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FITTING BLATERAL, HEARNG 
PROSTHESES 

BACKGROUND 

0001. Due to hearing loss, some individuals have difficulty 
perceiving or are unable to perceive Sound. In order to per 
ceive at least a portion of a Sound, these individuals may 
benefit from the use of a hearing prosthesis. Certain hearing 
prostheses are designed to assist users having specific types of 
hearing loss. In a bilateral hearing prosthesis system, a user 
employs a first hearing prosthesis for the user's left ear and a 
second hearing prosthesis for the user's right ear. 
0002 The effectiveness of the hearing prostheses depends 
on the type and severity of a user's hearing loss. Furthermore, 
depending on the hearing prostheses, the user may perceive 
Sound as a person with normal hearing, or the hearing pros 
theses may allow the user to perceive a portion of the Sound. 
The effectiveness of the hearing prostheses also depends on 
how well the prostheses are configured for, or “fitted to, a 
user of the hearing prosthesis. Fitting the hearing prostheses, 
Sometimes also referred to as “programming.” “calibrating.” 
or "mapping.” creates a set of control settings and other data 
that define the specific characteristics of the stimuli (in the 
form of acoustic, mechanical, or electrical signals) delivered 
to the relevant portions of the persons outer ear, middle ear, 
inner ear, auditory nerve, or other body part. The control 
settings are based on the user's type and severity of hearing 
loss. This configuration information is sometimes referred to 
as the user’s “program” or “map.” 

SUMMARY 

0003. A first method for fitting bilateral hearing prostheses 
is provided. The first method includes sending a signal to a 
first hearing prosthesis and a second hearing prosthesis. The 
signal causes the first hearing prosthesis to deliver a first 
stimulus to a body part in a left auditory pathway of a user. 
The signal also causes the second hearing prosthesis to 
deliver a second stimulus to a body part in a right auditory 
pathway of the user. The first stimulus and the second stimu 
lus cause the user to perceive a Sound and are delivered 
simultaneously. The first method also includes receiving an 
indication of a perception of the sound by the user. The first 
method additionally includes determining an adjustment to at 
least one of the first stimulus or the second stimulus based on 
the perception of the sound by the user. 
0004. A second method for fitting bilateral hearing pros 
theses is also provided. The second method includes sending 
a first signal to a first hearing prosthesis. The first signal 
includes information indicative of a first stimulus, which the 
first hearing prosthesis delivers to a first body part in a left 
auditory pathway of a user. The second method also includes 
sending a second signal to a second hearing prosthesis. The 
second signal includes information indicative of a second 
stimulus, which the second hearing prosthesis delivers to a 
second body part in a right auditory pathway of the user. The 
first stimulus and the second stimulus are delivered simulta 
neously. The second method further includes determining 
whether the first stimulus and the second stimulus are at a 
maximum level. The second method additionally includes 
determining that the first stimulus corresponds to a maximum 
Sound pressure level in response to determining that the first 
stimulus and the second stimulus are at the maximum level. 
Additionally, the second method includes determining that 
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the second stimulus corresponds to the maximum sound pres 
Sure level in response to determining that the first stimulus 
corresponds to the maximum sound pressure level. The maxi 
mum sound pressure level is a sound pressure level of a Sound 
above which the sound is saturated. 

0005. A third method for fitting bilateral hearing prosthe 
ses is also provided. The third method includes performing a 
Sweep of electrode arrays included in bilateral hearing pros 
theses. Performing the Sweep includes causing a first interau 
ral electrode pair to deliver a first stimulation to a user of the 
bilateral hearing prostheses so that the user perceives a first 
Sound. Performing the Sweep also includes causing a second 
interaural electrode pair to deliver a second stimulation to the 
user so that the user perceives a second sound. The second 
stimulation is delivered after the first stimulation. The third 
method also includes receiving an input signal that includes 
information indicative of a difference between the first sound 
and the second sound as perceived by the user. The third 
method further includes determining an adjustment to a 
stimulus current of an electrode included in one of the first 
interaural electrode pair or the second interaural electrode 
pair. The adjustment is based on the input signal. Addition 
ally, the stimulus current is a component of one of the first 
stimulation or the second stimulation. The third method also 
includes applying the adjustment to a mapping curve of the 
electrode. The mapping curve includes information indica 
tive of a plurality of stimulus currents corresponding to a 
plurality of Sound pressure levels. 
0006 A system for fitting bilateral hearing prostheses is 
also provided. The system includes a first cochlear implant 
and a second cochlear implant. The first cochlear implant 
includes a first electrode array that is implanted in a left 
cochlea of a user, and the second cochlear implant includes a 
second electrode array that is implanted in a right cochlea of 
the user. The system also includes a computing device con 
nected to the first cochlear implant and the second cochlear 
implant. The computing device is configured to fit the first 
cochlear implant and the second cochlear implant to the user 
by sending a test signal to the first cochlear implant and the 
second cochlear implant. The test signal causes an interaural 
electrode pair to stimulate the left cochlea and the right 
cochlea of the user so that the user perceives a sound. The 
interaural electrode pair includes a first electrode included on 
the first electrode array. The interaural electrode pair also 
includes a second electrode included on the second electrode 
array. Additionally, the test signal includes information 
indicative of a first stimulus current for the first electrode and 
a second stimulus current for the second electrode. The com 
puting device is also configured to fit the first cochlear 
implant and the second cochlear implant to the user by deter 
mining whether an input signal received at a user interface 
includes information indicative of a request to adjust the 
Sound. In response to determining that the input signal 
includes information indicative of the request, the computing 
device is further configured to fit the first cochlear implant 
and the second cochlear implant to the user by adjusting at 
least one of the first stimulus current or the second stimulus 
current based on the input signal. 
0007 Additionally, a computing device is provided. The 
computing device includes a user interface configured to 
receive an indication of an adjustment to a first stimulus and 
a second stimulus delivered to a user of a first hearing pros 
thesis and a second hearing prosthesis. The computing device 
also includes an interface module configured to connect the 
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computing device to the first hearing prosthesis and the sec 
ond hearing prosthesis. The computing device additionally 
includes a processor. The processor is configured to receive 
an input signal from the user interface that includes informa 
tion indicative of an adjustment to the first stimulus and the 
second stimulus. The computing device is also configured to 
modify the first stimulus and the second stimulus based on the 
adjustment. The computing device is further configured to 
send a first signal to the first hearing prosthesis and a second 
signal to the second hearing prosthesis. The first signal 
includes information indicative of a modified first stimulus. 
The second signal includes information indicative of a modi 
fied second stimulus. The first signal causes the first hearing 
prosthesis to deliver the modified first stimulus to the user at 
about a same time as the second signal causes the second 
hearing prosthesis to deliver the modified second stimulus to 
the user. 
0008. These as well as other aspects and advantages will 
become apparent to those of ordinary skill in the art by read 
ing the following detailed description, with reference where 
appropriate to the accompanying drawings. Further, it is 
understood that this Summary is merely an example and is not 
intended to limit the scope of the invention as claimed. 

BRIEF DESCRIPTION OF THE FIGURES 

0009 Presently preferred embodiments are described 
below in conjunction with the appended drawing figures, 
wherein like reference numerals refer to like elements in the 
various figures, and wherein: 
0010 FIG. 1A illustrates components of a fitting system 
used for fitting bilateral hearing prostheses, according to an 
example; 
0011 FIG. 1B illustrates electrode arrays depicted in FIG. 
1A, according to an example: 
0012 FIG. 1C is a graph of a mapping curve of an elec 
trode depicted in FIG. 1B, according to an example 
0013 FIG. 2 is a block diagram of a processing unit 
depicted in FIG. 1A, according to an example; 
0014 FIG. 3 is a block diagram of an implanted unit 
depicted in FIG. 1A, according to an example; 
0015 FIG. 4A is a block diagram of a computing device 
depicted in FIG. 1, according to an example; 
0016 FIG. 4B illustrates an example user interface 
depicted in FIG. 4A, according to an example; 
0017 FIG. 5A is a flow diagram of a method for fitting 
hearing prostheses in a bilateral hearing prosthesis system, 
according to an example: 
0018 FIG. 5B is an illustration of different perceptual 
locations of a sound by a user of bilateral hearing prostheses, 
according to an example: 
0019 FIG. 6 is a flow diagram of a method for determining 
currents for interaural pairs of electrodes, according to an 
example, and 
0020 FIGS. 7A-7C are graphs of mapping curves deter 
mined using the method depicted in FIG. 6, according to an 
example. 

DETAILED DESCRIPTION 

0021. The following detailed description describes vari 
ous features, functions, and attributes of the disclosed sys 
tems, methods, and devices with reference to the accompa 
nying figures. In the figures, similar symbols typically 
identify similar components, unless context dictates other 
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wise. The illustrative embodiments described herein are not 
meant to be limiting. Certain aspects of the disclosed systems, 
methods, and devices can be arranged and combined in a wide 
variety of different configurations, all of which are contem 
plated herein. 

