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(57) ABSTRACT

The present invention relates to a method of gait measure-
ment using tri-axial accelerometer/gyro in mobile devices. In
particular, the present invention relates to a method of gait
measurement using tri-axial accelerometer/gyro in mobile
devices for monitoring and improving the physical movement
of'a moving subject.
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Figure 4
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GAIT MEASUREMENT WITH 3-AXES
ACCELEROMETER/GYRO IN MOBILE
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 61/940,801 filed on Feb.
17, 2014, which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a method of gait
measurement using tri-axial accelerometer/gyro in mobile
devices. In particular, the present invention relates to a
method of gait measurement using tri-axial accelerometer/
gyro in mobile devices for monitoring and improving the
physical movement of a moving subject.

BACKGROUND OF THE INVENTION

[0003] Gait analysis (the study of walking and running
forms) is the key to the study of biomechanics. It is used to
monitor and improve body coordination and movement as
well as for biometric identification. Traditional gait analysis
uses an elaborate optoelectronic setup with multiple Light
Emitting Diodes (LEDs) and reflective markers placed on
various parts of the subject’s body. High-speed cameras are
used to capture sequential frames. Due to the cumbersome
setup, data are not transmitted wirelessly and the measure-
ment must be conducted in a controlled laboratory environ-
ment that not only limits more realistic scenario but also may
have an effect on having the subject performing physical
movements in a less than natural stance. Useful information is
extracted with frame by frame analysis followed by complex
algorithms only after the measurement is completed. It is an
objective of the present invention to provide a simple gait
measurement device coupled with a simple data analysis
algorithm. The measurement is not confined to environment
with the elaborate setting. It can be carried out under any
circumstance and for all types of physical activities. The
analysis can be made in a matter of a few seconds to reveal
both graphic presentation of gait and postural form in all three
motion axes as well as quantitative data known as Dynamic
Instability Index (DII) that is a measure of power level exerted
by the subject to keep balance while moving. The combined
information has a wide range of application in many areas.
[0004] Citation or identification of any reference in this
section or any other section of this application shall not be
construed as an admission that such reference is available as
prior art for the present application.

SUMMARY OF THE INVENTION

[0005] Accordingly, it is an object of the present invention
to provide a method of gait measurement using tri-axial accel-
erometer/gyro in mobile devices. In particular, the present
invention relates to a method of gait measurement using tri-
axial accelerometer/gyro in mobile devices for monitoring
and improving the physical movement of a moving subject. In
a first aspect of the present invention, there is provided a
simple data analysis algorithm for gait measurement and
diagnosis.

[0006] In a second aspect of the present invention there is
provided a method for characterizing the movement of a
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subject comprising the use of a tri-axial accelerometer to
formulate: a signature based on measurements of walking,
heaving and lateral movements of said subject; and a quanti-
tative indicator indicating the power level dispensed by said
subject to keep balance during said motion.

[0007] In a first embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein the tri-axial accel-
erometer is located at the center of gravity of said subject.

[0008] Ina second embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said subject can be
a human or an animal.

[0009] In a third embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in monitoring, diagnosing and improving the movement
performance of said subject.

[0010] In a fourth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in monitoring the progress of physical rehabilitation
and/or physical well-being of said subject via the movement
of said subject.

[0011] In a fifth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in the design and/or fitting of prosthesis for said subject.

[0012] In a sixth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used as a biometric identifier of said subject.

[0013] Inaseventh embodiment ofthe second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used as an indicator for physical impairment analysis of said
subject, including but not limited to the diagnosis of kines-
thetic problems for animals.

[0014] Inaneighth embodiment ofthe second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used as an identifier for selecting subjects with better form of
movement.

[0015] In a ninth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in design of footwear for said subject.

[0016] In a tenth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used as an indicator in the fitting and selection of footwear for
said subject.

[0017] In an eleventh embodiment of the second aspect of
the present invention there is provided the method for char-
acterizing the movement of a subject wherein said signature is
used in the design of exercise equipment for said subject.

