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Abstract: Content based video indexing 1s currently employed in variety of new applications, including video
surveillance, Access to real time incoming video, mtelligent transmission of video data, etec. Several methods
aiming at automating this time and resource consuming process have appeared in literature. They employ
several content analysis and feature extraction techniques including, typically, signal and image processing
techniques to analyze color, texture, form, sound, etc. Implementing such applications on a general purpose
computer can be easier, but not sufficient to support the complexity and the performance needs of some new
applications. The use of application specific hardware permits to offer much greater speed and performance.
In this study we focus on hardware implementation of content based video indexing techniques by using the
FPGA technology. We aim to propose hardware modules that can satisfy requirements of applications under
hard constraints, such as real time applications and applications of high complexity. We represent tow examples
of micro-architectures related to the dominant colors descriptor and the compact color descriptor. The synthesis
and simulation results for the provided solutions are also given.
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INTRODUCTION

Video understanding and semantic information
extraction represent an important step towards more
efficient mampulation and retrieval of visual media. The
mcreased availability and usage of digital video lead to a
need for automated video content analysis techmques.
Several methods aiming at automating this process, which
is time and resource consuming, have appeared in
literature!" . A standard called MPEG-7 has also been
elaborated®™. The standard specifies a set of
visual descriptors that include color, texture, shape and
motion”™. Most standardized descriptors are low-level
arithmetic ones, chosen so as to ensure their usefulness
in wide range of possible applications”. Low-level
features serve as a basis for a number of analysis
algorithms for ligher level features (such as structuring or
classification) or they can be used directly for
similarity matching.

Low level visual features extraction defines the
process of creating a descriptor from a given visual media
item. This process may include complex algorithms that
can be also combined m a specific scheme to be used as
mput for the extraction of higher level features. High level
semarntic content description 1s based on a combination
of low level techniques and other content interpretation
algorithms  for  classification,  recognition  or
summarization™""”. We obtain complex indexing systems

that combine a large number of technmiques. These
systems exploit multimodal and multi level content
analysis techniques for automatic video
indexing**"*"'¥ Fig 1 gives an example of a structure of
a complex content based multimoedal indexing system.
This structure can take different configurations
depending on the application needs. In fact, the used
algorithms can change relatively to the program type
(sport, films, etc.), the treatment objectives (segmentation,
classification, summarization, identification, etc.) and the
media types. Several content analysis and feature
extraction techmques can be used. They include,
typically, signal and image processing techniques to
analyze color, texture, form, sound, etc.

Dedicated indexing tools and systems to help in
searching, storing, filtering and managing the information
not only work with data that has been previously stored,
but also with live data being broadcasted through
high-speed means such as digital cable or data used for
surveillance. Several new applications scenarios exist for
the content based videc indexing systems!*). These
systems have demanding applications that can be driven
by processing power, portability, performance, flexibility,
cost, ete. Implementing such applications on a general
purpose computer 1s not sufficient to support the
complexity and performance need. The use of application
specific hardware permits to offer much greater speed and
performance. In*! the authors suggest hardware
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Fig. 1: Example of possible structure of a content based multimodal indexing system
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Fig. 2: The CCD extraction stages

implementation of a shape and a motion MPEG-7
descriptors. Specific hardware module for video indexing
can be coupled to a general purpose or dedicated
processor to accelerate the critical treatments and to
support intensive parallel treatments™*,

The key 1ssue i the design of new multimedia
systems 18 to find a good balance between flexibility and
high-processing power on one side, and area and
energy-efficiency of the implementation on the other side.
In this study the use of FPGA architectures can be very
useful. These architectures are, today, the common
devices for reconfigurable computing™. They permit to
satisfy demanding applications by combining speed with
flexibility. They are currently being used for the

acceleration of a wide variety of applications in a

large number of systems. In“™* the authors propose the

use of reconfigurable hardware acceleration as a solution
to implement a video-based driver assistance application
which 1s based on MPEG-7. They propose to exploit
dynamic hardware reconfiguration to ensure resources
optimisation and flexibility.

