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MOTION DETECTING DEVICE, MOTION
DETECTING SENSOR UNIT AND MOTION
DETECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Pat-
ent Application No. 105116053, filed on May 24, 2016.

FIELD

[0002] The disclosure relates to a motion detecting device
and a motion detecting sensor unit for performing motion
detection.

BACKGROUND

[0003] Motion detecting mechanisms have been widely
used in various fields including home care, motion training
for athletes, video games, cinema, etc. A number of con-
ventional motion detecting techniques exist for detecting
motion of an object (e.g., a human being). For example, a
video of an object may be captured, and image identification
operations may be performed to determine motion of the
object. Another example is to use a motion sensor unit that
includes an accelerometer and an angular acceleration sen-
sor and that can be mounted on or worn by the object, and
to use the reading of the motion sensor unit (e.g., gravita-
tional acceleration and angular acceleration) to determine
the motion of the object. In general, the motion sensor unit
may be included in a mobile device (e.g., a smartphone) or
a wearable device.

[0004] However, in order to obtain more accurate results,
all components of the motion sensor unit are always pow-
ered on, thereby potentially draining the power of the mobile
device or the wearable device.

SUMMARY

[0005] One object of the disclosure is to provide a motion
detecting device for detecting motion of a user.

[0006] According to one embodiment of the disclosure,
the motion detecting device includes a housing to be carried
by the user, an accelerometer, an angular acceleration sensor
and a processor.

[0007] The accelerometer is disposed in the housing, and
is configured to generate gravitational acceleration readings
associated respectively with consecutive time segments.
[0008] The angular acceleration sensor is disposed in the
housing, and is configured to generate an angular accelera-
tion reading.

[0009] The processor is disposed in the housing, is
coupled to the accelerometer and the angle acceleration
sensor, and that is operable in one of a standby mode and an
active mode.

[0010] When the processor operates in the standby mode,
the processor activates the accelerometer, deactivates the
angular acceleration sensor, and determines whether the user
is in a substantial moving state according to at least one of
the gravitational acceleration readings.

[0011] When it is determined by the processor that the user
is in the substantial moving state, the processor switches to
the active mode to activate both the accelerometer and the
angular acceleration sensor, and to determine the motion of
the user according to one of the gravitational acceleration
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readings that is associated with a current time segment and
the angular acceleration reading.

[0012] Another object of the disclosure is to provide a
motion detecting sensor unit.

[0013] According to one embodiment of the disclosure,
the motion detecting sensor unit includes a housing to be
provided to a user, an accelerometer that is disposed in the
housing and that generates gravitational acceleration read-
ings associated respectively with consecutive time seg-
ments, and an angular acceleration sensor that is disposed in
the housing and that generates an angular acceleration
reading when activated.

[0014] The motion detecting sensor unit is capable of
operating in one of a standby mode and an active mode in
response to a control signal. The control signal is generated
using at least one of the gravitational acceleration readings.
[0015] When the motion detecting sensor unit is operating
in the standby mode, the accelerometer is activated, and the
angular acceleration sensor is deactivated.

[0016] When the motion detecting sensor unit is operating
in the active mode, the accelerometer and the angular
acceleration sensor are activated.

[0017] A further object of the disclosure is to provide a
motion detection method for detecting motion of a user.
[0018] According to one embodiment of the disclosure,
the motion detection method is implemented by a processor
that communicates with an accelerometer and an angular
acceleration sensor. The accelerometer and the angular
acceleration sensor are carried by the user, and are capable
of generating gravitational acceleration readings and an
angular acceleration reading, respectively. The gravitational
acceleration readings are associated respectively with con-
secutive time segments. The motion detection method
includes:

[0019] a) activating the accelerometer and deactivating the
angular acceleration sensor;

[0020] b) receiving only the gravitational acceleration
readings from the accelerometer;

[0021] c¢) determining whether the user is in a substantial
moving state according to at least one of the gravitational
acceleration readings;

[0022] d) when it is determined that the user is in the
substantial moving state, activating both the accelerometer
and the angular acceleration sensor;

[0023] e) receiving the gravitational acceleration readings
from the accelerometer and the angular acceleration reading
from the angular acceleration sensor; and

[0024] ) determining the motion of the user according to
one of the gravitational acceleration readings that is asso-
ciated with a current time segment and the angular accel-
eration reading.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Other features and advantages of the disclosure
will become apparent in the following detailed description
of the embodiments with reference to the accompanying
drawings, of which:

[0026] FIG. 1 is a block diagram illustrating a motion
detecting device for detecting motion of a user, according to
some embodiments of the disclosure;

[0027] FIG. 2 illustrates the motion detecting device worn
by a user;
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[0028] FIG. 3 illustrates various time periods used for
determining whether the user is in a substantial moving
state;

[0029] FIG. 4 is a flow chart of a motion detection method
for detecting motion of a user according to some embodi-
ments of the disclosure; and

[0030] FIG. 5 is a block diagram illustrating a motion
sensor unit according to some embodiments of the disclo-
sure.

