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Abstract

A new approach to data analysis and modeling of images and video infor-
mation is introduced using a vector-quantization database. According to the
proposed approach, data from previous images or frames of a video sequences is
used to encode present frames based on similarity modeling. The results indicate
an efficient handling and processing of the data, leading to significant savings in
the required multimedia data with high quality of the perceived images.

1 Introduction
Databases of images and video sequences have become a significant part of today’s
computer storage and communication channels. In most imaging applications, however,
the inherent redundancy in images and image sequences is relatively much higher than
in other situations. In fact, for many sequences, the differences between consecutive
frames are often very minor. Particularly in the case of head-and-shoulder information,
the inherent redundancy is further increased.

Accordingly, a need exists for data storage and transmission systems that could
handle the data at a bit rate far below the entropy [1, 2]. Such an approach uses
information about the specific characteristics of the source, the viewer, and the visual
system, to reproduce the image with minimal distortion.

2 The Model and the Database
The model used in this study assumes specific properties related to the nature of images
and in particular video sequences. The main assumption of the proposed model is that
image details of recent frames are likely to repeatedly appear in the following images.
If not similarly repeated (up to allowed distortion), they are likely to be encoded as
transformed versions of previous details [3, 4]. Furthermore, if a specific detail cannot
be matched accurately according to coarse partitioning of the frame, a more refined
description can be used [3].

According to this model, a frame is divided into blocks and sub-block as shown in
Figure 1. In this figure an image is divided into sub-blocks or vectors of 4x4x4 pixels.
Here, sixteen vectors comprise a block. Typically, an image is divided into at least
25 or 36 blocks, each of them plays a localized role in the compression of the image
sequence.
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Figure 1: Blocks and sub-blocks. Each block and sub-block contains 4 consecutive
frames.

Based on the above assumptions and structure, the proposed system is presented
in Figures 2 and 3. In the first stage of the process (Fig. 2) the blocks of the image are
used for training localized codebooks [5]. These codebooks are based on the localized
history of the image sequence, thus contain significant information that can be readily
used for quantizing the next frames of the sequence. Most of the sub-blocks (vectors) of
each block are adequately encoded in this stage by relatively sparse codebooks. Some
of the vectors, however, require additional attention due to distortion above the a pre-
determined threshold. Usually most of these blocks can be encoded using adjacent
codebooks as shown schematically in Figure 3. It is assumed that these vectors refer to
changes that have crossed the borders of their block (codebook) thus can be found in
one of the adjacent codebooks. It is also assumed that in such a case a scaling factor
or other similarity transform operators might be needed (e.g., rotation, affine).

3 Results
The system was implemented according to the structure illustrated in Figures 2 and 3.
The length of the history used for training the codebooks was of 30 frames, with delay
of 4 frames.

A typical result is shown in Figure 4. This example indicates a compression ratio
of more than 100:1 at 0.078 bit per pixel (bpp), with nearly the same quality of the
perceived sequence.

4 Summary
This paper has presented a new model-based approach to transmission and storage of
images and video sequences. Localized history of the images was used as a training
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Figure 2: Block diagram of the first stage of the system. Localized codebooks
(CB) are trained by the recent history of the sequence, then used to encode the
next frames. D indicates Delay, and Q represents Quantizer.
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Figure 3: In the second stage of the system, adjacent localized codebooks are
searched for best match, using - if required - Transformed (T) versions of code-
words. CB, D and Q are as indicated in the first stage.

set for vector quantization. In addition to the quality of the results, the implemen-
tation of this approach can be systematically organized in parallel by its very nature,
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Figure 4: Original (left) and reconstructed (right) frame from the sequence Miss
America, using localized codebooks with 4x4x4 blocks. The compression is to
0.078 bpp.

since localized codebooks are created for each block and searched for independently. It
should be noted that even for communication by serial machines, reduced complexity
is achieved by processing of several small codebooks instead of a combined one. Based
on its performance and the quality of the results, it is suggested that the new local-
ized approach to image and video databases be further analyzed and integrated into
presently available methods.
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