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Abstract-The error-free requirement of today’s cell-
phone based telemedicine systems demands
investigations into the potential causes of service
degradation. Measuring the Received Signal Strength
Indication (RSSI) level at an 1800 MHz handset, it was
found that building construction parameters and
multiple- and single-body effects may all negate the
monitoring objectives. Furthermore, FDTD simulations
revealed the effect that sensor-leads passing closetothe
handset’s antenna can have on system performance.
Changes in lead orientation in the near field of the
radiating unit (cell-phone & antenna) result in
profound differences in the far field patterns. Thisis
attributed to the biphasic nature of the Conduction
Current Density (J) distribution typically found along
the wire/s emanating from the handset. J distribution is
dominated by the magnetic coupling component in the
near field region; an increased separation between the
antenna and the sensor lead results in a smaller
coupled current, and a consequent rise in system
efficiency.

I. INTRODUCTION

The increesng need for remote  vitd-signs
monitoring in applications such as the care of post
day-surgery petients recovering a home [1] or in
emergency trauma dgndling from accident stes has
resulted in the growth of tdemedicine [2]. PSTN
lines, privatle radio networks and UHF cdlular
telephony systems are the principd means of human
vitd-gign transmisson for remote expet andyss.
The basc parameters that may be transmitted range
from dmple heart rate, blood pressure and body
temperature, to full-bandwidth ECG waveforms and
blood glucoe messurements, the latter being an
essential parameter in the care of digbetic patients.

A homecae tdemery link must provide
continuous, error free operation, whereas in norma
telephony an eement of dropout may be tolerated.
Cdlular networks such as GSM 900 and DCS 1800,
ITS 1900 and third generation (3G) systems may
experience  dgnificant  service outeage because the
usr’s environment may differ from whet is normaly
met in cdlular teephony. Therefore, rdiability
problems may aise because of inbuilding
propagetion effects, nearby pededtrian traffic and
body/antenna/sensor-lead  interaction, dl leading to
week signd provison.
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I1. SGNAL STRENGTH DEPENDENCY

A. Location dependency

Sow-fading messurements  reveded tha  exact
teemind  location within a building (a mico-
condructiond parameter), as wdl as whether the
radio is operading in a rurd or urban environment,
hes a drong influence on link peformance.
Furthermore, an incressed number of condructiond
obgtructions in any building generdly raised path
atenuation and lowered the received signd srength
indication (RSSl), compaed to an outdde
measurement. Typicdly, losses of 8 and 4 dB per
floor were messured in rurd and urban buildings,
respectively, in and aound Athens, Greece. The
highly-reinforced concrete congtruction widdy used
in Greece (due to seismologica activity) produces,
on average, 3-5 dB higher atenuation from outsde
to-indde a building, compared to that found in the
UK.

Macro effects. Representative tempord  vaiaion
measurements  (made with a cdibraed cdl-phone
loaded with data logging software, sampling a 8
samples/sec) were used to characterise reception at
ground levd dong the outer perimeters of buildings
located in rurdl and urban aress of Athens,
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Fig. 1: A ground floor store in Athens, with two fully glazed
walls, shows a slow fading reduction of 10 dB, outer-to-inner.
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Messurements were conducted under ‘low-density’
pededtrian  traffic  conditions  (less than 10
people/n?). The more dynamic nature of the urban
location, principdly due to localised vehicle
movements, produced RSS fluctuations of 20-25
dB, compared to the more stable rurd location where
sgnd variationsrardy exceeded 14 dB.

Micro effects As noted from deterministic modds
developed to investigate the outdoor-to-indoor
propagation path in cdlular sysems [7], our
measurement  campaign  has indicated an ‘outer-to-
inner  dgnd dependence  within  large rooms in
buildings. An ‘inne’ region is classfied as any part
of a room greger than 25 m from an opening
(window or door). In the ground floor store shown in
Figure 1 the reduction in messured mean dSgnd leve
was 10 dB under static conditions.

