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Abstract: Nowadays, there i3 a significant improvement in technology regarding healthcare. Real-time
monitoring systems improve the quality of life of patients as well as the performance of hospitals and
healthcare centers. In this paper, we present an implementation of a desipned framework of a telemetry
system using ZigBee technology for automatic and real-time momtoring of Biomedical signals These
signals are collected and processed using 2-tiered subsystems. The first subsystem is the mobile device
which is carried on the body and runs & number of biosensors. The second subsystem perform s further
processing by a local base station using the rew data which is transmitted on-request by the mobile
device. The processed data as well as its analysis are then continuously monitored and diapgnosed through
& hum an-m achine interface. The system should possess low power consumption, low cost and advanced
configuration possibilities. This paper accelerates the digital convergence age through continual research
and development of technologies related to healthcare.

Keywords: Vital signs, ZigBee, Autonomous healthcare, Adaptive architecture, Relisble and secure
data transmitssion

1. Introduction

Mum erous wireless personal arena network (WPAN)
technologies have grown sigmficantly fuelling the
interest for applications such as health monitoring,
smart homes, and industrial control. ZigBee 15 the first
industrial standard WPAN technology that provides
short-range, low-power, and secured communication

*Come ing author’s e-mail: la sgu.edu.om
Spo |

(EigBee Alliance Document, 2004). Also, it supports
mesh networking and multi-hopping. It is 8 new wire-
less network protocol stack of IEEE B02.15 4 for use
in industrial equipm ent and home appliances in order
to take 1n multi-type, multi-point sensor information
(Hidetoshi and Hirceki, 20068). While many smart
home application areas such as lighting, security, and
climate control have been suggested using the ZigHee
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standard, health-care applications have not received
much attention despite their importance and high-
value added.

One of the most promising applications of sensor
networks 15 for hum an health monitoring (F arshel, of
al. 20068). A number of iny wireless sensors, strateg-
cally placed on the hum an body, create a wireless body
area network that can m omtor various vital signs, pro-
viding real-tim e feedback to the user and medical per-
sonnel. The wireless body area networks promise to
revolutionize health momtoring However, designers
of such system s face a number of challenging tasks, as
they need to address often gquite conflicting recuire-
ments for size, operating time, precision, and reliabili-
ty.

& biotelemetry system iz infact one type of teleme-
try systems where the desired data which is to be col-
lected is a living organism's basic physiological fune-
tions. Such data would be body temperature, blood
pressure, heart rate, electrocardiogram (ECG) and
electroencephalogram (EEG) (Kang ef al. 2006).

Monitoring by telem etry has some advantages over
traditional momtoring especially for patients who do
not have to stay in their beds but nevertheless must be
momttored contimuously. It improves the quality of life
of patients, doctor-patient efficiency, decreases patient
discomfort and extends the reach of health care.
Traditionally, the sensors along with the monitorng
umit are attached to the patient by wires which results
in restricting the movement of the patient. In addition,
whenever the patient needs to be moved, all monitor-
ing devices have to be moved as well, which means
they should be disconnected and then reconnected.
Thiz brings overheads, time consumption and job
redundancy.

Our aim is to develop a reliable multipurpose pro-
totype solution of a wireless communication system
for real-time biosignels monitoring with secure trans-
mission capability. This solution should provide all the
above-mentioned functionalities to prove the feasibili-
ty of the integration of the whole system in a compact
system-on-chip (30C) (Jovanov et al. 2000, Toral et
al. 2001 and Bracke ef al. 2007). With such a genenc
fully progremmable IC, the cost-effective develop-
ment of biomedical devices for different applications
in the field of homecare and emergency comes within
reach (Van Helleputte et al . 2007). In the first phase,
we desciibe both the im plem entation of the acquasibon
prototype with wireless transmission capability (short-
range ZigHee module); and the tool of real-ttme acqui-
sition, processing, storage and visualization in the bage
station umt.

The outline of thus paper 15 as follows: section 2
describes the system overall architecture and design
In section 3, we describe the system co-design and

implem entation. Experimental results and final proto-
type are described in section 4, while section § con-
cludes the paper.