We aim to design appropriate systems and hardware
accelerators to support demanding video indexing
applications.

ALGORITHMS SPECIFICATION

Specification of the Compact Color Descriptor (CCD):
The CCD or compact color histogram descriptor which 1s
a color descriptor in the MPEG-7 standard represents the
global distribution of colors in an 1mage or video. This
descriptor can be used for very fast unage and video
retrieval™. It is obtained by applying the Haar wavelet
transform to a color histogram and binary quantizing the
resulting coefficients of the transform. The resulting
descriptor 1s 63 bits long.

The feature extraction for the binary Haar histogram
includes two principal stages Fig. 2. The first stage is to
obtain a color histogram using a suitable color space (the
HSV color space 1s recommended in the MPEG-7
standard) and quantization scheme. The second stage 1s
the computation of the Haar transform coefficients. The
second stage does not depend on the nature of the color
space or the quantization table used in the first stage.

We use a 64-bins color histogram, but the technique
is equally applicable to histogram for larger or smaller
number of quantization bins. The quantified color centers
are obtamed by a umform quantification using the RGB
colar space as i, Each coler compenent (R, G, B) is
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Fig. 3: The DCD extraction stages

composed of integers in the interval [0, 255]. The
quantification is made uniformly in four centers (32, 96,
160, and 224). We obtain 64 poszible quantified colors.

The histogram values comesponding to the 64
quantification centers are placed on a two dimensional
8-by-8 grid. The histogram values corresponding to the
first & centers are placed in the first row and so on. The
Haar transform coefficients are computedin a hierarchical
way"!l In the first level, the 8-by-8 grid of histogram
values is divided into two halves vertically. The sum of
the histogram values on the left halfis subtracted from the
sum of histogram values in the right half. The first Haar
coefficient is quantified to 1 if the result is greater than 0
and iz quanfified to 0 otherwize. The process is then
repeated recursively. In the second level, the left (right)
half of the 8-by-8 grid iz split horizontally into two 4-by-4
halves and the sum of histogram values in one half is
subtracted from the other resulting in the second (third)
Haar coefficient. The resulting second (third) Haar
coefficient is then binary quantified. This iz repeated
recursively at the third, fourth, fifth, and sixth levels
resulting in 4, 8, 16, and 32 coefficients respectively.
Therefore, there are a total of 63 (1+2+4+8+16+32) binary
Haar coefficients that form the compact descriptor.

Specification of the Dominant Color Descriptor (DCD):
The dominant color descriptor provides a compact
description of the dominant representative colors in an
image. The feature descriptor conszists of the
representative colors, their percentages and optionally
colors variances and spatial coherency of the dominant
colors. The number of dominant colors can vary from
image to other; a maximum of eight dominant colors can
be uged. The DCD can be defined for each object, regions,
or the whole image by

F= {{ci’ bi: vi}’ S};
c;: representative color N” i.

1
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p;: percentage of c;.
v;: color variance of c,.
Spatial coherency

In the method represented by Fig. 3, dominant colors
are extracted from the colors histogram™® " The
representative colors are obtained by considering the
most frequent colors. The input image is represented in
the RGB color space. A uniform quantification is
performed before calculating the histogram values. An
other more complex methodis proposedin™ and adopted
for the MPEG-7 part 3 (visua)™ In this study, the
representative colors are computed from each image
instead of being fixed in the color space, thus allowing the
feature representation to be more accurate. In order to
compute thiz descriptor, the colors present in a given
image or region are first clustered by using the clustering
method proposed in®. In this clustering, the pixel color
values are vector quantized using a modified Generalized
Lloyd Algorithm {GLA). Colors are represented in the
perceptually uniform CIE LUV color gpace. The problem
with thiz method iz the high level of complexity especially
when we extend the use of the dominant colors descriptor
for video shots. Computing the dominant colors of a shot
with the GLA clustering algorithm is not suitable. The
reason is that the number of pixels in a shot is too large;
uging the GLA will be very time-consuming. The method
described in Fig. 3 can be well suitable for this caned of
application especially with a high performance hardware
implementation.

