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System for non-invasive automated monitoring, detection, analysis, characterisation,

prediction or prevention of seizures and movement disorder symptoms

(57) A system adapted to monitor symptoms associ-
ated with movement disorders or seizures, which can
then be used to predict, detect, analyse, characterise and
or prevent or subdue said symptoms. The system com-
prises data acquisition means, recording means, and a
signal processing unit, which signal processing unit is
adapted to filer and analyse user data to determine
whether observed data is associated with a predeter-
mined condition in real time. In the event that the data is
associated with a predetermined condition, the process-
ing unit sends a signal to an alert generation and prop-
agation module which then alerts a monitoring unit. The
system may be connected to an automated drug delivery
system to allow delivery of an appropriate dose if a pre-
determined condition is detected or predicted.
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Description

[0001] The present invention relates to a monitoring
system for predicting, detecting, analysing, characteris-
ing, preventing or subduing movement disorders or tran-
sient neurological disorders, in particular seizures asso-
ciated with syndromes and diseases, such as epilepsy,
Parkinson’s disease, severe asthma attacks or other con-
ditions leading to hypoxia, different types of dystonia or
dyskinesia, Wilson’s disease, Pitt-Hopkins syndrome
and others. Generally, the term "seizure" is used almost
exclusively to refer to an epileptic seizure; however, its
more general meaning will be used herein, i.e. it will be
used to refer to any type of seizure.

[0002] A movement disorder is a neurological condi-
tion that affects the speed, fluency, quality, and ease of
movement. Abnormal fluency or speed of movement
(dyskinesia) may involve excessive or involuntary move-
ment (hyperkinesia), slowed or absent voluntary move-
ment (hypokinesia). Movement disorders include the fol-
lowing conditions: ataxia (lack of coordination, often pro-
ducing jerky movements), dystonia (causes involuntary
movement and prolonged muscle contraction), Hunting-
ton’s disease (also called chronic progressive chorea),
multiple system atrophies (e.g., Shy-Drager syndrome),
myoclonus (rapid, brief, irregular movement), Parkin-
son’s disease, progressive supranuclear palsy (rare dis-
order that affects purposeful movement), restless legs
syndrome (RLS), reflex sympathetic dystrophy/periodic
limb movement disorder (RSD/PLMD), tics (involuntary
muscle contractions), Tourette’s syndrome, tremor (e.g.,
essential tremor, resting tremor) and Wilson disease (in-
herited disorder that causes neurological and psychiatric
symptoms and liver disease). On the other hand, a sei-
zure is a sudden episode of transient neurologic symp-
toms caused by abnormal electrical activity in the brain.
Typically, symptoms can include involuntary muscle
movements, sensory disturbances or altered conscious-
ness.

[0003] Although the severity of a movement disorder
can differ from one person to another and, in the case of
seizures, from episode to episode, it is widely acknowl-
edged that experiencing a short seizure or a life-long
movement disorderis debilitating. For example, a seizure
may be experienced as a trance-like state from a few
seconds up to several minutes or as lost consciousness
and convulsions whereas a movement disorder may be
experienced as involuntary and prolonged muscle con-
traction. Regardless of the severity of the seizure or
movement disorder, their occurrence has significant con-
sequences; these can vary from limited ability to partic-
ipate in certain activities or perform certain tasks, such
as driving, to severe impairment and effective incapaci-
tation.

[0004] Moreover, there are usually external risks as-
sociated with experiencing a seizure or a movement dis-
order in general; for example a person experiencing a
seizure or movement disorder may choke, break a bone,
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etc; thus, timely detection is paramount. Further, preven-
tion and characterisation of individual-specific seizures
as well as reduction of symptoms of chronic movement
disorders would be highly advantageous to medical prac-
titioners, carers and families of people who suffer from
seizures or movement disorders.

[0005] WO2007/034476 discloses a device and a
method for detecting an epileptic event by attaching a
watch-like device on a user’s limb, which watch-like de-
vice comprises a detectorincluding three accelerometers
which determine whether a seizure is occurring by com-
paring motion signal parameters to non-epileptic and ep-
ileptic movement parameters. While this system detects
a paroxysmal event once it has started, the system does
not predict or preventit. As aresult, the systemis capable
of evaluating whether the subject requires an alert, as-
sistance or medication only after the event has started.
In addition, the system is limited to certain types of sei-
zures due to its dependency on limited types and point
of signal collections.

