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Abstract
Scanned documents/images blur effect is mostly associated
with the optics of the scanning system. To reverse this effectSlanted Edge

sharpening filters are usually designed to restore blurred images The slanted edge technique [1] is a standard technique of
based on ad-hoc pre-determined levels of sharpness. The filteimeasuring the spatial Frequency Response (SFR) of digital imag-
design process is mostly manual, time-consuming, and could proing devices (cameras or scanners) [4]. It is used in many ISO
vide inconsistent output results among different scanning devicesstandards (e.qg. [2, 3]) to evaluate the response of different digi-
In this paper, we propose a technique to automatically design anta| imaging devices. It is also used in many other applications to
equalizing FIR image filter based on measured blur characteris- compensate for the scanner response in some techniques that rely
tics of the scanning device. The Slanted-edge technique is used tgn scanners as a data acquisition device [5]- [8], or to measure the
measure the spatial frequency response (SFR) of the scanning sysscanner color misregistration [9].

tem. The SFR of the equalizing filter (for both horizontal and ver- The slanted edge technique uses a Speciﬁc target that has
tical directions) is composed of two segments: The first segmeniskewed edges. A super-resolved line spread function can be ex-
is the inverse of the measured SFR up to a desired spatial fre-tracted from the slanted edge in the test target, followed by a filter-
quency (usuallyL/4 of the sampling frequency), while the other ing step to extract the point-spread function. The FFT technique is
segment provides an arbitrary gradual attenuation of high fre- then used to extract the spatial frequency response from the point-
guency noise. The point spread function (PSF) of the equalizingspread function.

filter is then derived using a 2D frequency sampling filter design In this paper, we used the Gaussian curve fitting technique
method. Ultimately, the cascaded frequency response of the scan(as in [7]) to reduce the noise effect on the measured SFR’s. The
ning system and the equalizing filter should resemble a perfectGauyssian fitting equations can be described as:

SFR (i.e. of unity gain up to a desired spatial frequency and atten-

uation thereafter) when measured by the slanted edge technique. u2 2

Our experiments show that this automated process can be applied ~ Su(U) = auexp(— ) + (1 —au) exp(— ), 1)

to different document scanning devices to equalize their spatial th 2

frequency response resulting in consistent output sharpness levfor the horizontal SFR, and

els.
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ntroduction SU(v) = avexp(— ) + (1 - av) exp(~ ), )
Scanned documents/images blur effect is mostly associated o OV,

with the optics of the scanning system. It is highly desirable, ) . o
in many cases, to reverse this effect. Sharp text and line artOF the vertical SFR. We use the Nelder-l\geadzsmplex optimiza-
constitutes an important aspect of image quality and is one of thelion technique to find the parametess, oy, oy, for the hori-

goals of many document restoration techniques. To achieve thisZzontal SFR andw, of, and oy, for the vertical SFR, indepen-
goal, sharpening filters are usually used to restore blurred imageglently. Examples of the fitting parameters and the resulting SFRs
based on ad-hoc pre-determined levels of sharpness. Howeve@re shown for the horizontal direction in Figure 1 (top), and the
the filter design process is mostly manual, time-consuming, Vertical direction in Figure 1 (bottom).
and could provide inconsistent output results among different
scanning devices. Equalization Filter

In this paper, we propose a new technique to automatically In this section, the scanner equalization technique is de-
restore the sharpness of blurred documents by equalizing thescribed. Starting from the measured SFR of the scanning device,
frequency response of a given scanner. Reaching to a commormur goal is to design an equalizing filter so that the combined SFR
response between different scanners requires a common processf the equalizing filter and the scanner resembles a perfect SFR
to objectively measure scanner characteristics. The slantedi.e. unity from frequency O up to a desired frequency with grad-
edge technique [1] is a standard approach, using a standard testal attenuation hereafter).
target, to measure the spatial frequency response of cameras and  To get the unity section, the equalizing filter response should
scanners [2, 3]. Based on these measurements, the proposeuk the inverse of the original SFR of the scanner within that sec-
technique reverses scanner blurring effect by designing equaliztion. We chose the frequency band of the unity section to be 0
ing filters that can be used to unify spatial frequency responseto fs/4, wherefs is the spatial sampling frequency. The atten-
of different scanners. Our experiments show promising resultsuation section is chosen to be a linear attenuation such that the
toward achieving the goal of having automatically equalized frequency response reaches Ofgt2. Both the horizontal and
scanner responses. vertical frequency responses of the equalizing filter can be formu-
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Figure 1. Scanner SFRs measured using the slanted edge technique with

the corresponding fitting curves using a mixture of two Gaussians. The hori-
zontal scanner SFRs (top). The vertical scanner SFRs (bottom).

lated as follows.

