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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

FASTVDO LLC,

Plaintiff,
V. Civil Action No. 12-cv-1429-RGA
TECHNICOLOR, INC.,,
TECHNICOLOR USA, INC., and DEMAND FOR JURY TRIAL
TECHNICOLOR CREATIVE SERVICES
USA, INC.,
Defendants.

AMENDED COMPLAINT

Plaintiff FastVDO LLC (“FastVDO”) alleges as follows:
PARTIES

1. FastVDO is a Florida limited liability corporation with a principal place of
business at 750 N. Atlantic Ave., Cocoa Beach, FL 32931.

2. On information and belief, Technicolor, Inc. is a Delaware corporation with a
principal place of business at 6040 Sunset Boulevard, 6" Floor, Hollywood, CA 90028.

3. On information and belief, Technicolor USA, Inc. is a Delaware corporation with
a principal place of business at 101 West 103rd Street, Indianapolis, Indiana 46290.

4, On information and belief, Technicolor Creative Services USA, Inc. is a Delaware
corporation with a principal place of business at 1631 Gardena Avenue, Glendale, CA 91204.
Technicolor, Inc., Technicolor USA, Inc., and Technicolor Creative Services USA, Inc. are

collectively referred to as “Technicolor.”

JURISDICTION AND VENUE

5. This is an action for patent infringement arising under the patent laws of the
United States of America, 35 U.S.C. § 1, et seq., including § 271. This Court has subject matter
jurisdiction under 28 U.S.C. §§ 1331 and 1338(a).
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6. This Court has personal jurisdiction over Technicolor because, among other
reasons, Technicolor is incorporated under the laws of the State of Delaware, and Technicolor
has conducted and continues to conduct regular and ongoing business in Delaware.

Additionally, on information and belief, Technicolor has committed direct and indirect acts of
infringement in this District by making, using, importing, offering for sale, and/or selling
infringing products, and inducing others to perform method steps claimed by FastVDO’s patent
in Delaware.

7. Venue is proper in this district under 28 U.S.C. §§ 1391(b)-(c) and 1400(b)
because, among other reasons, Technicolor is incorporated under the laws of the State of
Delaware, and Technicolor has conducted and continues to conduct regular and ongoing business
in Delaware. Additionally, on information and belief, Technicolor has committed direct and
indirect acts of infringement in this District by making, using, importing, offering for sale, and/or
selling infringing products, and inducing others to perform method steps claimed by FastVDO’s
patent in Delaware.

COUNT I

(Infringement of U.S. Patent No. RE 40,081)

8. FastVDO is the owner by assignment and merger of United States Patent No. RE
40,081 (“the ‘081 patent™), entitled “Fast Signal Transforms With Lifting Steps.” The ‘081
patent reissued on February 19, 2008, based on an initial application filed December 16, 1998. A
true and correct copy of the ‘081 patent is attached hereto as Exhibit A. The ‘081 patent enables
digital video compression through the coding and decoding of blocks of digital image intensities
with a block coder and transform coder that utilizes an invertible linear transform having a +/-1
butterfly step, a lifting step, and a scaling factor. International Telecommunications Union —
Telecommunication Standardization Sector (ITU-T) H.264 (also known as MPEG-4 Part 10,
Audio Video Coding or AVC) (herein “H.264” or “MPEG-4 AVC(C”) is a video compression
standard that performs digital image compression by coding and decoding blocks of digital

image intensities with a block coder and with a transform coder that includes an invertible linear
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transform, which is representable as a cascade using at least one +/-1 butterfly step, at least one
lifting step, and at least one scaling factor. The FastVDO patent is essential to the H.264
standard, and it was properly 1dentified to the International Telecommunications Union on May
14, 2003, before the promulgation of the H.264 standard in March 2005.

9. On information and belief, in violation of one or more provisions of 35 U.S.C.
§ 271, Technicolor has infringed one or more claims of the ‘081 patent by making, using,
importing, selling, or offering to sell digital media devices, software, equipment, videos and
services that use H.264 to code and/or decode video, including, but not limited to, Home
Network Media Tablet, Media Touch 2, DSI803 HD DVR Set-Top Box, the Tiger AVC
encoding system, and its BD/DVD Compression & Authoring services. Additionally,
Technicolor has had knowledge of the ‘081 patent since at least November 8, 2012, or
alternatively since being served with this complaint, and Technicolor has induced others, such as
its customers and/or consumers of H.264 content produced by its customers, to code and/or
decode video with H.264 and practice the method steps of the ‘081 patent with its marketing
materials, advertising materials, manuals and customer support services since at least this time.
For example, the marketing material for Technicolor’s Home Network Media Tablet explains
that this product “provides a new and exciting way for end-users to enjoy entertainment,
information, communication services and much more anywhere in their home.” See Home
Network Media Tablet product brief at 2 (attached hereto as Exhibit C). The H.264 video
encoding and decoding capabilities of the Home Media Network Media Tablet are featured in its
technical specification. Id. at 7. Similarly, the marketing material for Technicolor’s DSI803
Satellite Set-Top Box explains that an H.264 codec is used to provide highest quality video. See
DSI803 HD DVR MPEG-4 Satellite Set-Top Box product brief at 1 (“Use of a wide range of
video codecs, including MPEG-4 (H.264) in both standard and high-definition (SD and HD) for
highest video quality.”) (attached hereto as Exhibit D). Additionally, Technicolor encodes video

using H.264 for its customers and causes consumers of digital content to decode these with

! See Exhibit B,
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H.264 for viewing. See Blu-Ray/DVD Compression and Authoring services product brief
(attached hereto as Exhibit E) (“Technicolor continues to lead the way in pioneering Blu-Ray
and DVD technology. ... Technicolor serves its customers as a leading-edge provider of
equipment, including the Tiger AVC encoder, the BD test center and JIVE author.”).> These
marketing and technical materials exemplify how Technicolor induces its customers to use its
accused products to code and/or decode videos with H.264, and/or code digital images with
H.264 and transmit these compressed videos to others for decoding and viewing to perform the
method steps of the ‘081 patent (e.g., coding and decoding blocks of digital image intensities
with a block coder and transform coder that utilizes an invertible linear transform having a +/-1
butterfly step, a lifting step, and a scaling factor). By continuing the representative
aforementioned activities with knowledge of the ‘081 patent and its essentiality to the H.264
standard, Technicolor has known, or should have known, that it was inducing infringement by
causing the method steps of the ‘081 patent to be performed.

PRAYER FOR RELIEF

FastVDO prays for the following relief:

1. A judgment that Technicolor has directly infringed (either literally or under the
doctrine of equivalents) one or more claims of the ‘081 patent;

2. A judgment that Technicolor has induced the infringement of one or more claims
of the ‘081 patent;

3. A permanent injunction enjoining Technicolor and its officers, directors, agents,
servants, affiliates, employees, divisions, branches, subsidiaries, parents, and all others acting in
active concert or participation with them, from infringing each of the ‘081 patent;

4, An award of damages resulting from Technicolor’s acts of infringement in

accordance with 35 U.S.C. § 284;

2 See also http://broadcastengineering.com/hdtv/tiger-grabs-hd-dvd-blu-ray-compression-tail
(interview with general manager of the research labs were the Tiger encoder was developed) (“1
think we’ve moved the bar up a little bit in terms of video quality for H.264 and consumers.”)
(attached hereto as Exhibit F).
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5. A judgment and order finding that this is an exceptional case within the meaning
of 35 U.S.C. § 285 and awarding to FastVDO its reasonable attorneys’ fees;

6. A judgment and order requiring Technicolor to provide an accounting and to pay
supplemental damages to FastVDO, including without limitation, pre-judgment and post-
judgment interest; and

7. Any and all other relief to which FastVDO may show itself to be entitled.

DEMAND FOR JURY TRIAL

FastVDO demands a trial by jury on all issues so triable.

Dated: September __, 2013 FARNAN LLP

/s/ Brian E. Farnan

Joseph J. Farnan, III (Bar No. 3945)
Brian E. Farnan (Bar No. 4089)
919 North Market Street, 12" Floor
Wilmington, DE 19801

(302) 777-0300
bfarnan@farnanlaw.com

Attorneys for Plaintiff
FastVDO, LLC

Of Counsel:

Alexander C.D. Giza

Marc A. Fenster

C. Jay Chung

RUSS, AUGUST & KABAT

12424 Wilshire Boulevard, 12th Floor
Los Angeles, CA 90025-1031

(310) 826-7474

agiza(@raklaw.com
mfenster@raklaw.com
jchung@raklaw.com
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FAST SIGNAL TRANSFORMS WITH
LIFTING STEPS

Matter enclosed in heavy brackets [ ] appears in the
orlginal patent but forms no part of this relssue specifi-
catlon; matter printed in ltalics Indicates the addltlons
made by relssue.

FIELD OF THE INVENTION

More than one reissue application has been filed for the
reissue of U.S. Pal. No. 6,421,464, The Instan! Reissue
application Ser. No. 10/629,303 filed Jul, 29, 2003 and U.S.
application Ser. No. 11/896,522, filed Sep. 4, 2007 which is
a Continuation af U.S. Reissue application Ser. No. 10/629,
303.

The cutrent invention relates to the processing of images
such as photographs, drawings, and other two dimensionnl
displays. It further relotes to the processing of such images
which are captured in digital format or afier they have been
converted 1o or expressed in digital format. This invention
further relales to use of novel coding methods o increase the
speed and compression ratio for digital image storage and
transmission while avoiding introduction of undesirable
artifacts into the reconstructed images.

