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Abstract
The objective of the presented report focuses on the data acquisition of pressure 
and heart beat rates from external sensors over the TinyOS 2.x platform. This 
sensing application may be used in the e-health care field in order to sample the 
data information. The designed test-bed consists of several hardware devices, 
containing  an  MIB520CB  USB  interface  board,  two  MICAz  motes,  an 
MDA300CA data acquisition board and external sensors for the pressure and 
heart beat rate. The programming language is NesC,which is used to build ap-
plications under the TinyOS 2.x environment. Data information is sampled from 
the external sensors, and this is then realized by the mote via the on-board ADC 
channel. The values are then transferred from one mote to another over radio 
communication. Finally, the expected results are transmitted to the PC by using 
serial communication. The report also discusses the sensing outcomes in order 
to determine the practical usage of the sensor devices. This project represents a 
common sensing application in wireless sensor networks, demonstrating a small 
case within the e-health care monitoring system. In order to meet the specific 
demands and to save resources, the wireless sensor networks are widely used in 
various applications. The designed test-bed could be also deployed as a part of 
larger-scale wireless sensor networks in order to achieve the requirements in re-
lation to the sensing data information for further detailed use in future work.

Keywords: Sensing, TinyOS 2.x, MDA300CA, E-health, Wireless sensor net-
works 
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1 Introduction
In the introduction part, the following general aspects of the project will be de-
scribed.  

1.1 Background

With the widely used embedded operating system TinyOS [19], wireless sensor 
networks enable the challenge of limited resources to be met, even in relation to 
centric  concurrent applications and low power operations.  Nowadays,  an in-
creasing number of e-health care sensing applications are being made available 
to the public. For example, the wireless clinical monitoring system [1] has been 
developed in order to collect pulse and oxygen saturation readings from patients 
by using the patient's node, which integrates a TelosB mote with an OxiLink 
pulse-oximeter from Smiths Medical OEM. The additional relevant application 
example in the e-health field is the Medical Emergency Detection in Wireless 
Sensor Networks [2], which uses medical sensors (e.g. PulseOx, ECG, etc.) to 
record the patients' vital signs in order to detect any emergency issue in the hos-
pital.  Apart  from these two cases,  thousands of applications exist  which are 
used in both academic research and in daily life. Based on its application for an 
enormous number of applications, sensing appears to be the essential part for 
monitoring applications within the sensor-net field.

1.2 Problem description and motivation

Wireless sensor networks are generally built up from nodes, each of which is 
connected to one or more sensors in order to monitor physical and environment-
al conditions. In relation to the presented test-bed in this project, it consists of a 
base station [6], a MICAz mote [5], a MDA300CA sensor board [7] and the ex-
ternal sensors attached in order to obtain pressure and heart beat data informa-
tion. This sensing function is performed using the TinyOS platform.

This project represents a common sensing application used in monitoring sys-
tems, demonstrating a small part in the e-health care wireless sensor network. In 
order to meet the sensing demands and to save resources, wireless sensor net-
works are widely used in various monitoring applications. The designed test-
bed could be developed and deployed as part of a larger-scale wireless sensor 
network in order to attain the higher requirements with regards to sensing data 
information for further detailed use in future work.

1.3 Overall aim

The project's overall aim is to build a test-bed with a sensing data acquisition 
function by using the TinyOS platform. The acquired data information focuses 
on  the  pressure and heart  beat  rate  via  the  external  sensors  attached to  the 
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MDA300CA sensor  board.  During  the  sensing  period,  the  MICAz mote  re-
ceives packets from the MDA300CA data acquisition board. Then, the PC will 
periodically receive the data information by means of communication with the 
sensor node, and the results are then able to displayed on the monitor. The pro-
gramming code part for sensing application is written in NesC  [18] over the 
TinyOS 2.x version platform. The results obtained from this test-bed will be 
processed at a later stage in order to show the outcomes of the sensor devices. 
In  this  case,  the  HK-2000A Integrated  Pulse Sensor  [15] and MPXA6115A 
Pressure Sensor [17] are chosen in order to measure the heart beat rate and pres-
sure value respectively. After the measurement, the achieved data information 
will then be processed and analysed. The practical performance of the selected 
sensor devices will then discussed.

1.4 Scope

The function of test-bed mainly focuses on the sensing part for data acquisition 
by using the TinyOS 2.x platform. In order to be compatible with the latest re-
leased version of the embedded operating system TinyOS, the programming 
code written by NesC [18] aims to obtain the external sensors' data via the on-
board pins. This project represents a common sensing application used in mon-
itoring systems, demonstrating a small case in the e-health care wireless sensor 
network. The designed test-bed could be developed and deployed as a part of a 
larger-scale wireless sensor networks in order  to achieve the higher require-
ments with regards to the sensing data information for the further detailed use 
in future work.

1.5 Ethical aspects

The accuracy of the sensing result is essential when such an application is ap-
plied within the medical field. Since the sensing content mainly focuses on the 
vital signs, this data information may have a significant impact on the judge-
ment and diagnosis of the doctors. In relation to this, it is important that the 
sensor instruments are able to reflect the real facts as, otherwise, the result of 
any deviation,which could not be ignored, may involve the risk of an inaccurate 
diagnosis and may even be life threatening for the patient. Thus, the design of 
all the hardware devices used to monitor the various vital signs and physiolo-
gical functions plays an important role. 

