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Introduction

During past years usage of wireless communications
was increasing rapidly not only in commercial areas but
also in private households. According to IHIS iSupply
research [1], only during 2010 year more than 360 million
standalone Wi-Fi units were shipped, and it is a 135 %
increase from 2009 year. During the next year the Wi-Fi
chip-sets shipment should exceed 1 billion units [1]. This
caused the noticeable increase of Wi-Fi access availability
and usage in a private sector. Also, during past years it
became as a norm that the customer-premises equipment
(CPE) supplied for customer by Internet service provider
(ISP) is equipped with Wi-Fi, and is extensively used to
access the Internet from laptops or other mobile devices.

With increasing number of wireless devices like
laptops, Wi-Fi Web Cams, network extenders, etc., a new
kind of problems appeared to network administrators and
call centers of ISP. These new problems are related to
users complains about poor Wi-Fi throughput or
communication problems between Wi-Fi client device and
Wi-Fi access point (AP) The problems mostly arise in
urban areas with overloaded Wi-Fi environment [2].

In this paper an investigation on Wi-Fi networks and
it’s saturation in Vilnius City and its surrounding is
presented, covering the main problems of wireless
saturation and network load.

In the first part of the paper, a closer look into Vilnius
city Wi-Fi network environment will be done to analyze
the Wi-Fi network situation, load, users activities and
habits during 16 days monitoring period. Afterwards, main
problems that influent performance of Wi-Fi networks will
be stated and their solutions will be discussed. Finally
short investigation on wireless saturation and its situation
in Vilnius city and its surroundings will be done.

Related works

During last ten years a large number of studies and
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analyzes on IEEE 802.11 wireless communications and
saturations were done [2—7]. Most of them were focused
on characterization how the IEEE 802.11 radio itself
behaves, in terms of the error models and signal
characteristics in different environments [7]. Other
investigations are concentrated on large Wi-Fi
installations, in campus or office buildings[3,5,7]. In
most of the studies the main problem was considered to be
a large number of Wi-Fi clients, which were connected to
one or few Wi-Fi AP and generate a large load [2, 4].

In other type of investigations some models were
proposed for wireless traffic utilization using modeling
tools like ns-2 or Opnet [7], which allowed of simulating
more distinctive environments, but without accounting the
real client habits and activities.

It is need to mention that some studies were made to
understand the client activities [4, 5] and habit’s, but in
most cases the data collection were made in public places
of campus networks, such as conferences, with specific
type of clients.

So, in order to better understand the Wi-Fi networks
situation in Vilnius city and also to find out habits of Wi-Fi
clients, an investigation on home Wi-Fi networks situation
and their users activities was performed.

Data collection

In order to find out the situation of Wi-Fi networks
environment in Vilnius city and its surroundings the
monitoring  system was developed. The system
periodically, during 16 days, from 11th until 27th of
January, 2011, collected statistical and client activity
information from 39 940 number of Wi-Fi AP. Data
collection automation was made by TCL scripts that
periodically downloaded the statistical data about
connected Wi-Fi client, wireless networks saturation and
used wireless channel from Wi-Fi APs. If the particular
device at the request moment was not available (down) or
request timeout was triggered, the script moved further in



the device list. During monitoring period more than
1.1 million unique data records were collected.

The main and most important difference of obtained
statistical data from research described in [3, 4] is that the
information source was not one specific network, but a
large set of different private Wi-Fi networks. Differently
from public hot spots or corporative networks, private
householders’ Wi-Fi networks were used not only during
work hours, but also even during night and weekends.

Within the data collection time it was found some
hardware limitation regarding the Wi-Fi AP devices. The
counters of some specific parameters (send, received
frames count, byte count and lost, retransmitted frame
count) have limited length, after reaching the limit they
resets. This hardware limitation can be overcome be in-
creasing the device scanning frequency during monitoring
period.

So, during monitoring period the data representing
the Wi-Fi network situation (client count, working channel,
and wireless saturation) in Vilnius city and its
surroundings was collected and analyzed.

Wireless Networks Situation

For the first investigation a time function of average
successive measurement during the day was made in order
to find out the average deviation of measurements
throughout the day, because of most of monitored Wi-Fi
AP are installed in private householders and could be
turned off during the night or working hours.

From the obtained results we can state that the
difference between the maximum and minimum amount of
measurements does not exceed 20 % of total average 3000
measurements. Based on this it can be stated that the
deviation of measurements (number of active AP around
and Wi-Fi clients count) was not heavily impacted by
changing number of monitored devices during monitoring
period. In addition, it is clear that most of the clients don’t
turn off home network equipment during the night or
working hours.

