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APPARATUS FOR REMOTE POINTING USING IMAGE SENSOR AND METHOD OF

THE SAME

TECHNICAL FIELD

The present invention relates to a remote pointing device and method using an i

mage sensor, and more particularly, to a remote pointing device and method, capable o

f performing a pointing function according to a movement amount of an optical image re

ceived from a remote control device such as a remote controller used for remotely contr

oiling home appliances.

BACKGROUND ART

A pattern recognition technology extracting a predetermined image such as an i

mage from an infrared LED light source generated from a remote control device is alrea

dy widely used in image-processing of a commercial purpose.

Image-processing technology based on the pattern recognition technology is pert

ormed using two operations as follows.

A first operation is a pre-processing operation performed on a primitive image ou

tputted from an image sensor such that an image-processing algorithm can be easily ap

plied to the primitive image. The pre-processing operation removes additional informat

ion such as background and noise information of the image sensor (other than informati

on appropriate for a process purpose) contained in the primitive image, and newly creat

es a virtual image processed in a predetermined form so that an image-processing algo

rithm to be used during a main- processing operation can be easily applied.

A second operation, which is the main-processing operation, is an operation of r

ecognizing an image of a desired object in order to match the purpose of image-proces

sing intended from the virtual image created during the pre-processing operation and ex

tracting valid image information such as appearance state, displacement, color, and siz

e of an object from the recognized image.

The pre-processing operation used for an image-processing technique with a pur

pose of pattern recognition should process or transform the primitive image with referen

ce to information regarding expected appearance of an object, information created by a

i



background, and information on the likelihood of operation results of an image-proces

sing algorithm being used. Considering application fields of a remote pointing system

using an image sensor and having a communication function through an infrared remot

e controller are digital televisions, set-top boxes, display devices, and game consoles, a

remote pointing device is used in a variety of fields. Therefore, an image-processing

technique used by the remote pointing device should process and transform the primitiv

e image in order to match a desired purpose when disturbance due to light in an infrare

d band of natural light such as sunlight, disturbance due to light in an infrared band gen

erated from an incandescent bulb and other artificial light sources, and disturbance due

to light in an infrared band generated from a burning flame of combustion apparatus (e

.g., candlelight, a heater, a gas stove, and a lighter) are generated during the pre-proce

ssing operation.

However, disturbing components generated during the pre-processing dependin

g on a use environment are very ambiguous and information of a background screen th

at should be considered under a use environment is very complicated and exists in vari

ous forms due to interaction between various infrared components, so that it is very diffi

cult to properly define the pre-processing function.

Even when a pre-processing operation having a high completeness is defined an

d performed, a case where a main-processing operation result is not desirable due to Io

ts of separate infrared image components being present besides an infrared image fro

m a remote controller is frequently generated. To correct image-processing results for

such exceptional use environments, pre-examination for a variety of use environments

should be performed. Also, since an additional operation should be performed on infor

mation regarding lots of use environments and a pre-processing operation should be pe

rformed, it is difficult to accomplish the purpose of the pre-processing for pattern recogn

ition due to complexity of hardware and software for the pre-processing operation. Fur

thermore, since the pre-processing operation should be performed in real-time in view o

f the remote pointing device, it is very difficult to accomplish an object within a predeter

mined period of time using a prior art traditional image-processing technique.

When the main-processing operation is performed on the newly created image d

uring the pre-processing operation, an attempt is made to perform pattern recognition u

sing pre-processed images where a partial portion of a background image besides an in

frared image and some of noises from an image sensor itself are mixed. Therefore, a



binary image-processing technique (which is a very basic image-processing technique),

which sets a critical value of an output value of a pixel outputted from an image, assig

ns 1 for an output value greater than the critical value, assigns 0 for an output value les

s than the critical value, creates a histogram for each pixel, and uses distribution of the

created histogram, cannot guarantee reliability for results thereof. Also, to use an ima

ge-processing technique (which is a general image-processing technique used to trace

a movement amount) through comparison of a previous screen with a current screen, a

frame buffer storing three or more images such as a past image, a current image, and a

difference between the two images is required. The three images are successively o

btained from an infrared light source. Also, since a comparison mask should be set for

each image and the comparison mask should be operated over an entire screen, an o

peration amount increases very much and results of the comparison are represented as

unexpected various types of movement results in an aspect of movements of a light so

urce. Furthermore, when a difference between a movement amount of a light source a

nd a movement amount of a background screen is small or a movement amount of a pr

edetermined portion of the background screen is greater than a movement amount of a

light source, it is very difficult to perform a logical judgment for pattern recognition of an

object. Also, since the area of a light source cannot be directly extracted, a complicate

d operation should be additionally performed to extract the area of the light source.

DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL PROBLEM

The present invention provides a remote pointing device and method using an im

age sensor, capable of simultaneously performing remote control and remote pointing a

ccording to information regarding a movement direction and distance of a remote contra

Her calculated from a relative movement amount of an infrared light source obtained thr

ough image-processing of an image including an infrared light source from the remote c

ontroller.

The present invention also provides a computer-readable recording medium havi

ng a program recorded thereon, the program containing a remote pointing method usin

g an image sensor, capable of simultaneously performing remote control and remote po

inting according to information regarding a movement direction and distance of a remot

e controller calculated from a relative movement amount of an infrared light source obta



ined through image-processing of an image including an infrared light source from the r

emote controller.