[0018] Inatwelfth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in the design of backpacks and other forms of carry
luggage for said subject.
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[0019] In a thirteenth embodiment of the second aspect of
the present invention there is provided the method for char-
acterizing the movement of a subject wherein said method is
implemented in software.

[0020] In a fourteenth embodiment of the second aspect of
the present invention there is provided the method for char-
acterizing the movement of a subject wherein said method is
implemented in hardware.

[0021] Those skilled in the art will appreciate that the
invention described herein is susceptible to variations and
modifications other than those specifically described.

[0022] The invention includes all such variation and modi-
fications. The invention also includes all of the steps and
features referred to or indicated in the specification, individu-
ally or collectively, and any and all combinations or any two
or more of the steps or features.

[0023] Throughout this specification, unless the context
requires otherwise, the word “comprise” or variations such as
“comprises” or “comprising”, will be understood to imply the
inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers. It is also
noted that in this disclosure and particularly in the claims
and/or paragraphs, terms such as “comprises”, “comprised”,
“comprising” and the like can have the meaning attributed to
it in U.S. Patent law; e.g., they can mean “includes”,
“included”, “including”, and the like; and that terms such as
“consisting essentially of and “consists essentially ofhave the
meaning ascribed to them in U.S. Patent law, e.g., they allow
for elements not explicitly recited, but exclude elements that
are found in the prior art or that affect a basic or novel
characteristic of the invention.

[0024] Furthermore, throughout the specification and
claims, unless the context requires otherwise, the word
“include” or variations such as “includes” or “including”, will
be understood to imply the inclusion of a stated integer or
group of integers but not the exclusion of any other integer or
group of integers.

[0025] Other definitions for selected terms used herein may
be found within the detailed description of the invention and
apply throughout. Unless otherwise defined, all other techni-
cal terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which the
invention belongs.

[0026] Other aspects and advantages of the invention will
be apparent to those skilled in the art from a review of the
ensuing description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other objects and features of the
present invention will become apparent from the following
description of the invention, when taken in conjunction with
the accompanying drawings, in which:

[0028] FIG.1 shows the placement of the device on human
during measurement and the three waveforms associated with
the motion;

[0029] FIG. 2 shows the measured acceleration in a Carte-
sian coordinate at time t;. The three axes X, Y, Z represent
sway, heave and surge movement, respectively;

[0030] FIG.3 shows the measured acceleration vector Kz at

time t, and its relationship to vector X 12, the vector corre-
sponding to the movement of center of gravity of the test
subject;
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[0031] FIG. 4 shows the trace of vectors of the movement of
the center of gravity of the test subject;

[0032] FIG. 5 shows the raw data of measured acceleration
along three axes of the test subject;

[0033] FIG. 6 shows a typical Walking Heaving Lateral-
Movement Signature (WHLS) pattern and views from three
direction of the test subject;

[0034] FIG. 7a shows the WHLS of a 27-year-old male,
with the Dynamic Instability Index (DII) being 259;

[0035] FIG. 75 shows the WHLS of a 68-year-old male,
where the DII is 416, and the asymmetry in the YX view is
caused by a weak right knee;

[0036] FIG. 7c shows the WHLS of a 23-year-old male,
where the DIl is 1186, and the test subject had never exercised
and had had a case of obesity;

[0037] FIG. 8a shows the WHLS of a 24-year-old male
with both shoes, the DII being 754;

[0038] FIG. 85 shows the WHLS of the same subject as in
FIG. 8a walking in only one shoe, the DII being 914;

[0039] FIG. 8¢ shows the WHLS of the same subject as in
FIG. 8a walking without shoes, the DII being 617;

[0040] FIG. 9a showsthe WHLS of a 40-year-old female in
flat heel shoes, the DII being 246;

[0041] FIG. 95 shows the WHLS of the same subject as in
FIG. 9a except wearing 2" high heel shoes, the DIl being 567;
[0042] FIG. 10a shows the WHLS of a 24-year-old male
carrying a 6 kg backpack on both shoulders; the DII being
355;

[0043] FIG. 105 shows the WHLS of a 24-year-old male
carrying a 6 kg backpack with one shoulder; the DII being
796;

[0044] FIG. 11a shows the WHLS of a 24-year-old female
walking; the DII being 279;

[0045] FIG. 115 shows the WHLS of the same subject as
FIG. 114 ascending a staircase, the DII being 274;

[0046] FIG. 11c¢ shows the WHLS of the same subject as
FIG. 11a descending from a staircase, the DII being 1501;
[0047] FIG. 12 shows the surge/heave view of the WHLS of
a27-year-old male, where the circled feature indicates wasted
movement in gait; and

[0048] FIG. 13 shows 2D WHLS patterns measured for a
dog by placing the accelerometer embedded in a smartphone
on its back.

