicate the presence and distances of a distant object, call 

a target, and determine its size, shape, speed, and trajectory. In this paper, we 

present a UWB radar system allowing the detection of the presence of a target 

and its localization in a road environment based on the principle of correlation 

of the reflected signal with the reference and the determination of its 

correlation peak. 
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1. INTRODUCTION 

Road safety is an important consideration in everyday life. Most vehicles are equipped with collision 

avoidance sensors such as laser scanners, cameras, and infrared sensors. These systems are used to detect 

obstacles, their positions, and speeds. They work reliably under certain conditions but suffer from several 

limitations in others. Factors such as open areas, fog, smoke, dust, dirt, lighting conditions, and reflections can 

lead to faulty sensor values. In addition, visual and infrared sensors must be classified close to the target, while 

radar sensors depend on the frequency of operation and can operate up to several hundred meters. 

The term radar, translated into radio detection and ranging [1], [2], means detecting and estimating 

distance by waves; it is a device emitting and receiving electromagnetic waves, used to detect and locate objects 

in any space. The capacity of radar is determined according to the technology used, and as it is known, the 

most exploited technology in the current research work aimed at road safety is the ultra-wide band (UWB) [3], 

[4] since it allows detection [5] and localization with great precision and in any environment [6]. 

The detection of the various obstacles by an UWB system is based on the transmission and reception 

of brief duration pulses, of the order of a few Pico or nanoseconds [7], which requires a specific signal 

processing at a reception to properly exploit the reflected signals [8] and extract the maximum amount of 

information. In order to develop a UWB radar [9] system capable of detecting targets in urban areas, one of 

the main difficulties is related to the complexity of the propagation environment induced by the obstacles 

present in the scene, and generally, the target is not in the line of sight of the radar, which complicates the task 

more and more. The recent literature includes several works dealing with this problem [10], [11] and in this 
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work, we explore a new solution based on an algorithm for the detection and localization of non-line-of-sight 

(NLOS) targets in urban areas based on the exploitation of signals propagating in a vehicle to vehicle channel, 

which follows a Rayleigh distribution and reflects the characteristics of the urban environment [12] and in 

particular the multipath phenomenon. This algorithm is essentially based on a simple and efficient processing 

using the correlation principle that allows testing the similarity between the reflected signals and the template 

to detect existing targets in the radar area with high accuracy and low cost. 

This article focuses on the presentation of an algorithm, based on the determination of the maximum 

correlation peak, to determine the presence of an obstacle in the backscattered electromagnetic field while 

correlating the received signal with the reference and the localization of these targets detected by calculating 

the distance separating the radar from them. In the first part of this paper, we propose an algorithm that allows 

the detection of a target and its localization in a road environment based on the correlation technique, then we 

present the detection and localization method used by our UWB radar and at the end, we discuss the results of 

the simulation. 

 

 

2. THE PROPOSED ALGORITHM FOR DETECTING AND LOCATING TARGETS 

Obstacle detection and localization is a subject that interests many researchers and has been the subject 

of much work. Several algorithms have been proposed for the detection and localization of obstacles in the 

road domain and each algorithm has its strengths and weaknesses [13]–[15]. Most of these methods have 

somewhat complex architectures and require the fusion of radar with another type of sensor. In this work, the 

proposed algorithm shows a simple and efficient approach to signal processing; based on the coherent reception 

of the signal and the correlation of the received signal with the reference. Although the proposed algorithm 

contains a coherent receiver which is recognized by its power consumption and somewhat complex 

architecture, it can help to improve the signal-to-noise ratio (SNR) by the coherent integration of the signal and 

have a better sensitivity to maximize the probability of detection. The efficiency of this signal processing 

approach is verified by the detection simulations carried out. The presented algorithm is therefore capable of 

detecting and locating road obstacles and presents a solid basis for a future development of the field of 

classification. Figure 1 describes our target detection and localization algorithm for a UWB system. 

 

 

 

 

Figure 1. The algorithm for detecting and locating targets 
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Correlation is obtained by shifting one of the signals, multiplying the shifted signal by the other signal, 

and then integrating the resulting signal. For a given waveform and a given target, we obtain a reflected signal 

specific to them, called a signature, and to know if the target exists or not, we correlate the pulse reflected by 

the target and the reference signal in order to calculate the distance of the obstacle by determining the position 

of the correlation peak identified by the threshold detection method. In the following sections, we present the 

method used and simulation results of different signals used to justify the ability of our algorithm to detect and 

locate targets in our radar area. 

 

 

3. METHOD 

Pulse radar emits a repetitive strain of high-powered signal pulses of brief duration (microwaves) 

[16]–[20]. Each pulse is followed by a time during which echoes can be received before a new pulse is emitted. 

The echo processing of the radar pulses provides information about the target, such as the range or distance to 

the target, determined from the measurement of the propagation time of the electromagnetic wave. 

 

3.1.  UWB detection chain 

The radar system proposed and studied in our research work is a short-range radar based on UWB 

technology. It is intended for anti-collision applications in road transport. This system is based on the 

transmission of the unicycle pulse via a Rayleigh vehicle channel [21]; at reception, the correlation technique 

is applied on the received pulse in order to detect and locate obstacles in the vehicle environment. Figure 2 

shows the detection chain proposed for our UWB radar detection. 

 

 

 
 

Figure 2. The block diagram of a UWB detection chain 
 

 

The above transmission chain is based on the generation of a single-cycle pulse with a width of 2 ns 

at transmission and a frequency of 3 GHz, the transmission of this pulse in a vehicular channel that follows a 

Rayleigh distribution, the reception of the signal by a coherent receiver [22] and finally, the correlation of the 

received signal with the reference that constitutes the fundamental signal processing step to be able to decide 

the presence or absence of the obstacle. 