TECHNICAL SOLUTION

According to an aspect of the present invention, there is provided a remote pointi

ng device using an image sensor, the device including; a signal reception unit outputtin

g a control signal that allows the remote pointing device to operate in a mode that corre

sponds to an infrared signal received from a remote controller among a remote control

mode allowing the remote pointing device to perform a control command that correspon

ds to an infrared signal received from the remote controller and a remote pointing mode

allowing the remote pointing device to calculate a quantity of change of a pointing poin

t according to an infrared signal received from the remote controller to perform a remote

pointing operation; an image reception unit driven when a control signal that allows the

remote pointing device to operate in the remote pointing mode is inputted from the sig

nal reception unit, obtaining a background image during a first signal reception section,

and obtaining an optical image that corresponds to an infrared signal received from the

remote controller during a second signal reception section, the infrared signal not being

received during the first signal reception section and being received during the second s

ignal reception section from the remote controller; an image-processing unit creating a

corrected optical image according to a difference between the optical image and the ba

ckground image; and a pointing amount calculator calculating a distance up to the remo

te controller according to the size of the corrected optical image inputted from the imag

e-processing unit and calculating a movement amount of the remote controller accordin

g to the calculated distance.

According to another aspect of the present invention, there is provided a remote

pointing method using an image sensor, the method including: receiving an infrared sig

nal from a remote controller; when a synchronization signal of a remote pointing mode i

s recognized from the received infrared signal, switching the image sensor from a stand

by state to an operation state; obtaining a background image during a first signal recepti

on section and obtaining an optical image that corresponds to an infrared signal receive

d from the remote controller during a second signal reception section using the image s

ensor, the infrared signal not being received during the first signal reception section and

being received during the second signal reception section from the remote controller; c



reating a corrected optical image according to a difference between the optical image a

nd the background image; and calculating a distance up to the remote controller accordi

ng to the size of the corrected optical image and calculating a movement amount of the

remote controller according to the calculated distance.

Therefore, it is possible to realize a remote pointing system having high complete

ness, capable of stably obtaining and tracing information of a light source of a remote c

ontroller using a very small amount of hardware and software regardless of a use enviro

nment of the remote controller according to image information obtained by synchronizin

g an operation of the remote controller with that of a remote reception device.

ADVANTAGEOUS EFFECTS

According to a remote pointing device and method using an image sensor of the

present invention, it is possible to realize a remote pointing system having high complet

eness, capable of stably obtaining and tracing information of a light source of a remote

controller using a very small amount of hardware and software in spite of use environm

ent change compared to the prior art method by using image information obtained by sy

nchronizing an operation of the remote controller with that of a remote reception device

of the remote pointing system. Also, according to the present invention, it is possible t

o realize a new type of a remote pointing technique for information display, allowing a u

ser to conveniently control and use an information display device of a digital television (

TV), a set-top box, or a video-on-demand (VOD) in the same way as a user uses a pers

onal computer by moving a mouse under a graphic user interface (GUI) environment, re

moving the need to press buttons using a display screen of a digital TV, a set-top box, o

r a VOD as is performed on an infrared remote controller.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a construction of a remote pointing device using an i

mage sensor according to an embodiment of the present invention.

FIG. 2 is a view of a remote controller.

FIG. 3 is a view illustrating an example of a remote pointing protocol of an infrare

d signal for remote pointing.

FIG. 4 is a view illustrating a detailed construction of a pointing start section of a

remote pointing protocol.

FIG. 5 is a view illustrating a detailed construction of a pointing performance sect

ion of a remote pointing protocol.



FIG. 6 is a view of a background image obtained by an image reception unit.

FIG. 7 is a view illustrating an image where a background image obtained by an i

mage reception unit and an infrared light source exist together.

FIG. 8 is a view illustrating a virtual image created by an image-processing unit a

ccording to an image illustrated in FIG. 6 and an image illustrated in FIG. 7.

FIG. 9 is a view illustrating an image created by an image-processing unit after th

e image-processing unit performs a masking process on a virtual image.

FIG. 10 is a view illustrating an image obtained by subtracting a screen where an

infrared light source of a remote controller is turned off from a screen where the infrare

d light source of the remote controller is turned on, and a histogram thereof.

FIGS. 11 and 12 are views illustrating structures of 3x3 and 5x5 image masks us

ed for removing a background component, respectively.

FIG. 13 is a view illustrating an image obtained by subtracting a screen where an

infrared light source of a remote controller is turned off from a screen where the infrare

d light source of the remote controller is turned on and then removing a background co

mponent excluding an infrared image of the remote controller, and a histogram thereof.

FIG. 14 is a view illustrating a structure of a camera coordinate system using an i

mage sensor for a reference.

FIG. 15 is a view illustrating an optical structure of an image reception unit of a re

mote pointing device using an image sensor according to an embodiment of the present

invention and an image depending on a distance from a remote controller.

FIG. 16 is a flowchart of a remote pointing method using an image sensor accord

ing to an embodiment of the present invention.

BEST MODE

The present invention will now be described more fully with reference to the acco

mpanying drawings, in which exemplary embodiments of the invention are shown.

FIG. 1 is a block diagram of a construction of a remote pointing device 100 using

an image sensor according to an embodiment of the present invention.

Referring to FIG. 1, the remote pointing device 100 includes a signal reception u

nit 110, an image reception unit 120, an image-processing unit 130, and a pointing amo

unt calculator 140.

