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I. INTRODUCTION 

 

Today, radars cover a wide range of 

technologies in the field of aeronautics. The 

echoes that make up radar images are not 

only produced by the reflections of waves 

emitted from airplanes. They also originate 

through unwanted obstacles (clutter) such 

as the atmosphere, soil, clouds, sea and 

irregular wave surfaces. 

The calculation device by the linear 

interpolation method offers the possibility, 

through certain operations, of calculating 

the arrival time of the pulses and the half-

amplitude threshold (linear overscale) 

corresponding to the arrival time of the 

pulses including the main phases of flight, 

such as ascent, cruise and descent. Those 

entitled "landing - feet" describe on the one 

hand the stage of landing at the given 

altitude, on the other hand the ascent (or 

descent). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, because the waveforms of the 

return signals are distorted by system noise, 

errors are made in their detection and 

estimation. Calculations of time of arrival 

and widths that minimize pulse errors 

during radar detection are still complex 

issues to be solved. 

feedback being distorted by system noise, 

errors are made in their detection and 

estimation. Calculations of time of arrival 

and widths that minimize pulse errors 

during radar detection are still complex 

issues to be solved. 

 

I.1 RADAR PARAMETERS 
I.1.1 Radar power 

We will calculate the power received from 

the radar by considering the more general 

topology of the bi-static radar. It is easy 
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later to consider Gt = Gr=G, rt=rr= r and to 

deduce directly the equation of the mono-

static radar. 

For the transmitter power Pt, an 

omnidirectional antenna and a target at the 

distance rt from the radar, the power density 

at the positioning point of the target is: 

𝑆𝑜𝑚𝑛𝑖 =
𝑃𝑡

4ð𝑟𝑡
2                                 (1.1) 

The equation (1.1) is valid for an isotropic 

antenna. Remember that an isotropic 

antenna requires a source point and is not 

materially feasible. On the other hand, an 

omnidirectional antenna that emits on a 

plane evenly is easy to manufacture. In the 

event of a emission with a Gt gain directive 

antenna, the power density will be 

𝑆𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑣𝑒 =
𝑃𝑡𝐺𝑡(ö𝑡, è𝑡)

4ð𝑟𝑡
2                      (1.2) 

Note that the antenna radiation pattern 

depends on the angles θ and φ. To 

differentiate between transmitting and 

receiving antennas, these angles will be 

indexed by r and t. 

The target is exposed to electromagnetic 

fields and reflects some of the energy back 

to the radar, in proportion to its radar 

equivalent area σ. This parameter is a 

characteristic of the target and is expressed 

in m2. 

 

I.1.2 Equivalent radar area 

We will give more detail on the radar 

equivalent surface. As mentioned 

previously, the SER of a target depends on 

the angle of view of the radar. In the case of 

bi-static radar, the target angles to the 

transmitter and receiver are θt, φt, θr, φr. 

The power reflected from the target to the 

radar can be written: 

 

𝑃𝑟𝑒𝑓𝑙𝑒𝑐ℎ

=
𝑃𝑡𝐺𝑡(ö𝑡, è𝑡)

4ð𝑟𝑡
2 ó(ö𝑡, è𝑡, ö𝑟 , è𝑟)    (1.3) 

Therefore, the density of the power 

reflected at the positioning point of the 

receiving antenna is: 

 

𝑆𝑟

=
𝑃𝑡𝐺𝑡(ö𝑡, è𝑡)

4ð𝑟𝑡
2 ó(ö𝑡, è𝑡, ö𝑟 , è𝑟)

1

4ð𝑟𝑟
2    (1.4) 

The receiving antenna of the radar having 

an effective area Ae, the received power is: 

𝑃𝑟

=
𝑃𝑡𝐺𝑡(ö𝑡, è𝑡)

4ð𝑟𝑡
2 ó(ö𝑡, è𝑡, ö𝑟 , è𝑟)

1

4ð𝑟𝑟
2 𝐴𝑒  (1.5) 

 

According to antenna theory, the effective 

area of the antenna and its gain are related 

according to: 

