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Algorithm of Measurement of Noise Signal Power
in the Presence of Narrowband Interference
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Abstract—A power measurement algorithm of the input mix
components of the noise signal and narrowband interference is
considered using functional transformations of the input mix in the
postdetection processing channel. The algorithm efficiency analysis
has been carried out for different interference-to-signal ratio.
Algorithm performance features have been explored by numerical
experiment results.
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I. INTRODUCTION

HIS paper presents a method of measurement of power of

components of input mix of the noise signal and
narrowband interference. The algorithm developed on the
basis of this method, can be used, for example, in the
structure of radiometer at radio-astronomical and other
precision measurements of power of noise signals of a small
level in the presence of narrowband interference with
simultaneous measurement of its mean power [1]-[4], also the
algorithm relevant for integration with GPS-type localization
or power control for CDMA reception [5], [6]. Algorithm
work based on measurement of total power of noise signal
and narrowband interference, and also measurement of power
of the low-frequency noise caused by interaction of noise
signal and narrowband interference, arising after detection of
input mix.

II. PRINCIPLE OF ALGORITHM WORK

In Fig. 1 the block diagram of the offered algorithm of
measurement of power of noise signal and narrowband
interference is presented.
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Fig. 1 Block diagram of the algorithm of measurement of power of
noise signal and narrowband interference

In the input of the square-law device (X,°) the additive mix
of the noise signal with spectrum G,(w) and narrowband
interference with spectrum G{w) from the output of high-
frequency (HF) section of measuring system is present. The
spectrum of noise signal G,(w) has width 77,. The spectrum of
narrowband interference G{w) has width /7. The spectrum
width I7, of noise signal is equal to width of HF section. In our
case input process u;,,,(f) contains narrowband interference
u(t) with the central frequency (wy+£) and noise u,(¢) with the
central frequency w, (Fig. 2). Each of realizations of such
noise can be presented in the form of quasi-harmonic process
with envelope U,(f) and phase ¢,(f), where U,(?) and ¢,(?)
random slowly varying functions of time [2]. Similarly, each
of realizations of narrowband interference wu,(f) can be
presented in the form of quasi-harmonic fluctuations with
envelope Ug(f) and phase ¢(f), where U(f) and ¢,(¢) are also
random slowly varying functions of time. We assume that the
spectrum width of narrowband interference is much less then
the spectrum width of noise signal I7; << IT,.

Thus:

u[npztl(t):ui(t)+u'1(l):
=Ui(D)cos[(wotQ)t+o{ )]+ U ()cos[wot+9,(1)] 1

Spectra of components in the input of the square-law
device (X,%) are presented in Fig. 2.
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Fig. 2 Spectra of components of the additive mix of the noise signal
and narrowband interference in the input of the square-law device
X%
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The voltage in the output of the first square-law device
(X,%) contains a constant component and noise component,
caused by noise signal, interference and interaction between
noise signal and interference [2], [3]:

usquarel([): uiz(t)+urz2(t)+2 ui(t)un(t):
=(122)[U 0+ U (+2U(O U 0)cos[Qe+pi1)-p.(0]].  (2)

We can write expression for spectrum G, supu(®) of

process u,”(¢):

=ots(w)+ 2TG,, (0,5, (@ - 0)deo, . 3)

—0

G

n output

In relation (3) the first component describes spectrum
G.=0"6 (w) of constant component, and the second -
spectrum G,; (w) of noise component. Here &(w) - Dirac
delta-function. The structure of subintegral expression of the
second component in (3) shows, that G,; (w) noticeably
differs from zero only at w=0 and ®=2w,. Therefore
spectrum G,;(®w) can be presented as the sum of spectra of
low-frequency and high-frequency noise: G,y(w) = G(w) +
+ Gu(), where G, (0)=G,y(®) at =0 and G,(@0)=G,(®)
at w=2w,. The spectrum of low-frequency noise is presented
in Fig. 3.
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Fig. 3 Spectrum of low-frequency noise of process u,” (f) in the
output of the first square-law device

