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Abstrakt 

Cílem této diplomové práce je vytvoření pracoviště pro vyhodnocení atmosférických změn na 

optický spoj. 

v teoretické části této práce je popsán princip fungování optických atmnosférických spojů (FSO 

- Free Space Optics), technologický přehled, faktory ovlivňující FSO spoj jako je útlum způsobený 

atmosférou a vlivy počasí. 

Praktická část zahrnuje vytvoření pracoviště pro vyhodnocení, který atmosférický jev má vliv 

na RSSI (Received Signal Strength Indicator) hodnoty. Z tohoto důvodu jsem vytvořil malou 

meteorologickou stanici, která je nainstalovaná na střeše budovy N v areálu Vysoké školy báňské. 

Meteorologická stanice se skládá ze senzorů pro měření teploty vzduchu, vlhkosti, atmnosférického 

tlaku, rychlůosti a směru větru. Všechny tyto senzory jsou připojeny na Arduino mega 2560, které je 

připojeno na Raspberry Pi a to pak posílá data na webovy server www.samsungsami.io. Data na webové 

stránce jsou zobrazena v grafech, kde můžeme zvolit datum a čas pro získání požadovaných dat. 

 

Klíčová slova 

Optický atmosférický spoj, FSO (Free Space Optics), meteorologická stanice, Arduino mega 

2560, DHT11, BMP180, Raspberry Pi, webová aplikace. 

 

 

  



 

 

 

Abstract 

This thesis is toward to creating of workplace for evaluation of atmospheric effects on optical 

atmospheric link 

      

     In theoretical part of thesis is described the principle of working Free Space Optics (FSO), 

technology overview, the factors affecting FSO link, such as attenuation caused by atmosphere, and 

weather influence. 

 

     The practical part includes the creation of workplace, for evaluation what kind of influence 

has weather on Received Signal Strength Indicator (RSSI) values. For this reason, I created small meteo 

station which is installed on the roof of building N, in university campus. In meteo station are used 

sensors for measuring air temperature, humidity, barometric pressure, wind speed and wind direction. 

All these sensors are connected to Arduino mega 2560 and accordingly to Raspberry Pi, which sends 

data to web server www.samsungsami.io. Data on web page is displayed in graphs, where we can 

manipulate with date and time in order to get desirable data. 
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Free space optic, FSO, weather station, Arduino mega 2560, DHT11, BMP180, Raspberry Pi, web 

application.  
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Introduction 

For following Master's thesis I decided to create weather station which will be used for 

evaluating atmospheric effects on optical atmospheric link.  

In first part I will describe the generaly technology. As we know free-space optical 

communication (FSO) is an optical communication technology that uses light propagating in free space 

as an active medium, to wirelessly transmit data for telecommunications or computer networking. It has 

plenty of advantages like, high level of security, high bit rate, also it does not require any kind of license 

for operating, which can save a lot of money for users. But there is no technology without drawbacks. 

It is very sensitive to different weather conditions. Also it is influenced by atmosphere. Absorption, 

turbulence and scattering have great impact on link availbility. For this reason I created weather station 

to find out what kind of effect it has on optical link. 

In second section there is decribed the creation process of weather station. I used 5 weather 

sensors and some other equipments those are given below: 

 DHT11 - Air humidity and temperature sensor, 

 BMP 180 - Barometric pressure sensor, 

 Wind speed sensor - Selfmade, 

 Wind direction sensor - Selfmade, 

 Arduino Mega 2560, 

 Breadboard, 

 Raspberry Pi, 

 Cables for interconnecting. 

 

The data from sensors is logged every 5 seconds, that means that per day we have 86400 results, 

which is enough to find out the relation between them and RSSI (Received Signal Strength Indicator) 

values. 

 After measurements, the data is sent to cloud server www.samsungsami.io which was created 

by "SAMSUNG" and is open for public use. For this process is responsible script which was written in 

Node.js running on Raspberry Pi. The gathered data is represented in time dependance graphs. On 

webpage we can easily manipulate with date and time in order to get desired data. 

In last part will be given the comparison graphs for different weather conditions and RSSI 

throughout 24 hours. 

 

 

http://www.samsungsami.io/
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1 Free Space Optics 

1.1 Technology Overview 

     In previous decades, an unprecedented demand for wireless technologies has taken place. 

Both industrial and private users are demanding products for a wide range of applications that have 

wireless capabilities, allowing them to receive or transmit information without obligation to be fixed to 

a particular place. laptops, personal digital assistants (PDAs), cell phones, different types of sensors, 

etc. They are becoming part of the daily lives of an increasing number of people, and all these devices 

are increasingly incorporating technologies that allow them to work wirelessly. 

     Infrared communications (IR) and radio are currently the main users of the electromagnetic 

spectrum used for wireless transmission. As we know from the practice of radio communication it was 

most frequently used medium for wireless communications, but nowadays IR is becoming more popular 

every now, according to its advantages over the radio. For example, it offers bandwidths which are not 

regulated worldwide. Another advantage of IR on the radio, is its ability against electromagnetic 

interference (EMI). IR makes it preferable option for environments, where interference must be 

minimized or eliminated. Furthermore, infrared has no interference and is not affected by radio 

frequencies, which is particularly relevant not only in telecommunications but in a realm as a medicine. 

IR also has advantages over the radio in terms of safety. Because the IR radiation behaves like visible 

light, which does not penetrate walls, which means that the room where the energy is generated encloses 

the emitted signal completely (assuming that there are no windows or transparent barriers between 

rooms). This prevents the sent information from being detected from third part, and involves intrinsic 

safety against eavesdropping. 

     Other advantages of IR over radio include low cost, small size, and power consumption 

limited IR components. This is explained by the fact that IR wireless communication systems make use 

of the same devices optoelectronic which have improved in recent decades for fiber optic 

communications and other applications. One such component is the light emitting diode (LED), which, 

due to its quicker response now, high power radiant output and improved efficiency, is becoming the 

preferred choice for wireless optical applications short distance. Other components that have been 

improved in recent decades include the laser diode (LD) and the detector intrinsic- positive-negative 

(PIN), which are popularized faster and a making higher transmission speeds possible to achieve. 

     Despite the all advantages that come with the infrared technology, it is not without 

drawbacks. optical wireless links are susceptible to be blocked from people and objects, which may 

result in attenuation of the received signal or interruption of the link (depending on the system 

configuration). In addition, IR wireless systems generally operate in environments where other light 

sources are presented. This backlight has some of its energy in the spectral region used by wireless 

infrared transmitters and receivers, and introduces noise in the photodetector, limiting the scope of the 

system. Moreover, optical wireless systems are also influenced by the high attenuation suffered by the 

IR signal when transmitted through the air, and atmospheric effects such as fog and snow, that further 

reduce the range of the system and deteriorate the transmission quality when operating outdoors. 

     Some of the drawbacks presented by IR (such as attenuation and noise backlight) can be 

compensated by increasing the optical power level at the transmitter. Unfortunately, due to the fact that 

a high emission of some issuers may be potentially hazardous to the retina, due to considerations of 
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power budget, there is a limit to the optical power that can be emitted safely and efficiently by IR 

wireless transmitters. 

