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TEXT AN D IMAGE SHARPENING OF JPEG COMPRESS____
~ IMAGES IN THE FREQUENCY DOMAIN

“ \/ * RELATED APPLICATION DATA -

This apphcation inCorporates subj ect matter disclosed in commonly-
assigned apphcatlon entltled METHOD FOR SELECTIN G JPEG
QUAN TIZATION TABLES FOR LOW BANDWIDTH APPLICATIONS

‘Ser. No. (%[ 3365 [7ﬁled on even date hereWIth.

- BACKGROUND OF THE INVENTION

This invention relates to data compression using the JPEG

- compression standard for continuous - tone still images, both grayscale

and color. o
A committee? known as "JPEG," which stands for "Joint
Photographic Experts Group," has established a standard for compressing
continuous-tone Sti_ll images, b‘bth >grayYSCa1'e and colo’r. This standard
represents‘ a compromise between reproducible image quality and
compress1on rate. To achieve acceptable compressmn rates, which refers
to the rat1o of the uncompressed image to the compressed unage, the
JPEG standard adopted a lossy compression ‘technique. The lossy

compression technique was requlred given the 1nord1nate amount of data

| needed to represent a color image, on the order of 10 miegabytes for a 200

dots per inch (DPI). 8 5" % 11" irnage By carefully implementing the
JPEG standard however, the loss in the nnage can be confined to

1mpercept1b1e areas of the i image, which produces a perceptually loss less

: uncompressed image. The achievable compressmn rates using this

technlque are in the range of 10:1 to 50:1.
F1gure 1 shows a block d1agram ofa typlcal 1mplementat10n of the
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JPEG compression standard The block dlagram w111 be referred to asa
compression engine. The cornpressmn engme 10 operates on source 1mage
~ data, which represents a source unage ina g1ven color space such as
CIELAB The source unage data has a certam resolutmn which is
5 determmed by how the unage was captured Each individual datum of
the source 1mage data represents an 1mage p1xel The p1xe1 further has
a depth which is determmed by the number of b1ts_used to represent the
image pixel. | :
‘The source image data is typically fortnatted as a raster stream
10 - of data. The compreSSion technique, however, requiresv the data to be
represented in blocks. These blocks represent a two-dimensional portion
of the source image data The JPEG standard uses 8x8 blocks of data.
Therefore, a raster-to-block translation unit 12 translates the raster
source image data into 8x8 blocks of source image data. The source
15 image data is also sh1fted from uns1gned integers to signed integers to
put them into the proper format for the next stage in the compression
process. These 8x8 blocks are then forwarded to a discrete cosine
transformer 16 via bus 14.
: The dlscrete cosine transformer 16 converts the source 1mage data
20  into transformed image data using the discrete cosine transform (DCT).
The DCT, as is known in the art ofi 1mage processing, decomposes the 8x8
block of source image data into 64 DCT elements or coefficients, each of
which corresponds to a respectwe.DCT basis vector. These basis vectors
are unique 2-dimensional (2D) "spatial waveforms," which are the
25 fundamental units in the DCT space These basis vectors can be
mtultlvely thought to represent unique images, Wherem any source image
can be decomposedvlnto a weighted sum of these un1que images. The
discrete cosine t'ransfor'mer uses the forvvard discrete cosine (FDCT)

function as shown below, hence the name.

nnnn
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; 7 -7 8
. (2x+ l)kn (2y+ Dix
Y(k,1] = C(k) 0(1)[§§s(g,y) cos=—— T

where: C(k), C(l) = 1/\/5%ork,1 = 0; and
~ C(k), C(l) = 1otherwise

The output of the transfonnei' 16 is an 8x8 block of DCT elements
or coeﬁiments, correspondmg to. the DCT basis vectors. This block of
transformed image data is then forwarded to a quantizer 20 over a bus
18. The quantizer 20 quantizes the 64 DCT elements using a 64-element
quant1zat10n ‘table 24, wh1ch must be spemﬁed as’ an input to the
compression englne 10. Each element of the quantlzatmn table is an
integer value from one o 255, which spemﬁes the steps1ze of the
quantizer for the correspondlng DCT coefficient. The purpose of
quantization is to achieve the maximum amount of compressmn by
representmg DCT coefﬁc1ents with no greater prec1s1on than is necessary
to achieve the des1red image quahty Quant1zat1on is a many-to one

mappmg and, therefore, is funydamentally lossy. As mentioned above,

‘quantization tabvlesi have been designed which limit the lossiness to

imp‘erceptihle aspeots of the imége so that the reproduced image is not
perceptually diﬁ'efent from the source image. ‘ »

The quantizei' 20 performs a simple diVision opei'ation between each
DCT coefficient and the corteepOnding cjuantizetion table element. The
lossines‘s occurs because the quantizer '2va dieregards any fractional

remainder. Thus, the quantization function can be represented as shown

-in Equation 2 below.

' YQ[k‘, 1] = IntegerRonnd(—%[l%%-)
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where Y(k,]) represents the (k,)-th DCT element and Q(k,1) represents
the corresponding quantization ‘table element. '

"To reconstruct the source ‘image, this step‘ is reversed, with the
quantization table 'element being multiplied by the corresponding
quantized DCT eoefﬁ'cie‘nt. The inverse ‘quantization step can be

represented by the following expression:
Yk, 11 = Yolk, 11 Qelk, 1.

As shouldi be apparent, the fractional part discarded during the
quantization step is not restored. Thus, this information is lost forever.
Because of the potential impact on the imag'e quality of the quantization
step, cons1derable effort has gone into designing the quantization tables.
These efforts are descr1bed further below following a d1scussmn of the
final step in the JPEG compression- techmque

The final step of the JPEG standard isan entropy encoding, which

is performed by an entropy encoder 28. The entropy encoder 28 is coupled

to the quant1zer 20 via a bus 22 for receiving the quantlzed image data
therefrom The entropy encoder achleves additional lossless compression
by encodmg the quantized DCT coefficients more compactly based on
their statistical characteristics. The JPEG standard specifies two entropy
coding methods: Huffman ooding and arithmetic coding. The
compression engine of Fig. 1 assumes Huffman coding is used. Huffman
encoding, as is known in the art, uses one or m'ore sets of Huffman code
tables 30. These tables may be predefined or computed spec1ﬁcally fora
g1ven image. Huffman encodmg isa well known encodmg techmque that
produces high levels of lossless ‘compression.. Accordlngly, the operation
of the entropy encoder 28 is not further descr1bed

Referring now to Fig. 2, a typlcal JPEG compressed file is shown

HUAWEI EX. 1016 - 7/714
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generally at 34. The compressed file 1ncludes a JPEG header 36, the
quant1zat1on Q tables 38 and the I-qufman (H) tables 40 used in the
compressmn process, and the compressed image data 42 itself. From this
compressed file'34 a perceptually md1st1ngu1shable version of the original
source image can be extracted when an appropriate Q-table isused. This
extractmn process is descnbed below with reference to F1g 3. _
A JPEG decompress1on englne 43 is shown in Fig. 8. The
decompressmn engine essentially operates in reverse of the compression
engine 10. The decompression engme receives the compressed image data
ata header extraction unit 44, which extracts the H tables Q tables, and
compressed 1mage data accordmg to the 1nformat1on contained i in the
header. The H tables are then stored in H tables 46 wh11e the Q tables
are stored in Q tables 48. The compressed 1mage data is then sent to an
entropy decoder 50 over a bus 52. The Entropy Decoder decodes the
Huffman encoded compressed image data using the H tables 46. The
output of the entropy decoder 50 are the quant1zed DCT elements

The quant1zed DCT elements are then transm1tted to an inverse
quantlzer 54 over a bus 56. The inverse quant1zer 54 mu1t1p11es the
quantized DCT elements by the correspondmg quantlzatlon table
elements found in Q tables 48. As descrlbed above, this inverse
quantlzatlon step does not y1e1d the original source image data because
the quant1zat10n step truncated or d1scarded the fractlonal remainder
before transmission of the compressed image data.