BACKGROUND OF THE INVENTION

In general, image processing is the analysis and manipu-
lation of two-dimensional representations, which can com-
prise photographs, drawings, paintings, blucprints, X-rays of
medical patients, or indeed abstract art or artistic patterns.
These images are all two-dimensional arrays of information.
Until fairly recently, images have comprised almost exclu-
sively analog displays of analog information, for example,
conventional photographs and motion pictures. Even the
signals encoding television pictures, notwithstanding that
the vertical scan comprises a finite number of lines, are
fundamentally analog in nature,

Beginning in the early 1960’s, images began to be cap-
tured or converted and stored as two-dimensional digital
data, and digital image processing followed. At first, images
were recorded or transmitted in analog form and then
converled fo digital representation for manipulation on a
computer, Currently digital capture and transmission ure on
their way o dominance, in part because of the advent of
charge coupled device (CCD) image recording arrays and in
part because of the availability of inexpensive high speed
computers (o store and manipulate images,

An important lask of image processing is the correction or

cuhancement of & particular image. For example, digital

enhancement of images of celestial objects taken hy space
probes has provided substantial scientific information.
However, the current invention relates primarily to com-
pression for tansmission or storage ol digital images and
not to enhancement,

One of the problems with digital images is that a complete
single image frame can require up to several megabytes of
storage space or fransmission bandwidth, That is, one of
today's 3% inch flappy dises can hold at best a little more
than one gray-scale frame and sometimes substantially less
than one whole frame. A full-page color picture, for
example, uncompressed, can occupy 30 megabytes of stor-
age space, Storing or transmitting the vast amounts of data
which would be required for real-time uncompressed high
resolution digital video is technologically deunting and
virtually impossible for many important communication
clannels, such as the telephone line, The transmission of

-
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digital images from spuce probes cun take many hours or
even days if insufficiently compressed images are involved,
Accordingly, there has been a decades long effort to develop
methods of extracting from images the information essential
to an aesthetically pleasing or scientifically useful picture
without degrading the image quality too much and espe-
cially without introducing unsightly or confusing artifacts
into the image.

The basic approach has usually involved some form of
coding of picture intensities coupled with quantization, One
approach is block coding; another approsch, mathematically
equivalent with proper phasing, is multiphase filter banks.
Frequency bhased multi-band transforms have long found
application in image coding, For instance, the JPEG image
compression standard, W, B. Pennebaker and J. L. Mitchell,
“JPEG: Still Tmage Compression Standard,” Van Nostrand
Reinhold, 1993, employs the 8x¥ diserete cosine (runsform
(DCT) at its ransformation stage. Al high bit rates, JPEG
offers almost lossless reconstructed image quality. However,
when more compression is needed, annoying blocking arti-
facts appear since the DCT bases are shorl and do not
averlap, creating discontinuitics at block boundaries.

The wavelet transform, on the other hand, with long,
varying-length, and overlapping bases, has clegantly solved
the blocking problem. However, the transform's computa-
tional complexity can be significantly higher than that of the
DT, This complexity gap is partly in terms of the number
of arithmetical operations involved, but more importantly, in
terms of the memory buffer space required. In particular,
some jmplementations of the wavelet transform require
many more operations per output eoefficient as well as 2
large bufler.

An interesting alternative to wavelets is the lupped
transform, e.g., H. 8. Malvar, Signal Processing with Lapped
Transforms, Artech Tlouse, 1992, where pixels from adja-
cent blocks are utilized in the caloulation of transform
coefficients for the working block. The lapped transforms
outperform the DCT on two counts: (i) from the analysis
viewpoint, they take into account inter-block correlation and
hence provide better energy compaction; (i) from the syn-
thesis viewpoint, their overlapping basis functions decay
asymptotically to zero at the ends, reducing blocking dis-
continuities dramatically.

Neveriheless, lapped transforms have not yet been able to
supplant the unadorned DCT in international standard cod-
ing routines, The principal reason is that the modest
improvement in coding performance available up to now has
pot been sufficient 1o justify the significant increuse in
compittations] complexity. In the prior arl, therelore, lupped
transforms remained too computationally complex for the
benefits they provided. In particular, the previous lapped
transformed somewhat reduced but did not eliminate the
annoying blocking artifacts,

It is therefore an object of the current invention to provide
a new transform which is simple and fast enough to replace
the bare DCT in international standards, in particular in
JPEG and MPEG-like coding standards. It is another object
of this invention to provide an image transform which has
overlapping basis functions so as to avoid blocking artifacts.
It is @ forther object of this invention to provide a lapped
transform which is approximately as fast as, but more
efficient for compression than, the bare DCT, 1L is yel
another object of this invention to provide dramatically
improved speed and efficiency using a lapped transform with
lifting steps in a butterfly structure with dyadic-rational
coeflicients, Tt is yet a further object of this invention to
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provide a transform structure such that for a negligible
complexity surplus over the bare DCT & dramatic coding
performance gain can be obtained both from a subjective
and objective point of view while blocking artifacts are
completely eliminated.

SUMMARY OF THE INVENTION

In the current invention, we use a family of lapped
biorthogonal transforms implementing a small number of
dyadic-rational lifling steps. The tesulting transform, called
the LifiLT, not only has high computation speed but is
well-svited to implementation via VLSL

Moreover, it also consistently outperforms state-of-the-art
wavelet based coding systems in coding performance when
the same quantizer and entropy coder are used. The LiftLT
is o lapped blorthogonal transform using lifting steps in a
modular Inttice structure, the result of which is a fast,
efficient, and robusl encoding system. With only 1 more
multiplication (which can also be implemented with shift-
and-add operations), 22 more additions, and 4 more delay
elements compated to the bare DCT, the LiftU] offers a fast,
low-cost approach capable of straightforward VLSI imple-
mentation while providing reconstructed images which are
high in quality, both objectively and subjectively. Despite its
simplicity, the LiftLT provides s significant improvement in
reconstructed image qualily over the traditional DCT in that
blocking is completely climinated while at medium and high
compression ratios ringing artifacts are reasonubly con-
tained. The performance of the LiLT surpasses even that of

the well-known 9/7-tap biorthogonal wavelet transform with 3

irrational coeflicients, The LiRLT's block-based struciure
also provides several other advantages: supporting parallel
processing mode, facilitating region-of-interest coding ond
decading, and pracessing large images under severe
memory constraints,

Most generally, the current invention is an apparatis for
block coding of windows of digitally represented imaoges
comprising o chain of lattices of lapped transforms with
dyadic rationul 1illing steps. More particularly, this invention
is 0 system af electronic devices which cudes, stores or
transmits, and decodes MxM sized blocks of digitally rep-
resenfed images, where M is an even number. The main
block transform structure comprises a transform having M
channels numbered 0 through M-1, half of said channel
numbers being odd and hall being even; a normalizer with
a dyadic rational normalization factor in each of said M
channels; two lifling steps with o (irst set of identieal dyadic
rationa) coefticients connecting each pair of adjacent num-
bered channels in a butterfly configuration, M/2 delay lines
in the odd numbered channels; two inverse lifting steps with
the first set of dyadic ralional coeflicients connecting cach
pair of adjacent numbered channels in a butterfly configu-
ration; and two liffing steps with a second set of identical
dyadic rational cocfficients connecting each pair of adjacent
odd numbered channels; means for transmission or storage
of the transform output coefficicnts; and an inverse trans-
form comprising M ¢hannels numbered 0 through M-1, half
of said channel numbers being odd and half being even; two
inverse lifting steps with dyadic rational coeflicients con-
necting each pair of adjacent odd numbered channels; two
lifting steps with dyadic rational coeflicients connecting,
each pair of ndjacent numbered channels in a butterfly
configuration; M/2 delay lines in the even numbered chan-
nels; two inverse lifling steps with dyadic rational coefli-
¢ients connecting esch pair ol adjacent numbered channels
in a butterfly configuration; a denormalizer with a dyadic
rational inverse normalization factor in cach of said M

S
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channels; and a base inverse transform having M channels
numbered 0 through M-1,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is @ polyphase representation of a lincar phase
perfect reconstruction filter bank.

FIG. 2 shows the most general lallice structure for linear
phase lapped transforms with filter length L=KM.

FIG. 3 shows the parameterization of an invertible matrix
via the singular value decomposition,

FIG. 4 porrays the basic butterfly lifling configuration,

FIG, 5 depicts the analysis LiftLT lattice drawn for M=8,

FIG. 6 depicts the synthesis LiftLT latlice drawn for M=8,

I1G, 7 depicts a VLSI implementation of the analysis
filter bank operations.

FIG. 8 shows frequency and time responses of the 8x16
LiftLT: Left: analysis bank. Right: synthesis bank.

FIG, 9 portrays reconstructed “Barbara” images at 1:32
compression catjo,

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Typically, o block transform for image processing, is
applied to a block (or window) of, for example, 8x8 group
of pixels and the process is iterated aver the entire image. A
biorthogonal transform in a block coder uses us a decom-
position basis a complete sel of busis vectors, similar (o un
orthogonal bosis. However, the basis vectors are more
peneral in that they may not be orthogonal to all other busis
vectors, The restriction is that there Is o “dual™ basis to the
original biorthoponul basis such that every veelor in the
original basis has u “dual” vector in the dual basis to which
it is orthogonal. The basic idea of combining the concepts of
biorthogonality and lapped transforms has already appeared
in the prior art. The most general lattice for M-channel linear
phase lapped biorthogonnl transforms is presented in T D,
Tran, R. de Queiroz, and T. Q. Nyuyen, “The generalized
Japped biorthogonal transform,” ICASSP, pp. 14411444,
Seattle, May 1998, and in T, D, Tran, R. L. de Queiroz, and
T. Q. Nguyen, “Linear phase perfect reconstruction filter
bank: lattice structure, design, and application in image
coding” (submitled to BEE 'Trans. on Signal Processing,
April 1998), A signal processing flow diagram of this
well-known generalized filter bank js shown in F1G. 2.

