
 

 

 

Abstract— A frequency estimator is to find the frequency of the 

received signal distorted by noise, and it has been found in 

systems such as radar, sonar, etc. In this research, the linear 

frequency modulation signal(LFM)of the radar system, the 

detection of the moving target and its frequency estimation were 

highlighted. The pre-trained convolutional neural network 

algorithm was used, which proved highly accurate in detecting 

the target and estimating its frequency, despite the lower level of 

the signal to the noise ratio(SNR) where it was dealt with. On the 

basis of the signals received as a two-dimensional image and 

taking into account the Doppler effect, as the target moves at 

different speeds and accelerations, the signals have been classified 

into single-frequency signals and LFM signals. 
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I. INTRODUCTION 

HE problem of frequency estimation of signals is a 

fundamental and vital matter that extends to power 

engineering and biomedical applications, such as estimating 

the frequency of a single-tone signal under noise, which is 

essential in signal processing for communications[1,2]. Fourier 

analysis is one of the classic methods used to estimate the 

frequency of single-frequency sinusoidal waves[3],and[4]using 

discrete Fourier transform (DFT)  and using the s-transform[5] 

to obtain a frequency estimate Where there is noise, it can be 

removed by a subsequent step, which is the use of non-linear 

least squares(NLS) to remove noise from the signal and obtain 

a more accurate estimate despite its computational complexity. 

Solving the nonlinear functions yields the proposed estimator. 

[6] The new estimator has an analytical formulation based on 

three DFT samples and an interpolation approach to estimate 

the frequency of a complex exponential sine waveform 

observed under additive white Gaussian noise (AWGN). 

NumericalThe suggested estimator has a lower SNR threshold 

than the Cramer-Rao estimator, demonstrating that its 

performance is near to that of the Cramer-Rao estimator. 

bound (CRB) in the low-SNR , as well as its performance In 

the high SNR area. In terms of its performance in the high 

SNR area, it beats earlier estimates. Because of the linear 

approach, the linear least-squares algorithm (LLS) should be 

used [7] to estimate the frequency of a single-tone noisy signal, 

which is more efficient than the nonlinear least-

squares algorithm (NLS). This algorithm's methodology entails 

linearizing the frequency estimation problem by fitting a 

waveform with a similar but wrong frequency Surprisingly, the 

right frequency can then be derived by doing so. When the 

signal frequency was known ahead of time within a 10% or 

greater range, excellent performance was achieved. The 

standard deviation of the estimator, for example, matched that 

of NLS when employing the batch version of the technique. 

Because LLS is non-recursive, it is substantially more 

computationally efficient than the recursive NLS. There are 

several methods used to estimate the frequency of a complex 

sinusoidal complex under white Gaussian noise, including the 

autocorrelation (Corr) method and the maximum likelihood 

(ML) method by fast Fourier transform (FFT). [8]. We notice 

that FFT is more efficient than (Corr), as the SNR of the 

correlation is (-15db) and the SNR of FFT is (-30db). That is, 

the difference between them is (15db) On the other hand, the 

approach of instantaneous frequency (IF) it is one of the 

characteristics of the primitive wave shape can be found in 

many applications like communication, speech, and music 

processing. (IF) estimator [9] was estimated using the Winger 

distribution method based on the length of the window. The 

results were improved [10] by using an adaptive-short time 

Fourier transform, which provides the best rejection of co-

channel interference. The S-transform technique was used in a 

white Gaussian noise environment [11], which was 

implemented through simulation, which showed that the bias 

and change depended on the signal .as happened recently, 

using more accurate techniques for frequency estimation, such 

as deep learning techniques in[12,13], where three layers of a 

neural network were designed to find the frequency of a sine 

wave with white noise for a signal-to-noise ratio of 25db, as 

this algorithm was able to find the frequency with very high 

accuracy in less than a second. In this research, the radar 

signals were dealt with, analyzed, processed, and estimated in 

different ways in [14]. Also, the linear frequency modulation 

signal used in this research has a wide use in electronic 

information systems such as speech, radar, communications, 

sonar, etc. [15]-[16]. LFM signal was detected and estimated 

using the method of representation and spair and another 

method of estimation [17].and that the problem of frequency 

estimation  has also been found in drones as[24] .In recent 

years, the theory of deep learning has witnessed great 

development in the fields of signal processing and machine 

learning [18] It used faster R-CNN algorithms to detect object 

locations, which contributed to reducing the operating time of 
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detection networks. Also, deep learning techniques were used 

in the field of image classification[19] To categorize the 1.2 

million high-resolution photos in the ImageNet LSVRC-2010 

contest into the 1000 separate categories, we trained a huge, 

deep convolutional neural network(CNN). 

 This paper presents an accurate method for estimating the 

frequency of the moving target in the radar systemas shown in 

figure.1 by a pre-trained CNN and taking advantage of the 

unique characteristics of deep learning in signal processing 

and image classification. We deal with the received signal and 

observe the Doppler effect that frequency (wavelength)of the 

source depend on the speed of the source relative to the 

target[25] and convert the signal into two-dimensional images 

to deal with CNN. 