The i inverse quantlzed DCT elements are then passed to an inverse
discrete cosine transformer (IDCT) 57 via bus 59,.-Wh1ch transforms the
data backd into the time domain using the inverse discrete cosine
transform (IDCT) The i mverse transformed data is then transferred to
block-to-raster translator 58 over a bus 60 where the blocks of DCT

elements are translated into a raster string of decompreSSed source image

HUAWEI EX. 1016 - 8/714
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data. From the'd'eco'mpre's’sed source image data, a facs1m1le of the

or1g1nal source image can be. reconstructed The reconstructed source

image, however, is not an exact repl1cat1on of the or1g1nal source unage

As descrlbed above, the quantlzatlon step produces some lossiness in the
process of compressmg the data. By carefully desxgmng the quantization
tables, however, the prior art methods have constrained the loss to
visually. 1mpercept1ble pOI‘thIlS of the i 1mage These methods and the1r
shortcomlngs, are described below. . ' '

‘ The J PEG standard mcludes two examples of quant1zat10n tables,
one for lummance channels and one for chrommance channels. See
Internatronal Orgamz ation for Standardlzatlon "Information technology

- d1g1tal compression encodmg of continuous - tones still images - part 1:

Requirements and. Gmdehnes " ISO/IEC 1810918 1, October 20, 1992.

These tables are known as the K.1 and K2 tables respectively. These
tables have been des1gned based on the perceptually lossless compression
of color images represented in the YUV color space '
These tables result in visually pleasmg images, but y1eld a rather
low compression ratiofor certain apphcatlons The compression ratio can
be varied by settmg a so-called »Q-factor or scaling factor, which is
essentially a uniform multiplicative parameter that is applied to each of
the elements in the quantization tables. The larger the Q-factor the
larger the achievable compression rate. Even if the or1g1nal tables are
carefully des1gned to be perceptually lossless however, a large Q—factor
will mtroduce artifacts in the reconstructed i 1mage such as blockmess in
areas of constant color or nngmg in text-scale characters Some of these
artifacts can be effectlvely cancelled ‘by post-processmg of the

reconstructed 1mage by passmg it through a tone reproductlon curve

"correctlon stage or by segmentmg the 1mage and processmg the text

separately. - However, such methods easﬂy introduce new artifacts.

HUAWEI EX. 1016 - 9/714
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Therefore, these méthods are not ideal. o

As a result of the madequacy of the Q-factor approach, additional
des1gn methods for J PEG discrete quantlzatlon tables have been
proposed. These methodscan be categorized as either perceptual, which

means based on the hn’man visual system (HVS) or based on information

theory criteria. These methods are also des1gnated as bemg based on the

removal of sub_]ectlve or statlstmal redundancy, respectively. These

' methods are d1scussed in copendmg application ent1tled "Method for

Selectmg J PEG Quant1zat10n Tables for Low Bandwidth Appl1cat10ns,
commonly ass1gned to the present assignee, incorporated herein by
reference v ” _

Quantlzatlon is not the. only cause of image degradatlon The color
source 1mage data itself mlght be compromlsed For scanned colored
1mages, the v1sual quahty of the i image can be. degraded because of the
1nherent lumtatlons of color scanners. These 11m1tat1ons are ma1nly of
two kinds: l_1m1ted_ modulation transfer. ‘function (MTF) and
nﬁsregistration. The modulation - transfer function refers to the
mathematical representation or transfer function of the scanning process.
There are inherent lim'jtations m representing the s"'canninjg‘process by
the MTF and the_'s'é limitations are the main cause of pixel aliasing, which
produces fuzzy black text glyphs of grayish appearance. Misregistration,
on the other hand, refers to the relative misalignment of the scanner
sensors for the vari’ous frequency bands. For example, the ﬂewlett
Packard Scan Jet IIc™ has a fcolor rrﬁsregistration tolerance of +/- 0.076
mm for red and blue with respect to green. This amount of
rnisregistration is Signiﬁcant conside'ringr the size of an image pixel (e.g.,
0.08 mm at 300 dots per inch (dpi)). |

These 11m1tat1ons mgmﬁcantly degrade text in colori images because

sharp edges are very important for reading efﬁmency. The visual quality

HUAWEI EX. 1016 - 10/714
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of text can be 1mproved however us1ng pnor art edge enhancement
techmques Edge enhancement can be performed in elther the spatlal

or frequency domaln In the spat1al domaln (.e. RGB) edge cnspemng

'can be performed by discrete convolution of the scanned i image with an

edge venhanc’ement kernel. This approach is equivalent to filtering the
image with a high-passfilter. However, this technique is computationaliy
intensive. An M x N cOnvolution kernel, for example, requires MN
multiplications and additions per pixel.

Foredge sharpenlng in the frequency domaln the full image is first

. transformed into the frequency domain us1ng the Fast Fourier Transform

(FFT) or the Discrete ‘Fourier Transform (DFT) low frequency
components are dropped and then theimageis transformed back into the

time domain. This frequency domain method; as with the spatlal domain
method, is also computatlonally mtenswe Moreover 1t uses a
transformatlon d1fferent than that reqmred by the J PEG standard
Accordmgly, the vneed ‘remains for a computatlonally efficient
method for improving the visual quality of images, and in particular text,

in scanned images.

- SUMMARY OF THE INVENTION
The 1nvent10n is a method of compressmg and decompressmg
images which comprlses usingone quantlzatlon table (Qg) for compressmg
the image and a second quantization table (Qp) for decompressmg the

image. In general, compression and decompression are performed in

v conformance with the J PEG standard. The second quantization table Qp

is related to the first quantization table according to the following general

expression:

QD=SX‘QEv+B,

HUAWEI EX. 1016 - 11/714
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where Sis a scahng matrlx havmg each element S[k l] formed accordlng

to the followmg expression:
Sk, 112 = V[l LY Vilk, 1]

where V* is a variance matrix of a reference image and Vy is a variance
matrfx of a scanned image; and where B is a brightness rnatrix, which
can inciude 2ero Or NON-Zero elements By using the scaling matrix S, the
h1gh-frequency components of the DCT elements can be "enhanced"
without any additional computat1onal reqmrements Accordmg to the
invention, the quant1zat1on tab]e Qp is transmltted with the. encoded
quantized i unage data and 1s used in decompressmn torecover the i 1mage

The. reference 1mage isa preselected contmuous-tone 1mage either
grayscale or color dependlng on the unages tobe processed. The reference
image is rendered into a target 1mage file. The target image file is not
generated by a scanner so the data therem is not compromlsed by any of -
the 1nherent 11m1tat1ons ofa color scanner Thus, the variance of the
target 1mage data, Wh1ch isa statlstlcal representatlon of the energy or

frequency content of the i unage, retains the hlgh-frequency components.

