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Abstract:
With the rapid development of communication technology, the security and reliability of signal transmission and anti-
interference ability have become a key challenge. Aiming at the problems, this paper deeply studies the scrambling and 
de-scrambling technique of pseudo-random sequences, and designed the corresponding circuit to better understand the 
working mode of each step. In this study, the design and implementation of the scrambling and de-scrambling technique 
of pseudo-random sequences circuit is carried out through Verilog language, and the advantages and disadvantages 
of the designed circuit are analyzed in detail and the improvement scheme is obtained. In addition, this study also 
compares and analyzes the advantages and disadvantages of  the scrambling and de-scrambling technique of pseudo-
random sequences and the scrambling and de-scrambling technique of self-synchronizing, which provides a reliable 
basis for selecting appropriate technical solutions in practical application scenarios. This study provides theoretical 
support and reference for the design of communication systems, and looks forward to the future development direction 
of the scrambling technology, including the development of more efficient algorithms, the exploration of adaptive 
techniques, and the development of low-power solutions.
Keywords: Verilog; scrambling and de-scrambling technique; pseudo-random sequences; linear feedback 
shift register; self-synchronizing.

1. Introduction
With the continuous progress of science and technology, 
communication technology is playing an increasingly 
important role in production and life around the world. 
The communication system has achieved a qualitative 
leap in terms of transmission rate and capacity, which has 
brought great convenience to people’s production and life. 
However, in this process, the reliability, security and an-
ti-interference ability of signal transmission have become 
urgent problems in the communication field. Therefore, 
scrambling code and decoding technology has become an 
indispensable technical means in digital communication 
systems. As an effective means to improve communi-
cation quality, ensure information security and enhance 
system performance, scrambling and de-scrambling tech-
niques have been widely used in wireless communication, 
satellite communication, fiber communication CDMA 
communication systems, and other fields [1]. For exam-
ple, in 4G LTE and 5G NR systems, scrambler technology 
successfully distinguishes the data streams of different 
users and improves the capacity and user experience of 
the communication system [2]. However, scrambling 
and de-scrambling techniques bring many advantages to 
communication systems but also face certain challenges. 

How to further improve the reliability, security and an-
ti-interference ability of signal transmission has become 
a hot topic in the field of communication. As an effective 
solution, the scrambling and de-scrambling technique of 
pseudo-random sequences has better anti-interference 
performance and lower bit error rate, so it has gradually 
become an important choice for communication system 
design [1].
In order to deeply understand the scrambling and 
de-scrambling technique of pseudo-random sequences, 
this paper will use Verilog language for circuit design and 
implementation. Through the design and implementation 
of the pseudo-random sequence dereferencing circuit, 
the working principle of each step of the scrambling and 
de-scrambling technique of pseudo-random sequences 
can be deeply understood. At the same time, aiming at 
the shortcomings of the designed circuit, an improved 
scheme is proposed to provide a reference for the design 
of communication system. In addition, this paper will 
compare and analyze the advantages and disadvantages 
of the scrambling and de-scrambling technique of pseu-
do-random sequences and the scrambling and de-scram-
bling technique of self-synchronizing. The comparison of 
the two technologies in terms of performance, complexity 
and application scenarios, provides a basis for selecting 
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the appropriate technical scheme in the actual application 
scenario. It is hoped that this study can provide theoretical 
support for future communication system design and fur-
ther promote the development of scrambling and decoding 
technology.

