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Abstract. The formative stages of the minimum frequency manipulation with a continuous phase 

with a modified algorithm of formation of quadrature components and Barker code encoding are 

discussed in this article. The results of modelling the digital sequences scheme using this method 
are presented. The method of minimum frequency manipulation with continuous phase with 

changed algorithm of quadrature components formation and Barker code encoding has been 

described earlier. The minimal spreading of frequencies for minimum frequency manipulation 

by which the orthogonality of opposite signals is still maintained, it is implemented when the 

manipulation index is m = 0.5 and constitutes the value that is inversely proportional to the 

doubled duration of the elementary pulse transmitted by the sequence, 2Δf = 1/2τ. 

For many years now, radio communication has been an essential part of our lives and each generation 

discovers new ways to improve it, and in particular to provide more protected and less power-intensive 

connection by upgrading the transmission and reception methods. The formation of quadrature with 
considering the approximate similarity of zeros and ones, which are extracted from the information 

stream and the use of coding by means of Barker code, leads to the better interference protection at the 

receiving end due to the autocorrelation function of Barker codes. 

 The complex signals are encoded with special sequences that have strongly correlated 
characteristics. One type of such sequences are Barker codes, which have the best autocorrelation 

functions. The correlators or coordinated filters with pre-defined parameters corresponding to the 

received signal are the part of the noise-like receivers, which are Barker codes, it allows you to maintain 
confidentiality of information. There is a known way to transmit binary information by complex signals 

with intra-pulse minimum frequency manipulation, where the encoded information sequence is received 

to the inputs of the quadrature modulator. [1] 
In the article we present the results of the study on the formation of digital order by a new method of 

modulation to increase the noise immunity of the radio channel. 

For the transmission of information by signals with minimum frequency modulation, including the 

minimum frequency modulation of the carrier frequency, the analysis of the sequence is carried out to 
determine the order of the even and odd unit bits of information, the order of distribution zero bits of 

information following the odd bits of  units, determine the even and odd timing periods in the 

information sequence, resulting from the analysis the manipulation sequences of in-phase and 
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quadrature channels are formed, then the resulting sequence is converted into a bipolar code and 

modulated by the phase of sine and cosine harmonic vibrations of the carrier frequency, the period of 

which is equal to a quadruple duration of the elementary parcel of the transmitted information sequence, 
then the modulated phase of the oscillations are fed to the quadrature modulator of the carrier frequency. 

The Universal Quadrature Modulator multiplies the phase component of the Cn carrier frequency, 

located in the positive frequency region, and the phase component of the complex envelope Cn, whose 
speed is directly proportional to the frequency deviation, and the direction of rotation depends on the 

value transmitted bit information. Since fn >> fd, the direction of rotation is the same as that of the phase 

component in a carrier frequency, only the absolute value of the angular velocity of rotation changes, 

when the directions of rotation of both phase components match, it will be equal to the sum f1 = fn + fd 
or the difference in frequency f0 = fn - fd, when they are rotated in different directions. [2] 

The signal that is modulated in frequency by the minimal frequency modulation of the digital 

sequence ak, presented in the form of a bipolar code, can be expressed as. 

𝒔(t) =  cos (ωnt +
πak

2Tb
t) =  cos(ωnt +  akΩdt)                                           (1) 

Assuming that (1) is the complex signal actual (real) part, adding the real part of an imaginary 

component in the form of a Hilbert transform from the real part, then the expression for the complex 
signal, presented (2) in trigonometric and exponential form [2] is obtained. 

𝐶 = 𝑐𝑜𝑠(𝜔𝑛𝑡 +  𝑎𝑘𝛺𝑑𝑡) + 𝑗𝑠𝑖𝑛(𝜔𝑛𝑡 + 𝑎𝑘𝛺𝑑𝑡) = 𝑒𝑥 𝑝 𝑗 (𝜔𝑛𝑡 + 𝑎𝑘𝛺𝑑𝑡)                     (2) 

The phase component C, represented as an exhibitor, with an argument in the form of the sum of the 

two sums can be represented as a product of the phase component in the modulating process Sm and the 
carrier frequency Cn. 

