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Abstract—This paper presents a modified JPEG coder that is applied //, A& ! T?ﬁfi‘;{old
to the compression of mixed documents (containing text, natural images, S
and graphics) for printing purposes. The modified JPEG coder proposed i i
in this paper takes advantage of the distinct perceptually significant regions 7 |
t

in these documents to achieve higher perceptual quality than the standard
JPEG coder. The region-adaptivity is performed viaclassified thresholding
being totally compliant with the baseline standard. A computationally effi-

\Cmve I

cient classification algorithm is presented, and the improved performance (Original)
of the classified JPEG coder is verified. &
Curve I

(with thresholding)
I. INTRODUCTION /

Digital documents have become commonplace in today’s printing
systems. Color documents have mixed contents and may contain
text, graphics, and pictorial data so that scanned or rendered rasters
of those documents are commonly represented as continuous-tone
images. The digital representation of those images often requireagplication. Depending on the number of scaling factors adopted and
large amount of data. For example, an 8-bit image for an 8.5 ffbw often they change from block to block, a considerable number of
x 11 in full-color page at a resolution of 600 pixels-per-inch (ppigxtra bits may be necessary to code the scaling factor information. A
would demand around 30 megabytes per color channel. In tliIBEG-3 compliant coder is presented in [4], wherein the quantization
example, storage of a large document (e.g., hundreds of pag&siling factor is adjusted for the text and image blocks (only two doc-
or processing at high speed (e.g., 100 pages/min) are prohibitiy@ent regions are used). Blockwise distortion adaptivity in JPEG can
without some form of data compression. Generally, document cogilso be conceived through the use of multiple quantizer tables [5]-[7],
pression is advantageous for commercial and domestic printiihich are switched on a block-by-block basis. Of course, the resulting
systems. However, the compression scheme not only has to Wdestreams resulting from those methods are not compatible with the
fast enough to match the large data amount and processing spgetG baseline standard.
but it also has to provide visually lossless compressed documentapart from adaptive quantization, thresholding techniques [8] can
for guaranteed quality. achieve blockwise adaptation within JPEG. In that, less relevant coef-

The most popular compression scheme for printing systems is #fients in a rate-distortion (RD) sense are simply discarded (thresh-
JPEG baseline standard, or JPEG for short [1]. JPEG requires lidlgled) from a block, and the RD analysis can be made globally [8] or
buffering and can be efficiently implemented so that existing implgacally [9]. Also, in a non-RD-based framework, perceptual models can
mentations of JPEG are able to provide the required processing spgedised for discarding DCT coefficients which are visually less impor-
for most cases. However, image quality has to be maintained at the agst [10].
of low compression. The main problem with this approach to vary com-Here, the image is segmented into text and nontext regions, and the
pression ratios lies in the fact that all the regions in the mixed documefntext regions are further classified into edge, smooth, and detailed
are treated equally by JPEG. Compression artifacts are more easily pégiions according to recommendations from various psychophysical
ceived around the text regions of the document than in smooth or texadies [2], [11], [12]. The studies suggest that higher perceptual im-
tured areas, and this has to do with our ability to recognize object shapestance should be given to the text and edge regions, followed by
[2]. the smooth and detailed regions. The goal is to devise a JPEG base-

By using a region-adaptive approach to the compression of mixgge compliant coder whose RD characteristics are guided by the psy-
documents, the performance of the JPEG coder can be significantly ghophysical classification process.
proved. Region-adaptive compression within the JPEG framework can
be achieved by means of blockwise adaptive quantization. Within the
JPEG baseline system, there is no specification for varying the quanti-
zation on a block-by-block basis. Recently, an extension to the JPRG Thresholding
standard (JPEG-3) has been drafted to support variable quantization . ) . .
through the use of multiple scaling factors that are encoded as par?he proposed algorithm is based on teesholdingtechnique

