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Abstract 
 
Along with image databases comes the need to classify and index images for later retrieval. For 
classification and indexing purposes, information about the image must be gleaned from either it 
or its storage model. This paper proposes the Image Color Vector Number (ICVN) as one index-
ing scheme. ICVN looks at the color trends when an image is traversed according to a set pat-
tern. It is used in a manner similar to the color histogram, which shows the distribution of pixels 
in an image across a gray scale. 
 
The paper examines the effectiveness of ICVN alone and in conjunction with the color histo-
gram as an index to an image database. The results show that the ICVN is a viable alternative 
to the color histogram. The ICVN technique combined with the color histogram shows a marked 
improvement over a color histogram alone when tested with typical digital scenery images. 
 
 
1. Introduction 
 
Techniques for storing and retrieving images as well as general image processing are areas of 
increasing interest. The image database is a relatively new capability that came into existence 
with the advent of graphics files and the ability to digitize images. With the development of the 
image database comes the need to classify or index images so they can later be retrieved. For 
classification and indexing purposes, information about the image must be gleaned from either it 
or its storage model.  
 
Finding the right image in a database remains an intensely human activity. Typical queries are 
"find companies whose stock prices move similarly", "find images of sunsets", and "find X-rays 
that contain something that has the texture of a tumor" [2]. It is highly desirable to automate the 
activity of finding the right image in a database.  
 
Many techniques have been used to determine the differences among images.  The most obvi-
ous differentiation that exists between images is the image content and its spatial arrangement.  
Image detection methods often use computer vision techniques that involve edge detection and 
enclosing blocks [8].  Other factors that can be used to distinguish among images are the 
amount of color content or texture and the size and location of a predominant feature.  Object 
overlapping orders, the apparent distance of a feature from an identifiable boundary, the lighting 
scheme and the amount of abstraction have also been used.  Most current clipart/image data-
bases fall back on a textual description of the image content to direct image retrieval.  This pa-
per puts forward a technique for image abstraction and differentiation, the computation of a 
color vector number, which when used in conjunction with the color histogram representation of 
an image, improves the accuracy of retrieval of a set of similar images in an image database.  
 
In order to compute the image color vector number, a color image is represented as an array of 
pixels where each pixel is described by a 32-bit integer. In the RGB model of digital color repre-
sentation [6, 12, 3], a pixel can be described by the intensity of each of three-color channels, 
blue green and red. The intensity of each color is represented by a number between 0 and 255. 
The average of these three numbers represents the gray scale intensity of a pixel. In the ICVN 
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technique, the image is partitioned, the colors in each partition examined and averaged, and the 
vector number is computed. These values are used to determine the changes in the color pat-
terns over the image.  The details for the generation of the ICVN are given in Section 3 of this 
paper. 
 
 
2. Image indexing and retrieval 
 
"Retrieval based on visual object appearance involves four categories of information items: fea-
tures; feature space; feature groups; and image space" [5]. A feature is a characterization of a 
specific property of the image obtained through an attribute analysis transformation algorithm. A 
feature is typically represented as a set of numbers and often referred to as a feature vector. 
Feature vectors are most often obtained by image projection, applying a function to the feature 
input, and distance calculations between two given features. The features of visual objects can 
be represented as points in the feature space. For example, a feature called "texture" of an im-
age region may be represented by the three numbers: randomness, periodicity and directionality 
[5]. 
 
The features of an image occupy a position in feature space. Features from different images 
with similar values are located in the same region of the space. Operations performed on fea-
ture space include finding the hypercube that encloses selected feature points, finding all points 
in a given hypercube and finding the k nearest neighbors of a given point.  
 
Most current research focuses on methods for using locations, sizes and arrangements of the 
image's compositional elements as the basis for retrieval [5]. One kind of image database sys-
tem uses explicit spatial data structures and operators. These databases attempt to catalog 
spatial relationships between compositional objects in the image. The query language has op-
erators for specifying object relationships in terms of size and relative locations. These systems 
tend to work well for constrained domains, but are often baffled when attempting to find images 
of clouds on a blue sky at the top of an image [5]. 
 
Other systems divide the image into regions and ask the user to specify what regions are impor-
tant for spatial matching. Image features for each region of importance are determined, and 
similarity with the target is determined by means of distance functions on the features. One 
problem with these schemes is to determine how much spatial deviation is allowed in a good 
match. 
 