1. EXAMPLE SYSTEM FOR FITTING 
BILATERAL, HEARING PROSTHESES 

0022 FIG. 1A illustrates a fitting system 100 configured to 
fit bilateral hearing prostheses to a user. The fitting system 
100 includes a first hearing prosthesis 101 and a second 
hearing prosthesis 102. The hearing prostheses 101, 102 are 
illustrated as partially implantable cochlear implants. In 
another example, the fitting system 100 includes other hear 
ing prostheses, such as totally implantable cochlear implants, 
bone conduction devices, direct acoustic stimulation devices, 
auditory brain stem implants, middle ear implants, and/or any 
other hearing prostheses or combination of hearing prosthe 
ses suitable for use as bilateral hearing prostheses. The first 
hearing prosthesis 101 includes a first processing unit 110 and 
a first implanted unit 112, and the second hearing prosthesis 
102 includes a second processing unit 120 and a second 
implanted unit 122. The implanted units 112, 122 are 
implanted in a portion of a skull of the user. In an example in 
which the hearing prostheses 101,102 are totally implantable 
hearing prostheses, the processing units 110, 120 are also 
implanted in the user's skull. Additionally, a first enclosure 
may include the first processing units 110 and the first 
implanted unit 112, and a second enclosure may include the 
second processing unit 120 and the second implanted unit 
122. 
0023 The implanted unit 112 includes a first electrode 
array 114, and the second implanted unit 122 includes a 
second electrode array 124. The first electrode array 114 is 
implanted in the user's left cochlea, and the second electrode 
array 124 is implanted in the user's right cochlea. Each elec 
trode on the electrode array 114, 124 stimulates a portion of 
one of the user's cochleae that allows the user to perceive 
Sound having a range of frequencies. The electrodes in the 
electrode arrays 114, 124 deliver electrical stimuli to one or 
more portions of the user's cochleae to allow the user to 
perceive at least a portion of a Sound. 
(0024 FIG. 1B illustrates the first electrode array 114 and 
the second electrode array 124. The first electrode array 114 
and the second electrode array124 are implanted in the user's 
left and right cochleae, respectively. To facilitate implanta 
tion, the electrodes arrays 114, 124 are made of flexible 
material suitable for being implanted in the user's cochleae. 
0025. The first electrode array 114 includes electrodes 
L1-L9, and the second electrode array 124 includes elec 
trodes R1-R9. In one example, the electrode arrays 114, 124 
may include more or fewer electrodes. For instance, the elec 
trode arrays 114, 124 may each include twenty-two elec 
trodes. The electrode arrays 114, 124 are implanted such that 
an interaural electrode pair—which is defined as one or more 
electrodes on the first electrode array 114 that are paired to 
one or more electrodes on the second electrode array 124— 
stimulates similar regions of the user's cochleae. In one 
example, corresponding electrodes on the electrode arrays 
114, 124 stimulates similar regions of the user's left and right 
cochleae and make up an interaural electrode pair. For 
instance, L1 and R1 make up one interaural electrode pair. In 
another example, the electrode arrays 114, 124 are not 
implanted in the user's cochleae Such that corresponding 
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electrodes on the electrode arrays 114, 124 make up an inter 
aural electrode pair. In this example, electrodes L1 and R3 
make up an interaural electrode pair and stimulate similar 
regions of the user's left and right cochleae, respectively. 
0026. Aloudness of the sound perceived by the user of the 
hearing prostheses 101, 102 depends on stimulus currents of 
the electrical stimuli each electrode delivers to the user in 
response to the processing units 110, 120 processing a Sound. 
In general, as the stimulus current increases, the loudness of 
the sound perceived by the user increases. A value of a given 
stimulus current depends on a sound pressure level (SPL) of 
a sound received by one of the processing units 110, 120. 
0027 FIG. 1C is a graph 150 of a mapping curve 152 of 
one of the electrodes included on one of the electrode arrays 
114,124. The mapping curve 152 is plotted on a log-log scale, 
with the x-axis representing the SPL of a sound in decibels, 
and the y-axis representing a logarithm of the stimulus cur 
rent. The stimulus current is expressed in any unit suitable for 
use in the hearing prostheses 101, 102. In one example, the 
unit is microamperes. In another example, the unit is any unit 
capable of being converted to microamperes. For illustrative 
purposes, the mapping curve 152 corresponds to the electrode 
L1. 
0028. The electrical dynamic range for the electrode L1 is 
a difference between a threshold level (T-Level) and a maxi 
mum comfort level (C-Level). The T-Level for the electrode 
L1 corresponds to a stimulus current that results in the user 
just being able to hear a Sound at a given frequency. In other 
words, the T-Level is the stimulus current below which the 
user is not able to perceive the sound. The C-Level for the 
electrode L1 corresponds to the stimulus current applied by 
the electrode to the user's cochlea that results in a maximum 
loudness of the Sound at a given frequency that the user can 
perceive comfortably. That is, the C-Level is the stimulus 
current above which the user perceives the Sound as being 
painful or uncomfortably loud. 
0029. The SPL of the sound at the T-Level is identified as 
SPL and the SPL of the sound at the C-Level is identified as 
SPL. SPL and SPL, are fixed. In one example, the values of 
SPL and SPL, depend on operating characteristics of the 
components of the hearing prosthesis 101. In another 
example, the values of SPL and SPL, depend on the severity 
of the user's hearing loss at a frequency range corresponding 
to the electrode. A sound having an SPL less than the SPL is 
typically discarded by the processing unit 110 and does not 
result in stimulation. For a sound having an SPL that is 
between the SPL and the SPL, the stimulus current varies 
approximately logarithmically with the SPL of the sound, 
resulting in the mapping curve 152 being approximately lin 
ear on the graph 150 between SPL and SPL. For a sound 
having an SPL greater than SPL, the stimulus current is fixed 
at the C-Level. In other words, SPL is the saturation level for 
the electrode. 

0030 Each of the electrodes L1-L9, R1-R9 has a mapping 
curve. While users of the hearing prostheses 101, 102 may 
have a similar type of hearing loss (e.g., sensorineural hearing 
loss), each user may have a unique sensitivity to stimulation 
by different electrodes. To accommodate the user's specific 
hearing loss, the hearing prostheses 101,102 are fit to the user 
of the hearing prostheses 101, 102 using a computing device 
106. Fitting the hearing prostheses 101, 102 to the user 
includes determining the T-Level and the C-Level for each of 
the electrodes L1-L9 and R1-R9. A cable 130 is shown as 
connecting the computing device 106 to each of the process 
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ing units 110, 120 via a cable 130. In another example, the 
computing device 106 is wirelessly connected to the process 
ing units 110, 120. 
0031. To determine the T-Level and/or the C-Level for an 
electrode on one of the electrode arrays 114, 124, the com 
puting device 106 sends a test signal to at least one of the 
processing units 110, 120. The test signal includes informa 
tion indicative of a stimulus that one or more of the electrodes 
L1-L9, R1-R9 should deliver to the user. The test signal also 
indicates a duration of each stimulus, such as a duration of 
about 500 m.sec. In one example, the user can increase or 
decrease the duration of the stimulus. The processing units 
110, 120 determine a stimulation signal(s) based on the test 
signal, and send a stimulation signal(s) to the implanted units 
112, 122, respectively. Depending on the application, the 
implanted units 112, 122 use the stimulation signal(s) to 
cause one or more electrodes on the electrode arrays 114,124 
to stimulate at least one of the user's cochleae. 

0032 Example methods for fitting the hearing prostheses 
101, 102 are described in more detail with respect to FIGS. 
5A and 6. 

2. EXAMPLE COMPONENTS OF A SYSTEM 
FOR FITTING BILATERAL, HEARING 

PROSTHESES 

0033 FIG. 2 is a block diagram of a processing unit 200 of 
a hearing prosthesis. The processing unit 200 is one example 
of the processing units 110, 120 depicted in FIG. 1A. The 
processing unit 200 includes a power Supply 202, an audio 
transducer 204, a data storage 206, a sound processor 208, an 
interface module 210, a transceiver 212, and an inductive coil 
214, all of which may be connected directly or indirectly via 
circuitry 220. For illustrative purposes, the processing unit 
200 is the processing unit 110 depicted in FIG. 1A. 
0034. The power supply 202 supplies power to various 
components of the processing unit 200 and can be any Suit 
able power Supply, Such as a rechargeable or a non-recharge 
able battery. In one example, the power supply 202 is a battery 
that can be charged wirelessly. Such as through inductive 
charging. In another example, the power Supply 202 is not a 
replaceable or rechargeable battery and is configured to pro 
vide power to the components of the processing unit 200 for 
the operational lifespan of the processing unit 200. The power 
supply 202 also provides power to the implanted unit of the 
hearing prosthesis, such as one of the implanted units 112, 
122 described with respect to FIG. 1 via the inductive coil 
214. 