DETAILED DESCRIPTION OF THE INVENTION

[0049] The present invention is not to be limited in scope by
any of the specific embodiments described herein. The fol-
lowing embodiments are presented for exemplification only.
[0050] In a first aspect of the present invention, there is
provided a simple data analysis algorithm for gait measure-
ment and diagnosis.

[0051] In a second aspect of the present invention there is
provided a method for characterizing the movement of a
subject comprising the use of a tri-axial accelerometer to
formulate: a signature based on measurements of walking,
heaving and lateral movements of said subject; and a quanti-
tative indicator indicating the power level dispensed by said
subject to keep balance during said motion.

[0052] In a first embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein the tri-axial accel-
erometer is located at the center of gravity of said subject.
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[0053] Inasecond embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said subject com-
prising human and animal.

[0054] In a third embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in monitoring, diagnosing and improving the movement
performance of said subject.

[0055] In a fourth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in monitoring the progress of physical rehabilitation
and/or physical well-being of said subject via the movement
of said subject.

[0056] In a fifth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in the design and/or fitting of prosthesis for said subject.
[0057] In a sixth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used as biometric identifier of said subject.

[0058] Inaseventh embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used as indicator for physical impairment analysis of said
subject, including but not limited to the diagnosis of kines-
thetic problems for animals.

[0059] Inan eighth embodiment ofthe second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used as identifier for selecting subjects with better form of
movement.

[0060] In a ninth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in design of footwear for said subject.

[0061] In atenth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used as indicator in the fitting and selection of footwear for
said subject.

[0062] In an eleventh embodiment of the second aspect of
the present invention there is provided the method for char-
acterizing the movement of a subject wherein said signature is
used in the design of exercise equipment for said subject.
[0063] Inatwelfth embodiment of the second aspect of the
present invention there is provided the method for character-
izing the movement of a subject wherein said signature is
used in the design of backpacks and other forms of carry
luggage for said subject.

[0064] In a thirteenth embodiment of the second aspect of
the present invention there is provided the method for char-
acterizing the movement of a subject wherein said method is
implemented in software.

[0065] In a fourteenth embodiment of the second aspect of
the present invention there is provided the method for char-
acterizing the movement of a subject wherein said method is
implemented in hardware.

[0066] Walking, Heaving, Lateral-movement Signature
(WHLS)
[0067] Inone embodiment of the present invention there is

