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Abstract—The pseudo-random codes, including Gold's codes, are 

used in GNSS systems; they are characterized by good 

synchronization and the simplicity of their generation. However, the 

disadvantage of these pseudo-random codes is poor asynchronization. 

With this in mind, an algorithm improving their properties was 

implemented in the Gold's code structure, which translated into their 

performance in CDMA code multiple access. The article discusses 

the method of production of Gold sequence and presents their basic 

properties along with the ways of creating pseudo-random codes. 

Their spectral analysis was carried out on the example of codes 

transmitted in GALILEO system signals. On the basis of the 

waveform of individual components included in the Gold's sequence, 

the spectral power density was determined and its properties were 

discussed. On this basis, it was found that Gold's codes are 

characterized by better frequency performance, increased use of the 

transmitted signal power and better properties for disturbances 

resulting from the presence of noise in the AWGN (Additive White 

Gaussian Noise) radio channel. This article was prepared on the basis 

of studies of correlation properties between the sequence of Gold's 

codes and the usual sequences of pseudo-noise codes. The final part 

of the paper presents the simulation results obtained in the 

Matlab/Simulink environment and practical conclusions were 

formulated.  
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I. INTRODUCTION  

OWADAYS you can observe dynamic development of 

navigation systems, including GALILEO and GNSS 

(Global Navigation Satellite System) in terms of the spreading 

codes used in these systems. They are created from the 

combination of the so-called primary and secondary codes. 

The lengths of these codes are strictly determined and fixed 

for individual signal components, as illustrated in Table I. 

Ranging codes (primary) can be pseudo-random sequences, 

generated using a feedback register or so-called optimized 

pseudo-noise sequences [1], [2].  

In the first case, codes are generated on the basis of two M- 

sequences shortened to the required length; they can be 

generated on a regular basis in registers or stored in memory. 

In the second case (optimized pseudo-noise sequences) - codes 

 
Lucjan Setlak is with the Polish Air Force University, Aviation Division, 

Department of Avionics and Control System, Deblin, Poland (corresponding 

author to provide phone: +48-261-518-865, e-mail: l.setlak@law.mil.pl).  

Rafał Kowalik is with the Polish Air Force University, Aviation Division, 
Department of Avionics and Control System, Deblin, Poland (phone: +48-

261-518-824, e-mail: r.kowalik@law.mil.pl).  

must be stored in memory. The sequences of secondary codes 

are fixed and determined "rigidly".  

TABLE I. Lengths of ranging codes for individual components  

 

Ranging codes (primary) can be pseudo-random sequences, 

generated using a feedback register or so-called optimized 

pseudo-noise sequences.  

In the first case, codes are generated on the basis of two M- 

sequences shortened to the required length; they can be 

generated on a regular basis in registers or stored in memory. 

In the second case (optimized pseudo-noise sequences) - codes 

must be stored in memory. The sequences of secondary codes 

are fixed and determined "rigidly" [3], [4], [5].  

The figure below (Fig. 1) presents the method of generating 

code sequences based on basic and secondary codes. Based on 

the above, it can be observed that these sequences are created 

according to the tiered codes structure, in which the secondary 

codes are used to modify the next repetitions of the primary 

code.  

 

Fig. 1 Primary and secondary PRN code generator in the Galileo 

system. The following symbols were assumed: N- length of the 

primary code, NS- length of the secondary code, fc- chip rate of the 

basic code and fcs = fc/N- chip rate of the secondary code.  

The general scheme of the register generating sequences of 

basic code based on the so-called M- sequences is presented in 

figure above. It should be noted that in order to ensure the 

desired length of the resulting sequences (N), after N- work 
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cycles, the content of the two shift registers is reset and 

initialized with the so-called start values (start-values) 

𝑠̅𝑗 = [𝑠𝑗
1, … , 𝑠𝑗

𝑅] again, where R- is the length of the shift 

register. For full description of the above register, it is 

necessary to know the location of its tappings [6], [7].  

In the next figure (Fig. 2), the tappings are defined by 

elements of the vector 𝑎̅𝑗 = [𝑎𝑗,1, 𝑎𝑗,2, … , 𝑎𝑗,𝑅−1, 𝑎𝑗,𝑅], 𝑎𝑗,𝑖 ∈

{0,1}, of course the zero value 𝑎𝑗,𝑖- means no connection, and 

the one - means the occurrence of a tapping in a given place. 