SIOE 0<u<us/4

1
Hu(u) = 3

() { M- Us/4) gl U/A<u<ug2 O
whereus is the horizontal spatial sampling frequency anglis

defined as: 4 1
"=k g

whereky is an arbitrary constant defines the valugfatu =
Us/2. In our analysis we udg, = 0 which reducesn, to:

4

M eSu(Ue/d)”

andHy(u) to:

1
m(u){ SO, 2
TGS (W) T Sw/A)

0<u<us/4;
Us/4 <u<us/2;

(4)

A similar derivation of the vertical response can be written as:

0<v<vg/4;
Vs/4 <V <Vs/2;

1
Hy(v) = { SO 2 )

TS e/A T S/

wherevs is the vertical spatial sampling frequency.

examples of 1D profiles (Figure 2 (top) for horizontal and (bot-
tom) for vertical) of the frequency samples and the corresponding
designed filter. Figure 2 also shows the desired SFR and the mea-
sured SFR after convolving the equalizing filter with the original
slanted edge image.
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Figure 2.

proposed equalization technique. The figures show both the desired equal-

izing filter frequency response Hy(u) (Hy(v)) and the desired SFR, Hy(u)S,(u)

(Hv(v)S/(v)) compared with their actual horizontal response, top (vertical re-

Equalized scanner SFRs corresponding to Figure 1 using the

sponse, bottom).

Experimental Results

In this section, we provide two experiments to show the ef-
fect of the equalization process on blurry scanned documents.
The first experiments examines four different test scanners. Their
SFR’s are measured using the slanted edge technique, then equal-
izing filters are designed using the proposed technique. The indi-
vidual equalizing filters are applied to the corresponding slanted
edge images of the corresponding scanners to get the equalized
SFR’s.

Figure 3 shows the horizontal and vertical SFR’s of the test
scanners before and after the equalization. As shown in Figure 3
(a) the horizontal SFR’s are similar for the test scanners while
Figure 3 (b) shows that scanner C has higher SFR than the other
scanners in the vertical directions. Applying the equalization pro-
cedure, the four SFR’s of the examined scanners, both horizontal

Both H, andHy are then sampled (typically 64 samples in and vertical, have been normalized with similar characteristics as
each direction) to design the equalizing filter. A zero phase 2D shown in Figures 3 (c) and (d). Figures 4 (a), (b), (c), and (djsho
equalizing filter can be derived from the horizontal and vertical results from scanners A, B, C, and D respectively. The upper row
frequency samples [10]. First, the magnitude of the 2D frequency of the figure shows the original text images, while the second row
response is derived by interpolating between horizontal and verti-shows the equalized images having similar quality among differ-
cal samples on an elliptical grid. The inverse 2D FFT is then usedent scanners. The bottom row of the figure shows the used equal-
to generate the point spread function of the filter. Figure 2 showsizing filters which reflects the fact that scanners A, B, and D had
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dissimilar horizontal and vertical SFR’s that needed asymrmr 16

equalizing filters compared to the equalizing filters of scanne 14 o

In the second experiment, we show results from scanr 2 o
where we use different filters cascaded with equalizing filte . (
vary the sharpness levels. A number of 12 filters with diffe o o

gain and attenuation are convolved with equalizing filter anc
plied to a test image as shown in Figure 5. The correspor
sharpness metric [11] is summarized in Table 1. In addition
applied these filters to the slanted edge image scanned by s ‘ \
B, and measured the modified SFR as shown in Figure 6. Col ) 50 w o2 0 x0 300
ing Figures 5 and 6, and the sharpness metric from Table 1, inere

are good correlations between the sharpness levels measured By?!™® & oS _ .
the sharpness metric, the corresponding SFR’s and the visual astgnuatlo_ns to the eq_uallzmg filter applied to the slanted edge image, then
sessment of the sharpness as seen from the corresponding imagegeasuing the resulting SFR's.

Varying SFR of scanner B by applying different gains and at-

technique requires measurements based on the slanted edge ap-
proach. Based on that measurements we design equalizing filters
to invert the blurriness effect due to the scanning process. Ex-
periments results show promising performance of the proposed
technique in sharing similar sharpness characteristics and spatial
frequency responses among different scanners.
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Conclusions
In this paper, we introduced a new technique to automatically
restore the edge sharpness of scanned documents. The proposed
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