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(57) Abstract: A system and method is provided for electronic device fall detection. The system and method provides the ability 
to reliably detect falls even in the presence of other motion in the electronic device. The fall detection system includes a plurality 
of accelerometers (102) and a processor (104). The plurality of accelerometers (102) provides acceleration measurements to the 
processor (104), these measurements describing the current acceleration of the electronic device in all directions. The processor (104) 
receives the acceleration measurements and compares the acceleration measurements to a value range to determine if the device is 
currently falling. Furthermore, the system and method can reliably detect a non-linear fall, such as when the fall is accompanied with 
device rotation or initiated by additional external force. To detect a non-linear fall, the processor (104) compares combinations of 
acceleration measurements to a value range and further determines the smoothness of the acceleration measurement combinations.
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& (57) Abstract: A system and method is provided for electronic device fall detection. The system and method provides the ability

@& of accelerometers (102) and a processor (104). The plurality of accelerometers (102) provides acceleration measurements to the© processor (104), these measurements describing the current acceleration of the electronic device in all directions. The processor (104)
receives the acceleration measurements and compares the acceleration measurements to a value range to determine if the device is

currently falling. Furthermore, the system and method can reliably detect a non-linear fall, such as when the fall is accompanied with
device rotation or initiated by additional external force. To detect a non-linear fall, the processor (104) compares combinations of
acceleration measurements to a value range and further determines the smoothness of the acceleration measurement combinations.

to reliably detect falls even in the presence of other motion in the electronic device. The fall detection system includes a plurality
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SYS WM AND METHOD FOR FALL DETECTION

BACKGROUND OF THE INVENTION

[0001] Sophisticated electronic devices are becoming more and more commonplace. 

These electronic devices include computing devices such as notebook/portable computers and 

personal digital assistants (PDAs), communication devices such as wireless telephones, and 

media devices such as CD, DVD and MP3 players. These and other electronic devices 

commonly include a variety of sensitive components. One issue with these electronic devices 

is their ability to withstand physical impacts to the system. One common source of impacts 

are falls, either inadvertent or intentional. Portable devices are commonly carried, and thus 

are commonly dropped. The force of the resulting impact can damage sensitive portions of 

the device.

[0002] Some electronic devices are capable of better withstanding an impact if put into a 

protective mode. For example, with devices that include hard drives, the hard drives can 

better withstand the shock of an impact if the drive is parked. In these types of devices, it is 

beneficial to detect when a fall is occurring such that protective action can be taken to reduce 

the potential negative results of the impact such as a loss of data or damage caused to the 

disk.

[0003] Unfortunately, prior methods for detecting a fall have had limited success. For 

example, some methods have relied upon complex angular velocity calculations, and are not 

applicable to devices without spinning disks. Other methods have been limited in their 

ability to detect falls that are accompanied with other motions.

[0004] Thus, what is needed is an improved system and method for detecting a fall in 

an electronic device that provides fall detection in reliable and efficient manner.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides a system and method for fall detection in an 

electronic device. The system and method provides the ability to reliably detect falls even in 
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SYSTBM ANID METHOD FOR FALL DETECTION5
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media devices such as CD, DVD and MP3 players. These and other electronic devices

commonly include a variety of sensitive components. One issue with these electronic devices

is their ability to withstand physical impacts to the system. One common source of impacts

are falls, either inadvertent or intentional. Portable devices are commonly carried, and thus

are commonly dropped. The force of the resulting impact can damage sensitive portions of

the device.

[0002] Some electronic devices are capable ofbetter withstanding an impact ifput into a

protectivemode. For example, with devices that include hard drives, the hard drives can

better withstand the shock of an impact if the drive is parked. In these types ofdevices, it is

beneficial to detect when a fall is occurring such that protective action can be taken to reduce

the potential negative results of the impact such as a loss ofdata or damage caused to the

disk.

{0003} Unfortunately, priormethods for detecting a fall have had limited success. For

example, somemethods have relied upon complex angular velocity calculations, and are not

applicable to devices without spinning disks. Othermethods have been limited in their

ability to detect falls that are accompanied with othermotions.

[0004] Thus, what is needed is an improved system andmethod for detecting a fall in

an electronic device that provides fall detection in reliable and efficient manner.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides a system and method for fall detection in an

electronic device. The system and method provides the ability to reliably detect falls even in
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theipresenee of otlier. moiian.iinlhe electronic device. The fall detection system includes a 

plurality of accelerometers and a processor. The plurality of accelerometers provides 

acceleration measurements to the processor, with these measurements describing the current 

acceleration of the electronic device in all directions.

[0006] The processor receives the acceleration measurements and compares the 

acceleration measurements to a value range to determine if the device is currently falling. 

Furthermore, the system and method can reliably detect a non-linear fall, such as when the 

fall is accompanied with device rotation or initiated by additional external force. To detect a 

non-linear fall, the processor compares combinations of acceleration measurements to a value 

range and further determines the smoothness of the acceleration measurement combinations. 

If the acceleration measurement combinations are within the value range and are smooth, 

then a non-linear fall is occurring.

[0007] When a fall is detected, the processor provides a fall detection signal to the 

electronic device. The electronic device can then take appropriate action to reduce the 

potential negative results of the impending impact. For example, the electronic device can 

suspend operation and/or save sensitive data, thus preventing data loss during a fall when it 

write mode. The system and method is thus able to provide reliable fall detection for 

electronic devices, and can thus be used to improve the robustness of the device.

[0008] In a further variation, the system and method can be used to determine the height 

of a fall. Specifically, by calculating the time from beginning of fall to impact, the system 

and method can calculate the height dropped. This information can be stored in the device 

for later use, such as to determine if the device robustness was within specifications.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The preferred exemplary embodiment of the present invention will hereinafter be 

described in conjunction with the appended drawings, where like designations denote like 

elements, and:

[0010] FIG. 1 is a schematic view of an fall detection system in accordance with a first 

embodiment of the invention;
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5 theipresenceofothermotiondin-the-electronic device. The fall detection system includes a

plurality of accelerometers and a processor. The plurality ofaccelerometers provides

accelerationmeasurements to the processor, with these measurements describing the current

acceleration of the electronic device in all directions.

[0006] The processor receives the acceleration measurements and compares the

accelerationmeasurements to a value range to determine if the device is currently falling.
Furthermore, the system andmethod can reliably detect a non-linear fall, such as when the

fall is accompanied with device rotation or initiated by additional external force. To detect a

non-linear fall, the processor compares combinations ofacceleration measurements to a value

range and further determines the smoothness of the acceleration measurement combinations.

If the accelerationmeasurement combinations are within the value range and are smooth,

then a non-linear fall is occurring.

[0007] Whena fall is detected, the processor provides a fall detection signal to the

electronic device. The electronic device can then take appropriate action to reduce the

potential negative results of the impending impact. For example, the electronic device can

suspend operation and/or save sensitive data, thus preventing data loss during a fall when it

writemode. The system and method is thus able to provide reliable fall detection for

electronic devices, and can thus be used to improve the robustness of the device.

{0008} In a further variation, the system and method can be used to determine the height

of a fall. Specifically, by calculating the time from beginning of fall to impact, the system

and method can calculate the height dropped. This information can be stored in the device

for later use, such as to determine if the device robustness was within specifications.