2. Theoretical Basis
2.1 Scrambling and De-scrambling
Scrambling and de-scrambling technique is the core tech-
nology of digital communication systems, which can be 
used to improve the reliability, security and anti-inter-
ference ability of signal transmission. Scrambling code 
technique effectively reduces the periodicity of the signal 
by randomizing the original data, making it more difficult 
to predict and analyze, to improve the reliability of signal 
transmission [3]. The de-scrambling code technique is re-
sponsible for restoring the scrambled signal to the original 
data and can detect and correct errors, to further improve 
the accuracy of signal transmission [3].
Scrambling and de-scrambling techniques mainly include 
two types, namely the scrambling and de-scrambling tech-
nique of pseudo-random sequences and the scrambling 
and de-scrambling technique of self-synchronizing. The 
scrambling and de-scrambling technique of pseudo-ran-
dom sequences uses pseudo-random binary sequences 
(PRBS) generated by linear feedback shift registers(LFSR) 
to realize data scrambling and de-scrambling. Its periodic 
and random characteristics help to improve the spectrum 
characteristics of signals, enhance the anti-fading ability 
of signals, and improve the security of communication 
systems [4]. The scrambling and de-scrambling technique 
of self-synchronizing simplifies the synchronization pro-
cess, realizes the automatic alignment of the de-scram-
bling process and the scrambled signal, and does not need 
precise synchronization between the transmitter and the 
receiver. This technique is easy to implement and can ef-
fectively adapt to time-varying characteristics [5].
In this study, the scrambling and de-scrambling technique 
of pseudo-random sequences will be taken as the main re-
search goal.

2.2 Scrambling and De-scrambling Technique 
of Pseudo-random Sequences
The scrambling and de-scrambling technique of pseu-
do-random sequences is the generation and application of 
PRBS, and it realizes the data scrambling and unscram-
bling process. In the scrambling phase, the source data 
stream is XOR operated with its PRBS with significant 
periodicity and randomness, thus transforming into a ran-
domized data stream. In this process, the periodicity of the 
signal is effectively reduced and the reliability of signal 
transmission is improved [4]. In the de-scrambling phase, 
the original data is recovered by using the same PRBS 
at the receiver and the same PRBS at the transmitter for 
XOR operation [4]. To ensure the correctness of the de-
coder, the receiver and the transmitter should be synchro-
nized and use the same initial LFSR value and polynomi-
al.

3. Circuit Design and Implementation
In order to design the pseudo-random deranging cir-
cuit, the core part of the circuit is studied and analyzed. 
The scrambling and de-scrambling technique of pseu-
do-random sequences circuit includes the scrambler 
and descrambler. The scrambler of the scrambling and 
de-scrambling technique of pseudo-random sequences is 
based on LFSR. The input data and LFSR internal regis-
ter data are XOR-operated to generate a pseudo-random 
sequence and output the scrambled data [6]. The descram-
bler of the scrambling and de-scrambling technique of 
pseudo-random sequences utilizes the characteristics of 
XOR operation to perform XOR operation between the 
pseudo-random sequence output by the scrambler and the 
same LFSR data, so as to recover the original data [6]. 
The scrambler and descrambler of the scrambling and 
de-scrambling technique of pseudo-random sequences 
can use the same module characteristics, and the design 
only needs to ensure that the two use the same LFSR ini-
tial value and polynomial to achieve synchronization and 
de-scrambling. The preliminary design logic design block 
diagram of the scrambling and de-scrambling technique of 
the pseudo-random sequences circuit is shown in Figure.1.
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Figure.1 The preliminary design block diagram of pseudo-random sequence de-scrambling
According to the logic of Figure 1, this study uses Veril-
og language to write the corresponding scrambling and 
de-scrambling technique of pseudo-random sequences 
circuit. The circuit is configured with four input ports and 
an output port. ‘clk’ is the input clock signal. ‘rstn’ is the 
reset signal (effective at low level). ‘en’ is the enable sig-
nal. And ‘din’ is the input data port. The output port dout 
is responsible for the output of the processed data. The 
circuit contains an eight LFSR. The register as shown in 
figure.1 XOR and shift logic configuration. Completed by 
the circuit logic function as shown in table 1. The pin of 
the circuit diagram is shown in figure.2.

Figure. 2 Pin diagram of the scrambling and 
de-scrambling technique of pseudo-random 

sequences circuit

Table 1. Written circuit logic function table
rstn en din dout
0 X X 0
1 0 0 0
1 0 1 1
1 1 0 right[0]
1 1 1 ~right[0]
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To verify whether the written circuit can work correctly, 
the above code is simulated and verified. Start by writing 
a testbench that refers to the design code. It should cover 
all functional logic table entries to ensure that there is 
no omission in the simulation, so as to fully verify the 
correctness of the coding circuit. After the testbench is 
written, Modelsim is used for high-precision simulation to 
capture signal changes, verify whether the circuit behav-
ior accurately matches the design expectation, and obtain 
the corresponding waveform diagram. By comparing the 
simulation waveform with the design logic table, the cor-
rectness of the circuit output is verified intuitively.