DETAILED DESCRIPTION

[0031] FIG. 1 illustrates a block diagram of a motion
detecting device 1 for detecting motion of a user, according
to one embodiment of the disclosure. The motion detecting
device 1 includes a housing 111, a motion sensor unit 11, an
input interface 12 and a processor 13.

[0032] In use, the motion sensor unit 11 and the processor
13 are disposed in the housing 111, which may be carried or
wore by the user (as illustrated in FIG. 2). The input
interface 12 may be disposed on an outer surface of the
housing 111 for allowing the user to interact with the motion
detecting device 1.

[0033] The motion sensor unit 11 includes an accelerom-
eter 112 and an angular acceleration sensor 113. The accel-
erometer 112 is disposed in the housing 111, and is config-
ured to generate a gravitational acceleration reading
associated with a time segment. The gravitational accelera-
tion reading may include three acceleration components (X,
Y, Z) each corresponding to acceleration of the housing 111
in a respective one of first, second and third directions in
space. Specifically, the acceleration component (Y) corre-
sponds with the acceleration of the housing 111 in the first
direction in space, the acceleration component (X) corre-
sponds to the acceleration of the housing 111 in the second
direction in space, and the acceleration component (Z)
corresponds to the acceleration of the housing 111 in the
third direction in space. The three acceleration components
(X, Y, Z) constitute a 3x1 acceleration matrix G, ,=[X, Y,
VAR

[0034] The angular acceleration sensor 113 is disposed in
the housing 111, and is configured to generate an angular
acceleration reading when activated.

[0035] The processor 13 is communicatively coupled to
the motion sensor unit 11 and the input interface 12. The
processor 13 is operable in one of a standby mode and an
active mode.

[0036] Specifically, when the processor 13 operates in the
standby mode, the processor 13 activates the accelerometer
112, deactivates the angular acceleration sensor 113, and
determines whether the user is in a substantial moving state
according to the gravitational acceleration reading. When it
is determined by the processor 13 that the user is not in the
substantial moving state, the processor 13 is programmed to
remain in the standby mode. The substantial moving state
means that, for example, the user is in an active state (e.g.,
walking, doing exercise, etc.), rather than a static state (e.g.,
standing, sitting, lying, etc.).

[0037] On the other hand, when it is determined by the
processor 13 that the user is in the substantial moving state,
the processor 13 switches to the active mode to activate both
the accelerometer 112 and the angular acceleration sensor
113, and proceeds to determine the motion of the user
according to the gravitational acceleration reading and the
angular acceleration reading. In use, the processor 13 may

Nov. 30, 2017

generate a control signal based on the gravitational accel-
eration reading, and transmit the control signal to the motion
sensor unit 11. In response to receipt of the control signal,
each of the accelerometer 112 and the angular acceleration
sensor 113 of the motion sensor unit 11 may be activated or
deactivated accordingly.

[0038] In some embodiments, before the motion detecting
device 1 performs the operations for detecting the motion of
the user, the processor 13 is programmed to perform a
re-calibration operation for the gravitational acceleration
reading using a re-calibration coeflicient set. The object of
the re-calibration operation is to eliminate inaccurate values
in the gravitational acceleration reading resulted from the
motion detecting device 1 being in a tilted state (e.g., being
improperly worn by the user).

[0039] Inuse, in response to user input, the input interface
12 generates a re-calibration signal and transmits the same
to the processor 13. In response to the re-calibration signal,
the processor 13 generates a re-calibration coeflicient matrix
C,,.; serving as the re-calibration coefficient set.

[0040] Specifically, the processor 13 is programmed to
first obtain two re-calibration gravitational acceleration
readings from the accelerometer 112. In this embodiment,
the two re-calibration gravitational acceleration readings are
generated by the accelerometer 112 in two successive time
instances.

[0041] Then, the processor 13 calculates three re-calibra-
tion matrices Cl,, ;, C2, ; and C3,, ; based on the two
gravitational acceleration readings. Each of the re-calibra-
tion matrices Cl,, 5, C25, ;5 and C3;,; is associated with a
respective one of the first, second and third directions in
space.

