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respongdthough the phase and amplitude characteristi@nténna —
if both available — provide enough information todel and
calculate antenna behaviour in an UWB system akaseghe
deformation introduced to the transmitted signalytffail to
provide possibility of estimation “at first glance”
Paper concerns the applicability of the antennasisep Since many UWB systems utilize the ultra-short gsiligsome
response in the ultra-wideband systems. It providesthem shorter than 100ps), the length of the aigafter
information, why it is important to determine tlparameter transmission is critical for their performance. fact the
and describes simple measurement procedure. Measuate application of the logoperiodic antenna in the systtilizing
results for selected exemplary antennas are al&mgi pulses shorter than 1ns, can entirely prevent @mfr
operating [1].
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Abstract

1 Introduction
. 2.2 Phase center of the antenna
Great development of Ultra Wideband (UWB) Systenas w

observed in the last decade. They proved theiricaiplity in A curve that shows the relation between the anterpizase
many domains, such as communication, medical ingagienter location and the frequency is probably theameter
systems and security systems, to mention just a. fediven most often, by the antannas’ producers tsemethe
Nevertheless it is still difficult to choose an apgriate behaviour of an antenna in the ultrawide frequebagd. If
antenna for such system during the designing dtHgélhe an ultrawideband system designer was given theskle¢as of
reason for such situation is the fact that well wnoand two antennas then probably he would be immediatblg to
widespread antenna parameters fail to provide emougdge which antenna deforms the ultrawideband ssgmere
information to describe transmission of UWB signal@nd which less. However, he would be able neitleer t
Considering the further development of UWB systethss €stimate nor to calculate the range of deformatiad the

situation should be carefully analyzed and resalved exact shape of signal after transmission.
The location of the antenna’s phase center carobsigered

2 Pulse response versus conventional antennds @ hyph(_)tetica_l point from which th_e radiqwaveceftain
parameters frequency is radiated [2]. Thus the dislocationtlud phase
center means the change of both the length of theew
propagation in the free space and the length ofviage
propagation within the structure of the consideegdenna
[3]. The velocity of radiowaves in the air or fregace is well
The phase and amplitude versus frequency antemmawn. So is the path of the signal outside antehioavever

2.1 Frequency characteristics of the antenna

characteristics are already known and relativelgyeto
measure. Combined, they consist transmission o&titenna
complex, frequency dependent coefficient by whickerg
signal transmitted through antenna is multipliedey can be
also considered a Fourier transform of the antermase
response. When narrowband signals are concerned,
meaning of phase characteristic and impact of hiegppe on
asignal are negligible. Therefore, hardly any ante
producer provides such chart in antennas’ datashéében
UWB signals and antennas are concerned thougtphhse
versus frequency characteristics determines theggsato the
signal duration caused by antenna. That meansnibat of

the wideband antenna producers do not provide dénoumpt applicable in the simulations of the UWB system

information to evaluate antennas’ applicability WWB
system.

the velocity and the path of the signal within tetenna
structure are sometimes extremely difficult. Thuewkledge
of the phase center location in whole frequencydiédth of

the signal is not equivalent to the knowledge & trelays
between the frequency componnets. Therefore, giménthe

phase center location curve, one cannot calcutatestape of
the known signal after it is transmitted by theeama of
concern.

As opposed to phase and amplitude versus frequency

characteristics, phase center location curve gpassibility
of immediate estimation the antenna UWB propetiigtsfails
to give full information. Thus, phase center logatcurve is

performance. Particularly it does not provide paoifisy to
take into account the antenna properties while oreag and
simulation the radio-channel pulse response.



2.3 Pulse response of the antenna Let ﬁ(t) , h, (t), p(t), denote measured pulse response of

Pulse response gives the same amount of informasotine radiochannel, the pulse response of the referemesaa, and

combination of amplitude and phase versus frequendfra-short pulse fed to the input of the transimittantenna,

characteristics. In fact, they are the Fouriergfamm of pulse respectively. Assuming that measuring system ifbcated

response. However, the length of the antennas pedgmnse and there is no multipath propagation within ariatik so it

of the antenna can be determined directly from pha. is perfectly transparent to the radiowave, follogviegquation

Therefore the pulse response somehow visualizes ihwalid:

deformation in the UWB signal caused by transmissio

through antenna. Naturally it can be also calcdldtem the h(t) =

complex frequency characteristics. Such approaubuigh, h(t) = p(t) th (t) Hh() @)

would require calculation of the Fourier transfoamd scallar

products which operations are rather difficult terfprm where h(t) denotes unknown pulse response of the

mentally without a computer. antenna under test and operatid”“means convolution.
Since convolution in time domain is equivalenthe product

As it is presented in the further sections of tpigper, in frequency domain, it is easier to solve Equat{@j in

antenna’s pulse response is relatively easy to uneds an frequency domain:

antenna laboratory. Thus it can be determined bst mobthe

UWB antenna producers as opposed to the UWB systems ﬁ(f)

developers who rarely have an access to speciadistzhna H(f)= ()
measurement equipment. P(f)H, (f)

