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(57) ABSTRACT 

In an embodiment, a seizure monitor provides intelligent 
epileptic seizure detection, monitoring, and alerting for epi 
lepsy patients or people with seizures. In an embodiment, the 
seizure monitor may be a wearable, non-intrusive, passive 
monitoring device that does not require any insertion or 
ingestion into the human body. In an embodiment, the seizure 
monitor may include several output options for outputting the 
accelerometer/gyro or other motion sensor data and video 
data, so that the data may be immediately validated and/or 
remotely viewed. The device alerts and communicates to the 
outside care givers via wirelessly or wired medium. The 
device may also support recording of accelerometer or other 
motion sensor data and video data, which can be reviewed 
later for further analysis and/or diagnosis. The device and 
invention is also used and applicable for other body motion 
disorders or detection and diagnostics. 
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ABNORMAL MOTON DETECTOR AND 
MONITOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 12/154,085 (Docket #64-1), entitled “Abnor 
mal Motion Detector and Monitor filed May 19, 2008, by 
Vaidhi Nathan, et al., which claims priority benefit of U.S. 
Provisional Patent Application No. 60/930,766, and which 
are both incorporated herein by reference. 

FIELD 

0002 This specification is related to medical devices. 

BACKGROUND 

0003. The subject matter discussed in the background sec 
tion should not be assumed to be prior art merely as a result of 
its mention in the background section. Similarly, a problem 
mentioned in the background section or associated with the 
subject matter of the background section should not be 
assumed to have been previously recognized in the prior art. 
The Subject matter in the background section merely repre 
sents different approaches, which in and of themselves may 
also be inventions. 
0004 Over two million people (about 1-3% of the popu 
lation) suffer from epileptic seizures in the United States. 
During a seizure the patient is unable to get help, talk, think, 
or act. In many cases it is very important for doctors and 
caregivers to be able to detect seizures and give the patient 
immediate help. There are some types of seizures, if not 
attended to, that can be fatal. Currently there are no home or 
personal seizure monitoring or detecting devices. There are 
Electroencephalography (EEG) machines, which measure 
electrical activity in the brain. However, EEGs are for hospital 
use and are large and expensive. The EEGs may analyze 
brainwaves to detect the onset or the occurrence of a seizure. 
EEGs require probes to be mounted on the patients scalp to 
sense, extract, and transmit data. The probes are uncomfort 
able, intrusive, and awkward—restricting patients’ move 
ments and cause Scarring. In addition, the graphs from the 
EEGs need to be reviewed and interpreted manually by 
trained personnel. Such as nurses and medical assistants. 

BRIEF DESCRIPTION 

0005. In the following drawings like reference numbers 
are used to refer to like elements. Although the following 
figures depict various examples of the invention, the inven 
tion is not limited to the examples depicted in the figures. 
0006 FIG. 1 shows a block diagram of an embodiment of 
seizure detection system 100. 
0007 FIG. 2A shows a block diagram of a system, which 
may be incorporated within the system of FIG. 1. 
0008 FIG. 2B shows a block diagram of an embodiment 
of a memory system. 
0009 FIG. 3A shows a block diagram of an embodiment 
of a motion detector. 
0010 FIG. 3B shows a block diagram of a camera. 
0.011 FIG. 4 is a flowchart of an embodiment of a method 
of detecting a seizure, based on optical flow. 
0012 FIG. 5 is a flowchart of an embodiment of a method 
of detecting a seizure, based on motion analysis. 
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0013 FIG. 6 is a flowchart of an embodiment of a method 
of detecting a seizure, based on patterns of motion vector 
patterns. 
0014 FIG. 7 is a flowchart of an embodiment of a method 
of detecting seizures by measuring motion, via accelerom 
eters and/or gyro sensors. 
0015 FIG. 8 shows a graph of three orthogonal compo 
nents of acceleration of an arm. 
0016 FIG. 9 shows a graph of two parameters of motion. 
0017 FIG. 10 shows an embodiment of a seizure detec 
tion, analyzing, and monitoring device. 

DETAILED DESCRIPTION 

0018. Although various embodiments of the invention 
may have been motivated by various deficiencies with the 
prior art, which may be discussed or alluded to in one or more 
places in the specification, the embodiments of the invention 
do not necessarily address any of these deficiencies. In other 
words, different embodiments of the invention may address 
different deficiencies that may be discussed in the specifica 
tion. Some embodiments may only partially address some 
deficiencies or just one deficiency that may be discussed in 
the specification, and some embodiments may not address 
any of these deficiencies. 
0019. In general, at the beginning of the discussion of each 
of FIGS. 1-3 is a brief description of each element, which may 
have no more than the name of each of the elements in the one 
of FIGS. 1-3 that is being discussed. After the brief descrip 
tion of each element, each element is further discussed in 
numerical order. In general, each of FIGS. 1-7 is discussed in 
numerical order and the elements within FIGS. 1-7 are also 
usually discussed in numerical order to facilitate easily locat 
ing the discussion of a particular element. Nonetheless, there 
is no one location where all of the information of any element 
of FIGS. 1-7 is necessarily located. Unique information about 
any particular element or any other aspect of any of FIGS. 1-7 
may be found in, or implied by, any part of the specification. 
0020. In an embodiment, a seizure monitor provides intel 
ligent epileptic seizure detection, monitoring, and alerting for 
epilepsy patients and/or other people that experience Sei 
Zures. In an embodiment, the seizure monitor is a small con 
Sumer usable device that is wearable and can be setup and 
used easily by patients. In an embodiment, the seizure moni 
tor is compact and low cost. The seizure monitor may have at 
least any one of the following three different configurations or 
embodiments using (i) motion sensor data (such as data 
from accelerometers, gyroscope sensors and/or other motion 
sensor data), or (ii) video data, and/or (iii) hybrid data (which 
may include both video and accelerometer or other motion 
sensor data). In an embodiment, the seizure monitor may be a 
wearable, non-intrusive, passive monitoring device that does 
not require any insertion or ingestion into the human body. In 
an embodiment, the seizure monitor may include several 
flexible and easy output options for outputting motion data, so 
that the data may be immediately validated and/or remotely 
viewed. The seizure monitor may also support recording of 
motion data that can be reviewed later by a medical profes 
sional for further analysis and/or diagnosis. 
Seizure Detection System (FIGS. 1-3b) 
0021 FIG. 1A shows a block diagram of an embodiment 
of seizure detection system 100. Seizure detection system 100 
may include cameras 102a-n, communications line 104, Sur 
faces 106a-m, patient 108, motion detector 110, and receiver 
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112. In other embodiments, seizure detection system 100 may 
include additional components and/or may not include all of 
the components listed above. 
0022 Seizure detection system 100 may detect, monitor, 
and/or alertain concerned party of the onset and occurrence of 
epileptic seizures in patients. In this specification the term 
“concerned party includes any entity or person that may 
have an interest in knowing about the occurrence of a seizure, 
Such as caregiver, medical professional, close friend, or rela 
tive of the patient. In an embodiment, seizure detection sys 
tem 100 may be passive, compact, and/or non-intrusive. 
0023. Although throughout the specification seizure 
detection system 100 is discussed, seizure detection is just 
one example of a motion disorder that may be detected with 
seizure detection system 100. Although the discussion of this 
specification focuses on seizure monitoring and detection, 
there are other motion based diagnostics or body motion 
analysis that may be performed using the same system. 
0024. Each analysis can be different. But the HW can use 
the same. Just the rules or conditions or pattern recognition 
can be different. 

