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Summary: Grounds

Claim(s) challenged

1. Fleming 1,6,7
3. Obara + Liu 1,6,7
4. Meulen + Chao 1,6,7

Remaining claims were disclaimed
Ground 2 only challenges disclaimed claims



* |nstitution Decision:

Ground Reason

1. Fleming No motivation to combine with camera

3. Obara + Liu No motivation to combine with camera
4. Meulen + Chao




Summary: Disputed Issues

 Ground 4: Meulen-Chao disputed issues:

« Transform “input image” (1[f], 2[d]):
» |Issue: Whether Meulen discloses transforming an image from the embedded camera.
* Meulen only discloses transforming “media source content,” which is from an external source,
not the embedded camera.

- “determine a portion” (1[e], 2[c]):
» |Issue: Whether Meulen discloses a step of “determin[ing] a portion” after obtaining an image
» This term should be construed as a distinct step occurring after the “obtain an input image” step
« Meulen only describes pre-determined portions

* “non-uniform” transformation (1[g], 2[e]):
» |ssue: Whether “non-uniform” should be construed as “non-linear,” and whether Meulen’s
piecewise linear transformation is “non-linear”
» Specification and Petitioner’s expert agreed “non-uniform” requires “non-linear”
« Piecewise linear transformation only approximates “non-linear”



Summary: Disputed Issues (Independent Claims)

 Ground 4: Meulen-Chao disputed issues:

- “shifts the pixels” (1[g], 2[e]):
» |Issue: Whether Meulen or Chao disclose pixel shifting.
« Meulen only discloses “polyphase filters,” which are not pixel shifting
« Chao does not describe pixel shifting
* No motivation to combine Meulen and Chao

- Transformation along both axes (1[qg], 2[e]):
» |Issue: Whether non-uniform transformation must occur along both axes, and whether Meulen
discloses transformation along both axes.
« Claim language is clear that transformation is based on the pixel's position on both axes
« Meulen only describes piecewise linear compression along a single axis




Summary: Disputed Issues

* Objective evidence of non-obviousness:

 GoPro’s SuperView embodies the ‘413 patent

 GoPro’s products were successful and had industry praise

« Lema declaration and customer surveys show that SuperView contributed to GoPro’s success
» Evidence of copying by competitors

* Long-felt need for immersive distortion

« Unexpected result that distortion would lead to a more immersive feel for action cameras




Summary: Disputed Issues (Independent Claims)

« Ground 1: Fleming disputed issues:

* “image capture apparatus” or “camera” (1[pre], cl. 6):
» |Issue: Whether Fleming renders obvious performing its transformation on a camera
» Petition provided no evidence of cameras needing to perform aspect ratio conversion
» Petition did not assert reasonable expectation of success
* Reply’s new system art evidence is improper
* Reply provides no motivation to use Fleming's algorithm over system art’s letterboxing/cropping

- “determine a portion” (1[e], 2[c]):
» |ssue: Whether Fleming performs a distinct step of “determine a portion”
» Petition simply cited to Fleming’s transformation, where the portions are pre-determined
* None of the new Reply citations indicate determination that occurs after obtaining an image




Summary: Disputed Issues (Independent Claims)

« Ground 1: Obara-Liu disputed issues:

* “image capture apparatus” or “camera” (1[pre], cl. 6):
» |Issue: Whether Obara-Liu renders obvious performing its transformation on a camera
» Petition provided no evidence of cameras needing to perform aspect ratio conversion
» Petition did not assert reasonable expectation of success
* Reply’s new system art evidence is improper
* Reply provides no motivation to use Fleming's algorithm over system art’s letterboxing/cropping

- “determine a portion” (1[e], 2[c]):
» Issue: Whether Obara performs a distinct step of “determine a portion”
» Petition simply cited to Obara’s transformation, where the portions are pre-determined
* Reply improperly relies on Fleming's Figure 10, but that is piecewise linear




’413 Patent Overview




Patent Overview

1. An image capture apparatus, comprising:

413 Patent, Claim 1: an image sensor configured to capture an input image
having a source aspect ratio, the input image including
pixels located at input positions defined along a first
axis and a second axis. the first axis perpendicular to
the second axis:

a display coupled to one or more physical processors: and

the one or more physical processors configured by
machine-readable instructions to:
obtain the input image;
determine a portion within the input image. the portion

including a subset of the pixels: and

apply a transformation to the input image to generate an

output image, the output image having a target aspect

ratio different than the source aspect ratio, the output

image including the pixels located at output posi-

tions defined along the first axis and the second axis,

wherein:

the transformation non-uniformly shifts the pixels
from the input positions to the output positions
based on (1) the input positions along the first axis,
and (2) the mput positions along the second axis;
and

the transformation non-uniformly shifts the pixels
such that differences between the input positions
and the output positions of the subset of the pixels
within the portion are less than differences

056 Patent at Cl. 1



Summary of Prior Art




Summary of Prior Art: Meulen (Ex. 1007)

“The media source generally may
comprise any source capable of
delivering media source content to the
wireless device 100.”

Ex. 1007 (Meulen) at 3:51-53; POR 13

136

108

110




Summary of Prior Art: Meulen (Ex. 1007)

“In various embodiments, the processor 510 may be arranged to

receive information, such as media source content, through a

communications interface 512. The communications interface 512 =

may comprises any suitable hardware, software, or combination of o
hardware and software that is capable of coupling the computing

system 512 to one or more networks and/or network devices. The i
communications interface 512 may be arranged to operate with erocesson

any suitable technique for controlling information signals using a N . _ﬁ.l;;__i
desired set of communications protocols, services or operating Ls’-’il
procedures. The communications interface 512 may include the o T,
appropriate physical connectors to connect with a corresponding e Daras
communications medium.” e i

Ex. 1007 (Meulen) at 13:5-17; Surreply 10

FIG.5
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Summary of Prior Art: Chao (Ex. 1008)

“For example, people frequently like to incorporate
professionally designed borders in their photos, newsletters,
postcards, greeting cards and the like. As these images
become more and more complex, they frequently
incorporate elements that are designed for a specific page
size. However, given the multitude of graphic design
programs that allow people to resize their documents to any
desired size, it would be extremely difficult, if not
impossible for a graphic designer to create different
versions of the same design for each possible page size.”

“The method comprises separating the

foreground elements from the background
elements, determining an original aspect ratio
of the foreground elements and creating
resized foreground elements by scaling the
foreground elements while maintaining the

original aspect ratio.”

Ex. 1008 (Chao) at {[1; POR 37

Ex. 1008 (Chao) at Abstract; Pet. 83
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Ground 4: Meulen Does Not Disclose Transforming An “Input
Image” (All Claims)




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

« Petitioner: Meulen’s “media source content” is an input image from the camera

e |ncorrect:

* Meulen’s “media source content” is received from external source via a “communications
interface”

* No motivation to modify Meulen — no disclosure of the aspect ratio of its camera sensor

« Petitioner raises new evidence and argument on reply:
« Palm Treo documentation
« Unauthenticated documents (subject to motion to strike)
» Petitioner’'s new evidence supports Patent Owner’s position that Muelen has no need
to apply its piecewise linear transformation on an image taken with the camera.




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

+ Claims: 2. A system that converts between .a:;};ect ratios, the
system comprising:

: — one or more physical processors configured by machine-
1. An image capture apparatus, comprising: . i s e

an image sensor configured to capture an inpul image
having a source aspect ratio, the input image including
pixels located at input positions defined along a first

he input image having a source
, t image including pixels located
at input positions defined along a first axis and a

axis and a second axis, the first axis perpendicular to second axis, the first axis perpendicular to the second
the second axis: axis:
a display coupled to one or more physical processors; and determine a portion within the input image. the portion
the one or more physical processors configured by including a subset of the pixels; and
machine-readable instructions to: apply a transformation to the input image 1o generate an
obtain the input image: output image, the output image having a target aspect
determine a portion within the input image, the portion ratio different than the source aspect ratio, the output
including a subset of the pixels: and image including the pixels located at output posi-
apply a transformation to the input image to generate an tions defined along the first axis and the second axis,
output image, the output image having a target aspect wherein:

o & - a a_a_ i -

ratio different than the source aspect ratio, the output
image including the pixels located at output posi-

tions defined along the first axis and the second axis, W




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

* Meulen processes “media source content” 100

136
“In various embodiments, the image compression

and/or scaling may be applied to the media source
content using various physical or logical elements
implemented as hardware, software, or any
combination thereof, as desired for a given set of
design parameters or performance constraints.” 108

108

138

Ex. 1007 (Meulen) at 4:50-53; Pet. 86

104 —




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

« Meulen’s media source content: s

136

“The display 138 may be arranged to display media
source content received by the wireless device 100.”

Ex. 1007 (Meulen) at 3:26-27; Pet. 87

106
“The media source generally may comprise any

source capable of delivering media source content to 108
the wireless device 100.”

Ex. 1007 (Meulen) at 3:51-53; POR 13

138

“In various embodiments, the wireless device 100 emeeea
may be arranged to receive media source content 114 e (. =T e
through one or more wireless wide area network W on - e
(WWAN) data communication services.”

104 —

Ex. 1007 (Meulen) at 4:1-12; POR 13-14

124 132 126

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Meulen Does Not Disclose an “Input Image”

« Meulen’s media source content:

“The media source generally may comprise any source capable of delivering
media source content to the wireless device 100. An example of a media source
may include a source for static or video image information, such as from a
computer to a display. The media source may include a server, such as a web
server arranged to deliver web content. Another example of a media source may
Include a source for A/V information such as television signals. The media source
may be arranged to deliver standard analog television content, digital television
content, HDTV content, and so forth. The media source may provide broadcast or
streaming analog or digital video content. The media source may include a device
arranged to deliver pre-recorded media content stored in various formats, such as a
DVD device, a Video Home System (VHS) device, a digital VHS device, a digital
camera, video camera, a portable media player, a gaming device, and so forth.

Ex. 1007 (Meulen) at 3:51-65; POR 13

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

FIG. 1
Figure |1 of Meulen illustrates one embodiment of its wireless device. Ex.
1001, 2:8. The display 138 may display media source content received by
the wireless device. Id. at 3:26-27. The media source content may have an

aspect ratio that differs from the aspect ratio of the display. Id. at 4:13-15.
IDat 10




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

* New reply argument: Media source content stored in a “frame buffer’ must

be internal Images repiy 4

“Because the frame buffer 506 is not directly connected to
the communications interface 512 (which Dr. Foroosh
alleges is the interface to the external media source
(EX2027, 157)), a POSITA would have understood that
frame buffer 506 stores content from other sources such as
internal media sources; otherwise, frame buffer 506 would
be directly connected to the communications interface
512.”

PROCESSOR

Ex. 1014 (Katsaggelos Supp. Decl.) at §[25; Reply 4




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

 Meulen’'s communications interface and processor:

“In various embodiments, the processor 510 may be arranged to
receive information, such as media source content, through a -

communications interface 512. The communications interface 512 ———
may comprises any suitable hardware, software, or combination of . “

hardware and software that is capable of coupling the computing

system 512 to one or more networks and/or network devices. The e
communications interface 512 may be arranged to operate with rocEssOR

any suitable technique for controlling information signals using a I
desired set of communications protocols, services or operating s cui"r’;-";ifm f
procedures. The communications interface 512 may include the
appropriate physical connectors to connect with a corresponding external

. . . 5 media source
communications medium. o

COMMUNICATIONS

Ex. 1007 (Meulen) at 13:5-17; Surreply 10 e

I ¥
1 DESPLAY 1)
I

“And the communications interface, that’s always implying FIG. 5
an external source.”

Ex. 2026 (Katsaggelos Tr.) at 18:8-16; POR 15



Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

 Meulen’'s communications interface and processor:

= e
“As shown, the frame buffer 506 may be implemented by a memory =

508. In various embodiments, the memory 508 may comprise any raaue urren
machine-readable or computer-readable media capable of storing

data, including both volatile and non-volatile memory. For example, T

memory may include read-only memory (ROM), random-access connion

memory (RAM), dynamic RAM (DRAM), Double-Data-Rate 1
DRAM (DDR-RAM), synchronous DRAM (SDRAM), static RAM T
(SRAM), programmable ROM (PROM), erasable programmable _ }
ROM (EPROM), electrically erasable programmable ROM M
(EEPROM), flash memory (e.g., NOR or NAND flash memory),
content addressable memory (CAM), polymer memory (e.g.,
ferroelectric polymer memory), phase-change memory (e.g., ovonic
memory), ferroelectric memory, silicon-oxide-nitride-oxide-silicon
(SONOS) memory, disk memory (e.g., floppy disk, hard drive,
optical disk, magnetic disk), or card (e.g., magnetic card, optical
card), or any other type of media suitable for storing information.”

Ex. 1007 (Meulen) at 12:26-43; Surreply 10, Ex. 1014 (Katsaggelos Supp. Decl.) at [55

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 27



Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

 Meulen’'s communications interface and processor:

“The computing system 500 may comprise a processor s surren
510 such as a central processing unit (CPU). In various 3

embodiments, the processor 510 may be implemented - |
as a general purpose processor ...” o

Ex. 1007 (Meulen) at 12:44-47; Surreply 10 —

“In various embodiments, the processor 510 may be
arranged to run an operating system (OS) and various
mobile applications. Examples of an OS include, for
example, a Microsoft® Windows OS, a Palm OS®,
and any other proprietary or open source OS.”

Ex. 1007 (Meulen) at 12:62-66; Surreply 10



Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

 Meulen’'s communications interface and processor:

“In various embodiments, the processor 510 may be
arranged to receive information, such as media source

content, through a EEMUNICANONSHNICHGeeINg. The 1 = |
communications interface 512 may comprises any o
suitable hardware, software, or combination of =
hardware and software that is capable of coupling the e |
computing system 512 to one or more networks and/or coiesien
network devices. The communications interface 512 N
may be arranged to operate with any suitable technique f

for controlling information signals using a desired set ] |
of communications protocols, services or operating
procedures. The communications interface 512 may
include the appropriate physical connectors to connect
with a corresponding communications medium.”

Ex. 1007 (Meulen) at 13:5-17; Surreply 10




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

 New reply argument: Palm Treo, as evidenced by new, unauthenticated
documents submitted on Reply, establish motivation to modify Meulen repy s

“Also, Meulen’s device is a Palm® Treo™,
(EX1007, 2:12.) Palm Treos [as allegedly

time displayed images captured by its built-in
camera.”

established by newly submitted documents] at that

“IPQO] argues that there is no need for Meulen to
perform aspect ratio conversion. (POR, 16.)
Again, that is not what Meulen discloses. ... Palm
Treos’ aspect ratios also do not match [as allegedly
established by newly submitted documents].”

Reply 6

Reply 7

* No dispute: Meulen does not disclose the resolution of its camera sensor

« Petitioner does not contend that Meulen incorporates by reference any Palm Treo

documentation

» Petitioner does not contend that Palm Treo was within the knowledge of a POSITA
« Petitioner does not argue its newly submitted, unauthenticated evidence was properly

submitted with the petition

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

« Meulen does not disclose the resolution of the embedded camera

“The wireless device 100 may comprise various “A wireless device such as a handheld
input/output (1/0) devices such as a keyboard, computer and/or mobile telephone may
keys, buttons, switches, a microphone, an audio Incorporate features such as a color display
headset, a camera, a touch-sensitive display screen, a digital camera, Web access, and
screen, a stylus, and so forth.” multimedia capability.”

Ex. 1007 (Meulen) at 2:29-32; Pet. 97, Ex. 1002 (Katsasggelos Decl.) at 290 Ex. 1007 (Meulen) at 1:6-9; POR 15

« Meulen discloses the resolution of external devices

“Most media sources, however, have a non-square aspect ratio such as 4:3,
3:2,16:9, or even 2:1. For example, the aspect ratio for standard television as
well as for many web sites and multimedia products is 4:3. High-definition
television (HDTV) and many digital video cameras use an aspect ratio of
16:9. Digital video disc (DVD) players may be designed to use an aspect ratio
of either 4:3 or 16:9.”

Ex. 1007 (Meulen) at 1:18-25; POR 15

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

« Petitioner’'s new evidence (subject to motion to strike): 1

| 136

Working with pictures Palm TI'IBO 600

Your Treo comes with an easy-to-use built-in camera, which
take, view, and share pictures with friends and family. To add
phone, you can use your pictures as wallpaper on the Main
caller 1D images (see page 118).

You can move pictures to a Windows computer by perfo

102

106

operation. Pictures are 16-bit color at a maximum of 640x4

(0.3 megapixels). 108 —— 138

Taking a picture
. Press Phone &),
. Press Right p to launch Pictures.

1

2

3. Pont the lens on the back of your Treo at the subject you

4. Press Center to capture the picture.

5. If desired, edit the picture name and category at the top

6. Choose Save to keep the picture, choose Don't Save to g
to send the picture and save it at the same time.

112
116
120
122

Rowsri0d [Farsenall

104 —

Ex. 1018 (Palm Treo 600 Uesr Manual); Ex. 1022; Reply 7, Ex. 1014 (Katsaggelos Supp. Decl.) at {[37 124 132 126




Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

» Petitioner’s new evidence (subject to motion to strike):

S — | Taking photos and videos

. If your Treo 650 does not have a built-in camera, then the sectid
i about taking photos and videos does not apply to you. Even if v
|

| : i .

TR TN | € have a camera, you can still receive and view photos and videos
| = o . f
|yt = | ™ videos to other people as attachments or multimedia messages,
@onRadien S :
|-_-:,:,‘$:; AR t personalize your phane {such as wallpaper or photo caller ID; s4
LGSR et ID photo® for details). You can also move photos and videos to d |

Il by synchrenizing your phone with your computer,

Taking a photo

You can store photos on your phone or on an expansion card.

1. Go to Applications ==, and select Camera 8.
. Select the Album pick list and select the album
where you want to save the photo.
. (Optional) Adjust the zoom and resolution settings.
4. Point the lens on the back of your Treo at the subject
you want to photograph.
5. Press Center to capture the photo.

oo

L

6. (Optional) Select Audio \%/ to add a voice caption.

7. Select Save J._i: to keep the photo, select Delete | #) o disc

Send |8 to send the photo.

Ex. 1020 (Palm Treo 650 User Manual); Ex. 1023; Reply 7, Ex. 1014 (Katsaggelos Supp. Decl.) at f{[32, 37

136

106

108 —

104 —

102

138

112
116
120
122



Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

» Petitioner’s new evidence (subject to motion to strike):

|
m— - : . . 136
gl Creating and sending a multimedia message
Multimedia messages consist of pictures, videos, text, and sounds
presented as one or more slides. Even if your smartphone does not
include a camera, you can still send, receive, and view pictures and 102
videos. You can include any of the following items:
Ringtones e . -
+ DI Playing Media Files
Sound clips
s WAV ; . 108 ——— 138
_*+ QCELP Pictures & Videos
Pictures ; _ . .
_ Your Palm® Treo™ 700w smartphone comes with an easy-to-use, built-
Using Y ® abha in, 1.3- ixel ith 2x digital ( tincluded
. GIF in, 1.3-megapixel camera with 2x digital zoom (camera not include
. with all smartphones). You can use the camera to take and view pictures
Videos . . z
and videos and send them to your friends and family. To add a personal
* 3G2 touch to your smartphone, use your pictures as your Today screen
1. Go to your Today scr| background, and as caller ID images, or use your videos to create video
2. Press Messaging ——| fingtones. 1w 112
3. Press Left 4 until yoy Even if your smartphone does not have a camera, you can still receive | 114 116
and view pictures and videos, and send pictures and videos as 1s 120
attachments or multimedia messages. You can also personalize your 122
smartphone by using a picture as a background or by adding a picture to
a contact; see "Assigning a picture and ringtone ID to a contact” on 104 —
page 176 for details). You can also move pictures and videos to a
computer by synchronizing your smartphone with your computer.

Ex. 1021 (Palm Treo 700w User Manual); Reply 7



Ground 4: Meulen Does Not Disclose an “Input Image” From the Camera

« Palm Treo documentation:

.......

1. Press Start (&) and select Pictures & Videos.
2. Select Camera [@.
3. Adjust the position of your smartphone
until you see the subject you want to
photograph on the screen.
4. (Optional) Adjust any of the following:
» Zoom: Press Up ., tozoominor
Down + to zoom out.

= Brightness: Press Right I to
increase the brightness or Left < to
decrease the brightness.

* Resolution: Press Menu T (right action key) and select
Resolution to change the image quality.

5. (Optional) Set a 5-second timer: Press Menu —— (right action key),
select Mode, and then select Timer.

6. Press Center to capture the picture or start the timer.

7. Hold your smartphone still until the picture renders, and then do
one of the following:

I g | mctures & Videos (10 Vg 0 5N

* Press Camera — (left action key) to take another picture.
* Press OK (2] to return to the Thumbnails View.

Taking pictures in burst mode

Burst mode takes five pictures in quick succession, with one button
press.

1. Press Start [8) and select Pictures & Videos.

2. Press Camera —— (left action key).

6.
7

* Resolution: Press Menu —— and
select Quality to change the video
resolution.

Press Center to start recording.

When you're finished recording, press
Stop ©—— (left action key) or Center
to stop recording.

(Optional) To review the video in e 1
Windows Media Player Mobile, press nabnads
Thumbnails = (left action key),

highlight the video, and then press Center . Press OK (] to
return to the Thumbnail View.

g | Prctores & yudeos 0 V| G G

Viewing a picture or video

1.
2.

Press Start [#) and select Pictures & Videos.

Select the picture or video you want to view. For more info on
viewing videos, see “Playing media files on your smartphone” on
page 128.

Press OK (@] to return to the Thumbnail View.

118

Using Your Treo 700w Smartphone

Ex. 1021 (Palm Treo Manual) at 118-20; Surreply 11

K}

5



Ground 4: Meulen Does Not Disclose “Determine a Portion”
(All Claims)




Ground 4: Claim Construction of “Determine a Portion”

 Claim Language: “determine a portion within the input image”
« The transformation performs less pixel shifting in this “portion”

Proposed Construction

Patent Owner Petitioner

“‘Determin[ing]” step must be distinct and
performed after “obtain[ing]” input image but
before “transformation” step

“Determin[ing]” step can be performed
before “obtain[ing]” input image

 Petitioneris incorrect:

« Claim requires “determin[ing] a portion within the input image” that was obtained
« “Determin[ing]” step was added to claims to overcome art that merely applied a
transformation




Ground 4: Claim Construction of “Determine a Portion”

« Claim 1 requires a specific order:

1. An image capture apparatus, comprising:
an image sensor configured to capture an input image
having a source aspect ratio, the input image including
pixels located at input positions defined along a first
axis and a second axis, the first axis perpendicular to
the second axis:
a display coupled to one or more physical processors; and
the one or more physical processors configured by
machine-readable instructions to:
obtain the input image:
determine a portion within the input image. the portion
including a subset of the pixels: and
apply a transformation to the input image to generate an
output image, the output image having a target aspect
ratio different than the source aspect ratio, the output
image including the pixels located at output posi-
tions defined along the first axis and the second axis,
wherein:
the transformation non-uniformly shifts the pixels
from the input positions to the output positions
based on (1) the input positions along the first axis,
and (2) the mput positions along the second axis;
and
the transformation non-uniformly shifis the pixels
such that differences between the input positions
and the output positions of the subset of the pixels
within the portion are less than differences




Ground 4: Claim Construction of “Determine a Portion”

« Claim 2 requires a specific order:

obtain an input image, the input image having a source
aspect ratio, the input image including pixels located
at mput positions defined along a first axis and a
second axis, the first axis perpendicular to the second
axis;

determine a portion within the input image, the portion
including a subset of the pixels; and

apply a transformation to the input image to generate an
output 1mage, the output image having a target aspect
ratio different than the source aspect ratio, the output
image including the pixels located at output posi-
tions defined along the first axis and the second axis,
wherein:

the transformation non-uniformly shifts the pixels
such that differences between the input positions
and the output positions of the subset of the pixels
within the portion are less than difterences
between the input positions and the output posi-
tions of others of the pixels.




Ground 4: Claim Construction of “Determine a Portion”

* The specification:

“FIG. 2A 1llustrates an example embodiment of a process for
converting from a source aspect ratio to a target aspect ratio in
a camera system. In the process of FIG. 2A, an input image Is
obtained 202 in the source aspect ratio (e.g., a 4:3 aspect
ratio). ...

In the illustrated example, the center of the image is chosen to
be the region of interest that is most fully corrected and the
distortion increases in each direction as the frame boundary is
approached. ...

In other embodiments, a different part of the image may be
selected as the area most fully corrected, or in the case, of
video, the area may dynamically change between images
(e.g., to follow a moving object).”

“Furthermore, in other alternative
embodiments, the equations may change
dynamically in different frames of a video.
For example, warping may be applied in a
manner that reduces distortion applied to a
particular object in motion across different
frames of a video since the viewer is likely
to focus attention on the object in motion.

Ex. 1001 (413 patent) at 3:61-4:36; POR 19

Ex. 1001 (413 patent) at 7:64-8:2; Surreply 8

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Ground 4: Claim Construction of “Determine a Portion”

« Petitioner: '413 specification discloses “vertical warp distortion” with pre-
determined portions repiy 3

 Petitioneris incorrect:

« Specification describes changing the portion to track a moving object to have less
distortion

“Furthermore, in other alternative embodiments, the
equations may change dynamically in different
frames of a video. For example, warping may be
applied in a manner that reduces distortion applied
to a particular object in motion across different
frames of a video since the viewer is likely to focus
attention on the object in motion.

Ex. 1001 (413 patent) at 7:64-8:2; Surreply 8




Ground 4: Claim Construction of “Determine a Portion”

* Applicant amended claims to add that the “portion” is “determine[d]” after
obtaining image but before transformation

the one or more physical processors configured by machine-readable
instructions to:

ithin the input image, the portion including a subset

of the pixels; an

apply a transformation to the input image to generate an output image, the
output image having a target aspect ratio different than the source aspect ratio,
the output image including the pixels located at output positions defined along
the first axis and the second axis, wherein:
the transformation non-uniformly shifts the pixels from the input
positions to the output positions based on (1) the input positions along the

first axis, and (2) the input positiggg glong the second axis; and

the transformation non-uniform| e pixels such that differences

between the input positions and the output positions of the subset of the

pixels within the portion are less than differences between the input

positions and the output positions of others of the pixels; and
Ex. 1003 (413 Prosecution History) at 32; POR 8-9 present the output image on the display.



Ground 4: Claim Construction of “Determine a Portion”

« Applicant added “determine” step to distinguish art that merely performed a
transformation

At best, Oosawa describes facilitating comparison of multiple (e.g., two) images
of an identical object by performing a global matching operation between the images

and determining the shifting amount of corresponding pixels between the images.

(Oosawa, Abstract, col. 6:6-47) To the extent Oosawa shows the amount of shifting to
be applied to the center of the image is smaller than the peripheral of the image, this is
merely the result of the visuals captured within two images being compared and is not

result of a transformation that creates less differences between input positions

and output positions of the subset of the pixels than the differences between

input positions and output positions of other pixels in the input image. Thus,

Qosawa fails to disclose determining a portion (including a subset of pixels) within an
input image and non-uniformly shifting the pixels of the input image such that
differences between input positions and output positions are less for the subset of the

pixels than other pixels of the input image.

Ex. 1003 (413 Prosecution History) at 38-39; POR 8-9



Ground 4: Claim Construction of “Determine a Portion”

« Dr. Katsaggelos agreed the “determine” step is separate from the
“transformation” step

“Q. Those are two different operations that the
claim is contemplating, correct?

A. Yes, there are two different limitations here.”

Ex. 2026 (Katsaggelos Tr.) at 26:10-23; Surreply 7




Ground 4: Meulen Does Not Disclose “Determine a Portion”

« Petition:
« Meulen’s disclosure of a central region with no compression meets the claimed “determine
a portion”
 Reply:

« Meulen discloses controlling “center” of compression after image is obtained
« Meulen discloses “expand[ing]” regions after image is obtained

 Petitioneris incorrect:

« Meulen’s portions are pre-determined before the image is obtained
» Petitioner’'s new Reply arguments mischaracterize Meulen, which discloses that the
regions are still pre-determined




Ground 4: Meulen Does Not Disclose “Determine a Portion”

« Meulen does not disclose determining the less distorted region after obtaining the image

 Meulen’s transformations use pre-determined portions 100

TABLE 1 138

134 130 128

—a— 102
1 3 b -[-i_'-.l_'ﬂ
Pixels/Region 10 A0 20 501 10 330 L
f'ﬂn'.]'rrfffinﬂ Ratio dr] > nome 2:1 4:1 108 8
=ouree Pixels 4iQ) FRLE 2] L{Ics 20 484
“Q. You agree that in table 1 region 3 is
“Table 1 ill allocated in advance 200 pixels of the display T
avie bl u_strates an and a compression ratio of zero, correct? - ) (N e
Implementation for one RO
embodiment of a display 138 A. Yeah, this, again, is an example where this D¢ 5085 o i
comprising display regions 140- portion that needs to be determined of the o Q& . :_'_' . 1
1-5.” input image is represented by this 200 Bl pO O /)
pixels.” T m— .
Ex. 1007 (Meulen) at 5:50-60; Reply 11 124 132 126

Ex. 2026 (Katsaggelos Tr.) at 21:1-18; POR 21

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Meulen Does Not Disclose “Determine a Portion”

Meulen does not disclose determining the less distorted region after obtaining the image

 Meulen’s transformations use pre-determined portions

TABLE 1 TABLE 2
Kegion Region
I 2 3 4 A Total 1 2 3 4 5 6 7 8 9 Total
Pixels/Repion 11 50 200 50 10 320 Pixels/Region 4 8 16 32 200 32 16 B 4 320
Compression Ratio 4:] i none 2:1 4:1 Compression Ratio fboo&L 2l 3:2 ‘nope: 3:2 21 il il
Source Pixels 40) 100 200) LOO 40 434 Source Pixels 28 32 32 48 200 48 32 32 28 480
TABLE 3 TABLE 4
Region Region

1 2 3 4 3 6 T 8B 9  Total 1 2 3 4 5 6 7 8 9  Total

Pixels/Region 2 4 8 16 260 16 8 4 2 320 Pixels/Region 2 4 & 16 230 32 16 B8 4 320
Compression 14:1 8:1 4:1 3:1 nome 3:1 4:1 81 14:1 Compression 14:1 R8:1 41 3:1 none 3:2 2:1 41 Tl

Ratio Ratio

Source Pixels 28 32 32 48 260 48 32 32 28 480 Source Pixels 28 32 32 48 230 48 32 32 28 480




Ground 4: Meulen Does Not Disclose “Determine a Portion”

Petition:

d. 2[c]: “determine a portion within the input image, the

portion including a subset of the pixels; and™

Meulen’s media source content is an “input image.” (See IV.D.3.c.)

“[C]entral display region 140-3 may comprise 200 pixels and require the

media source content to undergo no image compression (e.g., 200 source pixels to

200 display pixels).” (EX1007, 6:27-31.) A POSITA would have understood that

the central region within the media source content has a corresponding central
display region, which includes a subset of the source pixels. (EX1002, 252-

253.)

Pet. 88




Ground 4: Meulen Does Not Disclose “Determine a Portion”

« Petitioner: Different compression ratios in different regions requires
determination repiy s

 Petitioneris incorrect:

« Meulen describes different embodiments
« Each of Meulen’s embodiments has pre-determined regions before the image is obtained

“Q. You agree that in table 1 region 3 is allocated in
“Q. Those different examples in Meulen that you advance 200 pixels of the display and a
cited to me, those are all alternative compression ratio of zero, correct?

Implementations of the wireless device, correct?

A. Yeah, this, again, is an example where this
A. Yeah, examples of embodiments.” portion that needs to be determined of the input

. . . . ’
Ex. 2026 (Katsaggelos Tr.) at 23:3-6; POR 21 1mage 18 represented by this 200 plXClS.

Ex. 2026 (Katsaggelos Tr.) at 21:1-18; POR 21

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Meulen Does Not Disclose “Determine a Portion”

« Petitioner: Meulen can shift the center region via user control repiy s

“In some embodiments, for example, the center of linearity and/or center of
compression for the panoramic display 200 may be shifted to the left and/or

to the right under user-control (e.g., navigation button 122) to provide a
shifted or magnified effect.”

Ex. 1007 (Meulen) at 9:1-10:6; Reply 8

« Meulen’s compression shifting does not alter the regions, only the compression ratios:
TABLE 2 TABLE 4
Regzion Region
4 5 6 7 & 9 Total 1 2 3 4 5 6 7 8 u Tatal
R = Pxels'Region 2 4 ¥ 16 230 32 16 =8 - 20
Pixels Region 4 B 16 32 2200 32 16 B 4 320 S : . : b D N )
Compression Ratio 7:1 4:1 2:1 3:2 nome 3:2 2:1 4:1 7:1 (‘_’”.""“‘“’” il St 3 wone 32 21 %1 T
e TR T = ™ Ratio
SOUrce Fixcls oty 34 A 28 480 §
Source Pixels 28 32 32 48 230 i 5

“[Ilmage compression and/or scaling may be applied to the left lateral display
regions 202-1-5 and the right lateral display regions 202-9-6 asymmetrically.”

Ex. 1007 (Meulen) at 9:1-3; Surreply 15




Ground 4: Meulen Does Not Disclose “Determine a Portion”

« Petitioner: Meulen can “expand” one or more regions repiy s

“In other implementations, the display controller 504 may be arranged to
expand one or more display regions to create a magnified effect.”

Ex. 1007 (Meulen) at 12:23-25; Reply 9
« Meulen does not disclose that the regions can be altered prior to transformation.

« The “magnified effect” merely changes the compression/scaling ratio, not the regions

“In some embodiments, for example, the center of linearity and/or center of
compression for the panoramic display 200 may be shifted to the left and/or
to the right under user-control (e.g., navigation button 122) to provide a
shifted or magnified effect.”

Ex. 1007 (Meulen) at 9:1-10:6; Reply 8




Ground 4: Meulen Does Not Disclose “Non-Uniform”
Transformation (All Claims)




Ground 4: Claim Construction of “Non-Uniform” Transformation

« Claim Language: “the transformation non-uniformly shifts the pixels”

Proposed Construction of “non-uniform”

Patent Owner Petitioner

Plain meaning: “non-linear” transformation “not the same in all parts or areas”

 Petitioneris incorrect:

« Specification consistently requires “non-linear” transformation
« Petitioner’s construction includes linear scaling, which the patent distinguished
« Petitioner’s expert consistently described “non-uniform” transformation as “non-linear”




Ground 4: Claim Construction of “Non-Uniform” Transformation

413 Patent:

“FIG. 2A illustrates an example embodiment of a process for converting

from a source aspect ratio to a target aspect ratio in a camera system. In

the process of FIG. 2A, an input image is obtained 202 in the source

aspect ratio (e.g., a 4:3 aspect ratio). The image is then scaled 204 from Ontan gl Inage i Soece spec »
the source aspect ratio (e.g., the 4:3 aspect ratio) to the target aspect ratio 202

(e.g., a 16:9 aspect ratio) using a linear scaling function. A non-linear

warping is then applied 206 to the scaled image. FIG. 2B illustrates the |

process of FIG. 2A as applied to an example image 212 containing an Scale image to Convert from Source Aspec

array of circles. As can be seen, the scaling function applied in step 204 R T 214
causes the circles to be stretched horizontally and compressed vertically

as shown in example image 214. Because the scaling function applied in |

step 204 is linear, each circle is stretched/compressed equally Aewhi Viarord Flatonio Wi Scaed

independent of horizontal and vertical position. In the warping step 206, = 218
a non-linear warping is applied which results in the circles being

stretched/compressed by different amounts depending on their horizontal FIG. 2A FIG. 2B

and vertical positions resulting in example image 216.”

Ex. 1001 (413 patent) at 3:61-4:13; POR 24



Ground 4: Claim Construction of “Non-Uniform” Transformation

413 Patent:

“As can also be observed from FIG. 2B, the scaling and warping steps
204, 206 preserves the full field of view in the resulting image 216 relative
to the original image 212. To achieve this, the warp module is configured
so that some areas of the image are fully corrected geometrically, while
some other areas are distorted. In the illustrated example, the center of the ORI oias I S Apet ,
Image is chosen to be the region of interest that is most fully corrected and =
the distortion increases in each direction as the frame boundary is
approached. Thus, in image 216, the center circle is fully corrected so that v
it maintains the original circular shape of the corresponding circle in the Soce Facye o Cornart ffom Sockos Acpec
input image 212. In the vertical direction, the circles become more =

distorted (e.g., more vertically compressed) in the as they approach the top

and bottom edges. In the horizontal direction, the circles become more v
distorted (e.g., more horizontally stretched) as they approach the left and A“p"wa”““”’l’n%?mm gl [P
right edges. As a result, the circles in the corners exhibit the most

distortion, because they have the highest amount of both vertical FIG. 2A
compression and horizontal stretching. In other embodiments, a different '
part of the image may be selected as the area most fully corrected, or in
the case, of video, the area may dynamically change between images (e.g.,
to follow a moving object).”

OO0 [COCO0IOOOOO
00000100000/00006
00000100000/ 00000
00000100000 | 00000

FIG. 2B

Ex. 1001 (413 patent) at 4:14-4:36; Pet. 4

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Claim Construction of “Non-Uniform” Transformation

“Non-uniform” means “non-linear”

« Specification only uses the term “non-linear”, not “non-uniform”

402
“In one embodiment, the output image is non-linearly
warped relative to the input image such that a
distortion in the output image relative to the input
Image is greater in a corner region of the output
1mage than a center region of the output image.” FIG. 4 e

Image (16:9)
Ex. 1001 (413 patent) at Abstract; Pet. 1

406
“In one embodiment, the conversion 1s achieved
using a resolution remapping that applies a non-linear |
function across the image so as to minimize or reduce

e
L
oy

|

undesirable key feature aspect ratio distortions.”

Ex. 1001 (413 patent) at 3:42-45; POR 71 FI

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Claim Construction of “Non-Uniform” Transformation
“Non-uniform” means “non-linear”

« Specification only uses the term “non-linear”, not “non-uniform”

“The 1mage 1s then scaled 204 from the source aspect
ratio (e.g., the 4:3 aspect ratio) to the target aspect
ratio (e.g., a 16:9 aspect ratio) using a linear scaling
function. A non-linear warping is then applied 206 to
the scaled image.” FIG. 4

an-Linear Warped
Image (16:9)

Ex. 1001 (413 patent) at 3:65-4:2; POR 24 400

which results in the circles being stretched/compressed by
different amounts depending on their horizontal and
vertical positions resulting in example image 216.”

Ex. 1001 (413 patent) at 4:6-13; POR 24 FIG. 28

e
L
oy

|

“In the warping step 206, a non-linear warping is applied | %

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Claim Construction of “Non-Uniform” Transformation

“Non-uniform” means “non-linear”

« Claim language and specification equates non-uniform with non-linear:

3. The system of claim 2, wherein the transformation
includes:
a scaling function to uniformly stretch or compress the
input image along the first axis; and
a warping function to non-uniformly warp the input image
along the second axis.

“FIG. 3 1s a first set of example images showing an original
Image in a source aspect ratio, a cropped image converted to a
target aspect ratio using a cropping technigue, and a non-linear
warped image converted to the target aspect ratio using a non-
linear warping technique.”

Ex. 1001 (413 patent) at 1:36-40; Surreply 1-2



Ground 4: Claim Construction of “Non-Uniform” Transformation

1]

Non-uniform” means “non-linear”

Petitioner’s expert, Dr. Katsaggelos:

(13

uniform shifting of pixels, would you agree that in
order to accomplish a non-uniform shifting, you need
to apply a non-linear transformation?

A. Yeah, the application of a non-linear
transformation results in the non-vertical shifting of
the pixels.”

Q. Turning back to the limitation about the non-

Ex. 2026 (Katsaggelos Tr.) at 34:7-13; POR 23

“Well, the transformation shifts non-uniformly. The
transformation — It is not the transformation that is
non-uniform. It’s the shifts that are non-uniform.
The transformations — The non-linear transformation
results in non-vertical shifts.”

Ex. 2026 (Katsaggelos Tr.) at 29:9-17; Surreply 2

“Q. Is 1t technically possible to have a system that
non-uniformly shifts the pixels, as were cited in the
‘413 patent, without determining a portion?

A. It is possible to determine a non-linear
transformation that determines which parts of the
image are shifted which way ...”