HARDWARE IMPLEMENTATION STUDY

In thiz study we describe the structures of the
hardware implementation solutions of the Haar and the
dominant colors blocks. We give, also, the synthesis and
the simulation results of the presented solutions. The
Simulation framework is represented by Fig. 4. The test
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Fig. 5: MATLAB functional validation results

bench iz based on the input frames and control signals.
To verify the correctness of the RTL simulation results we
refer to the MATLAB implementation results of the
conszidered algorithms. Histogram, Haar coefficients and
dominant colors results given by Fig. 5 correzpond to the
image shown in Fig. 4.

The synthesis results for the different implemented
modules are obtained by " Xilinx Synthesis Technology
(XST) tool» for the xcv300 FPGA family.

Hardware implementation of the haar transform: To
calculate the Haar coefficients we use an iterative
procedure which consists in calculating, initially, the
coefficients using two values of the histogram Table: H32,
H33, H34, H35...H62, H63. Next, we calculate the
coefficients that use 4 values; in this step we do not carry
out all the addition operations because we already done
a part of these operations during the calculation of the
previous coefficients (H32...H63). For example H16 is
calcul ated using the additions made for H32 and H33. For
the coefficients using 8 values we use the calculation
carried out for the previous coefficients (H16..., H31). To
be able to use the already calculated partial sums we
must evaluate the Haar coefficients in the order
represented by Table 1. To facilitate the coefficients
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Table 1: Calculation order ofthe haar coefficients

h3Z, h33, hia h34, h3s h17 h36, h37, h1:8 h3E, h39, h19  hi, hY, hd
H40, ha1, h20 ha2, ha3, b2l had, has h22 hd6, ha7, h23 hio, hil, hs
H4%, h49, had ha0, hsl, has ha2, b3 h2d hsd, has, haT hilz, hi3, hd
Hi6, ha7, h2E hSE hs9, h29 had, hdl, h30 ka2, hd3, b3l k4, his, b7
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Fig. 6: Internal structure C-Block module
Table 2. Performance of the C-Block module
Slices LUTs Critica path
55 108 13,184 ns

calculation in this order, we have to reorganize the
histogram values.

We demonstrate™ that the calculation of the Haar
coefficients can be done by using repefitively a function
called C 3Haar task. The internal structure (C_Block) of
this task is represented by Fig. 6. This task permit to
calculate three Haar coefficients (hl, h2, h3) by using
4 values of the histogram (x1, x2, x3, x4). It produces al so
an intermediate sum (¥) which will be used later to
calculate other Haar coefficients by the same principle.

The calculation of the 63 Haar coefficients is carried
out by using each time the C_3Haar task. From each 4
values of the reorganized histogram, we calculate three
coefficients (2 using 2 values of the histogram Table and
1 using 4 values) and an intermediate sum. Each time that
we have 4 intermediate sums, we apply the C 3 Haar
procedure for them. We obtain 3 other Haar coefficients
(2 using 8 values of the histogram Table and1 using
16 values) and an intermediate sum which will be used for
the calculation of the remaining coefficients (2 using
32 values and 1 using 64 values. Itis about the coefficient
N°2,N°3 and N°1).

The performance estimation of the implementation
structure {C-Block) of the C 3Haar task iz given in
Table 2.



