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DISPLAY APPARATUS AND ITS CONTROL 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a display apparatus 
for displaying a tWo- or three-dimensional image using 
display means such as a CRT, a liquid crystal panel, or the 
like and, more particularly, to a ,display apparatus suitable 
for a head-mount display apparatus, and its control method. 

[0002] As a system Which changes its display contents in 
correspondence With the movement of a user’s head, a 
head-mount display apparatus is knoWn. In a system of this 
type, it is a general practice to move the display region of the 
head-mount display apparatus, as indicated by bold frames 
in FIG. 9. Note that a portion surrounded by a broken line 
in FIG. 9 corresponds to a Wide image region prepared in 
advance on a memory. As indicated by arroWs in FIG. 9, a 
portion surrounded by the bold frame is moved in corre 
spondence With the movement of the head, and the range of 
the bold frame is extracted and displayed on the entire 
display screen of the head-mount display apparatus. 

[0003] As another method, a method of detecting the 
movement of an observer’s head, calculating an image to be 
displayed in correspondence With the detected movement of 
the head, and generating and displaying an image by a CG 
(COMPUTER GRAPHICS) technique on the basis of the 
calculation result is knoWn. 

[0004] As described above, in a case Where the head 
mount display changes its display contents in correspon 
dence With the movement of a user’s head, an image range 
must be large enough to cover the movement of the head. 
Therefor, required capacity of an image memory is large. 
Furthermore, since the head-mount display extracts the 
display contents to be displayed from the image memory and 
changes its extracting portion in correspondence With the 
movement of the head, high access speed is required. 
Therefore, to display a natural and real image corresponding 
to the head movement by using the conventional head 
mount display, the system scale has to be large and complex. 

[0005] In the case of the CG system Which generates an 
image corresponding to the head movement by a calculation, 
an image cannot be displayed in real time due to a heavy 
calculation load, resulting in unnatural images Which are 
intermittently displayed frame by frame. In this case, since 
a special-purpose processor and circuit are required, the cost 
increases, and the apparatus scale increases. 

[0006] In recent years, large-screen, three-dimensional 
video systems have become popular. In contrast to this, an 
apparatus for observing an image is required to attain siZe 
and Weight reductions. As a display apparatus Which satis 
?es such requirements, spectacle- and helmet-type head 
mount display apparatuses have been developed. 

[0007] Each of these apparatuses comprises compact tWo 
dimensional image display units such as CRTs, liquid crystal 
displays, or the like corresponding to the right and left eyes, 
and a user Wears such an apparatus on his or her head or face 

to project images displayed on these image display units 
onto the retinas of the right and left eyes via an optical 
system. Therefore, such a display apparatus is superior to a 
stand-alone type display in terms of its space factor and 
portability. 
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[0008] Also, the above-mentioned display apparatus can 
also realiZe a three-dimensional image display since it 
comprises tWo display units for the right and left eyes. 

[0009] HoWever, in the conventional apparatus, the ?eld 
angle of an image to be displayed is determined by the 
dimensions of the display units such as CRTs, liquid crystal 
displays, or the like to be used in the apparatus, and the 
magni?cation of the optical system. In order to obtain 
suf?cient reality, a large ?eld angle is generally preferable, 
but it does not alWays apply. Each image to be observed has 
an optimal ?eld angle, and if the ?eld angle of the apparatus 
is considerably different from the optimal ?eld angle, an 
observer often feels fatigue. More speci?cally, upon obser 
vation of an image With rapid movement on an excessively 
large screen, since the movement itself of an image becomes 
large, the observer must move his or her eyes or face largely, 
resulting in an increase in fatigue. 

[0010] Furthermore, in order to solve such a problem, an 
optical system Which can vary its magni?cation may be used 
to change the ?eld angle. HoWever, With this arrangement, 
the optical system itself becomes large in siZe, and the 
apparatus scale increases accordingly. For this reason, supe 
riority such as compactness, light Weight, and the like, of the 
head-mount display apparatus to the stand-alone type dis 
play is lost. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been made in consider 
ation of the above-mentioned problems, and has as its object 
to provide a display apparatus and its control method, Which 
can attain a natural display in real time in correspondence 
With the movement of a head even under the condition of a 
limited memory capacity. 