𝐺𝑟 =
4ðㄳ

𝑟

ë2
                           (1.6) 

I.1.3 Power received from the radar 

The received power can be rewritten: 

 

𝑃𝑟 =
𝑃𝑡𝐺𝑡(ö𝑡, è𝑡)

4ð𝑟𝑡
2 ó(ö𝑡, è𝑡, ö𝑟 , è𝑟) 

1

4ð𝑟𝑟
2

𝐺𝑟(ö𝑟 , è𝑟)ë2

4ð
(1.7) 

 

In a more generic form, the received power 

is: 

 

𝑃𝑟 =
𝑃𝑡𝐺𝑡(ö𝑡, è𝑡)

𝐿𝑡

1

4ð𝑟𝑟
2𝐿𝑚𝑡

ó(ö𝑡, è𝑡, ö𝑟 , è𝑟) 

1

4ð𝑟𝑟
2𝐿𝑚𝑟

𝐺𝑟 (ö〱, è𝑟) ë2

4ð𝐿𝑟

1

𝐿𝑝
 (1.8) 

 

The maximum coverage of the Rmax radar 

is the distance beyond which the target 

cannot be detected. If the received power is 

less than the minimum power detectable by 

the receiver equipment, the target will be 

drowned in noise. For a mono-static radar 

and using (8), we can write 
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𝑅𝑚𝑎𝑥 = [
𝑃𝑡𝐺2ë0

2ó

(4ð)3𝑆𝑚𝑖𝑛
]

1/4

                       (1.9) 

 

Radar pulses are the result of the 

convolution of the pure RF signal called a 

carrier with the modulating envelope which 

acts as the pattern of the radar signal. In a 

simplified manner, this signal is defined as 

a carrier modulated by a regular train of 

pulses of width τ and period T. This radar 

signal is written according to the formula: 

𝑆𝑟𝑎𝑑𝑎𝑟(𝑡) = 𝐴𝑐𝑜𝑠(ù𝑅𝐹𝑡)

∗ ∑ 𝑟𝑒𝑐𝑡𝑟(𝑡 − 𝑘𝑇)

∞

𝑘=0

(1.10) 

The modulated signal can also be written as: 

𝑆(𝑡) = 𝐴(𝑡) ∗ 𝑐𝑜𝑠[è(𝑡)]                      (1.11) 

𝑆(𝑡) = 𝑅𝑒[�̅�(𝑡)

∗ 𝑒𝑗ù𝑅𝐹𝑡]                      (1.12) 

The radar system is also capable of 

detecting and processing reflected and 

received signals which are very weak 

compared to the noise level. Thus, the radar 

equation reflects the link balance between 

the transmitted power and the received 

power after transmission, propagation, 

reflection on the target and return to 

reception. For a pulse radar, the power of 

the wave picked up by the receiving antenna 

is calculated from the radar expression: 

PR = PE

G2ë2ó

(4ð)3R4
                        (1.13) 

It represents the average ratio between the 

energy re-emitted by the target in the 

direction of the radar and the energy density 

it receives. It can vary from values lower 

than 0.1 m2 for stealth planes and missiles 

to several tens of m2 for long-haul planes. 

It is calculated as follows: 

ó =
4ð. 𝑟2𝑆𝑟

𝑆𝑡
             (1.14) 

On the other hand, we can also define the 

available noise power PB at the input of the 

radar receiver according to the following 

equation: 

PB = k. T. B. F               (1.15) 

Thus, from the radar equation on the useful 

signal, the signal to noise ratio S/N is 

directly related to the probability of 

detection of the radar according to the 

expression: 

𝑆

𝑁
=

𝑃𝐸𝐺2ë2ó

(4ð)3𝑅4𝑘𝑇𝐵𝐹
               (1.16) 

It is thus noted in equation I-21 that the 

detection of a target will be strongly linked 

to the bandwidth B of the receiver. To 

maximize the signal-to-noise ratio, it will 

therefore be necessary to adapt B to the 

received signal. If we consider that the input 

filter of the receiver is suitable when B = 1τ⁄, 

the signal to noise ratio defines the 

maximum distance Rmax of detection of the 

radar: 

𝑅𝑚𝑎𝑥 = √
PEG2ë2στ

(4ð)3R4kTF
                  (1.17) 

Finally, the signal to noise ratio is to be 

compared with the two essential 

parameters, which are the probability of 

detection and the false alarm rate. The 

specified false alarm rate sets the detection 

threshold to decide whether or not a target 

is present. 
 

