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(7) ABSTRACT

A hearing aid programming system with a host computer
system including a program for programming a hearing aid.
The host computer system includes a first communication
interface for sending and receiving control and data signals.
A hearing aid programming interface device is connected to
the communication interface of the host computer system
and includes a second communication interface for sending
and receiving control and data signals. The hearing aid
programming interface device also includes circuitry for
electrically isolating the hearing aid to be programmed from
the host computer. The first communication interface may be
PCMCIA, USB, RS-232, SCSI or IEEE 1394 interfaces,
which are arranged to send and receive serial data and
control signals to the hearing aid programming interface
device. The first communication interface may also be a
wireless communications interface which wirelessly sends
and receives control and data signals with the hearing aid
programming interface device.
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SYSTEM FOR PROGRAMMING HEARING AIDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of appli-
cation no. 08/782,328, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates generally to a programming
system for programmable hearing aids; and, more particu-
larly relates to a hearing aid programming system utilizing
a host computer in conjunction with a hearing aid interface
device and operates with a well-defined port to the host.

[0003] Hearing aids have been developed to ameliorate the
effects of hearing losses in individuals. Hearing deficiencies
can range from deafness to hearing losses where the indi-
vidual has impairment of responding to different frequencies
of sound or to being able to differentiate sounds occurring
simultaneously. The hearing aid in its most elementary form
usually provides for auditory correction through the ampli-
fication and filtering of sound provided in the environment
with the intent that the individual can hear better than
without the amplification.

[0004] Prior art hearing aids offering adjustable opera-
tional parameters to optimize hearing and comfort to the
user have been developed. Parameters, such as volume or
tone, may easily be adjusted, and many hearing aids allow
for the individual user to adjust these parameters. It is usual
that an individual’s hearing loss is not uniform over the
entire frequency spectrum of audible sound. An individual’s
hearing loss may be greater at higher frequency ranges than
at lower frequencies. Recognizing these differentiations in
hearing loss considerations between individuals, it has
become common for a hearing health professional to make
measurements that will indicate the type of correction or
assistance that will be the most beneficial to improve that
individual’s hearing capability. A variety of measurements
may be taken, which can include establishing speech rec-
ognition scores, or measurement of the individual’s percep-
tive ability for differing sound frequencies and differing
sound amplitudes. The resulting score data or amplitude/
frequency response can be provided in tabular form or
graphically represented, such that the individual’s hearing
loss may be compared to what would be considered a more
normal hearing response. To assist in improving the hearing
of individuals, it has been found desirable to provide adjust-
able hearing aids wherein filtering parameters may be
adjusted, and automatic gain control (AGC) parameters are
adjustable.

[0005] With the development of micro-electronics and
microprocessors, programmable hearing aids have become
well-known. It is known for programmable hearing aids to
have a digital control section which stores auditory param-
eters and which controls aspects of signal processing char-
acteristics. Such programmable hearing aids also have a
signal processing section, which may be analog or digital,
and which operates under control of the control section to
perform the signal processing or amplification to meet the
needs of the individual.

[0006] Hearing aid programming systems have character-
istically fallen into two categories: (a) programming systems
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that are utilized at the manufacturer’s plant or distribution
center, or (b) programming systems that are utilized at the
point of dispensing the hearing aid.

[0007] One type of programming system for programming
hearing aids are the stand-alone programmers that are self-
contained and are designed to provide the designed pro-
gramming capabilities. Examples of the stand-alone pro-
grammers are the Sigma 4000, available commercially from
Unitron of Kitchenor, Ontario, Canada, and the Solo II
available commercially from dbc-mifco of Portsmouth, N.H.
It is apparent that stand-alone programmers are custom
designed to provide the programming functions known at
the time. Stand-alone programmers tend to be inflexible and
difficult to update and modify, thereby raising the cost to stay
current. Further, such stand-alone programmers are nor-
mally designed for handling a limited number of hearing aid
types and lack versatility. Should there be an error in the
system that provides the programming, such stand-alone
systems tend to be difficult to repair or upgrade.

[0008] Another type of programming system is one in
which the programmer is connected to other computing
equipment. An example of cable interconnection program-
ming systems is the Hi Pro, available from Madsen of
Copenhagen, Denmark. A system where multiple program-
ming units are connected via telephone lines to a central
computer is described in U.S. Pat. No. 5,226,086 to J. C.
Platt. Another example of a programming system that allows
interchangeable programming systems driven by a personal
computer is described in U.S. Pat. No. 5,144,674 to W.
Meyer et al. Other U.S. patents that suggest the use of some
form of computing device coupled to an external hearing aid
programming device are U.S. Pat. No. 4,425,481 to Mans-
gold et al.; US. Pat. No. 5,226,086 to Platt; U.S. Pat. No.
5,083,312 to Newton et al.; and U.S. Pat. No. 4,947,432 to
Tepholm. Programming systems that are cable-coupled or
otherwise coupled to supporting computing equipment tend
to be relatively expensive in that such programming equip-
ment must have its own power supply, power cord, housing,
and circuitry, thereby making the hearing aid programmer
large and not as readily transportable as is desirable.

[0009] Yet another type of hearing aid programmer avail-
able in the prior art is a programmer that is designed to
install into and become part of a larger computing system.
An example of such a plug-in system is available commer-
cially and is known as the UX Solo available from DBC-
MIFCO. Hearing aid programmers of the type that plug into
larger computers are generally designed to be compatible
with the expansion ports on a specific computer. Past sys-
tems have generally been designed to plug into the bus
structure known as the Industry Standard Architecture (ISA)
which has primarily found application in computers avail-
able from IBM. The ISA expansion bus is not available on
many present-day hand-held or lap top computers. Further,
plugging cards into available ISA expansion ports requires
opening the computer cabinet and appropriately installing
the expansion card.

[0010] Tt can be seen then that the prior art systems do not
readily provide for a hearing aid programming system that
can be easily affixed to a personal computer such as a lap top
computer or a hand-held computer for rendering the entire
programming system easily operable and easily transport-
able. Further, the prior art systems tend to be relatively more



US 2002/0083235 Al

expensive, and are not designed to allow modification or
enhancement of the software while maintaining the simplic-
ity of operation.

