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Abstract: The topology  ring structure optical fiber communication lines formed by optical 
user’s terminals on the basis spectral and dense spectral multiplexing with frequency by 
division  channels communication is investigated. The aim of the work is to study and 
analyze methods for constructing fiber-optic communication lines based on optical 
subscriber terminals (ST) of an optoelectronic communication channel based on the ring 
structure topology and determine the performance indicators of the functioning of optical 
signal transmission systems. Some characteristics efficiency of the functioning systems 
transfer optical signals are defined. 
 
 

INTRODUCTION 
Construction of broadband digital networks NGN (Next Generation Network) 

based on optical WDM and DWDM (Wavelength Division Multiplexing & Dense 
WDM) technologies that provide a transport service for transmitting and 
integrating information of any nature in a common network environment  [1, 2]. 

 In the reference model of the architecture of broadband digital networks 
NGN, its three lower functional levels form the logical structure of the transport 
system or the actual network of the optical communication system. 

The development of new types of telecommunication services represented in 
the broadband network NGN (Integrated Services Digital Network) and the growing 
volumes of transmitted information of mixed type require the creation of fiber-optic 
communication lines (FOCL) based on optical subscriber terminals (ST) of the 
optoelectronic communication channel (CC) with increased by efficiency [3, 4]. 

Studies have shown [5, 6, 7, 8] that the current state of modern optical 
networks based on technical means of an optoelectronic CS does not fully meet 
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the requirements of the ITU recommendation – T (International 
Telecommunication Union for Telecommunications) to ensure the effective 
functioning of optical signal transmission systems. 

These shortcomings narrow the boundaries of their widespread use in multi-
service low and high-speed optical ring optical ring local networks (LAN). 

GENERAL FORMULATION OF THE PROBLEM 
Taking into account the above and on the basis of the study [9,10], it was 

established that the formalization of the fiber-optic communication lines (FOCL) 
performance quality task based on optical ST optoelectronic CC can be represented 
as a set of performance indicators of each of the subsystems, i.e. 

                                         ]},,min[],,,{max[ aBERsepiebef CPSEEVWE = ,                     (1) 

where −bV  ST bit rate at optoelectronic CC; epE - the energy potential of fiber optic 

fibers based on optical ST; −sS  optical receiver sensitivity ST [11, 12];  

−ieE  information efficiency of optical signal transmission systems;  

−BERP  the average probability of bit error (BER) receiving optical signals;  

−aC  cost of hardware and software of fiber-optic networks in a ring topology [13, 14]. 
 
In this paper, we study the creation FOCL based on optical ST optoelectronic 

CC on the topology of the ring structure and determine the performance indicators 
of the optical signal transmission systems. 

IMPLEMENTATION OF THE FOCL STRUCTURE WITH  A  DOUBLE  RING 
STRUCTURE 

It is known [15, 16, 17, 18] that ring topologies are very popular when creating 
highways modern telecommunication optical communication networks. This is 
primarily due to economic considerations and the satisfaction structural reliability 
requirements. 

To create a rational structure FOCL, consisting optical ST, it is necessary to 
create an effective FOCL configuration with a ring topology that provides an 
improvement in the efficiency of optical communication networks [5, 9, 12]. 

By improving the efficiency of the FOCL operation on the basis of a 
transmitting and receiving optoelectronic module (ROM and TOM) optical ST 
optoelectronic SC with the introduction of the latest network technologies WDM 
and DWDM, we understand the procedures in which, given an optical network 
structure, the characteristics of information efficiency are determined with an 
acceptable minimum BER [ 19, 20]. 

The specified double ring FOCL structure in local data networks is considered. 
The object of the study – the structure FOCL is shown in figure 1. 
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In the scheme, the secondary ring is a backup and the service data necessary 
for controlling the transmission and monitoring the integrity of the network are 
transmitted through it. 

In case of failure, when the primary ring is unable to transmit data (cable 
break, communication center failure, failures, failures, etc.), the secondary ring is 
activated, which supplements the primary ring, again forming a single logical ring 
[21, 22, 23]. 

 

 
Fig. 1. FOCL double ring structure configuration 

 
Considering the FOCL operation algorithms with a double ring structure 

based on TOM and ROM, their required capacities are made up of the main max.ocC  

and the reserve max.rC  capacities at the maximum load of the system max  [24, 25]: 

max.max.maxmax )( ros CCC +=                                         (2) 

It was determined that the optical flows outgoing, terminal and transit traffic 

with a frequency NFF 1  from various sources (Е1/Т1, АТМ (Asynchronous Transfer 

Mode), IP (Internet Protocol), SDH (Synchronous Digital Hierarchy) arrive at the 
inputs optical interfaces for processing and controlling the transmission optical 
signals [26]. 
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These optical streams with a carrier wavelength N ,...,1  are processed by the 

corresponding optical interface units OI1,...,OIN and then the carrier frequency bands 
are modulated with the help of optical modulators OM1,...,OMN. 

