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(57) ABSTRACT 
A method and system can automatically select the optimal 
siZe of a visual object that can be displayed on an display 
device. For example, the present invention can determine the 
best or optimum siZe to display a visual object received from 
a computer network to a computer screen such that image 
degradations due to compression or transmission defects are 
less noticeable or perceivable. Typically, the best or opti 
mum siZe to display a visual object can comprise a siZe that 
is also the maximum in Which the visual object can be 

(22) Filed: Jul. 11, 2001 displayed Without any degradations or defects. 
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SYSTEM AND METHOD FOR CALCULATING AN 
OPTIMUM DISPLAY SIZE FOR A VISUAL OBJECT 

PRIORITY AND RELATED APPLICATIONS 

[0001] The present application claims priority to provi 
sional patent application entitled, “VIDEO PROCESSING 
METHOD WITH GENERAL AND SPECIFIC APPLICA 
TIONS,” ?led on Jul. 11, 2000 and assigned US. application 
Ser. No. 60/217,301. The present application is also related 
to non-provisional application entitled, “ADAPTIVE EDGE 
DETECTION AND ENHANCEMENT FOR IMAGE PRO 
CESSING,” (attorney docket number 07816-105003) ?led 
on Jul. 11, 2001 and assigned US. application Ser. 
No. ; and non-provisional application entitled, 
“VIDEO COMPRESSION USING ADAPTIVE SELEC 
TION OF GROUPS OF FRAMES, ADAPTIVE BIT 
ALLOCATION, AND ADAPTIVE REPLENISHMENT,” 
(attorney docket number 07816-105004) ?led on Jul. 11, 
2001 and assigned US. application Ser. No. 

TECHNICAL FIELD 

[0002] The present invention relates generally to video 
processing techniques. More particularly, the present inven 
tion relates to a method and system for calculating an 
optimum display siZe for a visual object. 

BACKGROUND OF INVENTION 

[0003] Computer netWorks such as the internet, local area 
networks, and Wide area netWorks have become the pre 
ferred communication medium for sending and receiving 
both traditional and neW forms of multi-media content. For 
example, receiving digital video over the internet that is 
displayed on a computer screen has become very popular. 
Digital video involves storing, moving, and calculating 
extremely large volumes of data compared to other kinds of 
computer ?les. While the data rate and ?le siZe of uncom 
pressed digital video can overWhelm many personal com 
puters and hard disks, compressed video can loWer the data 
rate of the digital video into a range that a particular 
computer system can handle. 

[0004] Compression is often de?ned as the coding of data 
to save storage space or transmission time. Although data 
can be coded in digital form for computer processing, data 
can be coded more efficiently With compression, using feWer 
bits. Video compression involves the compression of 
sequences of images. Video compression algorithms typi 
cally use the fact that there are usually only small changes 
from one “frame” to the next so they only need to encode the 
starting frame and a sequence of differences betWeen frames. 

[0005] The ISO Committee that generates standards for 
digital video compression and audio is the Moving Picture 
Experts Group (“MPEG”). MPEG also refers to the name of 
this Committee’s algorithms for video compression. 
MPEG-1 Was the ?rst MPEG format for compressed video 
that Was optimiZed for CD-ROM. MPEG-1 Was designed for 
transmission rates of about 1.1 megabits per second achiev 
able With video-CD and CD-i. Another compression algo 
rithm is MPEG-2, Which is a variant of the MPEG video and 
audio compression algorithm in ?le format that Was opti 
miZed for broadcast quality video. MPEG-2 Was designed to 
transmit images using progressive coding at 4 megabits per 
second or higher for use in broadcast digital TV and DVD. 
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[0006] A proposed variant of the MPEG video and audio 
compression algorithm in ?le format Was MPEG-3. 
MPEG-3 Was intended as an extension of MPEG-2 to cater 
for HDTV but Was eventually merged into MPEG-2. 
MPEG-4 is another video compression algorithm that Was 
planned for the year of 1998. MPEG-4 extends the earlier 
MPEG-1 and MPEG-2 algorithms With synthesis of speech 
and video, fractal compression, computer visualiZation and 
arti?cial intelligence-based image processing techniques. 
[0007] Many conventional media players that are designed 
to receive multimedia from the internet, such as the WIN 
DOWS® Media Player and APPLE® Quick Time, utiliZe 
the MPEG-1 format for compressed video. The MPEG-1 
format utiliZes discrete cosine transform (“DCT”) and Huf 
?nan Coding to remove spatially redundant data Within a 
frame and block-based motion compensated prediction 
(“MCP”) to remove data Which is temporally redundant 
betWeen frames. Audio With the MPEG-1 format is typically 
compressed using subband encoding. The MPEG-1 algo 
rithm alloWs better than VHS quality video and almost CD 
quality audio to be compressed onto and streamed off of a 
single speed (1x) CD-ROM drive. 
[0008] While the aforementioned compression techniques 
may permit the transmission of visual objects over a com 
puter netWork, such compression techniques can introduce 
artifacts or distortion in the video as a direct result of the 
compression techniques. For example, MPEG-1 encoding 
can introduce artifacts such as blockiness, mosquito noise, 
color bleeding, and shimmering effects Within the video in 
addition to a lack of detail in quantization effects in audio. 
While the effects of the compression techniques on the video 
segments of a multimedia presentation may be negligible in 
some instances, typically the artifacts and distortion gener 
ated by the compression techniques become quite apparent 
to a user When a visual object such as video is enlarged on 
a display device. 

[0009] For example, in many conventional systems utiliZ 
ing compressed video, the video decoder sets a nominal 
?xed display siZe and the user of the video decoder may 
have options for manually enlarging the display siZe by 
activating pixel repetition or interpolation routines in the 
media player. When a decoded or uncompressed video 
signal is enlarged, both the raW components of the original 
uncompressed video signal as Well as the distortion caused 
by the compression techniques are enlarged. In order Words, 
an enlarged image With a conventional media player typi 
cally enlarges or ampli?es both the original video signal and 
the distortion. 