II. TYPICAL MISSION PROFILE 

I.1 Aviation movement. 

II.1.1 Climb 
 

This section describes the flight from the 

end of take-off to the threshold of the first 

cruise stop. At the end of take-off, in 

general, take-off is considered complete 

when the aircraft reaches an altitude of 35 

feet (approximately 10 m) from the runway. 

The most important being V1, VR and V2. 

The decision speed V1 is the maximum 

speed before which the pilot can decide not 

to take off. 
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Above that speed, it would risk not being 

able to brake on the remaining track 

distance. VR is the speed at which the pilot 

can pull the control stick to start the plane's 

rotation. Finally, V2, or climb speed after 

take off, is the minimum speed that must be 

reached at a height of 35 feet above the 

runway. The operational speeds respect this 

order relationship: 

𝑽𝟏 < 𝑽𝑹 < 𝑽𝟐 

When the aircraft reaches this first level, it 

goes into a smooth position (flaps + landing 

gear retracted) and accelerates without 

changing altitude, up to a speed called 

Green dot. This corresponds to the speed at 

which the finesse is the highest. 

 

Figu II.1: IAS is 300 kts and the Mach (or Mach number) is 

0.78. 

 

II.1.2 Cruise 

The cruise phase is between the altitudes 

FL310 and FL410 for modern jets. 

Depending on the length of the mission, the 

aircraft performs between one and four 

stages during its cruise. The clearable 

distance is the most important for an uphill 

type cruise: the speed and angle of attack 

are constant, only the altitude increases with 

the decrease in weight of the aircraft. This 

is not feasible in practice due to aviation 

safety rules, the cruise is done in stages. 

 

II.1.3 Descent 

The descent phase begins at the end of the 

last level of the cruise, when the pilot 

reduces throttle and the aircraft begins to 

lose altitude. It is performed in a smooth 

configuration and the engines are at idle 

(throttle position on "idle"). This is 

estimated either by the pilot or by the FMS, 

depending on the weight of the aircraft, the 

winds encountered and the position of the 

airstrip. 

In the case of a straight and windless 

descent, the 3 × 1 ratio method makes it 

possible to estimate the position of the 

TOD. The following empirical formula 

gives the distance between the TOD and the 

airstrip: 

𝑇𝑂𝐷

=
𝐹𝐿 − 𝐹𝑖𝑒𝑙𝑑 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛

1000
 𝑥 3         (2.1) 

 

where FL is the aircraft's cruising altitude 

and Field Elevation is the height of the 

runway above any level. Altitudes are in 

feet and TOD is in miles. 

 

II.2 SIMULATION OF THE DESCENT 

II.2.1 Simulation of the straight descent of 

windless flight at river level 

 

Take for example an airport 150 feet above 

river level and 100 feet above forest level. 

For the river level case in windless flight 

conditions, the straight descent will begin at 

approximately 14.55 or 119.55 miles from 

the airstrip. 
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Figu II.2: Simulation of the straight descent of flight without 

wind at river level. 

 
 

II.2.2 Simulation of the straight descent of flight 

without wind at forest level 
 

Thus, in windless flight conditions, the 

straight descent will begin at approximately 

14.70 or either 119.70 miles from the 

airstrip. 

 

Figu II.3: Simulation of the straight descent of the flight without 

wind at forest level 

 

II.2.3 Simulation of the straight descent of flight 

with wind at river level and forest 

Thus, in windless flight conditions, the 

straight descent will begin at approximately 

14.70 or either 119.70 miles from the 

airstrip. 