A third approach segments an image into like-sized regions. Retrievals take the form of "Re-
trieve all images containing regions that have the color of object A, the texture of object B and 
the shape of object C, and lie in the upper third of the image" [4]. The ICVN is an extension of 
this idea. For each segment of the image the average color specification is determined and the 
patterns that result when comparing the color in one segment to the color in another segment 
form the basis for an abstraction of the image. This image representation, that is generally 
unique to each image, can be compared to the same representation generated from other im-
ages.  
 
The ICVN idea stems from the color histogram, but encompasses more information. While the 
color histogram merely generates a vector of intensity magnitudes, the ICVN, in essence cap-
tures the color variations as one traverses the image segments resulting in an image’s color 
variation signature. This signature, when combined with the color histogram, facilitates the dif-
ferentiation/similarity of images in a more refined way. The cost of determining the ICVN is 
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minimal as it uses image information that is necessary for determining the color histogram.  The 
combination has been shown to be much more effective for identifying image similarity than us-
ing the color histogram alone. 
 
 
2.1 Determining similarity 
 
There are two broad approaches to determining similarity of visual images, the metric approach 
and the transformation approach [11]. The metric approach uses a difference metric to compare 
image objects. There is only one notion of similarity. This approach makes it easy to develop an 
index and allows for efficient computation. In the transformational approach, the user has op-
tions as to what should be considered factors for comparison. Weights for the factors can be 
applied and then the resulting information applied to a transformation process for final encoding 
that facilitates comparison or indexing. For example, if night pictures are desired, a larger 
weighting toward darker intensities may be applied to the color histogram. The color histogram 
and the ICVN are a form of transformation applied to the color information in the image. The 
idea is similar to hashing a key value to a legal index in a hash table. 
 
One traditional way to determine likeness is to use the image's color features. It is a typical met-
ric approach. A color histogram looks at the gray scale intensity value of each pixel. It shows 
how many pixels there are at each possible intensity value from 0-255 and results in a near-
unique vector for almost all images. The search engine uses some concept of distance between 
histograms to determine similarity. The color histogram method is fast, making real-time imple-
mentation possible. It is immune to distortion including deformation, translation, rotation, occlu-
sion, and scaling [9]. Although images retrieved by means of color histograms share the overall 
color tone, they differ greatly in semantic content [7]. Furthermore, color histograms do not cap-
ture the spatial relationships of the color regions [10]. An advantage of using the ICVN is that it 
does capture a relationship between the colors in adjacent or distant regions of the image.   
 
 
2.2 Evaluation of the results of image retrieval 
 
The evaluation of image retrieval is based on subjective judgment. There are two criteria, good-
ness of retrieval and effectiveness [4]. Goodness of retrieval is a judgment by the user as to 
how well the system performs in response to a query. Users measure goodness primarily 
"based on how much of the retrieved data is good, rather than on how much of the relevant data 
is retrieved" [4]. 
 
Effectiveness of a query to find the images similar to a given image is calculated based on the 
concepts of the ideal set (I), of those images that make the best solution to the query from a 
human viewpoint. The actual set (A) contains those objects actually returned. Two generally 
used measures of effectiveness are recall and precision. Recall (R) is the number of correctly 
selected objects divided by the size of the ideal set, that is: 
 

R = |I ∩ A| / |I|      (1) 
 

Precision (P) is the number of correctly selected objects divided by the total number of objects 
returned, that is: 
 

P = |I ∩ A| / |A|     (2) 
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Effectiveness (E) is defined as the harmonic mean of precision and recall, that is 
 

E = 2 / (1/R + 1/P) = 2 |I ∩ A| / (|I| + |A|)   (3) 
 

Clearly, 0 ≤ R ≤ 1, 0 ≤ P ≤ 1 and 0 ≤ E ≤ 1. R = P = E = 0 when no images from the retrieval set 
are returned. R = 1 implies that all the images in the ideal set are in the actual set. P = 1 implies 
that no images outside the ideal set are selected. E = 1 implies that the actual and ideal sets are 
identical.  
 
