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Description

FIELD

[0001] The disclosure relates generally to medical de-
vice systems and, more particularly, medical device sys-
tem configured to detect and count steps taken by a per-
son or a patient coupled with the medical device system.

BACKGROUND

[0002] Implantable medical devices (IMDs) and exter-
nal, e.g., wearable, medical devices, including implant-
able pacemakers and implantable cardioverter-defibril-
lators (ICDs), record cardiac electrogram (EGM) signals
for sensing cardiac events, e.g., P-waves and R-waves.
IMDs detect episodes of bradycardia, tachycardia and/or
fibrillation from the sensed cardiac events, and respond
to the episodes as needed with pacing therapy or high-
voltage anti-tachyarrhythmia shocks, e.g., cardioversion
or defibrillation shocks. Some IMDs include, or are or
part of a system that includes, sensors that generate oth-
er physiological signals, such as signals that vary based
on patient movement or activity, cardiovascular pres-
sure, blood oxygen saturation, edema, or thoracic im-
pedance. Physiological parameters determined based
on such signals may be used to assist in the detection
of arrhythmia, as well as the detection or monitoring of
other cardiac conditions, such as heart failure or infarc-
tion, or, more generally, well-being of the patient.

SUMMARY

[0003] In general, this disclosure is directed to tech-
niques for detecting steps taken by a person or patient
coupled to a medical device, and to record the detected
steps, for example using a counter. Coupling a person
or a patient to the medical device in some examples in-
cludes implantation of the medical device within the body
of the patient, or in other examples coupling may com-
prise fastening the medical device externally to but in
contact with the person or patient, for example in the form
of a wearable medical device. In various examples, the
medical device is configured to provide an output signal
generated from a single axis accelerometer located with-
in or coupled to the person or patient. The output signal
generated form the single axis accelerometer is proc-
essed according to the various techniques described
herein to generate a "rectified signal." The "rectified sig-
nal" is then analyzed to determine when the person or
patient has made a movement that is determined to be
a qualifying step, for example when walking or running.
In various examples, detection of a qualifying step is
made based on the rectified signal being compared to
an auto-adjusting threshold value. In various examples,
detected qualifying steps are recorded in a counter that
is configured to keep track of a total number of detected
qualifying steps over various parameters, such as over

time, or over a predefined event, such as a distance
walked or run by the person or patient coupled to the
medical device.
[0004] As one example, the disclosure is directed to
medical device system comprising: an accelerometer cir-
cuitry configured to output a signal indicative of variations
in accelerations along a single axis of movement of pa-
tient; and processing circuitry configured to: receive the
output signal from the accelerometer, and to rectify the
output signal to generate a rectified signal, wherein rec-
tification of the output signal comprises generating a rec-
tified value for each of a plurality of moving windows im-
posed over the output signal, wherein generating the rec-
tification value for each of the plurality of moving windows
comprises determining a current value of the output sig-
nal for the window, determining a maximum value for a
portion of the output signal enclosed by the window, and
subtracting the current value from the maximum value;
and analyze the rectified signal to detect the occurrence
of a step taken by a patient based on the rectified signal.
[0005] As another example, the disclosure is directed
to a method comprising: receiving a signal generated as
an output signal from a single axis of an accelerometer;
rectifying, using a rectifier circuit, the output signal to gen-
erate a rectified signal, wherein rectifying the output sig-
nal comprises generating a rectified value for each of a
plurality of moving windows imposed over the output sig-
nal by determining a current value of the output signal
for the window, determining a maximum value for a por-
tion of the output signal enclosed by the window, and
subtracting the current value from the maximum value;
and analyzing, using a step sensor circuit, the rectified
signal to detect the occurrence of a step taken by a patient
coupled to the accelerometer.
[0006] In an additional example, the disclosure is di-
rected to a step detection and tracking system comprising
an implantable medical device, the implantable medical
device comprising an accelerometer circuitry configured
to output a signal indicative of variations in accelerations
along a single axis of movement of patient; and process-
ing circuitry configured to: receive the output signal from
the accelerometer, and to rectify the output signal to gen-
erate a rectified signal, wherein rectification of the output
signal comprises generating a rectified value for each of
a plurality of moving windows imposed over the output
signal, wherein generating the rectification value for each
of the plurality of moving windows comprises determining
a current value of the output signal for the window, de-
termining a maximum value for a portion of the output
signal enclosed by the window, and subtracting the cur-
rent value from the maximum value, and analyze the rec-
tified signal to detect the occurrence of a step taken by
a patient based on the rectified signal; and an external
device communicatively coupled to the implantable med-
ical device, the external device comprising a display hav-
ing at least one display field configured to display an in-
dication of a number of steps detected by the implantable
medical device.
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[0007] This summary is intended to provide an over-
view of the subject matter described in this disclosure. It
is not intended to provide an exclusive or exhaustive ex-
planation of the apparatus and methods described in de-
tail within the accompanying drawings and description
below. The details of one or more aspects of the disclo-
sure are set forth in the accompanying drawings and the
description below. The present invention is defined by
the appended claims. A device and method according to
the preamble of the independent claims is known from
US 2013/0085677 A1.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The details of one or more examples of this dis-
closure are set forth in the accompanying drawings and
the description below. Other features, objects, and ad-
vantages of this disclosure will be apparent from the de-
scription and drawings, and from the claims.

FIG. 1 is a conceptual drawing illustrating an exam-
ple medical device system in conjunction with a pa-
tient.
FIG. 2 is a conceptual drawing illustrating another
example configuration of the medical device system
of FIG. 1.
FIG. 3 is a conceptual drawing illustrating an exam-
ple medical device system in conjunction with a pa-
tient.
FIGS. 4A - 4C are front-view, side-view, and top-
view conceptual drawings, respectively, illustrating
another example of a medical device system in con-
junction with a patient.
FIG. 5 is a conceptual drawing illustrating another
example medical device system in conjunction with
a patient.
FIG. 6 is a conceptual diagram illustrating an exam-
ple configuration of the intracardiac pacing device of
FIGS 4A - 5.
FIG. 7 is a functional block diagram illustrating an
example configuration of an implantable medical de-
vice.
FIG. 8 is a functional block diagram illustrating an
example configuration of an external device config-
ured to communicate with one or more implantable
medical devices.
FIG. 9 is a functional block diagram illustrating an
example system that includes remote computing de-
vices, such as a server and one or more other com-
puting devices, that are connected to an implantable
medical device and/or external device via a network.
FIG. 10A is a graphical illustration showing rectifica-
tion of a sensed waveform in accordance with vari-
ous techniques described in this disclosure.
FIG. 10B is another example of graphical illustration
of FIG. 10A, showing rectification of a sensed wave-
form in accordance with various techniques de-
scribed in this disclosure.

FIG. 11 is another example graphical illustration of
another example rectified signal in accordance with
various techniques described in this disclosure.
FIG. 12 is another example graphical illustration of
another rectified signal according to various tech-
niques described in this disclosure.
FIG. 13 is a block diagram illustrating a system in
accordance with various techniques described in this
disclosure.
FIG. 14 is a graphical illustration of the test results
of three sets of training parameters X, Y and Z, and
the actual test results achieved when operating any
devices according to the techniques described here-
in,
FIG. 15 is a flow diagram illustrating an example
method 1000 that may be implemented by a medical
device system to detect and to track steps taken by
a patient coupled to system.

[0009] The drawings and the description provided
herein illustrate and describe various examples of the
inventive methods, devices, and systems of the present
disclosure. However, the methods, devices, and systems
of the present disclosure are not limited to the specific
examples as illustrated and described herein, and other
examples and variations of the methods, devices, and
systems of the present disclosure, as would be under-
stood by one of ordinary skill in the art, are contemplated
as being within the scope of the present application.

DETAILED DESCRIPTION

[0010] Patients that receive implantable devices may
benefit from the monitoring their activity. Recent interest
in improving health for the general public includes exter-
nal devices that count steps. If it’s true that whatever you
measure provides motivation, people may be walking
more by being motivated to do by the ability to monitor
the number of step they walk and or run. However, these
external devices have disadvantages such as falling off,
the need for frequent battery charging, not being suitable
to be worn in wet environments, etc. An implantable de-
vice with a step detector would not have these disadvan-
tages and may provide motivation to a patient having an
implantable medical device to improve their level of ac-
tivity. The ability to monitor activity such as a number of
steps taken helps a patient and care providers, such as
doctors and nurses, to track progress of therapy deter-
mined to be a part of a patient’s treatment or recovery
process. In many instances, power consumption and the
amount of processing required to perform a given func-
tion or to provide a feature using an implantable medical
device are important considerations in view of size con-
straints and the limits of stored power available at any
given time onboard the implantable medical devices. This
disclosure describes example devices and methods that
are configured to detect and track steps taken by a patient
coupled to an implantable medical device, for example
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when the implantable medical device is implanted within
the patient’s body. However, the devices described here-
in may also be devices that are coupled to the patient
without being implanted within the patient’s body, for ex-
ample using devices configured as wearable medical de-
vices, for example but not limited to wearable wristbands,
wearable ankle bands, devices fastened to the trunk por-
tion of a patient’s body, or other forms of wearable de-
vices such as a shirt.
[0011] In various examples, the implantable medical
device requires use of only one accelerometer axis to
provide a signal that is further processed to detect steps
taken by the patient coupled to the implantable medical
device. By requiring only a single axis accelerometer in-
put in order to detect patient steps, this feature can be
provided by the implantable medical device and require
low level of battery/power resources, and also requires
a small quantity of devices and electrical circuitry, thus
requiring only a small amount of space within the device.
In many instances, an implantable medical device al-
ready includes one or more accelerometers for monitor-
ing purposes associated with other features provided by
the device. As such, the output from an existing acceler-
ometer may be used to provide the signal that is analyzed
by the algorithms described herein to detect and track
steps taken by the patent.
[0012] In various examples, after receiving the output
signal generated by a single axis accelerometer provided
within the implantable medical device, processing circuit-
ry implementing an algorithm, as further described here-
in, creates a "rectified signal" that accentuates the peak-
to-peak amplitude of the output signal, the "rectification"
using a moving window and calculating a difference value
between the maximum value within a given moving win-
dow and the current value within the moving window. A
set of these calculated difference values calculated for a
series of these windows is used to generate the "rectified
signal." The rectified signal is analyzed using an auto-
adjusting threshold, wherein the value of the auto-adjust-
ing threshold in comparison to the value of the "rectified
signal" at any given time and over a period of time iden-
tifies each step taken by the patient coupled to the im-
plantable medical device. In various examples, detected
steps are used to increment a step counter that stores a
value indicative of the number of detected steps. In some
examples, the value stored in the step counter includes
steps detected over a period of time (e.g., over a day, a
week, or a year), or during the course of a predefined
event, such as the patient going for a walk, or steps taken
during a therapy session.
[0013] In various examples, the processing circuitry
only increments the step counter only when a qualifying
step has occurred. In some examples, to be a qualifying
step a detected step must have occurred after an initial
sequence of steps occurs within an expected speed (e.g.,
three steps have occurred in sequence at a rate within
30-180 steps / minute). The qualifications for detected
steps helps prevent under and over counting of steps,

for example when a patent merely shift with from one foot
to anther but is not in fact walking, or for example when
the patient only moves a minimum number of steps, such
as taking one step and then stopping.
[0014] A step detector algorithm is described using on-
ly a single axis, in some examples the z-axis, of a three-
dimensional accelerometer. Various examples of the
method utilizing the algorithm to detect steps include re-
ceiving the signal generated by the single axis of the
three-dimensional accelerometer, rectifying the signal to
accentuate the peak-to-peak amplitudes present in the
received signal, and to automatically adjust a threshold
value at each maximum amplitude following a period
when the rectified signal returns to a zero-baseline value.
In various examples the received signal is filtered using
a low pass filter before being rectified, the filtering proc-
ess configured to remove high frequency nose from the
signal. In various examples, the method includes incre-
menting a step courter after some number of consecutive
steps are detected that fall between a particular range of
steps per minute.
[0015] FIG. 1 is a conceptual drawing illustrating an
example medical device system 8A in conjunction with
a patient 14A. Medical device system 8A is an example
of a medical device system configured to implement the
techniques described herein for detecting steps taken by
the patient 14A. In the illustrated example, medical de-
vice system 8A includes an IMD 10A and an external
device 30A.
[0016] IMD 10A is an insertable cardiac monitor (ICM)
capable of sensing and recording cardiac EGM signals
from a position outside of heart 16A, and will be referred
to as ICM 10A hereafter. In some examples, ICM 10A
includes or is coupled to one or more additional sensors
that generate one or more other physiological signals,
such as signals that vary based on patient motion and/or
posture, blood flow, or respiration. Additional sensors in-
cluded in ICM 10A comprise at least one single axis ac-
celerometer, and in various examples may include a plu-
rality of single axis accelerometers, one or more multiple-
axis accelerometers, and some combination of single ax-
is and multiple axis accelerometers. ICM 10A may be
implanted outside of the thorax of patient 14A, e.g., sub-
cutaneously or submuscularly, such as the pectoral lo-
cation illustrated in FIG. 1. In some examples, ICM 10A
may take the form of a Reveal LINQ™ ICM, available
from Medtronic pic, of Dublin, Ireland.
[0017] ICM 10A may transmit EGM signal data and
other physiological parameter data collected by ICM 10A
to an external device 30A. External device 30A may be
a computing device, e.g., used in a home, ambulatory,
clinic, or hospital setting, to communicate with ICM 10A
via wireless telemetry. External device 30A may be cou-
pled to a remote patient monitoring system, such as Care-
link®, available from Medtronic pic, of Dublin, Ireland.
External device 30A may be, as examples, a program-
mer, external monitor, or consumer device, e.g., smart
phone.
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[0018] External device 30A may be used to program
commands or operating parameters into ICM 10A for
controlling its functioning, e.g., when configured as a pro-
grammer for ICM 10A. External device 30A may be used
to interrogate ICM 10A to retrieve data, including device
operational data as well as physiological data accumu-
lated in IMD memory. The interrogation may be automat-
ic, e.g., according to a schedule, or in response to a re-
mote or local user command. Programmers, external
monitors, and consumer devices are examples of exter-
nal devices 30A that may be used to interrogate ICM
10A. Examples of communication techniques used by
ICM 10A and external device 30A include radiofrequency
(RF) telemetry, which may be an RF link established via
Bluetooth, WiFi, or medical implant communication serv-
ice (MICS).
[0019] Both ICM 10A and external device 30A include
processing circuitry, and the processing circuitry of either
or both device may perform the techniques described
herein, such as receiving a sensed waveform represent-
ative of an output signal generated by an axis of a single
axis or multiple-axis accelerometer included within ICM
10A, and to process that output signal to perform detec-
tion of one or more qualifying steps taken by the patient
14A.
[0020] Accelerometers included within ICM 10A com-
prise one more accelerometers configured to measure
acceleration forces along one or more of the axis shown
with respect to coordinate system 9A in FIG. 1. A "X" axis
of coordinate system 9A lies along an axis running hor-
izontally between the left side and right side of patient
14A, a "Y" axis of coordinate system 9A lies along an
axis running vertically in a direction from the head to the
feet of patient 14A, and a "Z" axis of coordinate system
9A lies along an axis running horizontally between the
front and back sides of patient 14A. In various examples,
the devices and techniques disclosed herein are config-
ured to receive an output signal generated by an accel-
erometer measuring accelerations along a single axis of
acceleration, and to process the output signal to provide
step detection based on the single axis accelerometer
output signal as describe herein. In various examples,
the axis selected for using in generating the output signal
to detect steps according to the techniques as disclosed
herein is an accelerometer oriented along the "Z" axis
and configured to provide an output signal generated in
response to acceleration forces generated along a sag-
ittal plane of patient 14A.
[0021] ICM 10A is an example of a device that may
include one or more accelerometers and processing cir-
cuitry, as further described below, configured to receive
a signal axis accelerometer output signal, to process the
output signal, to rectify the signal, and to process the
rectified signal to detect whether steps, such as when
walking or running, have been made by patient 14A. In
various examples, ICM 10A, external device 30A, or both
ICM 10A and external device 30A are configured to in-
clude one or more counters configured to store and track