of the bit stream [3]. The specification of the scaling factors is not 4" tl)n th('js contex; Sets to zero son;]e ACfDCT coefficients in
part of the standard and they are chosen according to each user 4nge Pased on RD characteristics [8]. The performance improvement
provided by thresholding is illustrated in Fig. 1. Given a method
to select quantizer tables in JPEG, let the coder performance (rate
Manuscript received May 12, 1998; revised October 24, 1999. The associ4f&SUS distortion or RD curve_) be dEp'Cte_d in curve |. ThreShc’ld'n_Q
editor coordinating the review of this paper and approving it for publication wgdrovides short gains by deleting few coefficients in a manner that is
Prof. Rashid Ansari. o _more efficient than increasing the quantizer steps in JPEG. In Fig. 1,
mr’\;ﬁqgs'(ggmg: 'esé"é’g?ng?ggﬂ; University, Ithaca, NY 14853 USA (e-mailfrom the starting points in curve | (marked by squares), by selectively
R. L. de Queiroz is with the Xerox Corporation, Webster, NY 14580 USA?ett'ng some AC coefficients we reduce both rate and PSNR. The RD
(e-mail: queiroz@wrc.xerox.com). locus follows the dashed curves, where the rate-by-PSNR trade-off
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Fig. 2. Classified thresholding encoder block diagram. Texl
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TABLE |
HVS-BASED WEIGHTS FOR THE8 X 8 T'E:Kt
DCT COEFFICIENTSCHOSEN FOR THENONEDGE PERCEPTUAL REGIONS "[‘EK.I
FOR EDGE REGIONS ALL WEIGHTS ARE 1000, WHERE ov CONTROLS
THE DISTORTION TOEDGE (TEXT) REGIONS Tc -{1
Smooth areas [t
246 1000 791 486 267 139 69 33 Texi
1000 9535 715 443 247 130 65 32 LN
791 715 333 341 197 106 55 27 Text
486 443 341 220 139 78 41 21 Taxt
267 247 197 139 88 3229 15 Tt

139 130 106 78 52 32 18 10

69 65 35 41 29 18 11 6

33 32 27 21 15 10 6 4

Detailed areas

246 834 1000 9335 791 631 486 364
834 932 997 915 7Tl 616 475 356
1000 997 955 852 T15 573 443 334
935 915 832 752 631 509 397 302
791 7Tl 713 631 .333 433 341 262
631 616 573 309 433 356 284 221
486 475 443 397 341 284 229 180
364 336 334 302 262 221 180 143

Text

from point A one can obtain point ‘A using thresholding, which (b)

has a large PSNR than poinf’Awhich is obtained by changing the

quantizer table until matching the rate of fmatching points are Fig.3. (a)Wine image and (b) its classification map (whitsmooth, black
marked by triangles). Thus, there is a short interval wherein thereedge/text, gray= detailed).

are gains in thresholding. If one can fine tune thresholding in a way

that it would always work near its best performance (points mark?gtherwe aim to improve the subjective coder performance by defining

by circles), the equivalent RD curve would be curve I, which shows . . - ) )

a small but consistent gain in performance. The backdraw of tRe>Pace varying meaning for distortion as opposed to adapting the al-
general thresholding method is that it may require buffering the imaagnthm, €.

and several passes in each block to find the optimal operating point,

however it typically increases the PSNR by about 1.0 dB. We employ R = 5

a simplifying variant [9] in which we analyze each nonzero quantized D= Z fi(# — ;) <e.g.,= Z(J?i - 17,;)‘u,;> 2
AC coefficient independently. The method in [9] improves speed and ! !

reduces memory buffering compared to [8]. It does not require more

memory than regular JPEG and the computational overhead is |adereu; is a distortion weighting factor specific for thth unit. This

than 10%, while providing a typical improvement in PSNR aroundlgorithm clearly demands priori classification of the signal in order

0.6-0.7 dB (for a constant MSE distortion measure)_ to |dent|fy units and assign proper We|ght5 In JPEG and similar trans-
form coders, the block with pixels(m, n; 4, j), i.e., position(i, j)
B. Adaptive Distortion within block (m, n), is transformed into block(m., n; ¢, §) through

