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Abstract

Given the existence of digital scanners, printers and fachings, documents can undergo
a history of sequential reproductions. One of the most it@mbrdeterminers of the quality
of the resulting image is the set of underlying resolutiong/lsich the images were scanned
and binarized. In particular, a low resolution scan produceoticeable degradation of image
guality, and produces a set of printed fonts that cause amn@®CR systems to operate with
a relatively high error rate. This error rate can be redutdteiOCR system is trained on text
having fax scanner degradations, but this also requiregibaDCR system can determine in
advance if such degraded fonts are present.

Methods are found for determining the lowest resolution éhaginary document image has
been scanned (or printed) in the past. Observing that thaige for a low resolution scan
is contained in the boundary contours of the black companeahe connected components
that constitute the contours are measured, and both thaisiogram and its power spectrum
are used to determine the underlying low resolution, if affe primary application is to
fax, both standard and fine. Degradation of both font appearand OCR performance is far
more severe for standard than fine fax, so the most importawtigal problem is to identify
documents of binary scanned text that have a standard faatsigg. Only a small part of the
page image is required to determine the existence of sugmnatsaire; consequently, the image
is pre-processed to locate a subregion that is well suiteaifalysis. Results for discriminating
between originals, standard fax and fine fax on a small batrgé/test suite are given.
Keywords: image resolution, facsimile, fax, pattern spectrum, posparctrum, image analy-
sis

1 Introduction

The purpose of this study is to find accurate and efficient odstHor determining if a digital
image has been previously scanned at low resolution, meésarpixels/inch (ppi). The most
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common fax resolutions astandard approximately 200 x 100 ppi, ariche, approximately 200 x
200 ppi. Images scanned at standard fax resolution suffeoadvisible degradation. This is also
reflected by the generally poor performance of omni-font G@&ems on such images [3]. For
example, in the OCR “bakeoff” from the 1996 SDAIR Confererte character error rate of the
two bestrecognizers on standard fax was nearly 6 percent; the otfemess more than 10 percent.
This should be compared with best character error ratessftlean 2 percent on 300 ppi binary,
and less than 3 percent on 200 ppi binary and fine fax. OCR peafioce can be improved using
special recognizers trained on low-resolution fonts, beirtuse requires prior determination of the
effective resolution of the image. If the fax is stored as l@steonic image, it is easy to infer the
scan resolution from the image size. But if the fax is priraed then scanned at high resolution,
with or without prior copying, the inherent low resolutiohtbe image contents must be inferred
from the image itself.

Our approach is morphological and relies on the statidtimsdan be accumulated from a region
of the image. The methods have general validity, but we afiyn for the common situations
where the low resolution scan is fax (either about 100 ppi0@r {2pi) and the high resolution scan
is either 300 ppi or 400 ppi. For the standard fax identifaatproblem, it is necessary to extract
a set of measurements from the image for which a discrimirao unambiguously place the
image into one of two categories: high resolution or low heson. The approach is empirical.
Histograms constructed from data extracated by variousunements are analyzed for structural
or periodic characteristics. Where low and high resoluioages show significant differences, the
feasability of building a discriminator is investigated.id reasonable to vary the discrimination
function depending on the final scan resolution, which isdgity known or can be inferred from
the image size.

Fax documents are typically scanned in standard mode angeimidde. In the sequel, although
all images we study have been most recently scanned at hsghtution (300 or 400 ppi), for
simplicity we refer to an image that was never scanned at &selution as alriginal, an image
previously scanned at standard fax resolution agadard-faxand an image previously scanned
at fine fax resolution, which is about 200 x 200 ppi, asna-fax Naturally, it should be easier
to discriminate a standard-fax image from an original thdme-fax image. Fortunately, as a
practical matter, it is far more important to identify stand-fax images, because omni-font OCR
systems do fairly well on fine-fax.

2 Approach

Visually, the difference in appearance between standardrid original images is striking. Three
significant components of the difference are:

e Thickening introduced by the low resolution fax scanner.

¢ Atendency for larger parts of the fax boundaries to be hotadaand vertical.



e The original boundaries are smoother.

The thickness of strokes varies greatly between scannadwids, and is not a robust param-
eter for discriminating between original and fax imagese ©ther two observations relate to the
boundary characteristics, and much of the signature of adswlution scan is expected to reside
in the edge pixels. Thus, the focus of investigation will Inetle statistics of boundary pixels, and
in particular, functiong (1) of the lengthl of runs or connected components of the boundary. The
most important operations for generatifig) are expected to be image morphology, granulome-
tries, and connected component labelling. There are a nuaflgpiestions to consider, and the
final arbiter is empirical:

1. Should the images be filtered morphologically for noiseteeextracting the edge pixels?

2. Should all edge pixels be considered together, or onlyzbotal or vertical edge pixels
separately?

3. For standard fax, because the lowest resolution is in ¢nécal direction, should we con-
centrate exclusively on vertical edge pixels?

