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(57) ABSTRACT 
A hearing assistance system includes multiple middle ear 
transducers for sensing vibrations of an ossicle or other 
auditory element. The hearing assistance system is con?g 
ured to accommodate an unknown or variable direction of 
the vibration. TWo transducers are arranged to transduce 
nonidentical directional components of the vibration into 
electrical signals Which are then combined. The combined 
electrical signal is approximately independent of the direc 
tion of the vibration, or has improved frequency response, or 
has an amplitude that is approximately independent of the 
direction of the vibration. The combined electrical signal 
may result from a square root of sum-of-squares, sum of 
individually ?ltered signals, differentiation, or other tech 
niques. The hearing assistance system analogously accom 
modates three dimensional variability of the direction of 
vibration using three middle ear transducers. 
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MIDDLE EAR VIBRATION SENSOR USING 
MULTIPLE TRANSDUCERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to co-pending, com 
monly assigned patent application entitled ELECTRO 
MAGNETIC INPUT TRANSDUCERS FOR MIDDLE 
EAR SENSING, Ser. No. , ?led on even date With 
the present application and assigned to the assignee of the 
present application, and Which is herein incorporated by 
reference. This application is also related to co-pending, 
commonly assigned patent application entitled CAPACI 
TIVE INPUT TRANSDUCERS FOR MIDDLE EAR 
SENSING, Ser. No. , ?led on even date With the 
present application and assigned to the assignee of the 
present application, and Which is herein incorporated by 
reference. This application is also related to co-pending, 
commonly assigned patent application entitled IMPLANT 
ABLE HEARING SYSTEM HAVING MULTIPLE 
TRANSDUCERS, Ser. No. 08/693,430, ?led on Aug. 7, 
1996, Which disclosure is herein incorporated by reference 

THE FIELD OF THE INVENTION 

[0002] This invention relates generally to at least partially 
implantable hearing assistance systems, and more particu 
larly to the sensing of sound vibrations in the middle ear. 

BACKGROUND 

[0003] Some types of partial middle ear implantable 
(P-MEI), total middle ear implantable (T-MEI), cochlear 
implant, or other hearing assistance systems utiliZe compo 
nents disposed Within the middle ear or inner ear regions. 
Such components may include an input transducer for 
receiving sound vibrations or an output stimulator for pro 
viding mechanical or electrical output stimuli corresponding 
to the received sound vibrations. 

[0004] An eXample of such a device is disclosed in US. 
Pat. No. 4,729,366, issued to D. W. Schaefer on Mar. 8, 
1988. In the ’366 patent, a mechanical-to-electrical pieZo 
electric input transducer is associated With the malleus bone 
in the patient’s middle ear. The malleus vibrates in response 
to sounds received at the patient’s tympanic membrane 
(eardrum). The pieZoelectric input transducer transduces 
mechanical energy of malleus vibrations into an electrical 
signal, Which is ampli?ed and further processed by an 
electronics unit. A resulting electrical signal is provided to 
an electrical-to-mechanical pieZoelectric output transducer 
that generates a mechanical vibration coupled to an element 
of the ossicular chain or to the oval WindoW or round 
WindoW. In the ’366 patent, the ossicular chain is interrupted 
by removal of the incus. Removal of the incus prevents the 
mechanical vibrations delivered by the pieZoelectric output 
transducer from mechanically feeding back to the pieZoelec 
tric input transducer. 

[0005] Hearing assistance systems that sense sounds 
through corresponding ossicular vibrations face numerous 
dif?culties. For example, the direction of motion of malleus 
vibrations varies unpredictably betWeen individuals, making 
such vibrations dif?cult to transduce into a corresponding 
electrical signal, since sensors that transduce such vibrations 
typically perform optimally if the motion of the vibrations is 
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in a particular direction. For eXample, a cantilevered pieZo 
electric bimorph input transducer provides a maXimum 
output electrical signal amplitude When the direction of 
motion of the vibrations is perpendicular its longitudinal 
direction. A further complication is that the direction of 
motion of the malleus vibrations may be frequency depen 
dent. As a result, an input transducer that is optimally 
positioned to sense malleus vibrations at a particular fre 
quency in the audio frequency range may be inadequately 
positioned to sense malleus vibrations at a different fre 
quency in the audio frequency range. There is a need in the 
art to provide sensing of sound vibrations in the inner ear, in 
Which any variability in direction of motion of ossicular or 
other auditory elements is accommodated. 

SUMMARY 

[0006] The present invention includes a sensor for use 
With an at least partially implantable hearing assistance 
system. The sensor transduces a mechanical vibration of an 
auditory element into an electrical signal. A ?rst input 
transducer is proportioned for transducing a ?rst directional 
component of the mechanical vibration into a ?rst electrical 
signal. A second input transducer is proportioned for trans 
ducing a second directional component of the mechanical 
vibration into a second electrical signal. The ?rst and second 
input transducers are arranged such that the ?rst and second 
directional components of the mechanical vibration are 
nonidentical. In one embodiment, a third input transducer is 
proportioned for transducing a third directional component 
of the mechanical vibration into a third electrical signal, 
such that the ?rst, second, and third directional components 
of the mechanical vibration are nonidentical and linearly 
independent. The sensor is used in or With a hearing assis 
tance system having an electronics unit that receives the 
electrical signals from the transducers, and provides a result 
ing combined electrical signal in response thereto. 

[0007] The hearing assistance system also provides a 
method of transducing a mechanical vibration of an auditory 
element into at least one electrical signal. A ?rst input 
transducer is positioned to transduce a ?rst directional 
component of the mechanical vibration into a ?rst electrical 
signal. A second input transducer is positioned to transduce 
a second directional component of the mechanical vibration 
into a second electrical signal. The ?rst and second direc 
tional components of the mechanical vibration are noniden 
tical. 

[0008] In one embodiment, the ?rst and second electrical 
signals are combined. A ?rst method of combining the ?rst 
and second electrical signals squares each signal to provide 
resulting squared signals, sums the resulting squared signals 
to provide a sum-of-squares signal, and performs a square 
root function upon the resulting sum-of-squares signal to 
provide a resulting combined electrical signal. A second 
method of combining the ?rst and second electrical signals 
individually ?lters the ?rst and second electrical signals to 
provide resulting ?ltered signals, and sums the ?ltered 
signals to provide a resulting combined electrical signal. A 
third method of combining the ?rst and second electrical 
signals differentiates the second electrical signal to provide 
a second differentiated electrical signal, and sums the second 
differentiated electrical signal With the ?rst electrical signal 
to provide a resulting combined electrical signal. 

[0009] In one embodiment, a third input transducer is 
positioned to receive a third directional component of the 
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mechanical vibration. In this embodiment, the ?rst, second, 
and third directional components of the mechanical vibra 
tion are nonidentical and linearly independent. The ?rst, 
second, and third electrical signals are combined, such as by 
the above-described techniques. In one embodiment, the 
hearing assistance system includes an eXternal programmer 
for adjusting hearing assistance parameters in a hearing 
assistance device and for data transmission from the hearing 
assistance device to the programmer, such as for parameter 
veri?cation or diagnostic purposes. For eXample, the exter 
nal programmer selects betWeen the above-described signal 
combination techniques, in one embodiment of the present 
invention. 