 The reference 1mage can be any contlnuous-tone image, but in the

preferred embodlment the reference i 1mage 1nc1udes text with a serif font
because the serif’ font has good visual quality Whlch the method preserves

The scanned image, although it can be any 1mage in the preferred
embodunent is.a. prlnted version of the reference 1mage Thus, the
variance of the scanned nnage represents the energy or frequency

compOS1t10n of the reference 1mage but which is compromlsed by the

' 1nherent lumtatlons of the scanner. The scalmg matrlx therefore, boosts

the frequency components that are compromised by the scanning process.

HUAWEI EX. 1016 - 12/714
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A preferred embOdirnent of the invention is described herein in the
context of a color facsimile (fax) machine. The colorfax machine includes

a scanner for rendering a color i 1mage 1nto color source 1mage data that

' represents the color image, a compressmn engme that compresses the

color source 1mage data to compressed 1mage data, a means for
encapsulatmg the compressed i unage data, and a means for transmitting
the encapsulated data The compression engme includes means for
stormg two quant1zat1on tables The first quantization table is used to
quantlze the image data transformed using the discrete cosine transform
(DCT). The secorid quantization table is encapsulated with the encoded
quantized image data for use in decompressing the image. The second
quantiZation table is related to the first quantization table in the m‘anner
described above. When used to transmit and receive color images
between two locatlons the machme transfers the images with higher
qual1ty than ‘prior. systems ’

The second quant1zat1on table can be precomputed and storedin the
compressmn engine, in which case there are no additional computational
requirements for the compression eng‘ine' to implement the lmage
enhancing method of the invention. This capability results in a lower cost
color facsimile product than is poss1ble usmg the prior art image
enhancement techniques.

, The foregomg and other objects, features and advantages of the
invention will become more readily apparent from the following detailed
description of a preferred embodnnent of the invention which proceeds

with reference to the accompanying drawings.

~ BRIEF DESCRIPTION OF THE DRAWINGS
Fig.lisa block diagram of a prior art JPEG compression engine.
Fig. 2 is a drawing of a typical format of a JPEG compressed file.

HUAWEI EX. 1016 - 13/714
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Fig. 3 is ablock diagram of a prior art JPEG decompression engine

Fig. 4 isa ﬂow chart of a method of formmg a scaled quant1zat10n
table according to the mventmn :

F1g. 5 is a drawmg of a JPEG compressed file including a
quantization table scaled accordmg to the mventmn

‘Fig. 6isablock d1agram of a JPEG decompression engine according
to the 1nvent10n

Fig 7 is a block dlagram of a color fax machine 1nclud1ng JPEG

compression and decompressmn engines accordlng to the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
ngrweﬂ gf the Quantlzatlon Process

The text and image enhancmg technlque accordlng to the 1nvent10n
is 1ntegrated into the- decodmg or inverse quant1zat10n step that is
necessarlly requlred by thed PEG standard. The mventlon inte grates the
two by using two different quant1zat1on tables a first quantlzatlon table
(Qg) foruse 1n quantlzmg _the image data during thecompressmn step and
a second quantizatior'i table (Qn)v'fo.r use during the decode or inverse
‘quantization during the decompression ‘prooess.‘”‘ The diﬁ'erence between
the two tables, in particular the'ratio of the two tables, determines the
amount of i image enhancing that is done in the two steps. By 1ntegrat1ng
the image enhancmg and inverse quantlzatlon steps the method does not
require any additional computatlons than already reqmred for the
compressmn and decompress1on processes. '

In order to understand the operation of the 1nvent10n the followmg
mathematical derlvatlon is necessary. Let Qp be the second quantization
‘table used during the decoding or'inv’erse }(juantization step. Then let Qp
berelated to the first quantization table Qs nsedduring' the quantization

step, by the followi‘ng' expression:

HUAWEI EX. 1016 - 14/714
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QD#(S.XQE').'FB S ’ : Y

where S is a scaling matrix, which scales each element of the first
quantizationb table Q: to a corre.sponding' element in the  second
quantlzatlon table Qp. The scahng matrix Si is not used i 1n atrue matrix
multiplication; rather, the mult1phcat10n is' an element-by-element
mult1phcat1on Each element in the first quantlzatlon table QE has a
correspondmg element in the scaling matrix S that when multlphed
together produce the 'corresporlding element in the second'quantization
table Qo. 2

The matrix B 1s a so-called brightness matrix because it can affect
the br1ghtness of the imdge by changmg the DC level of the DCT
elements. The elements of the B matnx can mclude Zero or non-zero
values dependmg on the deS1red bmghtness ‘Fory purposes of the followmg

dlscussmn and derlvatlon, however, it will be assumed that the B matrix

 contains zero elements only to simplify the derivation.

The text and i image enhancmg techmque of the mventlon uses a
variance matrix to represent the statistical properties of an image. The
Variancematrix isanMxM matrix, where each element in the variance
matrix is equal to the variance of a corresponding DCT coefficient over

the entire image The variance is computed in the traditional manner, as

- is known in the art

The edge enhancement techmque in essence tries to match the
variance matrix of a decompressed image (Vy[k,1]) with a variance matrlx
of a reference image (V *[k,11). The techmque trles to match the two by
scaling the quant1zat10n table in the manner described above. In order
to do this; the method takes advantage of the relatlonshlp between the

uncompressed image and the compressed image. The following derivation
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will make thls relat10nsh1p clear
Let V*[k 11 denote the v vanance of the [k;1] frequency component of
" areference i 1mage Ideally, this i 1mage contains those critical attributes
that the technique seeks to preserve, for example, text. This variance
5 matrix is of an ideal or reference i 1mage in that it is not rendered into-
color source ,1mage data by a scanner but, 1nstead, is rendered into its
ideal form by software, described further below. Thus, the color source
image data of the reference image does not suffer from the image
degradatmn due to the inherent 11m1tat1ons ofthe scanner Therefore, the
10 Var1ance ofthe reference nnage retams the high-frequency characteristics

of the ongmal reference image.