provided a real-time diagnosis technique with a tri-axial
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accelerometer embedded in a smart phone or a stand-alone
tri-axial accelerator package with power and data acquisition
components. In most cases, where the translational motions
are dominant, the tri-axial accelerometer data will suffice.
However, for more accurate measurement, a tri-axial accel-
erometer/gyro device should be used to acquire movements in
all six degrees of freedom (three translations: sway, surge,
heave and three rotations: pitch, roll and yaw). In running or
walking, an object moves periodically in all three directions:
heave (up/down), sway (side/side) and surge (forward/back-
ward) shown in FIG. 1. Consider the variation of acceleration
along these directions, the heave (up/down) and sway (side/
side) acceleration act like a transverse wave (i.e. amplitude
perpendicular to the movement direction), while the surge
(forward/backward) acceleration acts like a longitudinal
wave (amplitude parallel to movement direction). Therefore,
the motion of running or walking can be expressed as a linear
combination of these three waveforms. Instead of measuring
the displacement, a more relevant and direct quantity to mea-
sure is the acceleration. During test, the sensor unit will be
strap mounted to the center of gravity of the subject. For
human body, it will be placed tightly against the center of the
lower back. Data collection rate is carried out at 100 Hz.
During a set of test, the subject will instructed to carry out
physical activities such as walking, running, ascending and
descending stairs, etc. for a short period of time of approxi-
mately 20 seconds. Data taken during the first and last five
seconds will be discarded because they are not at a steady
state. Only the data taken under steady state will be used.
Bach set of data consists of three acceleration values, a, , a,,
and a,, shown in FIG. 2, corresponding to the three accelera-
tion components along the respective axes. The magnitude of
each component will be plotted in a Cartesian coordinate.
This plot is equivalent to plot the time evolving trajectory of
the net total acceleration vector in a polar coordinate. It will
yield a three dimensional trajectory, named WHLS (Walking,
Heaving and Lateral movement Signature). Its shape is
unique for each individual. With the sensitivity of tri-axial
accelerometer of approximate 0.003 g (g=9.8 m/s?), a 0.001
m resolution limit in displacement within 50 msec time inter-
val can be achieved. The high sensitivity is capable to reveal
slight movement anomaly due to the physical condition of the
person, such as back pain, weak knees, limp, discomfort in
footwear, carrying a load, etc. Embodiments of the present
invention have compiled data from various individuals
engaged in various physical activities.

[0068] More precisely as shown in FIG. 2, vector A , isthe
summation of the three components a,,, a, , and a,, taken at
timet,. Second set of data acquisition takes place at time point
t, after a time interval At,,. The new set of acceleration
components is labeled as a,,, a,,, and a,,. The vector sum of

these components is vector Xz, shown in FIG. 3. Therefore,
during this time interval, the acceleration vector of the center

of gravity of the test subject is X 12> Where vectors X1+X 1=
Kz . This will continue throughout the movements and the

vectors Kij will eventually form a continuous trace to repre-
sent the trajectory of the center of gravity of the moving test
subject in the acceleration coordinate space as shown in FIG.
4. If the subject is moving along a straight line at a constant
velocity, the net sum of all vectors of each cycle must equal to

7ero or Z, Xl., according to Newton’s Laws of Motion. How-
ever, the total acceleration of the movement is of the center of
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gravity of the subject under test, or ZKZ.J., is finite. The result
can be used to assess valuable information regarding gait.
Data analysis can be divided into two parts: (1) 3D graphic
trace of the acceleration trajectory or the Walk Heave Lateral
Movement Signature (WHLS) and (2) quantitative results
relating to the subject’s ability to keep balanced during
motion.

[0069] FIG. 5 shows a plot of the raw acceleration data
along 3 axes. The data, when plotted in a 3D polar coordinate,
yields a 3D trace of the acceleration vector trace over the
period of walking as shown in FIG. 6a. 2D views from three
different directions are also shown in FIG. 65. The pattern is
named “Walking Heaving Lateral movement Signature”, or
WHLS. It is unique for each individual person and for difter-
ent movement. It can be used for biometric identification and
diagnosis of gait imperfection. Traditional gait measurement
relies solely on analyzing the amplitude and frequency of
periodic movement. The phase relationships between differ-
ent movements are ignored, thus missing valuable biome-
chanical information. This approach takes the relative phase
difference between periodic movements along three axes into
account to unveil a wealth of useful information including
small irregular features related to gait.

[0070] Following figures show a collection of WHLS pat-
terns of different individuals with same movement (i.e. walk-
ing) or same individual in different movements (e.g.

[0071] normal walking vs. ascending on staircase, with or
without bearing a load on the back), or in different foot wears
such as heel less shoes, high heels, etc. The uniqueness clearly
supports the use of such patterns for biometrics and many
other applications.