a number of steps detected by the processing circuitry.
[0022] FIG. 2 is a conceptual drawing illustrating an-
other example configuration of ICM 10A. In the example
shown in FIG. 2, ICM 10A may be embodied as a mon-
itoring device having housing 62, proximal electrode 64
and distal electrode 66. Housing 62 may further comprise
first major surface 68, second major surface 70, proximal
end 72, and distal end 74. Housing 62 encloses electronic
circuitry located inside the ICM 10A and protects the cir-
cuitry contained therein from body fluids. Electrical
feedthroughs provide electrical connection of electrodes
64 and 66.
[0023] In the example shown in FIG. 2, ICM 10A is
defined by a length L, a width W and thickness or depth
D and is in the form of an elongated rectangular prism
wherein the length L is much larger than the width W,
which in turn is larger than the depth D. In one example,
the geometry of the ICM 10A - in particular a width W
greater than the depth D - is selected to allow ICM 10A
to be inserted under the skin of the patient using a min-
imally invasive procedure and to remain in the desired
orientation during insertion. For example, the device
shown in FIG. 2 includes radial asymmetries (notably,
the rectangular shape) along the longitudinal axis that
maintains the device in the proper orientation following
insertion. For example, in one example the spacing be-
tween proximal electrode 64 and distal electrode 66 may
range from 30 millimeters (mm) to 55mm, 35mm to
55mm, and from 40mm to 55mm and may be any range
or individual spacing from 25mm to 60mm. In addition,
ICM 10A may have a length L that ranges from 30mm to
about 70mm. In other examples, the length L may range
from 40mm to 60mm, 45mm to 60mm and may be any
length or range of lengths between about 30mm and
about 70mm. In addition, the width W of major surface
68 may range from 3mm to 10mm and may be any single
or range of widths between 3mm and 10mm. The thick-
ness of depth D of ICM 10A may range from 2mm to
9mm. In other examples, the depth D of ICM 10A may
range from 2mm to 5mm and may be any single or range
of depths from 2mm to 9mm. In addition, ICM 10A ac-
cording to an example of the present disclosure is has a
geometry and size designed for ease of implant and pa-
tient comfort. Examples of ICM 10A described in this dis-
closure may have a volume of three cubic centimeters
(cm) or less, 1.5 cubic cm or less or any volume between
three and 1.5 cubic centimeters.
[0024] In the example shown in FIG. 2, once inserted
within the patient, the first major surface 68 faces out-
ward, toward the skin of the patient while the second
major surface 70 is located opposite the first major sur-
face 68. When implanted, the first major surface 68 and
the second major surface 70 line in separate and parallel
planes that are substantially perpendicular to a z-axis of
the patient, such as the z-axis of coordinate axis system
9A as shown in FIG. 1. As illustrated in FIG. 2, the depth
dimension D of ICM 10A lies along a same dimension as
the z-axis, and in various examples is a sagittal axis of
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the patient once ICM 10A is implanted in a patient. ICM
10A may include an accelerometer that provides a single
axis accelerometer output signal indicative of variations
in the acceleration forces present in this z-axis relative
to the patient into which the ICM 10A device is implanted.
The single axis accelerometer output may be used to
detect steps taken by the patient having the implanted
ICM 10A device, such as when the patient is walking or
running. In addition, in the example shown in FIG. 2, prox-
imal end 72 and distal end 74 are rounded to reduce
discomfort and irritation to surrounding tissue once in-
serted under the skin of the patient. ICM 10A, including
instrument and method for inserting ICM 10A is de-
scribed, for example, in U.S. Patent Publication No.
2014/0276928.
[0025] Proximal electrode 64 and distal electrode 66
are used to sense cardiac signals, e.g. ECG signals, in-
tra-thoracically or extra-thoracically, which may be sub-
muscularly or subcutaneously. ECG signals may be
stored in a memory of the ICM 10A, and ECG data may
be transmitted via integrated antenna 82 to another med-
ical device, which may be another implantable device or
an external device, such as external device 30A. In some
example, electrodes 64 and 66 may additionally or alter-
natively be used for sensing any bio-potential signal of
interest, which may be, for example, an EGM, EEG,
EMG, or a nerve signal, from any implanted location.
[0026] In the example shown in FIG. 2, proximal elec-
trode 64 is in close proximity to the proximal end 72 and
distal electrode 66 is in close proximity to distal end 74.
In this example, distal electrode 66 is not limited to a
flattened, outward facing surface, but may extend from
first major surface 68 around rounded edges 76 and/or
end surface 78 and onto the second major surface 70 so
that the electrode 66 has a three-dimensional curved
configuration. In the example shown in FIG. 2, proximal
electrode 64 is located on first major surface 68 and is
substantially flat, outward facing. However, in other ex-
amples proximal electrode 64 may utilize the three-di-
mensional curved configuration of distal electrode 66,
providing a three-dimensional proximal electrode (not
shown in this example). Similarly, in other examples dis-
tal electrode 66 may utilize a substantially flat, outward
facing electrode located on first major surface 68 similar
to that shown with respect to proximal electrode 64. The
various electrode configurations allow for configurations
in which proximal electrode 64 and distal electrode 66
are located on both first major surface 68 and second
major surface 70. In other configurations, such as that
shown in FIG. 2, only one of proximal electrode 64 and
distal electrode 66 is located on both major surfaces 68
and 70, and in still other configurations both proximal
electrode 64 and distal electrode 66 are located on one
of the first major surface 68 or the second major surface
70 (i.e., proximal electrode 64 located on first major sur-
face 68 while distal electrode 66 is located on second
major surface 70). In another example, ICM 10A may
include electrodes on both major surface 68 and 70 at or

near the proximal and distal ends of the device, such that
a total of four electrodes are included on ICM 10A. Elec-
trodes 64 and 66 may be formed of a plurality of different
types of biocompatible conductive material, e.g. stainless
steel, titanium, platinum, iridium, or alloys thereof, and
may utilize one or more coatings such as titanium nitride
or fractal titanium nitride.
[0027] In the example shown in FIG. 2, proximal end
72 includes a header assembly 80 that includes one or
more of proximal electrode 64, integrated antenna 82,
anti-migration projections 84, and/or suture hole 86. In-
tegrated antenna 82 is located on the same major surface
(i.e., first major surface 68) as proximal electrode 64 and
is also included as part of header assembly 80. Integrated
antenna 82 allows ICM 10A to transmit and/or receive
data. In other examples, integrated antenna 82 may be
formed on the opposite major surface as proximal elec-
trode 64, or may be incorporated within the housing 82
of ICM 10A. In the example shown in FIG. 2, anti-migra-
tion projections 84 are located adjacent to integrated an-
tenna 82 and protrude away from first major surface 68
to prevent longitudinal movement of the device. In the
example shown in FIG. 2, anti-migration projections 84
includes a plurality (e.g., nine) small bumps or protru-
sions extending away from first major surface 68. As dis-
cussed above, in other examples anti-migration projec-
tions 84 may be located on the opposite major surface
as proximal electrode 64 and/or integrated antenna 82.
In addition, in the example shown in FIG. 2 header as-
sembly 80 includes suture hole 86, which provides an-
other means of securing ICM 10A to the patient to prevent
movement following insert. In the example shown, suture
hole 86 is located adjacent to proximal electrode 64. In
one example, header assembly 80 is a molded header
assembly made from a polymeric or plastic material,
which may be integrated or separable from the main por-
tion of ICM 10A.
[0028] ICM 10A is as illustrated and as described
above with respect to FIG. 2 includes examples of a de-
vice that may include one or more accelerometers and
processing circuitry, as further described below, config-
ured to receive a signal axis accelerometer output signal,
to process the output signal, to rectify the signal, and to
process the rectified signal to detect whether steps, such
as when walking or running, have been made by patient
14A.
[0029] FIG. 3 is a conceptual drawing illustrating an
example medical device system 8B in conjunction with
a patient 14B. Medical device system 8B is an example
of a medical device system configured to implement the
techniques described herein for detecting steps taken by
the patient 14B. In the illustrated example, medical de-
vice system 8B includes an implantable medical device
(IMD) 10B coupled to a ventricular lead 20 and an atrial
lead 21. IMD 10B is an implantable cardioverter-defibril-
lator (ICD) capable of delivering pacing, cardioversion
and defibrillation therapy to the heart 16B of a patient
14B, and will be referred to as ICD 10B hereafter.
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[0030] Ventricular lead 20 and atrial lead 21 are elec-
trically coupled to ICD 10B and extend into the patient’s
heart 16B. Ventricular lead 20 includes electrodes 22 and
24 shown positioned on the lead in the patient’s right
ventricle (RV) for sensing ventricular EGM signals and
pacing in the RV. Atrial lead 21 includes electrodes 26
and 28 positioned on the lead in the patient’s right atrium
(RA) for sensing atrial EGM signals and pacing in the RA
[0031] Ventricular lead 20 additionally carries a high
voltage coil electrode 42, and atrial lead 21 carries a high
voltage coil electrode 44, used to deliver cardioversion
and defibrillation shocks. The term "anti-tachyarrhythmia
shock" may be used herein to refer to both cardioversion
shocks and defibrillation shocks. In other examples, ven-
tricular lead 20 may carry both of high voltage coil elec-
trodes 42 and 44, or may carry a high voltage coil elec-
trode in addition to those illustrated in the example of
FIG. 3.
[0032] ICD 10B may use both ventricular lead 20 and
atrial lead 21 to acquire cardiac electrogram (EGM) sig-
nals from patient 14B and to deliver therapy in response
to the acquired data. Medical device system 8B is shown
as having a dual chamber ICD configuration, but other
examples may include one or more additional leads, such
as a coronary sinus lead extending into the right atrium,
through the coronary sinus and into a cardiac vein to
position electrodes along the left ventricle (LV) for sens-
ing LV EGM signals and delivering pacing pulses to the
LV. In other examples, a medical device system may be
a single chamber system, or otherwise not include atrial
lead 21.
[0033] Processing circuitry, sensing circuitry, and oth-
er circuitry including one or more accelerometers, con-
figured for performing the techniques described herein
are housed within a sealed housing 12. Housing 12 (or
a portion thereof) may be conductive so as to serve as
an electrode for pacing or sensing or as an active elec-
trode during defibrillation. As such, housing 12 is also
referred to herein as "housing electrode" 12.
[0034] ICD 10B may transmit EGM signal data and car-
diac rhythm episode data acquired by ICD 10B, as well
as data regarding delivery of therapy by ICD 10B, to an
external device 30B. External device 30B may be a com-
puting device, e.g., used in a home, ambulatory, clinic,
or hospital setting, to communicate with ICD 10A via wire-
less telemetry. External device 30B may be coupled to
a remote patient monitoring system, such as Carelink®,
available from Medtronic pic, of Dublin, Ireland. External
device 30B may be, as examples, a programmer, exter-
nal monitor, or consumer device, e.g., smart phone.
[0035] External device 30B may be used to program
commands or operating parameters into ICD 10B for con-
trolling its functioning, e.g., when configured as a pro-
grammer for ICD 10B. External device 30B may be used
to interrogate ICD 10B to retrieve data, including device
operational data as well as physiological data accumu-
lated in IMD memory. The interrogation may be automat-
ic, e.g., according to a schedule, or in response to a re-

mote or local user command. Programmers, external
monitors, and consumer devices are examples of exter-
nal devices 30B that may be used to interrogate ICD 10B.
Examples of communication techniques used by ICD
10B and external device 30B include radiofrequency (RF)
telemetry, which may be an RF link established via Blue-
tooth, WiFi, or medical implant communication service
(MICS).
[0036] ICM 10B is as illustrated and as described
above with respect to FIG. 3 includes examples of a de-
vice that may include one or more accelerometers and
processing circuitry, as further described below, config-
ured to receive a signal axis accelerometer output signal,
to process the output signal, to rectify the signal, and to
process the rectified signal to detect whether steps, such
as when walking or running, have been made by patient
14B.
[0037] In various examples, a number of detected qual-
ifying steps are tracked using one or more counters, the
one or more counters included in either ICM 10B, or ex-
ternal device 30B, or in some combination of or both ICM
10B and the external device 30B. In various examples,
the value or values stored in the one or more counters
can be retrieved and provided as an output, such as an
output to a display (not shown in FIG. 3) associated with
external device 30B for display and viewing of the stored
counter value or values.
[0038] FIGS. 4A - 4C are front-view, side-view, and
top-view conceptual drawings, respectively, illustrating
another example medical device system 8C in conjunc-
tion with a patient 14C. Medical device system 8C is an-
other example of a medical device system configured to
implement the techniques described herein, such as re-
ceiving a sensed waveform representative of an output
signal generated by an axis of a single axis or multiple-
axis accelerometer included within ICM 10B, and to proc-
ess that output signal to perform detection of one or more
qualifying steps taken by the patient 14A.
[0039] In the illustrated example, medical device sys-
tem 8C includes an extracardiovascular ICD system
100A implanted within a patient 14C. ICD system 100A
includes an IMD 10C, which is an ICD and is referred to
hereafter as ICD 10C, connected to at least one implant-
able cardiac defibrillation lead 102A. ICD 10C is config-
ured to deliver high-energy cardioversion or defibrillation
pulses to a patient’s heart 16C when atrial or ventricular
fibrillation is detected. Cardioversion shocks are typically
delivered in synchrony with a detected R-wave when fi-
brillation detection criteria are met. Defibrillation shocks
are typically delivered when fibrillation criteria are met,
and the R-wave cannot be discerned from signals sensed
by ICD 10C.
[0040] ICD 10C is implanted subcutaneously or sub-
muscularly on the left side of patient 14C above the rib-
cage. Defibrillation lead 102A may be implanted at least
partially in a substernal location, e.g., between the rib-
cage and/or sternum 110 and heart 16C. In one such
configuration, a proximal portion of lead 102A extends
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subcutaneously from ICD 10C toward sternum 110 and
a distal portion of lead 102A extends superior under or
below the sternum 110 in the anterior mediastinum 112
(FIG. 4C). The anterior mediastinum 112 is bounded lat-
erally by the pleurae 116 (FIG. 1C), posteriorly by the
pericardium 114 (FIG. 4C), and anteriorly by the sternum
110. In some instances, the anterior wall of the anterior
mediastinum may also be formed by the transversus tho-
racis and one or more costal cartilages. The anterior me-
diastinum includes a quantity of loose connective tissue
(such as areolar tissue), some lymph vessels, lymph
glands, substernal musculature (e.g., transverse thoracic
muscle), branches of the internal thoracic artery, and the
internal thoracic vein. In one example, the distal portion
of lead 102A extends along the posterior side of the ster-
num 110 substantially within the loose connective tissue
and/or substernal musculature of the anterior mediasti-
num. Lead 102A may be at least partially implanted in
other intrathoracic locations, e.g., other non-vascular, ex-
tra-pericardial locations, including the gap, tissue, or oth-
er anatomical features around the perimeter of and ad-
jacent to, but not attached to, the pericardium or other
portion of the heart and not above the sternum 110 or
ribcage.
[0041] In other examples, lead 102A may be implanted
at other extracardiovascular locations. For example, de-
fibrillation lead 102A may extend subcutaneously above
the ribcage from ICD 10C toward a center of the torso of
patient 14C, bend or turn near the center of the torso,
and extend subcutaneously superior above the ribcage
and/or sternum 110. Defibrillation lead 102A may be off-
set laterally to the left or the right of the sternum 110 or
located over the sternum 110. Defibrillation lead 102A
may extend substantially parallel to the sternum 110 or
be angled lateral from the sternum 110 at either the prox-
imal or distal end.
[0042] Defibrillation lead 102A includes an insulative
lead body having a proximal end that includes a connec-
tor 104 configured to be connected to ICD 10C and a
distal portion that includes one or more electrodes. De-
fibrillation lead 102A also includes one or more conduc-
tors that form an electrically conductive path within the
lead body and interconnect the electrical connector and
respective ones of the electrodes.
[0043] Defibrillation lead 102A includes a defibrillation
electrode that includes two sections or segments 106A
and 106B, collectively (or alternatively) defibrillation elec-
trode 106. The defibrillation electrode 106 is toward the
distal portion of defibrillation lead 102A, e.g., toward the
portion of defibrillation lead 102A extending along the
sternum 110. Defibrillation lead 102A is placed below
and/or along sternum 110 such that a therapy vector be-
tween defibrillation electrodes 106A or 106B and a hous-
ing electrode formed by or on ICD 10C (or other second
electrode of the therapy vector) is substantially across a
ventricle of heart 16C. The therapy vector may, in one
example, be viewed as a line that extends from a point
on defibrillation electrode 106 (e.g., a center of one of