[0012] It is another object of the present invention to 
provide a display apparatus and its control method, Which 
can prevent the display state from oversensitively respond 
ing to an unnecessary movement of the head of an observer, 
and can reduce the fatigue of the observer. 

[0013] It is still another object of the present invention to 
provide a display apparatus and its control method, Which 
can limit the change direction of the display state in corre 
spondence With the purpose of use and display contents of 
a head-mount display apparatus, and the observer’s favor to 
effectively obtain reality, and to reduce the fatigue of the 
observer. 

[0014] It is still another object of the present invention to 
provide a display apparatus and its control method, Which 
can automatically control the limitation on the change 
direction of the display state on the basis of video data 
supplied to a head-mount display apparatus, and alloW an 
observer to easily enjoy video effects that a video creator 
intended. 

[0015] It is still another object of the present invention to 
provide a display apparatus and its control method, Which 
can change the ?eld angle of an image to be displayed 
Without increasing the siZe of an optical system in display 
units Which are respectively disposed at the observation 
positions of the right and left eyes. 

[0016] It is still another object of the present invention to 
provide a display apparatus and its control method, Which 
can automatically realiZe a display at an optimal ?eld angle 
in correspondence With each image input to the display 
apparatus. 
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[0017] It is still another object of the present invention to 
provide a display apparatus and its control method, Which 
alloW an observer to easily synthesiZe right and left images 
by changing the positions of images to be displayed on right 
and left display units. 

[0018] It is still another object of the present invention to 
provide a display apparatus and its control method, Which 
alloW an observer to observe an image under an optimal 
condition associated With the ?eld and convergence angles 
by automatically displaying an image at an optimal position 
in correspondence With each image input to the display 
apparatus. 

[0019] Other features and advantages of the present inven 
tion Will be apparent from the folloWing description taken in 
conjunction With the accompanying draWings, in Which like 
reference characters designate the same or similar parts 
throughout the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to explain the principles 0 the invention. 

[0021] FIG. 1 is a block diagram shoWing the arrange 
ment of principal part of a head-mount display apparatus 
according to the ?rst embodiment of the present invention; 

[0022] FIG. 2 is a block diagram of display units to be 
mounted on a head in the ?rst embodiment; 

[0023] FIGS. 3A and 3B are vieWs for explaining the 
display regions of display units 1 and 2 of the ?rst embodi 
ment; 

[0024] FIG. 4 is a block diagram of a display control unit 
of the ?rst embodiment; 

[0025] FIG. 5 is a How chart for explaining the operation 
of the ?rst embodiment; 

[0026] FIG. 6 is a vieW shoWing the relationship betWeen 
the head movement and the corresponding image to be 
displayed; 

[0027] FIG. 7 is a timing chart for explaining the timing 
signal of an address controller 40; 

[0028] FIG. 8 is a vieW shoWing the relationship betWeen 
the head movement in the back-and-forth direction and the 
corresponding image to be displayed; 

[0029] FIG. 9 is a vieW for explaining an example of the 
movement of the display region; 

[0030] FIG. 10 is a block diagram shoWing the arrange 
ment of a display apparatus according to the second embodi 
ment of the present invention; 

[0031] FIG. 11 is a block diagram shoWing the arrange 
ment of thin-out/interpolation processing circuits SR and 5L; 

[0032] FIGS. 12A to 12C are vieWs shoWing enlargement 
processing and reduction processing; 

[0033] FIG. 13 is a block diagram shoWing the arrange 
ment of a display apparatus according to the third embodi 
ment of the present invention; 
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[0034] FIG. 14 is a block diagram shoWing the arrange 
ment of a display apparatus according to the fourth embodi 
ment of the present invention; 

[0035] FIG. 15 is a block diagram shoWing the arrange 
ment of a thin-out/interpolation processing circuit; 

[0036] FIG. 16 is a block diagram shoWing the arrange 
ment of a display apparatus according to the ?fth embodi 
ment of the present invention; and 

[0037] FIGS. 17A to 17C are explanatory vieWs of a 
display method in a conventional head-mount display appa 
ratus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] Preferred embodiments of the present invention 
Will noW be described in detail in accordance With the 
accompanying draWings. 