BRIEF SUMMARY OF THE INVENTION

[0011] The primary objective of the invention in providing
a small, highly transportable, inexpensive, and versatile
system for programming hearing aids is accomplished
through the use of host computer means for providing at
least one hearing aid program, where the host computer
means includes at least one uniformly specified expansion
port for providing power circuits, data circuits, and control
circuits, and a pluggable card means coupled to the specified
port for interacting with the host computer means for
controlling programming of at least one hearing aid, the
programming system including coupling means for coupling
the card means to at least one hearing aid to be programmed.

[0012] Another primary objective of the invention is to
utilize a standardized specification defining the port archi-
tecture for the host computer, wherein the hearing aid
programming system can utilize any host computer that
incorporates the standardized port architecture. In this
regard, the personal computer memory card international
association (PCMCIA) specification for the port technology
allows the host computer to be selected from lap top
computers, notebook computers, or hand-held computers
where such PCMCIA ports are available and supported.
With the present invention, it is no longer needed to provide
general purpose computers, either at the location of the
hearing health professional, or at the factory or distribution
center of the manufacturer of the hearing aids to support the
programming function.

[0013] Another objective of the invention is to provide a
highly portable system for programming hearing aids to
thereby allow ease of usage by hearing health professionals
at the point of distribution of hearing aids to individuals
requiring hearing aid support. To this end, the programming
circuitry is fabricated on a Card that is pluggable to a
PCMCIA socket in the host computer and is operable from
the power supplied by the host computer.

[0014] Yet another object of the invention is to provide an
improved hearing aid programming system that utilizes
standardized drivers within the host computer in this aspect
of the invention, the PCMCIA card means includes a card
information structure (CIS) that identifies the host computer
of the identification and configuration requirements of the
programming circuits on the card. In one embodiment, the
CIS identifies the PCMCIA Card as a serial port such that
standardized serial port drivers in the host computer can
service the PCMCIA Card. In another embodiment, the CIS
identifies the PCMCIA Card as a unique type of hearing aid
programmer card such that the host computer would utilize
drivers supplied specifically for use with that card. In
another embodiment, the CIS identifies the PCMCIA Card
as a memory card, thereby indicating to the host computer
that the memory card drivers will be utilized. Through the
use of the standardized PCMCIA architecture and drivers,
the PCMCIA Card can be utilized with any host computer
that is adapted to support the PCMCIA architecture.

[0015] Still another object of the invention is to provide a
hearing aid programming system that can be readily pro-
grammed and in which the adjustment programs can be
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easily modified to correct errors. In one aspect of the
invention, the programming software is stored in the
memory of a host computer and is available for ease of
modification or debugging on the host computer. In opera-
tion, then, the programming software is downloaded to the
PCMCIA Card when the Card is inserted in the host com-
puter. In another embodiment, the programming software is
stored on the PCMCIA Card in nonvolatile storage and is
immediately available without downloading upon insertion
of the Card. In this latter configuration and embodiment, the
nonvolatile storage means can be selected from various
programmable devices that may be alterable by the host
computer. In one arrangement, the nonvolatile storage
device is electrically erasable programmable read-only
memory (EEPROM).

[0016] Another objective of the invention is to provide an
improved hearing aid programming system wherein the
hearing aid programming circuitry is mounted on a Card that
meets the physical design specifications provided by PCM-
CIA. To this end, the Card is fabricated to the specifications
of either a Type I Card, a Type II Card, or a Type III Card
depending upon the physical size constraints of the compo-
nents utilized.

[0017] Yet another objective of the invention is to provide
an improved hearing aid programming system wherein the
type of hearing aid being programmed can be identified. In
this embodiment, a coupling means for coupling the hearing
aid programming circuitry to the hearing aid or hearing aids
being programmed includes cable means for determining the
type of hearing aid being programmed and for providing
hearing aid identification signals to the host computer.

[0018] Another embodiment of the hearing aid program-
ming system provides a host computer system including a
program for programming a hearing aid. The host computer
system includes a first communication interface for sending
and receiving control and data signals. A hearing aid pro-
gramming interface device is connected to the communica-
tion interface of the host computer system and includes a
second communication interface for sending and receiving
control and data signals. The hearing aid programming
interface device also includes circuitry for electrically iso-
lating the hearing aid to be programmed from the host
computer. The first communication interface may be PCM-
CIA, USB, RS-232, SCSI or Firewire interfaces, which are
arranged to send and receive serial data and control signals
to the hearing aid programming interface device. The first
communication interface may also be a wireless communi-
cations interface which wirelessly sends and receives control
and data signals with the hearing aid programming interface
device.

[0019] These and other more detailed and specific objec-
tives and an understanding of the invention will become
apparent from a consideration of the following Detailed
Description of the Invention in view of the Drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0020] FIG. 1 is a pictorial view of an improved hearing
aid programming system of this invention;

[0021]
Card;

FIG. 2 is a perspective view of a Type I plug-in
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[0022] FIG. 3 is a perspective view of a Type II plug-in
Card;

[0023] FIG. 4 is a perspective view of a Type III plug-in
Card;

[0024] FIG. 5 is a diagram representing the PCMCIA
architecture;

[0025] FIG. 6 is a block diagram illustrating the func-
tional interrelationship of a host computer and the Card used
for programming hearing aids; and

[0026] FIG. 7 is a functional block diagram of the hearing
aid programming Card.