[0010] Thus, the present invention provides an improved 
hearing assistance system for sensing sound vibrations in the 
middle ear. The hearing assistance system accommodates 
variability in the direction of motion of an ossicular or other 
auditory element. This is particularly advantageous for sens 
ing mechanical vibrations of an auditory element Where the 
eXact direction of the mechanical vibrations may be 
unknoWn, variable, or dif?cult to determine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] In the draWings, like numerals describe substan 
tially similar components throughout the several vieWs. 

[0012] FIG. 1 illustrates generally a human auditory sys 
tem. 

[0013] FIG. 2 is a schematic/block diagram illustrating 
generally one embodiment of a hearing assistance system 
according to the present invention. 

[0014] FIG. 3 is a block diagram illustrating one embodi 
ment of a portion of the electronics unit of FIG. 2 in more 
detail. 

[0015] FIG. 4 is a block diagram illustrating another 
embodiment of a portion of electronics unit of FIG. 2 in 
more detail. 

[0016] FIG. 5 is a block diagram illustrating another 
embodiment of a portion of electronics unit of FIG. 2 in 
more detail. 

[0017] FIG. 6 is a schematic/block diagram illustrating 
generally another embodiment of the hearing assistance 
system of FIG. 2, in Which the transducers are disposed in 
a more generaliZed arrangement. 

[0018] FIG. 7 is a schematic/block diagram illustrating 
generally another embodiment of a hearing assistance sys 
tem, similar to that of FIG. 2, but including a third trans 
ducer. 

[0019] FIG. 7A is a schematic/block diagram illustrating 
one embodiment of a carrier to Which input transducers are 
coupled. 

[0020] FIG. 8 is a block diagram, similar to FIG. 3, but 
including processing of a third electrical signal. 

[0021] FIG. 9 is a block diagram, similar to FIG. 4, but 
including processing of a third electrical signal. 

[0022] FIG. 10 is a How chart summariZing one method of 
operating a hearing assistance device. 
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[0023] FIG. 11 is a How chart summariZing another 
method of operating a hearing assistance device. 

DETAILED DESCRIPTION 

[0024] In the folloWing detailed description, reference is 
made to the accompanying draWings Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. 
These embodiments are described in suf?cient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that the embodiments may be com 
bined, or that other embodiments may be utiliZed and that 
structural, logical and electrical changes may be made 
Without departing from the scope of the present invention. 
The folloWing detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present 
invention is de?ned by the appended claims and their 
equivalents. In the accompanying draWings, like numerals 
describe substantially similar components throughout the 
several vieWs. 

[0025] The present invention provides a hearing assistance 
system for sensing mechanical vibrations of an auditory 
element, Where the eXact direction of the mechanical vibra 
tions is unknoWn, variable, or dif?cult to determine. The 
invention is capable of use as or With a middle ear implant 
able hearing system such as a partial middle ear implantable 
(P-MEI), total middle ear implantable (T-MEI), cochlear 
implant, or other hearing system. AP-MEI or T-MEI hearing 
system assists the human auditory system in converting 
acoustic energy contained Within sound Waves into electro 
chemical signals delivered to the brain and interpreted as 
sound. 

[0026] FIG. 1 illustrates generally a human auditory sys 
tem. Sound Waves are directed into an eXternal auditory 
canal 20 by an outer ear (pinna) 25. The frequency charac 
teristics of the sound Waves are slightly modi?ed by the 
resonant characteristics of the external auditory canal 20. 
These sound Waves impinge upon the tympanic membrane 
(eardrum) 30, interposed at the terminus of the eXternal 
auditory canal 20, betWeen it and the tympanic cavity 
(middle ear) 35. Variations in the sound Waves produce 
tympanic vibrations. The mechanical energy of the tympanic 
vibrations is communicated to the inner ear, comprising 
cochlea 60, vestibule 61, and semicircular canals 62, by a 
sequence of articulating bones located in the middle ear 35. 
This sequence of articulating bones is referred to generally 
as the ossicular chain 37. Thus, the tympanic membrane 30 
and ossicular chain 37 transform acoustic energy in the 
external auditory canal 20 to mechanical energy at the 
cochlea 60. 

[0027] The ossicular chain 37 includes three ossicles: a 
malleus 40, an incus 45, and a stapes 50. The malleus 40 
includes manubrium and head portions. The manubrium of 
the malleus 40 attaches to the tympanic membrane 30. The 
head of the malleus 40 articulates With one end of the incus 
45. The incus 45 normally couples mechanical energy from 
the vibrating malleus 40 to the stapes 50. The stapes 50 
includes a capitulum portion, comprising a head and a neck, 
connected to a footplate portion by means of a support crus 
comprising tWo crura. The stapes 50 is disposed in and 
against a membrane-covered opening on the cochlea 60. 
This membrane-covered opening betWeen the cochlea 60 
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and middle ear 35 is referred to as the oval WindoW 55. Oval 
WindoW 55 is considered part of cochlea 60 in this patent 
application. The incus 45 articulates the capitulum of the 
stapes 50 to complete the mechanical transmission path. 

[0028] Normally, prior to implantation of the invention, 
tympanic vibrations are mechanically conducted through the 
malleus 40, incus 45, and stapes 50, to the oval WindoW 55. 
Vibrations at the oval WindoW 55 are conducted into the 
?uid-?lled cochlea 60. These mechanical vibrations gener 
ate ?uidic motion, thereby transmitting hydraulic energy 
Within the cochlea 60. Pressures generated in the cochlea 60 
by ?uidic motion are accommodated by a second mem 
brane-covered opening on the cochlea 60. This second 
membrane-covered opening betWeen the cochlea 60 and 
middle ear 35 is referred to as the round WindoW 65. Round 
WindoW 65 is considered part of cochlea 60 in this patent 
application. Receptor cells in the cochlea 60 translate the 
?uidic motion into neural impulses Which are transmitted to 
the brain and perceived as sound. HoWever, various disor 
ders of the tympanic membrane 30, ossicular chain 37, 
and/or cochlea 60 can disrupt or impair normal hearing. 

[0029] Hearing loss due to damage in the cochlea 60 is 
referred to as sensorineural hearing loss. Hearing loss due to 
an inability to conduct mechanical vibrations through the 
middle ear 35 is referred to as conductive hearing loss. Some 
patients have an ossicular chain 37 lacking suf?cient resil 
iency to transmit mechanical vibrations betWeen the tym 
panic membrane 30 and the oval WindoW 55. As a result, 
?uidic motion in the cochlea 60 is attenuated. Thus, receptor 
cells in the cochlea 60 do not receive adequate mechanical 
stimulation. Damaged elements of ossicular chain 37 may 
also interrupt transmission of mechanical vibrations 
betWeen the tympanic membrane 30 and the oval WindoW 
55. 