0035. The audio transducer 204 receives a sound from an 
environment and sends a Sound signal to the Sound processor 
208. In one example, the processing unit 200 is a bone con 
duction device, and the audio transducer 204 is an omnidi 
rectional microphone. In another example, the processing 
unit 200 is a cochlear implant, an auditory brain stem implant, 
a direct acoustic stimulation device, a middle ear implant, or 
any other hearing prosthesis now known or later developed 
that is suitable for assisting a user of the hearing prosthesis 
101 in perceiving Sound. In this example, the audio transducer 
204 is an omnidirectional microphone, a directional micro 
phone, an electro-mechanical transducer, or any other audio 
transducer now known or later developed suitable for use in 
the type of hearing prosthesis employed. Furthermore, in 
other examples the audio transducer 204 includes one or more 
additional audio transducers. 
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0036. The data storage 206 includes any type of non 
transitory, tangible, computer readable media now known or 
later developed configurable to store program code for execu 
tion by a component of the processing unit 200 and/or other 
data associated with the processing unit 200. The data storage 
206 also stores information indicative of a mapping curve for 
the electrodes L1-L9 of the electrode array 114. The data 
storage 206 may also store computer programs executable by 
the sound processor 208. 
0037. The sound processor 208 is configured to determine 
a stimulation signal Suitable for use by the implanted unit of 
the hearing prosthesis. In one example, the Sound processor 
208 is a digital signal processor. In another example, the 
Sound processor 208 is any processor or combination of pro 
cessors now known or later developed suitable for use in a 
hearing prosthesis. Additionally, the sound processor 208 
may include additional hardware for processing the audio 
signal. Such as an analog-to-digital converter and/or one or 
more filters. 

0038. The stimulation signal includes information indica 
tive of a stimulus current for one or more of the electrodes 
L1-L9. In one example, the sound processor 208 determines 
the stimulation signal by processing the Sound signal received 
from the audio transducer 204. In another example, Such as 
during a fitting process, the Sound processor 208 receives a 
signal from the computing device 106 that includes informa 
tion indicative of the stimulus current for one or more of the 
electrodes L1-L9. Alternatively, the sound processor 208 
receives the sound signal from the computing device 106. 
0039. The sound processor 208 also receives an update 
signal from the computing device via the interface module 
210. Once fitting is completed, the computing device 106 
sends the update signal to processing unit 200 via the cable 
130. The update signal includes information indicative of the 
mapping curves for one or more of the electrodes L1-L9 as 
determined by the computing device 106. The sound proces 
sor 208 stores the information included in the update signal in 
the data storage 206. 
0040. The interface module 210 is configured to receive 
the test signal and/or the update signal from the computing 
device 106. The interface module 210 includes a component 
Suitable for receiving signals from the computing device 106 
via a wired and/or a wireless connection. Upon receiving a 
signal from the computing device 106, the interface module 
210 sends the signal to the sound processor 208. In another 
example, the interface module 210 is configured to store the 
information included in the update signal in the data storage 
206. 

0041. The transceiver 212 receives the stimulation signal 
from the sound processor 208 and modulates the stimulation 
signal to form a transmission signal. The transmission signal 
also includes the power signal received from the power Sup 
ply 202. In one example, the transceiver 212 modulates the 
stimulation signal using a time-division multiple-access 
modulation scheme. In another example, the transceiver 212 
uses any modulation scheme now known or later developed 
Suitable for inductively transmitting the stimulation signal to 
an implanted unit of a hearing prosthesis. The transceiver 212 
sends the transmission signal to the inductive coil 214. 
0042. The inductive coil 214 receives the transmission 
signal from the transceiver 212 and inductively transmits the 
transmission signal to the implanted unit 112. The inductive 
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coil 214 is constructed of any material or combination of 
materials Suitable for inductively transferring a power signal 
to the implanted unit. 
0043 FIG.3 is a block diagram of an implanted unit 300 of 
a hearing prosthesis. The implanted unit 300 is one example 
of the implanted units 112, 124 depicted in FIG. 1A. The 
implanted unit 300 includes an inductive coil 302, power 
management 304, and a stimulation decoder 306, all of which 
are connected directly or indirectly via circuitry 310. The 
implanted unit 300 also includes a stimulation component 
310 that is connected to the stimulation decoder 306 via 
circuitry 312. For illustrative purposes, the implanted unit 
300 is the implanted unit 112 depicted in FIG. 1A. 
0044. The inductive coil 302 receives the transmission 
signal from the processing unit 110. The inductive coil 302 is 
constructed of any biocompatible material or combination of 
materials suitable for inductively receiving power from the 
processing unit 110. The inductive coil 302 transfers the 
power signal to the power management 304. Alternatively, the 
implanted unit 304 may not include the power management 
304. In this case, the inductive coil 302 transfers the power 
signal to the stimulation decoder 306 and the stimulation 
component 308. 
0045. The power management 304 receives the transmis 
sion signal from the inductive coil 302 and distributes power 
to the components of the implanted unit 300. The power 
management 304 also includes a component Suitable for 
removing the coded stimulation signal from the power signal. 
The power management 304 sends the coded stimulation 
signal to the stimulation decoder 306. The stimulation 
decoder 306 decodes the coded stimulation signal and trans 
fers the stimulation signal to the stimulation component 308. 
0046. The stimulation component 308 receives the stimu 
lation signal from the stimulation decoder 306 and generates 
a stimulus based on the stimulation signal. In one example, 
the stimulation component 308 includes a first subcomponent 
configured to generate the stimulus and a second Subcompo 
nent configured to deliver the stimulus to an auditory organ, 
Such as a cochlea, an auditory nerve, a brain, and any other 
organ or body part capable of assisting a user of the hearing 
prosthesis in perceiving at least a portion of a sound. The first 
Subcomponent generates the stimulus based on the stimula 
tion signal and sends the stimulus to the second component. 
The second subcomponent delivers the stimulus to the body 
part of the user. 
0047 For instance, since implanted unit 300 is part of a 
cochlear implant, the stimulation component 308 includes a 
signal generator and the electrode array 114. The signal gen 
erator generates an electrical signal based on the stimulation 
signal and sends the electrical signal to the electrode array 
114. The electrical signal causes one or more of the electrodes 
L1-L9 to deliver one or more electrical stimuli to a portion of 
the user's left cochlea. The one or more electrical stimuli 
cause the left cochlea to stimulate the user's left auditory 
nerve, thereby allowing the user to perceive at least a portion 
of a sound from the user's left ear. 

0048 FIG. 4A is a block diagram of a computing device 
400. The computing device 400 is one example of the com 
puting device 106 depicted in FIG. 1A. The computing device 
400 includes a power supply 402, a user interface module 
404, a data storage 406, a processor 408, and an external 
interface module 410, all of which are connected either 
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directly or indirectly via circuitry 420. For illustrative pur 
poses, the computing device 400 is the computing device 106 
depicted in FIG. 1A. 
0049. The power supply 402 provides power to compo 
nents of the computing device 400. In one example, the power 
Supply 402 is connected to a mains power distribution, Such as 
an electrical outlet that supplies 120VAC power. The power 
Supply 402 includes electrical equipment. Such as one or more 
transformers, that are configured to reduce the power received 
from the mains power distribution to a voltage suitable for use 
by the component of the computing device 400. The power 
supply 402 also includes one or more AC-DC converters. In 
another example, the power Supply 402 includes a recharge 
able battery configured to Supply power to the components of 
the computing device 402. 
0050. The user interface module 404 is configured to 
receive an input from the user of the computing device 400 
and to provide an output to the user. The user interface module 
404 includes at least one input component capable of receiv 
ing an input from the user, Such as a keyboard, a keypad, a 
computer mouse, a touch screen, a track ball, a joystick, 
and/or any other similar device now known or later discov 
ered. The user interface module 404 includes at least one 
output component capable of displaying information to the 
user, such as a monitor, touch screen, printer, speaker, and/or 
any other similar device now known or later discovered. 
0051. The user interface module 404 also includes a fitting 
interface configured to adjust values of stimulus currents 
applied by an interaural electrode pair of a hearing prosthesis. 
FIG. 4B illustrates an example fitting interface 440. The fit 
ting interface 440 includes a Volume increase button 442, a 
volume decrease button 444, a left adjust button 446, a right 
adjust button 448, and a play button 450. In one example, the 
fitting interface 440 is included as part of a physical input 
interface, such as a keyboard or similar device. In another 
example, the fitting interface 440 is displayed on an output 
component of a display device, such as a monitor, touch 
screen, or similar output component. In this example, the user 
interacts with fitting interface 440 using a mouse, a touch 
screen, or a similar input device. 
0052. During the fitting process, the user (or an audiologist 
or other specialist) adjusts the stimulus currents applied by 
one or more interaural electrode pairs. For example, consider 
a situation where the user is adjusting the currents applied by 
an interaural electrode pair that includes the electrodes L1 
and R1. If the user presses the increase volume button 442, the 
stimulus currents of both of electrodes L1 and R1 are 
increased. If the user presses the decrease volume button 444, 
the stimulus currents of both of electrodes L1 and R1 are 
decreased. If the user presses the left adjust button 446, the 
stimulus current of the electrode L1 is increased, and/or the 
stimulus current of the electrode R1 is decreased. If the user 
presses the right adjust button 448, the stimulus current of the 
electrode R1 is increased, and/or the stimulus current of the 
electrode L1 is decreased. 