BRIEF DESCRIPTION OF DRAWINGS

[0009] 'The preferred exemplary embodiment of the present invention will hereinafter be

described in conjunction with the appended drawings, where like designations denote like

elements, and:

[0010] FIG. 1 is a schematic view of an fall detection system in accordance with a first

embodiment of the invention;
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5 [0011] 'FIG. 2 ϊέι a flowdiagram of a fall detection method in accordance with an

embodiment of the invention;

[0012] FIG. 3 is a flow diagram of a linear-fall detection method in accordance with an 

embodiment of the invention;

[0013] FIG. 4 is a graph of exemplary acceleration measurements during linear fall

10 conditions in accordance with an embodiment of the invention;

[0014] FIG. 5 is a flow diagram of a non-linear-fall detection method in accordance with 

an embodiment of the invention;

[0015] FIG. 6 is a graph of exemplary acceleration measurements during non-linear fall

conditions in accordance with an embodiment of the invention; and

15 [0016] FIG. 7 is a graph of exemplary acceleration measurements during non-linear fall

conditions with external force in accordance with an embodiment of the invention.
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(0011) 'FIG. 2 isa flow-diagram offa fall detectionmethod in accordance with an5

embodiment of the invention;

[0012] FIG. 3 is a flow diagram of a1 linear-fall detectionmethod in accordance with an

embodiment of the invention;

[0013] FIG. 4isa graph of exemplary accelerationmeasurements during linear fall

conditions in accordance with an embodiment of the invention;

[0014] FIG. 5 isa flow diagram ofa non-linear-fall detection method in accordance with

an embodiment of the invention;

{9015} FIG. 6 is a graph of exemplary accelerationmeasurements during non-linear fall

conditions in accordance with an embodiment of the invention; and

[0016] FIG. 7 is a graph of exemplary accelerationmeasurements during non-linear fall

conditions with external force in accordance with an embodiment of the invention.
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DEMEED'DESCRIPTION OF THE INVENTION

[0017] The present invention provides a system and method for fall detection in an 

electronic device. The system and method provides the ability to reliably detect falls even in 

the presence of other motion in the electronic device.

[0018] Turning now to FIG. 1, a fall detection system 100 is illustrated schematically. 

The fall detection system 100 includes a plurality of accelerometers 102 and a processor 104. 

The plurality of accelerometers 102 provides acceleration measurements to the processor 104, 

with these measurements describing the current acceleration of the electronic device in all 

directions.

[0019] To provide fall detection the accelerometers 102 are configured on the electronic 

device where they can sense the acceleration of the electronic device. The processor 104 

receives the acceleration measurements and compares the acceleration measurements to a 

value range to determine if the device is currently falling. Furthermore, the system 100 can 

reliably detect a non-linear fall, such as when the device fall is accompanied with device 

rotation or is initiated by additional external force. To detect a non-linear fall, the processor 

104 compares combinations of acceleration measurements to a value range and further 

determines the smoothness of the acceleration measurement combinations. If the acceleration 

measurement combinations are within the value range and are smooth, then a non-linear fall 

is occurring.

[0020] When a fall is detected, the processor 104 provides a fall detection signal to the 

electronic device. The electronic device can then take appropriate action to reduce the 

potential negative results of the impending impact. For example, the electronic device can 

suspend operation and/or save sensitive data. The fall detection system 100 is thus able to 

provide reliable fall detection for electronic devices, and can thus be used to improve the 

robustness of the device.

[0021] In a further variation, the fall detection system 100 can be used to determine the

height of a fall. Specifically, by calculating the time from beginning of fall to impact, the

system 100 can calculate the height dropped. This information can be stored in the device for

later use, such as to determine if the device robustness was within specifications. In addition,
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DETAILED DESCRIPTION OF THE INVENTION5

[0017] The present invention provides a system and method for fall detection in an

electronic device. The system and method provides the ability to reliably detect falls even in

the presence ofothermotion in the electronic device.

[0018] Turing now to FIG. 1, a fall detection system 100 is illustrated schematically.

The fall detection system 100 includes a plurality ofaccelerometers 102 and a processor 104.

The plurality ofaccelerometers 102 provides acceleration measurements to the processor 104,

with these measurements describing the current acceleration of the electronic device in all

directions.

[0019] To provide fall detection the accelerometers 102 are configured on the electronic

device where they can sense the acceleration of the electronic device. The processor 104

receives the acceleration measurements and compares the acceleration measurements to a

value range to determine if the device is currently falling. Furthermore, the system 100 can

reliably detect a non-linear fall, such as when the device fall is accompanied with device

rotation or is initiated by additional external force. To detect a non-linear fall, the processor
104 compares combinations ofaccelerationmeasurements to a value range and further

determines the smoothness of the acceleration measurement combinations. If the acceleration
measurement combinations arewithin the value range and are smooth, then a non-linear fall

is occurring.

[0020] When a fall is detected, the processor 104 provides a fall detection signal to thea

electronic device. The electronic device can then take appropriate action to reduce the

potential negative results of the impending impact. For example, the electronic device can

suspend operation and/or save sensitive data. The fall detection system 100 is thus able to

provide reliable fall detection for electronic devices, and can thus be used to improve the

robustness of the device.

[0021] In a further variation, the fall detection system 100 can be used to determine the

height of a fall. Specifically, by calculating the time from beginning of fall to impact, the

system 100 can-calculate the height dropped. This information can be stored in the device for

later use, such as to determine if the device robustness was within specifications. In addition,
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this fall information can bo used for warranty purposes identifying potential issues with the 

product (e.g., repeated fall failure) as well as gathering information on consumer usability 

and product handling.

[0022] The present invention can be used to detect falls in a wide variety of different 

types of electronic devices. For example, it can be used to detect falls in portable computing 

devices such as PDA’s and laptops. It can also be used to detect falls in media players such 

as CD/DVD players and MP3 players. It can also be used to detect falls in communication 

devices, such as wireless telephones, pagers or other wireless communication devices. It can 

also be used in imaging devices such as still and video cameras. In all these and other 

electronic devices the present invention can be adapted to detect a fall and provide a warning 

signal to the device.

[0023] A variety of different types of accelerometers can be used in the system and

method. One specific type of accelerometer that can be used is a micromachined 

accelerometer. For example, micromachined accelerometers can be used to accurately 

measure acceleration using changes in capacitance. Capacitive micromachined 

accelerometers offer high sensitivity with low noise and low power consumption and thus are 

ideal for many applications. These accelerometers typically use surface micromachined 

capacitive sensing cells formed from semiconductor materials. Each cell includes two back- 

to-back capacitors with a center plate between the two outer plates. The center plate moves 

slightly in response to acceleration that is perpendicular to the plates. The movement of the 

center plate cause the distance between the plates to change. Because capacitance is 

proportional to the distance between plates, this change in distance between plates changes 

the capacitance of the two capacitors. This change in capacitance of the two capacitors is 

measured and used to determine the acceleration in the direction perpendicular to the plates, 

where the direction perpendicular to the plates is commonly referred to as the axis of the 

accelerometer.

[0024] Typically micromachined accelerometers are packaged together with an ASIC that

measures the capacitance, extracts the acceleration data from the difference between the two

capacitors in the cell, and provides a signal that is proportional to the acceleration. In some

implementations more than one accelerometer will be combined together in one package. For

example, some implementations include three accelerometers, with each accelerometer is
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this fall information can be-used for warranty purposes identifying potential issues with the5
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[0022] The present invention can be used to detect falls in a wide variety ofdifferent

types of electronic devices. For example, it can be used to detect falls in portable computing

devices such as PDA's and laptops. It can also be used to detect falls inmedia players such

as CD/DVD players and MP3 players. It can also be used to detect falls in communication

devices, such as wireless telephones, pagers or other wireless communication devices. It can

also be used in imaging devices such as still and video cameras. In all these and other

electronic devices the present invention can be adapted to detect a fall and provide a warning

signal to the device.

[0023] A variety ofdifferent types ofaccelerometers can be used in the system and

method. One specific type of accelerometer that can be used is amicromachined

accelerometer. For example, micromachined accelerometers can be used to accurately

measure acceleration using changes in capacitance. Capacitivemicromachined

accelerometers offer high sensitivity with low noise and low power consumption and thus are

ideal formany applications. These accelerometers typically use surface micromachined

capacitive sensing cells formed from semiconductormaterials. Each cell includes two back-

to-back capacitors with a center plate between the two outer plates. The center plate moves

slightly in response to acceleration that is perpendicular to the plates. Themovement of the

center plate cause the distance between the plates to change. Because capacitance is

proportional to the distance between plates, this change in distance between plates changes

the capacitance of the two capacitors. This change in capacitance of the two capacitors is

measured and used to determine the acceleration in the direction perpendicular to the plates,

where the direction perpendicular to the plates is commonly referred to as the axis of the

accelerometer.

