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ABSTRACT: 

Optical character recognition (OCR) remains a difficult problem for noisy documents or 

documents scanned at low resolution. Many current approaches rely on stored font 

models that are vulnerable to cases in which the document is noisy or is written in a font 

dissimilar to the stored fonts. 

In this paper we test two approaches for preprocessing, or correcting the input images. 

The focus is on noise reduction, lightness correction and binarization, all relative to found 

letters with a slow but more accurate method and a fast and less accurate method. We 

then compare the results and see if the extra time spent in developing more complex letter 

deduction technique offers significant improvements. 
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1. INTRODUCTION 

One important problem in the field of image processing is data extraction from 

documents. We are trying to convert as much information as possible from paper to digital 

form for preservation purposes. Due to the quantity of data to be converted, manual 

processing is not an option for cost and time issues. OCR [4] helps with the automation of 

the process. However especially important historical documents are degraded and they 

can’t be detected by the OCR without prior processing. Here are some of the more 

common techniques applied before actual interpretation of the text: 

 Equipment Calibration and Data Acquisition [7] 

 Noise Reduction 

 Binarization [8] 

 Deskew [9] 

 De-speckle 
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 Classification 

 Layout analysis 

 OCR preprocessing (the step we’re interested in this paper) 

 OCR [10] 

 Optional step: OCR postprocessing [11] 

In this paper we test two approaches at preprocessing and compare the results. 

Related work 

Noise reduction is an important problem today with a very wide field of applications, 

from artistic photography to medical diagnosis. In the domain of optical text recognition, 

noise can affect profoundly the performance of the text recognition and reconstruction 

software, having a cascade effect on the processing pipeline. 

Various methods were employed to be able to reduce the noise without damaging the 

useful signal in the image. In their work on medical X-ray images enhancement, Hensel et 

al [1] use a transform called Laplace pyramids. Multiple layers of pyramidal 

transformations of the image are generated and the processed image is reconstructed by 

combining these layers in a different way that gives a bigger weight to the useful signal 

and a smaller weight to the noise. This work is the main inspiration for the presented 

application. 

Usually referred to as “salt and pepper” noise, or impulse noise, the type of noise given by 

extreme values for some of the pixels is the subject of Chan et al. [2]. This type of noise 

can appear in binary images after different other noise cleaning methods are applied. In 

their work, they apply adaptive median filtering to neutralize this kind of noise from 

images. 

In 1998, Winkler et al [3] did an extensive work on edge preserving noise removal 

methods. They analyze some of the current methods and approach M-estimators and 

nonlinear filters to obtain similar performance. 

Aside the correction of the image, a slightly modified version of the Adaptive 

thresholding using integral images [6] will be used, in order to work with degraded 

images. 

2. PROPOSED APPROACH 

We will compare two different approaches, both very similar, but with different 

implementation approaches for achieving the purposes (ex: the first approach actually 

encapsulates letters in bounding boxes, while the second considers letters the regions of 
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high contrast in the image). At the end we will see if the extra time spent on precision 

processing offers significant improvements or none at all. 

3. THE FIRST PREPROCESSING ALGORITHM 

 Grayscale transformation of the image 

 Histogram equalization 

 Adaptive binarization with window dimension 12 

 Identification of the potential letters using the WordHeight function on the binarized 

image 

 After the letters are saved, the noise level is measured by counting the potential 

letters with height less than a certain value 

 If the noise level is above a threshold, we apply noise reduction using a Gaussian 

pyramid on the post-histogram equalization image from above. Otherwise, we skip to 

the next step 

 We apply adaptive binarization using a size 12 window to determine the average 

letter height (a potential letter is a set of interconnected black pixels) 

 We re-apply the adaptive binarization using the average letter height as the window 

size. The letters are saved in an array 

 Each rectangle containing what is present in the original image inside its limits is 

saved in an OpenCV matrix which in turn is saved in an array 

 On each of these matrices we apply histogram equalization and adaptive 

thresholding. We create a new white image the same size of the original. The new 

image is populated by the rectangles. We apply a simple median filter 

 We save the final image 

3.1. Histogram equalization 

This method is mostly used for contrast adjustment using the image’s histogram to modify 

the pixel intensities. [5] 
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Figure 1. An example of histogram equalization 

In this implementation, the color space used is YCbCr. For each intensity, the probability 

that a pixel has that intensity is calculated and added to the sum of the probabilities of all 

the intensities smaller than the current one. Having arrived at this value, the algorithm 

tries to find an i for which i/255 is closest to the current value. After finding it, all pixels 

with the current intensity will be converted to intensity i. 

