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Abstract—In the near future, especially in the developed life and low power spectral density which is a bafissue

countries, the number of elder people is increasingrhere is a
need for improving the methods used in the welfareand
healthcare to be able to threat the patients withtte same or
even less amount of nursing staff than nowadays. Apting
wireless technology into the medical sector is omtential way
to improve the methods. Having a vest of wirelessessors on
the patient’s body would enable not only online mesaurements
of physiological parameters such as heart rate, bgd
temperature or even electrocardiograph (ECG) but ao free
mobility of the patients, yet another factor to impove the
recovery process. In this paper, ultra wideband (UVB)
simulations according to the IEEE 802.15.4a are psented with
wireless body area network (WBAN) channel models nasured
in a real hospital environment in Oulu, Finland.

. INTRODUCTION

A picture of the future is that a wireless medical

environment is utilized in different surrounding¥hether it
is a hospital room, a bedroom at home or an ambelahe
basic idea is the same. There is a wireless serewrork

measuring physiological parameters of a human bo
transmitting the measured data to an access poiatdlose

proximity of the body and from the access point dla¢a is

forwarded through different media like wireless dbarea
network (WLAN) to a database which is accessed Hey t
nursing staff, doctors and nurses. The most impbaapects

are that executing the measurements with wirelgagpment

is simpler and easier, it can be done online ang

measurements allow patients to perform everydaystike
going to a bathroom or getting a cold drink frorfridge, not
to mention that all the information would be avii&afor a

nursing staff in real time. For medical staff thiseans
savings in working time from writing down measurerne
results or doing the different measurements by sitmactual
nursing [1]. For patients it means shorter andegasicovery

periods since it is possible to do wireless measargs

enabling free mobility which is desired in the moases of

healing processes. In addition to both of thesenew
technology can help cutting down the increasingscosthe
healthcare sector.

As a technology for WBAN, UWB provides many

advantages over the other techniques, like BluktddivB
has a low emission power level which means a laaitpty

when working on a close proximity of a human bodyvB
transmission can be on a baseband frequency. Tégassmot
only simpler and lower-cost receivers since therad need
for up- or down conversion of the signal but alagilsgs in
the power consumption. [2]

UWB propagation channel studies have been performed
in the recent years [3-5] and it has been proved the
channel characteristics are different when thestrassion is
effected by a human body. With its complex shapd an
different tissues each with different permittivitgs an impact
on the propagation. Also the environment effects thWB
propagation in WBAN [6-7]. UWB simulations carriexit
earlier are not based on any standard and the \W424N
channel models are not specified in a real medical
environment. [8]

In this paper we are concentrating on UWB simuretio
according to the IEEE 802.15.4a standard for lote-ra
wireless personal area networks [9]. The aim walsuitd a

WB simulator according to a known standard to ble &

Ompare different channel models and environm&WsAN
is a part of the wireless personal area networkthackfore
IEEE 802.15.4a is suitable for the UWB WBAN simigdas.
Another reason is that the IEEE 802.15.6 [11] f@BAMN has
not been published yet, though the channel modeit fwas
published in spring 2009 [12]. The measurementitef] in
A real hospital environment are being used hee \ABAN
channel model when analyzing the results in differespital
environments between different types of receivenichvcan
be implemented according to the IEEE 802.15.4a.itAwaidl
white Gaussian noise (AWGN) results are used
verification as reference results.

for

Il.  SYSTEM MODEL

The simulator has been implemented in Métlab time
domain. It follows strictly the IEEE 802.15.4a gdard
requirements being an impulse radio signaling bas&B
transceiver [9]. The transmitted UWB waveform dgrithe
K" symbol intervatan be expressed as [9]

x(k)(t) — [1 — Zgik) ] Z:i};b [1 - an"’chpb] X

p(t - g((]k)TBPM - h(k)Tburst - nTc) (1)



Wheregék) is a position modulated bit arg{k) is a phase
modulated bit. Sequencsggm\,Cpb €{0,1}, n=0, 1, ...,Nepp
—1 is the scrambling code used in Kiénterval anch® is the
K" burst hopping position also defined by the scramip(t)
is the transmitted pulse waveform at the antenpatjgpy
is the half length of a symbol defining the positiof the
burst in the symbolT},,.s: is the length of a burst arf[g is
the length of a pulse. The structure of a symbptésented in
Fig. 1. [9]
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Figure 1. Structure of one UWB symbol in IEEE 8@24h.

According to the standard, the position modulati¢sl dre
always information bits and phase modulated bitaimdant
convolutional parity bits. With this modulation stture the
information bits can be received by both coheremt aon-
coherent receivers. However, the coherent recaigartake
the advantage from the convolutional encoding tprowe its
performance. Both receivers use Reed-Solomon coding
Reed-Solomon encoded parity check bits are alwaggipn
modulated, therefore visible for both types of theeivers.

