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Abstract

The chapter presents a set of smart sensing systems for unobtrusive sensing implementations of vital signs and
motor activity monitoring compatible with IEEE1451 standard. The IEEE 1451 standard for smart transducers was
considered to add smartness to transducers. Regarding the software components of this kind of systems the .NET
Framework was considered, taking into account that provides a rich development environment. Thus the
implementation of the 1451.1 information model using the .NET Framework, including the customization efforts to
meet the requirements of a specific application, which consists, in the present case, of a smart wheelchair prepared
to monitor user’s physical condition. In one of the implemented architectures the signals from unobtrusive sensors
embedded in the wheelchair characterized by plug-and-play and auto-identification capabilities according with
IEEE1451.4 are acquired and primary processed at the platform level and transmitted using IEEE802.15.4 wireless
communication protocol to a server application implemented in a host PC. Referring to the measurement channels
considered in the present approach, are mentioned the photoplethysmography (PPG), skin conductivity (SKC),
ballistocardiography (BCG), electrocardiography (ECG) as part of cardiorespiratory activity monitor, while the

motor activity is monitored using a 3D accelerometer.
AQ1

1. Introduction

In the last years the necessity to reduce the hospitalization costs and to allow proactive and preventative care led to a
set of developments in the field of home health monitoring [ 1 —3 ]. Such systems, denominated vital signs monitors,
can include measurement units for blood pressure, heart rate, oxygen saturation [ 4 ]. Usually the data from the
monitors are sent to a clinical server for early identification of clinical needs, adjustments to the treatment plan and
medications, reducing emergency room visits and unplanned hospitalizations. In order to reduce the number of
clinical staff needs but also to diminish the stress induced on the patient level caused active participation of the users
in measurement setup (e.g. deployment of ECG electrodes) an unobtrusive embedded vital signs monitors associated
with daily used objects represent interesting alternative solutions [ 5 ]. Our group has been developing a set of smart
objects for vital signs and motor activity assessment of elderly people or related to rehabilitation and mobility
assessment, as part of different prototypes of smart wheelchairs [ 6, 7] J and smart walkers [ 8, 9]. To assure
modular and flexible solutions the vital signs and motor activity, the sensors can be assembled in plug-and-play
modules characterized by appropriate conditioning circuits, processing units expressed by low consumption
microcontroller and a communication interface. Several solutions regarding “plug-and-play” smart sensors are
reported in the literature [ 10— 13 1.

Several implementation of 1451 standard for smart transducers is considered special attention being granted to 1451.1
and 1451.4 implementations. One of the smart system architecture makes use 1451.1 information model, which was
implemented using the .NET Framework [ 14 ]. Several customizations were made to fit the requirements of a specific
application in the field of health monitoring.
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The IEEE 1451 std [ 14, 15] provides guidelines to build open, high performance and smart transducer systems. It
defines a set of neutral communication interfaces for connecting transducers to computers, instrumentation systems
and networks. The IEEE 1451 for smart sensors is composed by the following clauses:

» IEEE 1451.0: Introduces the concept of Transducer Interface Module (TIM) as a peripheral that interfaces one
or more transducers. The TIM acts as a Data Acquisition (DAQ) board with support for transducer self-
identification, self-diagnosis and self-calibration. The clause defines common functions, communication
protocols and Transducer Electronic Data Sheet (TEDS) formats to support these advanced features.

» [EEE 1451.2/3/5: Specify the TIM concept for the cases where the TIM connects to the computer through a set
of different communication interfaces.

» IEEE 1451.4: Defines digital wiring, communication protocols and TEDS structures to make analog transducers
smarter.

» IEEE 1451.7: Defines communication protocols and TEDS structures to interact with RFID tags.

» IEEE 1451.1 [ 16 ]: Defines a generic information model to represent the functionalities of a smart transducer
system. The processor that runs the application (and hence implements the information model) is called
“Network Capable Application Processor” (NCAP). The information model is composed by three classes of
objects: Blocks (intended to process data), Components (intended to store block-related data), and Services
(intended to support communications).

The use of commercial development platforms to implement smart transducer interfaces helps to improve market
acceptance of the IEEE 1451 standard. A good example is the NET Framework [ 17, 18], which can be used to
implement the 1451.1 information model. This well-known and well-supported framework provides last-generation
programming languages (C# and VB.NET), a high-performance execution environment, and a set of highly
productive software libraries. Among these is included the Windows Communication Foundation (WCF) [ 19 ], which
contains all the stuff needed to develop distributed applications (raw sockets, protocol stacks, web services, etc.).

Following this idea, we implemented a software library—named “Service eXtensions for Instrumentation” (SXI)
—that combines the better of two worlds: the communication model provided by WCF and the information model
provided by the IEEE 1451.1 clause.

The SXI library was developed strongly related with IEEE 1451 standard and provides guidelines for future
developments.

The effectiveness of the SXI library was proven through its usage in the particular field of healthcare monitoring
together IEEE1451.4 hardware implementations that is following described.

2. IEEE 1451.4 Hardware Implementation

IEEE 1451.4 standard for smart sensors defines a mechanism for adding self-describing behavior to the traditional
transducers characterized by analog output signals [ 20, 21 ], as is the case of the biomedical sensors used for vital
signs (ECG, BCG, IPG, PPG) and motor activity monitoring. According with this standard the implemented hardware
is based on a microcontroller platform (uCtrl) that allows the acquisition of both analog and digital data from vital
signs sensors (Fig. 1). The connectivity between sensors interface modules (SIMi) is assured by a connection board
(CB) characterized by a set of 8 sensors and a network controlled circuit (NCC). The SIMi are powered through the
power supply line (PWR).

Fig. 1

The block diagram of a microcontroller platform compatible with IEEE 1451.4 for smart sensors embedded in
wheelchair (BSi biomedical sensors, CCi—conditioning circuit, ANT-RFID antenna, SIMi sensor interface
module, PWR-power supply lines, CB—connection board, MEMi—1-wire EEPROM, NCC—network control
circuit)
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|6. Conclusion

A set of architectures based on IEEE1451 including hardware and software for vital signs and motor activity of the
wheelchairs’ users was presented in the chapter. A detailed description of the design and implementation of a
microcontroller platform for IEEE 1451.4 is carried out highlighting in particularly elements of hardware expressed
by eight measurement channels where the digital information is accessed through 1-wire protocol. The presented
IEEE1451 implementations mainly focus on wheelchair user physiological parameters monitoring based on the
information acquired through the ECG, PPG, BCG, SKG measurement channels, special attention being granted to
kinematic variables (motion activity) monitoring. In one of the hardware implementation physiological variables are
sensed by e-textile electrodes embedded on the wheelchair arms, while motion activity is sensed by a 3D MEMS
accelerometer. Data acquisition and processing is done onboard the wheelchair by a control station that runs on an
embedded PC with a WiFi link. Data monitoring is done remotely by an engineering station installed on a desktop PC.
A service extension for instrumentation library is described and the usage for control and engineering stations which
implements the 1451.1 information model using WCF services is exemplified. Additionally, smart biomed LabVIEW
software, including graphical user interface adapted to the user type was presented, as so as the test results obtained
with the presented IEEE1451 implementations. Some tests were done to characterize the sensing channels and to
verify the communication capabilities of the SXI library. The obtained results, when compared to reference
instruments, showed high performance and good robustness.
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