the defibrillation electrode sections 106A or 106B) to a
point on the housing electrode of ICD 10C. Defibrillation
electrode 106 may, in one example, be an elongated coil
electrode.
[0044] Defibrillation lead 102A may also include one
or more sensing electrodes, such as sensing electrodes
108A and 108B (individually or collectively, "sensing
electrode(s) 108"), located along the distal portion of de-
fibrillation lead 102A. In the example illustrated in FIG.
4A and FIG. 4B, sensing electrodes 108A and 108B are
separated from one another by defibrillation electrode
106A. In other examples, however, sensing electrodes
108A and 108B may be both distal of defibrillation elec-
trode 106 or both proximal of defibrillation electrode 106.
In other examples, lead 102A may include more or fewer
electrodes at various locations proximal and/or distal to
defibrillation electrode 106. In the same or different ex-
amples, ICD 10C may include one or more electrodes
on another lead (not shown).
[0045] ICD system 100A may sense electrical signals
via one or more sensing vectors that include combina-
tions of electrodes 108A and 108B and the housing elec-
trode of ICD 10C. In some instances, ICD 10C may sense
cardiac electrical signals using a sensing vector that in-
cludes one of the defibrillation electrode sections 106A
and 106B and one of sensing electrodes 108A and 108B
or the housing electrode of ICD 9. The sensed electrical
intrinsic signals may include electrical signals generated
by cardiac muscle and indicative of depolarizations and
repolarizations of heart 16C at various times during the
cardiac cycle. ICD 10C analyzes the electrical signals
sensed by the one or more sensing vectors to detect
tachyarrhythmia, such as ventricular tachycardia or ven-
tricular fibrillation. In response to detecting the tachyar-
rhythmia, ICD 10C may begin to charge a storage ele-
ment, such as a bank of one or more capacitors, and,
when charged, deliver one or more defibrillation pulses
via defibrillation electrode 106 of defibrillation lead 102A
if the tachyarrhythmia is still present.
[0046] Medical device system 8C also includes an IMD
10D, which is implanted within heart 16C and configured
to deliver cardiac pacing to the heart, e.g., is an intrac-
ardiac pacing device (IPD). IMD 10D is referred to as IPD
10D hereafter. In the illustrated example, IPD 10D is im-
planted within the right ventricle of heart 16C. However,
in other examples, system 8C may additionally or alter-
natively include one or more IPDs 10D within other cham-
bers of heart 16C, or similarly configured pacing devices
attached to an external surface of heart 16C (e.g., in con-
tact with the epicardium) such that the pacing device is
disposed outside of heart 16C.
[0047] IPD 10D is configured to sense electrical activity
of heart 16C and deliver pacing therapy, e.g., bradycardia
pacing therapy, cardiac resynchronization therapy
(CRT), anti-tachycardia pacing (ATP) therapy, and/or
post-shock pacing, to heart 16C. IPD 10D may be at-
tached to an interior wall of heart 16C via one or more
fixation elements that penetrate the tissue. These fixation
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elements may secure IPD 10D to the cardiac tissue and
retain an electrode (e.g., a cathode or an anode) in con-
tact with the cardiac tissue.
[0048] IPD 10D may be capable sensing electrical sig-
nals using the electrodes carried on the housing of IPD
10D. These electrical signals may be electrical signals
generated by cardiac muscle and indicative of depolari-
zations and repolarizations of heart 16C at various times
during the cardiac cycle. IPD 10D may analyze the
sensed electrical signals to detect bradycardia and tach-
yarrhythmias, such as ventricular tachycardia or ven-
tricular fibrillation. In response to detecting bradycardia,
IPD 10D may deliver bradycardia pacing via the elec-
trodes of IPD 10D. In response to detecting tachyarrhyth-
mia, IPD 10D may, e.g., depending on the type of tach-
yarrhythmia, deliver ATP therapy via the electrodes of
IPD 10D. In some examples, IPD 10D may deliver post-
shock pacing in response to determining that another
medical device, e.g., ICD 10C, delivered an anti-tachyar-
rhythmia shock.
[0049] IPD 10D and ICD 10C may be configured to
coordinate their arrhythmia detection and treatment ac-
tivities. In some examples IPD 10D and ICD 10C may be
configured to operate completely independently of one
another. In such a case, IPD 10D and ICD 10C are not
capable of establishing telemetry communication ses-
sions with one another to exchange information about
sensing and/or therapy using one-way or two-way com-
munication. Instead, each of IPD 10D and ICD 10C an-
alyze the data sensed via their respective electrodes to
make tachyarrhythmia detection and/or therapy deci-
sions. As such, each device does not know if the other
will detect the tachyarrhythmia, if or when it will provide
therapy, and the like. In some examples, IPD 10D may
be configured to detect anti-tachyarrhythmia shocks de-
livered by ICD system 100A, which may improve the co-
ordination of therapy between subcutaneous ICD 10C
and IPD 10D without requiring device-to-device commu-
nication. In this manner, IPD 10D may coordinate the
delivery of cardiac stimulation therapy, including the ter-
mination of ATP and the initiation of the delivery of post-
shock pacing, with the application of an anti-tachyar-
rhythmia shock merely through the detection of defibril-
lation pulses and without the need to communicate with
the defibrillation device applying the anti-tachyarrhyth-
mia shock.
[0050] In other examples, IPD 10D and ICD 10C may
engage in communication to facilitate the appropriate de-
tection of arrhythmias and/or delivery of therapy. The
communication may include one-way communication in
which one device is configured to transmit communica-
tion messages and the other device is configured to re-
ceive those messages. The communication may instead
include two-way communication in which each device is
configured to transmit and receive communication mes-
sages. Two-way communication and coordination of the
delivery of patient therapies between IPD 10D and ICD
10C is described in commonly-assigned United States

Patent Application Number 13/756,085, titled, "SYS-
TEMS AND METHODS FOR LEADLESS PACING AND
SHOCK THERAPY," filed January 31, 2013.
[0051] External device 30C may be configured sub-
stantially similarly to external device 30A described
above with respect to FIG. 1. External device 30C may
be configured to communicate with one or both of ICD
10C and IPD 10D. In examples where external device
30C only communicates with one of ICD 10C and IPD
10D, the non-communicative device may receive instruc-
tions from or transmit data to the device in communication
with external device 30C. In some examples, a user may
interact with device 30C remotely via a networked com-
puting device. The user may interact with external device
30C to communicate with IPD 10D and/or ICD 10C.
[0052] For example, the user may interact with external
device 30C to send an interrogation request and retrieve
sensed physiological data or therapy delivery data stored
by one or both of ICD 10C and IPD 10D, and program or
update therapy parameters that define therapy, or per-
form any other activities with respect to ICD 10C and IPD
10D. Although the user is a physician, technician, sur-
geon, electrophysiologist, or other healthcare profes-
sional, the user may be patient 14C in some examples.
For example, external device 30C may allow a user to
send signals, such as a reset signal, and stop and start
signals related to counters provided within IPD 10D, as
further described below, to allow user interaction with
one or more counters storing values related to a number
of detected steps.
[0053] Although FIGS. 4A - 4C are shown or described
in the context of IPD 10D and extracardiovascular ICD
system 100A that includes lead 102A with a substernally
placed distal portion, techniques in accordance with one
or more aspects of the present disclosure may be appli-
cable to other coexistent systems. For example, an ext-
racardiovascular ICD system may include a lead having
a distal portion that is implanted subcutaneously above
the sternum (or other location) instead of being implanted
substernally. As another example, instead of an IPD, a
pacing system may be implanted having a pacemaker
and one or more leads connected to and extending from
the pacemaker into one or more chambers of the heart
or attached to the outside of the heart to provide pacing
therapy to the one or more chambers. As such, the ex-
ample of FIGS. 4A - 4C is illustrated for example purpos-
es only and should not be considered limiting of the tech-
niques described herein.
[0054] FIG. 5 is a conceptual drawing illustrating an-
other example medical device system 8D that includes
an extracardiovascular ICD system 100B and IPD 10D
implanted within a patient. Medical device system 8B
may be configured to perform any of the techniques de-
scribed herein with respect to medical device system 8C
of FIGS. 4A - 4C. Components with like numbers in FIGS
4A - 4C and FIG. 5 may be similarly configured and pro-
vide similar functionality.
[0055] In the example of FIG. 5, extracardiovascular
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ICD system 100B includes ICD 10C coupled to a defi-
brillation lead 102B. Unlike defibrillation lead 102A of
FIGS. 4A - 4C, defibrillation lead 102B extends subcuta-
neously above the ribcage from ICD 10C. In the illustrated
example, defibrillation lead 102B extends toward a center
of the torso of patient 14D, bends or turns near the center
of the torso, and extends subcutaneously superior above
the ribcage and/or sternum 110. Defibrillation lead 102B
may be offset laterally to the left or the right of sternum
110 or located over sternum 110. Defibrillation lead 102B
may extend substantially parallel to sternum 102 or be
angled lateral from the sternum at either the proximal or
distal end.
[0056] Defibrillation lead 102B includes an insulative
lead body having a proximal end that includes a connec-
tor 104 configured to be connected to ICD 10C and a
distal portion that includes one or more electrodes. De-
fibrillation lead 102B also includes one or more conduc-
tors that form an electrically conductive path within the
lead body and interconnect the electrical connector and
respective ones of the electrodes. In the illustrated ex-
ample, defibrillation lead 102B includes a single defibril-
lation electrode 106 toward the distal portion of defibril-
lation lead 102B, e.g., toward the portion of defibrillation
lead 102B extending along sternum 110. Defibrillation
lead 102B is placed along sternum 110 such that a ther-
apy vector between defibrillation electrode 106 and a
housing electrode formed by or on ICD 10C (or other
second electrode of the therapy vector) is substantially
across a ventricle of heart 16D.
[0057] Defibrillation lead 102B may also include one
or more sensing electrodes, such as sensing electrodes
108A and 108B, located along the distal portion of defi-
brillation lead 102B. In the example illustrated in FIG. 5,
sensing electrodes 108A and 108B are separated from
one another by defibrillation electrode 106. In other ex-
amples, however, sensing electrodes 108A and 108B
may be both distal of defibrillation electrode 106 or both
proximal of defibrillation electrode 106. In other exam-
ples, lead 102B may include more or fewer electrodes at
various locations proximal and/or distal to defibrillation
electrode 106, and lead 102B may include multiple defi-
brillation electrodes, e.g., defibrillation electrodes 106A
and 106B as illustrated in the example of FIGS. 4A - 4C.
[0058] FIG. 6 is a conceptual drawing illustrating an
example configuration of IPD 10D. As shown in FIG. 6,
IPD 10D includes case 130, cap 138, electrode 140, elec-
trode 132, fixation mechanisms 142, flange 134, and
opening 136. Together, case 130 and cap 138 may be
considered the housing of IPD 10D. In this manner, case
130 and cap 138 may enclose and protect the various
electrical components, e.g., circuitry, within IPD 10D.
Case 130 may enclose substantially all of the electrical
components, and cap 138 may seal case 130 and create
the hermetically sealed housing of IPD 10D. Although
IPD 10D is generally described as including one or more
electrodes, IPD 10D may typically include at least two
electrodes (e.g., electrodes 132 and 140) to deliver an

electrical signal (e.g., therapy such as cardiac pacing)
and/or provide at least one sensing vector.
[0059] Electrodes 132 and 140 are carried on the hous-
ing created by case 130 and cap 138. In this manner,
electrodes 132 and 140 may be considered leadless
electrodes. In the example of FIG. 6, electrode 140 is
disposed on the exterior surface of cap 138. Electrode
140 may be a circular electrode positioned to contact
cardiac tissue upon implantation. Electrode 132 may be
a ring or cylindrical electrode disposed on the exterior
surface of case 130. Both case 130 and cap 138 may be
electrically insulating.
[0060] Electrode 140 may be used as a cathode and
electrode 132 may be used as an anode, or vice versa,
for delivering cardiac pacing such as bradycardia pacing,
CRT, ATP, or post-shock pacing. However, electrodes
132 and 140 may be used in any stimulation configura-
tion. In addition, electrodes 132 and 140 may be used to
detect intrinsic electrical signals from cardiac muscle.
[0061] Fixation mechanisms 142 may attach IPD 10D
to cardiac tissue. Fixation mechanisms 142 may be ac-
tive fixation tines, screws, clamps, adhesive members,
or any other mechanisms for attaching a device to tissue.
As shown in the example of FIG. 6, fixation mechanisms
142 may be constructed of a memory material, such as
a shape memory alloy (e.g., nickel titanium), that retains
a preformed shape. During implantation, fixation mech-
anisms 142 may be flexed forward to pierce tissue and
allowed to flex back towards case 130. In this manner,
fixation mechanisms 142 may be embedded within the
target tissue.
[0062] Flange 144 may be provided on one end of case
130 to enable tethering or extraction of IPD 10D. For
example, a suture or other device may be inserted around
flange 144 and/or through opening 146 and attached to
tissue. In this manner, flange 144 may provide a second-
ary attachment structure to tether or retain IPD 10D within
heart 16C (or 16D) if fixation mechanisms 142 fail. Flange
144 and/or opening 146 may also be used to extract IPD
10D once the IPD needs to be explanted (or removed)
from patient 14D if such action is deemed necessary.
[0063] IPD 10D is one example of a pacing device con-
figured to implement the techniques of this disclosure.
However, other implantable medical devices may be
used to perform the same or similar functions as IPD
10D. For example, an IPD may include a small housing
that carries an electrode, similar to IPD 10D, and be con-
figured to be implanted within a chamber of a heart 16.
The IPD may also include one or more relatively short
leads configured to place one or more respective addi-
tional electrodes at another location within the same
chamber of the heart or a different chamber of the heart.
In this manner, the housing of the IPD may not carry all
of the electrodes used to perform functions described
herein with respect to IPD 10D. In other examples, each
electrode of the IPD may be carried by one or more leads
(e.g., the housing of the IPD may not carry any of the
electrodes). In some examples, an IPD or other pacing
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device may include or be coupled to three or more elec-
trodes, where each electrode may deliver therapy and/or
detect intrinsic signals.
[0064] In another example, a pacing device may be
configured to be implanted external to the heart, e.g.,
near or attached to the epicardium of the heart. An elec-
trode carried by the housing of the pacing may be placed
in contact with the epicardium and/or one or more elec-
trodes of leads coupled to the pacing may be placed in
contact with the epicardium at locations sufficient to pro-
vide cardiac pacing. In still other examples, a pacing de-
vice configured to perform the techniques described
herein may be implanted subcutaneously or submuscu-
larly, and connected to one or more intracardiac leads
carrying one or more electrodes.
[0065] Referring back to FIGS. 4A - 5, medical device
systems 8C and 8D are examples of medical device sys-
tems configured to receive an output signal from gener-
ated by a single axis of an accelerometer, and to process
the output signal in order to detect steps taken by a patent
coupled to the accelerometer, such as when the patient
is walking or running. In various examples the techniques
used to detect steps includes "rectifying" the output signal
using a moving window to generate a series of rectified
values that can arranged sequentially in time to provide
a rectified signal corresponding to the output signal. The
rectified signal is then further processed using an auto-
adjusting threshold line to determine what portions of the
rectified signal represent steps taken by the patient.
[0066] FIG. 7 is a functional block diagram illustrating
an example configuration of an IMD 10. IMD 10 may cor-
respond to any of ICD 10A, ICM 10B, ICD 10C, IPD 10D,
or another IMD configured to implement the techniques
for predicting an acute cardiac event described in this
disclosure. In the illustrated example, IMD 10 includes
processing circuitry 160 and an associated memory 170,
sensing circuitry 162, therapy delivery circuitry 164, one
or more sensors 166, one or more accelerometers 165,
and communication circuitry 168. However, ICD 10A,
ICM 10B, ICD 10C, and IPD 10D need not include all of
these components, or may include additional compo-
nents. For example, ICM 10A may not include therapy
delivery circuitry 164, in some examples. In various ex-
amples, processing circuitry 160 is configured to perform
the processes of step detection using the one or more of
the variations of techniques described herein, including
signal processing of a single axis accelerometer output
signal, rectification of the single axis output signal, anal-
ysis of the rectified signal to provide step detection, and
one or more features, including counting and qualification
of detected steps according to the techniques described
herein. In various examples, an output signal from one
axis of the one or more accelerometers 165 is provided
as the single axis accelerometer output signal that is
process to detect steps taken as represented by the var-
iations present in the accelerometer output signal. In var-
ious examples, the output signal from the one axis of the
accelerometers 165 is taken from an axis that is oriented

