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DESCRIPTION

Description

BACKGROUND

[0001] A number of medical ailments may be treated and/or diagnosed through the application
of a magnetic field to an afflicted portion of a patient's body. Neurons and muscle cells may be
a form of biological circuitry that carry electrical signals and respond to electromagnetic stimuli.
When a conductive wire loop is passed through a magnetic field or is in the presence of a
changing magnetic field, an electric current may be induced in the wire. The same principle
may hold true for conductive biological tissue. When a changing magnetic field is applied to a
portion of the body, neurons may be depolarized and stimulated. Muscles associated with the
stimulated neurons may contract as though the neurons were firing by normal causes.

[0002] A nerve cell or neuron may be stimulated in a number of ways, for example,
transcutaneously via transcranial magnetic stimulation (TMS). TMS may use a rapidly
changing magnetic field to induce a current on a nerve cell, without having to cut or penetrate
the skin. The nerve may "fire" when a membrane potential within the nerve rises with respect
to its normal negative ambient level of approximately -90 mV, for example, depending on the
type of nerve, local pH of the surrounding tissue, and/or peripheral nerve stimulation.

[0003] A magnetic stimulation component may be used to produce the rapidly changing
magnetic field inducing a current on a nerve cell. The magnetic stimulation component may fail
or operate improperly during treatment, which may result in improper treatment for the patient.
For example, the magnetic component may appear to operate correctly, but actually may be
producing magnetic field pulses outside of designed device specifications, potentially resulting
in improper diagnosis and/or therapy being administered to the patient. Administering an
incorrect magnetic field pulse to a patient can affect the magnetic stimulation diagnosis and/or
treatment adversely. For example, the treatment provider may believe that the patient is not
responding to the treatment, when in fact the intended treatment is not being administered to
the patient. Thus, the treatment provider and/or diagnosing clinician may be led to make
treatment decisions based on faulty information. Systems for monitoring the applied magnetic
field during treatments are described in publications WO 2008/051790 A2 and US
2009/0105520 A1.

SUMMARY
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[0004] The invention is defined by the claims. A system for monitoring a magnetic field related
to magnetic stimulation therapy is provided. A system for monitoring a pulsing magnetic field
related to magnetic stimulation therapy includes a magnetic stimulation component, a sensor,
and a processor. The magnetic stimulation component is configured to generate the pulsing
magnetic field for the magnetic stimulation therapy.

[0005] The sensor is configured to generate a signal associated with the pulsing magnetic
field. The signal includes a plurality of pulses, where each pulse of the signal is associated with
a pulse of the pulsing magnetic field, and each pulse of the signal comprises a plurality of
peaks. The signal may indicate a voltage signal proportional to a change in the pulsing
magnetic field, a current signal proportional to a change in the pulsing magnetic field, and/or
the like. The sensor may include one or more of a conductive coil, a loop having a number of
turns based on the pulsing magnetic field, a Hall sensor, a magnetoresistive material, a
Faraday effect sensor, a Kerr effect sensor, a flux gate sensor, an inductance change element,
a nerve tissue response measurement device, an electric field sensor in a conductive field, or
the like.

[0006] The processor is configured to estimate and average a first characteristic associated
with a first peak across a set of pulses of the signal. The characteristics may include a voltage
of a peak, a current of a peak, a root mean square (RMS) value of a peak, a zero-cross of a
peak, a time value of a peak, and/or a time duration of a peak (e.g., a peak duration). The
peak(s) may be associated with a single pulse, consecutive pulses, or separate pulses of the
pulsing magnetic field.

[0007] The processor is configured to estimate and average a second characteristic
associated with a second peak across a set of pulses of the signal. The processor is
configured to determine a third characteristic of the signal based on the first averaged
characteristic associated with the first peak and the second averaged characteristic associated
with the second peak. For example, the processor may determine a decay rate of the signal, a
frequency of the signal, a timing associated with the signal, a magnetic flux associated with the
signal, and/or a current associated with the signal, for example, based on the estimated
characteristic(s). The processor is configured to determine whether a failure occurred based
on the third characteristic. The failure may be determined to have occurred when the
determined characteristic(s) is outside of a predetermined acceptance window.

[0008] The sensor may be configured to generate a voltage induced by a change in the
pulsing magnetic field. The processor may be configured to estimate one or more average
values of the voltage. An average value may be associated with one or more sets of pulses of
the plurality of pulses. The average value(s) may include a weighted average value and/or an
unweighted average value. The processor may be configured to determine whether a failure
occurred based on the average value(s).

BRIEF DESCRIPTION OF THE DRAWINGS
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[0009]
FIG. 1 is a block diagram illustrating an example of a magnetic stimulation system.
FIG. 2 is a block diagram illustrating an example of a magnetic stimulation system.

FIG. 3 is a diagram illustrating an example waveform of a signal received by a controller of a
magnetic stimulation system.

FIG. 4Ais a flow diagram illustrating an example procedure for determining whether a failure
has occurred.

FIG. 4B is a flow diagram illustrating an example procedure for determining whether a failure
has occurred.

FIG. 5 is a diagram illustrating an example signal of an expected voltage induced on a sensor.

FIG. 6 is a diagram illustrating an example signal of a voltage induced on a sensor that is
indicative of a failure.

FIG. 7 is a diagram illustrating an example signal of a voltage induced on a sensor that is
indicative of a failure.

FIG. 8 is a diagram illustrating an example signal of a voltage induced on a sensor that is
indicative of a failure.

DETAILED DESCRIPTION

[0010] A system may be provided that monitors a pulsing magnetic field related to magnetic
stimulation therapy, for example, to determine whether or not a system failure has occurred.
The system may comprise a magnetic stimulation component, a sensor, and a processor. The
magnetic stimulation component may be configured to generate a pulsing magnetic field for
performing magnetic stimulation therapy on a patient. The sensor may be configured to
generate a signal associated with the pulsing magnetic field of the magnetic stimulation
component. For example, the sensor may be placed between the magnetic stimulation
component and the patient. In response to the pulsing magnetic field, a current signal, a
voltage signal, or the like may be generated in the sensor that may be proportional to the
pulsing magnetic field.

[0011] The processor may be configured to estimate one or more characteristics (e.g., two
characteristics) associated with the signal (e.g., the generated signal) and determine, based on
the estimated characteristics, a characteristic of the signal. The processor may be configured
to determine whether a failure has occurred based on the determined characteristic of the
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signal. As such, the system may be able to detect whether the pulsing magnetic field is
properly providing magnetic stimulation therapy to the patient. Upon detecting a failure, the
system may be configured to pause the TMS procedure, shut down the magnetic stimulation
system, alert a user of the magnetic stimulation system, and/or alter a current applied to the
magnetic stimulation component.

[0012] In 1831, Michael Faraday discovered that the magnitude of an electric field induced on
a conductor is proportional to the rate of change of magnetic flux that cuts across the
conductor. Faraday's law, well known to those skilled in the art, may be represented as E - -
(A*dB/dt), where E is the induced electric field in volts/meter and dB/dt is the time rate of
change of magnetic flux density in Tesla/second. In other words, the amount of electric field
induced in an object, such as a conductor, may be determined using two factors: the magnetic
flux density and the time rate of change of the flux. The greater the flux density and its
derivative, the greater the induced electric field and resulting current density. Magnetic flux
may be a function of distance. For example, because the magnetic flux density may decrease

in strength with relation to the distance from the source of the magnetic field (e.g., 1/r3, 1/r°, or
the like), the flux density may be greater the closer the conductor is to the source of the
magnetic field. When the conductor is a coil, the current induced in the coil by the electric field
may be increased in proportion to the number of turns of the coil.

[0013] An overview of an example operation and application of a magnetic system in which
aspects of the various embodiments may be implemented may be provided. The magnitude of
an electric field induced on a conductor may be proportional to the rate of change of magnetic
flux density across the conductor. When an electric field is induced in a conductor, the electric
field may create a corresponding current flow in the conductor. The current flow may be in the
same direction of the electric field vector at a given point. The peak electric field may occur
when the time rate of change of the magnetic flux density is the greatest and may diminish at
other times. During a magnetic pulse, the current may flow in a direction that tends to preserve
the magnetic field (e.g., Lenz's Law).

[0014] Certain parts of the anatomy (e.g., nerves, tissue, muscle, brain) may act as a
conductor and may carry electric current when an pulsed magnetic field is applied. The pulsed
magnetic field may be applied to these parts of the anatomy transcutaneously. For example, in
the context of TMS, a time-varying magnetic field may be applied across the skull to create an
electric field in the brain tissue, which may produce a current. If the induced current is of
sufficient density and/or duration, neuron action potential may be reduced to the extent that the
membrane sodium channels open and an action potential response is created. An impulse of
current may be propagated along the axon membrane that transmits information to other
neurons via modulation of neurotransmitters. Such magnetic stimulation may acutely affect
glucose metabolism and local blood flow in cortical tissue. In the case of major depressive
disorder, neurotransmitter dysregulation and abnormal glucose metabolism in the prefrontal
cortex and the connected limbic structures may be a likely pathophysiology. Repeated
application of magnetic stimulation to the prefrontal cortex may produce chronic changes in
neurotransmitter concentrations, metabolism, and/or nerve changes to stimulation thresholds,



DK/EP 3068486 T3

for example, such that depression may be alleviated.

[0015] Non-cortical neurons (e.g., cranial nerves, peripheral nerves, sensory nerves) may be
stimulated by an induced electric field. For example, peripheral nerves may be intentionally
stimulated to diagnose neuropathologies, for example, by observing response times and
conduction velocities in response to a pulsed magnetic field induced stimulus. Discomfort
and/or pain may result if the induced electric field applied to a peripheral and/or cranial nerve is
very intense, and/or focused on a small area of the nerve. This discomfort may be diminished,
for example, by intentionally over-stimulating the sensory nerves in the affected nerve bundle
so that they can no longer respond to external pain stimuli, or by reducing the intensity and/or
focus of the induced electric field that is causing the pain sensation.