0025 Cameras 102a-n may include any number of cam 
eras, which film a patient in order to capture on film images 
that may be analyzed to determine whether a seizure is in 
progress. As also elaborated upon elsewhere, cameras 102a-n 
are optional. Cameras 102a-n are optional, and may be 
replaced with another form of detecting seizures, such as 
motion detectors. For example, another type of motion detec 
tor, such as infrared detectors, may be used instead of, or in 
addition to, cameras 102a-in. Although cameras 102a-n are 
illustrated as being mounted on Surfaces within a premise of 
the patient, cameras 102a-n may be mounted on the patient, 
and instead of observing the patient to determine the motion 
of the patient, the motion of patent may be inferred from the 
images of the Surroundings of the patient, for example. 
0026. Optical sensors, such as video camera 102a-n can be 
used to monitor the patient and detect seizure-like activities. 
Seizure-like activities may offer unique motion patterns and 
can be distinguished from non-seizure-like activities. Easily 
distinguishable feature points (or feature points correspond 
ing to particular body parts that are significant in determining 
whether or not a seizure is in progress) in the scene can be 
computed (such as those on the person or an object) and the 
temporal motion patterns of the feature points (such as points 
on the person's body or clothes) can be analyzed across 
frames for detection of any abnormal activity. Some motion 
patterns of interest could be large movements in short periods 
of time, repetitive movements, back-and-forth movements, 
etc. Further, some special seizure activities offer very char 
acteristic and predictable motion patterns, a prior knowledge 
of which can be utilized effectively to detect such cases. 
0027 Communications line 104 communicatively con 
nects cameras 102a-n to a processor (for analyzing the 
motion data and determining whether a seizure is occurring) 
and/or seizure alert System. In an embodiment, instead oforin 
addition to communications line 104, cameras 102a-n may 
communicate wirelessly with a processor and/or seizure alert 
system. 
0028 Surfaces 106a-m support cameras 102a-n. Patient 
108 suffers from seizure and is monitored by the rest of 
seizure detection system 108 to determine whether a seizure 
has occurred. In this specification the word “patient” refers to 
any individual that is being monitored to determine whether a 
seizure is occurring. 
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(0029 Motion detector 110 is mounted on patient 108 so 
that motions of the patient may be measured. In an embodi 
ment, motion detector 110 is an accelerometer, a gyro sensor, 
and/or a hybrid of both. Motion detector 110 communicates 
wirelessly (or via wires) with a seizure alert system. Motion 
detector 110 may include a transmitter for transmitting infor 
mation about motion measured by motion detector 110. 
Optionally, motion detector 110 may include a location deter 
mining unit (e.g., a global positioning unit) for determining 
the location of patient 108 and transmitting the location of the 
patient 108 to a concerned party. In an embodiment there are 
multiple motion detectors 110 mounted on patient 108. In 
another embodiment, there is only one motion detector 110 
mounted on patient 110. If motion detector 110 is a small 
accelerometer (and/or gyro sensor), no other element needs to 
be worn or placed on patient 108, and the accelerometer 
(and/or gyro sensor) may be passive and non-intrusive. 
Although often in this specification an accelerometer and/or 
gyro are referred to another motion sensor(s) may be used 
instead. The detection of the seizure or movement patterns 
can be done inside the watch itself. The results and/oran alert 
may be sent outside via wireless or wired medium. Alterna 
tively, the watch can simply send only the sensor data, and the 
detection and decision can be made outside on the phone or a 
computer outside the watch sensor. Both options are viable. 
0030. One way of detecting seizures is to monitor the 
motion of one or more parts of the body of patient 108. During 
a seizure there are rapid andjerky movements of one or more 
body parts, such as the hands, legs, torso, and head. Seizures 
can be detected by measuring the change in output of a motion 
detector, the frequency of the change, and/or amplitude of the 
change indicating a movement of one or more body parts. 
0031. There are different types of motion detectors, which 
may be used of motion detector 110. One type of motion 
detector is an accelerometer, which measures acceleration. 
Ordinarily, when stationary, each part of the body experiences 
the acceleration of gravity (an accelerometer cannot tell the 
difference between a body being accelerated as a result of the 
body's changes in Velocity and the body being pulled by a 
force. Such as gravity). From the changes in acceleration, 
changes in position and/or velocity may be inferred. When a 
body part moves, the acceleration of the body part changes, 
and thus the change in the acceleration indicates a motion. 
Another type of sensor data is gyro sensor data. Gyro sensors 
may detect the rotation along X, Y, and/or Z axes. The rotation 
angles and position can also be used to detect motion and 
particular types of motion. While accelerometer measures 
linear axis changes, gyros measure the rotation changes. 
0032. The sensor that is used as motion detector 110 may 
a small device that can fit into an enclosure the size of a 
wristwatch. The motion data may be measured in two-dimen 
sions (e.g., along two perpendicular axes, which may be 
referred to as the X and Y axes) and/or three-dimensions (e.g., 
along three perpendicular axes, which may be referred to as 
the X,Y, and Z axes). Acceleration, frequency, and amplitude 
(angle, angular Velocity, angular acceleration, and angular 
impulse or jerk) values above a certain threshold are indica 
tive of abnormal body movements that occur during a seizure. 
If two two-dimensional (X,Y) motion sensors are used as 
motion detector 110, each of the two-dimensional (X,Y) 
motion sensors may be paced along perpendicular axes. The 
two-dimensional and/or three-dimensional motion sensors 
can be useful to detect the jerky and back and forth move 
ments. The detection algorithm is discussed below. Motion 
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detector 110 can be positioned and/or mounted on the 
patient's arms, legs, bedclothes, and/or the bed itself. Motion 
detector 110 placed on the patient's body may be more effec 
tive and accurate in detecting seizures. 
0033 Seizure alert system 112 alerts a concerned party 
when a seizure occurs. Seizure alert system 112 may be a PC, 
laptop, PDA, mobile phone bell, and/or other unit capable of 
indicating an alert. Information in signals from cameras 
102a-n and/or motion detector 110 are analyzed, and if it is 
determined that a seizure is occurring, an alert is output from 
alert system 112. Seizure alert system 112 may include a 
monitor for displaying seizure alerts and/or for displaying 
motion data. In an embodiment, seizure alert system 112 may 
include a processor for analyzing the signals from cameras 
102a-n and/or motion detector 110. In an embodiment, sys 
tem 100 is a general purpose alerting system and can also alert 
other motion disorders. 

0034 Motion sensors that are included within motion 
detector 110 may be attached to the wrist explicitly capture 
the motion along the x, y, and Z directions. The data obtained 
may be a time sequence of the instantaneous acceleration 
experienced by the sensor. Several approaches can be used 
here to detect any abnormal seizure-like activities. These 
approaches can be divided broadly into two categories: 
0035. In an embodiment, a processor, which may be 
located in seizure alert system 112 or elsewhere may run 
algorithms to determine whether a seizure is occurring, and 
when it is determined that a seizure is occurring alerts may be 
output from seizure alert system 112. In an embodiment, 
along with the alerts, one or more confirmation images and/or 
accelerometer or other motion sensor plots may also be sent to 
a concerned party, Such as a doctor and/or other caregiver. The 
alert may be sent, via SMS, MMS, email, IM, or WAP or other 
message protocol. The alert may include an alert message, 
alarm signal, beeps, local in-device Sound alerts, and/or 
alarms, which may be produced by a PDA, mobile phone, or 
other device, which may have built in alarms and alerts. 
0036 Receiver 114 receives signals from transmitters on 
wireless units such as motion detectors 110. Receiver 114 is 
optional. If cameras 102a-n do not communicate via commu 
nications line 104 (e.g., if communications line 104, is not 
present), receiver 114 may receive signals from cameras 
102a-n. Thus, depending on the embodiment, seizure detec 
tion system 100 may detect motion via video data from cam 
eras 102a-n, sensor data from motion detector 110, and/or 
hybrid data (which is data based on both cameras 102a-n 
and/or sensor data from motion 110). 
0037. One example of an embodiment encompassed 
within FIG.1 may include input sensors (video and/or motion 
sensors, such as accelerometers), one or more computers for 
receiving and processing data from the sensors, connectivity 
interfaces, and a system for remotely monitoring and for 
alerting (e.g., sending an alarm) a concerned party. The con 
nectivity interface may include any of a number of commu 
nications interfaces, such as Bluetooth interfaces and/or Wifi, 
wireless interfaces, and/or wired interfaces, which may use 
IP/LAN connections and/or serial port connections, such as 
USB. 
0038 Another example of an embodiment encompassed 
within FIG. 1 may be a video based system, which may 
include one or more cameras (such as analog cameras, Web 
Cam cameras, and/or IP/Network cameras) and/or IR detec 
tors and/or illuminators for nighttime monitoring and analy 
sis. The cameras may be color or infrared cameras, for 
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example. The cameras can be connected to the a Personal 
Computer (PC) and/or any computing device, via (i) a wire 
less interface, such as a WIFI/LAN interface, a Serial/USB 
wireless interface, and/or BlueTooth interface, and/or (ii) a 
wired interface such as a LAN and/or Ethernet interface. 
Video data is received by the computing device analyzed 
and/or processed. The results of the analysis and/or process 
ing are transmitted to the concerned party. Alternatively, pro 
cessing intelligence, an analysis engine, and/or algorithms 
that reside in the computing device may be embedded and/or 
otherwise built into the camera resulting in a “Smart Camera.” 
In an embodiment, there may be a camera and optional IR 
illuminators for nighttime monitoring and analysis, and there 
may not be an accelerometer. There may be a processor that 
executes the algorithm, and processor may be located inside 
or outside of the camera. Detection as a result of analyzing the 
motion data may occur within the processor in the camera or 
in a processor located elsewhere. Alerts may be communi 
cated via an external media to a concerned party. 
0039. In a video based embodiment, the input data to the 
processor may be a stream of video data from the camera. The 
camera may be connected to a PC or other computing device, 
Such as a PDA or Smart mobile phone. The camera may also 
have an intelligent processor embedded inside, that processes 
and analyzes the input data. 
0040. In a film based seizure detection system, alerts and 
other output may communicate via alarms, SMS, MMS, IM, 
WAP message, email, or a phone call to the concerned part. 
Alerts may be sent either over a LAN (a wired network), a 
wireless network, or over a GSM/cellular mobile network. 
0041. In an embodiment, the motion data from cameras 
102a-n and/or from motion detector 110 is transformed into 
the frequency domain, via a Fourier transform, or wavelet 
transform. In the frequency domain, the motion data is ana 
lyzed to see whether the motion data includes unique features 
in the frequency domain (such as larger coefficients corre 
sponding to high frequency components) that are expected to 
be found in motion data from a seizure. Performing a Fourier 
transform on a set of data taken within a particular window of 
time may be taken, (which may be referred to as a “windowed 
Fourier transformand) which may capture the local nature of 
the signal. Similarly, orthogonal wavelet transforms (such as 
Daubechies) or another transform of the motion data may be 
taken (which may also provide a local representation of the 
signal in terms of the set of basis functions). The transformed 
may then be scanned for large coefficients of basis vectors 
that are expected to be associated with a seizure. The recog 
nition seizure motion patterns in the frequency domain may 
be performed based on a Supervised or unsupervised learning. 
0042. In an embodiment, there may be a motion sensor (an 
accelerometer or gyro sensor) without any video camera, 
which is simpler and cheaper. There may be a processor that 
operates the algorithm, and processor may be located inside 
or outside of the motion sensor. In other words, detection may 
be performed via an algorithm executing within the processor 
to determine if a particular motion is a seizure. Alerts may be 
communicated from the processor via external any of a num 
ber of media to a concerned party. 
0043. In the embodiment that is based on a motion sensor, 
the input data may be a stream of analog or digital signals or 
values from the accelerometer/gyro sensor. The accelerom 
eter or other motion sensor may have a built in processor to 
interpret and process the input data. Alternatively the accel 
erometer or other motion sensor may be connected to a PC or 
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other computing device, such as a Smart mobile phone or 
PDA. The processor may execute seizure detection algo 
rithms. 

