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I. INTRODUCTION 

The world surrounding us can be represented in the 
form of a multidimensional process, where any dimension 
is considered in a multidimensional coordinate system or 
multiply-connected parameters (signals). The most 
common fields of science in which multidimensional 
processes or multiply-connected parameters (signals) are 
investigated are biology, economics and sociology. A 
classic example of the study of multidimensional signals is 
the process of input, processing and storage of brain signals 
[1, p. 2], where a multichannel method of parallel input and 
processing of multidimensional signals is considered.  

In the research paper [3] the necessity, basic methods 
and models for digital processing of multidimensional 
signals, such as: digital filtering theory, discrete Fourier 
and Z-transform, two-dimensional recursive and non-
recursive discrete filters are described. 

Additionally, the main methods of pre-processing, 
multiplexing of analog signals, methods for measuring 
electrical and non-electrical parameters, methods of 
isolation and signal conditioning and analog-to-digital 
conversion of multidimensional signals were considered in 
[4]. 

The main task for input and processing of 
multidimensional signals is spatial and temporal 
synchronization. These problems were considered in the 
research works [2, 5, 6], where the authors concentrate on 
the processing of human EEG signals, which can serve as a 
prototype for the study of other multidimensional 
processes. 

One of the methods of spatial and temporal 
synchronization is interpolation [7]. By means of 
interpolation, it is possible to obtain the exact values for the 
corresponding instants of time, or for the corresponding 
spatial locations with given coordinates. 

A special case of digital processing of multidimensional 
signals was suggested in works [8, 9], where methods for 
evaluating the functionality and correctness of printed 
circuit boards are considered. 

 

II. PROBLEM STATEMENT FOR THE SYNTHESIS OF 

THE PARALLEL DATA  ACQUISITION SYSTEM FOR 

THE ANALYSIS OF MULTIDIMENSIONAL  SIGNALS 

Suppose that in a three-dimensional space (Figure 1) a 
multidimensional process is defined that generates a set of 

multiple signals with amplitudes { }1 2, ,... NA a a a=  (1): 

( ), , 1, ,i i ja f t a j N j i= ∀ = ≠ , 

where ia - amplitude of a signal at a point with 

coordinates ( ), ,i i i iO x y z= ; if - function that 

determines the dynamics of the signal amplitude 

ia depending on the time t and the neighbouring signals 

, 1, ,ja j N j i∀ = ≠ . 

 
Figure 1. Three-dimensional space with the signals of the 

process state 
 

The aim of this paper is to design a system for parallel 
input of multidimensional signals (Figure 1), their temporal 
interpolation followed by spatial and temporal 
synchronization for analysis. 

 

III.  BLOCK DIAGRAM  OF THE PARALLEL DATA  

ACQUISITION SYSTEM FOR THE ANALYSIS OF 

MULTIDIMENSIONAL  SIGNALS 

The block diagram of the parallel data acquisition 
system for multivariate signal analysis is presented in 
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Figure 2, where: ENV - the space under study; DC - 

signals pre-processing unit; /DAI FPGA  - interface and 

digital data processing unit; PC - Computer for the 

configuration of the unit, /DAI FPGA - data input 

through a standard interface USB and data analysis.  

 3( , , )D x y z

 
Figure 2. Block diagram of a parallel data acquisition 
system for the analysis of multidimensional signals 

 

IV.  FUNCTIONAL DIAGRAM  OF THE PARALLEL 

DATA  ACQUISITION SYSTEM 

The functional diagram of the parallel data acquisition 
system contains homogeneous channels and is represented 
in Figure 3. Each channel processes one state signal 

{ }1 2, ,... NA a a a= and includes the following functional 

blocks: 

, 1,is i N∀ =  - a number of sensors that convert state 

signals into electrical signals , 1,iu i N∀ = ; 

, 1,idu
i N

dt
∀ =  - time differentiation blocks that 

calculate the rate of change of the input signal; 

, 1,i Niu
•

∀ =  - results of differentiation; 

, 1,
D

i

T

T

dt i Niu
∆ • 

∀ = 
 
∫  - integration blocks, perform 

integration over a time interval [ ],i DT T∆ , where iT - time 

of integration end, until the results of integration are 

achieved 
I
i Du u+

∆≥  or 
I
i Du u−

∆≤ ; 

, 1,I
iu i N∀ =  - results of integration; 

0 , 1,

I
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comparing blocks, perform a comparison of the integration 

result 
I
iu  with a threshold voltage: Du+

∆ - in case of a 

positive integration result and Du−
∆  – in case of a negative 

integration result; 

