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Abstract—The IEEE 1451 smart transducer interface standard
aims at establishing a common interface to promote interoperability among the myriad of transducers currently in the market.
Nonetheless, the acceptance of the standard in the realm of
Wireless Sensor Networks (WSN) seems to be constrained by
apparently incompatible operational semantics: while ordinary
transducers deployed in control networks usually operate at
fixed periods, or even as slaves of master controllers, wireless
sensors mostly avoid such regimens due to its inherent energy
and bandwidth utilization inefficiency. In this paper, we propose
a reconciling strategy based on Transducer Interface Module
Initiated Message (TIM-IM) that enables Wireless Transducer
Interface Modules (WTIM) to communicate efficiently with
a Network Capable Application Processor (NCAP). We also
propose an adjustment to the IEEE 1451 project in order to
enable its use in Wireless Multimedia Sensor Networks (WMSN).
The proposed solution has been validated through a prototype
implementation with expressive efficiency gains.
Keywords-IEEE 1451, Wireless Sensor Networks, Wireless
Multimedia Sensor Networks, TIM Initiated Message

I. I NTRODUCTION
Wireless Sensor Networks (WSN) are composed by sensor
nodes capable of monitoring a phenomenon around them and
communicating via radio frequency. Factors such as mobility
among nodes, heterogeneity in communication, and diversity
of sensors make WSN highly vulnerable to failure. Aiming to
solve these problems, the IEEE 1451 family was created.
Nevertheless, past efforts to bring IEEE 1451 to the realm
of WSN focused mainly on interoperability, without major
concerns about efficiency and conformance to the traditional
semantics of such networks [1] [2]. The reconciling strategy
proposed in this paper is built around the concept of information freshness. Instead of polling Wireless Transducer Interface
Modules (WTIMs) for fresh information about sensed data,
Network Capable Application Processors (NCAPs) can rely on
the Transducer Interface Module Initiated Messages (TIM-IM)
feature of IEEE 1451 and let WTIMs report new information
whenever there is new data to be reported.
In this context, WTIMs can decide whether an observed
variation in sensed data is to be reported or simply ignored. In
the worst-case, that is, in a constantly changing environment,
this strategy spares NCAP request messages, thus improving
network bandwidth and also mote’s energy consumption since
the sensor no longer needs to constantly listen the channel for
NCAP request messages. Whereas in case of relatively stable
environments, efficiency can be largely improved.

Wireless Multimedia Sensor Networks (WMSN) have the
potential to enable many new applications, for instance, multimedia surveillance sensor networks, traffic avoidance and
control systems, advanced health care delivery, automated
parking advice, smart homes, environmental monitoring, and
so on [3]. Nonetheless, the IEEE 1451 standard does not deal
with this type of networks. This paper proposes an adaptation
to the IEEE 1451 project in order to enable its utilization
in WMSN. To achieve this, we have included information
in TEDS (Transducer Electronic Data Sheet), such as the
description of data stream (audio or video). We have also
added two new commands to the set of messages described
by the standard, in order to notify the receiving side that a
multimedia stream is starting/ending.
The rest of this paper is organized as follows: Section II
presents the IEEE 1451 family. Section III shows the related
work. The proposed TIM-IM is described in Section IV,
and the adjustment in the standard to support WMSN is
presented in Section V. Section VI shows the results. Finally,
Section VII concludes the paper.
II. IEEE 1451 FAMILY
The IEEE 1451 standards family defines a set of common communication interfaces for connecting transducers to
microprocessor-based systems, instruments, and field networks
in a network-independent environment [4] [5]. It’s aim is
to reduce the industry’s effort to develop and migrate to
networked smart transducers.
A. TIM and NCAP
To achieve transducers-to-network interchangeability and
transducer-to-networks interoperability, the IEEE 1451 standards family divides the parts of a system into two general
categories of devices: Transducer Interface Module (TIM)
and Network Capable Application Processor (NCAP). TIM is
a module that contains the communication interface, signal
conditioning, analog-to-digital and/or digital-to-analog conversion and, in many cases, the transducer. A TIM may
range in complexity from a single sensor or actuator to units
containing many transducers (sensors and actuators). NCAP is
the hardware and software that provides the gateway function
between TIMs and user network or host processor.
B. TEDS
A key feature of an IEEE 1451 smart transducer is the
specification of the standardized Transducer Electronic Data

