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Abstract— Stealthy aircraft detection attracted a substantial 
attention in the recent years. The paper proposes an alternative 
measures for detecting stealthy aircraft using the operating 
monostatic radar parameters. This technique is used for 
detecting and tracking the small cross section area and stealthy 
aircrafts. The proposed measures are studied with different 
radar parameters to extend the detection coverage over the 
monostatic radar used for air surveillance. The simulation is 
done using Computer Aided Radar Performance Evaluation Tool 
(CARPET). It is a comprehensive computer program which 
alleviates the difficult task of designing and evaluating surface 
based radar systems. The studied parameters are the operating 
frequency, the transmitted power, pulse width, pulse repetition 
frequency, antenna polarization and tilt angle. The results show 
that the optimized parameters achieve a range extension of 100 
Km and 50 % detection probability over the worst case 
parameters for detecting and tracking stealthy aircraft. 
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I. INTRODUCTION 
Counter-stealth technologies are increasingly 

relevant, and research in this field is ongoing 
around the world. Stealth technology mostly 
focuses on defeating conventional monostatic radar 
systems which cover the microwave band. Thus, the 
success of counter stealth endeavors is focused 
mostly on novel and unique air defense 
infrastructure configurations. These designs include 
either radars operating in other bands (HF or far 
above those of traditional microwave radars),  
specially designed receiver units and sensors able to 
detect low observables or new applied techniques 
and smart tactics. Marc Brooker [1] presents the 
design and implementation of a signal level 
simulator supporting a wide variety of radar 
systems, focusing on Multistatic and netted radars. 
The simulator places few limits on the simulated 
system, and supports systems with arbitrary 
numbers of receivers, transmitters, and scatterers. 
Bezousek et. al. [2] described  the Multistatic 
arrangement system with non-cooperative 

transmitters and various aspects of signal 
processing and signal parameters. Benson [3] 
investigates modeling method to optimize the 
location of receivers in order to achieve maximum 
coverage of aircraft moving around Cape Town 
International Airport. Several researches deal with 
improving the detection coverage using Multistatic 
radar systems [4-7]. These researches didn't study 
the monostatic radar parameters that might be 
improve the detection of the stealthy aircrafts. The 
paper proposes a new tactics include optimizing the 
monostatic radar parameters to measure the 
detection degradation and the shorting in the range 
for detecting and tracking the stealthy and small 
cross-section aircrafts. The first section of the paper 
introduces theoretical description of the monostatic 
radar. The second section presents the simulation 
results and the findings from this paper. The last 
section displays the conclusion of the paper. 

II. THEORETICAL BACKGROUND 
 

    The basic physics governing the prediction of radar 
maximum detection range, for a specified target under free-
space conditions with detection limited by thermal noise, has 
been well understood since the earliest days of radar. . The 
radar equation for pulsed radar can be written as [8]: 
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Where G is the antenna gain, σ is the target cross section area, 
K is the Boltzyman constant, Te is the effective noise 
temperature, Fn is the receiver noise figure, and L is the total 
radar losses. The resulting maximum range equation is 
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The pulse power Pt and the pulse length τ must be defined so 
that their product is the pulse energy. The customary 
definition, and the one recommended here, is the time duration 
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between the half-power points of the envelope of the RF pulse. 
Targets can be classified as either point targets or distributed 
targets. A point target is one for which, the maximum 
transverse separation of significant scattering elements is 
small compared with the length of the arc intercepted by the 
antenna beam at the target range and the maximum radial 
separation of scattering elements is small compared with the 
range extent of the pulse. At distance R from the antenna, the 
transverse dimension of the antenna beam is R times the 
angular beam width in radians. The range extent of the pulse 
is cτ/2, where c is the speed of wave propagation in free space, 
and T is the pulse duration in seconds. Most of the targets for 
which range prediction is ordinarily of interest are point 
targets, e.g., aircraft at appreciable distances from the radar. 
However, range predictions for distributed targets are 
sometimes wanted. Often, distributed targets are of interest 
because echoes from them called radar clutter tend to mask 
the echoes from the point targets whose detection is desired. 
Because of the wide variation of cross-section values of real 
targets, the range performance of a radar system is often stated 
for a particular target-cross-section assumption. A favorite 
value for many applications is 1 m2. This represents the 
approximate cross section of a small aircraft, nose aspect, 
although the range for different "small" aircraft may be from 
less than 0.025 m2 to more than 10 m2. The presence of the 
frequency in the range equations makes it clear that the range 
can be frequency-dependent, but the exact nature of the 
frequency dependence is not always obvious because other 
factors in the range equation are sometimes implicitly 
frequency-dependent. Therefore an analysis of how the range 
depends on frequency can be rather complicated, and the 
answer depends partly on what factors are regarded as 
frequency-dependent and which ones are held constant as the 
frequency is changed. The number of pulses integrated is 
usually determined by the scanning speed of the antenna beam 
in conjunction with the antenna beam width in the plane of the 
scanning. The following equation can be used for calculating 
the number of pulses received between half-power-beam 
width points for azimuth-scanning radar: 
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⋅=                                         (3) 

where φ is the azimuth beam width, PRF is the radar pulse 
repetition frequency in hertz, RPM is the azimuth scan rate in 
revolutions per minute, and θe is the target elevation angle. 
The formula also assumes that the beam maximum is tilted 
upward at the angle θe but it can be applied with negligible 
error if θe is only approximately equal to the beam tilt angle. 
There is always a definite probability that the threshold 
voltage will be exceeded when in fact no signal is present. The 
statistics of thermal random-noise voltage are such that there 
is a usually small but nonzero probability that it can attain a 
value at least equal to the saturation level of the receiver. (In 
the mathematical theory of thermal noise, there is a nonzero 
probability that it can attain any finite value, however large.) 
The probability that Vt is exceeded when no signal is present 

