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− Attenuation of optical fiber for kilometer 
distance: �.= 0,2 dB/km; 
− Optical transmitter power level set: PTX 
= 3 dBm; 
− Gain of the optical amplifier: G = 20 dB; 
− Optical amplifier noise figure: NF = 6 dB; 
− Sensitivity of the optical receiver: PRXsens 
=  –25dB; 
− Measured power level at the input of the 
optical receiver: PRX = –8,016 dBm; 
− Measured quality factor for the optical 
line: Q = 19,76; 
− Measured BER value at the output of the 
optical receiver: BER = 5,86.10–35; 
− Measured signal / noise ratio of the 
spectral multiplexing optical signal at 
demultiplexer input: OSNR = 19,76 dB. 
 

2) At the maximum power level of the 
input signal PTX = 8 dBm with following 
parameters established: 
− Measured power level at the input of the 
optical receiver: PRX = –7,849 dBm; 
− Measured quality factor of the optical 
line: Q = 10,97; 
− Measured BER value at the output of the 
optical receiver: BER = 2,31.10–28; 
− Measured signal / noise ratio of the 
spectral multiplexing optical signal at 
demultiplexer input: OSNR = 19,86 dB. 
 

a)

 
 

b) 

 
 

Fig. 1. Timing diagrams of the optical 
signal at PTX = 3 dBm: 

a) at the output of the optical transmitter, 
b) at the input of the optical receiver 

 
3) At minimum power level of the input 

signal PTX = –10 dBm with following 
parameters established: 
− Measured power level at the input of the 
optical receiver: PRX = –13,772 dBm; 
- Measured quality factor of the optical line: 
Q = 6,72; 
− Measured BER value at the output of the 
optical receiver: BER = 7,72.10–12; 
- Measured signal / noise ratio of the 
spectral multiplexing optical signal at 
demultiplexer input: OSNR = 11,94 dB. 
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b)  
 

Fig. 2. Spectral characteristics of 8- 
WDM optical signal at PTX = 3 dBm: 

  a) at the output of the multiplexer, 
b) at the input of the demultiplexer 

 
After analyzing the measured PRX, Q, 

BER and OSNR, it can be seen at first 
glance that there are no deviations from the 
permissible values set as requirements.  

Nevertheless, several problems will be 
located and analyzed in the figures below. 

In fig. 1, there is a significant reduction 
in the amplitude of the optical signal at the 
input of the receiver compared to that at the 
output of the transmitter, which is the result 
of the attenuation along the optical fiber 
and the attenuation introduced by the 
multiplexer, amplifiers and demultiplexer. 

The leading and trailing edges of the 
pulses are spread as a result of their 
propagation along the fiber, and individual 
pulses have different amplitudes as a result 
of different types of noise and the influence 
of dispersion. 

From the spectra shown in Fig. 2, it can 
be seen that while the levels of the optical 
signal subcarriers are attenuated about 8 
dB, as a result of the noise introduced by 
the individual optical components and their 
amplification by the optical amplifiers, the 
noise level in the signal spectrum has 
increased significantly - by more than 45dB. 

Fig. 3 illustrates the resulting eye-
diagram of the received signal, which 
graphically displays the digital parameters 
presented in the first case to this point. 

 
 

Fig. 3. Eye-diagram and threshold level of the 
resolver in the receiver at PTX = 3dBm 

 
As already has been mentioned, both 

extreme cases are borderline, with the 
reported parameters falling within the 
acceptable limits for signal quality, but the 
difference is significant. 

From the timing diagrams of Fig. 4, the 
significant lower level of signal amplitude 
and steeper slopes of the pulses in the case 
of the minimum value of the transmitter 
optical power can be noted. Of interest is 
the spectral characteristic at the maximum 
value of the optical power of the 
transmitter. As can be clearly seen from fig. 
5 a), this gives rise to four-wave mixing of 
the signals, resulting in the appearance of 
combinational spurious wavelengths that 
are clearly visible outside the channel 
bandwidth (to the left and right of the 8 
subcarriers of the WDM multiplexed signal). 

 

a)  



I-241 
International Scientific Conference “UNITECH 2023” – Gabrovo 

b)  
 

Fig. 4. Timing diagrams of the optical 
signal at the input of the optical receiver at: 

a) PTX = 8 dBm, b) PTX = –10 dBm 
 
As can be seen from the spectral 

characteristic in Fig. 5 a), the amplitude of 
the composite parasitic wavelengths are not 
at all negligible – their maximum values are 
almost half of the amplitude of the 
subcarriers of the optical signal (they reach 
values from –27 dBm to –40 dBm). 

As a result, if these spurious signals are 
not filtered out, they can cause errors in the 
solver. To this must be taken into account 
the fact that some of the parasitic 
wavelengths may coincide or be close to 
those of the subcarriers, which will lead to 
the appearance of intersymbol interference. 

