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ABSTRACT 
Currently, lasers are so powerful that they allow transmitting signal from behind the glass window, thus increasing the 

possibility of placement and security FSO systems. But still the visibility of transmission and environmental impact of environment on 
the signal transmitted remains a big problem. This paper deals in detail with a description of the instrument for measuring the 
density of fog, humidity and temperature of the environment. Long-term measurement of these parameters allows us to create models 
for transmission FSO environment. 
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1. INTRODUCTION 

Free Space Optics (FSO) is a device using modulate 
visible or infrared beam for optical communication 
through atmospheric line medium [7,8]. FSO system sends 
optical beam from one device to other using laser diodes 
with small output power. The receiver of the beam is 
equipped with highly sensitive photoreceptors. FSO 
systems operate at distance of several kilometres (line-of-
sight) where there is no obstacle between the devices and 
powers of optical transmitters are secured. Since this is 
a system whose transmission medium is a free 
environment, the biggest drawback of this technology is 
a strong dependence on the reliability of weather 
conditions. There are several disturbing effects on the 
quality and transmission range [5,6]. The main 
disturbance in the optical communication free 
environment is a dense fog. Fog is vapour composed of 
water droplets, whose diameter is only a few hundred 
microns, but at the scattering and reflection of signal, 
degradation occurs or completely prevents light 
transmission through the environment. Therefore, we need 
to do a preliminary analysis of visual transmission and on 
the basis of that analysis to determine the appropriate 
parameters of the transmission system. One of the 
measurement device by which we determine the 
transmission quality of the environment is the fog sensor. 
The first part of this paper describes the general principle 
of this device and its technical parts (section 1. and 2.) In 
the following sections we describe the experimental 
results of transmission line measurements.  

2. FOG DENSITY MEASURING SYSTEM 

Fog sensor is a device that measures data about 
density, temperature and relative humidity. These are 
important parameters for subsequent static and statistical 
evaluation of the quality of free space optical 
communication environment [1]. In order to estimate the 
attenuation due to fog, content of liquid water is measured 
in unit (g/m3). This task usually requires relatively 

complex and expensive measuring instruments. For 
experimental purposes a simple and low cost device was 
developed by Digital and Optical Communication Lab. at 
BME (Budapest University of Technology and 
Economics) that measures the quantitative values of liquid 
water from the air [2].  

Fig. 1 illustrates the block diagram of the experimental 
measurements of temperature, humidity and fog density in 
the Lab. of Optoelectronic systems KEMT FEI TUKE 
(Department of Electronics and Multimedia Telecommu-
nications, Faculty of Electrical Engineering and 
Informatics, Technical University of Košice). Our system 
consists of an outdoor unit, which performs the 
measurement. This unit is connected to the indoor unit 
with RS-422 line. The indoor unit is connected to PC 
through RS-232. The measured data are processed in a PC 
in several ways. It can be saved to a file, rendered to chart 
or stored on the server. These individual components are 
described later in this paper.  

 

 

Fig. 1  Block diagram of the measurement 

 

2.1. The principle of fog density measurement 

The external sensor unit of fog density measurement 
system is shown in Fig. 2, wired to the wall of Lab. of 
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Optoelectronic Systems KEMT FEI TUKE. The principle 
of the fog measurement is given in Fig. 3. Outdoor unit 
regularly sends and receives short infrared optical pulses. 
Amplitude of the reflected optical pulses is influenced by 
the reflectance of the elements in the environment.  

 

 

Fig. 2  Fog sensor – outdoor unit 

 

 

Fig. 3  The principle of the fog density measurement  

This information may be used for a good estimate of 
liquid water content in the environment. In addition the 
optical sensor is also equipped with temperature and 
relative humidity sensors. These parameters provide 
important information and have characteristic values in 
foggy weather. The sensor is built for the rainy conditions 
and is shielded from direct sunlight, but allows free 
movement of fog droplets into the sensor [2]. 

 

Fig. 4  Fog sensor - external (outdoor) unit 

2.2. Technical equipments of fog sensor system 

Fog sensor system consists of internal and external 
units (Fig. 4, Fig. 5).  

 

Fig. 5  Fog sensor – internal (indoor) unit 

The external microcontroller unit has a serial 
communication interface (RS-422) and it’s built to 
measure liquid water content in air temperature and 
relative humidity. The indoor unit of the system (Fig. 5) 
receives information from the outdoor unit (Fig. 4) using 
the RS-422, it converts them to RS-232 and the device is 
connected to a standard PC using a serial line. The indoor 
unit powers the outdoor unit; therefore the outdoor unit 
does not need a separate power supply. 

Communication between outdoor and indoor unit is 
using the RS-422 with the following parameters: 

 38400 kbit/s, non-concurrent, 1 stop bit, no 
hardware control of flow;  

 Maximum cable length is about 1200 m [1]. 

2.3. Programs for the fog sensor system 

The outdoor unit contains a microcontroller, which 
collects the measured data and communicates with the 
internal unit. The firmware of the sensor can be updated 
from the indoor unit, as the outdoor unit has a built-in 
boot loader system. The boot loader communicates with 
the control computer via a serial interface. The user 
program from the computer will be written into the 
microcontroller flash memory. Boot loader can be used 
only with those microcontrollers, which is capable to write 
its owned flash memory. The boot loader itself must be 
programmed into the initial address space of the flash 
memory using external programming device. 

To adopt and save measurement data from the external 
drive to user computer with the operating software 
Windows XP or Vista, communication port RS-232 is 
required. If user computer has an RS-232 serial port, 
choose e.g. COM1 in the program. If user computer has 
not serial port, thus reducing the use of RS-232 to USB 
2.0, choose COM3 (Fig. 6). Serial.exe program gathers 
measured data and collects and stores data in a file. 