[0024] Typicallymicromachined accelerometers are packaged together with an ASIC that

measures the capacitance, extracts the acceleration data from the difference between the two

capacitors in the cell, and provides a signal that is proportional to the acceleration. In some

implementations more than one accelerometer will be combined together in one package. For

example, some implementations include three accelerometers, with each accelerometer is
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configure to Pleasure“acceleration in a different orthogonal axis. The three accelerometers 

are designed or packaged together with the ASIC used to measure and provide the 

acceleration signals for all three directions. Other implementations are packaged with one 

accelerometer per device or two accelerometers per device. All of these implementations can 

be adapted for use in the fall detection system and method.

[0025] One suitable accelerometer that can be adapted for use in the system and method 

is a triple-axis accelerometer MMA7260Q available for Freescale Semiconductor, Inc. This 

accelerometer provides the advantage of measuring acceleration in all three directions with a 

single package. Other suitable accelerometers include dual axis accelerometer MMA6260Q 

and single axis accelerometer MMA1260D. Other types of accelerometers that can be used 

include a combination of MMA6161Q, MMA6262Q, MMA6263Q, MMA2260D with the 

MMA1260D or by mounting a device on its side to achieve 3 axis sensing. Of course, these 

are just some examples of the type of accelerometers that can be used in the fall detection 

system and method.

[0026] Turning now to FIG. 2, a method 200 of fall detection is illustrated. The method 

200 provides the ability to detect freefall in an electronic device. The method 200 tests for 

both linear fall conditions and non-linear fall conditions. In general, a linear fall condition is 

one where the electronic device freely falls without other significant movement or force 

applied. Conversely, a non-linear fall condition is one where the fall occurs with significant 

rotation of the device, or where the fall is accompanied with additional external force, such as 

where the device is thrown. Detecting non-linear fall condition is generally more complex 

due to the other actions operating on the device during the fall. Thus, method 200 first 

examines for linear fall conditions before examining for non-linear fall conditions.

[0027] The first step 202 is to receive accelerometer measurement signals. Typically the 

accelerometer measurement signals are provided by at least three accelerometers, where the 

at least three accelerometers are configured to measure acceleration in three orthogonal axes. 

Thus, there is at least one accelerometer measuring acceleration in an X axis, at least one 

accelerometer measuring acceleration in a Y axis, and at least one accelerometer measuring 

acceleration in a Z axis, where X, Y and Z are orthogonal axes. Of course different 

arrangements of accelerometers could be used in some embodiments.
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5 configure to measure-aceeleration in a different orthogonal axis. The three accelerometers

are designed or packaged together with the ASIC used to measure and provide the

acceleration signals for all three directions. Other implementations are packaged with one

accelerometer per device or two accelerometers per device. All of these implementations can

be adapted for use in the fall detection system and method.

[0025] One suitable accelerometer that can be adapted for use in the system and method

is a triple-axis accelerometerMMA7260Q available for Freescale Semiconductor, Inc. This

accelerometer provides the advantage ofmeasuring acceleration in all three directions with a

single package. Other suitable accelerometers include dual axis accelerometerMMA6260Q
and single axis accelerometer MMA1260D. Other types of accelerometers that can be used

include a combination ofMMA6161Q, MMA6262Q, MMA6263Q, MMA2260D with the

MMA1260D or bymounting a device on its side to achieve 3 axis sensing. Of course, these
are just some examples of the type ofaccelerometers that can be used in the fall detection

system and method.

[0026] Turning now to FIG. 2, a method 200 of fall detection is illustrated. The method

200 provides the ability to detect freefall in an electronic device. Themethod 200 tests for

both linear fall conditions and non-linear fall conditions. In general, a linear fall condition is

one where the electronic device freely falls without other significant movement or force

applied. Conversely, a non-linear fall condition is one where the fall occurs with significant

rotation of the device, or where the fall is accompanied with additional external force, such as

where the device is thrown. Detecting non-linear fall condition is generallymore complex

due to the other actions operating on the device during the fall. Thus, method 200 first

examines for linear fall conditions before examining for non-linear fall conditions.

[0027] The first step 202 is to receive accelerometermeasurement signals. Typically the

accelerometermeasurement signals are provided by at least three accelerometers, where the

at least three accelerometers are configured to measure acceleration in three orthogonal axes.

Thus, there is at least one accelerometermeasuring acceleration in an X axis, at least one

accelerometermeasuring acceleration in aY axis, and at least one accelerometermeasuring

acceleration in a Z axis, where X, Y and Z are orthogonal axes. Of course different

arrangements ofaccelerometers could be used in some embodiments.
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[0028] With the accelerometer measurement signals received, the next step 204 is to 

determine if a linear fall condition is occurring. As will be described in greater detail below 

one method of determining if a linear fall is occurring is to compare the measurement signals 

to a value range. If the measurement signals for each axis are each within a specified value 

range for a specified number of measurements, then a linear fall is determined to be 

occurring.

[0029] When a linear fall is determined to be occurring in step 204, the next step 210 is to 

start timing the fall. The timing of the fall will be used to determine the fall height. The next 

step 212 is to send a fall detection alarm to the electronic device. The electronic device can 

then take appropriate action to reduce the potential negative results of the impending impact. 

For example, the electronic device can suspend operation and/or save sensitive data.

[0030] When a linear fall is not occurring in step 204, the next step 206 is to determine if 

a non-linear fall condition is occurring. As will be described in greater detail below, one 

method of determining if a non-linear fall is occurring is to compare combinations of 

acceleration measurements to a value range and to determine the smoothness of the 

acceleration measurement combinations. If the acceleration measurement combinations are 

within the value range and are smooth, then a non-linear fall condition is occurring. As will 

be described below, one exemplary combination of measurements that can be used is a sum 

of the squares of the measurements.

[0031] When a non-linear fall is occurring, the next step 208 is determined if the fall is a 

rotational fall or a projectile fall. This step can be accomplished by determining if the fall 

was initiated by additional external force. For example, the system and method can be 

adapted to determine if the falls was the result of being thrown. To determine if the fall was 

initiated by external force, the previously sampled data points that were read before the fall 

are analyzed to determine if the device experienced high accelerations in one direction.

When such acceleration was present in the predetermined time period before the fall it can be 

assumed that the fall was initiated by external force, e.g., was thrown.

[0032] With the type of non-linear fall determined, the next step 210 is to start timing the

fall, and the next step 212 is to send a fall detection alarm to the electronic device. The
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onemethod ofdetermining if a linear fall is occurring is to compare the measurement signals

to a value range. If the measurement signals for each axis are each within a specified value

range for a specified number ofmeasurements, then a linear fall is determined to be
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occurring.

[0029] When a linear fall is determined to be occurring in step 204, the next step 210 is to

start timing the fall. The timing of the fall will be used to determine the fall height. The next

step 212 is to send a fall detection alarm to the electronic device. The electronic device can

then take appropriate action to reduce the potential negative results of the impending impact.

For example, the electronic device can suspend operation and/or save sensitive data.

[0030] When a linear fall is not occurring in step 204, the next step 206 is to determine if
a non-linear fall condition is occurring. As will be described in greater detail below, one

method of determining if a non-linear fall is occurring is to compare combinations of

acceleration measurements to a value range and to determine the smoothness of the

acceleration measurement combinations. If the accelerationmeasurement combinations are

within the value range and are smooth, then a non-linear fall condition is occurring. As will

be described below, one exemplary combination ofmeasurements that can be used is a sum

of the squares of the measurements.

[0031] When a non-linear fall is occurring, the next step 208 is determined if the fall is a

rotational fall or a projectile fall. This step can be accomplished by determining if the fall
was initiated by additional external force. For example, the system andmethod can be

adapted to determine if the falls was the result ofbeing thrown. To determine if the fall was
initiated by external force, the previously sampled data points that were read before the fall

are analyzed to determine if the device experienced high accelerations in one direction.

When such acceleration was present in the predetermined time period before the fall it can be

assumed that the fall was initiated by external force, e.g., was thrown.

(0032) With the type ofnon-linear fall determined, the next step 210 is to start timing the

fall, and the next step 212 is to send a fall detection alarm to the electronic device. The
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electronic device tan again take-appropriate action to reduce the potential negative results of

the impending impact.