When it is mentioned the term optical communication most people think about information 

transmission by optical fiber. Communication in this way has become very popular because of the large 

bandwidth provided by this means. This bandwidth is essential today for last-mile connections and the 

connection between buildings metropolitan areas. The main disadvantage of this medium is that it is 

very costly make connections via fiber in a metropolitan area. The main cost is not in the system itself 

but in the fiber laying one place to another. The alternative: wireless systems Communication. Links 

radio frequency and microwave are highly developed but, as mentioned above, they require large 

bandwidths and high transfer rates, that despite all the development of these systems are not comparable 

with those offered by fiber optics. Instead of traveling light through the optical fiber, it can also travel 

through the air at a price quite low compared to a fiber. Thus arise communciations system called FSO, 

better known as Free Space Optics. These systems are not new, they already existed in the late eighties, 

but was not thrived because they had low performance in terms of the distance between receiver and 

transmitter and the amount of information that could convey. But even before there was some usage of 

such communication systems. Around the year 1794, the inventer Claude Chappe (the semaphore) 

created a series of towers which then carried a message from Lille to Paris in two minutes. In 1880 A. 

G. Bell and S. Tainter invented the photo phone, with it a human voice was transmitted through the 

atmosphere modulating sunlight. Bell consider the photo phone as one of the best inventions. 

The aim of free space optical communication is to send a laser beam between two points through 

the air. Because these systems operate on frequencies in the range of Terahertz, it is not necessary to 

obtain spectrum licenses required by governmental entities. This is a great advantage over RF systems. 

Generally the connection distance between buildings (or between the client and the fiber optic node) is 

less than one kilometer, which makes it very convenient to use these systems.  

 

1.2 System Types 

Optical wireless systems for indoor and outdoor can be organized in a number of configurations 

depending on the specific needs of a system. In general, the topologies used for this kind of systems are 

classified according to two parameters: (1) the existence of a path with no obstructions between the 

transmitter and receiver, and (2) the degree of directionality of the transmitter, the receiver or both. 

Various configurations of optical wireless systems are illustrated in Figure 1.1. In topologies line of 

sight (LOS), the transmitter and receiver are in direct view of the other, without any object obstructing 

the path between them. Non-LOS systems, however, may have obstacles that block the direct path 

between the transmitter and receiver. Therefore, these configurations are based on the use of reflective 

surfaces to create an alternative path for the link. 
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Figure 1.1 Different types of wireless IR links [1] 

 

LOS Configurations enhance energy efficiency and minimize the multipath distortion. 

Unfortunately, because of the fact that, the alignment of the transmitter and receiver require some 

changes it faces some restrictions in LOS-bases systems. On the other hand non-LOS topologies increase 

the reliability of the communication link, as they allow the system to operate even when obstacles block 

the direct path between the transmitter and the receiver. The problem of systems based on non-LOS 

topologies is that, since they are based on the use of reflective surfaces to create an alternative path 

between the transmitter and the receiver, they also suffer from multipath distortion. Due to the fact that 

in the direction - LOS topology transmitted power is accumulated in a narrow beam of light, it gets the 

maximum power efficiency of the system, which is also known as "directional beam of infrared" 

(DBIR). This allows us to use a narrower field of view (FOV) receivers, which not only improve the 

power budget of Link, but also to minimize the probability of unwanted energy coming at different 

wavelengths. This also means that, compared to other configurations at the same distance, the directed 

LOS system requires lower transmit power (due to the fact that the divergence of the emitted light beam 

is small, which increases the power density at the receiver) Free space optics (FSO) links, used to 

exchange information between the buildings are good examples of this topology. 

The drawbacks of directed-LOS configurations include its sensibility to blocking, its limited 

mobility (if the system does not contain tracking mechanism), also it requires carefully aiming of 

transmitter and receiver. The narrow beam requested for achieving a relatively large distance, generally 

is provided by a laser source that can emit beams about 1 °. Directed-LOS systems also use a very 

narrow FOV receivers that allow us to use the smaller photodetectors with reduced capacity. 

Unfortunately, such an optimization of directive elements usually is difficult. Track systems are a special 

case of directed-LOS configuration. Here, the transmitter or receiver are handled with the help of 

mechanical or electro-optical means to maintain a continuous LOS. This provides maximum energy 

efficiency, high bit rate, and a wide coverage. The transmit power required for the track system is less 

by several orders of magnitude than the power required for the diffuse system for a specific data rate 

and range. 

 

1.3 Advantages and Disadvantages  

FSO as everything is this world has advantages and disadvantages. In this chapter I will go 

through them. 
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1.3.1 Advantages: 

 Transmission rate: Obviously Radio frequency (RF) is more advanced in terms of 

transmitting distance, but its throughput is limited to 622 Mbit / s. Nowadays FSO systems 

provide a throughput up to 2.7 Gbit/s. 160 Gbit/s has been successfully tested in the 

laboratory; and it is not the limit. 

 Installation: the next plus of FSO can be its installation costs. If we compare it to fiber 

communication, there are plenty of benefits that offers FSO. For example it is not necessary 

to obtain some permission from authorities for installation. It can be installed even behind 

the window, and all this process  can take up to one day. 

 Licenses: One of the biggest advantage of FSO over radio is unregullated bandwidth. Not 

even one Federal Communciations Commission (FCC) regulates the frequency band, that is 

used in FSO. This fact can save a lot of money companies those scope is high speed data 

transmission. 

 Security: Using of light instead of RF is also profitable in terms of security, as it has 

insusceptibiility to electromagnetic fields. Also the narrow beam make it very hard to detect 

and intercept the signal. In case this happened and intruder disrupts the path, it will be 

immediately noticed buy the users of system, and another beam automatically would go to 

failure recovery mode and wont transmit any data. Taking in consideration all this features 

of security FSO is acceptable for transmitting information about some financial operations, 

or other military information. 

1.3.2 Disadvantages 

 The movement of buildings: Most of these systems are installed to establish communication 

links between buildings, the problem that arises is that once established the link, large 

buildings (which can’t be predicted) oscillate because of small wind or earthquakes. These 

oscillations change the place of transmitter, and the beam Light is directed to another part 

that is not part of receiver. One possible solution is to point the transmitter again to receiver, 

for this reason some manufacturers offer option of auto adjustment, which is handled by 

dedicated computer. This system automatically adjusts the direction of laser to its original 

destination. 

 Physical obstructions: Hence FSO needs a free line of sight, several pre installation 

requirements should be met, like the growth of trees, the construction of buildings, also a 

bird can block the link for a while, but it is not a serious problem since Token ring and 

Ethernet can handle interrupts like this by re-transmitting the data. 

 Weather conditions: One of the main drawbacks of this technology is sensibility to weather 

condition. This limitaiton forces this system to be available only for short distances. Rain, 

snow and fog are causing problems because of their small particles (about hundreds of 

microns) of water act like little prisms that spread the beam sent by the laser. The most 

problematic factor of these three is the fog as their particles are extremely small. Nevertheless 

there are solutions to these problems: first possibility is to shorten the distances between 

nodes, and another one is having a backup system such as a RF link, that serves during foggy 

conditions, but these signals are also affected by rain; however when it is rainy optical link 

can be used.  
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2 Transceiver and Eye Safety 

2.1 Optical Transmitter 

One of the most important part of creating FSO link is selection appropriate opto-electronic 

components for both, transmitter and receiver sides, which is generally done according to the 

configuration desired for a system. Directed topologies need directed sources and detectors, while non-

directed links accordingly require wide emission beam and wide FOV. In reality transmitter and receiver 

for different sites are implemented in one device which is called optical head (Figure 2.1). From the 

picture we can see that transmitters are located up and down of receiver part in small lens, and receiver 

has significantly bigger area compared to transmitters. This type of allocating of devices is aimed for 

achieving better performance, narrower and more directed beam for transmitting and bigger space for 

gathering the light for receiver accordingly. 

