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ABSTRACT 

A new approach to contrast enhancement of mail piece images is presented. The contrast enhancement is used 
as a preprocessing step in the real-time address block location (RT-ABL) system. The RT-ABL system processes a 
stream of mail piece images and locates destination address blocks. Most of the mail pieces (classified into letters) 
show high contrast between background and foreground. As an extreme case, however, the seasonal greeting cards 
usually use colored envelopes which results in reduced contrast of the image, leading to background degradation. 
Another extreme case is the foreground degradation due to the light foreground strokes. These extreme cases can 
affect the selection of useful information from an image, thus affecting the decision, and decreasing the performance 
of the system. 

In this paper, a non-linear mapping M(A,u,P), where A is the local average, (T is the local standard deviation 
and P is the center pixel over a 9 x 9 window, is used to enhance the contrast of both the background and foreground 
degradations without affecting the nondegraded images. This approach provides local enhancement which adapts 

__ J~LIQ~aLf~_atJlr.es_._~_or_der_to_J3impli£y--the computation-of .A .. and-g-,- -dynamiG-p.rogram.m:ing-techuiq-tle--is--used~· 
Implementation details, performance and the results on test images are prese,.p.ted in this paper. 

1. INTRODUCTION 

Enhancement techniques are often used to either suppress or to emphasize selected features of an image 
aiming to increase the usefulness of the image.! From the late 60's, many enhancement techniques have been 
designed to compensate for the effects of a specific degradation process, and thus improving the performance of 
subsequent processes. The known techniques can be classified into spatial-domain methods using convolution masks, 
frequency-domain methods using fast Fourier Transforms and histogram-modification methods such as histogram 
equalization or direct histogram specification.2 The techniques, however, are very much problem-specific, because 
the objective of each technique is to process given images so that for the given application, the result is more 
suitable than the original image. Thus the measure of contrast is also different depending on its application. 
Intensity based operator (LlI / I) has been used for operations such as smoothing, compression and thresholding.3 

Squaring, level-slicing and level-windowing have been used for real-time optical contrast enhancement.4 Non-linear 
transform using power spectrums has also been used for better light efficiency in optical image enhancement.5 

For segmentation, statistical scaling or statistical differencing, contrast ratio (Am,m/un,n, where Am,m is the local 
average over m x m window and u n,n is the local standard deviation over n x n window) method has been commonly 
used.6 Research on human contrast-discrimination function shows that the cortical neurons also have certain type 
of contrast enhancement at near zero distribution.7 

In this· paper, a simple image processing technique is presented for enhancing the contrast of maiJ piece images. 
The technique has been developed for the real-time address block location (RT-ABL) system which processes a 
stream of mail piece images and extracts destination address blocks. The system has been implemented at the 
Center of Excellence for Document Analysis and Recognition, at the State University of New York at Buffalo.8 

The system achieves an effective throughput of 1/12 of a second per mail piece in the letter stream. This has 
been achieved using a pipelined architecture, with a set of image processing tools implemented using off-the-shelf 
and custom prototype hardware boards that uses Maxbus technology of Datacube Inc.,9 and software operations 
such as segmentation and block analysis. tools implemented on a multiprocessor platform. The image processing 
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hardware receives an input at a rate of 100 ns per pixel, and the subsequent functions of image thresholding, image 
filtering and connected component analysis process data steam at the same speed in a pipeline. 

Since the aforementioned system has the built-in adaptiveness in thresholding stage10, most of the normal mail 
pieces with reasonable contrast are processed successfully. With a very low contrast image, however, the system 
often shows some difficulties in locating the destination address block. For this, an experiment was conducted 
with the current system using the proposed contrast enhancement as a preprocessing to the thresholding stage. 
The input to the system has 256 gray levels and the resolution is 100 ppi. The proposed contrast enhancement is 
based on a non-linear mapping M(A,O' ,P), where A, 0' and P are the average, the standard deviation and the 
center pixel, respectively over a 9 x 9 window. This approach provides enhancement which adapts to local features, 
thus enhances the contrast of both the background and foreground degradations without affecting the non degraded 
images. Dynamic programming technique is used to simplify the computation of A and u. Implementation details, 
performance and the results on test images are presented in this paper. 