0044. In the embodiment, that in which an accelerometer 
is the motion detector 110, alerts and other output may be 
communicated via alarms, SMS, WAP messages, email, or 
phone calls to the people specified. Alerts may be sent either 
over LAN (wired) or wirelessly or over the GSM/cellular 
mobile networks. 

0045. In an embodiment, both video camera and acceler 
ometer/gyro sensor may be used to determine whether there is 
a seizure. This embodiment may include features and ele 
ments of both video and accelerometer/gyro sensor Systems, 
mentioned above. Both detectors may run in parallel. Images 
from the video system may be used for additional confirma 
tion and validation of the data from the accelerometer sys 
tems. These systems may run 24 hours per day, seven days a 
week, 365 days per year, all the time, or on an as-needed basis. 
The seizure detection system 100, seizure alert system 112, 
cameras 102a-n, motion detector 11 may be powered exter 
nally or may be powered by a battery. In an embodiment, there 
may be multiple levels or thresholds. For example there may 
be two levels or thresholds each indicating a different degree 
of danger or indicating a different degree of certainty that a 
seizure occurred. In some cases, there may be a threshold for 
even Suspected conditions may be recorded. In one embodi 
ment, one threshold or level may indicate that there is a 
problem that is observed, which may record the event or 
condition without actually activating an alert and at a second 
level or threshold an alert may be activated. Activating the 
alert may include sending a communication indicating the 
alert. In an embodiment, alerts are sent for only conditions or 
seizures that pass certain conditions or levels. In an embodi 
ment, there may be a button to indicate that there is a seizure 
occurring now, which may include an ask-for-help button. In 
an embodiment, the patient may be able to manually trigger 
the alert to be activated. In an embodiment, if the system 
detects a problem, but the patient is fine, the patient can press 
a button and indicate to ignore the alarm and that the call this 
false alarm. These thresholds can be adjusted by the patient/ 
user. Each user may have different threshold or personal 
requirement on when to record and when to alert. The system 
may provide two adjustable sets of thresholds that can be 
modified. One set of thresholds is for sending an alert and one 
set of thresholds is for recording events that have seizure-like 
characteristics, but are expected not to be a seizure or for 
events that are near the borderline between being a seizure 
and not being a seizure. The input parameters may be entered 
manually by the user, stored, and reused, so that the user not 
need to input the parameters every time system 100 is turned 
on or put in use. 
0046. In this approach, we utilize the input signal as is. The 
data can be windowed (overlapping) over short durations of 
time and the range of values examined. It is expected that 
non-seizure-like activities exhibit value fluctuations only 
within a short range of values of acceleration (or gyro sensor), 
that is, the difference between the minimum acceleration 
value and the maximum acceleration value overa short period 
of time is bounded by two relatively close values. On the other 
hand, seizure-like activities exhibit a larger fluctuation and 
the difference between the minimum acceleration value and 
the maximum acceleration value. 

0047. There at least are four strategies to implement the 
detection system. Any one of these four strategies is sufficient 
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and can be used to do the detection (1) learning based and/or 
(2) rules, conditions and/or logic based, (3) probabilistic/ 
statistical models and detection methods and (4) analysis of 
local, regional, global features which include both data and 
temporal information. A hybrid of any combination these four 
strategies can also be used. Seizure detection system 100 may 
be based on learning system and incorporate Supervised or 
unsupervised learning, which may include one or more neu 
ral-networks, machines that perform pattern recognition 
methods and/or Support vector machines, for example. In 
embodiments including unsupervised learning, positive and 
negative data samples are provided to seizure detection sys 
tem 100 as training examples for classifying patterns of 
behavior as seizure or non-seizure motion patterns. After 
being fed the training examples, seizure detections system 
100 is able to make a determination as to whether other 
motion patterns are associated with seizures. By using unsu 
pervised learning, after a training session and/or after learn 
ing from experience with actual motion patterns of patient 
108, seizure detection system 100 is able to detect seizures 
having motion patterns that do not have features that are 
otherwise common amongst most other seizure-like activi 
ties. For example, a neural-network or a Support Vector 
Machine can be trained based on positive and negative data 
samples. 
0048 Alternatively, the detection system or algorithm can 
be based on rules, conditions, or equations and pre-defined 
logic that is patient independent. For example, the rule or 
logic can be to compute the local peaks of motion jerks. If 
there are Njerks happen within M seconds, then the motion 
may be determined to be seizure. For example, if the number 
of jerks are greater than 5 within 3 seconds, then it is a seizure. 
Typical rules/logic will use one or more conditions or criteria 
based on: frequency/number of motion/jerks within a time 
frame, amplitude of the motion, continued change or duration 
of this motion, 1 or 2" degree change of these values above. 
These rules/logic/conditions will change between the type of 
seizures like TonicClonic, Partial or Complex Seizures etc. 
Caregivers or patients can also adjust these rules/conditions/ 
thresholds, to better suit their individual needs and type of 
seizures. There can also be defined set of types of conditions 
or detection rules templates, built in and users can select and 
chose and test different ones and pick the ones they like most. 
0049. In an embodiment, the motion data form cameras 
102a-n and/or from motion detector 110 is transformed into 
the frequency domain, via a Fourier transform, or wavelet 
transform. In the frequency domain, the motion data is ana 
lyzed to see whether the motion data includes unique features 
in the frequency domain (such as larger coefficients corre 
sponding to high frequency components) that are expected to 
be found in motion data from a seizure. Performing a Fourier 
transform on a set of data taken within a particular window of 
time may be taken, (which may be referred to as a “widowed 
Fourier transformand) which may capture the local nature of 
the signal. Similarly, orthogonal wavelet transforms (such as 
Daubechies) or another transform of the motion data may be 
taken (which may also provide a local representation of the 
signal in terms of the set of basis functions). The transformed 
may then be scanned for large coefficients of basis vectors 
that are expected to be associated with a seizure. The recog 
nition seizure motion patterns in the frequency domain may 
be performed based on a Supervised or unsupervised learning. 
0050. In an embodiment there may be a bank of motion 
detectors, which may include any combination of cameras 
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102a-n, motion detector 110, other hybrid motion detectors, 
and/or other motion detectors, as described above, each run 
ning in parallel. The usage of a bank of motion detectors 
creates a system that is very robust and that detects seizures 
with a high level of accuracy. 
0051. In an embodiment, an accelerometer in a watch 
measures the accelerations in the three directions, a, a, and 
a. Optionally, from the individual components that magni 
tude can be computed from a=SQRT(a+a+a). Option 
ally, the magnitude may be used to compute the absolute first 
derivative of the acceleration V-la-all, which is equivalent 
to “jerk. Optionally, the absolute second derivative may be 
computed v'-la-2a+al. The first and/or second deriva 
tive of each component may be computed and/or the first 
and/or second derivative of magnitude may be computed. In 
an embodiment, a count is performed of all of the peaks of the 
first and/or second derivative that occur during a specified 
time window that are above a certain threshold. If the number 
of peaks is greater than a threshold number, it is assumed that 
a seizure is occurring. 
0052. If a preset number of peaks in the amplitude of the 
acceleration are obtained within a certaintime interval, then it 
is considered to be a seizure. If less than the preset number of 
peaks in the amplitude of the acceleration are obtained within 
the time interval, then it is assumed that a seizure did not 
occur. In an embodiment, the variation of each component of 
acceleration is analyzed separately (in addition to or instead 
of analyzing the magnitude of the acceleration). During a 
seizure, in each component of the acceleration, the peaks may 
be more frequent and shorter than for the amplitude, and 
consequently, for each component of acceleration, the thresh 
old for the number of peaks (that is considered indicative of a 
seizure) in a given time period may be set higher and the 
threshold for the amplitude of the peaks (that is considered 
indicative of a seizure) may be set lower than for the magni 
tude. The positive and negative examples of motion patterns 
that are fed to a neural network or other learning algorithm 
may include each component of acceleration and/or the mag 
nitude of the acceleration. 

