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Description
TECHNICAL FIELD

[0001] This documentrelates generally to telemetry for
implantable medical systems and particularly to a fre-
quency agile telemetry system with adaptive frequency
hopping using channel quality indicators.

BACKGROUND

[0002] Medical devices are implanted in human bodies
for monitoring physiological conditions, diagnosing dis-
eases, treating diseases, or restoring functions of organs
or tissues. Examples of such implantable medical devic-
es include cardiac rhythm management (CRM) devices,
neural stimulators, neuromuscular stimulators, drug de-
livery devices, and biological therapy devices. When an
implantable medical device is intended for long-term use
in a patient, its size and power consumption are limited
by implantability and longevity requirements. Conse-
quently, many implantable medical devices depend on
external systems to perform certain functions. Commu-
nication between an implantable method device and an
external system is performed via telemetry. Examples of
specific telemetry functions include programming the im-
plantable medical device to perform certain monitoring
or therapeutic tasks, extracting an operational status of
the implantable medical device, transmitting real-time
physiological data acquired by the implantable medical
device, and extracting physiological data acquired by and
stored in the Implantable medical device.

[0003] One type of telemetry between the implantable
medical device and the external system is based on in-
ductive coupling between two closely-placed coils using
the mutual inductance between these coils. One of the
coils is part of the Implantable medical device, and the
other coil is part of the external system and is typically
attached to the patient during a telemetry session. This
type of telemetry Is referred to as inductive telemetry or
near-field telemetry because the coils must be closely
situated for obtaining magnetically coupled communica-
tion.

[0004] Far-field radio-frequency (RF) telemetry pro-
vides another means for communication between the im-
plantable medical device and the external system. The
far-field RF telemetry is performed using an RF trans-
ceiverin the implantable medical device and an RF trans-
ceiver in the external system. The far-field RF telemetry
frees the patient from any body surface attachment that
limits mobility.

[0005] The far-field RF telemetry between the implant-
able medical device and the external system often oper-
ates in an environment where various sources of elec-
tromagnetic interference exist. For example, a far-filed
RF telemetry link operating at a frequency within an un-
licensed frequency band may be subjected to environ-
mental interferences from various medical electronic de-
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vices, communication devices, and home electronic ap-
pliances. Such interferences may interrupt the far-field
RF telemetry link or cause errors in the data transmission.
[0006] Therefore, thereis aneed for ensuring the qual-
ity of far-field RF telemetry between an external system
and an implanted device when interferences are present.
[0007] US 6,978,181 discloses a telemetry architec-
ture that enables multiple programmers to concurrently
interact with associated implantable medical devices
within a viable telemetry range. The programmers com-
municate with implantable medical devices over one or
more communication channels and may monitor a com-
munication channel for interfering signals and sound an
alarm when interference is detected.

[0008] N. Golmie et al, "Bluetooth and WLAN Coexist-
ence: Challenges and Solution", IEEE Wireless Commu-
nications, pages 22-29 (2003) discusses solutions to the
interference problem caused by the proximity and simul-
taneous operation of Bluetooth and WLAN networks and
describes classifying frequencies as good or bad de-
pending on whether their package loss rate Is less than
or greater than a threshold value.

SUMMARY

[0009] A far-field RF telemetry system transmits data
between an implantable medical device and an external
system using an active channel selected from a plurality
of channels each representing a frequency band within
apredetermined frequency range. One or more preferred
channels are identified from the plurality of channels
based on channel quality indicators produced for each
of the channels. When channel hopping is needed, a hop
channel is selected from the one or more preferred chan-
nels and becomes the active channel.

[0010] A cardiac rhythm management system in ac-
cordance with the present invention is defined in claims
1-10. A method in accordance with the present invention
is defined in claims 11-15.

[0011] Inone example, a CRM system includes an im-
plantable medical device and an external system com-
municating with each other via a telemetry link. At least
one of the implantable medical device and the external
system includes a telemetry circuit including an antenna,
a transceiver, a channel selector, a hop controller, a
channel quality analyzer, and a preferred channel iden-
tifier. The transceiver transmits and receives data using
at least one active channel during a telemetry session.
The active channelis selected from a plurality of channels
each representing a channel frequency band. The chan-
nel selector selects at least one hop channel from one
or more preferred channels in response to a channel se-
lection signal. The hop controller makes the hop channel
the active channel when the hop channelis selected. The
channel quality analyzer produces channel quality indi-
cators each associated with one channel of the plurality
of channels and each including at least a received signal
strength indicator for that channel. The received signal
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strength indicator indicates the strength of signal re-
ceived through a channel. The preferred channel identi-
fier identifies the one or more preferred channels from
the plurality of channels based on the channel quality
indicators.

[0012] In one example, a method for transmitting data
between an implantable medical device and an external
system via RF telemetry is provided. In response to re-
ception of a channel selection signal, a hop channel is
selected from one or more preferred channels. The hop
channel is made an active channel. Data transmission
between the implantable medical device and the external
system is performed using the active channel. Channel
quality indicators each associated with one channel of a
plurality of channels are produced. Each channel of the
plurality of channels represents a channel frequency
band. The channel quality indicator associated with each
channel includes at least a received signal strength indi-
cator indicative of the strength of signal received through
that channel. The one or more preferred channels are
identified from the plurality of channels based on the
channel quality indicators.

[0013] This Summary is an overview of some of the
teachings of the present application and not intended to
be an exclusive or exhaustive treatment of the present
subject matter. Further details about the present subject
matter are found in the detailed description and append-
ed claims. Other aspects of the invention will be apparent
to persons skilled in the art upon reading and understand-
ing the following detailed description and viewing the
drawings that form a part thereof. The scope of the
present invention is defined by the appended claims and
their legal equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the drawings, which are not necessarily
drawn to scale, like numerals describe similar compo-
nents throughout the several views. The drawings illus-
trate generally, by way of example, various embodiments
discussed in the present document.

FIG. 1 is an illustration of an embodiment of a CRM
system including an implantable medical device and
an external system and portions of an environment
in which the CRM system is used.

FIG. 2 is a block diagram illustrating an embodiment
of a circuit of the CRM system.

FIG. 3isanillustration of anembodiment of telemetry
channels (frequency bands) for data transmission
between the implantable medical device and the ex-
ternal system.

FIG. 4 is a block diagram illustrating an embodiment
of a telemetry circuit of the CRM system.

FIG. 5 is a block diagram illustrating a specific em-
bodiment of the telemetry circuit.

FIG. 6 is a block diagram illustrating an embodiment
of a transceiver of the telemetry circuit.
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FIG. 7 is a block diagram illustrating an embodiment
of a channel quality analyzer of the telemetry circuit.
FIG. 8 is a flow chart illustrating a method for trans-
mitting data between an implantable medical device
and an external system.

DETAILED DESCRIPTION

[0015] In the following detailed description, reference
is made to the accompanying drawings which form a part
hereof, and in which is shown by way of illustration spe-
cific embodiments in which the invention may be prac-
ticed. These embodiments are described in sufficient de-
tail to enable those skilled in the art to practice the inven-
tion, and itis to be understood that the embodiments may
be combined, or that other embodiments may be utilized
and that structural, logical and electrical changes may
be made without departing from the scope of the present
invention. The following detailed description provides ex-
amples, and the scope of the presentinvention is defined
by the appended claims and their legal equivalents.
[0016] Itshould be noted that references to "an", "one",
or "various" embodiments in this disclosure are not nec-
essarily to the same embodiment, and such references
contemplate more than one embodiment.

[0017] This documentdiscusses afrequency agile, far-
field RF telemetry system for bi-directional communica-
tion between an implantable medical device and an ex-
ternal system. The RF telemetry system includes a plu-
rality of channels each representing a frequency band
within a predetermined frequency range. Data transmis-
sion is performed using an active channel selected from
the plurality of channels. To ensure data transmission
quality, the active channel hops from the current active
channel to a new active channel during a telemetry ses-
sion, such as when the data transmission is interrupted.
This channel hopping is repeated, when necessary, until
the new active channel provides for reliable and efficient
data transmission. For the efficiency of the channel hop-
ping process, the new active channel is selected from
one or more preferred channels that are identified from
the plurality of channels based on a channel quality anal-
ysis. This improves the chance of hopping to a "good"
channel, thereby decreasing the potential number of
channel hops required. The channel quality analysis re-
sults in channel quality indicators for the plurality of the
channels. Each quality indicator includes one ormore
quality parameters for a channel and indicates whether
that channel is likely to provide for reliable and efficient
date transmission when used as the active channel.
[0018] While CRM systems are specifically discussed
as an example, the present subject matter is applicable
to any RP telemetry between an implantable medical de-
vice and an external system. The implantable medical
device can be any implantable medical device capable
of communicating with an external system or device via
RF telemetry.

