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Abstract. Active defense represents an innovative way of 
protecting military vehicles. It is based on the employment 
of a set of radar sensors which detect an approaching 
threat missile and activate a suitable counter-measure. 
Since the radar sensors are supposed to detect flying mis-
siles very fast and, at the same time, distinguish them from 
stationary or slow-moving objects, CW Doppler radar 
sensors can be employed with a benefit. The submitted 
article deals with a complex noise analysis of this type of 
sensors. The analysis considers the noise of linear and 
quasi-linear RF components, phase-noise of the local 
oscillator as well as the noise of low-frequency circuits. 
Since the incidence of the phase-noise depends strongly 
upon the time delay between the reference and the cross-
talked signals, a new method of measuring noise parame-
ters utilizing a reflecting wall has been developed and 
verified. The achieved results confirm potentially high 
influence of the phase-noise on the noise parameters of the 
mentioned type of radar sensors. Obtained results can be 
used for the analysis of noise parameters of the similar but 
even more complex sensors. 

Keywords 
CW radar sensor, noise parameters, noise measure-
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1. Introduction 
In general, the CW radars are considered to be com-

paratively simple types of radars with a limited detection 
range and capabilities. On the other hand, they have many 
advantages. Not only are they relatively simple, small and 
low-cost, but they also offer a zero blind-zone and ability 
to detect reliably moving objects. Thus their application in 
different systems can be very beneficial. Descriptions of 
CW radar sensors designed for automotive applications can 
be found e. g. in [1] and [2]. Similar sensors are often used 
for monitoring vital signs in medicine applications, exam-
ples are presented in [3], [4] and [5]. In [5], a short noise 
analysis can also be found. Paper [6] describes the utiliza-
tion of a Doppler CW radar sensor for flow measurements. 

Since the CW radar sensors are able to measure even 
very fast moving objects, they can be used with a benefit 
for the detection of missiles in military applications. The 
descriptions of CW radar sensors capable of detecting the 
approaching missiles have been published e.g. in [7] - [9]. 
In this application, the subjective CW sensors form the 
parts of active defense (AD) systems. They represent a new 
way how to solve problems with the protection of military 
vehicles against various types of threat missiles. Some of 
the most dangerous ones are described in [7]. Nowadays, 
big attention is especially paid to hand-held cumulative 
missiles (e. g. RPG-7). In spite of being relatively simple 
and low-cost, their efficiency is so high that they are able 
to penetrate up to 300 mm of the best steel armors and 
destroy nearly any military vehicle. Millions of these cu-
mulative missiles are deployed in the most dangerous hot 
spots in third-world countries and represent one of the 
greatest threats in the fight against terrorism. Therefore, 
intensive research efforts are aimed at the development of 
efficient and reliable protection. 

 
Fig. 1. Test CW radar sensor during practical tests at army 

shooting range. 

The AD systems are based on the radar sensors able 
to detect approaching threat missiles and activate suitable 
counter-measure. It should be capable of destroying or de-
activating the attacking missile. The radar sensors used in 
the above referred AD systems must be able to detect the 
threat missiles even in a close proximity of the protected 
vehicles. In addition, they have to distinguish the fast 
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moving targets (100 – 1700 m/s) from all stationary or 
slow-moving objects. As a result, the CW radar sensors 
with a zero blind-zone and direct Doppler processing can 
be a very good option. Fig. 1 shows the sample of the CW 
radar sensor operated at 11 GHz, equipped with two patch 
antennas in practical tests in an army shooting range. The 
monitored RPG-7 missiles flew just under the sensor. 

Fig. 2 demonstrates the spectrogram calculated from 
the data recorded in one of the tests. At a time of 0.1 s, the 
missile was shot out from a stand launcher. After 20 ms, 
the rocket motor was activated and the velocity of the mis-
sile started to rise. After following 130 ms, the missile flew 
directly under the sensor and the measured Doppler fre-
quency dropped to zero. The Doppler frequency at the 
beginning of the flight is about 9 kHz, which corresponds 
to the initial flight velocity of the missile equal to 123 m/s. 
The measured maximum Doppler frequency is 12 kHz, 
which corresponds to the missile’s velocity of 164 m/s. All 
measured parameters correspond proficiently to the ex-
pected behavior of the RPG-7 missile. 