[0016] Transcutaneous magnetic stimulation may not be limited to treatment of depression.
Transcutaneous magnetic stimulation may be used to treat a patient, such as a human, for
example, suffering from epilepsy, schizophrenia, Parkinson's disease, Tourette's syndrome,
amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), Alzheimer's disease, attention
deficit/hyperactivity disorder, obesity, bipolar disorder/mania, anxiety disorders (e.g., panic
disorder with and without agoraphobia, social phobia also known as social anxiety disorder,
acute stress disorder and/or generalized anxiety disorder), post-traumatic stress disorder (one
of the anxiety disorders in DSM), obsessive compulsive disorder (e.g., one of the anxiety
disorders in DSM), pain (such as, for example, migraine and trigeminal neuralgia, as well as
chronic pain disorders, including neuropathic pain, e.g., pain due to diabetic neuropathy, post-
herpetic neuralgia, and idiopathic pain disorders, e.g., fibromyalgia, regional myofascial pain
syndromes), rehabilitation following stroke (neuro plasticity induction), tinnitus, stimulation of
implanted neurons to facilitate integration, substance-related disorders (e.g., dependence,
abuse and withdrawal diagnoses for alcohol, cocaine, amphetamine, caffeine, nicotine,
cannabis and the like), spinal cord injury and regeneration/rehabilitation, stroke, head injury,
sleep deprivation reversal, primary sleep disorders (primary insomnia, primary hypersomnia,
circadian rhythm sleep disorder), cognitive enhancements, dementias, premenstrual dysphoric
disorder (PMS), drug delivery systems (changing the cell membrane permeability to a drug),
induction of protein synthesis (induction of transcription and translation), stuttering, aphasia,
dysphagia, essential tremor, autism spectrum disorders, and/or eating disorders (such as
bulimia, anorexia and binge eating).

[0017] A device may take advantage of the above principles to induce an electric field used in
a variety of applications. For example, a magnetic device may be used for electrical stimulation
of the anatomy. While the discussion herein focuses on magnetic devices that are used in
connection with magnetic stimulation of anatomical tissue, a magnetic device may be utilized in
any field of endeavor.

[0018] A ferromagnetic core may be used in connection with a magnetic device to produce a
magnetic field. For example, a ferromagnetic core may include an arc-shaped (e.g.,
approximately hemispherical) magnetic material. A ferromagnetic core may include a highly
saturable magnetic material having a magnetic saturation of at least 0.5 Tesla. A ferromagnetic
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core may be shaped to optimize the magnetic field distribution in the treatment area. For
example, such a magnetic field may be for purposes of carrying out transcutaneous magnetic
stimulation such as, for example, Transcranial Magnetic Stimulation (TMS), Repetitive TMS
(rTMS), Magnetic Seizure Therapy (MST), deep TMS (dTMS), controlled and/or varied pulse
shape TMS (cTMS), reduction of peripheral nerve discomfort, etc. Although examples
described herein may be discussed in connection with TMS and rTMS, the examples described
herein may be utilized in connection with any type of magnetic stimulation, such as
transcutaneous magnetic stimulation, for example. Furthermore, the embodiments presented
herein are not limited to the use of ferromagnetic core magnetic stimulation systems, as other
core materials may be used such as, for example, an air core.

[0019] FIG. 1 is a block diagram illustrating an example of a magnetic stimulation system. A
magnetic stimulation system 100 may comprise a sensor 110, a controller 120, a user interface
130, a power supply 140, and a magnetic stimulation component 150. A magnetic stimulation
device may refer to one or more components of a magnetic stimulation system (e.g., the
magnetic stimulation system 100).

[0020] The magnetic stimulation component 150 may be configured to generate a pulsing
magnetic field 160 to conduct magnetic stimulation therapy on a treatment area of a patient.
The magnetic stimulation therapy may be, for example, transcranial magnetic stimulation
(TMS). TMS may refer to TMS, repetitive transcranial magnetic stimulation (rTMS), deep TMS
(dTMS), cTMS, or the like. The magnetic stimulation component 150 may be a treatment coil.
The magnetic stimulation component 150 may include a single treatment coil, multiple
treatment coils and/or an array of treatment coils. The treatment area may be the prefrontal
cortex, for example. The magnetic stimulation component 150 may or may not include a core,
such as a magnetic core (e.g., ferromagnetic core), for example. The pulsing magnetic field
160 may include one or more pulse bursts. A pulse burst (e.g., each pulse burst) of the pulsing
magnetic field 160 may include one or more pulses.

[0021] The sensor 110 may be configured to generate a signal associated with a pulsing
magnetic field 160. The sensor 110 may be placed between the magnetic stimulation
component 150 and a treatment area of a patient. The sensor 110 may be configured to
generate a signal associated with the pulsing magnetic field 160 of the magnetic stimulation
component 150 (e.g., a signal induced by the pulsing magnetic field 160). For example, the
sensor 110 may convert a physical property (e.g., the strength of pulsing magnetic field 160)
into a corresponding electrical signal (e.g., a current signal or a voltage signal). As such, the
sensor 110 may detect and/or measure a physical parameter of the pulsing magnetic field and
generate a signal associated with the pulsing magnetic field using the detected/measured
physical parameter. The generated signal may be a voltage signal, a current signal, and/or the
like that may be proportional to a change in the pulsing magnetic field 160. For example, a
current may be generated in the sensor 110 that may be proportional to the pulsing magnetic
field 160. The sensor 110 may generate a voltage that may be proportional to the magnetic
flux density (dB/dt) of the pulsing magnetic field 160.
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[0022] The sensor 110 may include one or more of a conductive coil, a loop (e.g., having a
number of turns based on the pulsing magnetic field), a Hall sensor, a magnetoresistive
material, a Faraday effect sensor, a Kerr effect sensor, a flux gate sensor, an inductance
change element, a nerve tissue response measurement device, an electric field sensor (e.g., in
a conductive field), and/or the like. The sensor 110 may be configured to generate more than
one signal, for example, more than one signal that is associated with the pulsing magnetic field
160 generated by the magnetic stimulation component 150.

[0023] The controller 120 may be any type of hardware, software, or combination thereof. The
controller 120 may be configured to control one or more of the components of the magnetic
stimulation system 100, such as the sensor 110, the user interface 130, the power supply 140,
and/or the magnetic stimulation component 150, for example to conduct magnetic stimulation
therapy. For example, the controller 120 may include a general purpose processor, a special
purpose processor, a conventional processor, a digital signal processor (DSP), a plurality of
microprocessors, one oOr more microprocessors in association with a DSP core, a
microcontroller, any other type of integrated circuit (IC), a state machine, and/or the like.

[0024] The controller 120 may be configured to receive inputs from the user interface 130
and/or the sensor 110 to conduct magnetic stimulation therapy accordingly. For example, the
controller 120 may perform signal coding, data processing, power control, input/output
processing, and/or any other functionality that enables the controller 120 to operate the
magnetic stimulation component for magnetic stimulation. Although the controller 120 of the
magnetic stimulation system 100 may be configured to control both the magnetic stimulation
component 150 and the sensor, the magnetic stimulation system 100 may include two or more
controllers for individually controlling two or more of the components of the magnetic
stimulation system 100.

[0025] The controller 120 may be configured to estimate (e.g., measure) characteristics
associated with the signal generated by the sensor 110 (e.g., associated with one or more
peaks of the signal). The controller 120 may estimate a subset of the pulses of the signal or
may estimate the signal continuously. By estimating characteristics of the signal, the controller
120 may estimate a model of what is incurring in the brain of a patient in response to the
pulsing magnetic field.

[0026] As described herein, the controller 120 may be configured to estimate a characteristics
associated with the signal generated by the sensor 110. For example, the controller 120 may
estimate a voltage associated with the generated signal (e.g., a voltage associated with a peak
of the generated signal), a current associated with the generated signal (e.g., a current
associated with a peak of the generated signal), a Root Mean Square (RMS) value associated
with the generated signal (e.g., a RMS value associated with a peak of the generated signal), a
zero-cross time associated with the generated signal (e.g., a zero-cross time associated with a
peak of the generated signal), a time value associated with the generated signal (e.g., a time
value associated with a peak of the generated signal), and/or a time duration of the generated
signal (e.g., a time duration associated with a peak of the generated signal, for example, peak
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duration). For example, the peak duration may be characterized by a time duration between an
initial rising edge of a peak and a first zero-crossing of the peak.

[0027] The controller 120 may determine one or more characteristics associated with the
signal generated by the sensor 110. For example, the controller 120 may determine
characteristic(s) associated with the signal using one or more estimated characteristics of the
signal. As described herein, the controller 120 may determine a decay rate of the generated
signal, a frequency of the generated signal, a timing associated with the generated signal, a
magnetic flux associated with the generated signal, a pulse shape of the generated signal, a
voltage associated with the generated signal, and/or a current associated with the generated
signal.

[0028] The pulsing magnetic field 160 may be characterized by one or more pulse bursts. A
pulse burst may be characterized by one or more pulses. Characteristics associated with the
signal generated by the sensor 110 may be associated with the same pulse of the pulsing
magnetic field 160 or different pulses of the pulsing magnetic field 160. The characteristics
associated with the generated signal may be associated with the same pulse burst of the
pulsing magnetic field 160 or different pulse bursts of the pulsing magnetic field 160.

[0029] The controller 120 may determine whether a failure has occurred based on one or
more characteristics of the signal generated by the sensor 110. For example, the controller
120 may determine whether a failure has occurred based on whether a characteristic of the
generated signal (e.g., a determined characteristic) is outside of a predetermined acceptance
window. The predetermined acceptance window may be defined based on an expected signal
associated with the pulsing magnetic field. The acceptance window may be adjustable based
on the settings of the type of magnetic stimulation therapy, the magnetic stimulation treatment
parameters, and/or the patient parameters. For example, the controller 120 may receive
settings of the magnetic stimulation procedure and compare the settings of the magnetic
stimulation procedure with characteristic(s) of the generated signal to determine whether a
failure has occurred. For example, the controller 120 may determine that a failure has
occurred when a difference between two or more characteristics (e.g., characteristics relating
to peaks) of the generated signal exceeds an expected value (e.g., which may be determined
based on magnetic stimulation settings). For example, the expected value may include an
expected voltage value, an expected current value, and/or the like.

[0030] In the event a failure is determined to have occurred, the controller 120 may enter a
failure mode. In the failure mode, the controller 120 may pause the magnetic stimulation
procedure, shut down the magnetic stimulation component 150, alert a user of the magnetic
stimulation system 100, and/or alter a current applied to the magnetic stimulation component
150. For example, when the controller 120 enters the failure mode, the controller 120 may
adjust the frequency at which it estimates characteristics of the generated signal. For example,
the controller 120 may check for failures more frequently after a first failure is detected.

[0031] The controller 120 may log one or more characteristics of the signal generated by the
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sensor 110 (e.g., estimated characteristics and/or determined characteristics). The controller
120 may be configured to log one or more failures of the magnetic stimulation procedure. In
one or more embodiments, the magnetic stimulation system 100 may include an indicator that
may indicate to a user of the magnetic stimulation system 100 that a failure has occurred. For
example, the indicator may be a light, a speaker, an icon displayed on the user interface 130,
and/or the like.