[0072] Important features include the following.
[0073] Comparing FIGS. 7a, 7b and 7c:
[0074] These three WHLS patterns show the difference

between the individuals with difference age and level of
physical fitness. The individual in FIG. 7a is a 27-year-old
male with a routine regiment of exercise and balanced diet.
His physical fitness is reflected in the tight and well-defined
WHLS pattern. Another prominent feature is seen in the X/Y
(or lateral movement/heave) view that shows nearly symmet-
ric and alternate heave movement in left and right. FIG. 76
shows the WHLS pattern of a 68-year-old male. The pattern is
much less well defined. There is clearly asymmetry between
left and right movements in particularly in the Y-X plot. The
behavior is caused by weak left knee. This subject has been
monitored for over 10 months with any noticeable change in
this distinctive feature. FIG. 7¢ shows the WHLS of a
23-year-old male who is completely out of shape and has
shown a sign of obesity. The lack of fitness is reflected in the
pattern which is loose and ill defined. This group of results
suggests the use of WHLS as a simple way to assess one’s
fitness.

[0075] Comparing FIGS. 8a, b, c:

[0076] These WHLS patterns depict the same individual
under different walking conditions. FIG. 8a represents a 2D
WHLS pattern taken under normal walking condition with
shoes on both feet. FIG. 86 is the WHLS pattern taken under
the same condition except the subject was wearing only one
shoe. As a result, this imbalance immediate translates into a
chaotic WHLS pattern in which the periodic pattern is no
longer recognizable. However, when the same subject was
walking with both shoes removed, the balance was largely
recovered as well as the WHLS pattern shown in FIG. 8c. The
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dramatic change shows the high sensitivity of WHLS as a tool
to detect any gait imperfection due to discomfort in feet and
footwear.

[0077] Comparing FIGS. 9a, b:

[0078] These two WHLS patterns depict a middle-aged
lady walking in flat heeled feet (FIG. 7a) and in high heel.
This subject wears high heel in rare occasions. Results show
a much higher (5 times higher) level of power needed to keep
balanced in high heels. It points out the effectiveness of
WHLS pattern as an effective way for footwear design.
[0079] Comparing FIGS. 10aq, b:

[0080] Thesetwo figures depict WHLS patterns of a person
carrying a backpack with a 6 kg load either carried with both
shoulders (FIG. 10a) or slinging across one shoulder (FIG.
105). The results clear indicate the two shoulders style is more
efficient and healthy. This approach can be used to improve
backpack design.

[0081] Comparing FIGS. 114, b, ¢

[0082] These three sets of 2D WHLS patterns systemati-
cally compare a person normal walking (FIG. 11a), ascend-
ing staircase (FIG. 115), and descending staircase (FIG. 11¢).
Results show a distinctive difference between them with the
descending movement requiring higher power level to main-
tain the gait. Another feature worthy to point out is the X/Y
view of ascending WHLS. Similar to the normal walking
case, it also has two finger-like features corresponding to the
periodic leg movement. However, their polarity is opposite as
they point downward instead of pointing upward as in normal
walking. This is due to the heel/toe action in the normal
walking, yet this action is missing in the ascending move-
ment.

[0083] Quantitative Analysis of the WHLS Data—Dy-
namic Instability Index (DII)

[0084] To further understand the WHLS patterns, one
embodiment of the present invention provides an algorithm to
calculate the amount of power level required to maintain the
gait. The value that is adjusted to a range between zero and a
few thousand for practical purpose is named Dynamic Insta-
bility Index (DII). For the same speed, a low DII signals better
fitness and a more effective gait. A high DII implies the
opposite. This algorithm extracts the power requirement from
the WHLS pattern by performing a double integration along
the acceleration trajectory.

[0085]

[0086]

individual under test proceeds along acceleration vector KU
For very short time interval, the acceleration can be assumed

A Detailed Process Description
For each time interval, the center of gravity of the

to have a linear time dependence, namely, Xij:k,.jt, where k;

is the slope of the vector Kij in the acceleration-time space.
The slope k,; can be determined from the coordinates of vec-

tors Xl. and Xj as:

1
2 2 215
o= [(ay — ax)” + (ay; — ay)” + (a; — az)"12
v Al‘;j ’

[0087] The distance S, that the center of gravity travels
during the time interval At,;, which happens to be the recip-
rocal of the data rate, can be obtained by performing a double
integral:



US 2015/0230734 Al

s 1 3
Sy = Aydidt = gkijAf;j-
i

By substituting Xl.j:kijt into the double integral of the last
equation, the distance can be calculated by

