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In Greece there are on average 401 000 ambulance calls every yvear. Only in the general Athens

area. an average of 730 ambulance calls are logged each day. 27% of those calls result in trans-

portation to an A&l ward (category A responses). An ambulance takes on average 17 minutes

to reach its destination in the city of Athens,

Patients in eritical condition would bene-
[it from a laster diagnosis. which cannot
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1998 the National Techmieal 1 niversity of

Athens  developed project “Emergency
1127, whaose objective was 1o reduce treat-
ment times, improve medical diagnosis.
and minimise costs by providing wireless
communication  between  the  moving

ambulanee  and  a  medical eXpert.

“All test cases pl'mlm'm|

acceptable results both in terms of
videoconferencing and still imaging.

Transmussion of eritical bio-signals (O,
BE, HR. SpOZ. Temperature) and images
to an emergency call centre enabled
physicians to direct pre-hospital care

more effecively.

However. as the svstem was using a 20, its
speed of .0 Kbps, allowed only low-reso-
lution statie nges and prévtneni data
text form w0 be ransmitted. When
Ceneral Packet Radio Serviee [GPRS) was

introduced 1t offered a bandwidih  of

about 530 Kbps, which allowed transmis-
sion of modest quality static images, 30
svstems  utilise the Universal Moaobile
Telecommunication  Serviees  (UMTS)
Il'l‘hl!l:'n_‘_f'_l. anad hll|r|mi‘l |li.t_l;||1'l' 1|u|:1 rilics,

enabling a range of new applications,

When conventional 200 mobile termminals
move from one cell 1o another, they have
o dissociate from the
||t|i |'|'“ |.'|“r| .'|"'-""\-|:|1"I-:|.l1'
to a new cell, cansing
small gaps in commu-
mication  that  can
L severely  affeer time
SeEIve Processes,

LMTS. on the other

hand, nses “soft hand-
over  where a mobile terminal switches
from one cell to another in such a way that
at a point i tme it communicates with

JH ﬂll I-'i'“‘\.

That results in a more stable data Now.
essential i real time zL|JF|1j1'z|linl|u. When a
mirhale h'l'lllillil] oets ol ul'.'l .'i'[.'-:'u\rrn_'_gi'
area it falls back into GPRS -[:H'HE. il i
regains a AL simmal. This introduces con-

sidderable lli'l;ljw i communicaton  and
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data transfer. As an alternative. access
points supporting WLAN: can be used In

i he svslem deseribed i this paper. These

oller a laster connection at a lower cost. o

1'E1tll|l.'tl'l'i:| tor the 30,

How we did it

In total 17 tral runs were conduered in _
Athens, a city with quite high traffic load. 22

where a 30 mobile ll‘li‘|lhllll‘:.' network was 58
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The ambulance used for the trials had the &

lollowing couipment firted:

O A high-end laptop compuier,

O A quality camcorder capable of focus
and white balanee under various
|I'_1_’hI'II]£ condhmons, This 1'Il|tl|i ul-u
take high-resolution sull photos.

O Either a PCMCIA card .~.|||r|u||‘i'f||_;_' 51
communication bhetween a laptop and
a 36 network or a 3G phone acting as

a modem (via USB or bluetooth).

The laprop had a standard videoconfer-
cncing  programme  installed,  which
allowed |3IIJ||||'1II—|HriII1 COMIIICat i
with the base station. located in a ||u.-|ri|.'1|
where either a doctor or a consultam

could use a standard COMPUEr 1o estal-
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lish a hok with the moving ambulance.
The base computer was equipped with a
\"n,'l"il ORI L Il”.““'i]l_‘_' r“'i'l'“-'u'l} \"iili"lll'illl'

ferencing. This enabled the consultant 1o

VI=1i l'«. 1|+'t|l::thll'.‘|1t‘ a Jm'l:hml {in |||.1=
?HIIIFIILEIHIT e I'flll1 |H"|1.i‘f'!‘|2| 1|I1‘ 1|II:‘1“|}

of the ambulanee-1o-hase staton link.

The ambulanee moved in both UNMTS and
GPRS coverage areas: only about one
third of the geographical area of Athens is
covered by 306 cells. For the remaining
areas, the system fell back 1o GPRS, low-
ering considerably the available speed.
Several road speeds were tested, from a
stationary position to a top speed of 140
km/h. in differemt routes, including road
tunmels and urban canyons,

Toomonitor network performance on the
maobile side of the system. two separate
network monitoring programmes ran con-
tnuously. measuring channel unlisanon.
packer size, protocol nsage and network
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What the results showed
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The videoconferencing sessions 1:|‘n|f||r|'||
relatively clear video, nsing the 11263,
The bandwidih was adequate for a sans-
Factory video of 1T0-15 Ips and resolutions
ol up 1o D440 |H':~;.4'l.~.. The initial .‘-]II'I‘IE
of 384 Kbps, (36 coverage) was stable
with negligible Muctuanons, When con-
t“'l'l'l'1| Tiv i1 .d}.-'l{.l l"l'". IIH' ﬁf]i'l'il |It'“F]I"'I| lin
about 40 Kbps exhibiting relatively heavy
fluctuations. Transition between 30 cells
was very smooth and virmally transparent

to the user.