𝐶 = 𝑒𝑥 𝑝 𝑗 (𝜔𝑛𝑡 +   𝑎𝑘𝛺𝑑𝑡) = 𝑒𝑥 𝑝 𝑗 (  𝑎𝑘𝛺𝑑𝑡)𝑒𝑥 𝑝 𝑗 (𝜔𝑛𝑡)                                (3) 

𝐶𝑛 = exp(𝑗ω𝑛t)   describes the phase change of the carrier frequency rotating with angular velocity 
ωn.(3) The value of the carrier frequency is determined by external factors, depends on the requirements 

for the radio system. The carrier frequency rating fn can be selected by any frequency value lying within 

the range from VHF to VHF bands and above. 

Multiplier 𝐶𝑚 = exp j ( 𝑎kΩdt) is the phase component of the complex envelope modulating signal. 

The speed of the envelope phase is many times less than the carrier frequency phase speed, ωn≫Ωd. The 

deviation frequency, which determines the angular velocity of the low-frequency phase component, are 

in the video frequency area, located in the vicinity of zero frequency. This part carries information about 
the amplitude, in this case it is constant and accepted equal to one, phase and, consequently, the 

frequency of a complex envelope modulating signal. 

 

 

 

 

 

 

 

 

Figure 1. The phase component of the carrier 
frequency, Cn. 

For the viewed signal with the minimum frequency modulation without breaking the phase amplitude 

of the signal is taken constant, equal to one, and m = 0.5, using the minimum possible frequency 

difference equal to 2Ωd, which still maintains the orthogonality of the oscillations of the opposite bits 

on a symbolic interval. The ak presence in the phase of the signal leads to an inversion of the phase 
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addition sign at the time when the bit changes to the opposite, resulting in a deviation frequency in the 

process of modulation, Ωd, can take a positive or negative value.[3] 

To maintain phase continuity, the modulating signal must be time-related to the code sequence. 
In order to prove the above statements, a number of experiments were carried out to form a minimum 

frequency manipulated digital sequences with the Barker code using the electronic simulator PROTEUS 

The results of the experiment are presented below. 
 

 

 

 

 

Figure 2. Correlation 

between the phase 

reversal requirement 
moments and favorable 

conditions for its 

implementation. 

Image 2 presents the graphs explaining the transformation of the quadrature and in-phase component 

of the phasor to the quadrature component of the complex envelope modulating process relative to the 

modulating sequence. The graphs clearly illustrate the fact that the phase continuity is achieved. 
Binary sequence of the modulation code is converted to BVN code. A signal manipulated by 

frequency in accordance with the minimum frequency manipulation of the digital sequence ak can be 

expressed as: 

𝑆(𝑡) =  𝑐𝑜𝑠 (𝜔𝑛𝑡 +
𝜋𝑎𝑘

2𝜏
𝑡)                                                              (4)  

where ωn = 2πfn - the carrier frequency, ak = ±1 - a sequence of information symbols to be transmitted, 
expressed in the code of BVN. The next step is to select a sequence corresponding to the single bits of 

the previous code, the pulse duration is equal to half the duration of the bits of the code. Further, the 

sequence is passed through the frequency divider by two and the output is a sequence containing odd 

bits and zero bits. 
 

 

 

 
 

 

 

 
 

 

Figure 3. Time 
diagrams of control code 

formation stages. 