In documentation, codes (or, to be more precise, registers 

generating these codes) are most often defined by means of a 

polynomial description (in octal notation), which can easily be 

transformed into a vector 𝑎̅𝑗, thus obtaining information about 

the position of subsequent joins in the shift register.  

The procedure (algorithm) is as follows: the octal definition 

of the register should be written in binary form, and then the 

received bits should be counted from the right side, starting 

from i = 0, LSB (Least Significant Bit) – the least significant 

bit, and ending with i = R, MSB (Most Significant Bit) - the 

most significant bit, where R- is the length of the register.  

Then the i-th counted bit represents the i-th element of the 

vector 𝑎𝑗,𝑖, for i = 1 ,..., R [8], [9], [10].  

 

Fig. 2 Operation of pseudorandom sequence registers in the Galileo 

system  

 

Fig. 3 An example of an octal record transformation defining a shift 

register into a vector form aj  

It should be emphasized that the bit counting started from 

zero, assigning bits to the next elements of the vector 𝑎𝑗,𝑖- 

however takes place from i = 1. The value 𝑎𝑗,𝑅 is always equal 

to one. This process (for an exemplary polynomial value) is 

shown in the figure below (Fig. 3). A slightly different method 

of conduct applies in the case of transforming an octal figure 

of the so-called start values in the corresponding logic levels. 

To do this, first write the octal record in binary form and then 

count the bits starting with i = 1 (LSB) up to i = R (MSB), 

where R- means the length of the register. After this count, the 

i-th bit corresponds to the element 𝑠𝑗
𝑖 of the vector 𝑠̅𝑗 [11], 

[12], [13]. The following is an example of the implementation 

of the described procedure (Fig. 4).  

 

Fig. 4 An example of an octal record transformation of start values to 

the corresponding logical values  

A detailed list of all codes in the GALILEO system can be 

found in the document [14]. The document contains all the 

octal polynomials defining the joins, start values as well as the 

list of secondary codes. It should be added that the assignment 

of specific numbers of primary and secondary codes to 

specific satellites is not yet decided. This may be 

supplemented with the next system specification update.  

II. ANALYSIS OF THE PROBLEM OF SPREADING THE SIGNAL 

SPECTRUM IN THE GPS SYSTEM  

The GPS receiver (Global Positioning System) uses signals 

with extended spectrum acquired due to direct data signaling, 

using one of two pseudorandom C/A sequences (Coarse 

Acquisition) and pseudorandom P code, and then phase-

modulating both carrier frequencies [15], [16].  

Thanks to such application, a significant value of signal to 

noise ratio S/R (Signal to Noise Ratio) is obtained, which, on 

the other hand, results in a low Bit Error Rate BER (Bit Error 

Rate) as well as increased credibility of the radio transmission.  

The figure above (Fig. 5) shows a block diagram containing 

transmission with widened spectrum using the method of 

spectrum spreading in DS-SS (Direct Sequence Spread 

Spectrum) systems using code sequences.  
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Fig. 5 Block diagram of signal spectrum spreading in a GPS system  

Thanks to such application, a significant value of signal to 

noise ratio S/R (Signal to Noise Ratio) is obtained, which, on 

the other hand, results in a low Bit Error Rate BER (Bit Error 

Rate) as well as increased credibility of the radio transmission 

[17]. The figure above (Fig. 5) shows a block diagram 

containing transmission with widened spectrum using the 

method of spectrum spreading in DS-SS (Direct Sequence 

Spread Spectrum) systems using code sequences.  

The main measure of the quality of spreading spectrum 

systems is the processing benefit (processing gain), 

determined analogically to the modulation gain included in 

classical emissions. Information about the processing profit 

value ”G” allows you to determine to what extent the signal to 

interference ratio has improved at the output S/𝑅𝑜𝑢𝑡 to the 

ratio of the interference signal at the input of the system 

S/𝑅𝑖𝑛𝑝, therefore:  

𝐺𝐺𝑃𝑆 =  
(𝑆/𝑅)𝑖𝑛𝑝

(𝑆/𝑅)𝑜𝑢𝑡

=  
𝐵𝑅𝐹

𝐵
 

  
(1) 

where:  

𝐺𝐺𝑃𝑆- processing profit in GPS,  

𝐵𝑅𝐹- the bandwidth of the modulated signal,  

B- the bandwidth of the data signal.  

