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Abstract — This paper discusses an alternative way to
implement a suitable engineering education progranfior
teaching microelectronics by means of smart sensoend
embedded systems using the different possibilities
available in local facilities, to fabricate sensorgnd signal
acquisition instrumentation. The aim of this program is
to provide the necessary condition to apply solidtate
sensors and embedded systems in areas such as, hot
restricted to, assistive technology and pervasive
computation. To guarantee the viability of this prgosal,
it is structured with low capital investment for the
integration in interdisciplinary projects in fields such as
bio-medical engineering, electronics engineering,
instrumentation and computer science. Most smart
microelectronics transducers consist of substrate
electronics that implements the drive and control
functions with one or more additional specializeddyers
of material to produce the transducer function. As

signals, integrating demonstrations with laboraxgmples
and lectures on the following subjects:

1.- Classification of integrated sensors followipbysical
properties detecting: Optical sensors, thermal asns
magnetic sensors, piezoelectric and chemical sensbr
Optoelectronic properties of materials. 3.- Therlmoteic
properties of materials. 4.-  Magnetoelectricpamies of
materials. 5.- Piezoelectric properties of matsriab.-
Chemical sensors. 7.- Instrumentation and signal
conditioning circuits. 8.- Embedded electronic syss. 9.-
Smart Instrumentation: Network sensors and Plug Riag
sensors. 10.- Biomimetic systems: Olfaction systéevesiro-
electronic systems; Computational vision.

The second course, PSI 2222 Practice of electiéeal
electronics systems is offered in the second-y€&ateatrical
engineering. It is organized to present the fraéabent with

a first approach to real electrical circuits by the
implementation of a complete and functional project

described, the development of sensors system is an This paper illustrates the result archived in tis#2862 and

interdisciplinary task which requires the detailed
knowledge of experts from completely different fieds. In
general, computer scientists, electrical and eleainic
engineers, physicists, biochemists, biologists, anedical
engineers may be involved.

Keywords: Sensor Networks, Embedded Devices, Wireless
Communication, Smart Sensors, pervasive computation,
|EEE1451.

INTRODUCTION
The study of materials and processes used in tegr

circuit manufacturing, applied to transducers, basome
particularly relevant lately. Additionally, the rdpgrowth of

PSI2222, trough the development of some project th
allowed introducing concepts related with sensacgiators
and electronic instrumentation normally presergnmbedded
systems for a broad range of distributed applicatior he
idea was to motivate students to look for solutidos
different suggested problems, and to establiskcaimglitions
that ease the learning process. At the end of theses,
students are expected to have the ability to rezegand
understand transducers characteristics, capabjliiad the
technologies used to collect, process and transmit
information and commands.

As a result of the set of conditions introducedthie two
courses described before, the next four main piojeere
developed:

electronic nose, sensors network architecturefredeznergy

communication technologies and processors capaebilit quality real-time analyzer with web interface and a
have brought new challenges and opportunities t® thbioelectric signal sampler interface like an eleetyography

engineering science [1-2].

To prepare undergraduate students to face thedlerales,
increasing their ability to handle the shelf elentc devices,
proposed two courses are proposed. One (PSI268&)ng

to design embedded systems and the other (PSI2222)

practice basic electronic systems [3].
The aim of the PSI 2662 is to provide students wité
practical knowledge necessary to work in a modeiense

to be applied as integration tools for handicapgtedents in
the mainstream school system (BRINCARE)

E-Nose
The electronic nose was designed by means of aeyasor

array which is used to quantify breath alcohol greas
shown in Figure 1. The core of this application vaas

or engineering setting design on embedded electroninflammable gas tin dioxide film sensor, associatedan

systems: Sensors and Actuators.
The course is designed to provide a practical dhaon -

analog-to-digital converter and a simple digitalgnsil
processing routine, developed in an 8-bit microamier.

introduction to electronics with focus on measurement and The students, at the end of developing phasese\aatia
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functional prototype able to identify the alcohohper
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concentration, mixed with the user’s breath antrdjsished
with accuracy of up to three levels of alcoholiaati This
project was a successful teaching experience, wsiygical
application to concentrate the students’ attentida,
introduce subjects related with mixed signal circui
principles and digital signal processing.

