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The work of a recent study represents 
a major contribution to the efforts of 

ANSI Accredited Standards Committee C63. 19 
on performance criteria for phone emissions 

and hearing aid immunity. 

BACKGROUND 
Last year ITEM Update reported the 
results of the University of Oklahoma 
EMC Center's Clinical Study of electro- 
magnetic interference to hearing aids 
from wireless phones. That study quan- 
tified the existence and severity of the 
interfering buzz or static from PCS 1900 
(J-STD-007), TDMA 800 MHz (IS-54), 
and CDMA 800 MHz (IS-95) phones. In 
addition, the results confirmed that by- 
stander interference to a hearing aid 
wearer was of less concern than user 
interference and that research efforts 
should be directed toward the effective 
use of the wireless digital phone by a 
hearing aid user. 

This article provides an update of the 
Center's continuing program of research 
to determine the potential for interac- 
tion between wireless phones and hear- 
ing aids, to evaluate the effectiveness of 
proposed solutions to mitigate negative 
interactions, and to develop test meth- 
ods and criteria leading to EMC design 
standards for hearing aids and digital 
wireless devices. 

The second phase of the research 
program, conducted during the past 
year, has provided results in three areas: 
~ Acoustic measurements of hearing aids 

within a sound-isolation chamber 

~ Clinical determination of a speech-to- 
interference ratio that will permit ef- 
fective use of digital phones by hear- 
ing aid wearers 

~ Measurement of the RF immunity of a 
variety of hearing aids in a waveguide 
All of the Phase II work forms a major 

contribution to the efforts of the ANSI 
Accredited Standards Committee C63. 19 
(chaired by Stephen Berger of Siemens 
Rolm and Tom Victorian of Starkey Labo- 
ratories) to develop standards for meth- 
ods of measurement and performance 
criteria for phone emissions and hearing 
aid immunity. 

WIRELESS PHONE 
TECHNOLOGY 
The nature and cause of hearing aid 
interference have been extensively in- 
vestigated. The pulsing characteristics 
of the digital phone RF carrier, when 
picked up by the wiring in the hearing 
aid (usually at the microphone) and 
detected in the first amplifier stage, 
produce a pulsed waveform with nu- 
merous components in the audible fre- 
quency range. The following factors 
have been confirmed to affect the level 
of electromagnetic interference (EMI): 
~ Format of the wireless device signal 
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~ Type of hearing aid 
~ Specific features of the aid 
~ Effectiveness of EMI shielding and 

circuit modifications 
~ Hearing loss characteristics of the user 
~ Separation between the phone and 

the hearing aid 
~ Relative orientation of the phone and 

aid 
~ Ipsilateral versus contralateral use 

Early reports of interference in Eu- 
rope, Australia and other countries con- 
firmed the existence of an annoying 
"buzz" in some hearing aids exposed to 
digital phones in the Global System for 
Mobile communications (GSM; TDMA at 
217 Hz), but did not examine other 
phone technologies. ~ 4 Wireless phone 
technologies can be most easily identi- 
fied by three distinguishing characteris- 
tics: 
~ The carrier frequency at which the 