 
Fig. 2. Spectrogram of flight of RPG-7 missile. 

The above-presented results show that the CW radar 
sensors are able to monitor the missile both in a medium 
range and in a close proximity of the protected vehicle. 
Moreover, they provide the data important for the activa-
tion of the counter-measures. Additional information about 
the used signal-processing methods can be found in [9]. As 
many important parameters of the CW radar sensors and 
signal-processing procedures depend substantially on sig-
nal-to-noise and signal-to-interferences ratios, detailed 
noise analyses and measurements are, therefore, crucial. 

2. CW Radar Sensors 
There is a variety of different CW radar structures 

ranging from relatively simple to more complex, including 
IF processing and different forms of modulation, which 
also enable measuring the distance of the monitored tar-
gets. All the structures in question are derived from a basic 
circuit based on a coherent mixing. This circuit was also 
employed in the first AD system tests and described in the 
presented noise analysis. The subsequent work revealed 
that the noise analyses of more complex CW radar sensors 

lead to very similar or even identical results. This concerns, 
for example, the frequency-hopping radar or BPSK 
pseudo-noise radar, both still under the development. 
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Fig. 3. Basic CW radar structure with common antenna. 

Fig. 3 shows a fundamental CW radar structure, 
where the transmitter and receiver share the same antenna 
that is coupled by a circulator. The transmitted wave is 
generated by a local oscillator and amplified by the power 
amplifier (PA). In our case, for the construction of the 
oscillators, the dielectric resonator oscillator (DRO) or PLL 
based circuits are used. The received signal reflected from 
the target is amplified by a low-noise amplifier (LNA) and 
coherently mixed with the reference signal. The subsequent 
filter selects the output low-frequency (LF) signals and 
rejects all other signals. In case of moving targets, the 
coherent mixing provides an LF signal with a frequency 
equal to the Doppler shift between the transmitted and 
received signals. The DC component generated by the 
reflections from stationary objects is easily removable by 
means of an LF filter. Beside the signal reflected from the 
target, it is indispensable to consider the cross-talked signal 
caused by either a limited isolation of the circulator or by 
a reflection of the transmitted signal from the antenna. The 
cross-talked signal can give rise to the limitation of the 
LNA and, as it will be shown later in the text, it can influ-
ence the noise parameters of the radar sensor as well. 
Therefore, the structures with separate transmitting and 
receiving antennas are utilized frequently; see Fig. 4. 

 
PA 

LNA 

oscillator 

LF amplifier

transmitting  

signal  
processing

 fo 

A/DLFF 

LF filter receiving  

cross-talk 

 RF

LO

 IF 

local 
antenna 

antenna 

 
Fig. 4. Basic CW radar structure with separated antennas. 

Due to the use of two spatially separated antennas, 
a lower cross-talk between the transmitter and receiver can 
be achieved. Yet in this case, the time-shift between the 
reference and cross-talked signals is longer and subject to 
considerable fluctuations. All radar sensors used during the 
practical measurements indicated below were based on the 
‘two-antenna’ structure. 
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3. Noise Sources within CW Radar 
Sensors 
Noise sources of the CW radar sensors can be divided 

into the following categories: 

 Noise of linear or quasi-linear RF circuits of the 
receiver 

 Phase-noise of the local oscillator 
 Noise of the LF circuits 

All the above-mentioned sources were analyzed sepa-
rately and summed up at the LF filter output. 

3.1 Noise of Linear or Quasi-Linear RF 
Receiver Circuits 

The model of a CW radar receiver comprising the 
linear and quasi-linear RF circuits can be found in Fig. 5.  
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Fig. 5. Model of CW radar receiver including linear or quasi-

linear RF circuits. 