Sheet (TEDS) and their formats. TEDS contains manufacturerrelated information about the sensor, such as manufacturer
name, sensor types, serial number, measurement range, accuracy, and calibration data.
TEDS provides many benefits, for instance, it enables selfidentification of sensors or actuators and provides long-term
self-documentation. TEDS reduces human error and eases field
installation, upgrade, and maintenance of sensors. And it also
provides plug-and-play capability.
C. Family Members
Currently the family consists of six active standards and one
in development. This work is related to two of them: IEEE
1451.0 and IEEE 1451.5.
The IEEE 1451.0 introduces the concept of TIM and NCAP
connected by a media specified by another member of the
family. It also develops a set of common functionality for the
whole family, which is independent of physical communication media and includes the basic functions required to control
and manage smart transducers, common communication protocols, and media-independent TEDS formats [6].
The IEEE 1451.5 introduces the concept of Wireless Transducer Interface Module (WTIM), connected wirelessly over
an approved radio communication module to a NCAP. The
approved radios (Dot5AR) are: IEEE 802.11, IEEE 802.15.4,
IEEE Bluetooth, and IEEE ZigBee technologies [7].
D. TransducerChannel
TransducerChannel is the name given by the standard to
the combination of transducer and the components of signal conditioning and conversion associated with it, such as
ADC (Analog-to-Digital Converter). Each TransducerChannel
is associated with an identification number of 16 bits, which
works as destination address of commands sent by NCAP,
beyond distinguishing the TransducerChannels in TIM. TIM
receives the identification number 0, and any command to
this address is intended for the TIM itself and not for an
individual TransducerChannel. When NCAP wants to send
a request to a specific TransducerChannel, it must send the
message to the TIM’s physical address, such as an IP (Internet
Protocol) address, and the IEEE 1451 command must contain
the TransducerChannel ID in a specific field.
E. Operation Modes
Each TransducerChannel can support different sampling and
transmission modes. The combination of them form the operating mode of a TransducerChannel which describes, in general,
how is the operation of the sensor or actuator. The first,
sampling mode, describes how the TransducerChannel should
proceed to perform data retrieval, if it is a sensor, or how
the incoming data should be used, when the transducer is an
actuator. The sampling mode can also set the interval in which
data should be retrieved/used. The second, transmission mode,
determines how the information is transferred between NCAP
and TIM. The mode or modes of operation that can operate a
TransducerChannel are indicated in TrasducerChannel TEDS’s
attributes in each transducer.

The standard specifies some operating modes for the operation of transducers. The choice of the sampling mode
continuous sampling in combination with either the transmission mode streaming when a buffer is full or streaming at a
fixed interval forms an operating mode known as streaming
operation. A sensor operating in this mode must acquire data
and transmit them to NCAP when the reading set is completed,
without the need to receive additional commands from NCAP.
Thus, the readings taken by a sensor can be sent autonomously
and automatically.
III. R ELATED W ORK
Song and Lee [8] [9] describe an implementation of the
proposed IEEE 1451.0 and 1451.5 standards using the Java
programming language. This system consists of two wireless
nodes, NCAP and WTIM, which communicate with each
other using the standard interfaces through 802.11 wireless
communication modules. Three examples are discussed in
these papers. The first example focuses on wireless node
announcement and discovery using the publisher-subscriber
model. The second example focuses on request-response of
sensor data using the client-server model. Finally, the third
example focuses on request-response of sensor TEDS using
the client-server model. In these works, when NCAP needs to
collect data from WTIM, it must take the initiative by sending
a request, causing the mote to send a response back to it. Our
work differentiates from these because WTIM is able to start
the transmission of information without a previous request sent
by NCAP, saving the network bandwidth.
Gilsinn and Lee [10] discuss the IEEE 1451 interface for
smart sensors, and possible solutions for creating a wireless
interface for the standard. Most sensors require an energy
source, such as an electric power supply or battery, to power
the sensing element and associated electronics. Thus, the
authors comment that low-power wireless sensors would be
useful in locations where maintenance is performed regularly
and batteries could be changed as part of that maintenance.
Another way to energize the sensors would be getting energy
from their surrounding, thus a power conversion device would
be designed to take energy from heat, light, sound, vibration,
or any other source of energy available from the environment.
Our TIM-IM method aims to minimize energy consumption,
keeping the sensor in sleep mode most of the time.
IV. T RANSDUCER I NTERFACE M ODULE
I NITIATED M ESSAGE
Since sensor nodes in a WSN have limited energy, some
applications choose to keep them asleep during most of their
operation. Nodes can be awakened from time to time, in
order to make the proper measurements, process data, and
communicate with other nodes. Among the operation modes
available on IEEE 1451.0, the one that best fits this scenario
is called streaming operation, as discussed in Section II-E.
The IEEE 1451.0 standard describes a structure called “TIM
Initiated Message”. However, it only demonstrates its use to
send the status from TIMs to NCAP, such as to indicate that