 

Fig. 6  Main window of “Serial.exe” 
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The measured data are sampled in the outdoor unit 
every 10 ms, then arithmetically averaged by value 
"Averaging#" and sent to the indoor unit every second. 
The range of values for value "Averaging#" is from 1 to 
1000. In the case referred to in Fig. 6, the value of 
"Averaging#" is set at 100. 

3. EXPERIMENTS WITH FOG DENSITY 
MEASURING SYSTEM 

In general, fog density is inhomogeneous in space, 
therefore to achieve appropriate estimate of the fog 
attenuation on a FSO link, the measuring device should be 
installed along the propagation path. These measurements 
are carried out in area of Technical University of Košice 
campus. Examples of these measurements and detailed 
description are given in the following experiments.  

3.1. Experiment I 

Each second the program for data gathering saves one 
sample to a text file. For the illustration purposes the first 
15 measurement values of 3 December 2010 are shown 
(336_Fog_Humi_Temp_Fri_Dec_03_2010.txt) (Fig. 7) 
[1]: 

 

Fig. 7  Text file with measured data 

Stored data can be further processed in the program 
MATLAB, which draws graphs from the measured values. 
They are shown in Fig. 9. Value “Relative Time” is the 
number of seconds in the current day which always begins 
with zero. “Averaging#” represents average value. The 
current file is closed and a new file is opened every day at 
24.00. If the program is interrupted, later it is re-started 
and data entry continues in the same file without a change 
in a date. Program is naming text file as it follows:  
0_Fog_Humi_Temp_day_month_year.txt, e.g.: 
336_Fog_Humi_Temp_Fri_Jan_14_2010.txt 

In Fig. 8 is shown the program environment in 
MATLAB, which requires the selection of the text file by 
start. This text file was created by Serial.exe program. 
After marking the desired text file, in this case 
„336_Fog_Humi_Temp_Fri_Jan_14_2010.txt“, the pro-
gram draws three courses. These are the traces of fog 
density, temperature and humidity for the entire day 
(Fig. 9).  

 

Fig. 8 Environment in MATLAB 

In Fig. 9 the result characteristics of fog density, 
temperature and humidity are depicted for the day 14th of 
January 2011. 

 

 

Fig. 9  Plotted traces of fog density, temperature and humidity 
for the entire day in an environment of “MATLAB” 

For a design of the quality and efficient FSO systems it 
is necessary to know the details of each element of the 
facilities and see the connection between changes in 
parameters of equipment, between changes in the 
characteristics of transmission channel and the overall 
effect. Simulation of free space optical communication 
environment is an essential tool in designing or 
experimenting with such devices. The part of the system 
in KEMT FEI TUKE is capable of constant monitoring 
and recording of the density of fog, temperature and 
humidity of the external environment, which helps to 
efficiently and correctly analyze the reliability of FSO 
systems. 

3.2. Experiment II 

When we run the program in MATLAB entitled “fog_ 
sensor.m” displays the user interface (Fig. 10), where the 
user enters a value for the maximum density of the fog 
and the number of days. The term maximum value of fog 
is meant the maximum possible upper limit of the density 
of fog, in which the optical connection is interrupted. We 
have to enter number of days because the program allows 
you to describe the charts for several days, not just one 
particular day. 
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Fig. 10  User interface 

After confirmation of the values entered click OK, the 
table with a choice of days on “selected file” is displayed 
(Fig. 11). If the specified number of days is greater than 1, 
the program does not selected multiple days at once, but 
the table with a choice of days to repeat the number of 
times. Upon completion of the selection program draws 3 
graphs, this is graphically depicted fog density 
dependence (mg/m3), temperature (°C) and relative 
humidity (%) from time (Fig. 12). On the x-axis is time 
information in hours, on the y-axis is time information 
about individual values. On the fog density chart y-axis 
varies with the maximum reading of value for more 
realistic displays of measured values.  

 

Fig. 11  Choice of days 

 

Fig. 12  Graph of fog density, temperature and humidity of the 
day and the threshold value (red line) 

In the first case study is the maximum value of fog is 
set to 0.05 mg/m3 and is selected only one day, namely 
January 23, 2011. As shown in the figure below Fig. 12, 
most of the measured values are smaller than the threshold 
value, which is set for the maximum density of the fog at 
0.05 mg/m3 and can see that some values exceed this 
threshold. When this limit is exceeded the connection is 
assumed unavailable. Specifically, the density values at 

which the connection was unavailable are stored in a text 
file called “OutFile.txt”.  

 

 

Fig. 13  Graph of fog density, temperature and humidity for the 
period 15-19.1. 2011 and the threshold set by the red line 

In the second case study five days is chosen, 
specifically, in the period from 15 to 19 January 2011. 
The maximum value of fog is set to 0.123 mg/m3 
significantly higher as in the first case. From the picture 
Fig. 13 only outage can be observed, but in fact a 
statement has 212 values was stored in called 
“OutFile.txt”.  

4. CONCLUSIONS 

In this paper a Fog Density Measurement System was 
presented. The article gives a detailed description of its 
internal and external units. Experiments were performed 
in area of Technical University of Košice campus. The 
output values of these experiments were used for design of 
optical transmission systems (FSO). The measured values 
of the fog sensor are plotted in graphs using MATLAB. 
By applying a threshold level, we are able to determine 
immediately from the graph the availability valuesfor 
FSO, too. 

Measurements are still running and they are processed 
in our laboratory. These results may serve to improve the 
FSO transmission path design and help the engineering 
process.  
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