[0042] Using the re-calibration matrices C1;, 5, C2;, ; and
C3,,.5, the processor 13 calculates the re-calibration coeffi-
cient matrix C;, ; based on the equation C,, ;=C1,,;xC3;,,
3xC25,5.

[0043] The calculation of the re-calibration coeflicient
matrix C,, ; may be implemented in the following manner.
[0044] The processor 13 is programmed to calculate,
based on the two re-calibration gravitational acceleration
readings, a first Euler angle (j) associated with the first
direction, a second Euler angle (i) associated with the second
direction and a third Euler angle (k) associated with the third
direction. Then, the processor is programmed to calculate
the re-calibration matrices Cl1,, 5, C25, ; and C3;, ; based on
the first Euler angle (j), the second Euler angle (i) and the
third Euler angle (k).

[0045] Each of the two re-calibration gravitational accel-
eration readings includes a first acceleration component in
the first direction, a second acceleration component in the
second direction and a third acceleration component in the
third direction.

[0046] The processor 13 determines that the two re-cali-
bration gravitational acceleration readings are valid when
one of the two readings has the first acceleration component
(Y) being the greatest among the components in the one of
the two readings and the other one of the two readings has
the second or third acceleration component (X, Z) being the
greatest among the components in the other one of the two
readings, and designates the one of the two readings as a first
reference set and the other one of the two readings as a
second reference set. It is noted that, when the two re-
calibration gravitational acceleration readings are not
deemed to be valid (values not having the above-mentioned
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relationships), the processor 13 discards the two re-calibra-
tion gravitational acceleration readings and proceeds to
obtain another two re-calibration gravitational acceleration
readings from the accelerometer 112.

[0047] The processor 13 calculates the first Euler angle (j),
the second Euler angle (i) and the third Euler angle (k) using
the following equations:

when Yy <0 and Y, <0, 1 =tan*1[z—], k =tan*1[—]

when Yo >0 and Y| >0, i:tan’l[i—Z]+7r,k:tan’l[X—y]+7r

when Z; > 0, j:n—tan’l[_Xz]

Z
-X; n n
' 07— tan-l __r z
when Z) =0, j=tan [Zz] 2or2 S

when Z; <0, j= tan’l[g—zz]

where Y, represents the first acceleration component of the
first reference set, X, represents the second acceleration
component of the first reference set, Z, represents the third
acceleration component of the first reference set, Y,=Y, cos
i+7Z, sin i, the re-calibration matrix C2;, 5 is defined as

1 0 0
0 cosi —sini

5

0 sini cosi

the re-calibration matrix C3,, ; is defined as

cosk sink 0] [ X2 cosk sik O] [1 0 0 X
—sink cosk O | Y5 |=|—-sink cosk 0 |x|0 cosi —sini|x| Y, |,
0 0 1 Zé 0 0 1 0 sini cosi Z,

the re-calibration matrix C1,, , is defined as

cosj 0 sinj
0 1 0

sinj 0 cosj

5

Y, represents the first acceleration component of the second
reference set, X, represents the second acceleration compo-
nent of the second reference set, and Z, represents the third
acceleration component of the second reference set.

[0048] After the re-calibration operation is completed, the
processor 13 determines whether the user is in the substan-
tial moving state, according to at least the re-calibration
coeflicient set and the gravitational acceleration readings
that are generated by the accelerometer 112 during a specific
time frame.

[0049] Specifically, in one embodiment as shown in FIG.
3, the specific time frame refers to a recent time frame,
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which precedes a current time segment immediately. The
recent time frame includes a number N of recent time
segments, where Nz2.

[0050] Accordingly, for each of the recent time segments,
the accelerometer 112 generates a gravitational acceleration
reading, and the processor 13 is programmed to calculate a
3x1 re-calibrated acceleration matrix G',.,=[X", Y", Z']* for
the gravitational acceleration reading. Specifically, the re-
calibrated acceleration matrix G';,; is calculated using the
equation G';,;=C;, ;xGs,, ;. Each re-calibrated acceleration
matrix G';,,, includes three re-calibrated acceleration com-
ponents (X', Y', Z").

[0051] When it is determined that at least one of the three
re-calibrated acceleration components (X', Y', Z') is within a
predetermined range, the processor 13 determines that the
user is not in the substantial moving state and operates in the
standby mode. In this embodiment, the predetermined range
is between 0.8 g and 1 g.

[0052] It is noted that in one embodiment, the processor 13
determines whether the user is in the substantial moving
state according to the re-calibration coefficient set and the
gravitational acceleration reading that is generated by the
accelerometer 112 during an earlier time segment that pre-
cedes the recent time frame (see FIG. 3). When the processor
13 is unable to make the determination using the gravita-
tional acceleration reading generated during the earlier time
segment, the gravitational acceleration readings generated
during the recent time frame may then be used.