(9]

Thek" received symbol can be written as [10]

r® (&) = x® () « h() + n(t) )
where x¥(t) is a transmitted signal as in (1)(t) is the
channel impulse response, “*” states convolutiod aft) is
a white Gaussian noise.

In this paper, three different types of receivers a

studied.

In non-coherent receiver, the comparison of thelaibs
values defines which position modulated binary nerias
been received

(k) | (4)

[
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ie., if vék) is bigger thanvl(k), the received bit is “0".
Otherwise it is “1”. Note that, since the transmiittsignal is

also phase modulated, the detection of the position
modulated bit has to be done in non-coherent manner

The Viterbi decoder gets as an input the secgal of bits
obtained by both position and phase modulated Bite
phase modulated bits are obtained by taking thesketion
output described in (3) according to the burst twsi
detected by using (4). The phase detection canritiemas

©)
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vék),vl(k)io
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If the correlation output is bigger than zero thbage
detected bit is “1”, otherwise it's “0”.

In ED, the received signal is first passedtlgh a band-
pass filter (BPF) in order to reduce the noise badiih.
Assuming that the BPF won't cause distortion tordeeived
signal, the decision variable for the position matian can
be written as

w = [Fer)? dt,i=0,1 (6)
The decision on the received bit is based on tmepemison

between the decision variable and is expressed as

w2

nqn
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For the ED, the integration time is defingdthe length
of the transmitted burst length. Due to channet¢af and
un-optimized integration times at the receiver,t gar the

« A coherent receiver, presenting here a referen88€r9Y of the signal is lost. Therefore in WBAN ichel, the

receiver with the best possible performance.

performance of the energy detector is expected @¢o b

« A binary orthogonal non-coherent receiver with angomewhat worse than it could be.

without convolutional channel coding.
* An energy detector (ED).

Coherent detection is expressed as

17{(1‘5)

_ sz+nTc r(t —tw(t)dr,i=0,1 3)

Nncp

wherew(t) = $," ([1 = 2ssin,, ] ) X P(E = 1T * h(E)
, s = k2Tgpm+iTgpm + RO Tyurse @and T is the length of one

pulse. Executingv(t) like this performs an all-rake receive

collecting all the possible multipath components thé
transmitted signal.

A. WBAN channel model

WBAN channel model used in the simulations is basethe
UWB measurement campaign in a real hospital enmieort
in Oulu, Finland [6]. Inside the hospital, diffeten
surroundings were measured and were also simuiated
Environment can be a regular hospital room, a halspi
corridor or a surgery room. Position means thantieasured
patient is either lying down on a bed (or on a sgygable) or
standing. For a link, there are two options: link & a link

rbetween a sensor node in the middle of the tordaassensor

node on the left wrist. Link A2 is a link betweensansor



node on the left side of a torso and on top of a meters '
height pole located two meters away from the pergjn

Symbeol Rate=7.80 MHz

B. Smulations 1

10 Symbol Rate=0.12:MHz

Signal-to-noise ratioHy/Np) is used to present the results =
whereE, states energy of one bit, i.e., energy measured o\ e . .
one burstE,, whether only one pulse (2 ns) or 512 pulses, w° \ : \(
always normalized to ondy, is a zero mean Gaussian noise 3 Lo Y \
In all the simulations, FObits per oneE,/N, value were 5 A Y \
simulated. All different hospital scenarios, diffat symbol & w* ﬁ; AL ! B
rates and number of userbl,{) were covered. Different i S {
symbol rates anblyq, values can be seen in Table 1 [9]. . | )
- - - Allthe different data rates \ symbol Rate1s. 600z & \
Table 1. Simulations parameters. i i
Number of Symbol rate (MHz) Pulses (2ns) per burst '\\ o \
users . ‘3“ nergy Defection
Nhop =2 0.12 Ncpb:512 10 'Jl —— Binary Orthogonal Non-Coherent Position Detection
0.98 Ncpb: 64 5| —— Reference Coherent Detection
7' 80 NCpb:S Non-Coherent Position with Convolutional coding
3120 NCpbzz 10750 2 4 6 8 10 12 14 16 18 20
Nhop = 8 0.12 Nept=128 E/N,dB]
0.98 Nep=16 Figure 2. Different symbol rates in AWGN channel.
7.80 Nepr=2
15.60 Nep=1 In light blue and purple curves, the position matioh is
Noop = 32 012 Nepr=32 non-coherently detected. In the purple curve, otig
0.98 Nepi=4 position of the burst is being detected accordmd3) and
1.95 Nepi=2 (4). Light blue curve includes convolutional codiwhich is
3.90 Nep=1 added in the phase of a burst and detected coherent