 

a)  
 

b)  
 

Fig. 5. Spectral characteristics of an 8-WDM 
optical signal at the input of the demultiplexer 

at: a) PTX = 8 dBm, 
b) PTX = –10 dBm 

 
Fig. 6 displays that as a result of a lower 

level of received optical power at the input 
of the optical receiver, the eye-diagram 
opening at PTX = –10 dBm will be 
significantly smaller, but sufficient for the 
correct operation of the resolver in the 
receiver ( i.e. there is a  correct decoding of 
log 1 and log 0). This evaluation is 
supported by the measured BER values, 
which is greater than the allowable (BER = 
7.72.10–12 at PTX = –10 dBm). 

 
a) 
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b)  
 

Fig. 6. Eye-diagram and threshold level of 
the resolver in the receiver at: 

a) PTX = 8 dBm, b) PTX = –10 dBm 
 
CONCLUSION 

After the simulation exploration, the 
following important inferences can be 
formulated: 

- The need for periodic regeneration of 
the signal is causally related to the 
amplitude attenuation and the dispersion 
expansion of the code pulses. 

− The negative effects of both processes, 
as well as other non-linear effects and 
disturbances, have quantitative expressions 
that increase with the length of the line. 

- Nonlinear distortions in optical fibers 
are due to several phenomena that occur at 
unacceptably high levels of transmitted 
signals. They can be divided into two 
groups – nonlinearities related to optical 
power dissipation and nonlinearities related 
to the Kerr effect. 

− Nonlinear effects related to phase self-
modulation and four-wave mixing are 
extremely characteristic of WDM systems. 

− Effects related to light scattering are 
characterized by a threshold level that is 
highly sensitive to the length of the 
amplifier section. 

- The design itself does not ensure the 
effective functioning of the system - it is 
necessary to test it by conducting a series of 
measurements to accurately determine all 
its main parameters. 
 

ACKNOWLEDGEMENTS 
The presented work is supported by 

project 2205E/2023 "Planning, design and 
optimization of wireless communication 
platforms, services and solutions for 5G and 
IoT applications" from the Technical 
University - Gabrovo. 
 
REFERENCE 
[1] Rabov S., L. Hristov, Optical 

Communications, New Knowledge, Sofia, 
2002.(Bulgarian) 

[2] Nanny O., Basic Technology Spectral 
Differential Multiplex Channel Speakers 
(WDM), LIGHTWAVE russian edition №2, 
pp.47-52, 2004. (Russian) 

[3] Ferdinandov E., Optical Communication 
Systems, Tehnika Publishing, Sofia, 
2007.(Bulgarian) 

[4] Angelov K., S. Sadinov, K. Koitchev, 
Estimation of Optical Receiver Sensitivity in 
HFC Network, ICEST 2011, Proc. of 
Papers, Vol.1, pp.111-114, ISBN: 978-86-
6125-031-6, Niš, Serbia, 2011. 

[5] Characteristics of a Cut-off Shifted Single-
Mode Optical Fiber Cable, ITU-T Rec. 
G.654, Geneva, 1997. 

[6] Balabanova I., Prepar Measuring the Main 
Parameters of Optical Transfer Media – 
Optical Fibers and Cables, ICEST 2007, 
Ohrid, Makedonia, Volume 1, pp.111-112. 

[7] Gumaste А, Т. Antony, DWDM Network 
Designs and Engineering Solutions, Cisco 
Press, 2002. 

[8] Girard A., Guide to WDM Technology and 
Testing, EXFO, 2001. 

[9] Ojima M, H. Nakano, S. Sasaki, S, 
Hanatani, A Dense-wavelength-
divisionmultiplexing Optical Network 
System, Hitachi Review Vol. 48, No. 4, 
1999. 

[10] Koitchev K., K. Angelov, S. Sadinov,  
Determining Bit Error Rate in Digital 
Optical Transmission Network Using the Q-
Factor, ICEST 2010, Proc. of Papers, Vol. 1, 
pp.53-56, ISBN: 978-9989-786-57-0, Ohrid, 
Macedonia, 2010. 

[11] Optiwave. OptiSystem User’s Reference, 
Optical Communication System Design 
Software v.10, 2011. 

[12] Sadinov S, P. Kogias, K. Angelov, 
Determination of Distortion in Broadband 
Amplifiers for Different Standards of 



I-243 
International Scientific Conference “UNITECH 2023” – Gabrovo 

Signals in CATV Networks, ARPN Journal 
of Engineering and Applied Sciences, 
Vol.11, No.17, 2016, ISSN 1819-6608, pp. 
10684-10688. 

[13] Sadinov S., Simulation Modeling and 
Research of 8-channel WDM System, 
International Scientific Conference – 
UNITECH 2017, Gabrovo, ISSN 1313-
230X, Vol. 2, pp.II-108-113. 

[14] Sadinov S., Research and comparative 
analysis of the characteristics of the 8-
channel optical communication line with 

spectral multiplexing, "Izvestia na Union of 
Scientists - Ruse" magazine, Series 1 
"Technical Sciences", Volume 14 – 2017, 
ISSN 1311-106X, p 47-53. (Bulgarian) 

[15] Sadinov S., K. Angelov, Study and 
Analysis of Performance Limits Due to 
Nonlinearities in OQPSK Modulated 
DWDM System, Proceedings of The 
Bulgarian Academy of Sciences, ISSN 2367 
-5535 (Online), Volume 74, Issue No7, 
2021, pp.1050-1057. 

 

http://www.proceedings.bas.bg/content/2021_7_cntent.html
http://www.proceedings.bas.bg/content/2021_7_cntent.html
http://www.proceedings.bas.bg/content/2021_7_cntent.html
http://www.proceedings.bas.bg/content/2021_7_cntent.html