0053 FIG. 1B shows a representation an embodiment of 
seizure detection system 150. Seizure detection system 150 
band 152, housing 154, display 156, and input interface 158. 
In other embodiments, seizure detection system 150 may 
include additional components and/or may not include all of 
the components listed above. 
0054 Seizure detection system 150 is an embodiment of a 
seizure detection system that is a device that is also a wrist 
watch, that is within a device that is a wristwatch, or doubles 
as a wrist watch. Other embodiments of seizure detection 
system 150 may be worn elsewhere on an arm, on a hand, on 
a leg, on a foot, on a chest, and/or other part of a person. 
Seizure detection system 150 may include a motion detector 
(not shown in FIG. 1B), such as an accelerometer, for motion 
detector 110 (FIG. 1A). Band 152 may be used for fastening 
seizure detection system 150 to a wrist of patient 108 (FIG. 
1A). Housing 154 contains the circuitry for seizure detection 
system 100 (FIG. 1A). Display 156 may display settings of 
seizure detection system 150, the time, and/or output of sei 
Zure detection 156. Input interface 158 may be a series of 
buttons for inputting settings for seizure detection system 150 
and/or for inputting wristwatch settings. 
0055 FIG. 2A shows a block diagram of system 200, 
which may be incorporated within the system of FIG. 1. 
System 200 may include output system 202, input system 
204, memory system 206, processor system 208, communi 
cations system 212, and input/output device 214. In other 
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embodiments, system 200 may include additional compo 
nents and/or may not include all of the components listed 
above. 

0056 System 200 may be an embodiment of seizure 
detection system 100 in which seizure detection system 200 is 
contained within one unit. Alternatively or additionally, an 
embodiment of seizure detector 112 may be system 200. 
Output system 202 may include any one of Some of any 
combination of, or all of a monitor system, a handheld display 
system, a printer system, a speaker system, a connection or 
interface system to a Sound system, an interface system to 
peripheral devices and/or a connection and/or interface sys 
tem to a computer system, intranet, and/or internet, for 
example. Output system 202 may include lights, such as a red 
light and/or a flashing light to indicate a seizure. Output 
system may include sounds such as beeps, rings, buZZes, 
sirens, a Voice message, and/or other noises. Output system 
202 or a part of output system 202 may be kept in the posses 
sion of a care taker or in a location that will catcha care taker's 
attention, Such as a PDA, cell phone, and/or a monitor of a 
computer that is viewed by a care taker. Output system 202 
may send an e-mail, make a phone call, and/or send other 
forms of messages to alerta concerned party about the occur 
rence of a seizure. 

0057. Input system 204 may include any one of, some of, 
any combination of, or all of a keyboard system, a mouse 
system, a track ball system, a track pad system, buttons on a 
handheld system, a scanner system, a microphone system, a 
connection to a sound system, and/or a connection and/or 
interface system to a computer system, intranet, and/or inter 
net (e.g., IrDA, USB), for example. Input system 204 may 
include a motion detector and/or camera for detecting high 
frequency motion. Input system 204 or a part of input system 
204 may be kept in the possession of a care taker or in a 
location easily accessible to a concerned party so that the 
concerned party may request current motion information and/ 
or past motion and/or seizure information. For example, input 
system 204 may include an interface for receiving messages 
from a PDA or cell phone or may include a PDA and/or cell 
phone. 
0.058 Memory system 206 may include, for example, any 
one of Some of any combination of, or all of a long term 
storage system, such as a hard drive; a short term storage 
system, Such as random access memory; a removable storage 
system, such as a floppy drive or a removable drive; and/or 
flash memory. Memory system 206 may include one or more 
machine-readable mediums that may store a variety of differ 
ent types of information. The term machine-readable medium 
is used to refer to any medium capable carrying information 
that is readable by a machine. One example of a machine 
readable medium is a computer-readable medium. Another 
example of a machine-readable medium is paper having holes 
that are detected that trigger different mechanical, electrical, 
and/or logic responses. Memory system 206 may store sei 
Zure detection engine and/or information about seizures. 
Memory system 206 will be discussed further in conjunction 
with FIG. 2B. If system 200 is seizure alert system 112, 
memory system 206 is optional, because the processing and 
storage of seizure information may occur elsewhere. 
0059 Processor system 208 may include any one of some 
of any combination of, or all of multiple parallel processors, 
a single processor, a system of processors having one or more 
central processors and/or one or more specialized processors 
dedicated to specific tasks. Processor system 208 may run a 
program stored on memory system 206 for detecting seizures, 
which may be referred to as a seizure detection engine. Pro 
cessor system 208 may implement the algorithm of seizure 
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detection system 200. Processor system 208 may collect the 
data from one or more accelerometers and/or video sensors. 
Processor system 208 may implement a detection and analy 
sis algorithm on the data. If system 200 is an embodiment of 
seizure alert system 112, processor system 208 is optional, 
because the processor may be located elsewhere. 
0060. As a digression, if seizure detection system 112 is 
not one unit, the processor system may be located at one of at 
least four locations, which include within an external device 
such as a PC or laptop, within a handheld device, within a 
camera, within an accelerometer. Data may be streamed to the 
external device via a wired connection (such as LAN/USB/ 
Serial) and/or a wireless connection (such as Wifi/BT). The 
handheld computing device may be a PDA, mobile phone, or 
other handheld device. In other words, the detection engine 
and algorithm may reside inside the handheld device. The 
data may be streamed to the mobile phone or hand-held/PDA, 
and the processing and/or analysis may be executed on the 
handheld device. The processor of seizure detection system 
100 may be located and built into any one of or any combi 
nation of cameras 102a-n. In other words, the processor with 
the detection engine (the Software that analyzes the sensor 
data to determine whether a seizure occurred) may be embed 
ded inside of any one of or any combination of camera 102a-n 
and the detection processing may be carried out inside the 
camera. In an embodiment, processor system 208 may be 
located within a handheld device, which may be an embodi 
ment of seizure alert system 112 and/or seizure detection 
system 100 may be a handheld device strapped to patient 108 
(FIG. 1) in which processor 208 is located. 
0061 Communications system 212 communicatively 
links output system 202, input system 204, memory system 
206, processor system 208, and/or input/output system 214 to 
each other. Communications system 212 may include any one 
of Some of any combination of, or all of electrical cables, 
fiber optic cables, and/or means of sending signals through air 
or water (e.g. wireless communications), or the like. Some 
examples of means of sending signals through air and/or 
water include systems for transmitting electromagnetic 
waves such as infrared and/or radio waves and/or systems for 
sending Sound waves. 
0062 Input/output system 214 may include devices that 
have the dual function as input and output devices. For 
example, input/output system 214 may include one or more 
touch sensitive screens, which display an image and therefore 
are an output device and accept input when the screens are 
pressed by a finger or stylus, for example. The touch sensitive 
screens may be sensitive to heat and/or pressure. One or more 
of the input/output devices may be sensitive to a Voltage or 
current produced by a stylus, for example. Input/output sys 
tem 214 is optional, and may be used in addition to or in place 
of output system 202 and/or input device 204. 
0063 FIG. 2B shows a block diagram of an embodiment 
of memory system 206. Memory system 206 may include 
seizure detection algorithm 242, characteristic seizure data 
244, records on past seizures 246, and device drivers 248. In 
other embodiments, memory system 206 may include addi 
tional components and/or may not include all of the compo 
nents listed above. 