 
Fig. 1 radar system with moving targets[23]. 

 

II. MATHEMATICAL MODEL 

A. CNN model 

The architecture of Convolutional Neural Networks(CNN) as 

shown in figure.2 has revolutionized the world of neural 

networks today. It's used to search for objects in photos and 

videos, but it's also used to recognize faces, convert 

formatting, generate and enhance images, Therefore, the 

received signal from the moving target was converted into a 

two-dimensional image before it entered the convolutional 

neural network, and this network consists of several layers 

As shown in figure.2, which are: 

 Convolution layer 

 Pooling layer 

 Fully connected layer 

 Softmax layer 

 

Fig .2 CNN network architecture 

B. Radar system with moving target 

 In this paper, we used the radar system as an example to 

detect a moving target and estimate its frequency, and that the 

moving target of the radar is an important and sensitive topic 

in civil and military applications as it is closely related to the 

signal movement, and the enemy movement is linked to 

changing the speed of the target. In this work, we assume that 

both the target and the radar are in the same horizontal plane. 

The radar transmits an LFM signal. 

St(t)=rect( )exp{2 [fct+ t2]}                                 (1) 

Where   rect(u)=     ,fc  is the carrier frequency of  

radar, tp is the pulse width   ,   is the transmitted 

signal's chirp rate, B is the bandwidth 

The recived echo signal  at time t is: 

Sr(t)= rect( exp{2 (fc[t- + )}                (2)                                             

  Where of the target , 

2 Rs(tm)/c,  where c is the speed of light and is the time 

delay , The radar's line-of-sight distance from the target is Rs , 

and the slow time between the pulse and the pulse is tm ,   after 

demodulation and pulse compression [12]-[13] by following 

steps: 
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 Applying the Fourier transform to the echoes that were 

received. 

   Taking the transmitted signal's complex conjugate 

(reference signal) 

  Performing the Fourier transform on the complex 

conjugated signal mentioned above. 

  Multiplication of the two FFT signals. 

  Taking the IFFT of the above 

We get 

      Spc( t,tm)=Arsinc(B[t- ])exp(-2 fc  )                           (3) 

Because of the radar movement at different speeds, the 

distance between the target and the radar can be expressed in 

the Taylor series. 

)= m …, m  

Where  is the radial velocity of the target,and  Is the 

abservation time. Only the first four terms from the above 

equation are used as an approximation of the observation 

distance, so the equation has been reformulated as follows: 

= m       

Where  is the distance between the target and the radar,   

is the initial velocity,  is the acceleration ,  is the 

jerk(acceleration change) 

In paper we deal with uniform motion, acceleration and 

Doppler spectrum for uniform motion displacement as in 

Equation(6), acceleration change for Doppler spectrum as in 

Equation(7) 

2 /

                                                                              (  

     where   is the wavelength and  is the acceleration of the 

target 

  
Equation (8) and (9) show the relation ship between initial 

frequency  and chirp rate   with target velocity  and 

acceleration  ,mathmatical model signal of radar recived from 

moving target as shown in eq 

(10).below

 
 

 
 

Fig .3 flow chart algorithm 

 

III. LFM DETECTION AND PARAMETER ESTIMATION BASED ON 

CNN 

 In this paper ,LFM signal of the radar system received from 

boat moving at a speed and acceleration of two variables is 

detected and its parameters are estimated by CNN algorithm 

A. Description of  flow chart algorithm 

 The LFM signal received from the target as shown in figure.3 

undergoes the dmodulation and pulse compression operations 

shown in the flow chart in figure.3 

 

 

Fig.4 flow chart of demodulation and pulse compression 

Then the preprocessed LFM signal is taken and cut into 

samples, and each sample is a one-dimensional concatenated 

set that is divided into regular equal intervals and then formed 

one on top of the other to form the tow-dimensional array that 

is used in the training set and the test set in CNN. Finally, the 

trained model is tested with the test dataset to obtain a 

frequency estimate for the LFM signal. 

B.  Dataset Construction 

The data set used in this paper is the LFM signal, previously 

processed and cut into samples. It is a series of one-
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dimensional samples. This sample set has been cut into pieces 

of equal length and then formed from top to bottom to form a 

two-dimensional array, and then the meteors are extracted and 

classified by CNN. used in this research to detect the target 

and classify it. 