In general, for RD optimized transform coding, the signal is divided" orthonormal transformation. Hence, the example above becomes

into units x;, each contributing to the overall bit-rafé by R; bits,

i.e.,, R =73, R;. Distortionis some function of the quantization error D= Z (G(m, n; i, 5) —y(m, n i, 5))°

&; — x;, wherez; is the reconstructed unit. The global distortion is i Gim,mn

given by . ’1L(7TL, y Z.v ]) (3)

7

D= f({# — 2, Yi}) <e.g.,: Z(J@i — ;,;i)2> . (1) Inconventional human visual system (HVS) weighted error measures,
u(m, n; i, j) = w(i, j), i.e., a fixed frequency-based weighting

system is used [13]. lio(p; 4, j) is a weighting matrix whose entries

By using a well-behaved distortion function such as MSE, any prase function of blocKm, n), i.e.,p = g(x(m, n)), for someg, then

cessing can be accounted in the RD balance by minimizing a cost fum@ighting can be made block adaptive. The HVS response is not com-

tion .J which combines rate and distortion through a Lagrangian mulgletely understood and cannot be easily modeled. Thus, we decided

plier [8]: .J = R+ D. We do not challenge the optimization principle to classify the image blocks into a discrete number of representative
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(b)

Fig. 4. Nonedge areas and their halftones (clustering and error diffusion). (a) JPEG compressed without using CT. (b) Overblurred by usingg6Thélthou
continuous tone images are very different, the corresponding halftones are very similar.

classes and devise HVS weights (¢, j) for each of the classes socoefficientin the path) and also provides information on the magnitude
that of zz(¢) and 2)555 5 bits are used to encode the signzafn) and
the remaining information relative to its magnitude. bet= b, and
x(m, n) € classC — u(m, i i, j) = wc(i, §) (4) S555= 55585 for zz(n) andb = by, andSSSS = 5555, for
zz(1). If zz(n) is discarded, the run of zeroes befarg) increases
i.e., distortion is measured as block-classified perceptually weightedd it then spendss + SS5.5.% bits to be encoded. The cof(n)
MSE. of keeping the coefficient is then the cost of sendingn) andzz(1)
minus the cost of sending:z({) if zz(n) = 0, that is
C. Classified Thresholding

In this paper, we incorporate perceptual classification into the thresh- R(n|zz(n) # 0) =by +by — bs + SSSS.. (5)
olding decision. The goal of this perceptual weighting is to guarantee
that most of the high frequency coefficients to be thresholded are from
smooth and detailed blocks, while preserving the text and edge region$he benefit achieved with keeping the coefficient is then the de-
of the image. As in [9], for each nonzero AC coefficient in a giverrease in distortion given by the information conveyed ifin). Let
block, a cost-benefit ratio is computed where the cost is defined as the original nonquantized coefficient i¢n ), the quantizer step size
number of bits required to encode the coefficient and the benefit is d ¢(n), and the perceptual weight associated with that coefficient
fined as the decrease in distortion achieved when the coefficient is kdpt.wz (n), where KK is the class associated with the block. The dis-
The cost/benefit ratio is then compared to a threshold to decide whettetion resulting from quantizing and keeping the coefficient is then
or not the coefficient will be discarded. |d(n)—zz(n)q(n)[*wk (n), while the distortion resulting from thresh-
First, the image pixels in the block undergo a fast block classificatiaiding the coefficient is simplj(n)|*wx (n). The decrease in distor-
algorithm to determine to which of the predetermined classes the inpion given by keeping z(n) is then
block belongs. Without loss of generality, let us assume it belongs to
classK’. The block is then transformed using the DCT and quantized. In ) ,
JPEG, quantized DCT coefficients of a block are mapped into a vector D(n|zz(n) # 0) =wr (n)z2(n)g(n)(2d(n) — z2(n)q(n)).
zz(n) by scanning the block in a zigzag path. For a nonzero quantized (6)
coefficient zz(n), assume the next nonzero quantized coefficient in
the vector order is z(1) at index!/. Without getting into the details of
the JPEG variable length coding algorithm [1], it suffices to say that
nonzero samplez(¢) produces two bit quantities: b)bits are used to
encode a composite symbol, where this symbol tells the decoder how bi +b2 —bs + 5555
many zero samples are there beforén) (and after the last nonzero v(n) = Wi (n)zz=(n)q(n) (2d(n) — z=(n)q(n))" 7