0064 Seizure detection algorithm 242 analyzes motion 
data to determine whether a seizure has occurred. Character 
istic seizure data 244 includes information characterizing a 
seizure. Characteristic seizure data 244 may include thresh 
olds for various parameters that are indicative of a seizure 
having taken place. For example, characteristic seizure data 
may include one or more thresholds for the frequency of 
oscillation of a various body parts during a seizure, thresholds 
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for frequency of oscillation of the acceleration or other 
parameter output by the accelerometer and/or a threshold of 
the frequency of oscillation of cantilever that is part of the an 
accelerometer that is included within motion detector 110. 
Characteristic seizure data 244 may include patterns of data 
that are indicative of a seizure. Characteristic seizure data 244 
may include default data that is not specific to any one indi 
vidual and/or may include data that is specific to patient 108. 
0065 Records of past seizures 246 may store information 
about seizures as the seizures are happening, which may be 
reviewed further by at a later date to better determine the 
characteristics of the seizures that are specific to patient 108 
so that seizure detection system 100 may more reliably detect 
the seizures of patient 108. Additionally or alternatively, 
records of past seizures 246 may be used for diagnosing and 
treating the seizure. In an embodiment, all detection results 
may be recorded on the hard disk of a PC or on an external 
memory card (SD, Compact Flash, Memstick etc). In some 
instances, knowledge of whether a seizure occurred may be 
important to know the effectiveness of a medication or for 
other medical reasons. However, Some patients are unaware 
of having experienced a seizure. By storing records of past 
seizures 246, patient 108 may nonetheless beinformed that a 
seizure was experienced. The data may include images, vid 
eos, accelerometer, or other motion sensor data. The data may 
include plots, Summaries and/or otherforms of data. The data 
may be analyzed and reviewed later by a medical professional 
for diagnosis and/or other medical purposes. Device drivers 
248 include software for interfacing and/or controlling the 
motion detector. 

Motion Detector with Processor (FIG. 3a) 
0.066 FIG. 3A shows a block diagram of an embodiment 
of motion detector 110. Motion detector 110 may include 
output system 332, input system 334, transmitter/receiver 
336, processor system 338, communications system 339, 
memory system 340, which may include seizure detection 
algorithm 342, characteristic seizure data 344, records of past 
seizures 345, device drivers346, and/or location determining 
software 348. Motion detector 110 may also include location 
determining hardware 350, motion detection hardware 352 
and clock 354. In other embodiments, motion detector 110 
may include additional components and/or may not include 
all of the components listed above. 
0067 Output system 332 is optional and may include a 
display for providing feedback regarding whether various 
settings are set and/or may provide the values of the current 
settings. Input system 334 is optional and may include but 
tons and/or a pad for entering user settings. Optionally, output 
system 332 and input system 334 may include an interface for 
communications line 104 to seizure alert system 112. 
Receiver/transmitter 336 may include an antenna, other hard 
ware, and/or software for communicating wirelessly with 
other devices, such as seizure alert system 112 (e.g., via 
receiver 114). 
0068 Processor system 338 may be any one of, some of, 
any combination of, or all of multiple parallel processors, a 
single processor, a system of processors having one or more 
central processors and/or one or more specialized processors 
dedicated to specific tasks. Processor system 338 may run a 
program Stored on memory system for detecting seizures, 
which may be referred to as a seizure detection engine, and/or 
may perform other functions. Communications line 339 may 
be a bus that allows the various components of motion detec 
tor 110 to communicate with one another. 
0069 Memory system 340 may include programs for run 
ning motion detector 110 and for interfacing with other equip 
ment. Seizure detection algorithm 342, characteristic seizure 
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data 344, records of past seizures 345, device drivers346 have 
essentially the same description as seizure detection algo 
rithm 242, characteristic seizure data 244, records on past 
seizures 246, and device drivers 248 (FIG. 2B), respectively. 
Location determining Software 348 is optional and includes 
software for determining the location of the patient 108 for 
situations in which patient 108 is having a seizure in an 
otherwise unknown location. For example, location deter 
mining software 348 and location determining hardware 350 
may be global positioning software and hardware (for a GPS 
system), respectively. Location determining software 348 and 
location determining hardware 350 are optional and if loca 
tion determining Software 348 and location determining hard 
ware 350 are global positioning software and hardware, loca 
tion determining hardware 350 may process signals from, 
and/or communicating with, location determining satellites 
to produce the location determining data that is further pro 
cessed by location determining software 348. Motion detec 
tion hardware 352 is the hardware that detects the motion of 
patient 108 (FIG. 1). Motion detection hardware 352 may 
include an accelerometer, which may include a cantilever 
with a weight attached to one end and a circuit for detecting 
deflections of the cantilever. 
0070. In an embodiment, the seizure detector may be 
included withina watch, hand strap, leg strap, and/or strapped 
to another part of the body. For example, an accelerometer/ 
gyro sensor coupled with Bluetooth/Zigbee wireless (or USB 
or LAN) connectivity may be included in the watch, hand 
strap, and/or leg strap for detecting seizures. One or more 
processors may be attached to an arm coupled to the acceler 
ometer or other motion sensor and/or incorporated within or 
attached to a mobile phone. In an embodiment, watch and the 
mobile phone in combination may provide a complete system 
that records and analyzes data related to possible seizures. 
Based on the analysis, there may be a detection of a condition 
that is expected to be a seizure, and an alert and/or other 
output communication may be sent. 