[0032] The user interface 130 may be any type of interface in which a user of the magnetic
stimulation system 100 may initiate, adjust, and/or end the magnetic stimulation procedure. For
example, the user interface may include a personal computer (PC), a keyboard, a mouse, a
touchscreen, a wireless device, and/or the like, that allows for an interface between the user
and the magnetic stimulation system 100.

[0033] The power supply 140 may be any type of power source that provides sufficient energy
for the magnetic stimulation component 150 to generate the pulsing magnetic field 160 for its
intended purpose, for example, for TMS, rTMS, MST or any other type of application. For
example, the power supply 140 may be a conventional 120 or 240 VAC main power source.

[0034] FIG. 2 is a block diagram illustrating an example of a magnetic stimulation system. The
magnetic stimulation system 200 may comprise a sensor 210, a controller 220, a user interface
230, a power supply 240, a magnetic stimulation component 250, a connector cable 252, a
switch and protection circuit 254, a capacitor 256, and reverse voltage protection logic 258.
The magnetic stimulation system 200 may be substantially similar to the magnetic stimulation
system 100.

[0035] The sensor 210 may be substantially similar to the sensor 110 described herein. The
sensor 210 may be configured to perform one or more of the functions described herein with
reference to the sensor 110. For example, the sensor 210 may be configured to generate a
signal associated with a pulsing magnetic field 260.

[0036] The magnetic stimulation component 250 may be substantially similar to the magnetic
stimulation component 150 described herein. The magnetic stimulation component 250 may
be configured to perform one or more of the functions described herein with reference to the
magnetic stimulation component 150. For example, the magnetic stimulation component 250
may generate a pulsing magnetic field 260 that may be used to conduct magnetic stimulation
therapy on a treatment area of a patient.

[0037] The user interface 230 may be substantially similar to the user interface 130 described
herein. For example, the user interface 230 may be configured to perform one or more of the
functions described herein with reference to the user interface 130. The power supply 240 may
be substantially similar to the power supply 140 described herein. For example, the power
supply 240 may be configured to perform one or more of the functions described herein with
reference to the power supply 140.
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[0038] The controller 220 may include signal conditioning logic 222, signal acquisition logic
224, analysis comparison logic 226, triggering logic 229, and timing control logic 228. The
controller 220 may be substantially similar to the controller 120 described herein. For example,
the controller 220 may be configured to perform one or more of the functions described herein
with reference to controller 120. The controller 220 may be any type of hardware, software,
and/or combination thereof. The controller 220 may be configured to control one or more of
the components of the magnetic stimulation system 200. For example, the controller 220 may
be configured to estimate and/or determine one or more characteristics associated with the
generated signal, and/or the controller 220 may be configured to determine whether a failure
has occurred based on a characteristic of the signal generated by the sensor 210.

[0039] The controller 220, for example, via the signal conditioning logic 222, may receive a
signal from the sensor 210. The signal conditioning logic 222 may manipulate the signal
received from the sensor 210 into a format used by the controller 220 for further processing.
For example, the signal conditioning logic 222 may filter, amplify, and/or isolate the signal
received from the sensor 210. The signal received from the sensor 210 may include a voltage
signal, a current signal, or the like that is proportional to the pulsing magnetic field 260.

[0040] The signal acquisition logic 224 may receive the generated signal from the signal
conditioning logic 222. The signal acquisition logic 224 may sample the signal and/or convert
the signal into a digital signal that may be utilized by the controller 220. The signal acquisition
logic 224 may include one or more analog-to-digital converters. For example, the signal
acquisition logic 224 may receive an analog signal from the signal conditioning logic 222 and
may convert the signal into a digital signal for further processing by the controller 220.

[0041] The analysis comparison logic 226 may receive the signal from the signal acquisition
logic 224. The analysis comparison logic 226 may compare a characteristic of the signal with a
setting of the magnetic stimulation system to determine whether a failure has occurred. For
example, the setting of the magnetic stimulation system may include one or more expected
characteristics of the pulsing magnetic field 260 generated by the magnetic stimulation
component 250. The characteristics of the pulsing magnetic field 260 may be specific to the
treatment being conducted by the magnetic stimulation system. As such, the analysis
comparison logic 226 may analyze whether the magnetic stimulation system (e.g., the
magnetic stimulation component 250) is properly providing treatment.

[0042] The timing control logic 228 may coordinate the timing of the components of the
magnetic stimulation system 200. For example, the timing control logic 228 may coordinate the
timing between the magnetic stimulation component 250 and the signal generated by the
sensor 210 (e.g., and received via the controller 220). As such, the timing control logic 228
may ensure that the controller 220 is comparing a signal generated by the sensor 210 with a
corresponding pulsing magnetic field 260 generated by the magnetic stimulation component
250.

[0043] The triggering logic 229 may initiate actions of the magnetic stimulation system 200
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when certain events occur. The triggering logic 229 may receive timing information from the
timing control logic 228. The triggering logic 229 may determine the timing relationship
between a signal generated by the sensor 210 and the pulsing magnetic field 260. For
example, the triggering logic 229 may determine whether or not a signal received from the
sensor 210 is in response to the pulsing magnetic field 260. The triggering logic 229 may relay
this information to the analysis comparison logic 226 so the occurrence of a failure may be
determined.

[0044] The controller 220 may include more or less than the components illustrated in FIG. 2.
For example, the controller 220 may include an edge detection circuit. The edge detection
circuit may be configured to measure a start time and an end time of a pulse of the generated
signal indicative of the pulsing magnetic field. The controller 220 may include a peak detection
circuit. The peak detection circuit may be configured to receive the generated signal (e.g., from
the sensor 210) and determine one or more peaks of a pulse(s) of the generated signal. For
example, the peak detection circuit may be configured to determine one or more
characteristics (e.g., voltage, current, time, efc.) associated with a peak of a pulse(s) of the
generated signal.

[0045] The connector cable 252 may provide for an electrical connection and/or electrical
communication between the magnetic stimulation component 250 and the switch and
protection circuit 254. The switch and protection circuit 254 may be any type of electrical
switching device that can operate the magnetic stimulation system (e.g., the magnetic
stimulation component 250), for example, by switching power from the capacitor 256 and/or
the power supply 240 on and off. For example, the switch and protection circuit 254 may be
operated to switch power from the power supply 240 to charge the capacitor 256. The switch
and protection circuit 254 may be used to discharge the capacitor 256 through the magnetic
stimulation component 250, for example, to generate the pulsing magnetic field 260 that may
be used for treatment. As such, when the switch and protection circuit 254 activates to produce
the pulse in the magnetic stimulation component 250, currents (e.g., peak currents in excess of
1000 A) may be delivered to the magnetic stimulation component 250 from the charge stored
on the capacitor 256.

[0046] The capacitor 256 may provide energy storage for the magnetic stimulation component
250. The capacitor 256 may include a single capacitor and/or a capacitor bank. The capacitor
256 may include any number and/or type of capacitor(s) that are appropriate for the power
level, charging time, and/or pulse type used by the magnetic stimulation system 200. For
example, the capacitor 256 may include eight 10 yP capacitors that may be connected in
parallel to result in 80 yF of total capacitance. For example, the capacitor 256 may be a single
80 uF capacitor.

[0047] The capacitor 256 may be used, for example, in applications where a 120 VAC power
source or the like is available (e.g., where only a 120 VAC power source or the like is
available). A typical doctor's office may be equipped with a conventional (e.g., 120 VAC or the
like) power supply rather than a higher-power 240 VAC or three-phase power supply. The
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capacitor 256 may be used to produce higher peak currents in the magnetic stimulation
component 250 than would be possible by driving the magnetic stimulation component 250
directly from the power supply 240 alone. For example, the power supply 240 may convert 120
VAC at its input to 1500 VDC at its output, with the DC output capable of producing 1 Amp DC
at 1500 VDC. Using capacitor 256 may allow for higher peak pulse current to flow into the
magnetic stimulation component 250 than the 1 Amp produced by the power supply 240. As
such, the capacitor 256 may be charged up to the power supply's 240 output voltage in the
time period between pulses that are delivered to the magnetic stimulation component 250.
When the switch and protection circuit 254 activates to produce the pulse in the magnetic
stimulation component 250, peak currents in excess of 1000 A may be delivered to the
magnetic stimulation component 250 from the charge stored on the capacitor 256. The
magnitude of this peak current may be dictated by the inductance of the magnetic stimulation
component 250, and/or by the capacitance value and/or voltage level stored on the capacitor
256 prior to the pulse. The capacitor 256 may be used regardless of the type of power supply
240 available. For example, the capacitor 256 may be used in situations where the power
supply 240 is a 240 VAC or three-phase power supply to, for example, produce desired peak
currents for input into the magnetic stimulation component 250.

[0048] The reverse voltage protection 258 may include reverse bias protection for the
magnetic stimulation system 200 (e.g., for the magnetic stimulation component). For example,
the reverse voltage protection 258 may include one or more diodes (e.g., blocking diode,
Schottky diode, efc.) and/or a receiver bias protection switch (e.g., PNP transistor, P-Channel
FET, etfc)).

[0049] FIG. 3 is a diagram illustrating an example waveform of a signal received by a magnetic
stimulation system (e.g., magnetic stimulation system 100 or magnetic stimulation system
200). As described herein, a controller (e.g., controller 120 or controller 220) may receive a
signal from a sensor (e.g., sensor 110 or sensor 210) that may be indicative of a pulsing
magnetic field (e.g., pulsing magnetic field 160 or pulsing magnetic field 260) generated by a
magnetic stimulation component (e.g., magnetic stimulation component 150 or magnetic
stimulation component 250). For example, a current may be generated in the sensor that may
be proportional to the pulsing magnetic field. The sensor may generate a voltage that may be
proportional to a rate of change of the magnetic flux density (dB/dt) of the pulsing magnetic
field. The signal received by the controller may include a voltage signal, such as voltage signal
300. Although described with reference to voltage signal 300, the signal received by the
controller from the sensor may be in other units (e.g., a current signal, a power signal, and/or
the like).

