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Abstract

The selection of the optimal sensors to use in an electronic nose is fundamental to the success or failure of any particular olfactory system
in a certain application. The experimentation and characterization of gas sensors require complex electronic noses designed for the specific
sensor array under test. The absence of design generalizations and standard interfaces in artificial chemical sensing systems is a well-known
problem usually leading to the re-calibration of the olfactory system whenever a sensor has to be substituted. Bigger problems come up when
the migration to sensors based on a different principle is required (e.g. from resistive polymeric sensor to mass-variation QCM sensor); this
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ecessity involves the re-design of part or even the whole olfactory system forcing research groups to great efforts in system
oftware programming. In this paper, a solution to standardize gas sensors and electronic olfactory systems is presented.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The composition of the sensor array of an electronic olfac-
ory system is a fundamental choice for the effectiveness of
he overall system performance. The selection of sensor type
nd sensor material is an open field of research that involves
any academic research groups and companies worldwide

[1–3], and references therein). Metal oxide sensors (MOX),
uartz crystal microbalance sensors (QCM), surface acoustic
ave sensors (SAW) and polymeric sensors are among the
ost popular types of sensors used for the detection of gases

4].
The choice of the number of sensors and their working

rinciple (i.e. their type and sensing material) are unknown
arameters that have to be found experimentally by trials;
oreover, this selection is strictly related to the specific appli-

ation. In fact, sensors that are suitable (i.e. sensitive and

� This work was supported in part by the Second Network of Excellence on
rtificial Olfactory Sensing (NOSE II) under the Exchange and Fellowship
rogram and Standardization of Hardware and Software Working Group.
∗ Corresponding author. Tel.: +39 0832 422513; fax: +39 0832 422552.

selective) for a certain compound, can be ineffective to d
a different one. Consequently, a different array set-up h
be selected for a different application.

A desirable solution could be the changing of the se
array by selecting the more selective and sensitive senso
the target gases. This is especially needed in the aca
field where many experimental sensors have to be te
Because the different sensor working principles and diffe
front-end electronics, the sensor changing is a hard tas
usually involves the re-design of the system and the wr
of new software.

It would be advantageous for gas sensors to be as
bled in plug-and-play modules containing the condition
electronics, the sensor information in electronic format
a standard bus for data communication in a standard
mat. As one would expect, plug-and-play modules wo
allow developing auto-configurable electronic noses,
vided with the chosen standard bus and managed by sta
software.

The main problem is related to the choice of a suit
standard, universally accepted, that can be used with all
of sensors. The family standard IEEE 1451[5–18], recently
E-mail addresses: nicola@ing.unisi.it (N. Ulivieri),

osimo.distante@imm.cnr.it (C. Distante). approved in some parts, provides the tools for developing
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plug-and-play transducers and it can be exploited for gas
sensors.

In this paper, the design of an automatically re-configur-
able system allowing easy sensor change based on the IEEE
1451.4 standard[11,12,21], and also a virtual instrument (VI)
for the automatic creation of transducer electronic data sheets
(TEDS)[12,17]are presented.

2. Overview of the IEEE 1451 standard

The purpose of the IEEE 1451 standards for smart trans-
ducer interface for sensors and actuators, is to define a
set of common interfaces for connecting transducers to
microprocessor-based systems, instruments, and field net-
works in a network-independent fashion[5]. The main goals
of the standard are[18]:

• developing network-independent and vendor-independent
transducer interfaces;

• allowing transducers to be replaced and/or moved with
minimum effort;

• eliminating error prone, manual system configuration
steps;

• supporting a general transducer data, control, timing, con-
figuration and calibration model;
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will include the addition of alternate physical layers, such
as UART (Universal Asynchronous Receiver/Transmitter)
interface, to utilize existing, widely available, low-cost
data transfer methods in order to reduce cost and com-
plexity.

• The recently approved standard IEEE 1451.3 defines a
digital interface for connecting multiple physically sep-
arated transducers[15]. The standard is intended to allow
synchronised reading of large sensor arrays on a parallel
transducer bus using the multidrop connectivity by defin-
ing channel identification protocols, hot-swap protocols,
time synchronization protocols, and the read and write
logic functions used to access the TEDS and transducer
data.

