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Abstract— Advanced wireless technologies are rising
our hopes to meet the demands in health and
communication. After 3G, the new orthogonal FDM
(OFDM) is bringing new facility in terms of secured
data transmission over a network without multipath
fading. Biomedical data which are generally bulky
and need a very reliable and efficient data
communication network can wuse this technique
without failure, thus meeting our goal to develop an
advanced WHMS  enabled society.  Recently,
orthogonal frequency-division multiplexing (OFDM) is
being widely used as a means of data
communication. OFDM system is capable of error
free, high speed wireless transmission with almost
zero Inter-symbol interference. Here, we present a
way to design an OFDM network using
TMS320C6713 DSK and provide a way to
implement UART wusing McBSP and ER900TRS
transceiver. In this paper we also analyze the
performance of  different  codes used in
code-division-multiple-access (CDMA) system.  The
performance of the system is evaluated using
experimental data obtained from the design and
implementation on Texas Instrument’s TMS320C6713
DSK kit.

Index Terms —
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I. INTRODUCTION

Industrialists and researchers from wireless
communication domain are presently showing interest in
Wireless Health Monitoring Systems (WHMSs) which
promises huge contribution to the welfare of the society.
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Development of such devices, which are commercially
viable and reliable for wireless data transmission by

reducing bit-error rate and inter-symbol interference (ISI),
is a big challenge in order to meet the world’s
increasingly aging population. For example, one third or
more of the 78 million baby boomers and 34 million of
their parents may be at the risk of the development of
fatal diseases including cardiovascular diseases, stroke and
cancer [1]. An important prediction made by the medical
experts, regarding pre-symptomatic testing, states that it
can prevent millions of lives and cost in the coming
decades. These have made the following features
paramount of wearable health monitoring technologies:
(1) detection of early signs of health deterioration; (2)
notification to health care providers in critical
situations; (3) connectivity with loved ones by sharing

real-time raw or interpreted physiological data; (4)
correlation between lifestyle and health; (5) sports
conditioning into a new dimension, by providing

detailed information about physiological signals under
various exercise conditions; (6) healthcare to remote
locations and developing countries, where cellular phones
are pervasive and in some cases the only available
communications device; and ultimately (7) connecting
doctors with multi-sourced, real-time physiological data.
However, in order to make these wearable devices
practical, a series of technical, legal and sociological
obstacles need to be overcome. For example, these
devices need to be non-intrusive, comfortable to wear,
efficient in power consumption, preserve privacy and have
a user-friendly interface. They would also need to have
very low failure rate and highly accurate alarm triggers,
especially if used for diagnostic purposes.

I1. RELATED WORKS AND WHMS ARCHITECTURE
In the year 2005, a very impressive product, HealthGear,
was launched. HealthGear is a wearable real-time
monitoring device consisting of a set of physiological
sensors connected via Bluetooth to a Bluetooth-enabled
cell phone. HealthGear can monitor and analyze the
user’s blood oxygen level (SpO2), heart rate and
plethysmographic signal in a light-weight fashion. There
are sophisticated watches available today which provide
real-time heart rate information and let users store and
analyze their data on their home PCs [2], [3]. Another
armband has been developed by Bodymedia, that has
multiple sensors (galvanic skin response, skin and
near-body temperature, two-axis accelerometer and heat
flux) to continuously collect physiological data for few
days at a time[4]. It can deliver different information, such
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as energy expenditure, duration of physical activity,
number of steps, etc. However, such products can analyze
the physiological data in home PC. In the medical
domain, there are numerous projects for tele-monitoring
physiological data running throughout the world [5].
Traditionally, personal medical monitoring systems, such
as Holter monitors, have been used to collect data for
off-line processing. Systems with multiple sensors for
physical rehabilitation typically feature many wires
between the electrodes and the monitoring system. These
wires limit a patient’s activity and level of comfort, thus
potentially affecting the reliability of the measured results.
Therefore, there has been an increasing interest in health
monitoring in the wearable computing community. Martin
et al discuss in [6] issues surrounding wearable computers
used for health monitoring where the devices provide a
real-time feedback to the patient. To be very specific, it
is a wearable ECG device. A Bluetooth-enabled health
monitoring system is described in [7], where the authors
present a PDA-based ECG monitoring system with the
sensors embedded in a shirt. The analysis of the data
would be done in a central computer. A wearable
health-monitoring device using a Personal Area Network
(PAN) or Body Area Network (BAN) could be integrated
into a user’s clothing [8], as given in Foster-Miller’s
health monitoring garment for soldiers [9]. Paradiso
describes quite preliminary work on the WEALTHY
system, a garment with embedded ECG sensors for
continuous cardiac monitoring [10]. Jovanov et al present
in [11] a wireless BAN with motion sensors for
computer-assisted physical rehabilitation and ambulatory
monitoring. Husemann et al propose a Personal Area Hub
to manage interactions between wearable devices and act
as a proxy for these devices [12]. The authors have
developed architecture for logging and subscribing to
events occurring in the system and have implemented it