Ex. 2026 (Katsaggelos Tr.) at 29:9-17; Surreply 2

“It says non-uniformly warp the input image.
So it seems to imply a non-linear transformation
applied to the image.”

Ex. 2026 (Katsaggelos Tr.) at 83:19-84:15; Surreply 2

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Ground 4: Claim Construction of “Non-Uniform” Transformation

* Reply
Declaration:

uniform shifting.”

“I did not agree in my deposition that ‘non-uniform[] shifting’ requires a non-
linear transformation, or that the two terms have the same meaning. ... In other
words, a non-linear transformation is a type of, but is not the same as, non-

* First Deposition:

“Q. Turning back to the limitation about the non-uniform
shifting of pixels, would you agree that in order to
accomplish a non-uniform shifting, you need to apply a
non-linear transformation?

A. Yeah, the application of a non-linear transformation
results in the non-vertical shifting of the pixels.”

Ex. 1014 (Katsaggelos Supp. Decl.) at 8

« Second Deposition:

“Q. And you agree that Figure 2B is an embodiment of
a non-uniform transformation?

A. I’m sorry. Non-uniform transformation?
Q. Yes, sir.

A. I’'m not sure if I know exactly what a non-uniform
transformation is.”

Ex. 2042 (2"¢ Katsaggelos Tr.) at 11:22-12:2; Surreply 6

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Claim Construction of “Non-Uniform” Transformation

« Petitioner: Dictionary supports our construction

non-uniform

adjective (also nonuniform)

UK 4§} [ non'ju.ni.foom/ US 1*]) /[ na:n’ju.na.forrm/

non-uniform adjective (NOT SAME)

not the same in all parts or areas:

Ex. 1016 (M-W Dictionary); Reply 1

« Dictionary evidence not relevant when intrinsic evidence aligns with expert testimony

“In most situations, an analysis of the intrinsic evidence alone will resolve any ambiguity in a

ol

= = Ay = el
8 5 o
5 A owti ¢ oy ==
L% 3 g = |
o .
-
"

%> M disputed claim term. In such circumstances, it is improper to rely on extrinsic evidence.”

Vitronics Corp. v. Conceptronic, Inc., 90 F.3d 1576, 1583 (Fed. Cir. 1996); Surreply 4




Ground 4: Claim Construction of “Non-Uniform” Transformation

« Petitioner: ‘413 specification discloses “nonuniform” transformation can be

“Iinear.” Reply 1

PO argues that “non-uniform™ should be limited to “non-linear”—i.e.. “[n]o
two pixels will have the same amount of shift.” (POR. 6, 28.) But PO’s definition
is inconsistent with the specification. Phillips v. AWH Corp.. 415 F.3d 1303, 1315
(Fed. Cir. 2005) (en banc). The specification discloses non-uniform shifting as
“using a linear scaling function™ and then applying “non-linear warping.”
(EX1001, 3:61-4:2; POR, 24 (PO agreeing that the 413 claims encompass this

embodiment).) Thus, “non-uniform™ cannot be “non-linear” because, it may also

involve a linear scaling. (EX1014, J98-11.)

“In the process of FIG. 2A, an input image 1s obtained
202 in the source aspect ratio (e.g., a 4:3 aspect ratio).
The image is then scaled 204 from the source aspect
ratio (e.g., the 4:3 aspect ratio) to the target aspect
ratio (e.g., a 16:9 aspect ratio) using a linear scaling
function. A non-linear warping is then applied 206 to
the scaled image.”

Ex. 1001 (413 Patent) at 3:61-4:2; Reply 1

Reply 1

“As can be seen, the scaling function applied in step 204
causes the circles to be stretched horizontally and
compressed vertically as shown in example image 214.
Because the scaling function applied in step 204 is
linear, each circle is stretched/compressed equally
independent of horizontal and vertical position. In the
warping step 206, a non-linear warping is applied which
results in the circles being stretched/compressed by
different amounts depending on their horizontal and
vertical positions resulting in example image 216.”

Ex. 1001 (413 Patent) at 4:3-13; POR 40

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 62



Ground 4: Claim Construction of “Non-Uniform” Transformation

« Petitioner: ‘413 specification discloses “nonuniform” transformation can be
“Iinear.” Reply 1

* |ncorrect:

“In the process of FIG. 2A, an iput image is obtained 202 in the
source aspect ratio (e.g., a 4:3 aspect ratio). The image is then scaled
204 from the source aspect ratio (e.g., the 4:3 aspect ratio) to the
target aspect ratio (e.g., a 16:9 aspect ratio) using a linear scaling
function. A non-linear warping is then applied 206 to the scaled
1image.”

Ex. 1001 (413 Patent) at 3:61-4:2; Reply 1

3. The system of claim 2, wherein the transformation
includes:
a scaling function to uniformly stretch or compress the
input image along the first axis; and
a warping function to non-uniformly warp the input image
along the second axis.




Ground 4: Claim Construction of “Non-Uniform” Transformation

« Petitioner: "non-uniform” shifting of pixels includes linear scaling

“I note that even the shift is not the same for pixels that
have the same compression, e.g., the shift of the third pixel
(blue) is different from the shift of the seventh pixel
(purple), both pixels have a 2:1 compression.”

Ex. 1014 (Katsaggelos Supp. Decl.) at J[{[56-57; Reply 13

Petitioner is incorrect:

“Conventional conversion techniques such as cropping, linearly
scaling, and padding each result in a perceivable reduction in the
quality of the image or video. ... Linear scaling maintains the full
field of view but introduces perceivable distortion into the image.
For example, if an image is vertically compressed and/or
horizontally stretched to convert from a 4:3 to a 16:9 aspect ratio,

features in scene will appear “short and fat” relative to the original
Image.

L

S

“In some instances, a POSITA would
not have preferred cropping, padding
or linear scaling over non-uniform
shifting.”

Ex. 1001 (413 Patent) at 1:12-21; Surreply 6

Ex. 1014 (Katsaggelos Supp. Decl.) at §[39; Surreply 6




Ground 4: Claim Construction of “Non-Uniform” Transformation

« Petitioner: Pixels in center of Figure 2B have zero shift, lacking non-linearity.

Reply 1
% § N

the transformation non-undormly shifis the pixels
such that differences between the input positions
determine a portion within the inpul image, the portion and the output positions of the subset of the pixels
including a subset of the pixels: and within the portion are [ess than dillerences
— — between the input positions and the output posi-
tions of others of the pixels: and

* |ncorrect:




Ground 4: Meulen Does Not Disclose “Non-Uniform” Transformation

« Petitioner: Meulen’s piecewise linear transformation is a non-linear transformation

 Petitioneris incorrect:

« Piecewise linear is only an approximation of a non-linear transformation
« Petitioner’s expert agreed piecewise linear transformation is used to avoid the
complexities of non-linear transformation




Ground 4: Meulen Does Not Disclose “Non-Uniform” Transformation

* Piece-wise linear transformation is only an approximation of a non-linear
transformation:

“A piece-wise linear transformation is different from a non-linear
transformation. It involves estimating a non-linear transformation by - —
simplifying it to several linear transformations. It can be analogized to \\
estimating a curve by using several straight lines. A classic example is using \
multiple rectangles to find the area under a curve. Instead of performing a
non-linear calculation, the area is divided into multiple rectangles whose
areas are significantly easier to calculate using a linear calculation (i.e. height
* width). Since there are multiple rectangles, this constitutes a piece-wise :
linear transformation.” v

Ex. 2027 (Foroosh Decl.) at 71; POR 24

“[F]or an approximation to be considered an approximation, it would be
defined as an approximation which has to have an error. And if | want to
approximate a highly non-linear function with this linear pieces, then | have
to have a fine linear approximation to approximate a non-linear function.”

Ex. 2026 (Katsaggelos Tr.) at 42:16-43:3; POR 26

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Meulen Does Not Disclose “Non-Uniform” Transformation

« Petitioner’'s Expert (Dr. Katsaggelos): Piece-wise linear is “computationally
Indistinguishable” from linear transformation:

“I can have a non-linear solution with a “Q. Did you say piecewise linear is
piecewise linear approach, right? So its computationally indistinguishable from a linear
computation is indistinguishable from a transformation?
linear approximation, but it doesn’t prevent a
non-linear function.” A. It’s very similar. It’s very similar.”
Ex. 2026 (Katsaggelos Tr.) at 40:19-41:5; POR 26 Ex. 2026 (Katsaggelos Tr.) at 41:6-41:8; POR 26

« Dr. Katsaggelos: piece-wise linear avoids complexity of non-linear transformation:

“Q. [A]re you familiar with the technique of
applying a linear approximation in order to avoid
the complexities of a non-linear calculation? Are
you familiar with that notion?

A. Yeah, that notion exists.”

Ex. 2026 (Katsaggelos Tr.) at 40:1-7; POR 27-28

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: Meulen Does Not Disclose “Non-Uniform” Transformation

« Undisputed: Meulen performs a piece-wise linear transformation ror 24, reply 11

« Each region in Meulen uses linear compression:

4
= b
TABLE 1 41
i L b
Region 44 : ok
{4 4 o
1 2 3 4 3 Total i T B
T 1 A
Pixels/Region 10 50 200 50 10 320 E: ] E i EE
Compression Ratio 4:1 2:1 none 2:1 4:1 i T 1
Source Pixels 40 100 200 100 40 480 EE ' E E :E
1 =
; 2
i Loay
i PR
= S :i
i [
TABLE 2 ' !
(]
Region :I : : : : ::
THN| 1 i [ R
| [] i T K}
(R | [ i P
1 2 3 4 5 6 T B 9  Total T T T —— 'I'
Mk A1 - -] e b— TOT-§
T - 024
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Ground 4: Meulen Does Not Disclose “Non-Uniform” Transformation

 Linear piecewise avoids complexity of non-linear transformation:

« ‘413 Patent’s non-linear transformations:
AV/V==0.07491°-0.3167v>+1.0939v-0.8113v°+
0.040812+0.0678v

AV/V 15=—0.0658v°-0.2785v"+0.9617v*-0.7132v°+

Ey 6 L g 3_
AWH=0.1107h°+0.5348"-1.781347+1.3167h 0.0359°4+0.0596v

0.0722k°=0.1073h

AV/V55=—0.0568v°~0.24021°+0.82941'-0,6152v"+
0.03091240.0514v

Ex. 1001 (413 Patent) at 7:3-42; POR 26
« Dr. Katsaggelos:

“Q. [A]re you familiar with the technique of “[FJor an approximation to be considered an
applying a linear approximation in order to approximation, it would be defined as an approximation
avoid the complexities of a non-linear which has to have an error. And if | want to approximate
calculation? Are you familiar with that notion? a highly non-linear function with this linear pieces, then
| have to have a fine linear approximation to
A. Yeah, that notion exists.” approximate a non-linear function.”
Ex. 2026 (Katsaggelos Tr.) at 40:1-7; POR 27-28 Ex. 2026 (Katsaggelos Tr.) at 42:16-43:3; POR 26



Ground 4: Meulen Does Not Disclose “Non-Uniform” Transformation

* Petitioner: Meulen’s Figures 4A-4C show non-linear curves

COMPRESSION FACTOR
-

/
\\.
\. /
oy
il L _ __‘..-f’" |

' DISPLAY REGIONS

FIG. 4A
« These are still piecewise linear with a higher number of regions, but still an approximation:

“In this embodiment, a panoramic display may be implemented by employing
significantly more display regions (e.g., >30)”

Ex. 1007 (Meulen) at 10:44-48; Surreply 17




Ground 4: Meulen and Chao Do Not Disclose “Shift[ing] The
Pixels” (All Claims)




Ground 4: Meulen and Chao Do Not Disclose Pixel “Shifting”

« Petitioner:
« Meulen’s compression can be performed using pixel shifting

« Chao describes object shifting

 Petitioneris incorrect:

« Meulen only discloses compression using “polyphase filters,” which is indisputably not
pixel shifting
« Petitioner’'s example of “sub-sampling” is not found in Meulen
« Chao does not describe pixel shifting, much less non-uniform shifting
« Petitioner provides no reason to apply Chao’s object shifting to Meulen’s compression




Ground 4: Meulen Does Not Disclose Pixel “Shifting”

 Meulen’s compression uses “polyphase filtering”

“['T]he wireless device 100 may comprise sample-rate converters
implemented in hardware by programmable polyphase filters arranged to
sample a line of source pixels and to generate a compressed and/or scaled line
of display pixels based on a compression factor.

Ex. 1007 (Meulen) at 5:19-23; POR 31

« Undisputed: polyphase filtering is not pixel shifting

“A polyphase filter involves combining a number of pixels
Into one pixel using multiple phases that can be reused for
subsequent pixels. Thus, rather than shift pixels, Meulen’s
polyphase filters is better characterized as blending
multiple pixels into one pixel.”

Ex. 2027 (Foroosh Decl.) at §[81; POR 31




Ground 4: Meulen Does Not Disclose Pixel “Shifting”

* Petitioner: Meulen’s compression can be performed using “sub-sampling” reply

13-14
1
[
[
[

L .
shift 1 shift 2

Reply 14
« Petitioner admits Meulen does not describe sub-sampling

“Meulen mentions scaling, but does not disclose the details
of how to perform scaling.”

Pet. 91




Ground 4: Meulen Does Not Disclose Pixel “Shifting”

» Petitioner: ‘413 patent describes compression using pixel shifting repiy 14

« Using the ‘413 patent is hindsight-driven

 Meulen’s use of the broader term “compression” does not disclose the narrower term of non-
linear pixel-shifting

.f “It 1s well established that the disclosure of a genus in the prior art is not necessarily a
>f disclosure of every species that is a member of that genus.”

Sanofi-Synthelabo v. Apotex, Inc., 550 F. 3d 1075, 1084 (Fed. Cir. 2008); Surreply 19




Ground 4: Chao Does Not Disclose Pixel “Shifting”

« Petition: Chao’s background “stretching” or “shrinking” means pixel shifting

“[TThe background element is re-sized, by stretching or shrinking, as necessary, to fit the new
page size.” (EX1008, [0028].) Chao explains: “the terms ‘stretch’ and ‘shrink’ are intended to
mean the resizing of an element without regard to the original aspect ratio of the image.
Accordingly, a ‘stretched’ element may be elongated in only one direction, i.e. may be resized
such that it is wider than the original element in the horizontal direction.” (EX1008, [0063].) A

POSITA would understand that stretching/shrinking means shifting the pixels’ positions.
(EX1002, 4263.)”

Pet. 921-92

Chao never describes that its background compression involves pixel shifting




Ground 4: Chao Does Not Disclose Pixel “Shifting”

* Reply: Chao’s foreground object shifting is pixel shifting repiy 1415

Flg' 14 31" 0ps h “According to one embodiment, the
31 30h ?}1 son [ B aspect ratio of all the elements in the
- - S .b‘.fﬂ foreground layer is preserved by

selecting a uniform scaling factor along

both the horizontal and vertical
Pl LY BN directions.”
35 SGALE] 3‘:'2' St Ex. 1008 (Chao) at 93; POR 34
s +SHIFT 3 B

« Object shifting does not require pixel shifting:

“Chao never describes that stretching/shrinking involves shifting pixels, i.e. moving pixels
from one position to a new position as opposed to adding/subtracting pixels through an
interpolation or compression process.”

Ex. 2027 (Foroosh Decl.) at [85; POR 32

« Chao’s object shifting is uniform



Ground 4: No Motivation to Combine Meulen and Chao

« Petitioner never explains how to combine Chao’s object shifting with Meulen’s compression

“A POSITA would understand that stretching/shrinking means shifting the pixels’ positions.
(EX1002, 1263.)

A POSITA would have understood that Meulen’s rows are along a horizontal direction. Meulen-
Chao involves combining prior art elements and known techniques, resulting in shifting the pixels
based on input positions along the horizontal axis. (EX1002, 9263.)”

Pet. 92

« Petition provided no motivation to combine Meulen and Chao

* Reply:

“Instead, the Petition explained that Meulen mentions scaling, but does not disclose the details of
how to perform scaling. (Petition, 91.) Because Meulen lacks such details, a POSITA would have
been motivated to look to another reference such as Chao for such details.”

Reply 17

« Meulen already describes polyphase filtering, and Petitioner provides no reason to use
anything else

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: No Motivation to Combine Meulen and Chao

No motivation to combine as Meulen and Chao are directed to different fields

« Meulen directed to modifying media content for display on a screen:

“Various embodiments may be directed to systems and techniques that may potentially improve
the performance of a wireless device to display content from a media source.”

Ex. 1007 (Meulen) at 1:44-47; Pet. 98

« Chao directed to changing aspect ratio of a graphic design for printing:

“For example, people frequently like to incorporate professionally designed borders in their
photos, newsletters, postcards, greeting cards and the like. As these images become more and
more complex, they frequently incorporate elements that are designed for a specific page size.
However, given the multitude of graphic design programs that allow people to resize their
documents to any desired size, it would be extremely difficult, if not impossible for a graphic
designer to create different versions of the same design for each possible page size.”

Ex. 1008 (Chao) at [1; POR 37

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Ground 4: No Motivation to Combine Meulen and Chao

No motivation to combine as Meulen and Chao have different goals

« Meulen wants to avoid black bars on a screen:

“Conventional best fit algorithms such as those defined by the Synchronized Multimedia
Integration Language (SMIL) specification may be suitable for fitting content to non-square
displays, but produce a black bar on square displays. Consequently, there may be a need for
improved display systems and techniques for a wireless device.”

Ex. 1007 (Meulen) at 1:26-31; POR 37

« Chao wants to avoid distortion of stylized graphic borders:

“For example, FIG. 1 depicts an original image 10 that has been resized from an original 4x5
template size to a 4x10 template size (at 12). As shown, the ducks that are used as upper border
elements 31 have been stretched to fit the width of the image size, distorting the original
proportions and overall look of the ducks.”

Ex. 1008 (Chao) at [2; POR 37



Ground 4: No Motivation to Combine Meulen and Chao

No motivation to combine as Meulen and Chao have different approaches

 Meulen divides an image into regions and performs compression to avoid central distortion:

“For example, more image compression and/or scaling may be applied to the media source
content that is to be displayed closer to edges of the display 138, than to the media source content
that is to be displayed closer to the center of the display 138.”

Ex. 1007 (Meulen) at 4:45-49; POR 37-38

« Chao shifts foreground elements while stretching/shrinking background:

“The method comprises separating the foreground elements from the background elements,
determining an original aspect ratio of the foreground elements and creating resized foreground
elements by scaling the foreground elements while maintaining the original aspect ratio.”

Ex. 1008 (Chao) at Abstract; Pet. 83

« Petitioner provides no explanation for incorporating Chao’s foreground / background
transformation to Meulen




Ground 4: Meulen Does Not Disclose Non-Uniform Shifting on
Both Axes (All Claims)




Ground 4: Meulen Does Not Disclose “Non-Uniform” Shifting Along Both Axes

« Claim language: “the transformation non-uniformly shifts the pixels from the input positions to
the output positions based on (1) the input positions along the first axis, and (2) the input
positions along the second axis”

« Petitioner:
« Claims do not require non-uniform shifting along both axes
« Meulen describes non-uniform shifting along both axes

 Petitioneris incorrect:

* The transformation must shift non-uniformly along both axes
« Meulen only discloses shifting along a single axis




Ground 4: Meulen Does Not Disclose “Non-Uniform” Shifting Along Both Axes

« Claims:

the transformation non-uniformly shifts the pixels

and

from the input positions to the output positions
based on (1) the input positions along the first axis,
and (2) the input positions along the second axis:

¢ Spec:

horizontal then vertical.”

“In one embodiment, the warping function involves both a horizontal and vertical warping. For
convenience of description, the horizontal and vertical warping is described as two steps, e.g., first

Ex. 1001 (413 Patent) at 5:29-32; Surreply 23

“An example of a horizontal warping function is
illustrated in FIG. 5. In this graph, the horizontal
coordinate of a pixel is expressed as a percentage of the

horizontal warp is function of the horizontal coordinate
only and is independent of vertical position.”

horizontal pixel position relative to the horizontal width of
the image, where the percentage increases in a direction

“In one embodiment, a similarly shaped function is used for
vertical warping. In another embodiment, the vertical
warping function is modified so that the amount of
compensation in the vertical direction also depends on
horizontal position.”

away from a reference edge. ... In this embodiment, the

Ex. 1001 (413 Patent) at 6:13-17; Surreply 23, Reply 3, Ex. 1014 at {[13

Ex. 1001 (413 Patent) at 5:38-51; Reply 19, Ex. 1014 (Katsaggelos Supp. Decl.) at J[71

“The vertical warp distortion, in one embodiment, is a
function of both the horizontal and vertical positions.”

Ex. 1001 (413 Patent) at 7:5-6; POR 7

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

85



Ground 4: Meulen Does Not Disclose “Non-Uniform” Shifting Along Both Axes

 Petitioner:

“This interpretation is consistent with the ’413 embodiments that shift along the
horizontal axis only. (EX1001, 5:49-51 (“the horizontal warp is [a] function of the
horizontal coordinate only and 1s independent of [the] vertical position™), 6:65-66
(“the horizontal warp distortion ... 1s a function of the horizontal position only”)”

« ‘415 Specification:

Reply 19

“In one embodiment, the warping
function involves both a
horizontal and vertical warping.
For convenience of description,
the horizontal and vertical
warping is described as two steps,
e.g., first horizontal then vertical.”

“In an alternative embodiment, the scaling and warping functions applied
in steps 204, 206 could be performed in reverse order, such that the
warping function in step 206 is applied first followed by scaling in step
204. In another embodiment, the scaling and warping are combined into a
single function such that only a single transformation is applied to the
image that achieves both the scaling and warping.”

Ex. 1001 (413 Patent) at 4:47-54; Surreply 23

Ex. 1001 (413 Patent) at 5:29-32; Surreply 23

“In another embodiment, the vertical warping function is modified so
that the amount of compensation in the vertical direction also
depends on horizontal position.”

Ex. 1001 (413 Patent) at 6:14-17; Surreply 23

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Ground 4: Meulen Does Not Disclose “Non-Uniform” Shifting Along Both Axes

« Meulen:

“The display regions 140-1-5 may be defined by the 320
horizontal pixels of the display 138. The display regions — .
140-1-5 may be defined by the 320 horizontal pixels of the i
display 138. Because the media source content has a
different aspect ratio and/or resolution than the display 138,
Image compression and/or scaling may be applied to the
media source that is to be displayed in one or more of the
display regions 140-1-5.”

Ex. 1007 (Meulen) at 5:65-67; POR 39

M3 —} o4 WA b 2 L-: 018
W3- I o4

23 — M7




Ground 4: Meulen Does Not Disclose “Non-Uniform” Shifting Along Both Axes

« Petitioner: Meulen describes “image compression and/or scaling” along both axes

“In some embodiments, image compression and/or scaling may be applied in a horizontal
direction and/or in a vertical direction. When applied in both the horizontal and vertical
direction, the image compression and/or scaling may allow expansion of the lateral display
regions 202-1-4 and 202-6-9 to create a magnified effect or to simulate a video graphics
array (VGA) having a resolution of 640x480 with a display having a resolution of
320%320.”

Ex. 1007 (Meulen) at 10:19-26; Pet. 91

« Meulen:

“In such embodiments, image compression and/or scaling may be applied to
the media source content that is to be displayed in one or more of the display
regions 140-1-n. The image compression and/or scaling may comprise visual
scaling with a factor smaller than one in order to reduce size.”

Ex. 1007 (Meulen) at 4:37-41; Surreply 24

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Objective Indicia of Non-Obviousness




Objective Indicia of Non-Obviousness

« There is strong objective indicia of non-obviousness:

« Practice: Undisputed that GoPro’s SuperView practices the ‘413 patent

« Nexus: Customer surveys show that SuperView contributed to at least some of GoPro’s
success

« Commercial Success and Industry Praise: GoPro’s products were successful and had
Industry praise

« Copying: Evidence of copying by competitors

 Long-felt Need and Unexpected Results: ‘413 Patent introduced distortion, leading to

unexpected result of increased immersiveness




Objective Indicia of Non-Obviousness: Practice

- Undisputed: GoPro’s HERO7 Black with SuperView practices the ‘413 patent

Stardard 4.3 Aspect Ralio mage

Ex. 2028 (Hero 7 Black Manual) at 47; POR 46

Ex. 2021 (SuperView YouTube video); POR 59 Ex. 2027 (Foroosh Decl.) at §144; POR 46

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE 91



Objective Indicia of Non-Obviousness: Nexus

« Mr. Nema testified about SuperView’s effect on HERO7’s success

“In particular, a combination of features introduced in the HERO7 Black camera in September
2018 fundamentally transformed both GoPro and the broader action camera market. These
features centered around the release of our first, in house developed digital image stabilization
system which we branded as “HyperSmooth.” HyperSmooth was and is enabled by our
preexisting virtual lens technology which provides various wide-angle immersive video
options. HyperSmooth was and is further enhanced by a preexisting aspect-ratio transformation
technology that we have marketed since 2013 as “SuperView” (an enhanced version of
SuperView was later referred to as “HyperView”).”

Ex. 2024 (Lema Decl.) at J[6; POR 49

“HERQO7 Black was the first GoPro product to bring the combined
HyperSmooth, SuperView, and digital lens package of features for customers
(Horizon Leveling was released 2 years later with HERQO9 Black). Internally,
we considered HERO7 Black to represent a clear before-and-after moment
for GoPro and for the action camera market more broadly.”

Ex. 2024 (Lema Decl.) at J[10; POR 49

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Objective Indicia of Non-Obviousness: Nexus

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

93



Objective Indicia of Non-Obviousness: Nexus

« Petiitoner: SuperView was just one of many features in the HERO 7 so lacks nexus reply 29-30

 Petitioneris incorrect

« Petitioner does not rebut Mr. Lema’s testimony that SuperView contributed to HERO 7’s
success and praise.

.f “It 1s not necessary ... that the patented invention be solely responsible for the commercial
7-#l success, in order for this factor to be given weight appropriate to the evidence, along with other
pertinent factors.”

Cont’| Can Co. USA, Inc. v. Monsanto Co., 948 F.2d 1264, 1273 (Fed. Cir. 1991); POR 55




Objective Indicia of Non-Obviousness: Commercial Success

« Undisputed: GoPro’s HEROY7 Black was highly successful

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Objective Indicia of Non-Obviousness: Industry Praise

* Undisputed: GoPro’'s HERO7 Black and SuperV|eW significant mdustry praise

LUCIE
TECHNICAL
AWARDS

Ex. 2036; POR 51

Ex. 2039; POR 51

Ex. 2038; POR 51




Objective Indicia of Non-Obviousness: Industry Praise

« Undisputed: GoPro’'s HERO7 Black and SuperView significant industry praise

Superview is a clever GoPro video mode which is designed to capture a more immersive wide
angle perspective. It does this by shooting at a 4:3 aspect ratio, using the full height of the
camera's sensor, and then dynamically stretching the sides to produce a widescreen 16:9

aspect ratio.
Ex. 2013; POR 52-53

The GoPro camera that we were sent was the "Hero3+ Black Edition” "NB - here's the dull technical bit”
Lirself told),
ich allowed

It films up to
and it films
even a selfie

the one in the Here 77 Asking this because | bought the O
and now | feel like | want to send the gsmo back and buy a
The superview should be a software f ould it be possible to get it in next firmware updates? Mayt

with an higher resolution than 1080p.and with rocksteady an...

Ex. 2016; POR 52-53

LitteStul family selfio teo LOVE this pictura)

Ex. 2015; POR 53-54



Objective Indicia of Non-Obviousness: Copying

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Objective Indicia of Non-Obviousness: Copying

« Others have copied SuperView

B Niek / superview  Public

A small program that takes a 4:3 aspect ratio video file, and transforms it to a 16:9 video using the

GoPro SuperView method

58 GPL-3.0 license
v 213stars % 21forks P Branches O Tags A~ Activity

Y& Star Q Notifications

Ex. 2011; POR 52




Objective Indicia of Non-Obviousness: Long-Felt Need / Unexpected Results

« Conventional wisdom was that introducing distortion was undesirable

“At the time of the 413 patent, conventional wisdom was that introducing
distortion into images was undesirable. For instance, distortion, particularly
geometric distortion, can stretch or compress parts of the image in an uneven
way, making faces or bodies look elongated, squished, or warped. This effect is
especially undesirable in personal or group photos, where people expect to see a
realistic representation of themselves. Because of these reasons, photographers
and camera designers traditionally seek to avoid or minimize distortion to
maintain the integrity, realism, and appeal of their photos.”

« Traditional cameras avoided introducing distortion

4 The Movie Crop
The movie crop can be viewed during live view by pressing the @ button to select the “show

movie indicators’, "hide indicators’, or "framing grid” display (.11 98). A smaller crop {shown
by the illustration below at left) is used for movies with a Frame size/frame rate of 1920 x
1080 80i or 50i; during shooting, this crop is enlarged to fill the monitor as shown below at
right.

B VIrS LR ) 1.0k
Recording in progress

1920 % 1080 60i/50i crop

Ex. 2020 (Nikon D5200 Manual) at 120; POR 57

Ex. 2027 (Foroosh Decl.) at [169

Mo Informatbon Enablas you o
Display Intormatian Infermation check the focus
Disptay ey

I |

Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29



Objective Indicia of Non-Obviousness: Long-Felt Need / Unexpected Results

« SuperView had the unexpected result of improving immersiveness by introducing distortion

“In particular, GoPro’s SuperView invention utilizes a sensor that captured an
1mage in one aspect ratio (4:3) so that the image can be “taller,” and then
allowed it to be displayed and previewed on the screen in aspect ratios that are
more commonly used in video settings (e.g., 16:9). To do this, however, GoPro
had to intentionally introduce distortion into the image. SuperView thus applies a
warping function that distorts the edges while eliminating distortion in the center.
GoPro’s unconventional approach arises from the fact that GoPro’s cameras are
directed at action sports, not conventional photography. GoPro recognized that
video for certain action sport scenes, like skiing, surfing and bicycling, result in
persons being centered in the middle of the shot, with no persons on the edges.
This means that the periphery can be distorted in an acceptable manner.”

Ex. 2027 (Foroosh Decl.) at §[171; POR 57




Ground 1: Fleming Does Not Disclose “Image Capture
Apparatus” or “Camera” (All Claims)




Ground 1: Fleming Does Not Render Obvious “Camera”

« Claim Language: Transformation must occur on an “image capture apparatus” (Claim 1) or
“camera” (Claims 6 and 7)

« Petitioner:
« Admits Fleming does not expressly disclose performing transformation on a camera
« Argues modifying to include a camera, processors, and algorithms on the camera would
be obvious

 Petitioneris incorrect:

« |D: Petition lacks evidence
* Reply relies on new evidence not submitted in the Petition:
« Canon PowerShot G15
* Olympus E-PL5 PEN
« Petitioner provides no motivation to use Fleming’s algorithm over conventional camera
approaches
» Petition failed to allege expectation of success




Ground 1: Fleming Does Not Render Obvious “Camera”

* Fleming:

“FIG. 1 shows one example of a typical computer system
which may be used with the present invention. Note that
while FIG. 1 illustrates various components of a computer
system, it is not intended to represent any particular
architecture or manner of interconnecting the components
as such details are not germane to the present invention. It
will also be appreciated that network computers and other
data processing systems which have fewer components or
perhaps more components may also be used with the
present invention. The computer system of FIG. 1 may,
for example, be an Apple Macintosh computer.”

Ex. 1004 (Fleming) at 3:8-18; Reply 11, Ex. 1002 (Katsaggelos Decl.) 46
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Ground 1: Fleming Does Not Render Obvious “Camera”

Petition’s motivation to combine:

“It would have been obvious for Fleming’s data processing system (including its GPU and CPU) to be included
within a camera. At the time of the invention in 2013, digital cameras included processors for processing the
Image data captured by an image sensor. Digital cameras at this time stored files having a different aspect ratio
(e.g., EX1004, 16:9-11), or included LCD displays (for viewing the captured image) that had a different aspect
ratio than the image data captured by an image sensor. Since the aspect ratio of the captured image was different
than the aspect ratio of the stored file or the LCD display included in the camera, it would have been obvious for
the digital camera to include data processing systems to transform the captured image into an output image
(having the aspect ratio of the stored file or LCD display) to be presented on the camera display. A POSITA
would have been motivated to have on-camera processing and display capabilities because it would have been
less burdensome, cheaper, and saves time. Having processing and display capabilities on camera are known
techniques used to improve devices that are similar and/or ready for improvement.”

Pet. 28-29

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Ground 1: Fleming Does Not Render Obvious “Camera”

ID:

“Petitioner does not appear to rely on any evidence in Grounds 1 and 3, other than the Dr.
Katseggelos’s testimony, for its assertion that in 2013, cameras captured images in one aspect ratio
and stored or displayed those images in a different aspect ratio. Dr. Katsaggelos testifies that while
the aspect ratios of images captured by an image sensor were 3:2 or 4:3 the aspect ratios of “the files
that stored the captured images may be in a format for a different aspect ratio, such as 16:9 (e.g., for
landscape orientation), or the LCD displays within the camera may have a different aspect ratio, such
as 16:10 (for viewing the captured image).” Ex. 1002 99 100, 201. Like Petitioner, Dr. Katsaggelos
also does not cite to any evidence supporting this testimony.” D 35

“The aspect ratios of images captured by an image sensor were, e.g., 3:2 or 4:3. However, the files that stored the
captured images may be in a format for a different aspect ratio, such as 16:9 (e.g., for landscape orientation), or
the LCD displays within the camera may have a different aspect ratio, such as 16:10 (for viewing the captured
image). Hence, the aspect ratio of the image captured by the image sensor (3:2 or 4:3, for example) may be
different from the aspect ratio of the image stored in memory or displayed on the display (16:9 or 16:10, for
example). Due to this difference in aspect ratios, it would have been obvious for digital cameras to include data
processing systems and processors for transforming the captured image into an output image.”

Ex. 1002 (Katsaggelos Decl.) at 100

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Ground 1: Fleming Does Not Render Obvious “Camera”

 ID

“Petitioner does not appear to rely on any evidence in Grounds 1 and 3, other than the Dr.
Katseggelos’s testimony, for its assertion that in 2013, cameras captured images in one aspect ratio
and stored or displayed those images 1n a different aspect ratio.”

ID 35
* Reply:
« Added new evidence (alleged Canon and Olympus documentation)
« Added new obviousness arguments applying Fleming to camera systems

OLYMPUS -

Ex. 1026; Reply 22 Ex. 1030; Reply 22




Ground 1: Fleming Does Not Render Obvious “Camera”

* Reply: Canon PowerShot G15 performs aspect ratio conversion for display reply 22

* Incorrect: Canon PowerShot G15 can only change the shooting aspect ratio, not display:

(=]
—— gy ——

e -
qi_ch?_r!gl@ the Aspect_ Ra!“" - . _'! Configure commonly used shooting functions through the FUNC. menu as

: : : : S h B follows.
Change the image aspect ratio (ratio of width to height) as follows. Note that menu items and options vary depending on the RIS
. (L1292 — 295).
Configure the setting.

Access the FUNC. menu.

Press the <(%¥9)> button, choose [4:3] in
143] Press the <(2)> button.

, and choose the desired option

L147).
Once the setting is complet
&, i e aspect ratio will be updated. A Choose a menu item.
¢ Still Image Aspect Ratio To restore the original setting, repeat this t ol lmi‘gu;‘;p;ﬁ'ﬁal‘lé Press }he <a><Ww> puttons to choose a
3 120 4000x2000 process but choose [4:3]. | 124 oo TRERY e
B g e e e i Available options are shown at the bottom
iL R

of the screen.
‘el

% 32 [ 1 45 2016

Options

Ex. 1028 (Canon Manual) at 80; Surreply 28

Menu ltams

Ex. 1028 (Canon PowerShot Manual) at 47; Surreply 28



Ground 1: Fleming Does Not Render Obvious “Camera”

* Reply’s New Motivation: Cameras with different image sensor and screen aspect ratio
“need” Fleming’s aspect ratio conversion reply 22

« Conventional methods were preferred for digital point-and-click cameras:

“[N]on-linear transformations were expensive to design and implement, and
required significant processing power to Execute. Portable devices and
cameras in 2013 had limited processing power and battery life that a POSITA
would find undesirably wasted if every photograph had to have its aspect ratio
converted due to a mismatch between the image sensor and the display screen.

Mo Information Simpla Delafiad Enablas you o

e ool bl e | Asaresult, a POSITA would have found it much more preferable for the
ﬁ | camera and display to have the same aspect ratio in order to avoid distortion of

the image and the expensive non-linear transformations claimed in the ’413
Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29 patent_”

Ex. 2027 (Foroosh Decl.) at [108; POR 63

« Introducing distortion for point-and-click photography was undesirable

“If one has to choose distortion or non- “What it’s not especially useful for is any time that the highly
distortion, one probably would choose the non- distorted and compressed look is going to appear strange. So you
distortion option.” wouldn’t usually use it for standard people shots, for example”

Ex. 2026 (Katsaggelos Tr.) at 87:21-23; POR 65 Ex. 2003 at 6; POR 66



Ground 1: Fleming Does Not Render Obvious “Camera”

* Reply’s New Motivation: motivation for performing non-uniform shifting using a separate
device

“Applying non-uniform shifting by the camera’s processor(s) reduces the need for
a separate device and associated connectors (e.g., cable), eliminates the need to
transfer data between the camera and separate device, eliminates the need to wait
for connecting the camera to the separate device (and associated burden) and
operating the separate device. Neither PO nor its expert disputes these benefits.”

Reply 21

» Petitioner’s “separate device” motivation not directed to Petition’s combination:

“It would have been obvious for Fleming’s data processing system (including its
GPU and CPU) to be included within a camera.”

Pet. 28

« Conventional cameras already
presented images on a display ofoe e . B
without a separate device t | 0

Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29




Ground 1: Fleming Does Not Render Obvious “Camera”

Petition’s Original Motivation: “less burdensome, cheaper, and saves time”

* Reply’s New Motivation abandons Petition’s original motivation:

“A POSITA had reasons (avoiding image loss, black bars, or
perceivable distortion) for applying non-uniform shifting, even

If it meant potentially foregoing some benefits (more required
processing and longer battery life).”

Reply 23

* No evidence a POSITA would be motivated by such reasons given camera’s small 2” screen

2 o
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Display Informatian Infermation check tha focus
1? Display Luspiay (| i j1[_?£L;|‘

Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29

POSITA would not be motivated to modify the image on the camera because users typically
want the original image to download off the camera.



Ground 1: Fleming Does Not Render Obvious “Camera”

« Petition did not assert Reasonable Expectation of Success

* Reply’s New Reasonable Expectation of Success:
* Fleming only uses a simple math equation

* Fleming’s non-linear scaling could be performed using lookup tables stored in memory
Reply 24-25

« Petitioner provides no evidence that a point-and-click camera had sufficient processing
capabilities and memory to perform such equations or look-up on every pixel

* No evidence that the cpu-heavy process would not introduce lag to the image viewer

Mo Informabcan Simpla Dataged Enablas you o
Display Information Infermation check the focus
Display Display e

I = ]

Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29




Ground 1: Fleming Does Not Disclose “Determine a Portion”
(All Claims)




Ground 1: Fleming Does Not Disclose “Determine a Portion”

« Petition:
« Presence of central region with no distortion “determines a portion”

 Reply:
* Fleming discloses regions according to user input
* Fleming discloses dividing frame into regions

 Petitioneris incorrect:

» Mere presence of a non-distorted region does not disclose “determining” the portion after
obtaining the image

« Petitioner’'s new Reply arguments mischaracterize Fleming, which does not disclose
selecting the regions after obtaining the image, they are instead pre-selected




Ground 1: Fleming Does Not Disclose “Determine a Portion”

« Petition merely relied on the presence of a less distorted region

Fleming discloses “maintain[ing] the original aspect ratio in an area of

interest (e.g., at the center of the image).” (EX1004, 4:39-40.) In Figure 2
(below). for example, ““a square region at the center of image 271 is mapped {or
scaled).” (EX1004, 5:1-2, 5:17-66, Figs. 2, 3.) A POSITA would have understood
that a region at the center of the image includes a subset of the pixels within the

input image. (EX1002, 1959-62.)
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Pet. 88
 Fleming does not disclose determining the less distorted region after obtaining the image




Ground 1: Fleming Does Not Disclose “Determine a Portion”

As guidance to the parties, we note the cited art appears to support
Petitioner’s contentions even accepting Patent Owner’s interpretation of the
claim requiring that the determining limitation occur prior to the
transformation limitation. For example, Fleming discloses that “it is
desirable to maintain the original aspect ratio in an area of interest’” and
therefore “the image in the area of interest is presented in the target display
area with reduced distortion.” Ex. 1004, 4:38—45. This indicates that in
Fleming the area of interest is determined before the transformation takes
place. Similarly, Obara discloses vertically dividing the image into vertical
image blocks (certain of these blocks are understood to be the central area)

and then horizontally reducing or enlarging the blocks. Ex. 1006 9 52—-62.
ID 33

 Fleming does not disclose determining the less distorted region after obtaining the image




Ground 1: Fleming Does Not Disclose “Determine a Portion”

* Reply’s New Arguments:

“other passages in Fleming show “determine” after “obtain” and
prior to “apply” as separate steps—and do not describe PO’s
alleged effect of the transformation. (EX1004, 2:15-18 (regions
determined according to user input), 7:5-16 (dividing frame into
regions), 8:45-9:9 and Figs. 10-11 (describing receiving video
stream, dividing a frame of video stream into regions, and scaling
the regions in that order); POR, 70.)”