2. System Owverall Architecture and Design

2.1 System Analysis

The proposed design has many interesting techm-
cal features such as large versatility (Micro-controller
embedded system), efficient power meanagement
(power saving techmigue), pulsed measurement mode
concept, embedded interface with & dot matrix sensors
(front-end), on request addressable sensor node
(polling mode), selectable data refreshment time, in-
situ wireless data programming and upgrading (boot-
loader technique), bidirectional data link (half duplex
with reverse telemetiy).

A FigBee HF Module has been selected to meet
IEEE 202.15.4 standards and the I3M 2.4 GHz fre-
guency band. XBee RF Module complies with Part 15
of the FCC rules and regulations (Product Manual
vl xAx by MaxBtream, Inc). It supports the unigue
need of low-cost, low-power wireless sensor net
wotks The module requires mimimal power and pro-
vides reliable delivery of data between devices. Itisa
short range technology that allows secure and robust
commuications. The use of radio device, capable to
transfer data over a range of up to 100 meters outdoo:-
line of sight and up to 30 meters indoor-whan, iz well
recommended.

Ag user interface, & windows APL (Application
Programming Interface) application was developed
with high level design software for graphical user
interface development.

The overriding challenge in developing such a
biotelem etry system is to keep it small in size and eco-
nomical in energy consumption but with a high flexi-
bality in term s of various measurem ent types as well as
the ease of use. To overcome these constraints a basic
architecture has been designed with an embedded
MCU core which is not vanable (hardware architec-
ture) in all measurem ent types.

The block diagram of the designed system is shown
in Figl as a prototype. It conssts of two main parts:
the patient side (upper part of Fig.l) and the Testbed's
side (lower part of Fig. 1}

2.2 Pafient Side: Sensors and Signal Conditi-
oning

The designed arclutecture has the mimmum regu-
sites of an autonom ous system: a dot matnx mult-sen-
sors array, an intelligent pow er saving and supervision,
an embedded microcontroller and a serial communica-
tions block for the two-way transmission of data (full-
duplex) through & ZigBee RF transceiver module. The
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Figure 1. Overallbleck diagram of the acquiring chain

latter allows the MCU to receive instructions, mem oy
program upgrade and gather inform ation from request-
ed sensors (polling mode).

Microchip's PIC18F4550 Microcontroller is select-
ed because it has an On-chip FLABH Program
Memory with In-3ystem Programming (ISF) which
makes it flexible and easy to upgrade. It is an 8-t
RIZC (Reduced Instruction S et C omputer) cirewit with
8 ADC converters, 3 timers, serial TART (Universal
Asynchronous Recerver Transmaitter) and an enhanced
U3B interface working with a clock frequency up to
20 MHz. Its internally implem ented BISC architecture
gives an instructon runtime between 30 and 200 ns
depending on the chosen oscillator

The dot matrix sensors array contains several sen-
sors, which can sense one or more physical guantties.
The addressable sensor interface chip provides the
address, the amplification and analog-to-digital con-
version of the sensed signal. It containg an analog mul-
tiplexer, a programmable analog front-end and a ten
bits analog to digital converter. It makes the sensor
interface chip a versatile component, which can be
programmed at any time. [t offers also, options for
intelligent power management. Indeed, all channels
which are not in use can be switched off individually.
Thus, the microcontroller is dealing with the following
tasks:

It controls the sensor interface chip and provides its
settings, such as the configuration of the readout elec-
tronics like sensor address and analog front-end con-
figuration as well as sensor-specific software routines.

It gathers the data coming from the sensor interface
chip and stores it in & memory.

It implements some smart compression algonthms

{base-band coder/decoder) to reduce the energy con-
smnption during data transmission

The bi-directional communication link sends the
sensor's data to the transceiver and provides the micro-
controller with new programming instructons. Hence,
the accuracy, the senstivity, the acqusition rate and
the data processing can be changed during operation,
which are necessary to adapt the system to the em-
romm ent changes and to com pensate for dift phenom-
E118.

2.3 Testbed's Protofype

The prototype performs all functionalities fized
above and conmsts of the Graphical User Interface
{GUD, USB interface, Microcontroller and ZigBee BF
Module.