3" Tier Kiosk

0.

ldentity
Module

on a Sony Ericsson P900 smart phone. Their test bed is a
health care application for tracking patient compliance in
taking blood pressure medication. In the area of wireless
sensor networks, the MobiHealth European project aims
to provide continuous monitoring of patients outside the
hospital environment by developing the concept of a
3G-enabled BAN [13]. CodeBlue is a wireless
infrastructure intended for deployment in emergency
medical care, integrating low-power wireless vital sign
sensors, PDAs and PCs. Some of their research interests
include the integration of medical sensors with
low-power wireless networks, wireless ad-hoc routing
protocols and adaptive resource management [14]. AMON
system [15] is another wearable (wrist-worn) device for
medical monitoring and alert system targeting high-risk
cardiac/respiratory  patients. The  system includes
continuous collection and evaluation of multiple vital
signs (blood pressure, SpO2, one lead ECG and two-axis
accelerometer), multi-parameter ~ medical  emergency
detection (via a rule-based approach with some
heuristics) and cellular connection to a medical centre.

This paper describes a wearable health
monitoring system linked with a network which is
composed of different tier kiosks and network hospitals.
The nextsection briefs the architecture of 1% tierand 2™
tier kiosks followed by a typical biomedical data
transmitted over the network. Section Il gives an
overview of OFDM communication technique with
different coding techniques: a) Walsh code and Gold
code. Finally, graphs obtained for different coding
techniques in TMS320C6713 DSP platform are shown
that differentiate the two coding technique.Fig.1 and Fig.2
provide a complete architecture of a WHMS network and
typical EMG signal as a reference of biomedical signal,
respectively.

2" Tier Kiosk 1% Tier Kiosk

Fig. 1 A Three- level Kiosks Architecture Forming a WHMS Network

ISBN: 978-988-17012-9-9
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

WCE 2010



Proceedings of the World Congress on Engineering 2010 Vol I
WCE 2010, June 30 - July 2, 2010, London, U.K.

X:15.42

X:10.28 ¥:0.2602 "7 B RS

Power (log scaled)

20 25

frequency (Hz)

Fig. 2 Typical EMG Signal Transmitted from a Patient body over OFDM Network

I11. OFDM AND DIFFERENT CODING TECHNIQUES

Orthogonal FDM's (OFDM) spread spectrum technique
distributes data over a large number of carriers that are
spaced at precise frequencies. This spacing provides
the "orthogonality" in this technique, which prevents
the demodulators from detecting frequencies other
than their own. OFDM provides high spectral
efficiency and low multi-path distortion. This is useful
because in a typical terrestrial broadcasting scenario,
there are multipath-channels (i.e. the transmitted signal
arrives at the receiver using various paths of different
length ). Since , multiple versions of the signal interfere
with each other, it becomes very difficult to extract the
original information. OFDM exhibits lower multi-path
distortion (delay spread) due to sending of the high
speed composite’s “sub-signals” at lower data rates.
The lower data rate transmission  ensures  that
multi-path-based delays are not nearly as significant as
they would be with a single channel high rate system.
In OFDM, the sub-carrier pulse used for transmission
is chosen to be rectangular. However, for an OFDM
system to work in this way, the receiver and the
transmitter must be perfectly synchronized and there
should be no multipath fading.

A. WALSH CODE
Walsh code is an orthogonal code, used to generate
statistically unique set of numbers which are used in
encryption and cellular communications. These are the
backbone of CDMA systems and are used to develop
individual channels in CDMA. The correlation of two
walsh codes is zero i.e. each Walsh encoded signal has
zero interference with other encoded signals.

Walsh codes are easy to generate and are deduced
using Walsh-Hadamard matrix. The general form of a
Walsh matrix is given below:

)= ) M| - e e

Every Hadamard matrix has the following properties-
1) It is a square symmetric matrix of size 2" by 2".
2) Each row in the matrix is a Walsh code.

Walsh code provides excellent orthogonality for
coding purpose. Here we describe the methods for
coding and decoding a data using walsh code.
Coding: -

1) Suppose user A has to transmit (1 1 0 1) and user B has
to transmit (1 0 1 1).

2) Let the unique walsh code foruser A be (1 -1) and
that for user B be (1 1). For user A, for each 1 inthe
message sequence, code (1 -1) is transmitted and
for each 0 in the message sequence, code (-1 1)
gets transmitted. For user B, for each 1 in the
message sequence, code (1 1) is transmitted and
for each 0 in the message sequence, code (-1 -1)
gets transmitted.