In the current invention, which we call the Fast LIRLT, we
apply lapped 1ransforms based on using fast lilting steps in
an M-channel uniform linear-phuse perfect reconstruction
filter bank, according 1o the generic polyphase representi-
tion of FIG, 1. In the lapped biorthogonal approach, the
polyphnse matrix B(z) can be factorized vs

E(#) = G (002 @ .. G@Fo(2) M
where
G_IU;OIIIOII @
‘(""5[0 Vi][l -1]‘0 2N [1 -1]
=%®iXWXAXW,und
| Uy UoJM/z] 3)
S JZ_[VuJM/z -V |

In these equalions, I is the identity matrix, and J is the matrix
with 1’s on the anli-diagonal.
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The transform decomposition expressed by equations (1)
through (3} is readily represented, as shown in F1G. 2, as a
complete lattice replacing the “analysis” filter bank E(z) of
FIG, 1. This decomposition results in a lattice of filters
having length L=KM. (K is often called the overlapping
factor.) Bach cascading structure G, (z) increases the filter
length by M. All U, and V,, i=0,1, . . ., K~1, are arbitrary
M/2%M/2 invertible matrices, According to a theorem well
known in the art, invertible matrices can be completely
represented by their singular value decomposition (SVD),
given by

UmUlUn, VisVioA Vi

where U,y, Uy, Vig, V,, are diagonalizing orthogonal matri-
ces and [, A, are diagonal matrices with positive elements.

1t is well known that any M/2xM/2 orthogonal matrix can
be factorized into M(M=2)/8 plane rotations 6, and that the
diagonal matrices represent simply scaling factors o,
Accordingly, the most general LT lnttice consists of KM(M-
2)/2 two dimensional rotations and 2M diagonal scaling
factors . Any invertible matrix can be expressed as a
sequence of pairwise plane rotations 0 and scaling factors o,
as shown in FIG. 3.

It is also well known thal a plane rotation can be per-
formed by 3 “'shears™

[cosﬁ; —siné,

sinf;

cosdy ~ 1 \

cosly ~ 1
10
]: i sinf; [ 0 l][l sind;
0o ! s Mo

This can be easily verified by computation
Rach of the factors above is capable of a “lifting” step in

cost;

signal pracessing terminology, The product af two which

effects a linear transform of pairs of coefficients:
[a [l+km k'] [a]
- X .
b m  1f (b

The signal processing flow diagram of this operation is
shown in FIG. 4. The crossing arrangement of these flow
paths is also referred to as a buiterfly configuration, Bach of
the above “shears” can be written as a lifting step.

Combining the foregoing, the shears referred fo can be
expressed as compulationally equivalent “lifting steps™ in
gignal processing. In other words, we can replace each
“rotation” by 3 closely-related lifting steps with butterfly
structure. I is possible therefore to implement the complete
LT lattice shown in FIG. 2 by 3KM(-2)/2 lifting steps and
2M scaling multipliers.

In the simplest but currently preferred embodiment, to
minimize the complexity of the transform we choose a small
overlapping factor K=2 and set the initial stage B, to be the
DCT itself Many other coding transforms can serve for the
base stage instead of the DCT, and it should be recognized
that many other embodiments are possible and can be
implemented by one skilled in the art of signal processing.

Following the observation in H. 8, Malvar, “Lapped
biorthogonal transforms for transform coding with reduced
blacking and ringing artifacts,” ICASSP97, Munich, April
1997, we apply o scaling factor to the first DCT's antisym-
meltric basis lo generate synthesis LT busis [unctions whose
end values decay smoothly to exacl zero-—a crucial advan-
tage in blocking artifacts elimination, However, tnstead of
scaling the analysis by v2 and the synthesis by 1/V2, we opt

5
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for 25/16 and its inverse 16/25 since they allow the imple-
mentation of both analysis and synthesis banks in integer
arithmelic, Another value that works almost ag well as 25/16
is 5/4, To summarize, the following choices are mede in the
first stage: the combination of Uy, and Vo, with the previous
butterfly form the DCT;,

25
Ay = diag[r. Loy l].

and I",=Ugo=Voo=Ipg;. Sce FIG. 2.

After 2 series of +1 butterflies W and the delay chain A(),
the LT symmetric basis functions already have good
attenuation, especially at DC (w=0). Hence, we can com-
fortably set U=l ..

As noted, V, is factorizable into a series ol lifting steps
and diagonal scalings. However, there are several problems:
(i) the large number of lifting steps is costly in both speed
and physical real-estate in VLSI implementation; (ii) the
lifting steps arc related; (ii) and it is not immediately
obvious what choices of rotation angles will result in dyadic
rationa} lifting multipliers. In the current invention, we
approximate V, by (M/2)-1 combinations of block-diagonal
predict-and-update lifting steps, i.c.,

o thow o}

Here, the free parameters v, and p, can be chosen arbi-
warily and independently without alleeting perfect recon-
struclion. The inverses are trivially obtained by switching
the order and the sign of the lifting steps. Unlike popular
lifting implementations of various wavelets, all of our lilling
sleps are of zero-order, namely operating in the sume time
epoch. In ather words, we simply use a series of 2x2 upper
or lower diagonal matrices to parameterize the invertible

‘maltrix V.

Most importantly; fast-computable VLS!-friendly trans-
forms are readily available when u, and p, are restricted to
dyadic rational values, that is, rational fractions having
(preferably small) powers of 2 denominators. With such
cocfficients, transform operations can for the most part be
reduced to & small number of shifts and adds. In particular,
setting all of the approximating lifting step coefficients to
~1/2 yields a very fast and elegant lapped transform, With
this choice, each lifting step can be implemented using only
one simple bit shift and one addition,

The resulting LAtLT lattice structures are presented in
IF1G8. 5 and 6. The analysis filter shown in FIG. § comprises
a DT block 1, 25/16 normalization 2, a delay line 3 on four
of the eight channels, a butterfly structured set of lifting
steps 5, and a set of four fast dyadic lifting steps 6. The
frequency and impulse responses of the 8x16 LiftLT's basis
functions are depicted in FIG. 8,

The inverse or synthesis lattice is shown in FIG, 6. This
system comprises a set of four fast dyadic lifling steps 11, a
butterfly-structured set of lifting steps 12, a delay line 13 on
four of the eight channels, 16/25 inyerse normalization 14,
and an inverse DCT block 15 FIG. 7 also shows the
frequency and impulse responses of the synthesis lattice.