 
Figure 2.1 Structure of optical head 

 

     As we know nowadays the most commonly used transmitters for wireless IR 

communications are: light emitting diodes (LED), and laser diodes (LD). LEDs have wider emission 

beams than LDs, which is preferable option for indoor, non-directed and the hybrid configurations. Also, 

they are considered generally as eye safe, which means that emitted power can be much more compared 

to LDs. Plus they are more durable and cheaper than LDs, all this factors make them valuable for indoor 

applications. In addition LEDs are less sensible to temperature fluctuations (compared to LDs). LDs, on 

the other hand, need more complex circuits, and they are more sensitive to temperature inequalities. 

Despite these features, LDs can be used for transmitting information at higher speeds than LEDs, which 

makes them the irreplaceable in applications that require a very high bandwidth. Also for many 

applications it is important to compare the bandwidth of each source, as this may play a role in defining 

limit to the maximum achievable bit rate. While the modulation bandwidth of LEDs ranges from tens 

of kilohertz to a few hundred megahertz, the modulation bandwidth of LDs extends from tens of 

kilohertz to tens of gigahertz. This means that for high data rate applications, LDs are the only 
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transmitters capable of supporting high communication speeds. Moreover, the fact that their emission 

beams are very narrow means that they can be used over longer distances, which favors their use in 

directed-LOS links outdoors. 

Let's now describe some fundamental characteristics for both of them. One of the most important 

features for optical transmitters are output properties and cahracteristics. It is important to take in 

consideration that transmitting source must be adjusted so that beam be optimized. When deciding 

whether to choose an LED or an LD as the light source in a particular transmitter system, one of the 

main features to consider is their optical power versus current characteristics. This is particularly 

important because the characteristics of these devices differ considerably (Figure2.2) [1]. 

 

 
Figure 2.2 Light power versus current characteristics of an LD and an LED [1] 

 

If we observe the figure it can be seen that, near the origin, the LED response is linear, although 

it becomes nonlinear for larger power values. The laser response, on the other hand, is linear above the 

threshold. The linearity of the source is particularly important for analog systems. The power delivered 

by both devices is similar (about 10 to 20 mW), also as we mentioned above the laser diodes are much 

more sensitive to temperature, for example laser at 30𝑜C requires 70 mA, to give 2mW of optical power, 

when at 80𝑜C that value rises to 130mA. It implies that more current is required before oscillation. 

Also there is another important feature that couldn't be ingonred during the selection process of 

light source for specific application. It is speed, for example LEDs are quite slower than LDs, because 

of the rise time in LED is determined by the spontaneous emission lifetime of the material, while in LD 

for the same operation stimulated emission is resposible. Due to fact that LED emits spontaneous 
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radiation, the speed of modulation is limtied by the spontaneous recombination time of the carriers. 

LEDs have a large capacitance, which measn that their modulation bandwidths are note very large ( a 

few hundred megahertz) [1]. 

First generation optical sources were operating between 800 and 900 nm, this is because, that 

by that time semiconductors materials could emission only at these wavelengths. For example we know 

that LED can emit different color of light, different wavelngths, that means that junction material 

determines the emitted wavelength. Ideally, to achieve emission at a desired specific wavelength, they 

must allow bandgap variation, which can accomplished during fabrications. 

Semiconductor optical sources are typically formed from compunds of gallium arsenide (GaAs) 

and produce light as presented in Table 2.1 [1]. 

 

Table 2.1 Material combinations used in the fabrications of optical sources [1] 

Material Systems Active Layer/ Confining 

Layers 

Useful Wavelength Range (μm)     Substrate 

GaAs/AlxGa1-xAs 0.8-0.9        GaAl 

GaAs/InxGa1-xP 0.9        GaAs 

AlyGa1-yAs/InxGa1-xAs 0.65-0.9        GaAs 

lnyGa1-yAs/InxGa1-xP 0.85-1.1        GaAl 

GaAs1-xSbx/Ga1-yAlyAs1-xSbx 0.9-1.1        GaAs 

Ga1-yAlyAs1-xSbx/GaSb 1.0-1.7        GaSb 

Ln1-xGaxAsyP1-y/lnP 0.92-1.7          lnP 

 

 

Most of the optical transmitters operate at 850 nm, but the newer devices transmit signals at 

1.55 μm, it is attractive because of eye safety features. For example up to some level of power ( up to 

10 mW), it is not harmful for eye cornea, as wavelengths at this range can't pass the corenal filter and 

damage retina. ( More eye safety features is described in next tpoic). 

 

 

2.2 Optical Receiver 

While choosing photodetector for optical receiver, me must tale in consideration several 

requirements. These criteria must be met for satisfactory performance and compatiblity to the system. 

The requremenets are as follow: 

 High sensitivity at the operating wavelngth. 

 Large detection area: to offer a large collection aperture and increased effective detection 

field of view. 



 

 

 - 9 - 

 

 High fidelity: to reproduce the received waveform with accuracy (for analog transmission, 

the resopnse of the photodetector must be linear, with regard to optical signal, over a wide 

range). 

 Minimum noise: dark current, leakage curents, and shunt conductance must be low. In 

addition, tha gain mechanism within either the detector or the associated circuitry must 

present low noise). 

 High level electrical response to the received optical signal: photodetector should be able to 

transform received optical power to electrical signal with high level. 

 Short resposne time: The time for above mentioned tranformation must be short, as it will 

operate at speed up to several GHz and even more. 

 Other considerations: small size, low cost, high stability and reliability [1]. 

 

In FSO generally two types of photodetectors are widely used. Those are PIN and avalanche 

photodiodes. 

 PIN PD: This structure offers a wider depletion region that allows operation at longer 

wavelengths. It also allows light to penetrate more deeply into the semiconductor material. 

In both device types (horizontally or vertically illuminated detectors), a depleted InGaAs 

layer of around 3 to 5μm is used to provide high quantum efficiency (up to 90 percent). 

Considerable effort was directed during the 1990s toward developing high-speed PIN 

photodetectors capable of operating at bit rates exceeding 100 Gbps [8-10]. Several 

techniques have been developed to improve the efficiency of high-speed photodiodes. In one 

approach, a nearly 100-percent quantum efficiency was realized in a photodiode in which 

one mirror of the Fabry-Perot cavity was formed using the Bragg reflectivity of a stack of 

AlGaAs/AlAs layers [2]. However, the bandwidth of current commercially available 

packaged detectors is usually up to 20 GHz due to limitations of packaging [1]. 

 

 APD: This photodetector achieves internal gain through a more sophisticated structure that 

creates an extremely high electric field region. At low gain, the transit time and RC effects 

dominate, giving a definitive response time and hence constant bandwidth for the device. At 

high gain, the avalanche build-up time dominates and therefore the device bandwidth 

decreases proportionately with an increase in gain. Such APD operation is distinguished by 

a constant-gain bandwidth. Often, an asymmetric pulse shape is obtained from the APD, 

which results from a relatively fast rise time as the electrons are collected; and from a fall 

time dictated by the transit time of the holes traveling at a slower speed. Hence, although the 

use of suitable materials and structures give rise times of between 150 and 200 picoseconds, 

fall times of 1 nanosecond or more are quite common, which limits the overall response of 

the device. An APD employing a mesa structure has achieved a high gain bandwidth product 

at 120 GHz [3]. Table 2.2 summarizes some typical values for PIN and APD detectors. The 

values are given typical for commonly used devices and do not necessarily represent 

fundamental limits to the performance. In many cases, it is possible to improve the 

performance in one specific area (bandwidth) at the cost of sacrificing the performance in 

others (that is, sensitivity quantum efficiency) [1]. 
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Table 2.2 Photodetectors characteristics [1] 

