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ABSTRACT

FSOL (Free-SpaceOptical Links) arebecomingvery popular duetotheinher ent advantagesof high data
rates, rapid deployment, portability, cost effectiveand immunity to electromagneticinter ference. FSOL
isaline-of-sight technology that usesa modulated beam of light to transmit and r eceive the data of
multipleof GigaBit per second. FSOL usesthefreespaceor atmospher easacommunication channel.
Optical signal launched at transmitter end, travelsthrough theatmospher eand reachestothereceiver,
isseverely affected by thelocal atmospheric conditions. Atmosphere containsdifferent atmospheric
particulateslikefog, rain, snow, smog, cloudsand haze. Theseatmospheric particulates, particularly
fog, effect the propagation of optical signal passing through theatmospher eand causesignificant amount
of optical attenuation. In order todeploy FSO system, adetailed analysisof local weather condition is
much moreimportant. Her e, wepresent themeasur ed visibility datafor analysisof optical attenuation.
Visibility data was measured at COM SAT S I nstitute of Information Technology from 2009-2012.
Per centage CDF (Cumulative Distribution Function) isused tofind out thedetailed insight about the
optical attenuation of FSOL . Year ly based CDFsiscompared with each other which clearly suggest that
almost 99% of timeoptical attenuation remainswithin therange of 2dB/km.

KeyWords: Free Space Optical Communication, Optical WirelessCommunication, Visibility, Link
Range, Link Margin, Optical Attenuation, Fog.

INTRODUCTION

ver the last two decades, higher data rates

lemands are significantly increasing day-by-

day [1]. Fiber optics can provide higher data

ratesto meet the needs of end-user. Although fiber optics
could meet the requirements of capacity hungry
communication application but it isexpensive and takea

longtimetoinstall afiber network [2]. Fiber opticismainly
used as the backbone of communicating network. This
creates bottle neck between main network and user end
or the “last-mile” problem. FSOL can be used to bridge-
up the “last mile” access problem. FSOL is an emerging
technol ogy which hasthe ability to tackle capacity hungry
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applications, particularly in LAN (Local Area Networks)
and MAN (Metropolitan Area Networks) [3-4]. FSOL is
used to connect the existing MAN to existing core
networks and also used to cope with the last mile access
problem [5-6]. FSOL not only provides high data rates
but it is very easy to install and consist of very compact
equipment of light weight [7-8]. The advantages of rapid
deployment, portability and high data rate make FSOL as
a potential alternative to radio frequency links. FSOL have
been in use for different nomadic communication

application for civil and military [9-12].

FSOL use the same technology as that of fiber optics.
The major difference between FSOL and fiber is of
medium. Fiber optics use guided medium for transmission
whereas FSOLuse atmosphere as propagation medium,
therefore, light propagation faces different challenges
while propagating through the atmosphere. Different
weather conditions strongly affect the propagation of
optical signal and degrade performance of the FSO
communication system. The atmospheric conditions affect
the reliability and availability of FSO Links. Atmosphere
contains fog, rain, smoke, smog and other atmospheric
particulates which often alter the propagation of signal
through it [13-14]. Out of all these atmospheric conditions,
fog is the major challenge for FSO communication links
which sometime almost reduce the availability to 0% [2].
Fog in the atmosphere causes to reduce the visibility.
Several models are used to estimate optical attenuation
through fog using visibility as an input parameter, like
Kim and Kruse model.In this paper we presented the
detailed analysis of visibility and estimated optical
attenuation from the real time measured data of visibility
of four years. The measurements were carried out from
September 2009 to December 2012. Khan et. al. [15], only
four fog events were selected to estimate optical
attenuation using Kim, Kruse and Al Naboulsi models
while here we presented the conclusive analysis of 4 years
data of visibility. Three wave lengths 10 pm, 830 and 1550
nm are used to estimate specific optical attenuation.
Descriptive statistics is presented to show the statistics

of attenuation during the period of measurement
campaign.

2. KRUSEAND KIM MODEL

Kruse and Kim model are the wavelength dependent
model used to estimate specific optical attenuation from
visibility data. Visibility can be defined as the distance
through which 5% or 2% of 550 nm collimated light is
attenuated of an original power [16]. The attenuated power
is measured in dB/km while visibility is used in Km. For
5% threshold Kim and Kruse model is [17-18].

oy
= v (km)\ 4o O

Where in above Q__is specific optical attenuation, A is
wave length of optical signal in nm, A _is reference wave
length which is 550 nm and q is the size distribution of the
scattering particles. The expression for estimation of
optical attenuation is same for both Kim and Kruse model
but main difference is the parameter q that both models
used for calculation. The value of q for Kruse model is

given as:

1.6if V>50km
1.3if 6km < V < 50km
0.585V"? if V < 6km

4= @)

Kruse model cannot precisely estimate specific
attenuation when visibility is less than 1km and it estimates

less optical attenuation for longer wavelengths.