Apart from the passive circuits (antenna, transmission line, 
filter), the model involves an LNA, mixer and LF amplifier 
that can be treated as quasi-linear components here. In 
Fig. 5, TA represents noise temperature of the noise back-
ground, typically, TA ~ 300 K. That is why, in this case, the 
antenna can be modeled as a matched load with standard 
noise temperature T0. Yet problems originating from the 
receiving antenna seeing the plasma of nearby explosions 
should not be omitted, for example, by using higher re-
serves in the system design. Since the antennas in the AD 
systems are frequently damaged or even destroyed by the 
activated counter-measure, they are, in order to protect the 
main parts of the sensors, connected using the sections of 
co-axial cables. Their influence can be described by the 
GTL parameter. 

The noise power PnRF at the output of the receiver 
caused by either linear or quasi-linear RF circuits can be 
described by the formula (1): 

 

LFFnLFF

LFFMIXnMIX

LFFMIXLNAnLNA

LFFMIXLNATLnTL

LFFMIXLNATLnnRF

GkTBG

GGkTBF

GGGkTBF

GGGGkTBG

GGGGBkTP

0

0

0

0

0

)1/1(

)1(

)1(

)1/1(









 (1) 

In this formula, Bn describes the noise bandwidth, 
GLNA and FLNA represent the gain and noise figure of LNA 
respectively, while GMIX and FMIX stand for the conversion 
gain and noise figure of the mixer. In addition, GLFF repre-

sents the gain of the passive LF filter. If a high-gain LNA 
is used, the PnRF power is dominantly determined by first 
two items in (1) and the following items can be omitted. If 
a low-gain LNA or no LNA is utilized, influences of the 
mixer and LF filter can be significant and must be included 
into calculations. In case that the radar sensor does not 
reject the mirror frequencies, it is necessary to take into 
account the DSB noise power PnRFD: 

 nRFnRFD PP 2 . (2) 

The effective value of the noise voltage VnRF at the 
output of the LF filter loaded with the R0 load and caused 
by the linear or quasi-linear RF components can be ex-
pressed as: 

 0RPV nRFDnRF  . (3) 

3.2 Phase-Noise of Local Oscillator 

In order to calculate the influence of the phase-noise 
of the local oscillator, the entire transmitting – receiving 
chain has to be considered. The transmitted signal st(t) can 
be described as: 

     ttfAts ott   2cos . (4) 

In this formula, At describes the signal voltage amplitude, fo 
stands for the local oscillator frequency, Ψ represents the 
initial phase and φ(t) is the phase-noise of the local oscil-
lator. The phase-noise is a random process with power 
spectral density Sφ(f). One part of the transmitted signal is 
used as a reference signal sr(t) and is brought to the LO 
input of the mixer. 

     ttfAts orr   2cos . (5) 

As it has already been mentioned, apart from the sig-
nal caused by the reflection from the target, there is always 
a cross-talked signal sct(t) at the input of the mixer.  

         ttfAts octct 2cos . (6) 

The cross-talked signal with a voltage amplitude Act is 
an attenuated copy of the transmitted signal delayed by τ 
(with respect to the reference signal). In order to simplify 
the following formulae, all the above-defined signals share 
the same initial phase Ψ. The mixer converting the RF 
signal directly into the base-band can be described as 
a multiplier and its voltage conversion constant can be, to-
gether with the amplitude of the reference signal, included 
into the conversion gain GMIX. The signal at the output of 
the mixer can be expressed as follows: 
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The low-frequency filter LFF connected to the output 
of the mixer includes a low-pass section that suppresses all 
high-frequency components. A resulting low-frequency 
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(LF) signal sLF(t) can be described by the following 
formula: 

 
 

   ,2cos tf

AGGts

o

ctLFFMIXLF




 (8) 

The signal contains only the DC component and 
noise, while Δφ(t,τ) represents the phase noise difference, 
described by formula (9). Supposing that the φ(t) process 
can be linearized on the interval of the length τ, we can use 
an approximation: 
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The formula (8) can be therefore rearranged into 
a form: 
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Supposing that Δφ(t,τ) << 1, the linearization of the 
sine and cosine functions can be performed and the for-
mula (10) reduced into a form: 
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After removing a DC component by the high-pass 
filter which is also a part of the LFF, the power spectral 
density (PSD) of the LF noise caused by the phase-noise of 
the local oscillator SnPN(f) takes the form: 
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Supposing that there is a low frequency shift between 
the reference and cross-talked signals, e.g. due to the Dop-
pler shift, it is possible to define the power of the cross-
talked signal at the RF port of the mixer Pct: 
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GAA in this formula represents a cross-talk gain, PTX stands 
for a transmitted power and GLNA is a low noise amplifier 
gain. Substituting (13) in (12), PSD of the objective signal 
can be expressed as: 
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In order to simplify the following formulae, it is pos-
sible to define the power PctLF of the cross-talked and fre-
quency shifted signal at the output of the LF filter: 