• The IEEE 1451.4 standard defines a mechanism for adding
self-identification technology to traditional analog sensors
and actuators[11,16,17]and it is described in details in the
next section.

• The IEEE P1451.5 project will establish a standard for
wireless communication methods and data format for
transducers. It will adopt necessary wireless interfaces and
protocols to facilitate the use of existing wireless technol-
ogy solutions and it will define a TEDS based on the IEEE
1451 concept, and protocols to access TEDS and trans-
ducer data.

• Finally, the new project IEEE P1451.6 will establish
ucer
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developing Transducer Electronic Data Sheets (TE
that remain with the transducer during normal operat

At present, the IEEE P1451 family standard is divi
nto seven parts named IEEE P1451.0, IEEE 1451.1, I
451.2, IEEE 1451.3, IEEE 1451.4, IEEE P1451.5 and I
1451.6 where P stands for proposal since some parts a
et approved:

The aim of IEEE P1451.0 is to encourage compatib
across the IEEE1451 family. IEEE P1451.0 is a phys
layer independent NCAP-to-transducer module inter
that includes the basic command set and communic
protocol. It will also define a new version of TEDS tha
common to the family members that deal with the phys
layers.
The IEEE 1451.1 standard was published in 1999
defines a Network Capable Application Processor (NC
to interface transducers to networks. This is done by m
of a common control network information object model
smart sensors and actuators[13].
The IEEE 1451.2 standard was approved as a sta
in September 1997[14], and is currently under revisio
IEEE 1451.2 defines the Transducer Electronic Data S
(TEDS) and a Transducer Independent Interface (TI
does not specify signal conditioning, signal conversio
how an application uses the TEDS data. The TEDS, s
in a non-volatile memory embedded with the transdu
contains the critical information needed by an instrum
or measurement system to identify, characterize, inter
and properly use the transducer. The revised IEEE 14
t

a CANopen-based network for multi-channel transd
modules and will define a high-speed, CANopen-ba
transducer network interface for intrinsically safe and n
intrinsically safe applications.

. The IEEE 1451.4

IEEE 1451.4 (dot 4 from now on) defines a mechan
or adding self-describing behaviour to traditional transd
rs with an analog signal interface. The dot 4 defines
oncept of a transducer that supplies both analog and d
nterface, namely,mixed-mode interface (Fig. 1). The analog
lectrical interface provides a signal reflecting the phy
henomenon (such as temperature, pressure, and force

raditional manner. The digital interface allows communi
ng with an embedded memory device within the transd
n order to read/write the TEDS.

Fig. 1. Smart transducer module with embedded TEDS.
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Fig. 2. Set-up of a PC-based dot 4 system.

Fig. 2illustrates a typical configuration of a PC-based sys-
tem implementing the dot 4 standard. The PC is provided with
a data acquisition board (DAQ), to acquire/generate analog
signals, and a TEDS interface, described later on.

3.1. Mixed-mode interface

IEEE 1451.4 defines two types of mixed-mode interfaces,
namely, Classes 1 and 2 interfaces[17]. Class 1 interfaces
have been defined for constant-current powered piezoelectric
transducers (accelerometers, microphones, etc.) and define
a scheme for sequentially switching between analog mode
and digital TEDS mode on a single pair of transducer wires.
Constant-current powered transducers, generally referred to
as integrated electronics for piezoelectric (IEPE) transduc-

ers, incorporate internal signal conditioning powered by a
constant current that is supplied by the measurement system
on the signal wires. Class 1 transducers exploit this already
existing analog standard by adding the TEDS with a switch
that is controlled by the direction of the current source, as
sketched inFig. 3. By reversing the direction of the current,
the data acquisition system switches the sensor into digital
TEDS mode.