[0033] After sending a fall detection alarm to the electronic device, either in response to a 

linear fall or non-linear fall condition, the next step 214 is to calculate and save the fall 

height. The fall height can be calculated by determining the time from beginning of fall, as 

was determined in step 210, to the impact. The time of the impact is sensed when the 

acceleration measurements are no longer within the value range. Thus, the time period in 

which the acceleration measurements are in the value range corresponds to the time period of 

the fall. This information about the fall can be stored in the device for later use, such as to 

determine if the device robustness was within specifications. For example, stored fall 

information can be used to determine if an electronic device returned by a user was subjected 

to any falls while in the user’s possession.

[0034] The method then returns to step 202 where more accelerometer output signals are

received. The method continues to receive accelerometer measurement signals and evaluate 

for linear and non-linear fall conditions. Thus, the method is constantly receiving data and 

evaluating that data to determine if a fall is occurring. It should be noted that the steps in 

method 200 are merely exemplary, and that other combinations of steps or orders of steps can 

be used to provide fall detection.

[0035] Turning now to FIG. 3, a method 300 for determining a linear-fall condition is 

illustrated. The method 300 can be used to implement step 204 in method 200. The method 

300 is based on the observation that a linear falling object will have acceleration 

measurements in all directions go toward a value that corresponds to zero g acceleration. 

Thus, the method 300 compares measurements from each accelerometer to a selected value 

range, with the value range defining a set of acceleration values around zero g. The value 

range used would depend on a variety of factors. Typically, the larger the value range, the 

more likely a fall will be detected when it occurs. However, a larger value range will also 

increase the likelihood that non-fall conditions are erroneously determined to be falls. These 

erroneous fall predictions can be problematic if the performance cost of the device going into 

a protective mode is relatively high compared to its benefits. Thus, selecting a value range 

would typically depend upon relative costs of erroneous fall predictions with the benefits of 

detecting actual falls. It should be noted that because this method compares the acceleration
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the impending impact.

{0033] After sending a fall detection alarm to the electronic device, either in response to a

linear fall or non-linear fall condition, the next step 214 is to calculate and save the fall

height. The fall height can be calculated by determining the time from beginning of fall, as

was determined in step 210, to the impact. The time of the impact is sensed when the

accelerationmeasurements are no longer within the value range. Thus, the time period in

which the acceleration measurements are in the value range corresponds to the time period of

the fall. This information about the fall can be stored in the device for later use, such as to

determine if the device robustness was within specifications. For example, stored fall

information can be used to determine ifan electronic device returned by a user was subjected
to any falls while in the user's possession.

[0034] Themethod then returns to step 202 wheremore accelerometer output signals are

received. Themethod continues to receive accelerometermeasurement signals and evaluate

for linear and non-linear fall conditions. Thus, the method is constantly receiving data and

evaluating that data to determine if a fall is occurring. It should be noted that the steps in

method 200 aremerely exemplary, and that other combinations of steps or orders of steps can

be used to provide fall detection.

[0035] Turning now to FIG. 3, a method 300 for determining a linear-fall condition is

illustrated. Themethod 300 can be used to implement step 204 inmethod 200. Themethod

300 is based on the observation that a linear falling object will have acceleration

measurements in all directions go toward a value that corresponds to zero g acceleration.

Thus, the method 300 compares measurements from each accelerometer to a selected value

range, with the value range defining a set of acceleration values around zero g. The value

range used would depend on a variety of factors. Typically, the larger the value range, the

more likely a fall will be detected when it occurs. However, a larger value range will also

increase the likelihood that non-fall conditions are erroneously determined to be falls. These

erroneous fall predictions can be problematic if the performance cost of the device going into

a protectivemode is relatively high compared to its benefits. Thus, selecting a value range

would typically depend upon relative costs of erroneous fall predictions with the benefits of

detecting actual falls. It should be noted that because this method compares the acceleration
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toawalue range around zero -g-tat some relatively low-end accelerometers with low effective

measurement ranges can be used to provide the acceleration measurements and that

expensive calibration can also be avoided.

[0036] The first step 302 is to receive accelerometer measurement signals x, y and z, with 

the signals corresponding to measurements in X, Y and Z orthogonal axes. The format of the 

measurement signals would typically depend on the accelerometer used and how the output 

of the accelerometer is processed. Typical accelerometers provide a voltage that is 

proportional to the acceleration as an output. This output voltage can then be converted to a 

digital representation using an appropriate analog-to-digital converter. The conversion can be 

done by the processor, by the ASIC associated with accelerometers, or with separate 

converters. The number of bits used to represent the output would typically depend on a 

variety of factors, such as the desired resolution and the cost of components. As one 

example, an 8-bit solution can be used that would provide a range of256 possible 

acceleration values, with a value of 128 corresponding to zero g. Additionally, the rate at 

which the analog-to-digital conversion is performed would depend upon the speed of the 

various components. For example, a typical suitable converter would provide digital values 

from the analog signals at a rate of 200 Hz.

[0037] The next step 304 is to determine if measurement signals x fall within a value 

range. As stated above, the value range defines a margin of acceleration values around zero 

g. One exemplary value range is to select a range that covers within +/- 4 percent of zero g. 

In an 8 bit solution, this would correspond to acceleration values of within +/- 5 bits of 128. 

Of course, this is just one example of a value range that can be used.

[0038] The next step 306 is likewise to determine if measurement signals y fall within the 

value range, and the next step 308 is to determine if the measurements signals z fall within 

the value range.

[0039] Typically, steps 304, 306 and 308 would be implemented such that a linear fall

condition is detected only when measurement signals x, y and z are determined to be within

the value range for a selected period of time. Requiring that each signal x, y and z be in the

value range for a predetermined time period reduces the probability that random movements

that result in near zero g measurement signals will be misinterpreted as indicative of a fall
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measurement ranges can be used to provide the acceleration measurements and that
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of the accelerometer is processed. Typical accelerometers provide a voltage that is

proportional to the acceleration as an output. This output voltage can then be converted to a

digital representation using an appropriate analog-to-digital converter. The conversion can be

done by the processor, by theASIC associated with accelerometers, or with separate

converters. The number ofbits used to represent the output would typically depend on a

variety of factors, such as the desired resolution and the cost of components. As one

example, an 8-bit solution can be used that would provide a range of256 possible

acceleration values, with a value of 128 corresponding to zero g. Additionally, the rate at

which the analog-to-digital conversion is performed would depend upon the speed of the

various components. For example, a typical suitable converter would provide digital values

from the analog signals at a rate of200 Hz.

[0037] The next step 304 is to determine ifmeasurement signals x fall within a value

range. As stated above, the value range defines amargin of acceleration values around zero

g. One exemplary value range is to select a range that covers within +/- 4 percent ofzero g.

In an 8 bit solution, this would correspond to acceleration values ofwithin +/- 5 bits of 128.

Of course, this is just one example of a value range that can be used.

[00381 The next step 306 is likewise to determine ifmeasurement signals y fall within the

value range, and the next step 308 is to determine if themeasurements signals z fall within

the value range.

[0039] Typically, steps 304, 306 and 308 would be implemented such that a linear fall

condition is detected only whenmeasurement signals x, y and z are determined to be within

the value range for a selected period of time. Requiring that each signal x, y and z be in the

value range for a predetermined time period reduces the probability that random movements

.that result in near zero gmeasurement signals will be misinterpreted as indicative of a fall
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eondifiou. As one example, steps 304,306 and 308 can be implemented such that the signals 

are determined to fall within the value range when the signals are within the value range for 

at least 1/20 of a second. In a system where digital measurement signals are provided at 200 

Hz, a fall condition would thus be determined when ten consecutive measurements are within 

the value range for each axis simultaneously. Such an implementation facilitates relatively 

fast fall detection while reducing the likelihood of erroneous fall detections.

[0040] Steps 302-308 of method 300 would be performed in a real time basis, with the

processor constantly receiving measurement signals and determining if the past sets of 

measurement signals have been within the value range for a predetermined time period. This 

can be accomplished by constantly loading the measurements into an appropriate FIFO buffer 

and evaluating the contents of the buffer to determine if the criteria are met for each set of 

measurement signals, and the loading the next set of measurements and removing the oldest 

set of measurements.

