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1. 

METHOD OF CONTROLLING DISPLAY 
CHARACTERISTIC AND DISPLAY 
APPARATUS USING THE SAME 

TECHNICAL FIELD 

The present invention relates to displays, and more particu 
larly, to a method of controlling a display characteristic of a 
display apparatus and a display apparatus using the same. 

BACKGROUND ART 

In a contemporary display apparatus Such as a television 
receiver, a set of external controls such as keys or dials is 
typically provided on a remote control device or on the tele 
vision receiver itself as a user interface device for manually 
setting corresponding display characteristics of a screen of 
the television receiver. Such a user interface device provides 
the user with means to adjust as desired a variety of display 
characteristics, for example, contrast, brightness, color den 
sity, tint, sharpness, and backlight. In other words, a user 
manually controls a display characteristic of a contemporary 
television receiver by manipulating the corresponding exter 
nal control. 

These display characteristics are subjective parameters 
best set according to user preferences, but they are particu 
larly affected by the current ambient conditions in the vicinity 
of the screen with respect to the television receivers instal 
lation site. That is, the ambient conditions directly affect the 
display characteristics, and the most significant ambient con 
dition is luminous intensity, which can be measured as lumi 
nous flux (lux) incident on a unit area, where one lux (lx) of 
illuminance equals one lumen per square meter (1 m/mi). 

For example, in cases where the level (intensity) of ambient 
illuminance is high or low, a brightness display characteristic 
of a screen should be set accordingly. Other display charac 
teristics are likewise manually adjusted according to user 
preference, such that performance of an individual adjust 
ment of each display characteristic is necessary for varying 
ambient luminosities, which inconveniences the user. At the 
same time, the status of the settings of Such display charac 
teristic may be unknown to the user at any given time, further 
encumbering accurate adjustments. 

DISCLOSURE OF INVENTION 

Accordingly, the present invention is directed to a display 
characteristic control method and a display apparatus using 
the same that substantially obviates one or more of the prob 
lems due to limitations and disadvantages of the related art. 
An object of the present invention is to provide a method of 

controlling a display characteristic of a display apparatus and 
a display apparatus using the same, by which the display 
characteristic of the display apparatus (e.g., a television 
receiver) can be automatically controlled and adjusted 
according to ambient illuminance levels using a digital 
scheme. 

Another object of the present invention is to provide a 
method of controlling a display characteristic of a display 
apparatus and a display apparatus using the same, by which 
primary display characteristics are automatically controlled 
according to ambient illuminance levels and by which a sec 
ondary (final) display characteristic can be correspondingly 
adjusted manually according to user preference using a user 
interface device. 

Another object of the present invention is to provide a 
method of controlling a display characteristic of a display 
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2 
apparatus and a display apparatus using the same, by which 
values of specifically controlled display characteristics are 
displayed to enable user recognition and confirmation of cur 
rent values. 

Additional features and advantages of the invention will be 
set forth in part in the description which follows and in part 
will become apparent to those having ordinary skill in the art 
upon examination of the following or may be learned from 
practice of the invention. The objectives and other advantages 
of the invention may be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereofas well as the appended drawings. 
To achieve these and other advantages and in accordance 

with the purpose of the present invention, as embodied and 
broadly described, there is provided a method of controlling 
display characteristics in a video apparatus. The method.com 
prises steps of displaying a video signal on a display screen; 
detecting a level of ambient illuminance with respect to the 
display Screen; adjusting, based on the detected ambient illu 
minance, at least one display characteristic of the display 
screen and for generating a set of control values correspond 
ing to the adjusted at least one display characteristic; control 
ling a display of the video signal using the adjusted at least 
one display characteristic; and generating on-screen display 
(OSD) data for display on the display screen together with the 
Video signal, the displayed OSD data corresponding to the 
display characteristic control values of the adjusted at least 
one display characteristic. 

According to another aspect of the present invention, there 
is provided another method of controlling display character 
istics in a video apparatus. This method comprises steps of 
displaying a video signal on a display Screen; detecting an 
ambient illuminance with respect to the display Screen, the 
detected ambient illuminance corresponding to one of a plu 
rality of primary display grades for controlling at least one 
display characteristic of the display Screen; determining, 
based on the detected ambient illuminance, the primary dis 
play grade corresponding to the detected ambient illumi 
nance, for determining a plurality of secondary display grades 
with respect to the determined primary display grade, and for 
generating a set of control values corresponding to at least one 
of the determined primary grade and a final display grade of 
the at least one display characteristic set according to a user 
selection from among the plurality of secondary display 
grades; controlling a display of the video signal using the 
generated set of display characteristic control values; and 
generating on-screen display (OSD) data for display on the 
display screen together with the video signal, the displayed 
OSD data corresponding to the plurality of secondary display 
grades 

According to another aspect of the present invention, there 
is provided a display apparatus Suitable for executing either of 
the above methods. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this specification, illustrate 
embodiment(s) of the invention and together with the descrip 
tion serve to explain the principles of the invention. In the 
drawings: 
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FIG. 1 is a block diagram of a display apparatus according 
to the present invention; 