is the false-alarm probability. It is calculated from the 
equation [9-10], 
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where pn(v) is the probability density function of the noise. 
The probability of detection is given by the same expression, 
with the probability density function that of the signal-noise 
combination (usually called signal-plus-noise, but the 
"addition" is not necessarily linear): 
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The signal-plus-noise probability density function psn(v) 
depends on the signal to- noise ratio as well as on the signal 
and noise statistics. Also, both pn and psn are functions of the 
rectification law of the receiver detector and of any 
postdetection processing or circuit nonlinearities. Primarily, 
however, psn and therefore the probability of detection are 
functions of the signal-to noise ratio. 

III. SIMULATION RESULTS 

The simulated Monostatic radar is S-Band radar, detect and 
track low and medium altitude aircrafts until 10 Km altitude. 
The main radar parameters are designed flexible for variation 
for tactical specification flexibility as follows: the transmitted 
peak power is 100, and 200 KW, the transmitted frequency, 
from 2100 to 2500 MHz, Vertical, Horizontal, and circular 
signal polarization. The transmitted pulse width is 10, 20 
microsecond, pulse repetition frequency PRF of 400, 800 PPS, 
antenna tilt angle from 0 to 2o.  

    The simulation studied the effect of these parameters 
variation on the detection and tracking of stealthy and small 
cross-sectional area aircrafts of 0.025 m2 cross-sectional area, 
i.e. F117A. Figure (1) shows the radar probability of detection 
for 1, 0.1, 0.025 m2 target cross-sectional area. It is clear from 
figure that the detection decreased more than 50% during the 
first fifty kilometers of the radar detection. The signal 
considered as not detected if the probability of detection less 
than 50 % for data processing purposes. The radar detection 
reduced more than 85  Km in range and more than 50 % in 
probability of detection, this is very dangerous because the 
significant reduction in the available warning time of the 
target. Figure (2) shows the radar detection at different 
operating frequencies. The figure indicate that the useful 
frequency the lower one for improving the radar detection. It 
is also noticed from figure (3) that circular polarization 
reduces the detection probability of the radar by more than 
20% which conclude the availability of use the vertical and 
horizontal polarization. Figure (4) demonstrate the effect of 
pulse width on the detection performance which increased 
with increasing of pulse width. The effect of the transmitted 
peak power, pulse repletion frequency, and antenna tilt angle 
are demonstrated in figures (5 : 7).  
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Figure (1): Radar probability of detection with different cross-

sectional area aircrafts 
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Figure (2): Radar probability of detection with different 

operating frequency 

10 20 30 40 50 60
50

55

60

65

70

75

80

85

Range (Km)

P
d 

(%
)

 

 

Vertical

Horizontal

Circular

 
Figure (3): Radar probability of detection with different signal 

polarization 
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Figure (4): Radar probability of detection with different pulse 

width duration 
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Figure (5): Radar probability of detection with different peak 

transmitted power 
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Figure (6): Radar probability of detection with different pulse 

repetition frequency PRF 
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Figure (7): Radar probability of detection with different 

antenna tilt angle 
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Figure (8): Radar probability of detection with optimized 

parameters 
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Figure (9): Received power with optimized parameters 
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Figure (10): Radar detection probability with 1000, 3000, 

5000 m aircraft altitude 
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Figure (11): Received power with 1000, 3000, 5000 m aircraft 

altitude 
 

IV. THE PROPOSED MEASURES 
 

From the simulation results on the effect of different radar 
parameters on the detection performance of the radar system 
for detecting and tracking of stealthy and low crss-sectional 
area aircrafts. Then can come up with some measures to be 
followed for uncertainty in the exposure of stealthy aircrafts 
as follows, 
(1) Stop the operation of the frequency agility systems. 
(2) Stop the operation of jamming analysis and transmission 

selection (JATS) systems. 
(3) Operate the radar on the lower operating frequency. 
(4) Convert the transmitted signal polarization to vertical or 

Horizontal. 
(5) Operate the radar on maximum transmitted power. 
(6) Turn the antenna tilt angel to 2o. 
(7) Turn the radar pulse width to the largest width. 
(8) Operate the radar PRF at the lower PRF rate. 
These measures will operate the radar system at optimum 
performance for detecting and tracking stealthy aircrafts. The 
radar optimum performance compared with the worst case 
performance and demonstrated in figure (8). It is clear that 
the radar detection improved by more than 50 % in detection 
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probability and more than 100 Km in detection range. The 
received power in the previous case is shown in figure (9). 
The radar detection is tested with stealthy aircrafts at 1000, 
3000, and 5000 m altitudes and the detection coverage 
demonstrated in figure (10), while the received power in 
figure (11). 

V. CONCLUSIONS 

The paper proposes an alternative measures for detecting 
stealthy aircraft using the operating monostatic radar. The 
proposed measures are studied with different radar parameters 
to extend the detection coverage over the monostatic radar 
used for air surveillance. It concluded that the monostatic 
radar can improve the detection and tracking of stealthy 
aircrafts by following measures, operating the radar on the 
lower frequency, vertical polarization, maximum power, wider 
pulse duration, medium antenna tilt angel, and the lower PRF. 
These measures for the simulated radar improve the detection 
probability by 50 % and extend the range up to 100 Km range. 
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