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Abstract— Automatic Image annotation and retrieval is an 

interesting area of research in the broader field of Image 

analysis and Image processing. A digest generated using the 

pixel properties of an image has interesting applications of 

its own. In this paper we present a methodology to generate 

a digest for a given image capturing the region information. 

The algorithm works on grayscale VGA images. So we 

convert color images to their corresponding monochrome 

counterparts. Images of resolution higher than VGA are 

converted to their VGA equivalents. A digital image can be 

segmented in several different ways prior to analysis. Here 

the given image is divided into equal sized segments also 

referred to as grids or blocks. A fraction of the pixels are 

sampled from each grid to capture the grayness information. 

A number or a digest corresponding to the distribution of 

grayness values is generated for each grid. The digest for the 

entire image is a composition of the digests computed for 

each grid. The digest generated for visually related images 

generate digests that are close to one another numerically. 

These digests can be used as keys to store and retrieve their 

corresponding images. 

Index Terms—Image Digest, Image Segmentation, Image 

Annotation, Automatic Image Annotation, Image Retrieval, 

Image Analysis, Image Processing 

I. INTRODUCTION 

  Historically images have been annotated and tagged 

manually which is a time consuming and tedious task. In 

contrast, Unsupervised or Automatic image annotation 

relieves the bur-den of the user. Automatic image 

annotation and retrieval is an interesting research topic. 

This field has its roots in computer vision and has 

dependence on one more of the following related areas: 

Image segmentation, Pattern Recognition and Content 

Based Image Retrieval. 

Digest Generation for a given block of message is an 

activity that has a history of its own. It has found several 

interesting applications in the field of Computer 

Cryptography. Specifically it has been used to generate 

Digital Signatures, Message Authentication Codes and so 

on, mainly to verify the integrity of the message. 

This work borrows the idea of digest generation from the 

Cryptography field and solves the annotation problem of 

digital images. Our algorithm treats the pixel intensity 

values as a distribution and generates a digest for the 

given image. For a given image of a particular distribution 

of intensities, the digest generated is unique. This 

property can be used to match a digest with a given image. 

We call this algorithm Image Digest II since this is a 

follow up to an earlier algorithm called Image Digest. The 

predecessor of this algorithm treated the entire image 

space as one locality or region in calculating the digest. 

The advantage with this technique is the speed and the 

space efficiency that results. However there is an error 

introduced with that approach. Two different, unrelated 

images having the same distribution of intensities can 

generate digests that are close numerically. 

Image Digest II algorithm, attempts to improve on this by 

considering the region or locality information in 

calculating the digest. This improves the situation by 

mapping a unique digest to an image with only a marginal 

overhead in computation but no extra requirements in 

terms of storage. 

The generated digest has several interesting applications 

in the image annotation and retrieval field. We can use the 

digest as a key to store and retrieve images from image 

catalogs or databases. We can also use the generated 

digests from two images to compare and classify them. 

Since segmentation is an important step of the solution in 

any image processing problem we have devoted the next 

section to discuss the state of the art in the image 

segmentation domain. 

II. IMAGE SEGMENTATION 

Image segmentation can be defined as a process of 

discovering homogeneous areas of an image. 

Homogeneity is determined with respect to certain 

properties of the image such as grayness, texture and 

color.  It is an essential first step in image analysis and 

pattern recognition and also happens to be one of the most 

difficult aspects of it. Image segmentation has been an 

active field of research and as of date numerous 
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segmentation methodologies or techniques have been 

proposed. In an effort to understand the various 

techniques, researchers have tried to classify the various 

segmentation methods available. 

Segmentation methodologies can be classified at the 

highest level as similarity and discontinuity methods. The 

properties of similarity and discontinuity are based on the 

pixel value differentials with their local neighborhood 

pixels. Methods based on the similarity property are 

called region-based methods and methods based on the 

discontinuity property are called boundary-based 

methods. 

Traditionally, image segmentation techniques or 

algorithms have been classified into the following three 

classes:  Thresholding and Clustering, Edge Detection 

and Region Extraction. Thresholding techniques are 

based on the gray level histogram and structural 

characteristics of the image. Clustering techniques are an 

extension of Thresholding techniques. They use multiple 

features of the image such as the mean grayness level and 

texture together. Edge detection algorithms are based on 

detecting edges or boundaries in an image. An edge could 

be defined as a sudden or abrupt change in the grayness 

value. Region based segmentation methods group pixels 

of similar characteristics into a region. 