[0053] In another embodiment, the gravitational accelera-
tion readings that are generated during both the recent time
frame and the earlier time segment are used. That is to say,
a number (N+1) of gravitational acceleration readings gen-
erated respectively at a number (N+1) of the time segments
(i.e., the earlier time segment and the recent time segments)
are used.

[0054] Specifically, when it is determined that: a) for the
gravitational acceleration reading that is generated during
the earlier time segment, a difference between a largest one
of the three corresponding re-calibrated acceleration com-
ponents (X', Y', Z") and a predetermined reference value is
smaller than a predetermined threshold; or b) for each of the
gravitational acceleration readings that are generated during
the recent time segments, at least one of the three corre-
sponding re-calibrated acceleration components (X', Y', Z')
calculated by the processor 13 is within the predetermined
range, the processor 13 determines that the user is not in the
substantial moving state and operates in the standby mode.
In this embodiment, the predetermined threshold is set at 0.4
2.

[0055] Specifically, when in the standby mode, the pro-
cessor determines the motion of the user based on a gravi-
tational acceleration reading generated within the current
time segment, by using the re-calibration coefficient matrix
C3,, ; to obtain a re-calibrated acceleration matrix G';,, |, and
determining the motion of the user using the re-calibrated
acceleration matrix G's,.;.

[0056] In one embodiment, a plurality of conditions are
pre-established in the processor 13 and correspond respec-
tively to a number of common wearing manners, in which
the user wears the motion detecting device 1. In such cases,
the processor 13 may be capable of determining that the user
is wearing the motion detecting device 1 in one of the
common wearing manners according to the conditions with-
out doing the re-calibration operation.
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[0057] Specifically, when the user wears the motion
detecting device 1 in a first one of the common wearing
manners, the processor 13 may obtain a gravitational accel-
eration reading from the accelerometer 112 and determine
whether the gravitational acceleration reading satisfies one
of the conditions pre-established therein.

[0058] For example, when the user is in a standing state,
a gravitational acceleration reading that has the acceleration
component (X) being the largest one among the components
of the reading and having a value of 0.9 g satisfies one of the
conditions. Subsequently, the processor 13 may determine
that the user is in the standing state and wears the motion
detecting device 1 in the first one of the common wearing
manners.

[0059] In another example, when the user is in a lying
state, a gravitational acceleration reading that has the accel-
eration component (Y) being the largest one among the
components of the reading and having a value of 0.9 g
satisfies another one of the conditions. Subsequently, the
processor 13 may determine that the user is in the lying state,
and wears the motion detecting device 1 in a second one of
the common wearing manners.

[0060] In other examples, when the motion detecting
device 1 is not worn in any one of the common wearing
manners, a gravitational acceleration reading thus generated
may not satisty any one of the pre-established conditions.
For example, when the user is in the standing state and wears
the motion detecting device 1 in a specific manner not
belonging to any one of the common wearing manners, a
gravitational acceleration reading thus generated may have
the acceleration component (Y) or (Z), rather than the
acceleration component (X), being the largest one among the
components of the reading. In such cases, the processor 13
is further programmed to require two entries of state data
that correspond with the first reference set and the second
reference set, respectively, for determining in the future a
state of the user. Specifically, the entries of state data may be
inputted by the user via the input interface 12 to indicate a
specific state of the user, and are transmitted from the input
interface 12 to the processor 13.

[0061] As a result, when the motion detecting device 1
operates in the standby mode, the processor 13 is pro-
grammed to determine the state of the user within the current
time segment based on a gravitational acceleration reading
generated within the current time segment, the two entries of
state data, the first reference set and the second reference set.
When the motion detecting device 1 operates in the active
mode, the processor 13 is programmed to determine the
motion of the user within the current time segment further
based on an angular acceleration reading generated by the
angular acceleration sensor 113 within the current time
segment.

[0062] For example, when a condition that in the first
reference set, the first acceleration component (Y) is the
largest of the three acceleration components (X, Y, Z) and
has a value (e.g., of 0.9 g) within the predetermined range,
and that the entry of state data associated with the first
reference set indicates that the user is currently in the
standing state, the processor 13 may further store the above
condition therein. Afterward, when an acceleration reading
having a similar condition is received, the processor 13 is
able to determine that the user is currently in the standing
state.
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[0063] In another example, when a condition that in the
second reference set, the third acceleration component (7) is
the largest of the three acceleration components and is
within the predetermined range (e.g., 0.9 g), and that the
entry of state data associated with the first reference set
indicates that the user is currently in the lying state, the
processor 13 may further store such a condition therein.
Afterward, when an acceleration reading having a similar
condition is received, the processor 13 is able to determine
that the user is currently in the lying state.