[0041] Turning now to FIG.4, a graph 400 illustrates exemplary accelerometer

measurement signals x, y and z taken over a time period during which a fall occurs. The 

graph 400 illustrates a fall condition that occurs at time Tj. As illustrated in graph 400, at 

time Ti the measurement signals x, y and z all are go to within a value range of zero g. Thus, 

a linear fall condition is detected when the signals x, y and z are simultaneously within the 

value range for a predetermined time period. At time T2, the signals leave the value range, 

thus indicating the resulting impact. The amount of time between Ti and T2 is the 

approximate fall time. This fall time can be used to calculate the fall distance. Specifically, 

the fall distance will be approximately equal to the total number of time segments that the 

device is in freefall multiplied by the seconds per time segment, also known as the sample 

time. For the 200Hz example, this multiplication factor would be 60/200 = 0.3 seconds per 

time segment.

[0042] Turning now to FIG. 5, a method 500 for determining a non-linear-fall condition

is illustrated. The method 500 can be used to implement step 206 in method 200. The

method 500 is based on the observation that a non-linear falling object will have certain

combinations of acceleration measurements go toward a value that corresponds to zero g

acceleration and will be smooth. Thus, the method 500 compares combinations of

measurements from each accelerometer to a selected value range, with the value range
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are determined to fall within the value range when the signals are within the value range for

at least 1/20 of a second. In a system where digitalmeasurement signals are provided at 200

Hz, a fall condition would thus be determined when ten consecutive measurements are within

the value range for each axis simultaneously. Such an implementation facilitates relatively
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fast fall detection while reducing the likelihood of erroneous fall detections.

[0040] Steps 302-308 ofmethod 300 would be performed in a real time basis, with the

processor constantly receivingmeasurement signals and determining if the past sets of
measurement signals have been within the value range for a predetermined time period. This

can be accomplished by constantly loading the measurements into an appropriate FIFO buffer

and evaluating the contents of the buffer to determine if the criteria aremet for each set of

measurement signals, and the loading the next set ofmeasurements and removing the oldest

set ofmeasurements.

[0041] Turning now to FIG.4, a graph 400 illustrates exemplary accelerometer

measurement signals x, y and z taken over a time period during which a fall occurs. The

graph 400 illustrates a fall condition that occurs at time T). As illustrated in graph 400, at

time Ti themeasurement signals x, y and z all are go to within a value range of zero g. Thus,

a linear fall condition is detected when the signals x, y and z are simultaneously within the

value range for a predetermined time period. At time T2, the signals leave the value range,

thus indicating the resulting impact. The amount of time between T, and T> is the

approximate fall time. This fall time can be used to calculate the fall distance. Specifically,
the fall distance will be approximately equal to the total number of time segments that the

device is in freefall multiplied by the seconds per time segment, also known as the sample

time. For the 200Hz example, thismultiplication factor would be 60/200 = 0.3 seconds per

time segment.

[0042] Turning now to FIG. 5, a method 500 for determining a non-linear-fall condition

is illustrated. Themethod 500 can be used to implement step 206 inmethod 200. The

method 500 is based on the observation that a non-linear falling object will have certain

combinations of acceleration measurements go toward a value that corresponds to zero g

acceleration and will be smooth. Thus, themethod 500 compares combinations of

measurements from each accelerometer to a selected value range, with the value range
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defining a combination of acceleration values around zero g. The method 500 then 

determines the smoothness of the combination of acceleration values, generally referred to 

herein as Sfactor values, and determines if they are smooth. Again, the parameters used would 

depend on a variety of factors, including the performance cost possible erroneous detections.

[0043] The first step 502 is to receive accelerometer measurement signals x, y and z, with 

the signals corresponding to measurements in X, Y and Z orthogonal axes. Again, the format 

of the measurement signals would typically depend on the accelerometer used and how the 

output of the accelerometer is processed. For example, an 8-bit solution can again be used 

that provides digital measurement values at a rate of200 Hz.

[0044] The next step 504 is to calculate the Sfactor values from the measurement signals. 

In general, the Sfactor is defined and calculated to provide a combination of measurement 

values that is a good indication of non-linear falling, such as whether the device is static or to 

what degree external influence is acting upon it. A variety of types of combinations can be 

used. One exemplary Sfactor combination can be defined as:

SFactor = ^2 + J2 + Z2 (1.)

where x, y and z are the acceleration measurement signals. In equation 1, the Sfactor 

combination is defined as the sum of the squares of the measurement signals, where the 

measurement signals are in g’s (e.g., x = (xl-xoffset) + sensitivity). Of course, other 

equations and calculations can be used to define and calculate the Sfactor· Thus, step 504 

calculates a combination of measurement values called SfeCtor values that are can be used to 

determine if non-linear fall conditions exist or to what degree external influence is acting 

upon it.

[0045] The next step 506 is to determine if the combinations of measurement signals 

Sfector are within a specified value range. Again, the value range defines a margin of Sfactor 

values around zero g. One exemplary value range is to select a range that covers within +/-3 

to 12 percent of zero g. In an exemplary 8-bit solution, this would correspond to SfactOr values 

of within +/- 2 to 7 bits of 128. Of course, this is just one example of a value range that can 

be used.
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depend on a variety of factors, including the performance cost possible erroneous detections.

[0043] The first step 502 is to receive accelerometermeasurement signals x, y and z, with

the signals corresponding to measurements in X, Y and Z orthogonal axes. Again, the format
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values that is a good indication ofnon-linear falling, such as whether the device is static or to

what degree external influence is acting upon it. A variety of types of combinations can be
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where x, y and z are the acceleration measurement signals. In equation 1, the Stactor

combination is defined as the sum of the squares of the measurement signals, where the

measurement signals are in g's (e.g., x = (x1-xoffset) + sensitivity). Of course, other

equations and calculations can be used to define and calculate the Sgctor. Thus, step 504

calculates a combination ofmeasurement values called Sfactor values that are can be used to

determine ifnon-linear fall conditions exist or to what degree external influence is acting

upon it.

[0045] Thenext step 506 is to determine if the combinations ofmeasurement signals

Sractor ate within a specified value range. Again, the value range defines a margin of Sgactor
values around zero g. One exemplary value range is to select a range that covers within +/- 3

to 12 percent of zero g. In an exemplary 8-bit solution, this would correspond to Sfactor Values

ofwithin +/- 2 to 7 bits of 128. Of course, this is just one example of a value range that can

be used.
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[0046] The next step 508 is to determine if the combination of measurement signals Sfactor 

are smooth. The smoothness of the Sfaotor values can be calculated by determining the amount 

of change between consecutive Sfactor values and comparing the amount of change to a 

threshold delta value. The threshold delta value used would again depend on a variety of 

factors. In an 8 bit solution, the threshold delta value can be +/- 2 to 7 bits. Thus, if 

consecutive SfactOr values are within +/- 2 to 7 bits then the Sfactoris smooth at that time.

[0047] Typically, steps 506 and 508 would be implemented such that a non-linear fall 

condition is detected only when the Sfactor values are determined to be within the value range 

and smooth for a selected period of time. Requiring the Sfactor values to be in the value range 

and smooth for a predetermined time period reduces the probability that random movements 

will be misinterpreted as indicative of a non-linear fall condition. As one example, steps 506 

and 508 can be implemented such that the Sector values are determined to be indicative of a 

non-linear fall when they are within the value range and be smooth for at least 50 to 150 

milliseconds. In a system where digital measurement signals are provide at 200 Hz, a non­

linear fall condition would thus be determined when ten consecutive measurements result in 

Sfactor values that are within the value range and are smooth. Such an implementation 

facilitates relatively fast fall detection while reducing the likelihood of erroneous fall 

detections.

[0048] Steps 502-508 of method 500 would be performed in a real time basis, with the 

processor constantly receiving measurement signals and determining if the past sets of 

measurement signals have Sfactor values that are within the value range and smooth. This can 

be accomplished by constantly loading the measurements into an appropriate FIFO buffer and 

evaluating the contents of the buffer to determine if the criteria are met for resulting SfactOr 

values, and then loading the next set of measurements and removing the oldest set of 

measurements.