As shown in Figure 3, the written circuit and testbench are 
compiled successfully, that is, the written circuit design 
and testbench have no errors.

Figure. 3 The Verilog design and testbench 
compile successfully

As shown in the figure.4, testbench simulation success, 
each port corresponding simulation results are obtained.

Figure. 4 Testbench simulation is successful
As shown in Figure 5, all ports get the corresponding 
waveform figure. Comparing and analyzing the waveform 
in Figure 5, the simulation verifies the completion of the 

expected operation target. This verifies the correctness of 
the written scrambling and de-scrambling technique of 
pseudo-random sequences circuit.

Figure. 5 Testbench simulation result waveform
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4.  Analysis  and Improvement of 
Scrambling and De-scrambling Tech-
nique Circuit Design
The advantages of the existing scrambling and de-scram-
bling technique of pseudo-random sequences circuits 
include the ability to generate pseudo-random sequences 
that conform to specific mathematical laws. By using 
generate loops, its extensibility allows the generation of 
PRBS sequences of higher bits. At the same time, the 
modular design principle of the code ensures the clarity 
of the structure and easy maintainability. In addition, al-
though multiple always blocks are involved, the design of 
the technique allows for independent control of each bit, 
which improves overall resource efficiency while main-
taining efficient resource utilization.
The existing scrambling and de-scrambling technique 
of pseudo-random sequences circuit designs have some 
performance limitations, and the use of multiple always 
blocks may lead to performance degradation, especially in 
high bit rate applications. At the same time, the propaga-
tion delay mismatch of clock edges or reset signals may 
cause timing problems. In addition, because the design 
of the scrambling and de-scrambling technique of pseu-
do-random sequences circuit is too simple, the scrambling 
confidentiality of the original data is not strong, and there 
may be information security problems. Finally, the tech-
nology usually uses serial data input, which limits its abil-
ity to process a large number of parallel data, so it cannot 
effectively scramble and descramble parallel data.
In order to improve the performance of the pseudo-ran-
dom sequence de-scrambling technology, the subsequent 
research will be improved from the following aspects. 
Firstly, the design of LFSR was optimized to improve the 
unpredictability and linear complexity of the sequence 
by adding XOR operation and using more random initial 
data. Second, the number of input and output ports is in-
creased to support parallel data processing. At the same 
time, the logic design is adjusted to adapt to the increase 
of input and output bits, so that the circuit has the ability 
to scramble and decode a large number of parallel data.

5. Comparison with the Scrambling 
and De-scrambling Techniques of 
Self-synchronizing
5.1 Scrambling and De-scrambling Technique 
of Pseudo-random Sequences
The advantages of the scrambling and de-scrambling 
technique of pseudo-random sequences include that it 
can effectively broaden the spectrum of the signal, reduce 
the influence of electromagnetic interference (EMI), and 

improve the reliability of signal transmission [7]. Pseu-
do-random sequences can increase the confidentiality of 
signal transmission, and it is difficult for unauthorized 
users to predict and copy scrambled sequences, thus im-
proving the security of the communication system [7]. 
In parallel data transmission lines, the use of scrambling 
of pseudo-random sequences operation can effectively 
reduce the interference between lines, thereby improving 
the quality of signal transmission [7]. The structure of the 
scrambling and de-scrambling technique of pseudo-ran-
dom sequences circuit is simple by using Linear LFSR, 
and its construction and integration process is simple and 
easy [7]. However, this technique also has drawbacks, 
such as the strict synchronization of scrambling and 
de-scrambling operations [8]. At the same time, scram-
bling and de-scrambling processing is required in the pro-
cess of scrambling and de-scrambling, which will further 
increase the complexity and cost of the system [8].

