26191 A2 | I 00 0 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 March 2006 (09.03.20006)

lﬂb A 00 O

(10) International Publication Number

WO 2006/026191 A2

(51) International Patent Classification:
G09G 3/20 (2006.01)

(21) International Application Number:
PCT/US2005/029554

(22) International Filing Date: 19 August 2005 (19.08.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
10/931,923 1 September 2004 (01.09.2004) US
(71) Applicant (for all designated States except US):
HEWLETT-PACKARD DEVELOPMENT COM-
PANY L.P. [US/US]; 20555 S.H. 249, Houston, TX 77070

Us).

(72) Inventor; and

(75) Inventor/Applicant (for US only): DAMERA-
VENKATA, Niranjan [IN/US]; 1501 Page Mill Rd,,
Palo Alto, 94304 (US).

(74) Agent: HEMINGER, Susan, E.; Hewlett-Packard Com-
pany, IP Administration, P.O Box 272400, Ft. Collins, CO
80527-2400 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: IMAGE DISPLAY SYSTEM AND METHOD

& (57) Abstract: A method of displaying an image (14) is provided. The method comprises receiving interlaced image data (28) for
=) the image where the interlaced data comprises a first field (502) and a second field (504), generating a first sub-frame (301) and
& a second sub-frame (302) for the image using the first field, generating a third sub-frame (303) and a fourth sub-frame (304) for
& the image using the second field, and alternating between displaying the first sub-frame in a first position at a first time, displaying
the second sub-frame in a second position horizontally offset from the first position at a second time that is subsequent to the first
time, displaying the third sub-frame in a third position vertically offset from the first position at a third time that is subsequent to
the second time, and displaying the fourth sub-frame in a fourth position horizontally and vertically offset from the first position at

=

a fourth time that is subsequent to the second time.



10

15

20

25

30

WO 2006/026191 PCT/US2005/029554

IMAGE DISPLAY SYSTEM AND METHOD
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AND DISPLAYING SPATIALLY OFFSET SUB-FRAMES; U.S. Patent Application
Serial No. 10/868,719, filed June 15, 2004, entitled GENERATING AND
DISPLAYING SPATIALLY OFFSET SUB-FRAMES, and U.S. Patent Application
Serial No. 10/868,638, filed June 15, 2004, entitled GENERATING AND
DISPLAYING SPATIALLY OFFSET SUB-FRAMES. Each of the above U.S. Patent
Applications is assigned to the assignee of the present invention, and is hereby

incorporated by reference herein.

Background

A conventional system or device for displaying an image, such as a display,
projector, or other imaging system, produces a displayed image by addressing an array
of individual picture elements or pixels arranged in horizontal rows and vertical
columns. A resolution of the displayed image is defined as the number of horizontal
rows and vertical columns of individual pixels forming the displayed image. The
resolution of the displayed image is affected by a resolution of the display device itself
as well as a resolution of the image data processed by the display device and used to
produce the displayed image.

Typically, to increase a resolution of the displayed image, the resolution of the
display device as well as the resolution of the image data used to produce the displayed
image must be increased. Increasing a resolution of the display device, however,
increases a cost and complexity of the display device. In addition, higher resolution
image data may not be available and/or may be difficult to generate.

It would be desirable to be able to enhance the display of various types of
graphical images including natural images and high contrast images such as business

graphics.

Summary
One form of the present invention provides a method of displaying an image is

provided. The method comprises receiving interlaced image data for the image where
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the interlaced data comprises a first field and a second field, generating a first sub-frame
and a second sub-frame for the image using the first field, generating a third sub-frame
and a fourth sub-frame for the image using the second field, and alternating between
displaying the first sub-frame in a first position at a first time, displaying the second
sub-frame in a second position horizontally offset from the first position at a second
time that is subsequent to the first time, displaying the third sub-frame in a third position
vertically offset from the first position at a third time that is subsequent to the second
time, and displaying the fourth sub-frame in a fourth position horizontally and vertically

offset from the first position at a fourth time that is subsequent to the second time.

Brief Description of the Drawings

Figure 1 is a block diagram illustrating an image display system according to one
embodiment of the present invention.

Figures 2A-2C are schematic diagrams illustrating the display of two sub-frames
according to one embodiment of the present invention.