In order to extend the dot 4 standard to every type of trans-
ducer, the IEEE1451.4 working group has introduced a more
general class of interfaces: the Class 2. Class 2 interfaces
require additional wires for digital TEDS communication.
The analog input/output of the transducer is left unmodified,
and the two-wire TEDS interface is added in parallel to the
analog interface. Using this approach, it is possible to imple-
ment TEDS on virtually any type of amplified or unamplified
sensor or actuator (thermocouples, RTDs, thermistors, bridge
sensors, electrolytic chemical cells, 4–20 mA current loop
sensors, etc.).Fig. 4 illustrates an example of IEEE 1451.4,
Class 2, multi-wire interface, with shared wire. Other front-
ends, such as a multi-wire interface with bridge sensor or with
a 4–20 mA sensor, are supported by the Class 2 interface as
well.

The digital portion of the mixed-mode interface (Class
1 or 2) is based on the 1-Wire® protocol licensed by
Maxim/Dallas Semiconductor[19]. This is a master–slave,
m uir-
i ition

o-wire
Fig. 3. Example of IEEE 1451.4 Class 1, tw
Fig. 4. Example of IEEE 1451.4, Class 2
ulti-drop bus with serial communication protocol, req
ng that a single master device (e.g. the data acquis

interface, with constant-current powered sensor.
, multi-wire interface, with shared wire.
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system) supplies power, and initiates each data transaction
on a single wire with each node (EEPROM) according to a
defined transaction timing sequence. Each node contains a
unique address (64 bits serial number), identifiable by the
master, allowing individual access. Maxim/Dallas Semicon-
ductor manufactures two 1-Wire EEPROMs, the DS2430
(256 bits) and DS2433 (4 Kb) providing low-cost solutions
for adding TEDS to sensors. The master also acts as inter-
face between the EEPROMs and the PC through a RS232
interface (DS2480[19]) or USB interface (DS2490[19]).

3.2. Dot 4 TEDS

The description of the transducer data in the TEDS,
defined by dot 4, is significantly changed from the version
created by the IEEE1451.2 standard. In order to avoid mis-
understanding, from now on we will call them TEDS.4 and
TEDS.2. The TEDS.4 structure is flexible and extensible to
handle a wide range of sensor types and requirements and
it is very compact allowing the saving of memory. In fact,
while a TEDS.2 requires 1376 bits to describe one sensor
(76 bytes for the Meta TEDS + 96 bytes for channel TEDS
[14]), a TEDS.4 requires only about 256 bits. The TEDS.4 is
divided into four key sections: basic TEDS, template TEDS,
calibration TEDS and user data (Fig. 5). The first section
is obligatory and the last three ones are optional. The first
6 that
u urer
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Table 1
Basic TEDS content[17]

Bit length Allowable range

Manufacturer ID 14 17–16381
Model number 15 0–32767
Version letter 5 A–Z (data type Chr5)
Version number 6 0–63
Serial number 24 0–16777215

defined template and node lists in a multi-node configuration,
respectively. The application and assignment of the remained
fields of the basic TEDS are left to the discretion of the
manufacturer.

The main innovation of the TEDS.4 is related to the def-
inition of a collection of standard templates that are specific
for each class of transducers (Table 2). The templates provide
the means for the measurement system to convert the TEDS
binary data stored on a EEPROM or on a file (in the sec-
ond case the TEDS is called virtual TEDS) into meaningful
specifications for that sensor.

Each template has a specific ID. Templates 25–39 are
transducer-type templates that contain properties that are
needed for the specific types of transducers. Example of
template fields are: “maximum electrical output”, “response
time”, “excitation level”, “calibration date”, “measurement
location”. Some fields are read only, while others can be writ-
ten by the user. Standard templates allow specifying both the
physical measurand and electrical value full scale precision
with respective standard units. In some cases, it is possible

Table 2
Standard templates[17]

Type Template ID Name of template

T

r
ed

al

C

4 bits of the transducer TEDS forms the basic TEDS
niquely identifies the transducer by including manufact

D (14 bits), model number (15 bits), version letter (5
haracter code), version number (6 bits), and serial nu
f the device (24 bits). This data is organized accordin

he format described inTable 1.
The manufacturer ID is an enumeration of manufac

rs. Some IDs are assigned to early adopters, and
ssignments will be managed by IEEE[22]. Software can us

his ID to display the manufacturer names. Values 0–16
6382 and 16383 are reserved for special uses, such a

