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ABSTRACT

This thesis introduces the method for analysis and evaluation of ultra wideband
transmission loss with indoor to outdoor environment. The research uses Vector Network
Analyzer (VNA) machine for measuring transfer function and recording results. About antenna,
the biconical antenna is implemented in both transmitter and receiver. For measurement, it is
operated at Department of Information Engineering, Faculty of Engineering, King Mongkut’s
Institute of Technology Ladkrabang. After that the model for measurement is designed by sending
the signal from indoor to outdoor environment. The result from measuring will be evaluated to
find magnitude and phase of channel transfer function, path loss, power delay profile, received
waveform, bit error rate and transmission loss. For process of analysis, the Friis’ transmission is
used and transmitted signals are the rectangular passband and the amplitude shift keying. The
receiver side uses two types of filter that are transmitted signal template and received signal
template to improve the performance system. From this method in the thesis, it will be very useful
for designing and analyzing in ultra wideband system and especially, for find performance of data
transmission for short rage wireless from indoor to outdoor environment or outdoor to indoor

environment.
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Taud
v (2)
v, (1)

3.3.6 MgYINTIID
é - 4 3 s o ' 4‘ -
Tuszvumisdems muiuthninendnvesnissiaesmsunsnszaionaufe ns
o ' a o @ 4 1 ] 1 @
manmsatmgydudaitvesdyyia PL lesnnmsuninsznoiusesdynulas
_y o 1 ¥ e L] s 1 ' ar o e ﬂ'ﬂ) A 1:7
wnsannndasidiuszriszauidinunlfdaazszdudidinunsyldas Taoa T

tinszuaaslveglunmisvveuadiva (Decibel) Maaasluaumsh 3.24



39
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Hpn(f)= RIRAUL (3.30)
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HapUAUBIDUNAANS od ML IVYeuAToaT DDA U lunsdii 14
dygnadaiiudyapaingy a,, swsomidnamsulanfoiiounduvesilandums

. »
a1 Tounud Feenusoweouldilu

i (0) = [Hog ()e’* " df (3.31)
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vuniualnasuvesgladudyausy V(1) Asaunis

Vi () =V, (/). Hyp (/) (3.32)
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Rx-ant
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51 3.11 vdenlaezunsuvouniesiy lunsdidyanaisy Iy dyaauminy

anuvuiuan)naduvesdyapautnuuiiudgaididouves ¥, Tasiisaiins

@ o

[ [ ¥ v
yorwdulawSou lvvesmidedyanusuniunsi dniu addunisaioTeunnuives

3o unuuanduwus lunsdi l¥dyanansvdidudyraminug ., (f) aunse

won'ldily

b, (r)= 24V )

o0

v (rY ar

-0

(3.34)

o - o L4 Av
Tav V() fie Handunimumunniuanaduvesdyanunin 1@
= e o M s ' A ar as a o' - ol 9
HARBUAUBIBNNAd U Dd Y IMULIYDYDUAT BTV DAN TN lunsdin 14

dygranduldiudygraminuy kg, awisanldennisulanSideunduves

N ; 8 =
Handumsoe Touanud Feeusamon 18y
Iy (1) = [Heg (e df (3.35)

anununniualnasuvesglnaudyanaiemiyavouniessunuuanduus iy

nstinlddygraniulddudygiainuy V., (f) awise s Taoldilendun o Tou



4]

el

YoUATOIT VYDA FuiuS lunsdin 1¥dygai

b

vidiludyaruminyuguiviladdu

s

3
anumnudualnasuvesgUndudyausy ¥, (1) dsauns

o T

Vere (f) = (f)'HRTP (f) (3.36)

o c‘ v o ) P [ A [
naand ldnnumuunivan)naduvesgndudygiuiiominavouniosiuuuy
[y o o - o § o o " "
anduius lunsanlddygranivldidudyyrawivuouda sawisaninigy

y o ar o’ a o o o
paudyguivveamaiiames v, (1) TaomswlaswfSwidoundu dsauns

Vrrp (t): ?ka(f)eﬂ”ﬂdf (3.37)