The LiltLT is sufficiently fast for many applications,
especially in hardware, since most of the incrementally
added computation comes from the 2 butterilies und the 6
shifi-and-add lifting steps. It is faster than the type-1 [asl
LOT described in H, 8, Malvar, Signal Processing with
Lapped Transforms, Artech House, 1992, Besides its low
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complexity, the LiflLT possesses many characteristics of 4
high-performance transform in image compression: (i) it has
high energy campattion due to a high coding gain and a low
attenuation near DC where mast of the image energy is , pC - Sopbend
e . . . Coding  Alten, Atten, Mir, Freq.
concentrated; (ii) its synthesis basis functions also decay S pranerom Gain (B) (-dB)  (-dB)  Aten. (-dB)
smoothly to zero, resulting in blocking-free reconstructed
images. 8 x 8 DCT - 883 31062 996 322.1
_Co’rll_lparimns of complexity and performance be_lwfscn the g 2 ig g’; Pu.ct;llmﬁﬂﬁ.w' 3}22 32224 };22 2 ;2; .
LiftLT and other pupulm‘ transforms are tabulated in fable 1 8 x 16 Fast LIfiLT 9.54 312.56 13.21 304.85
and Table 2, The LifILT's performance is already very close 10
b O e e e st sy e it LAY I8 popireble 10 e options] 6516 FF
. p ‘ 5 wansform in cading gain and stopband attenuation an sig-
transforms except for the DCT, ) nificantly better than the DCT,
. Toassess the new method in image coding, we compared Reconstructed images for a standard 512x512 “Barbara”
images coded and decaded with four different transforms: 15 test image at 1:32 compression ratio are shown in FIG. 9 for
DCT: 8-channel, 8-tap filters aesthetic and heuristic ev:alrl;atinn. 'I‘cz)p laft ZSINEE }l‘hc r::cm;l-
IR T R_channel. 16-lan i structed image for the 88 DCT (27.28 dB PSNR); top right
E’i{(’if gaiﬁi | 81 ;i:“";i’wf IERIRIET shaws the result for the 8x16 LOT(28,71 B PSNR), bottom
' ) p h left is the 9/7 tap wavelet reconstruction (27.58 B3 PSNR);
Wavelet: 9/7-tap biorthogonal, 20 and bottom right, 8x16 LifLT (28.93 dB PSNR). The
In this comparison, we use the same SPTHT's quantizer and objective coding results for standard 512x512 “Lena,”
catropy coder, A, Said and W, A, Pearlman, “A new fast and “Goldhill," and “Harbara" test imnge (PSNR in dB's) are
efficient image coder based on set partilioning in hierarchi- tabulated in Table 3:
Lena Croldhill Barbara
Comp. 9/7WL Bx8 8x16 8x16 97 WL Bx¥ Bx16 Bx16 97 WL 8x8 8x 16 8x16
Ratio  SPIHT DCT  LOT  LLT SPIHT DCT  LOT Ll SPIHT DCT  LOT  LitLT
8 4041 13991 4002 4021 3655 3625 3656 3656 3641 3631 3722 3757
16 3721 3638 3660 3711 3313 3276 3312 3322 314 3Ll 3252 3281
32 3411 329 3349 MM 30.56 3007 3052 3063 2758 27.28 2871 2893
64 311 2067 3043 309 2848 2793 2834 2854 2486 2458 2566 2593
100 2935 278 2850 2003 2738 2665 2708 2728 2076 2342 2432 245
128 2898 2691 27.6 2812 2673 2601 2646 267 2335 2268 2336 2347
¢al trees,” IEER Trans on Circnits Syst. Video Tech,, vol, 6, PSNR is an acronym for power signal 1o noise r-atio and
pp. 243-250, June 1996, for every transform. In the block- represents the logarithm of the ratio of maximum amplitude
transform cases, we use the modified zero-tree structure in 40 squared to the mean square error of the reconstructed signul
1D, Tran and T. Q, Nguyen, "A lapped transform embedded ~ expressed in decibels (dB). )
image coder,” 1SCAS, Monterey, May 1998, where each The L_1{tLT outperforms its block lmu_nform relatives for
block of transform cocflicients is treated analogously to a @1l test images at all bit rates. Comparing to the wavelet
full wavelet tree and three more levels of decomposition are transform, the LiftliT is quite competitive on smooth
employed to decorrelate the DC subband. further. 45 images—about 0.2 dB below on Lena, However, for more
Table 1 contains a compatison of the complexity of these complex images such as Goldhill or Barbara, the LiRLT
four coding systems, comparing numbers of operations consistently surpasses the 9/7-tap wavelet. The PSNR
needed per 8 (ransform coeflicients: improvement can reach as high as 1.5 dB.
FIG. 9 also shows pletorially the reconstruction perfor-
so mance in Barbara images at 1:32 compression ratio for
henristic comparison, The visual quality of the LiftLT recon-
No structed image is noticeably superior. Blocking is com-
Transform Multiplications  No. Additions No. Shifls  pletely avoided whereas ringing is reasonably contained.
% G BCT . - 3 Top left: 8x8 DCT, 27.28 dB. Top right: 8x16 LOT, 28.71
8 x 16 Type-I Fust LOT 22 54 0 ss dB. Bottor left; 9/7-tap wavelet, 27.58 dB, Boltom right:
917 Wavelet, L-level 36 56 0 8x16 LILT, 28.93 dB, Visual inspection indicates that the
EioiE = 2L 9 LIftLI coder gives at least as good performance as the
wavelet coder. The appearance of blocking artifacts in the
In such a comparison, the number of multiplication opera- DCT reconstruction (upper left) is readily apparent, The
tions dominates the “cost” of the transform in terms of et LOT transform result (upper right) suffers visibly from the
computing resources and time, and number of additions and same ortifacts even though it is lapped. In addition, it is
number of shifts have negligible effect. In this table, it is substantially more complex and therefore slower than the
clear that the fast LIALL is almost as low as the DCT in DCT trunsform. The wavelet transform recoustruction
complexity and more than twice as efficient as the wavelet (lower lefl) shows no blocking and is of generally high
trans lorm, 65 quality for (his level of compression, It is faster thun the

Table 2 sets forth a number of different performance
measures for each of the four methods:

LOT but significantly slower than the DCT, Finally, the
results of the LiRLT transform are shown at lower right,
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Again, it shows no blocking artifacts, and the picture quality
is in general comparable to that of the wavelet transform
reconstruction, while its speed is very close to that of the
bare DCT.

We claim:

1. An apparatus for coding, storing or transmitting, and
decoding MxM sized blocks of digitally represented images,
where M is an even number, comprising

a. a forward transform comprising

i. a base transform having M channels numbered 0O
through M-1, half of said channel numbers being
odd and half being even,

i, an cqual normalization factor in cach of the M
channels selected (o be dyadic-rational;

iii. a full-scale butterfly implemented as a series of
lifting steps with a first set of dyadic rational coef-
ficients;

iv. M/2 delay lines in the odd numbered channels;

v, a full-scale butterfly implemented as a series of
lifting sleps with said first set of dyadic rational
coellicients; and

vi. a seres of lifting steps in the odd numbered chan-
nels with a second specifically sclected set of dyadic-
rational coeflicients;

b. means for transmission or storage of the transform

output coefficients; and

c. an inverse transform comprising

i, M channels numbered O through M~1, half of said
channel numbers being odd and half being even;

ii, a series of inverse Jifiing steps in {he odd numbered
channels with said second set of specifically selected
dyadic-rational coctlicients;

iii. a hull-seale buuerlly implemented as a series of
lifting steps with said first sct of specifically selected
dyadic-rational coeflicients;

iv. M/2 delay lines in the even oumbered channels;

v, a full-scale butterfly implemented as a series of
lifting steps with said first set of specifically sclected
dyadic-rational coefficients;

vi. an equal denormalization factor in each of the M
channels specifically selected to be dyadic-rational;
and

vii. a base inverse lransform having M channels num-
bered 0 through M-1,

2. The apparatus of claim 1 in which the normalizing
factor takes the value 25/16 and sitmullaneously the denor-
malizing factor takes the value 16/25.

3. The apparatus of claim 1 in which the normalizing
factor takes the value 5/4 and simultaneously the denormal-
izing laclor takes the value 4/5,

4. The apparatus of ¢laim 1 in which the first set of dyadic
ratlonal coefficients are all equal o 1.

5. The apparatus of claim 1 in which the second set of
dyadic rational coefficients are all equal to Ya.

6. The apparatus of claim 1 in which the base transform
is any MxM invertible matrix of the form of a linear phase
filter and the inverse base transform is the inverse of said
MxM invertible matrix.

7. The apparatus of claim 1 in which the base transform
is the forward MxM discrete cosine transform and the
inverse base transform is the inverse MxM discrete cosine
truns [orm,

8. An appuratus for coding, compressing, storing or
transmitting, and decoding a block of MxM intensities from
a digital image selected hy an MxM window moving recur-
sively over the image, comprising;:

a. an MxM block transform comprising:

i, an initial stage

il. a normalizing factor in each channel

35
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b. & cascade comprising a plurality of dyadic rational
lifing transforms, each of said plurality of dyadic
rational lifting transforms comprising
i a first bank of pairs of butterlly lifting steps with

unitary coefficients between adjacent lines of said

transform;

ii. a bank of delay lines in a first group of M/2
alternating lines,

iii. a second bank of butterfly lifting steps with unitary
coeflicients, and

iv. a bank of pairs of butterfly lifling steps with coef-
ficients of 1/2 between M/2-1 pairs of said M/2
alternating lines;

¢. means for transmission or storage of the output coef-
ficients of said MxM block transform; and

d. an inverse transform comprising

i, a cascade comprising a plurality of dyadic rational
lifting, transforms, each of said plurality of dyadic
rational lifling transforms comprising
@) # bank ol pairs of butterfly lifting steps with

coellicients of 1/2 between said M/2-1 pairs of

said M/2 alternating lines;

b) a first bank of pairs of butterfly lifting steps with
unitary coefficients between adjacent lines of said
transform;

¢) a bank of delay lines in a second group of M/2
alternating lines[,]: and

d) a second hank of pairs of butterfly lifting steps
with unitary coefficients between adjacent lines of
said transform;

ii. a de-scaling bank[,]; and

iil, an inverse initial stage.

9. A method of coding, storing or transmitting, and
decoding MxM sized blocks of digitally represented images,
where M is [an even number] a power of 2, comprising

a. transmitting the original picture signals to a coder,
which effects the steps of
i, converting the sipnals with a base transform having

M channels numbered 0 through M-1, half of said
¢hannel numbers being odd and half being even[,];

i, normalizing the output of the preceding step with a
dyadic rational normalization factor in each of sa id
M channels;

iii, processing the output of the preceding step through
two lifting, steps with a first set of identical dyadie
rationa) coefficients connecting each pair ol adjucent
numbered channels in a butterfly configuration;

fv. transmilting the resulting coefficients through M/2
delay lines in the odd numbered channels;

v. processing the output of the preceding step through
wo inverse lifting steps with the first set of dyadie
rational coefficients connecting each pair ol adjacent
numbered channels in a butterfly configuration; and

vi. applying (wo lifting steps with a second set of
identical dyadic rational coefficients connecting each
pair of adjacent odd numbered channels to the output
of the preceding step;

b. lransmitting or storing the transform output coefli-
cients;

¢. receiving the transform output coefticients in a decoder;
and

d. processing lhe output coeflicients in a decoder, com-
prising the steps of
i. receiving the coefficients in M channels numbered 0

through M-1, half of said channel numbers being
odd and half being even;

ii. applying two inverse lifting steps with dyadic ratio-
nal coefficients connecting each pair of adjacent odd
numbered channels;
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#i. applying two lifting steps with dyadic rational
coefficients connecting each pair of adjacent num-
bered channels in a butterfly configuration;

iv. transmitting the result of the preceding step (hrough
M/2 delay lines in the even numbered channels;

v, opplying two inverse lifting steps with dyadic ratio-
nal caefficients connecting each pair of adjacent
numbered channels in a butterfly confignration,

vi. denormalizing the result of the preceding step with
a dyadic rational inverse normalization factor in each
of said M channels; and

vil, processing the result of the preceding step through
a base inverse transform having M channels num-
bered 0 through M-1.