Database retrieval algorithms can be evaluated using a recall versus precision graph. This way, 
one can "evaluate quantitatively both the quality of the overall answer set and the breadth of the 
retrieval algorithm" [1].  These are the measures used to evaluate the contribution of the ICVN 
to the retrieval. 

 
 
3. The image color vector number 
 
This paper proposes a metric approach to determining image similarity. Each image is parti-
tioned into patches. The average intensity of each color channel is computed for each patch and 
stored in a vector. This vector including the variations between patches in average color value 
for each color channel is used to index an image. By extracting and comparing the average 
color values that are encountered in different patches as an image is traversed, a distinctive in-
dex or code for the image is obtained that can be used to differentiate images in a database. 
The index is called the image color vector number (ICVN). The ICVN of an image reflects the 
color trends when the image is traversed according to a set pattern.  
 
To compute the ICVN, the image is partitioned into patches, and a number is obtained by com-
paring adjacent patches when the image is traversed according to a given pattern. Typically, a 
rectangular image is partitioned by means of a grid, and the resulting regions traversed line by 
line from the top left corner. Using zeros and ones to represent an increasing or decreasing av-
erage color channel value between two adjacent areas, a distinctive number is generated with 
one integer per patch. The combined ICVN may typically contain one integer value per patch. If 
the red, green, and blue channels were increasing, a 3 (1+1+1) is assigned to this transition lo-
cation. If only one color channel, is increasing, for instance green, a 1 (0+1+0) is assigned at 
this position. In this research, the image is divided into 64 equal sized patches. While the ICVN 
is obviously insufficient to recreate the image, it is unlikely that two images would generate iden-
tical ICVNs. The ICVN can be used either by itself or in combination with a color histogram to 
increase the effectiveness of the retrieval of images similar to a target image. 
 
For example, given the image depicted in figure 1, the image is subdivided into 64 patches as 
shown.  Each patch is processed to find its average color and an abstraction of the image is ob-
tained as seen in figure 2. The abstract image is used to compute the ICVN for the original im-
age. 
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Figure 1. Screen shot of a Partitioned Image – above. 
Figure 2. The Average Color of each Patch - below 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Different ways of computing the ICVN are possible. The simplest is to find the average gray 
scale value for each patch in the image, resulting in a single vector number for the image. A 
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more comprehensive approach is to find the average intensity of each primary color. If the gray 
scale value is included, this results in four vector numbers associated with a single image, one 
vector number for each color channel and one for the gray scale.   
 
 
3.1 Evaluation of the effectiveness of the color vector approach 
 
A  program that computed all the color vectors, a color histogram for each image  as well as an 
image index made up of the ICVN and channel vectors was implemented and run first against a 
set of primitive images consisting of simple shapes and two or three colors covering varying ar-
eas, and then against a database of 103 scenery images.  
 
For the purposes of this test, the ICVNs of an image were calculated by storing for each patch 
the average red, green, blue and gray intensities in each color channel between this patch and 
the next. 
  
Images were compared patchwise. For each color channel and each patch, if the difference in 
average intensity between the pictures was within a certain range, then the change value corre-
sponding to that channel was given a heavy weight. As the change in color intensity increased, 
less weight was given to the change value.  
 
Testing with the primitive images indicated that the program was sensitive to the amount of col-
ored areas as well as the actual colors involved. For instance, a blue square on a yellow back-
ground would cause all other images that had a yellow background and the same blue square to 
be retrieved, regardless of the position of the square in the image. As the sensitivity threshold 
was reduced, other similar images such as different color combinations were brought into the 
result set as well as images with the same color scheme but with the total area of the square 
broken into many squares. Further reduction of the threshold brought in still other images with 
additional color areas or where the blue square was much larger than in the test image. 
 
Using the color histogram alone on these primitive images was not successful at all. Invariably, 
the technique selected all the primitive images in the index. This may have been resolved with 
higher comparison thresholds. 
 
For the testing with the scenery database, 33 images were selected at random and used as 
control images. Five evaluators were asked to pick those images in the database that were in-
tuitively closest to each control image. An ideal set was created for each of the control images 
by including those images that at least three of the evaluators had chosen. The program was 
run with each of the control images to find like images. This was done with three schemes: im-
age vector alone, color histogram alone and a combination. The ideal sets in combination with 
the actual sets returned by the program allowed the effectiveness of the program to be quanti-
fied.  
 
