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Introduction. In modern conditions, measuring 
and control systems are forced to work in 
difficult conditions due to the influence of intense 
interference. A particularly difficult situation 
occurs when it is necessary to make real time 
decisions. Such a situation exists, for example, 
in the case of non-destructive control of large 
volumes of products, prompt informing of fast 
flowing processes, studies of high-speed reactions, 
and other cases.

In recent years, to obtain reliable information 
about the measurements, computer technology 
is widely used [1-2]. However, the requirement 
for high-speed processing of information is not 
always possible with the help of processors, or 
their application is quite expensive, especially 
when measuring under the influence of intense 
interference on control systems.

It is possible to solve the problem of high-speed 
processing of the received information effectively 
using combined methods. So, it is reasonable 
to carry on operations that require considerable 
time for processing the received information, 
such as multiplication and division, using high-
speed analog devices. Digital means (processors, 
controllers, etc.) should carry on more simple 
operations that do not require a significant amount 
of time, for example, the addition procedure. At the 
same time, it is necessary to develop appropriate 
processing algorithms, the implementation of 
which would make it possible to implement them 
by simple inexpensive analog devices.

1. Theoretical researches and analysis 
of results
Consider an analog method for information 

processing on the example of devices, instruments 

and installations for ultrasonic measurements [1-5] 
with high-speed ultrasonic control, for example, 
sheets, rails, wires, pipes, etc.

Let the electroacoustic transducer (ET) excite 
a probing signal of the form

( ) ttSUUt 000 cosω⋅=  , (1)

where Uо – is the amplitude of the excited signal;  
S (t) – is the function of the envelope excited signal; 
ωо – is the cyclic frequency of the excited signal; 
t – is the time.

Accordingly, the same or another ET after 
probing the object of control (OC) takes a time 
realization. In the absence of a defect in the OC, the 
transducer at a particular moment of time receives 
only the noise and interference signals, which can 
be described by expression

( ) ( ) ( )∑
=

+⋅⋅⋅=
n

i
iiii ttSCtA

1
cos ϕω  , (2)

where Сi – is the amplitude of the i-th component 
of the received interference; ωi – is the frequency 
of the i-th component of the received interference; 
Si(t) – is the function of the envelope of the i-th 
component of the received interference; t – is the 
time; φi – is the phase of the i-th component of the 
received interference; n –is the positive integer.

If there is a defect in the product of 
implementation, a returned signal will appear

( ) ( ) ( )0000 cos ϕω +⋅⋅⋅= ttSAtAC  , (3)

where Ао – is the amplitude of the received signal 
from the defect; Sо(t) – is the function of the 
envelope of the signal from the defect (it coincides 
with the envelope of the excited signal); ωо – is 

REAL TIME SIGNAL PROCESSING  
UNDER INTENSE INTERFERENCE

Grigoriy Suchkov, Ruslan Migushchenko, Sergey Plesnetsov

Abstract: A method for information processing obtained as a result of active measurements by excitation of high-
frequency signals with known parameters is developed. Through theoretical, modeling and experimental studies the 
possibility of increasing the amplitudes of the received information signals with respect to the iinterference amplitudes 
by more than 10 times is shown. A combined processing scheme is proposed – at first a high-speed analog, by direct 
conversion of the received high-frequency signals, and then a digital one.

Key words: information processing, direct conversion, analog conversion, digital conversion, the ratio of signal 
amplitudes and interference.



45

the cyclic frequency of the signal received from 
the defect; t – is the time; φо – is the phase of the 
signal received from the defect.

Multiply the received signal (3) by an additional 
signal of the form

( ) ( )1
0

1 cos ϕω +⋅⋅= tBtA  ,  (4)

where B – is the amplitude of the additional signal; 
ωо – is the cyclic frequency of the excited and 
received signal; t – is the time; φ1- is the phase of 
the additional signal.

As a result of multiplication, we obtain
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And separately multiply the received signal 
(3) by a signal orthogonal to the signal (4), that is, 
phase shifted by 90 degrees
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We obtain
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Analysis of formulas (5) and (7) shows that they 
include the dependence on the frequency 2ωо. In 
this case, the resulting amplitudes obtained from 
the multiplication of the signals increase by В 
times.

