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Teceivers. Such data typically may be broadcast.

[0004] The multimedia can be formatted in accordance with Moving Pictures Expert Group

(MPEG) standards such as MPEG-1, MPEG-2 (also used for DVD format), MPEG-4 and other
" block based transform codecs. Essentially, for individual video frames these multimedia

standards use Joint Photographic Experts Group (JPEG) compression. In JPEG, the image of a
single frame is typically divided into small blocks of pixels (usually 8x8 and/or 16x16 pixel
blocks) that are encoded using a discrete cosine transform (DCT) function to transform the
spatial intensity values represented by the pixels to spatial frequency values, roughly arranged,
in a block, from lowest frequency to highest. Then, the DCT values are quantized, i.e., the
information is reduced by grouping it into chunks by, e.g., dividing every value by 10 and
rounding off to the nearest integer. Since the DCT function includes a progressive weighting
that puts bigger numbers near the top left comer of a block and smaller numbers near the lower
right comer, a special zigzag ordering of values can be applied that facilitates further
compression by run-length coding (essentially, storing a count of the number of, e.g., zero
values that appear consecutively, instead of storing all the zero values). If desired, the resulting
numbers may be used to look up symbols from a table developed using Huffman coding to

create shorter symbols for the most common numbers, an operation commonly referred to as
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{or not) of the block between pictures. In this way, efficient compression is achieved.

[0003]  With more specificity, MPEG compression in general uses three kinds of video frames.
Naturally, some frames, referred to as "intraframes” {also referred to as "reference frames", or 21
frames? and "information frames"), in which the entire frame is composed of compressed,
quantized DCT values, must be provided (e.g., around two per second). But in MPEG
compression the remaining frames (e.g., 28) that make up the rest of the video for that second
are very much smaller frames that refer to the intraframes, in accordance with MPEG
compression principles. In MPEG parlance these frames are called "predicted” frames (?P
frames?) and "bidirectional" frames (?B frames?), herein collectively referred to as
“interframes".

[0009]  Predicted frames are those frames that contain motion vector references to the preceding
intraframe or to a preceding predicted frame, in accordance with the discussion above. If a
block has changed slightly in intensity or color, then the difference between the two frames is
also encoded in a predicted frame. Moreover, if something entirely new appears that does not
match any previous blocks, then a new block or blocks can be stored in the predicted frame in
the same way as in an intraframe. Note that, as used herein, such a new block is not a

"predetermined portion" of an intraframe in that it arises only upon the random introduction of a
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tg | east anount of decoder menory. [0011] The present invention, in
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very well 4 JnbiBPsg tafib & I from
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associ at eqieagtrhhﬁ,{lfﬂr@rgggocﬁpﬁllehgﬂs severely degrades the quality of service
(Q0S) provided, until the occurrence of the next full intrafrane,
par t i[@QHl1ir | yThMmela ihestion, it cerfteraplatingdhevatiovb principles, recognizes that MPEG
compression works very well when transmitting a video stream over a reliable link (e.g., from a
hard disk drive or DVD to a processor over a reliable TCP/IP network connection). The present
invention has critically recognized, however, that in the context of "lossy" transmission paths
such as might occur in wireless transinission, the loss of an intraframe more or less destroys the
associated interframes and thus severely degrades the quality of service (QOS) provided, until
{ the occurrence of the next full intraframe, particularly when a lost intraframe cannot be
retransmitted (e.g., during broadcast transmission). This often requires the decoder to freeze the

display until another valid intraframe is received. The ideal solution is to provide the

compression obtained by using P and B frames with improved etror resilience.
SUMMARY OF THE INVENTION

[0012] A multimedia data stream for wireless transmission of digital multimedia includes plural
sets of frames, with each set typically including N hybrid frames (also referred to as H frames);.
Each hybrid frame cox;.veys a respective i” intraframe portion, along with interframe
information. A full intraframe is established by the intraframe portions collectively. If desired,



retransmtted (e.g., during broadcast transm ssion). This often requires the
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[0015] In non-limiting embodiments the multimedia data can be digital, and it can be broadcast
using CDMA principles, GSM principles, or OFDM principles. The multimedia data can be
broadcast on a unidirectional link, or it can also be transmitted on a two-way point-to-point link

-1o wireless receivers.