0053. In another example, the user interacts with the user 
interface 440 to adjust the stimulus current of one of the 
electrodes L1, R1 individually. For instance, pressing the left 
adjust button 446 increase the stimulus current of the elec 
trode L.1, and pressing the right adjust button 448 decreases 
the stimulus current of the electrode L1. Similarly, pressing 
the increase volume button 442 increase the stimulus current 
of the electrode R1, and pressing the volume decrease button 
444 decreases the stimulus current of the electrode R1. 

Feb. 20, 2014 

0054 As an additional illustration of the operation of the 
fitting interface 440, consider an example in which an initial 
stimulus current of the electrode L1 is 150 units and an initial 
stimulus current of the electrode R1 is 150 units, which are 
represented as 150/150. In this example, interacting with one 
of the buttons 442-448 changes the stimulus currents of the 
left and right electrodes by one unit. Depressing the increase 
volume button 442 changes the stimulus currents to 151/151, 
while depressing the decrease Volume button 444 changes the 
stimulus currents to 149/149. Similarly, depressing the left 
adjust button 446 changes the stimulus currents to 151/149. 
and depressing the right adjust button 448 changes the stimu 
lation current to 149/151. In another example, depressing one 
of the buttons 442-448 changes the stimulus currents by a 
different amount. In yet another example, the user can deter 
mine the amount of the change in the stimulus current prior to 
depressing one of the buttons 442-448. 
0055. In one example, the fitting interface 440 also 
includes a play button 450 that allows the user to hear a sound 
using a present setting of the stimulus currents for the inter 
aural electrode pair. The user is also able to cycle between 
interaural electrode pairs using the previous pair button 452 
and the next pair button 454. In one example, an output 
component of the user interface module 404 provides the user 
with an option to select one or more interaural electrode pairs. 
For instance, if the user selects the interaural electrode pairs 
L1-R1, L2-R2, and L3-R3, interacting with one of the buttons 
442-448 adjusts the stimulus current for each of the elec 
trodes L1-L3 and R1-R3. 

0056. The data storage 406 includes any type of non 
transitory, tangible, computer readable media now known or 
later developed configurable to store program code for execu 
tion by the computing device 400 and/or other data associated 
with the computing device 400. The data storage 406 stores 
information used by the processor 408 to fit the bilateral 
hearing prostheses 101, 102. The data storage 406 may also 
store computer programs executable by the processor 408, 
Such as computer programs that include instructions for per 
forming one or more steps of the methods described with 
respect to FIGS.5A and 6. 
0057 The processor 408 is configured to fit the hearing 
prostheses 101,102 to the user. In one example, the processor 
408 executes a computer program Stored in the data storage 
406 to fit the hearing prostheses 101, 102. When fitting the 
hearing prostheses 101,102, the processor 408 generates one 
or more test signals that are sent to the processing units 110. 
120 via the external interface module 410. Based on inputs 
received via the user interface module 404, the processor 408 
adjusts the stimulus currents of one or more of the electrodes 
L1-L9, R1-R9. Once fitting is complete, the processor 408 
determines mapping curves for each of the electrodes L1-L9. 
R1-R9. The processor 408 then generates a first update signal 
that include information indicative of the mapping curves for 
the electrodes L1-L9, and a second update signal that includes 
information indicative of the mapping curves for the elec 
trodes R1-R9. The processor 408 sends the first updates sig 
nal to the first processing unit 110 and the second update 
signal to the second processing unit 120 via the external 
interface module 410. In one example, the processor 408 also 
stores the mapping curves for the electrodes L1-L9, R1-R9 in 
the data storage 406 and/or the database 430. 
0058. The external interface module 410 connects the 
computing device 400 to one or more external devices, such 
as the hearing prostheses 101, 102, the database 430, and/or 
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the second computing device 432. The external interface 
module 410 includes a component Suitable for connecting the 
computing device 400 to the one or more external devices via 
a wired and/or wireless connection. 

3. EXAMPLE METHODS FOR FITTING A 
BILATERAL, HEARING PROSTHESIS 

0059 FIG.5A is a flow diagram of a method 500 for fitting 
bilateral hearing prostheses. A computing device may utilize 
the method 500 to determine control settings for hearing 
prostheses. While the fitting system 100, the processing unit 
200, and the computing device 400 are described for purposes 
of illustrating the method 500, it is understood that other 
devices may be used. 
0060. The method 500 and other methods and processes 
disclosed herein may include one or more operations, func 
tions, or actions as illustrated in the blocks. Although the 
blocks are illustrated in sequential order, these blocks may be 
performed in parallel and/or in a different order than that 
described herein. Also, the various blocks may be combined 
into fewer blocks, divided into additional blocks, and/or 
removed based upon the desired implementation. 
0061. In addition, for the method 500 and other processes 
and methods disclosed herein, the flow diagram shows func 
tionality and operation of one possible implementation of one 
example. In this regard, each block may represent a module, 
a segment, or a portion of program code, which includes one 
or more instructions executable by a process for implement 
ing specific logical functions or steps in the process. The 
program code may be stored on any type of computer read 
able medium, Such as a storage device including a disk or hard 
drive, for example. The computer readable medium may 
include non-transitory computer readable media, such as a 
computer readable media that stores data for a short period of 
time, such as register memory, processor cache, or Random 
Access Memory (“RAM). The computer readable medium 
may also include non-transitory computer readable media 
Suitable as secondary or persistent long term storage. Such as 
read-only memory (“ROM), one-time programmable 
memory (OTP), or the like. The computer readable medium 
may also include any other Volatile or non-volatile storage 
systems. The computer readable medium may be considered 
computer readable storage medium, for example, or a tan 
gible storage device. 
0062. Furthermore, for the method 500 and other pro 
cesses and methods discussed herein, each block of FIG. 5A 
may represent circuitry that is wired to perform the specific 
logical functions of the process. 
0063. The method 500 is one example of a method for 
fitting the hearing prostheses 101, 102 by causing the elec 
trodes in an interaural electrode pair to simultaneously stimu 
late the user's cochleae. With regard to stimulating the user's 
cochleae, “simultaneously, as used herein, means the elec 
trodes in an interaural electrode pair stimulate the user's 
cochleae Such that the user perceives a Sound in both ears at 
the same time. Thus, the phrases 'simultaneously stimulate.” 
“delivered simultaneously.” “simultaneously cause.” and the 
like should not be understood as requiring signals and/or 
stimuli to be delivered and/or received at exactly the same 
time. Rather, Such phrases should be understood as indicating 
that there is an overlap between the delivery and/or reception 
of the signals and/or stimuli that allow the user to perceive a 
single sound rather separates Sounds from the user's left ear 
and right ear. 
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0064. How the user of the hearing prostheses 101, 102 
perceives a location of the Sound depends on how the user's 
brain “fuses' or processes—sounds received from the 
user's left auditory pathway and right auditory pathway. As 
used herein, the term “auditory pathway refers to the body 
parts between the user's outer ear and brain that allow the user 
to perceive sound. When the brain receives auditory signals 
from the left auditory pathway and right auditory pathway, 
the brain processes the Sounds together, which assists the user 
in locating the origin of the Sound. 
0065 FIG. 5B illustrates possible perceptual locations of a 
sound in the head 520 of the user. When the user's brainfuses 
a sounds received by the left auditory pathway and the right 
auditory pathway, the user perceives the Sound as being 
between the left ear 524 and the right ear 526, as illustrated by 
the spectrum 530. When the hearing prostheses 101, 102 are 
fitted independently, the user may develop a bias toward the 
ear with less hearing loss. For example, considera user having 
greater hearing loss in the user's left auditory pathway than 
the user's right auditory pathway. Fitting the hearing prosthe 
ses 101, 102 independently may cause the user to develop a 
bias toward the right side of the spectrum 530. 
0.066 Such biases can cause the user to misperceive the 
origin of the Sound. For instance, if the user perceives a Sound 
as being left of center or left on the spectrum 530 when a 
person with normal hearing would perceive the sound as 
being approximately centered, the user will have difficulty 
identifying the Source of the sound. Depending on the situa 
tion, the misperception of the origin of a sound may be an 
annoyance (e.g., the user has difficulty locating a person in a 
crowd calling the user's name) or a safety risk (the user 
misidentifies the source of a car horn when crossing a street). 
0067 Fitting the hearing prostheses 101, 102 in parallel 
allows the user to identify potential biases due to different 
levels of hearing loss in the user's auditory pathways at dif 
ferent frequencies. As described herein, the user can utilize 
the computing device 106 to simultaneously stimulate inter 
aural electrode pairs. The user can adjust the stimulus cur 
rents for one or more electrodes in an interaural electrode pair 
Such that the user perceives a tone as being approximately 
centered between on the spectrum 530. This allows the user to 
perceive sounds over a range of frequencies more like a 
person with normal hearing, allowing the user to more accu 
rately identify the source of a sound in an environment. Addi 
tionally, fitting the hearing prostheses 101, 102 in parallel 
reduces the amount of time taken to fit the hearing prostheses 
101, 102 to the user. 
0068. Returning to FIG. 5A, the method 500 includes 
determining a T-Level for each of the electrodes L1-L9, 
R1-R9 of the hearing prostheses 101, 102, at block 502. The 
computing device 106 determines the T-Levels for the elec 
trodes L1-L9, R1-R9 individually. To determine the T-Level 
of the electrode L1, the computing device 106 sends a test 
signal to the first processing unit 110 that causes the electrode 
L1 to deliver a stimulus to the user's left cochlea using an 
initial stimulus current. The first processing unit 110 pro 
cesses the test signal and sends the stimulation signal to the 
first implanted unit 112, which causes the electrode L1 to 
deliver the electrical stimulus to the user's left cochlea using 
the initial stimulus current. 