3 Pulse response measuring procedure where H(t), H(t), H,(t), P(t) are a Fourier

Exact determination of the antenna’s pulse respoegeires tansforms ofh (t), h(t), h (t), p(t), respectively.
suppresion of the multipath propagation. That meta Practically, when digital representation of the meament

measurment_procedure should take P'f’*c_e e|_ther @chaic data is concerned, then functions in Equationsafid (2)
chamber or in the place that allows eliminationreflected )
assumes form of the vectors of the samples:

signals by means of the time windowing. Sincesitadio-
link not the antenna response what can be direstlgisured, ~ ~
a reference antenna of known properties is required H(k) =o51 {h (n)}

The measurements can be realized either in timdanor Hf (k) = @frr{hf (n)} (3)
frequency domain. P(k) = ’DT‘I{ p(n)}

3.1Time domain measurements where nD{O...N —1} is an index of the time,

The most obvious approach to the determinatiorhefdulse kD{O...N _1} is the index of the frequency is the

response of the antenna is application of the mHseter than - .
signlas to be transmitted (with spectrum coveringole -w;:zzm?f samples andsr  denotes Digital Fourier

frequency band of the antenna). An exemplary nreasent ) . )
setup by means of which measurement results showvthei Equation (2) assumes then its digital form:
Section 5.1 were obtained, is shown in Fig. 1. -
H(k
H (k) = {—( )
P(k) IH, (k)
Antena Referenc

under test atnerna | Pulse where kD{O...N —l} and N is a number of

Sampling a/< >a_ Compre-|  samples.
unit ssion
unit

for P(k)H,(k)Z0 (4)

If the denominator is equal to zero it means tithee applied
short pulse or the the reference antenna failsrdoige any
information signal at certain frequency.

triggering Samples of the antennas pulse response are obtaiyed

Sampler Pulse generator o .
means of the Inverse Digital fourier transform;
1C
PC h(n) = or7{H (k)} ®)

Figure 1: Time domain measurement setup
It should be stressed that Fourier transform oéramas pulse
response can be rewritten as:



H(f)= A(f)@jrﬁ(f) (6) antenna of known pulse response or complete frexyuen
characteristics is available. Obviously measuremeat
) ] antennas pulse response are valid only within tequency
where A(f) and @(f) are respectively amplitudepand covered by the operating bandwidth of thereefee

and phase versus frequency characteristics ofritesaa. antenna. Otherwise it may happen that denominaiors
Equations (2), (4) and (7),(8) are equal to or eltss zero. It
3.2 Frequency domain measurements would mean that either those equations are at some

. frequencies indeterminate or the error is extredwgh.
Alternatively all measurements can be performed in

frequency domain. This approach eliminates the neddke The pratical condition is that the operating fraggyeband of
into account the shape of the pulse. On the otard hbefore e reference antenna must cover whole operating bathe

processing it is difficult to verify whether thesasnption antenna under test. Otherwise measurement reseltsit
about the one path propagation was valid or note Thyjigple.

measurement setup in which results presented iticB€s.2

were obtained is shown in Fig. 2. 4.1 Determination of reference antenna’s pulse regpse

The problem with the reference antenna’s pulseomsp is
Reference that according to the measurement procedure descebove
atqenna one would need another reference antenna in aodeeasure
the pulse response of the reference antenna. Ttatvead
to a problem with the first reference antenna. dh e
resolved by performing measurements for a number of
Q) wideband antennas. Let us consider an advantag&oasion
when there are two identical wideband antennadablai (if
| [ they were not identical then a third wideband améewould
be required in order to solve the problem).

Antena
under test

Microwave <:>Tracking } ==

Receiver generato Identical antennas can be measured either in timeno

frequency domain. The pricnciple is the same irmbrses:

i:E two identical antennas are measured in either meamnt

PC setup. The problem of the determination of theidspu
response is then reduced to Equation (9).

Figure 2: Frequency domain measurement setup
2 _

N I . [H, (0f =M (k) ©)

In this case it is transmittandel (f) of the radiolink what

is measured directly. There is no input pulse shape taken where:

into account so the Fourier transform of the ardeunmder test

can be calculated by means of the formula analagus

Equation (2): |:|(k)
- M (k) — P(k) P(k)#0 timedomain (10)
H, (f) H (k) frequencydomain
which digital form is: It should be noticed that solution to the Equat{® should

be a vector not a scalar numbar. Since every sahgd two

H~(k) for P(K)#0 @© square roots, there a2" possible vectorsH  (K) satisfies

H (k) _(H (k) Equation (9). It means that there is an additic@idition

' required in order to select ther real one. Sirfee dolution
describes the properties of the real device, if o Nyquist
condition on sampling frequency is satisfied, tilea phase
of the solution must not include discontinuitieatiially, the
] . 0-360 degrees representation of the phase impbsegphase
4 Discussion of the reference antenna discontinuities of thé(k) . They, however, can be eliminated
by so called phase unwrapping. This operation ebnsi
correction of the radian phase angles in a vecyoadding
multiples of 2z when absolute jumps between its

It is apparent that measurements of the antenndse pGONSEcutive elements are greater thanrtmd.ians.
response are not particularly difficult if only @ference #ccordingly, following solution is proposed:

Samples of the antenna’s under test pulse respanse
calculated according to the Equation (5)

4.1 Requirements for the reference antenna



Jik)
{QJ Hr (k) = \/|M (k) @l 2 (11) 0.9
ks — |+1 0.8
2

0.71

0.6

where ¢(K) is unwrapped phase M(k).