[0019] FIG. 1 is an illustration of an embodiment of a
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CRM system 100 and portions of an environmentin which
system 100 is used. System 100 includes an implantable
medical device 110 and an external system 112. In the
illustrated embodiment, after being implanted into a pa-
tient’s body 102, implantable medical device 110 is cou-
pled to the patient’s heart 101 through a lead system 108.
In various embodiments, implantable medical device 110
includes one or more of pacemakers, cardioverter/defi-
brillators, cardiac resynchronization therapy (CRT) de-
vices, cardiac remodeling control therapy (RCT) devices,
neural stimulators, drug delivery systems, biological ther-
apy devices, and patient monitoring devices. External
system 112 allows a physician or other caregiver to in-
teract with implantable medical device 110 through a te-
lemetry link 114, which provides for bi-directional data
communication between implantable medical device 110
and external system 112.

[0020] Telemetry link 114 provides for data transmis-
sion from implantable medical device 110 to external sys-
tem 112. This includes, for example, transmitting real-
time physiological data acquired by implantable medical
device 110, extracting physiological data acquired by and
stored inimplantable medical device 110, extracting ther-
apy history data stored in implantable medical device
110, and extracting data indicating an operational status
of implantable medical device 110 (e.g., battery status
and lead impedance). Telemetry link 114 also provides
for data transmission from external system 112 to im-
plantable medical device 110. Thisincludes, forexample,
programming implantable medical device 110 to acquire
physiological data, programming implantable medical
device 110 to perform at least one self-diagnostic test
(such as for a device operational status), and program-
ming implantable medical device 110 to deliver at least
one therapy.

[0021] Telemetry link 114 is a far-field RF telemetry
link. A far-field, also referred to as the Fraunhofer zone,
refers to the zone in which a component of an electro-
magnetic field produced by the transmitting electromag-
netic radiation source decays substantially proportionally
to 1/r, where r is the distance between an observation
point and the radiation source. Accordingly, far-field re-
fers to the zone outside the boundary of r = /2%, where
A is the wavelength of the transmitted electromagnetic
energy. In one embodiment, a communication range of
telemetry link 114 (a distance over which data is capable
of being wirelessly communicated) is at least ten feet but
can be as long as allowed by the communication tech-
nology utilized. Unlike an inductive telemetry link using
a coil placed near implantable medical device 110, at-
tached to the patient, and electrically connected to ex-
ternal system 112 with a cable, using telemetry link 114
frees the patient from any physical restraints caused by
the coil and the cable and allows external system 112 to
be placed entirely away from the sterile filed during an
operation such as the implantation of implantable medi-
cal device 110.

[0022] Telemetry link 114 is supported by an implant
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telemetry module 116 of implantable medical device 110
and an external telemetry module 118 of external system
112. Implant telemetry module 116 and external telem-
etry module 118 form a frequency agile telemetry system
thatincludes a plurality of channels for data transmission.
These channels each represent a frequency band within
a predetermined frequency range. The telemetry system
uses a channel quality analysis to identify one or more
preferred channels from the plurality of channels for
channel hopping when needed.

[0023] The bi-directional data communication between
implantable medical device 110 and external system 112
includes transmission of data frames each being a logic
unit of data including a header, a payload, and a trailer.
In one embodiment, the header includes a "comma,"
which includes a unique set of bits for signaling the be-
ginning of receipt of a frame. A lack of comma, or failure
to receive the comma, indicates a failure to receive a
frame. The payload includes the data block being trans-
mitted. The trailer includes a cyclic redundancy check
(CRC) value having a value generated by a transmitter.
Areceiver receives that CRC value and also recalculates
the CRC value based on the received data block and
compares the result to the received CRC value in the
trailer. The data is deemed to be correctly transmitted if
the recalculated CRC value matches the received CRC
value. A CRC error refers to a mismatch between the
recalculated CRC value and the received CRC value.
Depending on the specific communication formats, the
header and the trailer each include additional information
for flagging, control of data recovery, and/or synchroni-
zation between implant telemetry module 116 and exter-
nal telemetry module 118. In various embodiments, data
frame exchange errors, such as comma errors and CRC
errors, indicate a need for channel hopping.

[0024] In one embodiment, external system 112 in-
cludes a programmer. In another embodiment, external
system 112 includes a patient management system in-
cluding an external device, a telecommunication net-
work, and one or more remote devices. The external de-
vice is placed within the vicinity of implantable medical
device 110 and includes external telemetry module 118
to communicate with implantable medical device 110 via
telemetry link 114. The one or more remote devices are
in one or more remote locations and communicate with
the external device through the telecommunication net-
work, thus allowing the physician or other caregiver to
monitor and treat the patient from a distantlocation and/or
allowing access to various treatment resources from the
one or more remote locations.

[0025] FIG. 2is a block diagram illustrating an embod-
iment of a circuit of a CRM system 200, which is a specific
embodiment of CRM system 100. System 200 includes
an implantable medical device 210, an external system
212, and telemetry link 114 providing for communication
between implantable medical device 210 and external
system 212.

[0026] Implantable medical device 210 is a specific
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embodiment of implantable medical device 110 and in-
cludes animplanttelemetry module 216 and a CRM mod-
ule 224. CRM module 224 includes a sensing circuit 226
that senses one or more physiological signals and a ther-
apeutic circuit 228 that delivers one or more cardiac ther-
apies. In various embodiments, the therapy circuit in-
cludes one or more of a pacing circuit, a cardioversion/de-
fibrillation circuit, and any other circuit that delivers a car-
diac therapy. In various embodiments, CRM module 224
further includes one or more of a drug delivery device
and a biologic therapy device.

[0027] External system 212 is a specific embodiment
of external system 112 and includes an external telem-
etry module 218, a programming module 230, and a user
interface 232. Programming module 230 allows for
processing of data transmitted from implantable medical
device 210 via telemetry link 114 and programming of
implantable medical device 210 by transmitting instruc-
tions via telemetry link 114. User interface 232 allows the
physician or other caregiver to observe and analyze
physiological signals and device operation data transmit-
ted from implantable medical device 210 and to adjust
the operation of implantable medical device 210.
[0028] Implanttelemetry module 216 includes atelem-
etry circuit 220. External telemetry module 218 includes
a telemetry circuit 222. Telemetry circuits 220 and 222
are discussed in detail below, with reference to FIGS. 4-7.
[0029] In various embodiments, the system elements,
including various modules and circuits, described in this
document are implemented by hardware, software,
firmware, or any combination thereof. In various embod-
iments, the circuits or portions thereof described in this
document are each an application-specific circuit con-
structed to perform one or more particular functions, a
general-purpose circuit programmed to perform such
function(s), or a combination thereof

[0030] FIG. 3is anillustration of an embodiment of the
plurality of channels for data transmission via telemetry
link 114. The channels are distributed continuously over
the predetermined frequency range. As illustrated in FIG.
3, an example of the predetermined frequency range is
approximately 902.25-927.75 MHz. Each channel has a
center (carrier) frequency and a bandwidth of approxi-
mately 500 kHz. Thus, the plurality of channels includes
51 channels each having a 500-kHz bandwidth within the
frequency range of 902.25-927.75 MHz, within the Indus-
trial, Scientific and Medical (ISM) band of the United
States. The center frequency for each channel is approx-
imately the mid-point of the frequency band represented
by that channel. In the illustrated embodiment, Channel
0 has a frequency band of 902.25-902.75 MHz and a
center frequency of 902.50 MHz, Channel 1 has a fre-
quency band of 902.75-903.25 MHz and a center fre-
quency of 903.00 MHz, and so forth. Other examples of
the predetermined frequency range include approxi-
mately 863.0-870.0 MHz, within the Short Range Device
(SRD) band of the European Union, approximately
402.0-405.0 MHz, within the worldwide Medical Implant
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Communication Service (MICS) band, and approximate-
ly 420.0-430.0 MHz and 440.0-450.0 MHz, within the
available bands in Japan.

[0031] FIG. 4 is a block diagram illustrating an embod-
iment of a telemetry circuit 440. Telemetry circuit 440
represents a specific embodiment of telemetry circuit 220
and/or telemetry circuit 222. In various embodiments, te-
lemetry circuit 220 and telemetry circuit 222 each include
a telemetry circuit with all or selected components of te-
lemetry circuit 440, including all the embodiments of
these components discussed in this document.