3) The encoded signal is thus given by,

E = signal*code.
For user A itis

1101)*(1-1) ie{(1-1),(1-1),(-12),(1-1)}

and for user B we have

1011*11)ie{(11),(-1-1),11),@12 1}
4) The transmitted signals for both the users are,

A=(1-11-1-111-1),B=(11-1-11111).

Decoding: -
The signals being transmitted for user A and B, being
orthogonal to each other, can be decoded using it’s
own unique code only. Below is the procedure for
decoding the transmitted signals.
Decoding Process :-
1) The data transmitted is
A= ((1’ '1)’ (1! '1)! ('1! 1)! (1! '1)) .
2) Now, this will be combined with the walsh code
of A and that of B.
3)Using the walsh code (1, -1) of user A, we get,
decoded signal as,
= ((11 '1)1 (1, '1), ('11 1)! (1! '1)) * (1! '1)
= ((1+1), (1+1), (-1-1), (1+1))
=(2,2,-2,2) ie (1,1,0,1)
which is the data transmitted by user A.
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4) Using walsh code (1, 1) of user B, we get,
decoded signal = ((1, -1), (1, -1), (-1, 1), (1,- 1)) * (1,
1)
=((1-1),(1-1),(-1+1),(1-1))
=(0,0,0,0). Thus user B detects no signal.
Now we consider a situation where two users A and B
transmit at the same time. In this case, interference
between two may arise. To get the original signal, each
transmitted waveform is multiplied with it’s own
unique Walsh code.
1) A and B interferes to give
A+B=(200-20220).
2) This pattern is then combined using the unique code
for each user i.e.

Decoded signal = (A +B) * (Walsh code)

Thus, for A, we get the decoded signal as,
= ((2 ’ O), (O, -2), (0, 2), (21 O)) * (1! '1)
=((2+0),(0+2),(0-2),(2+0))
=(2,2,-2,2).

And for B, we get, decoded signal =
= ((21 0)1 (01 -2)1 (01 2)1 (21 0)) * (11 1)
=((2+0),(0-2),(0+2),(2+0))
=(2,-2,2,2).

For decoding purpose, we take all the values greater

than binary 0 as 1, and those less than binary 0 as 0.

3) Thus, finally we get
A=(,101) and B = (1,0,1,1).

The original signal is spread in the frequency spectrum

using walsh code. This reduces the intersymbolic

interference and also makes CDMA more robust.

B. GOLD CODE

Gold codes are non-orthogonal codes which are widely

used in communication system. To generate a gold code

we use a simple counter here. The order of the counter

depends upon the number of users available i.e. for a

counter of order eight, 256 different codes can be

generated. Gold codes generate direct sequence
spread spectrum, thus increasing the SNR of the
signal.

Encoding:

1) The programme is implemented using Code

Composer studio software and the DSK Kkit.

2) The message (M) to be transmitted is taken as the
user input.

3) 9’s complement of the message (M9) is calculated .

4) 9’s complement of the Gold sequence (G9) for that
user is calculated.

5) M9 and G9 are bitwise added. The carry bit is dis-

carded.

6) The final sequence is the encoded signal (D) to be

transmitted.

Decoding:

1)9’s complement of D is calculated (D9). D9 and G9
are again bitwise added to get back the original
transmitted data.

The procedure is explained below with the help of

an example.

Encoding: Let the message signal be M1 =36784531.
Let the gold code sequence G1 =11001011. Finding
9’s complement of message signal, M9 = (99999999 —
36784531) = 63215468. Finding 9’s complement of
Gold code, G9=(99999999 - 11001011) = 88998988.
Now, we do the bitwise addition of M9 and G9 to get
41103356.

Decoding of the encoded data: 9’s complement of the
data obtained, D9 = (99999999 - 41103356) =
58896643. D9 and G9 are bitwise added to get
36784521, which is similar to the original transmitted
message.

IV. RESULTS

Fig.3Walsh code encode data (input and output)

Fig.4 FFT of walsh code encoded data
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Fig.5Encoded data using Gold code
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V. CONCLUSION

Body-area-network development with high
resolution sensor demands the availability of high end
processors along with being cost effective. With
advancements in technology this is becoming a reality
day by day. Today replacement or repair of wearable
devices can be provided as a service to the customers.
Still, this communication technique for WHMS needs
some infrastructural support for rural development.
Study on 4G mobile communication and its
compatibility with lower generations can provide good
results to the world of technically advanced society.
However, proprietary data formats prevent users from
consolidating and correlating health monitoring data
from different devices. This problem can be avoided by
logging transmitted data from different sensor sources
with a universal format. After all, the principle aim of
such initiative is to build a modern society having an
any-time health care facility.
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