A characteristic feature of radio systems with spread 

spectrum is the increased processing profit. It is generated by 

spreading the spectrum of the signal, which is then subjected 

to compression in the GPS receiver. Through this mechanism, 

only a small element of the radio channel noise is able to 

productively influence the signal in the GPS receiver.  

The advantage of processing in GPS corresponds to the 

ratio of the bandwidth of the data signal to the modulated 

signal band. This results in increased noise resistance, which 

enables the system to function properly despite the 

signal/noise ratio being reduced [18], [19].  

GPS signals with a wide spectrum are obtained by keying 

data D(t) with a given pseudorandom C/A(t). The bipolar 

sequence of the pseudo-dependence C/A(t) is multiplied by a 

bipolar data stream D(t) corresponding to the i-th satellite. 𝑇𝑏  

(data bit duration) is significantly greater than time 𝑇𝐶/𝐴 

(pseudorandom sequence bit).  

The output signal 𝐿𝐶/𝐴 has a spectrum G-times larger than 

the data signal D(t). The signal resulting from the modulo-2 

sum of both C/𝐴𝑖(t) and D(t) sequences is transferred to the 

BPSK phase modulator (Binary Phase Shift Keying), which is 

transmitted via the satellite to the users. The form of such a 

radio signal 𝐿𝐶/𝐴(t) is described by the formula:  

𝐿𝐶/𝐴(𝑡) = 𝐷(𝑡) ∗ 𝐶/𝐴𝑖(𝑡) ∗ 𝑐𝑜𝑠2𝜋𝑓𝐿1𝑡    (2) 

The signal 𝐿𝐶/𝐴(𝑡) in the radio channel is affected by 

interfering factors i(t) of an additive character.  

The input signal 𝐿𝐶/𝐴
𝑖𝑛𝑝

(t) reaches the GPS receiver as the 

sum of the interference of the form and the useful signal [20].  

𝐿𝐶/𝐴
𝑖𝑛𝑝

(t) = 𝐿𝐶/𝐴(𝑡) + 𝑖(𝑡)   (3) 

After completion of the demodulation, the signal is shifted 

to the baseband in the form of [21], [22], [23]:  

S(t) = D(t) * C/𝐴𝑖(𝑡) + 𝑖′(𝑡)   (4) 

where: i’(t)- is an interfering signal shifted to the baseband.  

In the GPS receiver, the C/𝐴𝑖(𝑡) code replica is multiplied 

by the signal S(t), as a result of their synchronization, the 

course is expressed in the following form:  

𝑆(𝑡) = [𝐷(𝑡) ∗ 𝐶/𝐴𝑖(𝑡) + 𝑖′(𝑡)] ∗ 𝐶/𝐴𝑖(𝑡)

= 𝐷(𝑡) ∗  [𝐶/𝐴𝑖(𝑡)]2

+ 𝑖′(𝑡) ∗  𝐶/𝐴𝑖(𝑡) 

  

(5) 

At the same time after taking into account the identity:  

[𝐶/𝐴𝑖(𝑡)]2 = 1   (6) 

You get:  

S(t) = D(t) + i’(t) * 𝐶/𝐴𝑖(𝑡)   (7) 

D(t) is a broadband factor, however i’(t) * C/Ai(t) is a 

broadband factor. By using a low-pass filter, it is possible to 

omit almost all of the power of the broadband factor along 

with the part of the interfering signals, thus allowing receiving 

a GPS navigational message [24]. The generation of the 

satellite message is at a speed of 50 [Hz] „a” based on the data 

transmitted from the control segment, as well as parameters 

generated via satellite. At the same time, a pseudo-random 

sequence 𝐶/𝐴𝑖(𝑡) „b” is created - it is different for each of the 

satellites, having a length of 1023 bit and a generation rate 

equal to 1.023 [MHz]. Both signals are added modulo 2. 

Signal „c” of the sum of the message GPS D(t) and the C/A 

code has a frequency of 1.023 [MHz]. After this process, it 

undergoes phase modulation [25] (Fig. 6).  