[0032] Telemetry circuit 440 includes an antenna 442,
a transceiver 444, a channel selector 446, a hop control-
ler 448, a channel quality analyzer 450, and a preferred
channel identifier 452. Transceiver 444 transmits and re-
ceives data through antenna 442 using atleast one active
channel during a telemetry session. The active channel
is selected from the plurality of channels. Channel selec-
tor 446 selects at least one hop channel from one or more
preferred channels in response to a channel selection
signal. When the hop channel is selected, hop controller
448 makes that hop channel the active channel. In one
embodiment, channel selector 446 selects the hop chan-
nel from a sequence of preferred channels prioritized by
a degree of preference, and the selection is made ac-
cording to an order of priority. Channel quality analyzer
450 produces channel quality indicators each associated
with one channel of the plurality of channels. The channel
quality indicators each include one or more quality pa-
rameters each indicative of a channel quality. Preferred
channelidentifier 452 identifies the one or more preferred
channels from the plurality of channels based on the
channel quality indicators. In one embodiment, preferred
channelidentifier 452 identifies the one or more preferred
channels by identifying one or more channel quality in-
dicators that meet one or more predetermined require-
ments. In another embodiment, preferred channel iden-
tifier 452 identifies the one or more preferred channels
by prioritizing channels according to their associated
channel quality indicators. This results in the sequence
of preferred channels prioritized by the degree of prefer-
ence.

[0033] Telemetry circuit 440 allows channel hopping
when needed throughout the telemetry session. Channel
quality analyzer 450 produces and updates the channel
quality indicators continuously, periodically, during time
intervals between data frames, or according to any pre-
determined schedule. Preferred channel identifier 452
updates the list of the one or more preferred channels in
response to any change in the channel quality indicators.
[0034] In one embodiment, external telemetry module
218 functions as a master device that controls the chan-
nel hopping in both external telemetry module 218 and
implant telemetry module 216. External telemetry mod-
ule 212 transmits the channel selection signal with infor-
mation specifying the selected hop channel or the one
or more preferred channels to implantable telemetry
module 216 through telemetry link 114. This allows for
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synchronized channel hopping in external telemetry
module 218 and implant telemetry module 216. In one
embodiment, external telemetry module 218 receives at
least one quality parameter of the one or more quality
parameters for each channel from implant telemetry
module 216. In one embodiment, the channel quality in-
dicator for each channelincludes quality parameters pro-
duced in both external telemetry module 218 and implant
telemetry module 216.

[0035] FIG. 5is ablock diagram illustrating an embod-
iment of a telemetry circuit 540, which is a specific em-
bodiment of telemetry circuit 440. Telemetry circuit 540
includes antenna 442, transceiver 444, channel selector
446, hop controller 448, channel quality analyzer 450,
preferred channel identifier 452, a telemetry quality mon-
itor554, ahop timer 556, and a telemetry initiation module
558. In various embodiments, telemetry circuit 540 in-
cludes one or more of telemetry quality monitor 554, hop
timer 556, and telemetry initiation module 558 to initiate
each channel hopping by producing the channel selec-
tion signal.

[0036] Telemetry quality monitor 554 monitors quality
of frame exchange using the active channel and produc-
es the channel selection signal when the quality of frame
exchange fails to satisfy one or more criteria. For exam-
ple, the quality of frame exchange fails when a comma
of a data frame is not received, or when a CRC error is
detected. The channel selection signalinitiates a channel
hopping. If the quality of frame exchange using the hop
channel (which becomes the new active channel) still
fails to satisfy the one or more criteria, telemetry quality
monitor 554 produces another channel selection signal
to cause another channel hopping. This process is re-
peated until the one or more criteria are satisfied. The
selection of hop channel from the one or more preferred
channel potentially minimizes the number of repetitions
potential required to maintain a satisfactory quality of da-
ta frame exchange. Hop timer 556 produces the channel
selection signal according to a predetermined schedule.
Examples of timing channel hopping based on quality of
frame exchange or predetermined schedule are dis-
cussedin U.S. PatentNo. 7,218,969, entitled "DYNAMIC
CHANNEL SELECTION FOR RF TELEMETRY WITH
IMPLANTABLE DEVICE," issued on May 15, 2007, as-
signed to Cardiac Pacemakers, Inc., which is hereby in-
corporated by reference its entirety. Telemetry initiation
module 558 produces the channel selection module prior
to the beginning of data transmission via telemetry link
114. In one embodiment, telemetry initiation module 558
produces the channel selection signal when a telemetry
session begins. In another embodiment, telemetry initi-
ation module 558 produces the channel selection signal
whentelemetry circuit 540 is activated, for example, upon
power-up of external system 212.

[0037] FIG. 6is a block diagram illustrating an embod-
iment of a transceiver 644, which is a specific embodi-
ment of transceiver 444. Transceiver 644 includes a
band-pass filter 660, a transmit/receive (T/R) switch 662,
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a transmitter 664, and a receiver 668. Band-pass filter
660 has a pass band corresponding to the predetermined
frequency range within which the channels are distribut-
ed. For example, if the predetermined frequency range
is the ISM band of 902-928 MHz, the pass band of band-
pass filter 660 is approximately 902-928 MHz. T/R switch
662 provides a connection between antenna 442 and
one of transmitter 664 and receiver 668 at a time, such
that the data transmission via telemetry link 114 is uni-
directional at any instant. Transmitter 664 transmits data
using an active transmission channel and includes a
modulator 670 and a power amplifier 672. Modulator 670
modulates a carrier signal with data to be transmitted.
The carrier signal has a frequency being the center fre-
quency of the active transmission channel (Ft). Power
amplifier 672 amplifies the modulated carrier for trans-
mission over telemetry link 114. Receiver 668 receives
data using an active receiving channel and includes a
demodulator 674. Demodulator 674 demodulates the re-
ceived signal to recover to data received. Receiver 668
receives a signal that is a carrier signal modulated with
the data received. The carrier signal has a carrier fre-
quency being the center frequency of the active receiving
channel (Fqg). In one embodiment, the active transmis-
sion channel and the active receiving channel include
substantially identical channel frequency bands (i.e., Fo1
and Fcr are approximately equal). In another embodi-
ment, the active transmission channel and the active re-
ceiving channel include substantially different channels
(i.e., Fot and Fg are substantially different). The active
transmission channel and the active receiving channel
are selected from the plurality of channels. The discus-
sion in this document regarding the "active channel" ap-
plies to each of the active transmission channel and the
active receiving channel.

[0038] FIG. 7 is ablock diagram illustrating an embod-
iment of a channel quality analyzer 750, which is a spe-
cific embodiment of channel quality analyzer 450. In the
illustrated embodiment, channel quality analyzer 750 in-
cludes a received signal strength detector 778, a noise
detector 780, a frame exchange analyzer 782, a perform-
ance history tracker 784, and a quality parameter receiv-
er 786. In various embodiments, channel quality analyzer
750 includes one or more of received signal strength de-
tector 778, noise detector 780, frame exchange analyzer
782, performance history tracker 784, and quality param-
eter receiver 786, depending on various design consid-
erations and/or performance requirements, including
whether channel quality analyzer 750 is part of the te-
lemetry circuit of implant telemetry module 216 or part of
the telemetry circuit of external telemetry module 218. In
other words, channel quality analyzer 750 produces
channel quality indicators each including one or more
quality parameters produced by one or more of received
signal strength detector 778, noise detector 780, frame
exchange analyzer 782, performance history tracker
784, and quality parameter receiver 786. In various em-
bodiments, channel quality analyzer 750 includes two or
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more of received signal strength detector 778, noise de-
tector 780, frame exchange analyzer 782, performance
history tracker 784, and quality parameter receiver 786,
and preferred channel identifier 452 identifies the one or
more preferred channels using channel quality indicators
each weighted by applying a predetermined weighting
factor. The channel quality indicators are produced by
the two or more of received signal strength detector 778,
noise detector 780, frame exchange analyzer 782, per-
formance history tracker 784, and quality parameter re-
ceiver 786. The channel quality indicator produced by
each of received signal strength detector 778, noise de-
tector 780, frame exchange analyzer 782, performance
history tracker 784, and quality parameter receiver 786
are given a predetermined weighting factor.

[0039] Received signal strength detector 778 produc-
es received signal strength indicators each associated
with one channel of the plurality of channels and indica-
tive of the strength of signal received through that chan-
nel. In one embodiment, the received signal strength in-
dicator associated with a channel is the amplitude of the
RF signal received using that channel. In one embodi-
ment, preferred channel identifier 452 identifies the one
or more preferred channels from the plurality of channels
based on the received signal strength indicators. In a
specific embodiment, preferred channel identifier 452
identifies the one or more preferred channels from the
plurality of channels by comparing the received signal
strength indicators to a predetermined threshold. In an-
other specific embodiment, preferred channel identifier
452 produces the sequence of preferred channels by pri-
oritizing channels according to their associated received
signal strength indicators.