 LNATLAALFFMIXTXctLF GGGGGPP  . (15) 

Besides, PSD of the time derivation of the phase 
noise can be expressed as: 

  fSfS
dt

td   22
)( 4 . (16) 

Using formulae (15) and (16), the resulting value of 
SnPN(f) can be obtained. 
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The formula (17) shows that PSD is a strong function 
of the time delay τ between the reference and the cross-
talked signals. For τ = 0, this noise component equals zero. 
The higher the τ is, the higher the amplitude of oscillations 
of PSD between zero and local maxima SnPNmax(f), where: 

   )(8 222
max fSfPfS ctLFnPN   (18) 

PSD of the oscillator phase noise can be approxi-
mated by the white phase and white frequency components 
using formula (19), which can be found e. g. in [11] or 
[12]: 

   2
1

0
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a
afS  .  (19) 

With the help of this phase-noise model, the resulting 
PSD can be expressed as: 
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As it has been already mentioned, the LF filter con-
sists of a high-pass filter with cut-off frequency fbl and 
a low-pass filter with cut-off frequency fbh. The high-pass 
filter removes reflections from the stationary or slow-
moving objects, whereas the low-pass filter removes all 
frequencies above the highest expected Doppler frequency. 
Given the DSB conversion, the noise power PnPN defined 
within the frequency band from fbl to fbh can be expressed 
as: 
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Supposing fbh>>>fbl, the PnPN noise power can be 
expressed as:  





  bhbhoctLFnPN faf
a

fPP 1
30222

3
)2(sin16  . (22) 



636 V. JENIK, P. HUDEC, P. PANEK, NOISE PARAMETERS OF CW RADAR SENSORS USED IN ACTIVE DEFENSE SYSTEMS 

Subsequently, it is possible to express the resulting 
effective value of the noise voltage that arises from the 
phase-noise of the local oscillator VnPN and is defined at the 
R0 load.  
 0RPV nPNnPN  . (23) 

3.3 Noise of LF Circuits 

Since the amplitudes of LF voltages at the output of 
the mixer (and also LF filter) can reach very low levels, it 
is necessary to connect a low-noise LF amplifier in front of 
A/D processing. Here it is advisable to employ a low-noise 
operational amplifier. In our case, LT1028 (Linear Tech-
nology) OA was used; see Fig. 6. 
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Fig. 6. Low-noise LF amplifier based on LT1028. 

In case of the circuit in question, the manufacturer 
declares, see reference [10], that the effective value of the 
noise voltage VnLAi referred to the input reaches the value: 

  222 )( eqnnRnnnLAi RieeBV  . (24) 

In this formula, en stands for the input noise voltage 
of the given OA (the value is stated in [nV.Hz-1/2]) and in 
represents the input noise current of the given OA (the 
value is stated in [pA.Hz-1/2]). The values of the noise volt-
ages generated by the resistors can be calculated by for-
mulae (25) and (26). 
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3.4 Resulting Noise Parameters 

The resulting noise voltage Vnri can be defined as a 
RMS sum of all noise voltages at the R0 load, connected at 
the input of the LF amplifier: 

 222
nPNnLAinRFDnri VVVV  . (27) 

Instead of more usual transformation of all noise 
sources to the receiver input, summing all noise compo-
nents at the R0 plane enables an easy interface of the RF 
and LF noise sources and leads to directly measurable 
values. The measurable noise voltage Vnro at the LF ampli-

fier output can be calculated by simple multiplying Vnri by 
a voltage gain AL at the LF amplifier: 

 nriLnro VAV  . (28) 