Figures 3A-3E are schematic diagrams illustrating the display of four sub-frames
according to one embodiment of the present invention.

Figures 4A-4F are schematic diagrams illustrating the display of a pixel with an
image display system according to one embodiment of the present invention.

Figure 5 is a schematic diagram illustrating a relationship between two fields and
a corresponding interlaced image frame according to one embodiment of the present
invention.

Figure 6 is a schematic diagram illustrating a method of generating sub-frames
from interlaced input data according to one embodiment of the present invention.

Figures 7A-7E are schematic diagrams illustrating the display of four sub-frames
according to one embodiment of the present invention.

Figures 8A-8D are schematic diagrams illustrating the display of a pixel with an

image display system according to one embodiment of the present invention.

Detailed Description

In the following detailed description of the preferred embodiments, reference is

made to the accompanying drawings, which form a part hereof, and in which is shown
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by way of illustration specific embodiments in which the invention may be practiced. It
is to be understood that other embodiments may be utilized and structural or logical
changes may be made without departing from the scope of the present invention. The
following detailed description, therefore, is not to be taken in a limiting sense, and the

scope of the present invention is defined by the appended claims.

I Spatial and Temporal Shifting of Sub-frames

Some display systems, such as some digital light projectors, may not have
sufficient resolution to display some high resolution images. Such systems can be
configured to give the appearance to the human eye of higher resolution images by
displaying spatially and temporally shifted lower resolution images. The lower
resolution images are referred to as sub-frames. A problem of sub-frame generation,
which is addressed by embodiments of the present invention, is to determine appropriate
values for the sub-frames so that the displayed sub-frames are close in appearance to
how the high-resolution image from which the sub-frames were derived would appear if
directly displayed.

One embodiment of a display system that provides the appearance of enhanced
resolution through temporal and spatial shifting of sub-frames is described in the U.S.
patent applications cited above, and is summarized below with reference to Figures 1-
4E.

Figure 1 is a block diagram illustrating an image display system 10 according to
one embodiment of the present invention. Image display system 10 facilitates
processing of an image 12 to create a displayed image 14. Image 12 is defined to
include any pictorial, graphical, and/or textural characters, symbols, illustrations, and/or
other representation of information. Image 12 is represented, for example, by image
data 16. Image data 16 includes individual picture elements or pixels of image 12.
While one image is illustrated and described as being processed by image display
system 10, it is understood that a plurality or series of images may be processed and
displayed by image display system 10.

In one embodiment, image display system 10 includes a frame rate conversion
unit 20 and an image frame buffer 22, an image processing unit 24, and a display device

26. As described below, frame rate conversion unit 20 and image frame buffer 22

4
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receive and buffer image data 16 for image 12 to create an image frame 28 for image 12.
Image processing unit 24 processes image frame 28 to define one or more image sub-
frames 30 for image frame 28, and display device 26 temporally and spatially displays
image sub-frames 30 to produce displayed image 14.

Image display system 10, including frame rate conversion unit 20 and/or image
processing unit 24, includes hardware, software, firmware, or a combination of these. In
one embodiment, one or more components of image display system 10, including frame
rate conversion unit 20 and/or image processing unit 24, are included in a computer,
computer server, or other microprocessor-based system capable of performing a
sequence of logic operations. In addition, processing can be distributed throughout the
system with individual portions being implemented in separate system components.

Image data 16 may include digital image data 161 or analog image data 162. To
process analog image data 162, image display system 10 includes an analog-to-digital
(A/D) converter 32. As such, A/D converter 32 converts analog image data 162 to
digital form for subsequent processing. Thus, image display system 10 may receive and
process digital image data 161 and/or analog image data 162 for image 12.

Frame rate conversion unit 20 receives image data 16 for image 12 and buffers
or stores image data 16 in image frame buffer 22. More specifically, frame rate
conversion unit 20 receives image data 16 representing individual lines or fields of
image 12 and buffers image data 16 in image frame buffer 22 to create image frame 28
for image 12. Image frame buffer 22 buffers image data 16 by receiving and storing all
of the image data for image frame 28, and frame rate conversion unit 20 creates image
frame 28 by subsequently retrieving or extracting all of the image data for image frame
28 from image frame buffer 22. As such, image frame 28 is defined to include a
plurality of individual lines or fields of image data 16 representing an entirety of image
12. Thus, image frame 28 includes a plurality of columns and a plurality of rows of
individual pixels representing image 12.