The signal reception unit 110 outputs a control signal that allows the remote poin



ting device 100 to operate in a mode that corresponds to an infrared signal received fro

m a remote controller 200 (illustrated in FIG. 2) among a remote control mode performi

ng a control command that corresponds to an infrared signal received from the remote

controller 200, and a remote pointing mode calculating a change amount of a pointing p

oint according to an infrared signal received from the remote controller 200 to perform a

remote pointing operation.

The image reception unit 120 is driven to switch from a standby state to an opera

tion state when a control signal that allows the remote pointing device 100 to operate in

the remote pointing mode is inputted from the signal reception unit 110. The image re

ception unit 120 switched to the operation state obtains a background image during a fir

st signal reception section, and obtains an optical image that corresponds to an infrared

signal received from the remote controller 200 during a second signal reception sectio

n. The infrared signal is not received during the first signal reception section and is rec

eived during the second signal reception section from the remote controller 200.

The image-processing unit 130 creates a corrected optical image according to a

difference between the obtained optical image and the background image.

FIG. 2 is a view of the remote controller 200.

Referring to FIG. 2, the remote controller 200 includes a manipulation button unit

210, a mode selection button 220, and a light-emitting unit 230. The manipulation but

ton unit 210 includes buttons required for controlling home appliances, such as numeric

al keys, function selection buttons, and menu buttons. The mode selection button 220

controls an infrared reception device (e.g., the remote pointing device 100 using the im

age sensor according to the current embodiment of the present invention, or a home ap

pliance including the same) and the remote controller 200 to switch between a remote c

ontrol mode allowing the remote pointing device 100 and the remote controller 200 to p

erform a control command that corresponds to an infrared signal received from the rem

ote controller 200, and a remote pointing mode calculating a change amount of a pointi

ng point according to an infrared signal received from the remote controller 200 to allow

the remote pointing device 100 and the remote controller 200 to perform a remote poin

ting operation. Since the operations of the remote controller 200 and an infrared recep

tion device when the remote control mode is selected are well known in the art and do n

ot contain the spirit of the present invention, detailed description thereof will be omitted.

When the remote pointing mode is selected, the remote controller 200 and the in



frared reception device operate differently from a general remote control mode, and a s

eparate transmission protocol should be defined for the remote pointing mode. When

a user manipulates the mode selection button of the remote controller 200 and perform

s the remote pointing mode in order to use the remote controller 200, which transmits a

n infrared signal to remotely control a home appliance, in a remote pointing state, the Hg

ht-emitting unit 230 of the remote controller 200 transmits an infrared signal according t

o a remote pointing protocol 300 illustrated in FIG. 3.

Referring to FIG. 3, the remote pointing protocol 300 includes a pointing start sec

tion 310, a pointing performance section 320, and a pointing end section 330.

When a user manipulates a button of the remote controller 200 in order to perfor

m remote pointing, the pointing start section 310 is activated. During the pointing start

section 310, a lighting state of a light source of the remote controller 200 is manipulated

according to a predetermined protocol, so that an infrared reception sensor provided t

o the signal reception unit 110 of the remote pointing device 100 using the image senso

r according to the current embodiment of the present invention is allowed to recognize t

he start of a remote pointing operation. When a synchronization signal of the remote p

ointing mode contained the pointing start section 310 from an infrared signal is received

from the remote controller 200, the signal reception unit 110 of the remote pointing de

vice 100 using the image sensor controls the image reception unit 120 to switch a stand

by state to an operation state.

FIG. 4 is a view illustrating a detailed construction of a pointing start section 310

of a remote pointing protocol.

Referring to FIG. 4, the pointing start section 310 includes a start synchronization

section 410, a light-off section 420, a standby section 430, a light-on section 440, a sta

rt/end section 450, and a standby section 460. During the start synchronization sectio

n 410, the remote controller 200 transmits an infrared signal informing a start of infrared

pointing, and the signal reception unit 110 recognizes a start synchronization signal fro

m the received infrared signal to switch the image reception unit 120 from a standby sta

te to an operation state. At this point, the image reception unit 120 performs an initializ

ation process of the system required for obtaining an image.

During the light-off section 420, the remote controller 200 turns off an infrared Ng

ht source for a predetermined period of time and stands-by. At this point, the signal re

ception unit 110 recognizes a light-off state of the infrared light source to control the ima



ge reception unit 120 to obtain a background image without the infrared light source, wh

ich is an object of image processing. Accordingly, the image reception unit 120 deter

mines basic control values required for efficiently obtaining an image such as an auto e

xposure amount and a white balance value of the image sensor using the obtained bac

kground image, and obtains a new image using the determined values.

During the standby section 430, the remote controller 200 turns on or turns off th

e infrared light source according to a predetermined protocol and transmits information t

hat a current control state has ended and that a next control state has begun to the sign

al reception unit 110.

During the light-on section 440, the remote controller 200 stands by for a predete

rmined period of time with the infrared light source turned on. At this point, the signal r

eception unit 110 recognizes a lighting state of the infrared light source and controls the

image reception unit 120 to obtain an image containing a background and the infrared

light source of an object with the infrared light source, which is an object of image-proce

ssing, being present. The image reception unit 120 verifies validity of the basic control

values of the image sensor set during the light-off section 420 using the obtained imag

e. The image-processing unit 130 calculates the diameter of the infrared light source u

sing a difference between the image obtained during the light-off section 420 and the i

mage obtained during the light-on section 440, and derives a three-dimensional (3D) po

sition of the infrared light source of the remote controller 200 within a camera coordinat

e system using the diameter of the infrared light source.