 

       
SNR=8 

(a)                           (b)                   (c) 

 

         
SNR=4db 

(d)                     (e)                    (f) 

       
SNR=0db 

(g)                       (h)                     (i) 

Fig.5. dataset image with different parameters and SNRs 

(a,d,g)for single frequency,(b,e,h)for chirp rate sgnal. (c,f,i)for LFM 

signal 

 

The data used in training and testing were divided into three 

types according to the movement of the target used in this 

research. When the movement is uniform, the signal is single-

frequency, and when the movement is accelerated with zero 

speed, the signal is chirp signal, and when the signal has 

acceleration and speed also, dataset in fig.5 represent image of 

signals with different SNR (8,4,0)db for recived signal from 

the target, the signal is LFM according to the parameters 

shown in Table.1 

 
TABLE.1 parameter used in the model 

 

Parameter 

 

Value 

Carrier 

Frequency(fc) 

3GHZ 

Sampling 

frequency(fs) 

0.8  

Pulse width(tp) 60  

Band width(B) 20KHZ 

Speed (m/s)  [0,50] 

Acceleration 

(m/ ) 

[0,5] 

 

the CNN algorithm was used for training and testing using the 

Matlab 2020 program, The data was divided according to the 

change in speed and acceleration. 10 Classes Each class is an 

image of signals with a specific acceleration and different 

speeds, as Class(1) is an LFM signal that has an acceleration 

of 0.5 m/   and speeds with an interval of 1 to 50 m/s, and 

Class (2) represents an acceleration of 1 m/  and speeds with 

an interval of 0 to 50 m/s, and so on. The rest of the classes 

use iterative loops to generate signal images at different speeds 

and record them according to the table.2 
 

TABLE.2 parameter used in CNN 

 

The number of 

iterations  

1091 

Number of hidden 

layer  

20 

The initial learning 0.01 

miniBatchSize 16 

number of Epoch 5 

Input size [50,80] 

Mean sequared error 0.0001 

 

IV. RESULTS  AND DICUSSION 

 In this paper we have programmed the received signal from 

the target, taking into consideration the Doppler effect, and the 

figure.6 shows the received signal without any effect of any 

noise. 

 
Fig.6 recived signal(LFM) ,v=50,a=5 

 

The colors that appear in the drawing show the effect of 

both the speed and acceleration of the signal.as table.3 

TABLE.3 radar signal parameter 

Signal type Acceleration(m/ ) Velocity(m/s) 

Singlefrequency 

signal 

0 [0,50]m/s 

Chirp rate signal [0-5] (m/ ) 0 

LFM signal [0-5] (m/ ) [0,50]m/s 
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Fig.7 pulse compression for LFM,v=50,a=5 

 

Figure.7 shows the signal with demodulation and pulse 

compression in flow chart figure.3 we note that normilized 

amplitude 

 
Fig.8 Pulse compression for chirp rate at SNR=4db 

 

 
Fig.9 pulse compression for chirp rate with SNR=8db 

 

 

 
Fig.10 pulse compression for Chirp signal with SNR=0db 

 

Figures(8,9, and 10) show a comparison of the various SNR 

values after adding them to the received signal in the case of a 

chirp rate when the velocity is zero and acceleration is 5m/ . 

We note that in case 0db in fig.10 the amplitude value is 1 or 

more distortion, but in case 4db in fig.8, the least distortion, 

and in the case of 8db in fig.9, a small change in the amplitude 

is observed 0.9 but the signal is mor clear. 

 
Fig.11 pulse compression for Single frequency signal with 

SNR=0db 

 

Fig12 .pulse compression forSingle frequency signal with 

SNR=4db 
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Fig.13 Pulse compression for Single frequency signal with 

SNR=8db 

Figures( 11,12,13) show a comparison of the received signal 

of the various SNR in the case of a velocity with an interval 

from (1 to 50)m/s and zero acceleration, which is considered a 

single-frequency signal. We notice that the most distorted 

signal is in fig.11 in 0db but all cases in 0db ,4db,8db are 

normalized,the colors which appears in the signal as a result of 

making iterative loops for different speed values. 

 

Fig.14 training-progress 

 

 

 
Fig.15 confusion matrix 

 

Then we get to the stage of preparing the dataset to enter 

CNN by converting the last signal into a one-dimensional 

vector and then converting it into a two-dimensional image by 

dividing the signal into regular equal intervals from top to 

bottom to form a two-dimensional array in the form of images 

The dataset was divided into ten classes according to the 

acceleration values, where each class has a specific 

acceleration value from(0-5) m/  and contains 500 images 

according to different speeds from (1 -50 )m/s and marking the 

network according to the parameters shown in Table.2 and 

Figure 14. It shows the losses and also the confusion matrix in 

fig.15 showing the accuracy of the network at 99%, and it 

proved an improvement over the previous results, where the 

researcher used Alex Net in[14]for training and estimating the 

parameters and got an accuracy of 97%. 

 

V. CONCLUSION 

 In this work, we dealt with the topic of estimating the 

frequency of the radar system when the target is in two 

different state of motion, namely speed and acceleration. The 

model has been programmed using Matlab program as shown 

in the flow chart in Fig.3. Deep learning techniques were used 

because of their high accuracy after converting the dataset into 

a two-dimensional matrix And dealing with it in the form of 

images in the CNN network, and the best results were obtained 

and the results were compared in the case of adding SNR with 

different values and improving the results from what the 

researchers previously discussed and comparing our results 

with [14] by improving the accuracy from 97% to 99%. 
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