Frame rate conversion unit 20 and image frame buffer 22 can receive and
process image data 16 as progressive image data and/or interlaced image data. With
progressive image data, frame rate conversion unit 20 and image frame buffer 22
receive and store sequential fields of image data 16 for image 12. Thus, frame rate

conversion unit 20 creates image frame 28 by retrieving the sequential fields of image
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data 16 for image 12. With interlaced image data, frame rate conversion unit 20 and
image frame buffer 22 receive and store odd fields and even fields of image data 16 for
image 12. For example, all of the odd fields of image data 16 are received and stored
and all of the even fields of image data 16 are received and stored. As such, frame rate
conversion unit 20 de-interlaces image data 16 and creates image frame 28 by retrieving
the odd and even fields of image data 16 for image 12.

Image frame buffer 22 includes memory for storing image data 16 for one or
more image frames 28 of respective images 12. Thus, image frame buffer 22 constitutes
a database of one or more image frames 28. Examples of image frame buffer 22 include
non-volatile memory (e.g., a hard disk drive or other persistent storage device) and may
include volatile memory (e.g., random access memory (RAM)).

By receiving image data 16 at frame rate conversion unit 20 and buffering image
data 16 with image frame buffer 22, input timing of image data 16 can be decoupled
from a timing requirement of display device 26. More specifically, since image data 16
for image frame 28 is received and stored by image frame buffer 22, image data 16 can
be received as input at any rate. As such, the frame rate of image frame 28 can be
converted to the timing requirement of display device 26. Thus, image data 16 for
image frame 28 can be extracted from image frame buffer 22 at a frame rate of display
device 26.

In one embodiment, image processing unit 24 includes a resolution adjustment
unit 34 and a sub-frame generation unit 36. As described below, resolution adjustment
unit 34 receives image data 16 for image frame 28 and adjusts a resolution of image data
16 for display on display device 26, and sub-frame generation unit 36 generates a
plurality of image sub-frames 30 for image frame 28. More specifically, image
processing unit 24 receives image data 16 for image frame 28 at an original resolution
and processes image data 16 to increase, decrease, and/or leave unaltered the resolution
of image data 16. Accordingly, with image processing unit 24, image display system 10
can receive and display image data 16 of varying resolutions.

Sub-frame generation unit 36 receives and processes image data 16 for image
frame 28 to define a plurality of image sub-frames 30 for image frame 28. If resolution
adjustment unit 34 has adjusted the resolution of image data 16, sub-frame generation

unit 36 receives image data 16 at the adjusted resolution. The adjusted resolution of
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image data 16 may be increased, decreased, or the same as the original resolution of
image data 16 for image frame 28. Sub-frame generation unit 36 generates image sub-
frames 30 with a resolution which matches the resolution of display device 26. Image
sub-frames 30 are each of an area equal to image frame 28. Sub-frames 30 each include
a plurality of columns and a plurality of rows of individual pixels representing a subset
of image data 16 of image 12, and have a resolution that matches the resolution of
display device 26.

Each image sub-frame 30 includes a matrix or array of pixels for image frame
28. Image sub-frames 30 are spatially offset from each other such that each image sub-
frame 30 includes different pixels and/or portions of pixels. As such, image sub-frames
30 are offset from each other by a vertical distance and/or a horizontal distance, as
described below.

Display device 26 receives image sub-frames 30 from image processing unit 24
and sequentially displays image sub-frames 30 to create displayed image 14. More
specifically, as image sub-frames 30 are spatially offset from each other, display device
26 displays image sub-frames 30 in different positions according to the spatial offset of
image sub-frames 30, as described below. As such, display device 26 alternates
between displaying image sub-frames 30 for image frame 28 to create displayed image
14. Accordingly, display device 26 displays an entire sub-frame 30 for image frame 28
at one time.

In one embodiment, display device 26 performs one cycle of displaying image
sub-frames 30 for each image frame 28. Display device 26 displays image sub-frames
30 so as to be spatially and temporally offset from each other. In one embodiment,
display device 26 optically steers image sub-frames 30 to create displayed image 14. As
such, individual pixels of display device 26 are addressed to multiple locations.