[0016] In another aspect, a method for communicating, to wireless receivers, multimedia data that is
characterized by intraframe information and interframe information includes conveying parts of
intraframes in hybrid interframes, with the hybrid interframes being generated at predetermined
intervals. In a non-limiting embodiment the part of the intraframe carried by a hybrid frame
includes information representing quantized discrete cosine transforms (DCT) of pixel
information. It is noted here that the method can be applied to transforms other than DCT block
based transforms. The information representing quantized DCTs may be encoded using, e.g., run
length coding.

[0017]  In still another aspect, a wireless receiver for displaying multimedia data that is
characterized by interframes and hybrid frames which convey cyclic portions of intraframe
information includes means for using the interframes to reference the cyclic portions carried in

the hybrid frames. The receiver also includes means for displaying multimedia at least in part



to wireless receivers. [0016] In another aspect, a nethod for comrunicati ng,
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and entire frame (i.e., almost an entire I frame). Also, the amount of intraframe data successive
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H frames between two I frames carry can vary if desired.

[0021] Fractional intraframes (also to be referred to as a F frames) can also be used to carry
intraframe data. AnF frame is similar to an H frame but does not contain the interframe data,
instead carrying only partial intraframe data. The F frames do not necessarily have to be decoded
if the receiving device determines that few enough errors had been seen for the region covered

{ by the F frame since the last I frame or H Frame covering the same region of the picture.

[0022] In a system employing layering, H and/or F frames could be used on one or all layers, A
likely implementation would be to include H and F frames on the Base layer(s) only.

[0023]  The intraframe data in H and F frames need not be limited to rectangular shapes comprised
by-grouping horizontal lines. Different geometric shapes can be used to contain the intraframe
data.

[0024]  The details of the present invention, both as to its structure and operation, can best be
understood in reference to the accompanying drawings, in which like reference numerals refer to

like parts, and in which:
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mobil e station 16 shown for clarity). Both the broadcast system 12
stations 16 (only a single mobile station 16 shown for clarity). Both the broadcast system 12

and mobile stations 16 can include respective processors.

[0030] The multimedia streams can be from one or more sources 18 that communicate with or are
otherwise associated with the broadcast system 12. The broadcast system 12 can use, without
limitation, CDMA principles, GSM principles, or other wireless principles including wideband
CDMA (WCDMA), cdma2000 (such as cdma2000 1x or 3x air interface standards, for
example), TDMA, or TD-SCDMA,, and OFDM. The multimedia content can alternatively be
provided over a bidirectional point—to—point link if desired, such as, e.g., a Bluetooth link or a
802.11 link or a CDMA link or GSM link. In any case, the mobile station 16 can include an
audio, video, or audio/video (A/V) display 20, for presenting the muitimedia streams on the
display 20.

[0031)  Figure 2 schematically shows a single frame sequence, i.e., group or set of related frames, in
accordance with the present invention. While Figures 2 and 3 illustrate frames graphically, in
practice, of course, the transmitted multimedia stream is a stream of symbols that taken together
represent the physical frames shown in Figures 2 and 3.

[0032]  As shown in Figure 2, a full intraframe 22 can be the initial frame of a set. However, the
full intraframe 22 might be optional in some embodiments, owing to the subsequent intraframe
information that is carried in the hybrid frames discussed further below. In any case, the
preferred intraframe 22 is essentially a single complete JPEG-type DCT based or stand alone
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quantized DCT values, or indeed other values, that represent spatial pixel intensity.

[0035]  For the preferred embodiment, unlike a conventional interframe that might contain
intraframe information related to a new object of arbitrary (from a programmatic view) time and
location of appearance, hybrid frames 28 can include predetermined cyclic portions of
intraframes. That is, the hybrid frames of a GOP successively contain intraframe information
that represents geometrically successive intraframe regions. More specifically, the first hybrid

( frame 28 includes a first portion of an intraframe, the second hybrid frame in a GOP includes a
second intraframe portion, preferably geometrically successive fo the first intraframe portion,
and so on, i.e., the N® hybrid frame in a GOP includes an N™ intraframe portion. The portions
may be information representing M lines of an intraframe, with all the intraframe portions in a
group together making up a complete intraframe. Thus, when each intraframe portion is M lines
of intraframe information, N*M = total number of lines in a single intraframe. The intraframe
portions of the hybrid frames in a set, while representing predetermined, distinct geometric
regions of an intraframe, may or may not represent or be derived from a single JPEG image. In
other embodiments the intraframe portions of hybrid frames need not represent a complete
frame. In addition, alternative shapes could be used to contain the intraframe data such as

vertical bars, circles, squares, etc.