in the sagittal axis of the patent once IMD 10 has been
implanted in the patient, and provided and output signal
indicative of variations in the acceleration forces occur-
ring in that same sagittal axis of the patient.
[0067] Memory 170 includes computer-readable in-
structions that, when executed by processing circuitry
160, cause IMD 10 and processing circuitry 160 to per-
form various functions attributed to IMD 10 and process-
ing circuitry 160 herein (e.g., determining patient param-
eter values, difference metrics, scores and thresholds,
and determining whether to provide an alert indicating
that an acute cardiac event is predicted). Memory 170
may include any volatile, non-volatile, magnetic, optical,
or electrical media, such as a random access memory
(RAM), read-only memory (ROM), non-volatile RAM
(NVRAM), electrically-erasable programmable ROM
(EEPROM), flash memory, or any other digital or analog
media.
[0068] Processing circuitry 160 may include fixed func-
tion circuitry and/or programmable processing circuitry.
Processing circuitry 160 may include any one or more of
a microprocessor, a controller, a digital signal processor
(DSP), an application specific integrated circuit (ASIC),
a field-programmable gate array (FPGA), or equivalent
discrete or analog logic circuitry. In some examples,
processing circuitry 160 may include multiple compo-
nents, such as any combination of one or more micro-
processors, one or more controllers, one or more DSPs,
one or more ASICs, or one or more FPGAs, as well as
other discrete or integrated logic circuitry. The functions
attributed to processing circuitry 160 herein may be em-
bodied as software, firmware, hardware or any combina-
tion thereof.
[0069] Sensing circuitry 162 and therapy delivery cir-
cuitry 164 are coupled to electrodes 190. Electrodes 190
illustrated in FIG. 7 may correspond to, for example: elec-
trodes 64 and 66 of ICM 10A (FIG. 1); electrodes 12, 22,
24, 26, 28, 44, and 44 of ICD 10B (FIG. 3); electrodes
106, 108, and one or more housing electrodes of ICD
10C (FIGS. 4A - 5); or electrodes 132 and 140 of IPD
10D (FIG. 6).
[0070] Electrical sensing circuitry 162 monitors signals
from a selected two or more of electrodes 190 in order
to monitor electrical activity of heart 26, impedance, or
other electrical phenomenon. Sensing of a cardiac elec-
trical signal may be done to determine heart rates or heart
rate variability, or to detect arrhythmias (e.g., tachyar-
rhythmias or bradycardia) or other electrical signals. In
some examples, sensing circuitry 162 may include one
or more filters and amplifiers for filtering and amplifying
a signal received from electrodes 190.
[0071] The resulting cardiac electrical signal may be
passed to cardiac event detection circuitry that detects
a cardiac event when the cardiac electrical signal crosses
a sensing threshold. The cardiac event detection circuitry
may include a rectifier, filter and/or amplifier, a sense
amplifier, comparator, and/or analog-to-digital converter.
Sensing circuitry 162 outputs an indication to processing
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circuitry 160 in response to sensing of a cardiac event
(e.g., detected P-waves or R-waves).
[0072] In this manner, processing circuitry 160 may re-
ceive detected cardiac event signals corresponding to
the occurrence of detected R-waves and P-waves in the
respective chambers of heart 26. Indications of detected
R-waves and P-waves may be used for detecting ven-
tricular and/or atrial tachyarrhythmia episodes, e.g., ven-
tricular or atrial fibrillation episodes. Some detection
channels may be configured to detect cardiac events,
such as P- or R-waves, and provide indications of the
occurrences of such events to processing circuitry 160,
e.g., as described in U.S. Patent No. 5,117,824 to Keimel
et al., which issued on June 2, 1992 and is entitled, "AP-
PARATUS FOR MONITORING ELECTRICAL PHYSIO-
LOGIC SIGNALS".
[0073] Sensing circuitry 162 may also include a switch
module to select which of the available electrodes 190
(or electrode polarities) are used to sense the heart ac-
tivity. In examples with several electrodes 190, process-
ing circuitry 160 may select the electrodes that function
as sense electrodes, i.e., select the sensing configura-
tion, via the switch module within sensing circuitry 162.
Sensing circuitry 162 may also pass one or more digitized
EGM signals to processing circuitry 160 for analysis, e.g.,
for use in cardiac rhythm discrimination.
[0074] Processing circuitry 160 may implement pro-
grammable counters. If IMD 10 is configured to generate
and deliver pacing pulses to heart 26, such counters may
control the basic time intervals associated with bradycar-
dia pacing (e.g., DDD, VVI, DVI, VDD, AAI, DDI, DDDR,
VVIR, DVIR, VDDR, AAIR, DDIR pacing) and other
modes of pacing. Intervals defined by processing circuitry
160 may include atrial and ventricular pacing escape in-
tervals, refractory periods during which sensed P-waves
and R-waves are ineffective to restart timing of the es-
cape intervals, and the pulse widths of the pacing pulses.
The durations of these intervals may be determined by
processing circuitry 160 in response to pacing mode pa-
rameters stored in memory 170.
[0075] Interval counters implemented by processing
circuitry 160 may be reset upon sensing of R-waves and
P-waves with detection channels of sensing circuitry 162,
or upon the generation of pacing pulses by therapy de-
livery circuitry 164, and thereby control the basic timing
of cardiac pacing functions, including bradycardia pac-
ing, CRT, ATP, or post-shock pacing. The value of the
count present in the interval counters when reset by
sensed R-waves and P-waves may be used by process-
ing circuitry 160 to measure the durations of R-R inter-
vals, P-P intervals, P-R intervals and R-P intervals, which
are measurements that may be stored in memory 170.
Processing circuitry 160 may use the count in the interval
counters to detect a tachyarrhythmia event, such as atrial
fibrillation (AF), atrial tachycardia (AT), VF, or VT. These
intervals may also be used to detect the overall heart
rate, ventricular contraction rate, and heart rate variabil-
ity. A portion of memory 170 may be configured as a

plurality of recirculating buffers, capable of holding series
of measured intervals, which may be analyzed by
processing circuitry 160 in response to the occurrence
of a pace or sense interrupt to determine whether the
patient’s heart 26 is presently exhibiting atrial or ventricu-
lar tachyarrhythmia.
[0076] In some examples, an arrhythmia detection
method may include any suitable tachyarrhythmia detec-
tion algorithms. In one example, processing circuitry 160
may utilize all or a subset of the rule-based detection
methods described in U.S. Patent No. 5,545,186 to Olson
et al., entitled, "PRIORITIZED RULE BASED METHOD
AND APPARATUS FOR DIAGNOSIS AND TREAT-
MENT OF ARRHYTHMIAS," which issued on August 13,
1996, or in U.S. Patent No. 5,755,736 to Gillberg et al.,
entitled, "PRIORITIZED RULE BASED METHOD AND
APPARATUS FOR DIAGNOSIS AND TREATMENT OF
ARRHYTHMIAS," which issued on May 26, 1998. U.S.
Patent No. 5,545,186 to Olson et al. U.S. Patent No.
5,755,736 to Gillberg et al. However, other arrhythmia
detection methodologies, such as those methodologies
that utilize timing and morphology of the electrocardio-
gram, may also be employed by processing circuitry 160
in other examples.
[0077] In some examples, processing circuitry 160
may determine that tachyarrhythmia has occurred by
identification of shortened R-R (or P-P) interval lengths.
Generally, processing circuitry 160 detects tachycardia
when the interval length falls below 220 milliseconds and
fibrillation when the interval length falls below 180 milli-
seconds. In other examples, processing circuitry 160
may detect ventricular tachycardia when the interval
length falls between 330 milliseconds and ventricular fi-
brillation when the interval length falls below 240 milli-
seconds. These interval lengths are merely examples,
and a user may define the interval lengths as desired,
which may then be stored within memory 170. This in-
terval length may need to be detected for a certain
number of consecutive cycles, for a certain percentage
of cycles within a running window, or a running average
for a certain number of cardiac cycles, as examples. In
other examples, additional patient parameters may be
used to detect an arrhythmia. For example, processing
circuitry 160 may analyze one or more morphology meas-
urements, impedances, or any other physiological meas-
urements to determine that patient 14 is experiencing a
tachyarrhythmia.
[0078] In addition to detecting and identifying specific
types of cardiac events, e.g., cardiac depolarizations,
sensing circuitry 162 may also sample the detected in-
trinsic signals to generate an electrogram or other time-
based indication of cardiac events. Sensing circuitry 162
may include an analog-to-digital converter or other cir-
cuitry configured to sample and digitize the electrical sig-
nal sensed via electrodes 190. Processing circuitry 160
may analyze the digitized signal for a variety of purposes,
including morphological identification or confirmation of
tachyarrhythmia of heart 26.
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[0079] In some examples, accelerometer 165 include
one or more accelerometers, e.g., one or more 3-axis
accelerometers. Signals generated by the one or more
accelerometers may be indicative of, as examples, gross
body movement (e.g., activity) of patient 14, patient pos-
ture, heart sounds or other vibrations or movement as-
sociated with the beating of the heart, or coughing, rales,
or other respiration abnormalities.
[0080] Therapy delivery circuitry 164 is configured to
generate and deliver electrical therapy to the heart. Ther-
apy delivery circuitry 164 may include one or more pulse
generators, capacitors, and/or other components capa-
ble of generating and/or storing energy to deliver as pac-
ing therapy, defibrillation therapy, cardioversion therapy,
other therapy or a combination of therapies. In some in-
stances, therapy delivery circuitry 164 may include a first
set of components configured to provide pacing therapy
and a second set of components configured to provide
anti-tachyarrhythmia shock therapy. In other instances,
therapy delivery circuitry 164 may utilize the same set of
components to provide both pacing and anti-tachyar-
rhythmia shock therapy. In still other instances, therapy
delivery circuitry 164 may share some of the pacing and
shock therapy components while using other compo-
nents solely for pacing or shock delivery.
[0081] Therapy delivery circuitry 164 may include
charging circuitry, one or more charge storage devices,
such as one or more capacitors, and switching circuitry
that controls when the capacitor(s) are discharged to
electrodes 190 and the widths of pulses. Charging of ca-
pacitors to a programmed pulse amplitude and discharg-
ing of the capacitors for a programmed pulse width may
be performed by therapy delivery circuitry 164 according
to control signals received from processing circuitry 160,
which are provided by processing circuitry 160 according
to parameters stored in memory 170. Processing circuitry
160 controls therapy delivery circuitry 164 to deliver the
generated therapy to the heart via one or more combi-
nations of electrodes 190, e.g., according to parameters
stored in memory 170. Therapy delivery circuitry 164 may
include switch circuitry to select which of the available
electrodes 190 are used to deliver the therapy, e.g., as
controlled by processing circuitry 160.
[0082] Communication circuitry 168 includes any suit-
able hardware, firmware, software or any combination
thereof for communicating with another device, such as
an external device 30 or another IMD or sensor. Under
the control of processing circuitry 160, communication
circuitry 168 may receive downlink telemetry from and
send uplink telemetry to external device 30 or another
device with the aid of an antenna, which may be internal
and/or external. In some examples, communication cir-
cuitry 168 may communicate with a local external device,
and processing circuitry 160 may communicate with a
networked computing device via the local external device
and a computer network, such as the Medtronic Care-
Link® Network developed by Medtronic, pic, of Dublin,
Ireland.

[0083] A clinician or other user may retrieve data from
IMD 10 using external device 30 or another local or net-
worked computing device configured to communicate
with processing circuitry 160 via communication circuitry
168. The retrieved data may include one or more counter
values stored in counter included in processing circuitry
160 and/or in memory 170, the counter values corre-
sponding to number values for detected steps. The cli-
nician may also program parameters of IMD 10 using
external device 30 or another local or networked com-
puting device. In some examples, the clinician may select
patient parameters, such as a range of time limits be-
tween steps for a given patient in order to have a detected
step counted as a "qualifying step, and further described
below.
[0084] FIG. 8 is a functional block diagram illustrating
an example configuration of an external device 30 con-
figured to communicate with one or more IMDs 10. In the
example of FIG. 8, external device 30 includes process-
ing circuitry 200, memory 202, user interface (UI) 204,
and communication circuitry 206. External device 30 may
correspond to any of external devices 30A - 30C de-
scribed with respect to FIGS. 1, 2, and 4A - 5. External
device 30 may be a dedicated hardware device with ded-
icated software for the programming and/or interrogation
of an IMD 10. Alternatively, external device 30 may be
an off-the-shelf computing device, e.g., running an ap-
plication that enables external device 30 to program
and/or interrogate IMD 10.
[0085] In some examples, a user uses external device
30 to select or program any of the values for operational
parameters of IMD 10, e.g., for patient parameter sens-
ing, therapy delivery, and related to the detection of steps.
In some examples, a user uses external device 30 to
receive data collected by IMD 10, such as step counts
or other operational and performance data of IMD 10.
The user may interact with external device 30 via UI 204,
which may include a display to present a graphical user
interface to a user, and a keypad or another mechanism
(such as a touch sensitive screen) for receiving input from
a user. External device 30 may communicate wirelessly
with IMD 10 using communication circuitry 206, which
may be configured for RF communication with commu-
nication circuitry 168 of IMD 10.
[0086] Processing circuitry 200 may include any com-
bination of integrated circuitry, discrete logic circuity, an-
alog circuitry, such as one or more microprocessors, dig-
ital signal processors (DSPs), application specific inte-
grated circuits (ASICs), or field-programmable gate ar-
rays (FPGAs). In some examples, processing circuitry
200 may include multiple components, such as any com-
bination of one or more microprocessors, one or more
DSPs, one or more ASICs, or one or more FPGAs, as
well as other discrete or integrated logic circuitry, and/or
analog circuitry.
[0087] Memory 202 may store program instructions,
which may include one or more program modules, which
are executable by processing circuitry 200. When exe-
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cuted by processing circuitry 200, such program instruc-
tions may cause processing circuitry 200 and external
device 30 to provide the functionality ascribed to them
herein. The program instructions may be embodied in
software, firmware and/or RAMware. Memory 202 may
include any volatile, non-volatile, magnetic, optical, or
electrical media, such as a random access memory
(RAM), read-only memory (ROM), non-volatile RAM
(NVRAM), electrically-erasable programmable ROM
(EEPROM), flash memory, or any other digital media.
[0088] In some examples, processing circuitry 200 of
external device 30 may be configured to provide some
or all of the functionality ascribed to processing circuitry
160 of IMD 10 herein. For example, processing circuitry
200 may receive an output signal from a single axis of
an accelerometer, and process the output signal to gen-
erate rectified values corresponding to the output signal.
In various examples, the rectified values are generated
using a sequence of moving window imposed over a pre-
determined number of samples of the output signal.
Processing circuitry 200 then arranges these generated
rectified values in sequential order over time to generate
a rectified signal that have variations corresponding to
the variations provided in the output signal. The rectified
signal is then analyzed using an auto-adjusting threshold,
as further described below, to detect the presence of var-
iation in the rectified signal indicative of a step taken by
a patient, such as when a patient is walking or running.
In various examples, processing circuity 200 and mem-
ory 202 perform any of the functions described above
with respect to processing circuity 160 the detection of
steps taken by a patient, including the processing of a
received single axis accelerometer signal to detect steps,
and to provide any of the counter functions described
herein related to qualifying and counting detected and/or
qualifying steps.
[0089] FIG. 9 is a functional block diagram illustrating
an example system that includes external computing de-
vices, such as a server 224 and one or more other com-
puting devices 230A-230N, that are coupled to IMD 10
and external device 30 via a network 222. In this example,
IMD 10 may use its communication module 168 to, e.g.,
at different times and/or in different locations or settings,
communicate with external device 30 via a first wireless
connection, and to communication with an access point
220 via a second wireless connection. In the example of
FIG. 9, access point 220, external device 30, server 224,
and computing devices 230A-230N are interconnected,
and able to communicate with each other, through net-
work 222.
[0090] Access point 220 may comprise a device that
connects to network 222 via any of a variety of connec-
tions, such as telephone dial-up, digital subscriber line
(DSL), or cable modem connections. In other examples,
access point 220 may be coupled to network 222 through
different forms of connections, including wired or wireless
connections. In some examples, access point 220 may
be co-located with patient 14. Access point 220 may in-

terrogate IMD 10, e.g., periodically or in response to a
command from patient 14 or network 222, to retrieve
physiological signals, patient parameter values 174, dif-
ference metrics 176, scores 178, thresholds 180, alerts
of acute cardiac events, and/or other operational or pa-
tient data from IMD 10. Access point 220 may provide
the retrieved data to server 224 via network 222.
[0091] In some cases, server 224 may be configured
to provide a secure storage site for data that has been
collected from IMD 10 and/or external device 30. In some
cases, server 224 may assemble data in web pages or
other documents for viewing by trained professionals,
such as clinicians, via computing devices 230A-230N.
The illustrated system of FIG. 9 may be implemented, in
some aspects, with general network technology and
functionality similar to that provided by the Medtronic
CareLink® Network developed by Medtronic pic, of Dub-
lin, Ireland.
[0092] In some examples, one or more of access point
220, server 224, or computing devices 230 may be con-
figured to perform, e.g., may include processing circuitry
configured to perform, some or all of the techniques de-
scribed herein, e.g., with respect to processing circuitry
160 of IMD 10 and processing circuitry 200 of external
device 30, related to the detection of steps taken by a
patient coupled to an accelerometer, such as when the
patient is walking or running. In the example of FIG. 9,
server 224 includes a memory 226 to store count values
related to detected steps taking by a patent, the count
values received from IMD 10 and/or external device 30,
and processing circuitry 228, which may be configured
to provide some or all of the functionality ascribed to
processing circuitry 160 of IMD 10 and processing cir-
cuitry 200 of external device 30 herein. For example,
processing circuitry 228 may detect steps taken by a pa-
tient, determine if the detected step is a qualifying step,
and further described herein, and track the number of
detected steps using one or more counters. The one or
more counters may include a base counter that counts
a total number of detected steps until the counter is reset,
either by the patient or by another person, such as a
clinician, using an external device. In addition, the one
or more counters may also include interval counters that
can begin counting detected and/or qualifying steps
based on a command or signal received by the process-
ing circuit, for example provided by the patient through
an external device, and can stop counting detected
and/or qualifying steps based on a second or different
command or signal provide by the patient through an
external device.
[0093] FIG. 10A is a graphical illustration 500 showing
rectification of a sensed waveform in accordance with
various techniques described in this disclosure. A sensed
waveform 502 is illustrated having a variation in voltage,
represented by the vertical axis, relative to time as rep-
resented along the horizontal axis. In various examples,
sensed waveform 502 is a voltage signal provided as an
output signal a single axis accelerometer, such as accel-