[0050] The magnetic stimulation system may be configured to estimate one or more
characteristics associated with the signal generated by the sensor (e.g., generated signal 300),
for example, as described herein. The magnetic stimulation system may be configured to
determine one or more characteristics associated with the generated signal based on the
estimated characteristic(s), for example, as described herein. The estimated and/or
determined characteristics of the generated signal may include a pulse repetition rate, pulse
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interval, stimulation interval, timing of a zero-crossing, a timing of a peak of a pulse, amplitude
of a peak, pulse shape, peak to RMS ratio, pulse duration, peak duration, rolling average of
one or more pulses, and/or the like, for example, as described herein with reference to voltage
signal 300.

[0051] The voltage signal 300 may include one or more pulses and one or more pulse bursts.
A pulse of the voltage signal may correspond with a pulse of the pulsing magnetic field. A pulse
burst may include one or more pulses. The voltage signal 300 may include a first pulse 301, a
second pulse 302, a third pulse 303, a fourth pulse 304, and a fifth pulse 305. The first pulse
301, the second pulse 302, and the third pulse 303 may be part of a first pulse burst. The
fourth pulse 304 and the fifth pulse 305 may be part of a second pulse burst.

[0052] A pulse may include an initial rising edge, a first peak, a second peak, a third peak, and
a pulse interval. For example, the first pulse 301 may include an initial rising edge 310, a first
peak 312, a second peak 314, a third peak 316, and a pulse interval 320. The initial rising
edge of a pulse may be a time when the pulse begins, for example, when the pulse exceeds 0
V. The first peak of the pulse may be characterized by a time and a maximum voltage of the
pulse after the initial rising edge and before the pulse decreases back to 0 V. The second peak
of the pulse may be characterized by a time and a minimum voltage of the pulse after a zero-
crossing after the first peak and before the pulse increases back to 0 V. The third peak of the
pulse may be characterized by a time and a second maximum voltage after a zero-crossing
after the second peak and before the pulse decreases back to 0 V. After the third peak, the
pulse may decrease to 0 V (e.g., after crossing 0 VV one or more times, for example, oscillating)
and before an initial rising edge of a subsequent pulse.

[0053] The pulse interval may be indicative of a time between an initial rising edge of a pulse
to an initial rising edge of a subsequent pulse. For example, the pulse interval 320 may be
indicative of the time between the initial rising edge 310 of the first pulse 301 to the initial rising
edge of the second pulse 302. The stimulation time of a pulse burst may be calculated based
on the time between the initial rising edge of a first pulse in the pulse burst to the initial rising
edge of the last pulse in the pulse burst. For example, stimulation time 330 may indicate the
time duration between the initial rising edge 310 of the first pulse 301 to the initial rising edge
of the third pulse 303. For example, the stimulation time 330 may be indicative of the duration
of time of a pulse burst of the pulsing magnetic field. The stimulation interval may be indicative
of a time between the initial rising edge (e.g., the first peak) of a last pulse in a pulse burst to
the initial rising edge (e.g., the first peak) of a first pulse in a subsequent pulse burst. For
example, the stimulation interval 340 may be indicative of the time between pulse bursts of a
pulsing magnetic field. For example, the stimulation interval 340 may indicate the time between
the initial rising edge (e.g., the first peak) of the third pulse 303 (e.g., which may be the last
pulse of the first pulse burst) to the initial rising edge (e.g., the first peak) of the fourth pulse
304 (e.g., which may be the first pulse of the second pulse burst).

[0054] FIG. 4A is a flow diagram illustrating an example procedure for determining whether a
failure has occurred. The procedure 400 may be performed (e.g., partially or entirely) by a
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magnetic stimulation system, for example, the magnetic stimulation system 100 or the
magnetic stimulation system 200, as described herein. For example, the entirety or a subset of
the operations described with reference to the procedure 400 may be performed by one or
more of the magnetic stimulation systems as described herein. The procedure 400 may be
performed before treatment (e.g., for calibration of the magnetic stimulation system), during
treatment, and/or after treatment. As such, the procedure 400 may be performed without a
patient present.

[0055] At 402, a magnetic stimulation system (e.g., a magnetic stimulation component) may
generate a pulsing magnetic field. The pulsing magnetic field may be generated for magnetic
stimulation treatment, for preparation of magnetic stimulation treatment, to calibrate the
system, and/or the like. The pulsing magnetic field may include one or more pulse bursts. A
pulse burst may include one or more pulses. The pulse bursts may vary from one another. For
example, the pulse bursts may be at different voltage levels, have a different number of pulses
per pulse burst, and/or have a different stimulation time. For example, the pulsing magnetic
field may pulse approximately 0.1 to 100 pulses per second (pps) (Hz). This may be referred to
as the pulse repetition rate. For example, the frequency of a pulse may be approximately 1-10
kHz. For example, the pulsing magnetic field may include approximately ten pulses per second
for four seconds, followed by a brief intermission (e.g., which may be repeated). In total, the
pulsing magnetic field may include approximately 3,000 pulses over a 37 minute period. The
stimulation voltage (e.g., which may refer to the maximum voltage of a pulse) may be
approximately 1 V.

[0056] At 404, a sensor of the magnetic stimulation system may generate a signal associated
with the pulsing magnetic field, for example, as described herein. The generated signal may
include one or more peaks. At 406, the magnetic stimulation system (e.g., a controller) may
estimate one or more characteristics associated with the generated signal, for example, as
described herein. The generated signal may include a voltage signal, for example, that may be
proportional to a change in the pulsing magnetic field generated by the magnetic stimulation
system. The generated signal may include a current signal, for example, that may be
proportional to a change in the pulsing magnetic field generated by the magnetic stimulation
system.

[0057] The magnetic stimulation system may estimate a characteristic associated with a peak
of the generated signal. The generated signal may include one or more pulses, each of which
may include one or more peaks. The peak of a generated signal may be any of the peaks
described herein, for example, the first peak of a pulse, the second peak of a pulse, or the third
peak of a pulse. The first peak of a generated signal (e.g., or second peak, or third peak) may
or may not correspond to the first peak of a pulse (e.g., or second peak, or third peak,
respectively) of the generated signal. For example, the first peak of a generated signal may
refer to the first, second, or third peak of a pulse of the generated signal.

[0058] Estimating a characteristic associated with a peak of the generated signal may include
measuring the characteristic associated with the peak of the generated signal. The
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characteristic associated with the peak of the generated signal may include a voltage of the
peak, a current of the peak, a root mean square (RMS) value of the peak, a zero-cross of the
peak (e.g., a time associated with a zero-cross of a peak), a time value of the peak, a time
duration of the peak, and/or the like. The zero-cross of a peak may refer to a time associated
with the zero-cross immediately preceding the peak and/or the zero-cross following to the
peak.

[0059] The magnetic stimulation system may estimate one or more characteristics associated
with one or more peaks of the generated signal. The peak(s) of the generated signal may be
associated with a single pulse of the pulsing magnetic field generated by the magnetic
stimulation system. The peak(s) of the generated signal may be associated with more than one
pulse of the pulsing magnetic field. For example, the peak(s) of the generated signal may be
associated with one or more pulse bursts of the pulsing magnetic field. The magnetic
stimulation system may estimate characteristic(s) of more than one peak of more than one
pulse of the pulsing magnetic field.

[0060] At 408, it may be determined whether a failure has occurred, for example, as described
herein. The magnetic stimulation system may estimate characteristic(s) of the generated signal
(e.g., at 406). The magnetic stimulation system may determine characteristic(s) of the
generated signal based on the estimated characteristic(s) of the generated signal. For
example, a determined characteristic of the generated signal may include a decay rate of the
generated signal, a frequency of the generated signal, a timing associated with the generated
signal, a magnetic flux associated with the generated signal, a current associated with the
generated signal, a voltage associated with the generated signal, and/or a combination
thereof.

[0061] The magnetic stimulation system may determine whether a failure has occurred based
on the determined characteristic(s) of the generated signal. For example, the magnetic
stimulation system may determine whether a failure has occurred based on whether a
characteristic of the generated signal (e.g., a determined characteristic) is outside of a
predetermined acceptance window. The predetermined acceptance window may be set based
on an expected signal associated with the pulsing magnetic field. For example, the magnetic
stimulation system may be configured with, preconfigured with, and/or configured to receive
one or more settings of the magnetic stimulation procedure and compare the setting(s) with
one or more characteristics of the generated signal to determine whether a failure has
occurred. The magnetic stimulation system may determine that a failure has occurred when a
difference between two or more characteristics (e.g., characteristics relating to peaks) of the
generated signal exceeds an expected value (e.g., which may be determined based on
magnetic stimulation settings). For example, the expected value may be an expected voltage
value or an expected current value.

[0062] If a failure is determined to have occurred at 408, then the magnetic stimulation system
may enter failure mode at 410. In failure mode, the magnetic stimulation system may pause
the magnetic stimulation procedure, shut down the magnetic stimulation system, alert a user of
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the magnetic stimulation system that a failure has occurred, and/or alter a current applied to
the magnetic stimulation component. When the magnetic stimulation system enters the failure
mode, the magnetic stimulation system may adjust the frequency at which it estimates
characteristics of the generated signal. For example, the magnetic stimulation system may
check for failures more frequently after a failure is detected. If a failure is determined not to
have occurred at 408, then the magnetic stimulation system may continue generating the
pulsing magnetic field (e.g., until a magnetic stimulation treatment session is complete, until
calibration is complete, and/or the like).

[0063] FIG. 4B is a flow diagram illustrating an example procedure for determining whether a
failure has occurred. The procedure 450 may be performed (e.g., partially or entirely) by a
magnetic stimulation system, for example, the magnetic stimulation system 100 or the
magnetic stimulation system 200, as described herein. For example, the entirety or a subset of
the operations described with reference to procedure 450 may be performed by one or more
of the magnetic stimulation systems as described herein. The procedure 450 may be
performed before treatment (e.g., for calibration of the magnetic stimulation system), during
treatment, and/or after treatment. As such, the procedure 450 may be performed without a
patient present.

[0064] The procedure 450 may begin at 452 when the magnetic stimulation system is started.
At 454, the patient parameters may be set-up. The patient parameters may include one or
more parameters relating to the patient. For example, the patient parameters may include
physical characteristics of the patient, such as height, weight, age, gender, and/or the like, a
number of previous treatments the patient has received, a number of treatments the patient is
currently receiving, etc. The patient does not have to be present for the procedure 450 to be
performed.

[0065] At 456, the pulse sequence may be set-up. The pulse sequence parameters may
include one or more parameters relating to the magnetic stimulation procedure, such as a
duration for the magnetic stimulation procedure, a strength(s) for the magnetic stimulation
procedure, a number of pulses and/or pulse bursts of the magnetic stimulation procedure,
parameter(s) relating to the pulses and/or pulse bursts of the magnetic stimulation procedure,
and/or the like. At 458, the power supply of the magnetic stimulation component may be turned
on. This may initialize the magnetic stimulation system for the generation of a pulsing magnetic
field.