phone operates 
~ Whether the phone uses an analog or 

digital format for the voice channel 
~ The specific signal format or protocol 

used 
Within the United States, wireless 

systems operate in one of two basic 
carrier frequency bands. The North 
American Digital Cellular (NADC) phone 
transmits in the range of 824 to 849 MHz 
and the Personal Communication Ser- 
vices (PCS) phone transmits between 
1850 and 1910 MHz. Analog (AMPS) 
systems using Frequency Division Mul- 
tiple Access (FDMA) allow multiple us- 
ers to access the system by assigning a 
separate channel to each user in the cell. 
Time Division Multiple Access (TDMA) 
systems assign users both a specific 
channel and a time slot so that multiple 
users can share time on a single channel. 
This results in the pulsed (digital) signal 
at one of a number of possible repeti- 
tion rates, such as TDMA-50 Hz (IS-136) 
or TDMA-217 Hz (J-STD-007, known as 
PCS 1900 in the United States, GSM at 
900 MHz, and DCS at 1800 MHz in other 
parts of the world). Code Division Mul- 
tiple Access (CDMA) systems employ a 
spread-spectrum type of technology 
governed by IS-95 and J-STD-008. The 
repetition rate and structure of each 
technology determine the nature of the 
interfering noise. 
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PHASE II-A: LABORATORY 
ACOUSTIC MEASUREMENTS 
IN A SOUND CHAMBER 
Phase II-A involved the development 
and evaluation of a repeatable test 
method for characterizing the audible 
interference. It also afforded the oppor- 
tunity to compare the magnitude and 
pattern of interference as a function of 
hearing aid type, phone technology, 
separation distance, and the relative 

alignment and orientation of the hearing 

aid and the phone. Testing was con- 
ducted to determine the repeatability of 
the measurements as a contribution to 
the ANSI ASC C63. 19 standards working 

group. 
The acoustic test equipment used for 

the measurements included an acoustic 
sound-isolation chamber, BRK couplers, 
microphones, pre-amplifiers and a real- 

time acoustic spectrum analyzer. Actual 

phones representing the three basic 
digital signal formats described above 
were used in all tests. To ensure the RF 

immunity of the test equipment, includ- 

ing the microphones and the sound 
analyzer, and to avoid disturbance of the 
RF field, the acoustic coupler was sepa- 
rated from the hearing aid by Tygon 
tubing. 

An input referenced interference 
spectrum (IRIS) approach was devel- 

oped at the Oklahoma EMC Center to 
examine differences between phone 
technologies while eliminating differ- 

ences due to hearing aid features and 
settings. This approach examines the 
entire spectrum of interference and 

generates an equivalent acoustic input 
to represent the interference generated 

by a specific phone technology. 

PHASE I I-A RESULTS 
Three basic IRIS patterns were identi- 

fied for the three wireless phone tech- 
nologies. These patterns were deter- 
mined to be consistent across a variety 
of hearing aids and gain settings. In 

other words, the TDMA-50 Hz phone 
produced the same pattern of interfer- 

ence at the input to the first amplifier 

stage independent of the hearing aid 

being used. The level of interference 

was sensitive to the separation distance 
between the hearing aid and the phone 
(4, 16, and 60 cm), and very sensitive to 
small changes in relative alignment and 
rotation of the phone about two or- 
thogonal axes. 

Repeatability tests indicated that the 
interference measurement did not 
change appreciably as a function of 
measurement settling time, time of day, 
repeated phone removal and place- 
ment in the test fixture, repeated hear- 

ing aid removal and placement in the 
test fixture, and system calibration. 

PHASE II-B: CLINICAL 
DETERMINATION OF THE 
SPEECH-TO-INTERFERENCE 
RATIO 
Phase II-B, a clinical study of 24 hearing 
aid wearers, was designed to determine 
the range of speech-to-interference ra- 

tios (signal-to-noise ratios in dB) that 
allow the effective use of digital phones 
by hearing aid wearers. Measurements 
of speech recognition (words identified 
correctly from a standard audio-taped 
NU-6 monosyllabic word list) and an- 

noyance (quantified on a 0 — 5 scale; 0 
indicating no interference; 5 indicating 
unbearable interference) were made 
with five different levels of the IRIS 
signal for each phone technology, mixed 
with speech at 65 dB sound pressure 
level (SPL). 

The five interference levels resulted 
in speech-to-noise ratios of 30, 20, 10, 0 
and -10 dB SPL. Annoyance ratings were 
obtained at the beginning and end of 
each complete test session as well as 
following each individual test during the 
session. 