10. A method of coding, compressing, storing or
transmitting, and decoding a block of MxM intensities from
a digital image selected by an MxM window moving recur-
sively over the image, comprising the steps of:

a. Processing the intensities in an MxM block coder

comprising the steps of:

i. processing the intensities through an initial stage;

ii, scaling the result of the preceding step in each
channel;

b. processing the result of the preceding step through a
cascade comprising a plurality of dyadic rational lifting
transforms, each of said plurality of dyadic rational
lifting transforms comprising
i, a first bank of pairs of butterfly lifting steps with

unitary coeflicients between adjacent lines of said I

transtorm;

{i. a bank of delay lines in a first group of M/2
alternating lines;

iii, a second bank of butterfly lifting steps with unitary
coefficients, and

iv. a bank of pairs of butterfly lifting steps with coef-

ficients of 1/2 between M/2-1 pairs of said M/2

alternating lines;

¢. transmitting or storing the oulput cocflicients of said

MxM block coder;
d. receiving the output cocficients in a decoder; and
e, processing the output coefficients in the decoder, com-
prising the steps of
i. processing the output coefficients through a cascade
comprising @ plurality of dyadic rational lifting
transforms, each of said plurality of dyadic rational
lifting transforms comprising

a) a bank of pairs of butterfly lifling steps with
coeficients of 1/2 between said M/2-1 pairs of
said M/2 dlternating lines;

b) a first bank of pairs of butterfly lifling steps with
unitary coeflicients between adjacent lines of said
ransform;

¢) a bank of delay ltines in a second group of M/2
alternating lines;

d) a second bank of pairs of butterfly lifting steps
with unitary coeflicients between adjacent lines of
said transform;

e) a de-scaling bank; and

f. processing the results of the preceding step in an inverse

initinl stage.

11. The apparatus of claim 1 in which the [constants]
coefficients ure upproximations chosen for rapid compuling
tather than exuct [constants] coefficients,

12, A method of coding, storing or transmilting, and
decoding a block of MxM intensities from a digltal image

12

selected by an MxM window moving recursively over the
image, comprising:
a, processing the intensities in an MxM block coder
comprising the steps of!
5 i, processing the intensities through an fnitial siage;
ii. scaling the result of the preceding siep in each
channel;
b, processing the result of the preceding step through a
transform cader using a method of processing blocks af

10 samples of digital signals of integer length M compris-
ing processing the digital samples of length M with an
invertible linear transform of dimension M, said (rans-
form being representable as a cascade, using the steps,

" in arbitrary order, of:

i) at least one +/-1 butterfly step,

i) at least one lifting step with rational complex
coefficients, and

ifi) at least one scaling factor;

¢ transmitting or stoving the output coefficients of said

& MxM block coder;

d. receiving the oulput coefficients in a decoder; and

e. processing the output coefficients in the decoder into a

reconstructed image using the inverse of the coder of

25 steps a. and b,

13. The method of claim 12 wherein the method of
processing blocks of samples of digital signals of integer
length M additionally comprises the step of at least one time
delay.

s 4. The method of claim 12, wherein the rational complex

coefficients in the at least one lifting step are dyadic.

15, The method of claim 12, wherein
a) said invertible transform is an approximation of a
biorthogonal transform;

35 b) said blorthogonal transformation comprises a repre-
sentation as a cascade of at least ane butterfly step, at
least one orthogonal transform, and at least one scal-
ing factor;

¢) said at least one orthogonal transform comprises a

40 cascade of

1) at least one +1 butterfly step,
if) at least one planay rotation, and
iii) at least one scaling factor;
b) said at least one planar rotation being represented by

+ equivalent lifling steps and scale factors; and,
¢) said approximation is oblained by replacing Sfloating
point coefficients in the lifting steps with rational
coefficients.
. 16. The method of claim 15, wherein the coefficients of the

lifting steps are chosen to be dyadic rational.
17, The method of claim 12, whevein the invertible trans-
Sform is a unitary transform.
18. The method of claim 12, wherein
55 @) said invertible transform is an approximation of a
unitary transform;
b) said approximation of the unitary transform comprises
a representation of the wnitary transform as a caseade
of at least one butterfly step, al least one arthogonal
60 transform, and at least one scale factor;
¢) said at least one orthogonal transform being repre-
sented as a cascade of
(1) at least one =1 butterfly steps,
(2) at least one planar rotation, and
65 (3) at least one scaling factor;
d) said at least one planar rotation being represented by
equivalent lifling steps and scale factors; and,
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e) said approximation being derived by using approxi-
mate ratioral values for the coefficients in the lifting
steps.

19. The method of claim 18, wherein the invertible trans-
Sform is an approximation of a transform selected from the
group of special unitary transforms: discrete cosine trans-
Jorm (DCT); discrete Fourier transform (DFT); discrete
sine transform (DST).

20. The method of claim 18, wherein the coefficients of the
lifting steps are dyadic rational.

21. The method of claim 18, wherein at least one of the
Jollowing lifting steps is used, whose matrix representations
take on the form:

) 0]

Lo 45

where a, b are selected from the group:

{8 5,4, 2,1, %, % %, 54, /8, 3/8, 2/5, 5/8, 7/8, 1/16,

3/16, 5/16, 7/16, 9/16, 11/16, 13/16, 15/16, 25/16}.

22, The method of elaim 21, wherein the invertible trans-
form is an approximation of a transform selected from the
group: discrete cosine transform (DCT); discrete Fourier
transform (DET); discrete sine transform (DST).

23. The method of elaim 22, wherein the approximation of
the 4 point DCT'is selected from the group of matrices:

/RN RN R X N O S B B N O IV A B
2 -1 =212 4 -1 -2f|2 { -1 -2
2R R B R I R By e O I B T B |
;=1 1 =1l -2 2 <115 -2 2 -5

20

25

30

24, The methad of claim 19 In which the invertible 35

transform is an approximation of @ transform selected from
the group three point DCT, 4 point DCT, 8 point DCT, and
16 point DCT.
25, The method of claim 19 in which the invertible
transform Is an approximation of a transform selected from
the group 512 point FE'T, 1024 point FF1} 2048 point FF'T,
and 4096 point FI'T.
26, A method of cading, storing or transmiiting, and
decoding sequences of intensities of integer length M recur-
sively selected from a time ordered string of intensities
arising from electvical signals, the method comprising the
steps of
a) recursively processing the sequences of intensities of
integer length M with an invertible forward linéar
trangform of dimension M, said transform being rep-
resentable as a cascade using the steps, in u preselected
arbitrary order, of:
i) at least one x!1 butterfly step,
iif) at least one lifting step with rational complex
coefficients, and

iv) applying ai least one scaling factor;

b) compressing the resulting transform coefficients;

&) storing or transmitting the compressed transform coef-
Sicients;

d) receiving of recovering from storage the transmitted or

stored compressed transform coefficients;
¢) decompressing the received or recovered compressed
transform coefficients; and

/) reeursively processing the decompressed transform
coefficients with the inverse of the forward linear
transform of dimension M, said inverse transform
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being representable as a cascade using the steps, in the

exact reverse order of the preselected arbitrary order,

of:

ii) at least one inverse butterfly corresponding to each
of the at least one x! butterfly step;

ii) at least one inverse lifiing step corresponding o
each of the at least one lifling step with rational
complex coefficients; and,

iv) applying at least on inverse scaling factor corre-
sponding to the at least one scaling faclor.

27. The method of claim 26 wherein the method of
processing blocks of samples of digital signals of integer
length M additionally comprises the step of at least one time
delay.

28. The method of claim 26, wherein the rational complex
coefficients in the at least one lifting step are dyadic.

29, The method of claim 26, wherein

a) said invertible transgform is an approximation of a

biorthogonal transform;

b) said blorthogonal transformation comprises a repre-

sentation as a cascade of at least one butterfly step, at

least one orthogonal transgform, and at least one scal-

ing factor;
¢) said at least one orthagonal transform comprising a
cascade of

i) at least one =1 butterfly siep,
i) at least one planar rotation, and
iii) at least one scaling factor;

b) said at least one planar rotation being represented by
equivalent lifting steps and scale factors; and,

¢) said approximation being obtained by replacing float-
ing point coefficients in the lifting steps with rational
coefficients.

30. The method of claim 29, wherein the coefficients of the

lifting steps are chosen to be dyadic rational.

31, The method of claim 26, wherein the invertible trans-
Sorm is a unitary transform.