3.2. The WordHeight function 

The idea is that after a basic binarization with a small window, most letters will be present 

more or less correctly. The crucial aspect is their heights. Making the presumption that the 

binarization will only ruin a small number of letters, we will be left with a meaningful 

amount of letters from which we can approximate their average height. 

The algorithm works by visiting each fairground pixel: for each unvisited black pixel, the 

following steps are executed: 

 The pixel is marked as visited in the visited pixels array and a new letter instance is 

created 

 The immediate neighbors of the pixel are checked and added to the letter 

 This iterations ends when reaching the last pixel in the array 

 After forming a letter, it is added to the letter array and its height is added to the 

height array. 

 After finding all of the letters, the heights are sorted in a separate array and eliminate 

the ones below a certain value. 

 The median height is considered as the height used in the future steps of the 

algorithm. 

 Finally, letters with height lower than the average will be eliminated. 

 During these operations, each letter structure will also contain the encompassing 

rectangles. 
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Figure 2. An encompassing rectangle around a binarized letter b 

3.3. Noise reduction with Gaussian pyramid 

This method consists of reducing the image to half of its dimensions and then expanding 

it to its original size. In doing this, a sizeable amount of noise will be removed. The 

reduce operation consists of isolating a 5x5 matrix with the current pixel as its center and 

calculating 4 values by multiplying the middle row, middle column and diagonals with 

vectors and then performing a mean average. These vectors are: 

 [0.1, 0.25, 0.3, 0.25, 0.1] for the column and row 

 [0.075, 0.225, 0.4, 0.225, 0.075] for the diagonals; the pixels are chosen 

intermittently on the columns and rows. The expand operation is the inverse of the 

first one, interpolating the pixel values to find the missing pixel values. 

3.4. Final steps 

The image is re-binarized according to the medium computed letter height. Thus, we can 

establish an encompassing rectangle for each letter and local operations can be performed, 

ignoring the potential large contrast differences from other parts of the image. Also, to 

eliminate the noise which will be saved as letters, only letters over certain heights will be 

passed along to the next step. 

4. SECOND APPROACH FOR IMAGE PREPROCESSING 

 Substract Laplacian Operator 

 Non Local Means Denoising 

 Noise removal from non-text regions 

 Automatically choose binarization parameters based on noise measurements 

 Automatically choose binarization parameters based on result observations 
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4.1 Discrete Laplacian Operator 

This is the first important algorithm applied over the image, of course after the image was 

transformed to grayscale. This step is done to detect the edges of letter. Of course to see 

the result, scaling to absolute is required. 

 
Figure 3. Edge is characterized by a maximum. First Derivative[1] 

 
Figure 4. Second derivative is 0. Used in edge detecion[1] 

4.2 Store difference between Laplace and normal image 

Now subtracting the result obtained from the Laplace transform from the original image, 

the algorithm will increase letters thickness. Parameters can be change by increasing the 

contrast of the Laplace image. 
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Figure 5. Applying Laplace and subtraction from original: left=original, right=processed. 

4.3 Denoising 

Denoising is applied over the image obtained in the second step. There are a few 

algorithms used in image processing. For this experiment Non Local Means Denoising 

was used. The algorithm searches for similar pixels in the image and can classify a pixel 

as a good value or noise. To compute similarities in a window a weight function can be 

applied. 

There are a few factors that should be considered when implementing this algorithm. The 

size of the window (gives the processing time), the similarity window which must be 

smaller than the process window (usually it’s somewhere about 7X7 pixels and the weight 

function. This is the most time consuming part of the algorithm. 

4.4 Speckle removal 

The noise removal stage affects only the binary noise that occurs in non-text areas. 

The noise removal algorithm is obtained by applying the following steps: 

 Compute the binary gradient map by applying the Sobel operator (Figure 6); 

 Binarize the gradient map (Figure 7); 

 Apply a morphological dilation to the binary gradient map. This step is necessary in 

order to make sure that we don't remove any of the text regions (Figure 8). 

 Remove small contours from the image obtained in the previous step (Figure 9). 