The method produces a resultmg decompressed image that has
approx1mately the same variance as the varlance of the reference by

mod1fy1ng the quant1zat1on table Thus, the method produces the

15 followmg relat10nsh1p.
Valk, 1] = V4K, i - ' 2)

L However, the decompressed image (Y’) isrelated to the or1gma1 quant1zed

20 1mage (Yo) by the followmg express1on
Ylk, 1] = Yeulk, 11 Qolk, 11 | 3)

Substituting equation (1) into equation (3) yields the following equation

25 below:
YIk, 11 = Yeelk, 11 (Sk; 11 Qolk, ID. @

The variance of th_e dec":ompressedjima'ge (Vy) can then be expressed by
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the following expression:
Vilk, 1] = Var (Ylk, 1) = V‘a'r (S‘[vk,v 1] Yk, l]HQE[k,vi]) ) (5)
Reducing th1s eXpressiOn yields the following:

w&u ﬂkuwmn - ~(8)

where Vy represfeﬁts the variance of the o_rigjinal‘ uncompressed image.
‘ Substitutingv equation (6) into. equation (2) Yields the following

relationshiphetween the scaling matrix S and the variances of the

reference image (V*) and the original image (VY) .

'ﬁhmewmm/wmu, ; e -

Therefore the scahng matrlx S can be used to boost the variance

of the JPEG compressed 1mage to that of the reference image by

: appropnate formatmn of the scahng matrix. This method is shown ina

more generahzed fashlon in FIG 4.

_ Preferred Embod1ment of the Method

In FIG. 4, a method 62 of formmg a scaled quant1zat1on table
according to the 1nvent1on is shown The first step 64 is to generate a
reference 1mage Th1s reference 1mage in the preferred embodiment,
embodles certain valued features or elements that the method seeks to
preserve In the preferred embod1ment these cr1t1cal elements include
hlghly readable text such as those typefaces havmg a serif font, e.g.,
Times Roman. The selectmn of the reference i 1mage 1s 1mportant because

it is the frequency or energy characteristics of this image that the text

5
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image sharpenmg method is mtended to preserve Because the method
is statlstlcal the result can be improved by averaging over a number of
typical images. Examples of such typicali 1mages are those using different

fonts (e.g., Palatino and Devanagari), handwriting, short-hand, line

_draWing's schematics bar codes‘ etc. These different images can further

be categorlzed ina number of classes.
This generatmg step 64 is performed on a computer typlcally using
a word processor or desktop pubhshlng appl1cat10n such as Adobe

Iustrator or Microsoft Word. The image is entered into the computer
and then rendered by the apphcatmn into reference i 1mage data by the
appl1cat10n The reference image data will be in the appropriate color
space, e.g., CIELAB or RGB, to allow the subsequent step to be
performed This process can be achleved by first rendering the image into
an Adobe Postscrlpt file and then rendered 1nto a b1t-mapped color source
image data file usmg D1splayPostscr1pt Alternatlvely, other page
descr1pt10n languages can bé used to describe the i 1mage such as the PCL
language by Hewlett Packard and then rendered 1nto a bit map by an
appropriate renderlng program ,

Once the reference 1mage is generated and rendered into reference
image data the average energy of the reference i image is determined in
step 66. In the preferred embodlment th1s step includes computing the
variance matr]x (V*) for the reference 1mage data The variance matrix,
asis known in the art statlstwally represents the frequency components
or energy contamed in the image. Unlike a scanned image, the reference
image does not suﬂ‘er from any of the inherent limitations of the color
scanner because it i 1s not comprom1sed by the misregistration and MTF
limitations of the scanner. Accordlngly, the variance for the reference
image retains the hlgh-frequency energy that is critical to the v1sual

quality of the reference image.

Q.
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In step 68;a scanned unage is scanned or selected from one or more
stored pre- -scanned i 1mages This scanned i 1mage is one that suffers from
the inherent 11m1tat1on of the’ scanner. This scanned image can be any
1mage, but in the preferred embod1ment it'is a scanned version of the
reference nnage generated in step 64 or of the same type of image used
to form an averaged reference i 1mage '

As in step 66, the average energy of the scanned image is then
determined in step 70. The average energy agam is represented by a
variance matr:x (V Y) of the scanned image. _

The variance matrix (V' *) of the reference i unage and the variance
matrix (Vy) of the scanned 1mage are then used to compute the scaling
matrix Sin step 72. Th1s step 1nvolves solving equatlon (7) above for
each element in the scaling matrix S. '

Fmally, in step 74 the scaled version of the quantlzatlon table is

vcalculated This step is'a simple element-by-element multlphcatlon as

represented by equat1on (1) above.

The use of the scale tables is seen clearly with reference to FIG. 5.
In FIG. 5, a first set of Q tables 76 is provided to a JPEG compression
engine 78, which compresses the irnage'data in accordance with the JPEG
compression standard. The cornpreSSion engine 78 performs the

quantization step lis_ing the Q tables 7 6. The comp'ressicn engine 78 also

performs the entropy encoding, as described above, 'uSing Huffman tables

80.

The Q tables 76 are then scaled by a scaler 82 using the method 62
described above with reference to FIG. 4. A JPEG format file 84 is then
formed which includes a JPEG header 86, the scaled Q tables 88, the H
tables 90 and the compressed image data 927 Thus, although the
quantlzatiOn was perfcnned using the Q tables 7 6, the scaled Q tables are

‘transmitted for use in the decompression process. This difference
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between the two duantizatiOn tables, as represented by the scahng
matrlx is what 1mplements the text and 1mage enhancing technique
accordmg to the 1nvent1on An advantage of the present mventmn is that
no changes necessarﬂy need to be made to the decompressmn engme to
implement the: unage enhancmg techmque of - the invention. The
decompressmn engine uses the scaled Q tables i in the same way it would
use unscaled Q tables. Thus, the prlor art»decompressmn engine of Fig.
3 can still decompress images compressed according to the invention.
Moreover, it can do so W1th the improved image quality provided by the
invention.' In addition, the scaled Q-tahles can be precomputed and
stored in memory so that the scaling vstep does not need to be performed
real-time. This pfefei‘red einbodiment of the invention, therefore, does
not require scaler 82. | . v
Alternatwely, the scalmg can be performed on the decompressmn
side rather than on the compressmn side. A decompressmn engine 94
which implements the text and image enhancing techm_que according to

this aspect of the invention is shown in FIG. 6. Decompression engine 94

" could be used in conj‘unc_tioanith a prior art compression engine which

does not implement the text and image enhancing te'chni(jue according to
the invention. ‘ » |

- The decompression engine 94 includes a header extraction unit 96,
which extracts the H tables and the Q tables. The H tables are used by
an entropy decoder 98 to decode the compressed 1mage data. TheQ tables
rece1ved by the decompressmn engme are then scaled by a scaler 100
which’ scales the Q tables according to equatmn 7 above. The variance
matrices (V* and_ Vo) are stored in the scaler for use in the scaling
process. The scaled Q tables are then stored in-a fandomaccéss memory
102 for use by an inverse quantlZef 104, which perfor'ms the inverse

quantization step. Because the scaled Q tables are used in the inverse

e,

- /
7
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quantization step the text and image enha‘tici‘ng technique a(:cording to
the 1nvent10n is 1mplemented in this step The inverse quantized image
data is then transformed by IDCT 105 and rasterlzed by a block-to-raster
translator 106. ‘The resultis text andi image enhanced: source unage data.