 PIN APD 

Si Ge InGaAs Si Ge InGaAs 

Operating λ (μm) 0.4-1.2 0.8-1.9 1.0-1.7 0.4-1.2  0.8-1.9  1.0-1.7 

Gain 1 1 1 50-500 50-200 10-40 

Dark current (nA) 1-10 50-500 1-20 0.1-1 50-500 1-5 

Responsivity(A/W) 0.4-0.7 05-0.7 0.6-0.9 80-130 3-30 5-20 

Response time (ns) 0.3-1 0.1-1 0.05-0.5 0.1-2 0.5-1 0.1-5 

BW (GHz) 0.3-0.6 0.5-3 1-10 0.2-1 0.4-0.7 1-10 

 

 

2.3 Eye Safety 

Safety is one of the most important part of any kind of technology. Same is in FSO.  We can say 

that they are very safe since it is a LOS technology, as mentioned above, and the only way to intercept 

a transmission, would be interrupting the link (this means to place some object in the line of sight path, 

of transmitter telescope). This can be easily noticed by endpoint user. Despite all of this sometimes it 

can happen that by accident the laser beam can be towarded to human eye and damage it.  

The spectral band comprised between 780 nm and 950 nm and probably the best choice for most 

applications, given the availability of sources and photodiodes to low-cost silicon. The main 

disadvantage as it was mentioned above is the radiation in this band and damage to the human eye safety: 

radiation can cross the cornea and be focused on the retina, which can potentially cause damage. The 

cornea and rather opaque to radiation with a wavelength greater than about 1400 nm (considerably 

reducing the possible damage); a solution could be so the use of the band around 1550 nm. Unfortunately 

the photodiodes in this region are made of InGaAs (Indium Gallium gallium) that have higher costs than 

the counterpart in silicon. The hazards due to radiation are of course related to the power transmitted by 

source, the exposure time and how the beam is focused on the retina: it may be focused at a point, in a 

more extensive region, where energy distribution is more concentrated. 

The solution is to take some action to secure this sources. One possible solution is to use LED 

sources in place of lasers, since they have increased radiative area, greater divergence and generally less 

power. However this is not always solution, because some applications require laser characteristics such 

as the monochromaticity of the beam. Therefore it is necessary to secure (in terms of eye safety) laser 

sources.  

The first step is make the laser an extended source: it applies making a diffuser, or an optical 

device that breaks the laser beam to create a diffused radiation so that it will not be coming from a single 

point, this will help to extend the image on the retina (Figure 2.3). 
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Figure 2.3 Difference between effects caused from single point and diffused point 

 

 

Initially was offered to use glass but, since 1995 or so, were replaced by holographic diffusers 

that have a significant advantage over the glass counterparts: they can be designed to produce a diffuse 

beam of the desired shape. This is very useful for example in systems where the source is to evenly 

radiate a precise area: the hologram can be deployed so that the beam power in that area will be 

minimally dispersed from the place of interest. 

The other aspect concerns the restriction of the power emitted by the laser; in fact there are 

organizations (IEC International Electrotechnical Commission) that divide the sources into different 

classes based on the concept of acceptable emission limits (AEL) that are defined for each class; 

normally they express the maximum power that can be emitted in a specific wavelength range and 

exposure time.  

There are also considerations on the maximum possible exposure (MPE) to the source, that 

means the highest power density (W / cm2) of a light source that can be considered safe (with a 

negligible probability of damage). The MPE are measured and given for a specific wavelength and 

exposure time is considered the worst conditions, in which the light is focused on the retina in the 

smallest possible point (Figure 2.4). 
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Figure 2.4 Performance of MPE as a function of exposure time 

 

According to the IEC 60825-1 standard lasers are classified into four classes, and some 

subclasses. For example, in Class 1 within the considered safe under normal laser conditions of use, for 

which the relative MPE cannot be exceeded. This and other types of lasers are given in table 2.3. 

 

Table 2.3 Laser classes  

IEC 60825-1 

Class  Specifications 

Class1 Safe Under normal Conditions of using 

Class 1M Safe Under normal Conditions of using, if some optical devices are not 

used (for example lenses) 

Class 2 Visible laser. Safe because the exposure is limited up to 0.25 seconds 

 

Class 2M 

Visible laser. Safe because the exposure is limited up to 0.25 seconds, 

and if some optical devices are not used (for example lenses) 

Class 3R Safe if, it is used carefully, with restirected field of beam 

Class 3B Dangerous, if it emmits directly on eye, but with diffuse reflection it is 

safe 

 

Class 4 

Includes all lasers, those cannot be classified with previous classes. 

Potential damage to eye, even by reflections 
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Also occurs a differentiation between point sources and extended sources: for the latter fact the 

power limits are greater. This means that use a diffuser in a laser source allows to increase the 

transmissible power and thus system performance. 
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3 Factors Affecting Free Space Optical Link 

3.1 Atmosphere  

As we know, an atmosphere is a medium used in FSO. At first look we can say that if we transmit 

signal through atmosphere there is norhing that can affect link, but in fact there are plenty of things like 

that. Atmosphere is consisted of nitrogen and oxygen molecules, which means that there is a large 

amount of water vapor. These small particles can cause scattering and abosrption of infrared photones, 

which are propagated in the atmosphere. 

Hence it is impossible to cahnge the physics and generally behaviour of the atmosphere, we 

should apply some selection methods. It is widely known that, exist some wavelengths which are most 

suitable for transmitting optical  beam, they are called optical transparency windows. We can use them 

for minimizing affects caused by the above mentioned phenomenas. 

 

3.1.1 Beer's Law 

Beer's law describes the attenuation of light travelling through the atmosphere due to both 

absorption and scattering. In gerenal, the transmission τ, of radiation in the atmosphere as a function of 

distance, x is given by Beer's law (Formula 1) 

 

                         
𝐼𝑅
𝐼0
=  𝜏 = exp(−𝛾𝑥),                        (1)          

 

where  𝐼𝑅/𝐼0 is the ration between the detected intensity of IR at the location x, and the initially launched 

intensity 𝐼0, and 𝛾 is the attenuation coefficient. The attenuation coefficient is a sum of four individual 

parameters: molecular and aerosol scattering coefficients α and molecular and aerosol absorption 

coefficients β, each of which is a function of the wavelength. 

 

    𝛾 = 𝛼𝑚 + 𝛼𝑎 + 𝛽𝑚 + 𝛽𝛼.           (2) 

 

This formula (2) shows that the total attenuation, represented by the attenuation coefficient 𝛾, 

results from the superposition of various scattering and absorption processes. [4]. 

 

3.1.2 Scattering 

Scattering can be described as redistribution or changing the direction of light beam. It is not 

part of energy loss phenomena, nevertheless it can have a huge negative impact on the intensivity of 

light at a receiver's photodiode, as some part of light will be towarded to nowhere. 

Several scattering regimes were developed, depending on the characteristic size of the particles 

(𝑟).  𝑥0 =
2𝜋𝑟

λ
,  where λ is transmission wavelngth and r is particle radius. If 𝑥0 << 1, that means that it 
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reffers to Rayleigh regime., relatively 𝑥0 ≈1, is Mie regime. And finally 𝑥0 >> 1, the scattering can be 

manipulated using geometric optics. 

Rayleigh scattering can be described as followed. A radiation incident on the bound electrons 

of an atom or molecule induces a charge imbalance, or dipole that oscillates at the frequency of the 

incident radiation. The oscillating electrons reradiate the light in the form of a scattered wave. Rayleigh’s 

classical formula for scattering is given below (see formula 3). 