3.3.11 8ATIANUAANIIATA

UszAnEnmaesszuumsdemsuuunouniesaiy sxiuegiuanugndesves
JoyaiisyI&innsudasduiutsudyarasuniy Falussuuszuaainnuiananves
doyalugrlvessasanuianmavesiin dufudmaadaiiowmnnndanuheniuiie
AannuAanmavesdoyaiisuld drodruru lumsdsdeya 1000 fin Usingdeyaiisuld
idoyaiian 1 i sufusrsaranuianaavesiinaziinuiiy 171000 wie 10° Wudu
anuduRuTsEnINdanduvesdyguisylddedyg msuniu (Signal to noise ratio:

SNR) 11aZ0A31IANUAANDIATEITA 711NN 189 INaTUNITH 3.38

BER = Q J(Eb/]\;o)fbcc (3.38)
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33123 1mﬁ’ﬂ~mﬂﬂﬂqﬂ (Least squares)

A aa

' o o 1
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3/ aAa V aa -:ny 149 A o {I
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= =]

fau Ao A aA & A a '
Wanwwﬂwqaﬁm'ﬁmmuwmauauummﬁmu WHONIFTHUINITIUNIN Least-squares

o=

W o a
regression Iﬂﬂlluﬂﬂﬂﬂlﬂﬂ'ﬁﬁuﬂﬂ ﬂ']ﬁﬂﬂﬂ']ﬂ']']l]llﬂﬂﬂ']ﬂﬁwﬂ?'lﬁ @Nﬂu ﬁ ﬂﬂﬂﬂﬂ'l'ﬁﬂﬂ‘]iu i.?{'l
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y A y 4

(a) (b)
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a) gadoya b) HendunlunumgadeyaTasiiiistanTiusow

y=a+bxte (3.40)

4 i Qs = q‘ 5 e s
iiie a g b l‘ﬂuﬂ'lffﬂ‘lli$ﬁ'ﬂ'ﬁﬁuﬁﬂﬁ?ﬂﬁlﬂllﬂulmﬁﬂ']'m‘]fu

e 1iluAnIUAANA1A (Root mean square error)
Taoh a waz b ansom lannaums

an + bzn:xj = Zn:yj
=1 J=1
n n n
ay x; +b x; =3 %y,
=1 =1

=1

(3.41)
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e=\/% 3 (yj —a—bxj)2 (3.42)
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PERFORMANCE ANALYSIS OF UWB PROPAGATION LOSS WITH
INDOOR TO OUTDOOR CHANNEL MODEL

Paungsak Panthap and Sathaporn Promwong

Department of Information Engineering, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand.
E-mail: {s9061011 kpsathap }@kmitl.ac.th

ABSTRACT

The radio propagation channel between indoor and out-
door is very complicated and difficult to predict. In this pa-
per we discuss the experiment of the ultra wideband prop-
agation loss based on Friis' transmission formula. This
Jformula is not directly applicable and the waveform dis-
tortion may degrade the transmission performance as well.
The transmission waveform and the maiched filter recep-
tion are proposed in the extension of the Friis' transmis-
sion formula to ultra wideband system. We carry out an
experiment between indoor to outdoor in King Mongkul's
Institute of Technology Ladkrabang. The experiments are
operated in the frequency band from 3 GHz to 11 GHz and
direct link is covered by a vector network analyzer. Some
experimental examples are shown.

1. INTRODUCTION

Ultra wideband (UWB) technology have attracted a
great deal of attention because UWB systems are wide
bandwidth, low cost, high data rates, precise positioning
capability, extremely low interference and low power con-
sumption potentials [1]-[5]. The UWB systems transmit
pulses with power spectral density (PSD) in the range of
the ultra wide frequency. The UWB have been allowed
to operate across a range 3.1 GHz to 10.6 GHz of fre-
quency bands defined by Federal Communications Com-
mission (FCC) (6] with negligible interference to existing
systems in that band.

The measurements of indoor to outdoor propagation
channel is very important. Their datas are useful to pre-
dict the maximum allowable data rates because of the inter-
symbol interference and used to improve the propagation
performance. Although, the experimental study of indoor
to outdoor propagations for UWB systems are already re-
ported [7], there is no consideration about the improvement
of transmission performance.