[0027] FIG. 8 is a block diagram of an alternate embodi-
ment of the hearing aid programming system;

[0028] FIG. 9 is a more detailed block diagram of a
PCMCIA alternate embodiment of the hearing aid program-
ming system;

[0029] FIG. 10 is a more detailed block diagram of a USB
alternate embodiment of the hearing aid programming sys-
tem, and

[0030] FIG. 11 is a circuit diagram for cable identification.
DETAILED DESCRIPTION OF THE
INVENTION

[0031] Tt is generally known that a person’s hearing loss is
not normally uniform over the entire frequency spectrum of
hearing. For example, in typical noise-induced hearing loss,
that the hearing loss is greater at higher frequencies than at
lower frequencies. The degree of hearing loss at various
frequencies varies with individuals. The measurement of an
individual’s hearing ability can be illustrated by an audio-
gram. An audiologist, or other hearing health professionals,
will measure an individual’s perceptive ability for differing
sound frequencies and differing sound amplitudes. A plot of
the resulting information in an amplitude/frequency diagram
will graphically represent the individual’s hearing ability,
and will thereby represent the individual’s hearing loss as
compared to an established range of normal hearing for
individuals. In this regard, the audiogram represents graphi-
cally the particular auditory characteristics of the individual.
Other types of measurements relating to hearing deficiencies
may be made. For example, speech recognition scores can
be utilized. It is understood that the auditory characteristics
of an individual or other measured hearing responses may be
represented by data that can be represented in various
tabular forms as well as in the graphical representation.

[0032] Basically a hearing aid consists of a sound actuat-
able microphone for converting environmental sounds into
an electrical signal. The electrical signal is supplied to an
amplifier for providing an amplified output signal. The
amplified output signal is applied to a receiver that acts as a
loudspeaker for converting the amplified electrical signal
into sound that is transmitted to the individual’s ear. The
various kinds of hearing aids can be configured to be
“completely in the canal” known as the CIC type of hearing
aid. Hearing aids can also be embodied in configurations
such as “in the ear”, “in the canal”, “behind the ear”,
embodied in an eyeglass frame, worn on the body, and
surgically implanted. Each of the various types of hearing
aids have differing functional and aesthetic characteristics.
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[0033] Since individuals have differing hearing abilities
with respect to each other, and oftentimes have differing
hearing abilities between the right and left ears, it is normal
to have some form of adjustment to compensate for the
characteristics of the hearing of the individual. It has been
known to provide an adjustable filter for use in conjunction
with the amplifier for modifying the amplifying character-
istics of the hearing aid. Various forms of physical adjust-
ment for adjusting variable resistors or capacitors have been
used. With the advent of microcircuitry, the ability to pro-
gram hearing aids has become well-known. A programmable
hearing aid typically has a digital control section and a signal
processing section. The digital control section is adapted to
store an auditory parameter, or a set of auditory parameters,
which will control an aspect or set of aspects of the ampli-
fying characteristics, or other characteristics, of the hearing
aid. The signal processing section of the hearing aid then
will operate in response to the control section to perform the
actual signal processing, or amplification, it being under-
stood that the signal processing may be digital or analog.

[0034] Numerous types of programmable hearing aids are
known. As such, details of the specifics of programming
functions will not be described in detail. To accomplish the
programming, it has been known to have the manufacturer
establish a computer-based programming function at its
factory or outlet centers. In this form of operation, the details
of the individual’s hearing readings, such as the audiogram,
are forwarded to the manufacturer for use in making the
programming adjustments. Once adjusted, the hearing aid or
hearing aids are then sent to the intended user. Such an
operation clearly suffers from the disadvantage of the loss of
time in the transmission of the information and the return of
the adjusted hearing aid, as well as not being able to provide
inexpensive and timely adjustments with the individual user.
Such arrangements characteristically deal only with the
programming of the particular manufacturer’s hearing aids,
and are not readily adaptable for adjusting or programming
various types of hearing aids.

[0035] Yet another type of prior art programming system
is utilized wherein the programming system is located near
the hearing health professional who would like to program
the hearing aid for patients. In such an arrangement, it is
common for each location to have a general purpose com-
puter especially programmed to perform the programming
function and provide it with an interface unit hard-wired to
the computer for providing the programming function to the
hearing aid. In this arrangement, the hearing professional
enters the audiogram or other patient-related hearing infor-
mation into the computer, and thereby allows the computer
to calculate the auditory parameters that will be optimal for
the predetermined listening situations for the individual. The
computer then directly programs the hearing aid. Such
specific programming systems and hard-wired interrelation-
ship to the host computer are costly and do not lend
themselves to ease of altering the programming functions.

[0036] Other types of programming systems wherein cen-
tralized host computers are used to provide programming
access via telephone lines and the like are also known, and
suffer from many of the problems of cost, lack of ease of
usage, lack of flexibility in reprogramming, and the like.

[0037] A number of these prior art programmable systems
have been identified above, and their respective functional-
ities will not be further described in detail.
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[0038] The system and method of programming hearing
aids of the present invention provides a mechanism where
all of the hearing aid programming system can be economi-
cally located at the office of each hearing health profes-
sional, thereby overcoming many of the described deficien-
cies of prior art programming systems.

[0039] A group of computing devices, including lap top
computers, notebook computers, hand-held computers, such
as the APPLE® NEWTON®, and the like, which can
collectively be referenced as host computers are adapted to
support the Personal Computer Memory Card International
Association Technology, and which is generally referred to
as PCMCIA. In general, PCMCIA provides one or more
standardized ports in the host computer where such ports are
arranged to cooperate with associated PCMCIA PC cards,
hereinafter referred to as “Cards”. The Cards are utilized to
provide various functions, and the functionality of PCMCIA
will be described in more detail below. The PCMCIA
specification defines a standard for integrated circuit Cards
to be used to promote interchangeability among a variety of
computer and electronic products. Attention is given to low
cost, ruggedness, low power consumption, light weight, and
portability of operation.

[0040] The specific size of the various configurations of
Cards will be described in more detail below, but in general,
it is understood that it will be comparable in size to credit
cards, thereby achieving the goal of ease of handling. Other
goals of PCMCIA technology can be simply stated to require
that (1) it must be simple to configure, and support multiple
peripheral devices; (2) it must be hardware and operating
environment independent; (3) installation must be flexible;
and (4) it must be inexpensive to support the various
peripheral devices. These goals and objectives of PCMCIA
specification requirements and available technology are con-
sistent with the goals of this invention of providing an
improved highly portable, inexpensive, adaptable hearing
aid programming system. The PCMCIA technology is
expanding into personal computers and work stations, and it
is understood that where such capability is present, the
attributes of this invention are applicable. Various aspects of
PCMCIA will be described below at points to render the
description meaningful to the invention.

