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Abstract 
The purpose of the paper is to define the connection between error parameters in the networks realized using 

optical transmission system and optical wireless systems. Due to high volume of transmitted data caused by associating 
the great number of data flows, very high error requests are expected during data transmission. In this paper it is to 
emphasize measuring procedures, estimate individual error parameters and to explain the relation between them.  
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INTRODUCTION 

The development in basic networks is 
performed by completely optical Dense 
Wavelength Division Multiplexing, DWDM 
[1], technology on terabit capacity on 
thousands of kilometres distance. The 
advantage of DWDM technology is the 
possibility of efficient recovery and signal 
amplification, using one amplifier with 
erbium-doped optical fiber for all channels in 
the same time, which is suitable for the 
transmission in the basic network.  

Optical devices, which allow such capacity 
transmission, must cope with a number of 
physical parameters as signal attenuation, 
noise, polarization dispersion, nonlinear 
interference, and so on. The goal of this paper 
is to define the relation between error 
parameters in optical networks and optical 
wireless networks, where optical beam is 
transmitted through the atmosphere. The 
connections without optical fiber are sensitive 

to the transmission environment state and, 
comparing to pure optical fiber connections, 
their quality depends on the time of a day, 
climate, etc [2]. 

Chapter 2 explains the definition of bit error 
rate (BER) and defines the distribution to be 
used in the future. Chapter 3 defines the 
estimation of the accuracy of measuring the bit 
error ratio and determines the approximate 
required measurement time. The definition of 
the Q-factor is given in Chapter 4, while an 
overview of the relationship between BER and 
Q-Factors is explained in Chapter 5. 

 
BIT ERROR RATE DEFINITION 

One of the main parameters which define the 
connection quality for data transmission is 
BER. The quality of different data 
transmission systems may be compared using 
BER. The value of BER is expressed by the 
equation: 
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BER = ,                                             (1) 

where NERR is the number of incorrectly 
transmitted bits and NBIT is the total number of 
received bits in the defined time interval [3], 
[4]. 

In modern transmission networks 
information is transmitted in greater blocks, 
called packets. Each packet consists of a 
number of bits, which may be selected or 
prescribed by the network type. A faulty bit 
transmission causes the whole packet 
degradation [5]. When considering the error 
rate, the huge data amount is lost. This error 
rate is determined by the relation (2). 

  
P

ERP
N

N
PER = ,                                          (2) 

in this equation it is: 
NERP – the transmitted packets number with at 
least one incorrectly transmitted bit; 
NP – the total transmitted packets number. 

The relative time interval p is defined as the 
important error parameter for the connections 
without optical fiber. The value of p presents 
the percent of connection disruption t till the 
total time Tc according to the equation (3). 

This parameter is based on the possibility of 
connection failure due to atmospheric 
turbulence and the received power fluctuation. 
In order to reliably determine this parameter it 
is necessary to select a sufficiently long period 
Tc. Its duration is usually one year. 
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As it may be seen from (1), it is necessary to 
know the total number of transmitted bits NBIT. 
This number may be determined by continuous 
monitoring of the transmitted bits number. The 
BER values for the analyzed systems are 
usually very low, for, example, 10-12. In that 
case, at the bit-rate 155Mbps an error happens 
on average after each 6450s. At the bit-rate 
2048 kbps the time interval between two 
successive errors is more than 500.000s. The 
measurement of BER corresponds to the 
Binomial distribution with the probability PBIN 
according to the equation, [2]: 
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The value PBIN expresses the probability that 
some number of errors happens in the total 
number of transmitted bits NBIT for BER, [2], 
[6].  

In the case that BER value is relatively low 
(BER<10-4), and the total number of received 
bits is high (NBIT>105), Poisson distribution 
approaches Binomial distribution and it is 
possible to use simpler Poisson distribution. In 
order to express the probability of some 
number of erroneous bits by Poisson 
distribution, it is necessary to define the 
parameter µ, which represents the probability 
of one erroneous bit transmission. The 
parameter µ may be defined as, [2], [6]: 

µ = BER٠NBIT .                                       (5) 

In such a case the Probability Density 
Function (PDF) of Poisson distribution for the 
a priori defined value of BER as the 
measurement experiment: 

( ) ERRN
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eNP µµ µ ⋅⋅= −

!
1, ,          (6) 

where NERR must be an integer, while µ may 
be any non-negative real number. 