[0040] Noise detector 780 produces noise floor indica-
tors each associated with one channel of the plurality of
channels and indicative of a noise floor of that channel.
In one embodiment, noise detector 780 produces the
noise floor indicators by measuring a noise level associ-
ated with each channel of the plurality of channels when
external system 212 is not communicatively coupled with
implantable medical device 210, such as before the te-
lemetry session begins. In another embodiment, noise
detector 780 produces the noise floor indicators by meas-
uring a noise level associated with each channel of the
plurality of channels when no data is being transmitted
between external system 212 and implantable medical
device 210 through that channel. In one embodiment,
preferred channelidentifier 452 identifies the one or more
preferred channels from the plurality of channels based
on the noise floor indicators. In a specific embodiment,
preferred channelidentifier 452 identifies the one or more
preferred channels from the plurality of channels by com-
paring the noise floor indicators to a predetermined
threshold. In another embodiment, preferred channel
identifier 452 produces the sequence of preferred chan-
nels by prioritizing channels according to their associated
noise floor indicators.

[0041] Frame exchange analyzer 782 produces frame
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exchange metrics each associated with one channel of
the plurality of channels. In one embodiment, preferred
channel identifier 452 identifies the one or more preferred
channels from the plurality of channels based on the
frame exchange metrics. In a specific embodiment, pre-
ferred channel identifier 452 identifies the one or more
preferred channels from the plurality of channels by com-
paring the frame exchange metrics to a predetermined
threshold. In another specific embodiment, preferred
channel identifier 452 produces the sequence of pre-
ferred channels by prioritizing channels according to their
associated frame exchange metrics. In one embodiment,
the frame exchange metrics each include a success ratio
being a ratio of the number of successful frame exchang-
es to a total number of frame exchanges. Frame ex-
change analyzer 782 calculates success ratios each as-
sociated with one channel of the plurality of channels.
Preferred channelidentifier 452 identifies the one or more
preferred channels from the plurality of channels by com-
paring the success ratios to a predetermined threshold
or by prioritizing channels according to their associated
success ratios.

[0042] Performance history tracker 784 produces per-
formance history indicators each associated with one
channel of the plurality of channels and indicative of a
history of at least one of the one or more quality param-
eters indicative of the channel quality of that channel.
Examples of the one or more quality parameters include
the received signal strength indicators, the noise floor
indicators, and the frame exchange metrics discussed
above. In one embodiment, preferred channel identifier
452 identifies the one or more preferred channels from
the plurality of channels based on the performance his-
tory indicators. In a specificembodiment, preferred chan-
nel identifier 452 identifies the one or more preferred
channels from the plurality of channels by comparing the
performance history indicators to a predetermined
threshold. In another embodiment, preferred channel
identifier 452 produces the sequence of preferred chan-
nels by prioritizing channels according to their associated
performance history indicators.

[0043] Quality parameter receiver 786 receives quality
parameters produced and transmitted at the other side
of telemetry link 114. The received quality parameters
include one or more of the received signal strength indi-
cators, the noise floor indicators, the frame exchange
metrics, and the performance history indicators dis-
cussed above. In one embodiment, preferred channel
identifier 452 identifies the one or more preferred chan-
nels from the plurality of channels based on the received
quality parameters. In a specific embodiment, preferred
channelidentifier 452 identifies the one or more preferred
channels from the plurality of channels by comparing the
received quality parameters to a predetermined thresh-
old. In another embodiment, preferred channel identifier
452 produces the sequence of preferred channels by pri-
oritizing channels according to their associated received
quality parameters. In one embodiment, quality param-
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eter receiver 786 of external system 212 receives one or
more quality parameters produced by and transmitted
from implantable medical device 210.

[0044] In one embodiment, channel quality analyzer
750 produces other quality parameters such as signal-
to-noise ratios (SNRs) each associated with one channel
of the plurality of channels. For example, SNRs are cal-
culated as the ratio of the received signal strength indi-
cator to the noise floor indicator for each channel. In gen-
eral, channel quality indicators produced by channel
quality analyzer 750 may include any one or more quality
parameters that potentially indicate the efficiency and ac-
curacy of data transmission via telemetry link 114.
[0045] In one embodiment, implant telemetry module
216 and external telemetry module 218 each include a
channel quality analyzer that includes some or all of the
elements of channel quality analyzer 750 as illustrated
in FIG. 7. In one embodiment, the channel quality ana-
lyzer of implant telemetry module 216 includes received
signal strength detector 778, while the channel quality
analyzer of external telemetry module 218 includes all of
received signal strength detector 778, noise detector
780, frame exchange analyzer 782, performance history
tracker 784, and quality parameter receiver 786. Quality
parameter receiver 786 receives the received signal
strength indicators produced by and transmitted from im-
plant telemetry module 216. Preferred channel identifier
452 of external telemetry module 218 identifies the one
or more preferred channels from the plurality of channels
based on one or more of the received signal strength
indicators (produced by external telemetry module 218),
the noise floor indicators, the frame exchange metrics,
the performance history indicators, and the received
quality parameters (the received signal strength indica-
tors produced by implant telemetry module 216).
[0046] In one embodiment, channel quality analyzer
750 produces channel quality indicators each include
multiple quality parameters that are used to select the
one or more preferred channels at different stages of
data transmission. In one embodiment, when telemetry
circuit 540 is powered up, or prior to the start of a telem-
etry session, preferred channel identifier 452 identifies
the one or more preferred channels from the plurality of
channels based on the performance history indicators.
This is particularly useful if system 200 is used repeatedly
in the same environment, such as the same room in a
hospital or the same room in the patient’s home. In one
embodiment, prior to the start of a telemetry session,
preferred channelidentifier 452 identifies the one or more
preferred channels from the plurality of channels based
on the noise floor indicators produced when no data
transmission is performed via telemetry link 114. In var-
ious embodiments, preferred channel identifier 452 iden-
tifies the one or more preferred channels from the plurality
of channels based on either or both of the received signal
strength indicators and the frame exchange metrics con-
tinuously, periodically, or according to a predetermined
schedule during the telemetry session.
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[0047] FIG. 8 is a flow chart illustrating a method 800
for transmitting data between an implantable medical de-
vice and an external system. In one embodiment, method
800 is performed by system 100, including its specific
embodiment system 200 and various embodiments of
the elements of system 200 discussed above.

[0048] A telemetry session is started at 802. Bi-direc-
tional data transmission is performed via a telemetry link
between an implantable medical device and an external
system during the telemetry session. The telemetry link
includes a plurality of channels each representing achan-
nel frequency band within a predetermined frequency
range. At least one active channel is selected from the
plurality of channels for the data transmission at any in-
stant during the telemetry session.

[0049] If a channel selection signal is received at 804,
a hop channel is selected from one or more preferred
channels of the plurality of channels at 806. In various
embodiments, the channel selection signal is produced
when the telemetry session begins, when the telemetry
link is activated, according to a predetermined schedule,
or when the quality of data transmission through the te-
lemetry link fails to satisfy one or more criteria. In one
embodiment, the one or more preferred channels are pri-
oritized by a degree of preference, and the hop channel
is selected based on the priority. The hop channel is
made the active channel at 808. Data are transmitted
between the implantable medical device and the external
system using the active channel at 810.

[0050] Ifthe channel selection signal is not received at
804, no channel hopping is needed. The data are trans-
mitted between the implantable medical device and the
external system using a current active channel at 810.
[0051] Inoneembodiment, two substantially distinctive
active channels are used for data transmission in the two
directions (one from the implantable medical device to
the external system, and the other from the external sys-
tem to the implantable medical device). In one embodi-
ment, channel hopping with respect to each of the two
substantively distinctive active channels is controlled
separately using method 800 and performed in parallel
during the telemetry session.

[0052] The telemetry session ends at 822 when all the
dataintended to be transmitted during the telemetry ses-
sion are transmitted at 812. If more data are to be trans-
mitted at 812, and the active channel is to be switched
to another channel at 814, the channel selection signal
is produced at 816. The data transmission then continues
after channel hopping. If more data are to be transmitted
at 812, but the active channel is not to be switched to
another channel at 814, the data transmission then con-
tinues using the currentactive channel, i.e., without chan-
nel hopping. In various embodiments, the active channel
is to be switched to another channel at 814 according to
the predetermined schedule, or when the quality of data
transmission through the telemetry link fails to satisfy one
or more criteria.