During the start termination section 450 and the standby section 460, the remote

controller 200 transmits an infrared signal informing that the pointing start section 310

has ended and the pointing performance section 320 has started.

The pointing performance section 320 is a portion of a transmission signal protoc

ol of an infrared light source transmitted by the remote controller 200 in an operation of

directly moving, by a user, the remote controller 200 for remote pointing to display a poi

nting result on a display screen and performing remote control using the displayed point

ing result. FIG. 5 is a view illustrating a detailed construction of a pointing performanc

e section of a remote pointing protocol. Referring to FIG. 5, a signal of an infrared light

source transmitted by the remote controller 200 during the pointing performance sectio

n 320 includes a signal standby section T 1 where the infrared light source is turned off

until a user accomplishes a predetermined object of remote pointing and ends the remo



te pointing, and a signal reception section T2 where the infrared light source is turned o

n. The remote controller 200 repeatedly transmits the infrared signal consisting of T 1

and T2 until the remote pointing is ended. At this point, the temporal lengths of T 1 and

T2 are determined depending on the characteristics of the image sensor provided to th

e image reception unit 120 and an application of the pointing system, respectively. Th

e temporal lengths of T 1 and T2 should be set such that they are at least longer than a

time used for the image sensor to obtain and output images consisting of one frame.

Generally, T 1 and T2 are set in a range of 1/10 -1/60 sec and used depending on the c

haracteristics of the image sensor.

Therefore, a signal received through an infrared sensor provided to the signal rec

eption unit 110 has a waveform having periods of T 1 and T2. At this point, the image

sensor provided to the image reception unit 120 obtains an image for a remote pointing

operation in synchronization with a received signal as follows.

First, when the received signal is T 1, the infrared light source is turned off, and th

e image reception unit 120 obtains a background image illustrated in FIG. 6. On the c

ontrary, when the received signal is T2, the infrared light source is turned on, and the i

mage reception unit 120 obtains an image containing a background and the infrared Hg

ht source illustrated in FIG. 7. At this point, assuming that the image illustrated in FIG.

6 is P 1 and the image illustrated in FIG. 7 is P2, the image-processing unit 130 obtains

a difference between P 1 and P2, and obtains an absolute value of the difference to cr

eate a virtual image illustrated in FIG. 8.

Assuming that the image illustrated in FIG. 8 is P3, an operation performed by th

e image-processing unit 130 is defined by Equation 1.

= l - l Equation 1

In the image illustrated in FIG. 8, an image of the infrared light source at the cent

er remains as a main image and a background image is removed using Equation 1. Ho

wever, there is possibility that an image of a change amount remains on a predetermine

d portion of the background besides the image of the infrared light source (that is to be

extracted) because of movements of the background due to a difference in image obtai

n times or noises of the image sensor. When a histogram technique is applied to an i

mage component illustrated in FIG. 8 to analyze accumulated image components of an

X-axis and a Y-axis in order to check the image component of the background portion, r



esults illustrated in FIG. 10 may be derived.

From analysis of the image illustrated in FIG. 10, it is intuitively known that a poin

t b on a Y-axis and a point a on an X-axis are coordinates of the position of the infrared

light source in view of a histogram 1000 for an image of a Y-axis component and a histo

gram 1010 for an image of an X-axis component. However, the image illustrated in Fl

G. 10 is a virtual image where there is a probability that threshold values 1010 and 103

0 are difficult to set when a noise component on the background increases. Therefore

, an image mask, which is a traditional image-processing technique, should be applied t

o the image illustrated in FIG. 8 to remove a noise component remaining on the backgr

ound. Examples of the image mask are illustrated in FIGS. 11 and 12. At this point,

an image mask of an appropriate size should be determined in order to remove the nos

e component. For example, a 3x3 image mask illustrated in FIG. 11 or a 5x5 image m

ask illustrated in FIG. 12 may be used depending on the noise component remaining on

the background. Also, a variety of image masks including an image mask performing

a low pass function, an image mask performing a smoothing function, and an image ma

sk constituting a circular shape element should be selectively used in order to create a

virtual image of a desired purpose.

FIG. 9 illustrates an image created by performing the above processes. Assumi

ng that the image illustrated in FIG. 9 is P4 and an image mask used to form the image

is a 3x3 mask having the smoothing function, P4 may be described by Equation 2.

Equation 2

A final image created using Equation 2 is an image processed such that only an i

mage of an infrared light source (received from the remote controller 200) remains and

background images and noise are removed. The image of the infrared light source sh

ould be recognized by the remote pointing device 100 using the image sensor accordin

g to the current embodiment of the present invention, and the movement trace of the inf

rared light source should be tracked by the remote pointing device 100, so that remote

pointing information is derived.

When an image component illustrated in FIG. 9 is analyzed using a histogram te



chnique, results illustrated in FIG. 13 may be derived.