In addition to accuracy, the prompt transfer of the data is also necessary. How-
ever, the data delivery is not considered in this project. If an emergency occurs, 
then the demand is for a prompt alarm during the monitoring process. Thus, if 
the data is not delivered in time, the judgement as to whether the current situ-
ation is normal will be delayed, which may have an impact with regards to any 
timely treatment.  
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1.6 Concrete and verifiable goals 

To achieve the final expected goal, several parts exist in relation to the compos-
ition of the test-bed. The first step is to implement the code part for the data ac-
quisition of the pressure and heart beat rate using the MDA300CA sensor board 
and to install the program on the boards. The communication between the two 
nodes and the communication between the node and the PC should be estab-
lished and enforced as follows. The MDA300CA sensor board transmits the 
sampling data, which is obtained from the external sensor to the MICAz mote. 
After that, the MICAz mote transfers the data to a base station by means of ra-
dio communication. Finally, the base station forwards the data to the PC by 
means of serial communication and the acquired data information has been dis-
played on the screen. Once the data information is successfully achieved, the 
data information will be processed and generated into graphs to determine the 
general accuracy and practical usage of the sensor devices. The function dia-
gram of the test-bed will be presented in Chapter 3 in addition to providing a 
more visual analysis. 

1.7 Outline

In Chapter 1,  the overall introduction of project is stated briefly in order to 
provide the reader with a general idea in relation to the whole report. The relev-
ant work will then be referred to in Chapter 2.The related cases are collected 
from papers and demonstrations posted in  Sensys: The ACM Conference on 
Embedded Networked Sensor Systems. Chapter 3 will  present the main meth-
odology of the project, describing the detailed composition of the test-bed. In 
Chapter 4, the concrete design and implementation will be explained. Then, the 
results will be shown in the fifth part. In the project report, the implementations 
and results of the test-bed will be discussed and analyzed respectively. Finally, 
some discussions based on the project will be made in order to provide views in 
relation to the prospects for the test-bed.

1.8 Contributions

This thesis project has been conducted entirely by the report author. It is an at-
tempt to acquire data by sensing and presents a simple clear sensing communic-
ation model between the nodes and also for the node to the PC. During the pro-
cedure, the main efforts are involved in the programming code written in NesC, 
which is to be used for sensing both the pressure and the heart beat rate using 
the TinyOS 2.x platform. The updated embedded system TinyOS has been re-
leased  for  some  time  and  the  disciplines  of  programming  have  changed 
throughout this period. Therefore, the code for the applications should be ported 
to 2.x version, which is an important part of the working field. The designed 
test-bed is also to be developed and deployed as part of larger-scale monitoring 
systems in order to achieve the demands of sensing data information in relation 
to further detailed use in future work.
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2 Related work
In this section, the related work will be introduced and separated into two as-
pects.  

Firstly, relevant cases covering the following aspects have been collected from 
the posts on Sensys conference, which stands for the ACM Conference on Em-
bedded Networked Sensor Systems [20] . The related work on applications us-
ing in wireless sensor networks will mainly describe the cases in e-health care 
field. The cases focusing on clinical monitoring are examples describing the 
common applications in the e-health care field, providing a relevant model for 
the presented test-bed.

In this project, TinyOS 2.x is chosen as the system environment, so the NesC 
programming language is used to build the application. Thus, considering the 
programming part in the project, the main features of porting the code will be 
covered as another part of related work, the content of which is concluded and 
integrated through the related papers and posts.  

2.1 Clinical monitoring

Since the project is based on an e-health sensing application in wireless sensor 
networks, the clinical case has been chosen to act as a reference. The paper, Re-
liable Clinical Monitoring using Wireless Sensor Networks [1], presents a kind 
of design, deployment, and empirical study relating to a wireless clinical  mon-
itoring system that collects pulse and oxygen saturation reading from patients. 
The system chooses sensor network technology because of its energy efficiency 
and ease of deployment. The clinical monitoring system consists of a base sta-
tion, a set of relays, and patient nodes attached to patients. 
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Figure 1: Deployment of the wireless clinical monitoring system in described paper

Based on these circumstance, the basic function of monitoring vital signs be-
comes a critical issue. Thus the system's reliability is also carefully analyzed 
and its sensing reliability is discussed in the paper. It shows that the sensing re-
liability could be significantly improved by means of oversampling and by im-
plementing a disconnection alarm system that incurs minimal intervention cost.

2.2 Porting

Since the embedded operating system TinyOS 2.x version has been released to 
replace of the 1.x version, the manual for the design of the code has been up-
dated. The later version of the system appears to be rather different to the previ-
ous one, which may thus involve the designers in significant time changing the 
original codes into those which are more suitable for the new environment. As 
re-designing the entire codes will always be the last strategy to be applied, the 
following will estate the major steps involved in the porting process from a 
number of different aspects to show the main difference between two versions.

The following will discuss the main points during the porting process.

2.2.1 SUCCESS/FAIL issue

The SUCCESS/FAIL issue refers to the change of error code values. In 
TinyOS 1.x, SUCCESS == 1 and FAIL == 0 as 'result_t' type . Instead, 
SUCCESS == 0, FAIL == 1 and some error codes as 'error_t' type in 
the 2.x.[4]

5                 



Data acquisition of  pressure and heart beat rate using TinyOS for e-health care 
application
Zhixian Bao 2012-09-11

It is obvious that such changes may causes many bugs during the porting. 
Hence, the implicit use of error codes should be fixed to show the explicit func-
tion. These two constant flags are often used in programs and thus it is essential 
to be able to distinguish between the two flag values.   

2.2.2 Access to packet structures

In TinyOS 1.x users can access several fields in TOS_Msg structure in code, 
but in 2.x, this is no longer possible. [4]

Packets are now an abstract data type (ADT) in TinyOS 2.x, so the packet in-
terfaces should be used instead of directly accessing each fields.[3] The packet 
data type are used when communication is required to be established.

2.2.3 Boot-up sequence changes

In TinyOS 2.x, method init(), start() and stop() is separated. The 
init() method becomes just a part of  “Init” interface. Thus, the modules 
implementing StdControl should also implement Init, while modules 
wired to the StdControl interface of a module should also be wired to its 
Init interface. [3]

There are several calling conventions and semantics in the boot sequences in 
TinyOS. Boot is typically handled by the top-level application, which starts ser-
vices such as timers.

