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OPTICAL TRACKING DEVICE
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an optical tracking
device, and more particularly, to an optical tracking device
of tracking a target object.

2. Description of the Prior Art

[0002] A conventional optical detection device includes an
optical sensor with an auto exposure function. The auto
exposure function automatically adjusts illumination inten-
sity according to environmental illumination, so that the
optical sensor can clearly identify an identification feature
on a target object for acquiring a correct movement trace of
the target object. If the optical sensor is prepared to identify
a dark marker disposed on the target object, the conventional
optical detection device has to shut down the auto exposure
function, and then the optical sensor can observe a grey level
variation of a detection image to determine whether the dark
marker is moved into a monitoring region of the optical
sensor. Thus, the auto exposure function of the conventional
optical detection device is turned on to execute an identifi-
cation feature detection mode and further turned off to
execute the mark detection mode, so the conventional opti-
cal detection device has drawbacks of worse operational
experience and inconvenient manipulation.

SUMMARY OF THE INVENTION

[0003] The present invention provides an optical tracking
device of tracking a target object for solving above draw-
backs.

[0004] According to the claimed invention, an optical
tracking device is used to track a target object. An outer
surface of the target object is divided into a first region and
a second region adjacent to each other, and a marker is
disposed on the first region. The optical tracking device
includes an optical sensor and an operation processor. The
optical sensor has auto exposure function and is adapted to
acquire a detection image containing at least one of the first
region and the second region. The operation processor is
electrically connected to the optical sensor and adapted to
analyze variation of an exposure parameter of the auto
exposure function for determining whether the first region is
appeared in the detection image, so as to acquire an opera-
tion datum of the target object.

[0005] According to the claimed invention, the outer sur-
face is further divided into the first region, the second region
and a third region adjacent to each other, the first region and
the third region both have the marker, and the operation
processor analyzes the variation of the exposure parameter
for determining whether the first region or the third region
is appeared in the detection image. The optical tracking
device is used to distinguish the target object from a sub-
stituted object, the substituted object has another marker,
and the operation processor analyzes the variation of the
exposure parameter for determining whether the marker or
the another marker is appeared in the detection image, so as
to ensure the optical tracking device is applied for the target
object or the substituted object.

[0006] According to the claimed invention, the optical
tracking device further includes a memory module electri-

Dec. 8, 2022

cally connected to the operation processor and adapted to
store data of a first specific range and a second specific
range, and the operation processor compares the exposure
parameter with the first specific range and the second
specific range to determine the detection image contains the
first region or the second region. A value of the first specific
range is greater than a value of the second specific range.
The operation processor determines the first region is
appeared in the detection image when the exposure param-
eter is located inside the first specific range.

[0007] According to the claimed invention, the operation
processor analyzes a number of times of the exposure
parameter inside the first specific range, to acquire attached
information of the target object via the marker. The opera-
tion processor determines the first region is appeared in the
detection image when a continued period of the exposure
parameter inside the first specific range conforms to a period
threshold. The operation processor analyzes the number of
times and the continued period of the exposure parameter
inside the first specific range, to acquire attached informa-
tion of the target object via the marker.

[0008] According to the claimed invention, when the
exposure parameter is located inside the second specific
range, the operation processor determines the second region
is appeared in the detection image and analyzes an identi-
fication feature of the second region to acquire a movement
of the target object.

[0009] According to the claimed invention, the marker on
the first region has a first material property, the second
region has a second material property, and a reflectivity of
the first material property is lower than a reflectivity of the
second material property.

[0010] According to the claimed invention, the optical
tracking device further includes a light source electrically
connected to the operation processor for illumination, and
the operation processor adjusts the light source to locate the
exposure parameter inside the second specific range when
the second region is appeared in the detection image. The
operation processor increases a working period or a driving
current of the light source for high illumination.

[0011] According to the claimed invention, the auto expo-
sure function is turned on when the optical sensor acquires
the detection image containing the first region or the second
region. The exposure parameter is a length of an exposure
period of the optical sensor.

[0012] The optical tracking device of the present invention
can utilize the auto exposure function to detect the move-
ment of the target object and the marker on the target object,
and further can decode the attached information hidden
within the pattern of the marker for determining a category
and motion of the target object by analyzing the number of
times and the continued period of the exposure parameter.
The outer surface of the target object preferably can be made
by the metal with high reflectivity, and the marker can be a
pattern engraved on the high-reflectivity metal or a dark
layer coated on the high-reflectivity metal. The exposure
parameter of the auto exposure function can be varied when
the marker and the non-marker area on the target object are
captured by the optical sensor, and the operation processor
can decide that the marker is moved into the monitoring area
of the optical sensor in response to the exposure parameter
continuously kept in the high-level specific range; accord-
ingly, the operation processor can increase the illumination
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of' the light source so that the optical sensor can generate the
low exposure parameter when the non-marker area is
detected.