 

                           𝜎𝑠 =
𝑓𝑒4λ0

4

6𝜋휀0
2𝑚2𝑐4

 
1

λ4
,                                       (3) 

 

where f is the oscillator strength, e is the charge on an electron, 𝛌𝟎 is the wavelength 

corresponding to the natural frequency,  𝛚𝟎 = 2πc/λ0, 𝛆𝟎  is the dielectric constant, C is the speed of the 

light, and m is the mass of the oscillating entity. The λ4 dependence and the size of particles found in 

the atmosphere imply that shorter wavelengths are scattered much more than longer wavelengths. 

Rayleigh scattering is the reason why the sky appears blue under sunny weather conditions. However, 

for FSO systems operating in the longer wavelength near infrared wavelength range, the impact of 

Rayleigh scattering on the transmission signal can be neglected. The wavelength dependence of the 

Rayleigh scattering cross section in the infrared spectral range is shown in Figure 3.1 [4] 

 

 
Figure 3.1 Rayleigh scattering cross section versus infrared wavelength [4] 

 

For Mie scattering regime we can say that it occurs for particles about the size of the wavelength. 

Therefore, in the near infrared wavelength range, fog, haze, and pollution (aerosols) particles are the 

major contributors to the Mie scattering process. The theory is complicated, but well understood. The 

problem arises in comparing the theory to an experiment. Because absorption dominates most of the 

spectrum, data must be collected in wavelength ranges that occur in an atmospheric window, with the 

assumption that only scattering is taking place. In addition, the particle distributions must be known. 

For aerosols, this distribution depends on location, time, relative humidity, wind velocity, and so on. An 

empirical simplified formula that refers to Mie scattering is given below [5].  
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𝛾 =
3.91

𝑉
(
𝜆

550
)
−𝛿
,      𝑊ℎ𝑒𝑟𝑒         𝛿 = 0.585(𝑉)1/3         for V < 6 km 

 

                                                                                δ=1.6                           for V > 50 km                   (4) 

   

                                                              δ=1.3                           for 6 km < 50 km. 

 

 

V corresponds to the visibility, and λ is the transmission wavelength. The overall conclusion 

that can be derived from empirical observation is that Mie scattering caused by fog characterizes the 

primary source of beam attenuation, and that this effect is geometrically accentuated as distance 

increases[4]. 

 

3.1.3 Absorption 

Absorption in the context of electromagnetic waves and light is defined as the conversion 

process of the energy of a photon to internal energy, whereas electromagnetic radiation is captured by 

matter. When particles in the atmosphere absorb light, this absorption causes a transition (or excitation) 

in the molecules of the particle from a lower energy level to a higher one. The only light that can be 

absorbed is the energy that can create transitions from one energy level to another. Molecules return 

back to their original unexcited states through discrete radiation emissions. Each time a medium is 

irradiated with electromagnetic energy or light beam, the wavelength at which the attenuation of 

transmitted light is maximum (Or where a particular medium absorbs more power) is defined as the 

absorption peak. In the context of wireless optical communication, the absorption peak refers the specific 

wavelength at which most of the energy is absorbed by a particular impurity, in a specific medium. The 

atmospheric absorption is wavelength dependent. Because of the absorption the atmospheric windows 

are created by gases, but neither nitrogen nor oxygen, which are two of the most abundant, contribute 

to the absorption in the infrared part of the spectrum. 

In the atmospheric window most commonly used for FSO, infrared range, the most common 

absorbing particles are water, carbon dioxide, and ozone. A typical absorption spectrum is shown in 

Figure 3.2. Vibrational and rotational energy states of these particles are capable of absorption in many 

bands. Well-known windows exist between 0.72 and 15.0 μm, some with narrow boundaries. The region 

from 0.7–2.0 μm is dominated by water vapor absorption, whereas the region from 2.0–4.0 μm is 

dominated by a combination of water and carbon dioxide absorption [6]. 
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Figure 3.2 Atmospheric transmittance measured over a sea level 1820 m horizontal path [6] 

 

 

3.1.4 Turbulence  

The desert might seem the perfect location for an FSO system. This is certainly true as far as the 

attenuation of the atmosphere is concerned. However, in hot, dry climates, turbulence might cause 

problems with the transmission. As the ground heats up in the sun, the air heats up as well. Some air 

cells or air pockets heat up more than others. This causes changes in the index of refraction, which in 

turn changes the path that the light takes while it propagates through the air. Because these air pockets 

are not stable in time or in space, the change of index of refraction appears to follow a random motion. 

To the outside observer, this appears as turbulent behavior. 

Laser beams experience three effects under turbulence. First, the beam can be deflected 

randomly through the changing refractive index cells. This is a phenomenon known as beam wander. 

Because refraction through a media such as air works similarly to light passing through any other kind 

of refractive media such as a glass lens, the light will be focused or defocused randomly, following the 

index changes of the transmission path. Second, the phase front of the beam can vary, producing 

intensity fluctuations or scintillation (heat shimmer). Third, the beam can spread more than diffraction 

theory predicts. A good measure of turbulence is the refractive index structure coefficient, 𝐶𝑛2. Because 

the air needs time to heat up, the turbulence is typically greatest in the middle of the afternoon (𝐶𝑛2  = 

10−13𝑚−2/3) and weakest an hour after sunrise or sunset ( 𝐶𝑛2 = 10−17𝑚−2/3  10-17 m-2/3). 𝐶𝑛2 is 

usually largest near the ground, decreasing with altitude. To minimize the effects of scintillation on the 

transmission path, FSO systems should not be installed close to hot surfaces. Tar roofs, which can 

experience a high amount of scintillation on hot summer days, are not preferred installation spots. 
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Because scintillation decreases with altitude, it is recommended that FSO systems be installed 

a little bit higher above the rooftop (>4 feet) and away from a side wall if the installation takes place in 

a desert-like environment [5]. 

 

3.1.5 Beam Wander 

For a beam in the presence of large cells of turbulence compared to the beam diameter, 

geometrical optics can be used to describe the radial variance, 𝜎𝑟 as a function of wavelength and 

distance, L, as follows: 

 

                                𝜎𝑟 = 1.83𝐶𝑛
2𝜆−1/6𝐿17/6.                         (5) 

 

 

The relationship in formula 5, implies that longer wavelengths will have less beam wander than 

shorter wavelengths, although the wavelength dependence is weak. Although keeping a narrow beam 

on track might be a problem, the rate of fluctuations is slow (under a kHz or two), such that a tracking 

system can be used [4]. 

 

3.1.6 Beam Spreading 

The beam size can be characterized by the effective radius, at, the distance from the center of 

the beam (z = 0) to where the relative mean intensity has decreased by 1/e. The effective radius is given 

by the following: 

 

                       𝑎𝑡 = 2.01 (𝜆
−1/5𝐶𝑛

6/5
𝑍8/5).                           (6) 

 

 

The wavelength dependency on beam spreading is not strong. The spot size can often be 

observed to be twice that of the diffraction-limited beam diameter. Many FSO systems incur 

approximately 1 m of beam spread per kilometer of distance. In a perfect world with no environmental 

attenuators present, beam spread would be the only distance-limiting variable [4]. 

 

3.2 The Impact of Weather 

The weather is one of the most important player to consider while designing FSO link, as it has 

great impact on overall system. Main problems are caused by rain, snow and fog. 
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 Rain 

A Rain has a distance-reducing impact on FSO, although its impact is significantly less than 

from fog. This is because the radius of raindrops (200–2000 μm) is significantly larger than 

the wavelength of typical FSO light sources. Typical rain attenuation values are moderate in 

nature. For example, for a rainfall of 2.5 cm/hour, a signal attenuation of 6 dB/km can be 

observed. Therefore, commercially available FSO systems that operate with a 25 dB link 

margin can penetrate rain relatively unhindered. This is especially the case when systems are 

deployed in metropolitan areas where building distances are typically much less than 1 km. 