From analysis of the image illustrated in FIG. 13, it is intuitively known that a poin

t b on a Y-axis and a point a on an X-axis are coordinates of the position of the infrared

light source in view of a histogram 1300 for an image of a Y-axis component and a histo

gram 1310 for an image of an X-axis component. Furthermore, since the image illustr

ated in FIG. 13 has almost no background noise component, it is easy to set threshold

values 1320 and 1330, which are judgment reference values used for recognizing a patt

ern of a light source. Also, from the image illustrated in FIG. 13 it is possible to measu

re the shape, sizes Ry and Rx in a Y-axis direction and an X-axis direction of the light s

ource of the remote controller 200 and the brightness of the light source by using the di

stribution of the histograms having a point b and a point a for their centers, respectively,

and estimating accumulated values.

The pointing end section 330 is a portion of the transmission signal protocol of a

n infrared light source transmitted by the remote controller 200 in order to inform that th

e remote pointing mode has ended.

When receiving an infrared signal containing the pointing end section 330 transm

itted from the remote controller 200 through a user's manipulation of the mode selection

button 220 of the remote controller 200, an infrared reception device operating in the r

emote pointing mode or a home appliance including the remote pointing device using th

e image sensor according to the current embodiment of the present invention ends the r

emote pointing mode and switches to the remote control mode, which is the basic oper

ation mode of the remote controller 200.

The pointing amount calculator 140 calculates a distance up to the remote contra

Her 200 according to the size of a corrected optical image inputted from the image-proc

essing unit 130, and calculates a movement amount of the remote controller 200 accor

ding to the calculated distance.

When the remote pointing is performed using an infrared light-emitting diode (LE

D) light source, the LED light source provided to the remote controller 200 contains not

only up/down and right/left position information based on a user's intended movement b

ut also information regarding a distance between the remote controller 200 and the sign

al reception unit 110 of the remote pointing device 100 using the image sensor accordin

g to the current embodiment of the present invention. Therefore, a space in which the

infrared LED light source of the remote controller 200 is located may be analyzed using



position information of a 3D space having the image reception unit 120 for a reference.

Such a 2D space may be defined as a camera coordinate system illustrated in FIG. 1

4 in a field of image processing.

FIG. 15 is a view illustrating an optical structure of an image reception unit of a re

mote pointing device using an image sensor according to an embodiment of the present

invention and an image depending on a distance from a remote controller.

Referring to FIG. 15, the image reception unit 120 (of FIG. 1) includes a lens set

1500 and an image sensor 1510. The remote controller 200 (of FIG. 2) may be descri

bed using an infrared light source 1520 of the remote controller 200 located at a distanc

e D 1 from the lens set 1500 and another infrared light source 1530 of the remote contro

Her 200 located at a distance DO from the lens set 1500. At this point, a distance betw

een the lens set 1500 and the image sensor 1510 is generally very small compared to a

distance D 1 or DO between the lens set 1500 and the infrared light source 1520 or 153

0 of the remote controller 200. Therefore, a distance D 1 or DO between the lens set 1

500 and the light source 1520 or 1530 of the remote controller 200 may be approximate

d as a distance between the image sensor 1510 and the light source 1520 or 1530 of th

e remote controller 200 when calculation is performed.

The remote pointing device 100 using the image sensor according to the current

embodiment of the present invention uses image information created by projecting posit

ion information of the remote controller 200 in a 3D space onto the 2D image sensor 15

30 provided to the image reception unit 120 through the optical lens set 1500 illustrated

in FIG. 15. That is, during a process of extracting 2D pointing information projected on

to the image sensor 1530, a distance between the image sensor 1510 and the light sou

rce 1520 or 1530 is determined, and then an actual movement amount in vertical/horizo

ntal directions is measured using the determined distance for a reference. A relative

movement amount is compensated according to the measured movement amount of th

e remote controller 200 such that a vertical or horizontal remote pointing result on a dis

played screen is constant regardless of a distance between the remote controller 200 a

nd the image sensor 1510.

Referring to FIG. 15, the infrared light source 1520 having a diameter R and loca

ted at the distance D 1 from the lens set 1500 is located at a relatively far point compare

d to the infrared light source 1530 located at the distance D O from the lens set 1500, so

that a size 1550 of the light source 1520 obtained by the image sensor 1510 is relative



Iy small in view of a geometrical-optical configuration passing through the lens set 1500.

Also, since the infrared light source 1530 having a diameter R and located at the dist

ance DO from the lens set 1500 is located at a relative near point compared to the infrar

ed light source 1520 located at the distance D 1 from the lens set 1500, a size 1540 of t

he light source 1530 obtained by the image sensor 15 10 is relatively large in view of a g

eometrical-optical configuration passing through the lens set 1500.

At this point, though the actual diameters R of the two infrared light sources 1530

and 1520 located at different distances DO and D 1 , respectively, are the same, the im

ages 1540 and 1550 of the two light sources 1530 and 1520 obtained by the image sen

sor are represented in different sizes.

Assuming that an actual diameter of the infrared light source 1530 located at the

distance D O is RDO and an actual diameter of the infrared light source 1520 located at t

he distance D 1 is RD1 , the relationship between the diameters RO and R 1 of the image

s 1540 and 1550 received from the different distances D O and D 1 may be described usi

ng Equation 3.