B. Pedestrian traffic dependency

‘Pededtrian  traffic can enormoudy affect the RSS
levd in indoor environments In a recent SISP modd
to predict propagation in an indoor-only channd [€],
it wes cdculated that the combined effect of moving
people and a mobile terminad caused repid fading, up
to 30 dB. This was based on a dud image and ray-
shooting approach. As daed in [1], the fading
profile due to ‘low-densty’ traffic can be
goproximated by a Rayleigh digribution. Averaging
over a number of messurements in vaious ‘inner’
goatment regions, the CDF comparison plotted in
Fgure 2 shows the wvulnerability of the received
dgnd to ‘high-dendty’ traffic. The digtributions are
Rician, with different k factors. The difference in
mean RSS levds beween ‘high’ and ‘low’ densty

pedestrian traffic was up to 8 dB.
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Fig. 2: Averaged CDF illustrating the effect of ‘high’ and ‘low’
density pedestrian traffic in an inner apartment region. Note the
departure from a Rayleigh characteristic.

11l. WIRE-BODY IMPLICATIONS
A. Body fading effect implications.
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Body / cel-phone antenna interaction. The body-
shadowing effect found when a cdlular telephone is
held cdose to the user's head is wdl known and
veidaed [3], [4] and [5]. However, in a tdemedicine
gpplication, the handset must operate effectively
when body-worn a wast heght, a convenient
location for fixed use over 24-72 hours — a likdy
monitoring period — and dlow the routing of cables
to biomedicad sgnd acquistion modules, as shown
in Figure 3. Under these conditions the shadowing
can be invedtigated ether by usng numericd
techniques such as FDTD, or by measurements. It
has been quantified in [1] that the attenuation due to
body presence is in the range 20-30 dB. This has
been confirmed by measurements where two types of
attenuation - ‘proximity and ‘through-body’ have
been didinguished. The overdl atenuation depends
on the subject's location, whether indoors or
outdoors, in the latter, through-body loss appears
lager because of the reduced number of locdised
reflections that reinforce the received signdl.

B. Body / antenna / sensor-lead interaction.

Sensor-lead coupling to cdl-phone antenna. Usng
commercid FDTD code [8], a cdl-phone placed at
was height was found to be 335 % efficient,
compared to its ‘free-space equivdent. Fgure 3
shows the azimutha polar patterns resulting from an
1800 MHz 1/4 monopole mounted on a conducting
endosure of cdl-phone dimensons and placed a
waist height on an adult-mde.
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Fig. 3: Azimuthal polar patterns produced when a cell-phone
transmitting at 1800 MHz is placed at waist-height (usng FDTD
modelling). Note the ‘through-body’ null. Close proximity of the

sensor-lead to the handset’ s antenna is a potential source of

service degradation.



Eq azimuthal plots, comparing the effect of wires1 & 2
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Fig. 4: Eq, azimuth polar pattern reveals a difference of 10-15aB
in the backward direction when wire 2 isintroduced in the
antenna’ s near field, compared to awire 1 placed well away from
that field, following the geometry of Figure 3.

The incluson of a sensor a the subject’'s axilla for
body temperature acquistion and the subsequent
sensor-leed  running to the handset’'s  ‘hands-free
input port further degraded the cdl-phone's
efficiency to about 10 %; the modified polar pettern
for this ‘wire up’ Stuation is dso shown in Figure 3.
This is an example of combined magneic and
conductive coupling of radio frequency (RF) energy
to the sensor lead: the latter then acts as an additiona
radiator, modifying the find polar pattern produced.
Magnetic current is induced directly through near-
field coupling when the sensor lead is deployed close
to the antenna (the spacing was 520 mm here),
while RF current can be conducted dong the lead
from the bedc radiaing sysem comprisng the
antenna-plushandset.  Conductive  coupling  only,
with the wire suspended from the bottom of the
handset, did not produce profound differences in this
indance. The patern found was virtudly identica
with that of the wast-worn handsst operaing
without an additiond wire, giving a radiaion
efficiency of 33.7 %.