2.2.4 String substitutions

The figure 2 shows the list of the string substitutions in TinyOS 2.x, which re-
places those in 1.x. [4]
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Figure 2: String substitution list

2.2.5 Interface changes

The system interface has also changed. Interface SendMsg has changed to AM-
Send. Interface ReceivMsg has changed to Receive. Interface Timer has 
changed to Timer<Milli>. [4]

Component TimerC changes to a generic type in TinyOS 2.x, which should be 
used by writing “new TimerMilliC”.

2.2.6 Data type change

The nx_bool data type should be replacesd by nx_uint8_t. [3]

2.2.7 Component changes

Component GenericComm is separated into two component : AMSenderC 
and AMReceiverC. [3]

2.2.8 Other changes

TOS_UART_ADDRESS no longer exists, which means an SerialAM-
SenderC component should be used when sending to the serial port. [4]

TOS_LOCAL_ADDRESS no longer exists. In TinyOS 2.x, there is a certain dis-
tinction between the local node's ID, which refers to TOS_NODE_ID, and the 
active message address. The active message address of a communication inter-
face can be obtained through the AMPacket.localAddress() command. 
Node ID and AM address are the same in the default setting. TOS_NODE_ID is 
bound at compile-time, while an interface's AM address could be changed at 
runtime. [4]
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Calls such as Leds.greenToggle(), Leds.yellowToggle() etc. 
should be replaced by Leds.led1Toggle(), Leds.led2Toggle() etc. 
respectively. [4] 
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3 Methodology
In this part, the general methodology to achieve the expected results of the pro-
ject is included. Additionally, the detailed hardware features and concrete im-
plementation method will be described in the next chapter.

The presented test-bed is composed of a base station [6] , a MicaZ mote [5] , a 
MDA300 sensor board [7] and external sensors attached for collecting specific 
data information.

The following indicate the main functions and processes for the test-bed.

Figure 3: PC programming the base station using the USB port

Figure 3 shows that the PC programs the MICAz mote which is attached to the 
MIB520 programming board through the USB port. In the process of program-
ming, the mote should always be attached to the USB interface board. The sens-
ing code is written in the NesC programming language [18] , which is used to 
build applications on the TinyOS platform.

The combined devices are also used during the process involving Mote-PC seri-
al communication. The MICAz mote transfers the received data from the other 
mote over the radio, and then transmits it to the PC through the USB serial in-
terface.
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Figure 4: PC communicate with the mote attached external sensors

In figure 4, the external sensors should be wired to the MDA300 sensor board 
so as to sample the data obtained by the plugged sensor. The sensing data would 
be obtained from the ADC channel on the board. Afterwards, the data is trans-
ferred to the base station by means of radio communication. 

Then, the MDA300 sensor should be attached to the MICAz mote so that the 
communication between the mote and the PC can be established. The acquired 
data for the pressure and heart beat rate will be transferred from the radio and is 
then shown on the PC screen via Mote-PC serial communication.

Figure 5: The flow chart to describe the main process of implementation
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Here, the HK-2000A Integrated Pulse Sensor  [15] and MPXA6115A Pressure 
Sensor  [17] are chosen to measure the heart beat rate and pressure value re-
spectively. 

The heart beat rate will be measured in two different statuses, namely the rest-
ing status and an active status. These two different measurements are to test the 
performances of the sensor in two kinds of situations. In the result part, two typ-
ical cases with regards to these two statuses are shown. 

For the pressure sensor, a plus air bed is attached, the purpose of which is to test 
whether there is someone or something on the plus air bed. In order to test such 
a function in practical cases, firstly, the pressure sensor is set to measure the at-
mospheric pressure in the air. Then, the pushing force on the plus air bed is ad-
ded in order to simulate the situation that there is something on the plus air bed.

Figure 6: The measurements of heart beat rate and pressure

Once the pressure and heart beat rate data information has been obtained, the 
data is then processed and analysed. The practical performance of the selected 
sensor devices will then be discussed in terms of the different conditions.

The above content refers to the prime methodology and process of the test-bed. 
The detailed design and implementation will be stated in the next chapter.
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4 Design / Implementation
4.1 Hardware devices

There are three kinds of hardware devices making up the majority of the test-
bed,  namely  are  MICAz  motes,  a  MIB520CB USB  interface  Board  and  a 
MDA300 sensor board. The type and features of each device will be described 
in the following sections.

4.1.1 MICAz Mote

The MICAz is a 2.4 GHz Mote module used for enabling a low-power, wireless 
sensor network designed by Crossbow Technology especially for deeply em-
bedded sensor networks, which can be used in the applications such as Indoor 
Building Monitoring and Security, Acoustic, Video, Vibration and other High 
Speed sensor data and large-scale sensor networks. The MICAz mote network 
communications  use  the  IEEE  802.15.4  standard.  The  MICAz  (MPR2400) 
IEEE 802.15.4 radio offers both high speed (250 kbps) and hardware security 
(AES-128).  The 51-pin expansion connector  supports  Analog Inputs,  Digital 
I/O, I2C, SPI and UART interfaces. [5]

Figure 7: MICAz mote designed by Crossbow
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Figure 8: Features of the MICAz mote shown on the official datasheet[5]

The MICAz motes are mainly applied in order to achieve the communication 
covering both the mote-mote and mote-PC in this test-bed. As the MICAz mote 
is plugged together with the daughter board, it is able to collect various data in-
formation.  Also the  programmed MICAz mote is  used to  control  the  MDA 
sensor  board,  which  is  the  daughter  board,  to  accomplish several  necessary 
tasks to obtain the expected results.