[0010] Consequently, in conventional real time streaming 
of the video, frequently the siZe of the video is fairly small 
relative to the siZe of the display device. In other Words, 
conventional streamed video is typically not a full screen 
experience since it is recogniZed that both the original 
uncompressed video signal as Well as the distortion caused 
by the compression techniques can be noticeable or recog 
niZable by a user When a large screen rendition of a video 
object is selected. Therefore, some conventional media 
players do not even permit the selection for enlarging a 
video segment. The video segments are typically ?xed at 
small display siZes in order compensate for the artifacts or 
distortion created by the video compression techniques. 
[0011] In addition to compression related artifacts dis 
cussed above, there also exists packet loss related artifacts 
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that are a result of the transmission speed of a multimedia 
segment. For example, loW bit rates can also contribute to 
the artifacts or distortion When compressed video is 
decoded. LoW bit rates can be de?ned as data transmission 
rates that are at approximately tWenty-?ve percent (25%) of 
a standard speed. For example, if MPEG-1 is a reference 
standard, then transmission rates of about 1.1 megabits per 
second Would be the norm for the standard rate. A loW rate 
Would be about tWenty-?ve percent (25%) of the normal rate 
and, therefore, 250 megabits per second could be catego 
riZed as a loW bit rate. 

[0012] Referring noW FIG. 1A, this ?gure illustrates one 
exemplary frame 100A of a visual object 105A at a ?rst siZe 
relative to the frame’s original siZe. FIG. 1A could be 
referred to as the optimum display siZe for the exemplary 
frame 100A since artifacts or distortion are not readily 
perceived by the user. 

[0013] Opposite to FIG. 1A, FIG. 1B illustrates an exem 
plary frame 100B of the visual object 105B illustrated in 
FIG. 1A at a second siZe of the frame’s original siZe that is 
much larger than the ?rst siZe illustrated in FIG. 1A. In FIG. 
1B, artifacts or distortion such as mosquito noise 110, 115 
and the shimmering effects 120 can be perceived in this 
enlargement of the exemplary frame of a visual object 100B. 

[0014] While the enlargement techniques of the conven 
tional art may magnify or amplify the artifacts or distortion 
caused by compression or loW transmission rates, enlarging 
of visual objects as Well as reducing the siZe of visual objects 
are features that are desirable to the user. In other Words, 
permitting enlargement or reduction in siZe of a visual object 
enables ef?cient use of the Work space on a display device. 
HoWever, as noted above, a balance should be struck 
betWeen displaying a visual object large enough to be 
comfortably vieWed by a user While at the same time, 
displaying the visual object at a siZe that does not permit 
image degradations due to compression or transmission to 
be noticeable or easily perceived by the user. 

[0015] Accordingly, there is a need in the art for a method 
and system for calculating an optimum display siZe for a 
visual object. That is, there is a need in the art for a method 
and system for automatically selecting the optimal siZe of a 
visual object that can be displayed on a display device. 
Further, there is an need in the art for a method and system 
that can determine the best siZe to display a visual object 
received from a computer netWork to a computer screen 
such that image degradations due to compression or trans 
mission defects or both are less noticeable or not readily 
perceivable by a user. There is a further need in the art for 
a method and system that can display a message indicating 
the optimal display siZe and receive input as to Whether the 
optimal display siZe is selected by a user. 

SUMMARY OF THE INVENTION 

[0016] The present invention is generally draWn to a 
method and system for automatically selecting the optimal 
siZe of a visual object that can be displayed on a display 
device. For example, the present invention can determine the 
best or optimum siZe to display a visual object received from 
a computer netWork to a computer screen such that image 
degradations due to compression or transmission defects are 
less noticeable or perceivable. Typically, the best or opti 
mum siZe to display a visual object can comprise a siZe that 
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is also the maximum in Which the visual object can be 
displayed Without any degradations or defects. 

[0017] According to one exemplary aspect, the present 
invention can automatically perform the siZing of the 
received visual object. According to another exemplary 
aspect, the invention can display a message indicating the 
optimal display siZe and receive input as to Whether the 
optimal display siZe is selected by a user. The visual object 
can comprise one of video, a graphical image, and other like 
visual objects. The visual object can be transmitted across 
various types of communication mediums in various for 
mats. The communication mediums can comprise computer 
netWorks, Wireless netWorks, infra-red transmissions, elec 
tromagnetic couplings, and other similar communication 
mediums. The formats of the visual objects can include 
doWnloadable ?les, internet streaming, and visual objects 
retrievable from storage mediums such as CD-ROMs or 
DVDs. The display devices for the present invention can 
include a printer, cathode ray tubes (CRTs), liquid crystal 
displays (LCDs), light emitting diode (LED) displays, and 
projectors. These display devices can be part of various 
equipment such as computers (laptops, desktops, hand 
helds—such as PDAs, etc.), televisions, cellular telephones, 
and other similar equipment. 

[0018] According to one aspect, a coding dif?culty value 
can be calculated after compressing a visual object in a 
conventional format, such as Moving Picture Experts Group 
(MPEG) format, for computer netWork transmission. One 
exemplary coding dif?culty value can comprise a harmonic 
average of the Peak Signal to Noise Ratio (PSNR) for a 
number of frames taken from the visual object. This coding 
dif?culty value can re?ect the presence of visual object 
segments that Will likely be coded poorly. An encoder can 
calculate the harmonic average of the PSNR based upon the 
original visual object to be encoded. More speci?cally, the 
visual object encoder can calculate the PSNR for each frame 
of the original visual object or by revieWing a set of frames 
or a sample of frames and comparing the frame or set of 
frames to the compressed video. Using the PSNR values for 
the number of frames evaluated, the encoder can then 
calculate the harmonic mean of the PSNR values. 

[0019] The coding dif?culty value of the present invention 
is not limited to the harmonic average of the PSNR. Other 
coding dif?culty values are not beyond the scope of the 
present invention. For example, the coding dif?culty value 
could comprise the straight average of the PSNR values for 
a number of frames of visual object or any other subjectively 
relevant metric. 