[0013] The optical tracking device of the present invention
can be applied for the portable communication apparatus,
and other kinds of switches or joysticks. The exposure
parameter of the auto exposure function can be varied via an
electronic switch or a physical switch, which depends on the
actual demand. The present invention does not shut down
the auto exposure function of the optical sensor, and the
optical tracking device can accurately detect whether the
marker on the target object is moved into the monitoring
area of the optical sensor via the turned-on auto exposure
function.

[0014] These and other objectives 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 that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a functional block diagram of an optical
tracking device according to an embodiment of the present
invention.

[0016] FIG. 2 is a diagram of the optical tracking device
and a target object according to the embodiment of the
present invention.

[0017] FIG. 3 is an application diagram of the optical
tracking device according to a first embodiment of the
present invention.

[0018] FIG. 4 and FIG. 5 are diagrams of the exposure
parameter varied according to different markers according to
the first embodiment of the present invention.

[0019] FIG. 6 is an application diagram of the optical
tracking device according to a second embodiment of the
present invention.

[0020] FIG. 7 is an application diagram of the optical
tracking device according to a third embodiment of the
present invention.

DETAILED DESCRIPTION

[0021] Please refer to FIG. 1 and FIG. 2. FIG. 1 is a
functional block diagram of an optical tracking device 10
according to an embodiment of the present invention. FIG.
2 is a diagram of the optical tracking device 10 and a target
object OT according to the embodiment of the present
invention. The optical tracking device 10 can track a move-
ment of the target object OT. An outer surface S of the target
object OT can be divided into a first region R1 and a second
region R2 adjacent to each other. A marker M can be
disposed on at least one of the first region R1 and the second
region R2. In the embodiment, the marker M can be dis-
posed on the first region R1; position of the marker M is not
limited to the above-mentioned embodiment and can depend
on an actual application. The optical tracking device 10 can
analyze parameter variation generated by an auto exposure
function to identity the marker M, so as to determine a track
of the target object OT moved relative to the optical tracking
device 10.

[0022] The optical tracking device 10 can include an
optical sensor 12, a memory module 14, a light source 16
and an operation processor 18. The operation processor 18
can be electrically connected to the optical sensor 12, the
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memory module 14 and the light source 16. The optical
sensor 12 can acquire a detection image containing at least
one of the first region R1 and the second region R2, and have
the auto exposure function which can adaptively adjust an
exposure parameter in accordance with environmental illu-
mination, so that the detection image can have preferred
quality; the exposure parameter can be a length of an
exposure period, an aperture value or a shutter speed. The
memory module 14 can store the detection image acquired
by the optical sensor 12, and further can store preset data
applied for analyzing the detection image and the exposure
parameter. The memory module 14 can be independent of
the operation processor 18, or be a built-in unit of the
operation processor 18. The light source 16 can provide
illumination, and the illumination can be adjusted by a
command of the operation processor 18.

[0023] Generally, the marker M can have a first material
property, and the first region R1 excluding the marker M and
the second region R2 can have a second material property;
reflectivity of the first material property can be lower than
reflectivity of the second material property. In the embodi-
ment, the outer surface S of the target object OT can be light
color or have high reflectivity (which means the second
material property), and the marker M can be dark color or
have low reflectivity (which means the first material prop-
erty). Thus, when the target object OT is moved relative to
the optical tracking device 10 and the outer surface S where
excludes the marker M is moved into a monitoring area of
the optical sensor 12, the auto exposure function of the
optical sensor 12 can generate the exposure parameter with
a lower value, such as the short exposure period; if the
marker M is moved into the monitoring area of the optical
sensor 12, the auto exposure function of the optical sensor
12 can generate the exposure parameter with a higher value,
such as the long exposure period. The operation processor
18 can analyze variation of the exposure parameter gener-
ated by the auto exposure function to determine whether the
marker M within the first region R1 is appeared in the
detection image, and then acquire the movement of the
target object OT relative to the optical tracking device 10
according to a determination result; the movement can be
interpreted as an operation command output by the user who
holds the target object OT.