[0066] At 460, one or more test pulses may be generated by the magnetic stimulation system
(e.g., the magnetic stimulation component). The test pulses may be utilized to determine
whether or not the magnetic stimulation system is working properly before initiating the
treatment for the patient. As such, the test pulses may be performed without the magnetic
stimulation component and/or the patient in position for treatment. For example, the test pulses
may include a total of seven pulses; three pulses at two different voltage levels followed by a
clearing pulse. At 462, it may be determined whether a failure has occurred. The determination
may be performed by the magnetic stimulation system, for example, as described herein. If a
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failure is determined to have occurred, then the magnetic stimulation system may enter failure
mode at 464. The failure mode may be as described herein.

[0067] If a failure is determined not to have occurred, then the test pulse results may be
analyzed at 466. The test pulse results may be analyzed to properly configure the magnetic
stimulation treatment for the patient. For example, even if a failure is determined not to have
occurred at 462, the test pulses may be used to more accurately calibrate the magnetic
stimulation treatment for the patient.

[0068] After 466, the procedure 450 may include one or more of the processes described with
reference to procedure 400. The procedure 450 may be a precursor to magnetic stimulation
therapy, and as such, after 466 magnetic stimulation treatment may begin on a patient (e.g.,
the patient whose parameters were used in 454), for example, according to procedure 400.

[0069] FIGS. 5-8 are diagrams illustrating examples signals induced on a sensor of a magnetic
stimulation system. As described herein, a magnetic stimulation system (e.g., magnetic
stimulation system 100 or magnetic stimulation system 200) may be configured to determine
whether a failure has occurred during a magnetic stimulation treatment or test session. The
magnetic stimulation system may be configured to determine a wide variety of different failure
types. Example signals associated with such failures may be provided herein, for example, with
reference to FIGS. 6-8. The failures illustrated in FIGS. 6-8 are examples of the various types
of signals that may be indicative of failures that may be detected by a magnetic stimulation
system according to the one or more of the embodiments described herein. Further, the
specific values associated with the signals of FIGS. 5-8 are examples and may be altered
based on the specific magnetic stimulation treatment procedure being conducted, for example,
in accordance with the settings of the magnetic stimulation procedure. The failure
determinations described herein may be performed by a magnetic stimulation system (e.g., the
magnetic stimulation system 100 or the magnetic stimulation system 200).

[0070] FIG. 5 is a diagram illustrating an example signal of an expected voltage generated by
(e.g., induced on) a sensor. Although one pulse is illustrated in FIG. 5, the signal 500 may
include one or more pulses of one or more pulse bursts. The signal 500 may be generated by
a magnetic stimulation system (e.g., the magnetic stimulation system 100 or the magnetic
stimulation system 200), for example, by a sensor of the magnetic stimulation system. The
signal 500 may be provided to a controller of a magnetic stimulation system, for example, to
determine whether a failure has occurred. The pulse of the signal 500 may include an initial
rising edge 510, a first peak 502, a first zero-crossing 512, a second peak 504, a second zero-
crossing 514, a third peak 506, and a third zero-crossing 516, for example, as described
herein.

[0071] The signal 500 may be an expected voltage that is induced on the sensor. The
magnetic stimulation system may utilize the signal 500 to determine whether a failure has
occurred, for example, as described herein.
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[0072] The signal 500 may include a pulse that is approximately 200 us in length. The initial
rising edge 510 may be at approximately time 0. The first peak 502 may be approximately 1 V
and may occur approximately 5 ps after the initial rising edge 510. The first zero-crossing 512
may occur approximately 50 us after the initial rising edge 510 about 45 us after the first peak
502. The second peak 504 may be approximately -0.75 V and may occur approximately 80 us
after the initial rising edge 510 and approximately 30 us after the first zero-crossing 512. The
second zero-crossing 514 may occur approximately 130 ps after the initial rising edge 510
about 50 ps after the second peak 504. The third peak 506 may be approximately 0.6 V and
may occur approximately 180 us after the initial rising edge 510 and approximately 50 us after
the second zero-crossing 514. The third zero-crossing 516 may occur approximately 185 us
after the initial rising edge 510 about 5 us after the third peak 506. The signal 500 may
attenuate until settling at 0 V approximately 200 ps after the initial rising edge 510. As
described herein, the signal 500 may include one or more pulses of one or more pulse bursts.
A pulse of the signal 500 may look substantially similar to the pulse illustrated in FIG. 5.

[0073] FIG. 6 is a diagram illustrating an example signal of a voltage generated by (e.g.,
induced on) a sensor that is indicative of a failure. Although one pulse is illustrated in FIG. 6,
the signal 600 may include one or more pulses of one or more pulse bursts. As shown, the
pulse of the signal 600 may include an initial rising edge 610, a first peak 602, a first zero-
crossing 612, a second peak 604, a second zero-crossing 614, a third peak 606, and a third
zero-crossing 616, for example, as described herein. The first zero-crossing 612 may be
referred to as a characteristic associated with the first peak 602, the second zero-crossing 614
may be referred to as a characteristic associated with the second peak 604, and/or the third
zero-crossing 616 may be referred to as a characteristic associated with the third peak 606. An
acceptance window may be adjustable based on the settings of the type of magnetic
stimulation therapy, the magnetic stimulation treatment parameters, and/or the patient
parameters. Failure detection may be performed during a test session, before magnetic
stimulation therapy, and/or after magnetic stimulation therapy.

[0074] The magnetic stimulation system may detect a failure during a magnetic stimulation
treatment session based on the decay rate of the pulsing magnetic field. For example, decay
rate may refer to a rate at which a pulse associated with a pulsing magnetic field diminishes
from the first peak to the last peak. Referring to FIG. 6, the signal 600 may be characterized by
excessive loss. Excessive loss may be indicative of increased resistance of the magnetic
stimulation system, which, for example, may be due to the failure of a connector and/or a
switch of the magnetic stimulation system. The magnetic stimulation system may determine
that a failure has occurred if the voltage ratio of the signal 600 is outside of a predetermined
threshold, for example, a decay ratio acceptance window. The voltage ratio of the signal 600
may be the ratio between a voltage associated with two or more peaks of the signal 600, for
example, a voltage associated with the first peak 602 and a voltage associated with the second
peak 604.

[0075] For example, the magnetic stimulation system may determine that a failure has
occurred if a voltage ratio of a generated signal (e.g., signal 600) is outside of a predetermined
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threshold. The magnetic stimulation system may estimate the voltage associated with two or
more peaks of the generated signal (e.g., the first peak 602 and the second peak 604 of the
pulse of the generated signal 600). The magnetic stimulation system may determine the
voltage ratio of the generated signal using the voltage associated with the two or more peaks
of the generated signal. For example, the voltage ratio may be a ratio of the voltage of a
second peak (e.g., the second peak 604) to the voltage of a first peak (e.g., the first peak 602).

[0076] The magnetic stimulation system may determine if a failure has occurred using the
voltage ratio, for example, by checking if the voltage ratio is outside of the decay ratio
acceptance window. The decay ratio acceptance window may vary depending on one or more
settings of the magnetic stimulation procedure. For example, the decay ratio acceptance
window may be a range of the voltage ratio of the signal between a voltage value of a second
peak (e.g., the second peak 604) and a voltage value of a first peak (e.g., the first peak 602).
The decay ratio acceptance window may be a percentage (e.g., 10%), meaning that the
voltage ratio of the signal may be plus/minus the percentage of the expected voltage ratio
(e.g., as determined in accordance with the expected signal 500) to be within the decay ratio
acceptance window. If the voltage is outside of the decay ratio acceptance window, then a
failure may be determined to have occurred. For example, the decay ratio acceptance window
may be between 0.6-1.0. For example, the decay ratio acceptance window may be between
0.65-0.95. For example, the decay ratio acceptance window may be between 0.65-0.85.

[0077] The magnetic stimulation system may determine that a failure has occurred if a voltage
difference of two of the peaks of a signal (e.g., signal 600) generated by a sensor is outside of
a predetermined threshold. The voltage difference may use the actual voltage values of the
peaks or an absolute voltage value of the peaks. The voltage difference of the signal may be
the voltage difference between a first peak and a second peak of the pulse of the generated
signal (e.g., the first peak 602 and the second peak 604 of the signal 600). For example, the
magnetic stimulation system may estimate the voltage associated with two or more peaks of
the signal (e.g., the first peak and the second peak). The magnetic stimulation system may
determine the voltage difference using the voltage associated with the two or more peaks (e.g.,
the voltage associated with the first peak and the voltage associated with the second peak).

[0078] The magnetic stimulation system may determine if a failure has occurred using the
voltage difference, for example, by checking if the voltage difference is outside of the peak-to-
peak acceptance window. For example, the peak-to-peak acceptance window may be 10%,
meaning that the voltage difference of the signal may be plus/minus 10% of the expected
voltage difference (e.g., as determined in accordance with the expected signal 500) to be
within the peak-to-peak acceptance window. For example, the peak-to-peak acceptance
window may be between 1.3-2.2 V if absolute values of the voltage peaks are used. For
example, the peak-to-peak acceptance window may be between 1.45-2.5 V if absolute values
of the voltage peaks are used. For example, the peak-to-peak acceptance window may be
between 1.6-1.9 V, if absolute values of the voltage peaks are used. Further, the peak-to-peak
acceptance window may be dependent upon the size of the sensor, for example, if the sensor
is a pickup loop.
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[0079] FIG. 7 is a diagram illustrating another example waveform of a voltage generated by
(e.g., induced on) a sensor during a magnetic stimulation treatment that is indicative of a
failure. Although one pulse is illustrated in FIG. 7, the signal 700 may include one or more
pulses of one or more pulse bursts. As shown, the pulse of the signal 700 may include an initial
rising edge 710, a first peak 702, a first zero-crossing 712, a second peak 704, a second zero-
crossing 714, a third peak 706, and a third zero-crossing 716, for example, as described
herein. The first zero-crossing 712 may be referred to as a characteristic associated with the
first peak 702, the second zero-crossing 714 may be referred to as a characteristic associated
with the second peak 704, and/or the third zero-crossing 716 may be referred to as a
characteristic associated with the third peak 706. An acceptance window may be adjustable
based on the settings of the type of magnetic stimulation therapy, the magnetic stimulation
treatment parameters, and/or the patient parameters. Failure detection may be performed
during a test session, before magnetic stimulation therapy, and/or after magnetic stimulation
therapy.