In one embodiment, display device 26 includes an image shifter 38. Image
shifter 38 spatially alters or offsets the position of image sub-frames 30 as displayed by
display device 26. More specifically, image shifter 38 varies the position of display of
image sub-frames 30, as described below, to produce displayed image 14.

In one embodiment, display device 26 includes a light modulator for modulation
of incident light. The light modulator includes, for example, a plurality of micro-mirror

devices arranged to form an array of micro-mirror devices. As such, each micro-mirror
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device constitutes one cell or pixel of display device 26. Display device 26 may form
part of a display, projector, or other imaging system.

In one embodiment, image display system 10 includes a timing generator 40.
Timing generator 40 communicates, for example, with frame rate conversion unit 20,
image processing unit 24, including resolution adjustment unit 34 and sub-frame
generation unit 36, and display device 26, including image shifter 38. As such, timing
generator 40 synchronizes buffering and conversion of image data 16 to create image
frame 28, processing of image frame 28 to adjust the resolution of image data 16 and
generate image sub-frames 30, and positioning and displaying of image sub-frames 30
to produce displayed image 14. Accordingly, timing generator 40 controls timing of
image display system 10 such that entire sub-frames of image 12 are temporally and
spatially displayed by display device 26 as displayed image 14.

In one embodiment, as illustrated in Figures 2A and 2B, image processing unit
24 defines two image sub-frames 30 for image frame 28. More specifically, image
processing unit 24 defines a first sub-frame 301 and a second sub-frame 302 for image
frame 28. As such, first sub-frame 301 and second sub-frame 302 each include a
plurality of columns and a plurality of rows of individual pixels 18 of image data 16.
Thus, first sub-frame 301 and second sub-frame 302 each constitute an image data array
or pixel matrix of a subset of image data 16.

In one embodiment, as illustrated in Figure 2B, second sub-frame 302 is offset
from first sub-frame 301 by a vertical distance 50 and a horizontal distance 52. As such,
second sub-frame 302 is spatially offset from first sub-frame 301 by a predetermined
distance. In one illustrative embodiment, vertical distance 50 and horizontal distance 52
are each approximately one-half of one pixel.

As illustrated in Figure 2C, display device 26 alternates between displaying first
sub-frame 301 in a first position and displaying second sub-frame 302 in a second
position spatially offset from the first position. More specifically, display device 26
shifts display of second sub-frame 302 relative to display of first sub-frame 301 by
vertical distance 50 and horizontal distance 52. As such, pixels of first sub-frame 301
overlap pixels of second sub-frame 302. In one embodiment, display device 26
performs one cycle of displaying first sub-frame 301 in the first position and displaying

second sub-frame 302 in the second position for image frame 28. Thus, second sub-
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frame 302 1s spatially and temporally displayed relative to first sub-frame 301. The
display of two temporally and spatially shifted sub-frames in this manner is referred to
herein as two-position processing.

In another embodiment, as illustrated in Figures 3A-3D, image processing unit
24 defines four image sub-frames 30 for image frame 28. More specifically, image
processing unit 24 defines a first sub-frame 301, a second sub-frame 302, a third sub-
frame 303, and a fourth sub-frame 304 for image frame 28. As such, first sub-frame
301, second sub-frame 302, third sub-frame 303, and fourth sub-frame 304 each include
a plurality of columns and a plurality of rows of individual pixels 18 of image data 16.

In one embodiment, as illustrated in Figures 3B-3D, second sub-frame 302 is
offset from first sub-frame 301 by a vertical distance 50 and a horizontal distance 52,
third sub-frame 303 is offset from first sub-frame 301 by a horizontal distance 54, and
fourth sub-frame 304 is offset from first sub-frame 301 by a vertical distance 56. As
such, second sub-frame 302, third sub-frame 303, and fourth sub-frame 304 are each
spatially offset from each other and spatially offset from first sub-frame 301 by a
predetermined distance. In one illustrative embodiment, vertical distance 50, horizontal
distance 52, horizontal distance 54, and vertical distance 56 are each approximately one-
half of one pixel.