Reply 26

 Petitioneris incorrect:

* None of these disclosures indicate that the regions are determined after the image is
obtained

« Each of these disclosures involves using pre-determined regions before the image is
obtained

« Figures 10-11 are piecewise linear




Ground 3: Obara-Liu Does Not Disclose “Image Capture
Apparatus” or “Camera” (All Claims)




Ground 3: Obara-Liu Does Not Render Obvious “Camera”

« Claim Language: Transformation must occur on an “image capture apparatus” (Claim 1) or
“camera” (Claims 6 and 7)

« Petitioner:
« Obara-Liu does not disclose performing transformation on a camera, but would have been
obvious to do so

 Petitioneris incorrect:

« |D: Petition lacks evidence
* Reply relies on new, unauthenticated evidence not submitted in the Petition:
« Canon PowerShot G15
* Olympus E-PL5 PEN
» Petitioner provides no motivation to use Obara’s algorithm over conventional camera
approaches
« Petition did not assert reasonable expectation of success
» Reply provides no evidence Obara’s complex algorithm would adequately run on a
digital camera




Ground 1: Obara-Liu Does Not Render Obvious “Camera”

Obara

“FIG. 1 1s a perspective view that shows the state in
which a display unit of the personal computer 10 is
opened. The computer 10 comprises a computer main
body 11 and a display unit 12. A display device that is
composed of a TFT-LCD (Thin Film Transistor Liquid
Crystal Display) 17 is built in the display unit 12. The
display screen of the LCD 17 is positioned at an
approximately central part of the display unit 12. The
LCD 17 has a horizontally elongated wide display screen.
The size (resolution) of the display screen is, for example,
1440x900 pixels.”

Ex. 1006 (Obara) at §25; Pet. 72

L7




Ground 3: Obara-Liu Does Not Render Obvious “Camera”

Petition’s motivation to combine;

“It would have been obvious for Obara’s image processing unit and CPU 111 to be included within a camera. At
the time of the invention in 2013, Digital cameras at this time included LCD displays (for viewing the captured
Image), some of which had a different aspect ratio than the captured image. Since the aspect ratio of the captured
Image was different than the aspect ratio of the LCD display included in the camera, it would have been obvious
for the digital cameras to include data processing systems to transform the captured image into an output image
(having the aspect ratio of the LCD display) to be presented on the display of the camera. A POSITA would have
been motivated to have on-camera processing and display capabilities because it would have been less
burdensome, cheaper, and saves time. (EX1002, 19200-202.) .”

Pet. 71-72




Ground 3: Obara-Liu Does Not Render Obvious “Camera”

ID

“Petitioner does not appear to rely on any evidence in Grounds 1 and 3, other than the Dr. Katseggelos’s
testimony, for its assertion that in 2013, cameras captured images in one aspect ratio and stored or displayed those
Images in a different aspect ratio. Dr. Katsaggelos testifies that while the aspect ratios of images captured by an
image sensor were 3:2 or 4:3 the aspect ratios of “the files that stored the captured images may be in a format for
a different aspect ratio, such as 16:9 (e.qg., for landscape orientation), or the LCD displays within the camera may
have a different aspect ratio, such as 16:10 (for viewing the captured image).” Ex. 1002 99 100, 201. Like
Petitioner, Dr. Katsaggelos also does not cite to any evidence supporting this testimony.”

ID 35

“The aspect ratios of images captured by an image sensor were, e.g., 3:2 or 4:3, which may be different from the
aspect ratios of files that stored the captured images. Digital cameras at this time also included LCD displays (for
viewing the captured image). The aspect ratios of the images captured by an image sensor may also be different
from the LCD displays within the camera. Due to differences in aspect ratios, it would have been obvious to
convert from the aspect ratio of the images captured by the image sensor to the aspect ratio of the stored files
and/or LCD display.”

Ex. 1002 (Katsaggelos Decl.) at 201

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Ground 3: Obara-Liu Does Not Render Obvious “Camera”

- ID

“Petitioner does not appear to rely on any evidence in Grounds 1 and 3, other than the Dr. Katseggelos’s
testimony, for its assertion that in 2013, cameras captured images in one aspect ratio and stored or displayed those
images 1n a different aspect ratio.”

ID 35

* Reply:
« Added new evidence about camera systems
« Added new obviousness arguments applying Fleming to camera systems

Ex. 1026; Reply 22 Ex. 1030; Reply 22




Ground 3: Obara-Liu Does Not Render Obvious “Camera”

* Reply: Canon PowerShot G15 performs aspect ratio conversion for display reply 22

* Incorrect: Canon PowerShot G15 can only change the shooting aspect ratio, not display:

TR M

e e e '_' e e e =
“f_cb?“ﬂl“_ﬁ’ the ASPE ct Ra!‘“ . _ . | Configure commonly used shooting functions through the FUNC. menu as

: : : : S T follows.
Change the image aspect ratio (ratio of width to height) as follows. Note that menu items and options vary depending on the RIS
. (L1292 — 295).
Configure the setting.

Access the FUNC. menu.

Press the <(%¥9)> button, choose [4:3] in
143] Press the <(2)> button.

, and choose the desired option

LI147).
Once the setting is complet
& o i aspect ratio will be updated. D] : Choose a menu item.
¢ Still Image Aspect Ratio To restore the original setting, repeat this ol |.~r.;gu}-._sp;-cr. et Press the <a><w> buttons to choose a

m 12M 4000x2000

iL

et

process but choose [4:3]. ol 130 40002000 menu item.
e : Available options are shown at the bottom
of the screen.

%o 22 [ 11 45 16

Options

Ex. 1028 (Canon Manual) at 80; Surreply 28

Menu ltams

Ex. 1028 (Canon PowerShot Manual) at 47; Surreply 28



Ground 3: Obara-Liu Does Not Render Obvious “Camera”

* Reply’s New Motivation: Cameras with different image sensor and screen aspect ratio
“need” Obara’s aspect ratio conversion reply 26-27

« Conventional methods were preferred for digital point-and-click cameras:

“[N]on-linear transformations were expensive to design and implement, and
required significant processing power to Execute. Portable devices and
cameras in 2013 had limited processing power and battery life that a POSITA
would find undesirably wasted if every photograph had to have its aspect ratio
converted due to a mismatch between the image sensor and the display screen.

Mo Information Simpla Delafiad Enablas you o

e ool bl e | Asaresult, a POSITA would have found it much more preferable for the
ﬁ | camera and display to have the same aspect ratio in order to avoid distortion of

the image and the expensive non-linear transformations claimed in the ’413
Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29 patent_”

Ex. 2027 (Foroosh Decl.) at [108; POR 63

« Introducing distortion for point-and-click photography was undesirable

“If one has to choose distortion or non- “What it’s not especially useful for is any time that the highly
distortion, one probably would choose the non- distorted and compressed look is going to appear strange. So you
distortion option.” wouldn’t usually use it for standard people shots, for example”

Ex. 2026 (Katsaggelos Tr.) at 87:21-23; POR 65 Ex. 2003 at 6; POR 66



Ground 3: Obara-Liu Does Not Render Obvious “Camera”

* Reply’s New Motivation: motivation for performing non-uniform shifting using a separate
device

“Applying non-uniform shifting by the camera’s processor(s) reduces the need for
a separate device and associated connectors (e.g., cable), eliminates the need to
transfer data between the camera and separate device, eliminates the need to wait
for connecting the camera to the separate device (and associated burden) and
operating the separate device. Neither PO nor its expert disputes these benefits.”

Reply 21

» Petitioner’s “separate device” motivation not directed to Petition’s combination:

“It would have been obvious for Obara’s image processing unit and CPU 111 to
be included within a camera.”

Pet. 72

« Conventional cameras already
presented images on a display

Display Informmation Information check tha I'::-:us

without a separate device f | 0

Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29



Ground 3: Obara-Liu Does Not Render Obvious “Camera”

Petition’s Original Motivation: “less burdensome, cheaper, and saves time”

* Reply’s New Motivation abandons Petition’s original motivation:

“A POSITA had reasons (avoiding image loss, black bars, or
perceivable distortion) for applying non-uniform shifting, even

If it meant potentially foregoing some benefits (more required
processing and longer battery life).”

Reply 23

* No evidence a POSITA would be motivated by such reasons given camera’s small 2” screen

2 o
L - T

s 3 [l i I B -
Mo Information Enablas you o

Display Informatian Infermation check tha focus
1? Display Luspiay (| i j1[_?£L;|‘

Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29

POSITA would not be motivated to modify the image on the camera because users typically
want the original image to download off the camera.




Ground 3: Obara-Liu Does Not Render Obvious “Camera”

« Petition did not assert Reasonable Expectation of Success

* Reply’s New Reasonable Expectation of Success:
« Obara only uses a simple math equation

« Obara’s non-linear scaling could be performed using lookup tables stored in memory reply
24-25

« Petitioner provides no evidence that a point-and-click camera had sufficient processing
capabilities and memory to perform such equations or look-up on every pixel

* Process would have to be sufficiently quick for a user to browse the image viewer

; Enables you o
Infermation chiack the focus
Display et

Ex. 1028 (Canon PowerShot Manual) at 176; Surreply 29



Ground 1: Obara Does Not Disclose “Determine a Portion”
(All Claims)




Ground 3: Obara Does Not Disclose “Determine a Portion”

« Petition:
« Presence of central area with no distortion “determines a portion”

 Reply:
* Obara discloses dividing frame into frame regions

 Petitioneris incorrect:

» Mere presence of a non-distorted region does not disclose “determining” the portion after

obtaining the image
» Petitioner’'s new Reply argument uses Fleming'’s Figure 10, which is piecewise linear

scaling




Ground 3: Obara Does Not Disclose “Determine a Portion”

« Petition merely relied on the presence of a less distorted area

“[N]on-linear scaling module 215 vertically divides the eriginal image data
(4) into, for example, eight image blocks. The non-linear scaling module 215
horizontally reduces image /
(Figure 6 below). (EX1006. [0062].) A POSITA would have understood that

blocks 3-6 at the central area include a subset of the pixels within original image

data A (input image). (EX1002, §Y163-165.)

Pet. 56

* Fleming does not disclose determining the less distorted area after obtaining the image




Ground 3: Obara Does Not Disclose “Determine a Portion”

As guidance to the parties, we note the cited art appears to support
Petitioner’s contentions even accepting Patent Owner’s interpretation of the
claim requiring that the determining limitation occur prior to the
transformation limitation. For example, Fleming discloses that “it is
desirable to maintain the original aspect ratio in an area of interest’” and
therefore “the image in the area of interest is presented in the target display
area with reduced distortion.” Ex. 1004, 4:38—45. This indicates that in
Fleming the area of interest is determined before the transformation takes
place. Similarly, Obara discloses vertically dividing the image into vertical
image blocks (certain of these blocks are understood to be the central area)

and then horizontally reducing or enlarging the blocks. Ex. 1006 9 52—-62.
ID 33

* Fleming does not disclose determining the less distorted area after obtaining the image




Ground 3: Obara Does Not Disclose “Determine a Portion”

* Reply’s New Arguments:

e’

- - | o “obtain[ing] an
receive a first video sireamn of a frst aspect ratio [ p— . »
input image
| #13 o
'[ divide each fmme of the first uﬁmsmmmmamumlwdhgmapma / g ”dEtErmlnllng] a
- portion within the
l input image”

: scale tha plurality of rama regions (8.0.. BSING & graphics processing wunil) P
sccording o mons than bwo scaling faciors along ong dirsction 4 — M i
o generato data for a plurality of teglons in a frame buller appIY[!ng] a

| ' transformation”

convent dota i the frame butfer inld s.gnals of a second wideo siream of @ /
second aspect ratio

Reply 27

 Petitioneris incorrect:

« This Figure is from Fleming and uses piecewise linear transformation




Patent Owner’s Motion to Strike




Patent Owner’s Motion to Strike

« Petitioner’s Reply introduced new arguments and new evidence:
« Palm Treo modified in view of Meulen
« Meulen discloses sub-sampling
« Canon and Olympus systems modified in view of Fleming

 The new evidence brings in teachings that are not taught in the Petition prior art:
« Meulen does not teach a Palm Treo where image sensor and display have different aspect
ratios
* Meulen does not teach sub-sampling
* Fleming does not teach camera systems where image sensor and display have different
aspect ratios




Patent Owner’s Motion to Strike: Palm Treo

 Petition never mentions a Palm Treo

Petition does not assert Meulen’s device captures “media source content”

portion including a subset of the pixels; and”

Meulen’s media source content is an “input image.” (See IV.D.3.c.)

d. 2[c]: “determine a portion within the input image, the

Pet. 88

b. 1[a]: *“an image sensor configured to capture an input

image having a source aspect ratio, the input image
including pixels located at input positions defined
along a first axis and a second axis, the first axis
perpendicular to the second axis;™

Element 1[a] recites limitations similar to element 2[b], except it requires
“an image sensor [be] configured to capture” the input image. Digital cameras

comprise an image sensor configured to capture an input image. (EX1002,

M311-312.)

Pet. 104




Patent Owner’s Motion to Strike: Palm Treo

* Reply introduces completely new theories relying on Palm Treo in view of Meulen

Also, Meulen’s device is a Palm® Treo™. (EX1007, 2:12.) Palm Treos at
that time displayed images captured by its built-in camera. (See, e.g., EX1018, 63

(“[y]our Treo comes with an easy-to-use built-in camera, which allows you to

instantly take, view, and share pictures”); EX1014, 932.)

With no viable arguments on the merits, PO resorts to mischaracterizing
Meulen. It argues that there is no need for Meulen to perform aspect ratio
conversion. (POR, 16.) Again, that is not what Meulen discloses. (EX1007, 4:13-
19 (*the media source content may comprise an aspect ratio and/or a resolution that
differs from the aspect ratio and/or the resolution of the display ... for example, the
media source content may have an aspect ratio of 3:2 ..., and the display may have

an aspect ratio of 1:1”).) Palm Treos” aspect ratios also do not match. (EX1022

Reply 6-7




Patent Owner’s Motion to Strike: Sub-sampling

Petition never mentions sub-sampling
Petition even recognizes Meulen lacks disclosure of pixel shifting

Meulen mentions scaling, but does not disclose the details of how to perform
scaling. To the extent that Meulen does not teach shifting pixel positions, it would
have been obvious. Hence, a POSITA would have been motivated to turn to a

prior art reference that discloses the details of scaling (known technique).

(EX1002, 9262.)

Pet. 91




Patent Owner’s Motion to Strike: Sub-sampling

* Reply introduces completely new theory that Meulen discloses sub-sampling

PO argues that Meulen’s compression is performed only using polyphase

filters which does not involve shifting. (POR, 11, 30.) That is incorrect.
Polyphase filtering is one example type of sample-rate conversion that Meulen'’s
“embodiments are not limited in this context™ to. (EX1007, 5:23-29 (“perform
sample-rate conversion, such as polyphase filtering™).) Sub-sampling is a type of
sample-rate conversion that shifts pixels by sampling less than all the pixels. For
example, sub-sampling with a 2:1 compression ratio samples every other pixel,

thereby shifting the center position of the pixels (green arrows below). (EX1014,

L |

956.)

Reply 13




Patent Owner’s Motion to Strike: Camera systems

« Petition never mentions specific camera systems
« Petition’s bare assertion of modifying a camera in view of Fleming/Obara without any specific

detalls:

“It would have been obvious for Fleming’s data processing system (including its GPU and CPU) to be included
within a camera. At the time of the invention in 2013, digital cameras included processors for processing the
Image data captured by an image sensor. Digital cameras at this time stored files having a different aspect ratio
(e.g., EX1004, 16:9-11), or included LCD displays (for viewing the captured image) that had a different aspect
ratio than the image data captured by an image sensor. Since the aspect ratio of the captured image was different
than the aspect ratio of the stored file or the LCD display included in the camera, it would have been obvious for
the digital camera to include data processing systems to transform the captured image into an output image
(having the aspect ratio of the stored file or LCD display) to be presented on the camera display. A POSITA
would have been motivated to have on-camera processing and display capabilities because it would have been
less burdensome, cheaper, and saves time. Having processing and display capabilities on camera are known
techniques used to improve devices that are similar and/or ready for improvement.”

Pet. 28-29

« Board recognized Petition’s failure to provide evidence, but that was not an invitation to bring
INn new evidence and theories

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Patent Owner’s Motion to Strike: Camera systems

Reply introduces new obviousness theories using different camera systems

“First, PO’s argument that camera designers in 2013 did not contemplate performing aspect ratio conversion by
the camera’s processor(s) is wrong. (POR, 62.) The record evidence shows that there were digital cameras at the
time that captured images with one aspect ratio and displayed or stored the captured images with another aspect
ratio. This difference in aspect ratios resulted in a need for aspect ratio conversion and a reason to apply
Fleming’s method by the camera’s processor(s). The Canon PowerShot G15 was one example camera (of the
many) available at the time of the *413. (EX1027; see also EX1030 (Olympus E-PL5 PEN camera available in
2012, 4:3 and 16:9 1mage sensor and display aspect ratios).)”

“And PO’s argument that avoiding aspect ratio conversion
entirely is less burdensome, cheaper, saves more time, and is
adequate does not rebut Petitioner’s motivation. (POR, 63-65.)
PO ignores the applications where aspect ratio conversion is
needed (e.g., with cameras available at the time such as Canon
PowerShot G15 and Olympus PEN E-PL5).”

Reply 21-23

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




Patent Owner’s Motion to Strike




Patent Owner’s Motion to Strike

« Patent Owner’s Surreply arguments are responsive and consistent with POR

* ‘413 embodiments perform non-linear shifting on both axes

« Meulen only discloses uniform scaling on the vertical axis

« PO properly responded to Petitioner’s make a “separate device argument”
 Presumption of nexus argument consistent with POR




Patent Owner’s Motion to Strike

“non-linear shifting” on both axes: Surreply is responsive and consistent with POR

e POR * Reply
“By contrast, the 413 patent provides an example “This interpretation is consistent with the *413
in Figure 2A where non-linear warping occurs on embodiments that shift along the horizontal axis
both axes. Ex. 1001, 4:9-13 (“[A] non-linear only. (EX1001, 5:49-51 (“the horizontal warp is [a]
warping is applied which results in the circles being function of the horizontal coordinate only and is
stretched/compressed by different amounts independent of [the] vertical position™), 6:65-66

depending on their horizontal and vertical positions

. : (“the horizontal warp distortion ... is a function of
resulting in example image 216.”).”

the horizontal position only™)”

POR 40 Reply 19

« Surreply

“But shifting still occurs along both axes and is performed

In succession rather than at the same time. EX1001, 5:29-32.
Moreover, even if the embodiment only performed horizontal
shifting (it does not), it is “a function of the horizontal position

only,” and not embodied by the limitation.
EX1001, 6:65-66.”

Surreply 23-24

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Patent Owner’s Motion to Strike

Meulen’s vertical scaling: Surreply is responsive and consistent with POR

e POR * Reply
“Yet Meulen does not disclose that the compression “Meulen teaches non-uniform shifting in both
in the vertical direction is performed non-uniformly. directions. (Petition, 90-91.) Its phrase “image
Ex. 2027, 199. A POSITA recognizes that this cited compression and/or scaling” refe_rs to 1ts non—un_lform
passage from Meulen merely describes the shlftlng_meth(_)d. Meu_le_n uses this same phrase in
possibility of applying the previously disclosed f:onnect.lon with .desc.rlblng Its methoq being “applied
piecewise linear horizontal compression followed in a horizontal direction and/or a vertical direction.”
by a uniform vertical scaling. 1d.” (EX1007, 10:19-26; also claim 8 (narrowing claim 1’s
s compressiop to “?.t lez.lst one of a horizontal direction
. Surreply [and] a vertical direction”)”

Reply 19

“Petitioner assumes that “image compression and/or scaling” only
refers to non-uniform compression/scaling. But Meulen describes
that “image compression and/or scaling may be applied to the media
source ... in one ... of the display regions,” i.c. a uniform
compression. EX1007, 5:67-6:3; see also 8:15-18.”

Surreply 24

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE



Patent Owner’s Motion to Strike

“Separate device”: Surreply is responsive to Reply’s “separate device” argument

 Reply
“Applying non-uniform shifting by the camera’s processor(s) reduces the need
for a separate device and associated connectors (e.g., cable), eliminates the need
to transfer data between the camera and separate device, eliminates the need to
wait for connecting the camera to the separate device (and associated burden)
and operating the separate device. Neither PO nor its expert disputes these
benefits.”
Reply 21
e Surreply

“Petitioner’s motivation is really about presenting a camera’s captured image
processed according to the 413 Patent on the camera’s display without a
separate device. It is a motivation to improve a nonsensical hypothetical of
performing non-linear aspect ratio conversion in a separate device, and then re-
uploading the image back to the camera for display. The hindsight in this
theory is evident.”

Surreply 27



Patent Owner’s Motion to Strike

Presumption of Nexus: Surreply is responsive and consistent with POR

« POR * Reply

“GoPro does not argue presumption of nexus. It
“For over a decade, these products have included the makes no attempt to show that the alleged practicing
SuperView functionality, which embodies the *413 product HERO7—which includes many features
patent. Ex. 2006, 120; Ex. 2008. SuperView allows unrelated to the ’413—is “coextensive with” the
users to capture an immersive, wide-angle perspective challenged claims.”
through dynamic and non-uniform stretching of the Reply 29
video frame aspect ratio.”

POR 41-42

“As explained by Patent Owner’s Senior Vice
President of Product Pablo Lema, there is a direct e Surreply
nexus between SuperView and the objective
evidence.”

“But, Dr. Foorsh established that GoPro’s “SuperView”
algorithm directly practiced and was coextensive with the
POR 49 ’413 Patent, EX2027, 99130-154, establishing a
presumptive nexus for SuperView.”

Surreply 24

147



Appendix: ‘413 Patent (Ex. 1001)




Appendix: ‘413 Patent (Ex.

 Ex. 1001, Fig. 1

Camera System 102

Processing Unit
Image Sensor 108
104
Processor
112
Video Storage Memory
106 114

FIG. 1




Appendix: ‘413 Patent (Ex. 1001)

« Ex. 1001, Figs. 2A-2B
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 Ex. 1001, Fig. 5
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CONVERSION BETWEEN ASPECT RATIOS
IN CAMERA

BACKGROLUND

Converting between aspect ratios is a common problem in
the field of image and video processing. For example. a
display that displays images according to a 16:9 aspect ratio
may receive images natively captured according 1o a 4:3
aspect rutio and p;,-rlhrm an aspect ratio conversion to (it the
image W the display. Conventional conversion lechniques
sueh as cropping, linearly scaling, and padding ¢ach result in
a perceivable reduction in the gquality of the image or video.
For example, cropping removes content from the image and
reduces the field of view of the image. Linear scaling
manntains the full field of view but introduces perceivable
distortion inlo the image. For example, if an image is
verlically compressed and/or hortzontally stretched to con-
vert from & 4:3 1o a 16:9 aspect ratio, leatures in scene will
appear “short and fat™ relative 1o the eriginal image. Padding
maintains the full field of view without distortion, but results
in unused display space around the sides andior wop of the
image. thus rendering an image that appears oo small
relative 1o the display.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustmting an embodiment of
o camera systen.

FIG. 2A is a flowchart illusteating an embodiment of a
process for converting an image from a source aspect ralio
1 @ largel aspect rilio.

FIG. 213 15 set ol example images being converted Trom a
SOUFCe aspect r@lo 10 4 @mreget mspect mtio.

ol

M

FIG. 3 is a first sel nl'c.ﬁ;::?nple i‘m:ugug showing an original
image in 2 source aspect rtio, o cropped image converted to
@ largel aspect rolio wsing a cropping technigue, and a
non-hoear warped image converted 1o the targel aspect mitio
using a non-linear warping technigque.

FIG. 4 is o second set of example images showing an
original image in a source aspect ratio. o cropped imoge
converted 1o o target aspect ratio using a cropping technique,
and a non-linear warped image converted 1o the target aspect
ratio using a non-linear warping weehnique.

FICG. § isa graph illustrating an embodiment of a function
for applying a horizontal warp 10 an image.

FIG. 6 is a graph illustrating an embodiment ol a function
for applving a vertical warp 1o an image.

DETAILED DESCRIPTION

The Figures (FIGS.) and the ollowing description relate
1o preferred embodiments by way of illustration only. I
should be noted that from the following discussion, alter-
native embodiments of the structures and methods disclosed
herein will be readily recogmized as viable alternatives tha
may be employed withow depanting from the principles of
what is claimed.

Reference will now be made in detail 1o several embodi-
ments. examples of which are llustrated in the accompany -
ing figures. 1t is noted that wherever practicable similar or
like reference numbers may be used in the figures and may
indicate similar or like functionality. The figures depict
embodiments of the disclosed svstem (or method) for pur-
poses of illustration only. One skilled in the art will readily
recognize from the following deseription that alierative

it

R
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embodiments of the structures and methods  illustrated
herein may be emploved without departing from the prin-
ciples described heren.
Onverview

A camera sysiCm COMprises an iMAge SCNsor, 4 processor,
and a non-transitory computer-readable storage medium that
stores instructions executable by the processor, The image
SCNsOr capiures an input image having a source aspect ratio.
The processor applies a tmnsformation 1o the input image (o
scale and warp the image 10 generie an outpul image having
@ target aspect ratio different than the source aspect ratio.
The ouput image has the same field of view as the input
image, maintaing image resolution, and limis distortion o
levels that do not substantially aflect the viewing experience.
In one embodiment, the output image is non-linearly warped
relative o the mput image such that a distortion in the output
image relative 1o the input image is greater in a comer region
of the output image than a center region of the output image.
[he processor outputs the outpul image having the tanget
aspect ratio.

in one embodiment. the aspect mtio conversion is per-
formed directly on the camera itsell’ rather than in an
external post-processing deviee. such as the display device.
I'his enables the camera to output images directly o a
display n the desired target aspect ratio without requiring
conversion by the display device. For example. @ camera
that natively captures images according 1o a 4:3 aspect ratio
can perform conversion and output the images according 1o
o 16:% aspect mtio that may be displayed directly ona 16:9
display device. Furthermore, in one embodiment, the con-
version may oceur in substantially  real-me such that
images captured in the source aspect rmtio can be outputted
in the target aspect ratio with: substantially no delay.

k

o

55

Benelicially. since the aspeet mlio conversion preserves
the entire field of view of the image, the converted image can
b reverted back o its original aspect ratio without any loss
of field of view or resolution. Funthermore, since the aspect
ratio discrepancy is handled by the camera system. the end
user needs not 1o make any additional adjustments apart
from selecting the desired owmpuwt video format on the
camera. The embodiments deseribed herein may apply 1o
both individual images and video (which comprises a
sequence of images (or “frames”).

Example Camera System

FIG. 1 illustrates an embodiment of an example camera
system 102, The camera system 102 compnses an image
sensor 104, video storage 106, and a processing unit 108,
Other optional components of the camera sysiem 102 such
as control interfaces. display screen, ete. are omitted from
the figure for clarity of description. The image sensor 104
captures digital images or video. Because video comprises a
sequence of mmages (or “lrames”). deseription herein refer-
ring o mmages can be similarly apphed to video and vice
versa, Each captured image comprises o two-dimensional
array of pixels. The captured frames depict a “scene,” which
may include. for example, landscape, people, objects. etc
represented by the captured pixels. Each pixel represents a
depicted point in a scene captured in the digital video.
Furthermore, ¢ach pixel is located at a pixel location,
referring 1o, lor example. (%.¥) coordinates ol the pixel
within the frame. For example, o pixel may comprise {Red,
Gireen, Blue} (RGB) values describing the relative intensi-
ties of the colors sensed by the image sensor 104 at a
particular set of (x.¥) coordinates in the frame. In varions
embodiments, the image sensor 104 may capiure video
sitable for providing output videos having high definition
resolutions (for example, 4 k resolution, 2 k resolution,
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1080p, 10801, 960p, or 720p). standard definition resolu-
tions, or other resolutions. The image sensor 104 may
capture video at various frame rates such as, for example.
120 frames per seconds (FP8), 60 Ips. 48, [ps, or 30 fps.
although other frame rates may also be used. Additionally,
the image sensor 104 may mclude a lens that allows for
wide-angle or ultra wide-angle video capture having fields
of view of, for example, 90 degrees, 127 degrees, or 170
degrees. although other field of view angles may also be
used.

Image frames captured by the image sensor 102 may be
temporarily or permanently stored in the video storage 106
which may comprise. for example, @ hard drive or a solid-
state memory device (e.g.. a memory card or universal serial
bus (USB) memory device). The processing unit 108 pro-
cesses images W conver between aspect ratios as will be
described i lurher detail below. In one embodiment, the
processing unit 108 comprises a processor 112 and a
memory 114, The memory 114 comprises a non-transitory
compuler-readable stormge medium that stores computer-
executable program mstructions for aspect ratio conversion.
among other functions. To perform the aspect ratio conver-
sion described herein, the processor 112 loads . program
instructions from the memory 114 and executes the mstruc-
tions. Alternatively, the processing unit 108 could imple-
ment the aspect ratio conversion in hardware, firmware, or
a combination of hardware, firmware, andior solware,

In one embodiment, the processing unit 108 converts
Between a source aspect mto (Le. the aspeet mtio of the
onginal images captured by the image sensor 104) and a
target aspect ratio (l.e. the aspect ratio of the image for
storing or outputting by the camer system 102). In one

el 1]

stonng or outpuiung by the camera system 102). In one
embodiment. the source aspect ratio makes full use of the
available field of view of the image sensor 104 (remaining
sensitive to mapping distortion effects). For example, in a
camera system 102 having a 4:3 image sensor, the image
sensor 104 captures the native content according to a 4:3
aspect ratio, although other source aspect ratios are also
possible. The processing unit 108 then uses resolution
compression and/or stretching in the appropriate wies 1o
convert the captured images in the source aspect ratio o the
target aspeel ratio. ln one embodiment. the conversion is
achieved using a resolution remapping that applics a non-
linear lunction across the image so as o minmize or reduce
undesirable key feature aspect ratio distortions. Further-
more, in one embodiment, the aspect mtio conversion does
nol resull in any loss of field of view,

In one embodiment, the aspect mtio conversion is per-
formed by a warp module of the processing unit 108, In
addition to performing the aspect ratio conversion, the warp
module may perform other functions such as, for example.
reducing optical lens distortions such as typical barrel and
pincushion distortions.

Aspect Ratio Conversion

Examples of techniques for aspect ratio conversion are
discussed in further detail below. For the sake of clarty, the
following description discusses examples involving conver-
sions between a source aspeet ratio ol 4:3 and o targel aspect
ratioof 16:9. However, the described embodiments similarly
apply to any source or larget aspect ralios.

FIG. 2A illustrates an example embodiment of a process
for converting from 2 source aspect ratio to-a target aspect
ratio in a camera system. In the process of FIG. 2ZA. an imput
image is obtained 202 in the source aspect ratio (eg., @ 4:3
aspect ratio). The image is then scaled 204 from the source
aspect mtio (e.g.. the 4:3 aspect rutio) to the tanget aspect
ratio {e.g..a 16:9 aspect ratio) using a linear scaling func-

&0
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tion. A non-linear warping is then applied 206 1o the scaled
image. FIG. 2B illustrates the process of FIG. 2A as applied
1o an example image 212 containing an array of circles. As
can be scen, the scaling function applied in step 204 cauvscs
the circles 1o be stretched horizontally and compressed
vertically as shown in example image 214, Becouse the
scaling function applied in step 204 is lincar. cach circle 15
stretched/compressed equally independent of horizontal and
verlical position, In the warping siep 206. a non-linear
warping s applied which resulis in the circles being
stretched/compressed by different amounts depending on
their horizontal and vertical positions resulting in example
image 216,

As can also be observed from FIG. 2B, the sealing and
warping steps 204, 206 preserves the full lield of view in the
resulting image 216 refative to the orginal image 212. To
achieve this, the warp module is configured so that some
arcas of the image are fully corrécted geometrically. while
some other arcas are distorted. In the illusirated éxample. the
center of the image is chosen to be the region of interest that
15 most [ully corrected and the distortion increases in each
direction as the frame houndary is approached. Thus, in
image 216, the center circle is fully corrected so that 1
maintains the orginal circular shape of the corresponding
circle in the input image 212, In the vertical direction, the
circles become more distonted (e.g.. more vertically com-
pressed) in the as they approach the top and bottom edaes.
In the horizontal direction, the cincles become more distoried
(e.g., more horizontally siretched) as they approach the lefi
and right edges. As a result, the cireles in the comers exhibit

the most distortion. because they have the highest amount of

both vertical compression and horizontal stretching. Inother
embodiments: a different part of the image may be selected
as the area most fully corrected., or in the case, of video, the
area may dynamically change befween images (e.g., 0
follow o moving ohicct)

S0

=
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The distribution of distortion levels in different portions
of the image may furthemmore be wned in one embodimen
1o control the size of objects as they pan from horizontally
within a scene of video, Fully correcting the geometrical
distortion in the center of the image would result in ohjects
looking small in the center and very large on the sides. Thus,
in the case of a video, an object may noticeably grow in size
as it moves from the center 1o the edges of the display. In one
embodiment, the warping [unction in step 206 is tuned 1o
reduce this effect.

In an altemative embodiment, the sealing and warping
funetions applied in steps 204, 206 could be performed in
reverse order, such that the warping fiunction in step 206 15
applied first followed by scaling in step 204. In another
embodiment, the scaling and warping are combined into a
single function such that only a single transformation is
applied to the image that achieves both the scaling and
warping. For example, in FIG. 2B. image 212 may be
converted directly to image 216 via a single function without
producing the intermediate image 214,

As will be apparent 1o those skilled in the art. an equitable
horizontal remapping can be performed in manners similar
to those described herein for vertical remapping if it is
desired 10 decrease image width without decreasing hori-
rontal image field of view and without creating undesirable
key leature distortions. For example, images having a source
aspect rtio of 2.39:1 may be converted 1o a 16:9 aspect ratio
i this similar manner.

The scaling step (e.g.. step 204 of FIG. 2A) may be
achieved either by scaling down one dimension {either the
horizontal or vertical one, depending on the formais being
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converted) or scaling up the onthogonal direction. Scalng up
has the benelit of preserving one dimension and only inter-
tes existing information to extend the other dimension,
ng all resolution is preserved. On the contrary, scaling
down causes a loss of information.

FlG. 3 illusiraies example images illustrating the aspect
ratio conversion technique described hercin, Image 302
illustrates an original image coptured with a 4:3 aspect ratio,
Image 304 illustrates a conventional cropping of the image
to fit it b0z 16:9 aspect ratio. As can be seen, the field of view
is reduced with this technigue and a portion of the image is
lost, Image 306 illustrates the original image converted
according to the techniques deseribed herein, As can be
seen, the aspect mtio conversion 15 achieved while main-
taining the full field of view. Although some distorion may
be introduced, the distortion is concentrated near the bound-
aries of the image (away from the center) and perceivable
distortion is limited o an acceptable level.

FIG, 4 illustrtes additional example images representing
a checkerboard pattern, where image 502 represem an
original 4:3 image. image 504 represents an image that has
been cropped 1o achieve the 16:9 aspect ratio. and image 506
illustrates an image converted according 1o the technigues
desenbed herein. As can be seen. the perecivable distortion
is small or zero near the center of image anc increases
somewhat at the edges and corners.

Examples of Warping Functions

In one embodiment. the warping function involves both o
horizontal and vertical warping. For convenicnoe of descrip-
tion. the horizontal and vertical warping is described as two
steps. e.g. first horizonial then vertical. However, both
horizontal and vertical warping can be executed in one step,
for example. by applying a single trapslormation o the
image. Furthermore. due 10 the symmetrical nature ol the
digtortion, vertical and horzomal distortion profiles can he
swapped.

]

An example of a horizontal warping function is illustrated
in FlG. 5. In this graph. the horizontal coordinate ol a pixel
15 expressed as a percentage of the horizontal pixel position
relative 1o the horizontal width of the image, where the
percentage mcreases ina direciion away from- a reference
edge. The vertical coordinate is similarly expressed. The
amount of distortion is expressed in terms of the horizontal
distoriion offset All that & point in the image moves in a
direction away from the reference edge divided by the
horizontal image size H. Since the warping lunciion is
horizontally symmetric in this embodiment, the reference
edge can be either the right edge or the left edge: In this
embodiment. the horizontal warp is function of the horizon-
tal coordinate only and is independent of vertical position.
[he honzontal warp distortion stretches pixels honzontally
in a manner that corrects for the “short and fa™ effect
introduced by 4:3 to 16:9 stretching. or similarly undesirable
ellects introduced by other aspect ratio conversions. [n one
embodiment of the horizontal warp, pixels along vertical
edges are not oftset (the offser value 1s zero) because there
15 no information bevond the edges and it may be undesir-
able 1w mtroduce padding (e.g.. black ventical lines) on the
sides of the image. The magniiude of the distortion is
symmetrie in one embodiment, with pixels on the left hall of
the image shifting to the right and pixels on the right half of
the image shifling to the left o compensate for the horizontal
stretching effect. Since the center receives the contributions
of pixels from both sides, the center region of the image is
corrected the most, while the geomeiry on the sides is
distorted toa small extent. This degradation in image quality
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along the sides can be compensated for to some extent in the
vertical warping, as will be discussed below.

In one embodiment. the amount of horizontal correction
applicd can be manually tuned to reduce perceivable distor-
tion in the output image. For example. fully comrecting the
geometrical distortion in the center may cause the objects in
the center to be much smaller than on the sides. Thus, inone
embodiment. the amount of horizontal correction can be
wned in combination with the vertical correction in order 1o
preserve the width of objects throughout the horizontal
plane.

In one embodiment, a similarly shaped function is used
for vertical warping. In another embodiment, the vertical
warping function is modilied so that the amount of com-
pensation in the vertical direction also depends on horizonial
position. FIG. 6 illusirates an example of a vertical warping
function, where the amount of distortion is express in lenns
of the vertical distortion offset AV indicating an amount that
a pixel moves ina vertical direction away from a reference
edge (e.g., the top edge or the botiom edge) divided by the
vertical image size V. In one embodiment, vertical warping
is a function of both the horizontal and vertical coordinates.

As mentioned above, a goal of the vertical distortion is
further correct the geometry that was not already correcied
by horizontal distortion. The image center could be fully
corrected using the horizontal distortion only {with no
vertical warping). However, spreading the correction along
both horzontal annd vertical axis effectively improves the
geometry of not only the center, but also the top, bottom. lefi
and right image sides. The most distorted regions in this
embodiment are the four image corners, but this: distortion
does not substantially reduce perceived image quality, Hav-
ing residual distortion in the corners while correcting the rest

L

A

in the image results in a much more natural-looking eflect
since Key scene features ame usually not framed m the
corners, Examples of this elfect can be visible, however. in
FIG. 4, where the squares in the comers are more rectangular
{as opposed 1o square), and FI1G. 3 where the diver's right
hipper 1s somewhat stretched. However, as a good trade ofl
for these comer distortions, it can be observed that the
central rows of squares in FIG. 4 maintain a relatively
consistent width threughow the image. Furthermore, the
diver's body in FIG. 3 has proportions that are relatively
preserved zeross the image width.

In one embodiment. unable parameters can be controlled
to adjust the vertical distortion along both horizontal and
vertical directions, resulting in the 3D-wave in FIG. 7. In
one embodiment. pixels are not offseél along the honzontal
cidges o avoid introducing honzontal padding (e.g.. black
hands along the edges).