[0030] Various techniques have been developed to remedy 
hearing loss resulting from conductive or sensorineural 
hearing disorder. For example, tympanoplasty is used to 
surgically reconstruct the tympanic membrane 30 and estab 
lish ossicular continuity from the tympanic membrane 30 to 
the oval WindoW 55. Various passive mechanical prostheses 
and implantation techniques have been developed in con 
nection With reconstructive surgery of the middle ear 35 for 
patients With damaged elements of ossicular chain 37. TWo 
basic forms of prosthesis are available: total ossicular 
replacement prostheses (TORP), Which is connected 
betWeen the tympanic membrane 30 and the oval WindoW 
55; and partial ossicular replacement prostheses (PORP), 
Which is positioned betWeen the tympanic membrane 30 and 
the stapes 50. 

[0031] Various types of hearing aids have been developed 
to compensate for hearing disorders. A conventional “air 
conduction” hearing aid is sometimes used to overcome 
hearing loss due to sensorineural cochlear damage or mild 
conductive impediments to the ossicular chain 37. Conven 
tional hearing aids utiliZe a microphone, Which transduces 
sound into an electrical signal. Ampli?cation circuitry 
ampli?es the electrical signal. A speaker transduces the 
ampli?ed electrical signal into acoustic energy transmitted 
to the tympanic membrane 30. HoWever, some of the 
transmitted acoustic energy is typically detected by the 
microphone, resulting in a feedback signal Which degrades 
sound quality. Conventional hearing aids also often suffer 
from a signi?cant amount of signal distortion. 
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[0032] Implantable hearing systems have also been devel 
oped, utiliZing various approaches to compensate for hear 
ing disorders. For example, cochlear implant techniques 
implement an inner ear hearing system. Cochlear implants 
electrically stimulate auditory nerve ?bers Within the 
cochlea 60. A typical cochlear implant system includes an 
external microphone, an external signal processor, and an 
external transmitter, as Well as an implanted receiver and an 
implanted single channel or multichannel probe. A single 
channel probe has one electrode. A multichannel probe has 
an array of several electrodes. In the more advanced mul 
tichannel cochlear implant, a signal processor converts 
speech signals transduced by the microphone into a series of 
sequential electrical pulses corresponding to different fre 
quency bands Within a speech frequency spectrum. Electri 
cal pulses corresponding to loW frequency sounds are deliv 
ered to electrodes that are more apical in the cochlea 60. 
Electrical pulses corresponding to high frequency sounds are 
delivered to electrodes that are more basal in the cochlea 60. 
The nerve ?bers stimulated by the electrodes of the cochlear 
implant probe transmit neural impulses to the brain, Where 
these neural impulses are interpreted as sound. 

[0033] Other inner ear hearing systems have been devel 
oped to aid patients Without an intact tympanic membrane 
30, upon Which “air conduction” hearing aids depend. For 
example, temporal bone conduction hearing systems pro 
duce mechanical vibrations that are coupled to the cochlea 
60 via a temporal bone in the skull. In such temporal bone 
conduction hearing systems, a vibrating element can be 
implemented percutaneously or subcutaneously. 

[0034] A particularly interesting class of hearing systems 
includes those Which are con?gured for disposition princi 
pally Within the middle ear 35 space. In middle ear implant 
able (MEI) hearing assistance systems, an electrical-to 
mechanical output transducer couples mechanical vibrations 
to the ossicular chain 37, Which is optionally interrupted to 
alloW coupling of the mechanical vibrations thereto. Both 
electromagnetic and pieZoelectric output transducers have 
been used to effect the mechanical vibrations upon the 
ossicular chain 37. 

[0035] One example of a partial middle ear implantable 
(P-MEI) hearing system having an electromagnetic output 
transducer comprises: an external microphone transducing 
sound into electrical signals; external ampli?cation and 
modulation circuitry; and an external radio frequency (RF) 
transmitter for transdermal RF communication of an elec 
trical signal. An implanted receiver detects and recti?es the 
transmitted signal, driving an implanted coil in constant 
current mode. Aresulting magnetic ?eld from the implanted 
drive coil vibrates an implanted magnet that is permanently 
af?xed only to the incus 45. Such electromagnetic output 
transducers have relatively high poWer consumption requir 
ing larger batteries, Which limits their usefulness in total 
middle ear implantable (T-MEI) hearing systems. 

[0036] ApieZoelectric output transducer is also capable of 
effecting mechanical vibrations to the ossicular chain 37. An 
example of such a device is disclosed in Us. Pat. No. 
4,729,366, issued to D. W. Schaefer on Mar. 8, 1988. In the 
’366 patent, a mechanical-to-electrical pieZoelectric input 
transducer is associated With the malleus 40, transducing 
mechanical energy into an electrical signal, Which is ampli 
?ed and further processed by an electronics unit. A resulting 
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electrical signal is provided to an electrical-to-mechanical 
piezoelectric output transducer that generates a mechanical 
vibration coupled to an element of the ossicular chain 37 or 
to the oval WindoW 55 or round WindoW 65. In the ’366 
patent, the ossicular chain 37 is interrupted by removal of 
the incus 45. Removal of the incus 45 prevents the mechani 
cal vibrations delivered by the pieZoelectric output trans 
ducer from mechanically feeding back to the pieZoelectric 
input transducer. 

[0037] FIG. 2 is a schematic/block diagram illustrating 
generally one embodiment of a hearing assistance system 
according to the present invention, including a hearing 
assistance device 200 for sensing mechanical vibrations of 
an auditory element, Where the exact direction of the 
mechanical vibrations may be unknown, variable, or dif?cult 
to determine. 

[0038] The hearing assistance system also includes an 
external (i.e., not implanted) programmer 201, Which is 
communicatively coupled to an external or implantable 
portion of hearing assistance device 200. Programmer 201 
includes hand-held, desktop, or a combination of hand-held 
and desktop embodiments, for use by a physician or the 
patient in Which hearing assistance device 200 is implanted. 

[0039] In one embodiment, each of programmer 201 and 
hearing assistance device 200 include an inductive element, 
such as a coil, for inductively-coupled bidirectional trans 
dermal communication betWeen programmer 201 and hear 
ing assistance device 200. Inductive coupling is just one Way 
to communicatively couple programmer 201 and hearing 
assistance device 200. Any other suitable technique of 
communicatively coupling programmer 201 and hearing 
assistance device 200 may also be used. 

[0040] In one embodiment, such communication includes 
programming of hearing assistance device 200 by program 
mer 201 for adjusting hearing assistance parameters in 
hearing assistance device 200, and also provides data trans 
mission from hearing assistance device 200 to programmer 
201, such as for parameter veri?cation or diagnostic pur 
poses. Programmable parameters include, but are not limited 
to: on/off, standby mode, type of noise ?ltering for a 
particular sound environment, frequency response, volume, 
delivery of a test stimulus on command, and any other 
programmable parameter. 