FIGS. 2A and 2B are diagrams of exemplary user interface 
menus for executing a digital eye function according to the 
method of the present invention, to determine a specific dis 
play grade in a video mode, where FIG. 2B illustrates a user 
interface menu generated as an on-screen display appearing 
on a screen responsive to activation of a hotkey for executing 
a digital eye function according to the method of the present 
invention; 

FIG. 3 is a graph of ambient luminosities versus display 
characteristic control values arranged according to a plurality 
of display grades, illustrating a hysteresis of a digital eye 
function according to the method of the present invention; 

FIG. 4 is a flowchart illustrating the concept of the present 
invention, including a determination of the primary display 
grade only; 

FIGS. 5A and 5B are diagrams of exemplary OSD data 
generated according to display characteristics, which may be 
displayed on a screen in an Eye-Q video mode together with 
a corresponding video signal; 

FIG. 6 is a flowchart of a display characteristic control 
method according to one embodiment of the present inven 
tion; 

FIG. 7 is a flowchart of a display characteristic control 
method according to another embodiment of the present 
invention; and 

FIG. 8 is a flowchart of a process for displaying OSD data 
according to the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

A television receiver or display device adopting the present 
invention includes a “digital eye' function enabling digital 
control to adjust a display characteristic based on detected 
ambient conditions, namely, illuminance levels. Thus, the 
present invention employs a digital eye method including 
steps of measuring ambient illuminance by detecting a level 
of illuminance measured externally with respect to a display 
screen, generating an analog value corresponding to the mea 
Sured ambient illuminance, converting the analog value into a 
digital value, and appropriately adjusting (controlling) based 
on the digital value at least one display characteristic of the 
display device, e.g., a television receiver. 

According to the present invention, a display apparatus 
uses a digital eye function as above to measure ambient illu 
minance and convert the measurement value into a digital 
value. Then, display characteristics of the display apparatus 
are automatically and appropriately controlled according to 
the digital value. A further selection, i.e., a manual control of 
a user interface, allows the automatically controlled display 
characteristics to be more precisely controlled by a user desir 
ing Such control. The controlled display characteristics are 
updated and displayed on a screen in real time, or periodi 
cally, to enable the user to recognize and confirm the display 
characteristic control by viewing a set of control (adjustment) 
values of the display characteristics, which are displayed as 
on-screen display (OSD) data. The display characteristics 
may include one or more of a contrast value, a brightness 
value, a color density value, a sharpness value, and a backlight 
value. Among these, the adjusted value for brightness or 
backlight is in general inversely proportional to the detected 
level of the ambient illuminance, and the adjusted value for 
contrast, color density, or sharpness is in general directly 
proportional to the detected level of the ambient illuminance. 
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4 
When a predetermined increment or decrement in luminosity 
is detected with respect to a boundary value existing between 
adjacent grades, a current primary display grade changes to a 
next-higher or next-lower grade. 

Referring to FIG. 1, a display apparatus Such as a television 
receiver according to the present invention includes an illu 
minance sensor 101 for detecting (measuring) an ambient 
illuminance with respect to the television receiver, an analog 
to-digital (A/D) converter 102 for converting the detected 
ambient illuminance into a digital value corresponding to one 
of a predetermined number of digital values, for example, 64 
digital values; a system controller 103 for determining a 
primary display grade setting at least one display character 
istic of a screen according to the digital value and for deter 
mining a final display grade based on a selected one of a 
plurality of secondary display grades corresponding to the 
determined primary display grade; a display characteristic 
controller 104 for outputting, to a display module under con 
trol of the system controller, a display characteristic control 
signal based on primary and secondary grade values corre 
sponding to the determined grades per display characteristic, 
that is, a set of values which may differ for each display 
characteristic; a key signal input unit 105 as a user interface 
device for inputting a command signal to the system control 
ler according to user selections; a video processor 106; a 
display module 107; an on-screen display (OSD) generator 
108 for generating OSD data according to the present inven 
tion, including OSD corresponding to the secondary display 
grades, to enable a user interface for a user selection via the 
key signal input unit of a secondary display grade and thereby 
determine a final display grade; and a memory 109 for storing 
a set of the primary and secondary grade values per display 
characteristic. Accordingly, the display characteristic con 
troller 104 receives display characteristic control values (ad 
justment values) corresponding to the final display grade and 
outputs a corresponding display characteristic control signal 
to control at least one display characteristic, namely, one or 
more of a contrast, a brightness, a color density, a sharpness, 
and backlight of an image, i.e., a selectively input video 
signal, to be displayed on a display Screen of the display 
module 107. In general, the display characteristic control 
values corresponding to the primary and secondary display 
grades are set to be proportional to the detected level of 
ambient illuminance in the case of a contrast, color density, or 
sharpness value and are set to be inversely proportional to the 
detected level of ambient illuminance in the case of a bright 
ness or backlight value. 
The video processor 106 may be a composite video signal 