0069. Upon delivery of the electrical stimulus, the user 
perceives a tone, the frequency of which depends on the 
region of the user's left cochlea being stimulated. Based on 
the user's perception of the tone (e.g., the tone's loudness), 
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the user interacts with an input component of the user inter 
face module 404 to raise or lower the stimulus current of the 
electrode L1 until the user can barely hear the tone. That is, 
the user adjusts the stimulus current of the electrode L1 until 
the user identifies a lowest current at which the user can 
perceive the tone. In one example, the input component is the 
fitting interface 440. 
0070. Once the user has identified the stimulus current 
below which the user cannot hear the tone, the computing 
device 106 determines that the stimulus current is the T-Level 
for the electrode L1. The computing device 106 repeats this 
process to determine T-Levels for the remaining electrodes 
L2-L9 of the first electrode array 114 and the electrodes 
R1-R9 of the second electrode array 124. 
0071. Other procedures for determining the T-Levels of 
the electrodes L1-L9, R1-R9 are also possible. In one 
example, the computing device 106 sends a test signal to one 
of the processing units 110 that causes a group of electrodes 
to stimulate the user's left cochlea, such as a group of elec 
trodes that includes the electrodes L1-L3. The resulting 
stimuli cause the user to perceive a multi-tonal Sound. The 
user adjusts the stimulus currents for the group of electrodes 
until the user identifies the current below which the user 
cannot perceive the multi-tonal Sound. Once the user has 
identified the stimulus current below which the user cannot 
hear the tone, the computing device 106 determines that the 
corresponding stimulus currents are the T-Levels for the elec 
trodes L1-L3. The computing device 106 repeats this process 
for the remaining electrodes on each of the electrode arrays 
114, 124 until the T-Levels are determined for each of the 
electrodes L1-L9, R1-R9. In subsequent iterations of this 
process, the group of electrodes may contain more or fewer 
electrodes than the above-identified group. 
0072. In another example, the computing device 106 is 
configured to determine the T-Levels for a subset of elec 
trodes on an electrode array and to interpolate the T-Levels of 
the remaining electrodes on the electrode array. For instance, 
the computing device 106 determines the T-Levels for each of 
the electrodes L1, L3, L5, L7, and L9. The computing device 
106 then interpolates the T-Levels for the electrodes L2, L4. 
L6, and L8 based on the T-Levels for the electrodes L1, L3, 
L5, L7, and L9. The computing device 106 repeats the process 
for the electrodes R1-R9, perhaps by interpolating more or 
fewer T-Levels. 

0073. At block 504, the method 500 includes determining 
a C-Level for each of the electrodes L1-L9, R1-R9 of the 
hearing prostheses 101, 102 by stimulating interaural elec 
trode pairs. The computing device 106 is configured to send 
the test signal to both processing units 110, 120 when deter 
mining the C-Levels of interaural electrode pairs. The test 
signal causes an interaural electrode pair, Such as the interau 
ral electrode pair L1 and R1, to simultaneously deliver elec 
trical stimuli to the user's cochleae using an initial maximum 
stimulus current. The initial maximum stimulus current is a 
predetermined offset above the T-Level. For instance, if the 
T-Level is 100 units of current and the offset is 20 units of 
current, then the initial maximum stimulus current is 120 
units of current. 

0.074 Simultaneous stimulation of the users cochleae 
causes the user to perceive a tone in both of the user's ears. In 
one example, a slight offset exists between a delivery of a 
stimulus current from the electrode L1 and a delivery of a 
stimulus current from the electrode R1. The offset may cause 
the user to incorrectly perceive a perceptual location of the 
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tone on the spectrum 530. To account for the possible offset, 
the currents of the stimuli delivered by the electrodes L1 and 
R1 are ramped up to the initial maximum stimulus current. In 
this example, the computing device 106 sends a series of test 
signals to the processing units 110, 120 that increase the 
current of the stimuli delivered by the electrodes L1, R1 from 
the respective T-Levels to the initial maximum stimulus cur 
rent. 

0075. How the user perceives the tone depends on a num 
ber of factors, such as, for instance, the severity of the user's 
hearing loss in each ear and the placement of electrodes in the 
user's cochleae. For example, if the user has more severe 
hearing loss in the user's right earthan the user's left ear, the 
user may perceive the tone as being located between left or 
right of the center position on the spectrum 530. In one 
example, the user perceives the tone as being louderin the one 
ear than the other. 

0076. To account for the differences in interaural hearing 
loss, the user interacts with the fitting interface 440 to adjust 
the stimulus currents of the electrodes L1 and R1 until the 
user perceives the tone as being approximately centered 
between the user's ears. 

0077. The user also interacts with the fitting interface 440 
to increase or decrease the stimulus currents of the electrodes 
L1 and R1 until the user substantially centers the tone 
between the user's ears and identifies the currents above 
which the loudness of the tone is too loud. The computing 
device 106 then determines that the stimulus currents for the 
electrodes L1 and R1 are the C-Levels for the electrodes L1 
and R1, respectively. The computing device 106 repeats this 
process for determining the C-Levels for additional interaural 
electrode pairs until the computing device 106 determines the 
C-Level for each of the electrodes L1-L9, R1-R9. 
0078. Other procedures for determining the C-Levels of 
the electrodes L1-L9 and R1-R9 are also possible. In one 
example, the computing device 106 sends a test signal to the 
processing units 110, 120 that causes a group of interaural 
electrode pairs to stimulate the user's cochleae, such as a 
group that includes the interaural electrode pairs L1-R1. 
L2-R2, and L3-R3. When the processing units 110, 120 send 
the resulting stimulation signals to the implanted units 112, 
122, the implanted units 112, 122 cause the electrodes L1-L3 
and R1-R3 to simultaneously stimulate the user's cochleae. 
Consequently, the user perceives a multi-tonal Sound. The 
user adjusts the stimulus currents of the interaural electrode 
pairs until the user identifies the stimulus currents in which 
the multi-tonal Sound is approximately centered between the 
user's ears and above which the userperceives the multi-tonal 
sound as being too loud. The computing device 106 then 
determines that the stimulus level of each of the electrodes 
L1-L3, R1-R3 is the electrode's C-Level. The computing 
device 106 repeats this process for the remaining electrodes 
on the electrode arrays 114, 124 until the computing device 
106 determines the C-Level for each electrode. In subsequent 
iterations of this process, the group of interaural electrode 
pairs may contain more or fewer interaural electrode pairs 
than the above-described group. 
0079. In another example, the computing device 106 is 
configured to determine the C-Level for a subset of interaural 
electrode pairs and to interpolate the C-Levels of the remain 
ing electrodes based on the determined C-levels. For 
example, the computing device 106 determines the C-Levels 
for the interaural electrode pairs L1-R1, L3-R3, L5-R5, 
L7-R7, and L9-R9. The computing device 106 then interpo 
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lates the C-Levels for the remaining electrodes L2, L4, L6, 
L8, R2, R4, R6, R8 based on the C-Levels of the electrodes 
L1, L3, L5, L7, L9, R1, R3, R5, R7, and R9. 
0080. At block 506, the method 500 includes the comput 
ing device 106 receiving a request to fine-tune the mapping 
curves of the electrodes L1-L9, R1-R9. In one example, the 
user wishes to fine-tune the mapping curves for one or more 
interaural electrode pairs to more closely match the user's 
ability to perceive a sound at one or more frequencies. The 
user interacts with the user interface module 404, such as a 
mouse, a keyboard, or a touch screen, to select an option to 
fine tune one or more mapping curves. For example, the 
computing device 106 causes the user interface module 404 to 
display a dialog box on an output component, such as a 
monitor, display screen, or a touch screen. The dialog box 
asks the user to select to fine tune one or more mapping curves 
or to complete the fitting process. The user makes a selection 
by interacting with an input component of the user interface 
404, Such as a mouse or a keyboard. 
I0081. At block 508, the method 500 includes determining 
whether the user requested to fine tune one or more mapping 
curves. If the user requested to determine one or more fine 
tuned mapping curves, the method 500 includes determining 
the one or more fine-tuned mapping curves, at block 510. An 
example method for determining one or more fine-tuned 
mapping curve is described with respect to FIG. 6 herein. 
0082 If the user did not request to determine one or more 
fine-tuned mapping curves, the method 500 includes the com 
puting device 106 sending the update signals to the process 
ing units 110, 120, at block 512. The computing device 106 
sends the first update signal, which includes information 
indicative of the mapping curve for each of electrodes L1-L9, 
to the first processing unit 110, and the computing device 106 
sends the second update signal, which includes information 
indicative of the mapping curve for each of electrodes R1-R9. 
to the second processing unit 120. For each of the electrodes 
L1-L9, R1-R9, the information indicative of the mapping 
curve includes at least the electrode's T-Level and C-Level. 
0083. If the computing device 106 determined a fine-tuned 
mapping curve for one or more of the electrodes L1-L9. 
R1-R9, the computing device 106 includes information of the 
fine-tuned mapping curve in the update signals sent to pro 
cessing units 110, 120. For instance, if the computing device 
106 determined a fine-tuned mapping curve for the electrode 
L1, the computing device 106 includes information indicative 
of the fine-tuned mapping curve in the first update signal. 
Once the computing device 106 completes the steps of block 
512, the method 500 ends. 
I0084 FIG. 6 is a flow diagram of a method 600 for deter 
mining one or more fine-tuned mapping curves. The method 
600 is one example of a method that may be employed at 
block510 of the method 500. While the fitting system 100, the 
processing unit 200, and the computing device 400 are 
described for purposes of illustrating the method 600, it is 
understood that other devices may be used. 
0085. To determine the one or more fine-tuned mapping 
curves, the computing device 106 “sweeps” through the elec 
trode arrays 114, 124 by causing one or more interaural 
electrode pairs to sequentially stimulate the user's cochleae. 
Sweeping through the electrode arrays 114, 124 in this man 
ner allows the user to perceive a series of tones sequentially 
(e.g., the user perceives a sequence of tones in which the 
frequency of each tone increases). The user can then identify 
a frequency at which a tone is not Substantially centered on 
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the spectrum 530 and/or a frequency at which the tone does 
not have the same loudness as other tones during the Sweep. 
The user then interacts with the fitting interface 440 to adjust 
the stimulus currents of one or more interaural electrode pairs 
in order to center each tone between the user's ears and to 
equalize the loudness of the tones. The computing device 106 
adjusts the mapping curves of one or more of the electrodes 
L1-L9, R1-R9 by sweeping uses the adjusted stimulus cur 
rents to determine the fine-tuned mapping curves for one or 
more of the electrodes L1-L9, R1-R9. 
I0086. At block 602, the method 600 includes the comput 
ing device 106 determining a sweep SPL. The sweep SPL is 
used to determine the stimulus current for each electrode 
during a sweep of the electrode arrays 114, 124. The sweep 
SPL is any SPL between SPL and SPL. In one example, the 
sweep SPL is determined by the following formula: 