FIGUREL.
DSPUNIT AND TESTCHAMBERWITH $yO, SENSORS.

As an advanced version of the breath alcohol checthés
system aimed to be portable, easy-to-use, reliaveiding
the long and expensive chemical and analyticalrktooal
tests normally used to verify the quality of a séenp

The basis of this project was, again, the tin diexsensor,
included in array of sensors slightly doped ancetuto be
sensitive to the different compounds presented hia t
combustible sample.

A pre-trained artificial neural network embeddedaim 8-bit
microcontroller received as digital inputs of thegaired
information the pre-calibrated semiconductor terapee
sensor
combustible gas tin dioxide sensors array.

This project used the same concepts as a breatinchlc
checker by using gas sensors, but adding a tenuperand a
capacitive moisture sensor as shown in Figure 2.

FIGURE2.
SENSOR SYSTEM.

SENSOR NETWORK ARCHITECTURE

A major problem with sensor networking applicatioiss
network configuration management. This is espaciall
troublesome with mobile systems and wireless nektsvor
The network host must know which sensors are caadec
which sensors are within range of a wireless comoations
link, and when new sensors are added to the netwark
most systems, a form of network configuration taide
manually created and maintained in the host system.

Coimbra, Portugal

and the capacitive moisture sensor from si

As the network changes, it is difficult to keep the
configuration table synchronized with the actuatwaoek
configuration. The concept of plug-and-play sensors
addresses these problems by defining [4]:

® an architecture with a standardized electrical
interface to the network, allowing a wide variefy o
sensor types to be used inn the same network and
a self-identification protocol, allowing the networ
to dynamically configure and describe itself.
The IEEE 1451 standard allows transducers to iffeatid
to describe themselves to the network, facilitatgomatic
system configuration. In that way, transducers comigate
information such as manufacturer name, identiftoati
number, type of device, serial number, as wellab@tion
data, and other sensors attributes. Once thisnrdton is
read, the network knows how fast it can communieeita
the transducer, how many channels it has, and hadts data
format. The network also knows what physical urite
being measured, and how to convert the raw readimgs
corrected Sl units.
On the other hand, the technological advantageshef
wireless communication had led a lot of advantages,
reducing wire space, weigh and cost; and improuimg
efficiency of some systems that use them.
The plug-and-play network sensor architecture casdbihe
ubiquity of Internet, with the advantages of wissde
communications and the interface facilities givey the
IEEE 1451 standard.
The combination between transducers (sensors and
actuators), communication technologies and eneffigient
computation, is a very attractive solution for add range of
fistributed applications. However, with the multieu of
protocols specifications and transducer interfaeesertain
degree of confusion and uncertainty has arisentalvbich
network(s) to support, and how to establish a lwith the
transducer [2]. In addition, the increased use ofar@e
number of transducers has also created the nedaéming
track of them and their associated manufacturea ¢k
These concerns were the motivation of the measurearel
control industry, lead by the IEEE and the NIST,ickh
propounds to migrate from proprietary hardware and
software platforms, in favor of open and standadiz
approaches. The idea is not to choose one speeifigork
architecture, because each one has its own purpaosep
establish conditions that facilitate the recogmitiof
transducers characteristics and capabilities, ahdir t
communication. In that way, they have created some
physical interfaces for data interconnection, a iwmm set of
commands, and a self-described data sheet forntlt, a
together in the IEEE 1451 family standards.
The IEEE 1451 is a family of Smart Transducer lfisige
Standards that describes a set of open, commowpriet
independent communication interfaces for connecting
transducers (sensors or actuators) to microprocesso
instrumentation systems, and control/field netwoiks.
Currently, there are three approved and three pexpdP)
members of the IEEE 1451 family of standards initaaidto
1451.0. Each standard provides a set of specifigsipal
interfaces and features for transducer interfacirtey are
organized in:
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network, as shown in Figure 3. The main differebeaveen
IEEE P1451.0: Defines the Transducer ElectronicaDatthe 1451 family members is the PHY data connectibat
Sheet (TEDS), which is a memory device attachdtigo is, different 1451 family members specify differeppes of
transducer, which stores its identification, caliion, data connections between the STIM and the NCAP [4].
correction data, measurement range, manufacturd=igure 1 illustrates a simplified model of the IEBEB51
related information, etc. This device is considei@tbe  hardware and their communication relation.
the key feature of all standards. It also definese@of
common commands and operations, through which any
sensor or actuator can be accessed in the 145H base Sensor TEDS
wired and wireless network. The functionality is
independent of the physical layer of the commuiacat
between the transducer and the network node, called
Network Capable Application Processor (NCAP). This ISEIZI(E:‘f1‘45P1H)\(( NCAP to
makes it much easier to add other proposed 1451.X STM pecilic Neap Peciic Nt
physical layers to the family as technology advance
the future.

