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Rezumat. Condiţiile atmosferice pot cauza întrerupe-

rea conexiunilor optice terestre. Robusteţea sistemelor 

de comunicaţii optice neghidate poate fi crescută prin 

utilizarea unor tehnici de modulaţie ce pot conduce la o 

mai bună tolerare a condiţiilor atmosferice adverse.  

Supravieţuirea conexiunii optice neghidate este 

evaluată prin măsurarea ratei erorilor de bit. 

Cuvinte cheie: comunicaţie laser, rata erorilor de bit, 

comunicaţii optice neghidate, modulaţie 

Abstract. Atmospheric conditions can cause the 

terrestrial laser links fail. Some optical signal coding 

techniques are used to enhance the free-space optical 

systems robustness for tolerating certain atmospheric 

constraints. The terrestrial laser communications link 

survivability is appraised by measuring the bit error rate 

of the link. 

Keywords: laser communication, bit error rate, free 

space optics, modulation. 

                                                                 

1. INTRODUCTION 

Freespace optics (FSO) is an optical telecom-

munication system that uses laser beam to transmit 

data at high bit rates via terrestrial atmosphere. The 

main optical wireless link advantages are regarding 

huge bandwidth, interference immunity, high secure 

and license-free operations. FSO provides the commu-

nications system with high data rates (up to 10 Gbit/s) 

for transmitting voice, data, images, and video. The 

effective length of a FSO link is limited to 3-4 km, 

depending on atmospheric conditions; however, the 

0,5-1 km range is the common “last-mile” link usage. 

Commercial FSO systems operate in the near-IR 

wavelength range from 750 to 1600 nm.  

Figure 1 depicts FSO point-to-point duplex system 

[1] composed by two identical transceivers that 

exchange data by two laser beams.  

 
 
 
 

Fig. 1. FSO point-to-point duplex system. 
 
 

 

Figure12 shows out the FSO electrical and optical 

subsystems. FSO systems are connecting access 

networks to core network to support last mile appli-

cations. 
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The short-range FSO links are complementing 

the RF links for the  last or first mile to provide  broad-

band  access  network  to  businesses  as  well  as  a  

high  bandwidth  bridge between the local area net-

works (LANs), metropolitan area networks (MANs) 

and wide area networks (WANs).  
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Fig. 2. FSO block diagram subsystems. 
 

FSO has to deal with different atmospheric con-

ditions that could dramatically impair the system 

performances. Fog, low altitude clouds, heavy rain, 

snow, dust, and haze increase the power loss and 

deteriorate the bit-error rate (BER). 

2. PERFORMANCES OF THE FSO LINK 

The following metrics are used to depict the FSO 

performances: 

 transmit power; 

 transmit beam divergence; 

 receiver sensitivity; 

 receiver field of view; 

 bit error rate (min value); 

 pointing and tracking field and closed-loop 

bandwidth; 

 link margin and attenuation . 

A standard measure for analog laser communica-

tions system performance is the post-detection signal-

to-noise ratio (SNR). Digital laser communications is 

employing binary encoding to accomplish optical trans-

mission and BER parameter to describe the optical 

channel performance. 

2.1. BER in FSO systems 

BER is the probability that an error may occur in a 

bit in the pulse train, i.e., a "1" bit turns into a "0" bit or 

vice versa. For commercial optical wireless systems, 

BER = 10-9 is a typical required value. BER is given by: 

 BER = P0/2 + P1/2    (1) 

where: P0 is the probability of mistaken "0" for "1";  

P1 – the probability of mistaken "1" for "0". P1 and P0 

are assumed equally, hence the 1/2 factor in equation 

(1).  

The atmosphere conditions could produce random 

spatial and temporal changes of the refractive index 

by excessive heating, turbulences, particles  fluctua-

tions, and scintillation. Under the circumstances, BER 

is a conditional probability that must be averaged 

over the probability density function (pdf) of the 

random signals to determine the unconditional BER. 
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For example, the On-Off Keying (OOK) pulse modu-

lation leads to the BER given by: 
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where: (SNR) is the mean SNR in the presence of 

atmospheric turbulence; <Is>  – the mean of the 

output current; pI(s) – the pdf of the received fluctu-

ating signal at the receiver that depends on the level 

of turbulence strength and the propagation path. In 

the above equation, erfc(x) is the complementary 

error function. Often-realistic theoretical models for 

the pdf proposed by various researchers include Log-

Normal and Gamma-Gamma distributions. Recently, 

a method of reconstructing an unknown pdf of in-

tensity fluctuations directly from the measured higher-

order moments has been reported [7], eliminating the 

need to assume applicability of theoretical pdf models. 

The mean (BER) for a turbulent atmospheric channel 

is always larger than that of a no-turbulence channel:       

   turbulence No turbulenceBER BER        (3) 

In OOK transmission, the random noise is a 

Gaussian distribution. Assuming both symbol have 

identical noise variance and are equally likely to be 

transmitted, the threshold level is set halfway between 

the symbols currents. Thus, the BER can be calculated 

as: 
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where erfc is the error function: 
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OOK is a preferred modulation techniques 

employed in wireless IR communications due to its 

good bandwidth efficiency. OOK is compromising 

the bandwidth with the and power requirements. The 

OOK modulation is almost bit rate independent for 

data rates in excess of 100 Mbit/s.  

Pulse Position Modulation (PPM) is widely 

used in IR wireless communications. PPM was 

firstly developed to provide high power efficiency 

for long-distance, point-to-point fiber-optics com-

munications.  

PPM decreases the average power requirement 

at the cost of a larger bandwidth. Bit errors usually 

occur in groups.  

