USOORE48038E
(19) United States
12y Reissued Patent (10) Patent Number: US REA48.038 E
van Dijk et al. 45) Date of Reissued Patent: Jun. 9, 2020
(54) RECOGNITION OF IMPLANTABLE (58)  Field of Classification Search

MEDICAL DEVICE None
See application file for complete search history.

(71) Applicant: Cochlear Limited, Macquarie (56) References Cited

Umversity, NSW (AU)
U.S. PATENT DOCUMENTS

(72) Inventors: Bastiaan van Dijk, Mechelen (BE);

Peter Gibson, South Coogee (AU) 4,532,950 A 8/1985 Crosby et al. ..... A61IN 1/36036
607/57

(73) Assignee: Cochlear Limited, Macquarie 4,776,522 A 10/1988  Hough et al.
University, NSW (AU) (Continued)

FOREIGN PATENT DOCUMENTS

(21)  Appl. No.: 15/217,480

: DE 19915846 8/2000
(22) Filed: Jul. 22, 2016 DE 19915846 C1  8/2000
Related U.S. Patent Documents (Continued)
Reissue of OTHER PUBLICATIONS
(64) Patent No.: 8,784,312
Issued: Jul. 22, 2014 International Search Report for PCT/AU01/00811 dated Sep. 10,
P P
Appl. No.: 12/279,055 2001.
PCT Filed: Feb. 9, 2007 (Continued)
PCT No.: PCT/AU2007/000142
§ 371 (c)(1), Primary Examiner — Glem} K DaWSOIl? |
(2) Date: Mar. 27, 2009 gﬁl) Artoiriegi ﬁfﬂﬁ (}r gzrm — Pillofl Passino &
PCT Pub. No.: W02007/090243 phetiad L, M 4 LS
PCT Pub. Date: Aug. 16, 2007 (57) ABSTRACT
: Sy . Controlling the interaction between an external device and
(30) Foreign Application Priority Data an i1mplanted device, including a method of controlling
interaction between an external device and an implanted
Feb. 10, 2006  (AU) oo, 2006900628 device, the method including at least the steps of: establish-
g p
ing communications between the implanted device and the
(51) Int. Cl. external device; the external device determining an identi-
A6l1B 5/00 (2006.01) fication of the implant and comparing the 1dentification with
AGIN 1/372 (2006.01) identifications 1n a stored list; if the device matches one of
: said 1dentifications, then using a corresponding set of oper-
(Continued) ; . S | P 2 b
(52) US. Cl ating parameters to interact with said implant; and other-
CPC ' AGIB 5/0002 (2013.01): AGIB 5/0031 wise, not mteracting with said device.

(2013.01); A6IN 1/3727 (2013.01) 34 Claims, 5 Drawing Sheets

{Amnended)



US RE48,038 E

Page 2
(51) Int. CL 2006/0190059 Al1* 82006 Gnthth .............. AG61IN 1/37229
: 607/57
jgiﬁ 2;227 ggggg; 2007/0055321 Al1* 3/2007 Gordon .............. AG61IN 1/37229
Ve 607/55
2007/0106345 Al1*  5/2007 Seligman ............. HO4R 25/556
(56) References Cited 607/57
2008/0039902 Al* 2/2008 Hartley .............. AG61N 1/36036
U.S. PATENT DOCUMENTS 607/57
2009/0292338 Al* 11/2009 Gordon .............. AG61IN 1/37229
5,113,869 A * 5/1992 Nappholz ............ A61B 5/0006 | ) 607/57
600/508 2009/0306742 Al  12/2009 Van Dk et al.
2010/0016922 Al 1/2010 Dal
5,569,307 A 10/1996 Schulman et al. _ Y
5,571,148 A 11/1996 I.0eb et al. 2010/0024881 Al™* 2/2010 Hacke ............... HO1L 31/02244
5,690,690 A 11/1997 Nappholz et al. ) 136/256
5,701,348 A * 12/1997 Shennib ............. HO4R 25/456 2010/0249881 A1*  9/2010 Corndorf ........... AGIN 1/37276
381/322 ) 607/60
5800473 A 9/1998 Faisandier 2011/0038499 Al1*  2/2011 Chan .........cc........... HO4R 25/60
5,817,137 A 10/1998 Kaemmerer | 381/322
5,891,180 A 4/1999 Greeninger et al. 2011/0046698 Al* 2/2011 Kivi ccoviiviinninnnnn, HO04W 76/19
5,941,905 A 8/1999 Single ................ A61IN 1/36036 607/60
607/57 2011/0082521 Al* 4/2011 Botros ............... A61B 5/04001
6,195,585 Bl 2/2001 Karunasiri et al. 607/57
6,198,971 Bl 3/2001 Leysieffer .......... AG61IN 1/36036 2011/0087306 Al™* 4/2011 Goossen .............. AG6IN 1/3718
607/55 607/60
6,219,580 B1* 4/2001 Faltysetal. ..........c........ 607/57 2015/0039052 Al1* 2/2015 wvan Dyk ........... A6IN 1/37252
6,243,608 Bl 6/2001 Pauly et al. 607/57
6,285,900 Bl 9/2001 Sweeney et al. 2015/0289065 Al* 10/2015 Jensen ................. HO4R 25/552
6,308,099 Bl 10/2001 Fox et al. 381/315
6,327,501 B1* 12/2001 Levine et al. .................. 607/27 2016/0227332 Al* 8/2016 Pedersen .............. HO4R 25/558
6,443,891 B1* 9/2002 Grevious ..........coccoeee. 600/302 2016/0331952 Al1* 11/2016 Faltys ................ AG61N 1/37205
6,537,200 B2 3/2003 Leysiefler et al.
6,553,263 Bl 4/2003 Meadows et al. FORFEIGN PATENT DOCUMENTS
6,565,503 B2 5/2003 Leysieffer et al. - -
6,575,894 B2 6/2003 Leys%ezfer et al. Ep 0730887 0/1996
6,697,674 B2 2/2004 Leysiefler
. EP 0730882 A2 9/1996
6,738,670 Bl 5/2004 Almendinger et al.
WO 00/72917 Al  12/2000
6,740,075 B2 5/2004 Lebel et al.
. WO WO 00/72917 12/2000
7,013,014 B2* 3/2006 Ach-Kowalewskt ........c.....cooov.. | _ |
WO 01/03622 Al 1/2001
HO4R 25/405  ¢yq 01/06810 A2  1/2001
. 381313 wo WO 01/03622 1/2001
7,082,207 B2 7/2006 R.‘:lppS ****************** HO4R 1/1075 WO WO 01/06810 1/2001
| 381/330 WO 01/13991 Al  3/2001
7,174,214 B2*  2/2007 Seligman ............. HO4R 25/556 WO WO 01/13991 3/2001
607/57 WO 03/003956 Al 1/2003
7,346,397 B2 3/2008 Money et al. ..... A61IN 1/36036 WO 03/009207 Al 1/2003
607/57 WO 03003956 1/2003
7,502,653 B2 3/2009 Daly .........coooiiiiin, A61IN 1/08 WO 03009207 1/2003
607/57
9,357,318 B2* 5/2016 Case ..............oo.n.. HO4R 25/305
9,712,928 B2* 7/2017 Pedersen .............. HO4R 25/558 OTHER PUBLICATIONS
2002/0045921 Al* 472002 Wolmnsky ............ A61B (536 070/;? European Search Report for EP 01 95 1205.2 dated Mar. 31, 2005.
EPO Official C ication for EP 01 951 205.2 dated Feb. 2,
2004/0024429 Al*  2/2004 Daly .ocooooovirrrvre AGIN 108 Hpop. O T
607/59 EPO Official Communication for EP 01 951 205.2 dated Sep. 14,
2004/0176822 Al1* 9/2004 Thompson et al. ...............ooc 2006,
AOIN 1/37252 EPO Ofhicial Communication for EP 01 95 1205.2 dated Jan. 23,
607/60 2008.
2005/0159791 Al* 7/2005 Daly ... HO4R 25/606 Japanese Office Action for JP 2003-509972 dated Jun. 29, 2010.
607/57 International Search Report for PCT/AU2007/000142/ dated May 2,
2005/0177205 A1*  8/2005 Kwon ... AGIN 1/36036  2007.
607/57
2006/0020304 Al1* 1/2006 Torgerson et al. ............. 607/60 * cited by examiner