4. What functionsf (1) should be derived from the edge pixels?
5. Of what use is the power spectrum of these functions?

6. How are the measurements combined to form robust andrsiaaant discriminators?

Regarding the methodology, rather than using a model-bhsedetical approach, where you
try to guess the salient features in detariori and build a specific set of operations to extract
exactly those features, we use an iterative method wherstgowith a guess about which features
might be salient and take measurements where differeneexpected to arise. Results are noted,
and the extraction method is varied in an attempt to imprbeeésults. Through such iterations,
a subspace of methods and parameters is investigated. Weadleav of the parameters that were
varied, along with the best methods found.

Aiming for saliency on the low-resolution vertical scan $tandard fax, we begin by extracting
the vertical edge pixels. The image is eroded with a horizontal structuring elemémemgth 3,
with the center at the center of the structuring element, taedesult is XORed back with the
uneroded image. Fig. 1 shows the vertical edge pixels aetldcom the original, fine fax, and
standard fax images.

Possibilities forf (1) include the number of runlengths of each sizg), perhaps weighted by a
power of the length of the runs, or the number of connectedpoorants at each size(/), again

optionally weighted. In Fig. 1, the original appears to havany more isolated single pixels,
and far fewer short vertical 8-connected components (8tben the standard fax; the fine fax

L1f we useall boundary pixels, the 8-connected components of the boyratarjust the size of the connected
components in the image.
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Figure 1 Vertical edge pixels: top (original); middle (fine fax); lew(standard
fax)




is somewhere in between. For these boundary images, thearufivertical runlengths,, (/)

is equal to the number of 4-connected components (4-cc)abfsilae,c, (/). Further, the pattern
spectrum[4], which is the number of pixels within runs of aegi length, is just the first moment
Ir,(1) of the runlength histogran, (1). The histogram of 8-cc cannot be derived simply from
vertical runlengths. In general, we measure the distrutif d-connected component heights,
both 4-cc and 8-cc, and with different momentdor the weighting factors; namely,

f() =1"eq(l) Q)

2.1 Typical component height data

Fig. 2 shows the distribution of 4-cc heighf4/) = ¢,(1), from a typical original and standard fax,
both taken from images sampled at 400 ppi. There is relgthtde structural difference between
the two. Both histograms are dominated by components with le& counts, as is evident from
Fig. 1.

edge 4-c.c., m = 0, original height histogram edge 4-c.c., m = 0, standard fax height histogram
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Figure 2 Counts of 4-cc heights, as a function of height, from origarad stan-
dard fax images, at 400 ppi.

Fig. 3 shows the first moment of the distribution of 4-cc h&sgli(l) = lc4(1), from a typical
original and standard fax. Except for= 1 and/ = 2, the counts are significantly larger for
standard fax, and this data may be useful for discrimination

Fig. 4 shows the distribution of 8-cc heighfg/) = ¢s(l), from a typical original and standard
fax. The differences are striking. Most of the original ctauare inl = 1; the signal forl > 1 is
very small. For the fax, a significant part of the signal i¢ in 1, and the underlying periodicity
of the low-resolution scan at multiples of 4 pixels is eviden

Fig. 5 shows the first moment of the distribution of 8-cc h&sgli(l) = ics(l), from a typical
original and standard fax. Use of the first moment spreadsddile in the original image beyone
[ = 1, and the broad peak between 20 and 30 is due to componentslgxgedo the x-height of the
text. (See Fig. 1). The periodicity of the fax at higher nulés of 4 is clearly evident, accentuated
by the weighting factor.
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Figure 3 Counts of the first moment of 4-cc heights, as a function gfteirom
original and standard fax images, at 400 ppi.

edge 8-c.c., m = 0, original height histogram edge 8-c.c., m = 0, standard fax height histogram
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Figure 4 Counts of 8-cc heights, as a function of height, from origaral stan-
dard fax images, at 400 ppi.
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Figure 5 Counts of the first moment of 8-cc heights, as a function gfttgirom
original and standard fax images, at 400 ppi.
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Finally, in Fig. 6 we show comparable 8-cc histograms fromgioal and standard fax images
that have been rescanned at 300 ppi. The periodicity of thedgolution scan, this time in units
of 3 pixels, is evident.

edge 8-c.c., m =0, 300 ppi, original height histogram edge 8-c.c., m = 0, 300 ppi, standard fax height histogram
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Figure 6 Counts of 8-cc heights, as a function of height, from origarad stan-
dard fax images, at 300 ppi.

Because the differences between original and fax are mughrl#r 8-cc than 4-cc, we use
them exclusively. Pre-filtering with small vertical opeg#and closings can be done to remove
small pixel noise on the vertical edges, before the edgesxdracted from the image. However, it
was observed that such filtering reduced the differencesdaet original and fax histograms, for
both 4-cc and 8-cc; consequently, it is not used.