[0088] Consequently, the amount of work done during this
time can be obtained by

F(oky AL,
Wy=FSy = ——

[0089] For simplicity, due to the short time interval, it is
assumed that the force F to be independent of time and simply
F=m<a>, where m is the mass and <a> is the average accel-
eration during the time interval. Therefore, the total work
performed or the energy spent during the time can be obtained
by taking the summation of forces associated with individual
segments along the trajectory. For convenience, one embodi-
ment of the present invention further divides this value by the
total measurement time. The result is the power level that is
needed to keep the individual under test in balance. In orderto
make the result in a proper range, this embodiment of the
present invention multiply the number by a constant bring the
range to about 1000 under normal circumstances. It is named
as Dynamic Instability Index (DII). Higher DII indicates
higher power level to maintain the gait and is associated with
less physical fitness and vice versa. Some representative DIls
for various cases are listed in Table 1 for reference. The
calculation time is just a fraction of a second. Its magnitude
provides a quantitative measure of the gait quality.

TABLE 1

Some representative DIIs for various cases.

Figure Age  Gender Activity Fitness level DII
Ta 28 M Normal walking Excellent 259
7b 68 M Normal walking Average 416
Tc 23 M Normal walking Poor 1186

XXX 22 M Normal walking Poor 826

XXX 23 F Normal walking Good 246

XXX 54 M Normal walking Average 426

XXX 63 M Normal walking Average 395
9a 40 F Flat heel Excellent 246
9% 40 F High heel Excellent 567

10a 24 M Load both shoulders Average 355
10b 24 M Load one shoulder ~ Average 796
11b 23 F Ascending stairs Good 274
11lc 23 F Descending stairs Good 1507
[0090] The measurement described here use a 100 Hz data

rate that proves to be adequate for studying human gait.
However, if the gait consists of sudden spikes such as horse
galloping, devices with higher data rate must be used. Though
the analysis algorithm remains the same.

[0091] This analysis points out that an ideal gait is one with
minimum energy spent during each cycle. The WHLS pattern
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should be smooth without any extra features. An example
shown in FIG. 12 depicts the ZY view (i.e. surge/heave) of a
WHLS trace. Itis far from being a smooth oval or circle. Ithas
a major feature at locations A that represents a motion of
wasted energy. By combining WHLS measurement with
frame-by-frame motion analysis, it is possible to identify the
cause of this feature and eliminate it. Thus, this approach can
be used as an effective and systematic tool to improve one’s
gait.

[0092] This invention can also be applied to measure the
gait for animals. FIG. 13 shows 2D WHLS patterns measured
for a dog by placing the accelerometer embedded smartphone
on its back. The dog was running on a treadmill at 5.6 km/hr
which is much faster than the 2 km/hr speed for human in the
WHLS measurement. Due to the anatomic and kinesthetic
difference, there are some unique features. First, the sway
frequency of a dog is half of the heave and surge frequency,
while for human, the frequency of all three movements is the
same. Second, the “split fork™ pattern seen in many human
WHLS’s in the Heave/Sway components shows up in dog’s
gait in the Surge/Sway components. In this particular case,
the measurements clearly show that the dog’s gait is highly
asymmetric and favors toward the right side. Third, the side
view of WHLS, or the surge/heave component, shows
remarkable consistency with very little variation from stride
to stride over a long period of time. The shape is smooth
without irregular features found in many human WHLS. This
is the most desirable running WHLS. This measurement sug-
gests the usefulness of the invention to measure animal’s gait.
Applications can be found in selecting and training race
horses. This invention can also used by veterinarians in diag-
nosing kinesthetic problems for sick animals who cannot
communicate with verbally.

[0093] The present invention has many embodiments of
different applications, such as:

[0094] To monitor and improve running form for people
at all athletic levels with real time monitoring and
instruction via Wi-Fi.

[0095] To monitor progress of patients in physical rehab
program quantitatively with digital and graphical pre-
sentation.

[0096] To monitor the physical well-being of patients
suffering from conditions that can impede the move-
ment.