[0049] Turning now to FIG.6, a graph 600 illustrates exemplary accelerometer 

measurement signals x, y, z and the resulting SfactOr taken over a time period that includes a 

first non-linear fall. Specifically, the graph.600 illustrates a rotational fall condition that 

occurs at time Tp As illustrated in graph 600, at time Ti the Sector values go to within a value 

range of zero g. Furthermore, the SfactOr values at Ti become smooth, as illustrated by the 

relatively low rates of change in the Sfactor during this time. Thus, a non-linear fall condition 
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[0046] The next step $08 is to determine if the combination ofmeasurement signals Sactor5

are smooth. The smoothness of the Sractorvalues can be calculated by determining the amount

of change between consecutive Sfactor values and comparing the amount of change toa

threshold delta value. The threshold delta value used would again depend on a variety of

factors. In an 8 bit solution, the threshold delta value can be +/- 2 to 7 bits. Thus, if
consecutive Spctor Values are within +/- 2 to 7 bits then the Sgctor is smooth at that time.

[0047] Typically, steps 506 and.508 would be implemented such that a non-linear fall

condition is detected only when the Stactor values are determined to be within the value range

and smooth for a selected period of time. Requiring the Sgt, values to be in the value range

and smooth for a predetermined time period reduces the probability that random movements

will bemisinterpreted as indicative ofa non-linear fall condition. As one example, steps 506

and 508 can be implemented such that the Stactor Values are determined to be indicative of a

non-linear fall when they arewithin the value range and be smooth for at least 50 to 150

milliseconds. In a system where digital measurement signals are provide at 200 Hz, a non-

linear fall condition would thus be determined when ten consecutive measurements result in

Sgactor Values that arewithin the value range and are smooth. Such an implementation

facilitates relatively fast fall detection while reducing the likelihood of erroneous fall

detections.

[0048] Steps 502-508 ofmethod 500 would be performed in a real time basis, with the

processor constantly receiving measurement signals and determining if the past sets of
measurement signals have Sgactor values that are within the value range and smooth. This can

be accomplished by constantly loading themeasurements into an appropriate FIFO buffer and

evaluating the contents of the buffer to determine if the criteria are met for resulting Sgactor

values, and then loading the next set ofmeasurements and removing the oldest set of

measurements.

[0049] Turning now to FIG.6, a graph 600 illustrates exemplary accelerometer

measurement signals x, y, z and the resulting Sgactor taken over a time period that includes a

first non-linear fall. Specifically, the graph.600 illustrates a rotational fall condition that

occurs at time T;. As illustrated in graph 600, at time T 1 the Srictor values go to within a value

range of zero g. Furthermore, the Stactor values at T; become smooth, as illustrated by the

relatively low rates of change in the Sfator during this time. Thus, a non-linear fall condition
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is detected responsive' to the signals x, y and z beginning at time Ti. At time T2, the Sfactor 

leaves the value range, thus indicating the resulting impact. The amount of time between Ti 

and T2 is the approximate fall time. Again, the fall time can be used to calculate the fall 

distance.

[0050] As was described above, in addition to detecting a non-linear fall, the system and 

method can be used to determine if the non-linear fall was initiated or accompanied with 

external force. To determine if the fall was initiated by external force, the previously 

sampled data points that were read before the fall are analyzed to determine if the device 

experienced high accelerations in one direction.

[0051] Turning now to FIG.7, a graph 700 illustrates exemplary receive accelerometer 

measurement signals x, y, z and the resulting Sfactor taken over a time period that includes a 

second non-linear fall. Specifically, the graph 700 illustrates a projectile fall condition that 

occurs at time Τμ As illustrated in graph 700, at time Ti the SfactOr values go to within a value 

range of zero g. Furthermore, the Sfactor values at Ti become smooth, as illustrated by the 

relatively low rates of change in the Sfactor· Thus, a non-linear fall condition is detected 

responsive to the signals x, y and z beginning at time Τμ At time T2, the Sector leaves the 

value range, thus indicating the resulting impact. The amount of time between T i and T2 is 

the approximate fall time. Again, the fall time can be used to calculate the fall distance.

[0052] Furthermore, graph 700 illustrates that the fall was initiated by additional external 

force. Specifically, beginning at time Tf the acceleration measurements begin to greatly 

diverge from the zero g. This results in a large increase in the Sfactor that continues until time 

Τμ Thus, the time from T; to Ti corresponds to the time the device was subjected to external 

force (e.g., was being thrown). At time Ti the device is released and a fall occurs. Thus, by 

the examining the data before the fall (e.g., before Ti ) it can be determined that the device 

was subjected to significant external force prior to the fall. Specifically, by determining if the 

Sfactor was above a relatively high threshold amount in a predetermined time period prior to 

the fall it can be determined if the fall was accompanied with external force. Likewise, if the 

Sfactor was instead close to 1 prior to the fall then the object was static or moving slightly prior 

to the fall.
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is detected responsive to-the signals x, y and z beginning at time T;. At time To, the Sgactor

leaves the value range, thus indicating the resulting impact. The amount of time between T,
5

and T2 is the approximate fall time. Again, the fall time can be used to calculate the fall

distance.

[0050] As was described above, in addition to detecting a non-linear fall, the system and

method can be used to determine if the non-linear fall was initiated or accompanied with

external force. To determine if the fall was initiated by external force, the previously
sampled data points that were read before the fall are analyzed to determine if the device
experienced high accelerations in one direction.

[0051] Turning now to FIG.7, a graph 700 illustrates exemplary receive accelerometer

measurement signals x, y, z and the resulting Stactor taken over a time period that includes a

second non-linear fall. Specifically, the graph 700 illustrates a projectile fall condition that

occurs at time T). As illustrated in graph 700, at time T, the Sgactor Values go to within a value

range of zero g. Furthermore, the Sgictor values at T; become smooth, as illustrated by the

relatively low rates of change in the Sgactor- Thus, a non-linear fall condition is detected

responsive to the signals x, y and z beginning at time T,. At time T2, the Sfactor leaves the

value range, thus indicating the resulting impact. The amount of time between T; and T> is

the approximate fall time. Again, the fall time can be used to calculate the fall distance.

[0052] Furthermore, graph 700 illustrates that the fall was initiated by additional external

force. Spécifically, beginning at time T; the acceleration measurements begin to greatly

diverge from the zero g. This results in a large increase in the Sgactor that continues until time

Ti. Thus, the time from T; to T; corresponds to the time the device was subjected to external

force (e.g., was being thrown). At time T; the device is released and a fall occurs. Thus, by

the examining the data before the fall (e.g., before T, ) it can be determined that the device

was subjected to significant external force prior to the fall. Specifically, by determining if the
SfactorWas above a relatively high threshold amount in a predetermined time period prior to

the fall it can be determined if the fall was accompanied with extemal force. Likewise, if the
SfactorWas instead close to 1 prior to the fall then the object was static ormoving slightly prior

to the fall.
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[0053] The’falldeteetion-system can be implemented with a variety of different types and 

configurations of devices. As discussed above, the system is implemented with a processor 

that performs the computation and control functions of the fall detector. The processor may 

comprise any suitable type of processing device, including single integrated circuits such as a 

microprocessor, or combinations of devices working in cooperation to accomplish the 

functions of a processing unit. In addition, the processor may part of the electronic device’s 

core system, or a device separate to the core system. Furthermore, it should be noted that in 

some cases it will be desirable to integrate the processor functions with the accelerometers. 

For example, a suitable state machine or other control circuitry integrated with the 

accelerometers can implement the plurality of accelerometers and the processor in a single 

device solution. In such a system circuitry can be used to directly determine if the 

accelerometer plates are close to a zero position, and provide the warning to the device.

[0054] The processor can comprise special purpose hardware configured for fault 

detection. Alternatively, the processor can comprise a programmable processor that executes 

programs stored in a suitable memory, with the programs configured to provide fault 

detection. Thus, those skilled in the art will recognize that the mechanisms of the present 

invention are capable of being distributed as a program product in a variety of forms, and that 

the present invention applies equally regardless of the particular type of signal bearing media 

used to carry out the distribution. Examples of signal bearing media include: recordable 

media such as floppy disks, hard drives, memory cards and optical disks, and transmission 

media such as digital and analog communication links, including wireless communication 

links.

