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Abstract. 

     This paper presents the factors influencing the probability (coefficient) of bituminous errors in digital 

fiber-optic transmission systems, which worsen the quality characteristics of the system, productivity. In 

this regard, there are given the transmission of digital fiber in optical systems in the following components: 

Optical linear tract, possible disturbances in transmission and receiving tracts. It has been established that 

the heat is designed for the so-called "For the worst case scenario." However, the energy potential of the 

heater (budget) is closely related to the productivity of digital fiber optic systems in transmission, first and 

foremost with the probability of bit errors (BER). The use of power penalty  is indicated to assess possible 

violations. 

     Keywords:  BER - bit error rate. MPN - Mode Partition Noise.  RIN - Relative Intensaity Noise.  ISI-

Intersymbol Interferene. 

      Factors affecting the probability of bit errors (BER) in digital fiber optic systems of transmission include 
the physical processes taking place in the nodes and components of the system. These include radiators 
(semiconductor lasers, LEDs), optical fiber optical receivers (p-i-n, APD photodiodes, pre-amplifier, crucial 
device), regenerators and optical amplifiers, channel output hardware, passive system components and 
other infrastructure. Disorders in the specified nodes and components worsen the importance of BER, as 
well as they limit the energy potential of the system (budget). These factors, as a whole, can worsen the 
productivity of digital fiber optic transmission systems.  

      Conspicuously, estimating the probability (coefficient) of errors for a projecting system are based on 

the relevant criteria / 1 /.  Selection and optimization of threshold of decision device. The expected 

disturbances in the transmission fiber-optic systems can be divided into four main groups: thermal or 

Johnson noise, and quantum noise, which depends on the signal.  The  last-mentioned is divided into modal 

noise, MPN (Mode Partition Noise) mode, RIN (Relative Intensaity Noise), and ISI-Intersymbol Interferene.  
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The noise is obviously influenced by the ongoing processes in the fiber optics and the cable (dispersion: 

fashionable, material, material, polarization), mileage. It is important for BER to select the threshold of the 

receiver's decision device and to optimize it.  In order to maintain a stable level of BER, in some cases it is 

necessary to increase the power level at the entrance of the receiver (for example, degradation of optical 

tract components, or due to aging of the mile, transmitter, receiver and optical cable included by 

compensators located in the line of the optical mains). Payment of power penalty should be implemented 

in this case . The power penalty is a ratio of the increased (increased) power of the initial (transmitted) 

power compared to the initial power to maintain the BER stability / 2 /. 

where, 
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P penalty – penalty according to the capacity; P-increased power; P0 - initial power 

Power fines can be caused by the gaps in the heating nodes and components: 

 

                                               Optical linear tract 

   Optical fiber milling; 

Due to the expansion of the impulse in the optical fiber as a result of optical fiber dispersion; 

Intervertebral disc herniation (ISI) due to dispersion; 

Losses incurred in the linear tract by the dispenser compensation modules (if any); 

Due to connections, connectors, disconnections, losses caused by various contact cords; 

With additional pipes, due to the laying of the optical cable, the reorganization and repair of the network; 

Losses when using filters (WDM); 

Losses due to the use of separators in networks (in the case of passive optical PON networks); 

Loss caused by insulators; 

Optical fiber handling due to improper width of the strip f optical fiber   

The number of regenerators on the optical highway also increases the bit error coefficient. 

Transmission tract 

   Degradation of transmission characteristics (aging of the device, change of radiator characteristics, etc.); 

Mode Partition Noise (MPN (Mode Partition Noise), Relative Intensity Noise - RIN (Relitive Intensaity 
Noise); 
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Improper handling of the transmission tract f transmitter 

The improper (different from the standard) power of the optical transmitter radiation. 

Receiving tract 

The value of the photodetector efficiency ratio; 

Type of pre-amplifier of the photodetector; 

Degradation of receiver sensitivity (aging of receiver elements, change of characteristics, etc.); 

Improper handling of the receiver f  receiver 

Relative carrying speed B/ F ; Where, B- is the speed of transmission of digital fiber optic systems, MBT 

/ second, f - transmission line is the conduction of digital fiber optic systems, megahertz; 

    The threshold level of the optical receiver (in DB units) and its optimization according to the desired Q-

factor (bit error probability) of the complete transfer of the digital fiber optic system.  For the normal 

operation of the main characteristics of the digital fiber optic transmission system, it is important to agree 

on the frequency and time characteristics of all tracts of the digital fiber optic transmission systems, which 

implies to the alignment of the f  digital fiber optic systems  and the pulse characteristics of the conduction 

bands of the main nodes of the digital fiber optic systems of the transmission.  The energy potential 

(budget) of the digital fiber optic systems of transmission is closely related to the probability of bit errors, 

which determines the length of the regenerative site of the system with the probability of bit errors 

determined by the project conditions.  Insomuch that, each regenerator and amplifier contributes to the 

final magnitude of the error probability coefficient / 1 /. 