In the expressions (5) and (7), we filter the 
signal components with a doubled frequency 2ωо. 
We obtain
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Separately, the expressions (8) and (9) are 
squared, and the results are summed up

( )
4

2
0

22
0 tSBAD ⋅⋅

=Σ  (10)

Analysis of the expression (10) shows that the 
signal from the defect, processed according to the 
proposed method in this case will depend squarely 

only on the amplitude of the signal reflected by 
the defect, the amplitude of the additional signal 
and the envelope of the function of the excited 
(received) signal. In this case, the operation of 
detecting the resulting signal from the list of 
traditional operations is excluded. 

We take from the expression (2) the signal of 
the i-th component of the received interference and 
noise, then multiply it by (4) and (6) according to 
the above procedure. We obtain respectively
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The analysis of expressions (11) and (12) shows 
that the signals of interference and noise processed 
by the proposed technology with frequencies that 
differ from the operating frequency of the ET 
depend on ωо + ωi and on ωо – ωi and can be 
filtered out. Thus, the effect of interference and 
noise on the control results is significantly reduced. 
As a result, the ratio between the amplitudes of 
the received signal and the interference increases. 
Accordingly, the reliability of defect detection 
will increase.

2. Evaluation of the method’s efficiency 
The effectiveness of the developed method is 

verified by mathematical modeling. Fig. 1 shows 
the data for the case of excitation of pulsed high-
frequency signals and obtaining a response in the 
form of a mixture of reflected useful signals and 
interference, Fig. 1a. 

Fig. 1b shows the result of applying the 
developed processing method.

The analysis of data in Fig. 1 shows that the 
ratio of the useful signal and noise increases from 
3 to 25 or more times. Consequently, given other 
conditions being equal, the ratio of the amplitudes 
of the useful signal and the interference will 
increase, and, consequently, the reliability of the 
estimation of the information signal parameters.
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Fig. 1. Simulation of the process of analog 
processing of a pulse signal under interference 

conditions 
Fig. 1. Simulation of the process of analog processing 

of a pulse signal under interference conditions

It is possible to implement the developed 
method of signals preprocessing, for example, 
using a device which block diagram is shown 
in Fig. 2. Fig. 2 indicates: 1 - digital control, 
processing and visualization device; 2 - exciting 
transducer; 3- receiving transducer; 4 and 5 - 
analog multipliers; 6 and 7 - analog filters; 8 and 
9 -analog blocks of squaring.

Fig. 2. Simplified block diagram for analog-digital 
high-speed processing of information signals  

under interference conditions

The block scheme works as follows. The 
digital control, processing and visualization 
device 1 generates an excitation signal to the 

exciting transducer 2, a control signal to the 
receiving transducer 3, and orthogonal signals 
to the multipliers 4 and 5 corresponding to the 
frequency ωо of the excitation signals. Information 
signals received by the receiving transducer 3 are 
transmitted to the multipliers 4 and 5, respectively. 
After multipliers 4 and 5, the frequency-doubled 
impulses 2ω0 from the resulting signals are 
filtered. Further, the signals from the filters 6 and 
7 are separately squared in blocks 8 and 9. The 
resulting signals are transmitted to the digital 
control, processing and visualization device 1 for 
summation.  

The experimental verification of the developed 
information processing method is carried out using 
an ultrasonic flaw detector described in [2]. The 
result of the complex processing of the signal 
reflected from the defect model is shown in Fig. 3. 
Obviously, the combination of analog and digital 
processing of the information signal provides a 
significant increase in the ratio of the useful signal 
and interference with a decrease in the time for the 
processing procedure.

Window 2 

 

Fig. 3. The signal reflected from the model of the 
defect in the form of a flat-bottom reflector with 
a diameter of 3 mm, obtained with the EMAD-
electromagnetic-acoustic defectoscope [2] and 
processed according to the proposed method

Conclusions. Theoretical developments, 
computer modeling and experimental studies have 
shown high efficiency of complex analog-digital 
processing of the received information with active 
high-speed measurements using high-frequency 
probing signals.
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