[0041] Hearing assistance device 200 includes a sensor 
205 that is electrically coupled to an electronics unit 210. In 
the embodiment of FIG. 2, malleus 40 is illustrated, by Way 
of example, as the auditory element from Which vibrations 
are sensed, but other auditory elements could also be used, 
including, but not limited to tympanic membrane 30, incus 
45 or other ossicle, or any prosthetic auditory element 
serving a similar function. 

[0042] Sensor 205 includes more than one electrome 
chanical transducer element. In the embodiment of FIG. 2, 
sensor 205 includes a ?rst input transducer 215 and a second 
input transducer 220. In FIG. 2, ?rst input transducer 215 
and second input transducer 220 are each illustrated, by Way 
of example, as pieZoelectric ceramic bimorph transducers 
that are proportioned for disposition Within the middle ear 
35 region for receiving mechanical vibrations from malleus 
40. HoWever, other embodiments of the invention include 
other types of transducers. In one embodiment, at least one 
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of ?rst and second input transducers 215 and 220 includes a 
pieZoelectric ?lm such as a polariZed ?uoropolymer, e.g. 
polyvinylidene ?uoride (PVDF). For this application, a 
PVDF ?lm such as that sold under the trademark “Kynar” by 
AMP, Inc., of Harrisburg, Pa., is one example of a material 
that can be used for the pieZoelectric ?lm. In other embodi 
ments, at least one of ?rst and second input transducers 215 
and 220 includes an accelerometer, electromagnetic input 
transducer, or capacitive input transducer. Examples of 
electromagnetic input transducers are described in a co 
pending patent application entitled ELECTROMAGNETIC 
INPUT TRANSDUCERS FOR MIDDLE EAR SENSING, 
Ser. No. , ?led on even date With the present appli 
cation and assigned to the assignee of the present applica 
tion, and Which is herein incorporated by reference. 
Examples of capacitive input transducers are described in a 
co-pending patent application entitled CAPACITIVE 
INPUT TRANSDUCERS FOR MIDDLE EAR SENSING, 
Ser. No. , ?led on even date With the present appli 
cation and assigned to the assignee of the present applica 
tion, and Which is herein incorporated by reference. 

[0043] These and other different types of input transducers 
may be used in combination for many purposes, including to 
optimiZe overall frequency response by using a different 
type of ?rst input transducer 215 than second input trans 
ducer 220. For example, ?rst input transducer 215 may be a 
pieZoelectric ceramic bimorph type and second input trans 
ducer 220 may be an accelerometer type. First input trans 
ducer 215 and second input transducer 220 may also be of 
the same type, eg both pieZoelectric ceramic bimorphs, but 
having different frequency response characteristics, eg by 
having different physical dimensions. 

[0044] In FIG. 2, respective ?rst and second input trans 
ducers 215 and 220 are typically cantilevered from respec 
tive ?rst and second mounts 225 and 230, Which are af?xed, 
such as to the temporal bone peripheral to middle ear 35 
region or elseWhere. The mechanical vibrations of malleus 
40 cause vibratory displacements of the ends of respective 
?rst and second input transducers 215 and 220 that are distal 
to respective ?rst and second mounts 225 and 230. As a 
result, the vibrations of malleus 40 are resolved into non 
identical respective ?rst and second directional components 
235 and 240 by ?rst and second input transducers 215 and 
220, as described in detail beloW. 

[0045] First and second input transducers 215 and 220 are 
arranged in a predetermined spatial relationship. For 
example, respective ?rst and second mounts 225 and 230 
may be integrally formed as a unitary carrier of respective 
?rst and second transducers 215 and 220, or may be other 
Wise mechanically coupled to such a carrier. Any carrier that 
provides a predetermined spatial arrangement of ?rst and 
second input transducers 215 and 220 may be used. In one 
embodiment, ?rst and second transducers 215 and 220 are 
con?gured to provide a predetermined angular spacing of 
angle, 0t, betWeen a ?rst longitudinal direction 245 of ?rst 
transducer 215 and a second longitudinal direction 250 of 
second transducer 220. As a result, a predetermined angle of 
magnitude (180-0.) degrees is provided betWeen respective 
?rst and second directional components 235 and 240. FIG. 
2 illustrates one particular embodiment in Which 0t is 
approximately equal to 90 degrees, i.e. ?rst transducer 215 
and second transducer 220 are approximately orthogonally 
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disposed With respect to each other, though other arrange 
ments are also possible, as explained beloW. 

[0046] The hearing assistance device 200 accommodates 
vibratory displacements of malleus 40 even if such vibra 
tions are in a malleus vibration direction 255 that is variable 
betWeen patients, or is not exactly knoWn for the particular 
patient, or is variable as a function of frequency or other 
parameter for the particular patient. The vibrations of 
malleus 40 are resolved into respective ?rst and second 
directional components 235 and 240 by respective ?rst and 
second input transducers 215 and 220, providing resulting 
voltage signals such as respective ?rst and second electrical 
signals v235(t) and v24O(t) that are coupled via respective ?rst 
and second leads 260 and 265 to electronics unit 210. In one 
embodiment, respective ?rst and second transducers 215 and 
220 are disposed for an approximately orthogonal relation 
ship betWeen respective ?rst and second directional compo 
nents 235 and 240. Electronics unit 210 combines the ?rst 
and second electrical signals v235(t) and v24O(t), using one of 
a number of different techniques that are described beloW. In 
one embodiment, the combination of ?rst and second elec 
trical signals v235(t) and v24O(t) provides a resulting signal 
having an amplitude that is substantially independent of the 
vibration direction 255, as described beloW. 

[0047] An angle 0 is formed betWeen the vibration direc 
tion 255 and its ?rst directional component 235. Equation 
(1) illustrates the displacement in vibration direction 255 
resulting from vibrations of malleus 40. 

d255®=D255 Singm) (1) 
[0048] In Equation (1), d255(t) represents the displacement 
signal resulting from the vibrations of malleus 40, in the 
vibration direction 255, as a function of time; D255 repre 
sents the amplitude of the displacement in the vibration 
direction 255; (n represents the angular frequency of the 
vibratory displacement; and t represents time. A displace 
ment signal d235(t) of the ?rst directional component 235 of 
the vibration of malleus 40 is illustrated by Equation 

d235®=D2S5 cos(e)sin(mt) (2) 
[0049] A displacement signal d24O(t) of the second direc 
tional component 240 of the vibration of malleus 40 is 
illustrated by Equation 

d240®=D2S5 sin(e)sin(mt) (3) 
[0050] First transducer 215 transduces the displacement 
signal d235(t) of the ?rst directional component 235 of the 
vibration of malleus 40 into a corresponding ?rst electrical 
signal v235(t) of amplitude V255cos(0), illustrated by Equa 
tion (4), Which is provided to electronics unit 210 through 
?rst lead 260. 

