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WIDEBAND MEASUREMENTS AND ANALYSIS OF
PROPAGATION LOSSES WITHIN A BUILDING

{H. ZAHARIA*, G, EL ZEIN end J. CTTERNE
Laboratoire Composants et Systimes pour Télécommunications
LRA 34, INSA, 15043 RE 5. FRANCE

An simplified setup using an HF network analyzer to perfomm path loss
mezasurements for the indoor eadio channel in the 0.8 - 1 GHz band i3
described. In otder to analyse the frequency selectivity of the channel, two new
postprocessing dats methods are proposed. A comparison with another
published methad iz also presentad.

Indoor radic propagetion has been an active area of study in recent
years, with several reporting wideband impulse response measurements. Radio
propagation studies can be performed either in the time domain or in the
frequency domain. The advantages of the frequency domain measurements
were pointed out in Reference [1]. However, there is another advantage that
has not yet been vsed: the possibility (o analyse the selectivity of the
ransmission channe{, This paper describes a simplified version of the
conflguration Initially proposed by Pahlavan mad Howard [1] and also
improved by Zaghloul, Morrisson and Fawuche [3]. Though the setup
pro here is similar 10 that of Zaghlowl er 2!, the method of operation and
unalyses presents some particularities.

The main component of the measurement system is an HP 87353C
network analyzer with an HP 850464 S-parameter kit that ontputs a swept
frequency signal and analyses the recelved signal. The signai generated by the

network analyzer is propegated by a &4 omnidirectional antenna with a gain
(=0 dBi. The output of the nerwork analyzer is connegtad 1o the mansmiting
antenna through a 50 m coaxial cable with 8 dB attenuation at 0.9 GHz. The
signal from the similary receiver antenna is cetwmed through a 4.5 m coaxial
cable to the network analyzer to determine 821, The transmitting and receiving
antennas are wideband units with groundplane, placed at 1.5 m.

Concerming the time invarianes of the chennel, the measurements were
collected during the summer hollidays, when all the universitary campus of
INSA-Rennes was desenicd. No other researchers were in the LOST
laboratory. The surrounding environment was also kept stationary by
preventing movements. This allows us to assume thet the channel was time
invariant during the measurements,

In order to reduce the influence of the noise, for each position of the
ransmitiag antenaa, four measurernents wers performed and the results were
avcraged,

The calibration of this instrumentation was perfotmed out the 50 m
¢oaxial cable, So, the measured channel is represented by (he building and the
bwo antennas with their coaxial cables.



DESCRIPTION OF THE MEASUREMENTS
The measurements wens spatially distributed throughout the 1251 area

(the ground flour of the LCST laboratory) by fixing the receiving antenna in a
comer of 1 laboratory and moving the wansmitting antenna o different

locations. During the measurements, the both antennes were kept fixed.

The measurcmenis consist of 801 valees for |5211 et B frequency spacing
of 0.25 MHBz for a frequency span of 200 MHz, which is centersd a3 0.9 GHz.
The magnitude of 521 is obtained in LOGM format and represents the power

lnss of the channel. Fotr each locadon were obtained BOL magnitude values.
The power of the signal generated by the network analyzer i1 +20 dBm
(the maximal value) and the sweep ume for the four measurements is G50 ms.

The main objective of this measurements is to determine the radio
coverege, that is relsted to the power-distance reletionship in the area,

A. Averaped power loss versus disianee: For g fixed transmitter power
and a fixed frequency, the power loss {P) increases with dislance (d) berween

ANLErinas Bs:
Pif,d) = A(f) deif} (13
where a(f) is the exponent of the power-distance relatienship and A(f) is the

power loss for d = 1 m. In Reference [1], & simple analysis is described, using
averaped values for P{fd):

01
P(d) = E[P(T.d)] = E,!T?_ZI P{fid) 2)
where;
fi=800+(i-1)0.25[MHz], 1<i<3801 (3}
As in Referznce [1], assuming that:
P(d) = A de (4)

when the logarithen of (4) is taken, the linear relatdonship:

10 logto [P(d)) = 10 log1o (A) + e (10 logio (d)] )

between power loss in dB and 10 legio of the distance results. Using a linear
regression analysis [4], the minimum mean square ermor (MMSE) line is
calculated for the dependence of power loss (dB) on 10 login of the distance.

The slope of the regression line gives the expenimental vilue o o,

The lincar regression analysis gives a= 1925 and A = 36.7 dB. The
stendard deviaton of the average power losses from the regression sstimates is
ems = 2,35 dH, The correlation cosfficient r = 0,933 indicarcs that increasing
power loss is highly comrelated with increasing distance.

B. Power loss versus distance for eack frequency: The resulrs
presented above represent global values. When the logerithm of (1) is tzken,
the relationship:

10 logio [B{f,d)] = 10 logio [A)]) + (i) [10 log1g (d)] (6}
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Fig.1. a),b} and c); method B: d).2) and £y methad C,

results. Naw, the linear regression analysls can be performed for each
frequency. From this analysis, B01 values for A and o are obtained. Fig.l 2}

and b} show a plot of A{f) and aff) versus frequency. The global values

obtained above are also shawn. Some important conclusions ¢an be pointed
out:

1) the channel presenis & considerable frequency sclectvity;

2) the averages of the 801 samples for A{f) and ou(f) respectively are
efjual to the global values obtained above (thiz observation may be



mathematicatly proved). Therefors, this analysis is more general: the results
obtained at paragraph A. may be deduced from paragraph B. by simple
everaping:

3) using A(F} and o), relation [6) allows the computaticn of the power
loss in dB versus frequency for 2 fixed distance. Fig. 1 ¢) shows s plot of the
power loss versus frequence ford = 30 m.

It is obvious thet this resolt 8 more osefol: for { = 825 MHz (for
exemple...}, the power loss Is P = 60 dB, since for f = 926 MHz, P = 72 dB,
For a given communication system with a 10 MHz frequency band, it is mone
convenient to choose the band 825 MHz - 835 MHz than the band 925 MHz -
935 MHz. In other wonds, the radic coverage depends on the choosed band.

C. Power loss versus divtance for a given frequency band. Assuming
we have & communication systam with & 10 MH2 frequency bend centered at
fo, the problem is to obtain the radio coverage, in other wards to obtein a plot
of the power loss versus fa for a given distance. For this exemple, we have
805 MHz £ {5 £ 995 MHz, 30 the band of the considered communication
system is b = [f5 - 5 MHz , fa + 5 MHz). For & glven £y, we may uge the first-
type analysis: for the 41 power Inss valugs contained in the frequency band b,
the average value may be computad:

41
P) =13, P(fud) 7

jm]

Thein, the linear regression mnalysis berween P(d) and d gives A and @
far the frequency Eo. Using this regression analysis for all possible values of

fa, A{fo) and a (fo} may be obtained. Fip.!.d) and &) show A and of versus fo.
In fact, the resuls represent s smoothing of the curves presented in Fig.l.a)
and b). S0, it is not necessary to repeat 761 dmes tha regressive analysisl%’hm,
using (6) for 4 = 30 m and f = fs, the power loss may be obtzined. The result
shawn in Fig.1.f} is a srooothing of the curve presented in Fig.l.c).

It seems that the results of the method C are more useful for prectical
applications.

This paper presents a simplified senp 0 oeasure wideband path Joss of
indoor radio channels. Two new postprocessing methods were desctibed,
Method B 13 the most general: it may be used to cbtain the results of the other
merthods, in particnlar ﬁlmms presented in Reference [1,2].
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