Hand-Worn 'Seizure Detection Watch 

0071. In an embodiment, seizure detection system 100 or 
motion detector 110 may be a seizure detection watch, worn 
by a patient, for example. The seizure detection watch may 
contain a wireless transmitter (using Bluetooth/Zigbee/Wifi/ 
RF), an accelerometer or other motion sensor, a battery, and a 
processor. The sensor detects motion and generates signals 
that correspond to the motion. The processor processes the 
signals using a detection algorithm that analyzes the signals 
and determines (and thereby detects) whether a seizure 
occurred. As described in conjunction with FIG. 1, the Blue 
tooth transmitter sends the seizure detection to the outside 
world via the Bluetooth, SMS, MMS, WAP, or email, IM, IP 
messages to another device (which may be a mobile phone, 
PC, Laptop, or PDA). In an embodiment, the “smart watch is 
an intelligent “seizure detector device that may do some/all 
the detection and alerting. In addition the Watch, can also 
have some LED lights and/or buzzer to indicate the status of 
detection and what the system thinks and decides. Hence 
patients can look at the LEDs or hear the sound and under 
stand the status. There may or may not be any visual displays, 
besides these lights and Sounds. 
Camera with Processor (FIG. 3b) 
0072 FIG. 3B shows a block diagram of camera 360. 
Camera 360 may include output system 362, input system 
364, transmitter/receiver 366, processor system 368, commu 
nications system 369, memory 380, which may include sei 
Zure detection algorithm 382, characteristic seizure data 384, 
and device drivers 386. Camera 360 may also include image 
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detector 388 and imaging system 390. In other embodiments, 
camera 360 may include additional components and/or may 
not include all of the components listed above. 
0073. Output system 362, input system 364, transmitter/ 
receiver 366, processor system 368, communications system 
369, memory 380, seizure detection algorithm 382, charac 
teristic seizure data 384, records on past seizures 385, and 
device drivers 386 have similar descriptions to output system 
332, input system 334, transmitter/receiver 336, processor 
system 338, communications system 339, memory system 
340, seizure detection algorithm 342, characteristic seizure 
data 344, records on past seizures 345, and device drivers 346 
of FIG. 3A, respectively. Also, seizure detection algorithm 
382, characteristic seizure data 384, records of past seizures 
385, device drivers 386 have a similar description as seizure 
detection algorithm 242, characteristic seizure data 244. 
records on past seizures 246, and device drivers 248 (FIG. 
2B), respectively. However, seizure detection algorithm 382 
(FIG. 3B) may be tailored for handling optical data, and 
characteristic seizure data 384 and records of past seizures 
385 (FIG.3B) may be optical data, whereas seizure detection 
algorithm 342 (FIG. 3A) may be tailored for accelerometer 
data and characteristic seizure data 344 and records of past 
seizures 345 (FIG. 3A) may be accelerometer data. Also 
device drivers 386 (FIG. 3B) may include device drivers for 
image detector 388 and/or imaging system 390, whereas 
device drivers 346 (FIG. 3A) may include device drivers for 
motion detection hardware 352. 
0074 Image detector 388 converts optical images into 
electrical signals that represent the image and/or motion. For 
example, image detector 388 may be a charge couple device. 
Imaging system 390 is the system of lenses and/or other 
optical components that form the image on image detector 
388. 

Video Seizure Detection Algorithms 
0075. The video detection algorithm is one component of 
the overall system. Video detection can use one or more of at 
least 3 types of algorithms: 
0076) 1: Optical Flow based or feature points based 
0077. 2: Intelligent Motion based and/or Abnormal behav 
ior based motion analysis 
0078 3: Motion vectors (which may be used similar to 
compression methods) 

Optical Flow Based Detection (FIG. 4) 
007.9 FIG. 4 is a flowchart of an embodiment of a method 
400 of detecting a seizure, based on optical flow. In step 402, 
feature points that can be tracked are determined. optical flow 
is detected to track the path of a collection of points. Feature 
points can also be unique or distinguished points on the per 
son body or cloths. Feature points that can be tracked may be 
corner points and points which exhibit texture in its local 
neighborhood, for example. The optical flow technique works 
by first extracting feature points from the frame that can be 
tracked reliably. Optical Flow Analysis (or) Feature Point 
Tracking can be different. 
0080. In step 404, the optical flow analysis or feature point 
tracking algorithm then tracks the motion or flow of points 
across Successive frames. The tracking of points may be done 
in each Successive frame or alternatively, some frames can be 
skipped, depending upon the nature of motion. 
I0081. In step 406, the paths of the tracked points are ana 
lyzed and/or plotted. For example, the plot of the points the 
position as a function of time, the Velocity, and/or accelera 
tion may be extracted. Information is computed or deter 
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mined that relate to oscillations of a change of parameter of 
motion, such as the frequency of the change, the amplitude of 
change, time over which the change occurs (e.g., the period of 
oscillation), the area swept out by the body part during the 
oscillatory movements, and/or path traced by the points being 
tracked. The frequency of amplitude of, and area swept by 
the identified points oscillate indicate the frequency of 
amplitude of and area swept out by the oscillation, respec 
tively. The amplitude may indicate the distance that the points 
and/or corresponding objects (e.g., body parts) are moving. 
Area may indicate the area swept out by a moving object. The 
path may indicate the exact nature and movement patterns of 
the points and/or corresponding objects. The oscillation 
analysis as above determines whether a motion is classified 
that of a seizure. Time over which a particular motion occurs 
may also be indicative of a seizure. There may be a minimum 
length of time for the seizure and if the motion does not 
continue over a length of time longer than the minimum 
length the motion may be classified as not being part of a 
seizure. 
0082 In step 408 a determination is made based on the 
oscillation information whether a seizure is occurring. Some 
or all of the above parameters and/or additional parameters 
may be used to decide if the movement is a seizure. For 
example, there may be one or more threshold levels for the 
frequency, amplitude, and area, and if the motion crosses one 
or more of the thresholds, it may be determined that there is a 
seizure. Some thresholds may be proportional ratios or func 
tions of these parameters. In step 410, if it is determined that 
a seizure is occurring, an alert is activated. In an embodiment, 
Method 400 is repeated for each set of data until motion 
detector 110 and/or the processor are turned off. 
0083. In an embodiment, each of the steps of method 400 

is a distinct step. In another embodiment, although depicted 
as distinct steps in FIG. 4, step 402-410 may not be distinct 
steps. In other embodiments, method 400 may not have all of 
the above steps and/or may have other steps in addition to or 
instead of those listed above. The steps of method 400 may be 
performed in another order. Subsets of the steps listed above 
as part of method 400 may be used to form their own method. 

Intelligent Motion Based and Abnormal Behavior Based a 
Motion Analysis Algorithm (FIG. 5) 
008.4 FIG. 5 is a flowchart of an embodiment of a method 
500 of detecting a seizure, based on motion analysis. In step 
502, pairs of a series of images are taken (e.g., via a video). In 
step 504, pairs of consecutive images are compared. A video 
algorithm may analyze a comparison of two images to deter 
mine whether there is motion, which may be detected based 
on pixel changes and image differencing. 
0085. In step 506, a determination is made as to whether a 
seizure has occurred based on the length and duration of the 
body motion. Optionally, information that is not expected to 
be relevant to determining whether there was seizure is elimi 
nated using standard techniques. For example, information 
about lighting and shadows may be eliminated. In the abnor 
mal motion case, the motion signature, duration, length, and/ 
or area are all used to see the abnormal motion behavior. 
Seizure patterns can are learned and compared. 
I0086. In step 508, if it is determined that a seizure is 
occurring, an alert is activated. Returning to step 506, if it is 
determined that no seizure occurs, method 500 terminates. 
After termination method 500 may restart on another set of 
data. In an embodiment, many instances of method 500 may 
be performed concurrently on different set of data. For 
example, after a first instance of method 500 starts working on 
one pair of images, a second instance may start working on 
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the next set of data, which may come from the next available 
pair of images, before the first instance of method 500 termi 
nates. In an embodiment, method 500 is repeated for each set 
of data until motion detector 110 and/or the processor are 
turned off. 
I0087. In an embodiment, each of the steps of method 500 
is a distinct step. In another embodiment, although depicted 
as distinct steps in FIG. 5, step 502-508 may not be distinct 
steps. In other embodiments, method 500 may not have all of 
the above steps and/or may have other steps in addition to or 
instead of those listed above. The steps of method 500 may be 
performed in another order. Subsets of the steps listed above 
as part of method 500 may be used to form their own method. 

Motion Vectors Based Algorithm (FIG. 6) 
0088 FIG. 6 is a flowchart of an embodiment of a method 
600 of detecting a seizure, based on patterns of motion vector 
patterns. In step 602, a series of images is taken. In step 604, 
motion vectors are computed. Specifically, two-dimensional 
vectors that provide offsets from the coordinates in one pic 
ture frame to the coordinates in another picture frame are 
computed. The vectors may be created in a manner similar to 
the motion vectors created for compression methods or same 
motion vectors from the compressed video may be used. In an 
embodiment, the motion vectors are created using IP cam 
eras. In step 606, movement pattern signatures are determined 
from the motion vectors. In step 608, the movement pattern 
signatures measured are compared to movement pattern sig 
natures of seizures. A signature may be used for comparison 
with pattern signatures that are determined to fit a signature 
that results from a seizure, and if the signature of the pattern 
measured is close enough to (e.g., within a threshold value of 
the root mean square of the differences between) the signature 
of the seizure, an indication that a seizure occurred is gener 
ated. In step 610, if it is determined, that a seizure is occur 
ring, an alert it activated. 
I0089. Returning to step 608, if it is determined that no 
seizure occurs, method 600 terminates. After termination 
method 600 may restart on another set of data. In an embodi 
ment, many instances of method 600 may be performed con 
currently on different set of data. For example, after a first 
instance of method 600 starts working on one pair of images, 
a second instance may start working on the next set of data, 
which may come from the next available pair of images, 
before the first instance of method 600 terminates. In an 
embodiment, method 600 is repeated for each set of data until 
motion detector 110 and/or the processor are turned off. 
Finally, the algorithm may also be a hybrid algorithm of all 3 
Video detection methods; or, it may also be a combination/ 
hybrid of Video and Motion/Accelerometer/Sensor algo 
rithms joined and fused together. 
0090. In an embodiment, each of the steps of method 600 

is a distinct step. In another embodiment, although depicted 
as distinct steps in FIG. 6, step 602–610 may not be distinct 
steps. In other embodiments, method 600 may not have all of 
the above steps and/or may have other steps in addition to or 
instead of those listed above. The steps of method 600 may be 
performed in another order. Subsets of the steps listed above 
as part of method 600 may be used to form their own method. 