Adding Gaussian noise, the PPM-level bit error 

rate is: 
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In terms of power efficiency, if the number of levels 

L is larger than 2, the PPM modulation exhibits a 

higher efficiency than OOK does. An increase in L 

(and in power efficiency)   causes an increase in the 

bandwidth requirement. PPM is generally favored in 

any of its variants due to its high power efficiency. 

The relation between bit error probability corres-

ponding to OOK and PPM is: 
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Table 1 compares OOK and L-PPM (Pulse Position 

Modulation with L levels) schemes in terms of power 

and bandwidth efficiency [8]. 

 

Table 1 

Comparison of baseband intensity modulation 

(coding) techniques 
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Power efficiency can readily be derived from the 

BER expressions. Thus, from table 1, L-PPM  requires 

a factor of 2( / 2)logL L  less power than OOK to 

obtain a particular BER performance. Another im-

portant measure of performance is the bandwidth 

efficiency. The required bandwidth is Breq = Rb (a 

given rate)  for OOK and Breq= LRb/ 2log L   for L-PPM 

[8]. As a result, the bandwidth efficiency of L-PPM is 

at least 1.9 times worse than OOK.  

3. MEASUREMENT BER MODEL 

The FSO BER measurement model is shown in 

figure 3.  

 Transmitter: CW laser; f = 1.93 THz; power = 

= 33 dBm; aperture diameter 5 cm; beam divergence 

0.25 mrad; λ = 1550 nm; transmitter losses 2 dB; 

type of modulation: OOK or L-PPM; 

 FSO Channel: range 1000 m; attenuation 

0.2 - 300 dB/km (corresponding on Table 2); 

 Receiver: aperture diameter 7.5 cm;, sensi-

bility 40 dBm. 
 

Table 2 

Attenuation of the signal corresponding to different 
atmospheric conditions 

 
 

Values in Table 2 are given in “International 

Visibility Code”, for different weather conditions. Based 

on this values, eye-patterns are plotted in figure 4, 5 

and 6 respectively. 

This model generates an optical link from a 

transmitter, a FSO channel and a receiver. 
 

Measurement conditions. Table 3 shows out 

calculated values for received power and BER 

corresponding to OOK and L-PPM under different 

atmospheric conditions. 

 
Table 3 

 Received power corresponding to OOK and L-PPM for different  
atmospherical conditions 

 
 

 
 
 
 
 

 
Fig. 3. Model for FSO  
BER measurement. 
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3.1. Determining BER factor  

from the eye-diagram 

The eye diagram is a useful tool for the qualitative 

analysis of signal used in digital transmission. It pro-

vides a practical evaluation of system performance and 

can offer insight into the nature of channel imperfec-

tions. Analysis of this visual display can give the user a 

first-order approximation of signal-to-noise, clock timing 

and jitter problems. The received power is determined 

for the OOK and  L-PPM modulations respectively, 

under three different atmospheric conditions (Table 3).   

Based on this values was calculated and plotted 

eye-diagrams depicted in figure 4, 5 and 6 

respectively.   

Measurement conditions: 

 Atmospheric conditions - light rain, and OOK, 

or  L-PPM -optical signal coding technique, Fig. 4a, 

respectively Fig. 4b; 

 Atmospheric conditions - heavy rain, snow or 

light fog, and OOK, or  L-PPM -optical signal coding 

technique, fig.5a, respectively fig.5b; 

 Atmospheric conditions - thick fog, and OOK, 

or L-PPM -optical signal coding technique, fig.6a, 

respectively fig.6b. 

 

 
 

Fig. 4a. Eye-diagram for light rain, OOK. 

 
 

Fig. 4b. Eye-diagram for light rain, L-PPM. 
 

 
 

Fig. 5a. Eye-diagram for heavy rain, snow or light fog, OOK. 
 

 
 

Fig. 5b. Eye-diagram for heavy rain, snow or light fog, L-PPM. 
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Fig. 6a. Eye-diagram for thick fog, OOK 
 

 
 

Fig. 6b. Eye-diagram for  thick fog, L-PPM 
 

Typically, eye diagrams are composed of voltage/ 

time samples of the original data, acquired at some 

sample rate that is orders of magnitude below the data 

rate. The results show in figure 4, 5, 6  denote that  

L-PPM modulation scheme is less sensitive at weak  

atmospheric conditions than OOK modulation. 

The eye diagram show all parametric aspects of 

all possible bit sequences, irrespective of how 

infrequently some effects show up.   

The eye-diagrams for received power levels in all 

situations confirm the superior performance of the L-

PPM modulation technique. The measured values 

for received power are shown in Table 3.  

Figure 6a denote an almost “close” eye-pattern 

for OOK modulation and also for L-PPM (6b) (com-

munication is affected by errors, but L-PPM is 

slightly better).   

The motivation of the experiment was to under-

stand the atmospheric effect on the optical signal 

and also to demonstrate the performance of different 

modulation schemes for FSO links. The experimental 

results showed that the performance of the L-PPM is 

better than the OOK albeit at the expense of 

bandwidth efficiency.  

4. CONCLUSIONS 

The big impact over the FSO communication is 

atmospheric conditions, especially thick fog that 

could cut off laser beam transmission and rain & 

snow that could produce optical wireless system 

impairment.   

For FSO systems, BER=10-6 is a limit, under this 

value communication is still possible yet with errors.  

A suitable modulation scheme should be appro-

priately selected to adapt with the weather condition 

that helps to maintain the link connectivity.  

L-PPM requires less power than OOK to obtain a 

particular BER performance, but OOK is better than 

L-PPM in terms of bandwidth efficiency.  

The model in this paper demonstrates that L-PPM 

modulation technique is better than OOK in terms of 

overall performance.  
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