some TEDS have changed or if a command was rejected. The
standard does not describe how we should proceed to send data
collected by the sensor to NCAP. We propose a way for this
transfer to be made, enabling a TIM to take the initiative and
send collected data by its TransducerChannels to the NCAP
on which it is registered.
We adopt the “TIM Initiated Message” structure, filling
the existing fields with the values as instructed by the “read
TransducerChannel data-set segment” command, described by
the standard. This way, the application must wait for samples
obtained by the TransducerChannel, which is working on
streaming operation mode.
The message’s structure is shown in Figure 1. The first two
octets are formed by the TransducerChannel address which
is sending the message. The next two octets specify the
message’s command type, where the most significant byte
indicates the command class to be used and the least significant
represents the command function. This work proposes to fill
these fields with the values 3 and 1, indicating a “transducer
operating state” command and “read TransducerChannel dataset segment” function, respectively. The third part also consists
of two bytes and indicates the number of octets transmitted in
the message, in other words, how many octets are expected in
the data field. Finally, there are octets containing the reading
set obtained by the sensor.

Figure 1.

TIM Initiated Message format.

The various TEDS contain information related to the TIM
and they represent the best place to describe whether a sensor
is working on polling or TIM-IM mode. An important TEDS
is the TransducerChannel TEDS, which contains information
such as the physical unit used to define the information
being measured (such as meter, kilogram, second, kelvin, etc.),
the number of data samples transmitted by the sensor, the
sampling and transmission modes supported by the TransducerChannel, and so on.
In order to allow the use of messages initiated by TIM correctly, we propose to extend the table 58 of IEEE 1451.0 [6],
which describes the data transmission modes supported by a
TransducerChannel. This information is contained in TransducerChannel TEDS and the three new entries to the table are
shown in Table I. According to the amendments, a sensor can
describe that its TransducerChannel works exclusively in TIM
Initiated Message mode, allowing the sensor to save energy,
keeping it in a sleep state most of its time.
V. S UPPORT FOR W IRELESS M ULTIMEDIA S ENSOR
N ETWORKS IN IEEE 1451
For the purpose of sending multimedia information, first,
we propose to extend the table 48 of IEEE 1451.0 [6],
which describes the TransducerChannel TEDS data block
structure. The new table will not change its information, except
by adding two new entries, which are shown in Table II.

Table I
Data transmission attribute.

Value
5
6
7

Description
This TransducerChannel is capable of being operated
in the Streaming when a buffer is full mode.
This TransducerChannel is capable of being operated
in the Streaming at a fixed interval mode.
This TransducerChannel is capable of being operated
in the Streaming when a buffer is full or Streaming
at a fixed interval modes.