25 26 



EP 3 493 740 B1

15

5

10

15

20

25

30

35

40

45

50

55

erometer 165 shown in FIG. 7. In various examples,
sensed waveform 502 is a voltage output signal provided
by a single axis of an accelerometer included in an im-
planted medical device that is implanted in a patient and
arranged so as to provide variations in sensed acceler-
ation along a sagittal axis of the patient. The range of
voltage variation provided within sensed waveform 502
is not limited to any particular range of voltage variation,
and in some examples is the voltage variation of sensed
waveform 502 as provided by the accelerometer config-
ured to generated and provide the single axis acceler-
ometer output signal processed to detect steps. In vari-
ous examples, instead of the signal 502 showing varia-
tions in voltage relative to the vertical axis, the variations
are scaled to represent variations in gravitational force,
measured in units of gravity - e.g., gravity = 9.80991m/s2,
and the variations in waveform 502 represent variations,
measured in units, in the gravitational forces exerted in
the axis being monitored by a single axis accelerometer
provided the output signal, or the sampled version of an
output signal corresponding to signal 502.
[0094] As illustrated in FIG. 10A, sensed waveform 502
is "rectified" to generate a rectified signal 520. As used
herein, the term "rectified" is not referring to the classical
meaning of "rectification" of a waveform that comprises
changing a waveform that includes both positive and neg-
ative voltages relative to some reference voltage level
into a waveform that includes only positive voltage levels
relative to that same reference voltage level. Instead,
"rectification" as used herein refers to developing the rec-
tified signal 520 from the sensed waveform 502 using
values determined from a set of sample windows, as fur-
ther described herein, to generate a positive waveform
that includes accentuated peak-to-peak amplitudes rel-
ative to the peak-to-peak amplitudes provided in the
sensed waveform 502. A "positive waveform" in refer-
ence to rectified signal 520 comprises a waveform having
all values that are either zero or greater than a baseline
(zero) value, the baseline value represented by dashed
line 522 in FIG. 10A. Accentuation of the peak-to-peak
amplitudes of the sensed waveform 502 in the rectified
signal 520 makes detection of the steps taken by a patient
having the implanted medical device that includes the
accelerometer generating the sensed waveform 502
more reliable once the rectified signal 520 is generated
and then analyzed to determine the occurrence of steps.
The process of analyzing a rectified signal, such as rec-
tified signal 520, to detect steps is further described below
with respect to the step detection process.
[0095] In various examples, prior to generating the rec-
tified signal 520 from sensed waveform 502, sensed
waveform 502 is filtered using a low pass filter to remove
higher frequency noise from the signal. In various exam-
ples, the low pass filter has a cutoff frequency of 10 Hz.
In various examples, the low pass filter has a frequency
rolloff of 15db/10Hz. However, the cutoff frequency
and/or the frequency rolloff for a low pass filter used to
filter sensed waveform 502 are not limited to having these

particular illustrative values, and other values and com-
binations of values for the cutoff frequency and frequency
rolloff of a low pass filter used to filter waveform 502 are
contemplated for filtering of the sensed waveform 502.
The type of low pass filter used to filter sensed waveform
502 is not limited to any particular type of filter, and may
comprise any type of electronic low pass filter. Examples
of electronic low pass filters that may be used to filter the
sensed waveform 502 include passive filters, e.g., resis-
tive/capacitive (RC) filters, resistive/inductive (RL) filters,
resistive/inductive/capacitive (RLC) filters, and active low
pass filters that include active devices such as transistors
and/or operational amplifiers. In various examples, the
low pass filter used to filter sensed waveform 502 is one
of a first order filter, a second order filter, or a higher order
filter. In examples where filtering of the sensed waveform
502 is performed, the signal that is "rectified" to generated
the rectified signal 520 is the signal generated by the
filtering of the sensed signals 502 rather than the raw
signal provided as the output from the accelerometer pro-
viding the sensed signal 502. In examples where no fil-
tering is utilized, the rectified signal 520 may be gener-
ated, as described herein, based on the raw signal pro-
vided as the output from the accelerator providing the
sensed waveform 502. In various examples, the signal
502 is generated by taking samples of the raw signal
being output from a single axis of an accelerometer at
some predetermined sampling rate.
[0096] As shown in FIG. 10A, a first window 504 is
configured to include a width 506 enclosing a portion of
sensed waveform 502. The portion of sensed waveform
502 included within first window 504 comprises the por-
tion waveform 502 extending from a beginning time 508
to an ending time 510. The width 506 included within first
window 504 is a configurable width. In some examples,
width 506 of first window 504 is determined by a combi-
nation of a selected sample rate (frequency) and by a
predefined number of samples of sensed waveform 502
that will be included in first window 504. By way of illus-
tration, a sample rate for sampling the voltage level of
sensed waveform 502 is set to 256 Hz, (e.g., 256 samples
of waveform 502 are taken per second), and the prede-
fined number of samples per width 506 of first window
504 is determined to be 35 samples. Using these exam-
ple values, a width 506, in time, for first window 504 is
approximately equal to 0.1367 seconds of sensed wave-
form 502, based on a time period required to take 35
samples that are taken at a rate of 1/256 seconds per
sample. The value of waveform 502 at ending time 510
is designated as the "current value" used to calculate a
rectified value associated with the waveform 502 includ-
ed within first window 504. A current value 512 corre-
sponding to the voltage level of sensed waveform 502 is
determined based on the voltage level provided as a sam-
pled value for sensed waveform 502 at the time repre-
sented by the ending time 510. A maximum value is also
determined for first window 504, the maximum value be-
ing the sample value within first window 504 that has the
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highest values for waveform 502. In FIG. 10A, this max-
imum value for first window 504 would be a value of wave-
form 502 taken at or near peak 512. Once the current
value and the maximum value for waveform 502 within
first window 504 have been determined, the current value
is subtracted from the maximum value to calculate a rec-
tified value associated with the current value defined by
first window 504. For example, the value of waveform
502 taken at ending time 510 would be subtracted from
the sample value of waveform 502 taken at or near peak
514, and that calculated (difference) value is used as the
rectified value 524 for rectified signal 520 at the time with-
in rectified signal 520 associated with the value of wave-
form 502 at ending time 510.
[0097] A corresponding set of rectified values for the
rectified signal 520 are calculated for each of the sampled
values from the sensed waveform 502, using a moving
window that is moved over waveform 502 from left to
right, representing sequential windows in time, as further
described below with respect to FIG. 10B. The set of
rectified values, provided over time and corresponding
to the waveform 502 over that same time period, is used
to form the rectified signal 520 illustrated in FIG. 10A.
This rectified signal is then analyzed, as further described
below, in order to detect steps taken by a patient as rep-
resented by the variations in the value of the output signal
of waveform 502 and as determined based on analysis
of the rectified signal 520.
[0098] FIG. 10B is another example of graphical illus-
tration 500 showing rectification of the sensed waveform
502 in accordance with various techniques described in
this disclosure. Sensed waveform 502 is again illustrated
in FIG. 10B, with example windows 504A, 504B, 504C,
504D, and 504E imposed at various positions along
waveform 502. In a manner similar to that described for
first window 504 shown in FIG. 10A, each of example
windows 504A, 504B, 504C, 504D, and 504E as illus-
trated in FIG. 10B has a width, a start time, and an ending
time, and includes a portion (in time) of waveform 502
represented by a set of sample values for waveform 502
taken during a period of time enclosed within each ex-
ample window, respectively.
[0099] For example, window 504A comprises a width
506A having a starting time 508A and an ending time
510A, and enclosing a number of sample values for
waveform 502 over a time period of waveform 502. A
"current value" for window 504A is determined by the
value of the sample taken for waveform 502 at ending
time 510A, and a maximum value for the samples of
waveform 502 within window 504A can be determined
by determining which of the sample values of waveform
502 that are enclosed within window 504A has the high-
est value. By subtracting the current value from the max-
imum value associated with window 504A, a rectified val-
ue 526 can be calculated, and plotted as a value of rec-
tified signal 520 at a time for rectified signal 520 corre-
sponding to the ending time 510, and thus corresponding
to the current value associated with window 504A.

[0100] By way of illustration, the difference in the cur-
rent value of waveform 502 and the maximum value of
waveform 502 associate with window 504A is less than
the difference for these corresponding sampled values
associated with first window 504 as illustrated in FIG.
10A, thus resulting in a rectified value 526 that is lower
(closer to baseline 522) than the rectified value 524 as-
sociated with first window 504. The lower value for rec-
tified value 526 results in the downward direction of the
curve of rectified signal 520 between the points repre-
sented by rectified value 524 and rectified value 526. In
various examples, additional windows, and additional
rectified samples may be generated between the rectified
values 524 and 526, wherein the spacing illustrated be-
tween the portions of waveform 502 enclosed in first win-
dow 504 and example window 504A are not necessarily
to proper scale, and example window 504A in some ex-
amples is not the next consecutive window configured to
generate a rectified value from waveform 502 following
generation of a rectified value from first window 504 used
to generate rectified value 524. The spacing of the mov-
ing window, and the frequency of consecutive windows
imposed along waveform 502 is not limited to a particular
spacing or frequency, and is further described below with
respect to examples windows 504C, 504D, and 504E.
[0101] In another example, window 504B comprises a
width 506B having a starting time 508B and an ending
time 510B, and includes a number of sample values for
waveform 502 taken over a time period of waveform 502.
A "current value" for window 504B is determined by the
value of the sample taken for waveform 502 at ending
time 510B, and a maximum value for the samples of win-
dow 504B can be determined by determining which of
the sample values of waveform 502 that are enclosed
within window 504B has the highest value. By subtracting
the current value from the maximum value associated
with window 504B, a rectified value 528 can be calculat-
ed, and plotted as a value of rectified signal 520 at the
time for rectified signal 520 corresponding to the ending
time 510B, and thus corresponding to the current value
of waveform 502 associated with window 504B.
[0102] By way of illustration, the current value of wave-
form 502 for window 504B at ending time 510B is also
the maximum value of the samples of waveform 502 that
are enclosed within window 504B. Subtracting the cur-
rent value for window 504B from the maximum (same)
value of the samples included in window 504B results in
a calculated value of zero for rectified value 528. This
calculated zero value for rectified value 528 is shown as
a point along the flat area 529 of rectified signal 520 that
follows along at or near baseline 522.
[0103] Thus, as illustrated by example window 504A,
when a maximum value within a window is greater than
the current value for that window, a positive value for the
rectified value associated with that window is generated,
and as illustrated by example window 504B, when the
current value associated with a window is also the max-
imum value for the samples included within the window,
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a value of zero for the rectified value associated with that
window is generated. No negative values will result from
calculating these rectified values by using the technique
as described above. As such, the rectified signal 520 is
considered to be a positive waveform in that all rectified
values used to generate the rectified signal 520 will have
either a value of zero or a non-zero positive value. In
addition, by generating the rectified signal 520 in this mat-
ter, the peaks provide by rectified signal 520 will be ac-
centuated with respect to the differences in the signal
values provided by waveform 502, and thus make steps
taken by a patient as represented by the waveform 502
more easily detectable using the step detection tech-
niques further described herein and the equivalents
thereof.
[0104] In various examples, each sample value includ-
ed in waveform 502 is associated with a separate window
of the set of moving windows, and each window gener-
ates a separate calculated rectified value associated with
that window. The rectified values are arranged in a se-
quence in time that corresponds to the sequence of cur-
rent values for the windows imposed on waveform 502
and used to calculate these rectified values, thus gener-
ating the set of rectified values comprising the rectified
signal 520. As such, rectified signal 520 comprises a set
of rectified values arranged in sequence over time, hav-
ing a one-to-one correspondence with the set of sample
values arranged in sequence over time that are repre-
sented by waveform 502. Each moving window used in
the generation of the set of rectified values includes a
current value represented by the last sample taken from
waveform 502 at the ending time for that window, and a
number of samples, for example 35 samples, taken prior
to taking the last sample. In various examples, the win-
dow having this last sample and the previous number of
samples is used to calculate a rectified value associated
with the window, and to provide the rectified value asso-
ciated with the time of the last sample for generation of
the rectified signal. As a next sequential sample of wave-
form 502 following the last sample is received, the win-
dow is moved over so that the next sequential sample,
along with the same number of previous samples (for
example 35 previous samples) is now included in the
moved window. In this example, the moved window
would enclose the next sequential sample, the last sam-
ple from the previous window, and all of the samples
included in the previous window except the oldest (in
time) sample from the previous window. The samples
enclosed in the moved window would then be used to
calculate another rectified value to be include in rectified
signal 520 and corresponding in time to the next sequen-
tial sample of waveform 502.
[0105] This pattern of receiving a next sample of wave-
form 502, moving the window over to include the next
sample, and calculating additional rectified value corre-
sponding to each move of the window is repeated at some
defined rate or frequency to generate the set of rectified
values used to provide rectified signal 520. An example

illustration of movement of the window along waveform
502 over time is shown in FIG. 10B as windows 504C,
504D, and 504E. Window 504C has a start time at point
516, and encloses a number of sample values of wave-
form 502. Based on these enclosed samples, a rectified
value 530 is calculated and provided as a point along
rectified signal 520. Window 504D is a window having a
same width as window 504C, but moved to the right (later
in time) along waveform 502 to enclose a sample of wave-
form 502 generated later in time than the latest sample
(in time) included in window 504C. Window 504D over-
laps with window 504C, and thus includes many of the
same sample values enclosed by window 504C, plus at
least one or more new sample values. Once the moving
window is positioned as shown for window 504D, the
current value and the maximum value for window 504D
can be determined, and a rectified value 532 associated
with window 504D is calculate and provided as described
above with respect the rectified value 530.
[0106] Repeating this procedure, window 504E is a
window having a same width as window 504C and 504C,
but moved to the right (later in time) relative along wave-
form 502 to enclose a sample of waveform 502 generated
later in time than the latest sample (in time) included in
window 504D. In some examples, window 504E overlaps
with window 504C and 504D, and thus includes many of
the same sample values enclosed by window 504C and
504D, plus at least one or more new sample values. Once
the moving window is positioned as shown for window
504E, the current value and the maximum value for win-
dow 504D can be determined, and a rectified value 532
associated with window 504D is calculate and provided
as described above with respect the rectified value 530.
[0107] By repeating the same pattern of moving the
window to the right (later in time) over waveform 502 and
generating a rectified value for each window (such as
rectified values 530, 532, 534) based on the sample val-
ues enclosed in each window, respectively, the rectified
signal 520 can be generated. In various examples, a rec-
tified value is generated for each sample value provided
in waveform 502, and therefore the spacing of windows
imposed over waveform 502 is based on the sample rate
used to generate waveform 502. However, in other ex-
amples a window is imposed over waveform 502 and
moved to a new location along waveform 502 based on
a predetermined time interval, and not necessary tied to
the timing (spacing) of the sample rate used to generate
waveform 502. In various examples, generation of the
rectified signal 520 comprises using one or more curve
fitting techniques, as would be understood by one of or-
dinary skill in the art, to generate a continuous curve for
rectified signal 520 based on the sequence of rectified
values generated by the processing of the moving win-
dows and the sample values provided by waveform 502
as described above. Once a rectified signal, such as rec-
tified signal 520, has been generated in whole or in part,
analysis of the rectified signal can be performed to detect
steps taking by a patient as represented by the variations
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in the waveform 502. Further illustration and description
of the step detection process is provided for example with
respect to FIG. 11 and FIG. 12.
[0108] FIG. 11 is a graphical illustration 600 of an ex-
ample rectified signal in accordance with various tech-
niques described in this disclosure. Graphical illustration
600 includes a rectified signal 620 having a baseline val-
ue illustrated by dashed line 622, and a threshold floor
value represented by dashed line 624. Rectified signal
620 comprises a curve representative of a set of calcu-
lated rectified values corresponding to a sensed wave-
form generated by a single axis accelerometer in re-
sponse to measured acceleration forces generated by a
patient taking steps, for example while either walking or
running. In various examples, rectified signal 620 is rec-
tified signal 520 illustrated and described with respect to
FIGS. 10A and 10B.
[0109] As illustrated in FIG. 11, rectified signal 620 in-
cludes variations in the calculated rectified values corre-
sponding to the sensed waveform generated by a single
axis accelerometer, as described above, over a period
of time, the values moving sequentially in time as the
graph moves from the left-hand side toward the right-
hand side in FIG. 11. In various examples, the vertical
variations in the rectified signal 620 represent variations
in gravitational units present in the rectified signal, where-
in each unit along the vertical scale of rectified signal 620
is 0.0125g units of gravitational force, using gravity hav-
ing a force of 9.80991m/s2. Initially, the rectified value of
signal 620, begins at or near the baseline value 622,
which represents a value of zero. The value of signal 620
begins to increase, rising above a value associated with
the threshold floor 624, and rises to a maximum value at
peak 630 before beginning to decrease in value back
toward the baseline value 622. A time period 632 passes
between the time signal 620 reaches the peak value 630
and the time signal 620 returns to the baseline value 622,
the time when signal 620 returns to baseline value 622
indicated by arrow 634. Once the values of signal 620
has returned to the baseline value 622, an auto-adjusting
threshold value, represented by threshold line 633, is in-
itiated to a value equal to the value of signal 620 at the
peak 630, and begins to decrease in value from the ini-
tialized value. In some examples, instead of initiating the
decrease in the auto-adjusting threshold value when sig-
nal 620 returns to a value of the baseline value (e.g., a
value of zero), the initial value of the threshold is de-
creased beginning at a time when the value of signal 620
first decreases to some predetermined value above the
baseline value, such as a value of 7 units (e.g., 7 units
times 0.0125g/unit = 0.0875g of gravitational force). The
rate (slope) of the decrease in the value of the auto-ad-
justing threshold line 633 may be determined, at least in
part, by the maximum value associated with peak 630.
For example, a rate of decrease (downward slope) for
the auto-adjusting threshold may be set as a ratio or a
multiple of the peak value 630. In some examples, the
slope for the auto-adjusting threshold is set to a value of