Hybrid frames 28 essentially are like the interframes 24, 26 except that
they contain predeterm ned portions of intraframe information. [0034] More
specifically, as shown in Figure 3, each hybrid frame 28 incl udes
conventional interframe information 30 and intrafranme information 32. The
interframe Y9 3OH84PM can include, e.g., vectors refer 8hEUIPHPEHs i n
other frames, while the intrafrane information includes intrafrane

i nformati on representative of pixels, i.e., DCT-based values such as encoded
qgquantized DCT val ues, or indeed other valfues, that represent spatial pixel
intensity. [00335] For the preferred enbodi ment, unlike a conventional
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intraframe (F-frame) is essentially identical to the any of the

the interframes might refer to it and refer to the hybrid frames only in the event that the full

intraframe is lost.

[0039]  Also for the preferred embodiment, moving to block 36, every P® interframe may be
selected as a prospective hybrid frame. A total of N interframes are selected. Thus, in the above
example, every third interframe of fifteen total would be selected (P=3) such that (N=5) hybrid
frames are generated. The value of "P" may vary from one to ten or even more. Indeed, the
value of "P" may vary within a single multimedia stream, depending on, e.g., degree of motion,
etc.

[0040]  The choices of P and N do not necessarily have to multiply to equal the length of the GOP or
the length of the GOP-1, If the systemn desires greater error resilience, the hybrid frames would
be placed closer together. Conversely, if less error resilience is required, the hybrid frames could
be spaced farther apart. Note that the distance between intraframes would likely change along
with the distance between the hybrid frames.

[0041]  Proceeding to block 38, for each i™ prospective hybrid frame, i = 1, 2,...,N, the lbgic loops to
block 40 to render the frame into a hybrid frame by replacing the i® interframe information
portion that simply refers to a 1/N portion of an intraframe with intraframe information

representing an i™ 1/N portion of an intraframe. In the case of dividing the intraframe portions



hybrid frames shown in Figure 3, except that it does not contain the
interframe information portions 30, but rather only the partial intrafranme
portion 32. [0038] Figure 4 shows the logic illustrated in the schematic

di agrams of Figures 2 and 3. Block 34 represents the beginning of a DO | oop
that is entwpé&"‘f"éf‘“@ach GOP, it being understood that tHe/U$200M®Bhave been
partitioned into groups each of which can include one or nore full
intraframes and plural interframes in accordance with MPEG princi pl es.

After processing, a GOP would include ofe conplete intraframe, followed by
conventional interframes and hybrid franes. For exanple, a GOP m ght
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intraframe data in actually required for error correction.

[0043] ‘The mobile stations 16 receive the multimedia stream and decode the information therein,
including the hybrid frames, with the mobile stations 16 using the interframes to reference,
selectively or otherwise, the intraframe portions carried in the hybrid frames for display of the

( multimedia. The processors in the mobile stations 16 may be used for this purpose.

[0044] It may now be appreciated that if the loss of an entire intraframe occurs, only the interframes
that precede hybrid frames are completely useless. Interframes following hybrid frames can
refer at least to the i® intraframe portions in those hybrid frames, and thus provide some
measurable QOS.

{0045]  While the particular System And Method For Partial Intraframe Encoding Or Wireless
Multimedia Transmission as herein shown and described in detail is fully capable of attaining
the above-described objects of the invention, it is to be understood that it is the presently
preferred embodiment of the present invention and is thus representative of the subject matter

which is broadly contemplated by the present invention, that the scope of the present invention

fully encompasses other embodiments which may become obvious to those skilled in the art,
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System And Method For Partial Intraframe Encoding O Wrel ess
What is claimed is:



