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CONTROL APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to a control
apparatus and method, and more particularly, to an apparatus
and method for three-dimensional control.

[0003] 2. Description of the Prior Art

[0004] Recently, multimedia and entertainment software,
such as media players or games, has been largely grafted to
mobile apparatus such as mobile phone or PDA, to increase
the pleasure of using said mobile apparatus. However,
because most of the multimedia and entertainment software is
developed for personal computer with all kinds of input appa-
ratus, such as keyboard, mouse, or touch pad, it is not easy to
apply said software inmobile apparatus without enough input
apparatus.

[0005] There are some defects existed in the input appara-
tus of the prior art, such as keyboard, mouse, touch pad,
trackball, or track point, and other input apparatus which have
been applied in mobile apparatus such as direction key or
point stick. Accordingly, said input apparatus can not provide
a more convenient environment for a user to control the
mobile apparatus. Furthermore, more and more above-men-
tioned multimedia and entertainment software need three-
dimensional control, and it makes it harder for the input
apparatus of the prior art to reach the goal.

[0006] Forexample, trackball applies ball-shaped wheel to
control the position of cursor to reach the goal of pointing and
interaction. Moreover, a user can control the moving speed of
the cursor by controlling the moving speed of the trackball.
However, the size of trackball is too large to be applied in
mobile apparatus. Additionally, track point applies the point
stick to control the position of cursor to reach the goal of
pointing and interaction. However, the moving speed of the
multi-directional key is fixed, and it can not provide 3D
control function by itself.

[0007] For another example, touch pad applies a touch
panel with sensing apparatus to reach the goal of pointing and
interaction. However, the size of touch pad is too large, and it
needs other input devices to provide three-dimensional con-
trol. Accordingly, touch pad is not suitable for mobile appa-
ratus. Take the multi-directional key which has been applied
in mobile apparatus for an example, it can control the direc-
tions of an object displayed on the screen of a mobile appa-
ratus through a number of keys. However, the moving speed
of the multi-directional key is fixed, and it can not provide 3D
control function by itself. Furthermore, because the size of
the mobile apparatus is smaller, highly-concentrated keys
may make it easy for the user to press the wrong key.

[0008] U.S.Pat.No. 6,847,354 entitled “Three dimensional
interactive display” discloses a three-dimensional interactive
display and method of forming it. Moreover, the 3D interac-
tive display includes a transparent capaciflector (TC) camera
formed on a transparent shield layer on the screen surface to
sense the movement of an object, such as a finger, so as to
perform the 3D control. However, the cost of a TC camera is
too high to be applied on a consuming mobile apparatus.
Besides, the camera applied presently in the consuming
mobile apparatus can not provide the same functions ofa TC
camera.

[0009] U.S. Pat. No. 6,844,871 entitled “Method and appa-
ratus for computing input using six degrees of freedom”
discloses a mouse that uses a camera as its input sensor. A
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real-time vision algorithm determines the six degree-of-free-
dom mouse posture, consisting of 2D motion, tilt in the for-
ward/back and left/right axes, rotation of the mouse about its
vertical axis, and some limited height sensing. Thus, a famil-
iar 2D device can be extended for three-dimensional manipu-
lation, while remaining suitable for standard 2D Graphical
User Interface tasks. However, the size of the apparatus is too
large, and the apparatus needs a specific panel. Therefore, the
apparatus is not suitable for mobile apparatus.

[0010] Furthermore, U.S. Pat. No. 6,757,557 entitled
“Position location system” discloses methods and apparatus
for locating the position, preferably in three dimensions, of a
sensor by generating magnetic fields which are detected by
the sensor. The magnetic fields are generated from a plurality
oflocations and, in one embodiment of the invention, enables
both the orientation and location of a single coil sensor to be
determined. However, the magnetic field generator and detec-
tor are not suitable for mobile apparatus.

[0011] Accordingly, the control apparatus of the prior arts
can not meet the requirement for performing three-dimen-
sional control of an object on a mobile apparatus. Therefore,
there is the need to develop a control apparatus to solve the
problem.

SUMMARY OF THE INVENTION

[0012] Accordingly, one aspect of the present invention is
to provide a control apparatus and method. Particularly, the
apparatus and method of the invention can be applied for
three-dimensional control on a mobile apparatus.