For radar system calculations, it might be beneficial 
to know the total noise figure of the receiver FRXt which 
includes the influences of all above-described noise 
sources: 

 
LFFMIXLNATLn

nri
RXt GGGGBRkT

V
F

00

2

 . (29) 

Eventually, it is possible to define the total equivalent 
noise temperature at the receiver TeRXt: 

 0)1( TFT RXteRXt  . (30) 

4. Calculated and Measured Values 
Based on the above presented formulae, calculations 

of noise parameters of the realized samples of CW radar 
sensors were performed. Two types of oscillators (namely 
DRO and PLL) were tested. The following principal pa-
rameters were substituted into the calculations; see Tab. 1. 
and Tab. 2. 
 

Parameter Description Value Unit 

PTX transmitted power 21.5 dBm 

T0 standard noise temperature 290 K 

FLNA 
noise figure of RF pre-
amplifier 

1.8 dB 

GLNA gain of RF pre-amplifier 16.5 dB 

GMIX conversion gain of mixer -6.5 dB 

FMIX noise figure of mixer 6.5 dB 

Bn = fbh-fbl noise bandwidth, SSB 19·103 Hz 

en 
input noise voltage of 
LT1028 

1.2 
nV.Hz-

1/2 

in 
input noise current of 
LT1028 

1.8 
pA.Hz-

1/2 

R0 load resistance 50 Ω 

GTL transmission line gain -0.9 dB 

R1 feedback resistor, 1st stage 10 Ω 

R2 feedback resistor, 1st  stage 1000 Ω 

AL 
voltage gain of LF 
amplifier 

69.4 dB 

Tab. 1. Parameters of the tested radar sensors. 
 

Type of  )( fS  

DRO 11.018 213 /1105.2 f  

PLL 10.750 211 /5.0105.2 f  

Unit GHz 1/Hz 

Tab. 2. Parameters of the used local oscillators.  

It is possible to measure separately the voltages VnLA 
corresponding to the noise of LF amplifiers, and VnLR 
comprising the noise of LF amplifiers and noise of RF 
linear and quasi-linear components: 
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nRFDnLAnLR VVV  . (31) 

The latter voltage can be measured by two matched 
loads replacing the antennas (GAA = 0, PctLF = 0, PnPN = 0 
and VnPN = 0). Since VnLA can be easily calculated or meas-
ured, from known VnLR, the value of VnRFD can be deter-
mined. Unlike that, the measurement of VnPN voltage repre-
sents a more difficult problem, for it depends heavily on 
the value of τ. During the measurement, τ must vary by 
small increments (i.e. typically 101 ps). Since no suitable 
phase-shifter was available, a new type of the noise meas-
urement based on the employment of a reflecting wall was 
proposed and verified. In order to change τ by tiny incre-
ments, the reflecting metallic wall was placed in front of 
the radar antennas, while the distance between antennas 
and the wall was subject to changes, see Fig. 7. 
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Fig. 7. Variations and measurement of τ. 

In each step, time delays τ1 between the oscillator and 
an RF input of the mixer, and τ2 between the oscillator and 
an LO input of the mixer were measured by the Agilent 
DCA-J 86100C microwave oscilloscope. The effective 
values of all noise voltages were measured by the Agilent 
DSO3202A oscilloscope (via the function ‘Measure-
ment’ – ‘RMS voltage’). A more convenient method based 
on a computer-controlled variable time-delay circuit is 
under development. Figs. 8 and 9 show comparisons of the 
calculated and measured dependences. 

 
Fig. 8. Resulting noise voltage as a function of time delay τ, 

a DRO based sensor. 

 
Fig. 9. Resulting noise voltage as the function of time delay τ, 

a PLL based sensor. 

Both above presented plots show that the measured 
noise voltages are fairly in accordance with the calculated 
values. The plots also enable the calculation of other noise 
parameters and their comparison with the values calculated 
by the above declared formulae, see Tab. 3. The presented 
noise parameters are described in detail in Appendix. The 
values presented in Tab. 3 correspond to the measurement 
with the reflecting wall, where GAA = -28.5 dB, τ = 10.5 ns. 
 