[0041] FIG. 1 is a pictorial view of an improved hearing
aid programming system of this invention. A host computer
10, which can be selected from among lap top computers;
notebook computers; personal computers; work station com-
puters; or the like, includes a body portion 12, a control
keyboard portion 14, and a display portion 16. While only
one PCMCIA port 18 is illustrated, it is understood that such
ports may occur in pairs. Various types of host computers 10
are available commercially from various manufacturers,
including, but not limited to, International Business
Machines and Apple Computer, Inc. Another type of host
computer is the hand-held computer 20 such as the APPLE®
NEWTON®, or equivalent. The hand-held host 20 includes
a body portion 22, a screen portion 24, a set of controls 26
and a stylus 28. The stylus 28 operates as a means for
providing information to the hand-held host computer 20 by
interaction with screen 24. A pair of PCMCIA ports 32 and
34 are illustrated aligned along one side 36 of the hand-held
host computer 20. Again, it should be understood that more
or fewer PCMCIA ports may be utilized. Further, it will be
understood that it is possible for the PCMCIA ports to be
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position in parallel and adjacent to one another as distin-
guished from the linear position illustrated. A hand-held host
computer is available from various sources, such as the
Newton model available from Apple Computer, Inc.

[0042] A PCMCIA Card 40 has a first end 42 in which a
number of contacts 44 are mounted. In the standard, the
contacts 44 are arranged in two parallel rows and number
sixty-eight contacts. The outer end 60 has a connector (not
shown in this figure) to cooperate with mating connector 62.
This interconnection provide signals to and from hearing
aids 64 and 66 via cable 68 which splits into cable ends 70
and 72. Cable portion 70 has connector 74 affixed thereto
and adapted for cooperation with jack 76 in hearing aid 64.
Similarly, cable 72 has connector 78 that is adapted for
cooperation with jack 80 in hearing aid 66. This configura-
tion allows for programming of hearing aid 64 and 66 in the
ears of the individual to use them, it being understood that
the cable interconnection may alternatively be a single cable
for a single hearing aid or two separate cables with two
separations to the Card 40.

[0043] Tt is apparent that card 40 and the various compo-
nents are not shown in scale with one another, and that the
dashed lines represent directions of interconnection.

[0044] In this regard, a selection can be made between
portable host 10 or hand-held host 20. If host 10 is selected,
card 40 is moved in the direction of dashed lines 82 for
insertion in PCMCIA slot 18. Alternatively, if a hand-held
host 20 is to be used, Card 40 is moved along dashed lines
84 for insertion in PCMCIA slot 32. Connector 62 can be
moved along dashed line 86 for mating with the connector
(not shown) at end 60 of card 40. Connector 74 can be
moved along line 88 for contacting jack 76, and connector
78 can be moved along dashed line 90 for contacting jack 80.
There are three standardized configurations of Card 40 plus
one nonstandard form that will not be described.

[0045] FIG. 2 is a perspective view of a Type I plug-in
Card. The physical configurations and requirements of the
various Card types are specified in the PCMCIA specifica-
tion to assure portability and consistency of operation. Type
I Card 401 has a width W1 of 54 millimeters and a thickness
T1 of 3.3 millimeters. Other elements illustrated bear the
same reference numerals as in FIG. 1.

[0046] FIG. 3 is a perspective view of a Type II plug-in
Card. Card 40II has a width W2 of 54 millimeters and has
a raised portion 100. With the raised portion, the thickness
T2 is 5.0 millimeters. The width W3 of raised portion 100
is 48 millimeters. The purpose of raised portion 100 is to
provide room for circuitry to be mounted on the surface 102
of card 40II.

[0047] FIG. 4 is a perspective view of a Type III plug-in
Card. Card 40I1I has a width W4 of 54 millimeters, and an
overall thickness T3 of 10.5 millimeters. Raised portion 104
has a width W5 of 51 millimeters, and with the additional
depth above the upper surface 106 allows for even larger
components to be mounted.

[0048] Type II Cards are the most prevalent in usage, and
allow for the most flexibility in use in pairs with stacked
PCMCIA ports.

[0049] The PCMCIA slot includes two rows of 34 pins
each. The connector on the Card is adapted to cooperate with
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these pins. There are three groupings of pins that vary in
length. This results in a sequence of operation as the Card is
inserted into the slot. The longest pins make contact first, the
intermediate length pins make contact second, and the
shortest pins make contact last. The sequencing of pin
lengths allow the host system to properly sequence appli-
cation of power and ground to the Card. It is not necessary
for an understanding of the invention to consider the
sequencing in detail, it being automatically handled as the
Card is inserted. Functionally, the shortest pins are the card
detect pins and are responsible for routing signals that
inform software running on the host of the insertion or
removal of a Card. The shortest pins result in this operation
occurring last, and functions only after the Card has been
fully inserted. It is not necessary for an understanding of the
invention that each pin and its function be considered in
detail, it being understood that power and ground is provided
from the host to the Card.

[0050] FIG. 5 is a diagram representing the PCMCIA
architecture. The PCMCIA architecture is well-defined and
is substantially available on any host computer that is
adapted to support the PCMCIA architecture. For purposes
of understanding the invention, it is not necessary that the
intricate details of the PCMCIA architecture be defined
herein, since they are substantially available in the commer-
cial marketplace. It is, however, desirable to understand
some basic fundamentals of the PCMCIA architecture in
order to appreciate the operation of the invention.

[0051] In general terms, the PCMCIA architecture defines
various interfaces and services that allow application soft-
ware to configure Card resources into the system for use by
system-level utilities and applications. The PCMCIA hard-
ware and related PCMCIA handlers within the system
function as enabling technologies for the Card.

[0052] Resources that are capable of being configured or
mapped from the PCMCIA bus to the system bus are
memory configurations, input/output (I/O) ranges and Inter-
rupt Request Lines (IRQs). Details concerning the PCMCIA
architecture can be derived from the specification available
from PCMCIA Committee, as well as various vendors that
supply PCMCIA components or software commercially.