 

Fig II.4: Simulation of the straight descent of flight with wind at 

river level and forest 

 

Thus, in windless flight conditions, the 

straight descent will begin at approximately 

14.70 and 14.55 or either 119.70 and 119.55 

miles from the airstrip. 

 

III. FLUCTUATING TARGET 

DETECTION 

III.1 Surface variation 

We address the probability of detection 

from a constant target equivalent area (non-

fluctuating target). This work consists of 

analyzing the four distinct cases which 

explain variations in the equivalent target 

area (RCS), these cases are known as 

Swerling models, they are: swerling I, 

swerlingII, swerling III, swerling IV. 

The constant case of RCS analyzed by 

Marcum is widely known as Swerling 0 or 

equivalently Swerling V. Target fluctuation 

lowers the probability of detection, or 

equivalently lowers the SNR. 
 

III.1.1 Probability density function 

Swerling I targets have constant amplitude 

over one antenna sweep. However, a 

swerling target amplitude I changes 

independently from sweep to sweep 

according to a Chi-square (Chi-squared) 

probability density function with two 

degrees of freedom. 

The target amplitude of swerling II changes 

independently from pulse to pulse 

according to a Chi-square probability 

density function with two degrees of 

freedom. The fluctuation of swerling III 

targets is similar to swerling I, except in this 

case the power changes independently from 

pulse to pulse according to a Chi-square 

probability density function with four 

degrees of freedom. The fluctuation of IV 

swerling targets is from pulse to pulse 

according to a Chi-square probability 

density function with four degrees of 

freedom. 

The Chi-square probability density function 

Pdf with 2K degrees of freedom can be 

written as: 

 

𝑓(ó) =
𝐾

(𝐾 − 1)ó̅
(

𝐾ó

ó̅
)

𝐾−1

           (3.1) 
 

III.1.2 Choice of threshold 
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When only one pulse is used, the detection 

threshold VT is related to the probability of 

false alarm as defined in equation (3.1). 

Derived a general form relating the 

threshold and the Pfa for any number of 

pulses when non-coherent integration is 

employed. She is : 

 

𝑃𝑓𝑎 = 1 − ɼ𝐼 [
𝑉𝑇

√𝑛𝑝

, 𝑛𝑝 − 1]            (3.2) 

 

Where ɼI is the incomplete Gamma 

function. It is given by: 

 

ɼ𝐼 [
𝑉𝑇

√𝑛𝑝

, 𝑛𝑝 − 1]

= ∫
𝑒ãã𝑛𝑝−1−1

(𝑛𝑝 − 1 − 1)!

𝑉𝑇 √𝑛𝑝⁄

0

𝑑ã (3.3) 

 

The initial value for recurrence is: 

𝑉𝑇,0

= 𝑛𝑝 − √𝑛𝑝

+ 2.3√−𝑙𝑜𝑔𝑃𝑓𝑎 (√−𝑙𝑜𝑔𝑃𝑓𝑎 + √𝑛𝑝

− 1) (3.4) 

III.1.3 Calculating the probability of detection 
 

Marcum defined the probability of false 

alarm for the case when np> 1 by : 

 

𝑃𝑓𝑎 = 𝑙𝑛(2)(𝑛𝑝 𝑛𝑓𝑎⁄ )                     (3.5) 

 

The probability of detecting non-fluctuating 

targets for a pulse (np = 1) is given in by 

equation (3.5). When np> 1, the probability 

of detection is calculated using the Gram-

Charlier series 

 

Pd =
erfc(V √2⁄ )

2

−
exp(−V2 − 1)

√2ð
[C3(V2

− 1) + C4V(3 − V2)]
− C6V(V4 − 10V2

+ 15)    (3.6) 

 

Where the constants C3, C4 and C6 are the 

Gram-Charlier series coefficients, and the 

variable V is: 

 

V =
VT − (1 + SNR)

ù̅
                 (3.6) 

Typically the values for C3, C4, and C6 

change depending on the type of fluctuating 

target. 

 

III.2 Simulations and results 

In this part we present the results of the 

simulations carried out by the Matlab 

software for the analysis of the probability 

of detection of Swerling models. We use the 

expressions of different targets, we plot in 

what follows the variation of the probability 

of detection for different values of Pfa. 

