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Introduction.

Telesensing is vital in many critical military as well as civilian applications, such as
gathering chemical/bio threat data, remote detection, gathering population data from large
numbers of ambulatory subjects (e.g., in mapping potential infection spread, etc.), and
similar applications, in effort to detect and predict trends or capture information about
emergent changes on large geographical and/or population scale. Non-medical
applications include sensor control and interpretation of data from sensor networks, such
as shipboard sensors, automotive sensors or airplane sensor grids, where autonomous,
remote sensor ensembles are needed. Such sensor networks comprise multiple individual
sensing devices that must operate in autonomous mode, without maintenance for
extended periods of time, and with sparse communication using minimum
communication bandwidth for transmitting sensor signals or data to remote data
collection points. In order to transmit data with high fidelity using low data bandwidth
and minimal power, individual sensors within the network must use optimized
information gathering schemes, be capable of handling unexpected interference, such as
motion-generated artifacts, and limit the amount of transmitted data; all using minimum
power in order to enable unattended operation over long periods of time.

Significance and scientific merit of the proposed research.

Remote collection of physiologic data from ambulatory persons is fraught with
difficulties. Motion artifacts, i.e., spurious signals caused by tissue movement and
intermittent contact of the sensor with the body surface corrupt and often mask the
desired signal and are the most serious and most difficult to eliminate class of
interference factors. Transducer or circuit thermal drift, vibrations, acoustic noise,
electromagnetic interference, and other sources often produce artifact signals that are
indistinguishable from the (physiologic) signal of interest. Such problems are especially
acute and difficult to remedy during measurements on subjects in motion, under changing
environmental conditions (e.g. water immersion, temperature swings), or extreme
physical exertion, and yet these are the circumstances when reliable physiological data
would be most often critical the individual's safety, performance and success of the task
or mission. Many of such interfering signals are difficult to remove because they occupy
the same frequency and amplitude spectrum, and are correlated with the signal of interest.
Analog filtering, various methods of digital non-adaptive and adaptive filtering,
transforms (FFT, DFT, wavelets), statistical methods are currently being used in
biomedical measurements for the removal of powerline interference, baseline wandering,
electrode noise, correlated noise, and only with partial success, for motion artifact
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elimination (1-19). For example, ECG signal processing techniques that result in high
fidelity waveforms when originating with a relatively "clean" signal are still less than
effective in removing highly non-stationary, large amplitude motion artifacts with the
same spectral range as the ECG signal of interest. Moreover, these techniques almost
always require either post-processing of data or the use of powerful, e.g. Pentium class
processors, again resulting in high power consumption and large size (20,21). Embedding
specialized DSP circuits with sensors is often impractical due to size, power and
programming constraints.

Problem summary.

Fast data processing and communication often require high power, which is a limiting
factor in remote, battery-powered sensors that must operate autonomously over long
periods of time. Therefore, minimizing power requirements of sensor modules by
implementing optimized signal acquisition, processing and transmission schemes is a
prerequisite to designing remote, autonomous sensor networks.

Proposed direction of research.

We propose a method of solving motion and noise artifact problem in embedded sensors,
while minimizing battery power draw and maintaining low data bandwidth, using
optimized sampling strategies that limit volume of data that must be processed and
transmitted from remote sensor sites to data collection points.

Implementing such methods in embedded controllers integrated with sensors will create
basis for designing intelligent, adaptive sensor modules that can be networked to obtain
results that up to date are not feasible with currently existing individual sensors.
Research should be focused on developing reliable, small footprint, low power and robust
hardware and software that provides high signal compression at sensor site, permitting
reliable transmission of small amounts of data that can then be reconstituted and
processed at data collection sites where ample electrical and computing power are
available.

Successful implementation of such methods will enable devices that

(a) fuse data from multiple, networked, independent sensors in order to derive
information about the signal of interest and to characterize interfering noise;
(b) use optimal data acquisition algorithms to sample small, optimized data sets

that represent sensor signals of interest, and from which the original signal
can be recovered with minimal error at remote data processing centers;

(c) provide quantitative measures of data quality and reliability based on error-
minimizing optimal sampling criteria;
(d) reduce the impact of motion artifacts on the outcome of a sensor

measurement by combining sensor-level signal processing with adaptive,
optimal sampling of data from multiple sensors to reduce/eliminate motion
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artifacts and determine reliability/uncertainty measures for the entire
measurement and data communication process.

Summary

Our initial research indicates that optimized sampling can result in high (of the order of
10* — 10%) data compression with recovery error of the order of 107, and better.

If

successful, this research will enable the development of a class of reliable, miniaturized

personal telehealth monitoring devices and networks that will be used by the elderly
persons, convalescent patients, persons working under hazardous conditions and
environments, by athletes during physical conditioning in training and by the military for
protective monitoring in the battlefield.

References
1. Thakor, N. V., et al., "Applications of Adaptive Filtering to ECG Analysis: Noise Cancellation and

D A o

—_
=)

[
—_

12.
13.
14.
15.
16.
17.
18.