 

3.2.  Signal processing  

On reception, the received signal is processed and analyzed based on the algorithm already presented 

in the previous section in order to extract the maximum amount of information about the target. 

 

3.2.1. Received signal 

The radar return signal combines the transmitted signal and the various interference of the propagation 

channel [23]. This work aims to develop a detection and location system used in very noisy environments such 

as urban areas. In our case, and to model the real environment, we worked with a multipath vehicle to vehicle 

channel that follows a Rayleigh distribution reflecting the state of a real space. The following formula models 

the received signal. 

 

S(t)=s(t)*h(t)+n(t) (1) 
 
With s (t) is the transmitted signal, h (t) represents the impulse response of channel v2v, and n (t) is the Gaussian 

additive white noise. 
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3.2.2. Target detection and localization  

In the detection step, a decision is made by the detection algorithm regarding the presence or absence 

of the signal scattered by the target in the radar data. Based on Figure 1, the target can be detected by the UWB 

radar by correlating the signal backscattered by the latter and picked up by the receiving antenna with the 

reference in order to measure the degree of similarity between them and to make a decision on the presence of 

this obstacle in the radar's working area. 

The role of radar systems is to detect targets in space where each target is located by its position, 

direction, and speed [24]. In the case where only the position and direction of the target is determined, the radar 

system emits through a directional antenna [25], at each instant, a pulse S(t) only in a narrow angular cone 

around a determined direction  . In the presence of a target in this direction, the transmitted signal is reflected 

and received with a delay time which is proportional to the distance d between the antenna and the target with:  

 

R(t) = S (t + Δt) + n(t) (2) 

 

Δt = 2 d* c (3) 
 

with S (t + Δt) is the received signal, Δt is the round-trip time, d is the distance between the radar and the target, 

C is the celerity. After detecting the embedded pulses, the detection scheme identifies correlation peaks and 

then translates their positions in the target ranges to locate the detected target. 

 

 

4. RESULTS AND DISCUSSION 

4.1.  Detection  

The detection of various obstacles by the UWB system, known internationally as UWB [26], is based 

on the transmission and reception of very short pulses of a few picoseconds or nanoseconds. The advantage of 

this system is that data transmission rates of the order of a few gigabits per second (Gbps) can be achieved due 

to the very short pulse duration. The response is very rich in information. The detection phase is used to 

determine the presence or not of an obstacle in any space. In our case, to be able to decide the presence of the 

target in the road environment, we carried out a correlation of the received signal with the reference which 

presents a signal emitted by the transmitting antenna and received by that of reception in the absence of obstacle 

[27], the signal obtained is analyzed automatically based on a detection algorithm in order to determine the 

maximum peak of correlation which translates the resemblance between the two signals. Figures 3 and 4 show 

the transmitted signal translated by a unicycle defined as the first derivative of the Gaussian, the template, the 

received signal, and the correlation between the latter two signals. 

Here the maximum correlation peak reflects the similarity between the two correlated signals, which 

implies the presence of the target. To test the ability of our algorithm to detect the real signals emitted by our 

detection radar and reflected by the target, we used an unknown signal [28], [29], and we correlated this signal 

with the template in order to test the similarity between them. Figures 5 and 6 show an unknown received 

signal and its correlation with the template. The result obtained after the correlation shows an absence of the 

correlation peak, which makes it possible to confirm the absence of a copy, delayed in time, of the reference 

in the signal reflected by the target mentioned above, then the absence of the target in the radar zone. 
 

 

 
 

Figure 3. The emitted signal-the reference-received signal 
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Figure 4. The correlation between the transmitted and received signal 

 

 

 
 

Figure 5. Unknown received signal 

 

 

 
 

Figure 6. Correlation result of the unknown received signal with the template 
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4.2.  Localization  

The objective here is to determine the distance between the radar and the object in the space 

illuminated by the radar beam. This location is realized from the signal s (t) modeled as the first derivative of 

the Gaussian pulse (the unicycle) and defined by (3) [11], [27], [30], 

 

𝑆(𝑡) = −2𝑎[(
𝑡

ɽ2) 𝑒𝑥𝑝[− (
𝑡

ɽ2)]  (3) 

 

where 𝑎 is a normalization constant, and ɽ is the constant used to adjust the width of the pulse. The distance 

between the obstacle and the radar can be calculated by estimating the flight time by determining the abscissa 

corresponding to the maximum peak of correlation between the signal reflected by the detected target and the 

reference. Figure 5 shows the abscissa of the correlation peak used to estimate the time of flight in order to 

calculate the distance separating the target from the radar. Then, in this case, the distance equal to: 

 

 d =
𝒄.∆𝒕

𝟐
  (4) 

 

with ∆t is the position of the correlation peak that allows determining the location of the target and C is the 

celerity. Beyond the detection of the echo, the correlation focuses on the target location, which for the radial 

direction is obtained by estimating the time of flight. The maximum correlation, identified as the maximum 

peak, indicates the delay (or time of flight) between transmitted and received pulses. This makes it possible to 

calculate the distance separating the target from the radar simply and reliably [28]. In our case, the calculated 

distance equal to 24 m. 

 

 

5. CONCLUSION  

In this paper, we presented our UWB radar dedicated to the detection of vulnerable people in urban. 

Then we discussed the detection and tracking algorithm and, in the end, the simulation results. We have shown 

that our correlation-based algorithm allows us to detect targets and locate them with better accuracy while 

determining the maximum correlation peak, which allows us to decide about the presence or not of the targets 

and then translate their positions which allows us to locate them. Several aspects related to the presented UWB 

radar remain to be studied and constitute the perspectives of our research work, including the classification and 

monitoring of obstacles detected. 
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