On the base of relations (4), (5), (6) and the 
BER values, it is possible to determine the 
probability of NERR erroneous bits in a total 
number of bits NBIT. It is also possible to 
determine the total number of transmitted bits 
NBIT for some value of BER with the desired 
accuracy.   
 
THE MEASUREMENT ACCURACY 
ESTIMATION OF ERRONEOUS BITS 
RELATIONS 

The measurements realized on the base of 
PDF which defines BER allow presentation of 
accuracy estimations. As an example, it is 
possible to compare three BER values on a 
system with real BER=10-12 and the only 
compared number of bits: 
• NBIT = 1012 (µ =1). The probability to obtain 
one error in a test (which corresponds to the 
exact BER=10-12) is 0.3679; 
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• NBIT = 1013 (µ =10). The probability of 10 
errors (BER = 10-12) is only 0.1215; 
• NBIT = 1014 (µ =100). The probability of 100 
errors (BER = 10-12) is even lower. i.e. 0.0399. 

Does it mean that the results will be better if 
the lower number of bits is compared? The 
situation is quite the opposite. The Figure 1 
presents discrete PDF values for various µ=1, 
µ=10 and µ=100. The absolute probability 
values are really higher for µ=1, but only 
because there is lower number of possible 
outcomes. 
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c) 

Fig. 1. Probability Density Functions for a 
Poisson distribution with µ=1 a), µ=10 b)  

and µ= 100 c) 

 
It is interesting to notice that for µ=1 the 

probability of no errors (BER=0) is completely 
the same as the probability of one error 

(BER=10–12). But, for µ=10 the probability 
that there is no error is nearly zero (4.54٠10–5). 
Besides, the probability of two errors for µ=1 
(BER = 2٠10–12, two-fold real value) is 
0.1839, but the probability of 20 errors in a 
case µ=10 (for the same BER) is only 0.00187. 
If it is supposed that only one incorrectly 
transmitted bit NERR=1 is considered and that 
the accuracy in error determination PPOISS 
(NERR,µ) = 0.99 is expected, minimum and 
maximum values of parameter µ may be 
determined numerically. For the known BER 
value according to (5) the number of 
transmitted bits NBIT may be also determined. 
The values µmin =  0.1486 and µmax = 6.6384 
for NERR = 1 and PPOISS (NERR,µ) = 0.99 are 
determined using the program Microsoft 
Excel. Min and max total number of received 
bits, NBIT, for the specified BER are calculated 
using (5) and presented in Table 1. 

Starting from the total number of bits, NBIT 
and the transmission rate, vi in bps, the 
necessary measurement time may be 
determined as, 

 

i

BIT
mer v

Nt = .                                             (7) 

The calculated minimum values of 
measurement time to determine the value of 
BER are presented in Table 1. 

 
Table. 1. Measurement time for the transmission 

speed 2.048 Mbps in the range of 10-6 - 10-14 
BER NBIT (bit) tmer 

Min Max Min Max 
10-14 1.49·1013 6.64·1014 84d 

06:13:20 
3750d 

10-13 1.49·1012 6.64·1013 8d 
10:13:20 

375d 

10-12                    1.49·1011                       6.64·1012                      0d 
20:13:20                  

37d 
12:00:00 

10-11                    1.49·1010                       6.64·1011                      0d 
02:01:20                   

3d 
18:00:00 

10-10                                                                                                               1,49·109                      6.64·1010                      0d 
00:12:08 

0d 
09:00:00 

10-9 1,49·108                    6.64·109                      0d 
00:01:13                   

0d 
00:54:00 

10-8 1,49·107                      6.64·108                      0d 
00:00:07                   

0d 
00:05:24 

10-7 1,49·106                      6.64·107                      0d 
00:00:01                   

0d 
00:00:32 

10-6 1,49·105                      6.64·106                      0d 
00:00:00                   

0d 
00:00:03 
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QUALITY FACTOR 
Quality factor (Q-factor) determines the 

quality of digital signal from the analog view-
point. That’s why it is supposed to be the 
relation signal/noise. In practical 
measurements it is possible to determine the 
difference in signal level comparing to the 
noise level and additionally to estimate 
parameters as BER and Q-factor [7], [8], [9]. 