1.8 times the value at the peak 630 for signal 620. Once
the auto-adjusting threshold value is set, and the rate of
decrease for the threshold value is determined, and the
value of rectified signal 620 has returned to the baseline
value 622 at the time indicated by arrow 634, the value
of the auto-adjusting threshold begins to decrease from
the initial value, at a rate indicated by threshold line 633,
until the auto-adjusting threshold value returns to a value
equal to the threshold floor 624, our until the auto-adjust
threshold value again is equal to the current value of sig-
nal 620.
[0110] As shown in FIG. 11, the auto-adjusting thresh-
old value begins to decrease starting at the time repre-
sented by arrow 634, corresponding to the same time
when signal 620 returns to baseline value 622 from peak
630. During the time period represented by arrow 636,
signal 620 remains at or near a value equal to the baseline
value 622, and below the value of the threshold floor 624.
During this time period, the value of the auto-adjusting
threshold value continues to decease at a rate defined
by threshold line 633. At the end of time period repre-
sented by arrow 636, the value of signal 620 begins to
increase, and at a time represented by arrow 638, has
risen to a value at least equal to the value set by the
threshold floor 624, and the auto-adjusting threshold val-
ue is now equal to the value of the signal 620. When this
occurs, a step is considered to be detected at the time
represented by arrow 638.
[0111] Following the detection of a step at time 638,
the value of signal 620 continues to increase to a peak
value 640, and then begins to decrease. In some exam-
ples, once signal 620 reaches peak value 640 and begins
to decrease, the value of the auto-adjusting threshold is
reset to an initial value equal to the value of signal 620
at peak 640. In other examples, the initial threshold value
may start at some value other than the peak value, for
example at a percentage of the peak values, or the peak
value plus or minus the predetermined value. A time pe-
riod 642 passes between the time signal 620 reached
the peak 640 and the when signal 620 returns to the
baseline value 622, the time when signal 620 returns to
baseline value 622 indicated by the beginning of the time
period represented by arrow 646. Once the value of sig-
nal 620 has returned to the baseline value 622 after hav-
ing risen to peak 640, an auto-adjusting threshold value,
represented by threshold line 643, is initiated to a value
equal to the value of signal 620 at the peak 640, and
begins to decrease in value from the initialized value.
The rate (slope) of the decrease in the value of the auto-
adjusting threshold line 643 may be determined, at least
in part, by the maximum value associated with peak 640.
For example, a rate of decrease (downward slope) for
the auto-adjusting threshold may be set as a ratio or a
multiple of the peak values 640. In some examples, the
slope for the auto-adjusting threshold is set to a value of
1.8 times the value at the peak 640 for signal 620. Once
the auto-adjusting threshold value is set and the rate of
decrease for the threshold value is determined, and the

33 34 



EP 3 493 740 B1

19

5

10

15

20

25

30

35

40

45

50

55

value of rectified signal 620 has returned to the baseline
value 622, the value of the auto-adjusting threshold be-
gins to decrease from the initial value, at a rate determine
by threshold line 643, until the auto-adjusting threshold
value returns to a value equal to the threshold floor 624,
or until the auto-adjust threshold value again is equal to
the current value of signal 620. In various examples, be-
cause the rate of decrease (slope) for sloped line 643 is
determined by the amplitude value of peak 640, and be-
cause the amplitude value of peak 640 may be different
from the amplitude value of signal 620 at peak 630, the
rate of decrease (downward slope) of the auto-adjusting
threshold following peak 640 may be different, in some
examples flatter (e.g., a slower rate of decrease) than
was utilized for the rate of decease for the auto-adjusting
threshold during the time period following peak 630 and
prior to peak 640. This is referred to as an ’adaptive
slope" process because the slope of the threshold line,
and thus the rate of decrease of the initialized threshold
value following a peak in the rectified signal, is deter-
mined based on the amplitude of the previous peak.
[0112] During the time period represented by arrow
646, signal 620 remains at or near a value equal to the
baseline value 622, and below the value of the threshold
floor 624. During this time period, the value of the auto-
adjusting threshold continues to decease at a rate de-
fined by sloped line 643. The auto-adjusting threshold
continues to decrease until the auto-adjusting threshold
value returns to a value equal to the threshold floor 624,
or until the auto-adjust threshold value again is equal to
the current value of signal 620. As illustrated in FIG. 11,
the auto-adjusting threshold decreases to a value equal
to the threshold floor 624 before the value of signal 620
again rises to a value of the threshold floor 624, In these
instances when the value of the auto-adjusting threshold
reaches the threshold floor 624, the value of the auto-
adjusting threshold stops decreasing in value and re-
mains at the value established by the threshold floor 624.
At the end of time period represented by arrow 646, the
value of signal 620 begins to increase, and at a time
represented by arrow 648, has risen to a value equal to
the value set by the threshold floor 624. When this occurs,
a step is considered to be detected at the time represent-
ed by arrow 648.
[0113] The above described pattern is repeated to de-
termine detection of a step for each addition rise of signal
620 to a peak value above the threshold floor value, re-
turning to a value at or near the baseline, and then rising
again to a value of at least the threshold floor. For exam-
ple, as illustrated in FIG. 11, following the time indicated
by arrow 648, signal 620 rises to a value incited by peak
650, and then deceases back to a value at or near the
baseline value 622. Once peak 650 has been detected,
the auto-adjusting threshold is initialized to a value based
on the value of the rectified signal 620 at peak 650, and
a rate of decrease (downward slope) for the initial value
of the auto-adjusting threshold is determined as sloped
line 653. Once signal 620 returns to the baseline value

622, the auto-adjusting threshold begins decreasing at
a rate determined by threshold line 653, and continued
to decease unit the value either equals the value set by
the threshold floor 624, or again equal the value of rec-
tified signal 620. During the time period indicated by ar-
row 656, the value of rectified signal 620 returns to the
baseline value 622, and remain at or near the baseline
value 622 during the time period indicated by arrow 656.
Following the time period indicated by arrow 656, the
value of rectified signal 620 begins to rise, and at the time
indicated by arrow 658 rises to a value equal to the thresh-
old floor 624, and to a value hat is equal to the threshold
values. Based on these occurrences, another step is con-
sidered to have been detected at the time represented
by arrow 658.
[0114] Following the time indicate by arrow 658, recti-
fied signal 620 again rises to a peak value illustrated as
peak 660, and decreased back to at or near the baseline
value 622 at the time indicated by arrow 670. An initial
value and a rate of decrease, the rate of decree indicated
by threshold line 663, are determined for the auto-adjust-
ing threshold value as describe above. The auto-adjust-
ing threshold value begins to decrease once the rectified
signal 620 returns to the baseline value 622. If the recti-
fied signal 620 again rises to a value above the threshold
floor 624 and to a value equal to the threshold value, a
determination is made of the detection of another step
(not shown in FIG. 11).
[0115] In various examples, at time interval comprising
the time interval that elapses between a current detected
step and a prior detected step is measured, and is com-
pared to determine if the measured elapsed time falls
within a predetermined upper and lower range of time
limits. For example, a lower predetermined time limit may
be set at 0.33 seconds, representative of the time be-
tween steps when a patient is walking or running at a
rate of 180 steps per minute. In this same example, an
upper predetermined time limit may be set at 2.0 sec-
onds, corresponding to a time between steps when a
patient is walking or running at a rate of 30 steps per
minute. It would be understood by one of skill in the art
that these step rates, and thus the corresponding upper
and lower predetermined time limits, are examples, and
different predetermined time limits for the upper time limit,
for the lower time limit, or for both the upper time limit
and the lower time limit may be configured for use in the
methods and by the devices configured to detect step as
disclose herein and the equivalents the thereof. In vari-
ous examples, the lower predetermined time limit is
based at least in part on the amplitude of the rectified
signal in the peak detected just prior to detection of a
potential step, and is adjusted automatically during each
step. In some examples, if the rectified signal peak has
a value greater than 10 units (e.g., 10 units times
0.0125g/unit = 0.125g of gravitational force) but less than
a value of 56 units (e.g., 56 units times 0.0125g/unit =
0.7g of gravitational force), the predetermined lower limit
for the elapsed time range for the next potential step is
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set to a value of 3.3Hz (approximately 0.303 seconds)
and if the next step occurs within an elapsed time period
of less than 0.303 seconds, the step is rejected. In some
examples, if the rectified signal has a peak value of great-
er than 56 units, reject any subsequent step that has a
rate in excess of 3.6Hz (e.g. lower time limit set approx-
imately 0.278 seconds) relative to the prior step. In var-
ious examples, if the rectified signal has a peak value
less than 10 units, reject the next subsequent step that
is faster than 2.0Hz (e.g., set the lower time limit at ap-
proximately 0.5 seconds). In various examples, any step
whose elapsed time relative to the previous step is slower
than 0.1Hz (10 seconds) is rejected.
[0116] Using the example values of .033 seconds as
a lower time limit and 2.0 seconds as an upper time limit,
the elapsed time for each current step relative to the step
detected prior to the current step is measured. If the
measured elapsed time associated with the prior step
and the current step falls within the range or 0.33 to 2.0
seconds, or in some examples is equal to one of these
values, then the current step is considered a "qualified"
or a "qualifying" step, and in some examples, is counted.
Counting refers to in some examples incrementing a val-
ue stored in a counter that is tracking a total number of
detected and/or qualifying detected steps. In some ex-
amples, a predetermined number of consecutive steps
must be counted before subsequent steps will be used
to increment a counter value used for recording the
number of detected steps. For example, a predetermined
number of consecutive steps that must be counted before
subsequent steps are used to increment a counter is set
to a value of three. Using these examples, before any
detected steps will be allowed to increment a value of a
counter used to record the number of detected steps,
three consecutive steps must be detected, each steps
having an elapsed time between that step and the pre-
vious step that falls within, or in some examples is equal
to one of the upper and the lower predetermined time
limits (e.g. 0.33 to 2.0 seconds). If three consecutive
steps are detected that each meet the time limit criteria
passed on the predetermined upper and lower time limits,
any subsequent step that is detected, and that also meets
the time limit criterial, will cause a counter used to record
the number of detected steps to be incremented. In var-
ious example, incrementing the counter comprises incre-
menting the counter value by a value of one for each
subsequently detected step once the predetermined min-
imum number of qualify steps has been detected, and
as long as the subsequent step is also a qualifying step.
In various examples, when counting subsequently de-
tected steps, if a subsequently detected step is not a
qualifying step, for example the elapsed time between
the subsequent detected step and the previously detect-
ed step is too long or too short a time, the subsequent
step does not cause the counter to be incremented. In
addition, if a non-qualifying subsequent step is received,
incrementing the counter based on detected step will not
again be initiated until the predetermined number of con-

secutive and quality steps has again been detected.
[0117] FIG. 12 is a graphical illustration 700 of a recti-
fied signal 720 according to various techniques. Graph-
ical illustration 700 illustrates a rectified signal 720 and
an associated auto-adjusting threshold line 722. Recti-
fied signal 720 may be a signal generated from a sensed
waveform provided as an output from a single axis ac-
celerometer coupled to a patient as described herein,
using the rectification techniques described herein or the
equivalents thereof. As shown, rectified signal 720 in-
cludes multiple variations of a signal value relative to a
baseline (zero) value over a period of time. The threshold
line 722 as illustrated in FIG. 12, is representative of a
threshold value corresponding to the value of the rectified
signal 720 over time. As shown in FIG. 7, a series of "X"
marks, indicated as reference numbers 701 through 712,
are located along the threshold line 722, and indicate the
detection of twelve steps, respectively, over the time pe-
riod represented by rectified signal 720. For example, an
initially decreasing value for the threshold line, represent-
ed by sloped line 724, corresponds to the value of recti-
fied signal 720 at time 725. Because sloped line 724 has
been set up following a detected peak of rectified signal
720 (peak not shown in FIG. 7), and intersects the recti-
fied signal 720 while signal 720 is rising and following a
period of time when rectified signal 720 returned to a
value at or near the baseline (zero) value, the intersection
is determined to a detected step, specifically step 701.
[0118] Following the detection of step 701, rectified sig-
nal 720 continues to rise in value until a new peak is
detected, after which rectified signal 720 decreases back
to having a value at or near the baseline value. As a result
of the peak following detected step 701, a threshold value
and a rate of decrease for the new threshold value is
determined. The new rate of decrease for the threshold
line 722 is illustrated by sloped line 722. As the threshold
line 722 begins to decrease in value, rectified signal 720
begins to increase in value from the baseline value. When
the value of the threshold line 722 again equals the value
of the rectified signal 720, a next step 702 is determined
to have been detected. The pattern of resetting the
threshold line value and rate of decrease of the threshold
line value following a peak in the rectified signal 720, and
decreasing the threshold line value until the threshold
line value equals the value of the rectified signal 720 after
the rectified signal 720 returns to the baseline and then
begins to rise from the baseline value is repeated, and
results in the detection of successive steps 703 through
712 following the detection of step 702.
[0119] As shown in FIG. 12 the amplitude of the various
peaks following the detection of a step are not of equal
amplitude. For example, the amplitude of the next peak
of rectified signal 720 following the detection of step 703
is higher in amplitude than for example the amplitude of
the next peak of signal 720 following the detection of step
705. As a result, the slope of the decrease in the value
of the threshold line 722 following the detection of step
703, as represented by sloped line 724, is steeper (more
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downward sloping) than the slope of sloped line 726, rep-
resenting the rate of decrease for threshold line 722 fol-
lowing the detection of step 705. In changing the slope
of the threshold line 722 following a step detection and
the next subsequent peak in rectified signal 720, the
threshold line 722 is "auto-adjusting" based on the vari-
ations in the rectified signal 720.
[0120] In some examples, the pattern described above
with respect to the rectification signal 720 and the thresh-
old line 722 occurs, but a determination is made that the
pattern does not represent a qualifying step. By way of
illustration, at the point in time indicated by arrow 727 in
FIG. 12, the value of threshold line 722 is equal to the
value of rectified signal 720, following a peak and a return
to the baseline value for rectified signal 720. However,
this pattern is not detected as a step because in some
examples the time period between the detection of step
706 and the time indicated by arrow 727 is too short, in
other words does not meet the lower time limit for a min-
imum elapsed time between a step and the previously
detected step. In various examples, the occurrence illus-
trated at arrow 727 will not be counted as a qualifying
step, and is not used to increment a value of a counter
being used to track and count detected and qualifying
steps.
[0121] FIG. 13 is a block diagram illustrating a system
800 in accordance with various techniques described in
this disclosure. System 800 includes circuitry 801 that
may be included in an implantable medical device, such
as any of ICD 10A, ICM 10B, ICD 10C, IPD 10D, or an-
other IMD configured to implement the techniques of sig-
nal processing, signal rectification, and step detection as
described herein. Circuitry 801 includes an accelerome-
ter 802 coupled to processing circuity 803. In various
examples, accelerometer 802 and processing circuitry
803 correspond to an accelerometer and processing cir-
cuitry physically located within these implantable devic-
es. In the alternative, processing circuitry 803, in part or
in whole, may correspond to other proceeding circuity
that is located outside of the implantable device, for ex-
amples in any of the one or more external devices de-
scribed herein. In various examples, accelerometer 802
configured to provide an output signal to processing cir-
cuity 803. In various examples, the output signal provided
by accelerometer 802 is a waveform, such as waveform
502 illustrated and described with respect to FIG. 10A
and 10B, representing of a variation in acceleration val-
ues that may include variations generated when a patient
coupled to circuitry 801 takes steps, such as when walk-
ing or running. Circuitry 801 may be coupled to external
device 820. In various examples, external device is any
of external device 30A as shown and described with re-
spect to FIG. 1, external device 30B as shown and de-
scribed with respect to FIG. 3, external device 30C as
shown and described with respect to FIG. 4A, or external
device 30D as shown and described with respect to FIG.
5.
[0122] In various examples, circuity 801 includes