All testing was conducted at the Hough 
Ear Institute in Oklahoma City using an 
audiometric booth and Beltone 2000 
audiometer. Overall SPL, A-weighted 
SPL, C-weighted SPL, Speech Interfer- 
ence Level (SIL), and the Articulation 
Index (AI) associated with each mixed 
sound source were determined in order 
to identify the single measure that best 
represents the impact of the interfer- 

ence on speech recognition, indepen- 
dent of the phone technology source. 

PHASE II-B RESULTS 
In general, there was only a slight de- 
cline in speech recognition (6. 5% of the 
"no interference" baseline) for speech- 
to-noise ratios of 30 or 20 dB SPL and the 

pattern was similar for CDMA, TDMA-50 

Hz, and TDMA-217 Hz. At lower speech- 
to-noise ratios, speech recognition 
dropped substantially (up to an 87% 
loss with respect to baseline). Due to 
the higher 217-Hz repetition rate which 
produces larger harmonics in the au- 
dible speech frequencies, the PCS 1900 
phone signal produced a greater loss in 

intelligibility at 0 and -10 dB SPL com- 
pared with the CDMA and TDMA-50 Hz 
signals at those same speech-to-noise 
ratios. 

Annoyance ratings obtained before, 
during and after the test session ap- 
peared to increase linearly with an in- 

crease in the interference level from 35 
dB SPL (average rating of 0. 2) through 
75 dB SPL (average rating of 4. 0) in 10 
dB steps. Ratings collected prior to the 
speech recognition test session were 
lower than those collected after the 
session, which in turn were lower than 
those collected at the end of each test 
during the session. 

Of the various sound spectrum 
weighting schemes used to provide a 
single numerical representation of the 
different interference signals, the Ar- 

ticulation Index (AI) yielded the highest 
correspondence to the speech recogni- 
tion scores across all three phone sig- 
nals. Based on this result, it is believed 
that the AI is a good indicator of the 
effectiveness of speech communication 
for a hearing aid wearer using a digital 
wireless phone and that the AI can be 
applied to the evaluation of future digi- 

tal signal formats in addition to its use for 
current schemes. It is likely that some 
form of the AI will be incorporated into 
the ANSI ASC C63. 19 standard. 

PHASE II-C: WAVEGUIDE 
TESTING 
A total of 34 hearing aids from various 
manufacturers were tested in a 900- 
MHz waveguide on loan from the Na- 
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tional Acoustic Laboratories of Australia 

(NAL). 5 Tests were conducted with both 
a 900-MHz RF carrier that was 80% 
amplitude modulated with a 1-kHz sine 
wave and a TDMA-50 Hz (IS-136) phone. 
Using the acoustic measurement equip- 
ment described in Phase II-A above, the 
input referenced interference level 
(IRIL) was plotted as a function of RF 
field strength and alignment of the hear- 

ing aid in the RF field. Full 360" rotation 
on three orthogonal axes was made 
possible by a gimbals mechanism de- 
signed by NAL. 

PHASE II-C RESULTS 
The Phase II-C results confirmed those 
reported by the NAL with respect to the 
shape of the curve depicting interfer- 
ence magnitude as a function of the RF 
field strength, and with respect to the 
square-law detection property which 
states that a 1 dB increase in field strength 
results in a 2 dB increase in the IRIL. 
Hearing aid immunity was scored by 
determining the field strength required 
to produce an acoustic (microphone) 
IRIL of 40 dB SPL (ILM40 — Immunity 
Level Microphone 40 dB). A broad range 
of immunity to the RF signals was found 
across the different aids, with some aids 
yielding good immunity and others ex- 
hibiting very poor immunity. One hear- 
ing aid that demonstrated good immu- 

nity to the RF signal had a microphone 
with built-in RF filtering. 

Phase II-C also verified the impor- 
tance of: 
~ Identifying the factors that affect mea- 

surement variability (repeatability) 
~ Determining the criticality of orienta- 

tion 
~ Confirming the use of the proper test 

measures and their value in achieving 
succes'sful compatibility 

~ Developing solid, scientifically-based 
test procedures using the proper 
equipment 

RESEARCH PROGRAM 
SUMMARY 
Results of the Phase I clinical study 
suggested that bystander interference is 

not a serious issue. Although there is the 
potential for some bystander interfer- 
ence, research should focus on phone 
user interference. 