 

Fig. 6 Transmission of a GPS navigation message  
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The input signal (d) goes to the user's receiver, where it is 

added to the C/A code generated by the receiver - replicas (e). 

At the end, a waveform of 50 [Hz] is obtained, which is a 

navigational message (f) with the same properties as a 

message transmitted via satellite (a) [26], [27].  

III. THE RESULTS OF SIMULATION STUDIES  

To obtain the evaluation of the quality of data transmission, 

a measurement was made at the transformer output by using 

the network interference spectrum analyzer (Figs. 7-8) [28].  

 

Fig. 7 The spectrum of power interference in the power grid  

After conducting and analyzing this measurement, it turns 

out that the significant share of network interference has pulse 

power supplies of computers operating in close proximity. 

This is evident mainly at the lifting frequencies ≈ 58 [𝑘𝐻𝑧] 
and ≈ 85 [𝑘𝐻𝑧] [29].  

To get a measurement of the noise-signal ratio, the power 

spectrum was measured for two cases:  

 during data transmission, where the broadband signal 

(with interference) has been filtered, and also 

strengthened,  

 in the case of loss of the transmitter signal, where the 

interference has been amplified and filtered.  

 

Fig. 8 The power spectrum at the input of the receiver  

The result of the calculation of the surface areas under the 

curves is:  
𝑆

𝑁
≈ 0,679 ↔  −1,7 𝑑𝐵 

  
(8) 

Despite the fact that the power of interference is greater 

than the power of the useful signal, the correct data 

transmission was obtained, which confirms the high resistance 

to interference of systems based on spreading [30].  

The developed receiver and transmitter models, although 

they allow operation (functionality) with signals below a given 

noise level, have certain limitations resulting mainly from the 

implemented solutions.  

The 255 bit code used can not be called pseudo-random due 

to its length, so the margin of interference is significantly 

lower than that resulting from the processing profit.  

Based on the experiments conducted, it was concluded that 

the system is the most sensitive to narrowband interference, of 

a carrier frequency, which is manifested by distortion of the 

received data.  

TABLE II. Mutual correlation values between code and interference  

 

Table II shows that the ratio 𝑅𝑚𝑎𝑥/𝑅 is significantly 

smaller than the amount of processing profit 𝐺𝑃, and also 

depends on the length of the code and the frequency of the 

interference. Performing tests on the receiver showed that the 

use of codes smaller than 255 bit is not effective due to the 

high correlation with interference that occur in the frequency 

band being used. In addition, for some codes even the correct 

synchronization can not be received.  

IV. THE RESULTS OF COMPUTER SIMULATIONS  

It should be noted that the maximum lengths are easy to 

generate, however, their correlation properties are not good 

enough to allow them to be used in CDMA (Code-Division 

Multiple Access) systems, using the technique of access to the 

transmission medium, based on the assignment of individual 

users using the same channel for data transfer, distraction 

sequences, thanks to which the receiver will uniquely identify 

the transmission intended for it.  

Gold's sequences and Kasami's sequences have much better 

properties. Gold showed that there exist such pairs u(n), v(n) 

m- sequences of equal length 2
L
-1, for which the function of 

mutual correlation Ruv(k) accepts only three values:  

𝑅𝑢𝑣(𝑘) ∈ {−1, 𝑡(𝐿), 𝑡(𝐿) − 2}   (9) 

where:  

𝑡(𝐿) = {
2(𝐿+1)/2 + 1 𝑓𝑜𝑟 𝐿 𝑜𝑑𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 

2(𝐿+2)/2 + 1 𝑓𝑜𝑟 𝐿 𝑒𝑣𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟
 

  
(10) 

The sequences u(n), v(n) characterized by this property are 

called the preferred sequences. The values belonging to the set 

defined are much smaller in terms of the module than the 

maximum values of the mutual correlation function of any pair 
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of m-strings that are not the preferred sequences.  

Requirements for polynomials that generate preferred 

strings and tables of their coefficients can be found in the 

available literature [31].  

For example, a short list of selected polynomials defining 

preferred sequences with lengths N = 31... 2047 is shown in 

the table III.  