The GUI is a windows tool with a user interface
that perform s dialogue with the patient sde subsystem
and offers a number of functionalities, such as signal
reception, visualization and storage

The heart of the Testbed is a microcontroller umit
MCU, which provides stored program control and data
handling and wireless bidirectional serial communica-
tion. APIC18F4550 isused as the same one embedded
in the patient side. It allows the communication and
the collection of sensed date from the MCTU in half-
duplex mode. Furthermore, it establishes communica-
tion as a bridge-link {gateway) between the PC's GUI
interface and the Testbed via U3E port.

The commumcation between the patient side sub-
system and the Testbed's sub-system 15 achieved via a
serial channel needing only the Tx/Ex lines which are
wirelessly transmitted.

Compared to previous designed systems in litera-
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ture (Bracke et al and Van Helleputte et al. 2007), the
proposed architecture presents some significant
advanced features such as: (1) an optimized read out
architecture for mult-channel subsystem (single con-
dittoming bloc for all distributed sensors), (2) & win-
dows APl graphical user inteiface, (3) a wide range of
programmable parameters (sensor category, sampling
frequency, data transfer bit rate, etc), (4) a real-time
physiclogical signals monitoring with selectable mode
(continuous, single and polling mode), etc (Bracke,
2007; Van Helleputte et al. 2007; Jimwen et al. 2008
and Feid B. Harrigzon ef al. 2007).

3. System Co-Design and Implem entation

The software development can be divided into two
levels:

1. Low level software associated to the microcon-
troller.

High level software for the applications in the
Base-3tation (Graphical User Interface).

%]

3.1 Firmware Inplementation (MCU)

The communication protocol between the external
unit (Testbed's subsystem) and the internal wvnit
(patient subsystem) can be depicted by the flow charts
illustrated in Fig. 2 and Fig 3. Both microcontrollers'
program s have been structured into two parts as shown
inFig 4

1. Main program: It configures the MCU settings
and stands-by waiting for interrupt event

%]

Intermupt subroutine: Itis a program that runs only
when an interrupt event is arrived. Hence, 1t 15 not
usually activated and is brought into action only
by a predetermined intermupt event.

The Testbed's MCU is the main component of the
whole acuning chain Indeed, it has two intermupt
vectors as shown in Fig 2:

(o) (o) (mos)

Enable UL Fag
IrrimerTupt

LE

Figure 2. Testhed's subsystem flow chart

1. One interrupt enabled when receiving an instruc-
tion from the base station through its incorporated
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Figure 3. Patient subsystem flow chart
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USB interface,

Another one enabled when recetving sensed data
wirelessly from the implant's MCU through its
wireless ZigBee based USART

(]

Once data flow is received from the implant's MCTU,
the Testbed's MCU starts executing the data storage,
computing and transmitting to the base station before
standing-by then once again watting for another acopu-
sition request.

The patient subsystem’s MCU has minimum tasks
to run. In fact, these tasks are limited at standing-ly
waiting for an intermupt sent wirelessly by the
Testbed's MCU through its USART. Once the instrue-
tions are recetved the implant's MCU decodes the next
incoming eight bits;, sends them to the address bus (to
multiplex the requested sensor); and gathers the dig-
tized-recorded data for being sent to the outside
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(polling mode) and stands-by again waiting for anoth-
er request.

Aswe can note, the Patient subsystem's MCU has
a limited number of executed instructions which
reduces power consumption. To save pow er further the
MCU's runming time 15 mimmized which reduced, in
congequence, the power consumption. The crucial idea
is to refine the firmware implem ented into the MCT to
petform the Patient subsystem's flow chert depicted in
Fig. 3

Once the firmware 15 optimized under co-design
CAD Tools, its implementation i1s performed. Based
on bootloader techmque, one major advantage of our
system 15 the wireless upgrads mem ory program of the
patient subsystem's MCU (wireless bootloader pro-
gramming) and the testbed's MCU (wired bootloader
programiming).

