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Abstract 

This paper considers expanding the functionality of the digital noise generator by increasing the number of pseudo-random pulses generated 
by a generator based on a linear shift register feedback and the creation of a digital generator of a chaotic signal, which, unlike the prototype 
has a truly random output within the period of 4 * (2𝑁 − 1), with a schematic simplicity and a relatively small number of additional logical 
elements. 
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1 Introduction 

For digital noise sources, "digital" noise is a temporary 
random process that is similar in its properties to the process 
of physical noise and called a "pseudo-random process". 
The digital sequence of binary symbols generated by digital 
noise generator is a sequence of rectangular pulses of 
pseudo-random duration of pseudo-random intervals 
between them. The repetition period of the entire sequence 
significantly exceeds the maximum interval between pulses. 
A pseudo-random digital sequence of the maximum 
"length" - M-sequence that has the maximum repetition 
period is usually formed based on the shift register covered 
by the linear feedback (eng.Linear feedback shift register, 
LFSR), in the general case of multi-loop [1]. In this case, 
each loop (in the feedback chain) of the shift register, 
consisting of sequentially connected triggers, uses binary 
adders’ modulo2 (logical elements of the XOR. - «exclusive 
OR»). An LFSR shift register with a certain number of digits 
can synthesize several types of pseudo-random digital pulse 
sequences. The repetition period of pseudo-random pulse 
sequences generated by the LFSR shift register depends on 
the selected bits for the register feedback [1-4]. By 
combining options of including XOR logic elements in the 
feedback loop, you can obtain pulse sequences in different 
periods and structures. 

The maximum period of the generated sequence of the 
shift register LFSR of bit (length) N is defined as 2𝑁 − 1. 
Hence, to achieve an acceptable period of repetition of a 
pseudo-random sequence of pulses, it is necessary to 
increase the number of bits of the shift register N [2, 5, 6]. 

2 Methods 

Based on the LFSR shift register, we propose a scheme for 
a digital generator of a pseudo-random pulse sequence that 
can be used to create cryptographic encryption algorithms 
[7, 8]. The scheme for a pseudo-random sequence digital 
generator based on a shift register LFSR of length N (N = 5) 

with linear feedbacks and based on a primitive three-term 
𝑥5 + 𝑥3 = 1, has the ability to increase the period of 
generated data, pseudo-random sequences of pulses, i.e., the 
formation of random pulses within a period of 4 *(2𝑁 − 1), 
subject to circuit simplicity and a relatively small number of 
additional elements. 

Based on a digital generator of a pseudo-random sequence 
of pulses, i.e., an M-sequence and an active low-pass filter of 
the second order of Sallen-Ki, a scheme for an acoustic noise 
generator is obtained, which is shown in Figure 1. 

 
FIGURE 1 Diagram of a digital acoustic noise generator 

New elements were added to the LFSR shift register 
scheme to increase the period of the generated pulse 
sequence: the second clock pulse generator 𝐺2 , logic 
elements 𝐼1, 𝐼2 and 𝐼3, the second added modulo two 𝑅𝑂𝑋2, 
logic elements (LE) OR-NOT and NOT. Introducing new 
elements and their connections with other elements of the 
scheme allow increasing the repetition period of the pseudo-
random pulse sequence to 4*(2𝑁 − 1). Thus, the digital 
acoustic noise generator comprises two clock pulse 
generators 𝐺1  and 𝐺2 , a 𝐺5 -bit shift register with linear 
feedback on D-triggers, two adders modulo two, three logic 
elements 2I, LE 2OR-NOT and NOT, and an active RC low-
pass filter (LF) of the second order of Sallen-Ki. It connects 
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a piezoelectric vibration transducer to the output of the LF 
filter, which creates an acoustic chaotic noise. 
Asynchronous D-trigger inputs are connect to the initial 
setting of the shift register Ra and Sa. It connects these 
inputs to power supplies that can have voltages of 0 or 5 V. 

Consider the operation of a digital acoustic noise generator. 
A 5-bit shift register with linear feedback on D-triggers is 
clocked at rectangular pulses supplied with the output of the 𝐺1  
clock generator. Using the adder modulo two 𝑋𝑂𝑅1 , then 
through the logic elements 𝐼3and OR-NOT, a serial signal is fed 
to the input of the shift register, which is the sum modulo two 
of the 3rd and last 5th digits of the shift register. 