Modulated optical carriers with a wavelength N ,...,1  are multiplexed using 

optical terminal multiplexers (OT. MUX) based on the technologies spectral and 
dense spectral channel compression [6], which after amplification with an optical 
amplifier (OA) are fed to FOC with single-mode fibers, with mixed non-zero 
dispersion as recommended by ITU-T G.655 [10, 11, 27]. 

EVALUATION OF THE PERFORMANCE OF OPTICAL SIGNAL  
TRANSMISSION SYSTEMS 

Considering the proposed algorithm for controlling the transmission of 
optical streams, the information efficiency of FOCLs operating in a ring topology 
with an allowable ..max allC  is defined as follows [6, 28]: 

 


=

=
kN

i

ibi

k

allie V
N

CCE
1

max.....maxmax

1
)(  , kNi ...,,2,1=                     (3) 

 

де −ibV  optical bit rate optical ST i-th optoelectronic SC in multiservice low- and 

high-speed ring SONET & SDH local networks, where the bandwidth Сmax = (2 ÷ 155) 
Mbps and Cmax≥155 Mbps, respectively;  

max.i - the maximum length between the two i-th TOM and ROM, i.e., the length 

between the two i-th regeneration section of the FOCL;  
−kN  the number of multiplexed optoelectronic CC (16Nk64).  

 
Expression (3) characterizes the average information efficiency optical ST, 

which is a complex criterion for evaluating any FOCL structure with the 
introduction of spectral and dense spectral compaction CС, determining measures 
to improve the efficiency of the terminal facilities of modern fiber-optic  
networks. 

Another way to improve the efficiency of transmission systems is to increase 
the FOCL energy potential using highly sensitive photodiodes (avalanche or p-i-n 
photodiodes), determined by the difference between the maximum possible 

transmit power level tomP  and the minimum acceptable level of receiving romP  from 

optical signals for a given ROM sensitivity [29]: 
 

romtomallssep PPSSE −= )( ..                                           (4) 
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Based on the latter, the FOCL energy potentials, taking into account the 
sensitivity of ROM for various bit-rate transmissions depending on the length 
between its nodes, are determined by the following functional dependence: 

 

    ),,min(),,[max( max pathstomep PSLPE =      ,                                (5) 
 

where αth – the threshold value of the attenuation of the length of the regeneration 
section, which is equal to maxLEepth = , characterized by the maximum kilometric 

attenuation of the optical signal in the FOC; Рpa- maximum permissible attenuation 
FOCL and is the expression [2, 30]: 

 

)(.max sinpa SPP −+=                                                   (6) 
 

From the expression (4), (5) and (6) it follows that an important characteristic 
FOCL based on optical ST is the input power of the received optical signal – the 
ROM sensitivity in (A / Vt) and taking into account the current Ic at the output  OpA 
is determined as follows: 

 

tomcs PIS /=    ,  A / Vt 
 

RESEARCH THE SENSITIVITY OF AN OPTICAL FOCL RECEIVER 
It is obvious that the minimum value of the average optical power required to 

transmit signals with a permissible probability error BERP  is the sensitivity of the 

optical receiver FOCL. 

The latter, taking into account the voltage of a single 1 and zero 0 signal ( 01 ,UU

) and the frequency of the signal fn , is determined by the expression [5, 19]: 

fbi

допошi
nV

UU
PS



+
=

.

01

. ),( ,                                                     (7) 

Suppose a photocurrent passes through the load HR  of an optical FOCL 

receiver, then the current sensitivity of the ROM for an avalanche photodiode )(S  

with no multiplicationM  is determined as follows: 
1

. )()()( −= МPIS вхiiфi  ,     A/Vt                                    (8) 

Based on the developed method for calculating the FOCL performance 
indicators taking into account the parameters non-linear effects of single-mode 
FOC in figure 2 shows the graphical dependence of the current sensitivity FOCL on 
the wavelength optical radiation for three specific values of the power of the input 

optical traffic inP at a given bit rate of transmission of optical signals 155bV  Mbps. 
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Fig. 2. Graphic dependence of the current sensitivity of the ROM 

wavelength at a given bit rate optical signals 
 

Graphic analysis ],,[)( bin VPFS  =  shows that with an increase in the 

transmission rate optical information for a given dBmPin 30− , FOCL current 

sensitivity decreases more slowly with 622bV  Mbps, .55,1 mi    

This dependence characterizes the spectral characteristics FOCL based on 
optical WDM & DWDM technologies, i.e. dependence of the main quality indicators 
on the wavelength optical radiation. Its significant growth begins with the values

m 51,1  

THE ALGORITHM OF THE WORK ROM AND DETERMINE 
THE BER RECEPTION OPTICAL SIGNALS 

The ROM operation algorithm is that the FOCL receives optical streams from 
the FOC input, amplifies it with a preamplifier and demultiplexes. Then it separates 

into component optical streams with a carrier N ,...,1  using band-pass filters 

(BF1,…,BFN) to reduce transient noise, then to increase the noise immunity 
reception, they are detected using an optical detector (OD1,…,ОDN). 