In the description above. the horizontal and vertical
distortions have been decoupled for the sake of clarity.
However, both distortions could be implemented in a single
step. Smilarly, in the descripnon above, the aspect mtio
conversion (4:3 w 16:9 in this example) has been decoupled
from warp distortion, but these ¢ould also be combined into
a single step.

Example equations are provided below for implementing
an example warping function applied in step 206 of FIG. 2.
Those of ordinary skill in the ant will understand that
variations of these equations may also be used, and other
implementations may apply that resull in functions having
substantially similar charactenstics,

Asx explained above, the horizontal warp distortion in one
embodiment is a function of the horzontal position only. kt
san therefore be represented in terms of a hornizontal coor-
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dinate b in an equation such as the example equation below.
or an equation substantially similor to the equation helow:

HIOTE* 40,5340 - 1. 78135+ 1.31 674 -
1073k

ARd-0,

7220 =

The vertical warp distonion, in one embodiment, 15 a
function of both the horizontal and vertical positions. There-
fore, the vertical warp distortion can be represented as a
family of equations AV/V,. where “n™ is the horizontal
coordinate expressed as a percent of the total horizontal
image size. Intermediate horizontal coordinates can be inter-
polated from the example equations given below, or equa-
tions substantally similar to these:
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e warp distortion described above may be used with
aameras producing either rectilinear images (without distor-
tion) or images aflected by optical lens distontion character-
ized by the following equation:

(FON = 2150 TH =068 321" IHY 2

where FOV s the field of view and IH is image height. As
will be apparent to those of ordinary skill in the art, the
equations above may vary when used with lenses having
different distortion characteristics.

As deseribed above, the above equations can be combined
with a sealing Tunction to generate o transformation that
performs both scaling and warping.

In altemative embodiments. different equations may be
used to achieve similar distortion characteristics. As men-
tioned above, the symmetrie nature of the distortion and the
fact that it can be expressed as a percent of image coordi-
nates allows swapping horizontal and vertical distortions.
Thus, in an alternative cmbodiment, the equations above for
the horizontal axis can instead by applied in the vertical
direction and vice versa.

Furthermore, in other alternative embodiments. the equa-
tions may change dyvnamically in different frames ofa video,
For example, warping may be applied in o manner that
reduces distortion applied to o particular object in motion

(e 1]
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across different frumes ol a video since the viewer is likely
10 focus attention on the object in motion.

Although the example embodiments described herein
relate 1o conversion between a 4:3 aspect ratio and a 16:9
aspect ratice. other aspect ratios may be used for the tanget
andl source aspect ratios, For example. in allemative embodi-
ments the source aspect mtio can comprise a 4:3 aspect ratio,
a 16:9 aspect ratio, a 1.85:1 aspect ratio, a 2.39:1 aspect
ralio, a 3:2 aspect ratio, a 5:3 aspect mtio, a 5:4 aspect ralio,
a L1 agpect mtio or any othér aspect ratio. Sumilarly,
aliemative embodiments. the targel aspect ratio can com-
prise a 4:3 aspect ratio, a 16:9 aspeet mitio. a 1.83:1 aspect
ratio, a 2.39:1 aspect mtio, a 3:2 aspect ratio, a 5:3 aspect
ratio, a 5:4 aspect ratio. @ 1:1 aspect mtio or any other aspecl
ratia,

ADDITIONAL CONFIGURATION
CONSIDERATIONS

Throughout this specification, some embodiments have
used the express “coupled™ along with its derivatives.
The term “coupled™ as used herein 15 nol necessarily limited
10 two or mone elements being in direet physical or electrical
contact. Rather, the term “coupled”™ may also encompass two
or more elements are not in direct contact with each other,
but vet still co-operate or interact with each other, or are
structured to provide a thermal conduction path between the
clements.

Likewise, as used herein. the terms “comprises.” “com-
prising.” “includes,” “including,” “has,” “having™ or any
other varation thereof, are intended to cover a non-exclusive
nclusion. For example, a process, method, article, or appa-
ratus that comprnses a hst ol elements is nol pecessanly
limited 1o only those elements but may include other ele-
ments not expressly listed or inherent 1o such process,
method. article. or appamtus,

Es
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In addition, vse of the "a™ or “an” are employed W
describe clements and componemts of the cmbodiments
herein. This is done merely for convenience and to give a
general sense of the invention. This deseription should be
read to include one or ot least one and the singular also
includes the plural unless it is obvieus that it is meant
otherwise.

Finally, as used herein any reference o “one embodi-
ment” or “an embodiment”™ means that a particular element,
feature. structure, or characteristic described in connection
with the embodiment is included in ot least one embodiment.
I'he appearinces of the plrase “in one embodiment™ in
various places in the specification are not necessarily all
referring 1o the same embodiment.

Upon reading this disclosure. those of skill in the an will
appreciate stll additonal allemative structural and func-
tonal designs lor & camers expansion module as disclosed
from the principles herein. Thus. while particular embodi-
ments and applications have been illustrated and described.,
it is 1o be understood that the disclosed embodiments are not
limited to the precise construction and components disclosed
herein. Various modifications, changes and variations, which
will be apparent to those skilled in the art, may be made in
the armngement, operation and details of the method and
apparatus disclosed herein without departing from the spirit
ad scope defined in the appended claims.

s

The invention claimed is:

1. An image copiure apparatus, comprising:

an image sensor configured (o capture an inpul image
having a source aspect mitio, the input image including
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pixels located at nput positions defined along a first
axis and a second axis. the first axis perpendicular to
the second axis:
a display coupled to one or more physical processors: and
the one or more physical processors configured by
machine-readable insiructions to:
obtain the input image;
determine a portion within the input image, the portion
including @ subset of the pixels: and
apply a ransformation 1w the inpul image 1o generate an
outpul image. the output image having a target aspect
ratio different than the source aspeet ratio. the outpant
image including the pixels located ot outpul posi-
tions defined along the first axis and the second axis,
wherein:
the transformation pon-uniformby shifis the pixels
from the input positions o the outpul positions
hased on (1) the inpwt positions along the lirst axis,
and (2) the input positions along the second axis;
and
the transformation non-uniformly shifis the pixels
such that differences between the inpul positions
and the output positions ol the subset of the pixels
within the portion are less than dilferences
between the mput positions and the ontpul posi-
tions of others of the pixels: and
present the ontpul image on the display.
2. A system thal converts bebween aspect ratios, the
SVSIem comprising:
ome or more phyvsical processors conligured by machine-
readable instructions to:
obtain an inpul image, the inpul image having a source
aspect ratio, the input image including pixels located
at input positions defined along a first axis and o
second axis, the first axis perpendicular 1o the second
axis;

N

determine a portion within the input image, the portion
inchiding a subser of the pixels: and
apply a transformation to the input image 1o generate an
output image. the owtput image having a target aspect
ratio different than the source aspect ratio, the output
image including the pixels located o output posi-
tions defined along the first axis and the second axis.
wherein:
the transformation pon-uniformly shifis the pixels
from the inputl positions 1o the cutpul positions
based on (1) the input positions along the first axis,
and (2) the input positions along the second axis:
and
the transformation non-uniformly shifis the pixels
such that differences between the input positions
and the output positions of the subset of the pixels
within the portion are less than  differences
between the input positions and the output posi-
tions of others of the pixels.
31 The system of claim 2, wherein the transformation
includes:
a scaling function to uniformly streich or compress the
input image along the first axis; and
a warpimg [unction to non-umiformly warp the inpul image
along the second axis.
4. The system ol claam 3. wherein the scaling function and
the warping lunction preserves the inputl positions of the

suhset of the pixels as the output positions of the subset of

the pixels-
5. The system of claim 3, wherein the scaling function
changes the source aspect mtio 1o the target aspect ratio.
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6. The system of claim 2. wherein the one or more
physical processors are included within a camera

7. The system of claim 6, wherein the outpul image is
presented on a display of the camena.

8. The system of claim 2, wherein the portion corresponds
1o g center porion of the inpul image.

9. The system of claim 2, wherein the portion corresponds
1o i non-center portion of the input image.

10. The system of claim 2, wherein the transfommation
non-uniformly shifis the pixels from the input positions to
the outpul positions Turther based on distances between the
inpul positions and the portion.

11. The system of claim 2, wherein the one or more
physical processors are forther configured by machine-
readable instructions 1o determine the portion based on a
location of an object within the input image such that the
portion includes the object.

12. The system of clmim 2, wherein the input image
includes a video frame of a video.

13. A method for converting between aspect ratios, the
method performed by a computing system including one or
more physical processors. the method comprising:

obtaining, by the computing system. an inpul image, the

npul image having a source aspect ratio, the input
image including pixels located @t inpul positions
defined along 2 first axis and a second axis, the first axis
perpendicular 1o the second axis:

determining a portion within the inpul image, the portion

mcluding a subset of the pixels: and

applving. by the computing system. a transformation 1o

the input image (o generate an output image. the output
image having a target aspect ratio different than the
source aspect ratio, the output image including the
pixels located at output positions delined along the lirst
axis and the second axis, wherein:
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the transtormation non-uniformly shifis the pixels from
the inpul positions 1o the oulpul positions based on
(1) the input positions along the first axis, and (2) the
input positions along the second axis: and

the trmnslormation non-uniformly shilts the pixels such
that differences between the input positions and the
output positions of the subset of the pixels within the
portion are less than differences between the inpui
positions and the output positions of others of the
pixels.

14. The method of claim 13, wherein the transformation
includes:

a scaling hunction to uniformly stretch or compress the

input image along the first axis; and

awarping function to non-uniformly warp the input image

along the second axis.

15, The methed of elaim 14, wherein the sealing funetion
and the warping function preserves the input positions of the
subset of the pixels as the oulput positions of the subset of
the pixels.

16. The method of claim 13, wherein the portion corre-
sponds 1o a center portion of the input image.

17. The method of claim 13, wherein the portion corne-
sponds o a non-center portion of the input image,

18. The method of claim 13. wherein the transformation
non-uniformly shifis the pixels from the input positions to
the output positions lurther based on distances between the
input positions and the portion.

19. The method of claim 13, further comprising deter-
mining the portion based on a location of an object within
the input image such that the portion includes the object,
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20. The method of elaim 13, wherein the inpul image
includes a video frame of a video.
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1
PANORAMIC DISPLAY FOR A WIRELESS
DEVICE

BACKGROUND

A wareless deviee such as o handheld computer andior
mobile ielephone may incorporate features such as a color
display screen. a digital camera, Web access, and multimedia
cupability. The display screen for a wireless device may be
implemented, for example. by a liquid crystal display (LCT)
containing a matrix of pixels and employing a back light 1w
project light through the matrix.

The resolution or aspect matio of & display sereen generally
refers to the number of pixels that can be displayed. typically
expressed as a produet of the number of columns and the
numberor rows. In many cases, a wireless device may include
a square display screen having an aspect ratio of 1:1 with a
resolution of 3206320 or 480x480, for example. Most media
sources, however, have a non-square aspect ratio such as 4:3,
3:2, 16:%. or even 2:1. For example, the aspect ratio for stan-
dard welevision as well as lor many web sites and multimedia
products is 4:3, High-definition television (HIYTV ) and many
digital video cameras use an aspect mtio of 16:9. Digital
video dise (DVD) players may be designed 1o use an aspect
ratio of either 4:3 or 16:9.

Comventional best fit algorithms such as those defined by
the Synchronized Multimedia Tmegration Language (SMIL)
speeification may be suitable for fitting content o non-square
displays. but produce a black bar on square displays. Conse-
quently. there may be a need for improved display systems
and techniques for a wircless deviee.

BRIEEF DESCRIPTION OF THE DRAWINGS

Wi

FIG. 1 illustrates one embodiment of a wireless device.

FIG. 2 illustrmtes one embodiment of a panoramic display.

FIG. 3 illustrates one embodiment of compression factors.

FIGS. 4A-C illustrate one embodiment of compression
lactors.

FlG. § illustirates one embodiment of o computing svsten.

DETAILED DESCRIPTION

Varous embodiments |

v be directed 1o svstems and tech-

nigues that may potentially improve the performance of a 4

wireless device to display content from a media source. Inone
embodiment. for example. a wireless device may include a
display eomprising a plurality of display regions. The plural-
ity of display regions may extend horzontally between the
edges of the display, and each of the display regions may be
defined by o number of pixels in a horsontal direction. The
display regions may comprise a central display region and
multiple lateral display regions arranged to provide a pan-
oramic display.

In various implementations, image compression andor 5

scaling may be applied 10 media content having an aspect
ratio-and/or resolution that is differem from the aspect rtio
anc/or resolution of the display. Image compression may be
applied, for example, 1o media content having an aspect ratio
of 3:2 with a resolution of 480320 that is 1o be displayed by
a display having an aspect mtio of 1] with a resolution of
320:320. The image compression may be applied progres-
sively 10 the media content that is 10 be displaved in one or
more of the lateral display regions based on the proximity of
the lateral display region to the edge of the display. For
example, more image compression may be applied to the
media content which is to be displayved at or near the edges of
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the display than 1o the media content which is to be displaved
at or near the central region. In such implementations, a
wireless device having o square or substantially square dis-
play may be armnged to emulate & non-square display and to
better match the aspect ratio o typical video content without
cropping. Accordingly, a user may realize enhanced producis
andd services,

FICE. 1 illustrates one embodiment of a wireless device 100,
As shown, the wireless device 100 may be implemented as a
combination handheld computer and mobile telephone or
smariphone. Examples of smanphones include, for example,
falm® products such as Palm® Treo™ smartphones.
Although some embodiments may be described wath the

wireless device 100 implemented as o smartphone by way of

example, it may beappreciated that the embodiments are not
limited m this context. For example. the wireless device 100
may comprise, or be implemented as, o hancheld computer,
mohile telephone, personal digital assistant (PDA), combina-
tion mobile telephone/PDA, daw ransmission device, one-
wary pager. two-way pager. and so forth,

The wireless device 100 may comprise a housing 102, The
housing 102 may include one or more materials such as
plastic, metal, ceramic, glass, wmd so forth, suitable for
enclosing and protecting the internal components ol the wire-
less device 100, The wireless device 100 may comprise vari-
ous internal components such as. for example. a processor, o
memory, one or more transceivers, one or more printed cincuit
board (PCHs), and so forth,

The wireless device 100 may comprise various input/out-
put (1/O) devices such as a kevboard. keys, buttons, switches,
a microphone, an audio headset. a camera. a touch-sensitive
display sereen, a styvlus, and so forth. As shown in F1G. 1, for
example, the wireless device 100 may comprise an alphanu-
meric kevboard 104 having a QWERTY key lavout and an

L1l

L1]
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integrated number dial p;u_l. The wireless device 100 may
comprise various buttons such as, for example, a volume
button 106, a customizable button 108, a lefl action button
110, a aght action button 112, o phone'send button 114, o
power/end button 116, a start button 118, an OK button 1240,
and 2 pavigation button 122, The wireless device 100 may
comprise an audio port 124 (o connect an mxdio headset, a
microphone 126. a ringer onv/oll switch 128 having a vibrate
mode, and an expansion slot 130 10 support & multimedia
and/or memory card, for example.

The wincless device 100 may comprise a serial connection
port 132, an infrared port 134, and/or integrated Bluctooth®
wireless capability 1o enable wired (e.g.. USB cable) andior
wireless connection to a local computer system. such as a
local personal computer (PC). In varous implementations,
the wireless device 100 may be arrunged to transter andfor
synchronize information with the local compuiter system. The
wireless device 100 also may comprise a rechangeable bat-
tery. such as a removable and rechangeable lithium ion bat-
tery, and un AC adapter.

The wireless device 100 may comprise an anlenna syslem
mgeluding one or more antennas, such as an external antenna
136 implemented by a stub antenna, a whip antenna, an
extendable antenna, and so forth. In varous embodiments,
the antenna svstem may Comprise one or mone intemal anten-
nis such as a planar inverted-F amenna. o planar invierted-1
antenna, an inverted-F antenna with a helical structure, an
inverted-L. antenna with a helical structure. a monopole
antenna, a meandered monopole antenna, a dipole antenni, a
balanced antenna, a printed helical antenna, a chip antenna, a
ceramic antenna. and so forh.

L various embodiments, the atenns system may be tuned
for operating ol one or more requency bands such as the
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824-894 Megahens (MHz) frequency band for GSM opera-
tions, the 1850-1990 MHz frequency band for Personal Com-
muncations Services (PCS) operations, the 1575 Mz fre-
quency band for Global Posmtioning System  (GPS)
operations, the 824-860 MHz frequency band for NAMPS
operations, the 1710-2170 MHz frequency band for Wide-
band  CDMA/Universal  Mobile  Telephone  System
(WCDMA/LUMTS), 1SM band in 2.4 G range for Wiki and
Bluetooth, and other frequency bands. In various implemens-
tations, the antenna system may be used o implement spatial
diversity  techniques such as BEvolution Data Optimized
(EVIXO) diversity at both 800 Mz (cellular) and 1900 M1
(PCS) hands.

The wircless device 100 may comprise a display 138 The

display 138 may be implemented by a L.OD or other type of

suitable visual interface. The display 138 may comprise. for
example, a toneh-sensitive color (e.g., 16-bit color) display
screen. In various implementations, the display 138 may
comprise a thin-film transistor (TFT) LCD ineluding embed-
ded transistors. In such implementations. the display 138 may
comprise @ transistor for each pixel o implement an active
matrix. While the embodiments are not limited in this context,
an active mairix requires Tower current to trigger pisel illu-
mination and is more responsive to chunge than a passive
MErix.

The display 138 may be arranged to display media source
content received by the wireless deviee 1000 In various
embodiments, the display 138 may be arranged 1o display the
media source content in one or more modes, such as in a
panoramic mode, a wide mode, and/or an optimized mode. In
such embodiments, the modes may be selected under user-
control.

L
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The media source contenl may comprise. for example.
image mformation, video wfonnation. sudio/visual (A/Y)
information, andlor graphics information from a media
source. In various embodiments, the media source content
may comprise data derived rom or pssociated with one or
more images, image files, image groups, pictures, digital
photographs, videns, video clips, video files, video
sequences, video feeds. video streams, movies. broadcast
programming, web pages, user interfaces, graphics. win-
dows, alerts, games, regions, objects, frumes, slices. macrohb-
locks. blocks, pixels. sub-pixels, signals, and so forth.

In various implementations, the media source content
received and o be displaved may comprise pixels derived
from or associated with one or more static or video images.
The pixels may comprise. for example, red-green-blue
(RGB) pixels and/or lummance-chrominance pixels (e.g..
YUV, YOCO) and may include real and/or integer values. The
embodiments are not limited in this context.

The media source gemerally may comprise any source
capable of delivenng media source content o the wireless
device 100, An example of o media source may include a
source for static or video image information, such as from a
computer toa display. The media source may include a server,
such as a web server armanged to deliver web content. Another
example of a media source may include a source lor AV
information such as television signals. The media source may
be amanged to deliver standard analog television content,
digital television content, HDYTY content, and so forth, The
miedia source may provide broadeast or streaming analog or
digital video content. The media source may include o device
arranged 1o deliver pre-recorded media content stored in vari-
ous formats, such as a DV device, a Video Home System
(VHS) device, a digital VHS device, a digital eamer, video
camera, o portable media player, a gaming device, :
forth.

5%
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In various embodiments. the wireless device 100 may be
arranged to receive media source content through one or more
wireless wide area network (WWAN) data communication
services, Examples of cellular dota communication systems
ollering WWAN data communication services may include a
GSM with General Packet Radio Service (GPRS) systems
(GSM/GPRS), CDMAJXRTT svstems, Enhanced Data
Rates for Global Evelution (EDGE) systems. Evolution Data
Only or EVDO systems, Evolution for Data and Voice (EV-
V) systems. High Speed Downlink Packet Access (HSDIPA)
systems, and so forth, The embodiments are not linted in this
context.

In various embodiments, the media source content may
comprise an aspect ratio andfor a reselution that differs from
the aspeet ratio and/or the resolution ol the display 138, Inone
embodiment, for exomple, the media source contenl may
have an aspect ratio of 3:2 with a resolution of 480320, and
the display may have an aspect ratio of 1:1 with a resolution
of 320x320, In another embodinent, for example, the media
source content may have an aspect ratio of 2:1 with @ resolu-
tion of 6405320, and the display may have an aspect mtio of
3:2 with a resolution of 480=320, The embodiments are pol
limited in this contexi.

As shown, the display 138 may compnse o plurality of
display regions, such as regions 140-1-n, where n represents
apositive integer value: Invartous embodiments, the plurality
ol display regions 140-1-p may be arranged 1o implement a
panoramic display for a wireless device 100 having a square
or substantially square display 138, such as a display having
an aspect ratio of 121 with a resolution of 320:320, 480480,
angl so forth, The embodiments. however, are nol limited in
this context. For example. i some embodiments, the display
138 may have an aspect ratio of 3:2 with a resolution of
AB(320 or other aspect ratio mdfor resolution.

g
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In varions embodiments, the media source content may
have a different aspect ratio and’or a resolution than the
display 138, In such embodiments, image compression and/
or scaling may be applied o the media source content that 15
to be displayed in one or mone of the display regions 140-1-x.
I'he imiage compression andfor scaling may comprise visual
scaling with a factor smaller than one in order 1o reduce size.
In various implementations. the image compression and/or
scaling may be applied progressively 1o the media source
content based on the proximity of a display region (o the edge
of the display 138. For example, more image compression
and/or scaling may be applied to the media source content that
15 1o be displayed closer o edges of the display 138, than o
the media source content that is 1o be displayed closer 1o the
center of the display 138,

In various embodiments, the image compression and/or
scaling may be applied 10 the media zource content using
various physical or logical elements implemented as hard-
ware, sollware, or any combination thereof, as desired for a
aiven set of design parameters or performance constraints: In
some embodiments. [or example. the wireless device 100
may comprise display control hardware implemented by one
or more processors, controllers, enceder devices, decoder
devices, coder'decoder (CODEC) devices, scaling devices,
lilters, converters. circuits. chips, logic devices. logic gates,
switches, registers. semiconductor devices, transistors. or
combination thereof.

In some embodiments. for example, the wireless device
100 may comprise display control soliware implemented by
one or more applications, drivers, programs, modules, sub-
routines, instruction sels, instructions, computing codes, or
combination thereof, The display control software may be
implemented according to o predefined computer language
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lor instructing a processor o perform a certain function
Examples of o computer language may include C. C++. Java,
BASIC, Perl, Matlab, Pascal, Visual BASIC, assembly lan-
guage, machine code. micro-code. and so forth.

In various implementations. the wireless deviee 100 may
be arranged 1o process a line of source pixels 1o generate a
compressed and/or scaled line of display pixels, The wireless
device 100 may comprise. for example, various physical or
logical clemvents arranged 1o process media source pixels and
1w generate display pixels by performing processing opera-
tions such as adding, subtracting, multiplvipg. dividing. sam-
pling. compressing. convening, filtering, scaling, imerpolat-
ing, and so forth.

In various embodiments, the wireless device 100 may be
arranged 10 perform image compression and/or scaling using
one or more sample-rate converters implemented by hard-
ware and/or soflware, In some embodiments, forexample, the
wireless device 100 may comprise sample-rate converters
implemented i hardware by programmable polyphase filters
arranged to sample a line of source pixels and to generate a
compressed andior scaled line of display pixels based on a
compression factor. When unplemented in hardware, the
polyphase lilters typically may comprise 3 10 7 taps per liller.
In some embodiments, for example, the wireless device 100
may comprise sample-rate conversion sollware 10 perform
sample-rte conversion, such as polyphase filierng, In some
implementations, the polyphase filiering may be optimized
for multimedia extensions (MMX). The embodiments are not
limited in this contexl

Invarious implementations. the plurality of display regions
140-p may extend horzontally between the edges of the
display 138, and each one ol the display regions 140-1-n may
comprise or be defined by a pumber of pixels in a horzontal

direction. Although not limited in this context, the number of

display regions 140-1-p may comprise an odd number greater
than or equal 1o five (e, n=5, 7.9, ... %

In ome embodiment, for example. the plurlity of display
regions 140-1-p may comprise five display regions (eg..
n=5). In this embodiment. the plurality of display regions
140-1-5 may comprise a central display region 140-3, kteral
display regions 140-1 and 140-2 10 the left of the central
display region 140-3, and lateral display regions 140-4 and

140-5 10 the right ol the central display region 140-3, Each of

the plurality of display regions 140-1-5 may comprise or be
defined by a number of pixels ina horzontal dircetion, The
total number of pixels defining the display regions 140-1-5
may correspond (o the horizontal resolution of the display
138

Table I illustrates an implementation for one embodiment
of a display 138 comprising display regions 140-1-5.

Region
1 - 5 4 s Total
Pixgls'Region 1 i 2 L] 1 N
Comprezzion Rahio =t 2:1 none F | 41
Soirce Pixels 1 1) b i ] ([ET] T ARl

In this implementation. the display 138 may have an aspeet
rati of 1:1 with a resolution of 320:320, and the media
source content to be displaved may have an aspect ratio of 3:2
with a resolution of 480x32(. The display regions 140-1-5
may be defined by the 320 horizontal pixels of the display
138, Because the media source content has a different aspect
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ratio and/or resolution than the display 138, image compres-
sion and/or scaling may be applied to the medin source that is
ter be displayed in one or more of the display regions 140-1-5.
In this embodiment. for example, image compression andfor
scaling may be applied 10 the media source content that is to
be displaved in the loteral display regions 140-1 and 140-2
and the lateral display regions 140-4 and 140-5. The image
compression and/or scoling may be applied progressively.
Forexample, more image compression and/or scaling may be
applied to the media source content for the lateral display
regions 140-1 and 140-5. which are closer 1o edges of the
display 138, than to the media source content for the lateral
regions 140-2 and 140-4

In some embodimems. the lmeral display regions 140-1
and 140-2 to the leli of the central region 140-3 may be
synunetric with the lieral display regions 140-5and 140-4 10
the right of the central display region 140-3, For example. the
number of pixels and/or image compression ratio for euch the
lateral display regions 140-1 and 140-2 o the lefl of the
central region 140-3 may be svmmetrie with the number of
pixels and/or image compression ratio for each of the lateral
display regions 140-5 and 140-4 10 the right of the central
display region 140-3. In such embodiments. image compres-
sion amlor scaling may be applicd symmetrically for the
lateral display regions 140-1 and 140-5 and lor the lateral
display regions 140-2 and 140-4.

As shown in Table 1, for example, the central display
region 140-3 may comprise 200 pixels and require the media
source content o undergo no image compression (¢.g., 200
source pixels w 200 display pixels). The lateral display
regions 140-1 and 140-5 cach may comprise 10 pixels and
subject media source content 10 a 4:1 image compression
ratio (e.g.. 40 source pixels 1o 10 display pixels). The lateral
display regions 140-2 and 140-4 cach may compnise 50 pixels
and subject media source content 1o a 2:1 image compression
mto (e.g. 100 source pixels to 50 display pixels),

The embodiment illustrated by Table 1 may comprise, for
example, sample-rale converter circuitry implemented by
two symmetrically arranged programmable hardware-based
sample-rate converters. One of the hardware-based sample-
rate converters may be arrmnged 1o generate display pixels for
lateral display regions 140-1 and 140-5 based on o 4:1 com-
pression ratio, The other hardware-based sample-raie con-
verler may be armnged 1o generate display pixels for lateral
display regions 140-2 and 140-4 based on a 2:1 compression
ritio. The embodiments, however. are not limited in this con-
text. For example, the embodiment illustrated by Table 1 may
comprise software o perform sample-rate conversion.

FIG. 2 illustrites one embodiment of a panormic display
200. In various embodiments, the panoramic display 200 may
comprise, or be implemented by, the wireless device 100 of
FIG. 1. The embodiments, however, are not limited in this
context.

As shown, the panoramic display 200 may comprise o
plurality of display regions 202-1-9 mcluding a central dis-
pluy region 202-1-5, lateral display regions 202-1-4 10 the left
of the central display region 202-5. and lateral display regions
202-6-9 1o the right of the central display region 202-5. Lach
of the plurality of display regions 202-1-9 may comprise or be
defined by a number of pixels in a horzontal direction. In
various implementations, the total number of pixels defining
the display regions 202-1-9 may correspond to the horizontal
resolution of the panoramic display 200. For example. the
display regions 202-1-9 may be defined by the 320 horzontal
pixels of o panoramic display 200 having anaspect ratioofl 11
with a resolution of 320:320.
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FIG. 3 illustrates one embodiment of compression [xetors
for o plurality of display regions, In various embodiments, the
compression factors may be implemented by the display
regions 202-1-9 ol the panoramic display 200 ol FIG. 2. The
embodiments are not limited in this context.

As shown, the image compression and/or scaling may be
applied progressively, and the image compression ratios for
each of the loteral display regions 202-1-4 w the left of the
central region 202-5 may be symmetric with the image com-
pression rations for cach of the lateral display regions 202-9-6
to the right ol'the central display region 202-5. In this embodi-
menl. the image compression andf/or scaling may be applied
by four symmetncally amanged programmable hardware-
based sample-rate converters. The first hardware-based
sample-rale converler may be arranged 1o gencrate display
pixels for lateral display regions 202-1 and 202-9 based on a
7:1 compression ratio. The second hardware-based ssunple-
rate converter may be armnged to generate display pixels for
lateral display regions 202-2 and 202-8 based on a 4:1 com-
pression ratie, The third hardware-based sample-rate con-
verter may be arranged 10 generate display pixels for lateral
display regions 202-3 and 202-7 based on a 2:1 ¢ompression
ratic, The fourth hardware-based sample-rate converter may
be arranged 1o generate display pixels for display regions
204-1 and 206-9 based on a 3:2 \:um!‘\l'u:isinn ratio. The
embodiments. however, ore not limited in this context. For
example, the embadiments may comprise soflware o per-
form sample-rate conversion.

In various embodiments, the panoramic display 200 may
be implamented as éither low compression or lagh compres-
s10n based on the number of pixels and/or image compression
ratio vsed for the plurality of display regions 202-1-9,

Table 2 illustrates a low compression implementation {or a
panoramic display 200 comprising display regions 202-1-9,

¥
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[ABLE 2

PixelsRegion 4 8 6 32 200 33 I £ 4 30
Cotpression Ratio Tl el il 32 pone 32 i1 & Tl
Source Pixels 2 1 2 4% M0 48 32 X2 R 4R0D

In this low compression implémentation, the panoramic
display 200 may have an aspect mto of 11 witha resolution
O 320320, ancl the media source content may have an aspect
ratio of 3:2 with a resolution of 480:<320. The lateral display
regions 202-1 and 2029 cach may comprise 4 pixels and
subject the media source content 1o a 7:1 image compression
ratio (e.g., 28 source pixels to 4 display pixels). The lateral
display regions 202-2 and 202-8 cach may comprise % pixels
and subject the media source content o a4 1 image compres-
sion mtio (eg., 32 source pixels o 8 display pixels). The
lateral display regions 202-3 and 202-T cach may comprise 16
pixels and subject the media source content 1o o 2:1 image
compressionratio (e.g.. 32 source pixels to 16 display pixels).
The laternl display regions 202-4 and 202-6 cach may com-
prise 32 pixels and subject the media source conlent to a 3;:2
image compression ralio (.2, 43 source pixels to 32 display
pixels ). The central display region 202-5 may comprise 200
pixels and require the media source content to undergo no
image compression (e.g.. 200 media source pixels 1w 200
display pixels),

Table 3 illustirates a high compression implementation for
a panoramic display 200 comprising display regions 202-1-9.

£
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TABLE3
Rogion
i I B 5 6 T & C] Total
Pixcts Region 2 4 B 16 260 16 ¥ 4 2 12
Ciarparissiii 14:0 8:0 &1 X1 mope 3 40 Bl 140
Ratia
Source Pixcls N 32 32 48 260 48 32 32 38 AR0

In this high compression implementation. the panoramic
display 200 may have an aspeet ratio of 1:1 with a resolution
0320320, and the media source content may have an aspect
ratio of 3:2 with o resolution of 480320, The kteral display
regions 202-1 and 202-9 each may comprise 2 pixels and
subject the media source content 1o 14: 1 image compression
ratio (e.g. 28 source pixels to 2 display pixels), The lateral
display regons 202-2 and 202-8 each may compnse 4 pivels
and subject the median source content 1o an 8:1 image com-
pression ratio (¢.g., 32 source pixels to 4 display pixels). The
lateral display regions 202-3 and 202-7 cach may comprise 8
pixels and subjeet the media source content o a 4:1 image
conmpression ratio (e.g., 32 source pixels wo 8 display pixels).
The lateral display regions 202-4 and 202-6 each may com-
prise 16 pixels and subject the media source content to o 3:1
image compression ratio (e.2.. 48 source pixels to 16 display
pixels). The central display region 202-5 may comprise 260
pixels and require the media source content o undergo no
image compression (g, 260 medin source pixels o 260
display pixels).

({11
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In various embodiments. the central display region 202-5
may comprise an expanded linear arca. For example. in the
high compression implementation illustrated by Table 3, cach
of the left lateral display regions 202-1-4 and the right lateral
display regions 202-6-9 may be arranged 1o display 30 pixels
(e 24448+ 16) by compressing and/or scaling 140 hori zon-
tal source pixels (e.g., 28+432432448). As shown in Table 3,
the high compression may allow the central display region
202-5 ol a display with a resolution of 320320 10 be
expanded laterally in one or both directions to display 260
media source pixels which are not subjected 10 image com-
pression and/or scaling, In some implementations, the central
display region 202-5 may be reduced 1o creme an expanded
non-linear arca. In general, however, it mav be desirable 1o
conligure the central display region 202-5 10 be as large as
possible.

In the embodiments illustrated by Table 3, the lateral dis-
play regions 202-1-4 1o the lefi of the central region 202-5
may be symmetric with the lateral display regions 202-9-6 10
the nght of the ceniral display region 202-5. In such embodi-
menls, image compression and/or scaling may be applied by
four symmetrically arranged hardware-based sample-rate
converiers. The first hardware-based sample-rate converter
may be arranged 1o generste display pixels for lateral display
regions 202-1 and 202-9 based on a 14:1 compression ratio.
The second hardware-based sample-rate converter may be
arranged to generate display pixels for lateral display regions
202-2 mnd 202-8 based onan 8: 1 compression ratio. The third
hardware-based sample-rate converter may be arranged 10
generate display pixels for lateral display regions 202-3 and
202-7 based on 4 4: | compression ratio. The fourth hardware-
hased sample-rate converier may be amanged 1o generate
display pixels for display regions 204-1 and 206-9 based on a
3:1 compression rtio. The embodiments, however. are nol
limited in this context. For example. the embodiments may
comprise sofiware to perform sample-rote conversion,
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In various embodiments, image compression and/or scal-
ing may be applied to the lefi lateral display regions 202-1-5
and the right lateral display regions 202-9-6 asymmetrically.
In some embodiments, for example. the center of linearity
andf/or center of compression for the panoramic display 200
may be shafted 1o the left andfor to the nght under user-control
(e.g., navigation button 122) to provide o shifted ormagnilied
elfect. In one embodiment, for example, the panoramic dis-
play 200 may be shified o the left such that the left kateral
display regions 202-1-4 include fewer display pixels and
subject the media source content 1o higher compression and
or scaling than the right loteral display regions 202-6-9. Sinu-
larly, the panormmic display 200 may be shifted 10 the right
such thot the nght lateral disploy regions 202-6-9 mnclude
fewer display pixels and subject the media source content 1o
higher compression and/or scaling and than the left laternl
display regions 202-1-4,

Tahble 4 illustrates a left shilted implementation for a pan-
oramic display 200 comprising display regions 202-1-9,

TABLE 4
Rewion
| a 3 a g & 7T % [¥] Total
Pixele'Remon a 4 K 16 230 352 1& 4 4 i
Campression 14:1 81 &1 31 pone 32 250 &1 T
Ratio
Source Pixels .t 33 32 4R X0 4K 32 32 % ARA)
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In this left shitted implementation. the panoramic display
200 may have an aspect ratio of 111 with a resolution of
320n320, and the media souree content may have an aspect
ratioy 0 3:2 with a resolution of 480x320. The lateral display
region 202-1 may comprise 2 pixels and subject the media
source content 10 a 14:1 image compression ratio (e.g.. 28
source pixels o 2 display pixels). The lateral display region
202-2 may comprise 4 pixels and subject the media source
coptent 1o an 8:1 image compression ratio (e.g. 32 source
pixels 1o 4 display pixels). The lateral display region 202-3
may comprise § pixels and subject the media source content
w41 image compression ratio (e.g., 32 source pixels o 8
display pixels). The lateral display region 202-4 may com-
prise 16 pixels and subject the media source content 1o a 3:1

image compression ratio {e.g., 48 source pixels to 16 display

pixels).

The lateral display region 202-6 may comprise 32 pixels
and subject the media source content 1o a 3:2 image compres-
sion ratio {e.g.. 48 source pixels 1o 32 display pixels). The
lateral display region 202-7 may comprise 16 pixels and
subject the media source content 1o a 2] image compression
ratio (¢.g.. 32 source pixels o 16 display pixels). The lateral
display region 202-8 may comprise ¥ pixels and subject the
medlia source content 10 3 4: 1 image compression miio (e.g..
32 source pixels to 16 display pixels). The lateral display
region 202-9 may compnse 4 pixels and subject the media
source conlent o a 7:1 image compression ratio (eg.. 28
sonrce pixels o 4 display pixels).

As shown in Table 4. the cemral display region 202-5 may
comprise 230 pixels which undergo no image compression
(e 230 media source pixels 1w 230 display pixels). In this
lefi shified implementation, the left lateral display regions
202-1-4 may be armanged 1o display 30 pixels (c.g., 2+4+8+
16) by compressing and/or scaling 140 horizontal source
pixels (eg.. 28+32432448). The right lateral display regions
202-6-9 may be arranged 1o display 60 pixels (e.g., 324164
844} by compressing and/or scaling 140 horizontal source

510
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pixels (e.g., 484324324 2R). In this case, the higher compres-
sion andlor scaling mav allow the central display region
202-5 of a display with & resolution ol 320x320 (o be
expanded laterally in the direction of the shift to display
additional media source pixels which are notl subjected 1
image compression and'er scaling.

The embodiment illustraied by Table 4 may comprise, lor
example, sample-mte converter circuitry implemented by
seven hardware-based sample-rite converters. One ol the
hardware-based sample-rate converters may be amanged to
generate display pixels (or both lateral display regions 202-3
and 202-8 based on a 4:1 compression ratio. The other six
hardware-based sample-rate converters may be arranged to
generate display pixels for corresponding lateral display
regions 202-1. 202-2, 202-4, 202-7, 202-7 and 202-9. The
embodiments, however. are not limited in this context. For
example, the embodiment illustrated by Table 4 may com-
prise software to perform sample-rate conversion,

[0 some embodiments, image compression and/or scaling
may be applied in a horizontal direction and/or in a vertical
direction. When applied in both the horizontal and vertical
direction, the image compression andfor scaling may allow
expansion of the kneral display regions 202-1-4 and 202-6-9
to create a magnified effect or o simulate a video graphics
array (VGA) having a resolution of 640480 with a display
having a resolution of 320x320.

FIGS, 4A-C illustrate one embodiment ol compression
factors for a plurality of display regions. In vanous embodi-
ments, the compression factors may be implemented by the
wireless device 100 of FIG. 1 or by the panoramic display 200
af FIG. 2. The embadiments are not limitéd in this context.

T
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As shown in FIG. 4A. the image compression and/or scal-
ing may be applicd progressively, and the image compression
rtios for left loteral display regions may be symmeetric with
the image compression ralions. for right lateral display
regions. As shown in FIG. 413, the image compression and/or
scaling may be shifted to the lefi such that left lateral display
regions and subject media source content to higher compres-
sion and'or scaling than right laeral display regions, As
shown in FICG. 4C°, the image compression and/or scaling may
be shilted to right such that right lsteral display regions sub-

ject media source content 1o higher compression and/or scal-

ing than left lateral display regions,

[nn this embodiment. a panorumie display may be imple-
mented by employing significantly more display regions
(eg. =30) and hardware-based sample-mte converters to
smooth the visval transitions from one display region 1o
another. [n some implementations, the panoramic display
may employ soltware 1o perform the sample-rate conversion
at the expense of more memory and processing power. When
performed by soflware, the sumple-raie conversion may be
unplemented in registers rmther than rundom access memory
(RAM) o minimize the number of accesses or taps and 10
reduce processing expense. The embodiments are not limited
in this context.