[0020] According to one exemplary aspect of the present 
invention, once the coding dif?culty value is determined, the 
optimum display siZe for the encoded visual object can be 
determined based upon the coding dif?culty value and one 
or more other parameters. More speci?cally, according to 
one aspect, the optimum display siZe can be determined 
based upon the coding dif?culty value and the coding bit 
rate. With at least these tWo parameters, the coding bit rate 
and the coding difficulty value, the optimum display siZe that 
can provide the most clear and largest presentation of the 
encoded visual object can be determined. The optimum 
display siZe along With the encoded visual object can then be 
transmitted to a receiver or decoder side of the system. 

[0021] The present invention is not limited to the coding 
dif?culty and coding bit rate parameters for determining an 
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optimum display size. Other parameters include, but are not 
limited to, screen quality such as screen size and screen 
resolution (dots per inch—dpi) capability. 
[0022] According to a further exemplary aspect of the 
present invention, once the coding dif?culty value is deter 
mined, the coding dif?culty value can then be transmitted 
With the encoded visual object over a communications 
medium such as a computer netWork. Next, during reception 
of the encoded visual object and coding dif?culty value, the 
optimum display size for the encoded visual object can be 
determined based upon the coding dif?culty value and one 
or more other parameters. More speci?cally, according to 
one aspect, the optimum display size can be determined 
based upon the coding difficulty value and the coding bit 
rate. With these tWo parameters, the coding bit rate and the 
coding dif?culty value, the optimum display size that can 
provide the most clear and largest presentation of the 
encoded visual object can be determined. 

[0023] According to one aspect, the optimum display size 
can be determined by mapping the coding dif?culty value 
and the visual object transmission rate on a graph, Where the 
coding dif?culty value can de?ne the x-coordinate and the 
visual object transmission rate can de?ne the y-coordinate in 
a Cartesian coordinate system. The Cartesian coordinate 
system can further comprise a plurality of diagonal zones as 
Well as stair-step type functions. Depending upon Where a 
particular set of coordinates Will fall Within a particular 
stair-step type function can provide information as to the 
amount a particular visual object can be sized. In other 
Words, each stair step type function may be associated With 
a ?xed value de?ning a size of the visual object relative to 
a computer screen. For example, each stair step function can 
comprise a tWenty to tWenty-?ve percent increase in size 
relative to each other and vice-versa. The diagonal zones and 
stair step functions can be calculated empirically. 

[0024] Once the optimum display size is calculated for a 
particular visual object that is to be decoded, the present 
invention can automatically size the visual object according 
to this calculation or the calculated display size can be 
displayed as an option that can be selected. If the option is 
selected, then the visual object can be decoded and displayed 
at the calculated optimum display size. 

[0025] According to another aspect of the present inven 
tion, a coding dif?culty value can be calculated after a visual 
object has been compressed in a conventional format, such 
as Moving Picture Experts Group (MPEG) format, for 
computer netWork transmission. A decoder can revieW the 
step size history of the compression format’s quantizers. 
That is, in many compression formats, quantization methods 
can be used to round off or quantize discrete cosine trans 
form (DCT) coef?cients. A step size can comprise the 
quantization of DCT coef?cients. By evaluating the steps 
sizes for frames of a particular encoded visual object, then 
the PSNR can be estimated. More speci?cally, the harmonic 
average of the PSNR can be estimated or approximated by 
looking at a mean value of step sizes for a set of frames for 
an encoded visual object. This estimation of the harmonic 
average of the PSNR can be derived empirically. Once the 
estimated harmonic average of the PSNR is determined, the 
optimum display size can be calculated, as discussed above, 
by mapping the harmonic average of the PSNR and the 
visual object transmission rate and determining the zone in 
Which the coordinates are located. 
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[0026] According to a further aspect of the present inven 
tion, the optimum display size can be calculated as a 
function of the coding dif?culty value alone. Alternatively, 
the optimum display size can be calculated as a function of 
the visual object transmission rate or encoding rate alone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1A illustrates one exemplary frame of a 
visual object at a ?rst size of its original size according to 
one exemplary embodiment of the present invention. 

[0028] FIG. 1B illustrates a conventional exemplary 
frame of the visual object depicted in FIG. 1A at a second 
size of its original size that is larger than the ?rst size. 

[0029] FIG. 1C illustrates an encoding system for calcu 
lating a coding dif?culty value and for encoding a visual 
object according to one exemplary embodiment of the 
present invention. 

[0030] FIG. 1D illustrates a decoding system for calcu 
lating a coding dif?culty value and for decoding an encoded 
visual object after receiving the encoded visual object 
according to another exemplary embodiment of the present 
invention. 

[0031] FIG. 2A illustrates a method for calculating an 
optimum display size at an encoder, transmitting the calcu 
lated optimum display size to a receiver, and rendering a 
visual object according to the calculated optimum display 
size in one exemplary embodiment of the present invention. 

[0032] FIG. 2B illustrates a method for calculating a 
coding dif?culty value at an encoder, transmitting the cal 
culated coding dif?culty value to a receiver, and rendering a 
visual object according to the calculated optimum display 
size in one exemplary embodiment of the present invention. 

[0033] FIG. 2C illustrates a method for calculating an 
optimum display size at an encoder based on a coding 
dif?culty value alone, transmitting the calculated optimum 
display size to a receiver, and rendering a visual object 
according to the calculated optimum display size in one 
exemplary embodiment of the present invention. 

[0034] FIG. 2D illustrates a method for calculating a 
coding dif?culty value at an encoder, transmitting the cal 
culated coding dif?culty value to a receiver, and rendering a 
visual object according to the calculated optimum display 
size based on the coding dif?culty value alone in one 
exemplary embodiment of the present invention. 

[0035] FIG. 3A illustrates a subroutine of FIGS. 2A, 2B, 
and 4A for determining the optimum display size of a visual 
object according to one exemplary embodiment of the 
present invention. 

[0036] FIG. 3B is a graph illustrating relationships 
betWeen harmonic peak signal to noise ratios and a visual 
object transmission rate that may comprise stair step type 
functions or diagonal zones in accordance With an exem 
plary embodiment of the present invention. 

