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Abstract The paper presents an application
probabilistic model to describe a radio propagatietay in
indoor environment. Model is based of delta funudio
sequence to describe retransmissions between sitser
and a receiver. Theoretical considerations have kesdfied
by measurement results obtained by using the expetal
system developed for investigating delays caused
external disturbances influencinlige wireless transmission.
One of such a commonly occurring disturbances aés\n
building where the radio signal is propagating.
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1. INTRODUCTION

In recent years, one can observe a common usageVbtually nonexistent,

of

Most of nowadays radio measuring systems and
transmissions systems such a home automation, essel
meter reading and other operate in indoor envirarime
Buildings and other structures cause difficult peots for
wireless (radio) communications. Whether commuiooais
via ZigBee, Wi-Fi or personal cellular phone,
lspmmunications to, from, and within structures dagrade
depending on a variety of factors [11, 12]. Theaetdrs
include multipath effects, reflection from coategtegior
glass, non-line-of-sight path loss, and signal giitgan in
the building construction materials, among otheféie
communications problems may be compounded by laek o
repeater to amplify and retransmit the signal or pgmor
placement of the repeater. RF propagation in sirastcan
be so poor that there may be areas where the signal
rendering radio communicatio

wireless networks in measurement and control systerinpossible [11]. The paper show a description and

which causes that determination of quality of smsi
provided by such networks becomes a crucial protHm

measurements of delays in different indoor strgsur

In the modern systems, the knowledge of parameters2. BRIEF CHARACTERISTICSOF THE MODEL

characterizing transmission channel quality allows
adequate designing the system components. One eof
essential quality parameters of data transmissiorsuich
systems concerns to delays introduced by diffeséhents
of the network. The delays in networks are dependen
many factors [2], the influence of which can be alibed

th It has been assumed that all devices in the netwsek
the same transmission medium, therefore, to sertd da
trough a communication channel, the active trartensit
have to compete each other in order to get aceedhet
medium. The access procedure is of random charf@ter

both in a deterministic and a probabilistic way. eThmoreover, the data transmission trough the medism i

deterministic dependencies are mainly used to wohixter
maximum values of delays [3], whereas probabilistEans

disturbed by different kinds of random factors 92, In this
physical conditions, the total delay of data traission in

are used for determining distributions of the dslayevery communication chain created in the networlofis

occurring as results of factors described randd@jy The
probabilistic description of delays provides fuifarmation
on their features [4, 5], therefore, its introdaatiinto the
analysis of network characteristics can have a deoa
meaning than application of deterministic desaovipsi

Nowadays, to describe communication delays
probabilistic categories, one can use differentheaatical
means such as queuing theory [6], Petri's netsafi] the
theory of queues applying Markov stochastic proeeg8].
This paper proposes a method of probabilistic digtsen of
delays mainly directed on wireless networks ancethasn
using the delta function [2] for description of batonstant
delays introduced by network devices and commuioicat
delays appearing when retransmissions are perforriiéds
model was described in details in [10].

random character, too.

The essence of the method of modelling delays in
wireless networks presented in the paper congisissing
delta function series which are treated as matheatat
descriptions of probability density functions oflale in
igommunications chains. The partial model describing
delay of a transmission between two devices istively
simple in this case and its important feature éspbssibility
of containing influence of disturbances on thisaglelThe
results of investigations of such an influence different
kinds of disturbances, passive and active, haven bee
presented in [2].



2.1. General model of delays Generally, the appearance of disturbances causé¢htha
The simple situation is shown in Fig. 1, whéreandB ~ eceived message is not correct. Information abiuistfact

denote nodes of a wireless network which commuaicalS Se€nt back to the transmitter which usually tt@send the

directly. message once more. The number of retransmissiqehds

on construction of the wireless module and can be

determined by its user.

Transmier S In Fig. 2 there is shown the situation when two esdé
¢ /V \@ ) and B communicate directly but a disturbance, rsgted
""""" - in this figure by a wall, causes that some transioins have
Tap to be repeated, i.e. the message must be retraedmit

means that the partial delays connected with the correct
Ty transmission of a message is not constant as itbkas

considered assumed previously but depends on thbem
Fig. 1. Sources of delays during transmission frmue A to B, of retransmissions. In the work [2], it has been
74 —time necessary to obtain the access to a coneation experimentally proved that in this casgg can be
medium,zag — time of the message transmission represented by the following delta function seqeenc

A model of the total delay has to contain all pbksi ¢, (TAB)= aoé(TAB —b0)+
values of the delays occurring in the describedditimms + 5( _ )+ + 5( b )
[10]. If one takes into account that access proeeiu A 0\T pg b1 T A0 pp k
commonly used in wireless networks are of random L
o where §(.) denotes the delta functioR,is the number of
orobabilsiic Categories. Suoh & description carolieined 'SUANSMISSIONS. Botft 2 ... and by by .. b are
by using the Dirac’s delta [6] as a probability iy constant coefficients with non-negative values.