FIGURE 3.

IEEE 1451.1: Defines the Network Capable Applicatio HARDWARE ELEMENTS OF IEEE 1451scope

Processor (NCAP) Information Model in a neutral

descriptive Ia_mguage, b|asmg_ a netwark mdependenf.he Smart Transducer Interface Module (STIM) corgdhe
standard. It includes the definition of all apptioa TEDS, the logic to implement the transducer intezfathe
:?VZI acceﬁs lto dn(;_tworkth regourcteﬁ_ an((jj tr"“n(;,i)dbqC(?lransducer(s) and any signal conversion or signal
araware. 1t aiso defines the smart fransqucer ¢l ]econditioning. Once power is applied to the STIMmiakes
Model, which encompasses a set of cl_asses, attsbu_t the TEDS information available to the NCAP. That
methqd§ and - behaviors  that provide a CONCISGhtormation can be used by the NCAP to determing fast
description of a transducer and the network to twhic it can communicate with the STIM, how many chanriets
may connect. STIM has, and the data format of each channelatt then
. Defi h ication b send information to the STIM, or ask the sensqretdorm a
IEEE 145(}'2' De |ne? the co_mmunlca}tlon , e(tjween Iéfeading or get information about readings fromglasor.
NCAP and a TEDS for a point to point wired serial the ppy represents the physical data connectiowest
configuration. Here TEDS are integrated with a Smaryg e sTIM and the NCAP. Through this mean, data and
Transducer Interface Module (STIM). commands are interchanged. Each member of the IBBE

_ i ) family uses different physical layer.
IEEE 1451.3: Defl_nes a transducer-to-NCAP _mtgrface]-he Network Capable Application Processor (NCAP) is
and TEDS for multi-drop transducers using a distéd  gggentially a two-port gateway between the extataskork
communications  architecture. It allowed manyang the |EEE 1451 elements. The connection with the

transducers to be arrayed as nodes, on a multi-drqRsnyork is not specified, so that it can be usedigployed
transducer network, sharing a common pair of wires.  ¢,, any network type.

] ] ) The essential software elements of this approadide the
IEEE 1451.4: Defines a mixed interface for analad a Transducer Electronic Data Sheets (TEDS), STIM efdbd
digital transducers. It introduces a two-wire meynor goftware that communicates with the NCAP, NCAP
and model for the TEDS. embedded software that communicates with the STill a
the external network.
IEEE 1451.5: Currently under development. It define A Transducer Electronic Data Sheet (TEDS) is a dfet
the communication protocol for the interface betwee electronic data in a standardized format stored inemory
the NCAP and TEDS. For the physical interface, itchip that is attached to a transducer, therefdmwalg the
considers standards such as 802.11 (WiFi), 802.15&ansducer to identify and describe itself to thetwork,
(Bluetooth), 802.15.4 (ZigBee). thereby easing automatic system configuration.
In its basic form, the STIM software must have iteeessary
IEEE 1451.6: Defines the interface between a TEDSmethods to respond to every request made by thePN&#l
and a NCAP using the high speed CANopen network. linitiate certain service requests. It can alsoudel a set of
also defines the mapping of the TEDS to the CANopeommunication, data conversion, and signal prongssi
dictionary entries as well as communication message algorithms.
process data, configuration parameter, and diagnosithe NCAP software is divided in two. The first part
information. dedicated to manage all communication with the S§;I&%hd