As illustrated schematically in Figure 3E, display device 26 alternates between
displaying first sub-frame 301 in a first position Py, displaying second sub-frame 302 in
a second position P, spatially offset from the first position, displaying third sub-frame
303 in a third position P3 spatially offset from the first position, and displaying fourth
sub-frame 304 in a fourth position P4 spatially offset from the first position. More
specifically, display device 26 shifts display of second sub-frame 302, third sub-frame
303, and fourth sub-frame 304 relative to first sub-frame 301 by the respective
predetermined distance. As such, pixels of first sub-frame 301, second sub-frame 302,
third sub-frame 303, and fourth sub-frame 304 overlap each other.

In one embodiment, display device 26 performs one cycle of displaying first sub-
frame 301 in the first position, displaying second sub-~frame 302 in the second position,
displaying third sub-frame 303 in the third position, and displaying fourth sub-frame
304 in the fourth position for image frame 28. Thus, second sub—frame 302, third sub-
frame 303, and fourth sub-frame 304 are spatially and temporally displayed relative to
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each other and relative to first sub-frame 301. The display of four temporally and
spatially shifted sub-frames in this manner is referred to herein as four-position
processing.

Figures 4A-4E illustrate one embodiment of completing one cycle of displaying
apixel 181 from first sub-frame 301 in the first position, displaying a pixel 182 from
second sub-frame 362 in the second position, displaying a pixel 183 from third sub-
frame 303 in the third position, and displaying a pixel 184 from fourth sﬁb-frame 304 in
the fourth position. More specifically, Figure 4A illustrates display of pixel 181 from
first sub-frame 301 in the first position, Figure 4B illustrates display of pixel 182 from
second sub-frame 302 in the second position (with the first position being illustrated by
dashed lines), Figure 4C illustrates display of pixel 183 from third sub-frame 303 in the
third position (with the first position and the second position being illustrated by dashed
lines), Figure 4D illustrates display of pixel 184 from fourth sub-frame 304 in the fourth
position (with the first position, the second position, and the third position being
illustrated by dashed lines), and Figure 4E illustrates display of pixel 181 from first sub-
frame 301 in the first position (with the second position, the third position, and the
fourth position being illustrated by dashed lines).

Sub-frame generation unit 36 (Figure 1) generates sub-frames 30 based on image
data in image frame 28. It will be understood by a person of ordinary skill in the art that
functions performed by sub-frame generation unit 36 may be implemented in hardware,
software, firmware, or any combination thereof. The implementation may be via a
microprocessor, programmable logic device, or state machine. Components of the
present invention may reside in software on one or more computer-readable mediums.
The term computer-readable medium as used herein is defined to include any kind of
memory, volatile or non-volatile, such as floppy disks, hard disks, CD-ROMs, flash
memory, read-only memory (ROM), and random access memory.

In one form of the invention, sub-frames 30 have a lower resolution than image
frame 28. Thus, sub-frames 30 are also referred to herein as low resolution images 30,
and image frame 28 is also referred to herein as a high resolution image 28. It will be
understood by persons of ordinary skill in the art that the terms low resolution and high

resolution are used herein in a comparative fashion, and are not limited to any particular
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minimum or maximum number of pixels. Sub-frame generation unit 36 is configured to

use any suitable algorithm to generate pixel values for sub-frames 30.

1L Displaying Sub-frames with an Interlaced Display Device

In certain embodiments, image 12 or a sequence of images 12 may be received
by image display system 10 using interlaced input data. With interlaced input data,
image data 16 for an image 12 is received in two separate fields that are often referred to
as an even field and an odd field. The even field includes a first portion of image data
16 that corresponds to the even horizontal lines or rows of image frame 28, and the odd
field includes a second portion of image data 16 that corresponds to the odd horizontal
lines or rows of image frame 28. The fields may be received by image display system
10 sequentially such that each field may be separately processed by image display
system 10. Image data 16 that is received as interlaced input data is referred to herein as
interlaced image data 16. In addition, image frames 28 that comprise interlaced image
data 16 are referred to herein as interlaced image frames 28.

Figure 5 is a schematic diagram illustrating one embodiment of a relationship
between two fields 502 and 504 and a corresponding interlaced image frame 28. In the
example of Figure 5, fields 502 and 504 each comprise eight pixels of image data 16
that are arranged in a two by four array. Each field 502 and 504 comprises four vertical
columns and two horizontal lines or rows of image data 16. The first line of field 502
comprises pixels A1, B1, C1, and D1, and the second line of field 502 comprises pixels
E1,F1, Gl, and H1. The first line of field 504 comprises pixels A2, B2, C2, and D2,
and the second line of field 504 comprises pixels E2, F2, G2, and H2.