After some conversion, the optical signals are demodulated by a pulse 
detector unit (PDU1,…,PDUN), which restores the original coding of digital pulse 
sequences [6, 18] fed to the input of the corresponding in ATM  and SONET/SDH 
(Synchronous Optical Network / SDH) output . 

At the same time, the sensitivity of the PROM optical ST, which is the average 
number of photons per bit and taking into account the operating algorithms OD 
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and PDU, with the permissible probability bit error BERP  reception is determined by 

the expression: 
1

10. )()()( −+= ballBERBERs VhPPPPS                                     (9) 

Expression (9) determined the minimum power of the input optical signal 

taking into account the power of a single 1 and zero 0 signal ( 01 ,PP ), at which 

..llBERBER PP   is provided. Depending on the algorithm of the optical demodulator 

(ODM), which characterizes the integral indicators FOCL noise immunity. 
It has been established that the BER receiving optical signals with an increase 

in the bandwidth of the F ST optoelectronic CC will increase the clock frequency, 
which leads to an increase in the sensitivity to FOCL interference. 

This interference may limit the reliability of the transmission and reception of 
optical signals. In this case, the most reasonable for making a decision is to know 
the average values of the voltage of the optical signal ucр.max and the threshold level 

срП  based on the voltage threshold of zero P0 and the single signal P1, respectively 

[20, 24]. 
For estimating the average BER of reception, the algorithm determining the 

optimal value of the parameters of the error rate 0  and the limiting signal to noise  

ratio )(t  at time −t  at the input of the decision block optical ST with Gaussian 

distribution, which is as follows [6, 29]: 

                        

( )    ,)
2

exp(215,0)(

0

0

2
1

1max.0













−−= 

−


 dt
t

ÏuÏP ñðBER                          (10) 

where 0 – parameter error rate and taking into account the degree possible influence 

intersymbol interference m  optical terminal is determined as follows [6, 27]:  

5,0
10

1

0
0 )]([)/()1(5,0 tPP

U

U
m  −=      ,    10  m   ,                            (11) 

where −)(t limiting signal-to-noise ratio at the input of the receiver of the optical 

terminal, which is expressed on the basis of total noise 

N  as follows [7, 8, 19]: 


= NEt s /)( ,  ñ

a
ni P

F

N
NNN 



−
++=


)1(

)( 0                                   (12) 

where 0N - the spectral density of the additive white Gaussian noise;  

F -bandwidth receiver; −cP average signal strength;  

−aN  is the number of active ST in FOSL; −niN the number of internal sources of 

interference; 
−sE optical signal energy; −10 ,UU  voltage of zero and single signal, respectively. 
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To assess the reliability performance of the FOCL based on the obtained 
analytical expressions using this method, numerical calculations were determined 
for various input data using the MATLAB 8.5 system and its Signal Processing 
Communications packages and the following results were obtained: 

 

 =1,31 m , Vb ≥2 Mbps, Δℓmax = (50÷80) km, Nk =2400 chanel and BERP  ≤10-9 ÷10-10 . 
 

From the numerical calculations, it follows that the obtained satisfies the 
specified requirements  ..allBERBER PP   as recommended by ITU-T G.821 and G.828. 

which are shown below in table 1. 
 

Таble 1 
Level of 
hierarchy 

Indicators of the effectiveness of optical signal transmission systems 
 , m   

bV , Mbps Δℓmax ,km 
BERP  Nk 

(Chan) Еie, km
s

Мbps
  

Е1 1,3 2,048 50 ≤10-9 30 102,40 
PDH 0,85 8,448 60 ≤10-9 120 506,88 
T1 1,3 1,544 70 ≤10-9 20 108,08 
SDH 1,28 155,520 80 <10-10 2430 12441,60 
SONET 1, 31 152, 654 80 <10-10 2430 13267,40 

 
After analyzing the data in the table, we can conclude that the problem of 

selecting information efficiency of the FOCL is an optimization problem depending 
on the attenuation of the FOC and the optical bit rate ST, determined from the 
condition ..allBERBER PP   = 10-9 depending on the operation algorithm ODM with high 

sensitivity and less dark current as recommended by ITU-T G.821 [7, 12, 15]. 
CONCLUSIONS 

Studies have shown that improving the efficiency of the FOCL on the basis of 
optical ST optoelectronic CC, is achieved by improving their energy potential and 
information efficiencies, thanks to the quality of the ROM and TOM. 

The proposed criteria characterize the integral indicators of the functioning 
optical signal transmission systems based on spectral and dense spectral 
compaction with frequency separation CС and are objective and sufficiently simple 
to evaluate the quantitative and qualitative characteristics FOCL using optical ST. 
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