The main hardware elements of this project incltde the other one for communicating with an externaivoek.
Smart Transducer Interface Module (STIM), the Netwo The I|EEE 1451.1 standard provides some of the
Capable Application Processor (NCAP), the PHYsicalcommunication functions with an external networkhes
interface (PHY) data connection between the STIM tre  aspects of this communication are beyond the sobpbe
NCAP (including wireless connections), and the exdé  standard.
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The ZigBee standard developed by the ZigBee Web Server
Alliance, it is the name of a suite of high level Remote User
communication protocols, based on the IEEE 802.15.4
standard for wireless personal area networks (WBANs ®
was created to address sensing and control applisathat (.))
require low data rates and low power consumption.

Wt
g

Compared with other wireless communication stargldtds C Internet
cheaper, extends the battery life, and is less tmmther NCAP N°de A
key features are: mesh and start network topolpgiest
effectiveness, and no line of sight worries [5]. W
There are three different types of ZigBee devidesstrated @%
in the Figure 4 [6]: Database
e Coordinator (ZC): The most capable device, the
coordinator forms the root of the network tree and Wire|eSS Sensors Nodes
might bridge other networks. There is exactly one FIGURE 5
ZigBee coordinator in each network. It is able to WIRELESS SENSORS ARCHITECTURE WITH INTERNET
store information about the network, including CONNECTION.

acting as the repository for security keys.

+ Router (ZR): Routers can act as an intermediatgn [7] an UML representation of the common objeaidel
router, passing data from other devices. and interface specification for network smart tcarcers are

+ End Device (ZED): Contains just enough depicted; they are specified in the IEEE 1451.Thdaad.
functionality to talk to its parent node (eitheeth Based on this model, a set of methods for commtinita
coordinator or a router); it cannot relay data fromwith the NCAP nodes was structured, which supptires
other devices. It requires the least amount offollowing tasks:

memory, and therefore can be less expensive t© Discovering a new NCAP node and managing its

manufacture than a ZR or ZC. information.

¢ Requesting access to transducers data and prapertie

« Initialing transducers management task and respgndi
NCAP service request.

« Request TEDS information.

The web server supports interoperable machine tchima

interaction over the Internet, though it is possit access

© Coordinator
(@) Router

o End Device
<> Mesh Link

any NCAP node that is on the net, and its assatiate
transducers.

When a NCAP node is plugged into the Interneteiids a
message to the web server informing its preserice, t

<2 Star Link number of its associated STIM nodes, the transducer
channels, etc. This information is gathered andaged into

the data base. A remote client program can acdass t
information to configure its interface with the nealucers.

Through this, the user can manage the transduedasahd

The architecture presented in this project use$BE& 1451 configure a sensing or control function. )

family standards, specifically the 1451.0, 1451dnd All data to be exchanged are formatted with XMLstaghe
14515, to provide a platform for wireless sensetwork ~ €ncoded message responds to a XML-RPC schemegthrou
development, remotely controlled through an InterneWhich are passed the parameters of the methoda HEAP

channel. Figure 5 shows a general scheme of theopeal ~ MuSt execute [8]. o .
architecture, the main components of which are: weeo 1 he Network Capable Application Processor is thieway

server, the database, the remote users, the NCadesrand Petween the network and the STIM nodes. In thie,ctie
the Wir’eless STIM se'nsors nodes. ' network was associated with a wired Ethernet liokthe

The project evolution was divided in four principgthges. Ntérnet, managed by a Rabbit 2000 microcontreiteched
The first one dedicated to develop all Internetwoek t© the RCM2200 development board. In this board, a
subjects, including the webservice, database aientcl Medified version of the XML-RPC version from [9] &a
software: then the hardware of the NCAP and STIMeso |mplemented_, with all the procedures that can texeted by
was specified, built and tested; this was followmd the & remote client, through the web server. The RCN220
definition of the application layers and nodes wafe P20ard was also programmed to exchange messagesheith

programming; finally, all parts were combined andZi9B€e developmentboard, using a RS232 link.
depurated, to jointly execute the remote configarat The 13192DSK ZigBee development board has a Frisesca

monitoring and command of wireless node transducers ~ MC9S08GT60 microcontroller that was programmed to
accept commands from the RCM2200 board, to send and
receive messages from the STIM nodes [10-13].