Figure 5 illustrates a relationship between two fields 502 and 504 and the
corresponding interlaced image frame 28 as it is displayed by display device 26.
Interlaced image frame 28 comprises four lines 508, 510, 512, and 514 of image data 16.
The first line 508 of the interlaced image frame 28 is the first line of field 502, the
second line 510 of the interlaced image frame 28 is the first line of field 504, the third
line 512 of the interlaced image frame 28 is the second line of field 502, and the fourth
line 514 of the interlaced image frame 28 is the second line of field 504.

In response to receiving interlaced input data, image processing unit 24

generates sub-frames 30 as described below with reference to Figure 6 according to one
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embodiment. Display device 26 displays sub-frames 30 as described below with
reference to Figures 7A-7E according to one embodiment.

Figure 6 is a schematic diagram illustrating one embodiment of a method of
generating four sub-frames from interlaced input data. In the embodiment of Figure 6,
image processing unit 24 generates sub-frames 301 and 302 from field 502 and image
processing unit 24 generates sub-frames 303 and 304 from field 504. Sub-frame 301
comprises pixel values A1°, C1°, E1’, and G1’, sub-frame 302 comprises pixel values
B1’,D1°, F1°, and H1’, sub-frame 303 comprises pixel values A2°, C2°, E2°, and G2’,
and sub-frame 304 comprises pixel values B2’, D2’, F2’, and H2’.

In one embodiment, image processing unit 24 generates sub-frames 301 and 302
exclusively from pixel values in field 502, i.e., without using pixel values from field
504. Similarly, image processing unit 24 generates sub-frames 303 and 304 exclusively
from pixel values in field 504, i.e., without using pixel values from field 502. For
example, image processing unit 24 may generate pixel value A1’ of sub-frame 301
using only pixel values from the first line of field 502, e.g., pixel values A1, B1, C1, and
D1. Likewise, image processing unit 24 may generate pixel value H2’ of sub-frame 304
using only pixel values from the second line of field 504, e.g., pixel values E2, F2, G2,
and H2. In addition, processing unit 24 generates sub-frames 301, 302, 303 and 304
such that each sub-frame 301, 302, 303 and 304 comprises a total of one-half of the
pixel values of each field 502 and 504, respectively.

Image processing unit 24 may generate sub-frames 301, 302, 303, and 304 using
one or more of the following algorithms: a pixel selection algorithm where individual
pixel values from image data 16 are selected as the sub-frame pixel values; a bilinear or
other averaging algorithm where two or more pixel values from image data 16 are used
to generate the sub-frame pixel values; an adaptive multi-pass algorithm where the sub-
frame pixel values are generated using an iterative algorithm that generates a set of sub-
frame pixel values, generates a simulated image from the sub-frame pixel values,
compares the simulated image to the original image to generate error values, and
generates a next set of sub-frame pixel values using the error values; or any other
suitable algorithm for generating sub-frames. Additional details of the pixel selection,
bilinear, and adaptive multi-pass algorithms may be found in one or more the Patent

Applications cross-referenced above.
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Figures 7A-7E are schematic diagrams illustrating one embodiment of
displaying sub-frames generated from interlaced input data 16. In Figures 7A-7E,
image processing unit 24 defines four image sub-frames 30 for interlaced image frame
28. More specifically, image processing unit 24 defines a first sub-frame 301, a second
sub-frame 302, a third sub-frame 303, and a fourth sub-frame 304 for interlaced image
frame 28. As such, first sub-frame 301, second sub-frame 302, third sub-frame 303, and
fourth sub-frame 304 each include a plurality of columns and a plurality of rows of
individual pixels 18 of image data 16.

In one embodiment, as illustrated in Figures 7B-7D, second sub-frame 302 is
offset from first sub-frame 301 by a horizontal distance 54, third sub-frame 303 is offset
from first sub-frame 301 by a vertical distance 56, and fourth sub-frame 304 is offset
from first sub-frame 301 by a vertical distance 50 and a horizontal distance 52. As such,
second sub-~frame 302, third sub-frame 303, and fourth sub-frame 304 are each spatially
offset from each other and spatially offset from first sub-frame 301 by a predetermined
distance. In one illustrative embodiment, vertical distance 50, horizontal distance 52,
horizontal distance 54, and vertical distance 56 are each approximately one-half of one
pixel.