F&'{nally, the cost-benefit, i.e., RD ratio is given by
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i ) ! i ' -r T be more efficient than other more sophisticated methods [14]. The al-
N gorithm classifies blocks through a simple analysis of the luminance
) Mgt it difference values inside a block. Leté, j) (0 < (7, j) < 7) be the
. T pixels in an 8 x 8 block and let' (k, 1) (0 < (k, 1) < 3) be the pixels
- - B in a 4 x 4 block found by subsampling the 8 x 8 block through aver-
eh eh eh aging of 2 x 2 neighboring pixels. The activity measures computed are
T T . . - the maximum differences among neighboring pixels in a block
ext Text Text
. . i ‘ ) s ' = max{|z(i, j) —x(i — 1, j)|, |=(7, ) — 2@, j—1)|}
Texi Texi fext forl < (i) <7 @

po = max{|z’(k, 1) — 2" (k= 1, D), |2'(k, ) — 2/ (k, 1 = 1)|}

Text Text Text for 1< (k, 1) < 3. )

=
[

Text Text Text . -
- — . Two thresholddl;, andT}; (I; > T1i,) are required for classification
Text Text Text so that
Texi Ten Ttk
- e P
Tawt Tawt Taurt p1 > Th,; —edge block

1 < T, andyz < 1, — smooth block
else— detailed block

Note that computation can be greatly simplified if the algorithm is
bypassed when a pixel difference is found larger thanwhile com-
puting 1. Also, if 1 > Tj,, itis not necessary to comput&(i, j) or
j2. Experimentally, the thresholdg, = 30and7}; = 60 achieved

% :5:.5: o = good results for a wide range of mixed documents. These thresholds,
A T ey QOIS however, are not absolute and the user may select them as desired ac-
BRI o - e fmeeey  cording to the image and application. The user may also choose to use
: .:a . i 3 " '-""E a two-way classification into purely text and nontext blocks, in which
) s s, «  case strong image edges belonging to nontext regions are given a lower
: '::' A 2 *  priority than the text regions.
R S R
S ey SN L
g S . . S .7“’ IV. COMPRESSIONRESULTS
, o lusacat & ?"lll . ~
o = The weights used to threshold the DCT coefficients were found
o o e by calculating DCT-domain energy of a linear HVS transfer func-
tion assuming maximum viewing frequency of 56 and 28 cycles/de-
G e RV gree for smooth and detailed regions, respectively. The weights
e v o F " Y v 4" - ) ‘._'_'_M . .
®) used are shown in Table | and can be changed depending on the

application. For edges, uniform weighting was used with= 2.
Fig. 5. Zoom of halftones of original and reconstructed images: (a) ed eA monochrome test image “‘wine” of 512 x 5.12 plxels (8.
regions and (b) mixed regions. In each, the left image is the halftone of thés/pel) is shown along with its segmentation map in Fig. 3. This
original image, the center corresponds to using CT the right one correspoitiage was compressed with JPEG at 1.11 bpp using default quan-
to JPEG without CT. tizer tables, with and without CT. The image compressed without
CT yielded a PSNR of 35.69 dB, while using CT caused the PSNR

v(n) is compared to a threshofdand zz(n) is set to zero whenever o drqp by_ 4 dB. The d_rop in PSNR is wreleyant since It reflects
' the distortion measure in (1), while we are interested in the one

v(n) > 7. The threshold can be found experimentally (e.g., trained) or : . :
by using bisection. A block diagram of the encoder is shown in Fig.'ﬁ ) an_d (4)- _The idea behind CT is to overblur the nonedge