On the other hand Kim presented new definition of q
parameter when visibility is less than 500m. This makes
higher wavelength advantage less for lower visibility

values. According to Kim values of q are as under:

1.3if 6km <V <50 km
0.16V +0.34if 1km < V < 6km
0if V<0.5km

4= ©)
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3. EXPERIMENTAL SETUP

Experimental campaign was carried out Department of
Meteorological, COMSATS Institute of Information
Technology, Islamabad, Pakistan, from 1% September
2009 to 30" December 2012. Islamabad is located at
33.43°N and 73.04° S; at the edge of Pothohar plateau.
Its height from sea level is 1663 ft. It generally has a
warm temperature climate with dry winter and hot
summer. Over the course of year temperature changes
between 1-43°C.

Experimental setup consists of Vaisala FS 11 visibility
measuring sensor to measure visibility. The measurement
frequency was 6 values in one hour, i.e. one value after 10
minutes. As FS11 uses 5% visibility threshold so all the
calculations were done using 5% formula for specific
attenuation. Temperature, Relative humidity, average wind
speed, few point and atmospheric pressure were measured
by the Vaisala automatic weather station. These weather
parameters are plotted along with visibility and specific
attenuation to analyze the variation in the visibility and
specific optical attenuation due to these weather
parameters. Empirical models were applied to estimate
specific optical attenuation at the wavelengths of 830,
1550 and 10,000 nm.

4. RESULTSAND SIMULATIONS

Three long-term and real time measured data of visibility
allows us to estimate specific optical attenuation using
Kim and Kruse models. The analysis helps us to analyze
the availability of an FSO link for one year as well as for
the whole period and provide us a detailed insight about
the channel conditions. As per best of author knowledge
this is the 1* attempt to provide the feasibility analysis
for the deployment of FSOL in the region of Islamabad

and surroundings.

4.1  Simulation Results of Visibility from

September 2009 to 31 December 2009

Fig.1 provides the time series plot of recorded visibility
for the last four months 0f 2009. The maximum visibility
was 48.16 km while the minimum was 0.96 km recorded.

The attenuation are estimated for the year 2009 by Kim
and Kruse models by the real time visibility data using
830nm, 1550 nm and 10 um wavelengths. Figs. 2-3 presents
the time series of estimated specific optical attenuation
by Kruse and Kim model at a minute scale for 2009

respectively.

Visibility (km)

2000 4000 6000 8000 100001200014000
Minutes

FIG 1. TIME SERIES PLOT OF VISBILITY FOR LAST FOUR
MONTHS OF 2009

Attenuation (dB/km)

2000 4000 6000 8000 100001200014000
Minutes

FIG 2. TIME SERIES PLOT OF ESTIMATED SPECIFIC
OPTICAL ATTENUATION BY KRUSE MODEL FOR 2009
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4.2  Simulation Resultsof Visbility for the

Year 2010

Fig. 4 provides the time series plot of recorded visibility
for the year of 2010.The maximum recorded visibility was
75 km while the minimum recorded visibility is 0.10 km

recorded.

Figs. 5-6 presents the time series of estimated specific
optical attenuation by Kruse and Kim model at a minute

scale for the year 2010, respectively.

Attenuation (dB/km)
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FIG 3. TIME SERIES PLOT OF ESTIMATED SPECIFIC
OPTICAL ATTENUATION BY KIM MODEL FOR 2009
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FIG 4. TIME SERIES PLOT OF VISIBILITY FOR YEAR OF
2010

4.3  Simulation Resultsof Visbility for the

Year 2011

Fig. 7 provides the time series plot of recorded visibility
for the year 201 1. The maximum visibility was 75 km while

the minimum visibility was 0.13 km recorded.

Figs. 8-9 presents the time series of estimated specific
optical attenuation by Kruse and Kim model at a minute

scale for the year 2011.
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FIG 5. TIME SERIES PLOT OF ESTIMATED SPECIFIC
OPTICAL ATTENUATION BY KRUSE MODEL FOR THE YEAR
2010
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FIG. 6. TIME SERIES PLOT OF ESTIMATED SPECIFIC
OPTICAL ATTENUATION BY KIM MODEL FOR THE YEAR
2010
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FIG 7. TIME SERIES PLOT OF VISBILITY FOR YEAR OF 2011
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FIG 8. TIME SERIES PLOT OF ESTIMATED SPECIFIC OPTICAL
ATTENUATION BY KRUSE MODEL FOR THE YEAR 2011
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FIG 9. TIME SERIES PLOT OF ESTIMATED SPECIFIC
OPTICAL ATTENUATION BY KIM MODEL FOR THE YEAR
2011

4.4  Simulation Resultsof Visbility for the

Year 2012

Fig. 10 is the plot of recorded visibility for 2012. The
visibility in km is at minute scale. The maximum visibility

was 75 km while the minimum was nearly zero km recorded.