[0053] During the telemetry session, channel quality
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indicators each associated with one channel of the plu-
rality of channels are produced at 818. The channel qual-
ity indicator for a channel includes one or more quality
parameters indicative of quality of that channel. The one
or more preferred channels are identified from the plu-
rality of channels based on the channel quality indicators
at 820. Steps 818 and 820 are performed continuously,
periodically, or according a predetermined schedule dur-
ing the telemetry session to maintain an updated list or
sequence of the one or more preferred channels for the
hop channel selection at 806. In one embodiment, the
one or more preferred channels are identified from the
plurality of channels at 820 by identifying one or more of
the channel quality indicators that meet one or more pre-
determined requirements. In another embodiment, the
sequence of preferred channels is produced at 820 by
prioritizing channels according to their associated chan-
nel quality indicators.

[0054] Examples ofthe one ormore quality parameters
include received signal strength indicators each indica-
tive of the strength of signal received through a channel,
noise floor indicators each indicative of the noise floor of
a channel, frame exchange metrics such as the success
ratios each being a ratio of the number of successful
frame exchanges to a total number of frame exchanges
performed using a channel, and performance history in-
dicators each indicative of data transmission perform-
ance history of a channel. The data transmission per-
formance history is represented by the history of one or
more of the received signal strength indicators, the noise
floors, and the frame exchange metrics. In one embodi-
ment, the one or more quality parameters include at least
one quality parameter produced at the other side of the
telemetry link. For example, the implantable medical de-
vice produces the received signal strength indicators
each indicative the strength of signal received by the im-
plantable medical device through a channel. The re-
ceived signal strength indicators are transmitted to the
external system. The external system controls the chan-
nel hopping in both the implantable medical device and
the external system using the one or more preferred
channels identified using one or more quality parameters
including the received signal strength indicators pro-
duced by the implantable medical device.

[0055] It is to be understood that the above detailed
description is intended to be illustrative, and not restric-
tive. Many other embodiments will be apparent to those
of skill in the art upon reviewing the above description.
The scope of the invention should, therefore, be deter-
mined with reference to the appended claims, along with
the full scope of equivalents to which such claims are
entitled.

Claims

1. Acardiac rhythm management (CRM) system (100),
comprising:
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an implantable medical device including an im-
plant telemetry module (116); and

an external system (112) communicatively cou-
pled to the implantable medical device via a te-
lemetry link (114), the external system including
an external telemetry module (118),

wherein at least one of the Implant telemetry
module and the external telemetry module in-
cludes a telemetry circuit (440) including:

an antenna (442);

atransceiver (444), coupled to the antenna,
to transmit and receive data using at least
one active channel during a telemetry ses-
sion, the at least one active channel select-
ed from a plurality of channels each repre-
senting a channel frequency band;

a channel selector (446) coupled to the
transceiver, the channel selector adapted
to select at least one hop channel from a
sequence of preferred channels in re-
sponse to a channel selection signal, the
sequence of preferred channels prioritized
by a degree of preference and the selection
is made according to an order of priority;

a hop controller (448) coupled to the chan-
nel selector, the hop controller adapted to
make the atleast one hop channel the active
channel when the at least one hop channel
is selected;

a channel quality analyzer (450) coupled to
the channel selector, the channel quality an-
alyzer adapted to produce channel quality
indicators each associated with one chan-
nel of the plurality of channels and each in-
cluding at least a received signal strength
indicator indicative of a strength of signal
received through that channel, the channel
quality analyzer including a received signal
strength detector adapted to produce there-
ceived signal strength indicators; and

a preferred channel identifier (452) coupled
to the channel quality analyzer; the pre-
ferred channel identifier adapted to identify
the sequence of preferred channels from
the plurality of channels by prioritizing chan-
nels of the plurality of channels using the
channel quality indicators.

The system according to claim 1, wherein the at least
one active channel comprises an active transmission
channel selected from the plurality of channels and
an active receiving channel selected from the plural-
ity of channels, the active transmission channel and
the active receiving channel representing substan-
tially different channel frequency bands, and the
transceiver (644) comprises:
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a transmitter (864) to transmit data using the ac-
tive transmission channel;

areceiver (668) to receive data using the active
receiving channel; and

a transmit/receive switch (662) to provide a con-
nection between the antenna and one of the
transmitter and the receiver.

The system according to any of the preceding claims,
wherein the telemetry circuit (540) further comprises
a telemetry quality monitor (554) adapted to monitor
quality of data transmission associated with the ac-
tive channel and to produce the channel selection
signal when the quality of data transmission fails to
satisfy one or more criteria.

The system according to any of claims 1 and 2,
wherein the telemetry circuit (540) further comprises
a hop timer (556) to produce the channel selection
signal according to a predetermined schedule.

The system according to any of claims 1 and 2,
wherein the telemetry circuit (540) further comprises
a telemetry initiation module (558) to produce the
channel selection signal when or before the telem-
etry session begins.

The system according to any of the preceding claims,
wherein the channel quality indicators comprise
noise floor indicators each associated with one chan-
nel of the plurality of channels and indicative of a
noise floor of that channel, the channel quality ana-
lyzer (750) comprises a noise detector (760) adapted
to produce the noise floor indicators by measuring a
noise level associated with each channel of the plu-
rality of channels when no data is being transmitted
between the external system (112) and the implant-
able medical device (110) through that channel, and
the preferred channel identifier (452) is adapted to
identify the sequence of preferred channels from the
plurality of channels using at least the received signal
strength indicators and the noise floor indicators.

The system according to any of the preceding claims,
wherein the channel quality indicators comprise
frame exchange metrics each associated with one
channel of the plurality of channels, the channel qual-
ity analyzer (750) comprises a frame exchange an-
alyzer (782) adapted to produce the frame exchange
metrics including success ratios each being a ratio
of anumber of successful frame exchanges to a total
number of frame exchanges, and the preferred chan-
nel identifier (452) is adapted to identify the se-
quence of preferred channels from the plurality of
channels using at least the received signal strength
indicators and the frame exchange metrics.

the system according to any of the preceding claims,
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10.

1.

wherein the channel quality indicators comprise per-
formance history indicators each associated with
one channel of the plurality of channels and indica-
tive of a history of the channel quality indicator of
that channel, the channel quality analyzer (750) com-
prises a performance history tracker (784) adapted
to produce the performance history indicators, and
the preferred channel identifier (452) is adapted to
identify the sequence of preferred channels from the
plurality of channels using at least the received signal
strength indicators and the performance history in-
dicators.

The system according to any of the preceding claims,
wherein the external telemetry module (118, 218)
comprises the telemetry circuit (222), and wherein
the channel selector (446) is adapted to transmit data
specifying one or more of the at least one hop chan-
nel and the sequence of preferred channels to this
implantable medical device (110) through the telem-
etry link (114).

The system according to any of the preceding claims,
wherein the external telemetry module (118, 218)
comprises the telemetry circuit (222), and wherein
the channelselector (446) is adapted to transmit data
specifying one or more of the at least one hop chan-
nel and the sequence of preferred channels to this
implantable medical device (110) through the telem-
etry link (114).

A method for transmitting data between an implant-
able medical device and an external system via ra-
dio-frequency telemetry, the method comprising:

receiving (804) a channel selection signal;
selecting (806) a hop channel from a sequence
of preferred channels in response to the channel
selection signal, the sequence of preferred
channels prioritized by a degree of preference
and the selection is made according to an order
of priority;

making (808) the hop channel an active channel;
transmitting (810) data between the implantable
medical device and the external system using
the active channel;

producing (818) channel quality indicators each
associated with one channel of a plurality of
channels and each including at least a received
signal strength indicator indicative of a strength
of signalreceived through the one channel, each
channel of the plurality of channels representing
a channel frequency band; and

identifying (820) the sequence of preferred
channels from the plurality of channels by prior-
itizing channels of the plurality of channels using
the channel quality indicators.
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The method according to claim 11, comprising:

selecting (806) a first hop channel from a first
sequence of preferred channels in response to
the channel selection signal;

making (808) the first hop channel a first active
channel;

transmitting (810) the data from the implantable
medical device to the external system using the
first active channel;

selecting (806) a second hop channel from a
second sequence of preferred channels in re-
sponse to the channel selection signal;

making (808) this second hop channel a second
active channel; and

transmitting (810) the data from the external sys-
tem to the Implantable medical device using the
second active channel,

and wherein the sequence of preferred channels
comprises one or more first preferred channels
and the one or more second preferred channels.