Sweep SPL=SPL-(1-P) (SPL-SPL) 

where P is a percentage in decimal form. Typically, the Sweep 
SPL is greater than SPL: that is, P is greater than Zero. Since 
the T-Level represents the minimum stimulus current at 
which the user can perceive a Sound at a given frequency, the 
user may not be able to determine a difference between the 
perceptual locations and/or a difference in the loudness 
between two sequential tones. To better ensure the user is able 
to distinguish differences in the loudness and location of the 
tones, P is greater than a minimum percentage, such as about 
25%, that will result in tones of sufficient loudness that the 
user can clearly perceive. 
I0087. At block 604, the method 600 includes the comput 
ing device performing a Sweep of the interaural electrode 
pairs. To perform the Sweep, the computing device 106 Suc 
cessively sends test signals to the processing unit 110, 120 
that cause interaural pairs of electrodes to sequentially stimu 
late the user's cochleae. For example, the computing device 
106 may send a first test signal to the processing units 110. 
120 that causes the electrodes L1 and R1 to simultaneously 
stimulate the user's cochleae. The computing device 106 then 
sends a second test signal to the processing units 110, 120 that 
causes the electrodes L2 and R2 to simultaneously stimulate 
the user's cochleae. The computing device 106 continues 
sending test signals to the processing units 110, 120 until each 
interaural electrode pair has stimulated the user's cochleae. 
I0088. The duration of each test signal is of sufficient 
length to allow the user to perceive each tone. That is, the 
computing device 106 does not sweep through the electrode 
arrays 114, 124 so quickly that the user cannot distinguish 
each tone. In one example, the duration of each test signal is 
about 500 m.sec. In another example, the user can adjust the 
duration of the test signals. 
I0089 Additionally, the computing device 106 may send a 
plurality of test signals to the processing units 110, 120 for 
each interaural electrode pair that causes the stimulus cur 
rents for the interaural electrode pair to ramp up to the stimu 
lus current corresponding to the Sweep SPL. Ramping the 
stimulus currents to the stimulus current corresponding to the 
sweep SPL provides a control for a potential timing offset in 
delivery of the stimulus currents, which could affect the user 
determining the perceptual location of a Sound. 
0090. In one example, the computing device 106 does not 
sweep through each electrode on the electrode arrays 114, 
124. In this example, the user selects a group of interaural 
electrode pairs that the computing device uses during the 
Sweep of the electrode arrays. For instance, the computing 
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device 106 sends test signals to the processing units 110, 120 
that cause the interaural electrode pairs L1-R1, L3-R3, and 
L6-R6 to sequentially stimulate the user's cochleae. In 
another example, the test signals cause groups of interaural 
electrode pairs to simultaneously stimulate the user's 
cochleae. For example, the first test signal causes the inter 
aural electrode pairs L1-R1 and L2-R2 to stimulate the user's 
cochleae, and the second test signal causes the interaural 
electrode pairs L3-R3 and L4-R4 to stimulate the user's 
cochleae. In yet another example, the test signals cause more 
or fewer interaural electrode pairs to simultaneously stimu 
late the user's cochleae. 
0091. At block 606, the method 600 includes the comput 
ing device 106 receiving an adjustment to an interaural elec 
trode pairs via the fitting interface 440. If the user identified 
one or more stimulus currents that require an adjustment 
during or after the Sweep, the user adjusts the stimulus cur 
rents of one or more interaural electrode pairs in order to 
substantially center each tone between the user's ears and to 
match the loudness of the tones the user perceived during the 
Sweep. 
0092. At block 608, the method 600 includes the comput 
ing device 106 determining whetheran adjustment to a stimu 
lus current was received. If the computing device 106 deter 
mines that an adjustment to a stimulus current was received, 
the method 600 includes returning to block 604 to performan 
additional Sweep using the adjusted stimulus currents. Oth 
erwise, the method 600 proceeds to block 610. 
0093. At block 610, the method 600 includes determining 
if there are additional sweeps to perform. Typically, the com 
puting device 106 performs Sweeps using at least two Sweep 
SPLs. The user may interact with an input component of the 
user interface 404 to select additional sweep SPLs. Alterna 
tively, the additional sweep SPLs may be predetermined. In 
another example, the user interacts with user interface mod 
ule 404 to cause the computing device 106 to perform a single 
sweep. If the computing device 106 determines that there are 
additional sweeps to perform, the sweep SPL is set to the next 
SPL at block 612. The method 600 then includes returning to 
block 604 to perform an additional sweep of the electrode 
arrays 114, 124 using the next SPL. 
0094. If the computing device 106 determines that the 
requested sweeps have been performed, the method 600 
includes the computing device 106 determining one or more 
fine-tuned mapping curves, at block 614. For each electrode 
that delivered a stimulus during the Sweep, the computing 
device 106 determines the fine-tuned mapping curve based on 
the stimulus currents determined during the Sweep(s) of the 
electrode arrays 114, 124. After the computing device 106 
completes the steps of block 614, the method 600 ends. 
0095 FIGS. 7A-7C illustrate example fine-tuned mapping 
curves for an electrode determined using the method 600. For 
illustrative purposes, the electrode L1 depicted in FIG. 1C is 
used to describe FIGS. 7A-7C. 
0096. The mapping curves illustrated in FIGS. 7A-7B are 
based on two sweeps where P is 50% (SPLs) and 100% 
(SPL). In another example, different values of P are used to 
develop fine-tuned mapping curves. FIG. 7A illustrates a 
graph 700 of three mapping curves: mapping curve A, map 
ping curve B, and mapping curve C. Mapping curve A is an 
initial mapping curve of the electrode L1 based on an initial 
T-Level (T-Level) and an initial C-Level (C-Level). The I 
is the stimulus current of the electrode L1 at SPLs. Map 
ping curve B is a fine-tuned mapping curve determined in 
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response to the user increasing the stimulus current during the 
Sweep at SPLsoo, from IA to I. Mapping curve C is a fine 
tuned mapping curve determined in response to the user 
decreasing the stimulus current during the Sweep at SPLso 
from I to I. 
0097. Mapping curves B-C illustrate how adjustments to 
the stimulus current at SPLsoo affect the dynamic range of the 
electrode. The C-Level for the three mapping curves is the 
same because the user did not adjust the stimulus currents 
corresponding to SPL. Since I is greater than I, the slope 
of mapping curve B is less than the slope of mapping curve A. 
As a result, the T-Level for mapping curve B (T-Level) is 
greater than the T-Level. In contrast, since I is less than I, 
the slope of mapping curve C is greater than the slope of 
mapping curve A, and the T-Level for mapping curve C 
(T-Level) is less than T-Level. 
(0098 FIG. 7B illustrates a second graph 702 of three 
mapping curves: mapping curve A, mapping curve D, and 
mapping curve E. Mapping curve A is the same as or is 
Substantially similar to mapping curve A as described with 
respect to FIG. 7A. Mapping curve D is a mapping curve 
determined in response to the user increasing the stimulus 
current during the Sweep at SPL, from C-Level to C-Level. 
Mapping curve E is a mapping curve determined in response 
to the user increasing the stimulus current during the Sweep at 
SPL to C-Level and increasing the stimulus current during 
the Sweep at SPLso, from I to I. 
0099 Mapping curves D-E illustrate how adjustments to 
the stimulus current at SPL, and/or SPLs, affect the 
dynamic range of the electrode. C-Level is less than C-Lev 
el, but the stimulus currents at SPLs, for mapping curve A 
and mapping curve D is the same. Thus, the slope of mapping 
curve D is greater than the slope of mapping curve A, and the 
T-Level for mapping curve D (T-Level) is less than the 
T-Level. For mapping curve E, a difference between I and 
It is about the same as a difference between C-Level, and 
C-Level. Thus, the slope of mapping curve E is about the 
same as the slope of mapping curve A, but the T-Level for 
mapping curve E (T-Level) is greater than T-Level. 
0100 FIG. 7C illustrates a graph 704 of two mapping 
curves: mapping curve A and mapping curve F. Mapping 
curve A is the same as or is substantially similar to mapping 
curve A as described with respect to FIG. 7A. Mapping curve 
F is a mapping curve based on three sweeps where P is 50% 
(SPLs), 75% (SPL7s), and 100%. Mapping curve F is a 
mapping curve determined in response to the user increasing 
the stimulus current during the sweep at SPL, from to C-Lev 
el, decreasing the stimulus current during the Sweep at 
SPL7so from I1 to I, and decreasing the current at SPLsoo. 
from I12 to IP2. 
0101 Mapping curve F illustrates how adjustments to the 
stimulus currents at more than two sweep SPLS affects the 
dynamic range of the electrode. C-Level is less than C-Lev 
el, but I is greater than I. Thus, the slope of mapping 
curve F is greater than the slope of mapping curve Abetween 
SPL.7so, and SPL. The change in the stimulus current at 
SPLsoo, from I to I causes a change in the slope of map 
ping curve F between SPL and SPLsoo. The slope of map 
ping curve F between SPL.7s, and SPL is greater than the 
slope of mapping curve F between SPL and SPLsoo. Since 
the slope of mapping curve A is less than the slope of mapping 
curve F between SPL and SPL so, T-Level is greater than 
T-Level. 
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0102. As the graphs 700, 702, and 704 illustrate, fine 
tuning the mapping curve of an electrode may result in an 
adjustment to the T-Level of the electrode. Since the T-Level 
is the level below which the user is unable to perceive a sound 
and is determined for each electrode individually, fine-tuning 
the dynamic range may result in a more accurate setting for 
the T-Level. Additionally, fine-tuning the mapping curve 
results in a more accurate logarithmic relationship between 
the SPL of an incoming Sound and a resulting stimulus cur 
rent. 