[0013] According to a preferred embodiment of the inven-
tion, the control apparatus can provide a user with the control
of an object displayed on a display apparatus by a pointing
device. The control apparatus of the invention includes an
image capturing module, a separating module, a positioning
module, a constructing module, and a processing module.
[0014] The image capturing module is used to record an
image sequence includes N images, wherein N is a positive
integer. The separating module is applied to capture the point-
ing device image related to the pointing device from each
image. The positioning module is used for calculating a spe-
cific point of the pointing device image of each image to
generate a first set of specific point information. Additionally,
the constructing module is applied to generate a trajectory in
accordance with a pre-defined criterion and the first set of
specific point information. Furthermore, the processing mod-
ule is used to analyze the trajectory and generate a control
signal to control the object.

[0015] According to another preferred embodiment of the
invention, the control method can provide a user with the
control of an object displayed on a display apparatus by a
pointing device. The method of the invention includes the
following steps:

[0016] (a) recordsavideo sequence and generates N image
frames, wherein N is a positive integer.

[0017] (b) captures a pointing device image related to the
pointing device from each image frame in accordance with a
characteristic of the pointing device.

[0018] (c) calculates a specific point of the pointing device
image of each image frame to generate a first set of specific
point information.

[0019] (d) generates a trajectory in accordance with a pre-
defined criterion and the first set of specific point information.
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[0020] (e) analyzes the trajectory and generates a control
signal.

[0021] () controls the object according to the control sig-
nal.

[0022] The objective of the present invention will no doubt
become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment, which is illustrated in the various figures and
drawings.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

[0023] FIG. 1 illustrates a functional block of a control
apparatus of an embodiment of the invention.

[0024] FIG. 2 illustrates a functional block of a control
apparatus of an embodiment of the invention.

[0025] FIG. 3 shows a flow chart of a control method of an
embodiment of the invention.

[0026] FIG. 4 shows a flow chart of a control method of an
embodiment of the invention.

[0027] FIG. 5 shows a flow chart of a control method of an
embodiment of the invention.

[0028] FIG. 6A to 6J illustrate a control process of an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Please refer to FIG. 1, which shows a functional
block of a control apparatus of an embodiment of the inven-
tion. The control apparatus 1 can provide a user with the
control (such as three-dimensional control) of an object dis-
playedina display apparatus by a pointing device. Inpractice,
the pointing device can be, but not limited to, such as a finger
of the user, a touch pen, a writing pen, or other suitable
devices.

[0030] As shown inFIG. 1, the control apparatus 1 includes
an image capturing module 11, a separating module 13, a
positioning module 15, a constructing module 17, and a pro-
cessing module 19.

[0031] The image capturing module 11, such as a video
camera or a camera, can be used to record a video sequence,
which contains N image frames, wherein N is a positive
integer. Practically, the N image frames include some images
of the pointing device. In practice, the video camera can be a
digital video camera, whereas the camera can be a digital
camera.

[0032] The separating module 13 can capture a pointing
device image related to the pointing device from each image
frame in accordance with a characteristic of the pointing
device. In practice, the characteristic can be the color of the
pointing device or other suitable characteristics such as the
shape or the structure of the pointing device.

[0033] The positioning module 15 can be used to calculate
a specific point of the pointing device image of each image
frame to generate a first set of specific point information. In
practice, the specific point can be, but not limited to, a central
point of the pointing device image.

[0034] The constructing module 17 can generate a trajec-
tory in accordance with a pre-defined criterion and the first set
of specific point information. Practically, the constructing
module 17 can further determine if the trajectory is finished in
accordance with the first set of specific point information. For
example, if the trajectory stops at the edge of the image frame
or the trajectory comes back to the center of the image frame,
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the constructing module 17 determines the trajectory is fin-
ished. Moreover, if the constructing module 17 determines
the trajectory is finished, the constructing module 17 trans-
mits the trajectory to the processing module 19.

[0035] In practice, the constructing module 17 further
includes a counter. When the constructing module 17 further
determines the trajectory is finished, it triggers the counter.
Furthermore, when the counting is finished, the constructing
module 17 transmits the trajectory to the processing module
19.

[0036] Furthermore, in practice, the above-mentioned first
set of specific point information comprises a second specific
point and a third specific point adjacent to the second specific
point. Particularly, the pre-defined criterion is that when the
difference between the second specific point and the third
specific point is smaller than a pre-defined value, the trajec-
tory comprises the third specific point. Accordingly, if the
difference between the second specific point and the third
specific point exceeds the predefined value, the constructing
module 17 can delete the third specific point, and connects the
stable second specific points to form the trajectory.