[0097] To monitor the gait of physically handicapped
patients and improve prosthetic design.

[0098] To record digital evidence for sobriety test.

[0099] To improve jogging/walking form in real time via
a portable device.

[0100] Wearing a portable device (e.g. smart phone with
3 axes accelerometer) on the lower back of the runner
(i.e. Center of Mass) to collect acceleration data and
running form while exercising.

[0101] To calculate the WHLS (Walking, Heaving and
Lateral movement Signature) in real time.

[0102] To compare the measured WHLS to ideal WHLS
and find discrepancy and instruct to make gait correction
in real time.

[0103] From existing database for ideal running form, to
determine the solution to correct this discrepancy.

[0104] To give anaudio command to the runner to correct
his/her running form.

[0105] To provide scientific bases for the selecting thor-
oughbred race horse.
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[0106] Record and use as biometric identification.

[0107] Design of new footwear.

[0108] Design of new backpacks and other forms of lug-
gage.

[0109] To design exercise equipment that will yield the

highest efficiency and least damage to body.

[0110] To develop software package so it can be used as
a stand-alone gait monitoring with just a hand held
device.

[0111] To help customer to select the best fitting and
most comfortable footwear.

[0112] To facilitate veterinarians to pinpoint kinesthetic
problems for animals despite that the absence of verbal
communication between the patient and the doctor.

INDUSTRIAL APPLICABILITY

[0113] The present invention discloses a method of gait
measurement using tri-axial accelerometer/gyro in mobile
devices. In particular, the present invention relates to a
method of gait measurement using tri-axial accelerometer/
gyro in mobile devices for monitoring and improving the
physical movement of a moving subject.
[0114] If desired, the different functions discussed herein
may be performed in a different order and/or concurrently
with each other. Furthermore, if desired, one or more of the
above-described functions may be optional or may be com-
bined.
[0115] While the foregoing invention has been described
with respect to various embodiments and examples, it is
understood that other embodiments are within the scope of
the present invention as expressed in the following claims and
their equivalents. Moreover, the above specific examples are
to be construed as merely illustrative, and not limitative of the
reminder of the disclosure in any way whatsoever. Without
further elaboration, it is believed that one skilled in the art can,
based on the description herein, utilize the present invention
to its fullest extend. All publications recited herein are hereby
incorporated by reference in their entirety.

What is claimed is:

1. A method for characterizing the movement of a subject,
comprising:

using a tri-axial accelerometer to formulate: a signature

based on measurements of walking, heaving and lateral
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movements of said subject; and a quantitative indicator
indicating the power level dispensed by said subject to
keep balance during motion.

2. The method according to claim 1, further comprising:

locating the tri-axial accelerometer at the center of gravity

of said subject.

3. The method according to claim 1 wherein said subject is
a human or an animal.

4. The method according to claim 1 wherein said signature
is used in monitoring, diagnosing and improving movement
performance of said subject.

5. The method according to claim 1 wherein said signature
is used in monitoring progress of physical rehabilitation and/
or physical well-being of said subject via the movement of
said subject.

6. The method according to claim 1 wherein said signature
is used in designing and/or fitting of prosthesis for said sub-
ject.

7. The method according to claim 1 wherein said signature
is used as a biometric identifier of said subject.

8. The method according to claim 1 wherein said signature
is used as an indicator for physical impairment analysis of
said subject.

9. The method according to claim 1 wherein said signature
is used as an identifier for selecting subjects with better form
of movement.

10. The method according to claim 1 wherein said signa-
ture is used in designing footwear for said subject.

11. The method according to claim 1 wherein said signa-
tureis used as an indicator in fitting and selecting footwear for
said subject.

12. The method according to claim 1 wherein said signa-
ture is used in designing an exercise equipment for said sub-
ject.

13. The method according to claim 1 wherein said signa-
ture is used in designing backpacks and other forms of carry
luggage for said subject.

14. The method according to claim 1 wherein said signa-
ture is used in diagnosing kinesthetic problems for animals.

15. The method according to claim 1 wherein said method
is implemented in software.

16. The method according to claim 1 wherein said method
is implemented in hardware.
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