Further, in order to find more about clients' activity
and habits of Wi-Fi usage throughout the day, the
monitoring script logged all clients', who were associated
to specific monitored Wi-Fi AP. By filtering obtained
results based on MAC, which is unique to all network
equipment, it was found out that 39 421 unique devices
were seen. In average it is one client on every monitored
Wi-Fi AP. In addition, a time graph of average number of
connected clients during the day was made (Fig. 1).
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Fig. 1. Average number of connected client during the day
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From results shown in Fig. 1 it can be seen that most
of the clients start using Wi-Fi access at 8 AM and this
number rapidly increases until 12 PM. At dinnertime
settling of client growth until 2 PM is seen. After that the
number of active clients starts increasing again, and the
maximum saturation of the Wi-Fi network (80 %) is reach
at 6 PM—-8 PM. Afterwards it starts to decrease until 3 AM,
where the minimum number of connected Wi-Fi clients
(50 %) is reached. The difference between the maximum
and minimal number of Wi-Fi client during the day is
approximately 30 %, and its also proves that most of the
clients are not used to turn off there Wi-Fi devices at
nighttime or working hours.

Further more detailed investigation of per day
analysis of associated clients was made. It is seen that at
12 PM and 5 PM a degradation of number of active clients
is observed. It can be seen in the Fig. 2, where two-day
activity of associated Wi-Fi clients is shown.
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Fig. 2. Number of connected Wi-Fi clients from 14th until 15th
of January 2011

It can be explained that some of clients are used to
take mobile Wi-Fi devices (Smartphone, notebooks) out
with them thus reduce the associated Wi-Fi AP clients'
count.

Wireless Radio Saturation

During the past five years the number of network
devices working in 2.4 GHz frequency range was
increasing rapidly. This is mostly observed in heavily
saturated areas, like business centers or blockhouse. In
order to perform stable and efficient wireless equipment
must work in free, non-overlapping Wi-Fi channels.
However, one of the biggest disadvantage of
IEEE 802.11 b/g/n standard is that there is only three (1, 6,
11) no overlapping channels considered.

Further we will investigate the Wi-Fi networks
saturation in Vilnius city to show current situation and try
to depict possible problematic areas due to overloaded
Wi-Fi environment. For this a periodical “active” Wi-Fi
scan (Broadcast request) was performed every time the
TCL script connected to Wi-Fi AP. An Active scanning
mode was preferred instead the passive (by monitoring
every channel for specific time), because of shorter data
collection time, and not effecting connected Wi-Fi clients



Fig. 3 represents the average number of active Wi-Fi
AP devices during the day hours. It is observed that
deviation of active Wi-Fi AP during the day is low
(approximately of 20 %), and this value is weakly related
to measurement count during the time. It is need to note
that by using active scanning mode some neighboring
Wi-Fi AP are not seen if the Wi-Fi AP is very busy
(loaded) or working in invisible (hidden) mode. So the
actual number of active Wi-Fi AP could be bigger.

20

18

16
S 14 s

,/. \\

E 12 e e n n g L
g 1 i
G 10
Ay
%8
= 6
= 4

2

0

0 2 4 6 8 10 12 14 16 18 20 22

Time, h

Fig. 3. Average number of active Wi-Fi clients during day

Again, by filtering obtained results based on Basic
Service Set Identification (BSSID), the total number of
79 096 unique Wi-Fi AP were found, in average every
monitored device could see two additional Wi-Fi AP in its
surrounding.

Fig. 4 represents the worst-case scenario of wireless
environment; this is a reflection of Wi-Fi networks
saturation in peak hours, from 6 PM to 8 PM.
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Fig. 4. Histogram of Wi-Fi AP saturation based on seen around
AP count

As it can be seen in Fig. 4, the Wi-Fi network
saturation is were high, and more than 87 % presents of the
Wi-Fi AP can see 3 or more Wi-Fi devices around them.
Of course, in some cases this number can be bigger
because we monitored not only in Vilnius city but also in
its surrounding, where likely network saturation is much
lower.

Since most of monitored home environments to have
only one hot spot with a single-AP service set, i.e. there are
no Extended service sets (ESS), it's performance and
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reliability is mostly depended from working channel
condition that is influenced by near AP density and
network load. In order to clarify the relation between
wireless saturation and working channels an investigation
on AP channel selection mechanisms was performed.

