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Abstract: Single-frame super-resolution image reconstruction is one of the issues highly considered and
studied in recent research works. In the techniques of super-resolution, besides increasing the size of image,
increasing the observable details is considered, too. In this research, a method of single-frame super resolution
is presented. It has low calculation complexity and also good accuracy. In this method, by making a complete
database and training a Multi Layer Perception (MLP) neural network, we have tried to reconstruct highresolution text images from low-resolution ones. In this research, it has been shown that the basic information
of text images is saved in two most significant bit-planes, so the reconstruction of the high frequency
components of this two bit-plane, has been focused in this research. Then by using low-resolution image
upscaled by nearest neighbor interpolation, separating six least significant bit-planes of it and finally with the
combination of this six bit-planes and those two reconstructed bit-planes, the images with high-resolution are
obtained. At the end, the results of our method are compared with the common techniques. To evaluate the
proposed method and compare it with some other methods, Structural SIMilarity (SSIM) is used. This quality
metric measures structural similarity of two images, that in comparison with PSNR and MSE measures, presents
a better concept of similarity between two images.
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INTRODUCTION

original HR image by fusing the LR images, based on
assumptions or prior knowledge about the generation
model from the HR image to the LR images. The basic
reconstruction constraint is that applying the image
formation model to the recovered image should produce
the same LR images. However, SR image reconstruction is
generally a severely ill-posed problem, because much
information is lost in the high-to-low generation
process[2].
There are mainly three categories of approach for this
problem: Interpolation based methods, Multi-frame
methods [3]-[5] and Single-frame methods [6]-[8].
Due to the advantages of low complexity in
implementation, very famous traditional interpolation
techniques including nearest neighbor (NN), bilinear and
Bicubic methods are used for initial enhancement of
images. Interpolation methods can produce smooth HR
image, which are usually blurry because interpolation
cannot restore the high frequency component back. To
preserve edge sharpness, edge directed interpolation is
proposed in [9, 10]. However, these methods do not

Gaining access to high-resolution (HR) images, due
to more details and information provided in this way in
comparison with the low-resolution (LR) image, it is highly
used in a lot of fields such as far-distance inspection,
increasing quality of video-conferences, wildlife-sensor
network, satellite imaging, medical imaging and so on.
At the same time, it is not always expected to access to
super-resolution (SR) images, because a lot of
applications have limitations in memory size, bandwidth
transition, cost of camera and so on. So using the
methods of signal processing in such applications to
access to super-resolution images is more useful.
Super-resolution reconstruction technique means
using signal processing and computer software in order
to eliminate image degradation caused by the imaging
system focused not allowed, motion blur and non-ideal
sampling and so on [1]. The goal of single image superresolution is to estimate a HR image from a LR input. The
SR task is cast as the inverse problem of recovering the
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consider the generation of LR image. The output results
have blurry effects[11]. Most of the researchers do not
consider this group of methods as the techniques of
super-resolution.
The multi-frame super-resolution techniques, as the
second category mentioned above, assume the existence
of multiple images of a scene and aggregates the
information spread around these images to produce a
single HR image. Generally, due to the existence of
additive information such as relative motion between
these images, multiple-image super-resolution research is
mainly focused on solving some sub-problems which
include estimating the registration parameters for aligning
the LR images, determining the characteristics of the
sensor and regularizing the solution with prior
information[12].
The third category of super resolution is Single-frame
super-resolution approach in which training set is created.
In this technique of super-resolution, using just a single
image as an input, its HR version is obtained and here, the
reconstructed HR version of LR input image is tried by
learning the high frequency details of an existing
database.
For the first time, the idea of super-resolution was
expressed by Tsai and Huang in 1984 [13], in order to
reconstruct an image with super resolution by using multi
LR images. But in recent years, along with the expansion
and improvement in these procedures, the techniques of
single-frame super resolution have also been developed.
And its reason is the limitation in multi-frame methods and
the existence of applications in which just one singleimage with LR is available. Thus, this research focuses on
the techniques of single-frame super resolution and
recommends a method for more resolution of single text
image.
Most single frame super-resolution algorithms also
involve a training set, which is usually composed of a
large number of HR patches and their corresponding LR
patches. The input LR image is split into either
overlapping or non-overlapping patches. Then, for each
LR patch from the input image, either one best-matched
patch or a set of best-matched LR patches is selected from
the training set. The corresponding HR patches are used
to reconstruct the output HR image. Freeman et al [14]
referred the single-image super-resolution as the problem
of estimating high-frequency details by interpolating the
input low-resolution image into desired scale. Then the
super-resolution is performed by the nearest neighbor
(NN)-based estimation of high-frequency patches based
on the corresponding patches of input low-frequency