Mul timedia Transm ssion as herein shown and described in detail is fully
capabl e of attaining the above-described objects of the invention, it is to
be understood that it is the presently preferred enbodi nent of the present
invention and is thus representative of the subject matter which is broadly
contenpl ated by the present invention, jphat the scope of the present
invention fully enconpasses other enbodi nents which may becone obvious to
those skilled in the art, WO 2004/ 084040 PCT/US2004/008284 10 and that the
scope of the present invention is accordingly to be limted by nothing other
than the éﬂ#&ﬂﬂgd claims, in which reference to an elenent in the singular
is not intended to nean "one and only one" unless explicitly so stated, but
rat her "one or nore". All structural and functional equivalents to the

el ements of the above-described preferred enbodi nent that are known or |ater
cone to be lknowa tomrhindsaioafsyem) conrpyistigi | | in the art are expressly

i ncorporated herein by reference and are intended to be enconpassed by the

present cl aipidoesdWp rReN g miltimediaWaia and AREFBRINY 160E campi@mge or method to
address each and every problem sought to be solved by the present
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el enent npone or step I n e present sclosure 1's Intended to
be dedicated to the @yblic reﬁargLess otfmh?thr t he elenqgﬁ, conponent, or
method step i s SXpPIFRTETS/MFEMAHAYOTRL ¢ RGN MO OnREr BPTS RIYSTETINE herein i s
to be construed under the provisions of 35 U S.C. 112, sixth paragraph,

unl ess the el emBATOPS @Y pressly recited using the phrase "nmeans for" or, in

the case of a nethod claim the elenment is recited as a "step"” instead of

an "act". \satablishingdY hybrichiranges, whereiny eaphvef the Nehybsighftamies analusies aylsasem
conprising: a processor receiving nultinedia data and undertaking | ogic
conpri si ng: par tinformeationgeprésenting dtilenstore of #iteconie ot corapreddteraieed infrafravet | on and
intraframe information, the intraframe information being - partitioned into
one or nore pregeitidhshmesd legg0dokedigifraamdinformation, wherein some of the N hybrid

frames comprise a different amount of intraframe information therein as

compared to an amount of the intraframe information in other of the N hybrid

frames.

2. The system of Claim 1, wherein a first hybrid frame includes information

representing a first M intraframe lines.

3. The system of Claim 2, wherein a second hybrid frame includes information

representing a second M intraframe lines.

4. The system of Claim 1, wherein the multimedia data is partitioned based on

objects in the data.



establishing N hybrid franes, wherein each of the N hybrid franmes incl udes
at least information representing at |east one of the one or nore
predeterm ned intraframe portions and at | east sonme interframe information,
wherein sone of the N hybrid franes conprise a different anount of
intraframe information therein as conpgred to an anmount of the intrafrane
information in other of the N hybrid franmes. 2. The systemof Caiml,
wherein a first hybrid franme includes information representing a first M
intraframe |lines, 3. The systemof Claim2, wherein a second hybrid frane

i ncl udes i rf or rraThec?biSte‘Pé’ﬁd%@n]b igrein & Heshhyprid framg eemiaingea fifshisgalrame The
systemof Claim1l, wherein the multinedia data is partitioned based on

obj ect s i n infhematwngportivk haging Aisizesipd skape efd Checond hybridhganed imchidéd 7 seeordybr i d
frame contains a first intrafrane information portion having a size and
shape and antsd@erednfoyrhatioh fordorchavingl axitesingd skgepatdeasi sriercff thagize,ianfl diemat i on
portion having a size and shape, at |east one of. the size, and the shape,

of the firshagen$fithd fiddTtRhhk PBrt8ibEEHg diffdrafi enh thh@frdspéhdafyf siRsAaNdi ng si ze
and shape of the second intraframe portion. 6. The systemof Claiml1,

wher ei n th%gé]}élogitHEEsgf:&dqﬁ‘ﬁﬁginfeﬂrﬂM.a' . 7. The systemof Claim1, wherein
a

the multinedia data Is broadcast using at |east one of. CDMA principles,
GSM princi ples, and OFDM principles. 8. The systemof Caim1l, wherein the
mul tinedia data is broadcast on a wunidirectional link. 9. The system of
Claim1, wherein_the nmultipedi ata is transpmtted gn a two- way

poi nt -t o- pd¥ nt | T1iysteRy of Hiaims], syhersinthe pultime ?d‘l‘tﬁn'st‘ﬂglfﬁcorrpri sing at | east

one wireless receiver receiving the nmultimedia data.

7. The system of Claim 1, wherein the multimedia data is broadcast using at least

one of: CDMA principles, GSM principles, and OFDM principles.

8. The system of Claim 1, wherein the multimedia data is broadcast on a

unidirectional link.

9. The system of Claim 1, wherein the multimedia data is transmitted on a two- way

point-to-point link.

10.  The system of Claim 1, further comprising at least one wireless receiver receiving

the multimedia data.