4.1.2 Base station

The device MIB520CB USB Interface Board attached together with MICAz 
mote is used as the base station in this test-bed. The MIB520CB provides USB 
connectivity to the IRIS and the MICA family of motes for communication and 
in-system programming. Any IRIS/ MICAz/ MICA2 node can be used as a base 
station when attached to the USB interface board. The MIB520CB offers two 
separate ports: one dedicated to in-system mote programming and a second for 
data communication over USB. The MIB520CB has an on-board processor that 
programs Mote Processor Radio Boards. Additionally, USB Bus Power used by 
the MIB520CB eliminates the need for an external power source. [6]
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Figure 9: MIB520CB USB interface board

In this project, MIB520CB is used to program the MICAz motes and accom-
plish the serial communication between mote and PC, acting as the base station.

Figure 10: MIB520CB with attached MICAz mote

4.1.3 Sensor board

Here,  in  this  project,  the  MDA300CA Data  Acquisition Board is  the  model 
which has been chosen to compose the test-bed. The MDA300CA sensor board 
is the daughter board of the Mica series mote, which contains 7 single ended 
12bit  ADC channels,  3  differential  12bit  ADC channels,  4  differential  12bit 
ADC channels, 6 interrupt driven digital input, 6 digital output and both on-
board temperature and a humidity sensor [8]. It is widely used in wireless low 
power  instrumentation,  weather  measurement  systems,  precision  agriculture 
and irrigation control, habitat monitoring, soil analysis and remote process con-
trol. Analog sensors can be attached to different channels based on the expected 
precision  and  dynamic  range,  while  digital  sensors  can  be  attached  to  the 
provided digital or counter channels. The main function of the mote samples 
analog, digital or counter channels and could be actuated via digital outputs or 
relays [7].
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Figure 11: MDA300CA data acquisition board

Figure 12: The pin configuration of MDA300CA data acquisition board [8]
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Figure 13: The pin description of MDA300CA data acquisition board [8]

The sensor board is used to achieve the main function of the presented test-bed, 
which is to obtaint data information collected from the MDA300CA data ac-
quisition board.

4.2 Programming design

4.2.1 Driver of the MDA300CA Data Acquisition Board

The device driver is designed according to the HIL/HAL/HPL schema advoc-
ated by TinyOS, the code of which is contributed by the Distributed and Mobile 
Systems Lab (DAMSEL) of the University of Ontario Institute of Technology 
(UOIT). Power management is integrated into the driver, which means that ana-
log-digital warm-up and cool-down are automatically accomplished when the 
command from the interface is invoked [9].

In the MDA300CA driver, the component sensorMDA300CA is the configur-
ation module which presents all  the interfaces in the Hardware Independent 
Layer (HIL), which brings all the digital and analog pins to a single component 
using a Read interface. The designed driver provides a total of eight single-en-
ded  analog-digital  channels,  eight  differential  ended analog-digital  channels, 
and one digital  IO channel,  which are provided by the  sensorMDA300CA 
module. In addition, the command and event accomplished in any interfaces , 
which are provided by sensorMDA300CA is the same, which means that the 
command  read() can be invoked to start the analog-digital converter and a 
readDone event will be triggered after the conversion has been completed. In 
addition, an interface from  sensorMDA300CA should be correctly wired in 
the applications with regards to the hardware connection [9].
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The following figures are from the generated docs in the system, which use the 
command make micaz doc. The command should be typed in the terminal 
shell after a successful debugging.

Figure 14: The provides of sensorMDA300CA component

Figure 15: The wiring diagram of sensorMDA300CA component

Figure 16: The wiring diagram of ADCDeviceC component

Figure 17: The wiring diagram of MDA3XXADCC component

In order to sample the expected value, the driver of the MDA300CA acquisition 
board is the key to success. The circuit of the test-bed is designed such that the 
external sensor is attached to the MDA300CA sensor board via the on-board 
analog pins. The data information is sampled through the analog pins and the 
driver will identify the input values and transfer the analog values into digital 
outputs.

17                 



Data acquisition of  pressure and heart beat rate using TinyOS for e-health care 
application
Zhixian Bao 2012-09-11

Since the contributed MDA300CA driver does  not  accomplish the  complete 
function of the board, some unrelated methods have been commented upon dur-
ing the implementation, which should not be interfered wit and this means that 
only the analog-digital converter is fully retained for the requirements.

4.2.2 Sensing

In order to obtain the expected data information from the external sensor, the 
standard data acquisition interface Read for collecting sensor data is used. Since 
the required data are simple structured, the Read interface is suitable for use in 
this case and the main function is to read a single piece of sensor data. The 
Read interface  is  particularly  intended for  the  split-phase  low-rate  or  high-
latency reading of small values [10]. After the read() event has been success-
fully fulfilled, the ReadDone() event is called to signal the completion of the 
read(),  which  contains  two  parameters.  One  of  the  parameters  indicates 
whether the  read() event has been successful, while the other one refers to 
the value result that has been read. If a readDone() event has been success-
fully executed, the read() event returns SUCCESS.

The sampling frequency is defined as 250 milliseconds. When the Boot inter-
face start this periodic timer, the sampling process begins. Every time the timer 
expires, the program signals a timer event and reads the data from the external 
sensor through the MDA300CA data acquisition board. After the data have been 
obtained successfully, they are transferred to another variables, saved for further 
use.

4.2.3 Mote-mote radio communication

TinyOS provides a number of interfaces to set up the communications services. 
In this part, mote-mote radio communication is chosen to transfer the data from 
mote to mote. Since there are two motes in the presented test-bed, the imple-
mentation of the radio communication is obvious, and it is generally divided 
into two parts. The first step is to send a message buffer to the radio from one 
mote.  Then,  the other  mote receives  the message  buffer  from the  radio.The 
common message  buffer  abstraction  in  TinyOS 2.x,  called  message_t,  is 
used by the interfaces and component to underly the data structure [11]. 