[0006] Further, priorartsystems experience ahighrate
of false positives when detecting an event. For example,
the device and method disclosed in WO2007/034476 on-
ly calculates the probability of a seizure occurring at a
specific time by using three-dimensional motion detec-
tors; thus, sudden movements may generate a false pos-
itive alert. In addition, the device and method disclosed
therein only detect changes to movement patterns.
[0007] Moreover, current systems and studies require
prolonged monitoring, typically of image data, by a med-
ical practitioner. In addition, the data, generally video im-
ages, must be viewed in person by medically trained staff
and processed to obtain user-specific data which is then
compared to standard parameters. This is both time con-
suming and very expensive.

[0008] The present system seeks to provide a system
adapted to monitor symptoms associated with movement
disorders or seizures, which can then be used to predict,
detect, analyse, characterise and or prevent or subdue
said symptoms.

[0009] According to the present invention there is pro-
vided a system with the characteristics of claim 1. Pre-
ferred aspects of the invention can be found in the sub-
claims.

[0010] Incontrastto prior art methods and devices, the
present systemis capable of accurately monitoring there-
by allowing to detect, predict, characterise and classify
seizures or movement disorders symptoms. Further, the
present system is suitable for analysing, preventing or
subduing seizures or movement disorder symptoms and
not only of monitoring or detecting them.

[0011] Moreover, in a preferred embodiment, the
presentinvention detects whether a subjectis experienc-
ing other symptoms or environmental factors which are
related to or trigger a seizure or movement disorder
symptoms by collecting movement data to monitor and
prevent movement disorder symptoms or seizures; i.e.,
the system functions as a unified integrated platform for
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applications requiring collection of movement and envi-
ronmental data. In a preferred embodiment, the system
uses additional sensors, such as humidity sensors, in
addition to known physical sensors adapted to measure
vital signs. Further, the system may include an input from
a non-invasive blood-glucose level measurement appa-
ratus, such as, for example, the apparatus described in
WO 2002/082983. In addition, facial reaction and eye
movement patterns may be used to detect changes as-
sociated with a seizure or symptoms of a movement dis-
order. As a result, the present system allows medical
practitioners, users and their families to analyse and clas-
sify seizures or movement disorders. The system may
also incorporate movement trajectory and posture detec-
tion algorithms based on sonar based localisation tech-
niques amplified with acceleration sensors, such as, for
example, AliveTech (RTM) sensors, to enhance and
broaden the range of movement disorders which can be
detected.

[0012] In contrastto available systems, the presentin-
vention can acquire data in three different modes: online,
offline and hybrid mode. While in online acquisition mode,
the system acquires real-time data relating to the user’s
body and its surrounding environment which is subse-
quently recorded locally or relayed in real-time; this en-
ables the system to predict, detect and monitor move-
ment disorder symptoms or seizure. On the other hand,
when the system is in offline mode, the data is directly
or remotely collected from pre-recorded media which is
then relayed to the appropriate module or unit; this mode
is useful in characterising seizures or movement disorder
symptoms of a specific user, i.e. it allows individualisation
of standard data. This mode also enables analysis of the
acquired data which can subsequently be used for pre-
dicting, detecting, preventing or subduing a seizure or
movement disorder symptoms. Further, the data can be
obtained while the user carries out his normal activities
and recorded; as a result, there is no time wastage nor
is a medical practitioner’'s presence required, therefore,
the cost of and inconvenience caused by the process are
significantly reduced. Finally, when the system is in hy-
brid acquisition mode the data is retrieved directly from
sensors as well as indirectly from pre-recorded media,
i.e. the two types of data acquisition are combined. This
mode is particularly useful for predicting, preventing and
subduing seizures or symptoms because actual data can
be compared with user-specific recorded data; thus, the
system is capable of predicting likelihood of a seizure or
movement disorder symptoms under in a particular en-
vironment; in other words, the system uses individualised
standard data and user-specific data to predict a seizure
or symptoms of a movement disorder in real time and
may be used to prevent or subdue them if the user has
been prescribed medication which is delivered through
the system.

