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[57] ABSTRACT

A hearing aid system utilizes digital signal processing to
correct for the hearing deficit of a particular user and to
maximize the intelligibility of the desired audio signal
relative to noise. An analog signal from a microphoneis
converted to digital data which is operated on by a
digital signal processor, with the output of the digital
signal processor being converted back to an analog
signal which is amplified and provided to the user. The
digital signal processor includes a time varying spectral
filter having filter coefficients which can be varied on a
quasi-real time basis to spectrally shape the signal to
match the hearing deficit of the user and to accommo-
date ambient signal and noise levels. The coefficients of
the spectral filter are determined by estimating the en-
ergy in several frequency bands within the frequency
range of the input signal, and using those energy esti-
mates to calculate desired gains for the frequency bands
and corresponding spectralfilter coefficients. The spec-
tral energy analysis may be carried out using pairs of
high pass and lowpassdigitalfilters in cascaderelation,
with the outputofeach low passfilter being provided to
the next pair of high pass and low passfilters. The rate
at which output data is provided from thefilters in each
pair may be reduced from the samplerate of input data
by one half for succeeding pairs offilters in the cascade
to thereby reduce the computation time required.

58 Claims, 10 Drawing Sheets

RECEIVER
SPEAKER

POWER AMP!
AND VOLUM

CONTROL
LOW PASS

FILTER
FILTER MPO

CONTROLS

 
 
 
 

 
   
 

12 BIT.
LINEAR

Q/A_ CONVERT.
36  

  
 

 
DIGITAL
SIGNAL
 AND PROM

APPLE 1015f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


2

5,027,410

Page 2
I

U.S. PATENT DOCUMENTS

  
 
 

 
  

  
 
 
 
  
 
 
 
  
  
 
 
 
 
  
 

3,927,279 12/1975 Nakamuraetal. oss 381/68
3,989,897 11/1976 Carver...eevesscsreceserseesesecens 381/68
3,989,904 11/1976 Rohreretal. . 381/68.4

 

 

  
 
 
 
 
 

 
 
 

 

4,025,721 5/1977 Graupe etal. .
4,051,331 9/1977 Strong etal. .. 381/68.4
4,061,875 12/1977 Freifeld et ab. ......rcssseee 381/72
4,071,695 1/1978 Flannigan etal. w» 381/106
4,079,334 3/1978 Hamilton ....... . 330/279
4,099,035 7/1978 Yanick... .- 381/68.2
4,112,254 9/1978 Blackmer w 381/106
4,169,219 9/1979 Beard ..... . 369/48
4,185,168 1/1980 Graupe et al. 381/68
4,187,413 2/1980 Moser ........- -. 381/68
4,188,667 2/1980 Graupe et al. 381/68.4
4,249,042 2/1981 Orban ........ we 381/106
4,297,527 10/1981 Pate....... we 381/107
4,366,349 12/1982 Adelman ... w+ 381/68.2
4,396,806 8/1983 Anderson .. w+. 381/103
4,409,435 10/1983 On0........sss0  381/68.2
4,425,481 1/1984 Mansgold etal. 381/68.2
4,454,609 6/1984 Kates ....sorsscersecsseserersrsenerees 381/68
4,508,940 4/1985 Steeger ........... 381/68.2
4,548,082 10/1985 Engebretsonetal. .. 73/585
4,622,440 11/1986 Slavin ....-.... 381/68.1
4,628,529 12/1986 Borth et al. .. 381/94
4,630,304 12/1986 Borthetal. .. w- 381/94
4,630,305 12/1986 Borth etal. ...... we 381/94
4,661,981 4/1987 Henricksonetal. . 381/31
4,696,044 9/1987 Waller, Jr. ....... .» 381/98
4,700,361 10/1987 Todd etal. w 381/94
4,701,953 10/1987 White....... we 381/46
4,723,294 2/1988 Taguchi ... we 3BL/94
4,731,850 3/1988 Levitt et al. . 381/68.2
4,747,143 5/1988 Kroeger et al. - a. 381/47
4,783,818 11/1988 Graupe etal. .. «. 381/71
4,791,672 12/1988 Nunleyet al... .- 381/68
4,792,977 12/1988 Anderson etal. 381/68.4
4,852,175 7/1989 Kates «scree . 381/68.4
4,887,299 12/1989 Cumminset al... 381/68.4 -

OTHER PUBLICATIONS

No.15, pp. 64-66 (In Swedish). Accompanying English

translation Programmable Filter Helps Hearing Im-
paried People.
Braida et al., “Hearing Aids—A Review of Past Re-
search,” ASHA Monographs, No.19, 1979, pp. 54-56,
section entitled Characteristics of Compression Ampli-
fiers.

