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This lecture presents the basic concepts of new 
matrix operations and related applications for digital 
beamforming. This lecture can be used for radar 
system, smart antennas for wireless communications, 
and other systems applying digital beamforming. It's 
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gain a basic understanding in this area. For additional 
information, check out the reference material 
presented at the end of this lecture. 
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l The compactness of mathematical models of physical systems;  
l The best presentation of essence of signal processing algorithms;  
l Computer time economy.  

This matrix is especially advantageous for the digital multichannel systems of data 
processing!  

 

Welcome to the TechOnline lecture about the theory of new matrix 
operations for digital signal processing. 

The application of matrices, as you known, allows us to effeciently 
construct a model of a physical system and to formulate the essence of 
algorithms for processing signals. Matrix means is especially 
advantageous for solving the problems associated with the analysis, 
synthesis, capture, and data processing of complex multichannel 
systems.  

This lecture concentrates on the application of matrices in radar systems 
with digital beamforming. However, these matrices also can be utilized 
for any system implementing digital beamforming. For example, in 
acoustics, hydroacoustics, cellular radio communication, ultrasonic 
medical diagnostics, radio astronomy, etc. In addition, these new matrix 
procedures can be useful for three-dimensional, image visualization 
systems.  
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The simplest form of radar with digital beamforming is a one-coordinate 
N-elements array pattern with an A/D (analog-to-digital) converter, with 
DSP signal filtering in each channel, and beam sheaf forming with the 
help of fast Fourier transforms. 

Voltage arrays resulting from beamforming with exposure to signals of M-
sources in matrix form, ignoring noise, are written as U = FA, where U is 
a vector of complex digital beamformer response voltages. F is an R x M 
matrix of the directivity characteristics of R secondary channels at x 
coordinates of M sources. A is the vector of complex amplitudes of M 
source signals.  
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Traditional matrix techniques, used with digital beamforming two-
coordinate radars, make it possible to compact the expressions shown 
here in (1), which has no unity with the one coordinate model U = PA 
we’ve just discussed. The retention of one-channel variant structure 
leads to unwieldy expressions or to the introduction of new matrix 
operations, such as rows diagonalization or columns diagonalization of 
the matrices, as we see here in (2).  

When the measuring coordinates are increased, the amount of defects 
indicated becomes more evident, and this is a serious problem.  

In order to resolve this problem, we offer new operations of matrix 
multiplication. This lecture is devoted to their consideration. 
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When defining two matrices with an identical amount of lines, the Slyusar 
product is a matrix obtained by multipling each element in the left matrix 
by a row in the right matrix, which corresponds to a number in the left 
matrix. 

A symmetrical alternative for the Slyusar product is a transposed Slyusar 
product. We’ll consider this next.  
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When defining two matrices with an identical number of columns, the 
transposed Slyusar product is a matrix obtained by multipling each 
element in the left matrix, with a column in the right matrix, which 
corresponds to a number in the left matrix.  
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Fundamental Properties 

 

 The fundamental properties of these proposed matrix operations are 
presented here. We’ll discuss each of them in more detail next.  
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Fundamental Properties 

 

 

Using the Slyusar product allows us to reduce the amount of computing 
operations required in widespread problems, when multipling diagonal 
matrix A by matrix B, which conforms with it through p X g rows.  

For all of this, the transition to the Slyusar product results in a reduction 
of p times the multiplication operations, and allows us to completely 
exclude the pg(p-1) operation in the summation.  
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Where xm, ym, wm, and zm is angular coordinates, frequencies and ranges of signals 
sources respectively. 

 

As you can see here, the matrix model of a four-coordinate radar, which 
measures the angular coordinates, velocity, and range of M sources, is 
obtained with the help of the transposed Slyusar product.  

Comparing this model with a matrix model, based on a standard matrix 
product, this new model allows us to receive a considerable reduction in the 
amount of computing operations. This is very important, for example, for 
modeling such systems in the MatLab or MathCad packages.  
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This new matrix operation significantly decreases computer time by using 
multisignal measurement methods in matrix form. Here, we see a well-
know method, maximization likelihood, for reducing the maxmization of 
function L.  

Calculating the quadratic form by identity is reduced to the Hadamard 
product. As a result, for a 32x32 antenna array in each channel with 32 
synthesized frequency filters in 32 distance intervals, we can decrease 
the amount of multiplication by 8,004 times and the amount of 
summations by 8,456 times with respect to the initial notation. In this 
case, the number of multiplication operations are decreased by more 
than 268.845 billion, as compared to a four-coordinate model based on a 
traditional matrix product. 

Next, we’ll consider the Cramer-Rao bound.  
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To evaluate the potential accuracy of a maximum likelihood algorithm 
measurement, the lower Cramer-Rao bound can be used. This is 
obtained by reversing the information in a Fisher matrix. The Fisher 
matrix for a four-coordinate radar is illustrated here, as well as for the 
one-coordinate problem. The advantage of these proposed matrix 
operations is that the one-coordinate case, by the simple substitution, 
can also be used on a multi-coordinate case.  
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Here’s a Neudecker derivative matrix, in expression form, for the Fischer 
information matrix. It’s remarkable that in the case of the Slyusar product, 
or its transposed variant, that the result of the Neudecker derivative can 
be factorized as shown here. As you can see, we’ve used the symbol of 
the modular transposed Slyusar product. Their definitions and properties 
are considered next.  