[0013] It has been observed that seizures or move-
ment disorder symptoms are sometimes triggered or ex-
acerbated by a change in light or temperature, sudden
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activity, excitement or stress. Thus, if the user of this
system is affected by changes to light or temperature,
sudden activity, excitement or stress, the system will au-
tomatically recognise that the user is susceptible to ex-
perience a seizure or symptoms if differences in the en-
vironment or the user’s vital signs are detected. Further,
the system may alert the user or a remote monitoring unit
that conditions have changed and that he is more sus-
ceptible to experience a seizure or movement disorder
symptoms. In addition, the system may deliver pre-
scribed medication to the user automatically under these
circumstances.

[0014] Forexample, the system may be used to predict
asthma-related seizures; if the user suffers from severe
attacks, these may be triggered by changes in atmos-
pheric humidity or particular chemicals, such as tobacco
and tar smoke (i.e. cigarette smoke). It is also widely
accepted that stress may also trigger an attack. As the
present system monitors humidity, odours and heartrate,
it is capable of sending an alert signal to the user or to a
remote location when the user is susceptible to experi-
ence a severe attack which may eventually lead to a sei-
zure. Moreover, the system may deliver prescribed med-
ication to the user automatically. In the same way, if a
user is epileptic and seizures are triggered by stress or
a sudden change in light, the system monitors the envi-
ronment and sends an alert signal to the user or aremote
location in the event the user is deemed likely to experi-
ence a seizure. Thus, the system is capable of using real
time data to predict the likelihood of a seizure or move-
ment disorder symptoms occurring under specific cir-
cumstances for a specific user.

[0015] An exemplary embodiment of the present in-
vention will now be described in detail with reference to
the following figures.

Figure 1 is a block diagram of the system.

Figure 2 is a flow diagram of the path followed by
the data once it is detected and analysed.

[0016] Referring to Figure 1, the system 1 comprises
data acquisition means 2 having a monitoring unit 5 and
at least one movement detector 6, typically accelerom-
eters or gyroscopic methods, recording means 3, typi-
cally video recording means 7 and a signal processing
unit 4, typically a CPU or a wireless network, having a
central aggregation and relaying module 8 and a
processing module 9. The system 1 further comprises
other sensors or data acquisition means 7 for environ-
ment and additional user data acquisition; for example,
a light sensor, a temperature sensor, a humidity sensor,
a smell detector, heart rate monitoring means, blood
pressure monitoring means, blood-glucose level moni-
toring means (non-invasive), electrocardiography
means, electroencephalography means and acoustic
distance measurement devices. The type of sensor will
depend at least to some extent on the indication being
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monitored. The system further comprises location-sens-
ing means 10, such as GPS, WiFi or equivalent position-
ing means.

[0017] During online acquisition mode 11 a plurality of
sensors 7 are connected to the subject to acquire data
relating to movement and the subject’s body (for exam-
ple, pulse, temperature, respiration rate, blood pressure,
blood glucose levels, electrical activity of the brain, as
measured by an electroencephalogram (EEG), or the
heart, as measured by an electrocardiogram (ECG). The
sensor output is then recorded locally by the recording
means 3 or relayed in real-time to a central data aggre-
gation and relaying module 8 for signal processing.
[0018] When the system 1 acquires data in the offline
mode 12, the data is directly or remotely collected from
pre-recorded media, such as video recordings of the sub-
ject, recorded test data, sound recordings of the patient,
environmental data recordings, etc. The sensor output
is subsequently relayed to the central aggregation and
relaying module 8 for signal processing.

[0019] If the system is in hybrid acquisition mode 13,
data will be retrieved directly from sensors 5, 6, 7 at-
tached to the user as well as indirectly from pre-recoded
media. The sensor output and the output of the pre-re-
corded media are sent to the central aggregation and
relaying module 8 which module combines the two types
of output to enable the processing module 9 to charac-
terise the data. The data collected is useful in the analysis
and classification of movement data; in addition, it plays
a substantial role in generating and transmitting an alert
signal.