In addition, sub-frames 301,h 302, 303, and 304 are temporally offset from one
another. In one embodiment, display device 26 sequentially displays sub-frames 301
and 302 during a first time period, e.g., 1/60™ of a second or 60Hz, and sequentially
displays sub-frames 303 and 304 during a second time period, e.g. 1/60™ of a second or
60Hz, that is subsequent to the first time period. More particularly, display device 26
displays sub-frame 301 at a first time during the first time period, displays sub-frame
302 at a second time subsequent to the first time during the first time period, displays
sub-frame 303 at a third time during the second time period that is subsequent to the
second time, and displays sub-frame 304 at a fourth time during the second time period
that is subsequent to the second time. The third time may be prior or subsequent to the
fourth time.

As illustrated schematically in Figure 7E, display device 26 alternates between
displaying first sub-frame 301 in a first position P, at a first time, displaying second sub-
frame 302 in a second position P, spatially offset from the first position at a second time

that is subsequent to the first time, displaying third sub-frame 303 in a third position P3
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spatially offset from the first position at a third time that is subsequent to the second
time, and displaying fourth sub-frame 304 in a fourth position P, spatially offset from
the first position at a fourth time that is subsequent to the second time. More
specifically, display device 26 shifts display of second sub-frame 302, third sub-frame
303, and fourth sub-frame 304 relative to first sub-frame 301 by the respective
predetermined distance. As such, pixels of first sub-frame 301, second sub-frame 302,
third sub-frame 303, and fourth sub-frame 304 overlap each other. Thus, second sub-
frame 302, third sub-frame 303, and fourth sub-frame 304 are spatially and temporally
displayed relative to each other and relative to first sub-frame 301.

Figures 8A-8D illustrate one embodiment of completing one cycle of displaying
a pixel 181 from first sub-frame 301 in the first position, displaying a pixel 182 from
second sub-frame 302 in the second position, displaying a pixel 183 from third sub-
frame 303 in the third position, and displaying a pixel 184 from fourth sub-frame 304 in
the fourth position. More specifically, Figure 8A illustrates display of pixel 181 from
first sub-frame 301 in the first position, Figure 8B illustrates display of pixel 182 from
second sub-frame 302 in the second position (with the first position being illustrated by
dashed lines), Figure 8C illustrates display of pixel 183 from third sub-frame 303 in the
third position (with the first position and the second position being illustrated by dashed
lines), and Figure 8D illustrates display of pixel 184 from fourth sub-frame 304 in the
fourth position (with the first position, the second position, and the third position being
illustrated by dashed lines).

The embodiments using interlaced input data above may provide advantages
over other embodiments. For example, image generation unit 24 may generate sub-
frames without de-interlacing the interlaced input data. In addition, display device 26
may include fewer pixels in embodiments where the number of pixel values in each sub-
frame is less than the number of pixel values in each field of the interlaced input data.
For example, display device 26 may comprise a number of pixels equal to one-fourth of
the number of pixels of an interlaced image frame. Further, display device 26 may
respect temporal and spatial relationships of the interlaced input data by displaying sub-
frames in the positions shown in Figures 7A-7E. Still further, display device 26 may
create the perception of square display pixels in displaying the sub-frames as shown in

the pixel display positions in Figures 8A-8D.
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Although specific embodiments have been illustrated and described herein for
purposes of description of the preferred embodiment, it will be appreciated by those of
ordinary skill in the art that a wide variety of alternate and/or equivalent
implementations may be substituted for the specific embodiments shown and described
without departing from the scope of the present invention. Those with skill in the
mechanical, electro-mechanical, electrical, and computer arts will readily appreciate that
the present invention may be implemented in a very wide variety of embodiments. This
application is intended to cover any adaptations or variations of the preferred
embodiments discussed herein. Therefore, it is manifestly intended that this invention

be limited only by the claims and the equivalents thereof.
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WHAT IS CLAIMED IS:

1. A method of displaying an image (14), the method comprising:

receiving interlaced image data (28) for the image, the interlaced data
comprising a first field (502) and a second field (504);

generating a first sub-frame (301) and a second sub-frame (302) for the image
using the first field,

generating a third sub-frame (303) and a fourth sub-frame (304) for the image
using the second field; and

alternating between displaying the first sub-frame in a first position at a first
time, displaying the second sub-frame in a second position Horizontally offset from the
first position at a second time that is subsequent to the first time, displaying the third
sub-frame in a third position vertically offset from the first position at a third time that is
subsequent to the second time, and displaying the fourth sub-frame in a fourth position
horizontally and vertically offset from the first position at a fourth time that is

subsequent to the second time.