Thus, the text and image enhancing technique can either be
implernented in either the.decompressicn side or the ccmpression side,
but not both. Ifthe decompreSSion engirle.94 anvd‘ compression erlgine 78
are used together, there must be ebrrxe way to bypass the scaler 100 where
the scaling is perforrrled on the compression side. It is poeeible for the
JPEG header to include a tag field to indi:catev‘vhet_her or not the ecaling
hasbeen performed 1n the cdmpression or, alternatively, whether itneeds
to be performed 1n the decompression. Howéver, this would require the
use of a JPEG application marker in the J PEG‘ﬁle.v_ Accordingly, the

preferred method is to scale the: quantiiation tables on the compression

~ side and transmlt the scaled quantlzatlon tables to the decompressmn

engine. This Would not necessxtate any changes to the decompressmn
engine or the JPEG standard. - '

Although the compression engine according to ‘the invention is

vimplemented in dedicated _hardware as described hereinabove,

alternati.vely ‘it can be ‘implement'ed in software operating on a

programmed computer having a microprocessor such as an Intel 80486
or Pentium or Hewlett Packard PA-RISC. In the latter case, the various
tables, whether precoinpute_d or computed realétirne, are stored in the
dynamic random access memory (DRAM_) of the computer during the
compreesion 'and deccmpression processes and the va_rious bsteps of the
method are implemented by software processes or routines. In addition,
there a numerous combinations of hardware and/or software that can be
used to 1mplement compress1on and/or decompress1on engines accordmg

to the invention dependmg on the desired performance and cost. The

7
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combinations are too numerous'to describe individually but those skilled
in the art could 1mplement such combmatmns based on the description

found herem '

Preferred Embodiment of the App

A color facs1m11e machine 134 usmg the JPEG compression and
decompressmn engines accordmg to 1nvent10n is shown in Fig. 7. The
color fax machine 134 1ncludes two related but independent components:
a send component and a rece1ve component. The send component
mcludes a scanner 136 which recelves a phys1cal image document and
which renders or transforms the physmal image into color source 1mage
data. The color source image data i 1s then passed to a correctlons and
transformatlon engine 138 Wh1ch can correct for certam anomahes in the
scanner and format the source color image data approprlately This
transformatlon can 1nc1ude transformmg the color source image data from
one color space e.g., RGB to another, e.g., CIELAB

The corrected and transformed color source image data is then
passed to a JPEG compression engine 140, which 1nc1udes the two
quantization tables. (QE, Qp) formed i in accordance W1th the 1nvent1on
described herem._ The ﬁrst quantlzatlon table Qg in the preferred
ernbodiment of the inVention is formed in accordance With the method
taught in our commonly-ass1gned application entltled METHOD FOR
SELECTIN GJ PEG QUAN TIZATION TABLES FOR LOW BANDWIDTH
APPLICATIONS Ser No.g743 OI A 1ncorporated herein by reference
Alternatlvely, any customary dJ PEG quantization tables (e.g., K.1) can be
used as the first quant1zat10n tables

The dJd PEG compression engme compresses the source 1mage data
into compressed image data in the manner descnbed above, which is

then passed onto a G3/G4 enCapsulation engine 142 along with the second

AN
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Q-table (Qp). The encapsulatmn engme 142 performs the step of
encapsulatmg the compressed image data in accordance with the
amended T.30 Group 3 Facs1m11e Standard Alternatwely, 1nstead of G3
the encapsulatlon could also be G4 for an equ1valent machine operating
according to the T. 30 Group‘ 4 FacSimﬂe Standard ' The encapsulated
data is then transmitted via a transm1ss1on means 144 over the limited
bandw1dth channel. In the preferred embodlments this transnussmn
means includes a modem (modulator), but can also include direct
transmlssmn circuitry. '

" Onthe rece1v1ng end the color fax machine 134 includes a recelvmg

means 146, which in the preferred embodimient uses a modem

‘(demodulator) of the transmlssmn means 144 or equ1va1ent d1g1ta1

‘receive c1rcu1try The recelved compressed nnage data is then decoded by

a G3/G4 decodmg engine 148. The engine 148 decodes or unencapsulates
the. compressed ‘ image in accordance With the 'applicable Group 3 or
Group 4 facsimile standard The decoded compressed image data is then
decompressed by a J PEG decompressmn englne 150 In the preferred
embodlment this decompressmn engine is that shown in Fig. 6, which
includes the Q—table scaler. Moreover, the decompressmn engme 150
mcludes means for determmlng whether the Q-tables were scaled in the
compressmn process As described above th1s operatlon involves
decoding the header file. Alternatlvely, a precomputed set of scaled Q-
tables cold be stored in memory in the receive component and used in the
decompresswn process by the engme 150. In a further embodiment, the
engine 150 could assume .that the scaling was performed in the
comp'ression pro'ces’s* and simply nse the Q-tables as received.

The decompressed source image data is then passed to a corrections
and transformatlons engme 152, Whlch transforms the source image data

into the color space required by a color prmter 154 included in the color
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fax 134 The color prmter 154, Wh1ch can use any pnntmg technology
such as e1ectro-photograph1c 1nk_]et or 1mpact then reproduces theimage.
The reproduced color image, by usmg the scaled Q tables formed in
accordance with the invention, improves the text and image quality of the
5 : 1mage without requ1r1ng real-tlme processing of the image data. The text
and image enhancmg techmques descrlbed herem take advantage of the
processing already requ1red by the JPEG standard to implement the
techniques. Thus, the overall costof the product 1s not impacted.
" The color facsimile machine 134 can include a'plurality of diﬂ'erent
10 scaled quant1zat1on tables for use du.rmg the compressmn ‘and/or
decompressmn process These different scaled quantlzatlon tables can be
precomputed usmg the ‘method descrlbed above, Whereln each table is
formed us1ng a different reference image or an average of several i images
_ | of a glven type. These dlﬁ'erent reference images can be selected to
15 enhance different textual or 1mage characterlstms. The user can then
‘select the 'particular‘s’caled quantlzation table that matches his or her
image so that the imag‘e. enhancement techniqu'e can optimize for the.
user’s image. In the preferred embodlment the machme 134 1ncludes a
user actuable selectlon device to indicate the user’s selectlon The send
20 component of fax machine 134 would then select the approprlate scaled
quant1zat10n table respons1ve to the user’s selectlon
The same method can be appl1ed toa grayscale facsimile machine
orwhena color facsimile machlne 1s used in grayscale mode. In thiscase
only the luminance channel is used Asa result, ‘when the term color is
25 used herein it refers to both color and grayscale
The color facsmnle machlne 1341 1s ‘but one example of an application
for the J PEG compress1on and decompress1on englnes of the invention.
The quant1zat1on tables formed by the above descnbed method can be

~ usedin any context that requires JPEG compression. These applications

v
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are typ1ca11y those that have hmlted bandw1dth capab111ty An example
of another such limited bandwidth application is a personal computer or
work station. HI\n these applications color images are displayed on the
screen, which can be represented in’ a variety of different formats such as
Postscrlpt JPEG compressmn can be used to compress these color
images to allow for more efficient transmlssmn of the compressed image
over the limited bandWldth channel '

Havmg 1llustrated and descnbed the pnnc1ples of our invention i in
a preferred embod1ment thereof 1t should be readlly apparent to those
sk111ed in the art that the mventlon can be modified in arrangement and

detail without departing from such prmc1ples For example, although

~ the invention has been descrlbe‘dvm‘ reference to the_ JPEG compression

standard, the meth'od is appliceble to MPEG H.261 or other compression
standards as well., We cla1m all mod1ﬁcat1ons coming W1thm the spirit

and scope of the accompanymg claims.