AAo = D \SR D\ Equation 3

Therefore, the infrared light source contained in an image obtained through the i

mage sensor 1510 at a place far away from the image sensor 1510 is represented as a

small size compared to the infrared light source contained in an image obtained through

the image sensor 1510 at a place close to the image sensor through the image sensor

1510. On the contrary, the infrared light source contained in an image obtained throu

gh the image sensor 1510 at a place close to the image sensor through the image sens

or 1510 is represented as a large size compared to the infrared light source contained i

n an image obtained through the image sensor 1510 at a place far away from the image

sensor 1510. The brightness (luminance) of the infrared light source is also reduced

as a distance between the image sensor 1510 and the infrared light source is large. Al

so, examination of the light source's image actually obtained through the image sensor

1510 shows that a movement of the infrared light source of the remote controller 200 ac

tually having the same physical movement amount is outputted in a large pointing variat

ion value with a relatively bright infrared light amount for a close distance and outputted

in a small pointing variation value with a relatively dark infrared light amount. Therefo

re, a pointing value from the image of the light source simply obtained from the image s



ensor 1510 cannot be directly used as a pointing value of the remote controller 200 and

an actual pointing amount should be calculated and used in consideration of a relation

ship associated with the distance between the infrared light source 1520 or 1530 and th

e lens set 1500.

The remote pointing device and method using the image sensor according to the

current embodiment of the present invention calculates the distance between the remo

te controller and the image sensor using a method below in order to determine an actua

I effective pointing movement amount of a light source from the light source's image obt

ained by the image sensor.

When the diameter R of the light source 1520 illustrated in FIG. 15 is known in a

dvance, assuming that a distance between the lens set 1500 and the infrared light sour

ce 1520 is D 1 , a distance between the lens set 1500 and the image sensor 1510 is λ, a

nd a diameter of an image of the light source 1520 obtained by the image sensor 151O i

s RD1 , a relationship between these parameters is given by an equation below.

Dι :R λ :Rm Equation 4

From Equation 4, the distance D 1 between the light source 1520 and the lens se

1 1500 is obtained using Equation 5.

(RSλ)
A =

R Equation 5

where, R and λ are constants defined from a hardware structure of the remote pointing

device using the image sensor 15 10 according to the current embodiment of the presen

t invention, and RD1 is a value obtained from the image sensor 1510. It is possible to

calculate a distance D 1 between the remote controller 200 and the image sensor 1510

using Equation 5. Since the above calculated distance may have an optical error of th

e lens set 1500 and an error more or less due to λ, which is a very small value compare

d to RD1 when actually applied, it is possible to derive a more accurate distance by ma

king a table containing actual measurements of actual distances and sizes of received Ii

ght sources and correcting the calculated distance.

When the distance derived using Equation 5 is applied to the camera coordinate

system illustrated in FIG. 14, a light source's image existing in a 3D space expressed in

terms of a position (X, Y, Z) on an actual camera coordinate system with known values

λ and D, passes through a central point 1420 of the lens set and exists as a 2D project



ed image on a position (x, y) of a plane 1400 of the image sensor 1510. At this point,

a Z coordinate (on the image sensor) of a light source having a 3D coordinate (X, Y, Z)

may be obtained by adding λ to the result calculated using Equation 5. That is, the Z c

oordinate of the light source is obtained using an equation below.

Z =D +λ Equation 6

Also, an X coordinate (on the image sensor) of a light source having a 3D coordi

nate (X, Y, Z) projected on the image sensor may be obtained using an equation below.

x _ X
Z- λ Equation 7

Equation 7 may be expressed in terms of a relational expression for an X coordin

ate of a light source to be obtained as follows:

χ (X-Z)Sx

Equation 8

Likewise, a Y coordinate (on the image sensor) of a light source having a 3D coo

rdinate (X, Y, Z) projected on the image sensor may be obtained using an equation belo

w.

y_ = _
Z- λ Equation 9

The equation 7 may be expressed in terms of a relational expression for an X co

ordinate of a light source to be obtained as follows:

γ (X-Z)Sy
Equation 10

Therefore, when the quantity of change of a light source's 3D coordinate (X, Y, Z

) derived using Equations 6, 8, and 10 is calculated in terms of a remote pointing amou

nt, it is possible to perform remote pointing by sufficiently reflecting a movement amoun

t of an infrared LED light source of the actual remote controller 200. Accordingly, it is

possible to calculate in real-time a 3D spacial coordinate of a light source of the remote

controller 200 in the camera coordinate system illustrated in FIG. 14 using the periods T

1 and T2 illustrated in FIG. 5 on the basis of a coordinate (a, b) (projected on the image

sensor) of an image of a light source of the remote controller, a diameter Rx or Ry of t

he light source, and the already known distance λ between the lens set and the image s

ensor. Also, a quantity of change of a position of the remote controller using the imag

e sensor is traced from a quantity of change on a 3D coordinate of the light source of e



ach period, and the traced quantity of change is derived as a pointing result.

FIG. 16 is a flowchart of a remote pointing method using an image sensor accord

ing to an embodiment of the present invention.

Referring to FIG. 16, the signal reception unit 110 receives an infrared signal fro

m the remote controller 200 (S1600). When a synchronization signal is recognized fro

m the received infrared signal, the signal reception unit 110 switches the image receptio

n unit 120 from a standby state to an operation state (S1610). The image reception un

it 120 obtains a background image for control during a predetermined signal standby se

ction to determine basic control values including an exposure amount and a white balan

ce of the image sensor provided to the image reception unit 120 (S1620). Also, the im

age reception unit 120 obtains an optical image for control that corresponds to an infrar

ed signal received from the remote controller 200 using the image sensor during a sign

al reception section subsequent to the signal standby section to verity validity of the bas

ic control values determined according to the background image for control (S1630).