The program was run in each of the three modes: vector only, vector and histogram, and histo-
gram only. For each mode and each of the 33 test cases, it was run at each of ten threshold set-
tings. With a low threshold, a complex image with some blue sky caused many images with blue 
sky to be selected. With a higher threshold, the blue sky played a lesser role, and images with 
similar complexity and color schemes across the picture were selected. With an even higher 
threshold, only the control image was selected.  
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The program was also run in such a way that a) only the patchwise color difference and b) only 
the color variation between patches was used. Each of these was less effective than their com-
bination, and so those approaches were abandoned.   
 
 
3.2 Results 
 
While the original idea of one ICVN to abstract an image for the purposes of indexing an image 
database is valid, it became necessary to use the raw information from each patch to actually 
do the comparisons. Therefore the actual index record being stored is made up of the four vec-
tors as well as the color histogram information and a pointer to the actual image. This record still 
represents less than 2% of the information contained in the actual image.  The effectiveness of 
searching this index for similar images is addressed next. 
 
In each trial, the program was given a target image and then, based on set parameters, the pro-
gram retrieved images from the database that its internal algorithm determined were similar to 
the target image.  The Average Precision was calculated using equation (2).  Recall that the 
higher the precision value, the better the performance of the algorithm.  Overall the tests con-
ducted, the average Precision is as follows: 
 
 Combined approach: 54.22% 
 Using the ICVNs only: 52.68% 
 Using the Color Histogram only: 50.59% 
 
This shows that the combined approach has a higher precision value than either of the other 
approaches alone.  The threshold setting did have an impact on the retrieval results.  This can 
be seen by considering the graphs given in figures 3, 4 and 5. These figures show the average 
effectiveness, calculated using equation (3), by threshold for the three retrieval schemes. For 
threshold 4 and above, the combined approach was more effective than the color histogram 
alone. At lower thresholds, virtually the entire database was selected by each scheme, meaning 
that the effectiveness would be nearly identical, and thus these threshold levels are too low to 
be of interest. At higher thresholds, the schemes differentiated themselves until threshold 10 
where each scheme generally selected the target image alone. For this reason, the target image 
was eliminated from the calculations. The effectiveness of the combined scheme and of the vec-
tor alone was similar. In addition, each was better than the color histogram alone when reason-
able threshold levels are considered (that is, above level 4).   
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Figure 3. Average Effectiveness Ratings by Thresholds – Vector Scheme Alone 
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Figure 4.  Average Effectiveness Ratings by Threshold – Histogram Only Scheme 
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Figure 5. Average Effectiveness Ratings by Threshold for the Combined Scheme 
 
 
Finally, consider the recall values as calculated using equation (1).  Figure 6 shows that recall 
dropped off considerably with increasing threshold level for the color histogram only scheme 
while it dropped roughly linearly from 90% at threshold 1 to around 10% at threshold 10 for both 
the color vector and the combination. In all cases, the combined average recall was higher than 
either of the single approaches, further supporting the contribution of the ICVN to the retrieval 
effort. 
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Figure 6. Average Recall At Each Threshold 
 
Based on the above discussion concerning Recall and Precision, it was concluded that both the 
ICVN and Combined approaches were better than the color Histogram alone approach for find-
ing like images.  There was not sufficient difference to determine whether or not the ICVN alone 
was superior to the Combined approach. 
 
 
4. Conclusion 
 
The color vector number scheme for searching and retrieving similar images from an image da-
tabase proved to add value to the color histogram technique for image retrieval. The ICVN takes 
up less than 2% of the image’s storage size, yet yields an average precision of 54.22%. A com-
parison with the 50% average precision achieved in human interaction intensive, text-based re-
trieval makes the ICVN scheme competitive with other image indexing and searching schemes. 
 
A large patch size tended to dilute the color information by transforming it to an intensity level. 
On the other hand, making the patches smaller would make the retrieval process more comput-
ing intensive. Finding an optimum patch size was left for further research. 
 
Another issue for future investigation was the traversal of the image patches. Possibilities in-
clude traversing only part of an image and with smaller and smaller patch sizes. The traversal 
order could also be examined. This research only looked at traversing comparing side-by-side 
patches in a left to right, top to bottom sequence.  
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