[0020] The output of the data acquisition means 2 in
any of its three functioning modes is then transferred to
the central data aggregation and relaying module 8 which
combines and pre-processes the collected output to re-
duce data size and increase its accuracy. This module 8
cross-references sensor or pre-recorded media outputs
with a database 14 including standard seizure or move-
ment disorder data and patient-specific data so that data
relating to regular movements not associated with sei-
zures or duplicated data is disregarded and it compress-
es data to ensure further analysis thereof is performed
more efficiently. Subsequently, this module relays an ag-
gregated output to the processing module 9 connected
to said aggregation and relaying module via an internal
connection or a wireless network, which wireless network
enables a remote connection over large coverage areas;
for example a mobile telephone system, WiFi, WiMax. If
a wireless network is used, location information data is
collected using GPS systems and/or through other local-
isation means 10 depending on the technology used for
wireless connection between the aggregation and relay-
ingmodule 8 and the processing module 9. Either method
can be used separately or in combination to allow better
coverage (indoor and outdoor) and enhanced accuracy.
The location sensing means 10 can be incorporated in
the data aggregation and relaying module 8. The
processing module then processes the signal as de-
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scribed in Figure 2 to generate a result output signal 20
comprising information on whether the movement is
symptomatic, asymptomatic or predictive of imminent
symptoms; subject-specific information, a proposed
course of action and a information on whether an alert is
necessary.

[0021] In the event that the movement is symptomatic
or suggests imminent symptoms, the processing module
9 sends an alert signal to a generation and propagation
module 21. The alert generation and propagation module
21 can be remotely configured by monitoring staff or the
user to send an alert or a plurality of alerts, including
sound, visual and data alerts or a combination thereof,
to designated monitoring means or a predetermined per-
son to inform said monitoring means or predetermined
person that the user is either experiencing a seizure or
movement disorder symptoms or is under specified con-
ditions defined by the system which make symptoms im-
minent. As the alert signal contains information on the
type of movement, subject-specific information and a
suggested course of action the system either sends an
alert to the subject so he can follow the suggested action
or, if the system is used with an automated drug delivery
control system 22, the alert triggers the automated drug
delivery control system 22 so a drug is delivered or treat-
ment dosages readjusted based on the monitored con-
ditions. Further, said alert signal may provide the location
of the user.

[0022] Figure 2 shows the steps followed to process
the aggregated output signal. Firstly, the processing
module 9 filters 16 signals to remove background noise
and signal artefacts as the data collected from the plu-
rality of sensors 5, 6, 7 or pre-recorded media 3 will in-
clude noise signals. During filtering 16, the processing
module 9 removes background noise signals, both user-
specific and environmental, from input signals collected
from different sensors 5, 6, 7 by removing signals corre-
sponding to predetermined frequencies and speeds. Fur-
ther, noise resulting from imperfections in the sensing
process are also removed at this stage. It has been ob-
served that epileptic fit spans have a characteristic fre-
quency and speed of motion. It is also known that volun-
tary repetitive movement, walking for example, differs in
both frequency and speed of motion when compared to
seizure movement; thus, removing signals unrelated to
the seizure or movement disorder symptoms allows the
system to concentrate exclusively on critical data. Thus,
the present system filters time domain, speed domain
and frequency domain to remove unwanted signals by
applying knowledge on expected data through the use
of a combination of threshold based and correlation
based methods to filter out undesired signals, i.e. it com-
pares the time, speed and frequency of movement in the
aggregated signals against a database including volun-
tary movement data. This process enhances the accu-
racy of the eventual actions initiated by the system. The
aggregated signal outputis correlated with standard data
and patient-specific data stored in a database to establish
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a movement threshold; alternatively, a predetermined
threshold may be used. If any signal included in the output
is under the applied threshold it is filtered out whereas if
the signal exceeds the applied threshold it continues to
the following processing step.

[0023] Secondly, the processing module processes
and analyses signals to expose important features or
properties of the aggregated data 17. During this step,
various signal transformation methods, in particular, frac-
tional Fourier transform, wavelet transform or short-time
Fourier transform are applied to the signals to expose
dominant frequencies, statistical correlations and time-
frequency correlations, in other words, the transform
methods allow the system to determine whether the sig-
nal correlates to the characteristics of a seizure or move-
ment disorder. Once the transform methods have been
applied, additional filtering will remove noise signals
which could not previously be separated from data sig-
nals; only the transformed data signals will proceed to
the subsequent step.