Parameter DRO DRO PLL PLL 
 Calculated Measured Calculated Measured 

PnRFD  [W] 4.04 10-15 6.51 10-15 4.04 10-15 6.51 10-15 

VnRF  [V] 4.50 10-7 5.71 10-7 4.50 10-7 5.71 10-7 

PnPNmax  [W] 3.39 10-13 3.47 10-13 1.74 10-13 1.82 10-13 

VnPNmax  [V] 4.11 10-6 4.12 10-6 2.95 10-6 2.95 10-6 

VnLAi  [V] 2.61 10-7 2.66 10-7 2.61 10-7 2.66 10-7 

Vnrimax  [V] 4.15 10-6 4.17 10-6 2.99 10-6 3.02 10-6 

Vnromax  [V] 1.22 10-2 1.23 10-2 8.83 10-3 8.91 10-3 

VnLR  [V] 5.20 10-7 6.29 10-7 5.20 10-7 6.29 10-7 

ALVnLR  [V] 1.53 10-3 1.86 10-3 1.53 10-3 1.86 10-3 

Tab. 3. Calculated and measured noise parameters – the 
reflecting wall. 

The table shows that in case of relatively high cross-
talk (-28.5 dB), the influence of the phase-noise can be 
very important. The maximum noise voltage VnPNmax caused 
by the phase-noise is approx. by one order higher than 
other two components (VnRF , VnLAi). 

During the operation of the objective radar sensors, 
there is no reflecting wall in front of the antennas, so sub-
stantially lower GAA values must be considered. In addition, 
the time-delay τ should be reduced by approx. 1.5 ns. In 
comparison to the cross-talk created by the reflecting wall, 
this represents the reduction of time needed for the free 
space propagation in case of the inherent cross-talk. The 
calculated and measurable operational noise parameters 
can be seen in Tab. 4 (GAA = -43 dB, τ = 9.0 ns). In this 
table, all noise parameters that include the influence of the 
specific value phase-noise depending on specific value of τ 
could not be measured and are not available. 
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Parameter DRO DRO PLL PLL 
 Calculated Measured Calculated Measured 

PnRFD  [W] 4.04 10-15 6.51 10-15 4.04 10-15 6.51 10-15 

VnRF  [V] 4.50 10-7 5.71 10-7 4.50 10-7 5.71 10-7 

PnPNmax  [W] 8.83 10-15 n.a. 4.53 10-15 n.a. 

VnPNmax  [V] 6.64 10-7 n.a. 4.76 10-7 n.a. 

VnLAi  [V] 2.61 10-7 2.66 10-7 2.61 10-7 2.66 10-7 

Vnrimax  [V] 8.44 10-7 n.a. 7.05 10-7 n.a. 

Vnromax  [V] 2.49 10-3 n.a. 2.08 10-3 n.a. 

VnLR  [V] 5.20 10-7 6.29 10-7 5.20 10-7 6.29 10-7 

ALVnLR  [V] 1.53 10-3 1.86 10-3 1.53 10-3 1.86 10-3 

TeRXtmax  [K] 4820 n.a. 3280 n.a. 

FRXtmax  [dB] 12.5 n.a. 10.9 n.a. 

Tab. 4. Calculated and measured noise parameters – the 
operation. 

Based on the fact that all parameters presented in 
Tab. 3 and Tab. 4 correspond to the noise signals, there is 
obviously again an acceptable agreement between the cal-
culations and measurements. This fact proves that the pre-
sented noise analysis is correct and includes all important 
noise sources. Beside that, both calculated and measured 
results indicate a considerable potential influence of the 
phase-noise on the system noise parameters. The CW radar 
structures enable the reduction of this influence to zero by 
ensuring the optimum τ. In practice, the time delay of the 
cross-talked signal can vary due to external factors, such as 
rain drops on antenna radoms. Therefore, the optimum 
phasing has not been applied so far, and the system design 
was based on maximum values corresponding to (18). 