[0053] The PCMCIA architecture involves a consideration
of hardware 200 and layers of software 202. Within the
hardware consideration, Card 204 is coupled to PCMCIA
socket 206 and Card 208 is coupled to PCMCIA socket 210.
Sockets 206 and 210 are coupled to the PCMCIA bus 212
which in turn is coupled to the PCMCIA controller 214.
Controllers are provided commercially by a number of
vendors. The controller 214 is programmed to carry out the
functions of the PCMCIA architecture, and responds to
internal and external stimuli. Controller 214 is coupled to the
system bus 216. The system bus 216 is a set of electrical
paths within a host computer over which control signals,
address signals, and data signals are transmitted. The control
signals are the basis for the protocol established to place data
signals on the bus and to read data signals from the bus. The
address lines are controlled by various devices that are
connected to the bus and are utilized to refer to particular
memory locations or I/O locations. The data lines are used
to pass actual data signals between devices.

[0054] The PCMCIA bus 212 utilizes 26 address lines and
16 data lines.
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[0055] Within the software 202 consideration, there are
levels of software abstractions. The Socket Services 218 is
the first level in the software architecture and is responsible
for software abstraction of the PCMCIA sockets 206 and
210. In general, Socket Services 218 will be applicable to a
particular controller 214. In general, Socket Services 218
uses a register set (not shown) to pass arguments and return
status. When interrupts are processed with proper register
settings, Socket Services gains control and attempts to
perform functions specified at the Application Program
Interfaces (API).

[0056] Card Services 220 is the next level of abstraction
defined by PCMCIA and provides for PCMCIA system
initialization, central resource management for PCMCIA,
and APIs for Card configuration and client management.
Card Services is event-driven and notifies clients of hard-
ware events and responds to client requests. Card Services
220 is also the manager of resources available to PCMCIA
clients and is responsible for managing data and assignment
of resources to a Card. Card Services assigns particular
resources to Cards on the condition that the Card Informa-
tion Structure (CIS) indicates that they are supported. Once
resources are configured to a Card, the Card can be accessed
as if it were a device in the system. Card Services has an
array of Application Program Interfaces to provide the
various required functions.

[0057] Memory Technology Driver 1 (MTD) 222,
Memory Technology Driver 2, label 224, and Memory
Technology Driver N, label 226, are handlers directly
responsible for reading and writing of specific memory
technology memory Cards. These include standard drivers
and specially designed drivers if required.

[0058] Card Services 220 has a variety of clients such as
File System Memory clients 228 that deal with file system
aware structures; Memory Clients 230, Input/Output Clients
232; and Miscellaneous Clients 234.

[0059] FIG. 6 is a block diagram illustrating the func-
tional interrelationship of a host computer and a Card used
for programming hearing aids. A Host 236 has an Operating
System 238. A Program Memory 240 is available for storing
the hearing aid programming software. The PCMCIA block
242 indicates that the Host 236 supports the PCMCIA
architecture. A User Input 244 provides input control to Host
236 for selecting hearing aid programming functions and
providing data input to Host 236. A Display 246 provides
output representations for visual observation. PCMCIA
socket 248 cooperates with PCMCIA jack 250 mounted on
Card 252.

[0060] On Card 252 there is a PCMCIA Interface 254 that
is coupled to jack 250 via lines 256, where lines 256 include
circuits for providing power and ground connections from
Host 236, and circuits for providing address signals, data
signals, and control signals. The PCMCIA Interface 254
includes the Card Information Structure (CIS) that is utilized
for providing signals to Host 236 indicative of the nature of
the Card and setting configuration parameters. The CIS
contains information and data specific to the Card, and the
components of information in CIS is comprised of tuples,
where each tuple is a segment of data structure that describes
a specific aspect or configuration relative to the Card. It is
this information that will determine whether the Card is to
be treated as a standard serial data port, a standard memory
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card, a unique programming card or the like. The combina-
tion of tuples is a metaformat.

[0061] A Microprocessor shown within dashed block 260
includes a Processor Unit 262 that receives signals from
PCMCIA Interface 254 over lines 264 and provides signals
to the Interface over lines 266. An onboard memory system
268 is provided for use in storing program instructions. In
the embodiment of the circuit, the Memory 268 is a volatile
static random access memory (SRAM) unit of 1 K capacity.
A Nonvolatile Memory 370 is provided. The Nonvolatile
Memory is 0.5 K and is utilized to store initialization
instructions that are activated upon insertion of Card 352
into socket 348. This initialization software is often referred
to as “boot-strap” software in that the system is capable of
pulling itself up into operation.

[0062] A second Memory System 272 is provided. This
Memory is coupled to Processor Unit 262 for storage of
hearing aid programming software during the hearing aid
programming operation. In a preferred embodiment,
Memory 272 is a volatile SRAM having a 32 K capacity.
During the initialization phases, the programming software
will be transmitted from the Program Memory 240 of Host
236 and downloaded through the PCMCIA interface 254. In
an alternative embodiment, Memory System 272 can be a
nonvolatile memory with the hearing aid programming
software stored therein. Such nonvolatile memory can be
selected from available memory systems such as Read Only
Memory (ROM), Programmable Read Only Memory
(PROM), Erasable Programmable Read Only Memory
(EPROM), or Electrically Erasable Programmable Read
Only Memory (EEPROM). It is, of course, understood that
Static Random Access Memory (SRAM) memory systems
normally do not hold or retain data stored therein when
power is removed.

[0063] A Hearing Aid Interface 274 provides the selected
signals over lines 274 to the interface connector 276. The
Interface receives signals on lines 278 from the interface
connector. In general, the Hearing Aid Interface 274 func-
tions under control of the Processor Unit 262 to select which
hearing aid will be programmed, and to provide the digital
to analog selections, and to provide the programmed imped-
ance levels.

[0064] A jack 280 couples with connector 276 and pro-
vides electrical connection over lines 282 to jack 284 that
couples to hearing aid 286. In a similar manner, conductors
288 coupled to jack 290 for making electrical interconnec-
tion with hearing aid 292.