4.2.4 Mote-PC serial communication

The application  BaseStation allows the PC to communicate directly with 
the mote networks, acting as a bridge between the serial port and the radio net-
work. When it receives a packet from the serial port, it transmits it on the radio; 
when it receives a packet over the radio, it transmits it to the serial port. TinyOS 
has a tool chain that has the ability to generate and send packets to a mote over 
a serial port [12].
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The BaseStation receives packets and sends them to the serial port, which 
enables the data packets to be viewed on the PC when the USB interface board 
attaching with the mote is plugged in.

To build up the Mote-PC serial communication, one mote should be installed in 
the  BaseStation,  while  the  other  should  be  installed  with  the  program 
which contains the code for sending packets through the radio communication. 
The  BaseStation application  is  located  under  the  directory 
/opt/tinyos-2.x/apps/BaseStation.

4.3 Application implementation

In this section, the detailed program implementation is described.

A normal TinyOS application generally consists of three parts, containing the 
wiring configuration file, the module file and the Makefile file. In this pro-
ject, four files have been design to meet the requirements of the programming 
and these are  a  SenseAppC.nc configuration file,  a  SenseC.nc module 
file, a Makefile file and a Sense.h header file. The following content would 
introduce each part separately.

4.3.1 SenseAppC.nc Configuration

The configuration file provides the required wiring.

Figure 18: The wiring diagram of application

In the above diagram, the wiring connections to the interfaces are shown  re-
spectively.  The content in the dotted box indicates the generic configuration 
modules. Each function of the wiring connections will be discussed later.

4.3.2 SenseC Module

The module block in the SenseC.nc file states the necessary interfaces used 
by the following processes.
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Figure 19: The code in module block

Some detailed uses of the listed interfaces in the module block are to be men-
tioned in the following content. Each interface wiring connection may have its 
own particular use in the program afterwards. Interface MainC is used for boot 
sequences. Interface LedsC is used to control the LEDs on the mote. Interface 
Timer<TMILLI> is  used to call  a  periodic timer.  Interface  Packet,  AM-
Packet,  AMSend are  used  during  the  radio  communication.  Interface 
SplitControl is used for the switching between power on and off states of 
the components. Interface Read is used to sense the data information.

4.3.3 Constant, variables and method definition

Figure 20: The constant, variables and method definition

In this part, the necessary definitions are made so that they are available for use 
in the following process. The particular uses of the variables are also commen-
ted upon in the above the code snippet.

4.3.4 Boot sequence

The boot sequence in TinyOS contains four typical steps, which are firstly to 
initial the scheduler, then to initial the components, then to signal the status that 
the boot process has finished and finally to run the scheduler [13].  
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Figure 21: The boot process

The above code snippet presents a kind of boot sequence. The status starting 
that the boot process has been completed is directly signalled. The radio must 
be started when the system is booted, thus  AMControl.start() is called 
inside Boot.booted [11]. If the radio is successfully started, the timer fires. The 
program signals a  timer  event  to  read the  data  information from the sensor 
board.

4.3.5 Read

Figure 22: read() command and readDone event

The data values are read from ACD_0 channel on the sensor board. Once the 
result value has been successfully read, the yellow LED is toggled. Then, the 
program changes the bool value of the  adc_0_Done variable to  TRUE and 
transfer the result value to the  read_Data variable.  After this, the  read-
DoneTask() task is signalled.
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4.3.6 Send

Figure  23:  the  code  forwards  the  achieved  information  to  the  other  mote  via  radio 
communication

The sending action is accomplished in the readDoneTask() task. The send 
action would be executed each time the read action is completed. After check-
ing the busy flag to ensure that the message transmissions is not in the progress, 
the program obtains the packet's payload and cast it to a pointer to the declared 
external  type.  Then,  the  initialised  packet  are  sent  by  calling 
AMSend.send(). All nodes within the radio range specified as AM_BROAD-
CAST_ADDR for destination addresses could receive the packet. The SUCCESS 
value verifies that the AM layer has accepted the message for the transmission 
[11].

The  AMSend.sendDone event is signalled after a message transmission at-
tempt.  The event returns ownership of  msg from  AMSend back to the  AM-
Send.send command. After the check to ensure that the signalled message 
buffer is the same as the local message buffer, the busy flag in the event is set to 
indicate that the message buffer can be reused [11].

4.3.7 Header file
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Figure 24: the header file

In the sense.h header file, the message structure is defined, which consists of 
the information of the node ID, counter data and the data achieved from ADC_0 
channel.

In the enum declaration, the AM_BLINKTORADIO parameter indicating the AM 
type is defined by a constant, while the SAMPLING_FREQUENCY parameter is 
defined as the sampling period.

4.3.8  Makefile file

Figure 25: the Makefile file

The Makefile file should be created to use the build system with the applica-
tion. The first line in the file informs the TinyOS make system that the top-level 
application component is SenseAppC. The second line indicates the required 
directory of driver file to allow system to find the interfaces and components 
used in the program. The last line in the file refers to the load in the TinyOS 
build system, which has all of the rules for building and installing on different 
platforms.

4.3.9 Debug

23                 



Data acquisition of  pressure and heart beat rate using TinyOS for e-health care 
application
Zhixian Bao 2012-09-11

Figure 26: the debugging details shown on the terminal

To test the designed application, the terminal shell is used to type commands. 
Firstly,  the  cd command should be typed to  enter  the application directory. 
Since  the  application  platform  is  the  MICAz  mote,  the  command  make 
micaz should be then typed. Following this, the related outputs of the debug-
ging details would be shown on the shell.  Some further modifications could 
then be made based on such notes.