./_\! —
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' CLAIMS
1. Amachine for transm1tt1ng color i 1mages compnsmg
, means for rendermg a color 1mage into color source image data
'representmg the color image; '
5. a compressmn engine that compresses the source image data into
compressed image dyata, the engine including:
a transtrming means for converting the source image data
into transformed i unage data
means for storlng a first mu1t1-element quant1zat10n table
0 (Qu); | |
a quantizer means ‘for converting the transforrned image data
into quantized i 1mage datain accordance with elements contamed in the
first quantization table
| e W meu/bfor storing a second multl-element quantization table
- 15 (Qp)a nomdent1cal to the first quantlzatmn table QE, » :
an entropy encoder means for transformmg the quantized
unage data into the encoded nnage data using an entropy table
~ means for encapsulatmg the encoded 1mage data, the 'second
qnant1zat10n table, and theventropy table to form an encapsulated data
20 file; and B ’

means for transmitting the encapsulated data file.

2. A machine for transmitting color images according to claim
1 further comprising a scaler for scaling the first quantization table (Qz)
25 in accordance with a pre‘determinéd function to form the second

quantization table (Qo).

3. A machlne for transmlttmg color i 1mages accordmg to c1a1m

1 Whereln the second quantlzatlon table 1s related to. the first
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quantization table. in accordance with a predetermmed function of the

energy in a reference image and the energy in a scanned image.

4. A.machine for tranSmitting color images according to claim
3 wherein the predetermined function is given by the following
expression: ‘ '

Q= SxQE,

Where Sisa scahng matrix havmg each element S[k 1] formed according

to the following express1on _
S[k, 112 = V¥[k, 11/ Vylk, 1], »
where V*i 1s a variance matrlx of the reference 1mage ‘and Vyis a variance

matrix of the scanned i image.

5. A machine for tranemitting'color. images according to claim
1 wherein the means for rendering a Cdlor image into color source image
data representing the color image includes: »

a color scanner

means for gamma correcting the color source 1mage data and

means for transfornung the color source image data from a first

color space. to a second color space. -

6. A machine for transmitting color images according to claim
1 wherein the means for rendermg a color i 1mage into color source image

data representing the color image includes computer software operable

on a computer.

7. A machine for transmitting color images accordmg to claim

1 further comprising:

means for receiving an encapsulated data packet;
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_ rneanS*for d'ecoding the encapéu_lated data packet to extract a
header, received image data,ta_rec‘eiv'ed Quantization table (Qr) ,and a
-recelved entropy table; L |

a decompressmn engine that decompresses the received image data

5 into color source image data using the received quant1zat1on table and the

received entropy table and

means for reproducing a color i image from the color source image

data.

10 8. A machine fortransmittin’g color images according to claim
7 further comprising a scaler for scaling the received quantization table
intoa SQaled quantizetion table (Qs), which is used by the decompression

engine in lieu of the received quantization table.

15 9. - Amachine for transmlttmg color images accordmg to claim
8 wherein ‘the scaled quantlzatlon table is related to the received
quant1zat10n table m accordance with a predetermmed functlon of the

energy ina reference image and the energy in a scanned i 1mage

20 10. A machine for transm1tt1ng color i 1mages accordmg to claim
9 wherein the predetermined function is glven by the following

expressmn.

Qs SxQR,,

Where Sisa scahng matrlx having each element S[k 1] formed accordlng

25 to the following expression:
Stk, 12 = V¥[k, 11/ Vylk, l]
Where V*is a variance matrix of the reference image and Vyis a variance

mitrix of the scanned i 1mage

N7
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1. A machme for transmittmg color i 1mages according to claim
10 further comprismg means for selectlvely scaling the received

quantizatmn table responsive to the header.

12. A machme for transmittmg color images according to claim
7 wherein the means for reproducing a color image from the color source
image data includes computer softw_ar_e operable on a computer for
displaying the color image on a computer display“ associated with the

computer.

13. A machine for transmitting color images according to cleiim

1 wherein the transforming means includes means for transforming the

: souroe'image data into transformed image data using the discrete ¢osine

transform (DCT).

14. A method of compressmg and transm1tt1ng images which

" produtes decompressed 1mages having unproved text and i image quality,

' mpr1s1ng
: éompressmg ource image into compres*,sea image data using a
first quant1zation table( )i~ o
formmg a second quantiza' _table (QD) wherein the second
quantizatlon table is related to the ﬁrst qu \tization table in accordance
with a predetermmed function of ‘the‘energy in a reference image and the
energy in a sc‘énn'edv image; '
transmitting the chpres_sed image data; and
“decompressing the compressed image data using the s

quantization table Qp.

15. A method of compressing and transmitting images which
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produces decompressed 1mages havmg 1mproved text and image quality
accordmg to claim 14 Whereln the step forming a second quantlzatmn
table 1ncludes scalmg the first quantization in accordance with the

predetermmed functlon

5"“9 16. A method of compressing and transmitting images which
‘produces decomp as ed 1mages havmg unproved text and image quahty

according to claim 15 wherein tep scaling the first quantlzatlon in
accordance with the predetermmed functlon isp

10 transm1tt1ng step:

17. A method of comp‘reSSing and transmitting images which
produces decompressed 1mages having 1mproved text and image quality
accordlng to c1a1m 15 wherem the step scaling the first quantlzatlon in

15 accordance with the predetermmed functlon is performed subsequent to

the transrmttmg step

18, - Avmethodv‘ of compressing end_' transmitting images which
‘produces decompressed images having improved text and image .q.uality
20 according to claim 15 wherein the step forr'nin'g'a second quantization
table 1ncludes formmg a second quantlzatlon table (Qn) Where the second
quantlzatlon table 1s related to the first quantlzatlon table accordmg to

the followmg expressmn.

Q=SxQs,

25 whereSisa scahng matnx havmg each element S[k 1] formed according

to the followmg expressmn
_ S[k 1]2 = V*[k 1] / Vy[k 1],
Where V*i 1s a variance matrlx of the reference 1mage and Vyis a variance

matrix of the scanned 1mage
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9& _ ; 19 ,' ; method according to claim 14 further cbm‘prising‘
v 2 _encapsulating
image data to form an encapsula e 1le, and

5 - transmitting the encapsulated data N

20. A method of compressing and transrhittihg images having

econd quantlzatlon table Qp with the compressed

improved text and image quality according to claim 14 wherein the step
of forming a second quantization table (Qp) includes:
10 selecting a target image; and

rendering the target image into an image file.