[0065] Assuming that Socket Services 218, Card Services
220 and appropriate drivers and handlers are appropriately
loaded in the Host 236, the hearing aid programming system
is initialized by insertion of Card 252 into socket 248. The
insertion processing involves application of power signals
first since they are connected with the longest pins. The next
longest pins cause the data, address and various control
signals to be made. Finally, when the card detect pin is
connected, there is a Card status change interrupt. Once
stabilized, Card Services queries the status of the PCMCIA
slot through the Socket Services, and if the state has
changed, further processing continues. At this juncture, Card
Services notifies the I/O clients which in turn issues direc-
tion to Card Services to read the Card’s CIS. The CIS tuples
are transmitted to Card Services and a determination is made
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as to the identification of the Card 252 and the configurations
specified. Depending upon the combination of tuples, that is,
the metaformat, the Card 252 will be identified to the Host
236 as a particular structure. In a preferred embodiment,
Card 252 is identified as a serial memory port, thereby
allowing Host 236 to treat with data transmissions to and
from Card 252 on that basis. It is, of course, understood that
Card 252 could be configured as a serial data Card, a
Memory Card or a unique programming Card thereby alter-
ing the control and communication between Host 236 and
Card 252.

[0066] FIG. 7 is a functional block diagram of the hearing
aid programming Card.

[0067] The PCMCIA jack 250 is coupled to PCMCIA
Interface 254 via PCMCIA bus 256, and provides VCC
power to the card via line 256-1. The Microprocessor 260 is
coupled to the Program Memory 272 via the Microprocessor
Bus 260-1. A Reset Circuit 260-2 is coupled via line 260-3
to Microprocessor 260 and functions to reset the Micropro-
cessor when power falls below predetermined limits. A
Crystal Oscillator 260-4 is coupled to Microprocessor 260
via line 260-5 and provides a predetermined operational
frequency signal for use by Microprocessor 260.

[0068] The Hearing Aid Interface shown enclosed in
dashed block 274 includes a Digital to Analog Converter
274-1 that is coupled to a Reference Voltage 274-2 via line
274-3. In a preferred embodiment, the Reference Voltage is
established at 2.5 volts DC. Digital to Analog Converter
274-1 is coupled to Microprocessor Bus 260-1. The Digital
to Analog Converter functions to produce four analog volt-
ages under control of the programming established by the
Microprocessor.

[0069] One of the four analog voltages is provided on Line
274-5 to amplifier AL, labeled 274-6, which functions to
convert 0 to reference voltage levels to 0 to 15 volt level
signals. A second voltage is provided on line 274-7 to
amplifier AR, labeled 274-8, which provides a similar con-
version of 0 volts to the reference voltage signals to 0 volts
to 15 volt signals. A third voltage is provided on line 274-9
to the amplifier BL, labeled 274-10, and on line 274-11 to
amplifier BR, labeled 274-12. Amplifiers BL and BR convert
0 volt signals to reference voltage signals to 0 volts to 15 volt
signals and are used to supply power to the hearing aid being
adjusted. In this regard, amplifier BL provides the voltage
signals on line 278-3 to the Left hearing aid, and amplifier
BR provides the selected voltage level signals on line 274-3
to the Right hearing aid.

[0070] An Analog Circuit Power Supply 274-13 provides
predetermined power voltage levels to all analog circuits.

[0071] A pair of input Comparators CL labeled 274-14 and
CR labeled 274-15 are provided to receive output signals
from the respective hearing aids. Comparator CL receives
input signals from the Left hearing aid via line 278-4 and
Comparator CR receives input signals from the Right hear-
ing aid via line 274-4. The fourth analog voltage from
Digital to Analog Converter 274-1 is provided on line
274-16 to Comparators CL and CR.

[0072] A plurality of hearing aid programming circuit
control lines pass from Microprocessor 260 and to the
Microprocessor via lines 274-17. The output signals pro-
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vided by comparators CL. and CR advise Microprocessor
260 of parameters concerning the CL and CR hearing aids
respectively.

[0073] A Variable Impedance A circuit and Variable
Impedance B circuit 274-20 each include a predetermined
number of analog switches and a like number of resistance
elements. In a preferred embodiment as will be described in
more detail below, each of these circuits includes eight
analog switches and eight resistors. The output from ampli-
fier AL is provided to Variable Impedance A via line 274-21
and selection signals are provided via line 274-22. The
combination of the voltage signal applied and the selection
signals results in an output being provided to switch SW1 to
provide the selected voltage level. In a similar manner, the
output from Amplifier R is provided on line 274-23 to
Variable Impedance B 274-20, and with control signals on
line 274-24, results in the selected voltage signals being
applied to switch SW2.

[0074] Switches SW1 and SW2 are analog switches and
are essentially single pole double throw switches that are
switched under control of signals provided on line 274-25.
When the selection is to program the left hearing aid, switch
SW1 will be in the position shown and the output signals
from Variable Impedance A will be provided on line 278-1
to LF hearing aid. At the same time, the output from Variable
Impedance B 274-20 will be provided through switch SW2
to line 278-2. When it is determined that the Right hearing
aid is to be programmed, the control signals on line 274-25
will cause switches SW1 and SW2 to switch. This will result
in the signal from Variable Impedance A to be provided on
line 274-1, and the output from Variable Impedance B to be
provided on line 274-2 to the Right hearing aid.

[0075] With the circuit elements shown, the program that
resides in Program Memory 272 in conjunction with the
control of Microprocessor 260 will result in application of
data and control signals that will read information from Left
and Right hearing aids, and will cause generation of the
selection of application and the determination of levels of
analog voltage signals that will be applied selectively the
Left and Right hearing aids. A more detailed circuit diagram
of the functional elements will be set forth below.

[0076] Since the introduction of a product based on the
foregoing technology it has become desirable to provide a
more universal device which is not limited to communica-
tion via a PCMCIA card, but is able to communicate via one
or more communication protocols. It has also become desir-
able to provide electrical isolation between the patient and
the host computer. Both of these features are provided by the
embodiments discussed below in connection with FIGS.
8-10.