[0039] [First Embodiment] 
[0040] FIG. 1 is a schematic block diagram shoWing the 
arrangement of a head-mount display apparatus of this 
embodiment. Referring to FIG. 1, reference numeral 100L 
denotes a left-eye display unit; and 100R, a right-eye display 
unit. Reference numeral 200 denotes a display range control 
unit; and 300, an angular velocity detection unit for detect 
ing the movement of the head of an observer. 

[0041] The left-eye display unit 100L corresponds to that 
of a liquid crystal monitor 1L (to be described later), and the 
right-eye display unit 100R corresponds to that of a liquid 
crystal monitor 1R (to be described later) (see FIG. 2). The 
display range control unit 200 displays ?rst and second 
image display ranges A and B (see FIGS. 3A and 3B) on the 
display units 100L and 100R. Furthermore, the display range 
control unit 200 changes the positions of the ?rst and second 
image display ranges A and B relative to each other on the 
basis of the angular velocity displacement obtained When the 
apparatus is ?xed on the head of an observer. Note that the 
control unit 200 Will be described in detail later. 

[0042] The display range control unit 200 of this embodi 
ment comprises a ?rst movement control section 201, a 
second movement control section 202, a third movement 
control section 203, a fourth movement control section 204, 
a ?fth movement control section 205, a sixth movement 
control section 206, a seventh movement control section 
207, and an eighth movement control section 208. 

[0043] The ?rst movement control section 201 controls to 
move the position of the ?rst image display range A in only 
the horiZontal directions Within the screens of the display 
units 100L and 100R. 

[0044] The second movement control section 202 controls 
to move the position of the ?rst image display range A in 
only the vertical directions Within the screens of the display 
units 100L and 100R. 

[0045] The third movement control section 203 controls to 
change the siZe of the ?rst image display range A, to change 
the magni?cation of an image displayed Within the ?rst 
image display range A, and not to change the central position 
of the ?rst image display range A. 
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[0046] The fourth movement control section 204 controls 
to move the position of the ?rst image display range A in 
only the horiZontal or vertical direction Within the screens. 

[0047] The ?fth movement control section 205 controls to 
move the position of the ?rst image display range A in the 
vertical direction Within the screens of the display units 
100L and 100R, to change the siZe of the ?rst image display 
range A, and to change the magni?cation of an image 
displayed Within the ?rst image display range A. 

[0048] The sixth movement control section 206 controls to 
move the position of the ?rst image display range A in the 
horiZontal direction Within the screens of the display units 
100L and 100R, to change the siZe of the ?rst image display 
range A, and to change the magni?cation of an image 
displayed Within the ?rst image display range A. 

[0049] The seventh movement control section 207 con 
trols to move the position of the ?rst image display range A 
in the horiZontal or vertical direction Within the screens of 
the display units 100L and 100R, to change the siZe of the 
?rst image display range A, and to change the magni?cation 
of an image displayed Within the ?rst image display range A. 

[0050] The eighth movement control section 208 controls 
to inhibit the position of the ?rst image display range A from 
being changed, to inhibit the siZe of the ?rst image display 
range Afrom being changed, and to inhibit the magni?cation 
of an image to be displayed Within the ?rst image display 
range A from being changed. 

[0051] In this embodiment, the functions of the above 
mentioned movement control sections 201 to 208 are real 
iZed in a softWare manner by controlling the setting states of 
a pointer 33, an address controller 40, a timing signal 
generator 26, and the like using a display controller (CPU) 
21, as Will be described later With reference to FIG. 4. 
HoWever, the movement control sections may be realiZed in 
a hardWare manner. 

[0052] In the head-mount display apparatus of this 
embodiment With the above arrangement, the movement 
control sections 201 to 208 operate in various operation 
modes in correspondence With the detection output from the 
angular velocity detection unit 300. The arrangement and 
operation of the head-mount display apparatus of this 
embodiment Will be described in detail beloW. 