If, for example, the system is deployed over a distance of 500 m under the same rain 

conditions, the attenuation is only 3 dB/km. However, when the rain rate increases 

dramatically to beyond the cloudburst level (> 10 cm/hour), rain attenuation can become an 

issue in deployments beyond the distance scale of a typical metropolitan area. However, 

these kind of cloudbursts last for only a short period of time (minutes). 

An interesting point to note is that RF wireless technologies that use frequencies above 

approximately 10 GHz are adversely impacted by rain and little impacted by fog. This is 

because of the closer match of RF wavelengths to the radius of raindrops, both being larger 

than the moisture droplets in fog. The lower unlicensed RF frequencies in the 2.4 GHz and 

5.8 GHz ranges are relatively unaffected by rain or fog, but incur significant interference 

risks by nature of the lack of licensing in those frequencies. The specific attenuation if 

wireless optical link for rain rate of R mm/hr is given below. 

 

            𝑎𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 = 1.076𝑅
0.67[dB/Km}   where R is a rain rate. [7]            (7) 

 

 Snow 

Snowflakes are ice crystals that come in a variety of shapes and sizes. In general, however, 

snow tends to be larger than rain. Large snowflake can cause link failure, if laser beam is 

narrow. When a snowflake crosses the laser beam, the receive signal level depends on the 

diameter of the snowflake and distance from the transmitter, as well as the position of the 

snowflake relative to the cross section of the beam. The FSO attenuation due to snow has 

been classified into dry and wet snow attenuations. If S is the snow rate in mm/hr then 

specific attenuation in dB/km is given by [7] 

                        

                                                 𝐴𝑡𝑡snow = aS
b.                                              (8) 

 

 

If λ is the wavelength (nm), a and b are constants as follow for dry snow 

 

                    𝑎 = 5.42 × 10−5𝜆 + 5.495876        &       𝑏 = 01.38.               (9) 

   

 

The same parameters for wet snow will be  

 

               𝑎 = 1.023 × 10−4𝜆 + 3.7855466        &       𝑏 = 0.72.                  (10) 
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 Fog 

A Fog is the most dangerous weather phenomenon to FSO because it is composed of small 

water droplets with radii about the size of near infrared wavelengths. The particle size 

distribution varies for different degrees of fog. Weather conditions are typically referred to 

as fog when visibilities range between 0–2,000 meters.  

Several models exist which allow to calculate specific attenuation for different optical 

wavelengths based on visibility data. The two most widely used models are the Kruse model 

and the Kim model. According to these models, the specific attenuation can be calculated 

from: 

 

                            𝛼𝑆𝑃𝐸𝐶(𝑑𝐵/𝐾𝑚) =
3.912

𝑉𝑚
(
𝜆𝑛𝑚
550𝑛𝑚

)
−𝑞

,                            (11) 

 

where 𝝀 is the wavelength in nm, V is the visibility (m), and q is the particle size distribution. 

For Kruse model it will be: 

 

𝑞 =  {
       1.6                               if  V > 50 km

                     1.3                               if 6 km < V < 50 km
0.585V1/3 + 0.34        if  V < 6 km.

 

 

From this equation we can see that there will be less attenuation for higher wavelengths. The 

attenuation of 10 μm is expected to be less than attenuation of shorter wavelengths. Kim 

rejected such wavelength dependent attenuation for low visibility in “dense fog”. The q 

variable for kim model will be: [7] 

 

𝑞 =  

{
 
 

 
 

1.6                          if  V > 50 km
               1.3                          if  6 km < V < 50 km
  0.16V + 0.34                 if 1 km < V < 6 km

              V − 0.5                    if  0.5 km < V < 1 km
   0                           if  V < 0.5 km.

 

 

 

Because foggy conditions are somewhat difficult to describe by physical means, descriptive 

words such as “dense fog” or “thin fog” are sometimes used to characterize the appearance 

of fog. When the visibility is more than 2,000 meters, the condition is often referred to as 

hazy. The relation between weather condition visibility and attenuation is given in Table 3.1. 
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Table 3.1 International visibility codes for weather conditions and precipitation 

Weather Condition Precipitation Amount 

mm/hr 

Visibility dB Loss/Km 

Dense fog    0 m, 50 m -271.65 

Thick fog    200 m -59.57 

Moderate fog Snow   500 m -20.99 

Light fog Snow Cloudburst 100 770 m 

1 km 

-12.65 

-9.26 

Thin fog Snow Heavy rain 25 1.9 km 

2 km 

-4.22 

-3.96 

Haze Snow Medium 

rain 

12.5 2.8 km 

4km 

-2.58 

-1.62 

Light haze Snow Light rain 2.5 5.9 km 

10 km 

-0.96 

-0.44 

Clear Snow Drizzle 0.25 18.1 km 

20 km 

-0.24 

-0.22 

Very clear    23 km 

50 km 

-0.19 

-0.06 

 

 

 

As we can see fog is the main “enemy” for FSO link as it causes the biggest losses. Even a thin 

fog has more attenuation than a medium rainfall. Because microclimate environments such as ponds or 

rivers can induce foggy conditions, the data taken at airports sometimes is not reliable for nearby 

environments. However, it has been shown that the visibility at airports provides a good estimate for the 

minimum expectable availability figure. This is because airports typically are located outside 

metropolitan boundaries, and the microclimate inside a city typically generates less foggy conditions. 

The density distribution of fog particles can also vary with height, which makes the modeling of fog 

even more complex. The limited amount of information regarding the local impact of fog on the 

availability of FSO systems is certainly one of the biggest challenges for the FSO industry [4]. 

 

3.3 Determing LOS 

As we now FSO operation requires line of sight (LOS). Line of sight simply means that the 

transmitter and the receiver at both networking locations can see each other. The easiest way to find out 

if line of sight exists between two remote locations is visual observation. For distances that are longer 

than a mile, this might not be trivial. Field glasses and telescopic lenses might be necessary in these 

scenarios. Many FSO vendors incorporate an alignment telescope into the FSO terminals to accomplish 

this task. Some organizations prefer to use more sophisticated GIS (Geographic Information System) 

maps before sending a field crew out to assess a site. A variety of GIS mapping software vendors exist 

whose programs can load high-resolution and three dimensional topology maps. These maps include 

information regarding buildings and their specific locations. This allows for determining whether line 

of sight exists between two known locations. 



 

 

 - 22 - 

 

Although rooftop to rooftop is one of the more typical deployment scenarios for FSO, it might 

be possible to locate the transceivers behind windows in the building when roof access is not available. 

However, we must take care to determine whether line of sight can be achieved. In addition, the angle 

the beam makes with the window is critical. The angle should be as perpendicular as possible, yet 

slightly angled (5 degrees) to reduce bounce-back of the beam to its own receptor. At some angle, no 

light will be transmitted at all. This complete internal reflection is what keeps light inside fiber-optic 

cable. Also, some windows contain glass or glass coatings that reduce glare. Because these windows are 

often specifically designed to reject infrared, the coatings can reduce the signal by 60% or even more. 

Sometimes, window connections have no alternatives because roof rights cannot be obtained. 

Decreasing the link distance (which increases the power of the signal at the receiving telescope due to 

decreased geometrical loss) or increasing beam intensity can often solve the problem [4]. 