Next, the image reception unit 120 obtains a background image during a first sig

nal section and obtains an optical image that corresponds to an infrared signal received

from the remote controller 200 during a second signal section (S1640). The infrared

signal is not inputted during the first signal section and inputted during the second signa

I section from the remote controller 200. The optical image obtained by the image rec

eption unit 120 during the second signal section includes both an infrared light source e

mitted from the remote controller 200 and a background image.

The image-processing unit 130 calculates a difference between the optical imag

e and the background image obtained by the image reception unit 120, applies a predet

ermined mask to an intermediate image formed by the calculated difference to create a

corrected optical image (S1650). Next, the image-processing unit 130 measures the h

orizontal/vertical sizes and the shape of the corrected optical image through histogram

analysis for the corrected optical image (S1660).

The pointing amount calculator 140 calculates a distance up to the remote contro

Her 200 according to the size of the corrected optical image (S1670). At this point, the

pointing amount calculator 140 calculates the distance up to the remote controller 200 u

sing Equation 5 or stored distance data.

Next, the pointing amount calculator 140 calculates a movement amount of the r

emote controller 200 according to the calculated distance (S1680). At this point, the p



ointing amount calculator 140 calculates a coordinate (X1Y, Z) of the remote controller

200 on a spacial coordinate system having the center of the image sensor constituting t

he image reception unit 130 for its origin using Equations 6, 8 , and 10.

The purpose of the turning-on and turning-off of the infrared light source of the re

mote controller by the periods T 1 and T2 with respect to the infrared signal during the p

ointing performance process illustrated in FIG. 5 in the above-described image-processi

ng technique, is to make the infrared light source's image (which is an object of pattern

recognition) more conspicuous than the background or noise image (which is an object

of removal in pattern recognition) by sequentially obtaining two kinds of images where e

xistence of the infrared light is clearly contrasted as illustrated in FIGS. 6 and 7, and pro

cessing an image using a difference between the two images.

Also, since the turning-on of the infrared light source of the remote controller is s

ynchronized with the turning-off of the infrared light source to obtain an image, a pre-pr

ocessing operation having a very high completeness may be performed a very small nu

mber of times and at very fast speed compared to the prior art image-processing techni

que. Also, since the main processing operation is performed using clearly contrasted i

mages of the light source, not only accuracy of the judgment for pattern recognition is m

aximized but also the size and the brightness of the infrared light source may be easily

derived using a simple calculation.

According to the prior art device (a general remote controller) that turns on an inf

rared light source using a carrier frequency band ranging from 37KHz to 38KHz, a time

of a frame during which an image sensor of a remote receiver receives an image canno

t be synchronized with turning-on of the light source, so that a non-uniform light source'

s image is obtained, which makes image processing very difficult. The present inventi

on may solve such a problem. When an image obtained from the remote controller wit

h the infrared light source always tumed-on is processed, considerations of background

noise increase and thus an image processing amount increases very much. The pre

sent invention may solve such a problem. The remote controlling according to the pre

sent invention has an additional advantage of increasing the life of a battery, which is a

power source of the remote controller, about 50% compared to remote controlling wher

e remote pointing is performed while power is supplied to the remote controller.

The invention can also be embodied as computer-readable codes on a computer

-readable recording medium. The computer-readable recording medium is any data st



orage device that can store data which can be thereafter read by a computer system.

Examples of the computer-readable recording medium include read-only memory (ROM

) , random-access memory (RAM), CD-ROMs, magnetic tapes, floppy disks, optical data

storage devices, and carrier waves (such as data transmission through the Internet).

The computer-readable recording medium can also be distributed over network-coupled

computer systems so that the computer-readable code is stored and executed in a dist

ributed fashion.

While the present invention has been particularly shown and described with refer

ence to exemplary embodiments thereof, it will be understood by those of ordinary skill i

n the art that various changes in form and details may be made therein without departin

g from the spirit and scope of the present invention as defined by the following claims.



CLAIMS

1. A remote pointing device using an image sensor, the device comprising;

a signal reception unit outputting a control signal that allows the remote pointing

device to operate in a mode that corresponds to an infrared signal received from a rem

ote controller among a remote control mode allowing the remote pointing device to pert

orm a control command that corresponds to an infrared signal received from the remote

controller and a remote pointing mode allowing the remote pointing device to calculate

a movement amount of change of a pointing point according to an infrared signal recei

ved from the remote controller to perform a remote pointing operation;

an image reception unit driven when a control signal that allows the remote pointi

ng device to operate in the remote pointing mode is inputted from the signal reception u

nit, obtaining a background image during a first signal reception section, and obtaining

an optical image that corresponds to an infrared signal received from the remote control

ler during a second signal reception section, the infrared signal not being received durin

g the first signal reception section and being received during the second signal receptio

n section from the remote controller;

an image-processing unit creating a corrected optical image according to a differ

ence between the optical image and the background image; and

a pointing amount calculator calculating a distance up to the remote controller ac

cording to the size of the corrected optical image inputted from the image-processing u

nit and calculating a movement amount of the remote controller on the basis of the calc

ulated distance.