[0064] Itis noted that, when the user is in one of the static
states (e.g., standing, sitting, lying, etc.), one of the three
re-calibrated acceleration components (X', Y', Z') calculated
by the processor 13 is ideally within the predetermined
range. Moreover, when the user is changing his/her position
between the above static states, a difference between a
largest one of the three re-calibrated acceleration compo-
nents (X', Y', Z') and the predetermined reference value is
ideally smaller than the predetermined threshold.

[0065] As a result, when the user is in one of the static
states, the processor 13 is capable of performing with
accuracy the determination of the state of the user with only
the gravitational acceleration reading generated within the
current time segment and the re-calibration coeflicient
matrix C;,.;. As such, the processor 13 may operate in the
standby mode and consume relatively less power without
compromising the accuracy.

[0066] On the other hand, when it is determined that: 1) for
the gravitational acceleration reading that is generated dur-
ing the earlier time segment, the difference between a largest
one of the three corresponding re-calibrated acceleration
components (X', Y', Z") and the predetermined reference
value is not smaller than the predetermined threshold; and ii)
for each of the gravitational acceleration readings that are
generated during the recent time segments, all of the three
corresponding re-calibrated acceleration components (X',
Y', Z') calculated by the processor 13 are each not within the
predetermined range, the processor 13 is switched to the
active mode, activating the angular acceleration sensor 113.
[0067] As a result, the processor 13 is programmed to
determine the motion of the user within the current time
segment further based on the angular acceleration reading
generated by the angular acceleration sensor 113 within the
current time segment. It is noted that when the processor 13
operates in the active mode, the motion detecting operation
may be performed using techniques that are known in the
art, such as sensor fusion.

[0068] In one embodiment, when the processor 13 oper-
ates in the active mode, the processor 13 executes a Fourier
transform operation on the gravitational acceleration reading
and the re-calibration coefficient matrix C;, ; before the mot
ion detecting operation. On the other hand, when the pro-
cessor 13 operates in the standby mode, the processor 13
does not execute the Fourier transform operation. As such,
power consumption of the processor 13 in the standby mode
is less than that in the active mode, due to the angular
acceleration sensor 113 being deactivated and the reduced
number of arithmetic operations performed.

[0069] Referring to FIG. 4, a motion detection method for
detecting motion of a user is provided according to some
embodiments of the disclosure. Further referring to FIG. 1,
the motion detection method may be implemented using a
processor 13 that communicates with an accelerometer 112
and an angular acceleration sensor 113 that are carried by the
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user for generating a gravitational acceleration reading and
an angular acceleration reading, respectively. Specifically,
the method may be implemented by the motion detecting
device 1 as previously described.

[0070] In step 402, the processor 13 activates the accel-
erometer 112 and deactivates the angular acceleration sensor
113. As such, the motion detecting device 1 initially operates
in the standby mode.

[0071] Accordingly, in step 404, the processor 13 receives
only the gravitational acceleration reading from the accel-
erometer 112.

[0072] Afterward, in step 406, the processor 13 determines
whether the user is in the substantial moving state according
to the gravitational acceleration reading. The manner in
which the processor 13 makes the determination may be
similar to that as previously described.

[0073] In step 408, when it is determined that the user is
in the substantial moving state, the processor 13 activates
both the accelerometer 112 and the angular acceleration
sensor 113. As such, the motion detecting device 1 switches
to the active mode.

[0074] Then, in step 410, the processor 13 receives the
gravitational acceleration reading from the accelerometer
112, and receives the angular acceleration reading from the
angular acceleration sensor 113.

[0075] Afterward, in step 412, the processor 13 is able to
determine the motion of the user, according to the gravita-
tional acceleration reading and the angular acceleration
reading.

[0076] In one embodiment shown in FIG. 5, there is
provided a motion sensor unit 14 capable of communication
with a portable device 10 (e.g., a smartphone). The portable
device 10 includes a processor 101 that is similar to the
above-mentioned processor 13 of the motion detecting
device 1 shown in FIG. 1.

[0077] The motion sensor unit 14 includes a housing 140
to be carried a user, an accelerometer 141 that is disposed in
the housing 140 and that generates gravitational acceleration
readings continuously, and an angular acceleration sensor
142 that is disposed in the housing 140 and that generates an
angular acceleration reading when activated.

[0078] The motion sensor unit 14 is capable of operating
in one of a power-saving mode and a full-power mode in
response to a control signal from the processor 101. The
control signal is generated by the processor 101 according to
the gravitational acceleration reading in the above-men-
tioned manner.