[0037] FIG. 4A illustrates a method for calculating an 
optimum display size at a decoder and rendering visual 
object according to the calculated optimum display size 
according to one exemplary embodiment of the present 
invention. 
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[0038] FIG. 4B illustrates a method for calculating an 
optimum display siZe at a decoder based upon the visual 
object transmission rate alone and rendering visual object 
according to the calculated optimum display siZe according 
to one exemplary embodiment of the present invention. 

[0039] FIG. 4C illustrates a method for calculating an 
optimum display siZe at a decoder and rendering visual 
object according to the calculated optimum display siZe that 
is based on a coding dif?culty value alone according to one 
exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0040] The present invention can determine the maximum 
siZe to display a visual object received from a computer 
netWork to a computer screen such that image degradations 
due to compression or transmission defects are the least 
noticeable. The visual object can comprise one of video, a 
graphical image, and other like visual objects. In one exem 
plary embodiment, a coding dif?culty value can be calcu 
lated during compression of a visual object in a conventional 
format, such as Moving Picture Experts Group (MPEG) 
format, for computer netWork transmission. According to 
another aspect of the present invention, a coding dif?culty 
value can be calculated from a received coded or com 
pressed visual object that Was transmitted over a computer 
netWork. An optimum display siZe can be calculated by 
mapping the harmonic average of the PSNR and the visual 
object transmission rate and determining the Zone in Which 
the coordinates are located. 

[0041] Illustrative Operating Environment 

[0042] The present invention can be embodied in softWare 
that runs on a computer. The processes and operations 
performed by a computer include the manipulation of sig 
nals by a processor and the maintenance of these signals 
Within data structures resident in one or more memory 

storage devices. For the purposes of this discussion, a 
process is generally conceived to be a sequence of computer 
executed steps leading to a desired result. These steps 
usually require physical manipulations of physical quanti 
ties. Usually, though not necessarily, these quantities take 
the form of electrical, magnetic, or optical signals capable of 
being stored, transferred, combined, compared, or otherWise 
manipulated. It is convention for those skilled in the art to 
refer to representations of these signals as bits, bytes, Words, 
information, elements, symbols, characters, numbers, 
points, data, entries, objects, images, ?les, or the like. It 
should be kept in mind, hoWever, that these and similar 
terms are associated With appropriate physical quantities for 
computer operations, and that these terms are merely con 
ventional labels applied to physical quantities that exist 
Within and during operation of the computer. 

[0043] It should also be understood that manipulations 
Within the computer are often referred to in terms such as 
creating, adding, calculating, comparing, moving, receiving, 
determining, identifying, populating, loading, executing, 
etc. that are often associated With manual operations per 
formed by a human operator. The operations described 
herein can be machine operations performed in conjunction 
With various input provided by a human operator or user that 
interacts With the computer. 
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[0044] In addition, it should be understood that the pro 
grams, processes, methods, etc. described herein are not 
related or limited to any particular computer or apparatus. 
Rather, various types of general purpose machines may be 
used With the functions described herein. Similarly, it may 
prove advantageous to construct a specialiZed apparatus to 
perform the method steps described herein by Way of 
dedicated computer systems in a speci?c netWork architec 
ture With hard-Wired logic or programs stored in nonvolatile 
memory, such as read-only memory. 

[0045] Referring noW to the draWings, in Which like 
numerals represent like elements throughout the several 
Figures, aspects of the present invention and the illustrative 
operating environment Will be described. FIG. 1A illustrates 
one exemplary frame 100A of a visual object 105A at a ?rst 
siZe relative to its original siZe. The siZe of the exemplary 
frame 100A illustrated in FIG. 1A can be the optimum 
display siZe for the visual object 105A. The optimum siZe of 
a visual object 105A can be de?ned as the siZe of a visual 
object 105A at Which artifacts or distortion are not literally 
perceivable or apparent to a user. Stated differently, the 
optimum display siZe can be de?ned as the maximum siZe at 
Which a visual object 105A can be displayed on the display 
device Without apparent or readily perceivable artifacts or 
distortion caused by compression or transmission rate or 
both. 

[0046] Avisual object can comprise one of video, a single 
graphical image, or other like visual objects. The graphical 
image can comprise one of a banner advertisement, a 
photograph, and a graphical object. The video can comprise 
one of a live television signal and stored video. More 
speci?cally, the formats of the visual objects can include 
doWnloadable ?les, internet streaming, and visual objects 
retrievable from storage mediums such as CD-ROMs or 
DVDs. The display devices that can render frame 100A of 
FIG. 1A can comprise printers, monitors for desktop or 
laptop computers such as cathode ray tubes (CRT) or liquid 
crystal displays (LCDs), handheld computers such as Per 
sonal Digital Assistants (PDAs), cellular telephones, Watch 
displays, and other like devices. Frame 100A can be trans 
mitted over various communication mediums. 

[0047] For example, frame 100A can be transmitted over 
a computer netWork such as a local area netWork or 

the Internet. HoWever, the present invention is not limited to 
these communication mediums. Other communication 
mediums include, but are not limited to, Wireless commu 
nication links such as radio frequency communications, 
infra red communications, electromagnetic coupling, and 
other similar communication mediums. 

[0048] System for Calculating Optimum Display SiZe of a 
Visual Object 

[0049] Referring noW to FIG. 1C, this ?gure illustrates a 
functional block diagram of an encoding system 100 for 
calculating a coding dif?culty value of a visual object 
according to one exemplary embodiment of the present 
invention. The exemplary encoding system 125 can com 
prise a scene change detector 130, a temporal bit allocator 
135, a rate controller 140, and a preprocessing ?lter 145. The 
scene change detector 130 is connected to the temporal bit 
allocator 135. The temporal bit allocator is connected to the 
rate controller 140. The encoding system 100 receives a 
video input signal and an audio input signal. The video input 
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is typically a series of digitized images that are linked 
together in series. The audio input is simply the audio signal 
that is associated With the series of images making up the 
video input. 