[0077] Referring to FIG. 8, a host computer 300 is pro-
vided with a first communication interface 302 which com-
municates with a hearing aid programming interface device
304, which in turn programs hearing aids 64 and 66. The
host computer 300 may be any type of computer, as dis-
cussed above. The first communication interface 302 may be
any type of interface such as PCMCIA, USB, RS-232, SCSI
or IEEE 1394 (Firewire), all of which are well known and
standard communication interfaces in the PC industry. The
program communicates with the hearing aid programming
interface device 304 via the first interface 302 to program the
hearing aid. The use of the hearing aid programming inter-
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face device 304 allows communication with a much wider
pool of host computers since it can communicate with any
desired interface. Interface device 304 is provided with any
standard communication interface, such as PCMCIA, USB,
RS-232, SCSI or IEEE 1394 (Firewire), and may also be
configured to communicate wirelessly with the host com-
puter 300. In the preferred embodiment, interface device 304
is provided with two or more interfaces to allow a single
interface device 304 to communicate with a host computer
equipped with any desired port. For example, the interface
device 304 could be provided with PCMCIA and USB
interfaces, although these interfaces are discussed in more
detail below in stand alone embodiments.

[0078] In the preferred embodiment, the programming
software consists of three components: the application soft-
ware that the user sees, a DLL that controls the programming
interface, and embedded software for the microprocessor
contained within the programming interface.

[0079] In the preferred embodiment, and as discussed
above in connection with the initialization phase of the
PCMCIA interface, the embedded software is downloaded
from the host computer 300 to the interface device 304 upon
initialization or power-up. Because the embedded software
is downloaded from the host computer each time the system
is initialized or powered up, upgrades to the embedded
software are easy to implement. In the preferred embodi-
ment, the embedded software takes the form of a DLL file
stored on a hard disk of the host computer 300. The
upgraded programming is simply copied over the old DLL
file, and the newer version will automatically be down-
loaded to the interface device 304 upon initialization or
power-up. This also allows the interface device to be used
easily in connection with hearing aids sold by multiple
manufacturers, since separate DLL files for programming
different hearing aids can be provided for downloading to
the interface device 304.

[0080] Referring to FIG. 9, the first communication inter-
face 302 consists of a PC card adaptor 310 which plugs into
a host computer PCMCIA card connector. Adaptor 310
includes a PCMCIA interface chip 312 and microprocessor
314. As discussed above, the PCMCIA interface chip 312
contains circuitry to translate PCMCIA bus signals into a
serial signal suitable for transmission across a cable. The
microprocessor 314 configures the PCMCIA interface on
power-up by downloading the DLL to a memory in micro-
processor block 324. Adaptor 310 could also eliminate the
need for a microprocessor to configure the PCMCIA inter-
face by using an ASIC or FPGA chip as the PCMCIA
interface.

[0081] The adaptor 310 is connected to the hearing aid
programming interface 316 device via cable 318. Power is
provided to the interface 316 from the host computer (see
FIG. 8). Power isolation is provided at 320 by a DC-DC
converter, which converts an input voltage into an output
voltage and provides electrical isolation between the input
and the output. The DC-DC converter 320 drives the power
supply 322, which in turn supplies power to microprocessor
324 and the analog I/O circuitry 326. DC-DC converters are
commercially available from Power Convertibles Inc. The
serial interface 328 is a simple logic level driver and receiver
which interfaces to the serial signals sent by and received by
the PCMCIA adaptor 310. The control and data signals
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received by interface 316 are electrically isolated from the
patient hearing aid by patient isolation circuitry 330, which
consists of optoisolators which convert the input electrical
signal to an optical signal, then back to an electrical output
signal to electrically isolate the patient from the host com-
puter. Optoisolators are well known in the art and are
commercially available from Hewlett Packard. The analog
I/O circuitry of 326 is the same as discussed in the earlier
embodiments above.

[0082] Referring now to FIG. 10, a USB version of the
hearing aid programming system is shown which connects
directly to the USB port of a host computer via USB
connector 350. The USB connection to the host computer
provides power as well as the data and control signals to the
hearing aid programming interface 316. The USB interface
316 is similar to that shown in FIG. 9, substituting USB
interface chip 352 driven by microprocessor 354 for the
serial interface 328. USB interface chips are commercially
available from several companies, including Intel and
Cypress.

[0083] Electrical isolation could also be provided by uti-
lizing a wireless embodiment of FIG. 8 in which the host
computer first interface is a wireless transmitter/receiver and
the patient isolation block 330 of FIG. 9 is replaced with a
wireless transmitter/receiver device. These wireless trans-
mitter/receiver devices are commercially available from
several companies, including Link Technologies and Digital
Wireless Corporation. In the wireless version, interface 316
would contain a battery to provide power to interface 316.

[0084] Another improvement is the ability of the interface
304 to detect the type of hearing aid attached and verify it
is programmed correctly to program that particular type of
hearing aid. This can be done by selectively shorting 2 or
more pins in the cable connecting the hearing aid to the
interface 304. This can be done by connecting multiple pins
of the cable together with wires or other components so as
to uniquely identify the cable type. For example, pairs of
pins can be shorted together to identify the cable. In the
preferred embodiement, resistors of different values are
used. In this embodiment, the resistor in the cable and
another resistor in the programming interface work together
to form a voltage divider. This voltage divider is driven by
a voltage source on one pin and the resulting attenuated
voltage is measured on another pin. This resultant attenua-
tion of the signal is used to infer the value of the resistor in
the cable. Many different values of resistors are possible,
each one corresponding to a particular cable type. This
embodiement can be seen with reference to FIG. 11, in
which resistor 380 is in the cable and resistor 382 is in the
programming interface 304, and these 2 resistors are con-
nected to 2 pins on the cable to the hearing aid(s). The
inferred value of resistor 380 may be used as an entry point
for a look-up table which identifies the cable type.