 Apply a bitwise and operator between the image obtained in step 4 and the binary 

image selected by the adaptive thresholding algorithm (Figure 10). 
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Figure 6. The results after applying the Sobel operator: left - edge enhanced image, right - 

gradient map 

 
Figure 7. The results after applying a threshold binarization to the gradient map: left - 

gradient map, right - binary gradient map 

 
Figure 8. The results after applying the dilation morphological operator: left - binary 

gradient map, right - dilated binary gradient map 
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Figure 9. The results after removing small contours from the dilated gradient map: left - 

original image, right - processed image 

 
Figure 10. The final result (right) obtained after combining the binary image (left) with 

the dilated gradient map (center). 

4.5 Compute Noise Ratio 

The noise ratio can be estimated based on the difference between the denoised image and 

the original image. The noise estimation helps in deciding upon which threshold 

algorithm to choose from. The adaptive thresholding is applied only if the noise ratio is 

above the threshold. The final image is binarized based on an adaptive thresholding 

method. The method is comparing if a pixel has a smaller or bigger value than the average 

pixels. If the pixel value is smaller only with a percent then the value is turned to black 

otherwise is white. This algorithm is super robust and can perform well on lighting 

variations. The only problem to be consider it the dimension of the window which can be 

chose based on the width of the image. 

4.6 Binarization algorithm improvements 

For this project we have used a binarization algorithm described in the article "Adaptive 

thresholding using the integral image" [6]. This is a simple and easy to implement 

algorithm, and provides good results in cases where the illumination is not uniform. 

The adaptive thresholding algorithm depends on two parameters: S - a fixed window size 

and T - a percentage threshold. 

In short terms, the main steps of the binarization algorithm are: 
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 For every pixel I(x; y) in the input image I, compute the mean intensity of the pixels 

in the window S centered in (x; y); 

 If the intensity of the pixel in the center of S is lower with T percent than the mean 

intensity set its correspondent pixel in the binary image to 0, else set the 

correspondent pixel to 1. 

For speed optimization, the integral image is computed at the beginning. Every pixel in 

this image is represented by the sum of all pixels with lower position indexes (in a top to 

bottom, left to right order). 

In order to determine the optimal size of the window (parameter S) we have applied the 

following steps (results are shown in Figure 11): 

 Compute multiple binary images with various sizes (for example from 2 to 20) 

 Select the image that has the biggest difference in terms of the number of white 

pixels compared to the previous size 

 
Figure 11. Binary images computed by varying the window size. In this case, the last 

image is selected as the best candidate. 

5. RESULTS 
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Figure 12. Results of the two approaches: first column - original image, second column - 

first approach, third column - second approach 

From the results of different images we can see that even if the ideas are similar, the 

actual implementation approaches offer slightly different results. The first algorithm tends 

to induce noise around letters because of the binarization around each letter, but the letters 

are connected, whilst the second approach tends to find edges around large letters because 

of the edge detection approach in finding letters. 

1. CONCLUSION 

Because the range of the possible input images in the task of text recognition is very wide 

it is important to be able to bring different types of document scans to a common format 

that is easy to process by an OCR software. This involves an adaptive preprocessing that 

can correct the deteriorated document images without breaking the clean ones. 

The list of dimensions of variability is very long, with just a few mentions being: contrast, 

skew, warping, text color, size and type-face, page layout and formatting, shadows / 
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specular highlights, background color, noise level, blur level. The current work aims to 

add invariance for contrast and noise differences. 

Noise is particularly important, because it is almost omnipresent in the domain of scanned 
documents and it very often interferes with the textual content. A full range of factors can 
add noise to an image, from camera sensor aberrations, print bleeding through the page, to 
dirt and printer defects. 

By using an adaptive contrast adjustment followed by a noise reduction algorithm, this 
work aims to improve the readability of documents, both for human readers and for OCR 
software. Noise reduction is obtained by decomposing the image in a Laplacian pyramid 
and recomposing this back into a gray-scale image with giving less visibility to the noisy 
layers. This algorithm chaining can give bad result on images with different type and sizes 
of fonts and good results on images with few variations for size. 

The second algorithm is based on a series of smaller algorithms put together to create a 
good image which in the end is passed to an OCR algorithm. On a medium PC, the 
algorithm can take up to a few minutes, depending on the size of the input image. For 
future work parallelization can be implemented to speed up the whole process. The 
denoising algorithm is already parallelized using OMP. 
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