2.2 Discrimination functions and power spectra

The discrimination functions formed from these “featuralist be invariant with respect to the
size of the image and the number of runs or connected comgoirethe image. The score
which is to be compared with a threshold, can be construcyetling the ratio of two linear
combinations of thef (1), or more simply by dividing a linear combination by any onettoé
numbers,

_2f0

= 2
f(x) @)
By inspection, from Fig. 4 for 400 ppi, we choose
—f(2)+ 35 f()
= 3
o 0 ©
and from Fig. 6 for 300 ppi,
S (D)
= 4
TR @



Note that these discrimination functions do not explicithe the low-resolution periodic struc-

ture. Where such structure exists, discriminators thasansitive to the specific wavelengths can
be constructed. To emphasize the periodicity, it is usefubke the power spectrum of the his-
togram data, and use appropriate terms to form discrinmigdtinctions. Because the data is real,
the power spectrum is symmetric about the center.

spectral power

spectral power

0]

8-cc, m = 0, Original power spectrum of height histogram 8-cc, m = 1, Original power spectrum of height histogram
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Figure 7: Power spectra of the zeroth and first moments of 8-cc heigintarf
original at 400 ppi, as a function of inverse distance.
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Figure 8 Power spectra of the zeroth and first moments of 8-cc heightsgtan-
dard fax at 400 ppi, as a function of inverse distance.

Fig. 7 shows the power spectrum of 8-cc heights with zerothfast moments, for a typical
riginal scanned at 400 ppi. These spectral components

1

p(k) = < | F(F) ©)

are the absolute value squared of the fourier components

N-1

F(k)=Y" f(1)e*m "N (6)
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8-cc, m = 0, Fine fax power spectrum of height histogram 8-cc, m = 1, Fine fax power spectrum of height histogram
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Figure 9 Power spectra of the zeroth and first moments of 8-cc heights fine
fax at 400 ppi, as a function of inverse distance.

The power spectra were constructed from= 32 samples, and are shown up to the Nyquist
limit at & = 16, where the periodicity)\, is given by\ = N/k = 2 pixels. Theoriginal has

a very uniform spectrum for m = 0, and structure with a conediain of weight at a frequency
corresponding to about 7 or 8 pixels for m = 1. The power spaiitthe zeroth and first moments
of 8-cc heights for a typicadtandard faxare shown in Fig. 8. In contrast to the m = 0 spectrum
from the original, the fax spectrum displays considerablecture. The m = 1 spectrum has a
notable signature, where the large weight at exactly 4 piflel= 8, half the Nyquist cutoff) is
highly prominent. The power spectra of zeroth and first masieh8-cc heights for a typicdine
fax are given in Fig. 9. In contrast to the standard fax spectrmmf= 1, this shows nearly zero
weight at the 4 pixel periodicity. It also has a concentratbweight at a long periodicity of 10 to
12 pixels. For m = 1, the standard fax is more similar to thgional than to the fine fax, and these
differences will be used to make a discriminator betweendsed and fine fax.

Because the spectral shapes are quite uniform from imageagd, discrimination functions
can be generated to separate these images reliably. Fagribth moment spectra, a size-invariant
discrimination function can be made using just the ratidhefrhaximum to minimum values in the
spectrum.

3 Subregion selection

Empirically, it is observed that the statistics gatherearfra small part of a scanned page suffice
for making an accurate determination of the underlying Itégamn. In fact, there are two reasons
for not using the entire image. First, and of most importance, Egppnd halftones can have
an uncharacteristically large population of very small poments, which can bias the edge pixel
statistics to simulate a higher resolution. Second, théaisaof a subimage is faster than the full
page.

The image is arbitrarily divided into N equal tiles, whered\ypically taken to be 16, and the



tile with statistics most similar to text is selected forakesion analysis. The operation to identify
“textness” is as follows. For each tile:

e Theimage is threshold reduced[1] by a factor of 8, using@stiold of 1 on each 2x2 reduc-
tion. This is equivalent to performing an 8x8 dilation b&f@ubsampling, and consolidates
the image pixels.

¢ The textlines are enhanced by closing with a horizontatstinng element (of size 15).

¢ The halftone and stippled regions are removed by first ogewith a vertical structuring
element (of size 10) to remove the text only, and then XORngstore only the text.

¢ The tile with the largest number of ON pixels is selected.

These operations, taking place on a 8x reduced image, are faster than doing a the resolu-
tion analysis on the full image. On a 167 MHz Sun Ultra-Spfmca 400 ppi image, the selection
of a subregion takes 0.06 seconds. The resolution anagepisres computation of connected com-
ponent bounding boxes and, on a subregion of size 1/16 (dbailion pixels) of a typical image,
takes 0.015 seconds. The total time is less than 100 ms.