The method according to any of claims 11 and 12,
wherein the channel quality indicators comprise
noise floor indicators each associated with one chan-
nel of the plurality of channels and indicative of a
noise floor of that channel, and identifying the se-
quence of preferred channels comprises:

measuring a noise level associated with each
channel of the plurality of channels when no data
is transmitted between the external system and
the implantable medical device using the each
channel; and

identifying the sequence of preferred channels
from the plurality of channels based on the re-
ceived signal strength indicators and the noise
floor indicators.

The method according to any of claims 11 and 12,
wherein the channel quality indicators comprise
frame exchange metrics including success ratios
each associated with one channel of the plurality of
channels and being a ratio of a number of successful
frame exchanges to a total number of frame ex-
changes, and identifying the sequence of preferred
channels comprises identifying the sequence of pre-
ferred channels from the plurality of channels based
on the received signal strength indicators and the
frame exchange metrics.

The method according to any of claims 11 to 14,
wherein the channel quality indicators comprise per-
formance history indicators each associated with
one channel of the plurality of channels and indica-
tive of a history of the channel quality indicator of
that channel, and identifying the sequence of pre-
ferred channels comprises identifying the one or
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1"

more preferred channels from the plurality of chan-
nels based on the received signal strength indicators
and the performance history indicators.

Patentanspriiche

Ein Herzryhthmus-Managmentsystem (CRM-Sys-
tem) (100), umfassend:

eine implantierbare medizinische Vorrichtung,
die ein implantierbares Telemetriemodul (116)
umfasst; und

ein externes System (112) kommunikativ mitder
implantierbaren medizinischen Vorrichtung
Uber eine Telemetrieverbindung (114) gekop-
pelt, wobei das externe System ein externes Te-
lemetriemodul (118) umfasst,

wobei mindestens eines von dem implantierba-
ren Telemetriemodul und dem externen Tele-
metriemodul einen Telemetrieschaltkreis (440)
umfasst, der folgendes umfasst:

eine Antenne (442);

ein Sende-Empfangs-Gerat (444), gekop-
pelt mit der Antenne zum Ubertragen und
Empfangen von Daten unter Verwendung
von mindestens einem aktiven Kanal wah-
rend einer Telemetriesitzung, wobei der
mindestens eine aktive Kanal ausgewahlt
wird aus einer Mehrzahl von Kanéalen, von
denen jeder ein Kanalfrequenzband repra-
sentiert;

ein Kanalwahler (446) gekoppelt mit dem
Sende-Empfangs-Gerat, wobei der Kanal-
wahler dazu ausgelegt ist, mindestens ei-
nen Sprungkanal aus einer Abfolge von be-
vorzugten Kanalen in Antwort auf ein Ka-
nalauswahlsignal auszuwahlen, wobei die
Abfolge von bevorzugten Kanalen durch ei-
nen Grad an Bevorzugung priorisiert wird
und wobei die Auswahl gemaR einer Rei-
henfolge der Prioritat getatigt wird;

einen Sprungcontroller (448) gekoppelt mit
dem Kanalwahler, wobei der Sprungcont-
roller dazu ausgelegt ist, mindestens einen
Sprungkanal zum aktiven Kanal zu ma-
chen, wenn mindestens ein Sprungkanal
ausgewahlt wird;

ein Kanalqualitat-Analysator (450) gekop-
pelt mit dem Kanalwahler, wobei der Kanal-
qualitdt-Analysator dazu ausgelegt ist, Ka-
nalqualitat-Indikatoren zu erzeugen, wovon
jeder mit einem Kanal der Mehrzahl von Ka-
nalen assoziiert ist, und wovon jeder min-
destens einen Empfangene-Signalstarke-
Indikator umfasst, der eine Starke des Sig-
nals angibt, das tber diesen Kanal empfan-
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gen wurde, wobei der Kanalqualitat-Analy-
sator einen Empfangene-Signalstarke-De-
tektor umfasst, der dazu ausgelegt ist, die
empfangenen Signalstarke-Indikator zu er-
zeugen; und

ein Bevorzugter-Kanal-ldentifikator (452)
gekoppelt mit dem Kanalqualitat-Analysa-
tor, wobei der Bevorzugter-Kanal-Identifi-
kator dazu ausgelegt ist, die Abfolge der be-
vorzugten Kanéle von der Mehrzahl von Ka-
nalen durch Priorisieren der Kanale der
Mehrzahl von Kanélen unter Verwendung
der Kanalqualitat-Indikatoren zu identifizie-
ren.

Das System nach Anspruch 1, wobei der mindestens
eine aktive Kanal einen aktiven Ubertragungskanal,
ausgewahlt aus der Mehrzahl von Kanélen, umfasst
und einen aktiven Empfangskanal, ausgewahlit aus
der Mehrzahl von Kanalen, umfasst, wobeider aktive
Ubertragungskanal und der aktive Empfangskanal
im Wesentlichen unterschiedliche Kanalfrequenz-
bander reprasentieren, wobei das Sende-Emp-
fangs-Gerat folgendes umfasst:

einen Transmitter (664) um Daten unter Ver-
wendung des aktiven Ubertragungskanals zu
Ubertragen;

einen Receiver (668) um Daten unter Verwen-
dung des aktiven Empfangskanals zu Ubertra-
gen; und

ein Ubertragungs-Empfangs-Schalter (662), um
eine Verbindung zwischen der Antenne und ei-
nem von dem Transmitter und dem Receiver be-
reit zu stellen.

Das System nach irgendeinem der vorangehenden
Anspriiche, wobei der Telemetrieschaltkreis (540)
einen Telemetriequalitatsiiberwachungsgerat (554)
umfasst, das dazu ausgelegt ist, die Qualitat der Da-
tenlibertragung, die mit dem aktiven Kanal assoziiert
ist, zu Uberwachen und das Kanalauswahlsignal zu
erzeugen, wenn die Qualitat der Datenubertragung
eines oder mehrere Kriterien nicht erfiillt.

Das System nach irgendeinem der Anspriiche 1 und
2, wobei der Telemetrieschaltkreis (540) weiter ei-
nen Sprungtimer (556) umfasst, um das Kanalaus-
wahlsignal gemaR eines vorbestimmten Plans zu er-
zeugen.

Das System nach irgendeinem der Anspriiche 1 und
2, wobei der Telemetrieschaltkreis (540) weiter ein
Telemetrieinitiationsmodul (558) umfasst, um das
Kanalauswabhlsignal zu erzeugen, wenn oder bevor
die Telemetriesitzung beginnt.

Das System nach irgendeinem der vorangehenden
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Anspriiche, wobei die Kanalqualitat-Indikatoren
Grundrauschen-Indikatoren umfassen, wovon jeder
mit einem Kanal der Mehrzahl von Kanalen assozi-
iertistund ein Grundrauschen dieses Kanals angibt,
wobei die Kanalqualitdt-Analysator (750) einen
Rauschdetektor (760) umfasst, der dazu ausgelegt
ist, die Grundrauschen-Indikatoren zu erzeugen
durch Messen eines Rauschpegels, der mit jedem
Kanal der Mehrzahl von Kanélen assoziiertist, wenn
keine Daten zwischen dem externen System (112)
und der implantierbaren medizinischen Vorrichtung
(110) Gber diesen Kanal Gibertragen werden, und wo-
bei der Bevorzugter-Kanal-ldentifikator (452) dazu
ausgelegt ist, die Abfolge der bevorzugten Kanale
von der Mehrzahl von Kanélen unter Verwendung
der Empfangene-Kanalqualitat-Indikatoren und der
Grundrauschen-Indikatoren zu identifizieren.

Das System nach irgendeinem der vorangehenden
Anspriiche, wobei die Kanalqualitat-Indikatoren
Rahmenwechsel-Metriken umfassen, wovon jede
mit einem Kanal der Mehrzahl von Kanalen assozi-
iert ist, wobei der Kanalqualitat-Analysator (750) ei-
nen Rahmenwechsel-Analysator (782) umfasst, der
dazu ausgelegtist, die Rahmenwechsel-Metriken zu
erzeugen, die Erfolgsverhaltnisse umfassen, wovon
jedes Verhaltnis eine Anzahl erfolgreicher Rahmen-
wechsel zu einer gesamten Anzahl von Rahmen-
wechseln ist, und wobei der Bevorzugter-Kanal-
Identifikator (452) dazu ausgelegtist, die Abfolge der
bevorzugten Kanéle von der Mehrzahl von Kanalen
unter Verwendung der Empfangene-Kanalqualitat-
Indikatoren und der Rahmen-Wechsel-Metriken zu
identifizieren.