Fig. 5. TEDS.4 general structure.
-
ransducer type
templates

25 Accelerometers and force
26 Charge amplifier (w/attached

accelerometer)
43 Charge amplifier (w/attached force

transducer)
27 Microphone with built-in preamplifie
28 Microphone preamplifier (w/attach

microphone)
29 Microphone (capacitive)
30 High-level voltage output sensors
31 Current loop output sensors
32 Resistance sensors
33 Bridge sensors
34 AC linear/rotary variable differenti

transformer (LVDT/RVDT) sensors
35 Strain gauge
36 Thermocouple
37 Resistance temperature detectors

(RTDs)
38 Thermistor
39 Potentiometric voltage divider

alibration
templates

40 Calibration table
41 Calibration curve (polynomial)
42 Frequency response table
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to indicate the coefficients’ resolution in order to reduce the
TEDS size.

The collection of IEEE standard templates include
IEPE (constant current powered) accelerometers and
microphones, IEPE pressure sensors, Wheatstone bridge
sensors, strain gauges, load and force transducers, thermo-
couples, RTDs, thermistors, LVDT/RVDT, resistive sensors,
and amplified sensors (any type) with voltage or current
outputs.

Templates 30, 31, and 32 are general purpose templates
for voltage, current and resistive output sensors, respectively.
Templates 40, 41, and 42 are calibration templates and can
be used with one of the transducer-type templates. The Cal-
ibration Table Template (ID = 40) allows the inclusion of
multiple data pairs to specify the input–output function of
the sensor. The Calibration Curve Template (ID = 41) allows
the specification of the input–output function of the sen-
sor as a multi-segment, multi-polynomial curve. Finally,
the calibration templates 42 (frequency response table tem-
plate) allows the specification of the frequency response
function of a sensor as a set of amplitude–frequency data
pairs.

Calibration templates 40 and 41 permit to apply data cor-
rection to physical measurand or to the electrical value. This
allows the user to represent the acquired data with the cor-
rect units. For instance, by applying calibration to physical
m ltage
s
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Table 3
Proposed version letter-sensor type correspondence for TEDS.4 for gas
sensors

Version letter Gas sensor type

M Metal oxide
Q Quartz crystal microbalance
S Surface acoustic wave
B Biosensor
P Polymer
F MOSFET
H Heater
...

...

4.1. Dot 4 basic TEDS for gas sensors

Firstly, it is important to codify the basic TEDS infor-
mation since this is the mandatory part of the TEDS.4. The
manufacturer ID is the field that allows a TEDS.4 reader to
recognize the class of transducer on the basis of the follow-
ing basic TEDS fields: model number, version letter, version
number and serial number. Gas sensor manufacturers may
ask IEEE for the assignment of an individual ID. Academic
groups implementing experimental gas sensor modules may
use the higher value stored in the manufacturer ID field
(16383) that is reserved for user-defined template. To indicate
the type of gas sensor and its sensing material, it is suffi-
cient to codify two out of the four remaining basic TEDS
fields: version letter and version number. The version letter
can be associated with the type of gas sensor in a standard
way. This solution allows codifying up to 32 different types of
gas sensors. A proposed (even if incomplete) correspondence
letter-type of sensor is shown inTable 3.

In Table 3, also the heater was taken into account since this
is a common transducer which is often present in gas sensor
applications. Moreover, every MOX sensor has an embedded
heater that must be considered to implement a dot 4 standard
module.

The active sensing layer can be identified by the ver-
sion number value which allows codifying up to 64 different
m ary to
s e. A
l ber-
s

4

t to
p does
n ce.
T

s for
g Level
V em-
p n be
e sors
easure it could be possible to convert the measured vo
ensor output to gas concentration.

Another important difference between TEDS.4
EDS.2 is the enumeration of the units. The unit to
ssigned to the physical measurand in templates 30, 3
3 and 39 can be selected among the 45 ones enumera

he standard, by using only 6 bits. TEDS.2 is more gen
ut it requires 10 bytes to describe a unit.