- 21. A method of compressing and transinittiﬁg images having
improved text and ixnage_qUality according to claim 20 wherein the step
15 of selecting a target image includes selecting a target image having

critical image elements that are critical to the quality of the image.

22. A method of compressing and transmitting images having
1mproved text and image quality according to claim 20 wherein the step

20 of selectmg a target image mcludes selecting a target image having text.

- 23. A method of compressing and transmlttlng images having
1mproved text and image quality according to claim 20 wherein the step
of selecting a target image 1ncludes selectmg a target image having text

25 with a serif font.

24. A method of compres tfanSnlitting images having

improved. text and image qualit cording to claim 14 wherein the

scanned image is the reference image,
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L 29
A
9/25 A method . of formix_ié a quantization table for use in
compressing images in accordance with the J PEG compression standard,
the method combﬁsingi . ‘ v ' '
| » _sele‘ctixig a ﬁrst.quaﬁti'z:atiqn_table_(Qﬁ); and
fbrming- a second que‘intizatioﬁ_ table (Qp), where the second
quantizétion vta}blé is related to the first quantization table according to
the following expression:
Q=Sx @, | |
where Sis a SCaling matrix having each element S[k, 1] formed according
to the following eipréssion: o v v
S[k, It = V*[k, 11/ Vilk, 11,
where V*is a fral'iarice matrix of a reference image and Vy is a variance

matrix of a 'scanned image..

d( g;@ A method of f'omiing a quantization table according to claim
2,2/5 whereiri the Stép of fbi'mingv a second quantization table (Qp) includes:
éelé(:ting the refei'ence image; s
rendering the reference image_ into_referen<;§ image data; and

compﬁting the variance matrix V* for the reference image data.

A %7. A method of forming a quantization table according to claim

wherein the step of forming a Second quantizatioh table (Qp) includes:
scanning the scanned image to produce scanned image data; and

computing the variance matrix Vy for the scanned image data.

%/8; - A method of _fo;%fning‘é_quantization table according to claim
%{#wheréin the st’ép‘ of scanning the scanned image to produce scanned

image data includes scanning the reference image.

HUAWEI EX. 1016 - 32/714




57,

10

15

20

25

‘ usmg the first quantlzatlon table (Qe); and

30 ' - Patent Application
Attomey Docket Number 1094893-1

_ 29. A method of ir'nproving text and ima'ge qliality of compressed
images that : are compressed using the JPEG compressmn standard, the
method ¢& mpnsmg ’

selectihg a reference image;

determiningthe energy content of the reference i image;

selecting a scan di 1mage

determmmg the, energy content of the scanned image; e

selecting a first quantization table (Qw);

scaling the ﬁrst quantization table (Qg) to form a second
quantlzatlon table (QD) accordlng to “the .ratio ‘of the energy in the
reference image to the energy content of th scanned image;

compressmg a source image in accordance with the_ JPEG standard

decompressmg the source image in accordance ith the JPEG
standard usmg ‘the second quantlzatlon tab]e Qp whereby the
decompressed unage has 1mproved image quahty

FAN

' )‘36 " A method of. imprbving text and image quality according‘to
claim 2,9 Whereln the step of determmmg the energy content of the
reference 1mage 1ncludes determmmg a variance matrix (V*) of the
reference image. ’
ﬂ%‘ﬁ o A method of improVing text and image quality according to
claim- wherein the step of determining the energy content of the
scanned 1mage includes deterrmmng a variance matrix (Vy) of the -
scanned i 1mage

A method of improving text and image quality according to
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| claim /34 Wherem the. step of scahng the first quantlzatlon table (Qp to
form a second quant1zat1og table (Qp) according to the ratio of the energy
in the reference image to the energy content of the scanned image
1nc1udes : v
5 determlmng a scaling matrix S), where each element Stk, 1] being
formed according to the followmg expression:
S[k, 112 = V*[k, 11/ Vy[k 1],
where V#[k, 1]is a correspondmg element in the variance matr1x V*and
Vik, 11 is the corresponding element in the variance matrix Vy; and
0. scaling ‘the first quantization table (Qg) to form a second
quantization table (Qp) according to the following expression:

QD=SXQE.'

33. A method of improving text and image quality according‘to

rther comprising: _ B
encap5ulatin —~the second rq'uantization table (QD) with the
compressed image to forni aJPEG R e; v '
41;'ansm1ttmg the J PEG ﬁle over a 11m1ted bandw1dt ol
20 6;4 7% A method of i 1mprov1ng text and image quality according to
c1a1m /29 further comprising:
selecting a plurality of reference images;
determmmg ,the energy content of each reference image;
averaging the energy content of the plurality of reference images;
25 and . |
scaling the first quahtization table (Qg) to form a second
quantization table (Qp) according to the ratiq of the average energy in the

reference images to the energy content of the scanned image.
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o

claim /34 Wherem the step of selectmg a plurality of reference images

3 A method of 1mprov1ng text and image quahty according to

1nc1udes selectmg a plurality. of reference i 1mages each reference image

hav1ng a dlfferent graphlcal content

{b ,3/6 A method of improving text and 1mage quality accordmg to

claim 29 further comprising:

selecting a plurahty of scanned images;
ﬁdetermining the energy content of each scanned image;
avereging the energy contentofthe plurality of scanned images; and
. scalmg the first quantlzatlon table (Qe) to form a second
quantization table Qp) accordmg to the ratlo of the energy in the

reference 1mage to the average energy content. of the scanned i images.
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TEXT AN D IMAGE SHARPENING OF J PEG COMPRESSED
IMAGES IN THE FREQUENCY DOMAIN
ABSTRACT OF THE DISCLOSURE
The text and i 1mage enhancmg technique accordmg to the invention
is mtegrated into the decoding or inverse quantlzatlon step that is
necessarily required by the JPEG standard. The invention integrates the
two by using'twe diﬁ'ereni; quantivz"ation tables: a first quantization table
(Qg) for use in quantizing the image data during the COrhpression step
and a second quantization‘ table used during the decode or inverse

quantizatien during the decorhpression process. The second quantization

‘table Qp is related to the ﬁrst quantization table according to a

predetermined functlon of the energy in a reference image and the energy

in a scanned i 1mage The energy of the reference image lost during the
scanning process as represented by the energy in the scanned image, is
restored durmg the decompress1on process by approprlately scaling the
second quantization table according to the predetermined function. The

difference bétweerl the two tables, in partieular the ratio of the two tables,

determines the amOunt of image enhancing that is done in the two steps.

By 1ntegrat1ng the image enhancmg and i 1nverse quantization steps the
method does not require any additional computations than already

required for the compression and decompression processes.
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PATENT APPLICATION

As a below named inventor, | hereby declare that: _
My residence/post office address and citizenship are as stated below next to my name;

| believe | am the original, first and sole inventor (if only one name is listed below) or an original, first and joint
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is

* sought on the invention entitled: v '
TEXT AND IMAGE SHARPENING OF JPEG COMPRESSED IMAGES .IN THE FREQUENCY DOMAIN

the specification of which
0() is at[ached hereto., (Leave blank In response to Notice of Missing Parts)
() wasfiledon __ : as Application Serial No.
() was amended by the preliminary amendment filed with the original application papers.