4.3.10 Install the program to Mote

Figure 27: the installing details shown on the terminal

After the application has been successfully debugged, the installation should be 
executed under the same directory.  Take one mote attaching to  the MIB520 
USB interface board, plug the MIB520C into the PC and type command make 
micaz install.1 mib520,/dev/ ttyUSB0 on the terminal,  which 
means  that  the  installation  is  applied  through  a  low  serial  port  on  the 
MIB520CB programming board. If no error is shown on the terminal, then the 
installation has been successfully applied.
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After  installation,  attach  the  pre-installed  MICAz  mote  to  the  MDA300CA 
sensor board,  which has the external  sensor connected.  Turn on the MICAz 
mote. Once the data have been successfully read, then the yellow LED would 
be toggled.

In order to achieve the information sampled by the sensors, the serial commu-
nication over the PC and the mote should be established. Thus, the BaseSta-
tion application should be installed on the other mote in order to receive the 
packet from the radio and to transmit it through the serial port. The BaseSta-
tion application is under the directory of /opt/tinyos-2.x/apps. 

4.3.11  Listen
The Java tool Listen is a basic packet sniffer, which prints out the binary con-
tents of any packet it hears [12].

Firstly, open the terminal shell. There are several commands which are required 
to be configured before the data is able to be heard by the PC. The command 
sudo chmod 777 /dev/ttyUSB* is used to check the administrator per-
mission to allow inputs from the USB serial port. The password of the system 
user should be entered after this has been confired. Then, the default speed for 
the  platform and  serial  port  should  be  specified  by  the  command  export 
MOTECOM=serial@/dev/ttyUSB1:57600, which informs the serial port 
which  packet  source  to  use.  After  all,  the  command  java  net.t-
inyos.tools.Listen should be typed in order to receive the packets from 
the serial port.
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5 Results
In this part, the achieved results in the project are to be discussed.

5.1 Problem occurs

When the designed application was initially tested, some errors did occur. The 
expected results could not be achieved, which,  therefore, impacted upon the 
whole process of development. 

5.1.1 Problem description

Although the successful debugging and installation have been executed, it was 
never possible to toggle the yellow LED on the MICAz mote, which means that 
the read action was not executed successfully. After debugging the related codes  
in the designed program and the driver of MDA300CA sensor board, the dis-
covery was made that the readDone() event was never called, which means 
the data on ADC_0 channel was unable to be read. The read process was con-
ducted, but no readDone was returned. In comparison with the previous official 
version of the driver of MDA300CA used in TinyOS 1.x, the contributed driver 
by UOIT has not been totally completed, which may thus cause problems. 

5.1.2 Problem solution

After this problem occurred, a solution was sought on the internet and it was 
discovered that this is a common problem which has been met many other re-
searchers. Other suggestions was thus attempted and, finally, a correct means of 
solving  the  problem  was  determined,  which  involved  the  addition  of  two 
10kOhm resistors. One resistor connects the pins DATA and VCC, while the 
other  connects  the pins  CLK and VCC  [14].   This solution  was offered  by 
Francesco Ficarola from the Department of Computer, Sepienza, University of 
Rome.
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Figure 28: the resistor connections[14]

Figure 29: the resistor connections[14]

The reason for applying such actions is to enable the I2C bus on the sensor 
board and thus there appears to be problems associated with I2C chips.

5.2 External sensors

In this section, the external sensors wiring which was used for the MDA300CA 
sensor board in this project will be discussed. The main purpose of the project is 
to sense the hear beat rate and pressure data information, thus the HK-2000A 
Intergrated Pulse Sensor and MPXA6115A Pressure Sensor have been chosen 
in order to satisfy these requirements.

5.2.1 HK-2000A Integrated Pulse Sensor

The HK-2000A Integrated Pulse Sensor is conducted by the Hefei Huake Elec-
tronic Technical Research Institute in China[15].
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Figure 30: the HK-2000A Integrated Pulse Sensor

The  HK-2000A  Integrated  Pulse  Sensor  integrates  the  pressure-sensitive 
devices(PVDF piezoelectric membrane), the compensation components of sens-
itivity and temperature, the temperature devices and the signal adjustment cir-
cuits. The sensor uses piezoelectric principle acquisition signals with an analog 
pulse signal output, which are synchronous pulse-fluctuations that mean that a 
pulse-fluctuation produces a pulse[16].

Figure 31: the wave form of HK-2000A output

The HK-2000A Integrated Pulse Sensor can be used for pulse rate detection to 
test the heart beat rate.

Figure  32: the circuit of connecting HK-2000A Integrated Pulse Sensor to MDA300CA 
sensor board

c

5.2.2 MPXA6115A Pressure Sensor

The MPXA6115A Pressure Sensor is developed by Freescale Semiconductor.

Figure 33: the MPXA6115A Pressure Sensor
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The MPXA6115A Pressure Sensor integrates on-chip, bipolar op amp circuitry 
and thin film resistor networks in order to provide a high output signal and tem-
perature compensation. The small form factor and high reliability of on-chip in-
tegration make this type of pressure sensor a logical and economical choice for 
the system designer[17].

Figure 34: the transfer function from pressure in kPa to voltage value[17] 

The outputs of the MPXA6115A Pressure Sensor are voltage values. The above 
formula indicates how to transfer the pressure values in unit kPa to voltage val-
ues in unit V.

Figure 35: the function graph of the transfer formular[17]

There are three lines shown on the above graph. The area between the upper 
and lower lines is the normal range of the measurement corresponding to the 
voltage output value. 

Figure 36: the pressure error band graph[17]
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Figure 37: the circuit of connecting MPXA6115A Pressure Sensor to MDA300CA sensor 
board

The 5V excitation is connected in order to be used as the power voltage. The 
output value would be transferred from the A0 channel on the MDA300CA data 
acquisition board.

For this sensor, a plus air bed is attached, which aims to test whether there is a 
person on the bed or chair when the plus air bed is situated on the bed or chair.