[0050] The video input is ?rst passed through a pre 
processing ?lter 145 that, among other things, ?lters noise 
from the video input to prepare the input video stream for 
encoding. The input video stream is then passed to the visual 
object or video encoder 150. The video encoder 150 com 
presses the video signal by eliminating irrelevant and/or 
redundant data from the input video signal. The video 
encoder 150 may reduce the input video signal to a prede 
termined siZe to match the transmission requirements of the 
encoding system 100. Alternatively, the video encoder 150 
may simply be con?gured to minimiZe the siZe of the 
encoded video signal. This con?guration might be used, for 
example, to maximiZe the storage capacity of a storage 
medium (e.g., hard drive). The video encoder 150 can 
perform the compression process by reducing the input data 
rate to a level that can be supported by the storage or 
transmission medium. It can also translate the compressed 
bit stream into a signal suitable for either storage or trans 
mission. The video encoder 150 can also calculate the mean 
square error (MSE) for the one or more frames of the visual 
object of interest. The video encoder 150 can further calcu 
late a coding dif?culty value as Will be discussed in further 
detail beloW With respect to FIG. 2. 

[0051] In a similar fashion, the audio input is compressed 
by the audio encoder 160. The encoded audio signal is then 
passed With the encoded video signal to the video stream 
multiplexer 165. The video stream multiplexer 165 com 
bines the encoded audio signal and the encoded video signal 
so that the signals can be separated and played-back sub 
stantially simultaneously. After the encoded video and 
encoded audio signals have been combined, the encoding 
system outputs the combined signal as an encoded video 
stream. The encoded video stream is thus prepared for 
transmission, storage, or other processing as needed by a 
particular application. Often, the encoded video stream Will 
be transmitted to a decoding system that Will decode the 
encoding video stream and prepare it for subsequent display. 

[0052] In an exemplary embodiment of the present inven 
tion, the video input stream can be further processed prior to 
encoding. In addition to the pre-processing performed by the 
pre-processing ?lter 145, the encoding system 100 of exem 
plary embodiment of the present invention also can prepare 
the input video stream for encoding by modifying the input 
video stream to facilitate compression. The exemplary 
encoding system 100 includes a picture grouping module or 
scene change detector 130, a bit allocation module or 
temporal allocator 135, and a bit rate controller 140. 

[0053] The picture grouping module 130 can process a 
video input stream by selecting and classifying I-pictures in 
the video stream. The picture grouping module 130 can also 
select and classify P-pictures in the video stream. The 
picture grouping module 130 can signi?cantly improve the 
quality of the encoded video stream. Conventional encoding 
systems arbitrarily select I-pictures, by adhering to ?xed 
siZe picture groups. The coding system 100 is more fully 
described in co-pending non-provisional patent application 
entitled, “VIDEO COMPRESSION USING ADAPTIVE 
SELECTION OF GROUPS OF FRAMES, ADAPTIVE BIT 
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ALLOCATION, AND ADAPTIVE REPLENISHMENT,” 
(attorney docket number 07816-105004) ?led on Jul. 11, 
2001 and assigned US. application Ser. No. , the 
contents of Which are hereby incorporated by reference. 

[0054] The bit allocation module 135 can be used to 
enhance the quality of the encoded video bit stream by 
adaptively allocating bits among the groups of pictures 
de?ned by the picture grouping module 130 and by allocat 
ing bits among the pictures Within a given group of pictures. 
Whereas conventional decoding systems often allocate bits 
in an arbitrary manner, the allocation module 135 can 
reallocate bits from the picture groups requiring less video 
data to picture groups requiring more video data. Conse 
quently, the quality of the encoded video bit stream is 
enhanced by improving the quality of the groups of pictures 
requiring more video data for high quality representation. 

[0055] The bit rate controller 140 can use an improved 
method of conditional replenishment to further reduce the 
presence of noise in an encoded video bit stream. Condi 
tional replenishment is a Well-knoWn aspect of video data 
compression. In conventional encoding systems, a picture 
element or a picture block Will be encoded in a particular 
picture if the picture element or block has changed When 
compared to a previous picture. Where the picture element 
or block has not changed, the encoder Will typically set a ?ag 
or send an instruction to the decoder to simply replenish the 
picture element or block With the corresponding picture 
element or block from the previous picture. 

[0056] The bit rate controller 140 can focus on macrob 
locks and may condition the replenishment of a macroblock 
on the change of one or more picture elements and/or blocks 
Within the macroblock, as discussed in co-pending non 
provisional patent application entitled, “VIDEO COM 
PRESSION USING ADAPTIVE SELECTION OF 
GROUPS OF FRAMES, ADAPTIVE BIT ALLOCATION, 
AND ADAPTIVE REPLENISHMENT,” (attorney docket 
number 07816-105004) ?led on Jul. 11, 2001 and assigned 
US. application Ser. No. , the contents of Which are 
hereby incorporated by reference. Alternatively, the bit rate 
controller 140 may condition the replacement of a macrob 
lock on a quanti?cation of the change Within the macroblock 
(e.g., the average change of each block) meeting a certain 
threshold requirement. In any event, the objective of the bit 
rate controller 140 is to further reduce the presence of noise 
in video data and to simplify the encoding of a video stream. 

[0057] The exemplary encoding system 125 may further 
comprise a display siZe selector 155. The display siZe 
selector 155 can then determine the optimum display siZe by 
utiliZing the coding dif?culty value calculated by the visual 
object encoder 150 in addition to other parameters as Will be 
discussed in further detail beloW With respect to FIG. 2. The 
display siZe selector 155 has been illustrated With dashed 
lines to indicate that in other exemplary embodiments, this 
element can be eliminated When the coding difficulty value 
is transmitted over a communications medium so that a 
decoder 167 With a display siZe selector 175 can determine 
the optimum display siZe as Will be discussed beloW With 
respect to the exemplary embodiment illustrated in FIG. 2B. 