U.S. Patent

16

18

Jun. 9, 2020

SF

w2,
N SEvtemal S

Microphone

ra v
120

(e s

O pep
I

Multiple maps or operaling

| Program 1

Implant ideniifer and map

\/J seleclion/pragram config
3

32

Sheet 1 of 5

Figure 1

]
.
=hf
w
L.
ex
O
=
-3
o
O
=
&
=)
=
=
o
.

Figuré 2

a0eIsjul SUIOY jeuOO3pIg

US RE48,038 E

144
S mplant
Eleclrods
RX/ STIM pVATY
N 4
Oplional DSP
- _ﬁ\/\ 42
Unique ldentifier ID or
parameter |
_ \,_/"\- 43

44




U.S. Patent Jun. 9, 2020 Sheet 2 of 5

5(C

ot

52

53

Detect unique identifier

_ R

Determine required parameters/
mode for device corresponding to
the detected unique identifier

Initiate operation of the
device using the determined
parameters/mode

Maintain operation while
present ID remains valig

Figure 3

US RE48,038 E



US RE48,038 E

Sheet 3 of 5

‘ﬂ--ll

Jun. 9, 2020

U.S. Patent

o

ﬁ.---ﬂ

‘ﬂ---l

1#----"

+ + + + + + + + + +

+ +
&+

&+

+ + +

L]

+ + + + + + + + +

+ + + +



U.S. Patent

Probabilily of oceurance of value

-

Jun. 9, 2020

Sheet 4 of 5

US RE48,038 E

Characteristics of Measurable Paramsters in Implant

ey @ gepid 00 desasss 2 desaay 0 O aaaaay 0 ey

— — i Tl A ——

MIN

NOMINAL
VALUE

Figure 5

F o~ R T I I

MAX

Allowable Range

»
Parameter Value



U.S. Patent

PARAMETER VALUE

iy mpend ol

i
|
-L---.-u- ﬂtﬂi-m-“m—ﬂhm

i
~ :
i ““"'.‘i'-l.-.l-.—.lll -

|

e = wlﬁilﬁh-——"-

bt L L L] ""'11‘!#-"&—&-

Jun. 9, 2020

PARAMETER VALUE

Sheet 5 of 5

L 1 > F
ol B L
e gy il o

[ o o T = [ ]

-'—-I-*I---I--‘Ii"- R - -y “'! il T -

.

I
i Bt SR

" L L b L DLy L L L L) L A o I el SR ) B

1 S

L3 Y T U T TN RN YREY R Y

[T EET T P ol ] in- T g A I e e A ) e i o

b - o vl s ] s e i e g i i B e e

I WA - el
e - ol el ol - o i, e, e e - s g s e e et

FEy T--rarey W ] N e B el b el

:Ht--ﬂ-h-idﬂ-

- O B

i
HE
;
|

L L d -“H{I L LR L] g o LY )

m?'l““

|
I
|
i
{

S S—

|

L r- i r e i -1Tr-[f'- |

-I#—#'l-l-" L ol o o L “"1’“'“ “'-...?-".“T

o e -y e e Al il ol el o o B o u-“-lp--i-l:-t-u il i

]
L] .-m‘"‘i‘m.l LL Lo 2L R oo o DL L L L]

o
-
5
| o T a1 1)

|
.....__._!....._...