[0080] The magnetic stimulation system may detect a failure based on the amplitude of a peak
of the pulsing magnetic field. For example, the amplitude of a peak may refer to the maximum
or minimum voltage and/or current associated with the peak. The signal 700 may be
characterized by smaller peak voltages. Smaller peak voltages, for example, as illustrated by
signal 700, may be indicative of a failure that reduces the capacitor charge and/or the voltage
applied to the magnetic stimulation component by the magnetic stimulation system. For
example, a signal 700 may be received if a power supply, connector, thyrister, shunt device,
wiring, and/or the like of the magnetic stimulation system had failed or begun to fail. The
magnetic stimulation system may determine that a failure has occurred if an amplitude (e.g.,
voltage or current) associated with a peak of the signal 700 is outside of a predetermined
threshold, for example, an amplitude acceptance window. For example, the amplitude of a
peak of the signal 700 may refer to the voltage at the first peak 702, the second peak 704,
and/or the third peak 706.

[0081] The magnetic stimulation system may determine that a failure has occurred if an
amplitude of a voltage associated with a peak of a generated signal (e.g., signal 700) is outside
of a predetermined threshold. The magnetic stimulation system may estimate an initial rising
edge (e.g., an initial rising edge 710) and/or a zero-crossing (e.g., zero-crossing 712, 714,
716) associated with one or more peaks of the generated signal (e.g., the first peak 702, the
second peak 704, and/or the third peak 706 of the pulse of the generated signal). For
example, the magnetic stimulation system may determine a voltage associated with the first
peak, a voltage associated with the second peak, and/or a voltage associated with the third
peak of the generated signal using the initial rising edge and/or the zero-crossing associated
with the one or more peaks of the generated signal.

[0082] For example, the magnetic stimulation system may determine if a failure has occurred
using the amplitude of one or more peaks of the signal, for example, by checking if the
amplitude is outside of the amplitude acceptance window. For example, the amplitude
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acceptance window may be 10%, meaning that the amplitude of a peak of the signal may be
plus/minus 10% of the expected amplitude of a peak (e.g., as determined in accordance with
the expected signal 500) to be within the amplitude acceptance window. For example, the
amplitude acceptance window may be between 0.7-1.3 V for a first peak of a pulse of a
generated signal. For example, the amplitude acceptance window may be between 0.8-1.2 V
for a first peak of a pulse of a generated signal. For example, the amplitude acceptance
window may be between 0.9-1.1 V for a first peak of a pulse of a generated signal.

[0083] The magnetic stimulation system may determine that a failure has occurred if an
average amplitude of two or more peaks (e.g., first peak 702, second peak 704, and/or third
peak 706) of a pulse(s) of a generated signal (e.g., signal 700) is outside of a predetermined
threshold. The magnetic stimulation system may estimate a voltage associated with two or
more peaks of a pulse(s) of the generated signal. The magnetic stimulation system may
determine an average voltage amplitude of two or more peaks of the generated signal using
the voltage associated with the two or more peaks of the generated signal.

[0084] For example, the magnetic stimulation system may determine if a failure has occurred
using the average voltage amplitude, for example, by checking if the average voltage
amplitude is outside of an average amplitude acceptance window. For example, the average
amplitude acceptance window may be 10%, meaning that the average amplitude of two or
more peaks of a pulse(s) of the signal may be plus/minus 10% of the expected average
amplitude (e.g., as determined in accordance with the expected signal 500) to be within the
average amplitude acceptance window. For example, the average amplitude acceptance
window may be between 1.25-1.95 V for a first peak and a third peak of a pulse of a generated
signal. For example, the average amplitude acceptance window may be between 1.4-1.8 V for
a first peak and a third peak of a pulse of a generated signal. For example, the average
amplitude acceptance window may be between 1.5-1.7 V for a first peak and a third of a pulse
of a generated signal.

[0085] The magnetic stimulation system may detect a failure based on the pulse shape and/or
the peak to RMS voltage ratio of the pulsing magnetic field. The signal 700 may be
characterized by a smaller peak to RMS ratio. For example, peak to RMS ratio may be the
ratio of a peak voltage (e.g., the voltage associated with the first peak 702) to the RMS value of
a peak of the signal 700. Smaller peak to RMS ratio value, for example, as illustrated by signal
700, may be indicative of a failure that reduces the capacitor charge and/or the voltage applied
to the magnetic stimulation component by the magnetic stimulation system.

[0086] The magnetic stimulation system may determine that a failure has occurred if a ratio
between a peak (e.g., the first peak) of a pulse of a generated signal (e.g., signal 700) and a
peak to RMS voltage ratio is outside of a predetermined threshold. The magnetic stimulation
system may estimate a voltage and/or a time associated with one or more peaks of a pulse(s)
of the generated signal. The magnetic stimulation system may determine a peak to RMS
voltage ratio of the generated signal using the voltage and/or time associated with the one or
more peaks of a pulse(s) of the generated signal.
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[0087] For example, the magnetic stimulation system may determine if a failure has occurred
using the peak to RMS voltage ratio, for example, by checking if the ratio between the voltage
of the peak and the peak to RMS voltage ratio is outside of the peak to RMS voltage
acceptance window. For example, the peak to RMS voltage acceptance window may be 10%,
meaning that the ratio between the voltage of the peak and the peak to RMS voltage ratio may
be plus/minus 10% of what is expected (e.g., as determined in accordance with the expected
signal 500) to be within the peak to RMS voltage acceptance window. For example, the peak to
RMS voltage acceptance window may be between 1.15-1.65. For example, the peak to RMS
voltage acceptance window may be between 1.25-1.55. For example, the peak to RMS voltage
acceptance window may be between 1.3-1.5.

[0088] Pulse shape may refer to the shape of a pulse of the pulsing magnetic field. The peak
to RMS ratio is one example of how a shape of the generated signal may be used by a
magnetic stimulation system to determine whether a failure has occurred. Other examples may
be provided herein. For example, characteristics of a generated signal, such as duration,
skewness, kurtosis, among others, may relate to the shape of the generated signal and may
be used to determine whether a failure has occurred. The magnetic stimulation system may
determine that a failure has occurred if a shape of a generated signal is outside of a
predetermined acceptance window. The magnetic stimulation system may be configured to
estimate a pulse shape, a pulse time, a pulse amplitude, and/or a pulse duration associated
with one or more peaks of a pulse(s) of a generated signal. The magnetic stimulation system
may be configured to determine one or more characteristics based on the one or more
estimated characteristics of the generated signal. The magnetic stimulation system may
determine that a failure has occurred when the one or more determined characteristics are
outside of a predetermined acceptance window, for example, a pulse shape acceptance
window.

[0089] Skewness of the generated signal, for example, may be used determine if a failure has
occurred. The magnetic stimulation system may estimate the voltage and/or time of one or
more peaks of a pulse(s) of the generated signal, the magnetic stimulation system may
determine the voltage per time of the generated signal (e.g., which may be indicative of the
skewness of a pulse of the generated signal), and the magnetic stimulation system may
determine if a failure has occurred by determining if the voltage per time of the generated
signal falls within a skewness acceptance window.

[0090] FIG. 8 is a diagram illustrating an example waveform of a voltage generated by (e.g.,
induced on) a sensor during magnetic stimulation that is indicative of a failure. Although one
pulse is illustrated in FIG. 8, the signal 800 may include one or more pulses of one or more
pulse bursts. As shown, the pulse of the signal 800 may include an initial rising edge 810, a
first peak 802, a first zero-crossing 812, a second peak 804, a second zero-crossing 814, a
third peak 806, and a third zero-crossing 816, for example, as described herein. An
acceptance window may be adjustable based on the settings of the type of magnetic
stimulation therapy, the magnetic stimulation treatment parameters, and/or the patient
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parameters. Failure detection may be performed during a test session, before magnetic
stimulation therapy, and/or after magnetic stimulation therapy.

[0091] The magnetic stimulation system may detect a failure based on the pulse duration of
the pulsing magnetic field. The time duration between the initial rising edge 810 and the third
zero-crossing 816 of the signal 800 may be referred to as the pulse duration of the signal 800.
The signal 800 may be characterized by a shorter pulse duration than the expected signal 500.
A shorter pulse duration, for example, as illustrated by signal 800, may be indicative of a failing
capacitor, a shorted winding (e.g., in the core), a broken core, and/or the like.

[0092] The magnetic stimulation system may determine whether a failure has occurred based
on the pulse duration of a generated signal. For example, the pulse duration may refer to the
time duration between the initial rising edge of a pulse and the third zero-cross of the pulse.
For example, the pulse duration may refer to the time duration between the initial rising edge
of a pulse and the third peak of the pulse. For example, the pulse duration may refer to the
time duration between the first peak of a pulse and the third peak of a pulse. For example, the
pulse duration may refer to the time duration between the first zero-crossing and the second
zero-crossing. For example, the pulse duration may be characterized by two zero-crossings of
a pulse, the width of a pulse, or the like.

[0093] The magnetic stimulation system may be configured to estimate a time associated with
two or more peaks of a pulse(s) of a generated signal (e.g., the first peak, the second peak,
and/or the third peak of a pulse of a generated signal). For example, the magnetic stimulation
system may estimate a time associated with a first peak and a third peak associated with a
single pulse of a generated signal (e.g., the first peak 802 and the third peak 806 as shown in
FIG. 8). For example, the magnetic stimulation system may estimate a time associated with a
first peak and a time associated with a second peak of a generated signal. The magnetic
stimulation system may determine a pulse duration of the generated signal based on the time
duration associated with the two or more peaks associated with the same pulse of the
generated signal.

[0094] The magnetic stimulation system may determine if a failure has occurred based on the
pulse duration, for example, by checking if the pulse duration is outside of a pulse duration
acceptance window. The pulse duration acceptance window may be adjustable based on the
settings of the type of magnetic stimulation therapy, the magnetic stimulation treatment
parameters, and/or the patient parameters. For example, the pulse duration acceptance
window may be 10%, meaning that the pulse duration of the signal may be plus/minus 10% of
the expected pulse duration (e.g., as determined in accordance with the expected signal 500)
to be within the pulse duration acceptance window. For example, the pulse duration
acceptance window may be between 300-350 ps. For example, the pulse duration acceptance
window may be between 175-275 ps. For example, the pulse duration acceptance window may
be between 200-250 us.