[0085] It will be understood that this disclosure, in many
respects, is only illustrative. Changes may be made in
details, particularly in matters of shape, size, material, and
arrangement of parts without exceeding the scope of the
invention. Accordingly, the scope of the invention is as
defined in the language of the appended claims.
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What is claimed is:
1. A hearing aid programming system comprising:

a host computer system including a program for program-
ming a hearing aid, the host computer system including
a host communication interface (HCI) of a predeter-
mined type for sending and receiving control and data
signals;

a hearing aid programming interface device connected to
the HCI by a first interface communication interface
(ICD of the same predetermined type as the HCI, for
sending and receiving control and data signals between
the host computer system and the hearing aid program-
ming interface device;

the hearing aid programming interface device including at
least one additional ICI of a different type than the type
connecting the first ICI to the host computer system;

at least one hearing aid to be programmed connected to
the hearing aid programming interface device, and

the program for programming the at least one hearing aid
is downloaded to the hearing aid programming inter-
face device when the hearing aid programming inter-
face device is initially powered up.

2. The hearing aid programming system of claim 1
wherein the HCI is selected from the group consisting of
PCMCIA, USB, RS-232, SCSI, IEEE 1394 or wireless.

3. The hearing aid programming system of claim 2
wherein the HCI is a PCMCIA interface and one of the at
least one additional ICI’s is a USB interface.

4. The hearing aid programming system of claim 2
wherein the HCI is a USB interface and one of the at least
one additional ICI’s is a PCMCIA interface.

5. The hearing aid programming system of claim 2
wherein the HCI and ICI interfaces are constructed and
arranged to send and receive serial control and data signals.

6. The hearing aid programming system of claim 2
wherein the hearing aid programming interface further
includes circuitry for electrically isolating a hearing aid from
the host computer comprised of at least one pair of optoiso-
lators for sending and receiving data and control signals
between the host computer and the hearing aid to be pro-
grammed.

7. The hearing aid programming system of claim 2
wherein the at least one hearing aid to be programmed is
connected to the hearing aid programming interface with a
cable, the hearing aid programming interface including a
cable identification circuit for identification of the type of
cable connecting the at least one hearing aid to the hearing
aid programming interface.

8. The hearing aid programming system of claim 7
wherein the program is configured to program a hearing aid
connected by a predetermined type of cable and wherein
upon identification of a mismatch between the program and
the type of cable a signal is sent to the host computer
prompting a warning to the user.

10. A hearing aid programming system comprising:

a host computer system including a program for program-
ming a hearing aid, the host computer system including
a host computer interface (HCI) selected from the
group consisting of PCMCIA, USB, RS-232, SCSI,
IEEE 1394 or wireless, for sending and receiving
control and data signals;
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a hearing aid programming interface device connected to
the HCI with an interface communication interface
(ICI) which is the same as the selected HCI, for sending
and receiving control and data signals between the host
computer and the hearing aid programming interface
device, and

at least one hearing aid to be programmed connected to

the hearing aid programming interface device.

11. The hearing aid programming system of claim 10
wherein the HCI is a PCMCIA interface which converts
PCMCIA bus signals to and from serial bus signals, the
PCMCIA interface being electrically connected to the hear-
ing aid programming interface device.

12. The hearing aid programming system of claim 10
wherein the HCI is a USB interface which converts USB bus
signals to and from serial bus signals, the USB interface
being electrically connected to the hearing aid programming
interface device.

13. The hearing aid programming system of claim 10
wherein the HCI is a SCSI interface which converts SCSI
bus signals to and from serial bus signals, the SCSI interface
being electrically connected to the hearing aid programming
interface device.

14. The hearing aid programming system of claim 10
wherein the communication interface is an IEEE 1394
interface which converts IEEE 1394 bus signals to and from
serial bus signals, the IEEE 1394 interface being electrically
connected to the hearing aid programming interface device.

15. The hearing aid programming system of claim 10
wherein the HCI is a wireless interface selected from the
group consisting of infrared (IR), radio frequency (RF) or
ultrasonic wireless communication interfaces, the wireless
interface being wirelessly connected to the hearing aid
programming interface device.

16. The hearing aid programming system of claim 10
wherein the HCI and ICI interfaces are constructed and
arranged to send and receive serial control and data signals.

17. The hearing aid programming system of claim 10
wherein the hearing aid programming interface further
includes circuitry for electrically isolating a hearing aid from
the host computer comprised of at least one pair of optoiso-
lators for sending and receiving data and control signals
between the host computer and the hearing aid to be pro-
grammed.

18. The hearing aid programming system of claim 10
wherein the at least one hearing aid to be programmed is
connected to the hearing aid programming interface with a
cable, the hearing aid programming interface including a
cable identification circuit for identification of the type of
cable connecting the at least one hearing aid to the hearing
aid programming interface.
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19. The hearing aid programming system of claim 13
wherein the program is configured to program a hearing aid
connected by a predetermined type of cable and wherein
upon identification of a mismatch between the program and
the type of cable a signal is sent to the host computer
prompting a warning to the user.

20. A hearing aid programming system comprising:

a host computer system including a program for program-
ming a hearing aid, the host computer system including
a first wireless communication interface for wirelessly
sending and receiving control and data signals;

a battery powered hearing aid programming interface
device wirelessly connected to the communication
interface of the host computer system, the hearing aid
programming interface device including a second wire-
less communication interface for wirelessly sending
and receiving control and data signals between the host
computer and the programming interface device, and

at least one hearing aid to be programmed connected to

the hearing aid programming interface device.

21. The hearing aid programming system of claim 20
wherein the wireless communication interface communi-
cates using infrared (IR) signals.

22. The hearing aid programming system of claim 20
wherein the wireless communication interface communi-
cates using radio frequency (RF) signals.

23. The hearing aid programming system of claim 20
wherein the wireless communication interface communi-
cates using ultrasonic signals.

24. A hearing aid programming system comprising:

a host computer system including a program for program-
ming a hearing aid, the host computer system including
at least one host computer interface (HCI) selected
from the group consisting of PCMCIA, USB, RS-232,
SCSI, IEEE 1394 or wireless, for sending and receiving
control and data signals;

a hearing aid programming interface device connected to
the HCI with an interface communication interface
(ICI) which is the same as at least one of the selected
HCI interfaces, for sending and receiving control and
data signals between the host computer and the hearing
aid programming interface device, and

at least one hearing aid to be programmed connected to
the hearing aid programming interface device.