32. The method of claim 26, wherein

@) said invertible transform is an approximation af a
unitary transform;

b) said approximation of the unitary transform comprises
a representation of the unitary transform as a cascade
of at least one butterfly step, af least one orthogonal
transform, and at least one scale factor;

¢) said at least one orthogonal transform being repre-
sented as a caseade of
(1) at least ane +1 butterfly steps,

(2) at least one planar rotation, and
(3) at last one scaling factor;

d) said at least one planar rotation being represented by
equivalent lifting steps and seale factors; and,

e) said approximation being derived by using approxi-
mate rational values for the coefficients in the lifting
steps,

33, The method of claim 32, whevein the invertible trans-
Sform is an approximation of a transform sefected from the
group of special unitary transforms: diyerele cosine trans-
Jorm (DCT); diserete Fourier transform (DFT); discrete
sine transform (DST),

34, The method of claim 32, wherein the coefficients of the
lifling sieps are dyadic rational,


jennywong
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35. The method of claim 32, wherein at least one of the
Jollowing lifting steps Is used, whose matrix representations
take on the form:

Lo 3Hs 2

where a, b are selected from the group:

£{8,5, 4,2, 1, %, %, %, 5/4 1/8 3/8 2/5 5/8 7/8, 1/16,
3/16, 5/16, 7/16, 9/16, 11/16, 13/16, 15/16, 25/16}.
36. The method of elaim 35, wherein the invertible trans-
Sorm is an approximation of a transform selected from the
group; discrete cosine transform (DCT); discrete Fourier
transform (DFT); discrete sine transform (DST).
37, The method of claim 36, wherein the approximation of
the 4 point DCT Is selecied from the group of matrices:

16
I A I T A
2 1 -1 -2||2 1 -1 -2||2 1-1-2
ISR U PR R) J PR R
5 P =1 1 -t|lt-2 2 -1ll5-2 2-5

38, The method of claim 33 in which the invertible

transform is an approximation of a transform selected from
10 the group three point DCT, 4 point DCT, 8 point DCT, and
16 point DCT,

39, The method of claim 33 in which the invertible
transform is an approximation of a transform selected from
the group 512 point FFT, 1024 point FF1, 2048 point FFT,

15 and 4096 poim FFT.
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 Russ
AUGUST
&IKABAT

LAWYERS

12424

Wilshire Boulevard
12th Floor

Los Angeles
California

90025

Tel 310.826.7474
Fax 310.826.6991

www.raklaw.com

Alexander C.D. Giza

E-mail: agiza@raklaw.com

November 7, 2012

VIA FEDEX

Lanny Raimondo, CEO
Technicolor, Inc.

6040 Sunset Boulevard, 6" Floor
Hollywood, CA 90028

Re:  FastVDO LLC and United States Patent No. RE 40,081
Dear Mr. Raimondo:

Russ, August & Kabat has been engaged by FastVDO LLC, which owns
valuable intellectual property in the field of video coding and in particular U.S.
Reissue Patent No. 40,081 to Dr. Pankaj Topiwala et al (“the FastVDO patent”),
entitled “Fast Signal Transforms with Lifting Steps.” The FastVDO patent claims a
novel video coder that includes a block coder and a transform coder using an
invertible linear transform representable as a cascade of at least one butterfly step, at
least one lifting step and at least one scaling step. Dr. Topiwala disclosed this special
video coder to the ITU (“International Telecommunications Union”) standards
committee, and it was adopted as an essential part of the H.264 video coding
standard. We have completed an analysis of your products and services and believe
that your company, including its subsidiaries and/or affiliates, such as Technicolor
USA, Inc., makes, uses, or sells products or services that would benefit from a license
to this patent. For your convenience, I have enclosed a copy of the FastVDO patent.

More specifically, your digital media devices, software, equipment, and
services, such as Home Network Media Tablet, Media Touch 2, DSI803 HD DVR
Set-Top Box, the Tiger AVC encoding system, and its BD/DVD Compression &
Authoring services, are advertised as meeting the H.264 standard. By making, using,
or selling these products or methods for coding that include a video coder using,
among other things, an invertible linear transform representable with at least one of
each of a butterfly step, a lifting step, and a scaling step — the same coding process
specified by the H.264 standard you are infringing the FastVDO patent.
Additionally, you are causing one or more claims of the FastVDO patent to be
performed with your marketing materials, advertising materials, manuals and
customer support services, which promote the ability of your products to code and/or
decode with H.264 and assist your customers’ use of these features.
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FastVDO prefers to avoid the need for protracted litigation and is open to
discussing a license to the FastVDO patent. I look forward to hearing from you to
discuss these matters.

Very truly yours,

Russ, August & Kabat
/s/ Alexander C.D. Giza
Alexander C.D. Giza

Enclosures
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AN INNOVATIVE SERVICE PLATFORM
OUR VALUE PROPOSITION

* The Home Network Media Tablet has been defined to:

- Consume online and home audio and video

- Access the web and its unlimited set of applications The Home Network Media Tablet:

- Interact with other equipments thanks to its set of open interfaces * Connected device for DSL, Cable &

Satellite operators

* The Home Network Media Tablet is a platform that helps generate new B s

revenue streams from more value added services through tailored content

and applications * Multitouch capacitive touch-screen

* Excellent user experience

) . ) "
The Home Network Media Tablet provides a new and exciting way for + Deployed with leading service providers

end-users to enjoy entertainment, information, communication services and

much more anywhere in their home

Android Operating System provides a fast-growing community of

applications developers
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OUTSTANDING USER EXPERIENCE
KEY FEATURES FOR THE END USER

Our second generation Home Network Media Tablet offers multi-screen interactivity, high quality communications and home control, in

addition to great ease of use and a customizable interface.

Connect Communities thanks to Entertain Consumers thanks to its Control the Home and Interact

a full package of communication strong media assets: with other equipments:

features:

« |ts microphone and camera offer * The end-users can easily * Through its set of open interfaces, this
native online chat possibilities, consume online and personal new generation of Media Tablet is a truly

* Voice over IP telephony and high- audio/video content. advanced remote control for digital home
end video communications, * lts high quality sound and video services and devices, such as set-top

* Allintegrated with users’ favourite capability positions it to ideally boxes.
social networks. enjoy multi-screen synchronized ¢ Its hardware platform offers the flexibility

media. to bring additional connectivity onboard

like Home Automation on wireless mode

such as Zigbee or Z-Wave.

Many more specific applications are available upon request

Technicolor’s strengths and insights are based on its extensive experience of working with service providers over many years, Technicolor
is able to provide an almost infinite range of applications customized specifically for its customers' requirements,

By actively partnering with service providers to explore the market's many possibilities, Technicolor can help its custorers identify the

most successful and sustainable business models that can be developed through our Home Network Media Tablet platform.
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ABOUT PCCW

PCCW is Hong Kong's premier telecommunications
provider and a world-class player in Information &
Communications Technologies, with a presence in the
Americas, Europe, Africa, the Middle East, mainland
China and other Asian locations. As the provider of
Hong Kong’s first quad-play experience, PCCW/HKT
offers a range of innovative services and media content

across four platforms - fixed-line, broadband internet

access, TV and mobile.

PCCW CASE STUDY "=

ENGLISH

XN EH

Technicolor is a true pioneer in the tablet sector with many successful commercial launches around the world. PCCW is just one example of

these customers. They selected Technicolor as their supplier and smoothly launched high quality IPTV, video voice calling, kids’ learning and

many other multimedia services over our tablet in June 2009.

Challenges

Due to the limitations of their first
generation home multimedia device
eyel (a phone-like device, small
sized LCD, low performance CPU,
not portable, etc), PCCW wanted to
develop a new generation portable
terminal for home use. PCCW wanted
it to be with a large screen,
best-in-class WiFi connectivity, light
weight but with low power demands
to deliver PCCW's converged
services, such as IPTV, video calls
and multimedia content, to its local
subscribers. They are the very first
one among operators to launch such

services in a WiFi environment,

Solution

Technicolor provided the best
end-to-end solution for PCCW. Not
only did we develop the new
generation portable multimedia device
for PCCW, but we also provided a
variety of software applications to help
PCCW customize the service package.

Benefits

* With this so called “eye2” WiFi
device, PCCW is able to provide
excellent user experience and more
multimedia services.

¢ PCCWiis also able to find creative
ways to building new business models

and stay ahead of competitiors.

" In recognition of their achievement, PCCW was honored with
Y other 10 winners by IPTV World Series Awards in the Most

Innovative New Service category on March 2010,

Our subscribers have rapidly accepted
the huge advantages of a seamless
multimedia service over IP. We are so
glad to launch the first and foremost ‘eye
2'in Hong Kong. It embodies telephone,
TV, multimedia player, infotainment and
interactive functionalities. Supported by
PCCW's quadruple-play platform, we
put every part of the service and unique
user experience into the hands of our

subscribers.

Tom Chan, managing director of PCCW'’s

Consumer Group
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WHY TECHNICOLOR?

Our Home Network Media Tablet Provides a Wide Range of Key Benefits.

For Service Providers

* Provide an exciting new user
experience

+ Offer more value-added services
through tailored content

* Generate new revenue streams

* Retain existing broadband

customers/acquire new customers

Improve ARPU through cost-

effective investment

* Lead to next generation of Digital

Home

Complete digital home ecosystem

For End-Users

* 5productsin 1!
- Phore,
-1V,
- Radio,
- Digital photo frame,
- MP4, replaced by the Wireless
Multimedia v2.0
* Ease of use: just one touch to
initialize the tablet

* Rich applications, content, service
accessible

* Premium entertainment platform

* Advanced communication tool

* Rich information center

By leveraging Technicolor’s know-how in connected home applications, we are able to provide a broader road map leading to end-to-end
digital home networking that exploits the power and flexibility of other Technicolor products beyond just the Home Network Media Tablet.
Technicolor is now developing domestic applications still further, adding richness and depth, and creating new ways for operators to

monetize their offerings through innovative products and services.