[0079] When the motion sensor unit 14 is operating in the
power-saving mode, the accelerometer 141 is activated and
the angular acceleration sensor 142 is deactivated. The
operation of the processor 101 based on the gravitational
acceleration reading from the motion sensor unit 14 in the
power-saving mode is similar to the operation of the pro-
cessor 13 in the standby mode.

[0080] When the motion sensor unit 14 is operating in the
full-power mode, the accelerometer 141 and the angular
acceleration sensor 142 are both activated. The operation of
the processor 101 based on the gravitational acceleration
reading and the angular acceleration reading from the
motion sensor unit 14 in the full-power mode is similar to
the operation of the processor 13 in the active mode.
[0081] To sum up, the motion detecting device 1 as
described in the disclosure provides a way to operate in the
standby mode, in which only some of the components
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included in the motion detecting device 1 are deactivated,
when it is determined that the user is not in the substantial
moving state, and switches to operate in the active mode
when it is determined that the user is in the substantial
moving state. Such a configuration may reduce the overall
power consumption of the motion detecting device 1 during
operation. Further, the motion sensor unit 14 can also
achieve the effect of saving power consumption.

[0082] Additionally, the motion detecting device 1 is
capable of performing the re-calibration operation in case
that the motion detecting device 1 is not properly worn by
the user, thereby retaining the accuracy of the motion
detecting operation.

[0083] In the description above, for the purposes of expla-
nation, numerous specific details have been set forth in order
to provide a thorough understanding of the embodiments. It
will be apparent, however, to one skilled in the art, that one
or more other embodiments may be practiced without some
of these specific details. It should also be appreciated that
reference throughout this specification to “one embodi-
ment,” “an embodiment,” an embodiment with an indication
of an ordinal number and so forth means that a particular
feature, structure, or characteristic may be included in the
practice of the disclosure. It should be further appreciated
that in the description, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure
and aiding in the understanding various inventive aspects.
[0084] While the disclosure has been described in con-
nection with what are considered the exemplary embodi-
ments, it is understood that this disclosure is not limited to
the disclosed embodiments but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifi-
cations and equivalent arrangements.

1. A motion detecting device for detecting motion of a
user, comprising:

a housing to be carried by the user;

an accelerometer that is disposed in said housing and that
is configured to generate gravitational acceleration
readings associated respectively with consecutive time
segments;

an angular acceleration sensor that is disposed in said
housing and that is configured to generate an angular
acceleration reading; and

a processor that is disposed in said housing, that is
coupled to said accelerometer and said angle accelera-
tion sensor, and that is operable in one of a standby
mode and an active mode;

wherein, when said processor operates in the standby
mode, said processor activates said accelerometer,
deactivates said angular acceleration sensor, and deter-
mines whether the user is in a substantial moving state
according to at least one of the gravitational accelera-
tion readings; and

wherein, when it is determined by said processor that the
user is in the substantial moving state, said processor
switches to the active mode to activate both said
accelerometer and said angular acceleration sensor, and
to determine the motion of the user according to one of
the gravitational acceleration readings that is associated
with a current time segment and the angular accelera-
tion reading.
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2. The motion detecting device of claim 1, wherein said
processor is programmed to perform a re-calibration opera-
tion for each of the gravitational acceleration readings using
a re-calibration coeflicient set, and to determine whether the
user is in the substantial moving state according to the
re-calibration coefficient set and the gravitational accelera-
tion readings that are generated by said accelerometer.

3. The motion detecting device of claim 2, wherein:

each of the gravitational acceleration readings includes
three acceleration components (Y, X, Z), each corre-
sponding to acceleration of said housing in a respective
one of first, second and third directions in space, the
three acceleration components of each of the gravita-
tional acceleration readings constituting a 3x1 accel-
eration matrix G, =[X, Y, Z]%

the re-calibration coeflicient set includes a 3x3 re-cali-
bration coefficient matrix C,, 5;

in determining whether the user is in the substantial
moving state, said processor is programmed to calcu-
late a 3x1 re-calibrated acceleration matrix G';,,,=C;,,
3xQy;,,; that includes three re-calibrated acceleration
components (X', Y', Z') corresponding to each of the
gravitational acceleration readings;

when it is determined that at least one of the three
re-calibrated acceleration components (X', Y', Z') cor-
responding to each of the gravitational acceleration
readings is within a predetermined range, said proces-
sor determines that the user is not in the substantial
moving state and operates in the standby mode.