19

20.
21.
22.

Arrhythmia Detection," IEEE Trans. Biomed. Eng., 38 (8), 1991, 785-794
Aase, S. O,, et al., "CPR Artifact Removal from Human ECG Using Optimal Multichannel Filtering,"
IEEE Trans. Biomed. Eng., 47 (11), 2000, 1440-1449
Akay, Y. M., et al., "Noninvasive Acoustical Detection of Coronary Artery Disease: A Comparative
Study of Signal Processing Methods," IEEE Trans. Biomed. Eng., 40 (6), 1993, 571-578
Barros, A. K., et al., "Extraction of Event-Related Signals from Multichannel Bioelectrical
Measurements," IEEE Trans. Biomed. Eng., 47 (5), 2000, 583-588
Bates, J. H. T., "Deconvolution of Tracer and Dilution Data Using the Wiener Filter," IEEE Trans.
Biomed. Eng., 38 (12), 1991, 1262-1266
Burke, M. J., et al., "A Micropower Dry-Electrode ECG Preamplifier," IEEE Trans. Biomed. Eng., 47
(2), 2000, 155-162
Cheng, K-U., et al., "Errors Due to Measuring Voltage on Current-Carrying Electrodes in Electric
Current Computed Tomography," IEEE Trans. Biomed. Eng., 37 (1), 1990, 60-65
Chon, K. H,, et al., "A Dual-Input Nonlinear System Analysis of Autonomic Modulation of Heart
Rate," IEEE Trans. Biomed. Eng., 43 (5), 1996, 530-544
Coetzee, F. M, et al., "Noise-Resistant Pulse Oximetry Using a Synthetic Reference Signal," IEEE
Trans. Biomed. Eng., 47 (8), 2000, 1018-1026
. Cohen, K. P, et al., "Comparison of Impedance and Inductance Ventilation Sensors on Adults During
Breathing, Motion, and Simulated Airway Obstruction," IEEE Trans. Biomed. Eng., 44 (7), 1997, 555-
566
. Deng, Y., et al.,, "New Aspects to Event-Synchronous Cancellation of ECG Interference: An
Application of the Method in Diaphragmatic EMG Signals," IEEE Trans. Biomed. Eng., 47 (9), 2000,
1177-1184
Ider, Y. Z., et al., "Removal of Power Line Interference in Signal-Averaged Electrocardiography
Systems," IEEE Trans. Biomed. Eng., 42 (7), 1995, 731-735
Laguna, P, et al., "Low-Pass Differentiators for Biological Signals with Known Spectra: Application
to ECG Signal Processing," IEEE Trans. Biomed. Eng., 37 (4), 1990, 420-425
Lander, P, et al., "Time-Frequency Plane Wiener Filtering of the High-Resolution ECG: Background
and Time-Frequency Representations," IEEE Trans. Biomed. Eng., 44 (4), 1997, 247-255
Lander, P., et al., "Time-Frequency Plane Wiener Filtering of the High-Resolution ECG: Development
and Application," IEEE Trans. Biomed. Eng., 44 (4), 1997, 256-265
Paul, J. S., et al., "A Transform Domain SVD Filter for Suppression of Muscle Noise Artefacts in
Exercise ECG's," IEEE Trans. Biomed. Eng., 47 (5), 2000, 654-663
Rhee, S, et al., "Artifact-Resistant Power-Efficient Design of Finger-Ring Plethysmographic Sensors,"
IEEE Trans. Biomed. Eng., 48 (7), 2001, 795-805
Nishimura, S., et al., "Clinical Application of an Active Electrode Using an Operational Amplifier,"
IEEE Trans. Biomed. Eng., 39 (10), 1992, 1096-1099
. Pallas-Areny, R., et al., "AC Instrumentation Amplifier for Bioimpedance Measurements," IEEE
Trans. Biomed. Eng., 40 (8), 1993, 830-833
Li, C., et al., "Detection of ECG Characteristic Points Using Wavelet Transforms," IEEE Trans.
Biomed. Eng., 42 (1), 1995, 21-28.
Gallasch, E., et al., "Instrumentation for Assessment of Tremor, Skin Vibrations, and Cardiovascular
Variables in MIR Space Missions," IEEE Trans. Biomed. Eng., 43 (3), 1996, 328-333
ADSP 2189 Product Information, www.analog.com

Private and Proprietary 3



Petelenz, TJ, et al.

Contact information:

Tomasz J.Petelenz, PhD

Center for Engineering Design
University of Utah

50 North Campus Drive, rm 2138

Salt Lake City, UT 84112

E-mail: Tomasz.Petelenz@m.cc.utah.edu

Or

Sarcos Research Corporation
360 Wakara Way

Salt Lake City, UT 84108

Ph. 801-585-7054

Fax 801-581-1151

E-mail: t.petelenz@sarcos.com

Private and Proprietary