 

3.4 Selecting the Transmission Wavelength 

Choosing the correct transmission wavelength involves many factors, such as availability of 

components, price, required transmission distance, eye-safety considerations, and so on. To select the 

best wavelength to use for free-space optical communication systems, you must consider several factors. 

In general, the specific wavelength is not so important as long as the transmission wavelength does not 

correspond to a wavelength that is strongly absorbed in the atmosphere. As stated previously, Mie 

scattering is by far the dominant factor as far as attenuation of an IR signal through the atmosphere is 

concerned. However, applications in dense urban areas with high aerosol contents might slightly benefit 

from a different wavelength than relatively unpolluted suburban locations. 

     As has been mentioned, some atmospheric advantages exist for some wavelengths being used 

for FSO systems, but that is not the whole picture. Another issue has to do with the fact that at 

approximately 1,550 nm, the regulatory agencies allow approximately 100 times higher power for “eye 

safe” lasers. This is because at this wavelength, the aqueous fluid of the eye absorbs much more of the 

energy of the beam, preventing it from traveling to the retina and inflicting damage. The disadvantage 

of this laser type is mainly cost when compared to shorter wavelength lasers operating around 850 nm. 

Design engineers must deal with the cost of implementing such a system [4]. 
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4 Sensors Used for Evaluating Weather Conditions 

For the Practical part of diploma thesis, I decided to use following sensors: 

 DHT11 – Sensor for measuring air humidity and temperature 

 BMP180 – Sensor for measuring air pressure 

 Sensor for measuring wind speed (self-made) 

 Sensor for measuring wind direction (self-made) 

 

In following chapters, I will briefly describe each sensors’ features (The size, technology used, 

and technical characteristics), and after the way they are connected to controller. 

4.1 Sensor for Measuring Air Humidity and Temperature 

DHT11 is a basic low-cost digital humidity and temperature sensor, with a calibrated digital 

signal output. The single-wire serial interface makes system integration quick and easy. Its small sizes, 

low power consumption and up to 20 meters signal transmission making it the best choice for various 

applications, including ours. Now let’s take a look on sensor specifications like size, voltage, 

measurement range, etc. (Table 4.1- 4.3). 

 

Table 4.1 DHT11 Sensor Specifications 

Overall Specifications  

Size 22.0mm / 20.5mm / 1.6mm 

Working Voltage  3.3 or 5V DC 

Working Current 0.5-2.5mA 

Operating Voltage 3.3 or 5V DC 

Measurement Range 20-95%RH; 0-500C 

Resolution 8bit (Temperature), 8bit (Humidity) 

Compatible Interfaces 2.54 3-pin interface and 4-pin Grove interface 

 

 

 

Table 4.2 Electrical Characteristics for temperature module  

Temperature Minimum Maximum Unit 

Accuracy ±1 ±2 c 

Measurement Range 0 50 c 

Response Time 6 30 s 
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Table 4.3 Electrical Characteristics for humidity module 

Humidity  Minimum Maximum Unit 

 

Accuracy 

25 C  - %RH 

0-50 C  ±5 %RH 

Measurement Range 25 C 20 95 %RH 

Response Time 1/e(63%) 6 15 s 

 

 

Generally, DHT11 is based on 4 pin single row technology, but it needs additional 5K pull-up 

resistor if connecting cable is less than 20 meters. So for my measurement I used 3 pin module, produced 

by “CooperKit”, where resistor is already implemented (Figure 4.1). On the module we have 3 pin 

technology. Those are: S – Data, V – Voltage, G – Grounding. 

 

 
Figure 4.1 DHT11 "CooperKit" 

 

Single bus data format is used for communication and synchronization between MCU 

(Microcontroller Unit) and DHT11 sensor. One communication process is about 4ms. Data consists of 

decimal and integral parts. A complete data transmission is 40 bit, and the sensor sends higher data bit 

first. Data format is following: 8bit integral RH (Relative Humidity) data + 8bit decimal RH data + 8bit 

integral T (temperature) data + 8bit decimal T data + 8bit check sum. If the data transmission is right, 

the check sum should be the last 8bit of “8bit integral RH data + 8bit decimal RH data + 8bit integral T 

data + 8bit decimal T data”. 
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When MCU sends a start signal, DHT11changes from the low-power-consumption mode to the 

running mode, waiting for MCU completing the start signal. Once it is completed, DHT11sendsa 

response signal of 40-bit data that include the relative humidity and temperature information to MCU. 

Users can choose to collect (read) some data. Without the start signal from MCU, DHT11will not give 

the response signal to MCU. Once data is collected, DHT11 will change to the low-power-consumption 

mode until it receives a start signal from MCU again [8]. Overall communication process is shown 

below, Figure 4.2. 

 

 
Figure 4.2 Overall communication process for DHT11  

 

 

4.2 Sensor for Measurig Barometric Pressure  

BMP180 is the next generation of sensors produced by Bosch. It is one of the best options for 

low-cost sensing solutions for measuring barometric pressure. It is calibrated in laboratory conditions, 

hence has very low level of noise about – 0.03 hPa. In fact, bmp180 is just measuring unit that can be 

mounted on different kind of modules. For our case it is GY-68 Figure 4.3. 

 

As we can see it has 4 pins that are dedicated for following functions:  

 VIN – Voltage Input 

 GND – Ground  

 SDA –  I2C Serial Bus Data 

 SCL –  I2C Serial Bus Clock Input 
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Figure 4.3 BMP180 Module (GY-68) 

 

 

The basic characteristics of this module are given in Table 4.4 below. 

 

Table 4.4 GY-68 Barometric pressure sensor’s specifications 

Overall Specifications 

Sensor BMP180 

Voltage 1.8 – 3.6V 

Interface I2C 

Accuracy 0.03hPa 

Measurement Range 300 – 1100hPa 

Working Current 5mA 

“Stand by” regime current 0.1mA 

Size 15mm / 14mm / 2mm 

Weight 5g 

 

 

In BMP180 is used I2C interface which has special bus signal conditions. Start (S), stop (P) and 

binary data conditions are shown below. At start condition, SCL is high and SDA has a falling edge. 

Then the slave address is sent. After the 7 address bits, the direction control bit selects the read or write 

operation (R/W). When a slave device recognizes that it is being addressed, it should acknowledge by 

pulling SDA low in the ninth SCL (ACK) cycle. 

At stop condition, SCL is also high, but SDA has a rising edge. Data must be held stable at SDA 

when SCL is high. Data can change value at SDA only when SCL is low. The schematic model of this 

process is given in figure 4.4. 
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Figure 4.4 I2C protocol 

 

 

4.3 Wind Speed and Direction Sensors  

As I have mentioned above for measuring wind properties, I used anemometer and direction 

sensor which were created by one engineer in Ostrava. Because they are not serial devices, I only have 

information regarding the way sensors work and their working voltage. 

For anemometer, the measuring result is given in pulses which has following relation with actual 

wind speed. 

 

                                      1 𝑚/𝑠 = 10.5 𝜏 = 1.5 𝜔                            (12) 

 

 

     Where 𝜏 represents a pulse and 𝜔 is a number of rotations. Basically it means that for 

example if the actual wind speed is 1 meter per second it must give 10.5 pulses, accordingly for 1 minute 

it will be 10.5 × 60 = 630. 

In wind direction sensor there is used potentiometer. When sensor wing is rotating, the 

impedance is changing according to it, which logically is represented in different angles. It is calibrated 

so that, when wind indicates to North it gives us direction of 16 degrees. In table 4.5 is given the ranges 

for different directions. 