FIG. § illustrates one embodiment of a computing system
500. In various embodiments, the computing system 500 may
comprise or be implemented by the wireless deviee 100 of
FIG, 1 orany other type of wircless device. The embodiments
are not limited in thiscontext.

The computing system 500 generally may comprise vari-
ous physical or logical elements implemented as hardware,
soltware, or any combination thereol, as desired lor a given
sel of design parameters or performance constraints. In vari-
ous embodiments, the physical or logical elements may be
connected by one or more communications media, Commu-
nications media generlly may comprise any medium capable
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of carrving information signals. For example. communica-
tion media mav comprise wired communication media, wire-
less communication media, or a combination of both, as
desired for a given implementation.

As shown, the computing system 500 may comprise a
display 502. The display 502 may be implemented using any
tvpeof visual interface suchas an LOT. As shown, the display
502 may comprise a plurality of display regions arranged o
implement a panoramic display, as described above. In some
embodiments, the display S10 may have an aspect ratio of 1:1
with a resolution of 320320, 480=480, and so lorth. In other
embodiments, the display 502 may have anaspect ratio of 3:2
with a resolution ol 480320 or other aspect rmtio and/or
resolution. The embodiments are not limited in this context.

The computing system 300 may comprise a display con-
trodler 504, The display controller 504 may comprise. or be
implemented as hardware, sofiware, or any combination
thercol. In some embodiments, for example, the display con-
trofler S04 my comprise one or more processors, controllers,
encoder devices. decoder devices. CODEC devices: scaling
devices. lilters, conveners, circuits. chips, logic devices, logic
pates. switches, registers, semiconductor devices, transistors,
or combination thereoll In some embodiments, for example,
the display controller 504 may comprise software mple-
mented by one or more applications, drivers, programs, mod-
ules, subroutines, instruction sets, INSFUCHONS, computing
codes, or combination thereol.

The display controller S04 may be arrunged to performing
various processing operations such as adding. subtracting.
multiplving, dividing. sampling, compressing. converting.
liltering. scaling. interpolating, and so forh. In various
embodiments, the display controller 504 may comprise one or
more sample-rate converters implemented by hardware and/
ar software. In some embodiments, for example, the display

Jis

controller 504 may comprise sample-rate converters imple-
mented in hardware by programmable polvphase [ilters
arranged 1o sample a line of source pixels and 10 generate a
compressed and/or scaled line of display pixels based on a
compression fctor. In some embodiments, for example. the
display controller 504 may comprise sample-rate convérsion
software 1w perform  sample-rate  conversion. soch s
polyphase liltering (e.g.. MMX optimized polyphase filter-
ing). The embodiments are not limited in this context.

As shown, the computing system 500 may comprise a
frame buffer $06. In various embodiments, the frame bufler
506 may be aranged 1o store media source content. The
media source content may comprise pixels derved from or
associated with one or more static or video images. In various
implementations, the frame buffer 508 may comprise one or
more overlay planes and comprise pixels such as RGE pivels,
YUV pixels, andlor YOO pixels. The embodiments are not
limited in this contexi.

In various embodiments. the frame buffer 506 may be
arranged to store media source content having an aspect ratio
and/ora resolution that diflers from the aspect ratio and/or the
resolution of the display 502, In ope embodiment, for
example, the frame buffer 506 may bearranged to store media
source conlent having an aspect mtio of 3:2 with a resolution
of 480320 to be displayed by a display 502 having an aspect
ratio of 1:1 with a resolution of 320320, In another embodi-
ment, for example, the frame buller 506 may be armnged o
store media source content having an aspect rtio of 2:1 with
a resolution of 640x320 to be displayved by a display 502
having an aspect ratio of 3:2 with a resolution of 480,320
The embodiments are not imited in this context,

In vanous embodiments. the display controller 504 may be
arranged 1o apply image compression and/or scaling 1o the
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media source content stored in the frame bulfer 506. For
example, the display controller 504 mayv be arranged 1o
retrieve and process a line of source pixels from the display

huffer 506 1o generate a compressed andfor scaled line of

display pixels. In some embodiments. the display controller
504 may be arrmanged 1o apply image compression and/or
scaling n the horzontal direction and/or in the vertical direc-
ton.

In various implementations, the display controller 504 may
be armnged to apply image compression and/or scalmg pro-
gressively 1o the medio source content based on the proximity
of a display region w the edge of the display 502, For
example, the display controller 504 may apply more image
compression andfor scaling to the media source content that is
to be displaved closer 1o edge of the display 502, than 1o the
media source content that is 1o be displayed closer 1o the
center of the display 502,

In some implementations. the display contraller 504 may
be arranged to apply image compression and/or scaling sym-
metrically to left and right lateral display regions. In some
implementations, the display controller 504 may be arranged
to apply more image compression and/or scaling o either the
left or the right lateral display regions. [n other implementa-
tions, the display controller 504 may be armnged to expand
one or more display regions o create a magnilied eflect

As shown. the frame buffer 506 may be implemented by a
memory S08, In virious embaodiments, the memory S08 may
comprise any machine-readable or computer-readable media
capable ol storing data, including both volatile and non-vola-
tile memory. For example, memory may include read-only
memory (ROMY, random-sccess memory (RAM). dyvnamic
RAM (DRAM). Double-Data-Rate DRAM (DDR-RAM),
synchronous DRAM (SDRAM), static RAM (SRAM), pro-

grammable ROM (PROM), erusable progrommable ROM

o
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(FPROM), electrically erasable pmgr:‘num;uhlc ROM (EE-
PROM), fash memory (¢.g., NOR or NAND flash memory),
content addressable memory (CAM), polymer memory (e.g.,
ferroclectric polymer memory ). phase-change memory (e.g.
ovonic memory), ferroelecine memory, silicon-oxide-ni-
tride-oxide-silicon (SONOS) memory. disk memory (e.g.,
Noppy dizk. hard drive. optical disk. magnetic disk), or cand
(e.z.. magnetic card. eptical card). or any other type of media
suitable for storing information.

The computing system 500 may comprise a processor 510
such as a central processing unit (CPU). In various emboddi-
ments, the processor S10 mav be implemented as a general
purpase processor, a chip multiprocessor (CMP), a dedicated
processor, an embedded processor, a digital signal processor
(DSP). a network processor, a media processor, an input/
output (I/0) processor, a media access control (MAC) pro-
ces=or, o radio baseband processor. o co-processor, o micro-
progessor such as o complex instruction set computer (CI5C)
microprocessor, a reduced instruction set computing (RISC)
microprocessor. and/or a very long instruction word (VLIW)
microprocessor. or other processing device. The processor
510 also may be implemented by o controller, 4 microcon-
troller, an application specilic integrated circuit (ASIC). o
field programmable pate army (FPGA). a programmable
logic device (PLDY), and so forth. In some embodiments, the
display controller 504 may comprise software rinning on the
prowessor 510,

In various embodiments. the processor 510 may be
arranged 1o ron an operating system (O8) and various mobile
applications. Examples of an OS include, for example, o
Microso iR Windows OS, a Palm OS®, and any other pro-
prietary or open source 05, Examples of mobile applications
include. for example. a telephone application. o camera (e.2..
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digital eamer, video comera) apphication. o browser applica-
ton. a multimedia plaver application. a gaming application, a
messaging application (e.g., e-mail, short message, multime-
dia), a viewer application, and so forth

In varions embodiments, the processor 510 may be
arringed to receive mformation. such os media source con-
tent, through # communieations interface 512, The commu-
nications interface 512 may comprises any suitable hardware,
software, or combination of hardware and soltware that is
capable of coupling the computing system 512 1o one or more
networks and/or network devices. The commumeations inter-
lace 512 may be arrnged 1o operate with any suitable tech-
nigque Tor controlling information signals using a desired s
ol commumcalions protocals, services or operating proce-
dures, The communications interface 512 may include the
appropriote physical connectors o connect with a corre-
sponding commumications mediun

In various embodiments, the communications interface
512 may comprise one or more inlerfaces such as, lor
example, & wireless communications imerface, a wired com-
munications interface, a network interface, o transmit inter-
face, a receive interfoce, a media interface, asystem interface,
acomponent interface, o switching interface, a chip interface.
a controller, amd so forth. When implemented by a wireless
device or within wireless system. for example, the computing
system S00 may include o wireless interface comprising one
CHF ITIOTE DL NINS, ransmitiers, reeeivers, trnseevers, ampli-
fiers, filters, control logic. and so forth

In various implementations, the deseribed embodiments
may communicate over wireless shared media in socordance
with o number of wireless-protocols. Examples of wireless
protocels may melude various wireless local area network
(WILAN) protocols, including the Institute of Electrical and

Electronics Engineers (IEEE) 802.xx series of protocols,
such as TEEE 802.1 la/b/g/n, TEEE 802,16, IEEE £02.20, and
so forth. Other examples of wireless protocols may include
various wireless wide area network (WWAN) protocols, such
as GSM cellular radiotelephone system protocols with
GPRS, CDMA cellular rdiotelephone communication sys-
tems with IxRTT, EDGE systems, EV-DO0 systems, EV-DV

systems. HSDPA svstems, and s0 lorth. Further examples of

wireless protocols may include wireless personal area net-
wiork (PAN) protocols, such as an Infrared protogcol, a proto-

col from the Bluctooth Special Interest Giroup (SIG ) series of

protocols, including Bluetooth Specification versions v1.0,
vl.l, vl v20, v2.0 with Enhanced Data Rate (EDR), as
well as one or more Bluetooth Profiles, and so forth. Yert
another example of wireless protocols may include near-field
communication technigues and protocols. such as electro-
magnetic induction (EMI) techniques. An example of EMI
technigques may nclude passive or active radio-frequency
identification (RFID) protocols and deviees. Other suitable
protocols may inelude Ultrn Wide Band (UWB), Digital
Office (10O), Digital Home, Trousted Platferm Module (TPM),
LigBee, and so forth.

In various implementations, the deseribed embodiments
may comprise part of a cellular communication system.
Examples of cellular communication systems may mnclude
CIOMA cellular madiotelephone communication systems.
GSM cellular mdiotelephone systems, North American Digi-
tal Cellular (NADC) cellular radiotelephone systems, Time
Division Multiple Access (TDMA) cellular cadiotelephone
systems, Extended-TDMA (E-TDMA) cellular radiotele-
phone systems, Narrowband Advanced Mobile Phone Ser-
vice (NAMPS) cellular radiotelephone systems, thind genera-
tion (367} svstems such as WCDMA, CDMA-2000, UMTS
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cellular radiotelephone svstems comphiant with the Third-
Gieneration Partnership Project (3GPP ) and so forth.

Some embodiments may be implemented, for example,
using a mochine-readable medium or anticle which may store
an instruction or 4 set of instructions that, if executed by a
machue, may cause the machine to perform a method and/or
operations in accordance with the embodiments, Such a
machine may include, for example, any suitable processing
platform, computing platform, computing device, processing
device, computing sysiem. processing system, computer, pro-
cessor, or the like, and may be implemented using any suit-
able combination of hardware and/or software. The machine-
readable medivm or article may include, for example, any
suitable tvpe of memory unil, memory device, memory
article, memory medium, storage device, storage article, stor-
age medium andior storage unit, for example, memory,
removahble or non-removiable media, enisable or non-erasable
media, writeable or re-writcable media, digital or analog
media, hard disk. Moppy disk, Compact Disk Read Only
Memory (CD-ROM), Compact Disk Recordable (CD-R).
Compact Disk Rewriteable (CD-RW ), optical disk. magnetic
media, magneto-optical media, removable memory cards or
disks, various types of Digital Versatile Disk (DVD). atape, a
cassente, or the like. The instructions may include any suitable
type of code, such as source code, compiled code, interpreted
code. exccutable code, static code. dynamic code. and the
like. The instructions may be implemented using any suitable
high-level, low-level, object-onented, visual, compiled and/
or interpreted programming language, such as C, C4+, Java,
BASIC. Perl. Matlab. Pascal, Visual BASIC. assembly lan-
guage, machine code. and so forth.

L1

Unless specifically stated otherwise. it may be appreciated
that terms such as “processing.” “computing.” “caleulating,”
“determining.” or the like, refer to the action andfor processes
ol a computer or computing system, or similar electronic
computing device. thal manipulates and/or irnsforms data
represented as physical quantities (e g, electronic) within the
compulting system’s registers and/or memories into other data
similarly represented as physical quantities within the com-
puting system’s memories, registers or other such informa-
ton storage. transmission or display devices,

Numerous specific details have been set forth herein o
provide a thorough understanding of the embodiments. 1t will
be understood by those skilled in the an, however, that the
embodiments may be practiced without these specific details,
In other instances. well-known operations. components and
circuits have not been described in detail so as not 1o obscure
the embodiments. It can be appreciated that the specific strue-
tural and funetional details disclosed herein may be represen-
tative and do not necessarily limit the scope of the cmbodi-
ments.

Tt is also worthy 1o note that any reference 1o “one embaodi-
ment” or “an embodiment™ means that a particular feature,
structure. or charocteristic described in connection with the
embodiment is included in at least one embodiment. The
appearances ol the phrase *in one embodiment™ in various
places mn the specilication are nol necessanly all refernng 1o
the same embodiment.

While certain features of the embodiments luve been illus-
rated as described herein, many modifications, substitutions,
changes and equivalents will now occurto those skilled inthe
art: It is therefore to be understood that the appended claims
are intended to cover all such modilications and changes as
fall within the true spirit of the embodiments.

The invention claimed is:

1. A wircless device, comprising:

a panoramie display having o fiest aspect ratio, ssid pan-

oramic display comprising a plurality of display regions
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including a central display region and a plurality of
lateral display regions.

said wireless device 1o receive media source content having

a second aspect ratio that differs from said first ospect
ratic, said wireless deviee to compress said media source
content (o be displayed m one or more of smd fateral
display regions based on proximity of said one or more
lateral display regions to an edge of said display.

2. The wireless device of claim 1. lurther comprising a
frame butler to store medio content having said second aspect
ralio,

3. The wireless device of cloim 2. wherein soid frame
bulter comprises one or more overlay planes,

4. The wireless device of claim 1. further comprising a
display controller 10 compress media content having said
second aspect mtio.

5. The wireless device ol claim 4, said display controller o
apply image compression progressively [or left lateral display
regions and right lateral display regions

6. The wireless deviee of claim 4, saad display controller o
apply image compression symmetrically for lefi lateral dis-
play regions and right lateral display regions.

T. The wireless device of claim 4, said display controller o
apply image compression asymmetrically for left lateral dis-
play regions and right Jateral display regions,

8. The wireless device of claim 4, said display controller o
apply compression in at least one of a horizonial direction s
vertical direction.

9. The wireless device of claim 4, said display controllerio
expand one or more of said display regions.

1. The wireless device of elaim 4, said display conroller
to apply a compression mtio o a line of media source pixels
to generate o compressed line of display pixels,

11. The wireless deviee of elaim 4. said display controller
comprising a plurality of hardware-based sample-rate con-
vierers.

12. The wireless device of claim 4. said display controller
comprising a sample-rute eonverter sofiware application,
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13. A system for a wireless device, comprising:

a display controller to compress media source content
stored by o wireless device, said wireless comprising o
panoramic display having a first aspect mtio, said pan-
oramic display comprising a plurality of display regions
including a central display region and a plurality of
lateral display regions, said media source content having
a second aspeat ratio that differs from said first aspect
rlio,

suid display controller to compress media sowrce content (o
be displayed in one or more of smd lateral display
regions based on proximity of said one or more lateral
display regions 1o an edge of said display.

14. The system of cloim 13, said display controller com-

prising a plurality of hardware-based sample-rate converters.

15. The system of claim 13, soid display controller com-

prising a sample-rate converter soltware application

16. The svstem of cluim 13, [urther comprising a frame

buller to store media content having said second aspect ratio,

17. A method comprising:

retrieving media source content stored by o wireless
device, said wircless comprising 2 pancramic display
having a first aspect mitio, said panorsmic display com-
prising a plurality of display regions including a central
display region and a plurality of lateral display regions,
soid media source content having a second aspect mlio
that differs from said first aspect mtio; and

compressing media source content to be displayed mn one
or more of said lmeral display regions based on proxim-
ity of said one or more lotera] display regions 1o an edge
ol sad di\'p]u}',

18. The method of claim 17. further comprising receiving

said media source content al said wireless device.

19, The method of claim 17, further comprising displaying

compressed media source content i one or more of snd
lmeral display regions.
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« Ex. 1008, Figs. 1-4
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« Ex. 1008, Figs. 8-12
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« Ex. 1008, Figs. 13-14, 16-17
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« Ex. 1008, Figs. 15, 18
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DIGITAL IMAGE AUTO-RESIZING

BACKGROUND

[oo01] As digital hardware is more readily available.

people are personalizing documents in o wide variety of

wayvs, Frequently, documents nclude images that are
designed 10 be scaled to specilic page sizes. For example,
people frequently like w0 incorporate  professionally
designed borders in their photos. newsletlers. posteands.
grecting cards and the like. As these images become more
and more complex, they frequently incorporate clements
that are designed for a specilic page size. However, given the
multitwde of graphic design programs that allow people 1o
resize their documents to any desired sive, it would be
extremely diflicult. if not impossible for a graphic designer
o create differemt versions of the same design for each
possible page size.

[0002] Typically, current automatic image resizing pro-
grums simply scale an original image 1o fit a new page sive
without regard to the orginal design itent of the onginal
image. For example, FIG. 1 depicts an original image 10 that
has been resized from an original 4x3 template size 1o a
4x10 template size (a1 12), As shown. the ducks that are used
as upper border elements 31 have been stretched to fit the
width of the image size, distorting the onginal proportions
and overall look of the ducks. Moreover, depending upon the
method used 1o stretch the image, the relative proponions of
the side edge elements 10 the wp and botlom edge clements
may be altered, so that instead of having an image with the
same size border all around the edge, the side edge may be
thicker or thinner than the top or bottom edges (compare,
eg. w, with w,). Furthermore, some of the image resizing
programs simply crop the portions of the images that do not
fit onto the new page size, after enlarging the onginal image,
if necessary. Such cropping could elearly damage the design
intent of an image ineluding components such as that shown
in FIG. 1.

[0003]  Accordingly. methods and systems for sutomani-
cally resizing an imuage while maintoining the onginal
design intent of the image nre needed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0D04] FIG. 1 illustrates a prior art method for automati-
cally resizing a digital image.

[0005] FIG. 2 is a flowchart depicting a method for
amtomatically resizing o digital image according to an
embodiment of the present disclosure.

[0o0s] FIG. 3 s a flowchant depicting a method for
determining whether an image ¢lement is a background or
foreground element according 1o an embodiment of the
present disclosure.

[0007]  FIG. 4 depicts the various layers which may make
up a digital image according 1o an embodiment of the
present disclosure,

[0008] FIG. 5 is a fowchart depicting a method lfor
re-sizing and repositioning 4 background element according
10 one embodiment of the present disclosure.

[G009] FIG. 6 is a Nowchart depicting a method for
sub-categorizing background elements according o an
embodiment of the present disclosure.

[0010] FIG. 7 depicts the scaling of horizontal background
elements according 1o an embodiment of the present disclo-
sure.

[0011] FIG. 8 depicts the scaling of vertical background
elements according to an embodiment of the present disclo-
sure

[0012] FIG. 9 depicts the scaling of area background
clements according to an embodiment of the present disclo-
sure.

[0013] FIG. 10 depicts a method for splitting an area
clement according to an embodiment of the present disclo-
sure

[0014] FIG. 11 depicts another method Tor splitting an arca
element according to another embodiment of the presemt
disclosure.

[0015] FIG. 12 is a fowchan depicting a method for
re-sizing and repositioning a foreground element according
to one embodiment of the present disclosure.

[0016] FIG. 13 s a Nowchan depicting o method for
sub-categorizing  foreground  elements according w0 an
embodiment of the present disclosure.

[0017] FIG. 14 depicts the scaling of foreground elements
agccording o an ¢mbodiment of the present invention.
[0018] FIG. 15 depicts the caleulations for scaling of
foreground elements according o an embodiment of the
present disclosure.

[0019]  FIG. 16 depicts the scaling of vertical foreground
clements according to an embodiment of the present disclo-
sure.

[0020] FIG. 17 depicts the scaling of comer foreground
elements according to an embodiment of the present disclo-
sure

[0021] FIG. 18 depicts a representation of SnapFish class
hierarchy.

DETAILED DESCRIPTION

[0022] The present disclosure provides methods and sys-
tems for automatically resizing an image while maintaining
the original design intent of the original image.

[0023] FIG. 2 provides a flowehant depicting a basic
method for aptomatically resizing a digital image according
to an embodiment of the present invention. At block 100 an
onginal image is received, The original image may be, for
example, a digital image designed 1o be a border for a
photogruph. posteard, newsletter, or the like, or may be any
other digital image. The image may be in any suitable format
including. for example, vector format, such as a pdf. svg.,
vml. etc.. or bitmap format such as .png. 1l .psd. etc. The
image may be provided from any suitable data source
including. for example, a folder on a computer or other
hardware device. a digital device memaory card, an on-line
website, or other similar data source.

[0024] At block 102, a request to resize the original image
o a new image size is received from the user. The new
image size may be selected by the user from a list of options
or may be input in free form by the user. The new image size
may be bigger or smaller than the original image in one or
more dircctions, Accordingly, the new image may or may
not retain the aspect ritio ol the original image. The request
may be received as a direct command 1o resize the original
image [rom the user. or may be received indirectly, for
example. by the user requesting that the onginal image be
printed at a ditferent size, by the user resizing a window on
the screen. by the user cropping a photograph or other image
that will be inserted into or otherwise associated with the
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original image. by the detection of a different size of paper
in @ printer, or by any other indication that the user wishes
1o resize the original image.

[0025] At block 104, foreground clements are separated
from background elements. Any suitable method for distin-
guishing foreground and background elements may be used.
For example, some images are designed in various lavers
wherein each laver is labeled as either foreground or back-
ground. Altlernatively, an image may be made up of several
clemens which may be retrieved from one or more sources
(clip an files, web-sites. etc.) and each element may include
metadata indicating whether the ¢lement is a background or
foreground clement. As a lurther alternative. elements can
he determined 1o be either foreground or background ele-
ments based on their position and other charactenistics
within the context of the onginal image. One implementa-
tion of a method for distinguishing between background and
foreground elements is described below with reference o
FlG. 3.

[0026] Typically. the image will include at least one of a
background element or a foreground element. More typi-
cally, the image will include at least one background element
or al least one foreground element. For ense of discussion,
an image may be referred 1o as comprising multiple layers
such as one or more background layers and one or more
foreground layers. Morcover, one or more background ele-
ments may be referred 1o a5 making up a background layer
and one or more foreground elements may be referred 1o as
making up a foreground laver. However. it should be appre-
ciated that such characterization is not intended to limit the
disclosure to only those images which are provided in a
multilayered format or to only those images having muluple
layers wherein the designer of the image has divided and/or
identificd various image elements as “background layer
elements” or “forcoromnd Iwer elemems™

[0027] FIG. 4 shows original image 10 broken down into
constituent lavers, background layer 20 and foreground
layer 30, As shown, original image 10 includes multiple
clements which can be divided into background laver ele-
ments 21-25 and foreground laver elements 31-38,

[0028] Retuming to FIG. 2. iFan element is determined 1o
be a background element. the method proceeds o block 106,
where the background element is re-sized, by stretching or
shrinking. as necessary. to fit the new page size. [t should be
noted that. according 1o one embodiment. the re-sizing of the
background element is performed without regard 10 the

original aspect ratio of the element. One implementation of

o method for resizing background elements is deseribed
below with reference 10 FIGS, 5-11,

[0029]  Still referring to FIG. 2. at block 108, the resized
background element is repositioned on the new page in order
to maintain the design intent of the original image. For the
purposes of the present disclosure the phrase "in order w
miaintain the design intent of the onginal image™ is intended
to mean that the resized image maintains the look, feel, and
relative proportions of the original image while still fitting to
the new page size. In other words, the re=stzed image should
look as if the depicted image was designed lor the current
poge size. One implementation [or repositioning background
clements is described below with references 1o FIGS. 5-11.
[0030]  Retmming to block 104, if an element is determined
to be a foreground element. the method proceeds 1o block
110, where the element is re-sized lo fit the new page size,
while maintaining the original aspect mtio of the element.
[0031] At block 112, the resized foreground element is
repositioned on the new page in order 1o maintain the design
mntent of the orginal image. One implementation for resiz-

ing and repositioning forcground clements is described
below with relerences 1o FIGS. 12-17.

[0032] Sull referring to FIG. 2, afier all the background
and foreground elements in the image have been resized and
repositioned to create the new re-sized image, the ressized
image is oulput to the user at block 114. The image may be
output by displaying the image on or as part of: a display
sereen such as a compuler Monitor, Camera seree, I\FilllL‘F
screen, panted page. projected image, or the like,

[0033]  Turning now to FIG. 3, a method lor distinguishing
between background and Toreground elements s shown.
Briefly, each element undergoes a variety ol measurements
which evaluate and dently the position and features of the
¢lement with respect to the original image. Accordingly the
“page” referred 1o with respect 10 the steps of FI1G. 3, is the
page for which the original image was designed.

[0034]  An block 200, an image element is identified. At
block 202, a symmetry value for the image ¢lement is
determined. According to one embodiment. the symmetry
value may be deternuned as follows:

hﬂ:\ mimetry ~ia '\nquf T enter-ECentee) lr-'u"\ i
FSvinnetry= fabs{pi Cemter—vCenter) pHeight

symmetry = | =min{fSymmetry, PSymmetryy® 100;

[0035] Where:

[0036] pHCenter is the page horzontal center:

[0037) pVCenter is the page vertical center;

[0038] hCenter is the horizontal center of the image

clement: and
[0039]  wCenter is the vertical center of the image ele-
ment.

[0040]  Accordingly. the svmmetry value for an image may
range from >0 o 100, I the image element is placed in the
herizontal or vertical center of the page. the symmetry value
for the image will be 100,

[o041] At block 204, a size value for the image element is
determined. According 1o one embodiment. the size value
may be determined as follows:

wildthRatio - fabs(pWidth=-widih) pWidth;

heigltRatio=fabsy phlechi=heigha } pHeight;

gize | -mindwidihRatio, heightRatso)y® 100
[0042] Where:
|0043]  pWidth is the page widih:
[0044] pHeight is the poge height:
[0045]  widih is the image element width:
[0046]  height is the image element height
[0047]  Accordingly, the size value may rnge from =0 to

100, IT one size of the bounding box ol the image element
is the same as one side of the page. the size value will be
100,

[0048] At block 206, a complexity value for the image
element 15 determined. According 1o one embodiment, the
complexity value may be determined as follows:

Ifitvpe=="rawing™

i
xCmplex=labaipCentera- HBoxCenter ) pWidth® | 00
yUmplex={abs(pCenter.y=VBoxCenter) pHeight * 100;
\',*I|:|;~!-c‘\:'|.h']-m||i- L1 '||:'|1E;"A.. .\.{ |::5|I\'l J2
iNcomplexitv]=5)
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[0049] Where, peenter.x and peenter.y are each the center
of the 2D bounding polvagon of the image element in the
horizontal and venical direction, respectively, HBoxCenter
and VBoxCenter are each the center of the bounding box of
the image element in horizontal and wvertical direction,
respectively. “Complexityl™ is a complexity measure of the
element, based on the symmetry of the element. “numOf-
AnchorPoinis™ is the number of anchor points in the drawing
clement.

[0050] Drawing elements are composed by lines. curves
and rectingles with fill and siroke. A line has two anchor
points—the stant and the end points. One type of curve that
15 Irequently used in computer graphics 15 a Besier curve. A
Berier curve has 4 anchor points, the start point. the end
point and two control points. A rectangle also has 4 anchor
points, one for each comer of the rectangle. Accordingly,
“complexity2™ uses the number of anchor points along the
drawing path to decide the complexity of the shape.

[D051]  Accordingly, the complexity value may range from
0 1w 100. For non-drowing clements, such as text, the
complexity measure is set 1o be 100, For drawing elements,
the complexity measure is based on the svmmetry of the
bounding polygon of the element and the number of anchor
points in the drawing path. I the element is symmetrical.
that is if’ the horizomal or vertical center of the bounding
polvgon is also the honzonial or verical center ol the
bounding box. then the complexity is 0. Otherwise, the
number of anchor points is included in the caleulation.
[0052]) Once the symmetry, size, and complexity values
are determined for a given element, a score is caleulated at
208 and the element is classilied as either a background or
foreground element at 210, In general, background elements
tend to be symmetrically placed on the page (i.e. have a high
symmetry value), their size is closer to the dimension of the
page (ie. they have a high size value) and they tend 1o be
simpler (ie. they have a low complexity value.)

[0053]  Tuming now w FIG. 5, a method for resizing and
repositioning background elements is shown. At block 300,
background elements are identified, such as by using one or
more of the methods described above. 11 necessary, indi-
vidual background elements may be extracted, lor example.
froma background laver. For example, background elements
may be extracted by binarizing the alpha channel or lumi-

nance of a background layer to create a binary image.
Connecled components in the binary image can then be
wdentified.

[0054] At block 302. each background element is classi-
fied as either a horizontal, vertical, or area element. Fach
clement is then scaled based on s classification,

[0055]  Turning brielly 1o FIG. 6. one implementation for
classifying background elements 1s desenbed, Generally, the
method classifies and sub-classifies each element based on
its relative position and proximily to the various borders on
the original page

[0056] According to the depicted embodiment. an element
is classitied as an arca element if the bounding box of the
element lies within a predefined arca around the center of the
image, At 400, widthsym and heightsym are caleulated. As
caleulated, widthsym reflects the symmetry of an element in
the horirontal direction. Correspondingly. heighsym reflects
the symmetry of an element in the vertical direction
[0057] A1 402, the method determines il widthSym=90
and if heightsym=90. If both of these are true, the element
is classified as an area clement al 404, An example ol an arca
element is shown at 25 in FI1G. 4.

[D058]  An element 1s classified as a vertical element il the
element is more symmetrically placed in the vertical direc-
tion than the horizontal direction. Accordingly, o 406 if
widthsym is not grester then heightsym the element is
classified as a vertical element (408). The method than
proceeds to block 410 to determine if the element 1s a lelt or
right vertical element by determining the distance from the
left edge of the element to the left border of the original page
(dLelt) and the distance from the right edge of the ¢lement
to the right border of the original page (dRight). I dLeft is
less than dRight. the element is classified as a lelt vertical
element (412). An example of a lelt vertical backgrownd
element is shown at 23 in FIG. 4. IF dLeft is not less than
dRight, the element 15 classitied as a nght vertical element
(414). An example of a right vertical background element is
shown at 24 is FIG. 4.

|0059]  Retuming o block 406, an element is classified as
a honzontal element if the element s more symmetrically
placed in the horizontal direction than the vertical direction.
Accordingly, if widthsym is greater than HeightSym. the
element s dentified as a hortzontal element (416).

[0060] The method then proceeds 1o block 418 w0 deter-
mine if the element is a wop or bottom clement. Briefly. an
clement is sub-classificd as a wop element if it lies closer 10
the top border than the boltom border. Conversely, the
element is sub-classified as a bottom element if it lies closer
to the bottom border than the top border. Accordingly, the
distance from the top edge of the element to the top border
of the original page (dtop) and the distance from the bottom
edgge of the element 1o the bottom border of the onginal page
(dBottom) is determined. 1f dtop is less than dBottom, the
element is classilied as a top horizontal element, An example
of a top horizontal background element is shown @ 21 is
FIG. 4. 1f dop is not less than dBotom, the element is
classified as a bottom horizontal clement. An example of a
bottom honzontal background element is shown @t 22 in
FlG. 4.

[0061] Retuming to FIG. 5, if an element is a horizontal
clement, the method proceeds to block 304, where the
horizontal and vertical scaling factors are determined. The
horizontal scaling luctor (Sh) 15 the ratio ol the width of the
new page (i.e. the width of the page on which the re-sived
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image will appear) to the width of the onginal page. The
veriical scaling factor (Sv) is the mtio of the height of the
new page 1o the height of the original page.

[0062] At 306, if Sh is greater than Sv, the element is
allowed to stretch (or shrink) in the horizontal direction
(308). In this case, the element is scaled by S in horizontal
direetion and scaled by Sv in vertical direction. Sh'-(Sh-
Sv)*origPWiorigEW+Sv, Where origPW is the onginal
page width and orighEW 1s the original element’s bounding
box width. 1T the bounding box width of the ¢lement is the
same as the page width of the original page, then Sh'-Sh, Sh'
is calenlated so that any gaps between element’s edge and
the re-sived page edge are scaled proportionally in Sv to any
gaps in the onginal image.

[0063] Forthe purposes of the present disclosure, it should
be understood that the terms “streteh™ and “shrink™ are
intended to mean the resizing of an element without regard
to the original aspect ratio of the image. Accordingly. o
“stretehed™ element may be clongated i only one direction,
i.e. may be resized such that it is wider than the original
element in the horzontal direction, but the same size as the
original in the vertical direction. I Sh is not greater than Sy,
the element is not allowed 1w siretch (or shrnk) in the
horzontal direction and. if the eclement is scaled. the onginal
aspect matio s mantaned, e, the element 1s scaled by Sy
in both the horizontal and vertical directions{310),

[0064] At 312, the element is identified as either a top or
bottom element. If the ¢lement 15 2 lop horzontal element,
the element is repositioned and scaled, as necessary, using
the top border as a reference (314). I the element isa boltom
horzontal element. the element is repositioned and scaled.
as necessary, using the bottom border as a reference (316).

[0065] Tuming to FIG. 7, the scaling of horzontal back-
ground elements according o an embodiment ol the present
diselosure is depicted. As shown, original background layer
20h includes horizontal elemems 21 and 22. Element 21 is
a top horzomal element and element 22 is a bottom hori-
#ontal element.

[0066] MNew page 204 is wider (i.¢. larger in the X-direc-
tion) than onginal page 204, but has the same height,
Accordingly, elements 21" and 22' have been siretched in the
x-direction {i.e. in width). Because original elements 21 and
22 extended the entire length of page 204, ressized elements
21" and 22" have been stretched 10 extend along the entire
length of page 2054°

[0067] New page 204" has increased height (i.e. is longer
in the y-direction) than original page 20/, but has the same
width. Accordingly. elements 21" and 22" have not been
stretched. However, elements 21" and 22" have been repo-
sitioned to the top and bottom of the new page. respectively.
|0068] Returning to block 302 of FIG. 5, if the element is
a vertical element. the method proceeds 1o block 318 10
determine the horizontal and vertical scaling fuctors. At 320,
il Sv is greater than Sh, the element is allowed (o streteh in
the vertical direction (322), The element is scaled by Sh in
horizomal direction and Sv' in ventical direction. Sv'=(Sv-
Sh)*origPH/ongEH+5h. Where origPH is the original Page
height and ongkEH is the onginal element’s bounding box
height. If the bounding box height of the element is the same
as the page height in the original page. then Sv'=5v. Again
Sv'is caleulated so that any gaps between the elemeni(s) and
the page edges are scaled propontionally in Sh to any gaps
in the origingl image. I Sv is not greater than Sh, the
element is not allowed 1o stretch in the vertical direction and,

il the element is scaled, the onginal sspect mtio is main-
tained, i.e.. the element is scale by Sh in both horizontal and
vertical direction{324).

[0062] A 326. the element is identified as either a left or
right element. 11 the clement s a lelt vertical element, the
element is repositioned and scaled. as necessary, using the
left bonder s o reference (328). IF the element is o right
vertical element, the element is repositioned amd sealed, as
necessary, using the right border us a relerence (330),
[0070] Turning to FIG. 8, the scaling of vertical back-
ground elements according o an embodiment of the present
disclosure is depicted. A shown, ornginal background laver
20v includes vertical elements 23 and 24. Element 23 is a left
vertical element and element 24 15 a right vertical element.
[0071] New page 200 is wider (i.e. longer in the x-dince-
tion) than original page 204, and has increased slighily in
height {i.e. is slightly longer in the y-direction), Sh=Sv.
Accordingly, elements 23 and 24" have been scaled propor-
tionally by Sv in both the venical and horizontal directions
{324 such that they cover the same relative amount of space
on page 200 as they did on page 200, Put another way,
because element 23 does not extend the entire length of the
vertical edge, a gap 41 appears between the edge of page 200

and the 1wp end of element 23, Accordingly, the method of

FIG. § s configured to stretch element 23 so thut gap 41" is
the same proportionate size as gap 41. Furthermore, ele-
ments 23" and 24" have been repositioned to the same relative
space on page 2007 as the placement of elements 23 and 24
on page 20v. In other words, elements 23 and 24" have been
repositioned to the left and right edges of page 200, respec-
tively.

[0072] Following the same logic, it can be seen that page
200" 15 taller than page 20v, but the same width. Accordingly
elements 23" and 24" have been sireiched in the vertical
direction to take up the same relative space as elements 23
and 24 on page 20w

[0073] Retoming to block 302 in FIG. 5, if the element is
determined to be an arca element, the element is scaled 1o fit
the few page so that it is placed at the same relative position
while keeping the gaps between the element borders and
corresponding page borders 1o be in the same proportion as
the gaps in the original page. When Sh=Sv, the element’s
scaling factor in the hortzontal and vertical directions are S
and Sv, respectively. When Sh<Sv. the element scaling in
horizontal and vertical direction are Sh and 5v' respectively.
[0074] Turning 1o FIG. 9. the scaling of an area image is
shown. Page 20 includes a single area element 25, which is
centered within page 200, New page 204" is wider than page
20, but the same height. Accordingly, area element 25" has
been scaled to be wider than element 25, but is also centered
within page 20a°

[0075]  Simalarly. page 20a" is taller than page 204, but the
same width. Accordingly aren element 25" has been scaled
1o be taller than element 25, but. again, is centered within
page 204"

[0076] Alternatively, the individual elements of an area
element could be split up and categorized as horizontal and
vertical elements and then scaled and reposiioned according
1o the methods described above, For example. rectangular
area clement 25 could be treated as two vertical elements
{one left and one rght) and two horizontal elements (one top
and one bottom) and scaled and repositioned as such.
According o some embodiments, this may lead 1o a more
uniform scaling in the horzontal and vertical direction.
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[0077]  One method for splitting an arca clement is shown
in FIG. 10, In the depicted method, two horizontal cuts split
the area element ino two horizontal elements 257 and 256
and two vertical elements 25/ and 25r, A second method is
depicted in FIG. 11. In this method, two vertical cuts split the
area element into two horzontal elements 254 and 2565 and
wo vertical elements 250 and 25¢. The horizontal cut
method ol FIG. 10 may be selected, for example, when the
horizontal scaling factor is greater than the vertical scaling
luctor. This is an effective method in this case because the
split horizontal elements cover the entire breadih of the page
in both the original and the resized image and the vertical
split elements get scaled symmetncally, preserving the
aspect ratio. Similarly, o vertical cut when the scaled image
has a vertical stretch may be preferred according 10 some
embodiments.

[0078] The splitting of elements may be accomplished by
projecting the element pixel count in the background laver
along the horizontal and vertical directions, The projected
signals are differentinted and peaks in the dilferentiated
signal are computed. The locations of the two Jargest peaks
in the dillerentiated projection signal along the vertical
direction detenmine the row coordinates of the inner comers
of the hollow element. Similarly. the locations of the two
largest peaks in the differentiated projection signal along the
horizontal direction determine the column coordinates of the
inner corners of the hollow element. Additional checks may
be emploved w0 ensure that the largest peaks correspond 1o
the mner corners of the hollow element and not something
clse. For example, a threshold may be employved tha
requires that the magnitude ol the peaks be at least 20
percent of the element dimension (element width for vertical
direction peaks, eclement height for horizontal direction
peaks). Altiematively or additionally, the svstem may require
that the value of the derivative at the left peak be negative
and the right peak be positive. Similar checks may be
emploved for wop and bottom pex

[0079] Tuming now to FIG. 12, a method for scaling ad
repositioning Toreground elements according to one embodi-
ment of the present disclosure is provided. At block 500,
foreground elements are identified. As with the background
clements, individual foreground elements may be extracted,
for example. from a foreground layer. For example, fore-
ground elements may be extracted by binanzing the alpha
channel or luminance of a foreground layer to ereate a binary
image. Connected componenis in the binary image can then
be identified.

|0080) At block 502, the foreground elements are catego-
rized as comer, horizontal, and vertical foreground elements.
FIG. 13 depicts an implementation of a method for catego-

rizing foreground elements according 1o an embodiment of

the present disclosure. Briefly, the method classifies and
sub-classifies each element based on its relative position and
proximity to the various borders on the original page.
|0081] Turning to FIG. 13, an element 15 classilied as a
corner element il any pair of adjacent element borders is
close enough 1o the nearest pair of adjacent image borders.
Depending on the pair of borders that satisfy this cnterion,
the corner element is sub-classified as a bottom-left, bottom-
right, top-left. or 1op-right comer element.