2. The method of claim 1 wherein the interlaced image data includes individual
pixels (18) of the image, wherein the first field of the image includes a first plurality of
rows of the individual pixels of the image, and wherein the second field of the image

includes a second plurality of rows of the individual pixels of the image.

3. The method of claim 2 wherein the first plurality of rows comprises a plurality
of odd rows, and wherein the second plurality of rows comprises a plurality of even

Trows.

4, The method of claim 1 wherein the second position is horizontally offset by one-
half pixel from the first position, wherein the third position is vertically offset by one-
half pixel from the first position, and wherein the fourth position is horizontally offset
by one-half pixel from the first position and vertically offset by one-half pixel from the

first position.
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5. The method of claim 1 wherein the alternating between displaying the first sub-
frame in a first position, displaying the second sub-frame in a second position
horizontally offset from the first position, displaying the third sub-frame in a third
position vertically offset from the first position, and displaying the fourth sub-frame in a
fourth position horizontally and vertically offset from the first position includes
overlapping a first plurality of sub-frame pixels of the first sub-frame with a second

plurality of sub-frame pixels of the second sub-frame.

6. The method of claim 5 wherein the alternating between displaying the first sub-
frame in a first position, displaying the second sub-frame in a second position
horizontally offset from the first position, displaying the third sub-frame in a third
position vertically offset from the first position, and displaying the fourth sub-frame in a
fourth position horizontally and vertically offset from the first position includes
overlapping a third plurality of sub-frame pixels of the third sub-frame with a fourth
plurality of sub-frame pixels of the fourth sub-frame.

7. The method of claim 6 wherein the alternating between displaying the first sub-
frame in a first position, displaying the second sub-frame in a second position
horizontally offset from the first position, displaying the third sub-frame in a third
position vertically offset from the first position, and displaying the fourth sub-frame in a
fourth position horizontally and vertically offset from the first position includes
overlapping the first plurality of sub-frame pixels of the first sub-frame with the third
plurality of sub-frame pixels of the third sub-frame and overlapping the second plurality
of sub-frame pixels of the second sub-frame with the fourth plurality of sub-frame pixels
of the fourth sub-frame.

8. A system (10) for displaying an image (14), the system comprising:

a buffer (22) configured to receive interlaced image data (28) for the image, the
interlaced image data having a first field (502) and a second field (504);

17
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an image processing unit (24) configured to generate a first sub-frame (301) and
a second sub-frame (302) using the first field and generate a third sub-frame (303) and a
fourth sub-frame (304) using the second field; and

a display device (26) configured to alternately display the first sub-frame in a
first position at a first time, display the second sub-frame in a second position
horizontally offset from the first position at a second time that is subsequent to the first
time, display the third sub-frame in a third position vertically offset from the first
position at a third time that is subsequent to the second time, and display the fourth sub-
frame in a fourth position horizontally and vertically offset from the first position at a

fourth time that is subsequent to the second time.

9. The system of claim 8 wherein the image processing unit is configured to
generate the first sub-frame and the second sub-frame using the first field without using
the second field and generate the third sub-frame and the fourth sub-frame using the
second field without using the first field.

10.  The system of claim 8 wherein the interlaced image data includes individual
pixels of the image, wherein the first field of the image includes a first plurality of rows
of the individual pixels of the image, and wherein the second field of the image includes

a second plurality of rows of the individual pixels of the image.

11.  The system of claim 10 wherein the first plurality of rows comprises a plurality
of odd rows, and wherein the second plurality of rows comprises a plurality of even

rows.

12.  The system of claim 8 wherein the second position is horizontally offset by one-
half pixel from the first position, wherein the third position is vertically offset by one-
half pixel from the first position, and wherein the fourth position is horizontally offset
by one-half pixel from the first position and vertically offset by one-half pixel from the

first position.
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