According to the amendments, a sensor can describe that
its TransducerChannel sends multimedia data (audio or video
stream). These new options behave as the already existing nonmultimedia alternatives (radians, steradians, meters, kilograms,
seconds, amperes, kelvins, moles, and candelas), representing
two new entries to the field that describes the physical units.
There are cases where it is not possible to completely
express the physical unit with only one field. To solve this
issue, an optional text-based TEDS, called Units Extension
TEDS, is provided by the standard to give a place to include
a text that would extend the unit field [6]. TransducerChannel
TEDS has a field which provides the TEDS access code for the
extension TEDS. We propose to use Units Extension TEDS to
report some additional information about the audio or video
stream sensed. For example, the text-based TEDS may indicate
that the audio collected is sent using G.711 A-law codec.
In order to notify the opposite side that a data stream is
starting or ending, we also propose to extend the table 31 of
IEEE 1451.0 [6], which describes the commands used when
the TransducerChannel is in operational state. Table III shows
the two new transducer operating state commands, represented
by the command lines with identification numbers 5 and 6.
They can be used in polling method, where NCAP requests
sensed data to the sensors, and in TIM-IM mode, where the
motes are responsible for taking the initiative to communicate
with NCAP which they belong.
Some sequence diagrams are shown below, presenting the
exchange of messages between NCAP and TIM. Figure 2
presents the traditional approach when using polling mode,
where NCAP need to send a request message for each response
from TIM. As multimedia sensors send a stream of data, with
possibly a lot of packets, NCAP also has to send a huge
number of requests. In order to optimize this situation, Figure 3
shows an alternative polling method, where NCAP must only
send one command to start the stream and another message to
stop it. In the meantime, TIM is responsible for sending the
multimedia data.
A sensor operating in TIM-IM mode must acquire data and
transmit them to NCAP when desired, without the need to
receive additional commands from NCAP. Figure 4 presents
the sequence diagram when using TIM Initiated Message
method. When the TransducerChannel is active and it needs
to send multimedia information to NCAP, the sensor starts
sending a command to prepare the other side, then it sends
the sensed data, ending with a stop message.

Table II
Structure of the TransducerChannel TEDS data block.
Field
61
62

Field Name
AudioStream
VideoStream

Description
The exponent for Audio Stream
The exponent for Video Stream

Type
UInt8
UInt8

# octets
1
1

Table III
Transducer operating state commands.
cmdFunctionId

Command

Address class
TransducerChannel

Proxy

5

Group/
global
No

Reply
expected

Required/
optional

Start Read TransducerChannel Yes
Yes
No
See
data-set segment
NOTE
6
Stop Read TransducerChannel
Yes
Yes
No
No
See
data-set segment
NOTE
NOTE–A Start Read TransducerChannel data-set segment and a Stop Read TransducerChannel data-set segment commands
are required for multimedia sensors.

Figure 2.

Polling sequence diagram for WMSN.

Figure 4.

TIM Initiated Message sequence diagram for WMSN.

We propose an optimized TIM-IM approach, shown in Figure 5. Since NCAP knows that TIM works in TIM-IM mode,
NCAP will not send any data request. Thus, the messages
connect, operate, and disconnect have been removed. Although
TIM will be asleep during the sensing time and will not be able
to respond to messages from NCAP, this optimized approach
can be used in situations where it is useful to save the network
bandwidth. Still, NCAP and TIM must agree in advance to use
this mode.
VI. R ESULTS

Figure 3.

Optimized polling sequence diagram for WMSN.

In order to evaluate our proposals we have implemented and
tested the strategies in real sensor nodes, EPOSMoteII [11].
The EPOSMoteII platform focus on modularization, and thus
is composed by interchangeable modules for each function

Figure 5.

Optimized TIM Initiated Message sequence diagram for WMSN.

(processing/communication, sensing and power supply). The
model used in this research features a 32-bit ARM7 processor,
128kB of flash, 96kB of RAM, and an IEEE 802.15.4compliant radio transceiver. In order to use a multimedia
sensor, we have implemented an external audio board, which
contains a microphone to capture surrounding audio.
We used EPOS (Embedded Parallel Operating System) [12]
as our software platform. EPOS has a small memory footprint,
a complete communication stack, and support for sensor
networks. The EPOS’s runtime support environment for sensor
network applications includes, besides the basic functions of
an operating system running with limited resources, mechanisms for efficient power management, field reprogramming,
uniform abstraction of heterogeneous sensor devices and configurable communication service through C-MAC (Configurable Media Access Control) protocol, thus fulfilling the
specific requirements found in applications for WSN [13].
In addition, EPOS implements UDP/IP (User Datagram Protocol/Internet Protocol) and TCP/IP (Transmission Control
Protocol/Internet Protocol), which are used in this work for
communication between NCAP and TIM. UDP/IP is used to
transmit audio stream and TCP/IP to ensure the reliability
of the other messages. Finally, C-MAC can be configured
to avoid idle listening through low power listening, where it
periodically turns on the radio to check for channel activity,
and if activity is detected, the radio is kept on to receive
a packet, otherwise it is immediately turned off for some
time [14]. For all these reasons, EPOS was chosen for use
in this work.
The purpose of this evaluation is to determine the overhead
of traditional operating mode (i.e. polling) versus TIM-IM, in
accordance with the standard. We have evaluated the strategies
in terms of energy and memory consumption.