processor, i.e., a processor including audio circuitry for pro 
viding a speaker output, and typically receives at least one 
composite video input signal that has been selectively (e.g., 
according to a user selection) applied from a signal source 
Such as analog and/or digital tuner or peripheral input, to 
produce a displayable signal including an audible compo 
nent, which may comprise a picture-in-picture or multi-pic 
ture display of plural broadcast signals. In the present inven 
tion, the video processor 106 processes at least one selected 
composite video signal, i.e., a video input, to output a video 
signal to the display module 107, for example, a flat-panel 
display device such as a PDP or LCD module, and may output 
an audio signal to a speaker (not shown). 
The display module 107 also displays OSD data in accor 

dance with an output of the display characteristic controller 
104. The OSD data is generated by the OSD generator 108 to 
be processed by the video processor 106 and is displayed 
together with the processed video signal on a display Screen 
of the display module 107. In doing so, under control of the 
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system controller 103, the OSD generator 108 generates OSD 
data for display characteristic control values corresponding to 
the primary display grade determined by an image quality 
algorithm stored in the memory 109 and may further generate 
OSD data for display characteristics corresponding to the 
final grade. The thus generated OSD data is provided to the 
video processor 106, which processes the OSD data to be 
displayable and outputs the processed data to the display 
module 107. Accordingly, in the event that a user provides a 
necessary command signal via the key signal input unit 105. 
the OSD generator 108 provides OSD data corresponding to 
the secondary grades for display via the display screen, 
thereby enabling the user to select one of the secondary 
grades as a final grade. In this case, if the user fails to make 
Sucha selection withina prescribedtime, the primary grade as 
determined by the image quality algorithm may be used as a 
final grade. 
A display apparatus according to the present invention 

measures an ambient illuminance using the illuminance sen 
Sor 101, to convert the measured analog illuminance value 
into a digital value using the analog-to-digital converter 102. 
which receives from the illuminance sensor a sampled signal 
at a rate of about 20 ms and generates one of a predetermined 
number of digital values according to the measured ambient 
illuminance. The digital value output of the analog-to-digital 
converter 102 to the system controller 103 may beachieved as 
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6 
the entire range of available digital values is evenly distrib 
uted over the plurality of grades; in this case, five grades, i.e., 
first to fifth grades, are assigned. A display characteristic of 
the screen is then adjusted by the system controller 103 
according to a corresponding grade. 

In more detail, in generating a digital value according to a 
detection of the intensity of the ambient illuminance, a speed 
provided to the analog/digital converter 102, i.e., a Sub-mi 
crocomputer, from the illuminance sensor 101 is about 20 ms. 
with one of 64 digital values to be output according to the 
measured ambient illuminance. Meanwhile, a speed for pro 
viding the digital value to the system controller 103 from the 
analog/digital converter 102 takes about 500 ms. Therefore, a 
television receiver manufacturer may sort the 64 digital val 
ues into a plurality of grades according to test measurements. 
The system controller 103, i.e., a main microcomputer, auto 
matically adjusts display characteristics of the screen accord 
ing to the respective grades. 

Table 1 includes an exemplary set of display characteristic 
control values, which are stored in the memory 109 with 
respect to digital ambient illuminance values and arranged 
according to grade for each of five display characteristics. 
Though absent from the following table, control values (ad 
justment values) for a backlight display characteristic may be 
similarly stored in the memory 109. Values of Table 1 may be 
defined by a manufacturer. 

TABLE 1 

ambient primary Secondary 
illuminance grade grade brightness color 
(Im/m) values value contrast (Y bias) density tint sharpness 

Over 150 x 48-63 +3 106% 76 (-15) 70 O 70 
(1st grade) +2 1.04% 66 (-35) 70 O 70 

+1 1.02% 56 (-55) 70 O 70 
O 100% 40 (-75) 70 O 70 

-1 85% 37 (-85) 70 O 70 
-2 70% 33 (-95) 70 O 70 
-3 55% 30 (–105) 70 O 70 

118-150 x 36-47 +3 105% 88 (-11) 60 O 60 
(2nd grade) +2 1.03% 68 (–31) 60 O 60 

+1 1.01% 58 (-51) 60 O 60 
O 95% 45 (-71) 60 O 60 

-1 80% 38 (-81) 60 O 60 
-2 65% 35 (–91) 60 O 60 
-3 SO% 32 (-101) 60 O 60 

84-118 lx 24-35 +3 1.04% 80 (–07) 50 O 50 
(3rd grade) +2 1.02% 70 (-27) 50 O 50 

+1 100% 60 (-47) 50 O 50 
O 90% 50 (-67) 50 O 50 

-1 75% 39 (-77) 50 O 50 
-2 60% 36 (-87) 50 O 50 
-3 45% 33 (-97) 50 O 50 

50-84 lx 12-23 +3 1.02% 85 (-03) 45 O 45 
(4th grade) +2 97% 75 (-17) 45 O 45 

+1 90% 65 (–37) 45 O 45 
O 80% 55 (-57) 45 O 45 

-1 67% 47 (-67) 45 O 45 
-2 53% 43 (-77) 45 O 45 
-3 40% 36 (-87) 45 O 45 

under 50 x 0-11 +3 100% 90 (+13) 40 O 40 
(5th grade) +2 90% 80 (–07) 40 O 40 

+1 80% 70 (-27) 40 O 40 
O 70% 60 (-47) 40 O 40 

-1 57% 55 (-57) 40 O 40 
-2 46% 50 (-67) 40 O 40 
-3 35% 39 (-77) 40 O 40 

an average over a period of about 500 ms. A manufacturer of 
the display apparatus may, using a test measurement of ambi 