2. The remote pointing device of claim 1, wherein the signal reception unit com

prises:

a receiver receiving an infrared signal from the remote controller; and

a controller outputting a first control signal controlling the image reception unit to

switch from a standby state to an operation state when a synchronization signal of the r

emote pointing mode is recognized from the received infrared signal, and outputting a s

econd control signal controlling the image reception unit to operate until an end signal o

f the remote pointing mode is recognized from the received infrared signal.



3. The remote pointing device of claim 2, wherein, when receiving the first contr

ol signal, the image reception unit obtains a background image for control during a pred

etermined signal standby section to determine basic control values comprising an expo

sure amount and a white balance value of the image sensor, and obtains an optical ima

ge for control that corresponds to an infrared signal received from the remote controller

during a signal reception section subsequent to the signal standby section to verify valid

ity of the basic control values determined according to the background image for control

4. The remote pointing device of claim 1, wherein the first signal reception secti

on and the second signal reception section are set such that they are longer than a time

used for the image reception unit to obtain and output image information constituting o

ne frame.

5. The remote pointing device of claim 1, wherein the image-processing unit co

mprises:

a difference value calculator calculating a difference between the optical image a

nd the background image;

a corrector applying a predetermined image mask to an intermediate image creat

ed using the calculated difference to create the corrected optical image; and

an optical image analyzer analyzing a histogram of the corrected optical image to

measure a horizontal size, a vertical size, and a shape of the corrected optical image.

6. The remote pointing device of claim 1, wherein the pointing amount calculate)

r calculates a distance up to the remote controller using an equation as follows:

(RSλ)
D1 =

RD\

where, D 1 is the distance up to the remote controller, R is the diameter of a light

source, λ is a distance between the image sensor and a lens set disposed in front of th

e image sensor, and RD1 is the diameter of a received optical image.

7. The remote pointing device of claim 1, wherein the pointing amount calculate)



r calculates the distance up to the remote controller according to distance calculation da

ta comprising an actual measurement for the distance up to the remote controller that c

orresponds to the size of the received optical image.

8. The remote pointing device of one of claims 6 and 7, wherein the pointing a

mount calculator calculates coordinates X, Y, and Z of the remote controller on a space

coordinate system having the center of the image sensor constituting the image recepti

on unit for its origin using an equation as follows:

where, Z is the distance up to the remote controller, λ is a distance between the i

mage sensor and a lens located at a front end of the image sensor, and x and y are coo

rdinates in an x-axis and a y-axis, respectively, on a plane configured by the image sen

sor having the center of the image sensor for an origin.

9. A remote pointing method using an image sensor, the method comprising:

receiving an infrared signal from a remote controller;

when a synchronization signal of a remote pointing mode is recognized from the

received infrared signal, switching the image sensor from a standby state to an operatio

n state;

obtaining a background image during a first signal reception section and obtainin

g an optical image that corresponds to an infrared signal received from the remote contr

oiler during a second signal reception section using the image sensor, the infrared sign

al not being received during the first signal reception section and being received during

the second signal reception section from the remote controller;

creating a corrected optical image according to a difference between the optical i

mage and the background image; and

calculating a distance up to the remote controller according to the size of the corr

ected optical image and calculating a movement amount of the remote controller accord

ing to the calculated distance.

10. The method of claim 9, wherein the switching comprises:

when the synchronization signal of the remote pointing mode is recognized from



the received infrared signal, obtaining a background image for control during a predeter

mined signal standby section using the image sensor to determine basic control values

comprising an exposure amount and a white balance value of the image sensor; and

obtaining an optical image for control that corresponds to an infrared signal recei

ved from the remote controller using the image sensor during a signal reception section

subsequent to the signal standby section to verify validity of the basic control values d

etermined on the basis of the background image for control.

11. The method of claim 9, wherein the first signal reception section and the se

cond signal reception section are set such that they are longer than a time used for the i

mage reception unit to obtain and output image information constituting one frame.

12. The method of claim 9, wherein the creating of the corrected optical image

comprises:

calculating a difference value between the optical image and the background ima

ge;

applying a predetermined image mask to an intermediate image created using th

e calculated difference value to create the corrected optical image; and

analyzing a histogram of the corrected optical image to measure a horizontal siz

e, a vertical size, and a shape of the corrected optical image.

13. The method of claim 9, wherein the calculating of the distance up to the re

mote controller comprises calculating the distance up to the remote controller using an

equation as follows:

(Λ )
n i

where, D 1 is the distance up to the remote controller, R is the diameter of a light source

, λ is a distance between the image sensor and a lens located at a front end of the imag

e sensor, and RD1 is the diameter of a received optical image.

14. The method of claim 9, wherein the calculating of the distance up to the re

mote controller comprises calculating the distance up to the remote controller according

to distance calculation data comprising an actual measurement of the distance up to t



he remote controller that corresponds to the size of the received optical image.

15. The method of one of claims 13 and 14, wherein the calculating of the dista

nee up to the remote controller comprises calculating coordinates X, Y, and Z of the re

mote controller on a space coordinate system having the center of the image sensor co

nstituting the image reception unit for its origin using an equation as follows:

(A-Z)Sx γ _ (λ -Z)Sy
λ λ

where, Z is the distance up to the remote controller, λ is a distance between the i

mage sensor and a lens located at the front end of the image sensor, and x and y are c

oordinates in an x-axis and a y-axis, respectively, on a plane configured by the image s

ensor having the center of the image sensor for an origin.

16. A computer-readable recording medium having a program recorded thereo

n, the program containing the method of any one of claims 9 through 14.
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