I hereby state that | have reviewed and understood the contents of the above-identified specification, including
the claims, as amended by any amendment(s) referred to above and that I have disclosed the best mode for
carrying out the invention as of the effective filing date of this application.. | acknowledge the duty to disclose
all information which is material to patentability as defined in 37 CFR 1.56. If this is a continuation-in-part
application, | acknowledge the duty to disclose all information known to me to be material to patentability as
defined in 37 CFR 1.56 which-became available:between the filing date:of -the prior (priority) application and
the National or PCT international filing date of this continuation-in-part application. ‘

() In compliance with this duty there is attached an information disclosure statement 37 CFR 1.97.

Foreign Application(s) ancilo!- Claim of Forelgn Prlbrity

| hereby -claim foreign: priority benefits: under Title 35, United States Code Section 119 of any foreign application(s) for patent or inventor(s)
ceitificate listed below-and have also identified below any foreign application for patent or inventor(s) certificate having a filing date before
that of the application.on which - priority is claimed: .

COUNTBY X ) APPLI(_')A’HON NUMBER DATE FILED PRIORITY CLAIMED UNDER 35 U.S.C. 118
YES: R NO: [
YES: No:
YES: . NO: -

U. S: Priority Claim ‘

| hereby ‘claim the benefit-under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as
the subject matter of each of the claims of this application is not disclosed in the prior United States application.in the manner provided by
the first paragraph of Title 35, United States Code Section 112,.] acknowlédge the duty to disclose material information as defined In Title
37, Code of Federal Regulations; Section 1.56(a) which occurred between the filing date of the prior application and the national or PCT
international filing-date of this-application:

" Jak { i

APPLICATION SERIAL NUMBER FILING DATE - -STATUS {p

POWER OF ATTORNEY: :
As a-named-inventor, I hereby appoint the attorney(s) and/or agent(s) listed below to prosecute this application and transact all business in
the Patent and Trademark Office-connected therewith. . .

C. Doﬁglass Thomas Edward Y. Wong Herbert R. Schulze Peter P. Tong
Reg. No. 32,947 Reg.No. 29,879 Reg: No. 30,682 Reg. No. 35,757

| hereby declare that all statements made herein of my own knowledge are true and that all statements made
on information and : belief are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both,
under Section 1001 of Title 18 of the United States Code and that such willful false. statements may jeopardize
the validity of the application or any: patent issued thereon. '

Full Name of Inventor: . Giordano Beretta /=00 Citizenship: Switzerland

Residence/Post Office Address: 1760 Newell Road
Palo Alto, C::\Iif‘ormiaE 94303

\A 'QW na.rc/(-\ 2,3 . (a8

.ﬁveﬁtor’s Signature Date
Rev.09/93 (Form 3.02) (Use Page Two For Additional Inventor(s) Signature(s))- Page 1of 2
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Full Name of # 2 jolnt Inventor: _Vasudev Bhaskaran o/ - 0O, Citizenship: India

Residence/Post Office Address: _ 375 Anna Avenue
Mountain View, California 94043

fsuder | | Mavch 27, 1995

Inventor’s Signature ; : ; . Date
Full Name of # 3 joint inventor:: _ Konstantinos Konstantinides . Citizenship: Greece

' Resldence/Post Office Address 1568.;.‘Jacd‘b»Avenué S
" _san Jose, Californfa 95118

%‘{g[qr’

nventor's |gnaiure‘ EE . k » Date

Full Name of # 4 Jointinventor: .~~~ L Citizenship:

Residence/Post Office Address:

]nventof‘s Signamre Date

Full Name of # 5 joint inventor: . Citizenship:

Residence/Post Office Address:

Inventor’s Signature - Date

Full Name of # 6 Joint inventor: ) : Citizenship:

Residence/Post Office Address:

Tnventor's Signéture : : Date

Full Name of # 7 joint.inventor: : Citizenship:

Residence/Post Office Address:

Inventor's Signature » Date

Full Name of # 8 joint inventor: : . Citizenship:

Residence/Post Office Address:

Tnventor’s Signature ) Date

(Use Next Page For Additional Inventor(s) Signature(s)) Page2of 2

Rev 09/93 (Form 3.02)
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UNITED STATES PATENT AND: TRADEMARK OFFICE

Ihi;entor(s) 3 Glordano Beretta et al.

Serial No.: 08/411,369 - ' ' - Examiner: B, Johnson

Filing Date:’ March 27, 1995 ~ Group Art Unit: 261-6'

Title: TEXT AND IMAGE SHARPENING OF JPEG COMPRESSED IMAGES IN THE«FREQUENCY
- DOMAIN

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

Sir:
Transmitted herewith is/are the following in the above-identified application:
(X} Response/Amendment { } Petition to extend time to respond
{ )} New fee as calculated below - () Supplemental Declaration
(X) No additional fee (Address envelope to "Box Non-Fee Amendments")
( ) Other:
CLAIMS AS AMENDED BY OTHER THAN A SMALL ENTITY
{1 (2) (3) (4} {5) (6) AN
FOR .| CLAIMS REMAINING | NUMBER | HIGHEST NUMBER PRESENT RATE ADDITIONAL
AFTER AMENDMENT| EXTRA | PREVIOUSLY PAID FOR| EXTRA FEES
TOTAL
CLAIMS 35 MINUS - 36 =" 0| x $22| 3 0
INDEP. 4 4 = 0] x $80| s 0
CLAIMS . MINUS
"I 1 FIRST PRESENTATION OF A MULTIPLE DEPENDENT CLAIM + $260] 3 0
EXTENSION 1ST MONTH 2ND MONTH 3RD MONTH. 4TH MONTH s 0
FEE $110.00 $390.00 |-—— $930.00 r— $1470.00 E
TOTAL ADDITIONAL FEE | ¢ 0
FOR THIS AMENDMENT

Charge $ 0 to Deposit Account 08-2025. At any time during the pendency of this
application, please charge any fees required or credit any overpayment to Deposit Account 08-2025

- pursuant to 37 CFR 1.25. Additionally please charge any fees to Deposit Account 08-2025 under 37
CFR 1.19, 1.20 and 1.21. A duplicate copy of this sheet is enclosed.

Respectfully submitted,

. o L Giordano Beretta et al.
| hereby certify that this correspondence is being

deposited with the United States Postal Service as
first class mail .in an envelope addressed to: By @{/t“vﬂlov‘/—‘

Assistant Commissioner for Patents, Washington,
D.C. 20231. Pehr Jansso\'lj

Date of Deposit: Februarny 18, 1997 Attorney/Agent for Applicant(s)
. Reg. No. 35,759
Typed Name: Lmda A. lim

a
Signature: &Luﬂlﬂ. f(ﬁ W\,(,MO-/ Date: Feb&uw"y 18 ’ 1997

Telephone No.: (415) 857-7533

Rev 10/96 (TransAmd) . - Attach as First Page to Transmitted Papers -
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