As can be seen from Table 1, ambient illuminance may be 
classified into one of five primary display grades, namely, a 

ent luminosities, assign a plurality of grades (digital value 65 first, second, third, fourth, or fifth grade, corresponding to a 
ranges) to the predetermined number of digital values, say, 64 
values, to classify the digital values according to grade. Here, 

range of primary grade values determined according to a 
detected level of illuminance that is measured externally with 
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respect to a front or forwardly disposed part of the display 
module 107, and a plurality of secondary grade values are 
allotted to each of the five primary display grades. The result 
ing display characteristic may be determined with respect to 
each of a contrast, brightness, color, tint, sharpness, and back 
light, where each of the respective display characteristic con 
trol values of Table 1 are based on the detected luminosities as 
well as the corresponding grades. In the exemplar of Table 1, 
the tint display characteristic is nominally set at Zero regard 
less of values determined for the primary and secondary 
display grades; the color and sharpness display characteris 
tics are typically equal and generally remain constant 
throughout any given grade, that is, with no adjustment made 
according to secondary grade value. 
The number designations of the primary display grades are 

inversely proportional to the detected level of ambient illu 
minance. Also, corresponding display characteristic control 
values for contrast, color density, or sharpness are in general 
set to values proportional to ambient illuminance, while the 
brightness or backlight control value is in general set to a 
value inversely proportional to ambient illuminance. 

Accordingly, if the level of ambient illuminance is over 150 
lx (i.e., a 150 lx or not less than 150 lx), a display character 
istic is classified as a first grade in which the output of the 
analog-to-digital converter 102 has a value range of 48-63. If 
ambient illuminance is 118-150 lx, a display characteristic is 
classified as a second grade in which the output of the analog 
to-digital converter 102 has a value range of 36-47. If ambi 
ent illuminance is 84-118 lx, a display characteristic is clas 
sified as a third grade in which the output of the analog-to 
digital converter 102 has a value range of 24-35. If ambient 
illuminance is 50-84 lx, a display characteristic is classified 
as a fourth grade in which the output of the analog-to-digital 
converter 102 has a value range of 12-23. If the level of 
ambient illuminance is under 50 lx (i.e., s50 lx or not greater 
than 50 lx), a display characteristic is classified as a fifth grade 
in which the output of the analog-to-digital converter 102 has 
a value range of 0-11. Assuming a secondary grade value of 
Zero for each of the above five grades, that is, before (or 
without) determining a secondary grade value, the first-grade 
settings for contrast, brightness, color density, and sharpness 
are 100%, 40 (-75), 70, and 70, respectively; the second 
grade settings for contrast, brightness, color density, and 
sharpness are 95%, 45 (-71), 60, and 60, respectively; the 
third-grade settings for contrast, brightness, color density, 
and sharpness are 90%, 50 (-67), 50, and 50, respectively; the 
fourth-grade settings for contrast, brightness, color density, 
and sharpness are 80%, 55 (-57), 45, and 45, respectively; 
and the fifth-grade settings for contrast, brightness, color 
density, and sharpness are 70%. 60 (-47), 40, and 40, respec 
tively. A further display characteristic may include a video 
value selected according to a manufacturer-defined or user 
defined set of characteristics, for example, a “sharp' video 
value (e.g., a nominal first-grade value), a "comfort' video 
value (e.g., a nominal third-grade value), or a "smooth' video 
value (e.g., a nominal fifth-grade value), any one of which 
may be set as part of a default condition. 

According to the display characteristic control method as 
described above, when it is determined that there has been a 
change in the digital value Such that a boundary value of a 
current primary display grade is passed by a predetermined 
value (boundary value--/-C), the current primary display 
grade is changed to the next-higher or lower-grade. In par 
ticular, in response to a determination by the system control 
ler 103 that an analog ambient illuminance value as detected 
by the illuminance sensor 101 is newly input to the analog 
to-digital converter 102, thereby determining that an updated 
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8 
digital ambient illuminance value is available, the system 
controller determines based on the currently supplied digital 
value which of the preset first to fifth display grades is to be set 
initially on the screen. The system controller 103 thus deter 
mines the corresponding grade as a primary display grade and 
generates via the display characteristic controller 104 a cor 
responding set of display characteristic control values as 
shown in Table 1. The system controller 103 controls the OSD 
generator 108 to display an OSD menu (user interface menu) 
such as that shown in FIG. 2A or 2B, so that a secondary or 
final display grade may be determined according to a user 
selection. 

