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ABSTRACT

the radio
system ap-
wi deband

This paper presents
channel rmeasurenent

plied to an ultra
(UMB) cont ext. The channe
probing is done in frequency
domain using network analyser
as a receiver. The system is
nodified to allow wi rel ess con-
nection between the transnit-
ter- and receiver-ends of the
system Due to the nodifica-
tions long distance radi o chan-
nel measurenents are possible.

I . | NTRODUCTI ON

Utra w deband (UAB) technol ogy
is an interesting physica

layer option for the short
range various data rate appli-
cations. Due to the low tota

transmi ssion energy that is
al so spread over an extrenely
| arge bandwi dth the signal is

hi dden inside a background
noi se. The current regul ations
for UWB set the fractional
bandwi dth or -10dB bandwi dth
requi rements greater than 20%
or 500 MHz, respectively [1]
Nowadays, UWB research has

gl obally broken itself through

This set also need for reliable
UWB radi o channel npdels to be
used in UAB R&D wor k.

One can find an introduction to
the different (ultra) w deband
radi o channel neasurenent tech-
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niques e.g. from[2]. The chan-
nel can be probed either in

frequency or in time donumin.
The duality of these methods is
obvious in a static environnment
due to the FFT transform rel a-
tionship of frequency and im
pul se responses.

In this paper, the nodification
for the conventional frequency
dormain nmeasurenment system is
presented. Based on the nodifi -
cations at the transmtter (TX)
and receiver (RX) ends can be
used independent devices that
allows nore flexible channe
soundi ng without w red connec-
tion between them

. FREQUENCY SWEEPI NG METHOD

Typically, in frequency donain
radi o channel sounding systens
VNA is used to transnit and re-
ceive the probing signal by it-
self [2,3]. This sounding cor-
responds to the Sy; nmeasurenent
where radi o channel is now the
devi ce under test (DUT). This
kind of conventional construc-
tion limts the link distance
to be nmeasured due to the ca-
bl es used to transfer the prob-
ing signal to the antennas.

The nodified UWB radi o channel

sounder based on the vector
network analyser (VNA) is pre-
sented in Figure 1.

In our nodified channel sound-

ing system the narrowband prob-



ing signal is generated by ex-
ternal signal generator. The
wi red connection is avoided by
sending only the triggering
signal to the signal generator
via radio. The channel fre-
quency response i s neasured us-
ing a set of tones, not an UVB
signal. Due to the wide fre-
quency band to be neasured
(frequency response) the UWB
channel nmodel s can be generated
during the data post process-
ing. Functionality of the nodi-
fied sounding system is pre-
sented in format of inpulse re-
sponse in Figure 2

Al'l the neasurenment procedures
are controlled by LabVi ew™
sof t war e.

M. MEASUREMENT TOOLS

channe
vect or
Agi | ent
receives
and nakes
S,;, of the
The probing signal is
instead of the VNA it-
self, by the external sweeping
signal generator (SM Q 06B by
Rohde & Schwartz). These two
devices are synchronized to
mai ntain the sanme frequency
both in the TX and RX ends. The
TX-port of the VNA is term-
nated to 50W inpedance to
avoid reflections from the un-
used RF-port.
Low noise anplifier (LNA) can
be used at the receiver port of
VNA to inprove the noise figure
of the receiver, and of course,
to magnify the received probing
signal level. At the transmt-
ter end a power anplifier (PA)
is used. In our installation
the anmplifier used is Kalnus
710FC (PA)

The main device in our
measur enent system is
net wor Kk anal yzer
8720ES. This device
the probing signa
the cal cul ations for
channel
sent,

Function generator
hde & Schwartz is used to gen-
erate the triggering pulses
that are fed to the SMQ and
VNA. Because of the propagation
delay of the trigger pulse on
radio link and different oper-
ating times from trigger pulse
to actual sweep start on SMQ
and VNA the trigger pulse tim
ing for SMQ and VNA nust be
tuned (~30 nms) to nake SMQ
signal propagating through the
channel and VNA reference 9 -
mul t aneous. The devices are op-
erating in single sweep step-
pi ng nmode, sweeping the prede-
fined frequency band using 1601
points. The frequency differ-
ence needs to be less than the
| F- bandwi dt h of the VNA for re-
Iiable detection.

In our current system settings
the sweep tine is approxi mately

AFGU by PRo-

5 s and it depends only on the
nunber of neasured frequency
points. If the maxi mum del ay of
the channel is small the number

of frequency steps and there-
fore also the sweeping tinme can
be decreased.

The timing information and all
the commands and adjustnents
for the devices are given
t hrough LabVi ew except for the
transmitter generator SMQ for
which the settings is called
fromregister | oaded earlier by
LabVi ew. The sweep trigger for
the transmitter generator SM Q
is comng through the radio
link to the external trigger
i nput. The personal conputer
having a LabView™is also used
to store the raw data.

A constant clock reference is
used to maintain high frequency
stability in the system Exter-

nal 10 MHz clock reference
based on the TV stripe fre-
quency signal, is fed to the
external clock reference inputs



in VNA and SMQ After this
procedure the frequency stabil -
ity of 10°'? at maximumis guar-
ant eed.

During the frequency sweeps the
phase difference between the
generator signal and the ana-
lyzer signal is not known. How
ever, in UWB radi o channel nod-
els the phase information does
not play significant role |ike
e.g. in wdeband nodels. Be-
cause the phase information
could not be utilized in data
post processing a scalar net-
wor k anal yser can al so be used.
If one likes to use continuous
sweep during the nmeasurenents
the sweeping tine in this con-
struction increases signifi-
cantly, to approximtely 30 s.
The antennas to be used in the
system coul d be sel ected by the
frequency range requirenents.
However, the antennas should
have constant phase centre and
they should be omni-directiona
when used in the radi o channel
measurenents. Currently, HK014
antennas (Rohde & Schwartz) are

used in the first experinental
tests.
In our test system mlitary

radi os LV217 are used to trans-
fer the triggering signal from
AFQU to SM Q The output pulse
of AFQU is transforned to
acoustic wave and sent via
Lv217. At the SM Qend, the
acoustic wave i s converted back

to the electrical signal and
used as an external trigger in
SM Q

The frequency band that could

be neasured depends on the fre-
quency range of the VNA and
SM Q The current devices allow
the measurenents in a selected
band between 50 MHz and 20 GHz.
However, HKO014 antennas limt
the frequency band between 100
MHz and 1300 MHz.

The limtation of the frequency
domai n channel sounding is the
requi renent of static environ-
ment during the recordings. The
coherence tine of the channel
need to exceed the sweeping
time (channel does not change
during the recording).

V. CONCLUSI ON

Thi s paper introduces the nodi-
fied frequency domain radio
channel neasurenment systemthat
allows the channel soundi ng
wi t hout cable connections be-
tween the transmitter and the
recei ver when the receiver is
network analyser. This nodifi-
cation allows mre flexible
measurenent with |longer |ink
di st ances.
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Figure 1. Mdified frequency domain UWB channel sound-
ing system
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Figure 2. Conparison of inmpulse responses perforned
with traditional and nodified measurenent techni ques.