Figuwre 5 shows the progrem memory cartography
comparison of the classic techmque and the bootloader
techiigque of firmware implem entation methodologies
In order to launch the bootloader after each reset, a
"goto bootloader" instruction must exist withon the
first 4 instructions. Hence, when the MCU starts-up. it

] w |
] [
Srart itan
USER USER

Mam Frogram Man Frogram

= =
Empty space

Emply space
Without bootloader With bootloadsr
user code 15 m colored in green bootlcadercode 5 colored m

red

Figure 5. Pregram memory cartegraphy compari-
sion of the firm ware implementation
methodologies

boots to the bootloader code incorporated in the pro-
gram memory and fetches whether an upgrading
firmware is waiting for implem entation or not. This
fetch task takes roughly 30 seconds at each start-up
and directly the program counter (PC) jumps to the
Uger mMain program.

3.2 GUI Interface: Software Program and Moni
-toring
The implemented GUI Interface monitors the
acouited signals, receives the data, visualizes and
stores them when it is required. The application is
developed under LabVIEW platform with the follow-
ing functionalities:

Communication with Testbed board via U3E port.
Feal-time signal acquisition.

Signal visuslization.

Data storage.

* #* % #*

4. Experimental Results and Discussion

4.1 Evaluation Protolypes

According to the system architechwe mentioned
before, the specifications of all blocks can be deter-
mined by the requirement in healthcare monitonng
system . Our target here is mainly to show the function-
ality of such designed telem etry system rather than the
optimization in different aspects to be aligned with the
biomedical applications (in terms of type of sensors,
circuit size and post processing at the Testhed subays-
tem). We developed a multi-purpose acquiring chain,
(see Fig. 6), with the following feamres,

* Selectable power supply source: Bus power
(USB/RE23D) or external power.

*+ True 3V/3.3V CMOS compatible drive output and
TTL input.

*  Selectable communication port interface: USH,
parallel or serial port (FT232RL/FT245RL).

*  bull compatible microcontroller chip: PIC1IBERT /|
PIC18F4550 and DsPic30F3011 Microchip' micro-
controllers.

*  Selectable wireless communication data link
(UHF, ZigBee or WiFi EF modules) with micro-
controller through ansalogue transmission gate
(CD4066).

* 8 multiplexed channel sampling with 10 bit resolu-

tion (CD4051 1/8 analogue multiplexer).

10-bit microcontroller enhanced ADC converter.

* Programmable gain amplifier with microcontroller
through enalogue transmission gate (CD4086).

* Free Direct DLL driver installation

*

Drivers for these devices (FT232RL and FT245RL)
are provided by FTDI for verious operating systems.
Inthis design, a DLL driver for Windows/L abVIEW 1s
used. Bince U3B provides a single +5 V supply with a
current limit up to 500 mA, it is possible to use a USE
bus to power both designed prototypes.

The Patient subsystem's prototype was implem ent-
edin®5cm x 13 5cm, Fig 6 (1eff). It consists of the



37

The Journal of Engineering Research Fol 7 No. 2 (20100 32-39

programmable anelog front end the PICISF4350
microcontroller and the ZigBee wireless module. The
conditioming block includes: (1) the pressure (stramn
gauge), humidity and temperature sensors with respec-
tively 085 mV/P3I, 40mV/2%RH and 10mV/C as
analog cutput (we used these sensors for testng pus-
pose of the feasibility of the system), (2) the analog
multiplexer (CD4051 1/8 analogue multiplexer) and
(3) the rail-to-ral unipolar low power amplifier
(MCPE&00I).

The serial to USE interface and bidirectional wire-
less communication of the Testbed's evaluation proto-
type wasmmplementedin 9 Sem x 13 Scm (see Fig 6).
It consists of: (1) the USB-to-senal UART interface
(en USB20 full speed compatible FT232RL UAB to
Aerial converter chip from FTDI Ltd has been chosen
for its compatibility to the U3B protocol and availabil-
ity for Windows XP DLL driver file, furtherm ore 1t
provides an easy and cost-effective approach to trans-
ferring data between peripheral devices and a PC at up
to 1 Megabaud), (2} the PIC183F4550 microcontroller
and (3}  the ZigBee module
(www ftdichap com).

wireless

Figure 6. Evaluation hoeard (protatype)patient
sub system's (left) and testhed’s (right)

4.2 Experimental Results

Wireless telemetry, USB powering and data trans-
fer, data acquisition and real-time monitoring have
been carried out successfully. Figure 7 shows the user
interface (man-machine interface) developed under
LabVIEW, a wisual programming language from
Wational Instruments, allowing easy setlings of the
Virtual serial port, address sensor and sampling time.
The acquired signals are respectively: ambient humid-
ity (Plot 0}, ambient pressure (Plot 1) and hum an body
temperature (Plot 2}, The signals are recorded dunng
100 ms and visuahized through graphs in real-fime.