Figs. 11-12 presents the time series of estimated specific
optical attenuation at a minute scale for the year 2012.
This clearly indicates when the visibility increases the
optical attenuation decreases. For Kruse model 830 nm
wave length signal attenuate maximum as compared to 10
pum and 1550 nm. While for Kruse model optical attenuation

is maximum at 10 pm
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FIG 10. TIME SERIES PLOT OF VISIBILITY FOR YEAR OF
2012
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FIG 11. TIME SERIES PLOT OF ESTIMATED SPECIFIC
OPTICAL ATTENUATION BY KRUSE MODEL FOR THE YEAR
2012
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d. COMBINED SIMULATION RESULTS OF
VISIBILITY DATA

Fig. 13 shows the time series plot of visibility from 1st
September 2009 to 31st December 2012. The maximum
measured visibility during the whole measurement
campaign is 75 km while minimum is almost zero km during
the dense fog event of 2012.
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FIG 12. TIME SERIES PLOT OF ESTIMATED SPECIFIC

OPTICAL ATTENUATION BYKIM MODEL FOR THE YEAR
2012
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FIG. 13. TIME SERIES PLOT OF VISIBILITY FOR 3 YEARS
AND 4 MONTHS

Figs. 14-15 presents the time series of estimated specific
optical attenuation by Kruse and Kim model at a minute

scale for the complete set of data.

The analysis show that over 70% of the time attenuation
remain at the range of 2-5 dB/km and approaches to 120
dB/km at 1550 nm wave length using Kruse model while in
case of Kim model 120 dB/km at the wave length of 10 um.

10° .
——830nm
——1550nm

10°} ~—10um

Attenuation (dB/km)
=

0 5 10 15
Minutes X 10‘

FIG 14. TIME SERIES PLOT OF ESTIMATED SPECIFIC
OPTICAL ATTENUATION BY KRUSE MODEL FOR 3 YEAR
AND 4 MONTHS
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FIG 15. TIME SERIES PLOT OF ESTIMATED SPECIFIC
OPTICAL ATTENUATION BY KIM MODEL FOR 3 YEARS AND
4 MONTHS
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6. COMBINED DESCRIPTIVE DATA
STATISTICSOFVISBILITY

Table 1 shows the statistical analysis of the observed
visibility data in kilometers. The data is classified
according to yearly order and then the whole data is
combined to calculate statistical parameters. It is evident
from the statistics that in year 2009 the mean visibility is
much less as compared to the subsequent years because
the campaign started in the last quarter of the year in
winter season, similarly this is also the reason that we see
a small median value for year 2009 as compared to the rest
of the years. The mode of a set of data is the value which
occurs most frequently. Here the mode value for year
2011 is of much interest because it show a steep decrease
that is only 22.71 km in contrast with the 75 km value for
other years except 2009 which is a different case on

account of the duration and timing of the observations.

The decrease in mode indicates that in this year there
might have been any abnormal weather changes which
led to decreased visibility, the standard deviation for this
year also strengthens this argument because it is the

lowest among all the three full years’ data. This shows

that the entire set of data for year 2011 lies close to the
mean value. The most wide spread out data over a large
range of values is of year 2012 with the highest standard
deviation of 17.971. The highest value of standard
deviation for the year 2012 also indicates the same fact
that in 2012 the data points were spread out on a wide
range. From range it can be concluded from the whole
data that at most the visibility can reach up to 75 km and

the least it can get is almost equal to zero.

6.1  Descriptive Data Satistics of Optical

Attenuation

Table 2 shows the statistical analysis of the estimated
optical attenuation for the year 2009. Optical attenuation
is estimated by Kruse and Kim models for 830 nm, 1550

nm and 10 um wave lengths.

According to both models the mean, median and mode of
attenuation is approximately same for all the frequencies,
this largely due to the fact that corresponding visibility
data has a very small standard deviation. This further led
to a small standard deviation in the estimated optical

attenuation.

