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Abstract. The paper describes a Floor Description Language (FDL)
which could be used as a key chain in the process of wireless network de-
sign. Traditional ways of designing wireless networks are also presented.
Numerical results and comparison with commercial systems summarizes
the paper and proves FDL’s usability.

1 Introduction

Currently density of modern wireless networks grows very fast. Many of the
deployments are not sufficiently prepared — most of home and small office wireless
networks have never been designed by a designer or network engineer — just users
bought network equipment, turned it on, connected to the rest of their network
and used it "as is". Such approach is very inefficient in terms of the quality indices
such as overall network set-up costs, maximal network range and throuhput. This
paper presents a novel Floor Description Language (FDL) which along with well
known propagation model makes designing of the wireless networks much easier
with ready map of the floor.

The paper consists of three parts. First part describes known ways of wireless
network designing and propagation models. Second part presents novel Floor
Description Language used in the process of network design. Third part shows
numerical results and comparison with commercial systems. Summary containing
possible future works ends the paper.

2 Wireless Network Design Process

Traditional process of network design is composed of four main steps:

1. gathering necessary data on actual state of infrastructure and desired future
functionality;
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research of the above mentioned FDL in his master dissertation [II]. His hard work
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2. preparing project of future network that meets requirements set in first step;
3. modelling of projected networks;
4. physical building of the network.

The process can be also extended with fifth step that covers possible measure-
ments of the network after its deployment.

There are many known approaches used when designing wireless networks.
Among them are:

— user deployment — users do not have any network related knowledge or expe-
rience; it is based on basic installation of the network components without
any analysis or planning; it is simple and it could lead to inefficient coverage
[12];

— grid installation — an area is divided into K triangles or rectangles, where K
is number of available access points; access points are installed in the center
of triangles (rectangles); there is no need to know anything on propagation
models but this approach is often more expensive than first one and less
efficient than next one [2];

— coverage optimization — it is more expensive and complex approach that
engages propagation analysis and optimization algorithms when searching for
the best access points locations; "best" is understood as providing adequate
coverage with minimal infrastructure density [2J3];

— site survey — it is based on the analysis of signal strength’s measurements
conveyed in the future network area.

2.1 Propagation Models

Wireless network design based on the software aids that have built-in propaga-
tion models is much cheaper and easier than ’site survey’ approach which is time
consuming and relativly expensive. It could help to predict signal strength level
anywhere in the future network environment [4]. Propagation models could be
classified as follows [5]:

— Empirical
e Free Space Loss
e One Slope Model
e Linear Attenuation Model
e COST 231 HATA
Semi-empirical
e Multi Wall Model
e COST WI
— Optical
e Ray Traycing
e Ray Launching
e Dominant Path Prediction
— Theoretical
e based on the field theory
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Propagation models that have been verified [6] and found to be most prospec-
tive during current and future research on wireless network design methods are
One Slope Model and Multi Wall Model. Both of them use simple Free Space
Loss formula for calculating fundamental loss over the distance in free space.

Free Space Loss. Free Space Loss (FSL) model is derived from the Friis Equa-
tion [7] which describes signal loss over the distance between the transmitter

and the receiver:
P,

- A
P, GG (477}2) ’ (1)

where P, is power received by the receiving antenna, P; is power output to
the transmitting antenna, Gy and G, are the antenna gain of the transmitting
and receiving antennas, A is the wavelength and R is the distance between the
transmitter and the receiver.

Equation () transformed and simplified with the assumption that gain of the
antennas GGy = G, = 0dBi has the form:

47

PL(R) = 20log ( \

) +20logR (2)
where PL(R) is path loss over distance R.
After further transformations we get formula:

Lysy(d) = 32.44 4 20 log f + 20logd | (3)

where Lygy, is free space loss [dB|, f is the frequency [MHz| and d is the dis-
tance |km].

One Slope Model. One Slope Model (OSM) is one of the simplest models for
calculating of signal strength level without considering structure of the bulding:

Losm(d) = Lo + 10nlog(d) . (4)

Signal strength level Logy depends mainly on the distance d between the trans-
mitter and the receiver [8]. The enviroment-dependent values Lg (signal loss on
1 meter distance) and n (emprical value representing degree of signal loss) are
fixed for specified environment. Values of Ly and n are given in the literature,
e.g. for the office environment at frequency f = 2.45 GHz variables Ly and n
have values: Lo = 40.2 and n = 4.2 [§].