Figure 38: the attached air bed to the pressure sensor

30                 



Data acquisition of  pressure and heart beat rate using TinyOS for e-health care 
application
Zhixian Bao 2012-09-11

If the output value is significantly more than the normal pressure standard, then 
the conclusion will be that someone or something is on the air bed.  

5.3 Data collection and analysis

In this part, the achieved data information is to be processed and analyzed. The 
java tool Listen is used to collect the data information.

As is defined in Sense.h header file, the message structure contains three parts, 
which are node ID, counter and sampling data. Ignoring the first 00 byte, the 
message format contains the following parts: [12]

• Destination address (2 bytes)

• Link source address (2 bytes)

• Message length (1 byte)

• Group ID (1 byte)

• Active Message handler type (1 byte)

• Payload (up to 28 bytes)

◦ source mote ID (2 bytes)

◦ sample counter (2 bytes)

◦ sample data (2 bytes)

5.3.1 Raw data examples from HK-2000 Integrated Pulse Sensor
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Figure 39: raw data format listen from the HK-2000A Integrated Pulse Sensor

In such outputs, the last two bytes are the result sensed from the HK-2000A In-
tegrated Pulse Sensor.

5.3.2 Raw data examples from MPAXA6115A Pressure Sensor

Figure 40: raw data format listen from the MPXA6115A Pressure Sensor

Here, the last two bytes indicate the data sampled from the MPXA6115A Pres-
sure Sensor, which present the voltage values in hexadecimal form.
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5.3.3 Data processing

Figure 41: the output wave of detecting resting heart rate in one minute

As the features of the external pulse sensor have been previously stated, an ana-
log pulse signal will be produced each time the sensor detects a  pulse-fluctu-
ation.

In this test, the sample frequency is set as 250 milliseconds. The above tested 
heart rate is 75 beats in one minute, whose output waveform is shown in the fig-
ure. 

Figure 42: the intervals between two pulse signals when resting

Figure 42 shows each interval length between two pulse signals. As the data is 
measure in normal status, it presents the resting heart rate in one minute.  
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Figure 43: the distribution of interval length between two pulse signals when resting

As can be seen in figure 43, the distribution of the interval length between two 
pulse signal is shown in the pie chart. The green portion indicates the interval 
length of 2 sample frequency periods, as the largest portion of all. The second 
largest portion is the purple one, which refers to the interval of 3 sample fre-
quency periods,  while  the blue portion represents the  interval  length of a  0 
sample frequency period, which means that there is no interval between the two 
pulse signals. The remaining two portions which have not been mentioned are 
red and light blue, which indicate the interval length of 1 and 4 sample fre-
quency periods respectively.

From the above two figures,  the conclusion to be drawn is that the interval 
lengths between two heart beat are average in the majority of cases and thus 
heart beat measurement was made when people were in the resting status. 

Figure 44: the output wave of detecting active heart rate in one minute

In this test, the active heart beat rate is measured in one minute and the sample 
frequency is set as 200 milliseconds. The above tested heart rate is 122 beats in 
one minute, whose output waveform is shown in the figure 44. 
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Figure 45: the intervals between two pulse signals when active

Figure 45 shows each interval length between the two pulse signals. As the data 
is measuring in the active status, it presents an active heart rate in one minute.

Figure 46: the distribution of interval length between two pulse signals when active

The distribution of the interval length between the two pulse signal is shown in 
the pie chart in the figure 46. The blue portion presents the interval length of the  
0 sample frequency period, which occurs 37 times in a minute.  The red portion 
indicates the second largest portion, involving the group for the interval length 
of the 1 sample frequency period. The green portion refers to the interval length 
of the 3 sample frequency periods. The blue, red and green portion covers the 
majority of cases in this test. The remaining three portions which have not been 
mentioned are purple, light blue and orange, which occur 12 times, 13 times 
and 1time respectively.

In the active status, the heart  beats faster.  The interval lengths between two 
heart beat are not so average, compared with the resting status.

The two tests in this case merely present two kinds of measurement results by 
using the HK-2000A Pulse Sensor. The data analysis aims to show the tendency 
of the result and make comparisons, which may not present in most practical 
cases. The test results are, in no way, related to the medical diagnosis in any 
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case. All the measurements are taken to test the sensor instrument to determine 
the different effects under different conditions.

Figure 47: the output wave of MPXA6115A Pressure Sensor

The test in relation to the pressure sensor is designed to judge whether there is 
something on the plus air bed. 

When the standard pressure value (about 101kPa) transfers to the voltage value 
according to the formula in the sensor manual, the voltage is around 4 mV.

Firstly, the pressure sensor is allowed to measure the atmospheric pressure in 
the air. The result value generally remains at around 4 mV.

Following this, add the plus air bed and push the bed. The resulting value is no 
longer the same as the previous standard value and begins to change. At the 
same time, the tendency of the output value gradually increases.

After that, the air bed remains being pushed and the resulting values increases 
continuously. Eventually, the plus air bed is suddenly removed and the voltage 
value decreases back to the normal values immediately according to the stand-
ard atmospheric pressure value.

The pushing action to the plus air bed simulates the situation when someone or 
something is on the plus air bed at that moment, which would be the case if this 
application is to be applied in practical cases.  
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6 Discussion
The presented test-bed is a type of design and deployment for a common sens-
ing application. The project uses the platform of the TinyOS embedded system 
to build such an application and then implements it with hardware devices in 
order to achieve the required data sources. The design of the program codes and 
implementation are both important. The project began with the installation of 
the operating environment. Then, the project was conducted step by step, from 
designing codes to  installing applications and conducting the  measurements. 
For the author, this was the first involvement with both the TinyOS operating 
system and NesC programming language and also the first experience of work-
ing with these motes and sensor devices. The project combines these devices 
and  accomplishes  such sensing  purpose.  Once the  implementation  has  been 
completed, the measurements according to different conditions were taken to 
determine the real usage of the test-bed.