During the operation, the noise voltage at the output 
of the radar sensor will lie between Vnromax, which is an 
upper limit corresponding to the maximal influence of the 
phase-noise, and ALVnLR, which corresponds to the zero 
influence of the phase-noise. Due to a substantially lower 
cross-talk (-43 dB), the influence of the phase-noise is in 
this case substantially lower. 

 
Fig. 10. Approximations of phase noise of DRO and PLL 

based oscillators as function of frequency off-set f. 

Presented results enable also the comparison of the 
influence of the DRO and PLL based local oscillators, see 
Tab. 2 and Fig. 10. Although having by 20 dB higher value 

of the white phase noise in a high frequency off-set region, 
the PLL based oscillator shows lower values of the noise 
PSD in a low frequency off-set region. That is why, for 
relatively low Doppler frequencies (up to 20 kHz in our 
case), the employment of the PLL based oscillator results 
in obviously lower influence of the phase noise (e.g. the 
PnPNmax values) in comparison with the DRO version. The 
same phenomenon can be seen when comparing Fig. 8 and 
Fig. 9. For the higher values of the processed Doppler 
frequencies (above 140 kHz), the DRO based oscillators 
can be beneficial.   

The AD system based on a slightly modified version 
of the above described CW radar sensors, was subject to 
many practical tests, see e. g. the reference [9]. The results 
show a very good efficiency and reliability of the protec-
tion of military vehicles by means of AD even against the 
most dangerous cumulative missiles. Among the reasons of 
this positive behavior, favorable noise parameters of the 
used radar sensors can be ranked.  

5. Conclusions 
Even relatively simple CW radar sensors can be, in 

conjunction with other sensors, effectively used in the AD 
systems. They show no blind-zone and are able to detect 
even very fast-flying missiles. In order to ensure as high 
operation reliability as possible, it is necessary to have their 
noise behavior ’under control‘. The derived noise analysis 
includes RF noise sources, LF noise sources and the con-
tributions of the phase-noise of the local oscillator. The 
noise analysis was verified on the samples of radar sensors 
developed for testing the designed AD system. 

The performed measurements include a newly devel-
oped method of the noise measurement based on the 
employment of the reflecting wall. The method enables 
measuring the influences of the time-delay between the 
reference and cross-talked signals on the resulting output 
noise voltage. The calculated and measured results show 
a fairly good agreement. Besides that, they provide a good 
insight into the noise behavior of the objective sensors and 
reveal the importance of the phase-noise. Its incidence 
depends upon the time-delay between the cross-talked and 
reference signals, and also upon magnitude of the cross-
talked signal. In order to reduce this noise source, it is 
possible to decrease the cross-talk, or to find the optimum 
time-delay between the cross-talked and reference signals. 
The developed noise analysis is applicable, with small 
modifications, even for the design of more complex CW 
radar structures, e. g. frequency hopping radars or modu-
lated CW radars. 

Due to the verification of the noise analysis by means 
of the measurements with the reflecting wall, it was possi-
ble to calculate the operational parameters of the CW radar 
sensors utilized for testing the developed AD systems. The 
calculated parameters were used for the development of 
both the sensors and consequent signal processing. 
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Appendix 

Calculated and measured noise parameters: 
 

Param. Unit Description 

PnRFD W DSB noise power generated by linear and quasi-
linear components at R0 load 

VnRF V Noise voltage at  R0 load corresponding to PnRFD  

PnPNmax W Max. value of noise power to R0 load resulting 
from local oscillator phase-noise 

VnPNmax V Max. value of noise voltage at R0 load  resulting 
from local oscillator phase-noise 

VnLAi V Noise voltage of LF amplifiers referred to input  

Vnrimax V Resulting noise voltage at R0 load corresponding 
to maximum of phase-noise 

Vnromax V Resulting noise voltage at output of radar 
corresponding to maximum of phase-noise 

VnLR V Noise voltage at R0 load corresponding to zero 
influence of phase-noise 

ALVnLR V Noise voltage at output of radar corresponding to 
zero influence of phase-noise 

FRXtmax - Noise figure comprising all noise sources,  
corresponds to max. of phase-noise 

TeRXtmax K Equivalent noise temperature comprising all noise 
sources,  corresponds to max. of phase-noise 
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