The Phase II-A acoustic measure- 
ments provided valuable information 
for establishing standardized methods 
of measurement as set forth in the 
proposed ANSI ASC C63. 19 standard, 
while the Phase II-B study of speech-to- 
interference ratios has provided input 
on the required performance criteria for 
phone emissions and hearing aid immu- 

nity included in the ANSI standard. 
Finally, the Phase II-C waveguide 

testing confirmed the NAL results with 
respect to the square-law detection prop- 
erty and the shape of the response 
curve of interference magnitude as a 

function of RF field strength. Updates 
on the progress of the current research 
as well as information on detailed re- 
ports for each study can be accessed 
through the EMC Center's Website at: 
http: //www. ou. edu/engineering/emc 

ACKNOWLEDGMENTS 
The activities of the Center for the Study 
of Wireless Electromagnetic Compat- 
ibility at the University of Oklahoma are 
funded through partnerships with indus- 

try sponsors, including ATILT Wireless, 
BellSouth Cellular, the Cellular Tele- 
communications Industry Association, 
Ericsson, Hewlett-Packard, LucentTech- 
nologies, Medtronic, Motorola, Mtel, 
Nokia, Northern Telecom, PrimeCo, 
QUALcoMM, Seimens Wireless, and 
Southwestern Bell Mobile Systems. 

A number of hearing aid manufactur- 
ers (Argosy, Beltone, Oticon, Miracle 
Ear, Phonic Ear, Siemens, Starkey, and 
Unitron) have contributed to the hear- 
ing aid research program by supplying 
hearing aids for use in testing. The 
authors wish to acknowledge the assis- 
tance provided by Mike Sacha of Starkey 
Laboratories, Dr. Kenneth Dormer, 
Pamela Matthews, and Perma Scates of 
the Hough Ear Institute, Dr. Randa L. 
Shehab of the School of Industrial Engi- 
neering, and the numerous Graduate 
Research Assistants at the Center. Dr. A. 
"Ravi" Ravindran served as Director of 

the Center during the Phase I, Phase II- 
A, and Phase II-C elements of the hear- 
ing aid research program. In addition, 
the authors received invaluable techni- 
cal assistance from the Industry Advi- 

sory Board and the Hearing Aid Study 
Design Group members of the EMC 
Center. 

REFERENCES 
1. A. Ravindran, R. E. Schlegel, H. Grant, P. 

Matthews, ancl P. Scates, "EMI to Hearing 
Aids from Wireless Phones, " ITEM Update 
1996 1996, pp. 44-45. 

2. A. Ravinclran, R. E. Schlegel, H. Grant, P. 
Matthews, and P. Scates, "Study Measures 
Interference to Hearing Aids from Digital 
Phones, " The Hearing Journal, 50, 1997, 
pp. 32-34. 

3. European Hearing Instrument Manufacturers 
Association (EHIMA), "Hearing Aids and 
GSM Mobile Telephones: Interference Prob- 
lems, Methods of Measurement, and Levels 
of Immunity, " EHIMA GSM Project Final 
Report 1995-11-01, Delta Acoustics k Vi- 

bration and Telecom Denmark, 1995. 
European Telecommunications Standards 
Institute (ETSI), "GSM EMC Considerations, " 

ETSI Technical Report GSM 05. 90, Valbonne 
Cedex, France, 1993. 

5. J. R. Le Strange, D. Byrne, K. H. Joyner, and 
G. L. Symons, "Interference to Hearing Aids 

by the Digital Mobile Telephone System, 
Global System for Mobile Communications 
(GSM), " NAL Report No. 131, Chatswood, 
New South Wales, Australia, National Acous- 
tic Laboratories, Australian Hearing Ser- 
vices, 1995. 