In the first seconds, polling and TIM-IM have the same
behavior, because of the time required for the sensor to selfidentify and answer to the TEDS requests initiated by NCAP.
After that, the polling method, which implements low power
listening with a timeout of 500 ms and a sleep period of
1000 ms (EPOS’ default values), continues to consume a high
amount of energy because it keeps the radio on during part
of its time, waiting for messages. In both TIM-IM method
(optimized and not), the sensor can turn off the radio while
collecting data, turning it on from time to time to send
the information. The optimized TIM-IM mode saves a little
more energy because it does not send packets to connect and
disconnect from TCP each time it will send the sensed data.
Figure 6 shows the energy consumption for a temperature
sensor. In order not to favor any configuration, TransducerChannel collects a temperature sample every 10 seconds in
all cases and, in TIM-IM mode, it sends autonomously when
its buffer with 10 entries is full, i.e., every 100 seconds. The
polling method works similarly, but NCAP is responsible for
sending a request every 100 seconds to TIM.

Figure 6.

Energy consumption for temperature sensor.

The results show that after 1 hour running, TIM-IM method
consumed less than half the amount of sensor’s energy
(129,83 J in optimized TIM-IM, 156,13 J in TIM-IM, and
316,96 J in polling). This implies in a significant increase
in the sensor battery lifetime. Using more sophisticated techniques, such as sending data only when a temperature sample
has changed compared to it previous value, easily done in
software, would result in an even higher gain in situations
where there is little variation in the sensed data.
Figure 7 presents the energy consumption for a multimedia
sensor. In this experiment the sensor collects an audio sample
every 127 microseconds, resulting in 7884 samples per second.
The node sends 27 packets per second, and each packet
has 292 samples. We used G.726 codec at 16 kbit/s, which
represents an Adaptive Differential Pulse-Code Modulation
(ADPCM) technique [15]. Samples are sent for 5 seconds,
following a pause of 5 seconds, forming a loop. The four
operation modes were implemented as proposed in this paper.
The consumption is higher here when compared to the temperature sensor due the amount of data being handled. The
audio sensor also performs a large number of ADC readings,

and has to run the codec. The difference between polling and
TIM-IM modes is smaller here because the mote sends packets
for 5 seconds at intervals of 5 seconds, while the temperature
sensor sends only one packet at intervals of 100 seconds. This
way, the time the radio can stay off is smaller, which reduces
the space for the optimization.

sends multimedia data (audio or video stream). Second, the
optional text-based Units Extension TEDS was used to report
some information about the audio or video stream sensed,
such as the codec used by the sensor. Finally, in order to
optimize the exchange of messages between NCAP and TIM,
we have extended the table with the commands used when the
TransducerChannel is in operational state.
We validated the proposed solutions by building a WSN
and WMSN IEEE 1451-compliant, using the EPOSMoteII
platform. We have measured energy and memory consumption,
comparing polling and TIM-IM modes. The TIM-IM approach
significantly increased the sensor battery’s lifetime. The results
show that after 1 hour running, the TIM-IM method consumed
less than half the amount of sensor’s energy compared with
the polling method for the temperature sensor. The difference
was smaller for the multimedia sensor, but still the TIM-IM
mode presented better results.
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Figure 7.

Energy consumption for multimedia sensor.

In order to analyze the memory footprint of our implementation, we have used the arm-size tool, from GNU Binutils
version 2.20. The results are shown in Table IV. The first
line, Temperature WTIM + EPOS, shows the size of the EPOS
operating system along with the temperature WTIM’s implementation of IEEE 1451. The second, Temperature WTIM,
presents the size of temperature WTIM only, without EPOS.
The next two lines show the results for audio WTIM, in a
similar way.
Table IV
Memory footprint (in bytes).
Section
Temperature WTIM + EPOS
Temperature WTIM
Audio WTIM + EPOS
Audio WTIM