Energy potential of digital fiber optic transmission systems (budget) 

     The energy potential (budget) of the digital fiber-optic transmission systems of the transmission is 

closely related to the production of digital fiber optic systems and first and foremost to the probability of 

bit errors, which determines the length of the system regeneration area according to the probability of bit 

errors determined by the project conditions.  The following parameters are usually considered when 

determining the energy potential of digital fiber optic systems: allowances for fiber-optic lines and 

additional fines to be added to the budget for the reserve and to guarantee its uninterrupted operation.  

When designing digital fiber optic systems for transmission, it is necessary to determine in advance the 

additional losses in decibels that may be detected during the operation of digital fiber optic transmission 

systems.  These assumptions should be guaranteed to compensate for unforeseen losses due to 

deterioration of the characteristics of the active elements (e.g., laser diodes, aging of the photodetector, and 

loss of scatter connections, increased losses due to sharp changes in temperature or humidity). Generally, 

it is recommended to have a total (backup) access within the C reserve = 6 dB for mains networks. However, 

some manufacturers limit it upto 4.8 dB and even 3 dB. Rec. ITU-T G.957 / 4 / stipulates that in order to 

cover losses in the nodes of digital fiber optic transmission systems, 2-4 dB should be left as a reserve at 

the end of the service life.  This is in order to compensate for deterioration of characteristics due to aging of 

equipment or accidental damage to the optical cable and subsequent recovery. These recommendations  
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provide evidences that assumptions about acceptance should be calculated for the worst (worst) case, 

optical receiver-transmitters, connections, disconnections, attenuators, and other passive elements, as well 

as assumptions for optical cables.   When operating digital fiber optic systems, it is important to follow the 

standard processes in it in accordance with ITU-T recommendations. Which, among other things, implies 

the power transmitted from the transmitter to the optical fiber. In particular, the large power supplied to 

the input of the optical fiber can cause nonlinear distortions, and in the case of low power, it cannot 

provide the required relative signal / noise ratio (ESNR) required for receiver sensitivity. The BER 

evaluation process is directly related to the power potential of the transmission of digital fiber optic 

systems. In particular, it depends on the following factors / 3 /: 

Output power of optical transmitter; 

Optical fiber milling; 

Dampe introduced by dispersion compensators 

Optical multiplexers and demultiplexers, optical output equipment; 

Options introduced by optical disconnectors, optical welds, disconnection, branch connection cords; 

Additional dampe  (optical fiber bending, deformation, etc.), 

Aging characteristics of the optical transmitter and receiver, etc. 

   Thus, in order to evaluate the basic characteristics of digital fiber optic transmission systems, we must 

distinguish two main factors: the probability coefficient of errors in the transmission fiber optic systems 

and the energy potential (budget). It should be noted that measuring the probability coefficient of errors, 

especially during the probability of small errors, takes a long time and almost it is less usable in practice. 

For example, if the transmission speed is 10 Gbps (STM-64), it takes 10 bits to register an error when BER 

= 10-14, it takes 27.7 hours, and 1 bit to register an error when BER = 10-14 queues 2,77 hours.  Thus, the 

most important task in the design of digital fiber optic transmission systems is to make a decision in terms 

of system performance, according to which the normal operation of digital fiber optic transmission 

systems will be protected taking into account the current breaches and reservations in its individual nodes 

on the one hand and on the other hand, in terms of protection against bit errors, which in itself is based on 

the criteria for determining the quality of communication in digital telecommunication tracts, 

measurement conditions, modes and established norms.   Based on the above analysis, it is necessary to 

design digital fiber optic transmission systems for the "worst case".   Such a case when designing a system 

is a case, where the characteristics of PDH, OTN and other networks are determined by optical and 

electrical system parameters with the maximum and minimum values of the last term of their work (rec. 

ITU.G.955, G.957, G.991, G.992, G.999.1). Power budgets for single-channel (ITU.T G.957, G.991) and multi-

channel (WDM Rec. ITU-T G.999.1) systems in the event of "bad case" are given in the following power 

budgets / 5 /: 

Maximum average power (channel); 

Minimum average power (channel); 

Maximum average total output power (for multi-channel use); 
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Maximal dampe (losses); 

Minimum dampe (losses); 

Maximal chromatic dispersion; 

Minimal chromatic dispersion; 

Maximal Differential Group Delay (DGD); 

Maximum average input power: 

Maximum average total power (for multi-channel switching); 

Minimum sensitivity of the receiver (or minimum equivalent sensitivity); 

Maximum deterioration of the optic tract. 

The technologies, nodes and components selected during the design of the digital fiber optic transmission 

system should be considered for their degradation at all stages of their operation even for the last term 

(date) of the work. 