It is important to point out that the TEDS.4 describes o
ne transducer and not a transducer array. The array w
utomatically configured by a NCAP after recognizing
arious transducer modules.

Even though several types of sensors have been take
ccount by the dot 4 working group, there are no spe

emplates related to gas sensors. The present work pr
ome solutions and proposals on how to include gas s
pecific information into a dot 4 TEDS.

. IEEE1451.4 standard for gas sensors: proposals

From the previous section, it comes up that every gas
or type with a resistive, voltage, or current output ca
nterfaced with a dot 4 standard system. For this purpo
s sufficient that the gas sensor is placed in a module prov
ith a 1-wire EEPROM and an electronic front-end imp
enting a Class 2 mixed-mode interface. On the other h

t is important to define a standard way to store gas se
nformation in the TEDS since there are none defined in
ot 4, so far.
s aterials for each type of gas sensor. It is then necess
tandardize this field on the basis of the version letter valu
argely incomplete but explicative correspondence num
ensing material is proposed inTable 4.

.2. Standard templates for gas sensors

The information stored in the basic TEDS is sufficien
rovide the complete description of the gas sensor, but it
ot allow automatically configuring the electronic interfa
his resource is offered by the standard templates.

Even though there are no specific standard template
as sensors, the general-purpose templates 30 (High-
oltage Output Template), 31 (Current-Loop Output T
late) and 32 (Resistive-Output Sensors Template) ca
xploited for this purpose. For instance, polymeric sen
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Table 4
Version number-gas sensor active material correspondence for gas sensors

Version number Version letter (active material)

M P H · · ·
0 No description No description No description No description

1 Tin oxide Conductive polymer (generic) Platinum
...

2 Tin oxide, doped with platinum Carbon black Ruthenium oxide

3 Tin oxide, doped with gold
...

...
4 Indium oxide
5 Zinc oxide
6 Tungsten trioxide
...

...

whose output is a variable resistance can be described by
template 32. If the polymeric resistor is inserted in a transcon-
ductance amplifier, the calibration Template 41 can be used to
convert the acquired output voltage to the sensor resistance.
In fact, sinceVo = RPIS, whereVo is the output voltage,RP the
polymer resistance andIS the supply current, it is sufficient
to use a first order polynomialRP = a0 + a1Vo, wherea0 = 0
anda1 = 1/IS, to obtain the automatic conversion in the cor-
rect unit. The coefficientsa0 anda1 have to be saved in the
calibration TEDS and the Electrical value have to be chosen
as the domain parameter.

QCM sensors inserted in an oscillator circuit, whose out-
put is a voltage signal, can be described by Template 30.
When a QCM is employed, if a frequency-to-voltage con-
verter is used in the smart transducer module, the calibration
Template 42 will allow to automatically convert the acquired
output voltage in the QCM frequency.

Specialized templates can be used as well. TemPlate 33
(Bridge Sensors Template), may describe a polymeric gas
sensor or MOX sensor inserted in a Wheatstone bridge.

TemPlate 37, designed for resistance temperature detec-
tors (RTD), is suitable to describe heaters. This template
allows storing all the necessary parameters such as the max-
imum and nominal excitation current, the response time and
also the value of R0 and the Callendar–Van Dusen (CVD)
coefficients allowing to specify a standard or custom curve
t r tha
i sep-
a stem
m sys-
t ater.
T ent
l ble
b nsor
a

late
3 the
s te to
t the
s

4.3. Custom solutions within the IEEE1451.4 standard

The previous examples give evidence that IEEE1451.4
templates may allow gas sensor modules to be automatically
managed by dot 4 compliant systems. However, not every
gas-sensor module with a generic analog interface can be
well described by the standard templates. Let us examine the
following cases. When the monitoring of QCM frequency

Fig. 6. (a) IEEE1451.4 Class 2 compliant module with embedded TEDS;
(b) smart module block diagram.
o relate heater resistance-heater temperature. It is clea
n a dot 4 system, a MOX heater must be treated as a
rated transducer. However, in an auto-configurable sy
anaging sensors with plug-and-play capabilities, the

em should be able to associate one MOX with its he
his is possible by making use of the field “measurem

ocation”, included in every template that can be modifia
y the user allowing indicating the sensor position in a se
rray.