.text
56492
8320
62812
9332

.data
213
0
213
0

.bss
5280
4
5280
4

TOTAL
61985
8324
68305
9336

VII. C ONCLUSION
This paper presented a solution for using IEEE 1451 standard in WSN where sensor nodes start the communication
through the use of messages initiated by TIM, while maintaining the ability to add different types of motes due to the
existence of standardization.
As a result, we adopted the structure “TIM Initiated Message” described by the standard (IEEE 1451.0 [6]), filling the
existing fields with the values as instructed by the command
“read TransducerChannel data-set segment”. Consequently,
once placed the TransducerChannel into operation, the application must wait for samples obtained by the sensor and sent
by WTIM to NCAP autonomously.
We have also presented an adaptation to IEEE 1451 aiming
to allow its use in WMSN. First, we have included some
information in the TransducerChannel TEDS data block structure, where a sensor can describe that its TransducerChannel

[1] R. L. Oostdyk, C. T. Mata, and J. M. Perotti, “A Kennedy Space Center
implementation of IEEE 1451 networked smart sensors and lessons
learned,” in IEEE Aerospace Conference, vol. 2, 2006, p. 20.
[2] E. Y. Song and K. Lee, “Understanding IEEE 1451-Networked Smart
Transducer Interface Standard - What Is a Smart Transducer?” in IEEE
Instrumentation & Measurement Magazine, vol. 11, no. 2, April 2008,
pp. 11–17.
[3] I. Akyildiz, T. Melodia, and K. Chowdury, “Wireless multimedia sensor
networks: A survey,” Wireless Communications, IEEE, vol. 14, no. 6,
pp. 32–39, December 2007.
[4] K. Lee, “A Synopsis of the IEEE P1451- Standards for Smart Transducer
Communication.” [Online]. Available: ieee1451.nist.gov/1451synosis599F.pdf
[5] ——, “IEEE 1451: A Standard in Support of Smart Transducer Networking,” in 17th IEEE Instrumentation and Measurement Technology
Conference, vol. 2, Baltimore, MD, USA, May 2000, pp. 525–528.
[6] IEEE 1451.0, IEEE Standard for a Smart Transducer Interface for
Sensors and Actuators - Common Functions, Communication Protocols,
and Transducer Electronic Data Sheet (TEDS) Formats, September
2007.
[7] IEEE 1451.5, IEEE Standard for a Smart Transducer Interface for Sensors and Actuators - Wireless Communication Protocols and Transducer
Electronic Data Sheet (TEDS) Formats, October 2007.
[8] E. Y. Song and K. Lee, “An implementation of the proposed ieee
1451.0 and 1451.5 standards,” in Proceedings of the 2006 IEEE Sensors
Applications Symposium, 2006, pp. 72–77.
[9] K. Lee and E. Song, “Wireless Sensor Network Based on IEEE 1451.0
and IEEE 1451.5-802.11,” in 8th International Conference on Electronic
Measurement and Instruments.
[10] J. D. Gilsinn and K. Lee, “Wireless interfaces for ieee 1451 sensor
networks,” in Proceedings of the First ISA/IEEE Conference Sensor for
Industry, 2001, pp. 45–50.
[11] LISHA,
“EPOS
Project,”
2008.
[Online].
Available:
http://epos.lisha.ufsc.br
[12] A. A. Fröhlich, Application-Oriented Operating Systems. Sankt
Augustin: GMD - Forschungszentrum Informationstechnik, 2001.
[Online]. Available: http://www.lisha.ufsc.br/ guto/publications/aoos.pdf
[13] A. A. Fröhlich and L. F. Wanner, “Operating System Support for
Wireless Sensor Networks,” Journal of Computer Science, vol. 4, no. 4,
pp. 272–281, 2008.
[14] R. Steiner, T. R. Mück, and A. A. Fröhlich, “A Configurable
Medium Access Control Protocol for IEEE 802.15.4 Networks,” in
International Congress on Ultra Modern Telecommunications and
Control Systems, Moscow, Russia, October 2010, pp. 1–8. [Online].
Available: http://www.lisha.ufsc.br/pub/icumt2010.pdf
[15] The International Telegraph And Telephone Consultative Committee,
40, 32, 24, 16 kbit/s Adaptive Differential Pulse Code Modulation
(ADPCM), 1990.