8 9

PARAMETER NUMBER

US RE48,038 E

Figure 6A

Figure 6B



US RE48,038 E

1

RECOGNITION OF IMPLANTABLE
MEDICAL DEVICE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a reissue application of U.S.
Pat. No. 8,784,312, issued Jul. 22, 2014, from application
Ser. No. 12/279,055, filed Mar. 27, 2009. The present appli-

cation 1s a National Stage application of PCT/AU2007/
000142 entitled “IMPLANT ID RECOGNITION, filed on
Feb. 9, 2007, which claims priority from Australian Provi-
sional Patent Application No. 2006900628, filed on Feb. 10,
2006, which are hereby incorporated by reference in their
entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to implantable medical
devices, and more particularly, to recognition of implantable
medical devices.

2. Related Art

Implantable hearing prostheses provide the benefit of
hearing to individuals suflering from severe to profound
sensorineural hearing loss. Sensorineural hearing loss 1s due
to the absence or destruction of the hair cells 1n the cochlea
which transduce acoustic signals into nerve impulses. An
implantable hearing prosthesis essentially simulates the
cochlear hair cells by delivering electrical stimulation to the
auditory nerve fibers. This causes the brain to perceive a
hearing sensation resembling the natural hearing sensation.

The present invention 1s particularly concerned with situ-
ations where a user, patient or recipient, “recipient” herein
has an external processing device that communicates with an
implanted device. For example, 1n a modern, conventional
cochlear implant, an external speech processor transmits
power and data to the implanted device via an inductive coil
arrangement. The implanted device includes an electrode
array to deliver the desired electrical stimuli to the cochlea
of the recipient.

Once implanted, the implant system 1s typically adjusted
to suit the specific needs of the recipient. As the dynamic
range for electrical stimulation i1s relatively narrow and
varies across recipients and electrodes, there 1s a need to
individually tailor the characteristics of electrical stimula-
tion for each recipient. This procedure, often referred to as
“fiting,” “programming,” “mapping” (“mapping’ herein)
involves measuring and controlling the amount of electrical
current delivered to the cochlea. Typically, a clinician,
audiologist or other medical practitioner (generally and
collectively referred to as “audiologist” herein) uses 1nter-
active software and computer hardware to create individu-
alized programs, commands, data, settings, parameters,
instructions, and/or other information (generally and collec-
tively referred to as a “MAP” herein) that define the specific
characteristics used to generate the electrical stimulation
signals presented to the electrodes of the implanted electrode
assembly. It 1s increasingly common for recipients to have a
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cochlear implant for each ear, which 1s commonly known as
bilateral implantation. The advantages of bilateral implan-
tation vary from recipient to recipient, and may include
improved speech perception, and the ability to localize
sounds. However, due to differences in the anatomy and
physiology of recipients, and in the need to precisely place
the electrode array, there will almost always be diflerences
in the map between the lett and right ears. The recipient will
have two speech processor devices, each operating accord-
ing to a diflerent MAP. The speech processor devices are
typically 1dentical 1n appearance, and may madvertently be
swapped. This 1s a particular 1ssue for very young and
clderly recipients, as well as those with conditions such
visual impairment. The use of the incorrect speech processor
device will at best lead to reduced speech perception, as the
incorrect MAP 1s applied, and potentially to pain for the
recipient as excessive stimulation values are utilized for that
ear.

SUMMARY

In a broad form, the present invention provides multiple
sets of operating parameters (maps or the like) within each
external device, each set being associated with an 1dentified
implant. Before the external device begins to transmit stimu-
lation or other operational data to the implant, 1t determines
the 1dentity of the implant, and then uses the corresponding
set.

According to one aspect, the present invention provides a
method of controlling interaction between an external device
and an implanted device, the method including at least the
steps of:

establishing communications between the implanted
device and the external device;

the external device determining an 1dentification of the
implant and comparing the 1dentification with 1dentifications
in a stored list;

11 the device matches one of said identifications, using a
corresponding set of operating parameters to interact with
said implant; and

otherwise, not interacting with said device.

According to another aspect, the present mvention pro-
vides an external device adapted to interact with an
implanted device, the external device being adapted to detect
an 1dentification from an implanted device, determine i1 the

identification corresponds to one of a plurality of identifi-
cations, and 1f the i1dentification does correspond, utilise a
stored set of operating parameters corresponding to said
identification.

According to another aspect, the present mvention pro-
vides an external hearing device adapted to interact with an
implanted device, the external device being able to be
operatively positioned to interact with either a left ear or
right ear implanted device, said external device including
sensor means operatively adapted to detect whether the
external device 1s positioned to interact with the left ear or
the right ear implanted device, and 1n response to said sensor
utilise a stored set of operating parameters corresponding to
the left ear or the right ear implanted device.

The present mvention accordingly provides an arrange-
ment whereby, for the bilateral implantee, 1t does not matter
which SP is selected for which ear—both can store the map
for each ear, and deliver the correct stimulation instructions
for the respective implant. If the implant 1s not identified, the
SP will not operate. The invention can be applied 1n any
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form of implanted device where multiple external devices
may be inadvertently associated with the wrong implanted
device.