By saving in this field the same value both in Temp
7 for the heater, for instance, and in Template 33 for
ensing resistive element, it is possible to clearly indica
he system which heater belongs to a certain MOX in
ensor array.
t
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variation in high resolution is required, it is possible to
avoid the use of a frequency-to-voltage converter. In previ-
ous research[20], the design of a QCM-based module that
allows a very high resolution (<0.1 Hz/10 MHz) in frequency
measurement is presented. Such module makes use of a refer-
ence oscillator (resonant frequencyfr ≈ 10 MHz) and a mixer
device to shift the baseline high-frequency voltage output
(fq ≈ 10 MHz) down to few kHz (fout = fr − fq = 1–30 kHz).
The low-frequency signal outputfout is acquired by a DAQ
board and processed by the PC. This module can be made
IEEE 1451.4 compliant by exploiting the Template 30 (volt-
age output signal) but there is no way to insert standard
information into the TEDS to notify the acquisition system
how estimating the QCM frequencyfr from the acquired sig-
nal (e.g. by evaluating the power spectral density (PSD) of
the signal, assessing the frequency value of the higher energy
tone fout, and then adding the reference oscillator resonant
frequency[20]). In this case, it is unavoidable to make use of
the user data template to store the frequency valuefr of the
reference oscillator. It is clear that the amount of custom data
is limited by the amount of EEPROM memory. The DS2433
has 4096 bits of memory available, so much more of the
200–300 bits usually required for the basic transducer type.

A different problem was encountered in Template 33
(bridge sensors template) where the field “bridge element
impedance” allows the storing of a maximum value of
26.2 k� and does not allow generalizing by defining higher
resistance values[17]. This is a limitation in using this
template since a MOX or polymeric sensor baseline resis-
tance is usually greater than 26.2 k� and the bridge element
impedance should be equal to the sensor baseline value in
order to balance the bridge. IfRB > 26.2 k�, the maximum
value (26.2 k�) can be stored in the TEDS in order to provide
an alert message to the reader, then the actualRB value can
be written in the user data with a data protocol as the one
described above for the QCM reference frequency.

Finally, the sensor resistanceRScan be automatically eval-
uated from the acquired bridge output voltage through the
relationship:

RS = RB
1/2 − Vo/(VexcG)

1/2 + Vo/(VexcG)
(1)

whereRB is the bridge element resistance,Vexc the nominal
excitation level, andG is the module gain that is written in
the calibration TEDS and Vo is the output voltage acquired
by the system.
Fig. 7. TEDS Manager VI; section for TEDS cre
ation from the module hardware configuration.
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Examples given cannot be exhaustive but they clearly
show the potentiality of the IEEE 1451.4 standard and its
versatility as well.

5. Experimental results

The actual benefits offered by the adoption of the IEEE
1451.4 standard were tested by implementing a dot 4 com-
pliant module and an Interface Human Machine (HMI) able
to automatically configure itself on the basis of the TEDS
information.

5.1. IEEE1451.4 Class 2 compliant module for resistive
gas sensor measurements

The module developed is compliant with the Class 2
multi-wire interface for bridge sensor and allows to mea-
sure resistances up to few hundreds of k� (Fig. 6a). This
range is generally adequate for polymeric gas sensors. The
three bridge resistances were implemented by digital poten-
tiometers (Xicor X9258) whose value can be set in a range of
0–100 k� (resolution 0.4%) through the digital I2C bus. The

X9258 is universally recognized along the I2C parallel bus
by a user-defined chip address (4 bits) that allows the con-
nection of up to 16 devices in parallel. An instrumentation
amplifier with gain adjustable in the range 1–512 through a
programmable potentiometer was inserted in the smart mod-
ule as well (Fig. 6b). These features allow the calibration of
the smart module on the basis of the sensor resistance value
and the desired sensitivity, and allow a resistance measure-
ment resolution of 30 ppm which is necessary to detect and
track the weak resistance variation caused by low gas con-
centration or low polymer sensitivity[20]. The output signal
Vo is acquired by a data acquisition board (DAQ, E6024 by
National Instruments) and processed by a PC. The DS2433
1-Wire EEPROM for a TEDS is embedded within the mod-
ule (Fig. 6) and interfaced to the PC through a 1-Wire/RS232
interface.