processing circuitry 803 that includes a sample/filter cir-
cuit 804, a rectifier circuit 806, a step sensor circuit 808,
and one or more step timers/counters 810. In various
examples, sample /filter circuit 804 filters the output sig-
nal provided by the accelerometer 802 to provide a fil-
tered output signal. In some examples, sample/filter cir-
cuit 804 is configured to receive the output signal gener-
ated by accelerometer 802, or the filtered signal gener-
ated from the output signal, and to sample the output or
the filtered signal at some sample rate to provide a wave-
form representative of the variations value of the output
signal over time.
[0123] The output signal from the sample/filter circuit
804 is provided to rectifier circuit 806. Rectifier circuit 806
is configured to "rectify" the output signal using any of
the techniques described herein, or the equivalents
thereof, to generate a rectified signal. In various exam-
ples, the rectified signal generated by rectifier circuit 806
is any of rectified signal 520 as illustrated and described
with respect to FIG. 10A-B, rectified signal 620 as illus-
trated and as described with respect to FIG. 11, or rec-
tified signal 720 as illustrated and described with respect
to FIG. 12. Rectifier circuit 806, having received the out-
put signal from sample/filter circuit 804, is configured
generate a rectified signal from the received signal, and
to provide the rectified signal to step sensor circuit 808.
Step sensor circuit 808 is configured to receive the rec-
tified signal from rectifier circuit 806, and to performs
analysis of the rectified signal to determine when/if steps
are present as represented by the variation provided in
the rectified signal. Step sensor circuit 808 may be con-
figured to perform detection of steps represented by the
rectified signal using any of the step detection techniques
described herein, and the equivalents thereof.
[0124] When step sensor circuit 808 detects a step,
step senor circuit 808 may be configured to output a sig-
nal representative of the detection of a step to step tim-
ers/counters 810. In various examples, the output signal
can be a voltage pulse having some predetermined am-
plitude and/or duration. However, the output signal pro-
vided by step senor circuit 808 is not limited to a voltage
pulse, and may comprise any type of signal that can be
received by timers/counters 810 and interpreted as an
indication of the detection of a step. The output signal
indicative of the detection of a step as provided by step
sensor circuit 808 is provided as an input to tim-
ers/counters 810. In various examples, each time an in-
dication that a step has been detected is received at tim-
ers/counters 810, a counter value of a counter within tim-
ers/counters 810 is incremented. The incremented coun-
ter value is stored until another such indication of a de-
tected step is received by circuit 810, or until circuit 810
receives a signal indicating that the counter value is to
be reset, for example to a value of zero. In various ex-
amples, circuit 810 includes at least one timer, the timer
configured to determine an elapsed time that has oc-
curred between receiving an indication of the detection
of a step and receipt of the indication of detection of the
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previous step. For example, when an indication of the
detection of a step is received at timers/counters 810,
the timer is initiated and begins to track the time that
elapses until a next indication of a detected step is re-
ceived at counter 810. The elapsed time is then com-
pared to upper and lower time limits to see if the elapsed
time falls within time range defined by the upper and lower
time limits. If the elapsed time does fall within the time
range defined by the upper and lower time limits, the step
associated with the last received indication of a detected
step is considered to be a qualifying step, and the counter
tracking the number of qualifying steps is incremented
by a value of one. If the elapsed time does not fall within
the time range defined by the upper and the lower time
limits, the step is not considered to be a qualifying step,
and the counter tracking qualified steps within counter
810 is not incremented as a result of receiving the indi-
cation of this latest detected step. Thus, in various ex-
amples only qualifying steps are used to increment a
counter value as a result of timers/counters 810 receiving
an indication of detection of a step from the step sensor
circuit 808.
[0125] In various examples, timers/counters 810 in-
cludes more than one counter, wherein a first counter
may be configured to count detected and/or qualifying
steps until the counter is reset, and wherein one or more
other counters may be configured to start and stop count-
ing detected and/or qualifying steps based on input sig-
nals received by timers/counters 810. For example, one
or more of the counters included in timers/counters 810
may be configured as an interval counter, and to ignore
indications that a step has been detected until a "start"
signal for that counter is received by timers/counters 810.
Following receipt of the start signal, the interval counter
will begin to count each of the received indications of a
detected and/or qualifying steps until another signal, in-
dicative of a "stop" signal, is received by timers/counters
810. In various examples, the value stored in the interval
counter will be maintained in the interval counter until a
"reset" signal is received by timers/counters 810.
[0126] The interval counter in addition to a base coun-
ter is useful for additional tracking of steps over a prede-
termined session, such as a therapy session, or over a
predetermined event, such as when a patient coupled to
circuity 801 goes for a walk. By having a separate interval
counter tracking of steps over a session or event may be
counted without the need to reset or otherwise affect a
counter value being tracked by a base counter, wherein
the base counter can track detected and/or qualified
steps over a different time period, such as a day, a week,
or a year as compared to the time interval over which to
the interval counter is counting detected and/or qualify
steps.
[0127] As illustrated in FIG. 13, circuitry 801 is com-
municatively coupled to an external device 820. External
device 803 is not limited to any particular type of deice,
and may be any of the external devices described herein,
including external programmers as described herein. In

various examples, external device 820 is a mobile device,
such as a cellular phone or a laptop computer. As shown
in FIG. 13, external device 820 includes a display 821
configured to provide a visual display of information. Dis-
play 821 is not limited to any particular type of display,
and may be any type of visual display, such as display
screen of a cellular phone or a laptop computer, or for
example a computer monitor. In various examples, ex-
ternal device comprises one or more display fields 822,
824, configured to display an indication of one or more
counter stored in any of the counters included in tim-
ers/counters 810. By way of example, display field 822
is configured to display an indication, such as a number
value, indicative of the value stored in a base counter of
timers/counters 819. In various examples, display 821
comprises a reset button 823 that when actuated, pro-
vides a signal from external device 820 to timers/counters
810 causing the counter value stored in the base counter
to be reset, for example to a value of zero. In another
example, display field 824 is configured to display an
indication, such as a number value, indicative of the value
stored in an interval counter of timers/counters 819. In
various examples, display 821 comprises a start button
825, a stop button 826, and a reset button 827. As de-
scribed above, the interval counter can be used to count
detected and/or qualifying step over a predefined time
period or during a particular event. To initial the interval
counter, the start button 825 is actuated, and external
device then sends a signal to timers/counters 810 to ac-
tivate the interval counter. Once actuated, the interval
counter will be incremented each time an indication of a
detected and/or qualify step is received by tim-
ers/counters 810. The value currently stored in the inter-
val counter will be displayed in display field 824. The
interval counter will continue to be incremented base on
receipt of the detected and/or qualifying step signal until
the stop button 826 is pressed, at which time external
device 820 will send a signal to the timers/counters 810
to stop incrementing the interval counter. When stopped
using the stop signal, interval counter will maintain the
counter value present at the time the stop signal was
received, wherein that counter value may also be dis-
played in display field 824. When the reset button 827 is
actuated, external device 820 is configured to send a
reset signal to timers/counter 810 that will cause the value
stored in the interval counter to be reset, for example to
a value of zero.
[0128] In various examples, one or more of the above
functions described as being performed by processing
circuitry 803 may instead be performed by external de-
vice 820. For example, the output signal from acceler-
ometer 802 may be provided directly to external device
820, and the functions described above as being per-
formed by processing circuity 801 are provided instead
by similar processing circuitry (not shown in FIG. 13) lo-
cated in external device 820. In various examples, some
portion or portions of the processing functions described
above as being performed by processing circuitry 803
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may instead be performed by processing circuity (not
shown in FIG. 13) located in external device 820.
[0129] FIG. 14 is a graphical illustration 850 of the test
results of three sets of training parameters X, Y and Z,
and the actual test results achieved when operating any
device according to the techniques described herein, us-
ing test parameters X, Y, and Z during separate test ses-
sions.
[0130] FIG. 15 is a flow diagram illustrating an example
method 1000 that may be implemented by a medical de-
vice system to detect and to track steps taken by a patient
coupled to system. For ease of description, the example
method 100 is described as being performed by process-
ing circuity 160 of IMD 10. However, example method
1000 is not limited to being performed by IMD 10, and
may be implemented by any of the devices described
herein, or other medical device systems configured to
provide the features of example method 1000.
[0131] According to example method 1000, IMD 10 re-
ceives and processes an accelerometer output signal
(block 1002). In various examples, the accelerometer
output signal is a single axis accelerometer output signal.
In various examples, the single axis accelerometer out-
put signal is provided by an accelerometer oriented to
detect variations in acceleration forces along a sagittal
axis relative to a patient that is coupled to the acceler-
ometer. In various examples, processing the output sig-
nal comprises filtering the output signal using a low pass
filter. In various examples, processing the output signal
comprises sampling the value of the output signal to de-
termine the value of the output signal at various times
base on a sampling rate.
[0132] ICM 10 rectifies rectify the output signal to gen-
erate a rectified signal (block 1004). In various examples,
rectification of the output signal comprises rectification
of an output signal that has been filtered by a low pass
filter. In various examples, rectification of the output sig-
nal comprises imposing a set of moving windows over
the output signal, and for each of the moving windows,
calculating a rectified value based on a current value and
a maximum value enclosed within the window. In various
examples, calculating the rectified value for a window
comprises subtracting the current value from the maxi-
mum value of the output signal enclosed within the win-
dow.
[0133] ICM 10 analyzes the rectified signal to detect
steps represented by the variation of the rectified signal
(block 1006). In various examples, analysis of the recti-
fied signal to detect steps includes detecting a peak in
the rectified signal, setting an initial threshold value
based on an amplitude of the detected peak, determining
a rate for decreasing the threshold value based on the
amplitude of the detected peak, determining when the
value of the rectified signal has returned to a baseline
value following the detected peak, decreasing the thresh-
old value at the determined rate until the threshold value
is either equal to a threshold floor value or is equal to the
value of the rectified signal, and detecting a step when

the value of rectified signal rises to a value above the
threshold floor value and is equal to the threshold value.
[0134] ICM 10 counts steps based on qualification pa-
rameters (block 1008). In various examples, ICM 10 de-
termines if an elapsed time period between an indication
of the detection of a step and the time when the previously
detected step was detected falls within a time range de-
fined by an upper and a lower time limit. If the elapsed
time falls within the time range, the detected step is de-
termined to be a qualifying step, and is counted. If the
elapsed time does not fall within the time range, the de-
tected step is not counted.
[0135] Various features of the devices and methods
described herein include:

"Rectify"

[0136] Use samples from frontal axis filtered signal
Initialize first window (n=30 samples)
Find Maximum value in window
Create Rectified Signal (RS) by subtracting Current value
from Maximum value RS(i) = Maximum - Current(i)
Shift window one sample (i+1)
Calculate next RS(i) value

Sense step

[0137] Start with adjustable Threshold set at pro-
grammed setting
Threshold(i) = programmed setting (default is a constant,
5)
If RS(i) > Threshold(i), then step event
Find index of the maximum value in RS(i:i+30), set the
Threshold(i:max index)=maximum amplitude
Wait (blanking) until RS(i) reaches 7 to start a decreasing
Threshold(i) Linear decreasing Threshold(i) from maxi-
mum amplitude during blanking to the programmed set-
ting
The slope will be vary based on the signal amplitude,
steeper slope for higher amplitude
Higher amplitudes occur during faster walking (i.e. walk-
ing/jogging) Lower amplitudes occur during slower walk-
ing (i.e. shuffling)
If RS(i) > threshold(i), then step event

Increment Step Counter

[0138] Temporary Step (TS) counter=0
Calculate time between step events. 1/step time = step
rate.
Increment TS counter if step rate is slower than 3.6 Hz
when walking/jogging or is slower than 1.5Hz when shuf-
fling.
Continue to increment TS counter as long as each step
interval within range
If step interval outside range
If TS counter >=3, then Permanent Step (PS) counter=PS
+ TS counter

43 44 



EP 3 493 740 B1

24

5

10

15

20

25

30

35

40

45

50

55

TS counter=0
End
[0139] Adjustable variables that may be set to different
values according to the techniques described herein in-
clude but are not limited to the following:

• Slope for rate of decrease of the threshold value -
for example a steeper downward slope may be used
when the peak value of the rectified signal is greater
than a 1g force level.

• Window size for moving window imposed on output
signal - e.g., vary the number of sample values of
the output signal included (enclosed) by each win-
dow

• The values associated with the threshold floor
• The threshold amplitude start value - e.g., the initial

threshold value set following detection of a peak in
the rectified signal

• The threshold start time - e.g., the time or "blanking
period" allowed to elapse between the time the rec-
tified signal reached a peak value (above the thresh-
old floor) and the time to begin decreasing the initial
threshold values set following the detected peak val-
ue in the rectified signal.

[0140] In general:

• Provides a step detection device and methods com-
prising adaptive slope and adaptive rate rejection
algorithm to perform step detection of a person or a
patient based on an output signal from a single axis
accelerometer

• Usability: To increase detection accuracy by reduc-
ing over and under sensing in step detection device.

[0141] Various aspects of the techniques described
herein may be implemented in in hardware, in software,
in firmware, or some combination of hardware, software,
and/or firmware. Variables that may be implements by
any of these techniques include examples implemented
in pseudocode including:
Firmware variables: (bold font is variable name in
cadence_detect10) Maximum Difference ("Rectify")
Window size (e.g. 30 samples): win Shuffling step dura-
tion minimum (e.g. 0.67 seconds = 1.5Hz): maxShuf-
flingHz Walking/jogging step duration minimum (e.g.
0.28 seconds = 3.6 Hz): maxWalkingHz
Step duration maximum (e.g. 10.0 seconds = 0.1 Hz):
minShufflingHz Number of steps required on TS coun-
ter to add to PS counter (e.g. 3) Baseline Threshold set-
tings (5) : thr
Amplitude threshold for each slope: mvThr
Slopes for each amplitude threshold: slope, steeper-
Multiplier
% of maximum amplitude to begin decay (e.g. 100%)
Threshold to begin decay (current set to 7):startTo-
DecayThr
Time delay to begin decay after RS(i) reaches Threshold

(e.g. 0 seconds).
[0142] Various aspects of the techniques may be im-
plemented within one or more processors, including one
or more microprocessors, DSPs, ASICs, FPGAs, or any
other equivalent integrated or discrete logic circuitry, as
well as any combinations of such components, embodied
in programmers, such as physician or patient program-
mers, electrical stimulators, or other devices. The term
"processor" or "processing circuitry" may generally refer
to any of the foregoing logic circuitry, alone or in combi-
nation with other logic circuitry, or any other equivalent
circuitry.
[0143] In one or more examples, the functions de-
scribed in this disclosure may be implemented in hard-
ware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored
on, as one or more instructions or code, a computer-
readable medium and executed by a hardware-based
processing unit. Computer-readable media may include
computer-readable storage media forming a tangible,
non-transitory medium. Instructions may be executed by
one or more processors, such as one or more DSPs,
ASICs, FPGAs, general purpose microprocessors, or
other equivalent integrated or discrete logic circuitry. Ac-
cordingly, the term "processor," as used herein may refer
to one or more of any of the foregoing structure or any
other structure suitable for implementation of the tech-
niques described herein.
[0144] In addition, in some aspects, the functionality
described herein may be provided within dedicated hard-
ware and/or software modules. Depiction of different fea-
tures as modules or units is intended to highlight different
functional aspects and does not necessarily imply that
such modules or units must be realized by separate hard-
ware or software components. Rather, functionality as-
sociated with one or more modules or units may be per-
formed by separate hardware or software components,
or integrated within common or separate hardware or
software components. Also, the techniques could be fully
implemented in one or more circuits or logic elements.
The techniques of this disclosure may be implemented
in a wide variety of devices or apparatuses, including an
IMD, an external programmer, a combination of an IMD
and external programmer, an integrated circuit (IC) or a
set of ICs, and/or discrete electrical circuitry, residing in
an IMD and/or external programmer.
[0145] Various aspects of this disclosure have been
described. These and other aspects are within the scope
of the following claims.

Claims

1. A medical device system comprising:

an accelerometer (165) configured to output a
signal indicative of variations in accelerations
along a single axis of movement of a patient; and
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processing circuitry (160) configured to:

receive the output signal from the acceler-
ometer, and to rectify the output signal to
generate a rectified signal, and character-
ized in that
rectification of the output signal comprises
generating a rectified value for each of a
plurality of moving windows (504) imposed
over the output signal, wherein generating
the rectification value for each of the plural-
ity of moving windows comprises determin-
ing a current value of the output signal for
the window, determining a maximum value
for a portion of the output signal enclosed
by the window, and subtracting the current
value from the maximum value; and the
processing circuitry is further configured to
analyze the rectified signal to detect the oc-
currence of a step taken by the patient
based on the rectified signal.

2. The device of claim 1, wherein the rectified signal
comprises a sequence of rectification values each
having a calculated value of zero or a non-zero pos-
itive value.

3. The device of claim 1 or 2, wherein a spacing in time
between a first current value of the output signal as-
sociated with a first window and a second current
value of the output signal associated with a second
window of the plurality of moving windows is deter-
mined by a sample rate used to sample the output
signal.

4. The device of any one of claims 1-3, wherein the
processing circuitry (160) sequences the rectified
values from each of the plurality of moving windows
in order over time to generate the rectified signal.

5. The device of any one of claims 1-4, wherein the
output signal comprises a series of sample values
of a raw signal provided by the accelerometer (165),
and wherein each one of the plurality of moving win-
dows (504) is configured to use a single one of the
sample values of the output signal as the current
value associated with the window.

6. The device of claim 5, wherein each of the plurality
of moving windows (504) encloses a predetermined
number of sample values of the series of sample
values.

7. The device of any one of claims 1-6, wherein to an-
alyze the rectified signal to detect a step, the
processing circuitry is configured to:

detect that the rectified signal has reached a

peak value,
set an initial threshold value and a rate for de-
creasing the threshold value based on the am-
plitude of the peak value,
determine that the peak value has returned to a
baseline value and is below a threshold floor val-
ue,
begin decreasing the threshold value from the
initial value at the rate determined for decreasing
the threshold value until the threshold value is
either equal to the threshold floor value or to the
value of the rectified signal, and
detect the occurrence of a step when the thresh-
old value equals the value of the rectified signal
and the value of the rectified signal is above the
threshold floor value.

8. The device of any one of claims 1-7, wherein the
processing circuitry is configured to receive an indi-
cation from the step sensor circuit that a step has
been detected, and increment a counter value stored
in the counter if a minimum number of consecutive
steps have been previously detected by the step sen-
sor circuit within a predetermined range of time limits.

9. The device of any one of claims 1-8, wherein the
single axis of movement of the patient comprises a
sagittal axis of the patient.