image and resolving the compatibility of output patches
using a Markov network. In recent works, Yang et al in [2]
proposed a method for adaptively choosing the most
relevant reconstruction neighbors based upon sparse
coding and producing superior results. Then they
improved their work in [1]-[15]. However, sparse coding
over a large sampled image patch database directly is too
time-consuming. Super-resolution of low resolution
document images is becoming an important pre-requisite
for design and development of robust document analysis
systems. Large scale camera-based book scanners
employed in digital libraries require resolution
enhancement to obtain high OCR accuracies. It is also
true with the text embedded in natural scenes, which
could be used for indexing. There has been a substantial
amount of previous work in super-resolution for text
images. Banerjee et al. [16] presented an edge-directed
super-resolution algorithm for document images without
using any training set while explicitly encoding the text
gradient information in a MRF framework.
As it has been mentioned before, often in singleframe methods, a database is used for the reconstruction
of high frequency details of input image. So making the
database is the first step in most of these techniques. All
methods, that have been presented so far, use random
images and/or patch for making the database. Due to the
use of these training patch in training step, the results of
testing step are greatly dependent on the images and
patches formed in that special database. In other words,
these methods highly rely on the similarity between the
training set and the test set. Another problem of these
methods is the number of training patches. It is still
unclear how many training examples are suf?cient for the
generic images.
All things considered this paper, as an attempt,
focuses on the problem of recovering the SR version of a
given low-resolution text image and proposes a method
just uses information of two bit-plane of LR image. Also
a special technique for making a complete database has
been presented that has reduced dependency of the
results to the contents of database and has made all
needed training patches ready for use.
The Impact of Bit-planes in Showing the Details of Text
Images: It is clear that each pixel from grayscale images
can be shown by an integer from 0 to 255. As a result,
each grayscale image consists of 8 bit-planes. As the
researches show, the basic information of images can be
reconstructed by using the most significant bit-planes, so
in the following, using the most significant bit-planes in
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presented in [15] and Bicubic interpolation method. At the
end, Section IV is a brief conclusion of our research.
The Proposed Method: In this paper, we propose a new
single-frame super-resolution method that its steps are
explained in details.
Construction of Complete Database: As it was shown in
the previous section, in reconstructing the high frequency
information of text images, it is enough to reconstruct the
information related to the two most significant bit-planes.
We take the step of complete database construction, just
for the 4 gray levels (192, 128, 64, 0) which relates to the
two most significant bit-plane of HR patch. In this way,
the volume of both database and calculation is reduced.
In constructing the database, all possible conditions
for making 4×4 patches in exchange for 4 gray levels
mentioned above as the HR database patches are
produced. Then with interpolating of those patches into
2×2 patches, corresponding LR patches are constructed.
Obviously, a LR patch can be produced with some HR
patches, so among the obtained patches in database,
corresponding HR patches for each LR patch must be
found, then they are placed in a distinct category. In this
way, as the LR patches related to the 4 group gray levels,
we will have 256 (44) categories of HR patches which
correspond to LR patches.

Fig. 1: The first column from left is related to the basic
HR images, the second one to the results of
combining two most significant bit-planes of HR
image with six least significant bit-planes of
corresponding interpolated LR image, the third
one to upscaled images by using Bicubic
interpolation and the fourth column is related to
their corresponding LR images.
single-frame super resolution, a method is recommended
through which the volume of database is reduced and the
speed of processing is increased.
Doing some experiments, it is concluded that the
basic information of text images, due to having a limited
number of gray levels and also the sudden changes in
gray levels of these images, has come to the two most
significant bit-planes. In this way, the desirable HR image
would be within reach just by reconstructing high
frequency information of only two most significant bitplanes of the text image and combining these two HR bitplanes with six least significant bit-planes of
corresponding interpolated LR image. The results of these
experiments on some text images have been shown in
fig. 1. In this figure, from left to right, the first column is
related to the basic HR images, the second column to the
results of combining two most significant bit-planes of HR
image with six least significant bit-planes of
corresponding interpolated LR image, the third one to
upscaled images by using Bicubic interpolation and
finally the fourth column is related to their corresponding
LR images, respectively.