[0037] The processing module 19 can analyze the trajec-
tory and generates a control signal to control (such as two-
dimensional control or three-dimensional control) the object.
In practice, the processing module 19 analyzes the trajectory
to generate a direction information, a strength information,
and a rotation angle information, or other suitable informa-
tion. Furthermore, the direction information can include an
upward information, a downward information, a leftward
information, or a rightward information; and the rotation
angle information can include a clockwise information or a
counterclockwise information.

[0038] In the embodiment, the processing module 19 fur-
ther comprises a classifier 191, such as a direction and rota-
tion classifier, which can classify the above-mentioned direc-
tion information, strength information, and rotation angle
information, so as to generate the control signal.

[0039] Please refer to FI1G. 2, which illustrates a functional
block of a control apparatus of an embodiment of the inven-
tion. As shown in FIG. 2, the image capturing module 11
further comprises a vibration reduction module 112 for
removing a pre-defined noise, such as the noise generated by
the image capturing module 11, or the interference caused by
the user’s action, from the video sequence, and further for
generating the N image frames. Practically, the vibration
reduction module 112 can perform the above-mentioned pro-
cess by blurring/smoothing algorithm.

[0040] In practice, the control apparatus of the invention
can be contained in a hand-held electronic apparatus. For
example, the control apparatus of the invention can be inte-
grated in a mobile phone or a personal digital assistant (PDA).
[0041] Please refer to FIG. 3, which shows a flow chartofa
control method of an embodiment of the invention.

[0042] As shown in FIG. 3, the control method includes the
following steps: first of all, in step S71, a video sequence is
recorded and N image frames are generated, wherein N is a
positive integer. Afterward, in step S73, a pointing device
image related to the pointing device from each image frame is
captured in accordance with a characteristic of the pointing
device, such as the color of the pointing device.

[0043] Furthermore, in step S75, a specific point is calcu-
lated, such as the central point, in the pointing device image of
each image frame, a first set of specific point information is
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generated. Afterward, in step S77, a trajectory is generated in
accordance with a pre-defined criterion and the first set of
specific point information.

[0044] In practice, the first set of specific point information
comprises a second specific point and a third specific point
adjacent to the second specific point. Particularly, the pre-
defined criterion is that when the difference between the
second specific point and the third specific point is smaller
than a pre-defined value, the trajectory comprises the third
specific point. Accordingly, if the difference between the
second specific point and the third specific point excesses the
pre-defined value, the third specific point can be deleted in
step S77, and the stable second specific points can be con-
nected to form the trajectory.

[0045] Furthermore, in step S79, the trajectory is analyzed
and a control signal is generated. Practically, in step S79, the
method of the invention analyzes the trajectory to generate a
direction information, a strength information, and a rotation
angle information, or other suitable information, and further
generates the control signal in accordance with said informa-
tion. Furthermore, the direction information can include at
least an upward information, a downward information, a left-
ward information, or a rightward information; and the rota-
tion angle information can include either a clockwise infor-
mation or a counterclockwise information. Finally, in step
S81, the object is controlled according to the control signal. In
practice, the method of the invention can perform two-dimen-
sional or three-dimensional control.

[0046] In an embodiment, the method of the invention can
further include the following step: Removing a pre-defined
noise from the video sequence and generating the N image
frames. Practically, the above-mentioned process can be per-
formed by blurring/smoothing algorithm.

[0047] Please refer to FIG. 4, which shows a flow chart of a
contro] method of an embodiment of the invention. In the
embodiment, the method of the invention can further include
step S78, in which it determines, in accordance with the first
set of specific point information, whether the trajectory is
finished. Moreover, if the answer of step S78 is yes, proceed
step S79. On the contrary, if the answer of step S78 is no,
proceed step S83, through which we can confirm the position
of the track point.

[0048] Please refer to F1G. 5, which shows a flow chart of a
control method of an embodiment of the invention. In the
embodiment, the method of the invention further includes a
classifier to classify the above-mentioned direction informa-
tion, strength information, and rotation angle information, so
as to generate the control signal.

[0049] As shown in FIG. 5, in step S85, the classifier
receives the direction information, strength information, and
rotation angle information to generate a current control sig-
nal. Furthermore, in step S87, it determines if a previous
control signal is existed, and if no, proceed step S89 and
control the object according to the current control signal. On
the contrary, if the answer is yes, proceed step S91, and
determine whether an interruption exists and if the answer is
yes, proceed step S89, control the object according to the
current control signal. If the answer of step S91 is no, proceed
step S93, determine whether the current control signal is the
same as the previous control signal, and if no, proceed step
S95, and control the object according to the previous control
signal. If the answer of step S93 is yes, proceed step S97,
determine whether the direction is clear, and if the answer is
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yes, proceed step S99, update the strength information. If the
answer of step S97 is no, return to step S85.