[0024] Thirdly, the processing units recognises symp-
tomatic movement patterns in the signals 18 by applying
dynamically adaptive customized fuzzy logic algorithms
with tuneable parameters to the filtered and processed
signals; which parameters are set by using standard
movement data, user specific data, and environmental
data to perform movement pattern recognition 18 and
classification of movement signals into predefined cate-
gories obtained by analysing standard seizure or disorder
data and user specific data. The processing module 9
provides the system with parameters for the fuzzy logic
algorithms and the predefined categories dynamically,
i.e. in real time.

[0025] Fourthly, the processing module allows the sig-
nals to be analysed and classified 19 by using machine-
learning algorithms which use training, learning and med-
ical knowledge based data 14 to allow fine-tuning of the
classification process 19. Once the signals have been
subjected to the pattern recognition 18 step, the data
processing module 9 applies machine-learning algo-
rithms to the analysed and classified signals (i.e. the sig-
nals received from the pattern recognition step) with the
purpose of deciding whether the data is associated with
a medical condition 19. These machine-learning algo-
rithms utilise medical databases 14, historical data in the
recording means 3, and the classified signal data gener-
ated by the pattern recognition step 18 to generate a
result which indicates whether the signals from the mon-
itored movement data are associated with a medical con-
dition. The processing module 9 detects or predicts
movements associated with seizures or movement dis-
orders by using a wavelet basis extracted from a learned
movement model, which analyses time, speed and fre-
quency signals to determine whether the movement un-
der analysis is associated with seizures, or movement
disorders. The algorithm then analyses the difference be-
tween predetermined upper and lower energy correlation
thresholds to detect symptomatic movements. If the sig-
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nals from the observed movement result in a difference
between the predetermined thresholds which exceeds
predefined values, the observed movement is classified
as symptomatic whereas if the difference does not ex-
ceed predetermined values but is within another prede-
fined range, the observed movement is classified as vol-
untary movement. The system is further adapted to iden-
tify differences which correlate to a developing seizure
or symptomatic episode. Once the movement observed
is classified as symptomatic, asymptomatic or predictive
of imminent symptoms, the processing module 9 will cor-
relate the movement signal to the medical database med-
ical data 14, historical database 3, and classified signal
data generated by the pattern recognition step 18 and
will generate a result output signal 20 comprising infor-
mation on whether the movement is symptomatic,
asymptomatic or predictive of imminent symptoms; sub-
ject-specificinformation, a proposed course of action and
a information on whether an alert is necessary.

[0026] Inthe eventthat the movement is symptomatic
or suggests imminent symptoms, the processing module
9 will send an alert signal to a generation and propagation
module. The alert generation and propagation module
can be remotely configured by monitoring staff or the
user to send an alert or a plurality of alerts, including
sound, visual and data alerts or a combination thereof,
to designated monitoring means or a predetermined per-
son to inform said monitoring means or predetermined
person that the user is either experiencing a seizure or
movement disorder symptoms or is under specified con-
ditions defined by the system which make symptoms im-
minent. As the alert signal contains information on the
type of movement, subject-specific information and a
suggested course of action the system either sends an
alert to the subject so he can follow the suggested action
or, if the system is used with an automated drug delivery
control system, the alert triggers the automated drug de-
livery control system so a drug is delivered or treatment
dosages readjusted based on the monitored conditions.
Further, said alert signal may provide the location of the
user.

[0027] The output signal is also used by the system as
tuning feedback output; thus, it is sent back to the
processing module 9 to maintain or improve fuzzy logic
parameters and enhance classification accuracy during
the pattern recognition step 18.