In this paper, the free space transfer function of UWB
system with indoor to outdoor are evaluated and we im-
prove by using the extended Friis’ transmission formula.
The measurement is performed between the corridor (in-
door) and parking area (outdoor) environments. The
matched filter is used to maximize the SNR. The optimum
matched filter and the transmitted signal template are con-
sidered. The transmission gain is obtained from the opti-
mum matched filter. The results and conclusion are dis-
cussed in this paper.

. e O e »
* & ® ¢ QO
* 8 0 00
.- & *» & @
® * * 0

Figure 1. The measurement system model.

Table 1. The parameters of experimant

Parameter Value
Center frequency 6.85 GHz
Spectral banwidth 7.50 GHz

Frequency range 3 GHz ~ 11 GHz
Number of frequency point 801

Tx antenna height 2.65m

Rx antenna height 265m

Tx and Rx separate 2-8m

Grid dimension 0.6m x’ 0.6 m

Antenna type Biconical

2. MEASUREMENT SYSTEM

2.1. Measurement scheme

The complex transfer functions can be measured by
using the vector network analyzer (VNA). However, this
transfer function is a product of transfer functions between
transmitter (Tx) and receiver (Rx) antennas that is the free
space channel.

2.2. Measurement setup

The VNA was operated in the response measurement
mode from 3 GHz to 11 GHz, where port-1 was used as
the Tx port and port-2 was used as the Rx port, respec-
tively. Both Tx and Rx antennas were fixed at the height
of 2.65 m. We choose the biconical antenna for Tx and Rx
antennas.

In this experiment, the transfer function of indoor to out-
door environments is measured. For the Tx antenna is in an
indoor environment, while the Rx antenna is in the outdoor
environment and it is varied its positions as shown in Fig.
1.

The 2007 International Conference on Information Communication Technology
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Figure 3. Magnitude and phase of antenna transfer func-
tion.

2.3. Antenna under test

The geometric and dimension of biconical antenna are
shown in Fig. 2 and the magnitude and phase of the transfer
function of each antenna are shown in Fig. 3.

2.4. Parameters of experiments

The important parameters for the experiments are listed
in table 1. It is noted that calibration is done at the connec-
tors of the cables to connect to the antennas.

3. UWB SIGNAL PROCESSING

The rectangular density spectral waveform covering the
FCC band, that is 3.1 GHz to 10.6 GHz is used to test the
distortion of the received UWB waveform. This waveform
and its spectral density are expressed by

Ut(t) =

i [ fmaxSinc(zfmaxt') 8

fb _fminSinc(2fmint‘) d
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Figure 4. The transmitted signal waveform of UWB.
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Figure 5. The transmitted spectral density of UWB.
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where fmin =3.1 GHz is the minimum frequency and fpax
= 10.6 GHz is the maximum frequency. The f;, is spec-
tral bandwidth and we use f. is the center frequency where
sinc(x) = sin(nx)/7x. This signal waveform in time domain
and magnitude of its spectral density function are shown in
Fig. 4 and Fig. 5 respectively.

At the receiver, the matched filter Hyp (f) is introduced
to maximize the signal-to-noise ratio (SNR) of the receiver
output, as shown in Fig. 6.

The spectral density of the received waveform V() is
the multiplication between the spectral density of the trans-
mitted waveform and the channel frequency transfer func-
tion H.(f) [7], which is obtained from the measurement.
Therefore, the spectral density of the received waveform
can be written as

The 2007 International Conference on Information Communication Technology
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Figure 6. Block diagram of UWB transmission waveform.
Bit error rate (BER) can also be defined in terms of the
Vi(f) = He(f) - Ve(f). (3)  probability of error

The received waveform v, (t) is calculated by using the in-
verse Fourier transform, which is

o= [ " Vi), (@)

At the receiver side, we use the matched filter to maximize
the SNR of the receiver output. The matched filter Hyr (f)
is defined as

V2RV ()

N{SRZG

where V;(f) is the spectral density of received signal.