4. The motion detecting device of claim 3, wherein:

for each of a plurality of recent time segments preceding
the current time segment, said accelerometer generates
a gravitational acceleration reading, and said processor
is programmed to calculate a 3x1 re-calibrated accel-
eration matrix G'5,,; for each of the gravitational accel-
eration readings associated with the recent time seg-
ments; and

when it is determined that at least one of the three
re-calibrated acceleration components (X', Y', Z") of the
re-calibrated acceleration matrix G'5,,; corresponding
to each of the gravitational acceleration readings asso-
ciated with the recent time segments is within a pre-
determined range, said processor determines that the
user is not in the substantial moving state and operates
in the standby mode.

5. The motion detecting device of claim 3, wherein the
predetermined range is between 0.8 g and 1 g.

6. The motion detecting device of claim 1, wherein said
processor is programmed to perform a re-calibration opera-
tion for an earlier one of gravitational acceleration readings
using a re-calibration coefficient set, and to determine
whether the user is in the substantial moving state according
to the re-calibration coefficient set and the earlier one of the
gravitational acceleration readings, the earlier one of the
gravitational acceleration readings being generated by said
accelerometer during an earlier time segment before the
current time segment.

7. The motion detecting device of claim 6, wherein:

each of the gravitational acceleration readings includes
three acceleration components (Y, X, Z) corresponding
to acceleration of said housing in a respective one of
first, second and third directions in space, the three
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acceleration components of each of the gravitational
acceleration readings constituting a 3x1 acceleration
matrix G,=[X, Y, Z]%

the re-calibration coefficient set includes a 3x3 re-cali-
bration coefficient matrix C,, 5;

in determining whether the user is in the substantial
moving state, said processor is programmed to calcu-
late a 3x1 re-calibrated acceleration matrix G';,, ,=(X',
Y', 77=C,, ;xG,,,, from the earlier one of the gravi-
tational acceleration readings, the re-calibrated accel-
eration matrix including three re-calibrated accelera-
tion components (X', Y', Z');

when it is determined that a difference between a largest
one of the three re-calibrated acceleration components
X', Y', 7Z') and a predetermined reference value is
smaller than a predetermined threshold, said processor
determines that the user is not in the substantial moving
state and operates in the standby mode.

8. The motion detecting device of claim 6, wherein the
predetermined threshold is 0.4 g.

9. The motion detecting device of claim 3, further com-
prising an input interface that is disposed on said housing,
and that is coupled to said processor,

wherein, in response to user input, said input interface is

programmed to generate a re-calibration signal and to

transmit the same to said processor, and in response to

the re-calibration signal, said processor generates the

re-calibration coeflicient matrix by:

obtaining two re-calibration gravitational acceleration
readings from said accelerometer, the two re-cali-
bration gravitational acceleration readings being
generated by said accelerometer in two successive
time instances;

calculating three re-calibration matrices Cl;, 5, C25, 5
and C3;,;, each of the re-calibration matrices being
associated with a respective one of the first, second
and third directions in space, based on the two
re-calibration gravitational acceleration readings;
and

calculating the re-calibration coefficient matrix based
o Cz,3=Cla,3XC35,3%C2;5,05.

10. The motion detecting device of claim 9, wherein;
said processor is programmed to calculate, based on the

two re-calibration gravitational acceleration readings, a

first Euler angle associated with the first direction, a

second Euler angle associated with the second direction

and a third Euler angle associated with the third direc-

tion, and to calculate the re-calibration coefficient

matrices based on the first Euler angle, the second Euler

angle and the third Euler angle.

11. The motion detecting device of claim 10, wherein:

each of the two re-calibration gravitational acceleration

readings includes a first acceleration component in the
first direction, a second acceleration component in the
second direction and a third acceleration component in
the third direction;

said processor determines that the two re-calibration

gravitational acceleration readings are valid when one
of the two re-calibration gravitational acceleration
readings has the first acceleration component being a
greatest acceleration component in the one of the two
re-calibration gravitational acceleration readings and
the other one of the two re-calibration gravitational
acceleration readings has one of the second accelera-
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tion component and the third acceleration component
being a greatest acceleration component in the other
one of the two re-calibration gravitational acceleration
readings, and designates the one of the two re-calibra-
tion gravitational acceleration readings as a first refer-
ence set and the other one of the two re-calibration
gravitational acceleration readings as a second refer-
ence set;

said processor calculates the first Euler angle, a second
Euler angle and a third Euler angle using the following

equations:
Zo Xo
ol — tan-!
when Yo <0 and Y; <0, 1 =tan [—YO], k =tan [_—Yo]
1120 7 Xo ’
. 1 _ 1
when Yo >0 and Y| >0, i =tan [—Y0]+7r,k tan [—_Y0]+7r

when Z; > 0, j:n—tan’l[_Xz]