10. A method comprising:

receiving, at a processing circuitry (160), a sig-
nal generated as an output signal from a single
axis of an accelerometer (165), the output signal
indicted of variations in accelerations along a
single axis of movement of a patient; and char-
acterized by
rectifying, using the processing circuitry, the out-
put signal to generate a rectified signal, char-
acterized in that rectifying the output signal
comprises generating a rectified value for each
of a plurality of moving windows (504) imposed
over the output signal by determining a current
value of the output signal for the window, deter-
mining a maximum value for a portion of the out-
put signal enclosed by the window, and subtract-
ing the current value from the maximum value;
and
analyzing, using the processing circuitry, the
rectified signal to detect the occurrence of a step
taken by a patient coupled to the accelerometer.

11. The method of claim 10, wherein the generating the
rectified signal comprises generating the rectified
signal based on a sequence of the rectified values
from each of the plurality of moving windows having
a calculated value of zero or a non-zero positive val-
ue.
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12. The method of claim 10 or 11, further comprising
determining a spacing in time between a first current
value of the output signal associated with a first win-
dow and a second current value of the output signal
associated with a second window of the plurality of
moving windows based on a sample rate used to
sample the output signal.

13. The method of any one of claims 10-12, wherein gen-
erating the rectified signal further comprises se-
quencing the rectified values from each of the plu-
rality of moving windows in order over time.

14. The method of any of any one of claims 10-13,
wherein receiving the signal generated as an output
signal further comprises:
sampling the output signal at a predetermined sam-
ple rate to generate a series of sample values,
wherein each one of the plurality of moving windows
is configured use a single one of the sample values
of the output signal as the current value associated
with the window.

15. A step detection and tracking system comprising the
medical device system of any one of claims 1-9 and
an external device communicatively coupled to the
implantable medical device, the external device
comprising a display having at least one display field
configured to display an indication of a number of
steps detected by the implantable medical device.

Patentansprüche

1. Medizinisches Vorrichtungssystem, umfassend:

einen Beschleunigungssensor (165), der dafür
konfiguriert ist, ein Signal auszugeben, das für
Schwankungen von Beschleunigungen entlang
einer einzelnen Bewegungsachse eines Patien-
ten indikativ ist; und
eine Verarbeitungsschaltung (160), die dafür
konfiguriert ist:

das Ausgabesignal von dem Beschleuni-
gungssensor und Gleichrichten des Ausga-
besignals zu empfangen, um ein gleichge-
richtetes Signal zu erzeugen, und dadurch
gekennzeichnet, dass
das Gleichrichten des Ausgabesignals das
Generieren eines gleichgerichteten Werts
für jedes von mehreren Bewegungsfens-
tern (504), die über dem Ausgabesignal lie-
gen, umfasst, wobei das Generieren des
Gleichrichtungswerts für jedes der mehre-
ren Bewegungsfenster das Bestimmen ei-
nes aktuellen Werts des Ausgabesignals für
das Fenster, das Bestimmen eines maxi-

malen Werts für einen Abschnitt des Aus-
gabesignals, der von dem Fenster einge-
schlossen ist, und das Subtrahieren des ak-
tuellen Werts von dem maximalen Wert um-
fasst; und die Verarbeitungsschaltung fer-
ner dafür konfiguriert ist:
das gleichgerichtete Signal zu analysieren,
um das Auftreten eines von dem Patienten
getätigten Schritts auf Basis des gleichge-
richteten Signals zu erkennen.

2. Vorrichtung nach Anspruch 1, wobei das gleichge-
richtete Signal eine Abfolge von Gleichrichtungswer-
ten umfasst, die jeweils einen berechneten Wert von
null oder einen positiven Wert von nicht null aufwei-
sen.

3. Vorrichtung nach Anspruch 1 oder 2, wobei ein zeit-
licher Abstand zwischen einem ersten aktuellen
Wert des Ausgabesignals, der einem ersten Fenster
zugeordnet ist, und einem zweiten Wert des Ausga-
besignals, der einem zweiten Fenster der mehreren
Bewegungsfenster zugeordnet ist, mit einer Abta-
strate bestimmt wird, die verwendet wird, um das
Ausgabesignal abzutasten.

4. Vorrichtung nach einem der Ansprüche 1 bis 3, wo-
bei die Verarbeitungsschaltung (160) die gleichge-
richteten Werte aus jedem der mehreren Bewe-
gungsfenster in Reihenfolge über die Zeit hinweg
sequenziert, um das gleichgerichtete Signal zu er-
zeugen.

5. Vorrichtung nach einem der Ansprüche 1 bis 4, wo-
bei das Ausgabesignal eine Reihe von Abtastwerten
eines unbearbeiteten Signals umfasst, das vom Be-
schleunigungssensor (165) bereitgestellt wird, und
wobei jedes der mehreren Bewegungsfenster (504)
dafür konfiguriert ist, einen einzelnen der Abtastwer-
te des Ausgabesignals als den aktuellen Wert zu ver-
wenden, der dem Fenster zugeordnet ist.

6. Vorrichtung nach Anspruch 5, wobei jedes der meh-
reren Bewegungsfenster (504) eine vorbestimmte
Anzahl von Abtastwerten der Reihe von Abtastwer-
ten beinhaltet.

7. Vorrichtung nach einem der Ansprüche 1 bis 6, wo-
bei die Verarbeitungsschaltung zum Analysieren
des gleichgerichteten Signals, um einen Schritt zu
erkennen, dafür konfiguriert ist:

Zu erkennen, dass das gleichgerichtete Signal
einen Peakwert erreicht hat,
zum Einstellen eines Ausgangsschwellenwerts
und einer Rate zum Verringern des Schwellen-
werts auf Basis der Amplitude des Peakwerts,
zu bestimmen, dass der Peakwert auf einen Ba-
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sislinienwert zurückgekehrt ist und unter einem
Bodenschwellenwert liegt,
zu beginnen, den Schwellenwert von dem Aus-
gangswert mit der Rate, die zum Verringern des
Schwellenwerts bestimmt wurde, zu verringern,
bis der Schwellenwert entweder dem Boden-
schwellenwert gleicht oder der Wert des gleich-
gerichteten Signals ist, und
zum Erkennen des Auftretens eines Schritts,
wenn der Schwellenwert dem Wert des gleich-
gerichteten Signals gleicht und der Wert des
gleichgerichteten Signals über dem Boden-
schwellenwert liegt.

8. Vorrichtung nach einem der Ansprüche 1 bis 7, wo-
bei die Verarbeitungsschaltung dafür konfiguriert ist,
eine Angabe darüber, dass ein Schritt erkannt wur-
de, von dem Schrittsensorschaltkreis zu empfangen
und einen in dem Zähler gespeicherten Zählerwert
zu erhöhen, wenn zuvor innerhalb eines vorbe-
stimmten Bereichs von Zeitgrenzen von dem
Schrittsensorschaltkreis eine Mindestanzahl aufein-
anderfolgender Schritte erkannt wurde.

9. Vorrichtung nach einem der Ansprüche 1 bis 8, wo-
bei die einzelne Bewegungsachse des Patienten ei-
ne Sagittalachse des Patienten umfasst.

10. Verfahren, umfassend:

Empfangen eines Signals an einer Verarbei-
tungsschaltung (160), das als Ausgabesignal
erzeugt wurde, von einer einzelnen Achse eines
Beschleunigungssensors (165), wobei das Aus-
gabesignal für Schwankungen von Beschleuni-
gungen entlang einer einzelnen Bewegungs-
achse eines Patienten indikativ ist; und gekenn-
zeichnet durch
Gleichrichten des Ausgabesignals unter Ver-
wendung der Verarbeitungsschaltung, um ein
gleichgerichtetes Signal zu erzeugen, dadurch
gekennzeichnet, dass das Gleichrichten des
Ausgabesignals das Generieren eines gleich-
gerichteten Werts für jedes von mehreren Be-
wegungsfenstern (504), das über dem Ausga-
besignal liegt, durch Bestimmen eines aktuellen
Werts des Ausgabesignals für das Fenster, Be-
stimmen eines maximalen Werts für einen Ab-
schnitt des Ausgabesignals, der vom Fenster
eingeschlossen ist, und Subtrahieren des aktu-
ellen Werts vom maximalen Wert umfasst; und
Analysieren des gleichgerichteten Signals unter
Verwendung der Verarbeitungsschaltung, um
das Auftreten eines Schritts zu erkennen, der
von einem mit dem Beschleunigungssensor ver-
bundenen Patienten getätigt wurde.

11. Verfahren nach Anspruch 10, wobei das Erzeugen

des gleichgerichteten Signals das Erzeugen des
gleichgerichteten Signals auf Basis einer Abfolge
der gleichgerichteten Werte aus jedem der mehre-
ren Bewegungsfenster mit einem berechneten Wert
von null oder einem positiven Wert von nicht null
umfasst.

12. Verfahren nach Anspruch 10 oder 11, das ferner das
Bestimmen eines zeitlichen Abstands zwischen ei-
nem ersten aktuellen Wert des Ausgabesignals, der
einem ersten Fenster zugeordnet ist, und einem
zweiten Wert des Ausgabesignals, der einem zwei-
ten Fenster der mehreren Bewegungsfenster zuge-
ordnet ist, auf Basis einer Abtastrate umfasst, die
verwendet wird, um das Ausgabesignal abzutasten.

13. Verfahren nach einem der Ansprüche 10 bis 12, wo-
bei das Erzeugen des gleichgerichteten Signals fer-
ner das Sequenzieren der gleichgerichteten Werte
aus jedem der mehreren Bewegungsfenster in Rei-
henfolge über die Zeit hinweg umfasst.

14. Verfahren nach einem der Ansprüche 10 bis 13, wo-
bei das Empfangen des als Ausgabesignal erzeug-
ten Signals ferner umfasst:
Abtasten des Ausgabesignals mit einer vorbestimm-
ten Abtastrate, um eine Reihe von Abtastwerten zu
erzeugen, wobei jedes der mehreren Bewegungs-
fenster dafür konfiguriert ist, einen einzelnen der Ab-
tastwerte des Ausgabesignals als den aktuellen
Wert zu verwenden, der dem Fenster zugeordnet ist.

15. Schritterkennungs- und Schrittverfolgungssystem,
das das medizinische Vorrichtungssystem nach ei-
nem der Ansprüche 1 bis 9 und
eine externe Vorrichtung in Kommunikationsverbin-
dung mit der implantierbaren medizinischen Vorrich-
tung umfasst, wobei die externe Vorrichtung eine An-
zeige mit zumindest einem Anzeigefeld umfasst, das
dafür konfiguriert ist, eine Angabe über eine Anzahl
von Schritten anzuzeigen, die von der implantierba-
ren medizinischen Vorrichtung erkannt werden.

Revendications

1. Système de dispositif médical comprenant :

un accéléromètre (165) configuré pour émettre
un signal indiquant les variations des accéléra-
tions le long d’un axe unique de mouvement d’un
patient ; et
un circuit de traitement (160) configuré pour :

recevoir le signal de sortie de l’accéléromè-
tre, et pour redresser le signal de sortie pour
générer un signal redressé, et caractérisé
en ce que
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le redressement du signal de sortie com-
prend la génération d’une valeur redressée
pour chacune d’une pluralité de fenêtres
mobiles (504) imposées sur le signal de sor-
tie, dans lequel la génération de la valeur
de redressement pour chacune de la plura-
lité de fenêtres mobiles comprend la déter-
mination d’une valeur actuelle du signal de
sortie pour la fenêtre, la détermination d’une
valeur maximale pour une partie du signal
de sortie contenue dans la fenêtre, et la
soustraction de la valeur actuelle de la va-
leur maximale ; et
le circuit de traitement est en outre configuré
pour
analyser le signal redressé afin de détecter
l’occurrence d’une mesure prise par le pa-
tient sur la base du signal redressé.

2. Dispositif selon la revendication 1, dans lequel le si-
gnal redressé comprend une séquence de valeurs
de redressement ayant chacune une valeur calculée
de zéro ou une valeur positive non nulle.

3. Dispositif selon la revendication 1 ou 2, dans lequel
un espacement dans le temps entre une première
valeur actuelle du signal de sortie associé à une pre-
mière fenêtre et une seconde valeur actuelle du si-
gnal de sortie associé à une seconde fenêtre de la
pluralité de fenêtres mobiles est déterminé par un
taux d’échantillonnage permettant d’échantillonner
le signal de sortie.

4. Dispositif selon l’une quelconque des revendications
1 à 3, dans lequel le circuit de traitement (160) sé-
quence les valeurs redressées de chacune de la plu-
ralité de fenêtres mobiles afin de générer dans le
temps le signal redressé.

5. Dispositif selon l’une quelconque des revendications
1 à 4, dans lequel le signal de sortie comprend une
série de valeurs d’échantillonnage d’un signal brut
fourni par l’accéléromètre (165), et dans lequel cha-
cune de la pluralité de fenêtres mobiles (504) est
configurée pour utiliser une seule des valeurs
d’échantillonnage du signal de sortie comme valeur
actuelle associée à la fenêtre.

6. Dispositif selon la revendication 5, dans lequel cha-
cune des fenêtres mobiles (504) comprend un nom-
bre prédéfini de valeurs d’échantillonnage de la série
de valeurs d’échantillonnage.

7. Dispositif selon l’une quelconque des revendications
1 à 6, dans lequel le circuit de traitement est confi-
guré pour analyser le signal redressé afin de détecter
une étape :

de détection du fait que le signal redressé a at-
teint une valeur de crête,
de fixation d’une valeur de seuil initiale et d’un
taux de diminution de la valeur de seuil en fonc-
tion de l’amplitude de la valeur de crête,
de détermination du fait que la valeur de crête
est revenue à une valeur de base et est inférieu-
re à une valeur de seuil plancher,
de début de diminution de la valeur de seuil à
partir de la valeur initiale au taux déterminé pour
diminuer la valeur de seuil jusqu’à ce que la va-
leur de seuil soit égale à la valeur de seuil plan-
cher ou à la valeur du signal redressé, et
de détection de l’apparition d’un pas lorsque la
valeur de seuil est égale à la valeur du signal
redressé et que la valeur du signal redressé est
supérieure à la valeur de seuil plancher.

8. Dispositif selon l’une quelconque des revendications
1 à 7, dans lequel le circuit de traitement est confi-
guré pour recevoir une indication du circuit de dé-
tection de pas qu’un pas a été détecté, et pour in-
crémenter une valeur de compteur stockée dans le
compteur si un nombre minimum de pas consécutifs
ont été précédemment détectés par le circuit de dé-
tection de pas dans une plage prédéfinie de limites
de temps.

9. Dispositif selon l’une quelconque des revendications
1 à 8, dans lequel l’axe unique de mouvement du
patient comprend un axe sagittal du patient.

10. Procédé comprenant:

la réception, au niveau d’un circuit de traitement
(160), d’un signal généré sous la forme d’un si-
gnal de sortie d’un axe unique d’un accéléromè-
tre (165), le signal de sortie indiquant les varia-
tions des accélérations le long d’un axe unique
de mouvement d’un patient ; et caractérisé par
le redressement, à l’aide du circuit de traitement,
du signal de sortie pour générer un signal re-
dressé, caractérisé en ce que
le redressement du signal de sortie comprend
la génération d’une valeur redressée pour cha-
cune d’une pluralité de fenêtres mobiles (504)
imposées sur le signal de sortie par la détermi-
nation d’une valeur actuelle du signal de sortie
pour la fenêtre, par la détermination d’une valeur
maximale pour une partie du signal de sortie
contenue dans la fenêtre, et par la soustraction
de la valeur actuelle de la valeur maximale ; et
par
l’analyse, à l’aide du circuit de traitement, du si-
gnal redressé pour détecter l’apparition d’un pas
effectué par un patient couplé à l’accéléromètre.

11. Procédé selon la revendication 10, dans lequel la
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génération du signal redressé comprend la généra-
tion du signal redressé sur la base d’une séquence
des valeurs redressées de chacune de la pluralité
de fenêtres mobiles ayant une valeur calculée de
zéro ou une valeur positive non nulle.

12. Procédé selon la revendication 10 ou 11, compre-
nant en outre la détermination d’un espacement
dans le temps entre une première valeur actuelle du
signal de sortie associé à une première fenêtre et
une seconde valeur actuelle du signal de sortie as-
socié à une seconde fenêtre de la pluralité de fenê-
tres mobiles sur la base d’un taux d’échantillonnage
permettant d’échantillonner le signal de sortie.

13. Procédé selon l’une quelconque des revendications
10 à 12, dans lequel la génération du signal redressé
comprend en outre le séquençage des valeurs re-
dressées de chacune de la pluralité de fenêtres mo-
biles dans l’ordre dans le temps.

14. Procédé selon l’une quelconque des revendications
10 à 13, dans lequel la réception du signal généré
sous la forme d’un signal de sortie comprend en
outre :
l’échantillonnage du signal de sortie à un taux
d’échantillonnage prédéfini pour générer une série
de valeurs d’échantillonnage, dans lequel chacune
de la pluralité de fenêtres mobiles est configurée
pour utiliser une seule des valeurs d’échantillonnage
du signal de sortie comme valeur actuelle associée
à la fenêtre.

15. Système de détection et de suivi de pas comprenant
le système de dispositif médical selon l’une quelcon-
que des revendications 1 à 9 et un dispositif externe
couplé en communication au dispositif médical im-
plantable, le dispositif externe comprenant un affi-
chage comportant au moins un champ d’affichage
configuré pour afficher une indication d’un nombre
de pas détectés par le dispositif médical implantable.
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