Technicolor’s applications currently available on the tablet cover three main domains:

My Communications

My Home Management

My Digital Content
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PRODUCT OFFERING

The Home Network Media Tablet is an enhanced version of our already

successful 1.0 device with substantial new improvements. Product Packages
* Android OS (SDK available soon) We fully understand the market
* Capacitive touch-screen, 7” 800x480 WVGA dynamics. As a result, we offer a variety
* Freescale IMX51 chipset of flexible options around a state-of-art
* Up to H264 MP HD 720p decoding for high screen resolution and quality product at a highly competitive price.
compression capability
* Supports multiple formats in processing videos, music and photos * Option A.
* Intuitive and user friendly interface with ergonomic menu Standalone Home Network Media
* Open GL (Ul animations and transitions) Tablet box
* Integrated microphone and camera for video calls
* WiFig02.11n ¢ Option B.
* 3G (optional) Home Network Media Tablet box +
* DECT (optional) specific applications
¢ Option C.

Home Network Media Tablet box +
specific applications + Technicolor
applications server services
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TECHNICAL SPECIFICATIONS

Device Control

Operating System
* Android OS

Application Development

* Support for Android applications. An
SDK solution for customized envi-
ronment is available

* Support of HTML and Javascript
based remote sites

* Support Flash plug in

Screen

* Touch-screen display 16/9: control by
fingers

* High screen resolution = VGA 800 X
480 Pixels

* Screensize=7"

Sound Quality

* 2 high quality stereo speakers (2
Watts RMS)

* Ability to plug in an external stereo
headphone

* Advanced 3D sound effects

* 4 buttons below the screen for easy
navigation
* Physical buttons to instantly control

volume

Content Sharing Techno
* UPnP AV profile

Power Supply

* Rechargeable batteries through its
docking station,

* Battery type: Li-lon

* Autonomy: 3 hours of video
streaming in WiFi

Formats

* Music: MP3, WMA, AAC

* Video decoding: H264 (Up to H264
MP HD 720p decoding), DivX, Xvid,
VC1 (wmv), H263

* Video encoding: H264, H263

* Photo: JPEG, PNG, BMP

Connectivity
* USB 2.0 host
* Jack audio/video out 3,5 mm

* SD card reader

Wireless Standard

* WiFi:80211n

* 3G module available as option
* DECT available as option

Miscellaneous

* ARM cortex A8 CPU, 800MHz

* Microphone and camera integrated
for video calls

* Flexible foot to optimize the angle of
view when using away from its doc-
king station

* Upgradable by air

Size

* Height: 134mm

* Length: 198mm

* Thickness: 25mm

* Weight: 600g, including battery

Accessories
* Docking station as battery charger
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TECHNICOLOR WORLDWIDE HEADQUARTERS
1, rue Jeanne dArc

92443 |ssy-les-Moulineaux, France

Tél.: 33(0)1 4186 50 00 - Fax : 33 (0) 141 86 58 59

www.technicolor.com

EXTENSIVE
WORLDWIDE PRESENCE
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SALES CONTACT

For more information please get in touch with your

usual sales representative or use the following email

telcosales@technicolor.com
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SATELLITE
VIDEO

Technicolor, world leader in video technologies, offers its 3rd generation HD DVR in the DSI803 series. The DSI803 represents an advance-
ment over previous models through the integration of front end and back end silicon into a single SoC.

The high performance and customizable series will provide flexibility in design in order to support multiple customers.

Customizable Features Features at a Glance

w RF front-end

m Industrial design (ID)

m Flexible Back panel layout and outputs: RF Mod, S-Video,
2 RCA Stereo/Video Out, V.90 Modem, Ethernet, USB 2.0,
serial port, S-Video, SPIDF, Component Video, eSata,
SCART

m Middleware

m c.Link ® Coaxial Home Networking

n Use of a wide range of video codecs, including MPEG-2
and MPEG-4 (H.264) in both standard and high definition
(5D and HD) for highest video quality

m Advanced System on Chip (SOC) hardware architecture
for video decoding and display

u Multiple DVB-S / DVB-52 Tuners and Demods

u Single Decode HD DVR up to 500 GB hard drive

s High Definition Multi-media Interface (HDMI 1.3)
with HDCP copyright protection

= Support of digital sound

n Simultaneous HD/SD video outputs

s Wide range power supply 90VAC - 265VAC

e A R b

Homr \sjco
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DSIg03
HD DVR MPEG-4
Satellite Set-Top Box

Technical Specifications

Dual DVB-S/DVB-S2 Channel Interface Software
Modulation QPSK & 8PSK - m Middleware Solutions OpenTV™ Core 2.0, NDS MediaHighway™
m LNB power capability 2 x 350mA (Fusion CDI)
» LNB Control 2x 22KHz DiSEqC2.0 m Access Control VIDEOGUARD™*, NAGRAVISION™
Capability
m Symbol Rates 10-30 Mbauds (DVB-52) 5-45 Mbauds (DVB-S) Common Interfaces
a Digital Input fre- 950 - 2150 MHz & Main input connector Detachable lead
quency range u Satellite Input 2xF type
» RFinput IEC-type, female or F type
MPEG Video Decoder & RF output IEC-type, male or F type (loopthrough)
& Standard MPEG2 - MP@ML; AVC/H.264 (aka MPEG4 m SCART sockets TV and VCR (with RGB loopthrough)
part 10) - HPeL4; VC1 APeL4. ® Analog Audio Twin RCA Stereo audio outputs (left and right)
® Aspect ratio 4:3,16:9, Pan & Scan, letterbox ® Analog Video CVBS, $-Video”, Y,Pr,Pb*
& Video Scaling Variable m Digital Audio SPDIF audio output (electrical or optical)
a Digital Video HDMI 1.3
OSD m Ethernet Port 2x10{100 baseT on host CPU *
u Colors 16 /16 million Colors u PSTN Modem Port  RJ-11
a Resolution 2 to 16 bits per pixel u USB One or two * USB 2.0 host
m Overlay MPEG stills/live image insertion Partial / full over m Smart Card Reader  10r2*slots, SO 7816 1,2 & 3
analog video
General Data
MPEG Audio Decoder B u Safety and EMC (CE marking)
m Standard MPEGT layers 1-3; MPEG4 AAC - LC / HE; regulations compliant
Dolby Digital (AC3). m Operating +5°Cto +45°C
m Decompression MPEG Layers 1, 2 (Mono, Dual Channel, Joint Temperature Range
Stereo, Stereo), Dolby Digital down-mix to = Mains Voltage 90-265VAC, 47-63Hz
stereo m Power Consumption 27 watts
m SPDIF audio output  PCM (decompressed stereo), Compressed » Lower Power Mode 15 watts
format Dolby digital (5.1) u Standby Power <1watts
Mode
§Etem Resources u Passive Standby EuP low power standby regulations *
Pracessor BCM7335 u Dimensions 55h x 340w x 240d mm
u System/Video RAM  From 128 to 512 Mbytes with additional video
RAM if needed
m FLASH Up to 128 Mbytes

* can be supported as option
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Technical Specifications

Front Panel RCU Protocols
u 4 digits - 7 segments display or light ring * R2000 (Technicelor)
7 LEDs m RC-5/6 - RCMM 1.5 (Philips)
13 keys max u r-STEP (Ruwido)
B Smart-card slot(s) without door/flap m NEC
Optional Bank Card
Loader
Options w Full code software download mechanism -
L INK® Coaxial Home Netwarking m Authentication of downloaded material
m V22/22bis to V92 PSTN modem * ® CA vendor security
® RF modulator (UHF range) (standards : PAL B/G, I, K, D) *
m Channel 3-4 RF remoduator (NTSC) * Other
u RCA video output * w 250-320-500 Gbytes hard-disk drive -
m Additional pair of L&R RCA audio outputs with second RCA video = Hardware support for set-top box pairing/mating

output (exclusive with SCARTs) *
m S-video output *
m Second smart card reader : 1ISO 7816 1,2 &3 *
m Second USB on the front panel *

* can be supported as option

Technicolor Professional Services are available to address your demands for qualified technical support & warranty, product
maintenance, access to training courses and tailor-made solutions to specific product evolution. For more information,
please ask your usual contact person.

TECHNICOLOR WORLDWIDE HEADQUARTERS SALES CONTACT
1, rue Jeanne dArc For more information please get in touch with your
92443 Issy-les-Moulineaux France usual sales representative or use the following email;

Tel.:33(0) 14186 50 00 - Fax: 33 (0) 14186 58 59
www.technicolor.com satellitesales@technicolor.com

technicolor

e N

© Copyright 2010 Technicolor. All rights reserved, Photos
and specifications are subject to change. Availability
of specific functions may be network and operator
dependent. All trade names referenced are trademarks of
their respective companies DS5-106-v01-1001
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'Blu 3 I/:DVD_

Ensure the success of your Blu-ray/DVD project without
compromise.

Technicolor brings a full array of services to your Blu-ray and DVD businesses to make it your single source supply chain. The level of
experience and technological innovation are second to none. An efficient and streamlined Compression & Authoring process makes more

efficient the delivery of feature film, video, television episodic series, trailers and added value content.

Experience

Technicolor continues to lead the way in pioneering Blu-ray and DVD
technology. Proven expertise in mastering, proprietary state of the

art encoding process, replication and security are the hallmarks of a

trusted partner.