[0058] Referring noW to FIG. 1D, this ?gure illustrates a 
functional block diagram of a decoding system 167 for 
calculating a coding difficulty value after receiving the 
encoded visual object according to another exemplary 
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embodiment of the present invention. The decoding system 
167 receives an encoded video stream as input to a video 
stream demultiplexer 170. The video stream demultiplexer 
170 separates the encoded video signal and the encoded 
audio signal from the encoded video stream. The encoded 
video signal is passed from the video stream demultiplexer 
170 to the video decoder 172. Similarly, the encoded audio 
signal is passed from the video stream demultiplexer 170 to 
the audio decoder 182. The video decoder 172 and a audio 
decoder 182 expand the video signal and the audio signal to 
a siZe that is substantially identical to the siZe of the video 
input and audio input. 

[0059] Those skilled in the art Will appreciate that various 
Well-knoWn algorithms and processes exist for decoding an 
encoded video and/or audio signal. It Will also be appreci 
ated that most encoding and decoding processes are lossy, in 
that some of the data in the original input signal is lost. 
Accordingly, the video decoder 172 Will reconstruct the 
video signal With some signal degradation is often receiv 
able as ?aWs in the output image. The video or visual object 
decoder 172 can revieW the step siZe history of the com 
pressed visual object as Will be discussed in further detail 
beloW With respect to FIG. 4A. 

[0060] The post-processing ?lter 177 is used to counteract 
some of the Well-knoWn noise found in a decoded video 
signal. That has been encoded and/or decoded using a lossy 
process. Examples of such Well-knoWn noise types include 
mosquito noise, salt-and-pepper noise, and blockiness. The 
conventional post-processing ?lter 177 includes Well-knoWn 
algorithms to detect and counteract these and other known 
noise problems. The post-processing ?lter 177 generates a 
?ltered, decoded video output. The post processing ?lter 177 
can ?lter the decoded visual object to improve a user’s 
perception of the accuracy of the rendered visual object. 

[0061] HoWever, in one exemplary embodiment, the post 
processing ?lter 177 typically has no impact on the process 
for determining the optimal display siZe of the visual object. 
In other Words, the post-processing ?lter 177, in some 
exemplary embodiments, does not directly affect the display 
siZe algorithm, but helps increase the impact of a decoded 
visual object. LoWering noise level With a post-processing 
?lter 177 can create a conservative situation for displaying 
a visual object at a larger siZe. 

[0062] The display siZe selector 175 can determine the 
optimum display siZe of a visual object by utiliZing an 
estimate of the coding dif?culty value based upon the step 
siZes calculated by the visual object encoder 150 as Will be 
discussed in further detail beloW With respect to FIG. 4A. 
The visual object renderer 180 can change the siZe of a 
visual object by repeating pixels or performing linear 
extrapolation by using linear ?ltering methods. The visual 
object renderer 180 Will siZe the visual object based upon 
information received from the display siZe selector 175. 

[0063] The video output and the audio output (via audio 
output device 185) may be fed to appropriate ports on a 
display device, such as a television, or may be provided to 
some other display means such as a softWare-based media 
playback component on a computer. Alternatively, the video 
output and the audio output may be stored for subsequent 
display. 
[0064] As described above, the video decoder 172 decom 
presses or expands the encoded video signal. While there are 

Mar. 7, 2002 

various Well-knoWn methods for encoding and decoding a 
video signal, in all of the methods, the decoder must be able 
to interpret the encoded signal. The typical decoder is able 
to interpret the encoded signal received from an encoder, as 
long as the encoded signal conforms to an accepted video 
signal encoding standard, such as the Well-knoWn MPEG1 
and MPEG2 standards. In addition to raW video data, the 
encoder typically encodes instructions to the decoder as to 
hoW the raW video data should be interpreted and repre 
sented (i.e., displayed). 

[0065] For example, an encoded video stream may include 
instructions that a subsequent video picture is identical to a 
previous picture in a video stream. In this case, the encoded 
video stream can be further compressed, because the 
encoder need not send any raW video data for the subsequent 
video picture. When the decoder receives the instruction, the 
decoder Will simply represent the subsequent picture using 
the same raW video data provided for the previous picture. 
Those skilled in the art Will appreciate that such instructions 
can be provided in a variety of Ways, including setting a ?ag 
or bit Within a data stream. 

[0066] Exemplary Methods for Calculating an Optimum 
Display SiZe of a Visual Object 

[0067] Certain steps in the processes described beloW 
must naturally precede others for the present invention to 
function as described. HoWever, the present invention is not 
limited to the order of the steps described if such order or 
sequence does not alter the functionality of the present 
invention. That is, it is recogniZed that some steps may be 
performed before or after other steps Without departing from 
the scope and spirit of the present invention. 

[0068] Referring noW to FIG. 2A, this ?gure illustrates a 
method for calculating an optimum display siZe at an 
encoder, such as encoding system 125, and rendering a 
visual object according to the calculated optimum display 
siZe. Step 205A is the ?rst step of the process for calculating 
an optimum display siZe at an encoder. In step 205A, a visual 
object such as a video segment is encoded according to a 
predetermined format. For example, the visual object 
encoder 150 can encode the received visual object according 
to the MPEG-1 video compression format. 

[0069] Next, in step 210A, for each frame or a set of 
frames or a sample of frames from the original visual object, 
a coding dif?culty value can be calculated as a function of 
the signal-to-noise ratio (SNR). In step 210A, the peak 
signal-to-noise ratio (PSNR) of a particular frame can be 
calculated With the encoder 150 by comparing the original 
visual object With the encoded visual object. PSNR can be 
calculated as folloWs: 

2552 
PSNR : 10 L i 

OglOnoise signal energy 

[0070] The noise signal energy is de?ned as the energy 
measured for a hypothetical signal that is the difference 
betWeen the encoder input signal and the decoder output 
signal. Once the peak signal-to-noise ratio is calculated for 
the frames of interest for the visual object, then the coding 
dif?culty value can be calculated. 
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[0071] There can be tWo parameters that control the cod 
ing dif?culty of a display size: (1) the degree of compression 
Which is signi?ed by the data rate; (2) the inherent dif?culty 
of a scene. The dif?culty or complexity of a scene can have 
many different types of measurements associated With it. 