Please note that division by 2 of the continuousfion must
also give the continuous function. Thus the phadeutated o4
in the exponent inside Equation (11) is continuous. 0.3
The remaining part ofl,(k) is conjugate symetric to the one ,
calculated by means of the Equation (11).

It should be noticed that VeCtC[I“ Hr(k)] also satisfies

Equation (9). Nevertheless the sign of the entitdsg

response is not very significatn, when the antapigability ) ) )
for UWB system is concerned. Figure 4. Amplitude spektrum of the normalized puls

0.5

It is apparent that spectrum of the pulse hardlyec® the
nominal operational bandwidth of the tested antenhafact

Measurements were performed for four antennas: ti¢ magnitude at frequencies greater than 25GHanm®st
identical lens antennas one of which served asraefe €equal to zero. For those frequencies Equationsu(d)(4) are
afterwards, a horn (aperture size 260mm*340mm) renate Undetermined. Generally signal to noise ratio deses
and logoperiodic antenna. All antennas nominal ajrey Significantly at frequencies greater than 20 GHzerEfore an
bandwidth was 1-26.5GHz. Measurements in the bdHOr introduced by limitation of the measuring ipquent
assemblies (Fig. 1 and Fig. 2) were performed alicgrto May be expected.

the procedures described above. Resulting responses

shifted so as to beginning moment were approximatet A normalized reference antanna’s pulse responsrdited

same for the same antennas measured in differemide. by means of measurements in time domain is pregente
Fig. 5.

5 Measurement results

5.1 Time domain

1

A normalized representation of the pulse fed to the os
transmitting antenna is presented in Fig. 3. 06
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Figure 5: Reference antennas normalized pulse nsspo

08— - -~ - il e e B e e TTT T

-1

t[ns] Normalized pulse responses of the horn antenna thed
. ] . logoperiodic antenna, measured in time domain ezsgnted
Figure 3: Normalized test pulse inf Fig. 6 and Fig. 7 respectively.

Amplitude spectrum of this pulse is presented m&i



The pulse response of areferen

It should be noticed that the directional couplgremtes
acceptably at frequencies above 2GHz which meaatsnibi
all operational bandwidth of the antennas undet ties
covered. Therefore an errors induced by the meamne
Figure 9: Normalized pulse response of the horarara
Figure 10: Normalized pulse response of the logopar
Despite the fact that time domain measurement dsgem
operates less acurate at high frequencies whilquémcy
domain assembly operates less acurate at low fnepse

both method have given very similar results. Thist tan be
considered as a proof that they are aplicable atdvery

logoperiodic antenna, measured in frequancy donzamm
susceptible to the equipment limitation.

Normalized pulse responses of the horn antenna thed
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measurements are in grater scale and in companadhmer

The same results as presented in subsections 8.5.anof
in Figs 11-13.

t [ns]

Figure 8: Reference antennas normalized pulse nsspo



Discrepancies visible in the Figures are indispletaldhey
may be caused by many factors including differemnectors
applied in time and frequency domain setups anithredion
0.8 --Time Domain  |___f __ 1 ________ i errors. However the general shape and the duratibn

1 T T T
|
|
. T .
—_Frequency Domain ! measured pulse response remains the same.
T
|

0.6

0.4 6 Summary

0.2 Paper indicates the need for the including a prdsponse of

the antenna within it datasheet. Reasoning for deisiand
was that pulse response, as opposed to other parangives
opportunity to a human to estimate at first glatieerange of
UWB signal deformation caused by the antenna akasélill
information needed for exact shape calculation.

o] S,

-0.2

-0.4

-0.6

|
|
-0.8 4 Moreover, since radio-channel pulse response iselwid
. ; utilized in UWB systems simulation possibility ofitannas’
4 4.5 5 5.5 6 influence determination is very desirable [4]. Amia pulse

. ) response is a parameter relatively easy to intr@éhto radio-
Figure 11: Normalized pulse responses of the latsn@a  |ink simulators.

measured in Time and in Frequency Dom
1

Although the combination of the amplitude and phasesus
frequency characteristics gives theoretically thames
information as pulse response, the equivalencyinstdd
since phase versus frequency characteristics hagghr
appears in the antennas’ datasheets.
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,,,,,, —Frequency Domain
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