W hen the svstem handed over from 36 o
250 there were some 1||'|:|':|. sof five to 15
seconds, In one case, communication wias
lost Tor over one minute and the whole
session had o be re-established. Inoa 1ol
period of 23 hours and over an area of

150

instances, communication fell back from

about km=. in nine recorded

6 to 2,56 lasting a total of 17 minures.

In cases where the ||.'|T|'|*|1T did not need to
be trransterred w an A&E ward. a differ-
enl .'||b|rr=:|.'|:'|| could be followed: the same

I?I]Il“ll | ll]ll:llllf‘r il ?III.“II ili‘l'l‘EI'l il lil:"a I.'-"h

card, enabling it 1o connect to the |IH.-'-]IiIF1|

site. via a Wi-Fi hur--|m1. This increases

[hl' HFTl'i‘lI l!r COMIUIICAtion lil'[lrlli‘llil'iln:ﬁ

g to 2.5-3.5 "tlllfn- and allows for lower

CONMpression riiles I'i'!-ullllllli.! in a clearer

videoconlerencing session.

This was tested as an alternative o the 3G
link and the results were encouraging. The
disadvantage of this option was that the
ambulance and stafl should be relatively
stationary o maintain connection 1o the

ACCEss point.
Foderniecdieirre

Experiments were conducted over seven
days. involving a number of doctors,
paticnts and other personnel:

O Arotal of 17 patients were transferred
with the ambulance. which carmed
this system.,

O Four consnltants were asked o make
a prognosis hased on patient data sent
v the system (video, image anad
sonl ).

O Two engineers continuounsly
researched the commumeanons
properties of the

SvsLeI.

All the test cases pro-
duced aceeprable re
sults both i terms of
videoconlerencing and
stll imaging. Accord
g 0 uesHonmaires
the overall quality ol the OUTPULS Wils:
F]l“lr -I'.:..::'l;l. E“"I:“I'l]“llll‘l" i-l.""!'th ;1l|ri !Ill"l

70.2%.

sound quality was aceeptable, although
the relativelv high background noise
cansed by the ambulance movement low-
ered  the 1|l4.‘||il!.' of 1.'i1||'m‘|rl:lI'HT‘r*l:ll‘llrI;_{.
Transmission of sull images was straiglhn
forward using the same high gualing
camcorder that was used for videoconfer-

encing,

A still image of TMpixel ok abour 10-15
seconds to be transmitted, The Muorescent
lichting inside the ambulance had no sig-
nificant effect on the quality of the
inages, Pransmission of films (x-rays, (71
MRL ete) proved to be the most difficul
task. although there was little acal need
for it. Finallv. the svstem conld also aer as

an on-line terminal. allowing access 1o the
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hospital database (patient records, drog

prescripuions, e, |,
Expanding on our results

When the ambulance was within a 306-
coverage area, the svstem had an aceept-
able videoconferencing qualitv. In GPRS
arcas the bandwidth was not |'II||II_:,:|I Tin
accommaodate the load. Sound and sall
imaging quality was very satisfactory even
in GPRS areas. l'.xp:irlllir[ﬂ the .-'_r.-|1*1rl-.-

usefulness,

The cost of the addinonal hardware that
necds o be installed on an ambulance,
does not exeecd €6 000, Most test sessions
lasted three 4o 10 minutes and transmit-
tedd 3-15 MB of data. a1 an average cost of
€5-20 per session. The overall cost of the
system (installation and running costs ) is

low enongh 1o allow its massive deplovment.

A Virual Nerwork (VPN was

used 1o ereate a secure tunnel from souree

Private

to destination. utilising the software that
was provided with the PCMCIA 30 card.

“Doctors largely agreed that this
svsten |H‘ml|u'{*1| solid results

that could be used for improving the
quality of service to the patients.’

'his svstem can also be installed inoa
mobile vehicle (the consultant’s car for
example) and allow lor communication
bhetween the car and the A&l ward. offer-

ing a whaole new range of applications.
Conclusion

Participating doctors largely agreed tha
this 11?.-1“'||| Ill'u:illn'll solid results that
could be used for improving the quality of
service to the patients, All prognoses made
using the svstem agreed with the hinal
dingnoses of the patiems, even though
further tests were required 1o confirm

each diagnosis,

Overall. it is evident thar a high quality,
low-cost system like this can considerably
ricduee the tme needed Tor a |ral|i1'lll 0 e
primary consultation and effectively save

lives,
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