[0024] Please refer to FIG. 3 to FIG. 5. FIG. 3 is an
application diagram of the optical tracking device 10 accord-
ing to a first embodiment of the present invention. FIG. 4
and FIG. 5 are diagrams of the exposure parameter varied
according to the markers M and M' according to the first
embodiment of the present invention. As shown in FIG. 3,
the optical tracking device 10 can be disposed inside a hold
22 on a portable communication apparatus 20A, and the
target object OT can be a stylus for being inserted into the
hold 22 on the portable communication apparatus 20A. The
marker M can be disposed on a front end or a rear end of the
target object OT. The memory module 14 can store data of
a first specific range Al and a second specific range A2; for
example, the exposure parameter within the first specific
range Al can be ranged between values 6~16, and the
exposure parameter within the second specific range A2 can
be ranged between values 0~6, as shown in FIG. 4 and FIG.
5; actual values of the first specific range Al and the second
specific range A2 are not limited to the above-mentioned
embodiment, which depend on design demand. The expo-
sure parameter varied within the first specific range Al can
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be interpreted as the marker M moved into the monitoring
area of the optical sensor 12, so that a boundary of the first
specific range Al is greater than a boundary of the second
specific range A2.

[0025] Inthe present invention, the auto exposure function
is turned on when the optical sensor 12 acquires the detec-
tion image containing at least one of the first region R1 and
the second region R2. The marker M and a non-marker area
(which means an area of the first region R1 excluding the
marker M and the second region R2) of the target object OT
can respectively have specific material property. When the
monitoring area of the optical sensor 12 aligns with the
marker M or the non-marker area, the exposure parameter of
the auto exposure function can be varied due to difference in
the material property. For ensuring variation of the exposure
parameter can have sufficient amplitude when the optical
tracking device 10 acquires the detection image containing
the marker M, the illumination of the light source 16 can be
increased to a high level for setting the exposure parameter
within the second specific range A2 as if the detection image
containing the second region R2 is acquired. A working
period or a driving current of the light source 16 can be
increased to generate the high-level illumination; however,
a method of increasing the illumination is not limited to the
above-mentioned embodiment, and depends on the design
demand.

[0026] The target object OT is inserted into a bottom of the
hole 22, and the marker M can be moved into the monitoring
area of the optical tracking device 10; in the meantime, the
optical sensor 12 needs the longer exposure period to
acquire the detection image with preferred quality because
of the darker marker M, so the auto exposure function can
generate the high exposure parameter. The optical tracking
device 10 can compare the high exposure parameter with the
first specific range A1l and the second specific range A2, and
get a result of the high exposure parameter located inside the
first specific range Al; thus, the optical tracking device 10
can determine that the marker M is detected (which means
the first region R1 is captured by the detection image), and
decide the target object OT is stored in a correct position and
then may drive the portable communication apparatus 20A
to execute a related application program. If the target object
OT is inserted into a half of the hole 22 and therefore the
portable communication apparatus 20A does not detect the
marker M (which means the second region R2 is captured by
the detection image), the auto exposure function can gen-
erate the low exposure parameter; the optical tracking device
10 can determine the low exposure parameter is located
inside the second specific range A2, which is interpreted as
the marker M not entering the monitoring area of the optical
tracking device 10, so that the optical tracking device 10 can
decide the target object OT is not in the correct position, and
can output a warning reminder to notify the user of adjusting
the stylus.

[0027] When the optical tracking device 10 determines the
exposure parameter is located inside the second specific
range A2, the second region R2 of the target object OT can
be appeared in the detection image, which means the marker
M is not stayed inside the monitoring area of the optical
tracking device 10. In this situation, the optical tracking
device 10 can analyze variation of identification features
within the second region R2 to acquire the movement of the
target object OT. The identification features may be a pattern
preset on the second region R2, or an original and identifi-
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able coarse structure of the second region R2, which
depends on the design demand.

[0028] The target object OT (which means the stylus) can
be fully separated from the hole 22 on the portable com-
munication apparatus 20A, and therefore the portable com-
munication apparatus 20A may be optionally assembled
with a substituted object OS. The substituted object OS can
be another stylus or any other structural unit. The substituted
object OS can have another marker M', and a style of the
marker M' may be different from a style of the marker M.
The optical tracking device 10 can analyze variation of the
exposure parameter of the auto exposure function to deter-
mine the optical sensor 12 detects the marker M or the
marker M', and further decide an object assembled with the
portable communication apparatus 20A belongs to the target
object OT or the substituted object OS. For example, the
marker M can be a rectangle dark pattern and the marker M'
can be a striped dark pattern. If the optical tracking device
10 detects the auto exposure function always outputs the
high exposure parameter in a predefined period, which may
represent that a continued period of the exposure parameter
inside the first specific range Al conforms to a period
threshold, as shown in FIG. 4, and the optical tracking
device 10 can decide that the marker M is detected; the
period threshold may be pre-stored in the memory module
14. If the optical tracking device 10 detects the exposure
parameter of the auto exposure function is frequently risen
and fallen in a short time, and a number of times of the
exposure parameter inside and outside the first specific range
Al conforms to a number threshold, the optical tracking
device 10 can detect the marker M', as shown in FIG. 5.

[0029] It should be mentioned that the present invention
further can convert a dimension and density of the stripe in
a pattern of the markers M and M' into code for recording
attached information of the target object OT and the substi-
tuted object OS. As an example shown in FIG. 3, the marker
M is a one dark pattern, and the attached information may
be an owner datum of the target object OT; the marker M'
includes six dark strips with the same width, and the
attached information can be the owner datum of the substi-
tuted object O. Another marker (not shown in the figures)
may include five dark strips with the same width, or include
six dark strips with different widths, or some stripes with any
numbers and dimensions. Therefore, the optical tracking
device 10 can analyze the number of times, or the continued
period, or the number of times and the continued period of
the exposure parameter inside the first specific range Al, to
decode the attached information of the target object OT by
the marker M and the attached information of the substituted
object O by the marker M'.

[0030] Please refer to FIG. 6. FIG. 6 is an application
diagram of the optical tracking device 10 according to a
second embodiment of the present invention. As shown in
FIG. 6, the portable communication apparatus 20B can have
a stretchable display screen, and the target object OT can be
a slide bar inside the portable communication apparatus
20B, and the optical tracking device 10 can be disposed
inside a casing of the portable communication apparatus
20B. The marker M can be disposed on a lateral end of the
target object OT. If the stretchable display screen of the
portable communication apparatus 20B is shortened, the
marker M is not located inside the monitoring area of the
optical tracking device 10, and the portable communication
apparatus 20B can display a small size screen frame on the
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stretchable display screen; if two opposite sides of the
stretchable display screen are lengthened, the marker M can
be located inside the monitoring area of the optical tracking
device 10, and the portable communication apparatus 20B
can display a large size screen frame on the stretchable
display screen.

[0031] In the second embodiment, a left region and a right
region of the target object OT can be respectively repre-
sented as the first region R1 and the second region R2, and
the marker M can be disposed on the first region R1 close to
the optical tracking device 10; position of the marker M is
not limited to the above-mentioned embodiment, which
depends on an actual demand. Please refer to FIG. 7. FIG.
7 is an application diagram of the optical tracking device 10
according to a third embodiment of the present invention. As
shown in FIG. 7, the optical tracking device 10 can be
located inside the casing of the portable communication
apparatus 20C, and the outer surface S of the target object
OT can be divided into the first region R1, the second region
R2 and a third region R3 adjacent to each other. The first
region R1 and the third region R3 can respectively have the
marker M. The portable communication apparatus 20C can
have the stretchable display screen. When the stretchable
display screen of the portable communication apparatus 20C
is lengthened to a right direction, the marker M on the first
region R1 can be detected by the optical tracking device 10;
when the stretchable display screen of the portable commu-
nication apparatus 20C is shortened, the marker M on the
third region R3 can be detected by the optical tracking
device 10.

[0032] The marker M on the first region R1 can have the
style different from the style of the marker M on the third
region R3; for example, the marker M on the first region R1
can be the rectangle dark pattern, and the marker M on the
third region R3 can be the striped dark pattern. If the optical
tracking device 10 analyzes that the auto exposure function
continuously outputs the high exposure parameter in the
predefined period, the marker M on the first region R1 can
be detected by the optical tracking device 10, and the
portable communication apparatus 20C can show the large
size screen frame on the stretchable display screen. If the
optical tracking device 10 analyzes that the exposure param-
eter of the auto exposure function is frequently risen and
fallen in the short time, the marker M on the third region R3
can be detected by the optical tracking device 10, and the
portable communication apparatus 20C can show the small
size screen frame on the stretchable display screen.

[0033] In conclusion, the optical tracking device of the
present invention can utilize the auto exposure function to
detect the movement of the target object and the marker on
the target object, and further can decode the attached infor-
mation hidden within the pattern of the marker for deter-
mining a category and motion of the target object by
analyzing the number of times and the continued period of
the exposure parameter. The outer surface of the target
object preferably can be made by the metal with high
reflectivity, and the marker can be a pattern engraved on the
high-reflectivity metal or a dark layer coated on the high-
reflectivity metal. The exposure parameter of the auto expo-
sure function can be varied when the marker and the
non-marker area on the target object are captured by the
optical sensor, and the operation processor can decide that
the marker is moved into the monitoring area of the optical
sensor in response to the exposure parameter continuously
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kept in the high-level specific range; accordingly, the opera-
tion processor can increase the illumination of the light
source so that the optical sensor can generate the low
exposure parameter when the non-marker area is detected.
[0034] The optical tracking device of the present invention
can be applied for the portable communication apparatus,
and other kinds of switches or joysticks. The exposure
parameter of the auto exposure function can be varied via an
electronic switch or a physical switch, which depends on the
actual demand. Comparing to the prior art, the present
invention does not shut down the auto exposure function of
the optical sensor, and the optical tracking device can
accurately detect whether the marker on the target object is
moved into the monitoring area of the optical sensor via the
turned-on auto exposure function.

[0035] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. An optical tracking device of tracking a target object,
an outer surface of the target object being divided into a first
region and a second region adjacent to each other, and a
marker being disposed on the first region, the optical track-
ing device comprising:

an optical sensor with auto exposure function and adapted

to acquire a detection image containing at least one of
the first region and the second region; and

an operation processor electrically connected to the opti-

cal sensor and adapted to analyze variation of an
exposure parameter of the auto exposure function for
determining whether the first region is appeared in the
detection image, so as to acquire an operation datum of
the target object.

2. The optical tracking device of claim 1, wherein the
outer surface is further divided into the first region, the
second region and a third region adjacent to each other, the
first region and the third region both have the marker, and
the operation processor analyzes the variation of the expo-
sure parameter for determining whether the first region or
the third region is appeared in the detection image.

3. The optical tracking device of claim 1, wherein the
optical tracking device is used to distinguish the target object
from a substituted object, the substituted object has another
marker, and the operation processor analyzes the variation of
the exposure parameter for determining whether the marker
or the another marker is appeared in the detection image, so
as to ensure the optical tracking device is applied for the
target object or the substituted object.

4. The optical tracking device of claim 1, wherein the
optical tracking device further comprises a memory module
electrically connected to the operation processor and
adapted to store data of a first specific range and a second
specific range, and the operation processor compares the
exposure parameter with the first specific range and the
second specific range to determine the detection image
contains the first region or the second region.

5. The optical tracking device of claim 4, wherein a value
of'the first specific range is greater than a value of the second
specific range.

6. The optical tracking device of claim 4, wherein the
operation processor determines the first region is appeared in
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the detection image when the exposure parameter is located
inside the first specific range.

7. The optical tracking device of claim 6, wherein the
operation processor analyzes a number of times of the
exposure parameter inside the first specific range, to acquire
attached information of the target object via the marker.

8. The optical tracking device of claim 6, wherein the
operation processor determines the first region is appeared in
the detection image when a continued period of the exposure
parameter inside the first specific range conforms to a period
threshold.

9. The optical tracking device of claim 8, wherein the
operation processor analyzes the number of times and the
continued period of the exposure parameter inside the first
specific range, to acquire attached information of the target
object via the marker.

10. The optical tracking device of claim 4, wherein when
the exposure parameter is located inside the second specific
range, the operation processor determines the second region
is appeared in the detection image and analyzes an identi-
fication feature of the second region to acquire a movement
of the target object.
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11. The optical tracking device of claim 1, wherein the
marker on the first region has a first material property, the
second region has a second material property, and a reflec-
tivity of the first material property is lower than a reflectivity
of the second material property.

12. The optical tracking device of claim 4, wherein the
optical tracking device further comprises a light source
electrically connected to the operation processor for illumi-
nation, and the operation processor adjusts the light source
to locate the exposure parameter inside the second specific
range when the second region is appeared in the detection
image.

13. The optical tracking device of claim 12, wherein the
operation processor increases a working period or a driving
current of the light source for high illumination.

14. The optical tracking device of claim 1, wherein the
auto exposure function is turned on when the optical sensor
acquires the detection image containing the first region or
the second region.

15. The optical tracking device of claim 1, wherein the
exposure parameter is a length of an exposure period of the
optical sensor.
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