FIGURE 4.
ZIGBEE NETWORK MODEL
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Once a new STIM node is discovered, the 13192DS# o
assigns it a channel,
information to the RCM2200. The last one grabsTE®DS
data and stores it in its memory, and sends thethetaveb
server when required.

Figure 4 shows an illustrative schema of the NCABEea) its
ports and its internal communication.

Ethernet

and transmits the TEDS mai

RCM2200 13192DSK
FIGURE 7.

FIGUREG. QUALITY ENERGY ANALYZER

NCAP NODE
The Smart Transducer Interface Modules were impigee : Sianal
with the 13192DSK board. The MC9S08GT60 ;"D'Qﬂ"a . Insulator g
microcontroller was programmed to reserve a space ( d L—

-

memory to store the TEDS information. Some digit&Ds
and switches) and analog (accelerometer and tetopera
sensor) were used to validate the architecture.

Once the STIM is powered, it sends a message tN@#P,
reporting its activation. When the NCAP receivess th
activation signal, it assigns a channel for the N6Tdnd
requests information from the TEDS, to configuree th
communication. When required by the remote clighg
STIM executes a measurement and control method.

ELECTRIC ENERGY QUALITY REAL-TIME ANALYZER
WITH WEB INTERFACE

This is a graduation project, award-winner and ps&s real-
time measuring of waveform parameter in a tri-phiigg
voltage bus. All the energy quality indicators agdculated
in real-time and compared with the ideally predicte
parameter by using a powerful DSP processor.

At this point, many solutions, from isolation of fdgh
voltage bus, analog filter and fast conversion AI®
mathematical procedures to predict the future wawvef are
applied, associated to a high velocity digital sign
processing and a suitable programming of all thaviare to
develop a device able to measure and classify eken
fastest quality fault event and store all datallgca

As a final course project it has an embedded ieteweb
server to supply the user all the information andkenit
accessible from any part in the world by using adir@ary
computer connected to internet as shown in Figur&hé
different elements included in the systems are sham
Figure 8.

This kind of interface is important since it is paf a new

>

Metwork
Module

FIGURE8.
ENERGY QUALITY ANALYZER HARDWARE BLOCK DIAGRAM.

BRINCARE PROJECT

The main idea of this project comes from a socialusion
problem that happens to people with neurophysioklgi
disorders. A bioelectric signal sampler interface an
electromyography to be applied as integration toofs
handicapped students in the mainstream schoolrsyates
developed. Special children that carry neuromuscula
dystrophies, and have difficulties in the relatioips with
other children, since the first friendship relatiprocess is
based on the integration of players in some kingaofe.

After the giant revolution of computational powerdathe
Internet, the electronic games have grown as ardsting
means by which students can establish relationsigirsgy
different interfaces that ease the communication of

movement of industrial equipment makers in adoptingcommands and let them interact, without worryingub

internet solutions as a standard.

Coimbra, Portugal

their physical limitations.
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This project works in the development of a socalan The web service software system has proved its
environment based on an electronic platform and aeffectiveness, interconnecting different platformthat
intelligent interface that captures signals anddiaes them exchange data over the Internet. This interopetalid due
into processed information. Thus, it suppresses thto the use of open standards such as XML and RPE€. T
neuromuscular problem and lets the child act inghme plug-and-play network sensor architecture addresda®ad
way as children that have their neuromuscular systéact. range of applications that demands flexibility, lwa cost-
The proposal was a bioelectric signal sampler fateras an effective solution.

electromyography (EMG). The signals were captunedhe

skin surface with no kind of invasion using dispdea ACKNOWLEDGMENT
electrodes as sensors. These signals were amplifieded
and digitalized as shown in Figure 9. The authors acknowledge partial support from Biaazil

A strong digital process of the captured signal e@nds are  agencies FAPESP and CAPES. This work was developed
used to extract the voluntary information of therygven if  under the NANOSENSIM Nano-Sensores Integrados e
these signals are not coherent to be converted in Microsistemas network (CNPq contract number
coordinated movement by the muscles and even iérg v 400619/2004-0).

significant part of them are involuntary.
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