[0082] At block 600 widthSym and heightSym are caleu-
lated. As stated above, these measurements determine the
symmetry of the clement in the horizontal and vertical
directions, respectively,

[0083] At block 602 the method determines whether the
bottom and lefi borders of the element are within a given
distance of the bottom lefl comer of the oniginal image page.
If it is, the element is classified as a bottom-lell comer
element (604). It will be understood that the specific distance
requirement may depend upon the specilic types of images
that are being re-sized and that the depicted example is being
shown as a non-limiting example. An example ol a bottom-
left comer element is shown ai 35 in FI1G. 4.

[ous4]  Sull referring to FIG. 13, at block 606 the method
determines whether the bottom and right borders of the
¢lement are within a given distance of the bottom right
comér of the original image page. IF it is, the element is
classified as a bottom-right comer element (608). An
example of o bottom-right comer element is shown at 36 in
FIG. 4.

[0085]  Still referring to FIG. 13, a1 block 610 the method
determines whether the top and left borders of the element
are within a given distance of the wp lelt comer of the
orginal image page. 1 it is, the element is classified as a
top-left comer element (612). An example of a top-left
corner element is shown at 37 in FIG. 4.

[ons6]  Still referring to FIG. 13, at block 614 the method
determines whether the op and right borders of the element
are within a given distance of the wop right comer ol the
original image page. IF it 15, the element is classitied as a
top-right corner clement (616). An example ol a top-right
cormer clement 1s shown at 38 in FIG, 4.

[0087]  Still relerring to FIG. 13 at block 618, the method
determines if the element is a vertical or horizoental clement
by determining whether the element is place more svmmetri-
cally in the horzontal direction or the ventical direction. This
can be calculated by determining if widthSym is greater than
heightSym. IT it is, the element is classified as a horizonial

clement (620); if it isn't, the element is clossified as o
vertical element (628). Examples of horzontal foreground
clements are shown at 31 and 32 on FIG. 4. Examples of
vertical foreground elements are shown at 33 and 34 of FIG,
4.

[0088] Sull referring 10 FIG. 13, il the element is @
horizontal element, at block 622, the method funther deter-
mines if the element is a top or bottom horizontal element by
determining if diop is smaller than dBottom. If it is, the
clement is sub-classilied as a 1op element, il it isn't, the
clement is sub-classified as a bottom element. In FIG. 4.
clement 31 (which is itsell made up of a repetitive pattern of
individual elements) is a top borizontal element and clement
32 is o bottom horizontal element.

[0089] Returning o block 630 of FIG. 13, the method
further determines il the element is a nght or left vertical
clement by determining if dlelt is less than dRight. IF it is.
the element is sub-classified as a lefi vertical element and, if
it isn't, the element is sub-classified as a right vertical
element. In FIG. 4, clement 33 is a lefl vertical element and
element 34 is a right vertical element.

[0090] Returning to FIG. 12, if the element is determined
to be a horizontal element. the method moves o block 504
to determine il the element is a wp or boltom horvsontal
clement. for example, by using the methods described
above. The elements are then scaled maintaining the original
aspect ratio and repositioned using the wp (block 508) or
bottom (block 512) of the original image as a reference.
According to one embodiment. the aspect ratio of all the
clements in the foreground Taver is preserved by selecting o
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uniform scaling factor along both the horizontal and vertical
directions. The uniform sealing foctor may be, for example.
the minimum of the page scaling factors in the horizonial
and vertical directions.

[0091]  For example, in FIG. 14, page 300 15 wider than
page 304, but the same height, Accordingly, in the depicted
embodiment. the uniform scaling factor was selected 10 be
1. to retlect the scaling factor in the vertical direction. As

shown, top horizontal element 31 on page 304 is made up of

a plurality of duck images. On page 304, which is wider
than page 30/, the ducks are the same size as the ducks on
page 30/, but have been spread oul so that the ducks on page
30/ occupy the same relative space as the ducks on page
30/, Conversely, page 304" is 1aller than page 304, but the
sume width. Accordingly, the scaling factor is still 1, which
reflects the horizontal scaling factor. Moreover, because the
width of page 20J" 15 the same as that ol page a0k, the ducks
occupy the same position relative 1 each other that they had
on page 30k In this case, the horzontal elements 31" and

32 have simply been moved to the top and bottom edges of

page 304", respectively, while maintaining the same relative
spacing between the elements and the edge of page 304"

[0092]  FI1G. 15 depicts the caleulations. for determining
how to position an element on a new page while maintaining
the same relative spacing between an element and the edge
of the page. As shown, original page 40 includes an element
42. For elemen 42, the distance from each edge of the
element to each corresponding edge of the page can be

caleulated. For example, the distance from the right edge of

the element to the right edge of the original page is dR_old.
the distance from the left edge of the element o the left edge
ol the original page is dl_old, the distance {rom the op edge
of the element to the top edge of the original page is dT_okd.
and the distance form the bottom edge of the element to the
bottom edge of the onginal page is dB_old. Similarly,

dL_new, :Ii‘l_m:“, dl_n-:\\r,.'mtl d.H:nc\!. can be caleulated. !.n
order for an element o maintain the same relative horizonial
spacig. dl_new/dR_new must be equal dl._oldidR_old.
Similarly, in order for an element 1© maintain the same
relative vertical spacing dT_new/dl3_new must be equal 1o
dT_orig/dB_orig.

[0093] Retmming to FIG. 12, if the clement is determined
10 be a vertical element. the method moves 1o block 514 1o
determine if the element 15 a lefl or nght vertical element.
The elements ore then scaled mointaining the original aspect
ratio and repositioned using the left (block 518) or right
{block 522) side of the original image as a reference. Again,
the aspect matio of all the elements in the foreground layer
may be preserved by selecting o uniform scaling factor along
both the honzontal and vertical directions,

[0094]  Forexample, in FIG. 16, page 300 15 twice as wide
as page 30y, and three times the height. Accordingly, ele-
ments 33 and 34 are scaled by a factor of 2x (the minimum
of the vertical and horizontal scaling factors) while main-
taining the original aspeet mtio. Moreover, elements 33" and
34 are repositioned so that they maintmin the same relative
vertical and honzontal spacing as clements 33 and 34,
[0095]  Retuming to FIG. 12, 1f the element is determined
o be a comer element, the method moves 1o block 524 10
determine if the clement is a bottom-left. bottom-right,
top-left. or top-right element. At 526. each clement is then
scaled, for example, by using the uniform scaling factor
described above, while maintaining the original aspect ratio,
At 528, the clements are then repositioned relative 1o the

original comer while mamtaining the same relative vertical
andd honzontal spacing as the onginal element.

[0096] For example. in FIG. 17, page 30" is hall as wide
and twice as tall a5 page 300, Accordingly. each of comer
elements 35, 36", 37", and 38" are scaled by a lactor of Y2 (the
smaller of the vertical and horizontal scaling factors), while
still maintaining the original aspect ratio. Moreaver, each
element 15 repositioned in its respective corner while main-
taining the same relative vertical and horizontal spacing as
clements 35, 36, 37, and 38, respectively.

[0097] According 1o another embodiment. the present
disclosure provides image elements which can be combined.
for example, with their onginal layer order (o form a final
image that can be vsed, for example. as a border for a
photograph. newsletter. posteard. greeting card, or the like
According to one embodiment, each image element includes
metadata associated with the clement that indicates the
element’s position on the page in the final imoage and
instructions related to how the image should be scaled 10
accommuoxlate various page sizes. The instructions could
take the form of simply an indication as to whether the
image 1% a background or loreground image, or any other
information such as that disclosed herein as being helplul for
scaling,

[0098] TFurthermore, individual image elements may or
may not be stored 1ogether. For example, an an design for a
linal image may be composed of individual elements that are
stored in vanous places-—¢.g.. on the user’s computer, on the
internet, and/or on a disk. As such the ant design could be
expressed in an XML or other suitable format that describes
the content and type of elements (lop right comer. left
vertical, ete.) The content for each clement could be a file
name or a URL address,

[0099] The disclosure may be further understood by ref-
erence to the Example provided below.

EXAMPLE 1
Auwtomatically Resizing SnapFish Photo Borders

[0100] Digital borders for use with the Snapfish photo-
sharing software were resized as described below. The code
takes as input a set of PNG images that are rendered [rom the
individual layers. The input loyers and their stiributes are
specified by an input wext file that looks like:

[0101] Background bk bkl
[0102] Foreground 1g0 Igl
[0103] The text file states that bk(.png. bkl.png are the

background layers and fg0.png. fgl.png are the foreground
lavers of the muliilayer image. Fach laver is processed
separately using a set of rules 1o render o scaled version of
that faver.

[0104] The application wses a hierarchy of classes 10
accomplish its goals. TransformEngine (TrnsformEngine.
h) is at the top of the hierarchy and vses serviees provided
by the other classes. It is also the main interface class. The
main{ ) function (SnapFish.cpp) instantiates an object
named autolmageRescaler of vpe Transformbngine and
calls all the public member functions of this class. The order
of function ¢alls roughly follows the order of the various
steps of the scaling algorithm,

[0105] 1. sutolmageRescaler. LoadinpmtPNGlmage( )
[0106] 2. autolmageRescaler. BinanzeAlphaChannel( )
[0107] 3. autolmagelescaler.LabelConnectedCompo-

wanmtand
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[0108] 4. sutolmageRescaler WriteLabelsPNGImage( )

[0109] 5. autolmageRescaler.ComputeElementPropertics(
)

[0110] 6. sutolmageRescaler.ClassifyElements( )

[o111] 7. outolmageRescalerComputellementTranslor-
mationMatrices( )

[0112] 8. sutolmageRescaler, TranslormElements( )

[0113] 9. sutolmageRescaler, WrneOuiput PNGImage( )

[0114] This set of calls writes scaled versions of the

various layvers to the disk. The scaled versions are named by
appending *_scaled” 1o the filename. For example, the
scaled version of bkO.png will be written into bk0_scaled,
pug. Similarly connected component labeling result with a
bounding box around cach connected region is written 1o a
PNG file with suffix *_labeled™ added o the original file-
name.

[0115] The above functions in turm wse public member
functions of other classes in the hierarchy. A listing of these
other classes with a rough grouping based on the services
provided by them is given below:

[0116] 1. Element (TronsformEngine.h)

[0117] 2. ElemType ( Transformbngine.h)

[0118] 3. BkedElemTvpe (Transformbngine.h)

[0119] 4. FrgdElemType (TransformEngine.h)

[0120) Compute and swre attributes ol the varous ele-

ments (connegted regions) output by the connected compo-
nents algorithm.

[021]
101221

5. Image (Image.h)
6. Binarvimage (Binarvimage)

[0123] These encapsulate data elements 1o hold image dma
and functions to do image manipulation. Image is a template
class and Binary Image is derived as a boolean version of the
generic Image class. The connected component labeling
algorithm is part of the Binarylmage class implemented as
a LabelRegions( ) public member function

[0124] 7. PNGlmage (PNGImage.h)

[0125]  This is a wrapper class [or the libpag (hup:/fwww,
libpng.org) library and provides data elements and functions
o hold and manipulate PNG images. 1 instantiates objects
of type Image to handle the 4 ditferent channels (R. G, B and
Alpha) of the PNG image. Currently the interface to libpng
is only for reading and writing PNG images through the
wrapper lunetions LoadPNGFromPile{ ) and WritePNG To-
Filel ).

[0126] &, Maotrix (Matrix.h)

[0127] 9. Vector (Vectorh)

[0128] These two classes [acilitate matrix amd  vector
operalions.

[0129] In asddition o the above classes, the code in the

following files does the imoge scaling with bilinear inter-
polation when scaling up and low pass filtering followed by
sub-sampling when scaling down.

[0130] 10, scale.h and scale.cpp

[0131] 11. scalel6h and scalelb.cpp

[0132] 12. Scalelmage.h and Scalelmage.cpp

[0133] A rongh representation of SnapFish class hierarchy

is shown in F1G. 18, An arrow indicates that the class ol the
tail of the arrow 1s using the services of the class ot the head
of the arrow.

Classes and Methods

[0134] Tt should be noted that most of the functions in the
application return an error code that is an integer value. It
could be one of PG_ERROR or PG_NO_ERROR depend-
ing on whether the function has successlully compleied its
task. These error codes are defined in the sidafch file. In
order 10 make error checking manageable withoutl writing 2
lot of code a macro called ERE is also defined which can be
used as FRE(function_name{ }). This macro returns from the
function where it is residing with the error code PG_ERROR
if PG_ERROR 15 returned by the call o function_name( ).
Chtherwise it has no effect, The following is a brel descrip-
tion of the various classes and the most prominent member
functions in the major classes.

1. I'r;l.nslﬁm'li':ﬂgil'iﬂ
[0135]

it LoadloputP s CGlmage{const char® filedame);
Load input PNG g from the specificd flename,
wit BinanizeAlphaChannel(const BY TEK threshold )
Binarcee the alpha channel tming the specilied threshold
it Labell omponents §
Label the connected components in the binary alpha channel
it ComputeElement Propertiest
Compute elanicnt propeftics.
i i-n'ut:..|':;':'.x':|r\-|,-u|'_\: i Jl,'w]".ll,\'.‘\.lh-l.l.\._
const intd  newPapeNColx,
const BOOL& frpdlaver = FALSE);
Classify elciments i onder 1o compute appropriate clement
n ratne. The default mesumption ix that
the elements bebon a backy
it © ampadte Element TransfommationMatricesi b

nneehend

speceii Transfoma

il laver,

Compiite elenivent LR il trams lommatan malnoes
. Trusfommizlementsy{ ):

Iranxform 4.'|f|11u|:|llc andd wnle 1o u;:.‘[-u! dmage
it WriteLabels PNGlmageiconst char® fileName);
Write output labels PNG image 1o the specified filename,
int WriteOutput PN Imagefconst char® fileNnm
Write cutput PNG image to the specificd {filcaam
int InitializeOuput PNGImageiconst BYTEE R = 0,
comst BY TER (= 1,
comet BYTES: B =i,
comst BYTER alpha = (i)
nape channels fo the specified values

R,

Imtialire output NG
el = 0
int AddPNCF e r* filedName)
Oveerds o froant imput file on tie compoite wge
stored anom PNCGE_outpul PNCGlmage sbeving the following niles:
1. |IL'_'|.\.--.\1 all ,r\iln'!'h al which t alpha channel value &,
2. Overarnde any previously stoned ROGH values at the pisels
th alpha channel value not egual 1o 0,
lotlowRecrAnea

Sphit hollew rectangular area ¢lements o sub-clements

osilelconst ch

kil

ComputeSplithlamentPropenissicomtVeatorant&topPeak L ndexVectur,

castVeclor<int>&bottomPeakIndexVector,
const Voctoremt>& fettPeakindexVector,
const Veclor<ud>& nghtPeaklndexVictor,
LabelsVector);
it propertics, The inpit is as¢t of 4

const Vector<long>& neju

Compute tr!:! ¥
veclors, Each o e vectors i tised to specily the coondinates
of the 4 corners for spditting the clemenix in the I‘:n.'vcg.:zu-'.:l.l

AYer
it Classi fvSpluElements( )

Claszifv s
spocific ©
it Compuic? Ircesi i
NOn Matfces
unt PG Libe: Transfonm Enganse:: Transfom

Transfonm split elements and write' to cutpul image.
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2. Binarvimage

[0136]

it Cosnnt Troe Pselsi |
Cont ber of (BOOL) 1 pixele

@ LabelConnectedCompol twl Imapge<longsf libeledimage):

wpanent labeling

long LabelRegions{ Region

he

Connecte

[~

oot ncigl =]
conet BODLE  weFourConnectedness = FALS
const BOOLE  memngeRegonlabeiz = FAl

Region coloring alpo
1. Oy

2 Variable o

T s

3. Image

[0137]

Pixel<T>** Getl
Moo

it MunRowst | const;

or of rows ol “this™ image

§ Comst;

the prxel bullier assocaited wil T Lmage

A\cocss the mu
int ™

ik of "this™ i
1Bl

i il nRows,

L Bl ol

Copy the input b
it € opy L e

Mg

1™ 1

Copy image into & buller (bulfer mus be previodsly

allocated i

it Copy ToBytelmage(lmage<BYTE>&
i 3

comt o

.—r';"._'h .'dun'::_
nRow,

X

& RO
comt i ROIH
const ini& ROTWidih,
const BY TE& bihal = |

i MRk

Copy n rop e imo 8

o by coim
Kimmun and | kel valies within the ROL The
! with bgial

18 it nRows, const intd&e nCok

1 rort e,

ol DeAllocatelmage| )

Cieneng de-allocstion o

e The scalin

Lmagze,

const BYTE& th

conmt BOOL&E lovert = FALSER

YIE g ry Imape by thresholding.
fed Imape . By defanli (invet =
0, oilers anc st

w threshokl are set 16 1,

s the thre
. values below the thresh

. values below 1

others ane st to 1

4. Mainx
[0138]

-continued

{ ~this™ Malnx
st Marr<T>& inputMatnx ),
e inpitMatnx imo “this"
int Createl ivMatan{const int& sirel:
Mlake Munx an ddentty inptrx of the specified sire
2DAfine Matrin{const TE xSeale
comst T wihear,
const T& sShear,
st T vSeale,
oonst Tk x]
const T& vTmnalate

Access an

int CopyFrom 1

Copwv the ¢

Miatnx,

tnt e

S

Miake “this™ Malnx a 21} affine trans§
it Sl

TR IO REATI

Vectore Ta& outputhiecto

Wy MatnaAnd Vet

consl Vector<T>& imputVecior);
qhs” munx with 2 column vector
Iy ViectorAnadMatninViecto =& outputhector

const Vector<T>& [nputhector):
wtrx with a row vYeolor

5. Veclor

[0139]

il InitializeMatrisiconst T& defauliVialue)
10,
it rowndex, const imt& collndex ) comnst;

A
e Adlo
Crenenc al
st PeAll

e

abe'Vee [}

dealiocation e
fconst [& delalryialie):
nitialization mourine

nt [nitraleeeie

nidex) const;

This™ Voector

const int&

Sort vector elements wi

it WriteColVector const clha T
Write vest

T as

i column vector i file, 1
ler string 18 NULL, then wnte to STDOLUT
int Write RowVector{const char® (leMName
Write vector as a row vector to an oatpot file, If the outpudt
filename o STHOL
int Compute FirstOrd FadDifil Viector<T>& cutpuaVecto
Com fer forwarnd difference 0K
denvarive, "ths” Vector lonns the input. The

nng i NULL, then wnt

specifler st

e lirst ©

o 10

csull s put ugo
put Vector, 1t i allocated or reslred 1o be the sune size as

™ Wector. Th ol the cutputVecto
10 U snee the number of clements in the it onder difference

It elemie

i always set

i® alwavs one less than in the fpait vedlon,
it Absohute] Viector<T>& outputhcctor):
Compute the absolute values o

Vector elements, Stone the

resalt in outputVector. It is allocat 10 be the same

FnosE
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2. The method of claim 1 further comprising:

extrocting the loreground elements by binarizing the
alpha channel or luminance of a foreground laver to
create a binary image: and

determining connecled components in the binary image.

3. The method of claim 1 further comprising:

extracting the background clements by binarizing the

alpha channel of a background layer 10 create a binary
image: and

determining connected components in the binary image,

4. The method of claim 1 wherein separating the fore-
ground elements from the background clements comprises
measuring the symmetry, size, and complexity of each
element,

5. The method of cloim 4 wherein elements having high
symmetry. high size and low complexity are identified as
background elements.

6. The method of claim 1 wherein creating resized fore-
ground elements comprises:

determining a honzontal scaling factor between the first

size and the second size:

determining a vertical scaling lactor between the first size

and the second size: and

scaling the foreground element by the minimum of the

horizontal and vertical scaling factors.

7. The method of claim 1 further comprising identifving
a rectangular background element and separating the rect-
angular background element into honzontal and vertical
clements

8. A digital image comprising:
multiple elements wherein cach element comprises:
metadaty indicating whether the clement is a fore-
ground or background element:
metadata ucheating whether the aspect mtio of the
clement should be maintuned when the image
resized; and
metadata indicating how the element should be repo-
sitioned when the image is resized.

9. The digital image of claim 8 wherein the image is
expressed as an XML document,

10. The digital image of claim 9 wherein the XMI
document identifics the logation of each clement.

11. The digital image of claim 10 wherein the metadata
indicating whether the element is a foreground or back-
ground element is identified in the XML document.

12. A computer-readable medium having computer-ex-
ecutable instructions for auto-resizing an original digital
image from an orginal image o o resized image. where the
orginal image includes at least one foreground element and
at least one background clement. the instructions compris-
ing;

separating the foreground elements from the background

clements:

detenmining an onginal aspect mtio of the foreground

elements:

ereating resized foreground elements by sealing the fore-

ground ¢lements while maintaining the original aspect
raitio;

creating resized background elements by stretching or

shrinking the background elements to fit the dimen-
sions of the resized image: and

repositioning the resied foreground and background ele-

ments on the resized mage while maintning the
design intention of the original image.

13. The computer readable medium of claim 12 further
comprising instructions for:

determining a horizontal sealing factor between the first

size and the second sire:

determining a vertical scaling factor between the lirst size

and the second size: and

scaling the foreground element by the minimum of the

horizontal and vertical scaling factors.

14. The compuier readable medinm of claim 12 wherein
the orginal image s rectangular, the computer readable
medium further comprising instructions for:

determining whether each foreground element 15 0 corner,

horizomtal, or vertical element.

15. The computer readable medium of claim 12 further
comprising instructions for;

megsuring the symmetry, size, and complexity of each
element in order 1o determine if each element is a
foreground element or a background ¢lement.

16. The computer readable moedmm ol claim 12 wherein
the original image is rectangulor and repositioning the
resized foreground elements comprises, tor cach foreground
element, determining whether the element 15 a comner, hor-
#ontal, or vertical clement.

17. The computer readable medium of elaim 12 where the
foreground element s determined (o be a comer element 1f
any pair of adjpcent elemenl borders 15 within o given
threshold distance from a pair of adjacent borders in the
original image

18. The computer readable medium of claim 17 further
comprising instructions for classifying o corner clement 4s a
bottom-lefi. bottom-night, top leli, or top nght element

19, The computer readable medivm of claim 18 wherein
repositioning the element comprises positioning the comer
elements so that they are at a similar relative position with
respect to the comers ol the resized image as the original
image by using the corresponding comer in the original
image a3 a reference scaling axis.

20. The computer readable medium of clmm 12 where the
foreground element is determined 1o be a honzontal element
if the clement bounding box center lies closer to the lefl or
nght border of the original image than to the side borders off
the original image

21. The computer readable medivm of ¢laim 20 funher
comprising instructions for classifying a horizontal element
as a op hongzontal element if it hes closer to the top border
of the original image than the bottom and as a botlom
horizonal element il lies closer 1o the botom border of the
onginal image than the top.

22. The computer readable medium of claim 12 where the
foreground element is determined to be a vertical element if
the element bounding box center lies eloser w the lelt or
right borders of the orginal image than the wp or boltom
borders,

23, The computer readable medivm of ¢laim 22 compris-
ing instructions for classifying the verical element as a left
side element if it lies closer to the left border of the original
image than the right border and as a rght side element i1 it
lies closer to the right border of the original image than the
lefl border.

24. The computer readable medium of claim 12 wherein
if an clement 1s determined o be o horizontal or vertical
element, repositioning the resized loreground element com-
prises shifting the element so that it occupies a similar

relative position in the scaled image as it did in the original
image.
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1
METHOD AND APPARATUS FOR
NONLINEAR ANAMORPHIC SCALING OF
VIDEOQ IMAGES

FIELE OF THE INVE

T1ON

The invention relotes 1o display of video images, and
more particularly o scaling of video images.

BACKGROUND OF THE INVENTION

A frame of a video image is typically represented by a
rectangular array of pixels. The numbers of rows and
columns of the rectangular array of pixels define the aspect
ratio of the video image. A stream of video data typically
contains a number of frames of video images. 10 be dis-
plaved at a given display arca one frame after another. When
the target display area is capable displaving a diflerent
number of rows or a different number of columns of pixels
than those of the given video image, a portion of the tanget
display arca may be used 1o display the entire video image,
aronly a portion of the video image may be displayed on the
target display area, without scaling.

To fit the entire video image onto the target display area,
the video image is typically scaled linearly in the vertical
direction and/or the horizontal direction. Since different
scaling factors may be required to fit the entire video image
onto the target display area, the aspect ratio of the original
video image may be distoried after the scaling operution.
Thus. a circle in the original video image may be displaved
as an ellipse in the tarnget display area.

10

3

3l

SUMMARY OF THE DESCRIPTION

Methods and apparatuses for nonlinear scaling of video
images are described here.,

To match the aspect ratios of a video image and the target
display area, ol least one embodiment of the present inven-
ton scales the video mmage sccording o one or more
nonlinear functions along the horzontal direction and/or the
vertical direction. In one embodiment, the nonlinesr func-
tions are such that the orgmal aspect ratio of the video
image is preserved near the center region (or sirip) of the
image and the image is gradually streiched (or compressed)
as it is mapped o the edges. In one example. the scaling is

implemented by the texture mapping functionality of

OpenGl using grophies hardware, In one embodiment of the
present invention, the nonlinear mapping is construeted

aceording 1o a polynomial mapping: and, the coeflicients of

the polynomial are adjustable by a user w trade off distontion
between the image center and the image edges, giving the
user control over the location and the amount of distortion,

In an beast ope embodiment of the present invention, a
method 1o scale a first video image having o lirst aspect ratio
ingludes: performing nonlinear scaling of the first video
image along each of at least one direction (e.g., a direction
along the horzomal or vernical pixel lines of the first video
unage ), o generate a second video image of a second aspect
rotio that is different from the first aspect ratio. In one
example, a lirst rectangular region of the first video image is
scaled as a corresponding first rectangular region of the
second video image; the aspect mtios of the first rectangular
regton of the first video image and the first reclangular
region of the second video image are substantially the same;
a second rectangular region of the first video image is scaled
as 3 cormesponding second rectangular region of the second
video mmage: and. the aspect ratios of the second rectangular

a%

45

A1

1%

2

region of the first video image and the second rectangular
region of the second video image are substantially dillerent.
[n one example, user input is received 10 specily one ol a)
the first rectangular region of the first video image: and, b)
the first rectangular region of the second video image. In one
example, the first video image has a first rectangular bound-
ary of the lirst aspect ratio: and, the second video image has
a second rectangular boundary of the second aspect mtio. In
one example. the nonlinear scaling of the [irst video image
mcludes piecewise linear scaling ol a plurality of regions
according 1o different scaling factors: and, graphics hard-
ware (g, a graphics processing unit (GPU)) of a data
processing svstem is instructed (e.g., by the central process-
mig unit (CPUY ol the data processing system) to perform the
piecewise lincar scaling of the plurality of regions. In one
example, user input is received to specify the nonlinear
scaling: and. the plurality ol regions for nonlinear scaling are
determined according to the user input. In one example, the
graphics hardware also converts the first video image from
a first eolor space (e.g. YUV ) 1o the second video image
a second color space (RGB). In one example, the second
video image is stored in a frame buffer for display on a
display deviee ol the data processing system. [n another
example, a circuil 15 integrated with a display device for
scaling different video signals of different aspect ratios.

The present invention ineludes methods and apparstuses
which perform these methods, including daa processing
systems which perform these methods, and computer read-
able medizwhich when executed on data processing svstems
cause the systems 1o perform these methods.

Ciher features of the present invention will he apparent
from the sccompanying drawings and from the deiled
deseription which follows,

i

g

e

i

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention s illustrmed by way of example
damd not limigtion in the figures of the accompanying
drawings in which like references indicate similar clements.

FIG. 1 shows a block diagram example of o data process-
ing system which may be used with the present invention.

FIGS. 2-4 show examples of nonlinear anamaorphic scal-
mg of video images secording o embodiments of the
present invention.

FIGS, 5-6 show examples of nonlinear anamorphic scal-
ing of video images using graphics hardware of o dat
processing system according 1o embodiments of the present
invention

FIGS. 7-8 show block disgram examples of display
devices lor nonlinear anamorphic scaling of video images
aecording to embodiments of the present invention.

FI1G. 9 shows a method o scale video mages according
to one embodiment of the present invention,

FIG. 10 shows o detailed method 1o piecewisely scale
video images according 10 one embodiment of the present
invention.

FIG. 11 shows g method to adjust the aspect ratio of a
video image according 1o one embodiment of the present
invention

F1G. 12 shows a method according to one embodiment of
the present invention,

DETAILED DESCRIPTION
The following deseription and drwings are illustrative of

the invention and are oot W be construed s limiting the
wvention. Numerous specific details are desenbed 1w pro-
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3

vide a thorough understanding of the present nvention.
However, in ¢enain instances, well known or conventionil
cetails are not descabed i order w avoid ohseuring the
description of the present invention. Relerences 1o an or one
embodiment in the present disclosure are not necessary o
the same embodiment: and, such references means ot least
G,

FIG. 1 shows one example of a typical computer system
which may be used with the present invention. Note tha
while FIG. 1 illustrates vanous components of a eomputer
system, 1t s pot imended o represent any pamicular archi-
tecture or manner of interconnecting the components as such
details are not germane 1o the present imvention. [t will also
be appreciated thal petwork computers and other data pro-
cessing systems which have fewer components or perhaps
more components may also be used with the present inven-
tion. The computer system of FIG. 1 may, lor example. be
an Apple Macimosh computer.

As shown n FIG. 1. the computer svstem 101, which is
a form of a data processing system, includes 2 bug 102 which
is coupled to a microprocessor 103 and a ROM 107 and
volatile RAM 105 and a pon-volatile: memory 106, The
microprocesser 103, which may be, for example, a G3 or G4
microprocessor from Motorola, Inc. or IBM is coupled 1o
cache memory 104 as shown in the example of FIG: 1. The
bus 102 interconnects these vanous componenis logether
and also interconnects these components 103, 107, 105, and
106 to a display controller and display device 108 and 1o
peripheral devices such as input/output (1/0) devices which
may be mice, Kevboards, modems, network interfaces. print-
ers, scanners, video comeras and other devices which are
well known in the art. Typically. the input/output devices
110 are coupled 1o the system through input/outpul control-
lers 109, The volatile RAM 105 is typically implemented as

1a

3

dynamic RAM (DRAM) which rm.]'u'ircs r;nm_:r continually
in arder 1w refresh or maintain the data in the memory. The
non-valatile memaory 106 is typically a magnetic hard drive
or o magnetie optcal drive or an optical drive or a DVD
RAM or other type of meémory sy stems which maintan data
even afler power is removed from the system. Tvpically, the
non-volatile memory will also be a random access memory
although this is not required. While FIG. 1 shows that the
non-volatile memory 15 a local deviee coupled directly 1o the
rest of the components in the data processing system, 1t will
be appreciated that the present invention may utilize a
non-volatile memory which is remote from the svstem, such
as a4 network storage device which is coupled to the data
processing system through a network intertace such as a
modem or Ethernet imerface. The bus 102 may nclude one
or more buses connected 10 each other through various
bridges, controllers and/or adapters as is well known in the
art. In ope embodiment the VO controller 109 includes a
LISB (Universal Serial Bus) adapter for controlling USB
peripherals, and'or an IEEE-1394 bus adapter for comrolling
IEEE-1394 peripherals.

[twill be apparent from this desoription that aspects of the
present invention may be embodied. at least in part, in
software, That is, the techniques may be carried out in a
computer system or other data processing system in
response o its processor, such as a microprocessor. execut-
ing sequences of instructions contained in o memory, such as
ROM 107, volatile RAM 105, nop-volatile memory 106,
cache 104 or a remote stomge device, In various embodi-
ments. hardwired circuitry may be used in combination with
software instructions (o implement the present invention.
Thus, the echmgues are not limited 1o any specific combi-
natien of hardware circuitry and soltware nor 0 any par-

i
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ticular source for the instructions executed by the dma
processing svstem. In addition, throwghout this description,
various [unctions and operations are described as heing
performed by or cavsed by soliware code W simplify
description. However, those skilled in the art will recognize
whal is meant by such expressions is that the functions result
from execution of the code by o processor, such as the
microprocessor 103,

A machine readable medium can be used o store software
and data which when executed by a data processing system
causes the system 1o perform various methods of the present
invention. This executable sofiware and data may be stored
in varions places including for example ROM 107, volatile
RAM 105, non-volatile memory 106 andior cache 104 as
shown in FIG. 1. Portions of this software and/or data may
be stored in any one of these storage devices

Thus, o machine readable medium includes any mecha-
nism that provides (i.e., stores and/or transmits) mformation
in a lorm aceessible by a machine (e.g.. a computer, network
device, personal digital assistant, manulacturig tool, any
device with a set of one or more processors. ete.). For
example. a machine readable medium inchides recordable/
non-recordable media (cg., read only memory (ROMY;
rmndom  access memory (RAM); magnetic disk storage
media: optical storage media; Dash memory devices: ete.), as

well as electrical, optical, scoustical or other forms of

propagated signals (e.g., carrier waves, infrared signals,
digital signals, ete.): etc.

Al least one embodiment of the present invention seeks (o
preserve the original aspect ratio near an area of intercst
using nonlinear scaling of video images,

When a video image is scaled linearly by dilferent scaling
factors along the horizomal and vertical diecctions, the
aspect ratio of the video image is changed uniformly across
the video image. A circle @t any location on the original
video image is displayed as an ellipse of the same aspect
ralio.

k
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According o one embodiment of the present invention. it
is desirable to maintain the original aspect ratio in an arca of
interest (e.g., at the center of the image) and gradually
streich the image in other areas. Thus. the image in the area
of interest is presented in the tanget display area with
reduced distortion (or with no distortion), while other arcas
are disworted. Nonlinear scaling 1s used according 10 one
embodiment of the present invention to achieve such results.

FIGS. 2-4 show examples of nonlinear anamorphic scal-
g of video images according W embodiments of the
present invention,

In the example of FIG. 2. image 271 is scaled nonlinearly
in the horizontal direction to reduce the width o that of
image 273, To preserve the original aspect mtio near the
center of image 271, nonlinear mapping according o non-
linear curve 241 is used 1o map the positions of the vertical
lines along the horizomal direction. For example, the verii-
cal line at x=x, (214) in image 271 is mapped to the vertical
line at X=X, (204) in image 273. Similarly, horizontal
positions represented by points 213, 212 and 211 (X, X.. X, )
i image 271 are mapped o horzontal positions represented
by points 203, 202 and 201 (X,. X.. X, ) in image 273; and.
231-234 10 221-224. Thus, evenly spaced vertical lines in
image 271 are displayved as non-evenly spaced ventical lines
in image 273, For example, shaded region 253 is displaved
as region 263. Since the nonlinear scaling is applied only 1o
the horizontal direction. the change of aspect mtio is uniform
along the vertical direction, while non-uniform along the
horizontal direction. The slope of curve 241 near the center
(243) of the image is adjusted so that the original aspeet ratio
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near the center is preserved in image 273, Thus, a square
region at the center of 1image 271 is mapped (or scaled) as
a sguare (or a rectangle substantally ¢lose 1o a square) in
image 273, While the struight horizontal and vertical lines of
image 271 are mapped as the corresponding siright hori-
zontal and vertical lines of image 273, a straight line of a
slant angle (e.g., line 251} is displaved as a curve {e.g., curve
261). due 1w the nonlinear sealing in the horizontal direction,
It will be appreciated that *linear™ means that a change in the
% coordinate value (e.g.. X changes from 1 o 2) produces a
constant multiple of that change in the ¥ coondinate value
{e.g.. v changes [rom 2 o 4 if y=2x). Non-linear normally
means that a change in x produces o change in ¥ which is
other than a constant multiple of that change (or x value)
along ar least a portion of the function which describes the
nonlinear relationship or curve.

In the example of FIG. 3, image 371 is scaled nonlincarly
in the horizontal direction o increase the width w that of
image 373, Nonlinear curve 343 is used 10 map the vertical
lines of image 371 from positions 302-304 1© posilions
312314 (on line 341). and 322-324 10 332-334. The
positions of the vertical lines ot x=2x, (301 and 321) remain
unchanged. Thus, the center strip of image 371 15 displaved
without distortion as the center sirip of image 373, while the
side strips of image 371 (eg., strip 355) are stretched
hormzontally (e.g. as strip 365) to 6l the display region.
Circle 351 in the center strip ol image 371 is displayed as
circle 361 in the center strip of image 373, However. circle
353 is distorted as corve 363, Since the detail at the eenter
strip is typically of more interest 1o a viewer. the nonlinear
scaling in the example preserves the original Teatre of the
video image in the aren of mterest, the center strap.

FIGS. 2 and 3 illustrate the examples of nonlinear scaling
in the horizontal direction. while the vertical direction is not
sciled. In general, linear scaling in both directions can also
be combined with nonlinear scaling (either in the vertical
direction or in the horizontal direction) so that the aspect
ratio of the area of interest (e.g., the center strip) is pre-
served. Tvpically, the linear sealing and the nonlinear scaling
are performed in one combined operation.

1L
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According 1o one embodiment of the presemt invention,
nonlinear scaling is applied in both the vertical direction and
the horzontal direction. In FIG. 4, image 401 is stretched in
the horzontal direction and compressed in the vertical
direction to generate image 403, Nonlinear scaling is applied
in both directions in operation 421, Curve 411 is used to map
the honzontal positions of the vertical lines: and, curve 413
is used 1o map the vertical positions of the horzontal lines.
Thus. while the aspect ratio of the portions of the image near
the boundary is distorted, the aspect ratio of the center
region of the image is preserved. Alternatively, linear scaling
can be combined with nonlinear scaling in operations 423
and 425 1w generate image 405, Curve 415 is used for the
nonlinear horzontal scaling. In image 405, the aspect ratio
of the center strip s preserved. For example, region 433 near
the bottom of image 405 has the same aspect mio 45 region
443 of mage 401. However, when region 431 15 compared
1o region 441, 11 15 seen that the vertical boundury strips are
severcly distoried. In imoge 403, while both regions 437 and
435 are distorted in aspect rmtio, region 435 has less distor-
tion than region 431, Thus, the distortion of aspect ratio 1s
distributed arouwnd the boundary region in image 403, while
the distortion is concentrated in the boundary strips in image
405,

In FIG. 4, it is seen that image 407 can also be scaled
nonlinearly in both directions 1o generate image 403, In one
embodiment of the present invention. when a video image 15

A
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required to lill a display area with a lincar horizontal scaling
factor A and a linear vertical scaling factor B, where A=R,
nomlinear scaling con be constructed to have a scaling factor
C at the center of interest (e.g.. the cemter of the image) w
preserve the aspect ratio at the center of interest. In one
embodiment of the present invention. C is chosen so that €
is between A and B and, the aspect ratio of the image is
compressed nonlinearly along one direction and stretched
nonlinearly along the other direetion, When C approaches A,
the horizontal scaling approaches from nonlinear scaling 10
linear sealing: when C approaches B, the vertical sculing
approaches [rom nonlinear scaling to linear scaling. In one
embodiment of the present invention. o user specifies the
area of interest; and, the nonlinear scaling is constructed
according 10 the location and the size of the area of interest.