Referring to FIG. 2A, by operating the key signal input unit 
105, a plurality of menu icons such as “channel.” “video. 
“audio,” “time.” “general and “DVR may be displayed on 
a display screen 107a of the display module 107. With a 
subsequent operation of the key signal input unit 105, for 
example, by activating the above video menu icon, a set of 
mode menu items (e.g., video mode, color temperature, XD 
mode, additional function, and video initialization) corre 
sponding to the above video menu item may be displayed. 
Thus, a video mode may be entered by another Subsequent 
operation of the key signal input unit 105, for example, by 
pressing the above video menu item followed by a pressing of 
the video mode menu item for the digital eye (intelligent eye 
or “Eye-Q') function, to thereby generate of a set of sub 
menu items including, for example, sharp video, comfort 
Video, Smooth video, user 1, and user2. In doing so, one of the 
Sub-menu items may be highlighted (e.g., the "comfort 
mode” in FIG. 2A), indicating that a primary display grade is 
set by default or according the primary display grade deter 
mination. Optionally, as shown in FIG.2B, activation of a hot 
key for selecting the final display grade results in an on-screen 
display of a plurality of secondary display grades correspond 
ing to a determined primary display grade. In other words, the 
highlighted Sub-menu item or hot-key selection corresponds 
to the determined primary display grade, namely, one of the 
first through fifth grades. 
The above “sharp,” “comfort, and “smooth' video settings 

each include a set of display characteristic values stored in the 
memory 109 according to Table 1 and may correspond to the 
first, third, and fifth grades, respectively. Meanwhile, display 
characteristic values of either of user 1 and user 2 may be 
assigned to a predetermined set of display characteristics, as 
in Table 1, to reflect a preferred set of display characteristics 
stored in the memory 109 according to user preferences. For 
instance, if the primary display grade is determined as the 
comfort video setting, e.g., the third grade, the highlighted 
sub-menu item is "comfort' video' and a corresponding set 
of secondary grade values are displayed, i.e., +3, +2, +1, 0, 
-1, -2, and -3. Thereafter, one of these values may be 
selected to determine the secondary display grade and thus 
the final display grade. For instance, if the user selects a +3 
secondary grade value per the third grade, i.e., the comfort 
video mode, the system controller 103 generates via the dis 
play characteristic controller 104 an appropriate set of display 
characteristic control values, i.e., a contrast control value of 
104%, a brightness control value of 80 (-07), a color density 
control value of 50, a tint control value of 0, and a sharpness 
control value of 50, and applies the above display character 
istic control values to the display module 107, which thus 
provides a controlled screen having the display characteris 
tics according to the user selection. 

In one embodiment, each of the primary display grades 
may be provided with six “sub-grades' as secondary display 
grades, where, for the corresponding display characteristic 
control value of a given primary grade, a number (e.g., three) 
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of Sub-grade values are respectively set as increasingly 
greater control values and where a like number of Sub-grade 
values are respectively set as increasingly lower control val 
ues. Here, the secondary display grades may be more effec 
tively applied for the contrast and brightness (or backlight) 
control values only, since the respective color density, tint, 
and sharpness control values are typically set as constants for 
a given primary grade. 

FIG.3 demonstrates the determination of a primary display 
grade according to ambient illuminance level, including a 
hysteresis effect for implementing a digital eye function to 
prevent a flickering phenomenon from appearing on the 
screen, which may occur as a result of frequent changes in the 
display characteristic control value according to minute 
variations in ambient conditions. Here, although a current 
primary display grade changes to a next-higher or next-lower 
grade when a predetermined increment or decrement in lumi 
nosity is detected with respect to a boundary value existing 
between adjacent grades, flickering is prevented by the ensu 
ing hysteresis effect. For instance, assuming that a current 
display characteristic grade is the second grade and that a 
boundary value between the second and first grades is 150 lx, 
if the digital value of the ambient illuminance Surpasses a 
value of 152 (or 150+2), the system enters the first grade; that 
is, the current display characteristic grade changes from the 
second grade to the first grade. Subsequently, if the digital 
value drops below 148 (or 150-2), the current display char 
acteristic grade changes from the first grade to the second 
grade Such that the system enters the second grade. 

That is, even after the final grade has been determined 
once, the system controller 103 continues to periodically find 
a converted digital value of the ambient illuminance. Subse 
quently, when each of the periodically found digital values is 
added/subtracted by a predetermined value greater than an 
ambient illuminance intensity boundary value of a current 
primary grade, i.e., a boundary value +C. or a boundary value 
-C, the current primary grade is shifted to a next-higher or 
-lower grade with respect to the current primary grade. 