TABLE 1. DESCRIPTIVE STATISTICS OF VISIBILITY DATA

Years 2009 2010 2011 2012 Combined Data
Mean 10.50 23.31 21.95 39.41 25.21
Median 9.679 22.29 20.51 36.63 22.20
Mode 6.05 75.00 22.71 75.00 75.00
Standard Deviation 4.655 12.54 10.06 17.97 15.30
Range 47.19 74.90 74.87 75.00 75.00
TABLE 2. DESCRIPTIVE STATISTICS OF ESTIMATED OPTICAL ATTENUATION FOR 2009
Kruse Model Kim Model
830 nm 1550 nm 10 um 830 nm 155 Onm 10 pm
Mean 0.88 0.41 0.043 0.88 0.41 0.04
Median 0.78 0.34 0.030 0.78 0.34 0.03
Mode 1.26 0.56 0.05 1.26 0.5 0.05
Standard Deviation 0.47 0.278 0.068 0.47 0.28 0.07
Range 10.49 7.35 2.52 11 8.29 3.52
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Table 3 shows the descriptive statistics of optical
attenuation by both Kim and Kruse models for 830 nm,
1550 nm and10 pm wave lengths in the year 2010. In the
attenuation data of year 2010 it has been found that both
the Kruse and Kim model median and mode values for all
the three wavelengths are same but there is a slight
disagreement among these models regarding the mean

attenuation, more specifically for the 10um wavelength,

that is 0.116 and 0.278 dB/km for Kruse and Kim model
respectively. The standard deviation for 10pum in both the
models is quite unusual because in Kruse model it has
the small standard deviation of 1.325 whereas in Kim model
we have much greater value of 3.593. Tables 3-6 show the
descriptive statistics of optical attenuation by both Kim
and Kruse models for 830 nm, 1550 nm and10 pm wave
lengths in the year 2011, 2012 and for combined data set
respectively.

TABLE 3. DESCRIPTIVE STATISTICS OF ESTIMATED OPTICAL ATTENUATION FOR THE YEAR 2010

Kruse Model Kim Model
830 nm 1550 nm 10 pm 830 nm 1550 nm 10 um
Mean 0.72 0.417 0.11 0.76 0.49 0.27
Median 0.34 0.151 0.01 0.34 0.15 0.01
Mode 0.09 0.03 0 0.09 0.03 0
Standard Deviation 3.18 2.54 1.32 3.66 3.63 3.59
Range 117.3 99.17 59.9 131.2 131.2 131.3
TABLE 4. DESCRIPTIVE STATISTICS OF ESTIMATED OPTICAL ATTENUATION FOR THE YEAR 2011
Kruse Model Kim Model
830 nm 1550 nm 10 um 830 nm 1550 nm 10pm
Mean 0.73 0.41 0.11 0.769 0.49 0.27
Median 0.34 0.15 0.01 0.34 0.15 0.01
Mode 0.09 0.03 0 0.09 0.03 0
Standard Deviation 3.18 2.54 1.34 3.66 3.63 3.59
Range 117.38 99.17 59.9 131.2 131.2 131.31
TABLE 5. DESCRIPTIVE STATISTICS OF ESTIMATED OPTICAL ATTENUATION FOR THE YEAR2012
Kruse Model Kim Model
830 nm 1550 nm 10 pm 830 nm 1550 nm 10 pm
Mean 0.53 0.27 0.05 0.55 0.31 0.12
Median 0.37 0.16 0.01 0.37 0.16 0.01
Mode 0.34 0.15 0.01 0.34 0.15 0.01
Standard Deviation 1.94 1.53 0.79 2.23 2.19 2.14
Range 89.87 74.8 43.19 101.47 101.53 101.56
TABLE 6. DESCRIPTIVE STATISTICS OF ESTIMATED OPTICAL ATTENUATION OF COMBINE DATA FROM 2009 TO 2012
Kruse Model Kim Model
830 nm 1550 nm 10 um 830 nm 1550 nm 10 pm
Mean 0.59 0.34 0.15 0.57 0.30 0.06
Median 0.34 0.15 0.01 0.34 0.15 0.01
Mode 0.09 0.03 0 0.09 0.03 0
Standard Deviation 2.53 2.49 2.45 2.20 1.75 0.90
Range 131.31 131.31 131.31 117.47 99.21 59.9
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7. CONCLUSON

In this paper we analyzed the measured visibility data of
Islamabad for four years and also presented the estimated
optical attenuation from visibility using Kruse and Kim
model. It was found from the results that maxim
attenuation approaches to120 dB/km while the minimum
attenuation remained in the range of 2 dB/km for almost
99% of the time. The results clearly indicate very high
availability of FSO link at Islamabad. Moreover it is found
that Kruse model give higher value of attenuation for 830
nm wave length while Kim model gives higher value of
specific optical attenuation for 10 pm wavelength, which
means that 1550 nm wave length is the optimum choice
for optical link.
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