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Abstract 
This paper presents and evaluates a frequency domain characteristic in FMCW radar (Frequency Modulated Continuous Wave Radar). FMCW 

radar is a form of radar where the frequency of the transmitted signal is continuously varied at a known rate over a defined time period. In this paper, 
FMCW radar determines a target range by measuring the beat frequency between a transmitted signal and the received signal from the target and 
Combines between PO and radar single. The approach based on frequency domain physical optics for the scattering estimation and FMCW Radar 
signal processing. The results represented graphically and illustrated by figures.
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Introduction
Frequency Modulated Continuous Wave (FMCW) radar is a 

form of radar where the frequency of the transmitted signal is con-
tinuously varied at a known rate over a defined time period. The 
reflected frequency signal is received by the radar and compared. 
The transceiver generates a signal of linearly increasing frequen-
cy for the frequency-sweep period. The signal propagates from the 
antenna to a static target and back. The value of the received-signal 
frequency compared to the transmitted-signal frequency is propor-
tional to the propagation range. In addition, advantage of FMCW 
radar is its ability to adjust the range of frequencies of operation to 
suit the material and targets under investigation if the antenna has 
an adequate Pass-band of frequencies. This radar system mixes the 
wave reflected by a target object and part of the radiated wave to 
obtain a beat signal that contains distance and speed components. 
For large scattered, the physical-optics approximation is an effi-
cient method in the frequency domain [1,2]. This physical optics 
(PO) approximation is initially applied in the frequency-domain 
with the inverse Fourier transform [3-6]. With FMCW, the high-fre-
quency circuitry for beat signal detection is relatively simple and 
distance can be directly obtained. By mixing the received FMCW  

 
and transmitted FMCW signals, the system obtains a beat signal 
having a frequency fb. [7] studied the Radar wave propagation char-
acteristics in FMCW by using the frequency domain physical optics. 
In this paper, we use the frequency-domain physical optics with the 
inverse Fourier transform [3] and [6]. In addition, we will focus on 
some numerical results for the frequency-domain.

Formulation
For a perfectly conducting body, the frequency-domain PO-in-

duced current distribution over the illuminated surface is [8-10]:

                                             
(1)
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∧

 is the unit vector normal to the surface R  and 
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FMCW signal waveform is defined as:
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when h(t) is a sample delay of To:

                                                           ( ) ( )oh t t Tδ= −                                                                                   (3)

Therefore, mixer output signal is:

                   ( ) ( ) ( )FMCW i i oV t v t v t T= −                                        
(4)

where,
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From equations (2) and (5) we can write 𝑉𝐹𝑀𝐶𝑊(𝑡) as:
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By using Cos product identifies, equation (6) becomes:
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where,
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The equation (7) describes a linearly increasing FM signal 
(chirp) at about twice the carrier frequency with a phase shift 
that is proportional to the delay time To, this term is generally fil-
tered out. Equation (8) describes a beat signal at a fixed frequency 

b o
m

Bf T
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=
.

Frequency – Domain OP
The frequency transfer function H(ω) is defined as
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where 𝑉𝑖(𝜔) is the input waveform in frequency domain physi-
cal optics, this is just a magnitude of the source.

The output Voltage 𝑉𝑜(𝜔) is calculated from 𝐸𝑝𝑜(𝑅, 𝜔) by consid-
ering the receiver antennas as [11-12],
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The frequency-domain scattered field is obtained by calculat-
ing the integral over the illuminated surface using the free space 
Green’s function:
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R locates the integration point on the scattered surface, 𝑘𝑜 

is the wave number, 2
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where 𝜂𝑜 is the intrinsic free space impedance and 𝐹𝑐(𝜔) is the 
Complex antenna factor.

However, equation (4) is given in frequency domain 𝐻(𝜔), and 
by using Inverse Fourier transformed
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Now, we use Fourier Transformation for equations (9), we get
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describes a beat signal at a fixed frequency b
f

Bf
T

τ= .

It can be seen that the signal frequency is directly proportional 
to the time delay time τ , and hence is directly proportional to the 
round-trip time to the target.

Numerical Results
Figures (1-4) represent the relation between the frequency 

transfer function 𝐻(𝜔) and the angular frequency ω and show the 
values of the frequency transfer function 𝐻(𝜔) at λ = 1, 2, 3, and 5 
respectively. Figures (1-4) show that increasing in the values of the 
frequency domain transfer function 𝐻(𝜔) due to the increasing in 
the wavelength λ and the increases in the wavelength λ due to the 
decay in the frequency. Our series expansion gave good approxima-
tions of the field values. The peak in the Figures (3) and (4) at λ = 3 
and 5 are small peak

compared to the peak in Figures (1) and (2) at λ = ½ and 1. The 
results represented graphically and illustrated by figures.
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Figure 1: The frequency transfer function H(ω) at λ = 1, with different values of ω.

Figure 2: The frequency transfer function H(ω) at λ = 2, with different values of ω.
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Figure 3: The frequency transfer function H(ω) at λ = 3, with different values of ω.

Figure 4: The frequency transfer function H(ω) at λ = 5, with different values of ω.

Conclusion
We obtained the frequency domain linear system analysis for 

FMCW which obtained by calculating the integral over the illumi-
nated surface using the free space Green’s function and we use the 
frequency-domain physical optics with the inverse Fourier trans-
form. We conclude from the present analysis that the increasing 
in the wavelength λ due to the decay in the frequency, gave the in-
creasing in the values of the frequency transfer function 𝐻(𝜔).
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