[0095] The magnetic stimulation system may determine whether a failure has occurred based
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on an average pulse duration of a generated signal (e.g., signal 800). The magnetic
stimulation system may estimate a time associated with two or more peaks of a pulse(s) of the
generated signal. The two or more peaks may be associated with different pulses of the
generated signal. The magnetic stimulation system may determine an average pulse duration
of the two or more pulses of the generated signal using the time associated with the two or
more peaks of a pulse(s) of the generated signal. For example, the magnetic stimulation
system may determine the pulse durations of two or more pulses of the generated signal, and
using the pulse durations of two or more pulses, the magnetic stimulation system may
calculate an average pulse duration of the generated signal.

[0096] The magnetic stimulation system may determine if a failure has occurred using the
average pulse duration, for example, by checking if the average pulse duration is outside of the
average pulse duration acceptance window. For example, the average pulse duration
acceptance window may be 10%, meaning that the average pulse duration of the signal may
be plus/minus 10% of the expected average pulse duration (e.g., as determined in accordance
with the expected signal 500) to be within the average pulse duration acceptance window. For
example, the average pulse duration acceptance window may be between 150-250 us. For
example, the average pulse duration acceptance window may be between 175-225 us. For
example, the average pulse duration acceptance window may be between 190-210 us.

[0097] The magnetic stimulation system may determine whether a failure has occurred based
on a sum of the pulse durations of a signal (e.g., signal 800) generated by a sensor. The
magnetic stimulation system may estimate a time associated with two or more peaks of a
pulse(s) of the generated signal. The two or more peaks may be associated with different
pulses of the generated signal. The magnetic stimulation system may determine a sum of the
pulse durations of the two or more pulses of the generated signal using the time associated
with the two or more peaks of the generated signal.

[0098] The magnetic stimulation system may determine if a failure has occurred using the sum
of the pulse durations, for example, by checking if the sum of the pulse durations is outside of
the pulse duration sum acceptance window. For example, the pulse duration sum acceptance
window may be 10%, meaning that the sum of pulses of the signal may be plus/minus 10% of
the expected pulse duration sum (e.g., as determined in accordance with the expected signal
500) to be within the pulse duration sum acceptance window. For example, the pulse duration
sum acceptance window may be between 300-500 us for two pulses of a generated signal. For
example, the pulse duration sum acceptance window may be between 350-450 ps for two
pulses of a generated signal. For example, the pulse duration sum acceptance window may be
between 380-420 ps for two pulses of a generated signal.

[0099] The magnetic stimulation system may detect a failure based on the stimulation time
duration of the pulsing magnetic field. The magnetic stimulation system may determine
whether a failure has occurred based on the stimulation time duration of a signal generated by
a sensor. As described herein, the stimulation time duration of a generated signal may refer to
the time between a first peak of a first pulse of a pulse burst and a first peak of a last pulse of
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the pulse burst of the signal. The magnetic stimulation system may estimate a time associated
with a peak (e.g., the first peak) of a first pulse of a pulse burst and a time associated with a
peak (e.g., the first peak) of a last pulse of the pulse burst. The magnetic stimulation system
may determine the stimulation time of the pulse burst of the generated signal using the time
associated with the peak of the first pulse of the pulse burst and the time associated with the
peak of the last pulse of the pulse burst of the signal.

[0100] The magnetic stimulation system may determine if a failure has occurred using the
stimulation time, for example, by checking if the stimulation time is outside of a stimulation time
acceptance window. For example, the stimulation time acceptance window may be 10%,
meaning that the stimulation time of the signal may be plus/minus 10% of the expected
stimulation time (e.g., as determined in accordance with the expected signal 500) to be within
the stimulation time acceptance window. For example, the stimulation time acceptance window
may be between 3.5-4.5 s. For example, the stimulation time acceptance window may be
between 3.9-4.1 s. For example, the stimulation time acceptance window may be between
3.95-4.05s.

[0101] The magnetic stimulation system may detect a failure based on the pulse interval of the
pulsing magnetic field. The magnetic stimulation system may determine whether a failure has
occurred based on the pulse interval of a generated signal. As described herein, the pulse
interval of a generated signal may refer to the time duration between a first peak of a pulse of
a generated signal and a first peak of a subsequent pulse (e.g., immediately subsequent
pulse) of the signal. For example, the pulse interval of a generated signal may refer to the
number of pulses per second associated with the pulsing magnetic field.

[0102] For example, the magnetic stimulation system may estimate a time associated with a
peak (e.g., the first peak) of a pulse of the generated signal and a time associated with a peak
(e.q., the first peak) of a subsequent pulse of the generated signal. For example, the pulse and
the subsequent pulse may be consecutive pulses in a pulse burst of the generated signal. The
magnetic stimulation system may determine the pulse interval of the generated signal using
the time associated with the peak of the pulse of the generated signal and a time associated
with the peak of the subsequent pulse of the generated signal.

[0103] The magnetic stimulation system may determine if a failure has occurred using the
pulse interval, for example, by checking if the pulse interval is outside of a pulse interval
acceptance window. For example, the pulse interval acceptance window may be 10%,
meaning that the pulse interval of the signal may be plus/minus 10% of the expected pulse
interval (e.g., as determined in accordance with the expected signal 500) to be within the pulse
interval acceptance window. For example, the pulse interval acceptance window may be
between 225-475 ps. For example, the pulse interval acceptance window may be between
250-450 ps. For example, the pulse interval acceptance window may be between 300-400 ps.

[0104] The magnetic stimulation system may detect a failure based on the stimulation interval
of the pulsing magnetic field. The magnetic stimulation system may determine whether a
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failure has occurred based on the stimulation interval of a signal generated by a sensor. As
described herein, the stimulation interval of a generated signal may be indicative of the time
duration between a first peak of a last pulse of a pulse burst and a first peak of a first pulse of a
subsequent (e.g., immediate subsequent) pulse burst of the signal. The magnetic stimulation
system may estimate a time associated with a peak (e.g., the first peak) of a last pulse of a
pulse burst and a time associated with a peak (e.g., the first peak) of a first pulse of a
subsequent pulse burst. For example, the pulse burst and the subsequent pulse burst may be
consecutive pulse bursts of the generated signal. The magnetic stimulation system may
determine the stimulation interval of the generated signal using the time associated with the
peak of the first pulse of the pulse burst and the time associated with the peak of the first pulse
of the subsequent pulse burst of the signal.

[0105] The magnetic stimulation system may determine if a failure has occurred using the
stimulation interval, for example, by checking if the stimulation interval is outside of a
stimulation interval acceptance window. For example, the stimulation interval acceptance
window may be 10%, meaning that the stimulation interval of the signal may be plus/minus
10% of the expected stimulation interval (e.g., as determined in accordance with the expected
signal 500) to be within the stimulation interval acceptance window. For example, the
stimulation interval acceptance window may be between 3-17 s. For example, the stimulation
interval acceptance window may be between 6-14 s. For example, the stimulation interval
acceptance window may be between 9-10 s.

[0106] The magnetic stimulation system may detect a failure based on the pulse repetition rate
of the pulsing magnetic field. The magnetic stimulation system may determine whether a
failure has occurred based on the pulse repetition rate of a signal generated by a sensor. As
described herein, the pulse repetition rate of a generated signal may be indicative of the
number of pulses per time duration (e.g., pulses per second (pps)). The magnetic stimulation
system may estimate times associated with a number of peaks over a predefined period of
time (e.g., one second) to determine the pulse repetition rate of a generated signal.

[0107] The magnetic stimulation system may determine if a failure has occurred using the
pulse repetition rate, for example, by checking if the pulse repetition rate is outside of a pulse
repetition rate acceptance window. For example, the pulse repetition rate acceptance window
may be 10%, meaning that the pulse repetition rate of the signal may be plus/minus 10% of the
expected pulse repetition rate (e.g., as determined in accordance with the expected signal
500) to be within the pulse repetition rate acceptance window. For example, the pulse
repetition rate acceptance window may be between 3-40 pps. For example, the stimulation
interval acceptance window may be between 5-30 pps. For example, the stimulation interval
acceptance window may be between 10-20 pps.

[0108] The magnetic stimulation system may detect a failure by measuring and/or estimating a
rolling average value and/or a weighted average value of a generated signal associated with a
pulsing magnetic field. For example, the magnetic stimulation system may determine that a
failure has occurred if the rolling average and/or a weighted average one or more pulse sets
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deviate by more than a threshold or percentage. The threshold or percentage may be
predetermined, fixed, and/or adjustable. For example, the threshold or percentage may be
adjustable based on the settings of the type of magnetic stimulation therapy, the magnetic
stimulation treatment parameters, and/or the patient parameters. The magnetic stimulation
system may take larger samples of the pulsing magnetic field and detect the failure over a
greater sample size than using just one or two peaks of a pulse of the pulsing magnetic field.

[0109] As described herein, the magnetic stimulation system may include a magnetic
stimulation component that may generate a pulsing magnetic field for a magnetic stimulation
procedure. The magnetic stimulation system estimates average values for pulse sets of the
generated signal. For example, an average value for a corresponding set of pulses may be an
average maximum voltage of the set of pulses, an average minimum voltage of the set of
pulses, an average time duration of the set pulses, an average time per pulse of the set of
pulses, and/or an average decay rate per pulse of the set of pulses. For example, an average
value for a corresponding pulse set may include an average maximum voltage of one or more
peaks of the pulses of the pulse set, or the like. The average values may be weighted
averages or unweighted averages.

[0110] Two average values of two pulse sets are estimated. The first average value may be
associated with a first set of pulses of the pulsing magnetic field. The first set of pulses of the
pulsing magnetic field may include two or more pulses, which may or may not be part of the
same pulse burst of the pulsing magnetic field. The second average value may be associated
with a second set of pulses of the pulsing magnetic field. The second set of pulses of the
pulsing magnetic field may include two or more pulses, which may or may not be part of the
same pulse burst of the pulsing magnetic field. The first set of pulses and the second set of
pulses may be associated with the same pulse burst of different pulse bursts of the pulsing
magnetic field. The first set of pulses and the second set of pulses may include one or more of
the same pulses. The first average value and the second average value may or may not relate
to the same characteristic of the generated signal. Although described with reference to a first
and second average value, the magnetic stimulation system may utilize any number of
average values to determine a failure associated with a pulsing magnetic field.

[0111] The magnetic stimulation system determines whether a failure occurred based on the
estimated first average value and the estimated second average value. For example, the
failure may be determined to have occurred when the first average value and the second
average value deviate by more than a threshold or percentage. For example, the failure may
be determined to have occurred when the first average value and the second average value
deviate by more than a rolling average acceptance window (e.g., which may be 10%).