V235®=V2S5 cos(e)sin(((m) (4) 
[0051] Second transducer 220 transduces the displacement 
signal d24O(t) of the second directional component 240 of the 
vibration of malleus 40 into a corresponding second elec 
trical signal v24O(t) of amplitude V255sin(0), illustrated by 
Equation (5), Which is provided to electronics unit 210 
through second lead 265. 

v240(t)=VZ;5 sin(6)sin((nt) (5) 
[0052] FIG. 3 is a block diagram illustrating one embodi 
ment of a portion of electronics unit 210 in more detail. In 
FIG. 3, electronics unit 210 includes a signal combiner 300 
that receives ?rst electrical signal v235(t) and second elec 
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trical signal v24O(t), Which are coupled thereto from respec 
tive ?rst and second leads 260 and 265. HoWever, signal 
preprocessing or other components may be interposed 
betWeen signal combiner 300 and each of ?rst and second 
leads 260 and 265, such as for pre?ltering and analog-to 
digital conversion. Signal combiner 300 includes a ?rst 
squaring circuit 305, a second squaring circuit 310, a sum 
mer 315, and a square root circuit 320, each of Which are 
implemented in hardWare, in one embodiment, or as a 
sequence of instructions executable on a microprocessor, in 
an alternative embodiment. 

[0053] First and second squaring circuits 305 and 310, 
respectively, receive and square, i.e. raise to the second 
poWer, respective ?rst and second electrical signals v235(t) 
and v24O(t), and provide resulting respective ?rst and second 
squared electrical signals to summer 315. Summer 315 sums 
the ?rst and second squared electrical signals, and provides 
at node 325 a resulting sum-of-squares electrical signal to 
square root circuit 320. Square root circuit 320 performs a 
square root function on the sum-of-squares electrical signal 
at node 325, and provides at node 330 a resulting combined 
electrical signal described by Equation 

[0054] In Equation (6), the resulting combined electrical 
signal at node 330, v330(t), is seen to be substantially 
independent of the angle 0, upon Which each of the ?rst and 
second electrical signals v235(t) and v24O(t) depended. As 
described above, since the angle 0 may be either unknoWn 
or variable, the substantial independence of the combined 
electrical signal at node 330 from the angle 0 provides a 
substantial advantage for hearing assistance signal process 
mg. 

[0055] FIG. 4 is a block diagram illustrating another 
embodiment of a portion of electronics unit 210 in more 
detail. In FIG. 4, electronics unit 210 includes a signal 
combiner 400 that receives ?rst electrical signal v235(t) and 
second electrical signal v24O(t), Which are coupled thereto 
from respective ?rst and second leads 260 and 265. HoW 
ever, signal preprocessing or other components may be 
interposed betWeen signal combiner 400 and each of ?rst 
and second leads 260 and 265, such as for pre?ltering and 
analog-to-digital conversion. Signal combiner 400 includes 
a ?rst ?lter 405, a second ?lter 410, and the summer 315, 
each of Which are implemented in hardWare, in one embodi 
ment, or as a sequence of instructions executable on a 

microprocessor, in an alternative embodiment. 

[0056] In the embodiment of FIG. 4, ?rst ?lter 405 is a 
loW pass ?lter that receives the ?rst electrical signal v235(t), 
and provides a resulting ?rst ?ltered signal, Which is loW 
pass ?ltered, to summer 315. Second ?lter 410 is a high pass 
?lter that receives the second electrical signal v24O(t), and 
provides a resulting second ?ltered signal, Which is high 
pass ?ltered, to summer 315. Summer 315 sums the elec 
trical ?rst and second ?ltered signals, and provides at node 
415 a resulting combined electrical signal, v415(t), Which 
comprises components of v235(t) for loW frequencies, and 
Which comprises components of v24O(t) for high frequencies. 
In one embodiment, such as When the vibration direction 
255 is frequency dependent, ?rst transducer 215 and second 
transducer 220 are positioned to receive respective loW 
frequency and high frequency orientations of vibration 
direction 255. As a result, signal combiner 400 advanta 
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geously improves frequency response by providing at node 
415 a combined electrical signal, v415(t), of increased effec 
tive bandwidth. 

[0057] In an alternative embodiment, loW pass ?lter 405 
and high pass ?lter 410 need not even be implemented as 
hardWare or softWare incorporated Within electronics unit 
210. Instead, loW pass ?lter 405 and high pass ?lter 410 are 
integrally implemented in respective ?rst input transducer 
215 and second input transducer 220, or vice-versa, having 
different frequency response characteristics, such as by 
using different types of transducers, or transducers of the 
same type having different physical dimensions, or other 
technique for obtaining different frequency response char 
acteristics. 

[0058] FIG. 5 is a block diagram illustrating another 
embodiment of a portion of electronics unit 210 in more 
detail. In FIG. 5, electronics unit 210 includes a signal 
combiner 500 that receives ?rst electrical signal v235(t) and 
second electrical signal v24O(t), Which are coupled thereto 
from respective ?rst and second leads 260 and 265. HoW 
ever, signal preprocessing or other components may be 
interposed betWeen signal combiner 500 and each of ?rst 
and second leads 260 and 265, such as for pre?ltering and 
analog-to-digital conversion. Signal combiner 500 includes 
a differentiator 505, Which is implemented in hardWare, in 
one embodiment, or as a sequence of instructions executable 
on a microprocessor, in an alternative embodiment. 

[0059] In the embodiment of FIG. 5, one of the ?rst and 
second electrical signals v235(t) and v24O(t), such as the ?rst 
electrical signal v235(t), is coupled directly to summer 315. 
Differentiator 505 receives the other of the ?rst and second 
electrical signals v235(t) and v24O(t), such as second electri 
cal signal v24O(t), and provides a resulting second differen 
tiated electrical signal, Which is differentiated With respect to 
time, to summer 315. Summer 315 sums the ?rst electrical 
signal v235(t) and the second differentiated electrical signal, 
and provides at node 510 a resulting combined electrical 
signal, v51O(t), Which is illustrated by Equation 

[0060] In Equation (7), the resulting combined electrical 
signal v51O(t) has an amplitude, V255, that is substantially 
independent of the angle 0. HoWever, the resulting com 
bined electrical signal at node 510, v51O(t), does have a phase 
dependence on the angle 0, but this phase dependence can 
typically be accommodated by subsequent signal process 
mg. 

[0061] FIG. 6 is a schematic/block diagram illustrating 
generally another embodiment of the hearing assistance 
system, including hearing assistance device 200, similar to 
the embodiment described With respect to FIG. 2. FIG. 2 
illustrated one particular embodiment in Which 0t is approxi 
mately equal to 90 degrees, i.e. having ?rst transducer 215 
and second transducer 220 that are disposed approximately 
orthogonal to each other. FIG. 6 illustrates a more gener 
aliZed arrangement in Which a is not approximately equal to 
90 degrees, i.e. ?rst transducer 215 and second transducer 
220 are arranged in a predetermined spatial relationship, but 
need not be disposed approximately orthogonal to each 
other. Since ?rst transducer 215 and second transducer 220 
are arranged in a predetermined spatial relationship, a 
knoWn angle y is formed betWeen the longitudinal direction 
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250 of second transducer 220 and the ?rst directional 
component 235 of the vibration of malleus 40. 

[0062] In FIG. 6, the resulting second electrical signal 
v24O(t) is illustrated by Equation 

v24D(t)=VE5 cos(y)sin(6)sin((nt) (8) 

[0063] The resulting second electrical signal v24O(t) is 
scaled by a factor of [1/cos(y)] by signal preprocessing 
components interposed betWeen second lead 265 and one of 
the signal combiners described above With respect to FIGS. 
3-5. The scaled second electrical signal is then combined 
With the ?rst electrical signal v235(t) as described above With 
respect to FIGS. 3-5. As illustrated by FIG. 6, ?rst trans 
ducer 215 and second transducer 220 need not be orthogo 
nally disposed, but may be arranged in any predetermined 
spatial relationship. 

[0064] FIG. 7 is a schematic/block diagram illustrating 
generally another embodiment of hearing assistance device 
200, similar to the embodiment described With respect to 
FIG. 2, but including a third transducer 700. In FIG. 7, 
malleus 40 is omitted for clarity in order to better illustrate 
the vibration direction 255 along With one possible con?gu 
ration of ?rst, second, and third transducers 215, 220, and 
700, respectively, having associated ?rst, second, and third 
directional components 235, 240, and 705, respectively, that 
are nonidentical and linearly independent. Third transducer 
700 is cantilevered from third mount 710 for transducing 
into a third electrical signal v7O5(t) the third directional 
component 705 of the vibratory motion of malleus 40. In this 
embodiment, the third directional component 705 is sub 
stantially orthogonal to the ?rst and second directional 
components 235 and 240, respectively. An angle 0 is formed 
betWeen the vibration direction 255 and its ?rst directional 
component 235. In FIG. 7, an angle 4) is formed betWeen 
vibration direction 255 and the plane formed by ?rst direc 
tional component 235 and second directional component 
240. A resulting ?rst electrical signal, v235(t), is illustrated 
by Equation 

[0065] A resulting second electrical signal, v24O(t), is 
illustrated by Equation (10). 

v240(t)=VZ;5 sin(6)cos(¢)sin((ot) (10) 

[0066] A resulting third electrical signal, v7O5(t), is illus 
trated by Equation (11), and is coupled to electronics unit 
210 through third lead 715. 

v7D5(t)=VE5 sin(6)sin(¢)sin((nt) (11) 

[0067] In one embodiment, as illustrated in FIG. 7, ?rst, 
second, and third transducers 215, 220, and 700 are disposed 
such that their associated ?rst, second, and third directional 
components 235, 240, and 705 are approximately mutually 
orthogonal. HoWever, it is understood that ?rst, second, and 
third transducers 215, 220, and 700, respectively, need not 
be disposed such that their associated ?rst, second, and third 
directional components 235, 240, and 705 are approximately 
mutually orthogonal. First, second, and third transducers 
215, 220, and 700 need only be disposed in a predetermined 
spatial relationship such that their ?rst, second, and third 
directional components 235, 240, and 705 are at knoWn 
angles from an orthogonal basis; the resulting electrical 
signals can be individually scaled as described With respect 
to FIG. 6. For example, respective ?rst, second, and third 
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mounts 225, 230, and 710 may be integrally formed as a 
unitary carrier of respective ?rst, second, and third trans 
ducers 215, 220, and 700, or mechanically coupled to such 
a carrier. Any carrier that provides a predetermined spatial 
arrangement of ?rst, second, and third input transducers 215, 
220, and 700 may be used. In one embodiment, the carrier 
provides an adjustably predetermined spatial arrangement of 
?rst, second, and third input transducers 215, 220, and 700. 
In another embodiment, carrier 720 provides an adjustable 
spatial arrangement of ?rst and second input transducers 215 
and 220, as illustrated in FIG. 7A, through respective ?rst 
and second mounts 225 and 230 that are adjustably coupled 
to carrier 720, such as by set screWs 725 and 730 respec 
tively. 

[0068] FIG. 8 is a block diagram, similar to FIG. 3, 
illustrating one embodiment of a signal combiner 300 that 
further includes a third squaring circuit 800 for squaring the 
third electrical signal, v7O5(t). In FIG. 8, the ?rst electrical 
signal v235(t), the second electrical signal v24O(t), and the 
third electrical signal v7O5(t) are each squared, i.e. raised to 
the poWer of tWo, the resulting squared signals are summed 
together by summer 315 to produce a sum-of-squares signal, 
and a square root function is then performed thereupon by 
square root circuit 320 to provide at node 330 a resulting 
combined electrical signal, described by Equation (6) that is 
independent of the angles 0 and 4). As described above, since 
the angles 0 and 4) may be either unknoWn or variable, the 
substantial independence of the combined electrical signal at 
node 330 therefrom provides a substantial advantage for 
hearing assistance signal processing. 

[0069] FIG. 9 is a block diagram, similar to FIG. 4, 
illustrating one embodiment of a signal combiner 400 that 
further includes a third ?lter 900, such as a bandpass ?lter 
for bandpass ?ltering the third electrical signal, v7O5(t). In 
FIG. 9, the ?rst electrical signal v235(t), the second electrical 
signal v24O(t), and the third electrical signal v7O5(t) are each 
?ltered and summed together by summer 315 to provide at 
node 415 a resulting combined electrical signal, v415(t), 
Which includes components of v235(t) for loW frequencies, 
components of v24O(t) for high frequencies, and components 
of v7O5(t) for intermediate frequencies. First transducer 215, 
second transducer 220, and third transducer 700 may be 
positioned to receive respective loW, high, and intermediate 
frequency orientations of vibration direction 255. 

[0070] FIG. 10 is a How chart summariZing one method of 
operating a hearing assistance device, such as hearing assis 
tance device 200. At step 1000, a ?rst input transducer 215 
is positioned to transduce a ?rst directional component 235 
of the mechanical vibration of the auditory element into a 
?rst electrical signal v235(t). At step 1005, a second input 
transducer 220 is positioned to transduce a second direc 
tional component 240 of the mechanical vibration of the 
auditory element into a second electrical signal v24O(t). At 
step 1010, the ?rst electrical signal v235(t) is combined With 
the second electrical signal v24O(t). 

[0071] In one embodiment, the signal combination at step 
1010 is by squaring, i.e. raising to the poWer of 2, each of 
the ?rst electrical signal v235(t) and second electrical signal 
v24O(t), summing the resulting squared signals, and taking 
the square root of the resulting sum-of-squares signal to 
provide a resulting combined electrical signal. One advan 
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tage of this embodiment is that the resulting combined 
electrical signal can be made independent of the vibration 
direction 255. 

[0072] In another embodiment, the signal combination at 
step 1010 is by ?ltering the ?rst electrical signal v235(t) by 
?rst ?lter 405, such as a loW-pass ?lter, ?ltering the second 
electrical signal v24O(t) by second ?lter 410, such as a 
high-pass ?lter, and summing the resulting ?ltered signals to 
provide a resulting combined electrical signal. One advan 
tage of this embodiment is that it offers improved frequency 
response. 

[0073] In yet another embodiment, the signal combination 
at step 1010 is by differentiating the second electrical signal 
v24O(t), and summing the resulting second differentiated 
electrical signal With the ?rst electrical signal v235(t) to 
provide a resulting combined electrical signal. One advan 
tage of this embodiment is that the amplitude of the resulting 
combined electrical signal is independent of the vibration 
direction 255. 

[0074] FIG. 11 is a How chart summariZing another 
method of operating a hearing assistance device, such as 
hearing assistance device 200. At step 1000, a ?rst input 
transducer 215 is positioned to transduce a ?rst directional 
component 235 of the mechanical vibration of the auditory 
element into a ?rst electrical signal v235(t). At step 1005, a 
second input transducer 220 is positioned to transduce a 
second directional component 240 of the mechanical vibra 
tion of the auditory element into a second electrical signal 
v240(t). At step 1100, a third input transducer 700 is posi 
tioned to transduce a third directional component 705 of the 
mechanical vibration of the auditory element into a third 
electrical signal v7O5(t). At step 1105, the ?rst electrical 
signal v235(t), second electrical signal v240(t), and third 
electrical signal v7O5(t) are combined to provide a resulting 
combined electrical signal. 

[0075] In one embodiment, the signal combination of step 
1105 is by squaring, i.e. raising to the poWer of 2, each of the 
?rst electrical signal v235(t), second electrical signal v24O(t), 
and third electrical signal v7O5(t), summing the resulting 
squared signals, and taking the square root of the resulting 
sum-of-squares signal to provide a resulting combined elec 
trical signal. One advantage of this embodiment is that the 
resulting combined electrical signal can be made indepen 
dent of the vibration direction 255. 

[0076] In another embodiment, the signal combination of 
step 1105 is by ?ltering the ?rst electrical signal v235(t) by 
?rst ?lter 405, such as a loW-pass ?lter, ?ltering the second 
electrical signal v24O(t) by second ?lter 410, such as a 
high-pass ?lter, ?ltering the third electrical signal v7O5(t) by 
third ?lter 900, such as a band-pass ?lter, and summing the 
resulting ?ltered signals to provide a resulting combined 
electrical signal. One advantage of this embodiment is that 
it offers improved frequency response. In one embodiment, 
the above-described signal combination techniques are pro 
grammably selected using programmer 201. 

[0077] Thus, the present invention includes an improved 
hearing assistance system for sensing sound vibrations in the 
middle ear. The hearing assistance system accommodates 
variability in the direction of motion of an ossicular or other 
auditory element. This is particularly advantageous for sens 
ing mechanical vibrations of an auditory element Where the 
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exact direction of the mechanical vibrations may be 
unknown, variable, or dif?cult to determine. 

[0078] It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Combinations 
of the above-described illustrative embodiments are also 
included Within the present invention. Many other embodi 
ments Will be apparent to those of skill in the art upon 
revieWing the above description. The scope of the invention 
should, therefore, be determined With reference to the 
appended claims, along With the full scope of equivalents to 
Which such claims are entitled. 

What is claimed is: 
1. A method of transducing a mechanical vibration of an 

auditory element into at least one electrical signal, the 
method comprising the steps of: 

positioning a ?rst input transducer to transduce a ?rst 
directional component of the mechanical vibration into 
a ?rst electrical signal; and 

positioning a second input transducer to transduce a 
second directional component of the mechanical vibra 
tion into a second electrical signal, Wherein the ?rst and 
second directional components of the mechanical 
vibration are nonidentical. 

2. The method of claim 1, Wherein the ?rst and second 
input transducers are each coupled to the auditory element. 

3. The method of claim 1, Wherein the steps of positioning 
the ?rst and second input transducers provide a predeter 
mined angle between the ?rst and second directional com 
ponents of the mechanical vibration. 

4. The method of claim 3, Wherein the ?rst and second 
directional components of the mechanical vibration are 
approximately orthogonal. 

5. The method of claim 1, Wherein the steps of positioning 
the ?rst and second input transducers provide a predeter 
mined spatial relationship therebetWeen. 

6. The method of claim 1, Wherein at least one of the ?rst 
and second transducers includes at least one pieZoelectric 
bimorph transducer element. 

7. The method of claim 1, Wherein at least one of the ?rst 
and second transducers includes a pieZoelectric ?lm trans 
ducer element. 

8. The method of claim 1, Wherein at least one of the ?rst 
and second transducers includes an electromagnetic trans 
ducer. 

9. The method of claim 1, Wherein at least one of the ?rst 
and second transducers includes an accelerometer. 

10. The method of claim 1, Wherein at least one of the ?rst 
and second transducers includes a capacitive transducer. 

11. The method of claim 1, Wherein the auditory element 
is part of an ossicular chain. 

12. The method of claim 1, further comprising the step of 
positioning a third input transducer to transduce a third 
directional component of the mechanical vibration into a 
third electrical signal, Wherein the ?rst, second, and third 
directional components of the mechanical vibration are 
nonidentical and linearly independent. 

13. The method of claim 12, Wherein the steps of posi 
tioning the ?rst, second, and third input transducers provide 
a predetermined spatial relationship therebetWeen. 

14. The method of claim 12, Wherein the steps of posi 
tioning the ?rst, second, and third input transducers provide 
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approximately orthogonal reception of the ?rst, second, and 
third directional components of the mechanical vibration. 

15. The method of claim 12, Wherein the third input 
transducer is coupled to the auditory element. 

16. The method of claim 12, further comprising the step 
of combining the ?rst, second, and third electrical signals to 
provide a resulting combined electrical signal. 

17. The method of claim 1, further comprising the step of 
combining the ?rst and second electrical signals to provide 
a resulting combined electrical signal. 

18. The method of claim 17, Wherein the combined 
electrical signal is approximately independent of the direc 
tion of the mechanical vibration. 

19. The method of claim 17, Wherein the combined 
electrical signal is approximately compensated for fre 
quency dependence of the direction of the mechanical 
vibration. 

20. The method of claim 17, Wherein the step of com 
bining the ?rst and second electrical signals includes the 
steps of: 

squaring each of the ?rst and second electrical signals to 
provide resulting ?rst and second squared electrical 
signals; 

summing each of the ?rst and second squared electrical 
signals to provide a resulting sum-of-squares signal; 
and 

taking the square root of the sum-of-squares signal to 
provide a resulting combined electrical signal. 

21. The method of claim 17, Wherein the step of com 
bining the ?rst and second electrical signals includes the 
steps of: 

?ltering each of the ?rst and second electrical signals to 
provide resulting ?rst and second ?ltered electrical 
signals; and 

summing each of the ?rst and second ?ltered electrical 
signals to provide a resulting combined electrical sig 
nal. 

22. The method of claim 21, Wherein the step of ?ltering 
each of the ?rst and second electrical signals includes the 
steps of: 

loW-pass ?ltering the ?rst electrical signal to provide the 
resulting ?rst ?ltered electrical signal; and 

high-pass ?ltering the second electrical signal to provide 
the resulting second ?ltered electrical signal. 