First, using the signals on the asynchronous inputs Ra 
(Ra =5V) and Sa (Sa = 0V), the shift register will set to zero 
(you can set the shift register to a single state using the same 
signals Ra = 0V and Sa= 5 V). Thereafter, the asynchronous 
inputs set Ra= 5V and Sa = 5V. For the output of the shift 
register from the null state to the scheme introduced by LE 
OR-NOT, forming at its output a signal of logical units (if 
the initial state of the shift register unit, the output LE OR-
NOT will be a signal of logical zero), which is input to the 
D-trigger 1-th digit. 

Pseudo-random pulse sequences are generated at the 
output of the shift register, the duration and interval between 
them determined by the pulses of the 𝐺1  clock generator 
(with an operating frequency of 20 kHz). The shift register 
will generate pseudo-random pulses as a shift register with 
linear feedback on the Fibonacci configuration [9]. 

After a time equal to 31*𝑇1 , a signal (pulse) of logical 1 
will appear at the output of the clock generator 𝐺2 , the 
duration of which will also be equal to 31*𝑇1 where 𝑇1  is the 
period of repetition of the pulses of the clock generator 𝐺1 . 

Here, the shift register with linear feedback takes the 
Galois configuration and generates pseudo-random pulses 
under the influence of the pulses of the clock generator 𝐺1  for 
a time equal to 31*𝑇1  [10, 11]. Thus, pulses with a repetition 
period equal to 2*(2𝑁 − 1) are fed to the input of the active 
RC filter of the second order of Sallen-Ki and at its output 
generates acoustic noise chaotic. A digital acoustic noise 
generator can have N (in particular, 31) digits. In this case, the 
number of additional elements is practically not increased, 
except for bit D-triggers. The clock generator 𝐺2  driving 
structure of 5-bit shift registers with relatively small amounts 
of additional elements (OR-NOT, NOT, three LE 2I, and the 
clock generator 𝐺2) can be compared to known schemes [2, 
9, 12-14], to increase the pulse repetition period pseudo-
random sequence twice, to make it equal to 2*(2𝑁 − 1). If N 
= 31, then the repetition period of 2*(2𝑁 − 1) will be large 
enough and at the output of the digital generator, the acoustic 
chaotic noise will not differ from the random noise. 

Furthur, to verify the technical solutions with the help of 
a program Electronic workbench was a modeled diagram of 

a digital noise generator according to Fig.1. It gets lot of 
signals at characteristic points of the digital acoustic noise 
generator, which presented in below (Figure 2 and Figure 3) 

 
FIGURE 2 Pseudo-random pulses of a digital acoustic noise generator 

 
FIGURE 3 Acoustic signals of a chaotic nature at the output of a digital 

generator 

Plot in Figure 2 shows a random sequence of pulses 
within the repetition period 2*(2𝑁 − 1), and the plot in 
Figure 3 illustrates a chaotically changing acoustic signal 
passed through the second-order active low-pass filter 
scheme of Sallen-Ki. 

As clock generators 𝐺1  and𝐺2 , you can use one scheme 
of pulse generators on logic elements. For example, the 
scheme shown in [1, 5]. 

3 Conclusion 

Depending on the logical state of the pulses of the clock 
generator 𝐺2 , the circuit structure changes, first when the 
pulses of the clock generator 𝐺2  are absent, i.e. the scheme 
generates pseudo-random pulses as a digital generator of the 
Fibonacci configuration, and when the pulses of the clock 
generator 𝐺2  correspond to a logical unit, the scheme 
generates pseudo-random pulses as a digital generator of the 
Galois configuration, and therefore, at the output of the shift 
register, you can get chaotic sets of random sequences for a 
time equal to 2*(2𝑁 − 1). At the same time, the output of 
the active RC of the second-order low-pass filter is Sallen-
Ki, i.e. at the output of the digital acoustic noise generator; 
we get a chaotic signal with a relatively small number of 
additional logic elements. 

The work related to the field of computer technology, 
information, and measurement radio engineering and can be 
used to protect speech information from unauthorized 
access by creating a noise signal through acoustic and 
electronic- optical channels, as well as in coding systems for 
generating pseudo-random sequences. 
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