OSM is not precise model because it does not incorporate structure of the
environment. Sometimes the structure is not known so the model OSM could be
useful in such cases.

Multi Wall Model. Multi Wall Model (MWM) uses FSL for basic calculation
of the loss over the distance and more sophisticated sum of the losses on the
obstacles, mainly walls [§]:

N
Lywwm(d) = Lpst, + Z kv, Ly, + keLs (5)

i=1
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where Lpgy, is signal loss in free space (Eq. Bl), d is the distance [m], N is number
of types of the walls, ky, is number of the i-type walls with Ly, loss [dB], ks is
number of the ceilings with Ly loss [dB]. Similar to OSM we need some measured
values of variables (L., and L¢) that are characteristic for modelled environment.

3 Floor Description Language

FDL is an aid used in the process of planning of the wireless network. It simply
describes environment that is provided to the designer on the map of the floor.
Along with the map it is necessary to provide the values of the loss of every type
of the walls and ceilings. FDL does not use any propagation model, however
one of them is necessary in futher step to find appropriate network components
locations. MWM model has been chosen because it seems to be suitable and
most reliable in typical applications of home and office designs [6].

3.1 FDL Specification

The FDL itself consists of a few markup-like statements that describes the en-
vironment as it appears on the floor’s map. So the only input data for FDL is
map of the floor and specification of loss coefficients for the walls and ceilings.

Types of the walls are represented by different colors: type 1 — red, type 2 —
green, type 3 — blue, type 4 — black, type 5 (no wall) — white.

FDL desribes a floor in the building. The structure of the floor is divided into
three parallel parts, as shown on Fig.[Il Every part contains at least one room.
Parts are declared as follows:

number_rooms_A = 5;
number_rooms_B 3;
number_rooms_C = 4;

Rooms could be of different types and adequate identifiers are responsible for
their description: stairs (1), corridor (2), office (3), conference room (4), social
room (5), toilet (6). For part A on the Fig. [[l we have:

id_rooms_A = [1:number_rooms_A; 3 4 3 3 6];

Dimensions of the room are declared in next row. First lengths of the rooms are
specified and then widths of them.

id_dim_A = [1:number_rooms_A; 30 7 8 10 5; 10 10 10 10 10];

Key element of the FDL describes all of the rooms’ walls. It is done with decla-
rations:

walls_ A=[1132;3132;3132;3132;3112];
For all of the specified types of the walls we need to specify losses of them:
loss_dB = [15 12 10 40 0];
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Fig. 1. Floor’s map

Additional element used only at visualisation stage is thickness of the walls:

walls_th = [0.25 0.15 0.1 0.13 0];

3.2 Modelling Procedures Parameters

FDL needs also some more additional parameters for the modelling procedures.
Input data for them are:

— signal level required at the workstation locations [dBm],
— percentage of the coverage |%)],
— output power of the transmitters [dBm].

Output data are:

— the best combination of the access points localizations that met all of the
requirements.

Propagation procedures are used in the following way:

— signal strength level is computed using MWM formula for every workstation
and combination of the access points,

— percentage of the workstations that achieve required level of signal strength
is then computed,

— loop is repeated for next combination of the access points, for all of their
possible localization,

— the best solution is then chosen — the best means that all of the criteria has
been met and number of the access points is the lowest.

Output has also visualisation of the best combination of the access points that
assure required parameters.

4 Numerical Results

The computations were undertaken in MATLAB environment using aforemen-
tioned FDL implementation for sample map of the floor (Fig. [[l). Results were
compared with output from commercial products — Ekahau Site Survey [9] and

RF3D WifiPlanner [10].
Further assumptions and parameters were:

— constant width and length of the area (floor’s dimensions: 60 x 25 m),
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Fig. 2. Map of the floor with workstations’ and the access points’ localizations

Table 1. Loss coefficients [dB] and the colors used by the FDL and commercial systems

Wall type  FDL Ekahau RF3D

typel  15/red 15/orange 15/red

type 2 12/green 15/gray 12/green
type 3 12/blue 15/gray 10/blue
type 4 40/black 45/black 30/black

Table 2. Coverage percentage [%)] results

Set  No. of AP FDL RF3D Ekahau

No. 1 1 50 42 42
No. 2 1 25 0 17
No. 3 1 25 17 17
No. 4 2 7 50 67
No. 5 2 25 17 17
No. 6 2 58 50 58
No. 7 4 7™ 67 5
No. 8 6 100 83 92

— nine rooms and a corridor,

— four types of the walls (as specified before),

— constant number of workstations and power of the transmitters (15 dBm),
— required percentage of coverage (70%),

— required signal strength level (—63 dBm).