The spectral density of the signal waveform at the out-
put of the matched filter Viyr (f) can be calculated by using
the transfer function of the matched filter Hyyg ( f) multiply
by the spectral density function of the received waveform

Vi(f) as

Hwr(f) = %

Vur(f) = Vi(f) - Hur(f). (6)

After we obtain the spectral density function at the out-
put of the matched filter, we can obtain the matched filter
receiver waveform vpp(t) by using inverse Fourier trans-
form, which is

St f_ ” Var () s, 0

After we obtain transmitted and received waveforms, the
propagation loss can be calculated. It is defined as the ratio
between the maximum absolute amplitude of the transmit-
ted and the received waveforms and it can be written as

maz|v(t)|

PL(d)[dB] = iy d)l] . ®

—20log

& S f et 2qy, 9)

Ey, is the energy in one bit and IV, is the noise power spec-
tral density, so f—,,h is a form of signal to noise ratio. b, is
rate of Iransfer(bps) and C. is correlation coefficient

BER:Q[ (CYTAVYA
4. RESULTS

From the result of the improvement by using optimum
matched filter and transmitted signal waveform.

Fig. 7, shows the amplitudes of the received signal
waveforms at the output of the matched filter using opti-
mum matched filter. The amplitudes of the signal wave-
forms at the output of the matched filter when they are
compared with the transmitted signal waveform. The peak
amplitudes of optimum matched filter are higher than that
of the transmitted signal waveform. Especially, in the po-
sition a defined at 2 meter, it has the amplitude at 1.26 mV,
which it is the best peak than any points. In addition, at
other points, their amplitude will be deplete depended on
the distance rising.

In Fig.8, it depicts the path loss of indoor to outdoor
propagation. From the result shows that when we send the
signal along the distance, the path loss value has increased
as the signal goes. Moreover, from the result, the most
minimum path loss is the position(a) having the path loss
value about 60.966 dB because it is the point arranged in
the nearest position.

For Fig.9. shows BER performance of UWB transmis-
sion with indoor to outdoor. From analytical result, the
BER value has decreased when SNR has risen in every
points of observation. For corresponding result, the point a
set at 2 meter is the one having the minimum BER because
this point is very close to the transmitter according to the
theory.

The 2007 International Conference on Information Communication Technology
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Figure 7. The received signal waveform at output matched  Figure 9. BER performance of UWB with propagations
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Figure 8. Path loss of UWB with propagations channel in-
door to outdoor .

5. CONCLUSION

In this paper, we report the characteristics of indoor
to outdoor propagations channel for UWB systems. The
transmission gain can be improvement by using the opti-
mum matched filter at the receiver side. Path loss and BER
performance of UWB with indoor to outdoor propagations
channel are proposed. Moreover, we consider the received
waveform passed matched filter. Matched filter help us ob-
serve the received waveform more clearly to find the dis-
tortion occurring. This approach is more useful to design
and evaluate the UWB wireless systems.
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Abstract

In free space propagation loss we have studied to
use the Friis’ transmission formula in complex form to
treat the UWB signals to take into account the
waveform distortion due to the frequency
characteristics of the antennas [1]. It is noted that
Friis’ transmission formula is applicable only in the
Jar field region. In wireless personal area networks
(WPANSs) environments, however, the distance may not
satisfy the far field condition. In this paper, we report
the experimental results of the transmission signal
waveform in a Fresnel regions for indoor and outdoor
environments.

I. INTRODUCTION

The ultra wideband impulse radio (UWB-IR)
transmission systems have attracted a great deal of
attention because of its potentiality for application to
short-range, high-speed mobile communications, low-
power transmission, and so on. In order to minimize
the interference with existent systems, the UWB is
expected to be used mainly in wireless personal area
networks (WPANS) for office and home networks. In
the fureger sheel be consider between indoor and
outdoor environments for UWB communications.

Even if the channel is in line of sight (LOS), Friis’
transmission formula cannot be directly applied to the
UWB radio as the bandwidth of the pulse is extremely
wide. Furthermore, simple comparison between
waveforms of the transmitter and the receiver is not
significant because of the distortion of the waveform
caused by the frequency response of the antenna.

In this paper, we report the experimental results of
the UWB transmission properties in a Fresnel regions
for indoor and outdoor environments.