Training MLP Neural Network: In this step, using the
training pair patches and the training of a MLP neural
network, high frequency information of training patch is
learned. The input of the network would be 2×2 LR
training patches which exist in the training images and its
output is 4×4 HR patches which correspond to the input
of the network. Here, similar to the construction of
database, two most significant bit-planes of training
images are used.
Testing the Input Data: In this step, first two most
significant bit-planes related to the input image are
separated from it. Then LR input image is upscaled by
using nearest neighbor interpolation and six least
significant bit-planes is separated from it.In other words,
just two most significant bit-planes of input image is
processed as the LR test image. Then, from the above
corner on the left, all 2×2 patches of two most significant
bit-plane (with overlapping of one pixel), as an input data,
are given to the network which we trained in the training
step and then receive its output which is an estimation of
HR patch. Here, those patches are selected that their

Organization of the Paper: The contributions of this
paper can be summarized as follows: Section II explains
our solution to the image SR problem and specially, our
studies about useful information on bit-planes of text
images. In Section III, we discuss about experimental
results of proposed method and compare them with other
methods such as dictionary method that has been
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Fig. 3: Super-resolution results upscaled by factor 2,
using Bicubic interpolation method, Dictionary
methodand our method respectively.
In our experiments, we magnify the input LR image by
a factor of 2 for text images. For the LR images, we always
use 2×2 low-resolution patches (upsampled to 4×4), with
an overlap of 1 pixel between adjacent patches. For color
text images, we apply our algorithm to the illuminance
channel only, since humans are more sensitive to
illuminance changes. We therefore interpolate the color
layers (Cb, Cr) using plain Bicubic interpolation. The
results of various methods are evaluated both visually
and qualitatively in Structural SIMilarity (SSIM) [17]. Even
though PSNR is a common criterion in image processing
for recovery, it is not quite reliable for rating visual image
quality[18].

Fig. 2: The proposed algorithm in two latest steps
variance is larger than a threshold. Then selected patches
are processed by referring to database; otherwise, we
simply apply bicubic interpolation as our HR image patch
estimation. Then, in order to receive the best super
resolution patch corresponding to the input LR patch, it
is needed to refer to database and search the LR category
of related patches. The nearest available patch in that
category to the estimated HR patch by neural network is
selected as a desirable patch which corresponds to the
input LR patch.

Selective Patch Processing for Training MLP Neural
Network: The MLP neural network is trained from 100 000
patch pairs randomly sampled from text images. We
preprocess these images by cropping out the textured
regions and discard the smooth parts. In this work,
patches are selected by measuring the variance of image
patch: if the variance of an image patch is larger than 50,
it will be selected.

Combining Eight Bit-Planes: After the completion of
the processing level on the two most significant bitplanes of input image and reconstructing its high
frequency details, these two HR bit-planes are
combined with six least significant bit-planes of
interpolated LR image and as a result the superresolution of input image is acquired. The way that the
recommended algorithm acts in C and D steps has been
shown in Fig. 2.

Evaluation: In Fig. 3, our method is compared with the two
more state-of-the-art methods on the same text images.
The visual observation is also supported by the
SSIMs of the recovered images. In Table 1, the
SSIMs of the reconstructed images are listed for
Bicubic interpolation method, Dictionary method and
proposed method shown in Fig. 3. It shows that our
method has better quality in comparision with the
two other methods. Table 2 shows the computation
time in seconds for test images. The algorithm is written
in MATLAB 7.11.0 (R2010b) and runs on a laptop of

Experimental Results: In this section, we demonstrate the
SR results obtained by applying the previously mentioned
methods and proposed method on text images.
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Table 1: SSIMs of the Reconstructed Test Images Using Our Method,
Dictionary Method and Bicubic Interpolation Method
SSIM

Bicubic interpolation

Pic1
Pic2
Pic3
Pic4
Pic5

Dictionary

0.8544
0.8482
0.8314
0.8430
0.8357

0.9017
0.8969
0.8960
0.9053
0.8989

5.

Our method
0.9073
0.9131
0.9043
0.9062
0.9023

6.

Table 2: Processing Time of Our Method and Dictionary Method
Time table/sec

Dictionary

Our method

Pic1
Pic2
Pic3
Pic4
Pic5

626.049901
834.967995
529.297889
525.313294
409.448493

290.917990
398.009671
244.650188
226.055780
192.455411

7.

8.

Core(TM)2 Duo CPU T7250 2.00GH with 1G memory. To
compare with [15], the computation time is much slower
than our current solution with trained MLP neural
network.

9.

CONCLUSION

10.

This paper presents a novel approach toward single
image SR using a complete dictionary and a MLP neural
network trained from HR and LR image patch pairs.
Experimental results demonstrate the effectiveness of two
most significant bit-planes of text images. The presented
method is compared with the Bicubic interpolation and
Dictionary method. Our algorithm notably improves the
recovery accuracy and has less time processing than
Dictionary algorithm. Furthermore, aiming at practical
applications, we propose to adaptively process these
image patches based on standard deviation thresholding
that it reduces the time processing.

11.

12.

13.

14.
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