FIG. 4 illustrates a concept of the present invention in 
which updated value icons, indicative of the adjusted values 
for display characteristics, are displayed using OSD data. 
First, ambient illuminance intensity with respect to a display 
apparatus adopting the present invention is detected by the 
illuminance sensor 101, which is preferably installed on a 
forward-facing Surface of the display apparatus, for example, 
adjacent an upper or lower corner of a display Screen (S401). 
The illuminance sensor 101, Such as a photosensor, outputs an 
analog signal representative of the level of the intensity of the 
detected ambient illuminance. Thereafter, under control of 
the system controller 103, a digitized value of the ambient 
illuminance intensity is generated by the A/D converter 102, 
i.e., a Sub-microcomputer, using an averaged output or by 
sampling at a rate of, for example, about 250 ms, depending 
on the stability of the photosensor output (S402). According 
to an image quality algorithm, the digitized values are used to 
adjust (control) specific display characteristics of the display 
apparatus, Such as the contrast or brightness values, thereby 
generating adjusted values (S403). OSD data corresponding 
to adjusted values may be periodically updated at a predeter 
mined data rate of, say, a few seconds or more (S404). 
Although slower rates may be applied, a data rate of five 
seconds may be preferred by a user, and faster rates may be 
employed so that the resulting OSD display appears more in 
real time to the user. Finally, as in FIG. 5A or 5B, the updated 
OSD data values are output by the display apparatus using an 
on-screen display of graphical icons representative of the 
status of adjusted values of display characteristics (S405). 
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10 
Typically, the OSD data is superposed on the displayed video 
signal output, and the values of display characteristics—ad 
justed according to the currently detected intensity of ambient 
illumination in real time—are displayed on the display Screen 
together with other image information. 

Here, it should be appreciated that any number of display 
characteristics may be included in OSD data 108a (or 108a') 
and that other combinations may be achieved by the OSD 
generator 108 according to user-specific selections provided 
to the key input signal unit 105 or default system settings. 
Specific display characteristics may be displayed, singly or in 
combination, on a screen in an Eye-Q video mode. Thus, the 
system controller 103 determines primary display grade set 
ting values of each of a specific set of display characteristic of 
a screen and determines a final display grade of the display 
characteristics based on a secondary display grade selection 
corresponding to the determined primary display grade. 

It should be further appreciated that, according to the above 
concept of the present invention, the display characteristics 
may be adjusted by a determination of the primary display 
grade only. Yet a similar display of updated value icons may 
be achieved based on values adjusted according secondary or 
“final display grade settings as well. 

FIG. 6 illustrates a display characteristic control method 
according to one embodiment of the present invention, which 
employs a “digital eye' video mode of a display apparatus. 
That is, when the video mode of a display apparatus adopting 
the present invention is set to a digital eye mode, the intensity 
of the ambient illuminance is periodically detected using a 
photosensor or similar device, whereby digital values repre 
sentative of the corresponding detection are generated. Sub 
sequently, according to the present invention, display charac 
teristics are determined, and then adjusted accordingly, based 
on the detected ambient illuminance (S601). If a value com 
parison determines that a next control value is changed with 
respect to a preceding control value, the OSD generator 108 
generates OSD data corresponding to values for adjusting the 
display characteristics, i.e., the control values of the step 
S601, and the generated OSD data values are displayed by the 
display module 107 (S602, S603, S604). Hence, a user is able 
to recognize and confirm instantaneous statuses of the 
adjusted display characteristics. 

FIG. 7 illustrates a display characteristic control method 
according to another embodiment of the present invention, 
which also employs a “digital eye' video mode of a display 
apparatus. Here, in a digital eye mode, the illuminance sensor 
101 detects the intensity of the ambient illuminance periodi 
cally and outputs a corresponding analog value (S701). The 
detected ambient illuminance value is converted to a digital 
value under control of the system controller 103 (S702). A 
primary display grade is automatically determined according 
to the digitized ambient illuminance value (S703). Display 
characteristics are then primarily determined (set) according 
to the determined primary display grade (S704). Subse 
quently, a plurality of secondary grades belonging to the 
determined primary display grade may be displayed as value 
icons, e.g., indications of secondary control values of +3, +2, 
+1, -1, -2, and -3, to enable (allow) a user to manually select 
a final display grade using the key signal input unit 105 
(S705). It is then determined which one of the plurality of 
secondary display grades may have been selected as a final 
display grade by the user (S706). If a final display grade is 
selected, for example, within a prescribed time limit, the 
displayed display characteristics are adjusted (set) according 
to the selected final display grade (S707). It is then deter 
mined, based on a comparison step, whether there is a differ 
ence between a preceding display grade value (current adjust 
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ment value) and the newly adjusted final grade value, i.e., a 
next adjustment value (S708). If so, corresponding OSD data 
of the finally adjusted display characteristics is generated 
(S709) and the generated OSD data is displayed accordingly 
(S710). 

Hence, the user is able to recognize values of the finally 
adjusted display characteristics and is further enabled to rec 
ognize a value of each preferred display characteristic accord 
ing to the currently detected ambient illuminance. That is, 
according to the present invention, once a primary display 
grade is determined to automatically adjust the display char 
acteristics, the secondary display grade determination as per 
formed by a user interface may be carried out by referencing 
OSD information displayed on the screen. 

FIG. 8 illustrates a process for displaying OSD data 
according to the present invention, as in the step S604 or 
S710. Here, it is first determined whether it is time to update 
the OSD data, as in the step S602 or S708, whereupon, the 
system controller 103 updates the current OSD data, namely, 
the displayed OSD data (S801, S802). Meanwhile, it is deter 
mined whetherit is time to delete (i.e., dump) the current OSD 
data, as in the case of terminating an OSD function or exiting 
a digital eye mode, whereupon the system controller 103 
deletes the currently displayed OSD data such that only the 
video signal is displayed (S803, S804). 