 
Figure 3 shows graphs, that illustrate the forming of control codes: 1 - digital information sequence, 

2 - displaying bits of the digital sequence by unipolar binary code, (rhombs denote zero bits following 

the odd single bits), 3 - numbered sequence of single bits, selected from the input sequence. 4 - A 

sequence of bits that is obtained at the output frequency halver of unit bits (the time axis is marked with 
the numbers of clock intervals; rhombs denote the unit bits obtained by transforming the zero bits 

following after the odd units in the input sequence), 5 - unit bits following on the odd clock intervals, 6 

- unit bits following on the even clock intervals.[4] 
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Let us study the operation principle of the device for generating modulation codes on the example of 

the 111100010 sequence. In the sequence of the sinus channel we include the modulation code of the 

quadrature component of the complex signal, Q, relative to the signal coming from the block formation 
of quadrature channels. Thus, we obtain single (1st, 3rd and 8th units) or the following zero bits of 

information (9th and 10th zeros after 8th unit), or inverse modulation code quadrature component of the 

complex signal, relative to the inverse signal coming from the block formation of quadrature channels, 
it is (2nd and 4th) single, or the following zero bits of information (5th, 6th and 4th zeros after 4th zero). 

In the sequence of cosine channels we include the modulation code of the in-phase component of the 

complex signal, I, relative to the signal product coming from the block of formation of quadrature 

channels and the information sequence signal (1st, 3rd and 8th) single or zero bits (5th, 6th and 7th), or 
inverse modulation code of the in-phase component of the complex signal, with respect to the product 

of the inverse signal from the block of formation of quadrature channels and the inverse information 

sequence signal (2nd, 4th and 8th) of single, or zero bits (9th). Then we replace the quadrature 
modulation codes, that are on the even clock intervals of the sinus channel, with the in-phase modulation 

codes of the even clock intervals of the cosine channel and vice versa. 

 The formation results of code marks in sinus and cosine channels for this sequence are presented in 

table 1.  

Table 1. The formation result of modulation codes in the quadrature channels. 

Input sequence. 1-odd 2-even 3- odd 4- even 5- odd 6- even 7- odd 8- even 9- odd 

1 1 1 1 0 0 0 1 0 

Stage 1 of sine 

channel 

modulation 

sequence 

formation 

  ↓   ↓   ↓  

↓  

11110 00001 11110 00001 00001
 

00001
 

00001
 

11110 11110 

Stage 1 of cosine 

channel 

modulation 
sequence 

formation 

I  ↑ I  I  ↑ I  I  ↑ I  I  ↑ I  I  

11100 00011 11100 00011 11100 11100 11100 11100 00011 

Modulation 

sequence of the 

sine channel after 

changing the codes 

at even intervals 

 

 

 I   

I  
 

I   

11110 00011 11110 00011 00001
 

11100 00001
 

00011 00001 

Modulation 

sequence of the 

cosine channel 

after changing the 

codes at even 
intervals 

I  
 

I  
 

I  
 

I   I  

11100 00001 11100 00001 11100 00001
 

11100 00001 11100 

Modulation 

sequence of sine 

channel in bipolar 

code 

+Q –I +Q –I –Q +I –Q +I +Q 

         

Modulation 

sequence of cosine 

channel in bipolar 

code 

+I –Q +I –Q +I –Q +I +Q –I 

         

(IQ)          

Q Q Q Q Q Q Q Q Q

Q I Q Q Q Q

Q Q Q Q
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After the formation of modulation sequences in the in-phase and quadrature channels, the signals are 

multiplied with the carrier, which is a sinusoidal and cosine weighting of symbols. As a result, the signals 

arrive at the quadrature modulator input, where the signal is formed with minimal frequency 
manipulation. [5] 

In order to experimentally confirm the theory, we carried out a number of experiments on schematic 

implementation which was mentioned above using FPGA, the program was written in the Quartus II 
development environment in the Verilog electronic hardware description language. A model of the 

scheme for forming quadrature components was created and the code was written. The results are 

presented in figures 4 and 5. 

 

 

Figure 4. The structural scheme of forming the quadrature components. 
 

 

Figure 5. Time diagrams of the quadrature component shaper. 

The results of the experiment show that the time diagrams match the theoretical representation. The 

considered principle of formation of the quadrature and in-phase channels code sequence is realized and 

it works, stages of changing and forming the carrier frequency phase that are graphically and 

mathematically described match with the practical ones. The results prove the reliability of the method 
and allow us to continue research to obtain a device to implement the above modulation method. 
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