[0055] The present invention thus provides a system and method for fall detection in an 

electronic device. The system and method provides the ability to reliably detect falls even in 

the presence of other motion in the electronic device. The fall detection system includes a 

plurality of accelerometers and a processor. The plurality of accelerometers provides 

acceleration measurements to the processor, with these measurements describing the current 

acceleration of the electronic device in all directions. The processor receives the acceleration 

measurements and compares the acceleration measurements to a value range to determine if 

the device is currently falling. Furthermore, the system and method can reliably detect a non­

linear fall, such as when the fall is accompanied with device rotation or initiated by additional 

external force. To detect a non-linear fall, the processor compares combinations of
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[0053] 'Therfall-detection-system can be mplemented with a variety ofdifferent types and5

configurations ofdevices. As discussed above, the system is implemented with a processor

that performs the computation and control functions of the fall detector. The processormay

comprise any suitable type ofprocessing device, including single integrated circuits such as a

microprocessor, or combinations ofdevices working in cooperation to accomplish the

functions of a processing unit. In addition, the processormay part of the electronic device's

core system, or a device separate to the core system. Furthenmore, it should be noted that in

some cases itwill be desirable to integrate the processor functions with the accelerometers.

For example, a suitable statemachine or other control circuitry integrated with the

accelerometers can implement the plurality of accelerometers and the processor in a single

device solution. In such a system circuitry can be used to directly determine if the
accelerometer plates are close to a zero position, and provide the warning to the device.

[0054] The processor can comprise special purpose hardware configured for fault

detection. Alternatively, the processor can comprise a programmable processor that executes

programs stored in a suitablememory, with the programs configured to provide fault

detection. Thus, those skilled in the art will recognize that themechanisms of the present
invention are capable ofbeing distributed as a program product in a variety of forms, and that

the present invention applies equally regardless of the particular type of signal bearingmedia

used to carry out the distribution. Examples of signal bearingmedia include: recordable

media such as floppy disks, hard drives, memory cards and optical disks, and transmission

media such as digital and analog communication links, including wireless communication

links.

[0055] The present invention thus provides a system and method for fall detection in an

electronic device. The system and method provides the ability to reliably detect falls even in

the presence ofothermotion in the electronic device. The fall detection system includes a

plurality of accelerometers and a processor. The plurality of accelerometers provides

acceleration measurements to the processor, with thesemeasurements describing the current

acceleration of the electronic device in all directions. The processor receives the acceleration

measurements and compares the accelerationmeasurements to a value range to determine if
the device is currently falling. Furthermore, the system andmethod can reliably detect a non-

linear fall, such as when the fall is accompanied with device rotation or initiated by additional

external force. To detect a non-linear fall, the processor compares combinations of
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5 aeceleration'measurementsto'avalue range and further determines the smoothness of the

acceleration measurement combinations. If the acceleration measurement combinations are 

within the value range and are smooth, then a non-linear fall is occurring.

[0056] The embodiments and examples set forth herein were presented in order to best 

explain the present invention and its particular application and to thereby enable those skilled 

10 in the art to make and use the invention. However, those skilled in the art will recognize that 

the foregoing description and examples have been presented for the purposes of illustration 

and example only. The description as set forth is not intended to be exhaustive or to limit the 

invention to the precise form disclosed. Many modifications and variations are possible in 

light of the above teaching without departing from the spirit of the forthcoming claims.
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aeceleration-measurements-toa:value range and further determines the smoothness of the
acceleration measurement combinations. If the accelerationmeasurement combinations are

5

within the value range and are smooth, then a non-linear fall is occurring.

[0056] The embodiments and examples set forth herein were presented in order to best

explain the present invention and its particular application and to thereby enable those skilled

in the art to make and use the invention. However, those skilled in the art will recognize that

the foregoing description and examples have been presented for the purposes of illustration
and example only. The description as set forth is not intended to be exhaustive or to limit the

invention to the precise form disclosed. Manymodifications and variations are possible in

light of the above teaching without departing from the spirit of the forthcoming claims.
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CLAIMS

1. A system for determining if an electronic device is falling, the system comprising:

a plurality of accelerometers, the plurality of accelerometers measuring electronic device 

acceleration in a plurality of directions and producing a plurality of acceleration 

measurements; and

a processor, the processor receiving the plurality of acceleration measurements from the 

plurality of accelerometers and comparing the plurality of acceleration measurements to a 

value range, and wherein the processor determines a fall is occurring if the plurality of 

acceleration measurements are within the value range.

2. The system of claim 1 wherein the processor further determines a fall is occurring if the 

plurality of acceleration measurements are within the value range for a predetermined 

number of consecutive acceleration measurements.

3. The system of claim 2 wherein the predetermined number of consecutive acceleration 

measurements comprises 10 consecutive acceleration measurements.

4. The system of claim 1 wherein the processor further determines if a non-linear fall is 

occurring by determining if the plurality of acceleration measurements has smoothness 

within a specified range.

5. The system of claim 4 wherein the processor determines if the plurality of acceleration 

measurements has smoothness within a specified range by determining if a selected 

number of consecutive acceleration measurements each as a change less than a threshold 

delta value.The system of claim 4 wherein the plurality of accelerometers comprise a first 

accelerometer providing a first acceleration measurement x, a second accelerometer 

providing a second acceleration measurement y, and a third accelerometer providing a 

third acceleration measurement z, and wherein the processor determines if the plurality of 

acceleration measurements has smoothness within a specified range by determining if 

x2+y2+z2 has a change less than a threshold delta value for a selected number of 

consecutive acceleration measurements.
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CLAIMS

A system for determining if an electronic device is falling, the system comprising:

5

a plurality ofaccelerometers, the plurality of accelerometers measuring electronic device

acceleration in a plurality ofdirections and producing a plurality of acceleration

measurements; and

a processor, the processor receiving the plurality of accelerationmeasurements from the

plurality of accelerometers and comparing the plurality of acceleration measurements to a

value range, and wherein the processor determines a fall is occurring if the plurality of
acceleration measurements are within the value range.

2. The system of claim 1 wherein the processor further determines a fall is occurring if the
plurality of accelerationmeasurements are within the value range for a predetermined

number of consecutive accelerationmeasurements.

3. The system of claim 2 wherein the predetermined number of consecutive acceleration

measurements comprises 10 consecutive accelerationmeasurements.

4. The system of claim 1 wherein the processor further determines ifa non-linear fall is
occurring by determining if the plurality of accelerationmeasurements has smoothness

within a specified range.

5. The system of claim 4 wherein the processor determines if the plurality of acceleration
measurements has smoothness within a specified range by determining if a selected
number of consecutive acceleration measurements each as a change less than a threshold

delta value.The system ofclaim 4 wherein the plurality ofaccelerometers comprise a first

accelerometer providing a first acceleration measurement x, a second accelerometer

providing a second acceleration measurementy, and a third accelerometer providing a

third acceleration measurement z, and wherein the processor determines if the plurality of
acceleration measurements has smoothness within a specified range by determining if
x+y?+27 has a change less than a threshold delta value for a selected number of

consecutive acceleration measurements.
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6. The sysrem'of claim 1 whereinthe plurality of accelerometers comprise micro machined 

accelerometers.

7. The system of claim 1 wherein the plurality of accelerometers comprise a first 

accelerometer measuring acceleration in a X direction, a second accelerometer measuring 

acceleration in a Y direction, and a third accelerometer measuring acceleration in a Y 

direction, where X, Y and Z are perpendicular to each other.

8. The system of claim 1 wherein the processor further determines if a detected fall was 

accompanied by external force by determining if a combination of the acceleration 

measurements exceeded a threshold value in a time period prior to the detected fall.

9. A system for determining if an electronic device is falling, the system comprising:

a first accelerometer providing a first acceleration measurements x;

a second accelerometer providing a second acceleration measurements y;

a third accelerometer providing a third acceleration measurements z;

a processor, the processor receiving the first acceleration measurements x, the second 

acceleration measurements y, and the third acceleration measurements z; the processor 

comparing the first acceleration measurements x, the second acceleration measurements y, 

and the third acceleration measurements z to a value range, and wherein the processor 

determines a fall is occurring if the first acceleration measurements x, the second 

acceleration measurements y, and the third acceleration measurements z are each within 

the value range for a first selected number of measurement samples, and wherein the 

processor further determines if a fall with rotation is occurring if x2+y2+z2 is within a 

second value range and has a has an amount of change less than a threshold delta value 

for a second selected number of measurement samples.