The more recent texts have classified the segmentation 

techniques into the following three classes: Edge based, 

Region based and Cooperative methods. Edge based 

methods are based on finding edges in the image. Edge 

methods are further classified as Parallel edge detection 

methods and Sequential edge detection methods. In 

Parallel edge detection, the decision of including a set of 

points in an edge is independent of the other points that lie 

on the edge or not. On the other hand in Sequential edge 

detection, the decision of including a point depends on the 

previously examined points. 

Region based techniques group a set of pixels with similar 

characteristics into a region. Region based methods are 

further classified into Region Growing, Region Splitting 

and Split and Merge techniques. The Region Growing 

methods start with a region, which includes a single pixel 

called the seed and expands it by adding pixels in the 

neighborhood with similar characteristics. The Region 

Splitting methods operate in the other direction. They 

start with a region which includes the whole image and 

apply similarity and discontinuity criteria to recursively 

split the region into several homogeneous regions. The 

Split and Merge technique applies both the region 

growing and region splitting operations based on 

homogeneity criteria. That is the technique works in 

several recursive steps, and in each step, regions are split 

or merged based on the prevailing region characteristics. 

Unfortunately Edge based and Region based methods 

alone do not produce satisfactory results on their own. 

Cooperative Methods combine the effectiveness of both 

Edge and Region methods to achieve good results. 

Embedded Integration is a popular cooperative method 

that starts with an edge as a seed and grows regions from 

it. Another popular cooperative method is 

Post-processing Integration where an image is analyzed 

independently using Edge and Region methods and the 

results are integrated in a post-processing step. 

Our Image Segmentation technique can be classified as a 

Thresholding technique that uses pixel grayness values in 

capturing the image characteristics. Details of the 

methodology are given in section IV. 

III. RELATED WORK 

References [1][2][3][4][5][6] is a good collection of 

papers on the topic of image segmentation. Reference [1] 

presents a segmentation methodology which starts with a 

region of the image and recursively splits the region using 

histogram of the feature values in the region. Reference 

[2] presents a split-and-merge segmentation technique. 

Reference [3] presents Picture Segmentation by a Tree 

Traversal Algorithm. Reference [4] presents a 

segmentation algorithm that is based on the concept of the 

lattice of connective criteria. Reference [5] presents a 

segmentation algorithm which builds segments through 

random walks from unlabelled pixels to pixels with 

predefined labels. Reference [6] presents a segmentation 

algorithm based on graph partitioning. Reference [7] is a 

good treatise on the subject of image composition. 

References [8][9][10][11][12] are excellent write-ups on 

the topic of image captioning and annotation. Reference 

[8] presents a real-time image annotation method based 

on the generative modeling approach.  Reference [9] 

presents a image annotation approach based on a 

statistical modeling approach. Reference [10] discusses a 

method to discover correlations between image features 

and keywords. Reference [11] Presents a two layer 

learning system that is image content sensitive. Reference 

[12] presents a probabilistic model of image annotation 

that supports image classification and annotation 

together. Reference [13] provides a good introduction to 

the topic of variable and feature selection. Reference [14] 

discusses significant challenges involved in the 

adaptation of existing image retrieval techniques. 

Reference [15] presents a survey that reviews recent 

articles on content-based multimedia information 

retrieval. Reference [16] is an earlier work by the authors 

of this paper on the topic of image digest. References 

[17][18][19][20] provide good coverage of the message 

digest algorithms md2, md4, md5 and md6. Reference 

[17] presents a technique to generate a 128 bit fingerprint 

for a message of arbitrary length targeted for digital 

signature applications. Reference [18] presents a message 

digest algorithm that is a follow up to md2 that is expected 

to perform better on 32 bit machines. Reference [19] 

presents the MD5 algorithm which does not require any 

large substitution tables and the algorithm can be coded 
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quite compactly. Reference [20] presents a message 

digest algorithm for 64 bit machines that is simple and 

flexible and generates digest of size up to 512 bytes. 

IV. IMAGE DIGEST II  

In this section, we elaborate on our image digest 

generation technique. The given monochrome image of 

VGA resolution is first partitioned in to grids, blocks or 

segments of equal size. For instance we could choose to 

have 32 grids. For efficiency purposes we could sample 

only 50% of the total pixels in the image. Considering the 

dimension of 640X480 for VGA we have total of 307200 

pixels. Sampling only 50% of the pixels we have 153600 

pixels which works out to 4800 pixels for each grid. These 

pixels form the distribution from which the grayness 

component for the grid is computed. 