Various nonlinear curves can be used for the construction
of nonlinear scaling. For example, a cubical polynomial can
be used 1o map the coordinates, For instance, when a video
mage is required to Gl o display area with a linear hori-
zontal scaling factor A and a linear vertical scaling factor B.
the image can be linearly scaled by factor A in the horizontal
direction using mapping X—Ax and be nonlinearly scaled in
the vertical direction using mapping Y=v{ A+{B-A)=(y/11)
). where H is the hall height of the video image. (x. y) are
the coordinates of a point in the video image, and (X, Y) is
the coordinates of the corresponding point in the sealed
image. Thus, the region near v-0 is scaled by a factor close
o A in both the horzontal and vertical direction. while the
regions near y=H are sealed by a factor of A in the horizontal
direction, and a factor of (3B=2A). Functions other than the
cubicil polvnomial can also be used. For example, a corve-
fit function generated based on a number of control points
can be used. The control points can be predefined or received
from user input devices (e.g., through a control button, or a
graphical user interface, or a voice recognition system),
Piecewise functions (e.g., piccewise linear functions) can
alsa be used.
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FIGS, 5-6 show examples of nonlinear anamorphic scal-
ing of video images wsing graphics hardware of o data
processing system according 1o embodiments of the present
invention

In FIG. 8§, a computer program processes video dat 501
having separate frames (e, stored on memory ol a data
processing system, sueh as volatile RAM 105 or nonvolanile
memory 106 in FIG. 1) Fach frame may be part of a
sequence of related images. as in a movie. Eoach frame of
video image 15 nonlinearly sealed according 1o embodiments
of the present invention uvsing graphics hardware (e,
display comtroller 108 in FIG, 1). For example, a frame is
divided into a number of strips (503). The data specilving
the non-uniform mapping (505) s used to define the scaling
of each of strips using the graphics hardware (e.g.. graphics
processing vl (GPU) 507). Various graphics hardware
known in the art can be used o efliciently scale the strips of
images. The graphics hardware linearly scales cach strip
according the instructions (e.g.. sent from the central pro-
cessing unit (CPU)). Through graphics function calls (e.g.,
OpenGlL, or DirectX), the graphics hardware can be
instructed to scale each strips linearly. Thus. cach lrame of
image (503) is piccewise linearly scaled and stored in o
frame buller (509). Typically. a digital analog converier
(ALC) 511 convens the data in the frame buller into signals
for controlling display 513. The target area in the [rame
buller can be a portion of the frame buller so that the video
i5 displaved on only a portion of a display device (eg. o
Cathode Ray Tube (CRT) monnor. a Liguid Cryvstal Display
(LCD) panel. or others). The target area can also be the
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entire frame buffer so that the video is displaved on the
entire display area of the display device.

Different schemes can be used in determinming the strips
and coordinates for instructing the graphics hardware w0
perform the scaling. For example, the original video image
can be divided into evenly spaced strips so that the graphics
hardware can scale them into strips of diflerent widths for
the frame bufler. Alternatively, the original video image may
Be so divided that, after the scaling. the corresponding strips
have the same width. The nonlinear scaling in one direction
can be to either siretch or compress the aspect ratio along
this direction.

In FIG. 6. both the horizontal and the vertical directions
are sealed piccewise linearly using a graphics processing
unit {6075, A franie of video image Trom video data 601 15
divided into o number of rectangular regions (603), The
graphics processing unit linearty scales each of the rectan-
gular regions 1o achieve the overall nonlinear sealing in both
directions (e.g.. by using different sealing factors for differ-
ent regions according to the data specifying the non-uniform
mapping (605)). In one embodiment of the present inven-
tion, the graphies hardware also convens the image data
from one color space (eg., YUY of the video data) to
another (e, RGE suitable [or controlling display device).
In one embodiment of the present invention, double bull-
ering is used for the frame buffer so tha when the graphics
processing unit is generating one fmme of video image in
one of the frame buffers {eg. 609) the digital analog
converler (DAC) (611} generates display signals for the
previous (rame in the other Irame buffer (e.g.. 619) to control
display (613). After the graphics processing unit finishing
scaling the current frame, the frame buffers are switched in
rules,

5
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In one embodiment of the present invention, the nonlinear
scaling (eg.. the location and size of the area of interest) is
adjustable by @ user so that the user can adjust the scaling in
real time according to the user’s preferences.

Al least some embodiments of the nonlinear scaling of the
present mventions can also be applied w0 display devices,
such as monitors. display panels, television sets or high
definition television sets. The display devices according to
one embodiment of the present invention contain cireuits for
nemlinearly scaling video signals o compensate distortions
in aspect ratio dee to linear scaling al areas of interest
(typically the center region or strip of the display device)

FlGs. 7-8 show block dingraom examples of display
deviees Tor nonlinear anamorphic scaling ol video images
according 10 embodiments of the present invention,

In FIG. 7. after the video signal s received from a source
(e.g.. an external connection, or a tamer) at signal receiving
circuit 701, the control signals (2., RGB color signals,
horizontal and vertical synchronization signals (HSYNC
and VSYNC)) are generated (703) (e.g.. sccording to linear
scaling in both directions). Under control of aspect ratio
adjustment data/signal (e.g.. received from a control button
of the display device, or determined from the mput video
signal and the aspect ratio of the display device), the
refiming circuit (705) adjusts the timing of the horizontal
{and/or vertical ) scanline control signal 1o scale the image in
the hornzontal {(or wvertical) direction nonlinearly. For
example, the horzontal scanhne control signal of a CRT
monitor can be changed from a lnear function of time 1o a
nonlinear function of time so that the timang of the sctivation
of the pixels on the scanline 15 remapped 1w ellectively
perform nonlinear scaling along the horizontal direction. In
one embodiment of the present invention, the information
about the onginal aspect ratio of the video signal (701) is

&1

[411]

8

combined with the information of the aspeet ratio of the
display device (709} and the user input about the nonlinear
sealing (e.g.. the area of interest, or, the degree of nonlin-
earity) to generate the aspect ratio adjustment data. From
this description, a person skilled in the art will understand
that various circuils can be vsed 10 as the retiming circuil
(T05) to perform the nonlinear scaling. In addition to analog
circuits for performing the nonlinear sealing (e.g.. using the
nenlinear seanling control signals), digital cireuits can also
be used, when analog to digital and/or digital 10 analog
converters are used,

For example, in FIG. 8, video signal (e.g., signals from an
external source, a lelevision turner. a high definition elevi-
sion e, a digital video source. such as digitl cable
television, digital satellite television) is received at the
signitl receiving cireuit 731 for display on deviee 737. To (it
the video image into the display are of display device 737,
scaling circuit 733 nonlinearly scales the video image (e.g..
1o preserve the original aspeet ratio of the video image at an

area of imerest, such as the center region or center strip of

the display device). Then, control signals 735 (e.p.. RGEB
signals and horizonal and venical synchronization signals)
are generoted from displaying the video image on display
device 737. In one embodiment of the present invention,
scaling cirenit 733 includes a buffer for pipelining the
process of nonlinear scaling and the generation of contral
signals.

A wypical CR1 compuier monitor contains buttons for
adjusting various properties of the CRT monitor. such as the

brightness. contrast, horizonal/vertical position or size of

the display area. and the shape of the display area (e.g..
trapezoid correction). According 1o one embodiment of the
present invention, a display device also contains buttons for
adiusting the nonlinear scaling.

o
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FIG. 9 shows o method 1o scale video images according
e one embodiment of the present invention. Afler operation
801 receives a fimst video image of o fisst aspeet ratio,
operation 303 performs nonlinear scaling of the first video
mage along each of at least one direction 10 generate a
second video image of a second aspect ratio. In one embodi-
ment of the present invention, horizonial and vertical lines
of a video image are scaled as horzomal and vertical lines
in the scaled image so that rectangular regions of the video
image remains as a rectangular region (or a square, a special
case of a rectangular region) after the nonlinear scaling.

FIG. 10 shows a detailed method o piecewisely scale
video images according to one embodiment of the present
invention, Operation 811 réceives a first video stream of a
first aspect ratio. Operation $13 divides each frame of the
first video stream into a plurality of frame regions. Operation
815 scales the plurality ol frame regions (e.g.. using a
eraphics processing unit) according to more than two scaling
factors along one direction to generate data for a plurality of
regions in a frame bufler. Operation 817 converts data in the
frame buffer into signals of a second video stream of a
second aspect ratio.

FIG. 11 shows a method 1w adjust the aspect mtio of a
video image according 1o one embodiment of the presemt
invention, Operation 831 receives user input that specifies a
nonlinear transform (e.g. through specilyving an ared of
interest within which it is desirable 1o reduce the distortion
in aspect ratio, o parameter adjusting the transform, or
others). Operation 833 receives a first video stream ol a first
aspect ratio in a hrst color space (e.g.. YUV Operation B35
divides each frame of the first video stream into a plurality
of frame regions (e.2., evenly. or. according 1o the nonlinear
transform). For example. the frame of the first video stream
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can be so divided that these regions, after the scaling, will be
of even size on the target display area. Operation 837
determines parameters for scaling each of the plurality of
frame regions in o least on direction (e.g.. venical or
honzontal ) according 1o the nonlinear transform. Operation
839 scales the plurality of fmme regions using graphics
hardware (e.g.. o graphics processing unit) according to the
paramieters w generate data o rame of a second video stream
ol a second aspect ralio in 4 second eolor space (e.g.. RGB).

FICr. 12 shows o method 1o scale video images according
to one embodiment of the present invention. In this embodi-
ment, the nonlinear scaling is performed by the texwre
mapping functionality of graphics systems, such as OpenGl
or Dhirect X, i.n.li'rln:lm:ulcc.l in gruphics hardware. After receiv-
mg i first video amage of @ first aspect ratio in block 901, o
noalinear mapping function is constructed which scales the
lirst video image 1o generate o second video image of a
second aspect ratio, Then, the nonlinear scaling hased on this
mapping funetion is performed osing wexiure funetionalites
of graphics hardware, as indicated in block 903.

In the forepoing specificotion, the invention has been
described with reference o specific exemplary embodiments
thereol, It will be evident that various modilications may be
made thereto without departing Irom the broader spint and
scope of the invention as set forth in the following claims.
Ihe specification and deawings are, accordingly, 10 be
regarded in an illustrative sense rather than o restnctive
sutise,

g

What 1s claimed is:
1. A method to scale a video image. the method compris-
ng:

determining o nonlinear function from a position coordi-
nate of a first video image having a fiest aspect ratio o
a position coordingte of a second video image having a
second sspect ratio. the second aspect mtio being
different from the first aspect ratio. wherein the non-
linear function comprises piccewise lincar scaling of a
plurality of regions according to different scaling fac-
tors along at least one direction;

performing nonlinear scaling of the fist video image
along the at least one direction according o the non-

linear function to generate the second video image of

the second aspect ratio, the second aspect ratio being
different from the first aspeet ratio: and

displaying the second video mnage on a display device.

2. A method as in claim 1 wherein the first aspect ratio is
preserved at a center portion of the second video image.

3. A method as in claim 1 wherein the first video image
comprises a video image frame from a video stream com-
prising a plurality of frames.

4. A method as in claim 1 wherein the delermining
comprises determining the nonlinear function based on user
inpul.

5. A method as in claim 1 wheréin a texture mapping
functionality of graphics hordware is vsed to perform the
nonlinear scaling.

6. A method as in claim 5 wherein the graphics hardware
is instructed by graphics functions of one of: a) OpenGl.;
and, b) DirectX.

7. A methed as in elaim 1 wherein the second video image
has at least two different aspeel ratios within the secand
video image.

8. A method as in claim 1 wherein a first rectangular
region of the first video image is scaled as a lirst rectangular
region ol the second video Image: aspect ratios ol the lirst
rectangular region of the first video image and the first
rectangular region of the second video image are substan-
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tially the same; a second rectangular region ol the first video
image is scaled as a second rectangular region of the second
video image: and aspect ratios of the second rectangular
region of the first video image and the second rectangular
region of the second video image are substantially different.

9. A method as in claim 8 funher comprising:

receiving input specifyving one of:

a) the first rectangular region of the first video image: and

b) the first rectangular region of the second video image.

10. A method as in claim 1 wherein the first video image
has a first rectangular boundary of the first aspect ratio: and,
the second video image has o second rectangular boundary
of the second aspect ratio.

11. A method as m claim 10 wherein the at least one
direction comprises at least one of:

a)a direction along horzontal pixel lines of the first video

image; or

b} a direction along vertical pixel lines of the first video

image.

12. A method as in claim 11 wherein the at least one
direction comprises:

a) a direction along horizontal pixel lines of the first video

image; amnd

b} a direction along vertical pixel lines of the first video

image.

13. A method as in elaim 1 wherein the plurality of regions
are equally divided along the at least one direction.

14. A method as in claim 1 further comprising:

instructing graphics hardware ol a doa processing system

to perform the piccewise linear scaling of the plurality
of regions.

15. A method as in claim 14 wherein the graphics hard-
ware comprises a graphics processing unit (GPU): and, the
data processing system comprises a central processing unit
(CPLE).

2
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16. A method as in claim 15 further comprising:

receiving input specifying the nonlinear scaling.

17. A method a5 in claim 16 [urther comprising:

determining the plurality of regions according to the

input.

18. A method as in claim 14 wherein the graphics hard-
ware converts the first video image from a first color space
to the second video image in a second color space.

19. A method s in claim 18 wherein the second video
image is stored in a frame buffer for display on a display
deviee of the datg processing system,

20. A computer readable medium containing executable
computer program instructions which when executed by o
digital processing system cause said system 1o perform a
method 1w scale a video image, the method comprising:

determining @ nonlinear function from a position coordi-

nate of a first video image having a first aspect ratio o
a position coordinate of o second video image having a
second aspect mitio, the second aspect ratio heing
different from the first aspect ratio, wherein the non-
linear function comprises piccewise linear scaling ol a
plurality of regions according o different scaling fae-
tors along at lesst one direction;

performing nonlinear scaling of the first video image

along the ar least one direction according 10 the non-
linear function o gencrate the second video image of

the second aspect ratio, the second aspect mtio being
different from the first aspect ratio; and

displaying the second video image on a display device.

21. A medivm as in claim 20 wherein the first aspect ratio
is preserved at a center portion of the second video image.
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22, A mediom s in claim 20 wherein the first video image
comprises a video image frame from a video stream com-
pnsing @ plurality of fromes.

23 A mediom os in claime 20 wherein the determining
comprises determining the nonlinear function based on wser
input.

24 A medinm as in claim 20 wherein o texmre mapping
functionaliny of graphics hardware 1s vsed 1w perform the
nenlinear sealing.

25. A medium a5 in claim 24 whercin the graphics
hardware is mstructed by graphics functions of one of: a)
OpenGil: and, b) DirectX,

26. A medium as in clim 20 wherein the second video
image has o least two differemt aspect ratios within the
second video image.

27, A medium as in claim 200 wherein a first rectangular
region of the first video image is sealed as a first rectangular
region of the second video mage: aspect ratios of the first
rectangular region of the first video image and the lirst
rectangular region of the second video image are substun-
tially the same; o second rectangular region of the first video
image is scaled as o second rectangular region of the second
video image: and aspect ratios of the second rectangular
region of the first video image and the second rectangular
region of the second video image are substantially differem

28. A medivm as in claim 27 wherein the method further
COMprises:

receiving input specifving one of:

a) the first rectangular region of the first video image:
anch

b) the hirst rectangular region of the second video
image.

29. A medium as in claim 20 wherein the first video image
has a first rectangular boundary of the first aspect ratio; and.
the second video image has a second rectangular boundary
ol the second aspect fatio,

#

30. A medium a3 in claim 29 wherein the at least one
direction comprises at least one of?

a) adirection along horizontal pixel lines of the first video

Iage: or

b) a dircction along vertical pixel lines of the first video

image.

31. A medivm as in cloim 30 wherein the at least one
direction comprises:

a) a direction along horizontal pixel lines of the first video

image: and

b} a direction along vertical pixel lines of the first video

nmage.

32, A medivm as in clim 20 wherein the plurality of
regions are equally divided along the at least one direction.

332 A medium as in claim 20 wherein the method funher
comprises:

instructing graphics hardware of the digital processing

system o perform the piccewise lincar scaling of the
plurality of regions.

34, A medivm s in claim 33 wherein the graphics
hardware comprises a graphics processing unit (GPU); and,
the digital processing system comprises a central processing
unit (CPLY,

35 A medium as in claim 34 wherein the method further
comprises:

recerving inpul specilying the nonlinear scaling.

6. A medium ag in claim 35 wherein the method further
COmMprises:

determining the plurality of regions according o the

input.
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37 A medium as in claim 33 wherein the graphics
hardware converts the first video image from a first eolor
space 10 the second video image in'a second color space.

38, A medivm as in claim 37 wherein the second video
image is stored o a frame bulfer for display on a display
device of the digital processing system.

39, A data processing system 10 scale a video image, the
data processing system comprising:

means for storing o nonlinear function from a position

eoordinate of a first video image having a first aspeet
miio o a position coordinate of a second video image
having a second aspect ratio, the second aspect ratio
being different from the first aspect rotio. wherein the
noplinear [unetion comprises piecewise lincar scaling
of a plurality of regions accordmg 1o difllerent scaling
factors along at least one direction; and

means for performing nonlinear scaling of the first video

image along the at least one direction according to the
nonlinear function o generate the second video image
of the second aspect ratio. the second aspect ratio being
different from the first aspect ratio.

40, A data processing system as in eclaim 3% wherein the
first aspect ratio is preserved ot a center portion of the second
video image.

41. A data processing system as in claim 39 wherein the
first video image comprises a video image fmme from a
viden stream comprising a plurality of frames.

42, A data processing system as inclaim 39 wherein the
determining comprises determining the nonlinear lunction
hased on user inpul.

43. A data processing system as in claim 39 whercin the
means lor performing the nonlinear scaling comprises
graphics hardware: and, a wexture mapping functionality of
the graphics hardware is used to perform the nonlinear
sealing.
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44, A clata processing svstem as in claim 43 whercin the
graphics hardware 15 instructed by graphics functions of one
of &) OpenGL; and, b DircetX.

45. A data processing system a5 in claim 39 wherein the
second video image has at least two different aspect ratios
within the second video image.

46. A dara processing system as i claim 39 wherein o first
rectangular region of the first video image is sealed as a first
rectangular region of the second video imuge: aspec! mios
of the first rectangular region of the first video image and the
first rectangular region of the second video image are
substantially the same: a second rectangular region of the
first video image is scaled as a second rectangulor region of
the second video image: and sspect ratios of the second
rectangular region of the first video image and the second
rectangular region of the second video image are substan-
tally different,

47. A data processing system as in claim 46 further
COMPrising:

means for receiving input specifying one of:

a) the first rectangular region of the first video image; and

b the first rectangular region of the second video image.

48. A data processing system as in claim 39 wherein the
first video image has a first rectangular boundary of the first
aspect ratio; and, the: second video image has a second
rectangular boundary of the second aspect ratio.

49, A data processing system as in claim 48 whercin the
at least one direction comprises at least one of:

a) a direction along horizontal pixe] lines of the first video

image: or

h}a direction along vertical pixel lines of the lirst video

g,
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50, A data processing system as in claim 49 wherein the
at least one direction comprises:

a) a direction along hortzontal pixel lines of the lirst video

image: and

bj a direetion along vertical pixel lings of the first video

image,

51 A data processing system as in ¢lim 39 wherein the
plurality of regions are equally divided along the at least one
direction.

52, A data processing system as in claim 39 further
COmprising:

graphics hardware 10 perform the piccewise linear sealing

of the plurality of regions.

53, A data processing system as in ¢laim 52 wherein the
graphics hardware comprises a graphics processing unil
(GPU): and, the dota processing system comprises a central
processing unit (CPL,

54, A data processing svstem as in claim 53 further

COMprising:
means lor receiving inpul specifying the nonlinear scal-
ing.
55. A data processing system as in claim 354 further
COMPrising:

means for determining the plurality of regions according
1o the input.

56. A data processing system as in claim 52 wherein the
graphics hardware converts the first video image from a lirst
color space 10 the second video image in a second color
space,

57. A data processing svstem as in claim 56 wherein the
second video image is stored in a frame bufler for display on
a display device of the data processing system

B A A alral mas Lamcn i rions B sidmnli s i ildas lasnna e

Mi

S8. A digital processing system o scale a video image. the
digital processing syslam comprising:

a bus,

memory coupled 1o the bus, the memory storing o first

video image having a first aspect mtio and the memory
storing 4 nonlinear Tunction {rom a position coordinate
of the first video image 1o a position coordinate of a
second video image having a second aspect ratio, the
second aspect ratio being different from the lirst aspect
ralio, wherein the nonlinear function comprises piece-
wise linear scaling ol a plurality of regions according 1o
different scaling factors along at least one direction:
and

a processor coupled 1o the bus, the processor performing

nonlinear sealing of the first video image along the-at
least one direction according to the nonlinear function
to generate the second video image ol the second aspect
rilio,

59. A digital processing system as in claim 58 wherein the
first aspect ratio is preserved at a center portion of the second
video image.

60. A digital processing system as in claim 58 wherein the
first video image comprises o video image frame from a
video stream comprising a plurality of frames,

61, A digital processing svstem as in claim 58 wherein the
determining comprises determining the nonlinear function
based on user input.

62. A digital processing svslem as in claim 58 further
comprising:

graphics hardware coupled to the bus;

wherein a texture mapping functionality of the graphics

hardware is used to perform the nonlinear scaling.

63, Adigital processing system a5 in claim 62 wherein the
graphics hardware is instructed by graphics functions of one
of: ) OpentGL; and, b) DirectX.

4n
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64. Adigital processing system as in claim 58 wherein the
second video image has at least two different aspect ratios
within the second video image.

65. A digital processing sysient as in ¢claim 58 wherein a
first rectangular region of the lirst video image is scaled as
a first rectangular region of the second video image: aspect
ratios of the first rectangular region of the lirst video image
and the first rectangular region ol the second video image are
substantially the same: a second réctangular region of the

first video image is scaled as a second rectangular region of

the second video image: and aspect mtios of the second
rectangular region of the first video 1image and the second
rectangular region of the second video image are substan-
tially chifferent,
66. A digital processing system as in claim 65 further
comprising:
an input device coupled to the bus 1o receive input
specilying one of:
a) the first rectangular region of the limst video image; and
b} the first rectangular region of the second video image.
67. Adigital processing system as in claim 58 wherein the
first video image has o lirst rectangular boundary of the first
aspect ratio: and, the second video image has a second
reclangular boundary of the second aspect ratio.
68. A digital processing svstem as in cloim 67 wherein the
at lenst one direction comprises at least one ol
a) a direction along honzontal pixel lines ol the first video
mage; or
b) a direction along vertical pixel lines of the first video
inage,
69. A digital processing svstem as in claim 68 wherein the
al least one direction comprises:
a) a direction along horizontal pixel lines of the first video
mage; and
b) a direction along vertical pixel lines ol the first video
Image.

A
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T0. Adigital processing system as in claim 58 wherein the
plurality of regions are equally divided along the at least one
dircetion.

71. A digital processing system as in claim 58 further
COMmprising:

graphics hardware coupled 1o the bus, the graphies hard-

ware performing the piecewise linear scaling of the
plurality of regions in response 1o instructions from the
ProCessor,

72, Adigital processing systam as in claim 71 wherein the
grophics hardware comprises a graphics processing unit
(GPL).

73, A digital processing sysiem as in claim 72 further
comprising:

an input device coupled to the bus. the input device

receiving input that specifies the nonlinear scaling,

T4, Adigital processing system as inclim 73 wherein the
processor determines the plurality of regions according to
the inpul.

75, Adigital processing system as inclaim 71 wherein the
graphics hardware convents the first video image from o first
color space 1o the second video image in a second color
space.

76. Adigital processing system as in claim 75 wherein the
memory comprises a frame buffer; and, the second video
image 15 stored in the frame bufler for display on a display
device of the digital processing system.

77. An apparatus for displaving video images, the appa-
s comprising:

a sealing circuit for scaling a received video image of a

first aspect ralio nomlmearly along at least one direction
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to generate an output video image of a second aspect
ratio, the second aspect ratio being different from the
first aspect ratio, wherein the scaling is performed
according to a nonlinear function from a position
coordinate of the received video image to a position
coordinate of the output video image and wherein the
nonlinear function comprises piecewise linear scaling
of a plurality of regions according to different scaling
factors along the at least one direction; and

a display device coupled to the scaling circuit to display

the output video image.

78. An apparatus as in claim 77 wherein the first aspect
ratio is preserved at a center portion of the second video
image.

79. An apparatus as in claim 77 wherein the first video
image comprises a video image frame from a video stream
comprising a plurality of frames.

80. An apparatus as in claim 77 wherein the determining
comprises determining the nonlinear function based on user
npult.

81. An apparatus as in claim 77 wherein the second video
image has at least two different aspect ratios within the
second video image.

10

15

16

82. An apparatus as in claim 77 wherein a first rectangular
region of the first video 1image 1s scaled as a first rectangular
region of the second video image: aspect ratios of the first
rectangular region of the first video image and the first
rectangular region of the second video image are substan-
tially the same: a second rectangular region of the first video
image 1s scaled as a second rectangular region of the second
video image: and aspect ratios of the second rectangular
region of the first video image and the second rectangular
region of the second video image are substantially different.

83. An apparatus as in claim 77 further comprising:

a first signal receiving circuit coupled to the scaling
circuit, the first signal receiving circuit receiving the
first video 1mage from a source external to the appa-
ratus.

84. An apparatus as in claim 77 wherein the apparatus
comprises a television set.

85. An apparatus as in claim 77 wherein the apparatus
comprises computer monitor.
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« Ex. 1006, Figs. 1-2
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. Ex. 1006, Fig. 3
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CPU  p~111
13 i 14 1
[ 12 ¢ [
Main memory F<—={ North Bridge }———> Graphics controller ———>» LCD panel

* Non-linear scaling: 720X480

| —> [ * Pixel size regulation: 800X600
» North bridge output !
Resolution : 720X480 * 1.5 times in vertical and horizontal directions :
(After non-finear scaling) i?ﬂﬂxgﬂﬂl

* 1.2 times in horizontal direction: 1440900
(Number of display pixels of LCD panel)

FIG. 4
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Ex. 1006, Fig. 7

Example in which enlargement ratio of each block is integer number of times of 1/(power of 2)

to original pixels

Block 1 2 3 4 5 6 7 8 Total
Horizontal pixel number 16 16 16 16 16 16 16 16 128
After non-linear scaling 19 17 15 13 13 15 17 19 128

Enlargement ratio 1.1875 1.0625 0.9375 0.8125 0.8125 0.9375 1.0625 11875 f
Coefficient 19/16 17/16 15/16 13/16 13/16 15/18 17/16 19/16 1
Horizontal double 38 34 30 26 26 30 34 38 256
chiargement rato relative | - 9a76 | 9125 | g | 165 | 125 | 1e1 | 2125 | 2378 2

FIG.7
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. Ex. 1006, Fig. 8

<Enlargement >
Example in which 4 pixels are enlarged to 5 pixels
P
l \ / \ Q3 / \ / Q5 l
Q P1 {{115)PI+{31’5}PE}X(5,/4}I ((2/5)P2+(2/5)P3) X (5/4) ({3f5]F3+W5}P4)X(5f4) P4

General formula  Original pixel number: m  Enlarged pixel number: n

k=th pixel
Qi=(({k=1)/n) X (Py-1 )+ {{n-K)/n) X P) X (n/m) (Excluding k=1, K=n)
(k=1 X (Py=1 Hn-K) X P) 1 /m

FIG.8
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. Ex. 1006, Fig. 9

<Reduction>

Example in which 4 pixels are reduced to 3 pixels
P P P2 P3 P4
Q Q1 Q2 Q3

General formula  Original pixel number: m  Reduced pixel number: n
k-th pixel
Qi=(l{n-(k=1))/n)X Py (k/n) XPyes1) X (n/m)
=((n-(k=-1)) X Pk XPie41)/m

FIG.9
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« Ex. 1006, Fig. 10

{ Image process )

L
-
Input image data — 510
v
Harizontally divide image data into plural blocks — 5102
y
Software MNon-linear scaling process
j * Reducing block of central area of screen and enlarging
blocks at ends of screen — 35103
* Enlargement ratio of each block is integer number of
times of 1/(power of 2)
L 4
g Supply non-linearly scaled image data to graphics controller |—S$104
¥
Linear scaling process — 5105
Y
Graphics Fittering (smoothing) process by LPF —S$106
controller
Y
Display smoothed image data on LCD — 3107
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INFORMATION PROCESSING APPARATUS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.

2005-1 72587, filed Jun, 13, 2005, the entire contents of

which are incorporated herein by reference.

BACKGROUND
[0002] 1. Field

[0003] One embodiment of the mvention relates 1w an
information processing apparatus such as a personal com-
puter, and an image pmocessing method for use in the
appars.

[0004] 2. Description of the Related Arn

[0005]  In general, in o TV apparatus, o scaling technology
is used inorder to display image data with an aspect ratio of,
eg. 43, on o wide screen having an aspect ratio of 16:9.
Non-linear scaling 15 Known as an example of the scaling
technology.

[0006] Jpn. Pat. Appln. KOKAL Publication No. 2000-
148128 discloses an image enlargement process circuil
which enlarges image data by non-linear scaling.

[0007] Using the non-linear scaling. it becomes possible to
display image data on the entire wide sereen without causing
borizontal enlargement distortion of an image of a central
areg of the image data,

[0008] In general cases. an image of motion video, which
is displayved on a central pan of the screen, is important,
Thus, the non-linear scaling 1s an eflective techmique for
enlitrging motion video

[00D9] In recent vears. personal computers, which have
the same AV reproducing functions as audio/video (AV)
apparatuses such as DVD (Digatal Versatle Dise) plavers
and TV apparatuses. have been developed. The non-linear
scaling 15 also sultable for displaying motion video on
display devices of personal computers.

[0010] However. in general, a display controller, which is
used in the information processing apparatus such as the
personal computer, is provided with only a linear scaling
function which uniformly enlunges image data with a fixed
enlargement mtio. [1 is thus necessary 10 provide the per-
sonal computer with a dedicated circuit for non-lincarly
enlarging image data that is output lrom the display con-
troller. The provision of such a dedicated circunt, however,
15 @ large factor that leads to an increpse in manufaciuring
cost of the personal ecomputer,

[0011] Under the circumstances, there is a need 1o realize
a novel funcuon for displaving non-linearly enlarged image
duta on a display device withow vsing a dedicated circuin

BRIEF DESCRIPTION OF THE SEVERALI
VIEWS OF THE DEAWINGS
[0012] A general architecture that implements the various

leature of the mvention will now be described with reference
10 the drawings. The drawings and the associated descrip-

tons wre provided w illustre embodiments of the invention
and not to limit the scope of the invention,

[0013] FIG. 1 is an exemplary perspective view showing
an example ofthe external appearanee of a computer secord-
ing to an embodiment of the present invention:

[0014] FIG. 2 is an exemplary block diagram showing an
example of the svstem configuration of the computer shown
in FIG. 1:

[0015] FIG. 3 is an exemplary block disgram showing an
example of the funetional configuration of a TV application
program which is used in the computer shown in FIG. 1;
[0016] FIG. 4 15 an exemplary view for explaining an
example ol the flow ol image data in the computer shown in
FICG. 1:

[0017] FIG. 5 is an exemplary view for describing a first
example of an image data enlargement process which is
executed by the computer shown in FIG. 1:

[0018] FIG. 6 iz an exemplary view for describing a
sccond example of the image dota enlargement process
which is executed by the computer shown in FIG. 1;

[0019] FIG. 7 is an exemplary view for explaining an

example of an enlorgement rotio which is applied to each of

image blocks in the image data enlargement process: illus-
trated in FlG. 6;

[0020] FIG. 8 is an exemplary view for explaining an
example of a pixel interpolation process for horizontally
enlarging image blocks by using ¢nfargement ratios, each of
which is an integral multiple of 1/27, in the computer shown
in FIG. 1;

[0021] FIG. 9 is an exemplary view for explaining an
example of a pixel interpolation process for horizontally
reducing image blocks by vsing enlargemen ratios, each off
which is an integral multiple of 127, in the computer shown
m FlG. 1: and

[0022] FIG. 10 65 an exemplary flow chart illustrating an
example of the procedure of an image process which is
executed by the computer shown in FIG. 1.

DETAILED DESCRIPTION

[0023] Various embodimems according 10 the invention
will be deseribed hercinofier with reference (o the accom-
panving drawings. In general, according 1o one embodunent
of the invention, an information processing  apparmus
includes an image processing unit which execules a non-
linear scaling process of vertically dividing input image data
having a first size into a plurality of image blocks and
horizontally reducing at least one of the image blocks. which
belongs 1o a central arca of the input image data. and a
display controller which enlarges the input image data,
which is subjected 1o the non-linear sealing process, by
linear scaling. generates ouipul image data having o second
size greater than the hirst size, and displays the generated
oLl pun inl.‘lgt; data on a 1|i\p|;|}' device,

[0024] To begin with, referring 1o FIG. 1 and FIG. 2, the
struciure of an information processing apparatus according
to an embodiment of the invention is described. The infor-
mation processing aspparatus is realized, for example, 45 a
notebook portable personal computer 10,
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[0025] FIG. 1 s a perspective view that shows the state in
which a display unit of the personal computer 10 is opened.
The computer 10 comprises a computer main body 11 and a
display unit 12. A display device that i3 composed of a
TFT-LOCD (Thin Film Transistor Liquid Crystal Display) 17
is built in the display unit 12. The display sereen of the LCD
17 is positioned a1 an approximately central pant of the
display unit 12. The LCD 17 has a honzontally clongated
wide display screen. The size (resolution) of the display
screen is; for example, 1440900 pixels.

[0026] The display unit 12 s anached o the computer
main body 11 such that the display unit 12 is freely rotatable
between an open position and a closed position. The com-
puter main body 11 has a thin box-shaped casing. A key-
board 13, a power bution 14 for powering onfofl the com-
puter 10, an input operation panel 15 and a wouch pad 16 are
disposed on the top surface of the computer main body 11.

[0027] The input operation panel 15 is an input device that
inputs an event corresponding o a pressed button. The input
operation panel 15 has o plurality of buttons for activating a
plurality of functions. The buttons include a TV activation
button 15A and a DVIDVCD activation button 158, The TV
activation button 15A 15 a button for activatmg a TV
function for reproducing, viewing/listening to, and record-
ing TV broadcast program data. When the TV activation
button 154 1s pressed by the user. a TV application program
for executing the TV function s automatically started,

[0028] In this computer 10, a general-purpose main oper-
ating system and a purpose-specific sub-operating system
for processing AV (audio/video) data are installed. The TV
application program is a program that nms on the sub-
operating system.,

[0029] When the power button 14 is pressed by the user,
the main operating system 15 booted up. On the other hand.
when the TV activation button 15A is pressed by the user.
the sub-operating system. and not the mam operaling svs-
tem, is bhooted wp, and the TV application program is
automatically executed. The sub-operating system has only
a minimum function for executing the AV function. The time
that is needed to boot up the sub-operating system is much
shorter than the tme that 15 needed 0 boot up the main
operating svstem. Thus, only by pressing the TV activation
button 154, the user can immediately execute TV viewing/
recording.

[0030] The DVIVCIY activation button 158 is a bution for
reproducing video content that is recorded on a DVD or a
CD. When the DVICD activation buiton 158 is pressed by
the wser. o video reproduction application program for
reproducing  video content s aumtomatically started. The
video reproduction application program. too. is an applica-
tion program thal runs on the sub-operating system. When
the DVDYCD acuvation button 158 is pressed by the user,
the sub-operating system. and not the main operating sys-
tem, s booted up. and the video reproduction application
program is automatically executed.

[0031] Wext, referring 1o FIG. 2, the system configuration
of the computer 10 s described.

[0032] The computer 10, as shown in FIG. 2. comprises a
CPU 111, a north bridge 112, a main memory 113, 4 graphics
controller 114, a south bridge 119, a BIOS-ROM 120, a hard
disk drive (HDD) 121, an optical dise drve (ODID) 122, 4

'V wmer 123, an embedded controllerkeyboard controller
IC (BC/KBC) 124, and a nawork controller 125.

[0033] The CPU 111 is o processor that 1s provided in
order 1o control the operation of the computer 10, The CPL
111 executes the main operating svstemy/sub-operating svs-
tem and various application programs such as a TV appli-
cation program 201, which are loaded from the hard disk
drive (HIDD) 121 into the main memory 113, The CPL 11
can execute a plurality of processes in parallel by using a
plurslity of pipelines.

[0034] The TV application program 200 has a function of
enhancing the image quality of image data (motion video
dana) ineluded in TV broadeast progream datz that is received
by the TV ner 123. The size (resolution) of the image data
included in the TV broadeast program data is, eg. 720x480
pixels. As shown m FIG. 3, the TV application program 201
includes, as video processing functions lor enhancing the
image quality of image data, a noise reduction module 210,
an [P { Interlace/Progressive) conversion module 211, a black
extension module 212, o white extension module 213, a
sharpness module 214 and a non-linear scaling module 215,
The noise reduction module 210, 1P (Interlace/Progressive)
conversion module 211, black extension module 212, white
extension module 213, sharpness module 214 and non-linear
scaling module 215 are software modules.

[0035] The noise reduction module 210 executes a process
for removing noise from image data which is included in
broadeast program data that is received by the TV tuner 123.
I'he IP conversion module 211 executes o progressive con-
version process for converting image data rom interlace
video 1o propressive video which has double the data
amount of the interlace video. The black extension module
212 and white extension module 213 execute processes for
extension comection of black and while levels, respectively.
I'he sharpness module 214 executes a sharpness process for,
e, outline emphasis.

[0036] The non-lincar scaling module 215 15 an image
process unil which executes o non-linear scaling process for
generating image data in which an image ol o central area is
horizontally reduced. Specifically. the nop-lincar scaling
module 215 exccutes the non-lincar scaling process of
vertically dividing image data of. e.g. 720480 pixels into a
plurality of image blocks, and horizontally reducing at least
one of the divided image blocks, which belongs 10 the
central area of the image data. In the non-linear scaling
process, the non-linear scalmg module 218 executes a pro-
cess ol horizontally altering the size of at least one ol image
blocks, which belongs to the central arca, with an enlarge-
mient ratio that is less than 1, and a process ol horizontally
altering the sizes of the other image blocks with enlargement
ratios that gradually increase toward the end portions of the
unage data.

[l]ll.'ll?] Image data (720480 pixels). which has been sub-
jected to the non-linear scaling process by the non-linear
scaling module 215. is written in the video memory 114.A of
the graphics controller 114 via a display drver 202. The
display driver 202 is soliware for controlling the graphics
controller 114,

[0038] A linear scaler 301 and a filter 302 are provided in

the graphics controller 114, The linear scaler 301 uniformly
enlarges image data. which has been subjected 1o the non-
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linear scaling process, with a lixed enlargement ratio by
linear scaling, and generating output image data having a
size (1440x900 pixels) corresponding 1o the size of the
display screen of the LCD 17, The filter 302 is a filtering
process unit which executes a liltering process for smooth-
ing output image dota that has been obtained by the lincar
scaling. The outpul image data, which has been subjected 1o
the filtering process. is displayed on the LCD 17, The
above-described process makes it possible 1o display image
data, such as TV broadeast program data, on the entire wide
screen of the LOD 17 with high image quality by a soltware
process, without providing a dedicated circuit for exconting
a non-linear scaling process at the rear stage of the graphics
controller 114,

[0039] The CPU 111 executes a svstem BIOS (Basic
InputOutput System) that is stored in the BIOS-ROM 120
The system BIOS 18 a program for hardware control.

[0040] The north bridge 112 is a bridge device that con-
nects a local bus of the CPU 11T and the south brdge 119.
The north bridge 112 includes a memory controller that
access-controls the main memory 113, The north bridge 112
has a function of executing communication with the graph-
ics controller 114 via, e.g. an AGP (Accelerated Graphics
Port) bus.