e . . . Coherent and the binary orthogonal non-coherent
Verification of the simulations was done by comipgr getections in AWGN channel on the other hand are no
the reference bit error rate (BER) curve withourael jnfiyenced by the differences in the burst lengffte results

coding with the theoretical antipodal bit error Ipability 5re the same and independent of the burst duration.
curve. The curves were identical. In binary orthmgonon-

coherent detection without channel coding, theediffice to ~ Adding the convolutional coding and decoding it fwit
the theoretical antipodal bit error probability eeiis 4 dB. In Viterbi algorithm can improve the binary orthogomain-
the simulations, using decision variables from gdye the coherent detection approximately 2 dB.

same result. B. WBAN
[ll.  RESULT COMPARISON Fig. 3 shows the difference in performance in AWGN
A AWGN and WBAN channel models wheN,,, and symbol rate

arameters are 8 and 0.98 MHz, respectively. Fighaws
e results with different symbol rates whisiy,, = 8. In
WBAN channel model, the environment is a regulasgital
room, the measured patient was lying down on aiteddped

Fig. 2 presents the simulation results in an AWG
channel. Red curves are coherent reference restiish
without a channel coding were used to verificatiorthe red
curves the position modulated bit is assumed tinlogvn and

g ; d link is A1, from the middle of a torso to tledt hwrist.
only the phase modulated bit is detected as ira8) (5). In an e .
Fig. 2 Nho, = 8 and all four possible symbol rates were The difference in performance between AWGN and

simulated (Table 1). WBAN is 4-5 dB in both coherent and non-coherent
he bl ) b fED. Th detection. In energy detection the difference isean@-8 dB.

The blue curves in Fig. 2 are bit error rates ef D. The As explained before, both coherent and non-coherent
differences in the blue curves are due to the vecstructure. detectign benefit of the all-rake receiver. ED ¢ other
The received signal samples are first squared @@t t5nq “suffers” because the channel effects arereghat the
mtegrlated, a? presente?j 'rr: (Gr)l' Therefore.zaljlzo rtblie receiver, i.e., integration times of the bursts aret
samples are first squared thus having more infleerc the N, [ :
resuIF;s s the burgt length increasgs Witg, = 8 and optimized and part of the energy of the burst &.1o

. b : \
symbol rate 0.12 MHz ED has 7-8 dB worse perforreanc _In. Fig. 4, W'th. WBAN channel quel, there are
than the purple curves of the non-coherent deteetioich is variations among different symbol rates in the cehtty
not influenced of the increased burst length. Foniml rate and non-coherently detected curves, in contranpéGN
15.60 MHz, being a pulse position modulated sigiiable channel model. Now longer bursts perform abouto?2.5 dB
1), the difference to non-coherently detectedss than 1 dB. 22“(’-59(; lt;ﬁ”)the two shorter bursts (symbol rateVit& and
. 2).
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models were used, AWGN as for verification and a
reference, and WBAN channel model to see how a low-
complexity and low power receivers would performeaineal
hospital environment.

Comparison of an ED, a non-coherent deteatat a
coherent detector was performed. Results show
approximately 2 dB gain in a non-coherent case when
convolutional coding is used. ED seems to perform,
depending on the symbol rate, 2-7 dB worse thamtire
coherent detector.

These results apply when there is a samesrtrizsion,
and the detection of the signal is done coheremtlyion-
coherently still retaining the same information. eTh
difference between non-coherent detection with w&itdout
convolutional coding is around 2 dB. Without the
convolutional coding both the transmitter and tkeeeiver
would be simpler and thus cheaper still remainiingoat the

Figure 3. Performance in AWGN and WBAN channedame performance.

models.

For ED, the influence is inversed. The perfance of
different length of bursts is getting closer to leather, the
slowest symbol rate still being the worst with thest noise
influencing. The advantage of the longer burstSMBAN
channel is due to the integration time. Since tiiegration
time is not optimized at the receiver, the promortdf the
lost energy of shorter bursts is bigger than wita tonger
bursts

Symbol Rate =0.12 MHz

—Energy Detection

—— Binary Orthogonal Non-Coherent Position Detection

—Reference Coherent Detection

T

Non-Coherent Position with Convolutional coding S
% Symbol Rate = 0.98 MHz
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Figure 4. Performance of different symbol rate§MBAN
channel.

IV. CONCLUSIONS

The results show performance of the systems begioraling
to the

IEEE 802.15.4a standard. Two different clehnn
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