[0072] The coding dif?culty value can comprise a har 
monic mean of the peak signal-to-noise ratio (PSNR) for one 
or more frames taken from the visual object. The harmonic 
mean of the Peak Signal to Noise Ratio (PSNR) can be used 
to identify the dif?culty of scenes Within a visual object. This 
exemplary coding dif?culty value can re?ect a presence of 
visual object segments that Will likely be coded poorly 
during the compression process. The coding dif?culty and 
the signal noise ratio are usually inversely related. In other 
Words, the ease of coding is proportional to the harmonic 
mean and the coding dif?culty is the inverse effect so When 
the harmonic average is higher, larger display siZes are 
usually suggested. The harmonic mean of the PSNR values 
(HM-PSNR) for all the frames in the input sequence can be 
derived from the folloWing equation: 

1v 
HM - PSNR = lOLoglO Ni 

MSEi 

2552 
[:1 

[0073] Where HM-PSNR=the harmonic average of the 
peak signal-to-noise ratio; Where N=the number of frames of 
a visual object; and Where MSE=the mean square error for 
each of the frames of the visual object. Basically, step 210 
can be performed by the visual object encoder 150. 

[0074] The harmonic mean is a statistic Which can empha 
siZe the Weakest link in a chain or series of data points. In 
the context of the present invention, if different segments of 
the visual object have different levels of ?delity Which is 
measured by the signal to noise ratio, then the harmonic 
mean physically emphasiZes the loWer end. In other Words, 
the harmonic mean of the peak to signal noise ratio usually 
gives a conservative measure of the Weakest link or the 
video segment Which may likely have the poorest quality. If 
the peak values of the signal to noise ratio (PSNR) are used 
themselves as the measurement of scene complexity, such 
values may give an overly optimistic vieW of hoW successful 
the video compression has been. If the arithmetic average of 
the peak to noise ratio is utiliZed, such a measurement may 
give a someWhat optimistic vieW of hoW good the overall 
quality of the compression of the video Was performed. 
Therefore, the harmonic mean is typically referred to as an 
overall statistic that is conservative in nature that is Well 
suited for determining optimal display siZes for visual 
objects. 

[0075] The coding difficulty value of the present invention 
is not limited to the harmonic mean of the peak signal-to 
noise ratio. Other coding difficulty values are not beyond the 
scope of the present invention. For example, the coding 
dif?culty value could comprise the straight average of the 
peak signal-to-noise ratio values for a number of frames of 
a visual object. 

[0076] Once the coding difficulty value is calculated in 
step 210A, in routine 215, the optimum display siZe for the 
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visual object 105A can be determined based upon the coding 
dif?culty value and the transmission rate of the visual object. 
Further details of routine 215 Will be discussed beloW With 
respect to FIG. 3. Alternatively, as Will be discussed beloW 
With respect to the exemplary embodiments illustrated in 
FIGS. 2C, 2D, 4B, and 4C, the optimum display siZe can be 
calculated based upon either the coding dif?culty value or 
the visual object transmission rate. Further, the optimum 
display siZe calculation can also evaluate other parameters in 
addition to the coding dif?culty value and visual object 
transmission rate. For example, the optimum display siZe 
can consider the quality of the display device such as its 
resolution capabilities (dots per inch - dpi) and the siZe of the 
display device, just to name a feW alternative and exemplary 
parameters. Those skilled in the art Will recogniZe that other 
parameters affecting the calculation of the optimum display 
siZe are not beyond the scope of the present invention. 
Calculation of the optimum display siZe can be biased or 
Weighted appropriately depending upon these other param 
eters such as display device quality and siZe. 

[0077] Next, in step 220A, the encoded visual object and 
optimum display siZe value are forWarded over a commu 
nications medium. For example, the encoded visual object 
and optimum display siZe can be transmitted across a 
computer netWork such as the Internet or a local area 
netWork. The present invention is not limited to communi 
cation mediums comprising computer netWorks. The com 
munication mediums can include, but are not limited to, 
Wireless netWorks, infra red transmissions, electromagnetic 
couplings, and other similar communication mediums. 

[0078] In step 225A, the received visual object is decoded. 
Next, in decision step 230A, it is determined Whether the 
visual object is displayed With the calculated optimum 
display siZe. Basically, decision step 230A can comprise 
various options for the system designer. That is, decision 
step 230A can comprise a prompt for input from a user. In 
other Words, the user could select the optimum display siZe 
function as the default siZe for any visual object received 
from a netWork. 

[0079] Alternatively, decision step 230A can be embodied 
in options that are dependent upon payment for a particular 
service. Stated differently, decision step 230A can be con 
nected to the type of service selected and paid for by a user. 
In one exemplary embodiment, decision step 230A can be 
conditioned upon the receipt of a form of payment in order 
to determine the optimum display siZe for the visual object. 
Decision step 230A may further comprise a step of display 
ing the calculated optimum display siZe as message so that 
a user may see the actual calculated optimum display siZe 
value. 

[0080] If the inquiry to decision step 230A is positive, then 
the “yes” branch is folloWed to step 235A, in Which the 
visual object With the calculated optimum display siZe is 
displayed. If the inquiry to decision step 230A is negative, 
then the “no” branch is folloWed to step 240A, in Which the 
visual object is displayed With a default or selected display 
siZe activated by the user varied. 

[0081] Referring noW to FIG. 2B, this ?gure illustrates a 
method for calculating a coding dif?culty value at an 
encoder, such as encoding system 125, transmitting the 
coding dif?culty value over a communications medium, and 
rendering a visual object according to the calculated opti 
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mum display size. As noted above, certain steps can be 
performed in a different order With out departing from the 
spirit and scope of the present invention. The process 
depicted in FIG. 2B differs slightly from the process 
described in FIG. 2A. 

[0082] Only the differences betWeen FIGS. 2A and 2B 
Will be discussed With respect to FIG. 2B. Accordingly, in 
FIG. 2B, step 215A for calculating the optimum display siZe 
has been moved to the decoder side or receiver side of the 
process, as step 227. Step 220A has been modi?ed as step 
221B such that the coding dif?culty value instead of the 
calculated optimum display siZe is transmitted over the 
communications medium. 