ROBERT E. SCHLEGEL, Ph 1). is Professor of 
Industrial Engineering and Associate Director 
for Research at the Center for the Study of 
Wireless Electromagnetic Compatibility at the 
University of Oklahoma. He received his B. S. 
and Ph. D, degrees in industrial engineering 
with an emphasis in human factors from the 
University of Oklahoma. His interest in evalu- 
ating the interaction of wireless technology iuitb 
human medical deuicesis complemented by his 
research and teaching background in human 
factors engineering. At the OUEMC Center, he 
supervises research on the elect romag n eti c com- 
patibility of uireless phones and medical de- 
vices such as cardiac pacemakers, implantable 
cardiouerter defibrillators, and hearing aids. 
He is also actiue in a number of standards and 
advisory committees, including theAVSIC63. 19 
working group developing a standard for the 
method of measuring compatibility betiueen 
wireless communication devices and hearing 
aids. (405) 325-2448. 

SHIVAKUMAR RAMAN, Ph. D. is Associate Pro- 
fessor of Industrial Engineering and Senior Re- 

90 ITEM Update 1997 



MEDICAL ELECTRONICS 

Shielding Resources Group, Inc. 

The Most Innovative 
SHIELDING SYSTEMS 

Available/ 

All projects are Specially Designed 
and Engineered. A recognized leader 
in the field of shielding, SRG has co- 
patented shielding devices and pres- 
ently has additional patents pending. 
Your project will be designed, fabri- 
cated and installed using state-of-the- 
art drawings, an SRG exclusive, 
and an example of our commitment 
to providing the very best in quality 

' and performance. 
I 

SHIELDING SYSTEMS 

TEM CELLS 

ANECHOIC CHAMBERS 

HOM~COMB 
INANUFACTURII'WG 

NANCE R 
MODIFICATIONS 

COMPLETE TESTING 

Our Facilities and Services are Complete. 
15 Years of Experience 

Assures your Satisfaction! 

search Scientist at the Center for the Study of 
Wireless Electromagnetic Compatibility at the 
University of Oklahoma. He received a B. E. in 
mechanical engineering from Sbivaji Univer- 

sity, India, an M. S, in mechanical engineering 
from the University of Texas at Arlington, and 
a Ph. D. in industrial engineering from Penn- 

sylvania State University. His research is cur- 
rently funded by the National Science Foun- 
dation and he serves as tbe editor or reviewer 

for a number of engineering journals. His 
experience with diagnostic electronic equip- 
ment bas been instrumental in bis contribu- 
tions to tbe bearing aid acoustic measure- 
ments aspects of tbe EMC Center's research 

prog ram. C405) 325-2429. 

HANK GRANT, Ph. D. Is Director of the Center 
for the Study of Wireless Electromagnetic Com- 

patibility and Professor of Industrial Engineer- 

ing at the University of Oklahoma. He received 
his Ph. D. in Industrial Engineering from 
Purdue University andjoined 0U after serving 
as director of the Production Systems, Opera- 
tions Research, and Integration Engineering 
Programs for the National Science Founda- 
tion. As one of the founders of the Wireless EMC 
Center, Dr. Grant has research interests in 
wireless FMC as well as computer simulation. 
Prior to joining NSF, he was Director of tbe 
Measurement Systems Laboratory at Hewlett- 

Packard Laboratories and was also one of the 

founders of Pritsker Corporation, a leading 
provider of simulation software. C405j 325- 
2429. 

RC AND LC LOWPASS FILTERS . . 
Continued from page 50 

CONCLUSION 
The key to filter selection is to compare 
apples with apples. If the filter exhibits 

good response in the 50-ohm environ- 

ment, the filter will perform in a 50-ohm 
environment, but the filter response will 

definitely be changed in a different 
environment. There are several ways to 
check if the filter is suitable. One way is 

to check values via transfer function. 
Another way is to simulate filter re- 

sponse in a given environment. It is 

important to understand the environ- 
ment and filter requirements in order to 
make an effective filter selection. 
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