The invention 1s also applicable to implanted devices
where the external device may only be periodically con-

nected, for example, a totally implantable auditory prosthe-
S18.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present mvention will now be
described with reference to the accompanying figures, 1n
which:

FIG. 1 illustrates schematically a bilateral implant situa-
tion;

FIG. 2 1s a conceptual block diagram of the operation of
one 1mplementation of the present invention;

FIG. 3 1s a flowchart illustrating the operation of the
required software of one implementation;

FIG. 4 illustrates the general operation of a cochlear
implant system;

FIG. § 1llustrates the operation of another implementation
of the identification system; and

FIG. 6 1s a graph 1llustrating how the characterisation of
a predefined subset of parameters can be used to differentiate
between two similar implants.

DETAILED DESCRIPTION

The present invention 1s capable of implementation 1n any
desired type of implantable device which interacts with an
external device. For example, the present invention may be
used 1n conjunction with any acoustic or electrical auditory
device, such as a middle ear implant, intracochlear array
implant, brain stem implant, implanted acoustic device or
any combination, for example combined electrical and
acoustic stimulation. The external device may be continu-
ously, intermittently or occasionally 1n communication with
the implanted device. The present mmvention may also be
used 1n non-auditory applications where a component 1s
implanted and interacts with an external device. However,
embodiments of the invention are described with reference
to an embodiment 1n a cochlear implant system.

FIG. 1 illustrates conceptually a recipient 10 having an
intracochlear device 11, 12 implanted 1 each ear 13, 14,
respectively. For each implant 11, 12, a corresponding
external device 17, 18 1s required. The external device
incorporates one or more microphones, batteries, processor
and the necessary solftware to process sound signals and
transmit them via coils 15, 16 to the implanted device.

A more detailled description of typical external and
implant devices of a cochlear implant 1s provided 1n FIG. 4.
It 1s noted that such devices are in widespread commercial
use, and well understood by those skilled in the art, so that
only a general overview of their structure and operation will
be provided. Moreover, various structural variations and
alternatives exist, as will be well known to those skilled in
the art.

FIG. 4 1llustrates an overview of the components of one
form of implantable hearing prosthesis, a cochlear implant.
The external component of the cochlear implant, generally
indicated as 142, includes a behind the ear (BTE) device
116, designed to sit behind the pinna 122. This houses the
required electronics and software (not shown), and batteries
to power the external component as well as transier power
to the implanted device 144. BTE device 116 1s connected
via a lead 118 to the antenna transmitter coil 106, which 1s
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4

generally disc shaped and includes housing 108 for the coil
itself (not shown). A magnet 110 1s provided to assist 1n
correctly locating the antenna transmitter coil 106 relative to
the implanted device, to optimize efliciency of power and
data transfer.

The implanted component 144 includes recerver/stimula-
tor unit 112 and electrode lead 130. Recerver stimulator unit
112 includes a sealed electronics package 128, and a coil 124
to recerve the RF signals sent from transmitter coil 106.
There may also be a back transmission mechanism, to
transier telemetry data to the external device 142. A magnet
140 provides assistance 1n alignment of the transmission coil
106. Electrode lead 130 passes stimuli to the electrodes 134
for delivery within the cochlea 132, so as to produce a neural
response 1n auditory nerve 138.

In operation, the electronics within the BTE device 116
convert sound detected by microphone(s) 120 into a coded
signal. The external antenna coil 106 transmits the coded
signals, together with power, to the receiver/stimulator unit
112 via a radio frequency (RF) link.

Once 1implanted, the parameters for stimulation are typi-
cally adjusted to suit the specific needs of the recipient. As
the dynamic range for electrical stimulation 1s relatively
narrow and varies across recipients and electrodes, there 1s
a need to individually tailor the characteristics of electrical
stimulation for each recipient. Audiology measurements
may be used to establish the useful range for each electrode,
and such parameters can be stored within the recipient’s
BTE device 116 for continual use. As noted, this procedure
1s often referred to as “mapping” and 1s the term commonly
given to the process of measuring and controlling the
amount of electrical current delivered to each electrode, as
well as selecting which electrodes to stimulate correspond-
ing to the respective sound signal. Other operational 1ssues
which may differ between ears include the speech process-
ing strategy or parameters of that strategy, when to switch
between different strategies, and other functions and param-
cters. Diflerent “MAPS” may be applied 1n different situa-
tions/environments such as home, car, classroom, theatre
etc, so each external device may store many maps. It will be
appreciated that the present invention 1s applicable to the
selection of all such functions and parameters as may be
customizable for each patient or implant according to the
particular requirements and options of the implant and
external device in question.

Importantly for the present invention, the MAP for each
implant will differ due to variations 1n the patient’s anatomy
and physiology, and 1n the precise placement of the electrode
array, there will almost always be differences in the MAP
between the left and right ears.

FIG. 2 illustrates one implementation of the present
invention. Microphone(s) 120 recerves ambient sound sig-
nals which are then processed by a digital signal processor
(DSP) 31. The signals are processed according to any one of
the known speech processing strategies to produce a set of
signals which are intended as the basis for stimulation. The
signals are then converted into specific sets of stimuli for
specific electrodes at specific times and for specific ampli-
tudes. The set of MAPS (that 1s, the MAPS corresponding to
different environments) for the appropriate implanted com-
ponent 144 1s required to perform this process. According to
this implementation, multiple sets of MAPS are stored, each
set of MAPS corresponding to a particular implant identifier.
Embodiments of the implant i1dentifier are described in
further detail below. Module 33 selects the approprate
MAP, and other parameters as required, based on the implant
ID 1dentified by module 33. Once the stimuli have been
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determined, the appropnate coded signals are transmitted
via the bidirectional communications interface 34 to inter-
face 44 of implanted component 144. From the perspective
of implanted component 144, it 1s not necessary to change
the mode of operation. The receiver/stimulator 41 receives
the signal, converts it to a set of stimuli, for example using
an optional digital signal processor (DSP) 42, and sends the
stimuli1 to electrodes 134.