[0050] Please refer to FIG. 6A to 6J for a control process of
an embodiment of the invention. As shown in FIG. 6A and
FIG. 6B, the control apparatus and the display apparatus are
integrated in a mobile phone 3. Moreover, the image captur-
ing module of the invention is the photographic module 31 of
the mobile phone 3, and the display is the screen 33 of the
mobile phone 3. Furthermore, the object displayed on the
screen 33 is an image of the racing car 35. Moreover, as shown
in FIG. 6B, the photographic module 31 is on the back of the
mobile phone 3, and the photographic module 31 can record
the action of a pointing device 37. Additionally, the pointing
device 37 is located at a first position L1.

[0051] Furthermore, as shown in FIG. 6C and FIG. 6D,
when the pointing device 37 moves from the first position L1
to a second position L2, the photographic module 31 can
record a video sequence which contains a series of image
frames of the movement of the pointing device 37. Afterward,
the separating module (not shown) can separate the image of
the pointing device 37 from the background image of each
image frame according to the color of the pointing device.
The positioning module (not shown) can further calculate the
central point of the image of the pointing device 37 separated
by the separating module. Moreover, the constructing module
(not shown) generates the trajectory of the pointing device 37,
and the processing module (not shown) analyzes the track
information of the trajectory. Particularly, in the embodiment,
the track information shows that the pointing device 37 moves
to right. The processing module can further generate a control
signal according to the track information. Moreover, in the
embodiment, the control signal is a right turn signal, so that
the processing module controls the image of the racing car 35
to turn right.

[0052] Furthermore, as shown in FIG. 6E and FIG. 6F,
when the pointing device 37 moves from the second position
L2 to a third position L3, the photographic module 31 can
record a video sequence which contains a series of image
frames of the movement of the pointing device 37. Addition-
ally, the processing module controls the image of the racing
car 35 to continuously making a right turn.

[0053] Furthermore, as shown in FIG. 6G and FIG. 6H,
when the pointing device 37 moves from a fourth position L4
to a fifth position L5, the photographic module 31 can record
a video sequence which contains a series of image frames of
the movement (from top to bottom) of the pointing device 37.
Moreover, the processing module of the invention analyzes
the track information of the trajectory. In the embodiment, the
track information is that the pointing device 37 moves to the
bottom. The processing module further generates the control
signal based on the track information, and in the embodiment,
the control signal is a downward turn signal. Therefore, the
processing module controls the image of the racing car 35 to
turn down.

[0054] Furthermore, as shown in FIG. 61 and FIG. 6J, when
the pointing device 37 moves counterclockwise from the
fourth position [4 to the sixth position L6, the photographic
module 31 can record a video sequence which contains a
series of image frames of the movement ofthe pointing device
37. Moreover, the processing module of the invention ana-
lyzes the track information of the trajectory. In the embodi-
ment, the track information is that the pointing device 37
rotates counterclockwise. The processing module further
generates the control signal based on the track information,
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and in the embodiment, the control signal is an enlarged
signal. Therefore, the processing module enlarges the image
of the racing car 35. Practically, the relationship between the
degree of enlargement and the rotation angle of the track
information can be optionally set.

[0055] Please note that, in practice, the track information
and the control signal can optionally be set, so as to perform
three-dimensional control of the object. For example, the
above-mentioned right-moving information can be set to cor-
respond to a control signal such as right-moving control sig-
nal, or right-turning control signal. For another example, the
track information of rotation clockwise 60° can be set to
correspond to a control signal such as right-turning 10°, 60°,
or 90°,

[0056] Obviously, the control apparatus can provide the
user with easy performance of three-dimensional control of
the object displayed in the display apparatus. Additionally,
the control apparatus of the invention can be integrated in a
hand-held electronic apparatus, and can perform complicated
control, such as game control or virtual control, with the input
module of the hand-held electronic apparatus.

[0057] Although the present invention has been illustrated
and described with reference to the preferred embodiment
thereof, it should be understood that it is in no way limited to
the details of such an embodiment, but is capable of numerous
modifications within the scope of the appended claims.