Innovation

Technicolor serves its customer as a leading-edge provider of
equipment, including the Tiger AVC encoder, the BD test center
and JIVE author.

Flexibility

Whether it's a bundled custom solution or selections from our value

chain of services, Technicolor has the services to meet your needs —

from authoring to subtitling to replication. Technicolor can manage
content types from high profile theatrical releases to quality for value

in Band C titles.

Quality

Process and quality verification steps, vigilant oversight by trained
technicians and dedicated management means Technicolor delivers

consistent quality services to meet client needs and expectations.
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Features and Benefits

Authoring Made Easy More services that are available

Technicolor leads the way with an advanced BD JIVE GUI-based Java 'nleldua"Y or as Pa rt Of bundled
programming framework that enables interactive content and BD Live
functions. From downloading trailers, to social networking on Facebook
and Twitter, and more bonus features, BD-JIVE powers the next

packages:

T * Replication * Subtitling * Menu Design
* Audio encoding * Localization * Dubbing
* International Versioning * Packaging * Distribution

Security through Experience

Technicolor has led the way in securing content via its pioneering anti-

piracy technology including video and audio watermarking.

State of the Art Blu-ray
infrastructure

The next generation Tiger AVC encoding system and workflow
manager make ingestion easy and efficient. A purpose-built optical
disk compression tool, Tiger's one of the fastest most highly optimized
encoders on the market. lts scene-by-scene multi-pass encoding

makes for efficient workflow management.

SALES CONTACT

EMEA. USA: ASIA PACIFIC:

Tom Cordiner Bill Hurphrey Jimmy Kim

tom cordiner@technicolor com bill humphrey@technicolorcom jimmykim@technicolor.com
Building 1 Chiswick Park 2255 North Ontario Street, Suite 350 30 Loyang Way

566 Chiswick High Road Burbank, CA 91504, USA #05-23 Loyang Industrial Estate
London W4 5BY, United Kingdom Telephone +1 818 260 2603 Singapour 508769

Telephone : +44 208 987-7800 Telephone : +65 65462867

technlcolor

TECHNICOLOR WORLDWIDE HEADQUARTERS # i

1, rue Jeanne dArc
92443 ssy-les-Moulineaux France © Copyright 2010 Technicalor. All rights reserved. All
Tel.: 33(0)1 41 86 50 00 - Fax : 33 (0) 141 86 58 59 trade names referenced are service marks, trademarks, or

registered trademarks of their respective companies,

www.technicolor.com DS-052-v01-1001
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Tiger grabs HD-DVD, Blu-ray compression by the tail

Broadcast Engineering Now. 21, 2006
SHARE | | Tweeti Recommend 0 COMMENTS ©
Advertisemant Thomson has developed a new MPEG-4 AVC compression

engine aimed at the production of HD-DVD and Blu-ray for
the home movie market.

Working with the Thomson-owned Technicolor Labs, the
Thomson corporate research labs in Princeton, NJ, created
Tiger to be an exceptionally high quality video encoder for
the HD optical disc formats that streamlines the process
and delivers workflow efficiency.

HD Technology Update spoke with the general manager of the research labs, J effrey
Cooper, to find out more about Tiger.

HD Technology Update: What are the primary strengths of the Thomson Tiger
compression engine for MPEG-4 AVC?

Jeffrey Cooper: We focused on two main aspects for this tool. One was very high video
quality to support HD-DVD and Blu-ray applications, and second was optimized
workflow for the compression authoring service business.For optimization, we reached
out to Technicolor for input, relying on their customer-side insights.

We created a special user interface that streamlined how Technicolor does their
compression authoring work to make it more efficient.

HDTU: What aspects of the user interface make the process more streamlined than other
encoding tools?

JC: Tiger has quite a few features that streamline and improve the encoding process. For
example, it provides full thumbnails so you can navigate through the content. It allows
scene-by-scene or even frame-by-frame re-encoding, with many parameters exposed to
the compressionist. With these tools, compressionists can control a number of
components of the frame coding process.

So, the customary workflow is, compressionists do an automatic encode, which for Tiger
is a multipass process, and then they do a quality analysis viewing. Typically, they note an
item here or there. What we've done enables compressionists to go back in and very
quickly identify those frames that need to be modified. The advanced user interface,
including the video player, is used interactively with the content to modify parameters
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and then perform the re-encode. In fact, compressionists can even start re-encoding some
scenes before the whole quality analysis is done.

There are a lot of other features like that, which enable encoding to be more efficient and
provide the compressionist with more control. There is the ability to categorize scenes
depending on the content type and to notate where the scene changes are.

The encoder has a lot of smarts on its own,such as detecting scene changes and fades, but
the compressionist also has those tools and they enable him to further perfect the
encoding process.

HDTU: How efficient is Tiger in terms of compression?

JC: It's very efficient, we believe. Again, it's aimed at the very high quality — what we call
transparent video quality — for HD-DVD and Blu-ray. The bit rates there tend to be in the
teens. We've run Tiger down to 10Mb/s for these applications and achieved very good
quality, transparent quality. So, we think it's definitely met its requirements.

HDTU: What strategies have been employed to assure maximum efficiency and accuracy
in encoding?

JC: Any encoder of this nature has to be compliant and testing it for compliancy has been
a major part of our work. There are two aspects of complianey: H.264 compliancy and
compliancy with HD-DVD and Blu-ray.

We've used several approaches and testing methods. On H.264, we've been verifying our
bit streams against what T deseribe as golden decoders — actually several, For both H.264
and next-generation DVD formats, there are verification tools available in the industry
from several different parties, and our streams go through those. Then finally, they get
burned to some test discs, which are played on all the devices in the industry that are
available.

So, it's been quite a big effort to make sure Tiger is compliant, and I really believe we have
perhaps one of the most compliant encoders in the industry right now. High definition is
still a pretty young DVD format. It's just emerging, so there's been a lot of effort to make
sure the Tiger bit streams are compliant to the new standards.

HDTU: Can you discuss what strategies or technologies are being used to address
anomalies that arise during difficult scene changes like those with lots of motion answer?

JC: Tiger includes what we call a preprocessor before the encoder, What that
preprocessor does is examine video content and characterize the types of video frames to
be encoded. I have already mentioned things Iike citing where scene changes or fades are
very important for the encoder to know.

There are a lot of things we look for. We look for motion as you mentioned. We make sure
we are aware of, if you will, the true motion that is in the picture. We look for dissolves,
which is a type of fade that mixes two different scenes and can cause the encoder a lot of
problems. We make sure we are notifying the encoder of where those things are.

There’s typically noise and film grain in the image, and the film grain needs to be
identified and preserved. We look for the film grain, and we apply the correct encoding
strategy to preserve it. There are a lot of varieties in the grain types.

Banding is another thing we look for, especially in animated content or content that has
some CG in it. At one point or another through the compression process, banding can
occur. So, we have some debanding strategies within the encoder itself. There has been a
pretty major effort to make sure we address banding issues.

Those are some examples, but there are some other things we look for that provide inputs
to the encoder for rate control and things like that. So, overall a pretty big piece of Tiger's
encoding process is the work done in preprocessing,
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The actual AVC encoder is a multipass encoder. In addition to preprocessing, it goes
through multiple passes. During those passes, there is some evaluation of the quality
within the encoder and it works to improve the video quality in difficult areas. The
encoder has quite a bit of intelligence already, and once it goes through all of that, the
compressionist can still go back and tweak things further.

HDTU: When the preprocessor identifies, for instance a dissolve, what does it do?

JC: There are tools within AVC that can be specifically leveraged for things like dissolves
or fades. There is a tool called weighted prediction, which is one of several technology
contributions to AVC by Thomson.

Basically, what we do is try to use weighted prediction and other tools of AVC to encode
fades, dissolves and other scene transitions as efficiently as possible. The way weighted
prediction works is essentially it allows you to add a kind of an alpha blend to the
reference frames, and as you can imagine for a dissolve, it can then get very good
performance from a compression perspective.

HDTU: Will MPEG-4 AVC remain primarily targeted at distribution and transmission, or

do you believe it will have a role in the production chain from acquisition, perhaps ENG,
to post production?

JC: I think we're seeing some interest in the industry for acquisition and post within with

the MPEG standards body right now. There are some profiles still being finalized for
intra-only support and 4:2:2 and 4:4:4.

Of course, MPEG 4-AVC already supports very high bit depths, so the standard is
certainly capable. I see some movement in the industry. There are some prosumer
cameras coming to market. There’s certainly potential for this format to be used for
acquisition and post, but those applications are still not firmly entrenched.

HDTU: How will Tiger begin showing up in the marketplace?

JC: Today, it's been deployed within Thompson's Technicolor division. It’s being used
there for productions that are moving into the manufacturing stage. I can’t give you any
title names at this point, but they will be coming to market within the next few months.

Right now, Thomson is exploring some exciting opportunities for Tiger outside of
Thomson, but at this point I have no announcements I can make.

HDTU: Is there anything you’d like to add?

JC: We're very proud of the tool. I think one of the nice things about developing this tool

was leveraging the two synergies within Thomson, that is Technicolor system knowledge,

if you will, in this area and Thomson's compression expertise. They really came together
to make quite a powerful tool.

We're just excited to see it being used to create titles for consumers to enjoy. I think we've

moved the bar up a little bit in terms of video quality for H.264 and for consumers.

Tell us what you think!

HDTU invites response from our readers. Please submit your comments to
editor@broadcastengineering.com. We'll follow up with your comments in an upcoming
issue.
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