Accordingly, when a video mode of a video apparatus Such 
as a television receiver is set to a digital eye mode of the 
present invention, for example, an intelligent eye (or "Eye 
Q') mode, the present invention controls characteristics of a 
display screen by first determining, under control of the sys 
tem controller 103, whether there is a digital ambient illumi 
nance value input from the analog/digital converter 102 based 
on an analog level input from the illuminance sensor 101. The 
digital value is periodically correlated to one of a plurality of 
primary display grades, and the system controller 103 uses an 
image quality algorithm to determine the corresponding dis 
play grade as the primary display grade, to provide a corre 
sponding set of display characteristic control values (as in 
Table 1) to the display module 107 via the display character 
istic controller 104. At the same time, the system controller 
103 may control the OSD generator 108 for displaying an 
OSD picture, i.e., a user interface displayed on the screen as 
in FIG. 2A or 2B, so that a secondary (or final) display grade 
may be determined according to a user selection. Thus, the 
user is able to finally set up a specific display grade by read 
justing the primarily adjusted display characteristics manu 
ally. That is, the display characteristics can be automatically 
adjusted (controlled) by the algorithm and then manually and 
finally adjusted (set) by the user. Therefore, the above Eye-Q 
mode enables the user to recognize values of the display 
characteristics corresponding to the primarily adjusted dis 
play grade and confirm values of the display characteristics 
corresponding to the finally adjusted display grade. In par 
ticular, while the display grade is changed by the algorithm 
according to an ambient illuminance detection by the illumi 
nance sensor 101 or similar device, OSD data is generated 
periodically or in real time using the corresponding display 
characteristics. The generated OSD data is then displayed on 
the screen. The OSD data may be generated and displayed at 
the time of determining the primary display grade and at the 
time of determining the final display grade or may be gener 
ated and displayed at the time of determining either the pri 
mary display grade or the final display grade. 

Embodiments of the present invention include a computer 
readable medium storing a set of program commands for 
executing operations implemented by a computer. The com 
puter-readable medium may include the program commands, 
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12 
a data file, a data structure, and other computer-program 
related data. The medium and the stored program commands 
are configured in accordance with the present invention and 
may be specifically designed for the above-described 
embodiment or may comprise a device and program combi 
nation known to those skilled in the field of computer soft 
Wa. 

Industrial Applicability 

Accordingly, by utilizing an on-screen display of a display 
apparatus such a television receiver, the present invention 
enables a user to recognize and confirmany of a set of current 
values for specific display characteristics, in real time or 
periodically, as the display characteristics are controlled 
according to ambient illuminance levels. Meanwhile, an auto 
matic adjustment of a display characteristic avoids the incon 
Venience in manually adjusting one or more display charac 
teristics. Since parameters of a plurality of display 
characteristics may be effectively ganged together, the incon 
Venience of individually controlling each display character 
istic is likewise avoided. In addition, reduced power con 
Sumption may be achieved by measuring ambient 
illuminance to enable an appropriate adjustment of a display 
characteristic according to continuously changing ambient 
conditions. Employment of a digital method provides an 
enhanced display characteristic of a screen to a user and more 
precisely adjusted user-specific values. 

While the present invention has been described and illus 
trated herein with reference to one or more preferred embodi 
ments, it will be apparent to those skilled in the art that various 
modifications can be made in the present invention without 
departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention covers such modifications 
provided they come within the scope of the appended claims 
and their equivalents. 
What is claimed is: 
1. A display apparatus, comprising: 
a display module for displaying a video signal, the display 

module including a display Screen; 
an illuminance sensor for detecting an ambient illuminance 

with respect to said display module, the detected ambi 
ent illuminance corresponding to one of a plurality of 
primary display grades for controlling at least one dis 
play characteristic of said display module, the primary 
display grades corresponding to different Sub-ranges of 
ambient illuminance level into which an entire range of 
ambient illuminance level is divided based on a speed 
provided from the illuminance sensor, 

a system controller for determining, based on the detected 
ambient illuminance, the primary display grade corre 
sponding to the detected ambient illuminance, for deter 
mining a plurality of secondary display grades with 
respect to the determined primary display grade, and for 
generating a set of control values corresponding to the 
determined primary display grade and a final display 
grade of the at least one display characteristic according 
to a user selection from among the plurality of secondary 
display grades, wherein the set of control values include 
for each display characteristic a primary display grade 
control value for the determined primary display grade, 
wherein the at least one display characteristic includes 
brightness, wherein for brightness each primary display 
grade is associated with a different primary display 
grade control value, and wherein the set of the control 
values are based on a speed provided to the system 
controller by the illuminance sensor; 
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a display characteristic controller for controlling said dis 
play module using the generated set of display charac 
teristic control values; and 

an on-screen display (OSD) generator for generating OSD 
data for display on the display screen together with the 
Video signal, the displayed OSD data corresponding to 
the plurality of secondary display grades, 

wherein when a control value changes with respect to a 
preceding control value, the OSD data correspond to 
Values for adjusting the at least one display characteristic 
and informs user of instantaneous statuses of the 
adjusted at least one display characteristic. 