What is claimed is:

1. A control apparatus for providing a user with a control
over an object displayed in a display apparatus by a pointing
device, the control apparatus comprising:

an image capturing module for recording a video sequence
and generating N image frames, N being a positive inte-
ger;

a separating module for capturing a pointing device image
related to the pointing device from each image frame in
accordance with a characteristic of the pointing device;

a positioning module for calculating a specific point of the
pointing device image of each image frame to generate a
first set of specific point information;

a constructing module for generating a trajectory in accor-
dance with a pre-defined criterion and the first set of
specific point information; and

a processing module for analyzing the trajectory and gen-
erating a control signal to control the object.

2. The control apparatus of claim 1, wherein the specific
point of the pointing device image is a central point of the
pointing device image.

3. The control apparatus of claim 1, wherein the first set of
specific point information comprises a second specific point
and a third specific point adjacent to the second specific point,
and the pre-defined criterion is that when the difference
between the second specific point and the third specific point
is smaller than a pre-defined value, the trajectory comprising
the third specific point.

4. The control apparatus of claim 1, wherein the processing
module performs three-dimensional control of the object
according to the control signal.

5. The control apparatus of claim 4, wherein the image
capturing module further comprises:

a vibration reduction module for removing a pre-defined

noise from the video sequence, and generating N image
frames.
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6. The control apparatus of claim 5, wherein the vibration
reduction module processes the video sequence by blurring/
smoothing algorithm to remove the pre-defined noise.

7. The control apparatus of claim 1, wherein the image
capturing module further comprises a video camera or a cam-
era.

8. The control apparatus of claim 1, wherein the character-
istic is the color of the pointing device.

9. The control apparatus of claim 1, wherein the construct-
ing module further determines, in accordance with the first set
of specific point information, whether the trajectory is fin-
ished, and if yes, the constructing module transmitting the
trajectory to the processing module.

10. The control apparatus of claim 1, wherein the process-
ing module analyzes the trajectory to generate a direction
information, a strength information, and a rotation angle
information; and the processing module generating the con-
trol signal in accordance with the direction information, the
strength information, and the rotation angle information.

11. The control apparatus of claim 10, wherein the direc-
tion information is an upward information, a downward infor-
mation, a leftward information, or a rightward information.

12. The control apparatus of claim 10, wherein the rotation
angle information is either a clockwise information or a coun-
terclockwise information.

13. The control apparatus of claim 10, wherein the process-
ing module generates the control signal in accordance with
the direction information, the strength information, the rota-
tion angle information, and a classifier.

14. A control method for providing a user with the control
over an object displayed in a display apparatus by a pointing
device, the control method comprising the following steps:

(a) recording a video sequence and generating N image
frames, N being a positive integer;

(b) capturing a pointing device image related to the point-
ing device from each image frame in accordance with a
characteristic of the pointing device;

(¢) calculating a specific point ofthe pointing device image
of each image frame to generate a first set of specific
point information;

(d) generating a trajectory inaccordance with a pre-defined
criterion and the first set of specific point information;

(e) analyzing the trajectory and generating a control signal;
and

(D) controlling the object according to the control signal.

15. The control method of claim 14, wherein the specific
point of the pointing device image is a central point of the
pointing device image.

16. The control method of claim 14, wherein the first set of
specific point information comprises a second specific point
and a third specific point adjacent to the second specific point,
and the pre-defined criterion is that when the difference
between the second specific point and the third specific point
is smaller than a pre-defined value, the trajectory comprising
the third specific point.

17. The control method of claim 14, wherein step (f) per-
forms three-dimensional control of the object according to
the control signal.

18. The control method of claim 14, wherein step (a) fur-
ther comprises the following step:

(al) removing a pre-defined noise from the video

sequence, and generating N image frames.
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19. The control method of claim 18, wherein step (al)
processes the video sequence by blurring/smoothing algo-
rithm to remove the pre-defined noise.

20. The control method of claim 14, wherein the charac-
teristic is the color of the pointing device.

21. The control method of claim 14, wherein step (d) fur-
ther comprises the following step:

(d1) determining, in accordance with the first set of specific

point information, whether the trajectory is finished, and
if yes, proceeding step (e).

22. The control method of claim 14, wherein step (e) ana-
lyzes the trajectory to generate a direction information, a
strength information, and a rotation angle information, and
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generating the control signal in accordance with the direction
information, the strength information, and the rotation angle
information.

23. The control method of claim 22, wherein the direction
information is an upward information, a downward informa-
tion, a leftward information, or a rightward information.

24. The control method of claim 22, wherein the rotation
angle information is either a clockwise information or a coun-
terclockwise information.

25. The control method of claim 22, wherein step (e) gen-
erates the control signal in accordance with the direction
information, the strength information, the rotation angle
information, and a classifier.
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