[0041] The graphics controller 114 is a display controller
for controlling the LOD 17 that is used as a display monitor
of the computer 10. The graphics controller 114 causes the
LCD 17 1o display image data. which is written in the video
memory (VRAM) 114A. The graphics controller 114, as has
been described with reference o FIG, 3. includes the linear
scaler 301 and filter 302,

[0042] The south bridge 119 controls the deviees on an
LPC (Low Pin Count) bus, and the devices on a PC]
(Penphernl Component Interconnect) bus. In addition, the
south bridge 119 includes an IDE {Integrated Drive Elec-
tronies} eontroller for controlling the HDD 121 and ODD
122. The south bridge 119 also includes a function for
access-controlling the BIOS-ROM 120,

[0043] The HDIY 121 15 a storoge device that stores
various soltware and data. The optical disc drive (O1D) 123
is o drive unit for driving storage media, such as a DVD or
a C13, on which video content is stored. The TV tuner 123
15 o receving device lor receiving broadeast program data
such as TV broadeast program data. The TV tuner 123
includes an encoder for compression-encoding broadeast
program data. When a recording process is executed 1o store
received broadeast program data in the HDD 121, the
received broadeast program data is compression-encoded by
the encoder, and the compression-encoded broadceast pro-
gram data is ranslerred 1o the main memory 113 via the PCT
bus, south bridge 119 and north bridge 112, On the other
hand, when received hroadeast program data is displayved on
the LCD 17, the received broadeast program data is not
compression-encoded and is transferred (o the main memory
113 via the PCI bus, south bridge 119 and north bridge 112

[0044] The embedded controllerkevboard controller 1€
(EC/KBC)Y 124 is a |-chip microcomputer in which an
embedded controller for power management and a kevboard
controller for controlling the kevboard (KB) 13 and touch
pad 16 are integrated. The embedded controllerkeybourd
controeller 1C (EC/KBC) 124 has a function ol powering

on/ofl the computer 10 in response 1o the user’s operation of
the power buiton 14. Operation power, which is supplied (o
the respective components of the computer 10, is generated
from a battery 126 which is built in the computer 10 or from
an external power supply which is supplied via an AC
adapter 127.

[0045] Furher. the embedded conrollerkeyboard control-
ler IC (EC/KBC) 124 is capable of powering on/ofl the
computer 10 in response o the user's operation of the TV
activation button 15A or DVIYCT) activation button 1583,
Ihe network controller 125 15 a communication device that
executes communication with an external network such as
the Internet.

[0046] Mext, relerring 1o FIG, 4, the Dow of image data in
the case of executing non-linear scaling by a sofiware
process is described.

[0047] In the cose where an image process is executed by
software, il the load on the CPU 111 by the image process
excecds a predetermined level, other [unctions that are
executed by the CPU LI would be affected or real-time
processing of image data would be disabled. Thus, when an
image process 15 executed by software, it 15 very imporiant
o reduce the load on the CPU 111, [n the present embodi-
ment, in order 1o realize a size altering process (enlargement/
reduetion) of image data, which is neeessary for a non-linear
scaling process, by an arthmetic process with a relatively
light load, the size altering process is executed with enlarge-
ment ratios each corresponding 10 an integer number of
times of 1/{a power of 2). Le. an integral multiple of 1/2" (n
15 an nleger). Thereby, a pixel imlerpolation process for
altering the size ol an image in the horzontal direction can
be realized by only an arithmetic process including bit shift
and muluplication of integers, and the load on the CPU 111,
which is necessary for the size altering process. can greatly
be reduced.

[0048] By the non-lincar sealing process which is
executed by the CPU 111 on the man memory 113, a central
part of image data with a resolution (number of pixels) of
T20x480 is reduced in the horizontal direction. while the
total number of pixels is unchanged in the honzontal and
vertical directions. Further. the image data is honzontally
altered in size with enlargement ratios that increase toward
both ends of the image daa, The image data (720480
pixels), which is obtained by the non-lineur scaling process,
is transferred from the main memory 113 w0 ihe graphies
controfler 114 via the north bridge 112,

[0049] In the grophics controller 114, the image data
(720480 pixels), which is trunsferred from the north bridge
112 1o the graphics controller 114, is subjected to pixel size
regulation (e, a process for allering the pixel size o
B00x600 pixels) and, at last, 35 lincarly enlarged o image
data of 1440900 pixels. The coliarged image data is sent to
the LCI 17. As a result, the image data, which is sent to the
LED 17, isa so-called non-linearly scaled image. which is
obtained by horizontally enlarging the original image with
enlargerment ratios that gradually increase from a central
arca toward both ends of the image data. By the above
process, image data with an sspect ratio of. ez 4:3 can be
displaved on the entire wide screen of the LCD 17, which
has an aspeet ratio of, eg. 16:9 or 16:10. without causing
horizontal enlargement distortion of an image at the central
area of the screen.



Appendix: Obara (Ex. 1006)

« Ex. 1006, 1150-70

[0050] Next, referring to FIG. 5, a lirst example of the
image dota enlorging process, which is excecuted in the
present embodiment, is described.

[0051]

[0052] ‘The size of original image data (A) with 720=<480
pixels is altered such that o central area of the original image
data (A) is horizontally reduced while the size of the onginal
image data (A) is honzontally altered with enlargement
ratios that gradually increase toward both ends of the image
data, with the total number of pixels being snchanged in the
horizontal and vertical directions. Thereby, image data (13) 5
obtained.

[0083] The non-linesr scaling module 215 vertically
divides original image dota (A) with. e.g. 720x480 pixels
into, e.g. 12 image blocks. The non-linear scaling module
215 honzontally reduces image blocks 6 and 7 which belong
1o the central area. Further. the non-linear scaling module
215 horizontally aliers the sizes of the other image blocks
with enlargement mtios that gradually increase toward both
ends of the image data,

{1} Non-linear Scaling Process by Soflware

[0054] In this case. the enlargement ratio corresponding to
cach of the image blocks is set 1o be an integer number of
times of 1/{a power of 2), that is, /2", where m and n are
integers, Therehy, the arithmetic process lor enlarging/re-
ducing the image blocks can be executed by only hit shilt
and multiplication of integers,

[0055] In normal cases. image data that is non-linearly
scaled needs 1o be subjected to a liltering process for
smoothing. In the present embodiment, however, the non-
lincar scaling process is followed by the lincar scaling
process and fillering process in the graphics controller 114,
Thus. the execution of a filtering process by a software
process is omitted. The omission of the filtering process can
further reduce the load on the CPLU 111,

[0056]

[0057]  In the graphics controller 114, for example. image
data (13) is enlarged 1.5 times in the horizontal direction and
vertical direction by the lineur scaling process, and the
image data (13) is further enlarged 1.2 times in the horizontal
direction by the linear scaling process. Thereby, image data
() of 1440900 pixels. which is equal in size 1o the display
sereen of the LCD 17, is generated.

(2) Linear Sealing Process by Graphics Controller

[0058] Nexu, referring 1o FIG. 6. a second example of the
image data enlonging process. which is execued in the
present embodiment, is described.

[0059] It is assumed thet original image data is enlarged
two limes in the horizontal direction.

[0060]

[0061] The 1ol number of pixels of original image data
(A} in the honzontal direetion 15 128, A centrul area of the
onginal image data (A) is borizontally reduced without
altering the total number of pixels in the horizontal and
vertical directions. and the image data (A) is horizontally
altered 1n size with enlargement mtos that gradually
increase loward both ends, Thus. image data (13) 15 oblained.

[0062] The non-lincsr scaling module 215 vertically
divides the original image data (A) ine. for example, eight
image blocks. The non-linear scaling module 215 horizon-

(1) Non-linear Scaling Process by Soliware

tally reduces image blocks 3. 4. 5 and 6 which belong to the
central area. ‘urther, the non-linear scaling module 215
horizontally alters (enlarges) the sizes of the other image
blocks with enlargement ratios that gradually increase
toward the blocks located at both ends of the image data.

[0063]

[0064] In the graphics controller 114, lor example. the
image data (B) 1s honzontally enlarged two times by the
linear scaling process.

[0065] Refemring now 1o FIG. 7. the enlargement ratios
which are applied to the respective image blocks shown in
FIG. 6 are explained.

[0066] An item “Horzental Pixel Number” in FIG. 7
corresponds to the number of horizontal pixels of each ol the
blocks 1 to 8 of the onginal image data (A) shown in FIG,
6. An item “After Non-Linear Scaling™ in FIG. 7 corre-
sponds 1o the number of horizontal pixels of each of the
blocks 1 to 8 of the image data (1) shown in FIG. 6. An ilem
“Enlargement Ratio™ in FIG. 7 indicates the value of the
enlargement ratio whieh is applied 1o each of the blocks 1 1o
8 of the original data (A). An item “Coethiciem™ in FIG. 7
expresses the enlargement mtio by a [raction. As is clear
from the value of “Cocfhcient™ in FIG, 7. the denominator
of each of the coefllicients is o power of 2, Thus. the
enlargement ratio of each image block 15 an integral multiple
of 172", The enlargement ratio of ¢ach of the central blocks
4 and 5 15 0.8125 (='¥1s). The enlargement ratio of each ol

(2) Lincar Scaling Process by Graphics Controller

the blocks 3. 2 and 1, which are positioned on the lelt side
of the central blocks 4 and 5. is greater than the enlargement
ratio of each of the central blocks 4 and 5, and the enlarge-
ment ratios of the blocks 3, 2 and 1 increase in the named
order. The enlargement ratio of each of the blocks 6, 7 and
8. which are positioned on the right side of the central blocks
4 and 5. s greater than the enlargement mtio of each of the
central blocks 4 and 5. and the enlargement ratios of the
blocks &, 7 and 8 increase in the named order. An item
“Horjzontal Double™ in FIG. 7 indicates the number of
horizomal pixels of cach of the blocks 1 1w 8 afier the
number of horizontal pixels of cach of the blocks 1w 8 is
imereased two times in the horzomal dircetion by the linear
sealing,

[0067] Nexi. a description is given of a pixel interpolation
process which is executed by the non-linear scaling module
215 in order 1o alter {enlarge or reduce) the sizes of the
image blocks with enlargement ratios each cornesponding to
on integral multiple of 1/2"

[0068] As described above, by using the enlargement
ratios each corresponding to an integral multiple of 1/27 the
arithmetic operation for executing the pixel interpolation
process can greatly be simphified.

[0069] FIG. 8 shows an example of the pixel interpolation
process in the case where the image block s horizontally
enlarged with enlargement ratios cach cormesponding o an
integral multiple of /27,

[0070] For the purpose of simplé desenption, assume the
case in which the number of horizontal pixels of the image
block 1s increased from four to five by the interpolation
process (enlargement mtio=5/4). An onginal image block P
is composed of Tour pixels P1 1o P4, An enlarged image
block € is compaosed of five pixels Q1 w0 ()5,
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[0071] The pixel value of the pixel (31 is equal o that of
the pixel 1. The pixel value of the pixel Q2 is gencrated
from the pixel values of 1wwo pixels P1 and P2, The pixel
value of the pixel Q3 is gencrated from the pixel values of
two pixels P2 and P3. The pixel value of the pixel (4 is
generated from the pixel values ol two pixels '3 and P4, The
pixel value of the pixel Q3 is equal o that of the pixel P4.

[0072] Agencral formula of the pixel interpolation process
in the case of enlangement is given by

Oyl (=1 Py e (=R Ry ey
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[0073] where m is the number of horizontal pixels of
orginal image block B n s the number of horizontal pisels
of the enlarged image block Q. and Q is the pixel value of
a k-th pixel within the énlarged image block Q.

[0074] As is clear from the formula (1), the value that
appears in the denominator ean be limited to m. Accordingly,
by setting the enlargement mtio (n/m) atan integral multiple
of Wa power of 2), the division of “Lim™ can easily be
executed By only hit shifi.

[0075] FIG. 9 shows an example of the pixel interpolation
process in e case where (he image block is horzaontally
reduced with enlargement ratios each corresponding 1o an
integral multiple of 172",

[0076] For the purpose of simple descriplion, assume the
case in which the number of horizonial pixels of the image
block is deorcased from four to three by the interpolation
process (enlurgement ratio=3/4). An origingl image block P
is composed of four pixels P1 to P4. A reduced image block
Qs composed of three pixels Q1 1w Q3.

[0077] The pixel value of the pixel Q1 is generated from
the pixel values ol two pixels P1 and P2. The pixel value of
the pixel Q2 is generated from the pixel values of two pixels
P2 and P3. The pixel value of the pixel Q3 is generated from
the pixel values of two pixels '3 and P4.

[0078] A general formula of the pixel interpolation process
in the case ol reduction is given by

[JA‘—. (ir=iEk=11} J,‘-:u,f'l_ol En .._j-'h_ y delne Iy (02 = R~
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[0079] where mois the number of horizontal pixels of
onginal image block P, nas the number of hortzontal pixels
of the reduced image block Q, and Qy i5 the pixel value of
a k-th pixel within the reduced image block .

[0080] As is clear from the formula (2), the value tha
appears in the denominator con also be hmited to m in the
arithmetic operstion of the pixel interpolation process for
reduction. Accordingly, by setting the enlargement ratio
(n'm) @t an integral multiple of 112", the division of *1/m™
can easily be executed by only bit shifi.

[0081] Next, referring 1o a flow chart of FIG. 10, the
procedure of the image process which is executed in the
present embodiment 15 described.

[0082] To start with, the CPU 111, that is, the non-linear
scaling module 215, mputs image data which 15 o be
processed (block S101). The CPU 111, or the non-linear
scaling module 215, divides mnput image data into a plurality
ol vertically extending image blocks (block $102), and
subjeets the mput image data to a non-linear scaling process
(block S103). In block 8103, the CPU 111, or the non-linear
sealing module 215, horizontally alters the sive of at least
one image block. which belongs to a central area of the input
unage data. with an enlargement ratio less than 1. thereby
horizomally reducing the at least one image block. Further,
in block 5103, the CPU 111, or the nopn-linear scaling
module 215, horizontally alters the sizes of the other image
blocks with enlargement ratios which have values greater
than the enlargement ratio corresponding to the image block
of the central block and gradually increase toward end
portions of the mput image data, As regards any one of the
image blocks of the input image datu, 4 value corresponding
to an integral multiple of 1/2" is chosen as the enlargement
mtio. In the size altering process, the CPU 111, or the
non-linear scaling module 215, executes an arithmetic pro-
cess ncluding multiplication of positive integers and bit
shill.

[0083] Subsequently, the CPU 111 or the non-linear scal-
ing module 2158, sends the non-linearly scaled image data to
the graphics controller 114 (block S104).

[b084] The grophics controller 114 horizontally enlarges
the non-linearly scaled image data by linear scaling with a
fixed horizontal enlargement ratio (or horizontally and ver-
tically enlarges the non-linearly scaled image data by linea

ey AR A RN AREMASE g rwmeRRas SRR Ans Ay ARrresrs
scaling with a fixed horizontal enlorgement ratio and o fixed
vertical enlingement ratio), thereby generting outpul image
data of a size corresponding 1o the screen size of the LCD
17 (block S105). Then. the graphics controller 114 executes
a filtering process for smoothing the output image data by a
filter circait (LPF: Low-Pass Filter) 302 (block S106). The
graphics controller 114 displays the smoothed output image
data on the 1O 17 (block S107)

[0085] As has been described above. according 1o the
present embodiment, the central area of the image data is
once horizontally reduced by the software process. and the
reduced image dota is uniformly enlarged by the graphics
controller 114 and displayed on the wide sereen of the LCD
17. Thus, the non-linéar scaling lunction can be realized by
using an existing graophics controller. without providing o
dedicated non-linear scaler circumil @t a rear stage of the
graphics controller 114, Therefore, the manufacturing cost
can be reduced. compared to the case of providing a dedi-
cated non-lincar scaler circuit,

[0086] In the non-linear scaling process of the present
embodiment, the enlargement ratio of ¢ach image block is an
integral multiple of 1/2% Hence, the pixel interpolation
process for enlargement/reduction is realized by multiplica-
tion of integers and bit shifi. and there is no need 1o execute
a Moating point arithmetic operation with a heavy load.
I'herefore, the non-linear scaling process can be executed by
software without causing an incresse of the load on the CPU
111.

[0087] In the graphics controller 114, the filier 302 is
present at the rear stage ol the linear scaler M. Therelore,
the execution of a filtering process after the non-linear
scaling can advantageously be omitied.
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[0088] In the non-linear scaling process by the soltware, it
is possible to execute only the process of horizontally
reclucing the central area of the imuge data. In this case. oo,
1 is possible (o prevent honzontal enlargement distortion of
a cenlral area of the enlarged image.

[0089] The present embodiment is directed, by way of
example, to the case in which image data, which is included
in broadeast program data, 15 enlarged and displayed. The
image processing method of this embodiment, however, is
also applicable 10 the case in which image data or the like,
which is read owt of a storage medivm such as a DV, is
enlarged and displaved. Furthermore, the non-linear scaling
module 215 may be realized by hardware.

[0090] While certain embodiments of the inventions have
been described, these embodiments have been presented by
way of example only, and are not intended to limit the scope
of the mventions. Indeed. the novel methods and systems
deseribed herein may be embodied in a vanety of other
forms; furthermore, varnows omissions, substifutions and
changes in the form of the methods and systems described
herein may be made without departing from the spirit of the
inventions. The accompanying ¢laims and their equivalents
are intended to cover such forms or medifications as would
fall within the scope and spirit of the inventions,

What is elaimed is:
1. An information processing apparatus comprising:

an image processing unit which executes @ non-linear
scaling process of vertically dividing input image data
having a first size into a plurality of image hlocks and
honzontally reducing at least one of the image blocks.
which belongs to a central area of the inpul image data;
and

a display controller which enlarges the input image data,
which is subjected to the non-linear scaling process, by
linear scaling, generates output image data having a
second size greater than the first size, and displays the
generated output image data on a display device,

2. The information processing apparatus according o

claim 1, wherein the non-linear scaling process includes a

process of hortzontally allering a size of the at least one of

the image blocks, which belongs to the central aren, with an
enlargement mtio which is less than 1, and a process of
horizontally altening sizes of the other image blocks with
enlargement ratios which increase toward ends of the input
image dota.

3. The information processing apparatus according 1o
claim 1, wherein the non-linear scaling process includes o
process of honzontally aliening a size of the at least one of
the image blocks, which belongs to the central area, with an
enlargement ratio which is an integral multiple of 1/2" and
is less than 1, n beng an integer.

4. The information processing apparatus according to
claim 1, wherein the non-linear scaling process includes a
process of horizontally altering sizes of the plurality of
image blocks with a plurality of enfargement mtios having
values, each of which is an integral multiple of 1/2". n being
an integer.

5. The information processing apparatus according to
claim 1, wherein the non-linear scaling process includes a
pixel interpolation process for horizontally altering sizes of
the plurality of image blocks with a plurality of enlargement

ratios having values, each of which is an integral multiple of
1/27% the n is an integer, and the image processing unit
executes the pixel imerpolation process by an arithmetic
process including bit shift and multiplication of integers.

6. The information processing apparatus according o
claim 1, wherein the display controller includes a filiering
process unit which executes a filtening process ol smoothing
the generated output image data, and the output image data,
which is subjected 1o the filtering process, is displayed on
the display device,

7. The information processing apparatus according lo
claim 1. further comprising a receiving device which
receives broadeast program data, wherein the input image
data is the broadeast program data which is received by the
receiving device.

8. An image processing method which processes image
data using a display controller having a linear scaling
function. comprising:

executing a non-linear sealing process of vertically divid-
ing input image data having a first sive nto a plorality
of image blocks and horizontally reducing at least one
of the image blocks, which belongs to a central area of
the input image data; and

sending the inpul image data, which is subjected 10 the
non-linear scaling process. 1o the display controller,
and causing the display controller 10 execute a process
of enlarging the input imoge data, which is subjected o
the non-linear sealing process, by linear scaling amd
generaling output image data having o second size
grester than the first siwe; and

displayving the generated output image data on a display
deviee

9, The image processing method according o claim 8,
wherein the non-linear scaling process includes a process ol
horizontally altering a size of the sl least one of the image
blocks, wluch belongs 1o the central arca, with an enlarge-
mient ratio which is less than 1. and a process of hornzontally
altering sizes ol the other image blocks with enlargemem
ratios which increase toward ends of the input image data.

10. The image processing method according to claim 8,
wherein the non-linear scaling process includes a process of
horizomally altering a size of the at least one of the image
blocks. which belongs to the central area. with an enlarge-
ment ratio which is an integral multiple of 1/2" and is less
than 1. n bemng an integer,

L1, The image processing method secording 1o claim 8,
wherein the non-linear scaling process includes a process of
horizontally altering sizes of the plurality of image blocks
with a plurality of enlargement ratios having values, each of
which is an integral muliiple of 1/2", n being an integer.

12. The image processing method according to claim 8,
wherein the non-linear scaling process includes a pixel
interpolation process lor horizontally altering sizes of the
plurality of image blocks with a plurality of enlargement
ratios having values, cach of which is an integral multiple of
172", n being is an integer, and said execuling the non-linear
scaling process includes executing the pixel interpolation
process by an arithmetic process including bit shifi and
multiplication of integers.
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[0088] In the non-linear scaling process by the soltware, it
is possible to execute only the process of horizontally
reclucing the central area of the imuge data. In this case. oo,
1 is possible (o prevent honzontal enlargement distortion of
a cenlral area of the enlarged image.

[0089] The present embodiment is directed, by way of
example, to the case in which image data, which is included
in broadeast program data, 15 enlarged and displayed. The
image processing method of this embodiment, however, is
also applicable 10 the case in which image data or the like,
which is read owt of a storage medivm such as a DV, is
enlarged and displaved. Furthermore, the non-linear scaling
module 215 may be realized by hardware.

[0090] While certain embodiments of the inventions have
been described, these embodiments have been presented by
way of example only, and are not intended to limit the scope
of the mventions. Indeed. the novel methods and systems
deseribed herein may be embodied in a vanety of other
forms; furthermore, varnows omissions, substifutions and
changes in the form of the methods and systems described
herein may be made without departing from the spirit of the
inventions. The accompanying ¢laims and their equivalents
are intended to cover such forms or medifications as would
fall within the scope and spirit of the inventions,

What is elaimed is:
1. An information processing apparatus comprising:

an image processing unit which executes @ non-linear
scaling process of vertically dividing input image data
having a first size into a plurality of image hlocks and
honzontally reducing at least one of the image blocks.
which belongs to a central area of the inpul image data;
and

a display controller which enlarges the input image data,
which is subjected to the non-linear scaling process, by
linear scaling, generates output image data having a
second size greater than the first size, and displays the
generated output image data on a display device,

2. The information processing apparatus according o

claim 1, wherein the non-linear scaling process includes a

process of hortzontally allering a size of the at least one of

the image blocks, which belongs to the central aren, with an
enlargement mtio which is less than 1, and a process of
horizontally altening sizes of the other image blocks with
enlargement ratios which increase toward ends of the input
image dota.

3. The information processing apparatus according 1o
claim 1, wherein the non-linear scaling process includes o
process of honzontally aliening a size of the at least one of
the image blocks, which belongs to the central area, with an
enlargement ratio which is an integral multiple of 1/2" and
is less than 1, n beng an integer.

4. The information processing apparatus according to
claim 1, wherein the non-linear scaling process includes a
process of horizontally altering sizes of the plurality of
image blocks with a plurality of enfargement mtios having
values, each of which is an integral multiple of 1/2". n being
an integer.

5. The information processing apparatus according to
claim 1, wherein the non-linear scaling process includes a
pixel interpolation process for horizontally altering sizes of
the plurality of image blocks with a plurality of enlargement

ratios having values, each of which is an integral multiple of
1/27% the n is an integer, and the image processing unit
executes the pixel imerpolation process by an arithmetic
process including bit shift and multiplication of integers.

6. The information processing apparatus according o
claim 1, wherein the display controller includes a filiering
process unit which executes a filtening process ol smoothing
the generated output image data, and the output image data,
which is subjected 1o the filtering process, is displayed on
the display device,

7. The information processing apparatus according lo
claim 1. further comprising a receiving device which
receives broadeast program data, wherein the input image
data is the broadeast program data which is received by the
receiving device.

8. An image processing method which processes image
data using a display controller having a linear scaling
function. comprising:

executing a non-linear sealing process of vertically divid-
ing input image data having a first sive nto a plorality
of image blocks and horizontally reducing at least one
of the image blocks, which belongs to a central area of
the input image data; and

sending the inpul image data, which is subjected 10 the
non-linear scaling process. 1o the display controller,
and causing the display controller 10 execute a process
of enlarging the input imoge data, which is subjected o
the non-linear sealing process, by linear scaling amd
generaling output image data having o second size
grester than the first siwe; and

displayving the generated output image data on a display
deviee

9, The image processing method according o claim 8,
wherein the non-linear scaling process includes a process ol
horizontally altering a size of the sl least one of the image
blocks, wluch belongs 1o the central arca, with an enlarge-
mient ratio which is less than 1. and a process of hornzontally
altering sizes ol the other image blocks with enlargemem
ratios which increase toward ends of the input image data.

10. The image processing method according to claim 8,
wherein the non-linear scaling process includes a process of
horizomally altering a size of the at least one of the image
blocks. which belongs to the central area. with an enlarge-
ment ratio which is an integral multiple of 1/2" and is less
than 1. n bemng an integer,

L1, The image processing method secording 1o claim 8,
wherein the non-linear scaling process includes a process of
horizontally altering sizes of the plurality of image blocks
with a plurality of enlargement ratios having values, each of
which is an integral muliiple of 1/2", n being an integer.

12. The image processing method according to claim 8,
wherein the non-linear scaling process includes a pixel
interpolation process lor horizontally altering sizes of the
plurality of image blocks with a plurality of enlargement
ratios having values, cach of which is an integral multiple of
172", n being is an integer, and said execuling the non-linear
scaling process includes executing the pixel interpolation
process by an arithmetic process including bit shifi and
multiplication of integers.
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Playing Media Files

Pictures & Videos

Your Palm™ Treo™ 700w smartphone comes with an easy-to-use, built-
in, 1.3-megapixel camera with 2x digital zoom (camera not included
with all smartphones). You can use the camera to take and view pictures
and videos and send them to your friends and family. To add a personal
touch to your smartphone, use your pictures as your Today screen
background, and as caller ID images, or use your videos to create video
ringtones.

Even if your smartphone does not have a camera, you can still receive
and view pictures and videos, and send pictures and videos as
attachments or multimedia messages. You can also personalize your
smartphone by using a picture as a background or by adding a picture to
a contact; see “Assigning a picture and ringtone 1D to a contact” on
page 176 for details). You can also move pictures and videos to a
computer by synchronizing your smartphone with your computer.

Taking a picture

By default, pictures are stored in the My Pictures folder on your
smartphone. If you want to store your pictures on an expansion card,
see “Customizing your Camera settings” on page 124 to change where
pictures are stored. For information on accessing your pictures on your
cornputer, see “Viewing pictures and videos on your computer” on
page 126.
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1. Press Starnt [#) and select Pictures & Videos.

2. Select Camera [J§).

3. Adjust the position of your smartphone
until you see the subject you want to
photograph on the screen.

4. (Optional) Adjust any of the following:

= Zoom: Press Up &, tozoom in or
Down # to zoom out.

.f,.":'-!’-\'h.rf-_" mvdens [l Tﬂ -

* Brightness: Press Right I 1o
TR increase the brightness or Left 4 to
= decrease the brightness.
* Resolution: Press Menu —= (right action key] and select
Resolution to change the image quality.
5. (Optional) Set a B-second timer: Press Menu —= {right action key),
saelect Mode, and then select Timer:

AE3 6. Press Center to capture the picture or start the timer.

7 Hold your smartphone still until the picture renders, and then do
one of the following:

* Press Camera = (left action key) to take another picture.
* Press OK (2] to return to the Thumbnails View.

Taking pictures in burst mode

Burst mode takes five pictures in quick succession, with one button
press.

1. Press Start [&) and select Pictures & Videos.
2. Press Camera — (left action key).

=
b
[==]

Using Your Treo 700w Smartphone
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3.
4.

Press Menu —— (right action key) and select Mode > Burst.
Press Center

Recording a video

Videos can be any length, provided you have ample storage space
available. By default, videos are stored in the My Pictures folder on your

smariphone. If you want to store your videos on an expansion card, see
“Customizing your Camera settings” on page 124 to change where

videos are stored. For information on accessing your videos on your
computer, see “Viewing pictures and videos on your computer” on
page 126.

|

2.
3.
4

Press Start [} and select Pictures & Videos.

Select Ca mera@.

Press Menu —— (right action key) and select Video Mode.
Adjust the position of your smartphone until you see the subject

you want to record on the screen. Daleting a |

(Optional] Adjust any of the following:

= Brightness: Press Right I to increase the brightness or Left 4 to
decrease the brightness.

Using Your Treo 700w Smartphone
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* Resolution: Press Menu —= and -
select Quality to change the video N
resolution.

Prebunes b Yidens | = .

6. Press Center to start recording.

7 When you're finished recording, press
Stop —— (left action key) or Center
to stop recording.

8. (Optional) To review the video in
Windows Media Player Mobile, press
Thumbnails =—3 (left action key]},
highlight the video, and then press Center - . Press OK [2] to
return to the Thumbnail View.

Viewing a picture or video
COREET | 1. Press Start [#) and select Pictures & Videos.

Pl e R 2. Select the picture or video you want to view. For more info on

jth & Lock icon in the viewing videos, see "Playing media files on your smartphone” on
W page 128.
3. Press OK (=] to return to the Thumbnail View.

Viewing a slide show

1. Press Start [} and select Pictures & Videos.

2. Press Menu —= (right action key) and select Play Slide Show. The
slide show plays automatically.

3. Press Center to display the slide show toolbar, which you can
use to Rotate 4, Play ([Jj. Pause {{j, Reverse (), Forward ), and
Stop €3 the slide show.

120 Using Your Treo 700w Smartphone
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Sending a picture or video

You can send a picture or video to other picture-enabled mobile
smartphones or to an email address.

1. Press Start [®) and select Pictures & Videos,

2. Highlight the picture or video you want to send.

3. Press Menu — (right action key} and select Send.

4

Select the email or MMS account you want to use to send the
picture or video.

5. When the Messaging application opens, address and send the
message. {See "Creating and sending a multimedia message” on
page 81 for details.)

Creating a video ringtone

You can save a video that you record as a ringtone:

1. Press Start () and select Pictures & Videos.

2. Highlight the video you want to use as a ringtone.

3. Press Menu —= (right action key) and select Save to Contact Ring
Tone.

4. Select the contact to whom you want to assign the ringtone.

Organizing pictures and videos

You can move or copy pictures and videos to other folders or between
your smartphone and an expansion card.

1. Press Start [, and select Pictures & Videos,
2. Highlight the picture or video you want to move or copy.

Using Your Treo 700w Smartphone 121
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5]

4.

5.

Do one of the following:

* To move the picture or video to another location, press Menu
— and select Edit > Cut.

* To keep the picture or video in two locations, press Menu —
and select Edit = Copy.

Select the Show list in the upperleft, and select the location where

you want to place the picture or video you selected in step 3.

Press Menu .——= (right action key} and select Edit = Paste.

You can also view a specific folder or expansion card and arrange the
pictures and videos by name, date, or size.

1.
2.

3

Press Start (@} and select Pictures & Videos.
Select the Show list in the upperleft, and then select the folder you
want to view,

Select the Sort By list in the upperright, and then select the sort
method: Mame, Date, or Size.

Using Your Treo 700w Smartphone

Insta360  Exhibit 1021 Page 130
IPR2024-00984  Insta360 v. GoPro



Appendix: Palm Treo 700w Manual (Ex. 1021)

 Ex. 1021, p. 131

Using a picture as the Today screen background

1.
2.
3.

4.

5.

Press Start (¥} and select Pictures & Videos.

Highlight the picture you want to use.

Press Menu —= (right action key] and select Set as Today
Background.

Select the Transparency level list and select the appropriate level.
Use a higher percentage for a more transparent picture and a lower
percentage for a more opague picture.

Press OK [Z] to return to the Thumbnail View.

Editing a picture

T.

2
3
4

Press Start (&) and select Pictures & Videos.

Highlight the picture you want to edit.

Press Menu —— (right action key) and select Edit.

Do any of the following:

* To rotate a picture 90 degrees counterciockwise, select Rotate.

* To crop a picture, press Menu ——= (right actiocn key) and select
Crop. Tap and drag the stylus to highlight the area to crop. Tap
outside the box to stop cropping.

* To adjust the brightness and contrast levels of a picture, press
Menu . (right action key) and select AutoCorrect.

Deleting a picture or video

1.

2.
3.
4

Press Start (%) and select Pictures & Videos.
Highlight the picture or video you want to delete.
Press Menu ——= (right action key} and select Delete.
Select Yes.

Using Your Treo 700w Smartphone
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Customizing your Camera seftings

1. Press Start (%) and select Pictures & Videos,
2. Press Menu = (right action key) and
select Options. i
3. DI'I thE GEF‘IEF&E Tﬂbr set any ﬂf'[h& Wi adiacdng aclucii h @-mil, gt can
= 3 b desipnd o that vy Irififier Fasler
following options: i s e s
* Use this picture size: Sets the size
5 r Whan ritatng s Safure, robate W degree
of pictures you send with the ) L
Messaging application. ot
+ When rotating a picture, rotate 90 | st [w]
degrees: Sets the direction in which
pictures rotate.
4. Select the Slide Show tab and set any of the following options:
* During slide shows, optimize for F3 Ao & Voles 05 0
viewing: Sets whether pictures are .
optimized for portrait or landscape i el e, st P i
format during slide shows. P
* Play screensaver when connected | O weiose o
to my PC and idle for 2 minutes: I By e st 1
Sets whether the pictures in your My
Pictures folder are used as & — e
screensaver when your smartphone is %
connected to your computer and
ActiveSync® software is not running.
124 Using Your Treo 700w Smartphone
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b. Select the Camera tab and set any of the

following options: pr—

* Save files to: Determines if pictures
and videos are stored on your

Tipes Flsresres pefte

smartphone or on an expansion card. e ]
LiLe]
* Type filename prefix: Assigns a Sl e cotpresiin b
name to a series of pictures to be [righ ity -

captured, such as Seattle001, B TR | v [

Seattle002, and so0 on. ﬁ
= S5till image compression level:

Sets the default size for newly captured pictures.

6. Select the Video tab and set any of the

following options:

Tphnns
* Include audio when recording [ e by e i v |
video files: Turns the microphone on
= Tirm bkt bor videns
and off so that you can record videos e

with or without sound.
= Time limit for videos: Limits the
length of videos you record. You can
alzo select the No limit option.
7 Press OK (& to return to the
Thumbnail View.

Coroeral | S Sham | Caara | s

Using Your Treo 700w Smartphone 125

Insta360 Exhibit 1021 Page 133
IPR2024-00984  Insta36l v. GoPro



Appendix: Palm Treo 700w Manual (Ex. 1021)

 Ex. 1021, p. 134

Viewing pictures and videos on your computer

When you synchronize your smartphone, your pictures and videos are
R —— copied to your desktop computer. You can view pictures in JPEG, GIF
el BMP and PNG format and videos in 3G2 and WMV format. You can also
1 : send them to friends using your desktop email application.

To find all synchronized pictures and videos, lock in C:\Documents and
Settings'=Username=>\My Documents\Treo My Documents.

126 Using Your Treo 700w Smartphone
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Windows Media Player Mobile

Windows Media Player Mobile can play music, audio, and video files
that are stored on your smartphona or on an expansion card (sold
separately) in any of the following file formats:

=  WMA
WMV
= MP3
» 3G2

You can listen to these music, audio, and video files through the
speaker on the back of your smartphone or through a sterec headphone
{3.5mm stereo headphone adapter or 2.5mm sterec headphone
required, sold separately).

Transferring media files to your smartphone

Use the Sync feature in the desktop version of Windows Media Player
10 to transfer digital music, audio, video, and playlist files from your
computer to an expansion card or your smartphone. Using Sync
ensures that the files transfer correctly.

1. On your computer, open Windows Media Player 10.

2. [Optional) Insert a 32MB or larger expansion card into your
smartphone.

3. Connect your smartphone to your computer with the USB
sync cable.

4. When the Device Setup Wizard opens on your computer,
click Automatic.

B. Check the Customize the playlists that will be synchronized box.

Using Your Treo 700w Smartphone
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6. Select the playlists you want to sync.

7 Click Finish to begin the transfer. The next time you connect your
smartphone to your computer while the desktop version of
Windows Media Player 10 is running, synchronization starts
automatically.

Playing media files on your smartphone
1. Press Start [/ and select Windows Media.
: : 2. Press Menu —= (right action key] and select Library.
moRse. S 3. Select the Library list in the upperleft, and then select the library
P you want to use.
4. Select the item you want to play (such as a song, album, or
artist name).

5. Press Play — (left action key).

6. Use any of the following onscreen controls during playback:
Center or b Plays the current file.
Center or Il Pauses the current file.
Left « 4 Skips to the beginning of the current file or to the
previous file.
Right " ¥ Skips to the next file.
o+ Sets the point from which playback begins. Tap and drag
the slider to change the current position.
Volume button or '+ Increases the volume level.
Volume button or ' Decreases the volume level.
= Turns the sound on or off.
[ 7] Displays a video using the full screen.
% Displays a website where you can find music and videos to play.
#* Indicates the rating of the current file. Select the star to change
the rating.

128 Using Your Treo 700w Smartphone
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7. Press Menu ——— (right action key) and select any of the following

during playback: B

* Library: Displays the Library screen so you can select a different ibrary, i
song to play. i e

¢+ Shuffle/Repeat > Shuffle: Plays the Now Playing playlist A 7 '
in random order. A check appears next to this command when M
itis on.

* Shuffle/Repeat > Repeat: Plays the Now Playing playlist
repeatedly. A check appears next to this command when it is on.

= Stop: Ends playback. S

Working with libraries

A library represents each of the storage locations available to Windows
Media Player Mobile, so you should have two libraries: My Device and il
My Storage Card. Each library contains links to the media files in that B o
location. Windows Media Player Mobile usually updates the My Device S
library automatically, but you must manually update the My Storage
Card library.

1. Press Start [8) and select Windows Media.

2. Press Menu —= (right action key) and select Library.

3. Press Menu —— (right action key) and select Update Library.

4. Wait for the files to be added, and then select Done.

Using Your Treo 700w Smartphone 129
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Working with playlists
A playlist is a list of media files that play in a specific order. You can use
playlists to group audio files together or video files together for
convenient playback. For example, in the desktop Player, you can create
a playlist of upbeat songs for when you exercise and a playlist of
soothing songs for a long flight. When you synchronize, your favorite
playlists are automatically copied to your smartphone. Your playlists
you move files appear in your libraries {in the My Playlists category).
o zrninhiecglly A temporary playlist, called Now Playing, appears on the Now Playing
sxpansion b menu. It lists the currently playing file, as well as any files that are
fre:in, peake your queued up to play next. You can add to, modify, or clear the files on the
Mow Playing playlist.
1. Go to the Now Playing screen:
* |f you are on the Library screen, select the Mow Playing category.
* |f you are on the Playback screen, select Mow Playing.
2. Do any of the following:
* Tomove a file up or down one slot,
highlight the file, and then select Move
Up & or Move Down .
= Toadd a file, select Add |}, press
Menu —— [right action key), and then
select Queues Up.
= To delete a file from the playlist,

highlight the file, and then select
Remove X.

[ 2 | Winduws Foda mﬂ_!
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= To view more info about a file, highlight the file and select
Properties [J).

= To remove all items from the Now Playing playlist, press Menu
—— and select Clear Now Playing.

Customizing Windows Media Player Mobile

1. If necessary, go to the Playback screen by pressing OK (& to close
the current screen.

2. Press Menu —— (right action key) and select Options.
3. On the Playback tab, set any of the following options:

= Show time as: Sets whether the time
remaining or time elapsed appears in poeEra
the Playback screen. T

* Pause playback while using T |
another program: Sets whether [} Foee sl e ing i
playback continues if you switch to it el
another application. [ Amrvn gt e o

* Resume playback after a phone s, [V | Pkt | Ly | e 417

call: Sets whether playback continues =
after you finish a phone call.

4. Select the Video tab and set any of the following options:
* Play video in full screen: Sets whether videos automatically
play in full screen format.
* Scale to fit window: Sets whether videos are automatically
scaled to fit the Playback screen.

Using Your Treo 700w Smartphone 131
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5. Select the Metwork tab and set the following options:

* Protocol: Enables and disables the available protocols.
You must select at least one protocol. You can also set a UDP
Port.

* Internet Connection Speed: Sets the speed of your network
connection, and sets whether you want the device to detect
connection speed.

6. Select the Library tab and set whether you want to see-the Library
or Playback screen when you open Windows Media Player Mobile.

T Select the Skins tab and select Previous or Mext to set the player’s

background,
8. Select t_he Buttons tab to change any of 13 | Wndem s 0D Y40 B

the available button settings: o,

= To assign a button, highlight the itermn Plarr Vst =
you want to set, select Assign, and then .,,:m B
press the button you want to use for Mes e
that item. | =

* To restore an item’s factory setting, =] Crrm ][t |
highlight the item and select Reset. Baatvrh | Ubrire | e | tastrs [ |A]

* Tounassign an item, highlight the item
and select None.

9. Press OK (Z].
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