978-1-4244-1692-9/08/$25.00 ©2008 IEEE

II. FRIIS® TRANSMISSION FORMULA FOR UWB SYSTEM

The Friis” transmission formula is first expressed in
terms of power [2]. Then it is extended in terms of the
transmission signal waveform to consider the transfer

function H . [1]. Defining the transmitted and

received voltage signals as V_ and V,, respectively,

r
and assuming the polarization of transmitter and
receiver antennas match perfectly. We obtain

HFms(f!d) =_VI(A i

where H , is the transfer function of free space, H,

and H, are the transfer functions of the transmitting

(Tx) and the receiving (Rx) antennas, which are
implicit functions of directions, and d is the
transmitter-receiver (TR) separation distance.

The transfer function of free space can be written
as

A
H , =——exp(-jkd), 2
e p(-Jjkd) (2)
is the free space transfer function where

k== @)

is the propagation constant. The received waveform
v, (2,d) can be found by using

v, (6,d)=v,(0) ® hy,, (1,d), 4)



where v, () is the transmitted signal waveform, ® is

the convolution operator, Ay, (¢,d) is the impulse
response of the extension of Friis’ formula defined as:

hFrﬁ.! (fad)zF-l{HFrm(f:d)} (5)

where ™' £} is the inverse Fourier transform.

ITI. UWB TRANSFER FUNCTION MEASUREMENT

A.  Measurement Scheme

By using the vector network analyzer (VNA),
complex transfer functions can be measured. However,
this transfer function is a product of transfer functions
of Tx and Rx antennas as well as the free space
channel. The transfer function of the Tx antenna,
which is usually a standard antenna, shall be known in
advance as the calibration data. The overall
measurement scheme is summarized as follows:

Step 1) Calibration of the standard antenna. The
standard antenna is calibrated by using the three-
antenna method. In this method, three linearly-
polarized antennas are required, but they do not have
to be identical to one another. Three sets of
measurements are performed using all combinations of
the three antennas pointing toward the same directions
as shown in Fig. 1. The result is a set of three
simultaneous equations of the form

Tx-ant Rx-ant

21 z ................. X
Antenna | Anfenna 2

S13 g ----------------- g
Antenna 3 Antenna 1

S32 § ----------------- X
Antenna 2 Antenna 3

s iiinnenane e shembsaieecdke -

Figure 1. Three antenna model.

Sx()=H,(NH,(f,d)H,(f), (6)
Su(N)=H,(NH (f,d)H,(f), (T
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Saz(f)sz(f)Hj(f:d)Hs(f), t))

where H,(f) is the complex frequency transfer
function of antenna 7, S, is the measurement result
by using Tx antenna / and Rx antenna j, d is the
distance between antennas, and H ,(f,d) is the

complex transfer function of free space. Then, we can
estimate the complex frequency transfer function of the
antennas by using these equations

$u(/)S5,(f)
H, ()= | S8 9
s \/S]J(f)Hj(f:d) @

NG
/i \fsn (NH (f,d)’ e
_ [ $2(NS. (N
Ao - W

Step 2) The transfer function of the antenna under
teat (AUT) is measured. By using the standard antenna
and the AUT as Tx and Rx antennas respectively, the
transfer function between Tx and Rx antenna ports is
expressed as

Su(f)= H,qw(gs?’:f)Hf(f:d)H.w(f), (12)
and the transfer function of AUT is obtained by

Su(f)

HAUT(B’¢’I)= Hf(f’d)H‘n’(f),

(13)

B. Measurement Setup

The VNA was operated in the response
measurement mode, where Port-1 was the transmitter
port (Tx) and Port-2 was the receiver port (Rx),
respectively. Biconical antennas with the maximum
diameter of 65.3 mm and the length of 37 mm are used
both as the standard antennas and as AUT. The
measurement was done in the anechoic chamber. Both
Tx and Rx antennas were fixed at the height of 1.80 m



and separated at a maximum distance of 4 m shown in
Fig. 2.

C. UWB Antennas

The geometry and dimensions of the antenna and its
characteristics are shown in Fig. 3 and 3. From Fig. 3
the largest dimension of each Tx and Rx antennas are
the inclined height Dt = Dr = 75 mm. The largest
dimension of the antenna considering the field regions
are D = Dt + Dr = 150 mm. For the whole UWB

frequency spectrum, the inner boundary distance of the
lcem

Figure 2. Measurement setup.

Bicomical Antenna

Figure 3. Geometry and dimensions of the biconical antenna.