[0053] FIG. 2 is a block diagram shoWing the detailed 
arrangement of the display units of the head-mount display 
apparatus of this embodiment. 

[0054] Referring to FIG. 2, reference numerals 1R and 1L 
denote liquid crystal monitors for displaying images; and 2R 
and 2L, enlargement optical systems through Which an 
observer observes images on the display units of the liquid 
crystal monitors 1R and 1L in an enlarged scale. Reference 
numerals 3R and 3L denote backlights for illuminating the 
liquid crystal monitors 1R and 1L from the back side. 
Reference numerals 4R and 4L denote liquid crystal drivers 
used for displaying video signals on the liquid crystal 
monitors 1R and 1L as images. 

[0055] Reference numeral 5 denotes an acceleration sen 
sor for detecting the acceleration of the head-mount display 
apparatus. The sensor 5 constitutes the above-mentioned 
angular velocity detection unit 300. Reference numerals 6R 
and 6L denote loudspeakers for producing sounds to an 
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observer U based on audio signals. Reference numeral 7 
denotes cables used for communicating video signals, audio 
signals, and other control signals With a remote display 
apparatus shoWn in FIG. 4. Note that a portion indicated by 
broken lines is a housing Which constitutes a main body and 
is to be mounted on the head of the observer U. 

[0056] Amethod of displaying images on the display units 
of the head-mount display apparatus of this embodiment Will 
be explained beloW. 

[0057] FIGS. 3A and 3B are explanatory vieWs of the 
display regions of the display units of the liquid crystal 
monitors 1L and 1R. FIG. 3A is a vieW for explaining the 
display screen of the liquid crystal monitor 1L, i.e., the 
display screen for the left eye of the observer. FIG. 3B is a 
vieW for explaining the display screen of the liquid crystal 
monitor 1R, i.e., the display screen for the right eye of the 
observer. In FIGS. 3A and 3B, a portion hatched by oblique 
lines corresponds to the ?rst image display range A, and a 
portion hatched by vertical lines corresponds to the second 
image range B. 

[0058] FIG. 4 is a block diagram shoWing the arrange 
ment of the display control unit. Referring to FIG. 4, 
reference numeral 21 denotes a display controller Which 
changes the relative positional relationship betWeen and the 
siZes of the ?rst and second image display ranges A and B, 
and the display contents of an image Within the ?rst or 
second image display range A or B in correspondence With 
the output from the acceleration sensor 5. 

[0059] Reference numeral 22 denotes a ?rst buffer for 
temporarily storing image data for the ?rst image display 
range A; and 23, a second buffer for temporarily storing an 
image to be displayed on the image display range B. 
Reference numeral 24 denotes an image mixer for mixing 
image data read out from the ?rst and second buffers 22 and 
23. Reference numeral 25 denotes a D/A converter for 
converting a digital signal output from the image mixer 24 
into an analog signal. 

[0060] Reference numeral 26 denotes a synchroniZation 
signal generator for generating a synchroniZation signal 27 
corresponding to a television system for displaying an image 
on each liquid crystal panel. Reference numeral 28 denotes 
an adder for adding the D/A-converted image data and the 
synchroniZation signal 27. Reference numeral 29 denotes a 
composite video signal consisting of the image data and the 
synchroniZation signal 27. 

[0061] Reference numeral 30 denotes a storage device for 
storing image data to be displayed. The storage device 30 
comprises a storage medium such as a tape, an image 
memory, a hard disk, a CD-ROM, or the like. Reference 
numeral 31 denotes a third buffer for storing image data for 
several ?elds read out from the storage medium. 

[0062] Reference numeral 32 denotes a ?lter Which com 
prises, e.g., an arithmetic operation unit for enlarging/reduc 
ing an image to be displayed and performing ?lter process 
ing Within the screen or in the time-base direction. Reference 
numeral 33 denotes a pointer for designating an image to be 
read out from the third buffer 31. 

[0063] Reference numeral 34 denotes a movement ana 
lyZer for analyZing the movement of the head-mount display 
apparatus mounted on the head upon reception of a detection 




