A Floor Description Language as a Tool 141

Signal levels for all workstations for 6 AP Set: &
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Fig. 3. Signal levels’ comparison for selected access points combinations

The differences between colors and the loss coefficients used by FDL and
commercial systems are summarized in the Table [1

Sample results given by the FDL implemenation with MWM propagation
model are presented on the Fig.2land Fig. Bl (map of the floor and signal strength
levels comparison respectively). Output graphic results given by commercial sys-
tems are omitted.

Numerical results are summarized in the Table

4.1 Results Conclusions

Data presented in the Table 2] prove that FDL with MWM can compete with
commercial systems when optimization criteria is coverage range. In every case
FDL seems to find set of the access points that provides the highest coverage
percentage.

Detailed analysis of output data for all of the sets given by three systems
(that are omitted due to their volume) lead to following conclusions:

— differences of computed signal levels are not greater than a few dB,

— at least 80% of cases where FDL with MWM is used seems to be better
than commercial systems in terms of both coverage range and number of the
access points used.

Another research proved that results given by the FDL with MWM are very
close to those given by site survey approach. The maximal difference between
measurements and FDL with MWM was 4 dB and results given by Ekahau Site
Survey were worse in most cases with maximal difference of 9 dB.

5 Summary

Presented Floor Description Language although it covers simple idea gives re-
sults very close to the results of commercial-grade modelling systems. Its simple
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ideas that combine geometric decomposition of the floor with classic propagation
models could be further developed. Possible enhancements could be done with:

database extension (e.g. obstacles’ definitions etc.),
auto-localization of the access points procedure,
additional network parameters,

graphic files import and recognition of the floor’s map.

References

10.
11.

. Prommak, C., Kabara, J., Tipper, D., Charnsripinyo, C.: Next generation wireless

LAN system design. In: Proceedings of MILCOM 2002, October 7-10, 2002, vol. 1,
pp. 473-477 (2002)

. Unbehaun, M., Kamenetsky, M.: On the Deployment of Picocellular Wireless In-

frastructure. IEEE Wireless Communications 10(6), 70-80 (2003)

. He, J., et al.: Globally Optimal Transmitter Placement for Indoor Wireless Commu-

nication Systems. IEEE Transactions on Wireless Communications 3(6), 1906-1911
(2004)

. Oliver, K.E.: Introduction to Automatic Design of Wireless Networks. ACM Cross-

roads 11(4) (2005)

. Luntovskyy, A., Giitter, D., Schill, A.: Models and Methods for WLAN/WiMAX-

Network Design. In: Proceedings of 16th International Crimean Conference on
Microwave & Telecommunication Technology, vol. 1, pp. 391-393 (2006)

. Olejnik, R.: WLAN design methods vs. parametric design method (in Polish).

In: Wegrzyn, S. (ed.) Sieci komputerowe. Nowe technologie. Wydawnictwa Komu-
nikacji i Lacznosci, Warszawa, vol. 1, pp. 371-380 (2007)

. Golio, M. (ed.): The RF and Microwave Handbook. CRC Press, Boca Raton (2001)
. Zvanovec, S., Pechac, P., Klepal, M.: Wireless LAN Networks Design: Site Survey

or Propagation Modeling? Radioengineering 12(4), 42—49 (2003)

. Ekahau Site Survey, http://www.ekahau.com

RF3D WifiPlanner, http://www.psiber.com/rf3d/rf3d.html
Bera, G.: An algorithm of WLAN elements’ localization based on the floor’s map
(in Polish). Master thesis, Szczecin University of Technology, Szczecin (2008)


http://www.ekahau.com
http://www.psiber.com/rf3d/rf3d.html

	A Floor Description Language as a Tool in the Process of Wireless Network Design
	Introduction
	Wireless Network Design Process
	Propagation Models

	Floor Description Language
	FDL Specification
	Modelling Procedures Parameters

	Numerical Results
	Results Conclusions

	Summary
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