In order to evaluate the efficiency of the designed
acquiting chain, three different sensors were used to
measure the temperature, the humidity and the pres
sure related to the human body and the ambient air
The calibration of the three sensors was done and test-
ed to get accurate measurements. The pressure sensor
15 calibrated to get ambient atmosphenic pressure
which iz 1 bar, 14 5037744 P3I (Pounds per Square

Inch) or 105 Pascal. As shown in the acquiring graph
{(Fig. 7}, the pressure is too near the real value with an
accuracy of 1 P3IL
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Figure 7. Labk VIEW GUI interface

The temperature sensor is adjusted to get ambient
temperature and human body heat with accuracy of
0.5°C related to the senstivity of the chosen sensor.

The humidity sensor 15 funed to get ambient humid-
ity with accuracy of 2% RH as sensitowvity of the cho-
sen humidity sensor

The transmission operating range 15 measured for
dafferent transmithing power level as shown in Fig §.
The power level 15 varied from 0 dBm to -8dBm
through the firmware provided by the ZigBee mam-
facturer. [tis clear that the operating range is basically
limited by the sensitivity of the ZigHee receiver and
the buildings density (urban compactness).
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Figure 8. Measured eperating distance for differ-
ent power level

In the prototype system, a test was conducted to
evaluate the bat-error rate (BER) perfformance of the
wireless transmission versus the distance and scaledin
transmitting power level. The BEER indicates the relia-
bility of the channel For this purpose, 1 Megabits of
data were sent contimuously from the Patient subsys-
tem to the testbed prototype. A testing algorithm is
implemented into the testbed's MCU to check the
accuracy of the received bits compared to the random-
ly sent bits. The BEE versus the distance is depictedin
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Fig 9
increases as the distance mcreases. This was expected
since the transmitted signal 15 getting weak.

It can be seen clearly that the error rate
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Figure 9. BER measurement Vs distance scaled in
transmitting power level
Omngmal ECG signal
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Figure 10. Recorded ECG signal (a) original
receied signal, (b) filtered signal

Ag reliability of the channel we can choose an oper-
ating range around 5 meters which has a low BER
starting from 15.2 to 7578 per IMegabits, respective-
ly, to the power level starting from 1mWto 0158 mW.
A power level of 0.251 mW can be affordable with a
BER of 65.66 per I1Megabits. The choice of this low
power level with such acouracy (low BEER) represents
a compromise between power consumption and trans-
mission distance

For the real application, an ECG sensor was used

and its relative conditiomng block was implemented
After the signal has been received on the PC, it is
passed through a series of digital filters to remove
noise and further amplify the signel. The waveform in
Fig 10(a) shows the recorded ECG signal for a short
transmitting distance (to avoid transmission errors) by
our designed telem etry system, whale the waveform in
Fig. 10(b) shows the signal after amplification and
noise removal (the signal passes through an IIR
Butterworth lowpass filter). Its P, Q, B, 3 functions can
be used for ECG momtoring application. In-depth
design and implementation of post processing algo-
rithm s go beyond the scope of this paper, and are left
for future work.
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Conclusions

This paper describes animplementation of a teleme-
try monitoring system using ZigBee technologies and
embedded system . Asthe ZigHee was applied to com-
mumcation for monitoring, available feasbilities are
confirmed. The system possesseslow power consump-
tion, low cost and advanced configuration possibili-
ties, especially mobility on winng to remove the limi-
tation of traditional wired biomedical network sys-
tems. Its reliabality has been measwed and demon-
strated through experimental results related to the
BEE. measuwrement. Our fubare work is to customize
the hardware and software to fit the system within the
real-world environm ent as well as to elaborate further
in the design and implementation of post processing
algonithm s
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