 

III.2.1 Probability of detection of Swerling I 

model targets 

 

Fig III.1: probability of detection as a function of SNR, case of 

Swerling I for np= 10. 

 

III.2.2. Probability of Detection of Swerling II 

Model Targets 

 

Fig III.2: probability of detection as a function of SNR, case of 

Swerling II for np= 10. 
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III.2.3. Probability of detection of Swerling III 

model targets 

 

Fig 1: probabilité de détection en fonction du SNR, cas du 

Swerling III  pour np=10. 

III.2.4. Probability of detection of Swerling IV 

model targets 

 

Fig III.4: probability of detection as a function of SNR, case of 

Swerling IV for np= 10. 

 

IV.2.5. Probability of detection of Swerling V 

model targets 

 

Fig III.5: probability of detection as a function of SNR, case of 

Swerling V for np= 10. 

 

It can be seen from the previous figures that 

the threshold of poor detection with the 

increase in the probability of false alarm, 

therefore the probability of detection 

increases. Note that the probability of 

detection of swerling V targets (non-

fluctuating targets) as a function of SNR is 

almost constant since the equivalent area of 

these targets remains constant and therefore 

the reception power remains the same. 
 

IV. RADAR EQUATION 

IV.1 Examples of RES 

The equation of σ for different shapes when 

the wavelength used is in the optical domain 

of scattering: 

 

IV.1.1 Signal backscattered by a sphere 

 

ó𝑚𝑎𝑥 = ð𝑟2                           (4.1) 

Where r is the radius of the sphere. 
 

IV.1.2 Signal backscattered by a cylinder 

ó𝑚𝑎𝑥 =
ð𝑟ℎ2

ë
                      (4.2)  

Where h is the length of the cylinder. 
 

IV.1.3 Signal backscattered by a plate 

perpendicular  

 

ó𝑚𝑎𝑥 =
ð𝑏2ℎ2

ë
              (4.3) 

Where h is the length of the sides. 
 

IV.1.4 Signal backscattered by a plate at an angle 

with the beam 

Similar to the previous example but the 

energy is directed in a totally different 

direction than the radar. A monostatic radar 

cannot receive energy at all. Only a bistatic 

radar, whose transmitter and receiver are 

not co-located, could get it if the receiver is 

in the reflection angle. Some targets have 

high SER values because of their diameter 

and orientation. They therefore backscatter 

a large portion of the incident energy. 

 
 
 
 

IV.2 Simulation of radar influences 
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IV.2.1 Influence of the variation of the radar 

equivalent area σ 

 

In figure IV.1, we present the variations of 

the received power Pe as a function of the 

range D for different values of σ. This figure 

is obtained for an output power value equal 

to Ps = 1.5 x 106. 

 

Fig IV.1: SNR as a function of the range for different value of ó. 

 

It is clear that the surface increase of σ 

generates an increase in the reception 

power. We also find that the performance of 

the system improves with increasing σ. 

IV.2.3 Influence of transmission power 

Figure IV.2 illustrates the variation of the 

reception power as a function of D by 

varying the transmission power Ps in the 

case where the parameter σ is equal to 0.1 

m2. 

 

Fig IV.2: SNR as a function of the range for different value of 

Pe. 

 

 

CONCLUSION 

This article was to determine the specific 

mathematical methods in which the radar 

operates depending on the environment in 

which it is found. It is important to get the 

greatest possible range with sufficient 

signal to noise ratio. 

We applied these methods for the detection 

of seriously degraded as a function of the 

distance, we analyzed the parameters 

influencing the radar equation, by the 

simulation with the Matlab software to 

analyze the influence of the variation of the 

radar equivalent area σ and the transmit 

power Ps. 

This article to present the models of the 

detection criteria of the signal received at a 

fixed threshold. However, a fixed threshold 

produces either an excessive number of 

false alarms or a low probability of 

detection as soon as the statistical 

characteristics of noise and clutter change. 
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