In the process of measurement, the accuracy and reliability of the data sensing 
depend on different conditions, which are not only determined by the accuracy 
of the instrument. The result also differs and could be impacted upon by many 
external  factors.  In  the  pressure  measurement,  the  most  common influential 
factor is the air temperature, while in heart rate measurements, the status of the 
person who takes the test is essential. 

When it comes to the design and implementation of the project application, the 
driver of the MDA300CA data acquisition board really plays an important role. 
In this case, where the driver was not totally completed, some functions could 
not be realized and other methods were required to be applied in order to cor-
rect the errors and the modification of the outer circuit of the sensor board was 
used in order to activate the I2C bus on the board. This case should act as re-
minder that the problem should be viewed from different perspectives on some 
occasions. In some specific cases, the lacking in the software layer's could be 
fixed by adjusting the hardware devices. Therefore, some defects could be made 
up. 

The presented test-bed is merely just a small-scale sensing application which 
could be applied within the e-health care field. A similar structure and deploy-
ment of the test-bed could be seen in many medical monitoring systems. With 
the assistance of the wireless sensor networks, the medical monitoring methods 
could be optimized in order to meet higher demands. In a further study, the 
model of the test-bed could be developed and extended to realize more specific 
requirements. 
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Appendix A: Documentation of own 
developed program code
SenseAppC.nc:

configuration SenseAppC {
}

implementation {

components SenseC, MainC, LedsC;
components new SensorMDA300CA() as Mda300;

components new TimerMilliC() as Timer0;
components ActiveMessageC;
components new AMSenderC(AM_BLINKTORADIO);

SenseC.Boot -> MainC;
SenseC.Leds -> LedsC;
SenseC.Timer0 -> Timer0;
SenseC.Packet -> AMSenderC;
SenseC.AMPacket -> AMSenderC;
SenseC.AMControl -> ActiveMessageC;
SenseC.AMSend -> AMSenderC;

SenseC.read_ADC_0 -> Mda300.ADC_0;

}

SenseC.nc:

#include "Timer.h"
#include "Sense.h"
module SenseC
{

//provides interface StdControl;
uses {

interface Boot;
interface Leds;
interface Timer<TMilli> as Timer0;
interface Packet;
interface AMPacket;
interface AMSend;
interface SplitControl as AMControl;

interface Read<uint16_t> as read_ADC_0; 
//!< ADC Channel 0 and Comm

}
}
implementation {
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// sampling data from ADC0 channel
uint16_t data_0 = 0;
uint16_t counter;
message_t pkt;
// if the read() event has successfully been 

done, then signal send action
bool adc_0_Done=FALSE;
// to control the start of process
bool busy = FALSE;
// the action after read()
task void readDoneTask();

event void Boot.booted() {
call AMControl.start();

}

event void AMControl.startDone(error_t err) {
if (err == SUCCESS) {

call 
Timer0.startPeriodic(SAMPLING_FREQUENCY);

} else {
call AMControl.start();

}
}

event void AMControl.stopDone(error_t err) {
}

event void Timer0.fired(){
if (busy==FALSE){

call read_ADC_0.read();
}

}

event void read_ADC_0.readDone(error_t result, 
uint16_t read_Data) {

if (result==SUCCESS){
call Leds.led2Toggle();
adc_0_Done=TRUE;
data_0=read_Data;
post readDoneTask();

}
}

task void readDoneTask() {
counter++;
if (adc_0_Done && !busy) {

BlinkToRadioMsg* btrpkt =
(BlinkToRadioMsg*)(call Packet.getPayload(&pkt, 
sizeof(BlinkToRadioMsg)));

if (btrpkt == NULL) {
return;
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}
btrpkt->nodeid = TOS_NODE_ID;
btrpkt->counter=counter;
btrpkt->data_0 = data_0;

if (call 
AMSend.send(AM_BROADCAST_ADDR,
&pkt, sizeof(BlinkToRadioMsg)) == SUCCESS) {

busy = TRUE;
}
adc_0_Done=FALSE;

}
}
event void AMSend.sendDone(message_t* msg, 

error_t err) {
if (&pkt == msg) {
busy = FALSE;
}

}

}

Sense.h:

#ifndef SENSE_H
#define SENSE_H

enum {
AM_BLINKTORADIO = 6,
SAMPLING_FREQUENCY = 250 
// sampling frequency in binary milliseconds

};

typedef nx_struct BlinkToRadioMsg {
nx_uint16_t nodeid;
nx_uint16_t counter;
nx_uint16_t data_0;

} BlinkToRadioMsg;

#endif

Makefile:

COMPONENT=SenseAppC
CFLAGS += -I$(TOSDIR)/sensorboards/mda300ca/ -I.
include $(MAKERULES)
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	The objective of the presented report focuses on the data acquisition of pressure and heart beat rates from external sensors over the TinyOS 2.x platform. This sensing application may be used in the e-health care field in order to sample the data information. The designed test-bed consists of several hardware devices, containing an MIB520CB USB interface board, two MICAz motes, an MDA300CA data acquisition board and external sensors for the pressure and heart beat rate. The programming language is NesC,which is used to build applications under the TinyOS 2.x environment. Data information is sampled from the external sensors, and this is then realized by the mote via the on-board ADC channel. The values are then transferred from one mote to another over radio communication. Finally, the expected results are transmitted to the PC by using serial communication. The report also discusses the sensing outcomes in order to determine the practical usage of the sensor devices. This project represents a common sensing application in wireless sensor networks, demonstrating a small case within the e-health care monitoring system. In order to meet the specific demands and to save resources, the wireless sensor networks are widely used in various applications. The designed test-bed could be also deployed as a part of  larger-scale wireless sensor networks in order to achieve the requirements in relation to the sensing data information for further detailed use in future work.
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