С тр. 1 из 1TechOnLine University

14.04.02http://techonline2.techonline.com/scripts/tol.exe?SID,81387&CONFIG,tolu_cfg.txt&USER,swadim@p...

http://techonline2.techonline.com/scripts/tol.exe?SID
WADIM
Sound Attachment
Sound Clip (639 KB)



© 1999 

 

 

  

 Here, we see an illustration of these modular Slyusar product concepts.  
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Here, you can see the essence of the modular transposed Slyusar 
product. 

The modular variants of Slyusar products have specific properties which 
we’ll demonstrate next.  
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Here, we see a list of the basic properties of modular and modular 
transposed Slyusar products. 

With the help of the Slyusar product procedure, a mathematical model of 
a multisectional array with digital beamforming can be formalized.  
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Multisectional Array 

 

  

 
The mathematical model of a multisectional array with digital 
beamforming is illustrated here. Each section of the array has its own 
block of directivity characteristics, frequency, and range characteristics.  
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Multistatic Radar System 

 

  

 

Here, we see the mathematical model of a multistatic radar system with a 
digital beamforming antenna array. In this case, each position of the 
radar has its own block of directivity antenna array characteristics, 
frequency characteristics, and pulse signal shapes. 
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These radar models are predicted based on the availability of the 
antenna pattern factorization and identity characteristics of the receiving 
channels. When such assumptions are impossible, the response 
formalization problem of a flat array can be carried out on the basis of a 
new penetrating Slyusar product. It can be determined for any matrix A 
and modular matrix B, where the dimensions of the modular matrix are 
the same as the dimensions of matrix A.  

With the help of a penetrating Slyusar product, it’s possible to record the 
response of a three-coordinate radar to a single signal, taking into 
account that each receiving channel corresponds to its unique amplitude-
frequency characteristic. This mathematical model is illustrated next.  
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Digital Beamforming for Nonidentical Channels (1 source)  

 

  

 

The response of a three-coordinate flat digital antenna array of R x R 
elements can be stated by penetrating the face-splitting product of the 
matrices, without noise. Where U denotes a block-matrix of voltages of 
the response channels, A is a complex signal amplitude matrix, or vector 
for a single moment of time, Q is a matrix of the directivity characteristics 
of the primary channels in azimuth and elevation angle planes, which 
cannot be factorized, and F is a block-matrix of amplitude-frequency 
characteristics of T filters for R x R nonidentical reception channels. 

For the selection of a single source on four coordinates, azimuth, 
elevation angle, frequency, and range, the response of a digital antenna 
array can be stated through a generalized Slyusar product or generalized 
transposed Slyusar product. We’ll consider them next.  
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As you can see, the concepts of the generalized Slyusar product are 
illustrated here. An alternative we should also consider is the generalized 
transposed face-splitting block-matrices product. We’ll consider this next.  
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 This is the definition of a generalized transposed Slyusar product and an 
example of its application.  
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Digital Beamforming for Nonidentical Channels (1 source) 

  

  

 

The response of a 4-coordinate flat digital antenna array of R x R 
elements can be stated through a penetrating face-splitting product of 
matrices, without noise. Where U denotes a block-matrix of response 
channel voltages, A is a complex signal amplitude matrix, or vector for a 
single moment in time, Q is a matrix of the directivity characteristics of 
primary channels in azimuth and elevation angle planes that cannot be 
factorized, and F is a block-matrix of amplitude-frequency characteristics 
of T filters for R x R nonidentical reception channels, and S is a block-
matrix of range characteristics of D range gates.  
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Digital Beamforming for Nonidentical Channels (1 source) 

  

  

 

Here, we see the mathematical model of a multistatic radar system with a 
digital beamforming antenna array for non-identical channels. In this 
case, each position of the radar has its own block of directivity antenna 
array characteristics, frequency characteristics, and pulse signal shapes.  
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 This concludes our lecture. Here are some references that were used in 
this lecture.  
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Congratulations, you have now completed 

New Matrix Operations for DSP. 

Please take a moment to complete a user survey on this course. 
You may also print a completion certificate suitable for framing.

 

С тр. 1 из 1TechOnLine University

14.04.02http://techonline2.techonline.com/scripts/tol.exe?SID,81387&CONFIG,tolu_cfg.txt&USER,swadim@p...

http://techonline2.techonline.com/scripts/tol.exe?SID


Vadim Slyusar

New Matrix Operations for DSP 
 

On this date of 04/14/2002

С тр. 1 из 1

14.04.02http://techonline2.techonline.com/scripts/tol.exe?USER,swadim@profit.net.ua&CONFIG,tolu_cfg.txt&...

http://techonline2.techonline.com/scripts/tol.exe?USER


- --

TechOnLine 
230 Second Avenue, Suite 105 
Waltham, МА 02451 
Phone: (781 ) 890.8855 
Fax: (781) 890.8899 

TechOnLine UniveIsity 

Гссшге Ашпог Сегпйсаге 

January 26, 2000 

- - ----- - - _ . -~ --

Dear Vadim Slyusar: 
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