Accelerometer Seizure Detection Algorithm (FIG. 7) 

0091 FIG. 7 is a flowchart of an embodiment of a method 
700 of detecting seizures by measuring motion, via an accel 
erometer (and/or gyro sensor). An accelerometer sensor pro 
vides the acceleration and orientation of the body. The accel 
erometer is secured to the patient's hand, arm, legs, and/or any 
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other part of body that shakes and has the seizure movements. 
The following steps are used to detect the seizure from the 
accelerometer data. 
0092. In step 702, the sensor data is obtained by a time 
based sampling of the motion. For example, 1000 or 10,000 
samples per second are collected. In an embodiment, the 
samples may be an amount of deflection of a cantilever. The 
data sampling may be in any one or all X, Y, and Z axes. The 
data per axis may be one dimensional numerical accelerom 
eter data. The motion data may be sampled over time. Hence 
for the X and Y axes, there will be two data streams. For triple 
axes data from axes X,Y, and Z, there will be 3 data streams. 
In an embodiment, the amplitude and frequency are measured 
as part of the time based data stream. The amplitude, fre 
quency, change of position, and acceleration may be mea 
Sured from the accelerometer or other motion sensor data. 
The data may be tracked over time. The data can be tracked in 
every time interval or specified time internals may be skipped. 
The time intervals at which the data is sampled define the 
sampling frequency. 
0093. In optional step 704, the path of the data is analyzed 
or plotted. Data such as points, position, acceleration, Veloc 
ity, and/or speed are extracted. If the points, positions, Veloci 
ties, and acceleration were already determined as part of step 
702, step 704 may be skipped. 
0094. In step 706, an oscillation analysis is performed, as 
described above, may be used to determine whether a seizure 
takes place. The frequency, amplitude, time, and/or path of 
the oscillation may be determined. Frequency may determine 
how frequently the sensor and objects oscillate. The ampli 
tude may indicate the amount of distance that the objects 
move. The path may indicate the exact nature and movement 
patterns of the objects. The frequency, amplitude, and/or path 
may be used to analyze oscillations and decide if the move 
ment is a seizure. 
0095 Returning to step 708, if it is determined that no 
seizure occurs, method 700 terminates. After termination 
method 700 may restart on another set of data. In an embodi 
ment, many instances of method 700 may be performed con 
currently on different set of data. For example, after a first 
instance of method 700 starts working on one pair of images, 
a second instance may start working on the next set of data, 
which may come from the next available pair of images, 
before the first instance of method 700 terminates. In an 
embodiment, method 700 is repeated for each set of data until 
motion detector 110 and/or the processor are turned off. 
0096. The detection algorithm can use any of one or more 
of the following mathematical methods. In one embodiment, 
the peak and amplitude of the oscillation are checked, and 
compared to thresholds value of the peaks and amplitude. In 
an embodiment, if the peak and/or amplitude are greater than 
the threshold, thena determination is made that the oscillation 
is associated with a seizure. An absolute and/or relative 
threshold may be used to find abnormalities, which may 
indicate a seizure. 

0097. In another embodiment, a search is made for 
repeated peaks and valleys in the one dimensional sensor data 
(for X, Y, and/or Z). This technology uses the motion vector 
patterns based algorithm. Repeated and distinguished peaks 
and Valleys may indicate seizures. 
0098. In another embodiment, a search is made for dupli 
cate peaks on other axes. In other words, one axis may have 
stronger peaks while the others may have weaker peaks. In 
Some cases all axes can be stronger or weaker. However, 
neighboring axes can provide a valuable confirmation when 
the peaks on one axis have corresponding peaks on another 
aX1S. 
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0099. In another embodiment, software and/or hardware 
neural networks or other learning methods may determine 
abnormal patterns to detect seizures. In another embodiment, 
exact template patterns or signal patterns can be used to match 
other signal patterns. A prior known seizure pattern can be 
used to compare the signal pattern with the known template 
and if the pattern detected matches the known seizure pattern 
within a given tolerance, then it is expected that a seizure 
occurred. These neural networks or other machines using 
other learning methods may be either Supervised or unsuper 
vised learning. 
0100. In another embodiment, the position may be ana 
lyzed by determining the first derivative and the second 
derivative of a signal that is indicative of the position as a 
function of time. The first and second derivative of the posi 
tion signal may be monitored to determine whether the first 
and second derivative are within a range that is considered to 
be an average and/or normal change of position (an average 
and normal first derivative dx/dt and an average and normal 
rate of change of position, which is the 2" derivative, dix/ 
dt). When the first and/or second derivatives are abnormal, or 
beyond a threshold then an indication is generated that a 
seizure may have been detected. Additionally, if the periodic 
changes of the first and second derivative are outside of a 
certain range, it may be an indication that a seizure has 
occurred. Periodic changes in the second derivate are the third 
derivates, which are the impulses, which may be used to 
characterize jerky motion. Similarly, if the third derivative (or 
another derivative) is beyond a threshold or is not within a 
range that is considered normal, an indication that a seizure 
occurred may be generated. Additionally, if the pattern of 
times at which the third derivatives rise above a certain thresh 
old matches that of a known pattern for a seizure and/or occur 
at a frequency that is expected to be indicative of a seizure, an 
indication that a seizure has occurred in generated. 
0101. In another embodiment, statistical learning or 
probabilistic methods are used. Machine learning strategies 
based on Bayesian Network (Bayes net) and HMM (Hidden 
Markov Models) and other statistical learning or probabilistic 
methods can be used for detection of seizure. 
0102. In another embodiment, local, regional, and/or glo 
bal features are detected. The features may be a collection of 
data taken from a neighborhood of a signal with temporal 
information. Local features are characteristics of signal and/ 
or data in a small region of the data. Local features are a 
function of time (e.g., the features of a plot of the signal as a 
function of time), regional features covers more time, and 
global features are an average or a collection of local/regional 
features over longer time. Both local and global features can 
be a combination of both shape and time/temporal based. The 
local and global features are detected and compared to known 
local, regional and global features that are expected to char 
acterize seizure features to determine whether a seizure has 
occurred. If the local, regional and global features that are 
associated with a seizure occur, then a signal is generated 
indicating that seizure has occurred. 

Individual Person's Seizure Signature 

0103) In one mode or embodiment, a person's seizure data 
or motion signature may be measured as a seizure occurs. 
"Seizure detection' parameters (frequency, amplitude, pat 
terns) can be customized as a “seizure signature' for each 
patient. This signature can be adjusted and configured for 
each patient if required for higher accuracy, as opposed to 
standard factory defaults. 
0104 Instead of a fixed seizure signature, the person's 
signature may be determined over time. Then the detection 
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algorithm will adapt and fine-tune the seizure detection 
parameters based on the individuals signature patterns— 
Such as frequency, amplitude, time, area, path, and/or other 
parameters). 
0105 FIG. 8 shows a graph 800 of three orthogonal com 
ponents of acceleration of an arm. Graph 
0106 Graph 800 includes a vertical axis 802a-c, horizon 