[0083] Referring noW to FIG. 2C, this ?gure illustrates a 
method for calculating a coding difficulty value and an 
optimum display siZe at an encoder, such as encoding system 
125, the optimum display siZe being calculated based on 
only the coding dif?culty value, transmitting the optimum 
display siZe over a communications medium, and rendering 
a visual object according to the calculated optimum display 
siZe. As noted above, certain steps can be performed in a 
different order With out departing from the spirit and scope 
of the present invention. The process depicted in FIG. 2C 
differs slightly from the process described in FIG. 2A. 

[0084] Only the differences betWeen FIGS. 2A and 2C 
Will be discussed With respect to FIG. 2C. Accordingly, in 
FIG. 2C step 215 has been modi?ed as step 216 to calculate 
the optimum display siZe based upon only the coding 
dif?culty value instead of the combination of the coding 
dif?culty value and the visual object transmission rate as 
discussed above. 

[0085] Referring noW to FIG. 2D, this ?gure illustrates a 
method for calculating a coding difficulty value at an 
encoder, such as encoding system 125, transmitting the 
coding dif?culty value over a communications medium, 
calculating an optimum display siZe based on the coding 
dif?culty value alone, and rendering a visual object accord 
ing to the calculated optimum display siZe. As noted above, 
certain steps can be performed in a different order With out 
departing from the spirit and scope of the present invention. 
The process depicted in FIG. 2D differs slightly from the 
process described in FIG. 2B. 

[0086] Only the differences betWeen FIGS. 2B and 2D 
Will be discussed With respect to FIG. 2D. Accordingly, in 
FIG. 2D step 227 has been modi?ed as step 228 to calculate 
the optimum display siZe based upon only the coding 
dif?culty value instead of both the coding difficulty value 
and the visual object transmission rate. 

[0087] Referring noW to FIG. 3A, this ?gure illustrates the 
subroutine 215 of FIG. 2A, in Which the optimum display 
siZe for a visual object is calculated by the display siZe 
selector 155. Step 305 is the ?rst step of routine 215 in Which 
the coding difficulty value calculated in step 210 is ascer 
tained. In step 310, the visual object transmission rate is also 
ascertained. In one exemplary embodiment he visual object 
transmission rate comprises one or more values measured in 
units of information per unit of time period. More speci? 
cally, the visual object transmission rate can comprise a 
speed at Which binary digits are transmitted. For eXample, 
the visual object transmission rate in one eXemplary embodi 
ment can comprise bits per second. 
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[0088] In step 315, the coding dif?culty value and visual 
object transmission rate value are mapped to a chart, table, 
graph, grid or other similar data association mechanism. In 
one eXemplary embodiment, the coding dif?culty value 
de?nes an X coordinate While the visual object transmission 
rate de?nes a Y coordinate in a Cartesian coordinate system. 
In step 320, from the coordinates identi?ed in step 315, a 
Zone value corresponding to the coding dif?culty value and 
transmission rate can be identi?ed. In step 325, this Zone 
value can be associated With an optimum display siZe value 
such as the percentage in Which a visual object should be 
enlarged. Further details of steps 315, 320, and 325 Will be 
discussed beloW With respect to FIG. 3B. 

[0089] Referring noW to FIG. 3B, this ?gure is a graph 
illustrating relationships betWeen the harmonic mean for the 
peak signal-to-noise ratios (HM-PSNR) and the visual 
object transmission rate (in kilobits per second or kbps). In 
FIG. 3B, the harmonic average of the peak signal-to-noise 
ratio de?nes the X-aXis While the transmission rate de?nes 
the Y-aXis. FIG. 3B illustrates empirically derived relation 
ships betWeen data transmission rates and a harmonic aver 
age of the peak signal-to-noise ratio of a compression 
technique. The Zones A, B, C, D and E can be associated 
With percent increases of picture siZe for displaying visual 
objects. Zone A comprises the region betWeen the X-aXis 
and a ?rst stair step type function 335. Zone B de?nes a 
region betWeen the ?rst stair step function 335 and a second 
stair step function 340. 

[0090] Zone C de?nes a region betWeen the second stair 
step type function 340 and a third stair step type function 
345. Similarly, Zone D de?nes a region betWeen the third 
stair step type function and a fourth stair step type function 
350. And lastly, Zone E de?nes a region extending above the 
fourth stair step type function 350. 

[0091] Each Zone of Zones A to E can be associated With 
a respective percentage increase of the visual object siZe for 
each respective Zone depicted in FIG. 3B. For eXample, 
each Zone could de?ne a 20% increase in siZe relative to a 
neighboring Zone. HoWever, the present invention is not 
limited to the 20% increments. Other increments, higher or 
loWer, are not beyond the scope of the present invention. In 
FIG. 3B, it can be assumed that there are ?ve different 
display siZe levels. The original siZe of an encoded image 
can be assumed to be one quarter (usually, 320x240) of full 
siZe (usually, 640x480). Therefore, Zone A can be inter 
preted to mean there is no bloW-up. That is, the decoder can 
just display the image at the original display siZe. The 
maXimum display siZe in FIG. 3B can be 200% of the 
original siZe, and this siZe is associated With Zone E. The 
bloW-up factor or percent increase associated With each Zone 
can be as folloWs: (l-dimensional factors; that is, the actual 
increased display siZe Will be the square of the folloWing 
factors): Zone A =1X, Zone B=1.2X, Zone C=1.4X, Zone 
D=1.7X, and Zone E=2X. 

[0092] Diagonal Zones I, II, III, IV, V and VI can ratio 
naliZe the empirical procedure taken to de?ne the graph 
illustrated in FIG. 3B. The diagonal Zones I, II, III, IV, V 
and VI demonstrate that for a particular sample object, such 
as Sample Object 1 Which is represented by a triangle in 
FIG. 3B, each of the data points for the Sample Object 1 
appear to fall Within a diagonal Zone of II. 

[0093] The data points for each sample visual object Were 
calculated by taking a visual object such as a video segment 