Extended leads may be required for wide sensor
deployment on the body: with an effectivdly random
digribution possible, the resultant polar patterns
require investigation. Two separate test extensions
ae shown in Fgure 3, with a wire going round the
am (wire 1), and a further one (wire 2) crcling the
weist. There is a well-defined difference in the E
horizontal patterns produced by these two new lead
configurations, as illustrated in Figure 4. With wire 2
fitted the front-to-back ratio of the radiaing system
is decreesed, giving a more omni-directiond polar
pattern that compensates for body proximity losses.

Looking dosly a the dnglewire connection
extending from the handsst to the axilla, as shown in
Figure 5, the wire may be separated into 3 regions,
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regions 1 and 2 ae in the near fiedd of the radiating
unit comprised of the conducting box and the |/4
monopole. The near fidd extent R is approximated
by:

2
where L is the diameter of the smdlest sphere that

completely encloses the radiating system.

FDTD dmulation of the conduction current densty
(J gives an edimation of the current that potentialy
will flow in the wire endbling the characteristic
standing wave to be plotted. Figure 6 shows J (A/nf)
versus distance from the connection point a the cell-
phone (in wavelengths, |) for a variety of sensor-
lead / antenna geometries, asfollows.

(i) magnetic and conductive coupling — the ‘wire-
up’ layout in Figure 3;

(i) conductive coupling only — ‘wiredown’ in
Fgure3;

(iii) magnetic coupling only, with the sensor lead
disconnected from the handset.

Freespace, hdf-wavdength distance makeas ae
shown for comparison purposes. Magnetic coupling
dominates in this series of smulaions, producing
characterigtic hiphasic J seps from the near field
(regions 1 & 2), to the fa-fidd (region 3). An
increesed antenna /| wire separdtion dill gave the
biphasc shepe, but with reduced emphesis in the
near fied.
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Fig. 5: Lead geometry separated into 3 discrete regions, with the
first two located in the near field of the handset antenna. Note that
region 2 lies under the arm.
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Fig. 6: Sensor-lead current density distributions, illustrating the
dominance of magnetic coupling when awire passes 5 mm from
an energised monopole antenna.

Body tissue effect on standing wave. In Fgure 6
the pesk magnitude of the conduction current profile
increeses further away from the connection point.
This happens because the sepaation between the
suspended wire and biologica tissue rises, with a
subsequent  reduction in interaction. When the wire-
body separation is constant, pesk J remains constant.

For the ‘wireup’ case, the danding wave is a
superpodtion  of the magnetic and  conductive
components. The significance of biologicd tissue is
paticularly important here, when consdering that
the lead passes between the abdomen and an overlad
lover am: Region 2 in Figure 5 The locdised
reduction in didectric congtant, dong with the lead
changing direction (a property that aso produces
current  reflections), accounts for the waveength
shortening — or reduction in current-pesk spacing - in
thisregion.

IV. CONCLUSIONS

From the range of theoreticd and practicd
observations discussed above, it may be deduced that
reigbility in 1800 MHz cdlular tdemedicine
systems can be affected by:

1) In-building dgnd pendration due to the
congructiond materids and design used, plus dmost
catan sysem falure for gtuations requiring
operation below ground in, for example, basements.

2) Micro- and mecro-effects in buildings (both urban
and rurd), induding the ‘outer-to-inner’ fading
phenomena noted in large rooms.

3) Sow fading caused by pedestrian human traffic
passing in proximity to the handset, resulting in
increesad signd fluctuation in the ‘oute’ regions of
enclosed spaces.
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4) Direct interaction between the user's body and the
antenna, performance dependent on user orientation
(whether dtting, lying, or standing); losses of up to
30 dB have been measured.

5) A wire magneticdly and conductively coupled to
the cdl-phone antenna can lead to substantid polar
pattern distortion.

6) Appropriate lead placement in the near field of the
antenna  could reduce the forward gan, but
asociated  decreases in front-to-back ratio  enhance
system omni-directiondity .

7) System efficiency depends highly on sensor-leed /
cdl-phone / antenna separation.  For  incressing
separations, an improvement in radiation  efficiency
isseen.

8) The magnetic component dominates over the
Conduction Current Density meagniitude compared to
the conductive component.
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