tal axis 804a-c, and plots 806, 808, and 810. Horizontal axis 
802a-c is the time axis, and vertical axes 804a-C are the 
amplitude axes. Plots 806, 808, and 810 are plots of each of 
the three components of acceleration labeled X, Y, and Z. 
which are measured in a reference frame that is stationary 
with respect to the wrist. Graph 800 shows 9 peaks with about 
5 second. The threshold for the number of peaks within a 
window of 6 seconds should be 9 peaks or less. The magni 
tude for the peaks of they component of acceleration is 6 
cm/sec, and the threshold for a single component of accel 
eration should be less than 6 cm/sec. 
0107 FIG. 9 shows a graph 900 of two parameters of 
motion. Graph 900 includes a vertical axis 902, horizontal 
axis 904, and plots 906,908, and 910. Horizontal axis 902 is 
the time axis, and vertical axes 904a-c is the amplitude axis. 
Plot 906 plots the magnitude of the acceleration vector. Plot 
908 plots the first derivative of the magnitude of acceleration. 
Plot 910 is also a plot of the are plots of the first derivative of 
the magnitude of acceleration. However, peaks that were 
below a predetermined threshold were removed. If the num 
ber of peaks within a specified window of time are greater 
than predetermined number, it is an indication of a seizure. 
0108. In FIGS. 8 and 9 the units for acceleration are m/sec. 
and the units for impulse or jerk are m/sec. In an embodi 
ment, for at least some patients the threshold for the magni 
tude of acceleration may be about 7 m/sec. The threshold for 
a “jerk” or impulse, may be about a numberless than 4 m/sec. 
e.g., 3 m/sec. 3.5 m/sec, or 3.8 m/sec. The threshold for the 
frequency of peaks in acceleration may 3/(3 seconds) (e.g., 1 
Hz). The number peaks in a window of 3 seconds there should 
be at least 3 peaks. The threshold for the number of peaks in 
the impulse should be at least 3, and within a window of about 
3 seconds there should be at least 3 peaks in the impulsejerk. 
In other embodiments, the units and the values for the thresh 
olds above may be proportional to those given above. 
0109 FIG. 10 shows an embodiment of a seizure detec 
tion, analyzing, and monitoring device. 

Extensions and Alternatives 

0110. Each embodiment disclosed herein may be used or 
otherwise combined with any of the other embodiments dis 
closed. Any element of any embodiment may be used in any 
embodiment. 
0111 Although the invention has been described with ref 
erence to specific embodiments, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the true spirit and scope of the invention. In 
addition, modifications may be made without departing from 
the essential teachings of the invention. 

1. A method comprising: 
collecting data, at a machine having a processor system 

including at least one processor and a memory unit, 
related to motions associated with a person; 

analyzing, by the processor System, the data collected to 
determine one or more values characterizing the motion; 
and 
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comparing, by the machine, the one or more values char 
acterizing the motion to one or more values characteriz 
ing motion of a medically abnormal condition; 

determining, by the machine, whether the one or more 
values characterizing the motion match the one or more 
values characterizing a medically abnormal condition 
based on the comparing; and 

activating, by the machine, an alert if as a result of the 
determining it is determined that the one or more values 
characterizing the motion matches the one or more val 
ues characterizing the medically abnormal condition. 

2. The method of claim 1, the one or more values charac 
terizing the motion of a medically abnormal condition includ 
ing at least a threshold value for a frequency of oscillation of 
a body part; 

the comparing including at least comparing the one or 
more values characterizing the motion, collected during 
the collecting, to the threshold; and 

the determining including at least determining whether the 
value crossed the threshold based on the comparing. 

3. The method of claim 1, the one or more values charac 
terizing motion of the medically abnormal condition includ 
ing one or more motion patterns characterizing a medically 
abnormal condition; 

the comparing including at least comparing a motion pat 
tern derived from the data collected during the collecting 
to the one or more motion patterns characterizing the 
medically abnormal condition; and 

the determining including at least determining whether the 
motion pattern derived matches within a predetermined 
tolerance one of the one or more motion patterns char 
acterizing the medically abnormal condition. 

4. The method of claim 1, further comprising storing the 
data in long term memory for later analysis. 

5. The method of claim 1, the analyzing including at least 
identifying distinguishable points or features, and 
determining locations of the distinguishable points or fea 

tures across multiple picture frames to determine a path 
for each of a set of the distinguishable points or features: 

the comparing including at least comparing the path for 
each of the set of the distinguishable points or features to 
paths characterizing the medically abnormal condition; 
and 

the determining including at least determining whether the 
path for each of the set of the distinguishable points or 
features matches paths characterizing the medically 
abnormal condition within a predetermined tolerance. 

6. The method of claim 1, the analyzing including at least 
determining oscillatory motion; and 
determining one or more parameters characterizing the 

oscillatory motion. 
7. The method of claim 6, the one or more parameters 

including at least a frequency of oscillation; 
the comparing including at least comparing the frequency 

of oscillation to a predetermined threshold; and 
the determining including at least determining whether the 

frequency of oscillation is higher than the predetermined 
threshold 

the activating of the alert including activating the alert if the 
frequency of oscillation is higher than the predetermined 
threshold. 

8. The method of claim 7, the one or more parameters being 
output of an accelerometer. 
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9. The method of claim 7, the one or more parameters being 
output of a gyro sensor. 

10. The method of claim 7, the one or more parameters 
being output a combination of one or more accelerometers 
and gyro sensors. 

11. The method of claim 7, the one or more parameters 
being derived from an optical flow or feature point analysis. 

12. The method of claim 7, the one or more parameters 
being derived from motion vectors. 

13. The method of claim 1, the activating of the alert 
including at least sending a message to a device associated 
with a concerned party. 

14. The method of claim 13, the message including data 
from a current episode of abnormal motion. 

15. The method of claim 13, the message including a cur 
rent location of the person. 

16. The method of claim 1, the analyzing including at least 
identifying distinguishable points or features, and 
determining locations of the distinguishable points or fea 

tures across multiple-data sampling to determine a path 
for each of a set of the distinguishable points or features: 

the determining whether the motion data indicates that the 
medically abnormal motion has occurred including at 
least comparing the path for each of the set of the dis 
tinguishable points or features to paths characterizing 
the medically abnormal motion; and 

the determining of locations including at least determining 
whether the path for each of the set of the distinguishable 
points or features matches paths characterizing a the 
medically abnormal motion within a predetermined tol 
CaCC. 

17. The method of claim 1, the medically abnormal motion 
being a seizure 

18. The system of claim 1, the analyzing including at least 
identifying distinguishable points or features, and 
determining locations of the distinguishable points or fea 

tures across multiple-data sampling to determine a path 
for each of a set of the distinguishable points or features: 

the determining whether the motion data indicates that a 
specific type of motion has occurred including at least 
comparing the path for each of the set of the distinguish 
able points or features to paths characterizing a specific 
type of motion; and 

the determining of locations including at least determining 
whether the path for each of the set of the distinguishable 
points or features matches paths characterizing a spe 
cific type of motion within a predetermined tolerance. 

19. The system of claim 18, the algorithm also including 
windowing the data being collected; 
the analyzing including at least determining a difference 

between a minimum accelerations and maximum accel 
erations during a window of time; 
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the determining whether the motion data indicates that a 
specific type of motion has occurred including at least 
determining whether the difference is greater than a 
threshold value that is indicative of a specific type of 
motion. 

20. The system of claim 1, the analyzing including at least 
determining how many jerks occur during a period of time; 

the determining of whether the motion indicates a specific 
type of motion includes at least determining whether the 
number of jerks is greater than a threshold. 

21. The system of claim 20, each jerk of the jerks being an 
absolute value of a numerical estimate of a first derivative of 
a magnitude of acceleration. 

22. The system of claim 1, the analyzing including at least 
computing a second derivative of acceleration of the one or 
more parts of the body during a specified window; 

the determining of whether the motion indicates a specific 
type of motion includes at least determining how many 
second derivative within the specified window have 
crossed a threshold indicative of a specific type of 
motion. 

23. A system comprising: 
a body-worn portable device including at least 

a strap for strapping the portable device onto a person; 
an input system for inputting seizure detections param 

eters; 
an accelerometer or gyro sensor for measuring motion 

data; 
a housing for enclosing the accelerometer or gyro sen 

SOr, 
the display being attached to the housing for displaying 

setting for a specific type of motion and status infor 
mation, and 

the input system being attached to the housing in a 
manner in which the setting for the specific type of 
motion may be entered by the person; and 

the remote unit, which is a unit remote from the body 
worn portable device, including at least 

a receiver for receiving motion data from the wrist-worn 
portable device; 

a memory having Stored thereon characteristics of a 
specific type of motion, and 

an algorithm for 
analyzing the motion data measured, 
comparing tile seizure the characteristics of the spe 

cific type of motion to the motion data measured, 
and 

determining whether to send an alert based on the 
comparing; and 

a processor that implements the algorithm and gener 
ates an indication that abnormal motion has 
occurred based on the algorithm. 

c c c c c 