Minimal sensitivity of the receiver 

   The minimum sensitivity of the receiver (for the worst case, ie at the end of the working time) is defined 

as the minimum allowable value of the average power obtained for the transmission of fiber optic systems 

in the corresponding point of the transmission BER = 10-12.  The state of "bad case" will cause the 

transmitter in the given tract to disagree with the optical receiver. 

Maximum deterioration of the optic tract 

     Deterioration in capacity related to the optical tract (such as chromatic dispersion of optical fiber, or 

fashionable polarization dispersion, gitter, reflections) contains the maximum deterioration of the optical 

tract and not the minimum sensitivity of the receiver.   However, it should be noted that the minimum 

average optical power with the receiver should exceed (exceed) the sensitivity of the receiver to the level 

of deterioration of the optical tract.   Optical systems, which are limited by the distance of transmission, 

namely the chromatic dispersion of the optical fiber, require compensation for the dispersion in certain 

processes (see ref. G.991). There are ways to overcome this factor / 5 /. 

Required admissions 

      The transmission of digital fiber optic systems and its technologies is standardized in many features. 

Therefore, the main characteristics of the system that determine its qualitative characteristics are subject 

to the relevant norms, the observance of which is mandatory:   In particular, optical amplifier amplification 

(if it is used in digital fiber optic transmission systems), losses in filters (when using WDM systems, passive 

losses, such as in switches, losses on separators, losses incurred by insulators. 

Assumptions when calculating the regenerative area 
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 These are additional dampes that are added to the budget of the digital fiber optic transmission system to 

guarantee the smooth operation of the connection system as a backup.   These assumptions should create a 

guarantee of compensation for unforeseen losses of the elements of the nodes of the digital fiber optic 

systems of the entire transmission;   In the case of a transmission optical module, the radiator (laser, LED) 

will age, deviate from the normal mode of operation due to changes in temperature, humidity and other 

influences within certain limits: Radiation Power Disorder, Optical Cable in Optical Fiber, Connecting, 

changing the dampe, increasing the dampe due to aging, reducing the aging of the light-sensitive layer of 

the photodetector in the receiver, and thus reducing the sensitivity of the receiver, etc.   As it is well known, 

the length of the regenerative site in digital fiber optic transmission systems is calculated by the formula: 

nonraz.con.

trans. rec. raz.con. ran.con. nonraz.con.
reg

const.

P -P -α ×N +α +C

α
α+

l

L .
 

Where 

 P trans  is the transmission level, db; P Receiver - Receiver level, db; -     optical cable dampe, DB / km; Raz.  

 raz.connection is dampe of raziomic connection. N raz.connect is  number of racial connections.  non 

raz.connectin is  number of non-raziom connections, C-reserve, which is allocated in the nodes of digital fiber 

optic systems of transmission, due to possible degradation in the components. l Construction length of 

optical cable, dB / km.   It should be noted that in conditions of uninterrupted increase in the speed of 

transmission of information in digital fiber optic systems, dispersion distortions also increase, in 

particular, polarizing fashionable dispersion increases in proportion to the bit rate, while chromatic 

dispersion increases in proportion to the square of transmission speed. The issue of compensation for 

dispersive nonlinear effects is important. In general, reducing the degradation of optical signals is the most 

important task of modern optical telecommunications, which is dedicated to many publications and 

dissertations, for instance / 4 /.  The quality and performance of the technologies of the transmission fiber-

optic systems has been increasing day by day. To assess the characteristics of some nodes and the duration 

of their ability to work, it is sufficient to give a few examples / 6 /:  Optical fiber: In 1966, the optical fiber 

was milled at 1000 dB / km; In 1970 at -20 dB / km; In 1975 at -2 dB / km; In 1975 at 2 dB / km; In 1976 

in the third transparency window (1.55 μm) at 0.5 dB / km; It was obtained in 1978 with an optical fiber of 

0.2 dB / km. Optical radiation;   In 1970, Nobel Laureate J.R. Alfiorov developed the technology of 

semiconductor lasers; In 1973, the working time of laser diodes was 1000 hours; The first commercial 

semiconductor laser was developed in 1975, operating at room temperature. The dynamics of the 

development of the nodes of the digital fiber optic systems of the transmission is moving at a fast pace, the 

technologies are gradually improving and the quality indicators are constantly improving. 

         If we compare the probability of bituminous faults in digital fiber optic transmission systems and the 
conditions that determine the energy potential, we can notice, that some indicators coincide in many 
respects.  It appears from this, that it is necessary to assess power penalty. Based on the final value of the 
penalty, there should be determined the sufficiency of the reserve for the system  (see Reserve Coefficient 
C, Formula (2)), and the conditions should be considered during its design and operation. 

      The International Telecommunication Union recommendations regulate  the following: the cables 

should be laid on the optical cable, modification / repair, additional branches, repair tabs, cable length gain, 

cable change, environmental factors, optical disconnection and attenuators, other elements. 
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