. . p . I
and the technique is referred to here as classified thresholding (CTj’;.l modestly compressed image, CT decreases PSNR for nonedge

areas. Compared to not using CT at the same compression ratio,
PSNR is slightly superior in text areas and substantially inferior
11l. PERCEPTUAL CLASSIFICATION otherwise. Overblurring is not a large problem if one wants to
halftone the image, as shown in Fig. 4 since most of the de-
We assume the image blocks are to be classified into edge, smoddiis are lost in the halftoning process. However, ringing on text
or detailed blocks. Any classification algorithm can be employed, neareas are shown as annoying sparse dots around letters. Enlarged
ertheless we developed our own fast algorithm which was showngortions of the halftoned reconstructed images are shown in Fig.
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5 for 7= 0.01.1 Note that by using CT ringing around text is [11] X. Ran and N. Farvardin, “A percepually motivated three-component

diminished while the details lost in textured areas are not cap- ggg:srs?r?d\%l—iart |:4D0iiiri%ticxl rc>f1t9h§5modelEEE Trans. Image

:Ereq by the halftoning pr_ocess. I_n other_wo_rds, after halftonl_ng%a M. G. Rang’}\os an'dpg. S. Hema’mif)“Perceptually-based scalable image
e image compressed using CT is superior in all aspects. This coding for packet networks,). Electron. Imag.vol. 7, pp. 453-463,

so because the adaptive distortion measure (weights) intentionally  July 1998.

took into account masking properties. So, overblurring smooth of13] R. L. de Queiroz and K. R. Rao, “Transform coding, Htandbook of

detailed regions was not as penalized as blurring text areas. Sim-  Visual Communicationsi.-M. Hang and J. W. Woods, Eds, New York:

. . . . Academic Press, 1995, ch. 7, pp. 223-263.
ilar results were obtained for other mixed images as well. Overall[14 M. G. Ramos, S. S. Hemami, and M. A. Tamburro, “Psychovisually-

the method’s compression improvement depends largely on image ~ pased multiresolution image segmentation,Piroc. IEEE Int. Conf.
contents. The process of matching the visual quality between two  Image Processing/ol. 3, Santa Barbara, CA, Oct. 1997, pp. 66—69.
images for a compression ratio comparison is imprecise to say
the least. Nevertheless, for images with edge-texture mixtures sim-
ilar to that of the example image, typical rate savings are in the
order of 10% to 40%. Furthermore, parameter adjustment needs to
be tied to imaging process and viewing conditions. However, the
method seems to provide a performance improvement for most~ast and High Performance Image Subsampling Using
cases. Feedforward Neural Networks

V. CONCLUSIONS

. . . . Adriana Dumitrasand Faouzi Kossentini
This paper presented a new method to incorporate an adaptive dis-

tortion measure to a baseline-compliant JPEG coder. The adaptation

was possible by adapting HVS weights for an RD-optimized thresh- apstract—We introduce a fast and high-performance image subsam-
olding technique with the guidance of a space-domain block classifiing method using feedforward artificial neural networks (FANN’s). Our
cation technique. The perceptual classification was performed usifigthod employs a pattern matching technique to extract local edge infor-
ation within the image, in order to select the FANN desired output values

a pixel-based classification algorithm which was shown to be VISg}Jring the supervised training stage. Subjective and objective evaluations

ally accurate. The goal of our approach is to allow perceptually-adaf-eyperimental results using still images and video frames show that our
tive baseline JPEG compression in order to preserve the visual quadifythod, while less computationally intensive, outperforms the standard
of the most significant regions in a mixed document. The concept lofvpass filtering and subsampling method.

thresholding with adaptive distortion measure can also be used in 0thghgex Terms—Feedforward neural network, pattern matching, subsam-

coders, e.g., JPEG 2000. pling, training algorithm.
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