2. The display apparatus of claim 1, wherein the displayed 
OSD includes OSD data corresponding to a prescribed 
amount of adjustment that corresponds to adjusted level of 
brightness. 

3. The display apparatus of claim 1, wherein brightness of 
the display module is updated periodically and wherein the 
displayed OSD data includes OSD data for the updated 
brightness of the display module. 

4. The display apparatus of claim 1, wherein a plurality of 
levels of brightness corresponds to a plurality of primary 
display grades associated with the ambient illuminance and a 
plurality of secondary display grades associated with a pre 
scribed amount of adjustment, and wherein the brightness of 
the display module is controlled by incrementing the primary 
display grade or incrementing the secondary display grade. 

5. The display apparatus of claim 1, wherein said illumi 
nance Sensor outputs an analog ambient illuminance value 
based on the detected ambient illuminance. 

6. The display apparatus of claim 5, further comprising: 
an analog-to-digital converter for converting the detected 

ambient illuminance into a digital value, wherein 
adjusted brightness is based on the digital value. 

7. The display apparatus of claim 6, wherein the digital 
value is generated by sampling the analog ambient illumi 
nance value and whereina plurality of levels of brightness for 
the display module includes a primary display grade that is 
changed to one of a next-higher primary display grade and a 
next-lower primary display grade, when a boundary value 
between the current primary display grade and an adjacent 
primary display grade is passed by a predetermined value of 
the generated digital value. 

8. The display apparatus of claim 1, wherein a plurality of 
levels of brightness corresponds to a plurality of primary 
display grades and secondary display grades, and wherein the 
plurality of primary display grades is sorted into a predeter 
mined number of grades according to ambient illuminance 
and wherein the plurality of secondary display grades are 
Sorted into a predetermined number of grades including at 
least one grade above the corresponding primary display 
grade and at least one grade below the corresponding primary 
display grade. 

9. A method of controlling display characteristics in a 
Video apparatus, the method comprising: 

displaying a video signal on a display module: 
detecting an a level of ambient illuminance with respect to 

the display module, the detected ambient illuminance 
corresponding to one of a plurality of primary display 
grades for controlling at least one display characteristic 
of the display module, the primary display grades cor 
responding to different sub-ranges of ambient illumi 
nance level into which an entire range of ambient illu 
minance level is divided based on a speed provided from 
an illuminance sensor, 
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14 
determining, based on the detected ambient illuminance, 

the primary display grade corresponding to the detected 
ambient illuminance, determining a plurality of second 
ary display grades with respect to the determined pri 
mary display grade; 

generating a set of control values corresponding to the 
determined primary display grade and a final display 
grade of the at least one display characteristic according 
to a user selection from among the plurality of secondary 
display grades, wherein the set of control values include 
for each display characteristic a primary display grade 
control value for the determined primary display grade, 
wherein for brightness each primary display grade is 
associated with a different primary display grade control 
value, wherein the set of control values are based on a 
speed provided to a system controllerby the illuminance 
sensor; and 

generating on-screen display (OSD) data for display on the 
display module together with the video signal, the gen 
erated OSD data corresponding to the plurality of sec 
ondary display grades, 

wherein when a control value changes with respect to a 
preceding control value, the OSD data correspond to 
values for adjusting the at least one display characteristic 
and informs user of instantaneous statuses of the 
adjusted at least one display characteristic. 

10. The method of claim 9, wherein brightness of the 
display module is updated periodically and wherein the dis 
played OSD includes OSD data for one or more of the 
updated brightness of the display module. 

11. The method of claim 9, wherein a plurality of levels of 
brightness corresponds to the plurality of primary display 
grades associated with the ambient illuminance and a plural 
ity of secondary display grades associated with a prescribed 
amount of adjustment, and wherein the brightness of the 
display screen is controlled by incrementing the primary dis 
play grade or incrementing the secondary display grade. 

12. The method of claim 9, wherein the ambient illumi 
nance is detected as an analog ambient illuminance value 
based on the detected ambient illuminance. 

13. The method of claim 12, further comprising: 
converting the detected ambient illuminance into a digital 

value, 
wherein the adjusted level of brightness is based on the 

digital value. 
14. The method of claim 13, wherein the digital value is 

generated by sampling the analog ambient illuminance value 
and wherein a plurality of levels of brightness for the display 
module includes a primary display grade that is changed to 
one of a next-higher primary display grade and a next-lower 
primary display grade, when a boundary value between the 
current primary display grade and an adjacent primary dis 
play grade is passed by a predetermined value of the gener 
ated digital value. 

15. The method of claim 9, wherein a plurality of levels of 
brightness corresponds to the plurality of primary display 
grades and secondary display grades, and wherein the plural 
ity of primary display grades is sorted into a predetermined 
number of grades according to ambient illuminance and 
wherein the plurality of secondary display grades are sorted 
into a predetermined number of grades including at least one 
grade above the corresponding primary display grade and at 
least one grade below the corresponding primary display 
grade. 