We need 8 bits to capture the grayness component (256 

levels) for a grid. This component is the sum of individual 

weighted grayness value for each grayness level. The 

grayness level for each pixel ranges from 0 to 255. 

Suppose block 1 has the following distribution of 

grayness levels: 20% of the pixels have a value of 66, 10% 

of the pixels have a value of 99 and 70% of the pixels have 

a value 127. The grayness value or the digest component 

for the block is computed as follows, 

GV = 0.2 * 66 + 0.1 * 99 + 0.7 * 127 = 112 

This value takes the field for block 1 in the digest. Since 

we have 32 blocks and each block takes up 8 bits we can 

represent the digest for the image in a 128 bit number. 

This is available on most modern machine architectures 

and programming languages as a data type of double. 

 
Figure-1:  An Image divided in to 32 equal sized grids 

 
Figure-2:  Structure of the Image Digest 

 
Figure-3:  Example of an Image Digest 

Figure-1 shows a digital image divided in to 32 grids, 

blocks or segments. Each grid contributes pixel samples 

for the calculation of the image digest component for the 

grid. The digest for the entire image is a composition of 

the digests for all the individual grids. The central 

portions of the image are given higher significance when 

compared to the peripheral portions of the image. This 

makes sense for most images since the important features 

of the image are clustered towards the center when 

compared to the edges. So blocks are numbered starting 

from the center and radiates in spiral fashion towards the 

periphery of the image. This arrangement ensures that 

central blocks contribute to the MSB of the digest and the 

edges contribute to the LSB. Thus block numbers 

determine which fields of the image digest a particular 

block contributes its digest component. This scheme 

produces closely related digests (numerically) for images 

that are related visually especially in the central parts of 

the image. 

Figure-2 illustrates the structure of the image digest for a 

particular grid. It shows bit numbers from 0 to 127. Each 

field is 8 bits wide and holds the digest for a block. The 

digest for block 1 occupies the field in the most significant 

position (MSB) and the digest for block 32 occupies the 

least significant position (LSB). 

Figure-3 illustrates a case where the individual digests for 

block 1, block 2, block 3 and block 32 are respectively, 

99, 128, 56 and 255. The corresponding numbers in 

binary are: 1100011, 10000000, 111000 and 11111111. 

The bit values for other fields of the digest are calculated 

in a similar fashion. 

Since the digest generated for the image is a composition 

of individual digests for grids or blocks of the image, 

region or locality information is captured. On the other 

hand, a technique that operates on the image ignoring the 

locality information would have flagged two different 

images with the same distribution of grayness values as 

same. Image Digest II is superior in that sense. 

It is to be noted that the choice of 32 segments is driven by 

the need to keep the digest under 128 bits. If higher 

accuracies are desired we can choose to divide the image 

into more segments. The digest generated would 

proportionally require more bits of storage. For instance if 

the number of segments chosen is 64, the resulting digest 

would require 256 bits and so on. 

V. CONCLUSION 

In this paper we presented a methodology to generate a 

digest for a given digital image using region or locality 

information. The method operates on monochrome VGA 

images. So images of higher resolution are first converted 

to VGA. Color images are converted to their monochrome 

equivalents. The given image is divided into equal sized 

grids, blocks or segments. A fraction of the pixels in each 

grid is sampled for digest generation. The distribution of 

grayness values in the grid is used to generate a number or 
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a digest for the grid. The digest for the entire image is 

composed of individual digests of the grids forming the 

image. 

Segments are numbered starting from the center and they 

radiate towards the edges of the image. This arrangement 

gives importance to the pixels in the center of image over 

the ones that are in the periphery. Digests for similar 

images are numerically related to one another. This 

property can be used to solve problems in image 

annotation and retrieval areas. For instance, the digest can 

serve as a key to store and search related images in a 

database of digital images. The digest can also be used for 

image classification purposes. 

This work considered the grayness distribution of an 

image for calculating the digest. We have consciously 

avoided considering other image features such as texture 

and color to keep the algorithm simple. However future 

follow up work in the area, needs to consider these other 

image features for calculating the image digest.                                          
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