4 Discrimination results

A set of 20 diverse pages was scanned and printed on a plaém faag at both standard and fine
fax resolution. The 20 originals and the two sets of fax pageie then scanned at 300 ppi and
400 ppi. The image set is shown in Fig. 10. The discriminafmetions given in (4) and (3) were
used for the 300 ppi and 400 ppi sets, respectively, andegp i the zeroth and first moments of
8-cc heights.

The results using the 8-cc height histogram for 400 ppi D&y, fine fax and standard fax are
given in Fig. 11, with the zeroth moment on the left and the filement on the right. In these
and following plots, the standard fax is the solid line withrdonds, the originals are the dashed
line with “+” marks, and the fine fax is the dotted line with @psquares. Here, the standard fax
is far above the originals, with the fine fax in between. A #gi@d is easily chosen to separate
standard fax from originals; thresholds can also be chaseeparate fine fax from each of the
others. Similar scores, generated at 300 ppi from the 8-ghhkistograms, are shown in Fig. 12.
Again the standard fax is easily separated by a single thlé$tom the original.

Using the power spectra for 8-cc, with the zeroth and first mmisias shown in Fig. 7, Fig. 8
and Fig. 9, discrimination functions can be made from whioh enderlying resolution can be
identified by application of a threshold. The result on thiea€0 pages is seen in Fig. 13. On
the left, for m = 0, we use as a discrimination function théoraf the max/min of the spectral
values, capping the standard fax ratio at 100 to make vislileléower scores of the other plots. A
threshold at about 15 separates the standard fax from fineni@originals. On the right, for m =
1, we use the spectral discrimination function
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Figure 11 Scores of 400 ppi original, fine and standard fax images,qé). Ze-

roth and first moments of the 8-cc height histograms are usdtieleft
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Spectrum 400 ppi orig and fax scores, m=0: ratio max/min Spectrum 400 ppi orig and fax scores, m=1: p(8)/(p(2)+p(3)+p(4)+p(5))
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Figure 13 Spectral power scores of 400 ppi original, fine and standardihages,
using the max/min ratio for m = 0 on the left, and using (7) forrhon
the right.

st = o 0Pld) @
p(2) +p(3) +p(4) + p(5)
The result is particularly interesting because the fine flctum scores alewer than those for
the original image, for all images in the set. This inversatiows a threshold around 20 to make a
clear separation between fine fax and standard fax documents

5 Conclusions

Measurements of the vertical edge pixels have been usedigugavays to identify an underlying
low resolution structure in binary document images. Vatticather than horizontal, edge pixels
have been chosen for illustration because standard faxhieakwest resolution in the vertical
direction. The histogram of 8-cc heights is most sensitiveuch structure, clearly displaying the
periodicity. Note also the presence of single pixel 8-cenarily in the original (top) of Fig. 1.
By contrast, in all three images, 4-cc heights have manylesipigel runs near corners where the
boundary direction is changing between vertical and hot&lo

Images with many small components, such as fine stippledftomeas, have most vertical edge
pixels near corners. There are very few longer runs, and asudtthe 8-cc height histogram is
significantly different from that for text and graphics. Gequently, it is important to avoid such
areas, and to select the most text-like regions for spemti@lysis. This is done using morphologi-
cal filters on a highly reduced version of the image, and dagrihe resulting pixels. Because the
selection operations assume that most of the text on theipageizontal, it is important to verify
the orientation first, and efficient methods exist to do &jis[

Once a subregion is selected and the 8-cc statistics arenat&ied, a discrimination function
with a threshold is used to separate images with differiradgullying resolutions. The discriminator
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must give a result that is (1) independent of the size of tregenand (2) independent of the size
and number of components in the image. Normalization idyeashieved by taking, in general,
a ratio of linear combinations of histogram values or powscsral values. The most important
distinction is between standard fax and higher resolutiand this can be done either directly on
the histogram or on its power spectrum. The power spectrumbeaised as a narrow spectral filter
to determine the underlying resolution. As an example gttigh/low resolution ratio is 4, most of
the spectral power can be put into the 4 pixel mode, wheregamfonage with high/low resolution
ratio of 2, the 4 pixel mode will be depleted. With an appraf®idiscrimination function, this
permits accurate separation between standard fax and fin@é&aes.

There are interesting and practical questions that havbe®n addressed here. For example,
a relatively high quality fax scanner was used, on the assomghat the low frequency signature
of cheaper scanners will be at least as easy to see. What opatjgy variations are possible with
various low-resolution scanners and fax printers? Howaddiv-frequency resolution information
changed with successive copies? And one possible applidatio provide information for image
restoration that will smooth boundaries and improve theeapgnce of degraded text. This may
also be helpful as a pre-processing step for OCR.
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