 

 

Table 4.5 Ranges for wind direction 

Direction N NW W SW S SE E NE 

Angle 16 61 106 151 196 241 286 331 

 

 N - North  

 NW - Northwest 

 W - West 
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 SW - Southwest 

 S - South 

 SE - Southeast 

 E - East 

 NE - Northeast 

 

The illustrational photos of wind sensors are given in Figures 4.5 - 4.6 

 

 

 
Figure 4.5 Wind speed sensor 
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Figure 4.6 Wind direction sensor 

 

 

On both devices for interconnecting to controller unit, I used Universal Twisted Pair (UTP) 

cables with FRB 7 pin connectors, from which active is only 3 pins: voltage, data and grounding (Figure 

4.7). 

 

 
Figure 4.7 Pin allocation on FRB connector  
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5 Weather Station 

     All these sensors itself are good, but without controller unit they are nothing but pieces of 

puzzle. To solve this problem, I used Arduino Mega 2560 and Raspberry Pi. Arduino has 54 digital 

input/output pins, 16 analog inputs, 4 hardware serial ports, one 5V, one 3.3V and 3 GND pins, USB 

connection and power jack. 

As I had to connect all the sensors to one Arduino, I used breadboard SYB-46 for increasing the 

number of Voltage and Grounding pins. The block scheme of interconnecting sensors with Arduino 

through breadboard is given in Figure 4.8. (The colors of cables use in this scheme are same as used in 

real station). 

 

 
Figure 4.8 Block scheme of interconnecting sensors 

 

 

The data is logged every 5 seconds from each sensor and sent to serial port. The code which is 

responsible for this process is given below. 

 

#include "Dht11.h" 

#include <Wire.h> 

#include <Adafruit_Sensor.h> 

#include <Adafruit_BMP085_U.h> 

 

#define DHT_DATA_PIN 2 //Dht11 sensor pin 

#define WIND_SPEED_PIN 3 //pin for wind speed measurement sensor 

#define PERIOD_MS 5000 //refresh period in miliseconds 
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#define WIND_DIR_PIN A1 //wind direction analog pin 

 

 

//declaration of global variables 

Adafruit_BMP085_Unified bmp = Adafruit_BMP085_Unified(10085); 

 

volatile int wind_pulses = 0; //number of pulses calculated for wind 

speed sensor 

 

//declaration of functions 

double readPress(); 

double readDir(); 

double readSpeed(); 

 

 

//initialisation 

void setup()  

{ 

  attachInterrupt(digitalPinToInterrupt(WIND_SPEED_PIN), speedInter, 

RISING); 

  Serial.begin(9600); 

  if(!bmp.begin()) 

  { 

    Serial.print("No BMP085 detected ... Check your wiring or I2C 

ADDR!"); 

    while(1); 

  } 

} 

//program main loop 

void loop() 

{ 

  static Dht11 sensor(DHT_DATA_PIN); 

  if(sensor.read() == Dht11::OK) { 

    Serial.print(sensor.getTemperature()); 
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    Serial.print(';'); 

    Serial.print(sensor.getHumidity()); 

  } else { 

    Serial.print(-100000); // value indicate error state 

    Serial.print(';'); 

    Serial.print(-100000); // value indicate error state 

  } 

  Serial.print(';'); 

  Serial.print(readPress()); 

  Serial.print(';'); 

  Serial.print(readDir()); 

  Serial.print(';'); 

  Serial.print(readSpeed()); 

  Serial.println(); 

  delay(PERIOD_MS); 

} 

 

//returns pressure 

double readPress() 

{ 

  sensors_event_t event; 

  bmp.getEvent(&event); 

if (event.pressure) 

  { 

    return (double)event.pressure; //pressure in hPa 

  } 

  return -100000; //error value 

} 

 

//returns wind direction 

double readDir() 

{ 

  double dir = analogRead(WIND_DIR_PIN); 
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  dir = dir / 1023.0 * 359.0; 

  return dir; 

} 

 

//returns wind speed 

double readSpeed() 

{ 

  double pulsesConstant = (PERIOD_MS / 1000) * 10.5; 

  double wind_speed = (double)(wind_pulses / pulsesConstant); 

  wind_pulses = 0; 

  return wind_speed; 

} 

 

The real appearance of weather station is shown on figures 4.9 - 4.11 

 

 
Figure 4.9 Weather station 
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Figure 4.10 Wind sensors (Front view) 

 

 
Figure 4.11 Wind sensors (Back view) 
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6 Web Application and Measurement Results 

After logging data, all this information from Arduino is sent to Raspberry Pi, which 

communicates with cloud server and displaying data in graphs on web application. For this case I used 

cloud server www.samsungsami.io, which is created by "Samsung". 

     Firstly, it is necessary to create virtual device on server, which has its own Device ID and 

Device Token numbers. ID is used of course to identify the device and Token number is used for data 

transferring. These two parameters are included in script which is written in Java and run on Node.js 

As I have mentioned above the results are sent to web application every 5 seconds, so that means 

that per minute there will be 12 × 5 number of results, it equals 86400 results per day. (number of 

minutes 1440 × 60 = 86400). Because of this huge number, I decided to make comparison of weather 

station results to RSSI values for a range of 4×6 hours. (Figures 4.12 - 4.15) 

 
 

file:///C:/Users/Nika%20Adeishvili/Desktop/www.samsungsami.io
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Figure 4.12 Measurement results 10:00 - 16:00 
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Figure 4.13 Measurement results 16:00 - 22:00 
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Figure 4.14 Measurement results 22:00 - 04:00 
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Figure 4.15 Measurement results 04:00 - 10:00 
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Conclusion 

The aim of this project as it was mentioned in abstract, was creating of workplace for evaluating 

the atmospheric effects on optical atmospheric link. Taking in consideration everything was written 

above, I can say that this goal is achieved. Let's recount what was done. 

In first part, I described generally what FSO technology represents, the way it works, with its 

advantages and drawbacks. Furthermore there was described the optical transmitters, receivers and eye 

safety features. In any realm, every kind of security feature has to be considered. In FSO, one of them 

is eye safety. From explanations we can see that it is better to use longer wavelngths, as eye response to 

them is relatively low, compared to shorter ones. But using them can be quite expensive. Also I took a 

scope on some of the factors that lead to limitation of FSO opportunities. Those are scattering, 

absorption, turbulence, and the weather impact.  

Second part of thesis, is about creating the weather station, for evaluating the influence of 

weather on optical link. For this reason I used following materials: Arduino Mega 2560 - controller, 

DHT11 - air humidity and temperature sensor, BMP180 - barometric pressure sensor,  two wind sensors  

for measuring wind speed and direction, breadboard and cables fro interconnecting (the block scheme 

is given on figure 4.8). From these sensors the data about weather conditions is logged every 5 seconds, 

that means that in a day we have 86400 results, which is enough for evaluating the changes. 

After measurements, the information is sent to cloud server www.samsungsami.io, which was 

created by "SAMSUNG", and is open for public use. For this process is responsible script which was 

written in Node.js running on Raspberry Pi. The gathered data is represented in time dependance graphs. 

On webpage we can easily manipulate with date and time in order to get desired data. 

In final part of thesis is given the comparison of weather conditions and RSSI values. If we 

observe figures 4.9 - 4.12 we can clearly see that RSSI values dropped from 370 to 150 dB. This 

happened because of three factors generally. Increasing of humidty from 32 % to 44 %, accordingly 

decreasing of temperature from 340 to 140, and increasing of  pressure value from 970.4 hPa to 976.3 

hPa (hectopascal). 

 

 

 

 

 

 

 

 

 

 

 

www.samsungsami.io
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