23. The method of claim 17, Wherein the step of com 
bining the ?rst and second electrical signals includes the 
steps of: 

differentiating the second electrical signal to provide a 
resulting second differentiated electrical signal; and 

summing the ?rst electrical signal and the second differ 
entiated electrical signal to provide a resulting com 
bined electrical signal. 

24. The method of claim 1, Wherein the ?rst and second 
input transducers have different frequency response charac 
teristics. 

25. A middle-ear implantable sensor for transducing a 
mechanical vibration of an auditory element into an electri 
cal signal, the sensor comprising: 
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a ?rst input transducer, proportioned for transducing a 
?rst directional component of the mechanical vibration 
into a ?rst electrical signal; and 

a second input transducer, proportioned for transducing a 
second directional component of the mechanical vibra 
tion into a second electrical signal, Wherein the ?rst and 
second directional components of the mechanical 
vibration are nonidentical. 

26. The sensor of claim 25, Wherein the ?rst and second 
input transducers are each proportioned for coupling to the 
auditory element. 

27. The sensor of claim 25, Wherein the ?rst and second 
input transducers are arranged With a predetermined spatial 
relationship therebetWeen. 

28. The sensor of claim 25, Wherein the ?rst and second 
input transducers are arranged to provide a predetermined 
angle betWeen the ?rst and second directional components 
of the mechanical vibration. 

29. The sensor of claim 28, Wherein the ?rst and second 
directional components of the mechanical vibration are 
substantially orthogonal. 

30. The sensor of claim 25, Wherein at least one of the ?rst 
and second transducers includes a pieZoelectric bimorph 
transducer element. 

31. The sensor of claim 25 , Wherein at least one of the ?rst 
and second transducers includes a pieZoelectric ?lm trans 
ducer element. 

32. The sensor of claim 25 , Wherein at least one of the ?rst 
and second transducers includes an electromagnetic trans 
ducer. 

33. The sensor of claim 25 , Wherein at least one of the ?rst 
and second transducers includes an accelerometer. 

34. The sensor of claim 25 , Wherein at least one of the ?rst 
and second transducers includes a capacitive transducer. 

35. The sensor of claim 25, Wherein the auditory element 
is part of an ossicular chain. 

36. The sensor of claim 35, Wherein t he auditory element 
is a malleus. 

37. The sensor of claim 25, further comprising a third 
input transducer, proportioned for transducing a third direc 
tional component of the mechanical vibration into a third 
electrical signal, Wherein the ?rst, second, and third direc 
tional components are nonidentical and linearly indepen 
dent. 

38. The sensor of claim 37, Wherein the ?rst, second, and 
third input transducers are arranged With predetermined 
angular spacings therebetWeen. 

39. The sensor of claim 37, Wherein the ?rst, second, and 
third input transducers are arranged to provide predeter 
mined angles betWeen the ?rst, second, and third directional 
components of the mechanical vibration. 

40. The sensor of claim 39, Wherein the ?rst, second, and 
third input transducers are arranged to provide approXi 
mately orthogonal reception of the ?rst, second, and third 
directional components of the mechanical vibration. 

41. The sensor of claim 39, Wherein the third input 
transducer is proportioned for coupling to the auditory 
element. 

42. The sensor of claim 37, further comprising a carrier 
that carries the ?rst, second, and third input transducers. 

43. The sensor of claim 42, Wherein the ?rst, second, and 
third input transducers coupled to the carrier to provide 
predetermined angles betWeen the ?rst, second, and third 
directional components of the mechanical vibration. 
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44. The sensor of claim 43, Wherein the ?rst, second, and 
third directional components of the mechanical vibration are 
approximately orthogonal. 

45. The sensor of claim 25, further comprising a carrier, 
carrying the ?rst and second input transducers in a prede 
termined spatial relationship therebetWeen. 

46. The sensor of claim 45, Wherein the ?rst and second 
input transducers are coupled to the carrier to provide a 
predetermined angle betWeen the ?rst and second directional 
components of the mechanical vibration. 

47. The sensor of claim 46, Wherein the ?rst and second 
directional components of the mechanical vibration are 
approximately orthogonal. 

48. The sensor of claim 45, Wherein at least one of the ?rst 
and second input transducer is adjustably coupled to the 
carrier. 

49. The sensor of claim 25, Wherein the ?rst and second 
input transducers have different frequency response charac 
teristics. 

50. An at least partially implantable hearing assistance 
system, comprising: 

a sensor for transducing a mechanical vibration of an 
auditory element into an electrical signal, the sensor 
including: 

a ?rst input transducer, proportioned for transducing a 
?rst directional component of the mechanical vibra 
tion into a ?rst electrical signal; and 

a second input transducer, proportioned for transducing 
a second directional component of the mechanical 
vibration into a second electrical signal, Wherein the 
?rst and second directional components of the 
mechanical vibration are nonidentical; and 

an electronics unit, coupled to the sensor for receiving the 
?rst and second electrical signals therefrom. 

51. The system of claim 50, Wherein the electronics unit 
comprises: 

a ?rst squaring circuit, receiving the ?rst electrical signal 
and providing a ?rst squared electrical signal in 
response thereto; 

a second squaring circuit, receiving the second electrical 
signal and providing a second squared electrical signal 
in response thereto; 

a summer, receiving each of the ?rst and second squared 
electrical signals and providing a resulting sum-of 
squares electrical signal in response thereto; and 

a square root circuit, receiving the sum-of-squares elec 
trical signal and providing a combined electrical signal 
in response thereto. 

52. The system of claim 51, Wherein the electronics unit 
comprises: 

a ?rst ?lter, receiving the ?rst electrical signal and pro 
viding a ?rst ?ltered signal in response thereto; 

a second ?lter, receiving the second electrical signal and 
providing a second ?ltered signal in response thereto; 
and 

a summer, receiving the ?rst and second ?ltered electrical 
signals, and providing a combined electrical signal in 
response thereto. 
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53. The system of claim 52, wherein the ?rst ?lter 
includes a loW pass ?lter and the second ?lter includes a 
high-pass ?lter. 

54. The system of claim 50, Wherein the electronics unit 
comprises: 

a differentiator, receiving the second electrical signal and 
providing a second differentiated electrical signal in 
response thereto; and 

a summer, receiving each of the ?rst electrical signal and 
the second differentiated electrical signal, and provid 
ing a combined electrical signal in response thereto. 

55. The system of claim 50, Wherein the electronics unit 
provides a combined electrical signal in response to the ?rst 
and second electrical signals, and the combined electrical 
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signal is approximately independent of the direction of the 
mechanical vibration of the auditory element. 

56. The system of claim 50, Wherein the electronics unit 
provides a combined electrical signal in response to the ?rst 
and second electrical signals, and the combined electrical 
signal is approximately compensated for frequency depen 
dence of the direction of the mechanical vibration. 

57. The system of claim 50, further comprising a pro 
grammer adapted to be communicatively coupled to the 
electronics unit. 

58. The system of claim 57, Wherein the programmer and 
electronics unit are adapted to be inductively coupled. 