TABLE III. Sample pairs of polynomials generating preferred 

sequences  

L N Polynomial 1 Polynomial 2 

5  31  x5 + x2 + 1 x5 + x4 + x3 + X
2 + 1 

6 63  x6 + X1 + 1 x6 + x5 + X
2 + x1 + 1 

7 127 x7 + x3 + 1 x7 + x3 + X
2 + x1 + 1 

9 511 x9 + x4 + 1 x9 + x6 + x4 + x3 + 1 

10 1023 x10 + X3 + 1 x10 + x8 + x3 + X
2 + 1 

11 2047 X11 + X
2 + 1 x11 + x8 + x5 + X

2 + 1 

Gold's sequences are obtained from a pair of m- sequences 

preferred by the operation of modulo sum 2 of the first 

sequence u(n) with the cyclic shift of the second sequence 

v(n). The number of strings obtained in this way is 2
L
 + 1 and 

contains sequences resulting from summing the sequence u(n) 

with 2
L
 - 1 possible shifts of the sequence v(n) and 

additionally both m- sequences u(n), v(n).  

In this way, we get a very large family of Gold's sequences 

with strictly controlled values of the mutual correlation 

function (number to the first formula from the sub-chapter). 

For the generation of Gold's sequences, a system of two 

pseudorandom generators is used, using LFSR (Linear 

Feedback Shift Register), an example of which is shown in 

Fig. 9. The choice of a specific Gold's sequence from an 

available family is done by setting the initial state of one of 

the LFSR register generators. Due to the very good correlation 

properties and the easy selection of a particular family string, 

Gold's sequences have been used as dissipative sequences in 

many CDMA systems, such as in the UMTS (Universal 

Mobile Telecommunications System) system or in the GPS 

satellite navigation system [35].  

Kasami's sequences also have very small absolute values of 

the mutual correlation function. They are obtained similarly to 

Gold's sequences. We distinguish the so-called a small set of 

Kasami's sequences containing 2
L/2

 binary sequences with the 

period N = 2
L
 - 1, where L is even and so-called a big set of 

Kasami's sequences. It also consists of sequences with the 

period N = 2
L
 - 1, where L is even, and contains both a small 

set of Kasami's sequences and Gold's sequences. In systems 

with spread spectrum, other sequences are used in addition to 

those discussed so far, such as OVSF codes (Orthogonal 

Variable Spreading Factor Codes) that act as channel 

sequences in the UMTS system, or sequences with zero 

correlation ZCZ (Zero-Correlation Zone), used in LAS-

CDMA (Large Area Synchronous CDMA) multiple access.  

However, due to the small relationship with the subject of 

this study, they will not be discussed here. In the further part 

of the work, the results of the computer simulations are 

presented in the following figures [32], [33], [34] (Figs. 10-

19).  

 

Fig. 9 An exemplary diagram of a pseudo-random generator of 

Gold's sequences  

 

Fig. 10 The pseudo-random code generated by the register No. 1  

 

Fig. 11 The spectrum of graph 1 shown in Fig. 10  
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Fig. 12 The pseudo-random code generated by the register No. 2  

 

Fig. 13 The spectrum of graph 3 shown in Fig. 12  

 

Fig. 14 A pseudo-random code generated by register A  

 

Fig. 15 The spectrum of the graph 5 shown in Fig. 14  

 

Fig. 16 A pseudo-random code generated by register B  

 

Fig. 17 The spectrum of the graph 7 shown in Fig. 16  
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Fig. 18 The pseudo-random code generated by register C  

 

Fig. 19 The spectrum of the graph 9 shown in Fig. 18  

V. CONCLUSION  

The pseudo-random codes allow, among others, to carry out 

measurements to determine the distance between the satellite 

and the receiver, i.e. the pseudorange necessary to determine 

the location of a given user. The main task of PRN (Pseudo 

Random Noise) codes is to amplify the signal so that it can be 

received without the use of parabolic antennas.  

In addition, they enable supervision of access to the space 

segment to its owner. Each satellite is assigned an individual 

C/A code. Due to the aforementioned autocorrelation feature, 

it is possible to synchronize the signal in the receiver. This 

allows decoding the message in the signal, as well as 

determining the delay that the signal has with respect to the 

satellite. This delay can be used to determine the position of 

the satellite at the time of sending the signal and determine the 

pseudorange to it.  
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