5.2. Virtual instruments to create dot 4TEDS

A virtual instrument (VI) was implemented within the
LabVIEW environment for the easy and automatic TEDS
creation, TEDS reading/writing to/from EEPROM or file.
Fig. 7 shows the VI graphical interface when the quarter
Fig. 8. TEDS Manager VI; se
ction for TEDS reading.
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bridge hardware configuration is selected. Such VI allows
the user to insert all the basic TEDS information (Fig. 7
left-hand side) such as the manufacturer ID, the type of sen-
sor and sensor material as defined previously in this paper.
Moreover, the electrical scheme selected (see tabs in the
center ofFig. 7) tells the VI the template to select that
will be filled with the parameters’ values written in the
corresponding tab window. The bridge elementR is stored
in the user data if its value is higher than the maximum
allowed. The gain value is saved in the calibration template.
Also the physical maximum and minimum values can be
specified.

Different hardware such as transconductance amplifier,
voltage divider and oscillator are considered and even the
TEDS for heaters is implemented.

By pressing the virtual button on the VI front panel (Fig. 7
left bottom side corner), the TEDS is created and saved in a
file.

Fig. 8 shows the VI section for TEDS reading and an
example of Heater TEDS. The last main tab “WRITE TEDS
to EEPROM” presents a dialog window to write TEDS to
EEPROM through the serial/1-Wire interface.

5.3. Human Machine Interface (HMI)

An Interface Human Machine has been developed within
the LabVIEW environment to manage IEEE1451.4 Class 2
compliant smart modules. The HMI is a self-configurable
system that can be considered a prototype dot 4-compliant
standard electronic nose.Fig. 9shows the front panel of the
HMI. On the upper left-hand side, a switch allows to select
the source TEDS, virtual or embedded with sensor. In the
second case, the EEPROM ID is shown in a box. The exam-
ple test depicted inFig. 9, shows the recognition by the HMI
of a carbon-black polymeric sensor inserted in the a quarter
bridge configuration. Sensor type and sensor material that are
recognized from the codified basic TEDS are written in the
upper side of the front panel. After the recognition, the HMI
performs a self-configuration and starts acquiring from the
smart module. The HMI shows on the front panel the mea-
sured quantity (e.g. resistance, voltage, current, temperature
or ppm) related to the graph data. When the hardware config-
uration is recognized by the HMI, the “known formula” led
turns on and the voltage value acquired by the DAQ board are
processed by the HMI. If ‘s’ sensor template is not present in
Fig. 9. Front panel of the Int
erface Human Machine.
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the TEDS or not recognized, the HMI will show the voltage
row data acquired. Polynomial correction is applied when a
calibration TEDS is found. It must be noted that the HMI
also provides an output excitation signal (“output level (V)”
in the bottom part of the front panel ofFig. 9) whose value
depends by the “excitation level (Nominal)” field read in the
TEDS.

It must be pointed out that the IEEE1451.4 standard can-
not offer full plug-and-play capabilities since the user must
indicates to the system the input/output channels where the
modules are connected.

6. Conclusions

In this paper, work was performed and results were
presented showing how gas sensors plug-and-play can be
achieved through the adoption of the IEEE1451.4 standard.
Proposals describing gas sensors in TEDS.4 standard for-
mat were presented. A prototype dot 4-compliant electronic
nose (HMI) with self-configuration capabilities and a Class
2 module for resistive gas sensors were presented. They
have demonstrated the benefits of the implementation of the
IEEE1451.4 standard. In particular, it was verified the oppor-
tunity of easy set-up of dot 4-based olfactory systems that
allow easy sensor substitution, independence from the sen-
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