[0028] During trials, the system of the present inven-
tion successfully detected 92 episodes out of 100. Taking
into account variations of movement and differences be-
tween patients, the overall rate of detection was found
to be approximately 90%. The same trials, established
that the system experiences a false alarm probability of
around 15% when considering fast, repetitive move-
ments caused by activities, such as, throwing a ball, play-
ing tennis, running, jogging, or similar actions. Thus, the
present system provides a clear advantage over prior art
devices.
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Claims

A monitoring system for monitoring movements of a
user comprising data acquisition means, which data
acquisition means have a monitoring unitand at least
one movement detector, recording means, and a sig-
nal processing unit, characterised in that, in use,
the movement detector detects movement of a user
and generates a signal, the characteristics of which
signal are dependent on the characteristics of the
movement, which signal is sent to a signal process-
ing unit to filter noise signals and voluntary move-
ment signals from the signal, which signal is then
analysed torecognise patterns therein to thereby en-
able characterisation and classification of the signal
in real time to allow detection or prediction of prede-
termined movements and to generate a result signal
output which indicates whether the monitored data
is associated with a predetermined condition in real
time.

A system according to claim 1, wherein the process-
ing unit comprises a central aggregation and
processing module and a processing module.

A system according to claim 1 or 2, wherein data
acquisition means operates in an online mode, in
which online mode, data acquisition means are con-
nected to the user to acquire data to produce an on-
line signal output, which online signal output is re-
corded locally by recording means or relayed in real
time to the central data aggregation and relaying
module for signal processing.

A system according to claim 1 or 2, wherein data
acquisition means operates in an offline mode, in
which offline mode; data is directly or remotely col-
lected from recording means to produce an offline
signal output, which offline signal output is relayed
to the central aggregation and relaying module for
signal processing.

A system according to claim 1 or 2, wherein data
acquisition means operates in an hybrid mode, in
which hybrid mode, data is retrieved directly from
data acquisition means attached to the user and in-
directly from recording means to produce a hybrid
output comprising online and offline signal outputs,
which hybrid signal output is sent to the central ag-
gregation and relaying module for signal processing.

A system according to any of the preceding claims,
wherein the signal is time domain and frequency do-
main filtered to recognise patterns therein associat-
ed with a predetermined condition.

A system according to any of the preceding claims,
wherein the data acquisition means or the data ag-
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10.

1.

12,

13.

14.

gregation and relaying module comprise locations
sensing means such as GPS, WiFi or equivalent po-
sitioning means.

A system according to any of the preceding claims,
wherein the data acquisition means comprises ad-
ditional sensors or data acquisition means such as
alight sensor, a temperature sensor, a humidity sen-
sor, a smell detector, heart rate monitoring means,
blood pressure monitoring means, non-invasive
blood-glucose level monitoring means, electrocardi-
ography means, electroencephalography means or
an acoustic distance measurement device.

A system according to any of the preceding claims,
wherein the central data aggregation and relaying
module reduces the size and increases the accuracy
of the online, offline or hybrid signal outputs by filter-
ing out data relating to normal voluntary movements
and duplicated data and compressing the signal out-
put to provide an aggregated signal output, which
aggregated signal output is transferred to the
processing module.

A system according to claim 9, wherein the process-
ing module filters the aggregated signal output to
remove background noise and signal artefacts from
the signal.

A system according to claims 9 or 10, wherein the
processing module recognises patterns in the ag-
gregated signal by using fuzzy logic methods or ma-
chine learning algorithms, which algorithms analyse
the difference between a predetermined upper and
lower energy correlation thresholds to thereby char-
acterise and classify said aggregated signal, detect
or predict predetermined movements and to gener-
ate a result signal output which indicates whether
the signals from the monitored data are associated
with a predetermined condition.

A system according to any of the preceding claims,
wherein the signal output of the processing module
is used to generate an alert signal, which alert signal
is transferred to an alert generation and propagation
module, which alert generation and propagation
module is configured to send an alert or a plurality
of alerts to designated monitoring means or a pre-
determined person when the signals from the mon-
itored data are associated with a predetermined con-
dition.

A system according to claim 12, wherein the alert
signal provides the location of the user.

A system according to any of the preceding claims,
further comprising an automated drug delivery sys-
tem, wherein in the event that a seizure or movement
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disorder symptoms are detected or predicted, an in-
struction is sent to the automated drug delivery sys-
tem to allow delivery of an appropriate dose.
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