Using Gaussian approach, we can write expression for
spectrum G; oy @) of process u,z(t):

G,

i output

- 0/0(0)+2 6050 -0k (4)

In relation (4) the first component describes spectrum
Ge.=0'6& (w) of constant component, and the second -
spectrum G (w) of noise component. The structure of
subintegral expression of the second component in (4) shows
that Gj; (w) noticeably differs from zero only at w=~0 and
o =~ 2(wetQ). Therefore spectrum Gy(w) can be presented
as the sum of spectra of low-frequency and high-frequency
noise: Gy(w) = Gylw) + Gylw), where Gylw)=Giy(w) at
o= 0 and Gy(w)=Gy(w) at 0=2(w¢tL2). The spectrum of
low-frequency noise is presented in Fig. 4.
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Fig. 4 Spectrum of low-frequency noise of process u;> (f) in the
output of the first square-law device

Relation for spectrum G, pupul(@) 0of 2u(f)u,(?) is:

+00
Gin output = 2 IG, (a)l X;n (a)l - w)da)l . (5)

It is possible to present this spectrum as the sum of spectra
of low-frequency and high-frequency noise:
Gip(®) = Giyfw) + Giyfw).  Low-frequency  parts  of
spectrum at different values of offset ©Q are presented in
Fig. 5.
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Fig. 5 Low-frequency parts of spectrum of process 2uf)u,(f) in the
output of the first square-law device at different values of offset Q

In Fig. 5-a the case Q=0 is presented; in Fig. 5-b presented
the case of the maximum offset Q=(11,-I1;)/2; and in Fig. 5-c
presented case of offset 0 < Q < (I1,-11;)/2.

Total spectrum G(w) in the output of the first square-law
device for a case 0 < Q < ({1,-I1)/2 is shown in Fig. 6.

In the output of the first low-pass filter (LPF 1) with band
Il pr;, we have the mean value (constant component)
proportional to the total power of noise signal o, and
narrowband interference o/

2, 2
UppF1 = O; +0, tUL. (6)

In relation (6) i« shows, that the low-pass filter (LPF 1) cuts
out a narrow band from a continuous part of a spectrum.
However, this addition to a constant component is negligible
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small.
The voltage from the output of the first low-pass filter
(LPF 1) squared by square-law device (X,%):

4 4 2 _2
quuareZ =0; +0, +20-i On +/uxquare2a (7)

where fisquare2 - result of transformation u by the square-law
device (X,%). In the adder (Y1) from the received voltage the
output voltage from the second low-pass filter (LPF 2) is
subtracted and the square root by the square-law device (V) is
taken.

Generally, for optimum work of algorithm, lower w,; and
higher wy pass frequencies of the band-pass filter (BPF) must
be w,=Il; and wy=II; + II, It is necessary to exclude
component proportional to a square of narrowband
interference voltage (1/2)U7(f), see (2). However, in real
conditions the spectrum width of the narrowband interference
I1; is unknown. We assume that the width spectrum of the
narrowband interference is much less than the width spectrum
of the noise signal I7; <<[1,. Therefore, the frequency w; must
be chosen enough small. In case of such specified
characteristics of the band-pass filter (BPF) on the input of
the third square-law device (X5?) there are fluctuations caused
by noise signal and interaction between noise signal and
interference only.

upp()=(1/2) U, () + U () U2) cos[Qt+p{1)—p.(1)]] ®)
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Fig. 6 Low-frequency part of total spectrum G(w) on the output of
the first square-law device for the case 0 < Q < (I1,-11,)/2

In spectral domain this illustrates Fig. 6.

Therefore, the constant component in the output of the
third square-law device (X3%), extracted by the second low-
pass filter (LPF 2), is proportional to the power of these
fluctuations only:

4 2 2
Usquare3 =0n + 20—1‘ Oy .