From collected data a channel usage histogram was
made (Fig. 5). As it was expected most of the Wi-Fi AP
were using non-overlapping the 1, 6 or the 11th channels,
and the usage probability was almost equal. This indicates
that most of the clients use the default Wi-Fi settings and
don’t change the working channel (using auto mode).
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Fig. 5. Wi-Fi channel resource histogram

By performing more detail analysis, a dependence of
channel (1, 6 and 11th channels) selection probability
based on AP count was made (Fig. 6). This shows how
dynamic channel selection algorithm is depending from
APs count in near surrounding.
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With lower AP count, the channel selection
algorithms don’t work as good as expected and a bigger
probability that lower Wi-Fi channels (1-37 % or 6-30 %)
will be used. When AP count increases the channel
selection probability equilibrates and even start going to
opposite way.

These results are not directly related to channel se-
lection algorithms working badly, but indicate that some of
Wi-Fi AP devices have some problems with proper
channel allocation.

With increasing number of Wi-Fi AP seen around
most channels probably will overlap, by leading to higher
noise floor and smaller SNR level. In our investigations it
showing a noticeable noise level increase in heavy
saturated environments of approximately 6 dBm.



By performing per day analysis, the noise level was
monitored during the daytime (Fig.7) with different
number of Wi-Fi AP seen around. The obtained results
were similar to wireless saturation monitoring results
(Fig. 3), where the most saturated environment was seen
from 6 PM to 8 PM, with noise level increase of 0.4—
1 dBm compared with 4 AM in the nighttime.

92,5 T T T T T T T T
9301 WiFI AP count from 13 - 20 1

1. L
- -
96,0 et eee

WiFI AP count from 4 - 6
-96,54
97,5 . \ ]
WIiFI AP count from 1 - 3
-98,0 T T T T T T T T T T T
0 2 4 6 8§ 10 12 14 16 18 20 22
Time, h

Fig. 7. Wi-Fi channel noise level during the daytime
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Due to rare information gathering period and low
measurements count, some results are slightly deviating,
what is seen in Fig. 7, with Wi-Fi AP count from 13 — 20.

Results and conclusions

In this paper an investigation on residential Wi-Fi
networks in Vilnius city and its surroundings was
presented. The research was made using data collected
from more when 39 000 unique Wi-Fi AP located all
around the Vilnius city.

From obtained results the conclusions were drawn:

e By analyzing Wi-Fi users habits and activities it is
seen that Wi-Fi access is very popular and frequently
used not only during the day but also the nighttime.
During the monitoring period was found that clients
were most active during 6 PM — 8 PM, in average
80 % of all Wi-Fi clients. The minimum number of
connected Wi-Fi clients where noticed at 3 AM (in
average 50 %of all Wi-Fi clients).

e The investigation on Wi-Fi network saturation in
Vilnius city showed that Wi-Fi network saturation is
high, and in peak hours it reaches 87 % of the all
Wi-Fi clients that can see 3 or more Wi-Fi hot spots.

e  With increase of number of Wi-Fi AP seen around the
noise level could increase up to 6 dBm, and in the
peak hours from 6 PM to 8 PM the noise is 0.4—1 dBm
higher compared minimum at 4 AM.

e More detail analysis shows that most of seen Wi-Fi
AP use automatic channel selection mechanism, which
in less saturated environments, don’t work as
expected. Lower Wi-Fi channels (1 — 37 % and 6 —
30 %) tend to be selected by Wi-Fi AP.

e The fact that IEEE 802.11 n can work in dual band
mode, and the growth of that standard supporting
Wi-Fi AP will tend to have a bad impact on
performance of Wi-Fi networks due to heavy its
saturation in near future.
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During recent years usage of Wi-Fi communications were increasing rapidly not only in commercial areas but also in private
households. With increasing number of Wi-Fi devices a new kind of problems appeared, mostly related to poor Wi-Fi throughput or
communication problems. In this paper an investigation on Wi-Fi networks in Vilnius City and it’s surrounding is presented, covering
the main problems of Wi-Fi network saturation and load during day. Also an investigation on dependence of Wi-Fi saturation on noise
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Sparciai populiaréjant bevielio rySio sistemoms ir didéjant duomeny perdavimo kiekiams, vis dazniau bevielis rySys yra
naudojamas kaip vienas i§ pagrindiniy apsikeitimo duomenimis btidy ne tik jmonése ar komerciniuose tinkluose, bet ir privaciy klienty
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80




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