Das System nach irgendeinem der vorangehenden
Anspriiche, wobei die Kanalqualitat-Indikatoren
Leistungsverlauf-Indikatoren umfassen, wovon je-
der mit einem Kanal der Mehrzahl von Kanélen as-
soziiert ist und einen Verlauf der Kanalqualitat-Indi-
katoren dieses Kanals angibt, wobei der Kanalqua-
litdt-Analysator (750) einen Leistungsverlauf-Verfol-
ger (784) umfasst, der dazu ausgelegt ist, die Leis-
tungsverlauf-Indikatoren zu erzeugen, und wobei
der Bevorzugter-Kanal-Identifikator (452) dazu aus-
gelegt ist, die Abfolge der bevorzugten Kanale von
der Mehrzahl von Kanélen unter Verwendung min-
destens der Empfangene-Kanalqualitat-Indikatoren
und der Leistungsverlauf-Indikatoren zu identifizie-
ren.

Das System nach irgendeinem der vorangehenden
Anspriiche, wobei das externe Telemetriemodul
(118, 218) den Telemetrieschaltkreis (222) umfasst,
und wobei der Kanalwahler dazu ausgelegt ist, Da-
ten zu Uibertragen, die einen oder mehrere des min-
destens einen Sprungkanals und der Abfolge der be-
vorzugten Kanéle zu der implantierbaren medizini-
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schen Vorrichtung (110) Gber die Telemetrieverbin-
dung spezifizieren.

Das System nach irgendeinem der vorangehenden
Anspriiche, wobei der Kanalqualitat-Analysator
(750) einen Qualitdtsparameter-Empféanger (786)
umfasst, der dazu ausgelegt ist, mindestens einen
Qualitadtsparameter von jedem der Kanalqualitat-In-
dikatoren von der implantierbaren medizinischen
Vorrichtung zu empfangen.

Ein Verfahren zum Ubertragen von Daten zwischen
einer implantierbaren medizinischen Vorrichtung
und einem externen System mittels Hochfrequenz-
telemetrie, das Verfahren umfassend:

Empfangen (804) eines Kanalauswahlsignals;
Auswahlen (806) eines Sprungkanals aus einer
Abfolge von bevorzugten Kanélen in Antwort auf
ein Kanalauswabhlsignal, wobei die Abfolge von
bevorzugten Kanalen durch einen Grad an Be-
vorzugung priorisiert wird, und wobei die Aus-
wahl gemaR einer Reihenfolge der Prioritat ge-
tatigt wird;

Machen (808) des Sprungkanals zu einem ak-
tiven Kanal;

Ubertragen (810) von Daten zwischen der imp-
lantierbaren medizinischen Vorrichtung und
dem externen System unter Verwendung des
aktiven Kanals;

Erzeugen (818) von Kanalqualitat-Indikatoren,
wovon jeder mit einem Kanal einer Mehrzahl von
Kanalen assoziiert ist, und wovon jeder mindes-
tens einen Empfangene-Signalstérke-Indikator,
der eine Starke des Signals empfangen durch
diesen Kanal angibt, umfasst, wobeijeder Kanal
der Mehrzahl von Kanalen ein Kanalfrequenz-
band reprasentiert; und

Identifizieren (820) der Abfolge der bevorzugten
Kanale von der Mehrzahl von Kanalen durch Pri-
orisieren der Kanale der Mehrzahl von Kanalen
unter Verwendung der Kanalqualitat-Indikato-
ren.

Das Verfahren nach Anspruch 11, umfassend:

Auswahlen (806) eines ersten Sprungkanals
von einer ersten Abfolge von bevorzugten Ka-
nalen in Antwort auf das Kanalauswahlsignal;
Machen (808) des ersten Sprungkanals zu ei-
nem ersten aktiven Kanal;

Ubertragen (810) von Daten zwischen der imp-
lantierbaren medizinischen Vorrichtung und
dem externen System unter Verwendung des
ersten aktiven Kanals;

Auswahlen (806) eines zweiten Sprungkanals
von einer zweiten Abfolge von bevorzugten Ka-
nalen in Antwort auf das Kanalauswahlsignal;
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Machen (808) des zweiten Sprungkanals zu ei-
nem zweiten aktiven Kanal; und

Ubertragen (810) von Daten zwischen der imp-
lantierbaren medizinischen Vorrichtung und
dem externen System unter Verwendung des
zweiten aktiven Kanals,

und wobei die Abfolge der bevorzugten Kanale
einen oder mehrere erste bevorzugte Kanale
und einen oder mehrere zweite bevorzugte Ka-
nale umfasst.

Das Verfahren nach irgendeinem der Anspriiche 11
und 12, wobei die Kanalqualitat-Indikatoren
Grundrauschen-Indikatoren umfassen, wovon jeder
mit einem Kanal der Mehrzahl von Kanélen assozi-
iertistund ein Grundrauschen dieses Kanals angibt,
und wobei identifizieren der Abfolge von bevorzug-
ten Kanadlen umfasst:

Messen eines Rauschpegels, der mitjedem Ka-
nal der Mehrzahl von Kanalen assoziiert ist,
wenn keine Daten zwischen dem externen Sys-
tem (112) und der implantierbaren medizini-
schen Vorrichtung (110) unter Verwendung die-
ses Kanals Ubertragen werden; und
Identifizieren der Abfolge der bevorzugten Ka-
nale von der Mehrzahl von Kanélen unter Ver-
wendung der Empfangene-Kanalqualitat-Indi-
katoren und der Grundrauschen-Indikatoren.

Das Verfahren nach irgendeinem der Anspriiche 11
und 12, wobei die Kanalqualitat-Indikatoren Rah-
menwechsel-Metriken umfassen, die Erfolgsverhalt-
nisse umfassen, wovon jedes mit einem Kanal der
Mehrzahl von Kanalen assoziiert ist und ein Verhalt-
nis einer Anzahl von erfolgreichen Rahmenwech-
seln zu einer gesamten Anzahl von Rahmenwech-
seln ist, und wobei Identifizieren der Abfolge bevor-
zugter Kanale von der Mehrzahl von Kanélen Iden-
tifizieren der einen oder der mehreren bevorzugten
Kanale von der Mehrzahl von Kanalen basierend auf
den Empfangene-Signalstarke-Indikatoren und den
Rahmenwechsel-Metriken umfasst.

Das Verfahren nach irgendeinem der Anspriiche 11
bis 14, wobei die Kanalqualitdt-Indikatoren Leis-
tungsverlauf-Indikatoren umfassen, wovon jeder mit
einem Kanal der Mehrzahl von Kanalen assoziiert
ist und einen Verlauf der Kanalqualitat-Indikatoren
dieses Kanals angibt, und wobei Identifizieren der
Abfolge bevorzugter Kanale von der Mehrzahl von
Kanalen Identifizieren der einen oder der mehreren
bevorzugten Kanéle von der Mehrzahl von Kanélen
basierend auf den Empfangene-Signalstarke-Indi-
katoren und den Leistungsverlauf-Indikatoren um-
fasst.
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Revendications

Systeme de gestion de rythme cardiaque (CRM)
(100), comprenant :

undispositif médical implantable comprenant un
module de télémesure d’'implant (116) ; et

un systéme externe (112) couplé de maniere
communicative au dispositif médical implanta-
ble via une liaison de télémesure (114), le sys-
téme externe comprenantun module de téléme-
sure externe (118),

ou au moins un module parmi le module de té-
Iémesure d’implant et le module de télémesure
externe comprend un circuit de télémesure
(440) comprenant :

une antenne (442) ;

un émetteur-récepteur(444), couplé a I'an-
tenne, pour transmettre et recevoir des don-
nées au moyen d’au moins un canal actif
au cours d’une session de télémesure, I'au
moins un canal actif est sélectionné parmi
une pluralité de canaux, chacun représen-
tant une bande de fréquences de canal ;
un sélecteur de canal (446) couplé al’émet-
teur-récepteur, le sélectionneur de canal
est congu pour sélectionner au moins un
canal de saut parmi une séquence de ca-
naux préférés en réponse a un signal de
sélection de canal, la séquence de canaux
préférés estpriorisée selonundegré de pré-
férence et la sélection est faite conformé-
ment a un ordre de priorité ;

un contréleur de saut (448) couplé au sé-
lecteur de canal, le contrbéleur de saut est
congu pour faire de I'au moins un canal de
saut le canal actif lorsque I'au moins un ca-
nal de saut est sélectionné ;