©

Separate measurement of 6,2 and ¢/ is reached as follows.
The transfer factor of attenuator (A2) must be chosen so that
at switched on source of noise signal and switched off source
of interference the voltage on the output of the first adder
(X1) equal zero. Attenuator (A1) adjusted so that the voltage
in the output of the second adder (}2) does not depend on a
source of interference. As a result the voltage in the first input
of the block of registration depends on the power of noise
signal only, and in the second - on the power of interference
only, and separate measurement of power of noise signal and
power of interference is reached.

111 SIMULATION RESULTS

In this section, we give simulation results for the power
measurement algorithm of the input mix components of the
noise signal and narrowband interference, based on the
method described in the previous sections.

The offered algorithm is based on modelling of work of
typical elements of a low-frequency section of measuring
system [2]-[4]: the square-law device, the first low-pass filter,
the adder, the band-pass filter, the additional square-law
device, the second low-pass filter and the block of
registration. It is realized in program environment LabVIEW
7.0 [7]. The narrowband interference was modelled by a sine
wave signal of constant amplitude and frequency. The noise
signal from the output of a high-frequency section was
modelled by white Gaussian noise from standard library of
LabVIEW 7.0 passed through the band-pass filter. On the
input we have the additive mix of a noise signal and a sine
wave interference. We vary amplitude of a sine wave
interference, and dispersion of noise in the input. Relative
offset (wo+Q)/wo =1.125. From the principle of work of the
method follows, that work of algorithm does not depend on
frequency of a sine wave interference.

Dependence of error of measurement of average power of
noise signal ¢, and dependence of error of measurement of
average power of sine wave interference & on the ratio
interference/(noise signal) p (see Fig.7) has been investigated.

Here ¢, — relative error of measurement of average power
of noise signal (<:,,:|(17,,2 - 0"02)/0,,2|, where 7, — average power
of input noise signal, 6,,> — estimation of average power of
noise signal in the output; p=0,%/s,” — the ratio of the average
power of sine wave interference in the input to the average
power of noise signal in the input.

Here ¢, — relative error of measurement of average power
of sine wave interference ex:|(z7s2 - amz)/qﬂ, where o,,° —
estimation of average power of sine wave interference in the
output.

Besides, in Fig. 7 shown ¢ - a relative error of measurement
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of average power of noise signal in the presence of sine wave
interference without any additional processing. ¢ is defined by
relation ¢=|(c,> — ¢°)/o,’|, where ¢ an estimation of average
power of mix.
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Fig. 7 Dependence ¢, &, and € on p

For convenience of the analysis of the obtained
dependences, relative error of measurement of average power
of noise signal ¢,, relative error of measurement of average
power of sine wave interference ¢, and & are shown in one
figure — Fig. 7.

From Fig. 7 it is seen, that down to p < 6 relative error of
measurement of average power of noise signal ¢, not exceed
5 %.

As it seen from Fig. 7, if we measure power of noise signal
in the presence of sine wave interference without offered
method, error of measurement of average power of noise
signal (curve ¢ in Fig. 7) many times over exceeds
corresponding error in case of using the method (curve ¢, in
Fig. 7).

Through analysis of algorithm work, it is shown that when
the ratio interference/(noise signal) increase, the error of
measurement of average power of noise signal increase, and
the error of measurement of average power of sine wave
interference & decrease.

IV. CONCLUSION

In this paper, we have presented the power measurement
algorithm of the input mix components of the noise signal and
narrowband interference. Results are confirmed by numerical
experiments. It is shown, that with increasing of the ratio
interference/(noise signal) the error of measurement of the
average power of noise signal increases, however even at
p =6 does not exceed 5 %. Application of the considered
algorithm allows receiving more than tenfold increase of
accuracy of measurement of average power of noise signal.
Thus, at p > 3 error of measurement of average power of
interference less than 5 %. Results of work have practical
value for designing real systems of measurement of power of
noise signals in the presence of narrowband interferences.
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