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Abstract

The color histogram has played an important role on pattern recognition, image

indexing, and many other applications. One of the major obstacles for applying color

histograms is the intimidating storage and computational requirements due to its high

dimension nature. In contrast to the conventional multi-valued color histogram, we

propose a simplified binary color histogram in the HSV color space for image

indexing. Similarity calculation can therefore be made using the Hamming metric.

Preliminary experimental results show that good retrieval performance can be

achieved with the proposed scheme. Further improvements by adaptive thresholding

are currently under development.
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Introduction

The fast developments of digital technology and the proliferation of Internet make

many new multimedia services possible. As more and more images are accessible and

vital to human understanding, efficient indexing, searching, and retrieval for images

are imperative for realizing these services. Conventional textual indexing techniques

using keywords and annotations are in general inadequate in this scenario since a

complete and objective description for an image’s content hardly matches its textual

representations. The content-based image retrieval (CBIR) has recently proposed to

reduce the sensory and semantic gaps between the query and the retrieved images [1].

One significant step towards building the content-based multimedia environment is

the standardization of MPEG-7 [2] that provides a common platform describing

features of multimedia content and defines the description interface between content

producers and content consumers.

The workflow of a general CBIR system is depicted in Fig. 1 [3]. Some of the

essential features of images (called the “descriptors” in MPEG-7), semantic or

parametric, are extracted for the query image and the images in the databases. Then a

similarity measure for the features are computed and ranked for the search results.

Semantic features are those pertinent to human perception, such as color, shape,

texture, and salient points. Parametric features are usually computed from the DCT



(discrete cosine transform) or DWT (discrete wavelet transform) coefficients. A good

feature (and its associated similarity measure) should balance between the

discriminating power (false positive rate) and the invariance (false negative rate) with

feasible implementation complexity.
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Fig. 1. Workflow of a CBIR system.

Color is an important feature for many CBIR systems since it conveys much
information relevant to human perception and recognition. Several color descriptors,
including the dominant color, the scalable color, the color structure, and the color
layout, are defined in MPEG-7. The color histogram is the major vehicle for these
derived features. Suppose that a color space is partitioned into ordered n-bins C = {cl,
c2, ..., cn}. The (global) color histogram H of an image I by C is an n-tuple defined
as

H(I) = (hy,h5en ) ()
where 4,; is the (normalized) number of pixels in 7 whose color lies in the color bin ci.

Color histogram is attractive for object recognition and image indexing owing to its



low sensitivity to the geometric transformation like translation, rotation, and scaling

[4]. The shortcomings using the plain color histogram are mainly two-folds. First, the

global color histogram lacks the spatial information about color distribution that may

be important for judgment, especially when a very large data set is examined. A more

general version of color histogram with spatial-chromatic correlation has been

proposed as a remedy [5]. Second, although the computation of color histogram is

straightforward, the involved storage and computation can be very demanding. The

complexity associated with color histograms is in proportion to the product of the

color space dimension (the number of bins) and the resolution of the coefficients (the

number of bits used to represent each bin coefficient). In [6], the authors applied the

vector quantization to reduce the dimensionality of the coefficients. In [7], the color

histogram was compressed using orthogonal transforms such as DCT, KLT

(Karhunen-Loeve transform), and HADT (Hadamard transform). A reduction in the

number of bins of the color histogram was developed in [8] using weighted hue

histogram and intensity histogram in the chromatic and achromatic image regions,

respectively.

In this paper, we attempt to employ a binary color histogram to reduce the

complexity required for conventional color histogram processing. By quantizing the

color histogram into binary values, the similarity of two color histograms can be



computed in the simple Hamming metric. Preliminary experimental results indicate

that good retrieval performance can be achieved with the proposed scheme.

Proposed Method

A histogram-based image retrieval system consists of the following key components:
an appropriate color space, a quantization scheme (and an optional index generation
scheme) for the color space, and a similarity metric [9]. We adopt the HSV
(hue-saturation-value) color system as is depicted in Fig. 2. The HSV color space
approximates the way humans perceive and interpret color. Furthermore, the hue
(color) is invariant to the illumination and camera direction and thus suitable for
object recognition. In the cylindrical representation shown in Fig. 2, saturation (the
degree of colorfulness) is denoted by the radius, value (the lightness of the color) is

denoted by the height, and hue is denoted by the angle from 0 to 360 degrees.
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Fig. 2. HSV color space.



The color histogram is obtained by uniformly dividing the hue distribution into p
bins, where p = 256 in the experiments. Two scenarios are considered, using
unquantized and quantized coefficients respectively. For the former (unquantized)
case, the bin values are represented with full precision and the distance between two

histograms is evaluated by the intersection [10]

Zp: [ki — min(h, ’ki)]
dy (k=T @

i=1

where /; and k; denote the i bin values of the two histograms 4 and k. For the latter
(quantized) case, the i™ bin value h; is quantized into a bit b, with respect to a

pre-defined threshold u;, that is:

0, A <u,
T, h 2u,

€)

hi

For an image of size mxn, we set u, =mxn/p = average of the bin values for each

i for simplicity. The distance between two binary histograms is evaluated using the

Hamming metric

dy(hk)=> b, ®b,] 4)

i=1
where @ denotes the modulo-2 addition. An illustration for these two cases is shown

in Fig. 3. In both cases, a smaller distance (close to 0) implies higher similarity.
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Fig. 3. Unquantized and quantized histograms; left: test image, upper-right:

unquantized histogram, lower-right: quantized (binary) histogram.

Experimental Results

We use a test set that contains 47 natural color images with size either 320x240 or

240x320 as shown in Fig. 4. The first query result for both quantized and unquantized

histograms is shown in Fig. 5, where six retrieved images that have smaller distances

with the query image (#3), are singled out in the order of similarity. Fig. 6 gives the

(normalized) similarity responses for these two approaches. It can be seen that the

binary version provides fairly good retrieval results (4 out of 6 of the retrieved images

are identical). The similarity response follows the same trend, although the

unquantized histogram is more discriminating. Fig. 7 and Fig. 8 show the results

when the image #38 is used as the query image and similar observations can be made.



Conclusion and Future Work

This work attempts to use a simplified binary color histogram as a means of image

indexing. The storage and computational requirements of the proposed scheme are

greatly reduced as compared with the conventional unquantized color histogram. The

retrieval performance is acceptable for the examined experiments. Using the binarized

histogram, however, will unavoidably lower the discriminating power for image

retrieval. Furthermore, the hue histogram alone may not be sufficient for efficient

image retrieval since many natural images contain achromatic regions dominated by

value and saturation [8], [9], [11]. Currently, we are developing more efficient

(adaptive) schemes based on binary histogram that address the above concerns.



Fig. 4. Test set.
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Fig. 5. Query results using image #3 (leftmost) as the query image; top row: using
unquantized histogram, bottom row: using quantized (binary) histogram. The

retrieved images are ordered according to their similarity with the query image.
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Fig. 6. Distance responses of the two schemes using image #3 as the query image.
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Fig 7. Query results using image #38 (leftmost) as the query image; top row: using
unquantized histogram, bottom row: using quantized (binary) histogram. The

retrieved images are ordered according to their similarity with the query image.
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Fig. 8. Distance responses of the two schemes using image #38 as the query image.
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