5.2 Scrambling and De-scrambling Technique 
of Self-synchronizing
The advantage of the scrambling and de-scrambling tech-
nique of self-synchronizing is that it does not need precise 
synchronization between the transmitter and the receiver, 
and the de-scrambling process can automatically syn-
chronize with the scrambled signal, thus simplifying the 
system design [7]. In addition, this technique is easy to 
implement, especially at the hardware level, such as using 
a nonlinear feedback shift register (NLFSR), and has good 
adaptability to time-varying characteristics during signal 
transmission [7]. However, it also has some drawbacks. 
For example, the spectrum cannot be effectively broad-
ened like pseudo-random sequence scrambling. There is 
a risk of spectrum leakage [9]. The secrecy is relatively 
low, and the synchronization mechanism may be easily 
analyzed and cracked [9]. At the same time, self-synchro-
nization technology requires high signal quality, and the 
degradation of signal quality may affect the synchroniza-
tion performance and increase the dereference error rate 
[9].

5.3 Suitable Scheme for the Actual Situation
To sum up, this study can conclude that the scrambling 
and de-scrambling technique of pseudo-random sequenc-
es and the scrambling and de-scrambling technique of 
self-synchronizing have their advantages and disadvantag-
es, and are suitable for different scenarios. The scrambling 
and de-scrambling technique of pseudo-random sequences 
performs well in terms of spectrum expansion, security, 
and crosstalk reduction, but it requires a strict synchro-
nization mechanism. The scrambling and de-scrambling 
Technique of self-synchronizing has the advantages of no 
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synchronization, easy implementation, and adapting to 
time-varying characteristics, but it is slightly inferior in 
spectrum broadening and security.
The two kinds of scrambling and de-scrambling circuits 
are suitable for different scenarios due to their different 
characteristics, and the choice should take into account 
the synchronization requirements, cost, complexity, and 
performance requirements [10]. The scrambling and 
de-scrambling technique of pseudo-random sequences is 
suitable for systems that require accurate synchronization 
and high performance and confidentiality, such as 4G 
LTE and 5G NR systems for mobile communication and 
GPS systems for satellite communication [2]. The scram-
bling and de-scrambling technique of self-synchronizing 
is simpler and lower cost, which is suitable for scenarios 
with limited budget or strict requirements for system 
complexity, such as Ethernet for LAN communication 
[2]. According to the actual application requirements, the 
proper scrambling and de-scrambling technique should be 
selected to optimize the system’s performance and cost-ef-
fectiveness.

6. Conclusion
In this study, a simple pseudo-random sequence scram-
bling circuit is designed by Verilog language and veri-
fied by Modelsim simulation. The core principle of the 
circuit is deeply discussed, including the scrambling and 
de-scrambling mechanism and the application of LFSR. 
The effectiveness of LFSR in pseudo-random sequence 
generation and processing is verified, and the circuit opti-
mization measures are proposed through comprehensive 
analysis. The research also compares the scrambling and 
de-scrambling technique of pseudo-random sequenc-
es with the scrambling and de-scrambling technique of 
self-synchronizing and clarifies the advantages, disadvan-
tages, and application scenarios of each technology, which 
provides decision support for communication system 
designers. Although the research mainly focuses on the 
basic level and does not fully involve the complexity and 
depth of the technology, it verifies the feasibility and prac-
ticability of the scrambling and de-scrambling technique 
of pseudo-random sequences at the circuit implementation 
level, which provides an important reference for subse-
quent practical applications and technical optimization.
Looking into the future, the development of scrambling 
and de-scrambling technology can be explored from three 
aspects. Firstly, a more efficient scrambling algorithm 
was developed, and the speed and security were improved 
by using a complex LFSR structure and fusion cryptog-

raphy principle. Secondly, the adaptive scrambling and 
de-scrambling technology is explored to realize the au-
tomatic adjustment of parameters to adapt to the channel 
state and transmission environment, and enhance the reli-
ability of signal transmission. Finally, a low-power scram-
bling and de-scrambling scheme was developed to meet 
the needs of energy saving and consumption reduction in 
communication systems. The scrambling and de-scram-
bling technology is developing in the direction of more 
efficient, safer, and more reliable. This research provides 
the basic technical support for this, and expects to make 
greater contributions to the innovation and development 
of the communication field with the continuous progress 
of technology.
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