Mangold etal., “Programmable Hearing Aid with Mul-
tichanne! Compression,” Scandinavian Audiology 8,
1979, pp. 121-126.
Mangold et al., “Multichannel Compression in a Porta-
ble Programmable Hearing Aid,” Hearing Aid Journal,
Apr. 1981, pp. 6, 29, 30, 32.
Walkeret al., “Compression in Hearing Aids: An Anal-
ysis, A Review and Some Recommendations”, National
Acoustics Laboratories, NAL Report, No. 30, Jun.
1982, Australian Government Publishing Service.
McNally, “Dynamic Range Control of Digital Audio
Signals,” J. Audio Eng. Soc., vol. 32, No. 5, May 1984,
pp. 316-326.
Williamson, “Gisting Analysis” Rome Air Develop-
ment Center Final Technical Report RADC-TR-8-
4-130, Jun. 1984.
Stikvoort, “Digital Dynamic Range Compressor for
Audio,” J. Audio Eng. Soc., vol. 34, No. 4, Jan./Feb.
1986, pp. 3-9.
White, “Compression Systems for Hearing Aids and
Cochlear Prostheses,” Veterans Administration Journal
of Rehabilitation Research and Development, vol. 23,
No. 1, 1986, pp. 25-39.
Cumminset al., “Ambulatory Testing of Digital Hear-
ing Aid Algorithms,” RESNA 10th Annual Confer-
ence, San Jose, Calif., 1987, pp. 398-400.
P. J. Bloom, “High-Quality Digital Audio in the Enter-
tainment Industry: An Overview of Achievements and
Challenges,” IEEE ASSP Magazine, Oct. 1985, pp.
2-25.

“TMS320 First-Generation Digital Signal Processors,”
brochure published by Texas Instruments, Jan. 1987.
P. O. Vaidyanathan, “Quadrature Mirror Filter Banks,
M-Band Extensions and Perfect Reconstruction Tech-
niques,” IEEE ASSP Magazine, Jul. 1987, pp. 4-20.

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


3

U.S. Patent June 25, 1991 Sheet 1 of 10 5,027,410

28 20

30

FIG. |
22

24

2!

27

40. |RECEIVER-

30 31 SPEAKER

mic||lELE 39_|POWER AMP
COIL AND VOLUME

2 CONTROL
38

AGC AMPLIFIER |_-33 FILTER
ANDO LOW PASS FILTER MPO

FILTER 34 CARPIECE CONTROLS
__eeeBrengaAC COUPLING+“* PROCESSOR

2-POLE 43 27 2-POLE
LOW PASS USER MODES/ LOW PASS

FILTERZAMP Ad 52.|TEST CONTROL FILTER
AC COUPLING NE=

45 53 SIX. 170 CONTROL
GAIN RANGING AND TIMING

AMPLIFIER io sc] |
AMPLIFIER eee [2 BIT30 dB GAIN LINEAR |

A/D CONVERT. DYA CONVERT.

7 IGITAL
SIGNAL

PROCESSOR
AND PROM

 
 
 

  
   
  

4? 50

FIG. 2

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


4

U.S. Patent June 25, 1991 Sheet 2 of 10 — 5,027,410

30~| 41CROPHONE
SELECTABLE 65

PRE/DE-EMPHASIS

 
 

  
 

 

 

   
   

  
 
 
  

 

 

PREAMPLIFICATION FILTERING
60 AND

PRE-EMPHASIS
(HIGH PASS)

SLOW TIME VARYING 66
6 AUTOMATIC SPECTRAL

GAIN SHAPING
CONTROL ° FILTERING

ANTI-ALIASING
62 (LOW PASS}

FILTERING DIGITAL TO 6BANALOG
AMPLIFICATION CONVERSION

63 ANALOG ANTI-|MAGING 69
DIG AL {LOW PASS)FILTERING

CONVERSION

DRIVER 70

64 Soeease AMPLIFICATION
FILTERING

40
SPEAKER

FIG. 3 :

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


5

U.S. Patent. June 25, 1991 Sheet 3 of 10 5,027,410

 

  

Fo (dB)

SLOPE RO
NY

Fi (dB)  
FIG. 4

 
 

 
 
 

  

20 LOG GIT)

20 LOG EIT)

 SLOPE=RO-| >
RO>I | SLOPE = R2-|

R2<I

FIG. 5

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