4. CONCLUSION 

(0103) While the descriptions of methods 500 and 600 are 
based on the fitting system 100 including two cochlear 
implants, the computing device 106 may employ the methods 
500 and/or 600 to fit bilateral hearing prostheses that are not 
cochlear implants. For instance, if the hearing prostheses 101, 
102 are bone conduction devices, the implanted units 112, 
122 include a left transducer and a right transducer, respec 
tively, instead of the electrode arrays 114, 124. In this 
example, the implanted units 112, 122 use the transducers to 
cause vibrations on the user skull capable of stimulating the 
user's cochleae. The computing device 106 uses the method 
500 to determine a minimum amplitude (e.g., T-Levels) of the 
vibrations for each transducer at a frequency and maximum 
amplitude (e.g., C-Levels) of the vibrations for each trans 
ducer at a frequency of the vibrations applied by simulta 
neously applying vibrations to the user's skull using the left 
and right transducers. 
0104. While various aspects and embodiments have been 
disclosed herein, other aspects and embodiments will be 
apparent to those skilled in the art. The various aspects and 
embodiments disclosed herein are for purposes of illustration 
and are not intended to be limiting, with the true scope and 
spirit being indicated by the following claims. 
What is claimed is: 
1. A method comprising: 
sending a signal to a first hearing prosthesis and a second 

hearing prosthesis, wherein the signal causes: 
the first hearing prosthesis to deliver a first stimulus to a 

body part in a left auditory pathway of a user; and 
the second hearing prosthesis to deliver a second stimu 

lus to a body part in a right auditory pathway of the 
user, wherein the first stimulus and the second stimu 
lus cause the user to perceive a Sound, and wherein the 
first stimulus and the second stimulus are delivered 
simultaneously; 

receiving an indication of a perception of the Sound by the 
user, and 

determining an adjustment to at least one of the first stimu 
lus or the second stimulus based on the perception of the 
sound by the user. 

2. The method of claim 1, wherein the adjustment includes 
an increase in at least one of the first stimulus or the second 
stimulus. 

3. The method of claim 1, wherein the adjustment includes 
a decrease in at least one of the first stimulus and the second 
stimulus. 

4. The method of claim 1, wherein the adjustment includes 
an increase in the first stimulus and a decrease in the second 
stimulus. 

5. The method of claim 1, wherein the adjustment includes 
a decrease in the first stimulus and an increase in the second 
stimulus. 
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6. The method of claim 1, wherein: 
the first body part is a left cochlea; 
the second body part is a right cochlea; 
the first hearing prosthesis is a first cochlear implant that 

includes a first electrode array implanted in the left 
cochlea, wherein the first electrode array includes one or 
more electrodes; and 

the second hearing prosthesis is a second cochlear implant 
that includes a second electrode array implanted in the 
right cochlea, wherein the second electrode array 
includes one or more electrodes. 

7. The method of claim 6, wherein: 
the first stimulus is an electrical stimulus delivered to the 

left cochlea by at least one of the one or more electrodes 
included on the first electrode array; and 

the second stimulus is an electrical stimulus delivered to 
the right cochlea by at least one of the one or more 
electrodes included on the second electrode array. 

8. The method of claim 1, wherein the signal includes 
information for increasing the first stimulus from a first value 
to a second value, and wherein the signal includes informa 
tion for increasing the second stimulus from a third value to a 
fourth value. 

9. The method of claim 1, wherein receiving the indication 
of the perception of the sound by the user includes receiving, 
at a user interface, an input that includes information indica 
tive of the user perceiving the Sound as having a perceptual 
location other than approximately centered between the ears 
of the user. 

10. The method of claim 8, wherein the adjustment sub 
stantially centers the sound between the ears of the user. 

11. A method comprising: 
sending a first signal to a first hearing prosthesis that 

includes information indicative of a first stimulus, 
wherein the first hearing prosthesis delivers the first 
stimulus to a first body part in a left auditory pathway of 
a user, 

sending a second signal to a second hearing prosthesis that 
includes information indicative of a second stimulus, 
wherein the second hearing prosthesis delivers the sec 
ond stimulus to a second body part in a right auditory 
pathway of the user, and wherein the first stimulus and 
the second stimulus are delivered simultaneously; 

determining whether the first stimulus and the second 
stimulus are at a maximum level; and 

in response to determining that the first stimulus and the 
second stimulus are at the maximum level, 
determining that the first stimulus corresponds to a 
maximum sound pressure level; and 

determining that the second stimulus corresponds to the 
maximum sound pressure level, wherein the maxi 
mum sound pressure level is a Sound pressure level of 
a sound above which the sound is saturated. 

12. The method of claim 11, wherein, in response to deter 
mining that one of the first stimulus or the second stimulus is 
above the maximum level, the method further comprises 
determining a decrease to one of the first stimulus or the 
second stimulus. 

13. The method of claim 11, wherein, in response to deter 
mining that one of the first stimulus or the second stimulus is 
below the maximum level, the method further comprises 
determining an increase to one of the first stimulus or the 
second stimulus. 
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14. The method of claim 11, further comprising: 
sending a first output signal to the first hearing prosthesis 

that includes information indicative of the first stimulus 
corresponding to the maximum sound pressure level; 
and 

sending a second output signal to the second hearing pros 
thesis that includes information indicative of the second 
stimulus corresponding to the maximum sound pressure 
level. 

15. The method of claim 11, wherein: 
the first body part is a left cochlea; 
the second body part is a right cochlea; 
the first hearing prosthesis is a first cochlear implant that 

includes a first electrode implanted in the left cochlea, 
wherein the first electrode delivers the first stimulus by 
applying a first stimulus current to the left cochlea, and 

the second hearing prosthesis is a second cochlear implant 
that includes a second electrode implanted in the right 
cochlea, wherein the second electrode delivers the sec 
ond stimulus by applying a second stimulus current to 
the right cochlea. 

16. The method of claim 15, wherein the first signal 
includes information indicative of the first stimulus current, 
and wherein the second signal includes information indica 
tive of the second stimulus current. 

17. The method of claim 16, wherein 
the first hearing prosthesis delivers the first stimulus by 

increasing a stimulus current of the first electrode from a 
first current to the first stimulus current; and 

the second hearing prosthesis delivers the second stimulus 
by increasing a stimulus current of the second electrode 
from a second current to the second stimulus current. 