2. DEGRADATIONS 

Normally, the mail piece images show high contrast between foreground and background pixels, since most 
of the mail pieces use white envelopes and relatively dark hand writings or machine printings. In general, seasonal 
greeting cards such as a red envelope for a Christmas card, however, show low contrast due to the dark background in 
a gray-scale image. With significant degradation, both the foreground and background pixels may be near threshold 
range. Since the system is already adapted to the majority of high contrast nondegraded images, low contrast images 
may result in a lower performance. The purpose of the contrast enhancement is to adjust the contrast of an iInage 
such that the enhanced contrast of the output is within a range in which the thresholding performs successfully . 

. __ . ___ . __ '!:.~Q~:Y:~~_~_2L~e.g!:<:l.@.j;!ons can be de:fiIH~d in the. iUPllt stream of mail piece. images; background degradation and 
foreground degradation. 

2.1 Background Degradation 

With gray-scale black & white image, the colored envelope is usually represented as a background of low 
gray levels. Without any contrast enhancement, the foreground pixels show relatively low contrast, and hence the 
thresholding may produce a hard-to-process or over-segmented output. 

2.2 Foreground Degradation 

In some machine. printed mail piece images, faint foreground strokes were observed, especially in dot-matrix 
printouts probably due to an outdated ink ribbon. Also, the last page of a set of copies such as carbon copy can 
produce foreground pixels with relatively high gray levels. 

3. CONTRAST MEASURE AND ENHANCEMENT ALGORITHM 

For a local adaptive contrast enhancement, a standard deviation, u, and an average, A, over a 9x9 window are 
used as the basis of the enhancement technique. In general, the proposed contrast enhancement can be illustrated 
using the following two cases: 

(a) Stretch: If the image has small distribution (0' ~ 0) over a window with a certain average, A> 0, the output 
distribution can be str~tched. This intensifies the contrast. 

(b) Offset: If the image has small distribution (0' ~ 0) over a window with an average, A e:: 0, the window could 
be considered to be a dark background or a large foreground feature. By adding an offset to the center pixel, 
the pixel intensity is increased. 

The relationship between the input and the output of the stretch, and the offset is illustrated in Figure 1. The x-axis 
represents the pixel value and the y-axis represents the histogram. The stretch function expands the distribution 
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Figure 1: Relationship between input and output of (a) stretch and (b) offset. 
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Figure 2: Definition of (a) stretch and (b) offset. 

of the pixel values, and hence makes the thresholding easier. The offset function brightens the pixel value, so that 
the contribution of the pixel will be deemphasized in the thresholding. 

3.1 Definitions of Stretch and Offset 

The transfer functions of the stretch, k, and offset, </J, are defined as shown in Figure 2. The piecewise linear 
functions are obtained empirically. The critical points Pi, max, Xi and s are also obtained as (PI, P2, P3, P4) = (5, 
15, 60, 100), max = 20, (Xl, X2) = (12, 15) and s = 60, based on the result of an experiment. With the critical 
points, Pi and Xi, the overall enhancement is a combination of stretches and offsets as shown in Table 1. An analogy 
between the stret.ch function obtained for the contrast enhancement and the contrast-discrimination function of 
cortical neurons 7 has been observed. 

3.2 Non-Linear Mapping and Local Adaptiveness 

Based on the definitions of the stretch and the offset, a non-linear mapping M(A,O",P), where A is the local 
average, 0" is the local standard deviation and P is the center pixel over a 9x9 window, is represented by 

p' = M(A, 0", P) = kP - A(k - 1) + <P 

where 0 :::; pI :::; 255 is the new pixel value. 

With fixed values of A and 0", the mapping can be rewritten as 

p' = o:P+ {3 

(1) 

(2) 
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Table 1: Contrast enhancement based on standard deviation over a 9 x 9 window. 

Description 

0",,5 Decrease contrast with stretch, k < l. 
Increase intensity with offset, ¢ = s. 

5"" 12 Increase contrast with stretch, 1 < k < max. 
Increase intensity with offset, ¢ = s. 

12"" 15 Increase contrast with stretch, 1 < k < max. 
Increase intensity with offset, ¢ < s. 

15"" 60 Increase contrast with stretch, k = max. 

60 "" 100 Increase contrast with stretch, 1 < k < max. 