[0112] Although features and elements are described above in particular combinations, one of
ordinary skill in the art will appreciate that each feature or element can be used alone or in any
combination with the other features and elements. Examples of computer-readable media
include electronic signals (transmitted over wired or wireless connections) and computer-
readable storage media. Examples of computer-readable storage media include, but are not
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limited to, a read only memory (ROM), a random access memory (RAM), a register, cache
memory, semiconductor memory devices, magnetic media such as internal hard disks and
removable disks, magneto-optical media, and optical media such as CD-ROM disks, and digital
versatile disks (DVDs). A processor in association with software may be used to implement a
radio frequency transceiver for use in a WTRU, UE, terminal, base station, RNC, or any host
computer. The invention is defined by the appended claims.
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PATENTKRAYV
1. System (100, 200) til overvdgning af et pulserende magnetfelt
relateret til magnetisk stimulationsterapi, hvor systemet omfatter:
en magnetisk stimulationskomponent (150, 250) konfigureret
til at generere det pulserende magnetfelt til magnetisk stimu-
lationsterapi;
en sensor (110, 210) konfigureret til at generere et signal
associeret med det pulserende magnetfelt, hvor signalet om-
fatter en flerhed af impulser, hvor hver impuls af signalet er
associeret med en impuls af det pulserende magnetfelt, og
hver impuls af signalet omfatter en flerhed af toppe; og
en processor (120, 220) konfigureret til:
at estimere en gennemsnitsveaerdi for en fgrste karak-
teristik associeret med en fgrste top over et seet af
impulser af signalet;
at estimere en gennemsnitsveerdi for en anden karak-
teristik associeret med en anden top over et szt af
impulser af signalet;
at bestemme en tredje karakteristik af signalet base-
ret pa gennemsnitsvaerdien for den fgrste karakteristik
associeret med den fgrste top og gennemsnitsvaerdien
for den anden karakteristik associeret med den anden
top; og
at bestemme, om der er forekommet en fejl baseret
pa den tredje karakteristik.

2. System (100, 200) ifglge krav 1, hvor den fgrste karakteristik
omfatter mindst én af en spaending af den fgrste top, en streamstyrke af
den fgrste top, en RMS-vaerdi af den fgrste top, en nulgennemgang af
den fgrste top, en tidsveerdi af den fgrste top eller en tidsvarighed af
den fgrste top, og hvor den anden karakteristik omfatter mindst en af

en spaending af den anden top, en stramstyrke af den anden top, en
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RMS-veerdi af den anden top, en nulgennemgang af den anden top, en
tidsveerdi af den anden top eller en tidsvarighed af den anden top.

3. System (100, 200) ifglge krav 1, hvor saettet af impulser, som
anvendes til at estimere gennemsnitsveerdien for den fgrste karakteri-
stik, er den samme som saettet af impulser, som anvendes til at estime-
re gennemsnitsvaerdien for den anden karakteristik.

4, System (100, 200) ifglge krav 1, hvor sighalet omfatter en eller
flere af en spaanding proportional med en andring i det pulserende
magnetfelt eller en stramstyrke proportional med en andring i det pul-
serende magnetfelt.

5. System (100, 200) ifglge krav 1, hvor en impuls af det pulse-
rende magnetfelt er associeret med en flerhed af toppe, og hvor den
fgrste top og den anden top er associeret med den samme impuls af det
pulserende magnetfelt.

6. System (100, 200) ifglge krav 1, hvor den tredje karakteristik er
et spaendingsforhold af den fgrste karakteristik og den anden karakteri-
stik, og hvor fejlen bestemmes at have forekommet, ndr spaendingsfor-
holdet er uden for et acceptvindue for henfaldsforhold, hvor acceptvin-
duet for henfaldsforhold afhaenger af en eller flere indstillinger af den
magnetiske stimulationsterapi.

7. System (100, 200) ifglge krav 1, hvor:

den fgrste karakteristik er en impulsform associeret med den
fgrste top, en impulstid associeret med den fgrste top, en
impulsamplitude associeret med den fgrste top eller en im-
pulsvarighed associeret med den fgrste top;

den anden karakteristik er en impulsform associeret med den
anden top, en impulstid associeret med den anden top, en
impulsamplitude associeret med den anden top eller en im-
pulsvarighed associeret med den anden top;

hvor fejlen bestemmes at have forekommet, ndr den tredje

karakteristik er uden for et forudbestemt acceptvindue.



10

15

20

25

30

DK/EP 3068486 T3

3

8. System (100, 200) ifglge krav 1, hvor den fgrste top er ke n -
detegnet ved en fgrste positiv spaending, og den anden top er
kendetegnet ved en anden positiv speending associeret med
den samme impuls, hvor den tredje karakteristik er en tid mellem den
fgrste top og den anden top, og hvor fejlen bestemmes at have fore-
kommet, ndr tiden mellem den fgrste top og den anden top er uden for
et acceptvindue for impulsvarighed.

9. System (100, 200) ifglge krav 1, hvor den tredje top omfatter
en gennemsnitsimpulsvarighed af det pulserende magnetfelt, og fejlen
bestemmes at have forekommet, nar gennemsnitsimpulsvarighed er
uden for et acceptvindue for gennemsnitsimpulsvarighed.

10. System (100, 200) ifglge krav 1, hvor den tredje karakteristik
omfatter en gennemsnitsimpulsvarighed af det pulserende magnetfelt,
og fejlen bestemmes at have forekommet, ndr summen af impulsvarig-
heden er uden for et acceptvindue for impulsvarighedssum.

11. System (100, 200) ifglge krav 1, hvor fejlen bestemmmes at ha-
ve forekommet, ndr gennemsnitsvaerdien for den fgrste karakteristik
associeret med den fgrste top og gennemsnitsvaerdien for den anden
karakteristik associeret med den anden top afviger med mere end en
taerskel eller procent.

12. System (100, 200) ifglge krav 1, hvor den fgrste karakteristik
omfatter en fgrste spaending af den fgrste top, den anden karakteristik
omfatter en anden spanding af den anden top, og den tredje karakteri-
stik omfatter en gennemsnitsamplitude, som indikerer gennemsnits-
spendingsamplituder af den fgrste og anden top, og hvor fejlen be-
stemmes at have forekommet, ndr gennemsnitsspaendingsamplituden
er uden for et acceptvindue for gennemsnitsamplitude.

13. System (100, 200) ifglge krav 1, hvor, som reaktion pa at have
detekteret en fejl, er processoren (120, 220) konfigureret til at pause
den magnetiske stimulationsterapi, slukke det magnetiske stimulations-

system (100, 200), alarmere en bruger af det magnetiske stimulations-
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system eller sendre en stromstyrke pafgrt den magnetiske stimulations-
komponent.

14. System (100, 200) ifglge krav 1, hvor den tredje karakteristik
omfatter en sammenligning af gennemsnitsveerdien for den fgrste ka-
rakteristik associeret med den fgrste top og gennemsnitsvaerdien for
den anden karakteristik associeret med den anden top, og hvor fejlen
bestemmes at have forekommet, nar den tredje karakteristik indikerer,
at gennemsnitsveerdien for den fgrste karakteristik og gennemsnitsveaer-
dien for den anden karakteristik afviger med mere end et acceptvindue
for rullende gennemsnit.

15. System (100, 200) ifglge krav 14, hvor acceptvinduet for rul-

lende gennemsnit er 10 procent.



DK/EP 3068486 T3

DRAWINGS

Drawing

oIt
losueg

09l

l "Old
([ %
»  9oBUS|
188N
N
A y
— ovl
0ct g Alddng
JBjjonua) PR

051
wsuodwo uoneNwns snsubeyy

00l



DK/EP 3068486 T3

0le

Josuag

09¢

98¢
Jojoeden

A

y

¥ae
InoJ0

Z 'Ol —
T — 8G¢
0ee < » 0v¢ < > uo980Id <
a0BUSIU| JOSN Aiddng Jamod oBejjo) 95Io0Y

“ﬂ

_ [er44 —

| Z

“ uostedwog 013u0n BulLl

_ sisAleuy 04u0d bullL

| K

|

| A 4

_ 244 vee

_ 01607 01607 (44

_ Buiuonipuod uonisinboy 21607 Bunsbbu |

_ leudbis [eubig

|

|

0S¢
usuodwon
uonenung
ansubepn

uol0910.id
8 YoIMS

A

<14

3|qeD) 10J93UU0D

00¢



300

A

340

330

&
~

v

() sbejop

Time (us)

DK/EP 3068486 T3

FIG. 3



400

Generate a Pulsing
Magnetic Field

- ~-402

v

Generate a Signal
Associated with the
Pulsing Magnetic Field

L~ 404

v

Measure/Estimate
Generated Signal

= ~-406

No

Failure?

Yes

Mode

FIG. 4A

408

Enter Failure =410

DK/EP 3068486 T3



DK/EP 3068486 T3

450

Start Magnetic

452~ stimulation System
Set-up Patient
454~

Parameters

v

456~.-1 Set Pulse Sequence

v

458~~~ Turn-on Power Supply

v

460~ Apply Test Pulse(s) 464
Yes Enter Failure
462 Mode
No

Analyze Test Pulse

466~ Results

FIG. 4B



DK/EP 3068486 T3

G 'Old
(srl) sy
0T¢ 091 OTT 09 0T ot-
..HI
06
o GL°0-
abejjon p / % q¢'0- %
sonpup 915 % S
psonpu \\) - o &
/ 2152 N L[] PN i
a D : =
906 =0
Q G0
YA}
205

00S




DK/EP 3068486 T3

9 'Ol
(sf) swi|
09¢ 091 09 ot-
(EN a0
P ST'0-
abeon Vol S 0 <
paonpu A9 z10d % T c7'0 =
k 70 §
909 ) : S
TR
A T
) SC'1T

009




DK/EP 3068486 T3

/ Old
(srl) swi]
0T¢ 09t 01T 09 ot or-
QL 0-
SPm\vs\\ﬁ
s&\\s\ S'0-
........................................................................................................................................................................................ 520
abejjoA s
psonpu; 0 =
«Q
oLs )
ST0 2
. N N 50
90/,
/ SL0
\1 202’ I
00/




DK/EP 3068486 T3

8 Ol
(srl) swiny
0T¢ 09T OTT 09 0]} 0)ra
SL 0
qow(\m\v§
/
% \\ % .
; SZ'0
obelon 918 \\ s
paonpu| \m\/im % 0 &
3 «Q
/ i O o 2
’ =
S0
QL0




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS

