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(54) Title: POINTING DEVICE USING CAMERA AND OUTPUTTING MARK

(57) Abstract: Pointing device like mouse or joystick comprises camera for capturing the display screen and image processing
& means for recognizing and tracking the pointing cursor icon or mark from the captured image and producing the pointing signal.
The pointing device of present invention can be used with any type of display without and additional tracking means like ultra sonic
sensor, infrared sensor or touch sensor. The pointing device of present invention includes mark outputting portion, camera portion
for capturing the said mark outputting portion and image processing portion for recognizing the said mark outputting portion from

the captured image and producing the pointing signal.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

WO 2008/147083 PCT/KR2008/002913

Description

POINTING DEVICE USING CAMERA AND OUTPUTTING

MARK
Technical Field

The present invention relates to the pointing device like mouse or joystick with
camera for capturing the image of display like PC monitor and image processing
means for recognizing and tracking the icon of pointing cursor or mark. The pointing
device of present invention can be used in the form of TV remote controller or digital
stylus pen. There is the similar invention (Korean patent 10-0532525-0000, 3 di-
mensional pointing device using camera). The said similar invention has the problem
that it requires the optical mark(light source like infrared LED) attached on the display
to be captured by camera and the pointing device of electronic blackboard has the
problem that it requires the ultra sonic sensor or infrared sensor. The pointing device of
PDA or tablet PC has the problem that they requires the pressure sensor or touch
sensor. It is difficult for the portable flexible thin film display like OLED to adopt such

conventional heavy and volumetric sensor systems on it.

Disclosure of Invention

Technical Problem
To solve the problem, it is an object of present invention to provide a pointing device
which does not require any sensor system (like infrared LED, ultra sonic sensor,

infrared sensor and pressure sensor) attached on the display.

Technical Solution
The present invention provides the pointing device which uses the cursor icon or
pattern displayed on screen as a mark instead of physical mark like infrared light

source or ultrasonic source.

Advantageous Effects
By using the pointing device of present invention, it is possible to move the pointing
cursor like the mouse or joystick cursor without attaching physical sensor system or

tracking mark on display including flexible display like OLED.

Brief Description of the Drawings

Fig.1 is the embodiment of present invention as tablet PC and pen camera.
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[10] Fig.2 is the arrow mark moving in left direction.

[11] Fig.3 is the arrow mark moving in left and bottom direction.

[12] Fig.4 is the 2 dimensional array of cell of display.

[13] Fig.5 is an example of mark image.

[14] Fig.6 is the negative image of Fig.5.

[15] Fig.7 is the display which is outputting mark image of 2 dimensional array of cell of
pattern.

[16]

[17] <Symbols in drawings>

[18] mo:monitor, mk:mark

[19] ca,: camera st: stylus pen

[20] 1 : rotation of stylus pen

[21] mkb : mark image of 2 dimensional array of cell of pattern

[22]
Best Mode for Carrying Out the Invention

[23] embodiment 1

[24] The pointing device of present invention includes mark outputting portion like con-

ventional display(computer monitor, TV monitor, beam-projected screen), camera
portion for capturing the said mark outputting portion and image processing portion
which recognizes the mark from the captured image and produces the pointing signal.
The appearance of camera portion can be a remote controller for digital TV, stylus pen
for tablet PC or gun controller for shooting game. The image processing portion can be
image processing program in DSP(digital signal processor) ,microcontroller or
computer. The mark can be the conventional mouse cursor of arrow shape, or any type
of pattern like +, hand, or some user defined icon for game. There is no limit on size,
shape and color of the mark if the mark is recognizable by the image processing
portion. Fig.1 shows the pointing device of present invention which is pen type
camera(ca) on the display(mo) of tablet PC. The camera captures the mark(mr) which
is the arrow icon(mk) on the display like the conventional mouse cursor icon of
Microsoft Windows. The captured images(motion video) are transferred to the image
processing portion which recognizes the mark and produces the pointing signal. In
order to do the pointing job, Firstly, the user must move the pen camera onto the cursor
icon of display so that the cursor icon can be captured by the pen camera. And if the
user moves the pen camera by writing character or drawing polygon on the display
then the position of the mark in the captured image moves from the center of the image
to the boundary of the image and the movement (in other words, motion vector) of the

mark in the captured image can be recognized by the image processing portion by
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comparing the previous frame image and current frame image. The image processing
portion transfers the detected motion vector to the mark outputting portion and the the
mark outputting portion produces the control signal to move back the mark(cursor
icon) to the center of the captured image so that the mark follows the movement of pen
camera. For example, If the pen camera in Fig.1 is moved in x direction(dx) then the
mark in the captured image moves in -x direction(-dx) as shown in Fig.2 where the x
direction is horizontal and the y direction is vertical as shown in Fig.1. Then the image
processing portion produces signal so that the mark outputting portion can increase the
x coordinate of the mark where the amount of the increment is proportional to the
distance between the center of the captured image and the position of the mark in the
captured image. In other words, the image processing portion finds the motion vector
of the mark in the captured image and the mark outputting portion changes the
coordinate of the mark in the negative direction of the found motion vector. In
Microsoft Windows, such a moveing of cursor can be controlled by using the Windows
API(application program interface) which can read and change the coordinate of
mouse cursor. If the mark in the captured image is located in the center of the captured
image then the motion vector is zero vector and there is no change of position of the
mark. Fig.3 shows the motion vector of mark from the dotted arrow in the previous
frame to the solid arrow in the current frame. By recognizing the size and distortion of
shape of mark, 3 dimensional pointing is also possible. For example, the smaller mark
means the larger distance between pen camera and the display and the larger mark
means the smaller distance between pen camera and the display. Such a size in-
formation of mark can be used as the another coordinate(z) of mouse cursor(x,y). The
direction of the mark in the captured image also can be used as another
coordinate(rotation angle r in Fig.1). The viewing direction of pen camera can be
detected and used as pointing signal by recognizing the distortion of the mark which
contains feature points like vertex of rectangle and triangle. Such a distortion analysis
and calculating the relative direction between camera and feature points is well known
technology as the perspective n point problem in image processing technology and the
detail description can be found in
http://homepages.inf.ed.ac.uk/rbt/CVonline/[ OCAL COPIES/MARBI E/high/pia/solv
ing.htm

If the mark is out of viewing direction of the pen camera then the image processing
portion can not detect the mark from the captured image and the movement of the
mark is stopped. In order to continue the pointing procedure, user must carry the pen
camera to the mark and change the viewing direction of the pen camera so that the
mark can be captured by the pen camera. By adding the reset button to the pen camera,

such a carrying action can be removed. If the user presses the reset button then the
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mark changes its position. More specifically, the mark outputting portion sequentially
changes the position of mark as shown in Fig.4 by the trigger signal of the reset button.
The mark moves horizontally

from (0.0) to (5,0) and

from (0,1) to (5,1) and

from (0,2) to (5,2) and

from (0,3) to (5,3) and

from (0,4) to (5,4) and

and finally from (0.5) to(5,5). In other words, the mark scans all the cells se-
quentially. If the mark image is captured and recognized by the image processing
portion during the scanning, the scanning is stopped at that time and the pointing
procedure is started. The 6X6 cells of the display in Fig.4 is an example and the real
number of cells must be adjusted for a given display and camera. It is recommended to
move the mark fast and use the fast camera so that the human eye can not recognize

the scanning.

Mode for the Invention

embodiment 2

The above embodiment 1 is the pen camera which is used by touching the display. If
the camera is far from the display then the captured mark is too small to be recognized.
In such a case, it is recommended to use the auto focusing system of camera and
telescope lens or zoom lens with camera. By using such a optical apparatus, it is
possible to use the pointing device of present invention as the electronic pen for tablet

PC and remote controller for digital TV.

embodiment 3

The mark in the above embodiment 1 is fixed pattern but in this embodiment the
mark is the whole image of display and the distance between the camera and the
display must be adjusted so that the whole image of display can be captured. The mark
outputting portion includes the image transferring portion which transfers the image of
display to the image processing portion. The image processing portion finds the
display region from the captured image by comparing the sub regions of the captured
image with the transferred image of display(It is known as the model based vision). In
Microsoft Windows XP, pressing the Print Screen Sys Rq key of computer keyboard
captures the image of display and stores the image into the clipboard. Such an image
transferring can be done by software by emulating the pressing the key or by using

device driver. The image transferring portion can also be implemented by hardware.
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The image processing portion finds feature points from the found display and the
relative distance and the direction between camera and the display can be obtained by
using the formula of the perspective n point problem and such a distance and the
direction information can be use to produce the pointing signal. Korean patent
10-0532525-0000 is the 3 dimensional pointing device by analyzing the feature points
of rectangle. The pointing device of present invention selects the feature points from
the image of display in real time and the feature points is not fixed for each frame. The
model based vision is the technology to find the correspondence between the known
model(transferred image of display) and given image(captured image by camera) and
is published in chapter 18 of Computer vision a modern approach by David A.Forsyth
and Jean Ponce(ISBN:0-13-085198-1).

embodiment 4

If the background of the display is simple(for example,the beam projected onto the
white wall), then the detecting the display region from the captured image is simple
procedure but if the background of display is not simple then the detecting the region
of display from the captured image is not so simple. In order to easily detect the
display region from the captured image, the flicker generating portion can be added to
the mark outputting portion of embodiment 3 and the difference image calculating
portion can be added to the image processing portion of embodiment 3. More
specifically, the mark outputting portion outputs the blank image for every even
frames(0,2,4,..) and outputs normal image for every odd frames(1,3,5...). (such odd and
even frame is an example and in real implementation it is possible to use 0,4,8,.. as
even frames and 1,2,3,5,6,7,.. as odd frames, in other word the frame frequency can be
adjusted in real implementation.) The blank image means the image whose all the
pixels have the same brightness and color. It is recommended to keep the frame
rate(number of frame per second) of display large so that the human eye can not
recognize the flicker and to keep the frame rate of camera also large so that the camera
can capture the even and odd frame of display. The image processing portion obtains
the difference image between the captured image of previous frame and the captured
image of current frame. The difference image is well known concept in image
processing technology whose pixel value is defined as the difference of two cor-
responding pixels of two images.(The two corresponding pixels of two images means
that the (X,y)positions of two pixels are the same.) The non zero pixels of the
difference image calculated by the image processing portion corresponds to the
flickering display region and the zero pixels of the difference image corresponds to the
background of display(non flickering region). In other words, the flickering display

can be detected by calculating the difference image and selecting non zero pixels from
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the difference image. In real world, edge lines of background of display may
corresponds to the non zero pixels if the camera is not fixed but such non zero pixels
can be minimized by using high speed flickering frequency and high speed camera.
The regions of non zero pixels of difference image are the candidates for the flickering
display region in captured image and the more exact region of display can be
determined by the model based vision than embodiment3. The found region of display
can be compared with the transferred image of display and pointing signal can be

generated like the embodiment 3.

embodiment 5

The blank image for every even frames(0,2.,4,..) of embodiment4 can be replaced by
recognizable pattern(mark) and the image processing portion can recognize the pattern
by analyzing the captured image of only even frame. Fig.5 shows the example of the
pattern(mark) which contains the opened rectangle and + at the center of the rectangle.
The + mark represents the center of mark and the rectangle can be use for 3 di-
mensional pointing. There is no limitation to the size, shape and color of pattern. For
example, polygon, line, bar code, alphabet and number can be such a pattern.
Recognizing character is well known technology as OCR(optical character
recognition).

embodiment 6

The recognizable pattern of the embodiment 5 can be splited into image of pattern
and negative image of the said image of pattern. If the mark outputting portion outputs
the pattern image(for 0,3,6,..frames), the negative pattern image (for 1,4,7...
frames)and the normal image(for 2,5,8,..frames) sequentially and repeatedly at enough
high frequency, then human eye can not recognize the pattern image but can recognize
only the normal image because the pattern and its negative pattern are time-averaged
out. But high speed camera can capture the pattern image and can be recognized by
image processing portion. Fig.5 and Fig.6 are the example of the pattern image and its
negative image.

embodiment 7

The mark image of the embodiment 4 ~6 can be 2 dimensional array of patterns
where the each pattern represents the 2 dimensional position(x,y) of display. The
pattern can be 2 dimensional bar code or number. Fig 7 shows the 2 dimensional array
of cells where each cell contains pattern. The reset button of embodiment 1 can be
removed by adopting such cells of pattern as the mark image with pen type camera.
The captured image of pattern in cell can be recognized by image processing portion
and can be translated into 2 dimensional position(x,y) which is corresponding to the
pointing signal. There is similar invention PCT/US1999/030507 which presents the
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mouse for outputting absolute coordinate with special pad where the pad contains
patterns and can be recognized by the camera in mouse. There is no difference between
current embodiment and the embodiment 5~6 except the mark. There is no limit on
pattern in cell. The pattern can be alphabet,number,2 dimensional bar code. By
including rectangle into pattern and recognizing it, it is possible to generate 3 di-

mensional pointing signal by the formula of perspective n point problem.
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Claims
A pointing device comprising:
a mark outputting portion for displaying mark;
a camera portion for capturing the image of the said mark outputting portion;
and an image processing portion for recognizing the mark from the captured
image of said camera portion and generating the pointing signal.
The pointing device of claim 1,
the mark is an icon of pointing cursor,
the image processing portion detects the vector from the center of captured
image to the position of said icon in the said captured image,
and the mark outputting portion controls the position of icon so that the position
of icon in captured image remains at the center of the said captured image by
moving the icon in the opposite direction of the said vector.
The pointing device of claim 2,
The image processing portion detects the rotation angle of the mark and outputs
pointing signal proportional to the angle.
The pointing device of claim 2,
The image processing portion detects the size of the mark and outputs pointing
signal proportional to the size.
The pointing device of claim 2,
The image processing portion detects direction vector between the camera and
the mark by detecting the distortion of mark and outputs the pointing signal pro-
portional to the direction vector.
The pointing device of claim 1,
The mark is the whole image of display;
The mark outputting portion includes image transferring portion for transferring
the image of display to the image processing portion;
The image processing portion detects the sub region corresponding to the display
by comparing the candidates of sub regions with the said transferred image of
display and produces the pointing signal determined by the position, size and
distortion of display in the captured image.
The pointing device of claim 6,
The mark outputting portion outputs blank image and normal image sequentially
and repeatedly;
The image processing portion detects the display from the captured image by
detecting non zero pixels from the difference image whose pixel value is the

difference of the captured image of current frame and the captured image of
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previous frame.

The pointing device of claim 1,

The mark outputting portion outputs the mark image and normal image se-
quentially and repeatedly

The image processing portion detects the mark from the captured image and
produces the pointing signal determined by the position, size and distortion of
mark in the captured image.

The pointing device of claim 1,

The mark outputting portion outputs the mark image, negative image of the said
mark image and normal image sequentially and repeatedly.

The image processing portion detects the mark from the captured image and
produces the pointing signal determined by the position, size and distortion of
mark in the captured image.

The pointing device according to any one of claims 8 to 9

The mark is 2 dimensional array of cells wherein each cell contains pattern rep-
resenting the position of the cell

The image processing portion recognizes the pattern of cell and produces the

pointing signal determined by the pattern.
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[Fig. 4]

[Fig. 5]
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[Fig. 6]
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