Fresnel region is 0.21 m while the outer boundary
distance is 0.47 m. The inner boundary distance of the
far field region for the whole UWB frequency
spectrum is 1.59 m. Then, 0.4 m TR separation
distances are chosen for the Fresnel region, while 2.0
m TR separation distances are chosen for the far field

1039
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region. The practical maximum measured distance, 4
m, is chosen as reference distance to estimate the
accuracy of the antenna transfer function. The Tx and
Rx antennas are assumed to be identical.

D. UWB Transmitted Signal Waveform

The effect of the waveform distertion is more
obvious when the bandwidth is wider. We considered
the impulse radio signal that fully covers the FCC band
[3],i.e., 3.1 ~ 10.6 GHz is used to test the distortion of
the received UWB waveform. This waveform is
expressed by
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Figure 4. The antenna transfer function.
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Figure 5. The UWB transmitted signal waveform.

vty 7'; [ S0 € frnt) = frn Sin (2 font)] (14)
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where fmin = 3.1 GHz is the minimum frequency,
Jfmax = 10.6 GHz is the maxmimum frequency,/b =
Jmax — fmin and sinc(x) = sin( 7 x)/ 7 x). This signal
waveform in time domain shown in Fig. 5.

IV. EXPERIMENT RESULTS

The transfer function of Tx and Rx antennas are
estimated by using the channel transfer function at 4
m, assuming that these antennas are with identical
transfer function. The magnitude and phase of the
antenna transfer function are shown in Fig. 4.

Figures 6 and 7 show the magnitude and Figs. 8 and
9 shows the phase of the transfer functions measured at
0.4 and 2.0 m distances. The measured values are
compared with the predicted values using the antenna
transfer function (Fig. 4) and complex form Friis’
transmission formula.
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Frequency (GHz)

Figure 6. The antenna transfer function at a distance 0.4 m :
magnitude.

Figure 7. The antenna transfer function at a distance 2 m :
magnitude.
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Both results are almost identical in the far field region,
but the differences of magnitude are observed in the
Fresnel region. We can clearly see that in the Fresnel
region, the measured magnitude results are greater than
the predicted magnitude results. This is due to the
radial field in the Fresnel region. In the far field region,
the radial field can be negligible.

Figure 10 and 11 compares the transmission of the
received UWB waveform presented in Fig. 5, by using
the measured transfer functions and those predicted by
using the complex form Friis’ transmission formula
and the antenna transfer function. We can see a little
difference between the measured and the predicted
waveforms in the Fresnel region. In the far field region
on the other hand, the received waveforms are almost
the same.
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Figure 8. The antenna transfer function at a distance 0.4 m :
phase.
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Figure 9. The antenna transfer function at a distance 2 m :
phase.



Table 1 summarizes the results of Figs. 10 and 11
with respect to the path loss. As expected from Figs.
10 and 11, the difference of the path gain is more
obvious in the Fresnel region. Table 2 shows the
correlation between two waveforms corresponding to
the measured and the predicted transfer functions. It
has higher distortion in the Fresnel region. While in
the far field region, the distortion is very small.

V. CONCLUSION

In this paper we presented the complex form Friis’
transmission formula in the Fresnal region has been
experimentally studied to consider the UWB free space
channel model. The error of the path loss is observed
in the Fresnal region with indoor to outdoor
environments caused by the multipath. More
comprehensive studies are necessary to consider the
type of antennas and to find in multipath how to
compensate the error.

15

Amplitude (mV)

) 2 22 24 26 2.8
Time (ns)

Figure 10. The received signal waveform at a distance 0.4 m.

TABLE 1.
PATH LOSS OF THE RECEIVED UWB WAVEFORM.

Path loss
0.4m 20m
(dB) (dB)

Measured 38.65 56.10
Prediction 39.60 53.20
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TABLE 2.
THE PERCENT OF THE CORRELATION COEFFICIENT OF
THE RECEIVED UWB WAVEFORM.

Correlation coefficient

0.4m 20m
(dB) (dB)
(%) (%)
Prediction 99.50 99.90
1.5
s 1 4
E
‘g 0.5
g
<
~0.5 o
-1 4
75 8 8.5

Time (ns)

Figure 11. The received signal waveform at a distance 2.0 m.
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