Implanted component 144 may contain a module to
provide the require 1D signal. This may be any arrangement
capable of providing an appropriate ID signal which 1s not
shared with other implants. It 1s 1deally unique, but need not
be. One option would be to send a specific electrical signal
alter power up or aiter detection that the external device 1s
in operation. This type of ID i1s used 1n some commercially
available devices. Any alternative form of implant 1dentifi-
cation can be employed with the present invention.

One alternative would be to provide some form of specific
automatic identification of which side of the recipient’s head
an external device, such as a BTE device, has been placed.
This could be done by the use of a proximity or thermal
sensor such as 1s shown as reference 200 on FIG. 4. In the
thermal case, the sensor will operatively eirther be placed
near adjacent the user’s head, or facing away, with a
substantial difference in heat. This allows the appropriate
left or nght map to be selected. However, this does not
prevent the recipient from using a completely wrong device,
as may occur in a classroom situation.

Another alternative would be to provide a source local-
ization algorithm on the microphone 1n external device 17,
18. If the device 1s on the left ear, most sound will come from
the right side and vice versa allowing determination of
which ear the device has been placed and therefore allowing,
the appropriate selection of left or right map.

If no sensor 1s working and the implanted component 1s
one that cannot transmit 1nternal voltages, external device
17, 18 may still have MAPS for the left and right which the
recipient 10 may select themselves, for example by pressing,
a selection button at start-up.

An approach suitable for use for an implant which has not
been designed to produce a specific ID signal will be
described with reference to FIGS. 5 and 6. The general
approach 1s 1n principle applicable to any implant which 1s
capable of sending the required parameters via a telemetry
system to the external device. The principle of this approach
1s that each device has internal operating values that vary
from device to device. The present example uses certain
internal voltages which can be output using existing telem-
etry arrangements, and which as a statistical measure allow
for accurate i1dentification of particular implants. However,
any suitable subset of mternal parameters could be used as
may be appropriate for a particular implant device.

FIG. 5 illustrates the statistical basis used. In any real
system, manufacturing variations result in various param-
cters having a normally distributed range of values about a
nominal value. The parameters are required to fall within
mimmum and maximum ranges to be acceptable from a
quality perspective. However, some of these values are
relatively constant over time, and are a specific value of that
parameter for the particular implant. When a number of
these parameters are considered separately, then 11 there 1s a
suflicient overall match, the implant can be sufliciently
identified.

The choice of the suitable subset of parameters for use in
device 1dentification will depend on device design and the
normal variance of the parameters. Most active implantable
devices have a range of internal parameters that may be
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suitable, such as regulated supply voltages, reference volt-
ages and programmable currents.

For example, referring to FIGS. 6 A and 6B, the following
parameters might be selected:

Parameter 1=Regulated analogue supply voltage (Vdda)

Parameter 2=Regulated digital supply voltage (Vddd)

Parameter 3=Relerence voltage (Vrel)

Parameter 4=Voltage measured across internal load for
stimulus level Al

Parameter 5=Voltage measured across internal load for
stimulus level A2, where the value of the internal load
resistor and the two current levels Al and A2 will vary

between implants.
Parameters 6 to 10=Parameters 1 to 5 but measured using,

a different voltage measurement range. The gains of the
different measurement ranges will vary between implants,
for example due to the non-linearity of the voltage amplifier
in each implant.

Alternatively, other measurements such as the physiologi-
cal properties of the ear, eg some aspect of the neural
response with the implant or the impedance of the electrodes
in the cochlea, can be used as parameters for use 1n device
identification.

FIGS. 6A and 6B show the value of various voltages,
plotting the parameter value against the parameter. It can be
seen that each implant has a specific signature which 1s
different from other implants, so as to provide a specific
identification of a particular implant. It 1s possible that
another implant could have the set of parameter values, but
this 1s sufliciently unlikely that that the practical risk of
inadvertent connection may be disregarded.

One 1mplant will now be described. For each implant (at
the time of first surgery, or first fitting) the subset of
parameters listed above 1s measured and stored as internal
ID pattern. To improve the reliability of the measurement the
parameters can be averaged, which also serves to minimize
the statistical variance.

Every time the speech processor 1s placed on an implant
the same subset of parameters 1s measured. The ID recog-
nition test passes if and only i1f all of the parameters
measured lie within, say T*sd of the value of that parameter
in the internal ID pattern. The parameter T 1s a threshold that
determines the trade-ofl between the sensitivity and speci-
ficity of the test: a large value of T means that we have a very
low probability of wrongtully rejecting the correct implant
(false negative rate), a small value of T means we have a low
probability of wrongfully accepting the wrong implant (false
positive rate). The parameter sd 1n the test criteria i1s the
standard deviation of each parameter on repetitive measure-
ment on the same implant, which i1s around 0.6 for the
Freedom implant. Trials have indicated that T=3.25 provides
acceptable false negative and false positive outcomes. It will
be understood that for each type of implant, different param-
cters may be appropriate, and different values for T and
standard deviation will need to be applied. The standard
deviation may be diflerent for different parameters.

It will be appreciated that this 1s a process which will
differ for different external devices and a suitable set of
identification parameters can be selected as has been
described.