Z
-X
whenZé:O,j:tan’l[Z—zz]:—% or g s

when Z; <0, j= tan’l[?]
2

where Y, represents the first acceleration component of the
first reference set, X, represents the second acceleration
component of the first reference set, Z, represents the third
acceleration component of the first reference set, Y, =Y, cos
i+7Z, sin i, j represents the first Euler angle, i represents the
second Euler angle, k represents the third Euler angle, the
re-calibration matrix C2;, 5 is defined as

1 0 0
0 cosi —sini

5

0 sini cosi

the re-calibration matrix C3,, 5 is defined as

cosk sink 0] [X3 cosk sink 0] [1 0 0 X,
—sink cosk O | | Y5 |=|—-sink cosk 0 |x|0 cosi —sini|x| Y, |,
0 0 1 Zé 0 0 1 0 sini cosi Z,

the re-calibration matrix C1,, , is defined as

cosj 0 sinj
0 1 0

sinj 0 cosj

5

Y, represents the first acceleration component of the
second reference set, X, represents the second accel-
eration component of the second reference set, and 7,
represents the third acceleration component of the
second reference set.
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12. The motion detecting device of claim 11, wherein:

said processor is further programmed to receive two
entries of state data from said input interface, the two
entries of state data corresponding to the first reference
set and the second reference set, respectively;

when said motion detecting device operates in the standby
mode, said processor is programmed to determine the
motion of the user within the current time segment
based on one of gravitational acceleration readings that
is generated within the current time segment, the two
entries of state data, the first reference set and the
second reference set; and

when said motion detecting device operates in the active
mode, said processor is programmed to determine the
motion of the user within the current time period
further based on the angular acceleration reading that is
generated by said angular acceleration sensor within
the current time segment.

13. The motion detecting device of claim 1, wherein when
said processor operates in the active mode, the motion
detecting operation of the user is performed using sensor
fusion.

14. A motion sensor unit comprising:

a housing to be carried by a user;

an accelerometer that is disposed in said housing and that
is configured to generate a plurality of gravitational
acceleration readings associated respectively with con-
secutive time segments; and

an angular acceleration sensor that is disposed in said
housing and that is configured to generate an angular
acceleration reading when activated;

wherein said motion sensor unit is capable of operating in
one of a power-saving mode and a full-power mode in
response to a control signal, the control signal being
generated using the gravitational acceleration readings;

when said motion sensor unit is operating in the power-
saving mode, said accelerometer is activated, and said
angular acceleration sensor is deactivated; and

when said motion detecting sensor unit is operating in the
full-power mode, said accelerometer and said angular
acceleration sensor are activated.

15. A motion detection method for detecting motion of a
user, the motion detection method to be implemented by a
processor that communicates with an accelerometer and an
angular acceleration sensor, the accelerometer and the angu-
lar acceleration sensor being carried by the user and being
capable of generating gravitational acceleration readings
and an angular acceleration reading, respectively, the gravi-
tational acceleration readings being associated respectively
with consecutive time segments, the motion detection
method comprising:

a) activating the accelerometer and deactivating the angu-

lar acceleration sensor;

b) receiving only the gravitational acceleration readings
from the accelerometer;

¢) determining whether the user is in a substantial moving
state according to at least one of the gravitational
acceleration readings;

d) when it is determined that the user is in the substantial
moving state, activating both the accelerometer and the
angular acceleration sensor;

e) receiving the gravitational acceleration readings from
the accelerometer and the angular acceleration reading
from the angular acceleration sensor; and
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1) determining the motion of the user according to one of
the gravitational acceleration readings that is associated
with a current time segment and the angular accelera-
tion reading.
16. The motion detecting device of claim 7, further
comprising an input interface that is disposed on said
housing, and that is coupled to said processor,
wherein, in response to user input, said input interface is
programmed to generate a re-calibration signal and to
transmit the same to said processor, and in response to
the re-calibration signal, said processor generates the
re-calibration coeflicient matrix by:
obtaining two re-calibration gravitational acceleration
readings from said accelerometer, the two re-cali-
bration gravitational acceleration readings being
generated by said accelerometer in two successive
time instances;

calculating three re-calibration matrices Cl;, 5, C2;, ;
and C3;,;, each of the re-calibration matrices being
associated with a respective one of the first, second
and third directions in space, based on the two
re-calibration gravitational acceleration readings;
and

calculating the re-calibration coefficient matrix based
on Cs,37C15,5xC35,5xC25,5

#* #* #* #* #*
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