10. The system of claim 9 wherein the process further determines if a detected fall was
2 2 2accompanied by external force by determining if the combination of x +y +z values 

exceeded a threshold value in a time period prior to the detected fall.
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6.

10. The system of claim 9 wherein the process further determines if a detected fall was

The systemrefclaim 1 whereinithe plurality of accelerometers comprisemicro machined5

accelerometers.

The system of claim 1 wherein the plurality of accelerometers comprise a first

accelerometermeasuring acceleration in aX direction, a second accelerometermeasuring

acceleration in aY direction, and a third accelerometermeasuring acceleration in a Y
direction, where X, Y and Z are perpendicular to each other.

8. The system of claim 1 wherein the processor further determines ifa detected fall was

accompanied by external force by determining ifa combination of the acceleration

measurements exceeded a threshold value in a time period prior to the detected fall.

9. A system for determining if an electronic device is falling, the system comprising:

a first accelerometer providing a first acceleration measurements x;

a second accelerometer providing a second acceleration measurementsy;

a third accelerometer providing a third accelerationmeasurements z;

a processor, the processor receiving the first accelerationmeasurements x, the second

acceleration measurements y, and the third accelerationmeasurements z; the processor

comparing the first accelerationmeasurements x, the second accelerationmeasurements y,
and the third acceleration measurements z to a value range, and wherein the processor

'determines a fall is occurring if the first accelerationmeasurements x, the second

acceleration measurements y, and the third acceleration measurements z are each within

the value range for a first selected number ofmeasurement samples, and wherein the

processor further determines if a fall with rotation is occurring if x+y'+27 is within a

second value range and has a has an amount of change less than a threshold delta value

for a second selected number ofmeasurement samples.

accompanied by external force by determining if the combination of x'+y'+2" values

exceeded a threshold value in a time period prior to the detected fall.
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11. A method fbr determining ifanelectronic device is falling, the method comprising the 

steps of:

measuring electronic device acceleration in a plurality of directions and producing a 

plurality of acceleration measurements; and

comparing the plurality of acceleration measurements to a value range to determine if the 

plurality of acceleration measurements are within the value range.

12. The method of claim 11 wherein the step of comparing the plurality of acceleration 

measurements to a value range comprises comparing a predetermined number of 

consecutive acceleration measurements.

13. The method of claim 12 wherein the predetermined number of consecutive acceleration 

measurements comprises 10 consecutive acceleration measurements.

14. The method of claim 11 further comprising the step of determining if a fall with rotation 

is occurring by determining if the plurality of acceleration measurements has smoothness 

within a specified range.

15. The method of claim 14 wherein the step of determining if a fall with rotation is occurring 

by determining if the plurality of acceleration measurements has smoothness within a 

specified range comprises determining if a selected number of consecutive acceleration 

measurements each as a change less than a threshold delta value.

16. The method of claim 14 wherein the plurality acceleration measurement comprises a first 

acceleration measurement x, a second acceleration measurement y, and a third 

acceleration measurement z, and wherein the step of determining if a fall with rotation is 

occurring by determining if the plurality of acceleration measurements has smoothness 

within a specified range comprises determining if x2+y2+z2 has a change less than a 

threshold delta value for a selected number of consecutive acceleration measurements.

17. The method of claim 11 wherein the plurality acceleration measurements are received 

from a plurality of accelerometers comprise micro machined accelerometers.
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ll.

12. Themethod of claim 11 wherein the step of comparing the plurality of acceleration

13. Themethod of claim 12 wherein the predetermined number of consecutive acceleration

14. Themethod of claim 11 further comprising the step ofdetermining ifa fall with rotation

15. Themethod ofclaim 14 wherein the step ofdetermining ifa fall with rotation is occurring

16. Themethod of claim 14 wherein the plurality acceleration measurement comprises a first

17. The method ofclaim 11 wherein the plurality acceleration measurements are received

A method for determining ifanrelectronic device is falling, themethod comprising the

steps of:

measuring electronic device acceleration in a pluralityofdirections and producing a

plurality of accelerationmeasurements; and

comparing the plurality of acceleration measurements to a value range to determine if the
plurality of accelerationmeasurements are within the value range.

measurements to a value range comprises comparing a predetermined number of
consecutive acceleration measurements.

measurements comprises 10 consecutive acceleration measurements.

is occurring by determining if the plurality of acceleration measurements has smoothness

within a specified range.

by determining if the plurality ofacceleration measurements has smoothness within a

specified range comprises determining if a selected number of consecutive acceleration

measurements each as a change less than a threshold delta value.

accelerationmeasurement x, a second accelerationmeasurement y, and a third

acceleration measurement z, and wherein the step.ofdetermining if a fall with rotation is

occurring by determining if the plurality of acceleration measurements has smoothness

within a specified range comprises determining ifx'+y*+ has a change less than a2

threshold delta value for a selected number of consecutive accelerationmeasurements.

from a plurality of accelerometers comprise micro machined accelerometers.
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18 . The method of claim 11 wherein the plurality acceleration measurements are received 

from the plurality of accelerometers that comprise a first accelerometer measuring 

acceleration in a X direction, a second accelerometer measuring acceleration in a Y 

direction, and a third accelerometer measuring acceleration in a Y direction, where X, Y 

and Z are perpendicular to each other.

19. The method of claim 11 further comprising the step of determining if a detected fall was 

accompanied by external force by determining if a combination of the acceleration 

measurements exceeded a threshold value in a time period prior to the detected fall.

20. A method for determining if an electronic device is falling, the method comprising the 

steps of:

measuring first acceleration measurements x;

measuring second acceleration measurements y;

measuring third acceleration measurements z;

comparing the first acceleration measurements x, the second acceleration measurements y, 

and the third acceleration measurements z to a value range, wherein a fall is determined to 

be occurring if file first acceleration measurements x, the second acceleration 

measurements y, and the third acceleration measurements z are each within the value 

range for a first selected number of measurements;

combining the first acceleration measurements x, the second acceleration measurements y, 
and the third acceleration measurements z into a combination of 7+y2+z? values;

comparing the combination of x2+y2 +z2 values to a second value range, and determining 

if the combination of 7+y2+z2 values has an amount of change less than a threshold 

delta value for a second selected number of measurements.

21. The method of claim 20 further comprising the step of determining if a detected fall was

accompanied by external force by determining if the combination of x2+y2+z2 values 

exceeded a threshold value in a time period prior to the detected fall.
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18. The method of claim 11 wherein the plurality acceleration measurements are received5
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from the plurality ofaccelerometers that comprise a first accelerometermeasuring

acceleration in aX direction, a second accelerometermeasuring acceleration in aY
direction, and a third accelerometermeasuring acceleration in aY direction, where X, Y
and Z are perpendicular to each other.

19. The method of claim 11 further comprising the step ofdetermining ifa detected fall was
accompanied by external force by determining ifa combination of the acceleration

measurements exceeded a threshold value in a time period prior to the detected fall.

20. A method for determining if an electronic device is falling, the method comprising
cmprisi

the

steps of:

measuring first acceleration measurements x;

measuring second acceleration measurements y;

measuring third acceleration measurements Z;

comparing the first acceleration measurements x, the second acceleration measurements y,
and the third acceleration measurements z to a value range, wherein a fall is determined to

be occurring if the first acceleration measurements x, the second acceleration

measurements y, and the third acceleration measurements z are each within the value

range for a first selected number ofmeasurements;

combining the first acceleration measurements x, the second acceleration measurements y,
and the third acceleration measurements z into a combination of x"+y'+z" values;

comparing the combination of x'+y'+z' values to a second value range, and determining

if the combination of x'+y'+z' values has an amount of change less than a threshold

delta value for a second selected number ofmeasurements.

21. The method of claim 20 further comprising the step ofdetermining if a detected fall was

accompanied by external force by determining if the combination of x'+y'+z' values
exceeded a threshold value in a time period prior to the detected fall.
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