In practice, every time the speech processor 1s switched
on stimulation should be halted until an 1implant 1s detected.
Also, when a coil-ofl condition occurs for longer than 3
seconds, stimulation should halt until the implant 1s detected
again. Belore starting stimulation (at switch on, or after
coil-off the test should pass first.
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When an mmplant 1s (re)detected, the above mentioned
parameters are measured using 50 averages. This dataset 1s
labelled D(1) . . . D(n). The speech processor should check
that for I=1 . . . n:

R(1)+T*sd<T(i)>R(i)-T*sd

When the test passes, stimulation can start. I1 the test fails,
it 1s repeated to rule out statistical errors. When after five (5)
tests, the test still fails the speech processor should refrain
from stimulating and give a helper message on the LCD
display of the implant.

It may be desirable 1n some applications that the user be
able to overrule the error and start stimulation by a specific
button press combination to manually select the correct
operating program for the implant.

It will be understood that a different process may be used
to 1implement the ivention 1f desired, and that alternative
processes are likely for different external devices.

FI1G. 3 1s a flow chart 1llustrating the process which can be
employed 1n the BTE device 116 software. It 1s noted that 1t
would be possible to perform the ID process primarily from
the 1mplant itself, however, in general 1t 1s preferred to
mimmise the complexity and processing load for the
implanted device.

FIG. 3 shows the step 50 by which the identifier 1s
detected. This will obviously differ depending upon the
identifier used. Once the 1dentifier 1s located, at step 51, the
appropriate parameters and mode of operation will be
selected, corresponding to the implant identified. It will be
appreciated that the exact set of parameters will depend
upon the type of implant, and apart from the map as such,
may include other operating parameters, mode of stimula-
tion, type ol speech processing algorithm, and such other
parameters as are desired.

It 1s preferred that the identification process occur as often
as required to ensure safe operation. This may include, for
example, at power on of the BTE device, or whenever
communications between the implant and BTE are inter-
rupted for more than some predetermined period, for
example 3 seconds. In each case, the ID process should be
completed before stimulation occurs.

Once the parameters are determined at step 51, operation
of the device can be imtiated. At step 33, operation can
continue until conditions require the ID to be re-checked, as
noted above.

It will be understood that the present invention may be
applied to include more than two sets of operating param-
cters. For example, in a household where there are multiple
implant users, all the SP devices could be loaded with the
parameters for the implants of everyone 1n the house. This
may be of particular benefit with small children. The present
invention further provides tlexibility for the user. If one SP
device 1s not operating, for example due to low battery
power, the remaining device can be used for the better ear.

Further features and advantages of the present mnvention
may be found 1n International Application No. PCT/
AU2007/000142 entitled “IMPLANT ID RECOGNITION”,
filed on Feb. 9, 2007, which claims priority from Australian
Provisional Patent Application No. 2006900628, filed on
Feb. 10, 2006, which are hereby incorporated by reference.

It will be appreciated that any other suitable identification
process can be used in accordance with the present inven-
tion. Varnations and additions can be readily added as will be
apparent to those skilled in the art.

The invention claimed 1s:
1. An external hearing device adapted to interact with an
[implanted] implantable internal device, the external device
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8

being able to be operatively positioned to interact with either
a left ear or right ear [implanted] implantable internal
device, said external device including a detector operatively
adapted to detect whether the external device 1s positioned
to interact with the left ear or the night ear implantable
internal device, and wherein the external hearing device is
configured to, in response to said detection, select and utilize
a stored set of operating parameters corresponding to the left
car or the right ear implantable internal device to allow the
external device to operate with the implantable internal
device.

2. The external device according to claim 1, wherein the
implantable 1nternal device 1s a cochlear implant and the
external device 1s a speech processor.

[3. The external device according to claim 1, wherein the
detector includes one or more of a proximity sensor, a
thermal sensor or a source localization algorithm stored in
the external device.}

[4. The external device according to claim 1, wherein the
operating parameters are selected from a group including
one or more of an electrode map including stimulation
levels, selection of electrodes to stimulate, speech process-
ing strategy or algorithm, parameters of the speech process-
ing strategy, or when to switch between different speech
processing strategies. ]

5. The external device according to claim 1, wherein the
external device 1s configured to allow a user to manually
select whether the set of operating parameters corresponding
to the left ear or the rnight ear implantable internal device are
utilized by the external device.

[6. The external device according to claim 1, further
comprising a display, wherein the display i1s configured to
display a message indicating at least the internal device that
the external device is interacting with.}

7. The external device according to claim 1, wherein the
detector 1s configured to determine at least one i1dentifier of
the left ear or the right ear implantable internal device.

8. The external device according to claim 7, wherein the
identifier 1s a transmitted i1dentification signal.

9. The external device according to claim 7, wherein the
identifier 1s determined from a set of measured parameters
related to one or more of either the implantable internal
device [and] or physiological properties of [the left ear or the
right ear internal device] arn ear of a recipient of the external
device.

10. The external device according to claim 7, wherein the
identifier 1s an 1dentification tag or device operating inde-
pendently of the normal communication path between the
left ear or the right ear implantable internal device and the
external device.

11. The external device according to claim 7, wherein the
[detector] external device is configured to compare the
identifier of the left ear or right ear implantable internal
device to a list of known identifiers to confirm that the
implantable iternal device 1s known.

12. The external device according to claim 11, wherein the
[detector] external device is configured to select and utilize
the set of operating parameters stored on the external device,
the operating parameters corresponding to the implantable
internal device, and enabling the external device to operate
with the implantable 1nternal device based on the compari-
son of the identifier of the left ear or right ear implantable
internal device to the list of known identifiers.

[13. The external device according to claim 1, wherein the
operating parameters are selected from a group including
one or more of an electrode map including stimulation
levels, selection of electrodes to stimulate, speech process-
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ing strategy or algorithm, parameters of the speech process-
ing strategy, or when to switch between diflerent speech
processing strategies.]

14. The external device according to claim 1, wherein the
external device [automatically] selects a [set of operating
parameters] map to be utilized by the external device.