18. The method of claim 11, further comprising: 
receiving an input that includes information indicative of a 

perceptual location of the sound between a left ear and a 
right ear of the user; 

determining whether the perceptual location of the Soundis 
approximately centered between the ears of the user. 

19. The method of claim 18, further comprising: 
in response to the determining that the perceptual location 

of the sound is closer to the left ear the user than the right 
ear of the user, decreasing the first stimulus and increas 
ing the second stimulus; and 

in response to determining that the perceptual location of 
the sound is closer to the right ear of the user than the left 
ear the user, increasing the first stimulus and decreasing 
the second stimulus. 

20. A method comprising: 
performing a Sweep of electrode arrays of bilateral hearing 

prostheses by: 
causing a first interaural electrode pair to deliver a first 

stimulation to a user of the bilateral hearing prosthe 
ses so that the user perceives a first sound; and 

causing a second interaural electrode pair to deliver a 
second stimulation to the user so that the user per 
ceives a second sound, wherein the second stimula 
tion is delivered after the first stimulation; 

receiving an input signal that includes information indica 
tive of a difference between the first sound and the sec 
ond sound as perceived by the user; 

determining an adjustment to a stimulus current of an elec 
trode included in one of the first interaural electrode pair 
or the second interaural electrode pair based on the input 
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signal, wherein the stimulus current is a component of 
one of the first stimulation or the second stimulation; 

applying the adjustment to a mapping curve of the elec 
trode, wherein the mapping curve includes information 
indicative of a plurality of stimulus currents correspond 
ing to a plurality of Sound pressure levels. 

21. The method of claim 20, wherein the mapping curve of 
the electrode represents relationship between input sound 
pressure levels sound and stimulus currents of the electrode 
that is substantially logarithmic between a threshold sound 
pressure level and a maximum sound pressure level, wherein 
the threshold Sound pressure level corresponds to a stimulus 
current for the electrode below which the user is unable to 
perceive a Sound, and wherein the maximum sound pressure 
level is a saturation sound pressure level for the electrode. 

22. The method of claim 21, wherein the stimulus current 
corresponds to a Sweep Sound pressure level on the mapping 
CUV. 

23. The method of claim 22, wherein: 
the sweep sound pressure level is greater than the threshold 

Sound pressure level; and 
the Sweep Sound pressure level is less than or equal to the 
maximum sound pressure level. 

24. The method of claim 22, wherein the adjustment is a 
decrease in the stimulus current, and wherein applying the 
adjustment to the mapping curve: 

decreases the stimulus current corresponding to the Sweep 
Sound pressure level; and 

decreases one or more additional stimulus currents corre 
sponding to one or more additional sound pressure lev 
els. 

25. The method of claim 22, wherein the adjustment is an 
increase in the stimulus current, and wherein applying the 
adjustment to the mapping curve: 

increases the stimulus current corresponding to the Sweep 
Sound pressure level; and 

increases one or more additional stimulus currents corre 
sponding to one or more additional sound pressure lev 
els. 

26. The method of claim 20, wherein, after determining the 
adjustment, the method further comprises: 

performing a second Sweep of the electrode arrays by: 
causing the first interaural electrode pair to deliver a 

third stimulation to the user so that the user perceives 
a third sound; and 

causing a second interaural electrode pair to deliver a 
fourth stimulation to the user so that the user perceives 
a fourth sound, wherein the fourth stimulation is 
delivered after the third stimulation; 

receiving a second input signal that includes information 
indicative of a second difference between the third 
sound and the fourth sound as perceived by the user; 

determining a second adjustment to a second stimulus cur 
rent of the electrode based on the second input signal, 
wherein the second stimulus current is a component of 
one of the third stimulation or the fourth stimulation; 

applying the second adjustment to the mapping curve of the 
electrode. 

27. A system comprising: 
a first hearing prosthesis that includes a first electrode array 

configured to stimulate a first body part of a user, 
wherein the first body part is a body partina left auditory 
pathway of the user; 
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a second hearing prosthesis that includes a second elec 
trode array configured to stimulate a second body part of 
the user, wherein the second body part is a body part in 
a right auditory pathway of the user; and 

a computing device connected to the first cochlear implant 
and the second cochlear implant, wherein the computing 
device is configured to fit the first cochlear implant and 
the second cochlear implant to the user by: 
sending a test signal to the first hearing prosthesis and 

the second hearing prosthesis that causes an interaural 
electrode pair to stimulate the first body part and the 
second body part so that the user perceives a sound, 
wherein the interaural electrode pair includes a first 
electrode included on the first electrode array and a 
second electrode included on the second electrode 
array, and where the test signal includes information 
indicative of a first stimulus current for a stimulus 
applied by the first electrode and a second stimulus 
current for a stimulus applied by the second electrode: 

determining whether an input signal received at a user 
interface of the computing device includes a request 
to adjust the Sound; 

in response to determining that the input signal includes 
the request to adjust one of the first stimulus or the 
second stimulus, adjusting at least one of the first 
stimulus current or the second stimulus current based 
on the request. 

28. The system of claim 27, wherein the request to adjust 
the sound includes a request to adjust a perceptual location of 
the Sound as perceived by the user, and wherein adjusting at 
least one of the first stimulus current or the second stimulus 
current includes adjusting the first stimulus current and the 
second stimulus current to Substantially center the perceptual 
location of the sound between the ears of the user. 

29. The system of claim 27, wherein, in response to deter 
mining that the input signal includes an absence of the request 
to adjust the sound, the method further comprises: 

determining that the first stimulus current corresponds to a 
Sound pressure level, wherein the test signal is based on 
the sound pressure level; 

determining that the second stimulus current corresponds 
to the sound pressure level; 

sending a first update signal to the first cochlear implant 
that includes information indicative of the first stimulus 
corresponding to the Sound pressure level; and 

sending a second update signal to the second cochlear 
implant that includes information indicative of the sec 
ond stimulus corresponding to the sound pressure level. 

30. The system of claim 29, wherein the computing device 
is further configured to fit the first cochlear implant and the 
second cochlear implant to the userby: 

interpolating one or more stimulus currents that corre 
spond to the Sound pressure level for one or more addi 
tional electrodes included on the first electrode array 
based on the first stimulus; and 

interpolating one or more stimulus currents that corre 
spond to the Sound pressure level for one or more addi 
tional electrodes included on the second electrode array 
based on the second stimulus. 

31. The system of claim 27, wherein: 
the interaural electrode pair includes one or more addi 

tional electrodes included on the first electrode array and 
one or more additional electrodes included on the sec 
ond electrode array; 
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the test signal includes information indicative of one or 
more stimulus currents for the one or more additional 
electrodes included on the first electrode array; and 

the test signal includes information indicative of one or 
more stimulus currents for the one or more additional 
electrodes included on the second electrode array. 

32. The system of claim 31, wherein, in response to deter 
mining that the input signal includes the request, the method 
further comprises: 

adjusting at least one of: 
the first stimulus current; 
the second stimulus current; 
the one or more stimulus currents for the one or more 

additional electrodes included on the first electrode 
array; or 

the one or more stimulus currents for the one or more 
additional electrodes included on the second elec 
trode array. 

33. A computing device comprising: 
a user interface configured to receive an indication of an 

adjustment to a first stimulus and a second stimulus 
delivered to a user of a first hearing prosthesis and a 
second hearing prosthesis; 

an interface module configured to connect the computing 
device to the first hearing prosthesis and the second 
hearing prosthesis; and 

a processor configured to: 
receive an input signal from the user interface that 

includes information indicative of an adjustment to 
the first stimulus and the second stimulus; 

modify the first stimulus and the second stimulus based 
on the adjustment; 

send a first signal to the first hearing prosthesis that 
includes information indicative of a modified first 
stimulus; and 

send a second signal to the second hearing prosthesis 
that includes information indicative of a modified sec 
ond stimulus, wherein the first signal causes the first 
hearing prosthesis to deliver the modified first stimu 
lus to the user at about a same time as the second 
signal causes the second hearing prosthesis to deliver 
the modified second stimulus to the user. 

34. The computing device of claim 33, wherein the user 
interface includes a first input interface, a second input inter 
face, a third input interface, and a fourth input interface. 

35. The computing device of claim 34, wherein an interac 
tion with the first input interface increases the first stimulus 
and increases the second stimulus. 

36. The computing device of claim 34, wherein an interac 
tion with the second input interface decreases the first stimu 
lus and decreases the second stimulus. 

37. The computing device of claim 34, wherein an interac 
tion with the third input interface increase the first stimulus 
and decreases the second stimulus. 

38. The computing device of claim 34, wherein an interac 
tion with the fourth input interface decreases the first stimulus 
and increases the second stimulus. 

39. The computing device of claim 33, wherein the user 
interface includes an external hardware component, and 
wherein the first input interface, the second input interface, 
the third input interface, and the fourth input interface are 
included on the external hardware component. 
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40. The computing device of claim 33, wherein the user 
interface includes a display device, and wherein the first input 
interface, the second input interface, the third input interface, 
and the fourth input interface are displayed on the display 
device. 
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