un analyseur de qualité de canal (450) cou-
plé au sélecteur de canal, I'analyseur de
qualité de canal est congu pour produire des
indicateurs de qualité de canal, chacun as-
socié a un canal de la pluralité de canaux
et chacun comprenant au moins un indica-
teur d’intensité de signal regu indicatif d’'une
intensité de signal regu a travers ce canal,
I'analyseur de qualité de canal comprenant
un détecteur d’intensité de signal regu con-
¢u pour produire les indicateurs d’intensité
de signal regu ; et

un identifiant de canal préféré (452) couplé
a l'analyseur de qualité de canal ; l'identi-
fiant de canal préféré est congu pour iden-
tifier la séquence des canaux préférés par-
mi la pluralité de canaux en priorisant des
canaux de la pluralité de canaux au moyen
des indicateurs de qualité de canal.
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Systéme selon la revendication 1, dans lequel l'au
moins canal actif comprend un canal de transmission
actif sélectionné parmi la pluralité de canaux et un
canal de réception actif sélectionné parmila pluralité
de canaux, le canal de transmission actif et le canal
de réception actif représentant essentiellement dif-
férentes bandes de fréquences de canaux, etI'émet-
teur-récepteur (644) comprend :

un émetteur (664) pour transmettre des don-
nées au moyen du canal de transmission actif ;
un récepteur (666) pour recevoir des données
au moyen du canal de réception actif ; et

un commutateur d’émission-réception (662)
pour fournir une connexion entre I'antenne etun
dispositif parmi I'émetteur et le récepteur.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le circuit de télémesure
(540) comprend en outre un moniteur de qualité de
télémesure (554) congu pour monitorer une qualité
de transmission de données associée au canal actif
et pour produire le signal de sélection de canal lors-
que la qualité de transmission de données ne satis-
fait pas un ou plusieurs critéres.

Systéme selon I'une quelconque des revendications
1 et 2, dans lequel le circuit de télémesure (540)
comprend en outre un timer de saut (556) pour pro-
duire le signal de sélection de canal conformément
a une planification prédéterminée.

Systéme selon I'une quelconque des revendications
1 et 2, dans lequel le circuit de télémesure (540)
comprend en outre un module de déclenchement de
télémesure (558) pour produire le signal de sélection
de canal au moment ou, ou avant que, la session de
télémesure commence.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel les indicateurs de qualité
de canal comprennent des indicateurs de bruit de
fond, chacun associé a un canal de la pluralité de
canaux et indicatif d’'un bruit de fond de ce canal,
I'analyseur de qualité de canal (750) comprend un
détecteur de bruit (760) congu pour produire les in-
dicateurs de bruit de fond en mesurant un niveau de
bruitassocié a chaque canal de la pluralité de canaux
lorsqu’aucune donnée n’a été transmise entre le sys-
téme externe (112) et le dispositif médical implanta-
ble (110) a travers ce canal, et I'identifiant de canal
préféré (452) est congu pour identifier la séquence
de canaux préférés parmi la pluralité de canaux en
utilisantau moins les indicateurs d’intensité de signal
recu et les indicateurs de bruit de fond.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel les indicateurs de qualité
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de canal comprennent des mesures d’échange de
trame, chacune associée a un canal de la pluralité
de canaux, l'analyseur de qualité de canal (750)
comprend un analyseur d’échange de trame (782)
congu pour produire les mesures d’échange de tra-
me comprenant des taux de réussite, chacun cor-
respondant a un taux d’'un nombre d’échanges de
trame réussis sur un nombre total d’échanges de
trame, etl'identifiantde canal préféré (452) est congu
pour identifier la séquence de canaux préférés parmi
la pluralité de canaux en utilisant au moins les indi-
cateurs d’intensité de signal regu et les mesures
d’échange de trame.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel les indicateurs de qualité
de canal comprennent des indicateurs d’historiques
de performance, chacun associé a un canal de la
pluralité de canaux et indicatif d’'un historique de I'in-
dicateur de qualité de canal de ce canal, I'analyseur
de qualité de canal (750) comprend un suiveur d’his-
torique de performance (784) congu pour produire
les indicateurs d’historiques de performance, et
l'identifiant de canal préféré (452) est congu pour
identifier la séquence de canaux préférés parmi la
pluralité de canaux en utilisant au moins les indica-
teurs d’intensité de signal recu et les indicateurs
d’historiques de performance.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le module de télémesure
externe (118, 218) comprend un circuit de téléme-
sure (222), et ou le sélecteur de canal (446) est con-
cu pour transmettre des données spécifiant un ou
plusieurs des au moins un canal de saut et de la
séquence de canaux préférés au dispositif médical
implantable (110) par l'intermédiaire de la liaison de
télémesure (114).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel 'analyseur de qualité de
canal (750) comprend un récepteur de parametre de
qualité (786) congu pour recevoir au moins un para-
meétre de qualité de chacun des indicateurs de qua-
lité de canal depuis le dispositif médical implantable.

Procédeé pour transmettre des données entre un dis-
positif médical implantable et un systeme externe
via une télémesure par radiofréquences, le procédé
comprenant les étapes suivantes :

recevoir (804) un signal de sélection de canal ;
sélectionner (806) un canal de saut parmi une
séquence de canaux préférés en réponse au
signal de sélection de canal, la séquence de ca-
naux préférés est priorisée selon un degré de
préférence et la sélection est faite conformé-
ment a un ordre de priorité ;
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faire (808) du canal de saut un canal actif ;
transmettre (810) des données entre le dispositif
médical implantable et le systéme externe au
moyen du canal actif ;

produire (818) des indicateurs de qualité de ca-
nal, chacun associé a un canal d’une pluralité
de canaux et chacun comprenant au moins un
indicateur d’intensité de signal regu indicatif
d’'une intensité de signal regu a travers ce canal,
chaque canal de la pluralité de canaux repré-
sentant une bande de fréquences de canal ; et
identifier (820) la séquence de canaux préférés
parmi la pluralité de canaux en priorisant des
canaux de la pluralité de canaux en utilisant les
indicateurs de qualité de canal.

Procédé selon la revendication 11, comprenant les
étapes suivantes ;

sélectionner (806) un premier canal de saut parmi
une premiéere séquence de canaux préférés en ré-
ponse au signal de sélection de canal ;

faire (808) du premier canal de sautun premier canal
actif ;

transmettre (810) les données provenant du dispo-
sitif médical implantable au systéme externe au
moyen du premier canal actif ;

sélectionner (806) un second canal de saut parmi
une seconde séquence de canaux préférés en ré-
ponse au signal de sélection de canal ;

faire (808) du second canal de saut un second canal
actif ;

transmettre (810) les données depuis le systeme ex-
terne au dispositif médical implantable au moyen du
second canal actif ;

et ol la séquence de canaux préférés comprend un
ou plusieurs premiers canaux préférés et le ou les
seconds canaux préférés.

Procédé selon 'une quelconque des revendications
11 et 12, dans lequel les indicateurs de qualité de
canal comprennent des indicateurs de bruit de fond,
chacun associé a un canal de la pluralité de canaux
et indicatif d’'un bruit de fond de ce canal, et ou iden-
tifier la séquence de canaux préférés comprend les
étapes suivantes :

mesurer un niveau de bruit associé a chaque
canal de la pluralité de canaux lorsqu’aucune
donnée n’est transmise entre le systéme exter-
ne et le dispositif médical implantable au moyen
de chaque canal ; et

identifier la séquence de canaux préférés parmi
lapluralité de canaux surlabase des indicateurs
d’intensité de signal regu et des indicateurs de
bruit de fond.

Procédé selon 'une quelconque des revendications
11 et 12, dans lequel les indicateurs de qualité de
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canal comprennent des mesures d’échange de tra-
me comprenant des taux, chacun associé a un canal
de la pluralité de canaux et correspondant au taux
d’'un nombre d’échanges de trame sur un nombre
total d’échanges de trame, et ou identifier la séquen-
ce de canaux préférés comprend d’identifier la sé-
quence de canaux préférés parmi la pluralité de ca-
naux sur la base des indicateurs d’intensité de signal
recu et des mesures d’échange de trame.

Procédé selon I'une quelconque des revendications
11 a 14, dans lequel les indicateurs de qualité de
canal comprennent des indicateurs d’historiques de
performance, chacun associé a un canal de la plu-
ralité de canaux et indicatif d’'un historique de I'indi-
cateur de qualité de canal de ce canal, et ou identifier
la séquence de canaux préférés comprend d’identi-
fier le ou les canaux préférés parmi la pluralité des
canaux sur la base des indicateurs d’intensité de si-
gnal regu et des indicateurs d’historiques de perfor-
mance.
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