( ), 1,iCT u i N∀ =  - counters of the number of 

pulses, count the number of times the condition for 
comparing the result of integration with the threshold 

voltages is satisfied. Counters ( )iCT u  generate addresses 

( ), 1,iAdr a i N∀ =  for the operative memory 

( ), 1,iRAM a i N∀ = , in which the current time of 

execution of the comparison condition and the bits of the 

sign of integration ( )+  or ( )−  are stored; 

, 1,iWR i N∀ =  - signals for synchronization of data 

recording in memory - ( ), 1,iRAM a i N∀ = ; 

0MD D÷  - the least significant bits of data that 

contain the current time; 

2MD +  - the highest data bit that contains the value of 

the “+” signal generated by the comparison unit; 

1MD +  - data position bit М+1, which contains the 

value of the “-“ signal generated by the comparison unit; 

( ), 1,iRST Int i N∀ = , reset signals of the 

corresponding integrator to start a new integration cycle; 

 
Figure 3. Functional diagram of the parallel data 

acquisition system 
 

The process of the parallel data acquisition system is 
explained by the time diagram, which is presented in 
Figure 4.  

The signal CLK increments the timerTimer , which 

counts the system time with intervalsT∆ . The graphic iu  

represents the signal received from the sensor and is 
proportional to the amplitude of the measured state 

parameter ia . The diagram shows the integration process 

and the integrator initialization process. Depending on the 

state of the integrator, signals iD∆ are generated that 

determine the step of sampling the input signaliu and the 

sign of the integration result. With a positive sign of the 
integration result, a ( )+ signal is generated, with a negative 

sign of the integration result, a ( )− signal is generated. The 

initialization of the corresponding integrator takes place by 

a signal ( ) ( ) ( )iRST Int = + ⊕ − . At the same time, the 
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counter ( )iCT a of the corresponding channel is 

incremented ( )iInc CT .The counter ( )iCT a  generates a 

memory address ( )iAdr RAM . The signal iWR at the 

specified address ( )iAdr RAM records the contents of 

the timer Timer in the digits 0MD D÷ , the ( )− value of 

the signal in the bit 1MD + , and the( )+ value of the signal 

in the bit 2MD + .  

In this way, in the memory ( )iRAM a of each 

channel, control points containing the direction of the 
change in the level of the input signal and the current 
system time in which there was a transition through the 
sampling step are accumulated. 

 
Figure 4. Time diagram of the functioning of one channel 

of the system for data acquisition 
 

V. DATA  RECOVERY BY TEMPORAL 

INTERPOLATION METHOD 

An example of data recovery, for one channel, by the 
method of linear interpolation [7] by time is presented in 
Figure 5, where: 

  iOTu  - coordinate system consisting of: OT - time 

coordinates with a sampling stepT∆  and iOu - 

coordinates of the amplitude of the signal with a sampling 

step iu∆ ; 

( ), , 1,i ju g t a j N= ∀ = - the initial analog signal, 

intended for input and analysis; 

( )* * *
iu g t= - reconstructed signal, by the method of 

linear interpolation, which forms a set of rectilinear 

segments 1 2 3, , , , ...O p p p ; 

{ }7 6 5 4 3 2 1 0; ;d d d d d d d d - data received from memory 

( )iRAM a to restore the signal, where: 7 ( )d = + , 

6 ( )d = − and 5 0 ( )d d Timer÷ = . 

To more accurately calculate the amplitude of the 

reconstructed signal *
iu and time synchronization of 

multidimensional signals, in the segment 

( ) ( )1 23 , , 10 ,2i ip T u p T u∆ ∆ ∆ ∆   an example of 

dividing the time interval [ ]3 ,10T T∆ ∆ into a set of sub-

intervals of the duration ττττ is illustrated.  

 
Figure 5. Data recovery for one channel by temporal 

interpolation 

CONCLUSIONS 

As a result of the synthesis of a parallel data acquisition 
system for multidimensional signal analysis, there were 
obtained a block diagram, a functional diagram and a time 
diagram which represents the sequence of signal 
conversion and synchronization. An example of data 
recovery by the method of linear interpolation is presented 
to provide the possibility of time synchronization between 
signals.  

The signal conversion process consists in determining 
the sampling step by time and amplitude, calculating the 
rate of change of the amplitude of the input signal, and 
calculating control points containing the direction of the 
change in the input signal and the current system time. The 
received data is stored in the operative memory for 
subsequent reading and digital processing on a computer 
basis.  

In this work, the following further actions are 
envisaged: research and design of technical and software 
automation tools for the synthesis of a parallel data 
acquisition system for the analysis of multidimensional 
signals.  
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