100 "" No enhancement. 

where Q' and {3 are constants. In other words, the coefficients ex and {3, which are determined by A and (T as 
the local features in a 9 x 9 window, provide the local adaptiveness of the approach. Figure 3 shows a flowchart 
detailing the contrast enhancement technique. 

4. EXAMPLES 

The technique presented was .. applied to three types of typical test images; background degraded, foreground 
--d~g~~ded;~d-no~deg~-ad~d i~~ge~~- -Figure -4 shows an example of the backgrounadegradation~-This-is a an example 
of typical greeting cards with dark background. The output of the contrast enhancement in Figure 5 shows the 
destination itddress block clearly. Figure 6 shows an example of the foreground degradation. The destination 
address block is a faint dot-matrix printout. Without the contrast enhancement, the output of thresholding was 
a set of speckles. Figure 7 shows the result of the contrast enhancement of an image of Figure 6. Figure 8 shows 
a typical nondegraded mail piece image. The contrast enhancement presented does not seem to cause any loss of 
performance on these images as shown in Figure 9. 

5. PERFORMANCE 

One of the well known techniques, the histogram equalization method2 was applied to the images shown in 
Figure 4 and Figure 6 for comparison. The histogram equalization method is an exainple of a global enhancement. 
Figure 10 and Figure 11 show resulting images and it is obvious that global enhancement fails on both these 
background degraded and foreground degraded images. 

A thresholded output of the enhanced image using the techniques presented is compared with a thresholded 
output of an unenhanced image based on their performance in the real-time address block location system. Figure 12 
shows the thresholded output of the image presented in Figure 6 with the contrast enhancement. Figure 13 shows 
the thresholded output of the same image without enhancement. The city name, state and ZIP Code area of the 
destination address block can be observed closely for the differences between the two images. In Figure 12, each 
character in these areaS of interest is represented as a single connected component (the number of total components 
in the entire image is 282). However, in Figure 13, each character is divided into s.everal components (the total 
number of components in the entire image is 554). The later may cause difficulties in determining the candidates 
of destination address block and also can considerably increase the processing time due to the presence of large 
number of connected components. 
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Compute standard 
deviation, a, and average, A, 

over 9 x 9 window 

Compute stretch, k, and offset, +, 
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k = stretch( a) 
+ = offset( a) 

calculate new pixel value 

P'= M (A,o,P)= kP-A(k-1)++ 

No 

Figure 3: Flowchart representing the contrast enhancement technique. 

6. IMPLEMENTATION 

Due to the sequential nature of the method presented here, it can be realized in hardware to fit into the 
pipeline of the RT-ABL system. The most time consuming operation is the calculation of the standard deviation 
which needs multiplication and square root operations. To minimize the complexity of the calculation, column-wise 
dynamic programming method can be used in the implementation. For each column, Ci (i = 1, ... ,9, C1 and Cg 

are the leftmost and the rightmost columns, respectively), calculate the sum of square, ~Pij2 and the square of sum 
(~Pij)2, where j = 1, ... , 9 row number. Since the window is moved from left to right and from top to bottom, 
only ~pgj2 and (~P9j? need to be calculated at a time. Approximation of square root can also be obtained with 6 
% tolerance. ll Also an analog VLSI implementation of this contrast enhancement approach is being investigated. 

7. CONCLUSION 

An efficient contrast enhancement of mail piece images, using non-linear mapping of average, standard devia
tion and current pixel value using a 9 x 9 window has been presented. It has been shown that the method enhances 
the contrast of images with either background degradation or foreground degradation, without affecting the non
degraded images. It was shown that the approach provided image enhancement that adapts to local features. The 
performance of the method was compared with other existing methods. With an intensive statistical evaluation of 
a large image set, the- method could be further studied and improved. 
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-
Figure 4: An example of background degradation. 

Figure 5: Output of the proposed contrast enhancement on the background degraded image. 
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Figure 6: An example of foreground degradation. 
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Figure 7: Output of the proposed contrast enhancement on the foreground degraded image. 
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Figure 8: An example of nondegradation. 
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Figure 9: Output of the proposed contrast enhancement on the non degraded image. 
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Figure 10: Histogram-equalization of the image in Figure 4. 

Figure 11: Histogram-equalization of the image in Figure 6. 
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Figure 12: Threshold output of the image in Figure 6 with the proposed contrast enhancement. 
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Figure 13: Threshold output of the image in Figure 6 without enhancement. 
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