The difference between the signal level and 
noise level may be determined from the 
equation: 
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where it is: 
Pi – mean power of optical signal in the ith 
channel [W]; 
Ni – interpolated value of the mean noise 
power [W]; 
Bm – spectral bandwidth where measurements 
are performed [nm]: 
Br – reference bandwidth. 

Quality factor may be calculated from the 
following equation (Figure 2): 

iL
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Q
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γ −
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−
= ,                          (9) 

where it is: 
γopt – optimum decision threshold, 
iL – the current which corresponds to the 
optical power level on a foto detector for the 
logical 0 signal, 
iH - the current which corresponds to the 
optical power level on a foto detector for the 
logical 1 signal. 

σiL

iH

iL

time

Signal + noise

σiH

σiL

P(i(t) > γopt | iL)

P(i(t) > γopt | iH)

γopt

 
Fig. 2. Probability of error for binary 

signalling, [11] 
If γopt is eliminated from (9), it is obtained 

the relation: 

iLiH
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Q

σσ +
−

=                                         (10) 

 
THE RELATION BETWEEN BIT ERROR 
RATE AND QUALITY FACTOR 

Quality factor expresses the quality of 
DWDM systems, [2], [11], [12]. The 
characteristic of these systems is reliable 
transmission of high data quantities with small 
error probability. According to this 
consideration, error measurement in classical 
way would be very long-term, as presented in 
Table 2. 

Synchronous Transport Module, STM is 
designated abbreviated as STM-x, where x is 
the variable representing the multiplier of the 
basic rate 155.52. Therefore, the transmission 
rate of STM-1 system is 155.52 Mbit/s, while 
the transmission rate of STM-4 is 622.08 
Mbit/s (4٠155.52 Mbit/s). 

The transmission rate of Optical Carrier 
(OC) presents transmission speed of optical 
network and it is designated as OCk, where k 
is variable representing the multiplier of the 
basic rate 51.84 Mbit/s. Therefore, OC-1 fibers 
have the transmission rate 51.84 Mbit/s, while 
the transmission rate of OC-3 network is 
155.52 Mbit/s (3٠51.84 Mbit/s). 

Table. 2. Relationship between the length 
measurement of BER and Q-factor 

BER 10-12 10-13 10-14 10-15 10-16 Spe 
eds 

STM-
16/OC-

48 

7 min 70 
min 

11 
hrs 

6 
days 

46 
days 

2.5 
Gb 

STM-
64/OC-

192 

2 min 17 
min 

3 hrs 28 
hrs 

12 
days 

10 
Gb 

STM-
69/OC-

420 

1.75 
min 

2.05 
min 

1.83 
hrs 

2.57 
hrs 

1.9 
days 

20 
Gb 

STM-
256/O
C-768 

52.5 
sec 

1.03 
min 

54.9 
min 

1.29 
hrs 

57 
hrs 

40 
Gb 

STM-
640/O

C-1920 

12 
sec 

1.7 
min 

18 
min 

2.8 
hrs 

1.2 
days 

100 
Gb 

STM-
1234/O
C-3840 

10.5 
sec 

12.3 
sec 

10.98 
min 

15.42 
min 

4.96 
hrs 

200 
Gb 

If suppose that the probabilities of bit values 
0 and 1 are equal, the relation between BER 
and Q factor may be expressed as [13]: 
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If the equation (11) is used for some range 
of Q-factor values, it is obtained the relation to 
BER, as presented in Figure 3. It is obvious 
from the Figure 3 that for the value Q = 6 BER 
is 1.012647٠10-9, while for Q = 7 BER is 
1.304960٠10-12. 
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Fig. 1. The relation between BER and Q-factor 

 
CONCLUSION 

Optical fibers are dominant in basic 
networks and the development is realized by 
DWDM multiplexing of wavelenghts. The 
purpose of optical hierarchy is to compose the 
common platform for different network types 
to support the advanced service parts. In this 
paper the goal was to explain the connection 
between error parameters in optical wireless 
networks and nodes, leading to the conversion 
of optical signals into electrical signal [2], 
[10]. Further, the relation between Q-factor 
and BER is analyzed. The rate measurement, 
the independent digital signal structure and the 
wide area of transmission rates nominate Q-
factor for DWDM systems monitoring. 
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