15. The external device according to claim 1, wherein the
[detector] external device is configured to select and utilize
the set of operating parameters from a plurality of operating,
parameter sets, wherein each operating parameter set of the
plurality of operating parameter sets corresponds to a par-
ticular implantable 1internal device.

[16. The external device according to claim 1, wherein the
external device is a behind-the-ear (BTE) external device.}

[17. The external device according to claim 11, wherein
the detector 1s configured to periodically determine a new
identifier and compare the new determined 1dentifier to the

list of known 1identifiers to confirm that the identifier is
known.]

[18. The external device according to claim 7, wherein the
detector 1s configured to terminate operation of the external
device if the identifier is determined not to be known.}

19. An external hearing device, the external device being
able to be respectively operatively positioned at a first
position to interact with a left ear implantable device and
operatively positioned at a second position to interact with
a vight ear implantable device, said external device config-
ured to detect whether the external device is positioned to
interact with the left ear implantable device or the vight ear
implantable device, and in vesponse to said detection, utilize
a stored set of operating parameters corvesponding to the
left ear or the right ear implantable device, wherein

a plurality of sets of operating parameters are stoved in

the external hearing device, and the external hearing
device is configured to select a vespective set of oper-
ating parameters from the plurality of sets of operating
parameters for the rvespective left ear implantable
device and selects a vespective set of operating param-
eters from the plurality of sets of operating parameters
for the respective vight ear implantable device.

20. The external hearving device of claim 19, wherein the
left ear implantable device and the vight ear implantable
device arve a stimulator/receiver unit of a cochlear implant
and the external device is a cochlear implant speech pro-
Cessor.

21. The external hearing device of claim 19, wherein the
external device configured to, upon a detection that the
external device is positioned to interact with the left ear
implantable device, utilize a first stoved set of operating
parameters from amongst the plurality of sets of operating
parameters that ave based on a MAP for the left ear, and to,
upon a detection that the external device is positioned to
interact with the right ear implantable device, utilize a
second storved set of operating pavameters from amongst the
plurality of sets of operating pavameters that are based on

a MAP for the vight ear, the MAP for the right ear being
different than the MAP for the left ear.

22. A method for operating an external device with an
implanted internal device, comprising:

establishing communications between the external device
and the internal device;

determining, by the external device, at least one identifier
of the internal device;

comparing, by the external device, the identifier of the
internal device to a list of known identifiers to confirm
that the internal device is known; and

5
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selecting and utilizing, by the external device, a set of
operating parameters stored on the external device, the
operating parameters corrvesponding to the internal
device, and enabling the external device to operate
with the internal device.

23. The method of claim 22, wherein the internal device
is a stimulator/veceiver unit of a cochlear implant and the
external device is a cochlear implant speech processor.

24. The method of claim 22, wherein the operating

10 parameters include at least one of an electrode map includ-

15

20

25

30

35

40

45

50

55

60

65

ing stimulation levels, which electrodes to stimulate, type of
speech processing strategy ov algorithm, parvameters of the
speech processing strategy, ov when to switch between
different speech processing strategies.

25. The method of claim 22, wherein the identifier is
determined from a set of measurved parameters related to one
or more of either the internal device or physiological

properties of an ear of a recipient of the external device.

26. The method of claim 22, wherein the internal device
is an internal device of a hearing prosthesis, and the
external device is an external device of the hearing pros-
thesis.

27. The method of claim 22, whevein the internal device
is an internal device of a middle ear implant, and the
external device is an external device of the middle ear
implant.

28. The method of claim 22, wherein the internal device
is an internal device of an implanted acoustic device, and
the external device is an external device of the implanted
acoustic device.

29. The method of claim 22, whervein the internal device
is an internal device of an acoustic auditory device, and the
external device is an external device of the acoustic auditory
device.

30. The method of claim 22, whevein the internal device
is an internal device of an electrical auditory device, and the
external device is an external device of the electrical audi-
tory device.

31. The method of claim 22, wherein the internal device
is an internal device of a cochlear implant, and the external
device is an external device of the cochlear implant.

32. The method of claim 22, wherein.:

the action of utilizing, by the external device, the set of

operating parameters includes using a different set of

operating parvameters that ave different than a set of

other currently stored operating parvameters, the other

currvently stoved operating parvameters being also cur-

vently stoved on the external device, and operating the

internal device based on operating parameters selected

during the action of selecting and utilizing, by the

external device, a set of operating parameters, and

the method further includes subsequently to the action of

selecting and utilizing:

establishing communications between the external
device and a different internal device;

determining, by the external device, at least one iden-
tifier of the different internal device diffevent than the
determined at least one identifier of the internal
device;

comparing, by the external device, the different iden-
tifier of the different internal device to the list of
known identifiers to confirm that the different inter-
nal device is known; and

selecting and utilizing, by the external device, the set of
other currvently stoved operating parameters stoved
on the external device, the other currvently storved
operating pavameters corresponding to the different
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internal device, and enabling the external device to
operate with the different internal device.

33. The method of claim 32, further comprising the action
of operating the different internal device based on the set of
other currently stored operating pavameters after enabling
the external device to operate with the different internal
device.

34. The method of claim 22, wherein the action of
utilizing, by the external device, the set of operating param-
eters includes using a diffevent set of operating parameters
than a set previously utilized, and operating the internal
device based on the set of operating parameters that was
selected and utilized, by the external device without chang-
ing a mode of operation of the internal device.