) . .. : The total communication delay,, can be described by
function. The convolution of the probability densitinction : : . .
g(x) with the delta function gives [10]: equation resulting from (1) and (3) what was shawf10]:

o(r)0 oz -b)=g(r -b), @ Oullu) =20,y -5;)+ @

which means that this convolution shifts the fumety(z) in T80, (Tmt bl)+ T 20a (Tmt bk

the horizontal axis by the value It allows simplifying which is the sum of duplicates of the probabilitgndity
transformations by making such displacements ids@fa functionga(-) properly moved in time by the constant values
performing the convolutions. Basing on propertiesdelta by, by, ...,b, and multiplied by the constant coefficients
function [6] the probability density function ofehaccess a, ay, ..., a, which describe the probability of occurring the

. (3)

delay can be write in the form: succeeding retransmissions.
( )_ ( ) Equation (4) is the probabilistic model of the tota
9a\TA )= Qppat\Ta 10 ) (2)  communication delay in indoor environment when

disturbances affect the transmission, which causes
necessity of retransmissions. Instead of usingftnetion
0a(+) in this model, it is better to introduce the patigapad-)
described by (2), which has the expected value legué.
In this case the time displacemerig by, ..., by can be
determined in relation to the vertical axis as tantsdelays
T, T1, ---» Tk Which allows calculating them on the basis of
, ) measurement results. Taking this into account, amwrite
2.2. Model of delays for indoor environment the parameters of the model describing the deldythe
The radio signal being the communication medium idisturbed communication on the way between nodesd
wireless networks is exposed to many differentulisinces B as:
both of passive and active nature [4, 10]. The ipass
disturbances are caused by terrain obstacles, ,\welts DelayAB{gApat(')’ (aO’TO)’(a:L’Tl)’ ""(ak’rk)} ©)

while the active ones result from influences of ) ) ) ) )
electromagnetic and electrostatic fields. To verify the thesis that this model is a good dption

of delays in wireless networks exposed to distucbanthe

wherery is the expected value gf(za).

This function plays an important role in when ituised
as a kind of a pattern in the delay model builtlom basis of
measurements. The results enable obtaining a pafber
ZigBee module as the normal probability densityction
Onpaf(7a) = N (0, 1) ms properly truncated becaggéra) > 0.

total delays in real networks were measured with afsthe
Transmitter Receiver developed system and parameters of the model were
e ¢o) identified for several kinds of external disturbasc
o Ts
3. MEASUREMENT SYSTEM
T i The main practical application of the proposed
— mathematical apparatus consists in description of

Disturbance (wall) communication delays by the model, parameters dthwh

depend on properties of factors disturbing thesimaiasion

Fig. 2. Transmission between two nodes disturbea Wyl medium. To identify the model, it is necessary teasure



delays in selected conditions. The general schemtheo The horizontal shift is 8,20 milliseconds and all
system used for measurements of communication sléfay transmitted by A node data packets were receiveddue
wireless networks is shown in Fig.3. B. This histogram is called a pattern because stidiees a
delay without any passive or active disturbance.
Disturbance factors Then, measurements were performed for disturbances
Transmitter / Receiver factors I!ke: . .
Single brick wall 150 mm thick.
G AP "mmTmEmR g o) Single brick wall 300 mm thick.
Double brick wall 150 mm thick each.
Double brick wall 300 mm thick each.
Single concrete wall 100 mm thick.
Double concrete wall 100 mm thick each.

oukrwnE

Microcontroller
Start of End of

transmission 1 transmission

Table 1 shows the results of measuring the RS®l.rat
The results may differ in similar indoor situatidmscause of
Computer specific properties of used materials and suchrameters
like temperature and humidity.

Fig. 3. Scheme of the systgnlw for measurementse$tnission Table 1. RSSI ratio measurement results.
elays
The investigated communication channel consistsvof Kind of wall| RSSI ratio, dBnL

elements: a transmitter and a receiver working iigB&e 1 22
standard [3, 9]. Then used radio modules were Xbfrem > 28
Digi International. Transmission of data having anstant

length is disturbed by different kind of factorslas walls, 3 -33
electromagnetic or electrostatic fields and otherebass 4 41
transmissions. The delay, defined as the time hatvtbae 5 35
start of sending data in the transmitter and thenemd when

data are completed in the receiver, is measuredaby 6 -54

microcontroller.
From the table above appears that concrete attesthe
4, EXPERIMENTAL RESULTS radio signal much more then bricks. A radio sigoassing
through the two thin walls is more attenuated tpassing
The tests were conducted in indoor environmenther through a single wall with a thickness being thensof
various walls of different construction. During thesingle wall thickness. This is due to the phenomenb
measurements the ratio RSSI and transmission delatfenuation, scattering and multipath [11]. Thisapaeters
between wireless nodes were registered. In ordebtain a measurements was also studied in [12].
probability density function pattern measurementsren Figures from 5 to 7 shows the example results of
taken in an environment without passive and activeommunication delay measurement for 1, 2 and 5m(fro

disturbances. The result is shown in Fig. 4. table 1) situations respectively.
018 0,16
0,16 ¥
0,14 ¥
0,12 ¥
2 014 =
3 0,08 %
° 0,06 e
0,04
0,02 4
04 ]
6 64 68 72 76 8 84 88 92 96 10
Delay, ms 6 68 76 84 92 10 108 116
Delay, ms
Fig. 4. Probability density function pattern Fig. 5. Delay histogram for single brick wall, 160n thick.
The model for histogram from figure 4 is given byFigure 5 presents situation when not all of trarisdi
equation: packets reach the receiver by the first time. Fieecent of
them were retransmitted with average delay 10,4 The
Qiot (Ttot) =109, (Ttot - 8,2) (6) obtained model from situation described on Fig.ah be

written as:



Jiot (Ttot) = 093l Ja (Ttot - 8’2) +

+ 00509, (r,, —104) ()

6 69 78 87 96 105 11,4123 13,2 141 15
Delay, ms

Fig. 6. Delay histogram for single brick wall, 360n thick.

Other performed measurements shows that combination
of concrete and brick walls affected transmissiefays so
much that part of packets can be lost.

4. CONCLUSIONS

The presented model allows for the description haf t
communication delays taking into account the data
retransmission caused by passive disturbancesasuolalls
and partitions in the environment inside the buidi The
model is also very easy to implementation in sirioie
environment like OPNET Modeler [2, 3]. Other penfred
measurements shows that combination of concretdackl
walls affected transmission delays so much that ph
packets can be lost.
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