35. The method of claim 22, wherein the action of
selecting a set of operating parameters includes selecting a
set of operating parvameters from a plurality of sets of

different operating parameters that are stoved in the external
device.
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a stored set of operating parameters; the external device
configured to detect the identifier from the implantable
internal device, determine if the identifier corresponds to
one of a plurality of identifiers, and if the identifier does

correspond, select and utilize a storved set of operating

parameters corresponding to the identifier that corresponds

to one of the plurality of identifiers to allow the external
device to operate with the implantable internal device.

44. The external device of claim 43, wherein the implant-
able internal device is a hearing prosthesis implant and the
external device is a speech processor.

45. The external device of claim 43, wherein the stored set
of operating parameters include at least one of an electrode
map including stimulation levels, selection of electrodes to
stimulate, speech processing strategy ov algorithm, param-
eters of the speech processing strategy, or when to switch
between different speech processing strategies.

46. The external device of claim 43, wherein the implant-
able internal device is an internal device of a hearing

36. The method of claim 22, wherein the action of 20 prosthesis, and the external device is an external device of

selecting a set of operating parvameters includes selecting a
set of operating parvameters from a plurality of sets of
different operating parameters that are stoved in the external
device, wherein at least one of the sets of different operating
parameters of the plurality of sets of different operating
parameters corresponds to a set of operating parameters for
a second implanted device, which at least one of the sets of
different operating parvameters is not selected and not uti-
lized based on the action of comparing the identifier of the
internal device.

37. The method of claim 22, wherein:

the actions of establishing communications, determining

at least one identifier, comparing the identifier and
selecting and utilizing the set of operating parameters
are executed while the external device is located
against the head of a recipient.

38. The method of claim 22, wherein the action of
establishing communications between the external device
and the internal device is executed via an antenna trans-
mitter coil that is located proximate a head of a recipient
outside the skin of the recipient and a veceiver coil that is
located inside the head of the recipient.

39. The method of claim 22, wherein the external device
includes a first component held against skin of a recipient
via magnetic interaction with an implanted ferromagnetic
material that is part of the implanted internal device,
wherein the action of establishing communications between
the external device and the internal device is executed using
the first component.

40. The method of claim 22, wherein the method of
operating is a method of controlling operation of the
implanted device with the external device.

41. The method of claim 22, wherein the action of
establishing communications between the external device
and the internal device is executed via a transmitter com-
ponent that is located proximate a head of a recipient
outside the skin of the recipient and a receiver component
that is located inside the head of the recipient.

42. The method of claim 22, wherein the external device
includes a first component held against skin of a recipient
via magnetic interaction with an implanted magnet that is

part of the implanted internal device, wherein the action of
establishing communications between the external device
and the internal device is executed using the first component.

43. An external device adapted to interact with an
implantable internal device, the implantable internal device
having at least one identifier, and the external device having
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the hearing prosthesis.

47. The external device of claim 43, wherein the implant-
able internal device is an internal device of a middle ear
implant, and the external device is an external device of the
middle ear implant.

48. The external device of claim 43, wherein the implant-
able internal device is an internal device of an implanted
acoustic device, and the external device is an external device
of the implanted acoustic device.

49. The external device of claim 43, wherein the implant-
able internal device is an internal device of an acoustic
auditory device, and the external device is an external
device of the acoustic auditory device.

50. The external device of claim 43, wherein the implant-
able internal device is an internal device of an electrical
auditory device, and the external device is an external
device of the electrical auditory device.

51. The external device of claim 43, wherein the implant-
able internal device is an internal device of a cochlear
implant, and the external device is an external device of the
cochlear implant.

52. The external device of claim 43, wherein:

the stored set of operating parvameters is based on a MAP

for an implantable electrode array of the implantable
internal device customized for the recipient of the
implantable internal device.

53. The external device of claim 43, wherein.:

the external device includes a plurality of different stored

sets of operating parvameters, wherein respective dif-
Jerent stored sets of operating parameters of the plu-
rality of different stoved sets of operating parameters
are rvespectively based on respective diffevent MAPs for
different implantable electrode arvayvs of the implant-
able internal device.

54. The external device of claim 43, wherein:

the external device is configured to be worn directly

against the head of a recipient.

55. The external device of claim 43, wherein:

the external device is configured to be worn directly

against the body of a recipient, and

the external device is configured to execute the following

actions.

interact with the implantable internal device,

detect the identifier from the implantable internal
device,

determine if the identifier corresponds to one of a

plurality of identifiers, and if the identifier does
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correspond, select and utilize a stored set of oper- 60. The external device of claim 43, wherein the external
ating parameters corrvesponding to said correspond- device is configured to
ing identifier to allow the external device to operate determine if the identifier corresponds to one of at least

with the implantable internal device.

56. The external device of claim 43, wherein. 5

the implantable internal device is a stimulator/receiver
unit of a cochlear implant and the external device is a
cochlear implant speech processor.

57. The external device of claim 43, wherein:

the external device includes a component configured to be 10
worn directly against the head of a rvecipient, the
component including an antenna transmitter coil, the

external device being in signal communication with a , _ ‘ ‘ ,
: interact with and operate with vespective different
speech processor of the external device.

58. The external device of claim 43, wherein: s implantable internal devices that have rvespective dif-

the external device is a Behind-The-Ear (BTE) device. Jerent identifiers during respective different temporal
periods by selecting and using rvespective stored sets of

operating pavameters, stored in the external device,
corresponding to the respective identifiers.

two different implantable internal device identifiers,
and operate a first way if it is determined that the
identifier corresponds to one of the at least two different
internal device identifiers, and operate a second way
different from the first way if it is determined that the
identifier corvesponds to another of the at least two
different internal device identifiers.

61. The external device of claim 43, wherein the external
device is configured to

59. The external device of claim 43, wherein the external
device is configured to operate with at least two separate
implantable internal devices, during separate temporal peri-
ods, that have respective different identifiers. S I
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