Asian J. Inform. Tech., 5 (9): 976-984, 2006

- € Block J
Y1
o — cBoek || X
i C_Block |
! = B Hi
m
L € Block z
m
— ]
€_Block
R10 ’_ ¥4 M
—
C_Block
Lpd ¢_Block
-
! ! B
! I >
C_Block ™
z3
—— |
C Block [
R5S ——
C_Block
B56
C_Block
i
i | ¢ Biock 4

==

RE5 >

C_Block

T

Y4

Fig. 7: Implementation structure of parallel solution

Table 3: Performances of the parallel solutions

Solution Slices Function generators  Flip Flops
Parallel solution 1866 2250 1215
Intermediate solution 559 630 423

Different architectural implementation solutions can
be considered to make the Haar coefficients
computation™. The cheice of a solution depends on the
application requirements and the system environment.
These solutions are based on the C_Block module. One
possible solution consists in using only one module
C-Block. The histogram values are placed in a RAM. To
access to the histogram values in the desired order we use
a ROM for addressing the RAM. The calculation block
will be used in a sequential mode. This solution permits to
minimize the required surface, but the execution time can
be significantly improved by considering parallel
solutions.

A second solution Fig. 7 consists n using 64
registers and 21 C-Block. For a simultaneous access to the
different histogram values the total processing is done in
six cycles Fig. 8. In this solution the reorganization stage
is not necessary, it can be made by using an adequate
interconnection between the different components of the
implementation architecture. This solution has a simple
structure and controller; however, it requires a big number
of CLB in the FPGA. The simulation results of this
solution are represented in Fig. 8 We obtain the same
results as in Fig. 4.

An Intermediate parallel solution is represented in
Fig. 9. It consists n using 20 registers and 6 calculation
blocks C Blocks. This choice of the number of calculation
blocks permit to avoid additional memory accesses to
save the intermediate sums. In this solution the histogram
values must be reorganized as for the first solution.
The RTL simulation results of this solution are given in
Fig. 10.

Table 3 gives an estimation of the number of slices
occupied by the data path of each parallel solution.
Execution time estimation can be easily obtained by
considering the time performance of the C Block module

Fig. 8: RTL sunulation results of the parallel solution of the haar transform
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and the simulations results from which we can deduct the
number of required cycle.

Hardware implementation of the dominant colors
selection block: In this study we focus i hardware
solutions for the block permitting to find out the 8
dominant colors in the DCD. The selution represented in
Fig. 11 consists mn searching the maximal value in each
step. This necessitates reading the listogram values for
8 times. The progression of the different operations is
managed by a controller. Histogram values can be placed
i a RAM or directly accessed from registers, depending
on the implementation solution of the histogram
block!™,

A more efficient solution is represented by Fig 12.
Only one access to each histogram value 15 enough to
determine all the dominant colors. We allocate 8 registers
R,. R,...R; which will contain the 8 dominant colors. Each
histogram value « DATA » will be compared to the R,
value. If the DATA value is lugher than the R, value, R,
takes the DATA value and the other registers will be
shifted: R, takes the value of R, for j>1. The value of R8
will be lost because it does not belong to the 8 dominant
colers. If not (DATA is not higher than R, we compare A
to R, and we use the same reasomng for the rest
of register.

We have mplemented this solution by using the
architecture structure represented m Fig. 12 The
multiplexers permit to select the new values which will be
placed m the corresponding registers. Table 4 gives the
control signals of the different MUXs. For example if the
control signal is equal to 01 the register R, takes the
DATA value and if the control signal 1s 11 it takes the R,
value (register N° -1) . The structure of an A block which
generate the control signal for the corresponding MUX is
given by Fig. 13.

Fig. 10: RTL simulation results of intermediate implementation solution of the haar transform
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Table 4: Control signals for MUXs

DATA R Ry
RI 1 0 x
Ri(l=j<% 01 00 11

Table 5: Performance estimation

No. of slices 254
minimal period 12.295ns
F maxi 81.334MHz
R;; 01
>
DATA
o1
Rj Ll

Fig. 13: The A-block structure

Performance estimation of the data path of the
implementation structure of this solution 15 given in
Table 5. We use 18 bits lustogram bins. The RTL
simulation results are represented in Fig. 14. We obtain
the 8 dominant colors.

CONCLUSION

The usage of new integration technologies and
hardware solutions for embedded systems can be very
useful for systems requiring high performances in term of
processing power, flexibility, consumption, etc.
Multimedia applications represent a good example for
such constrained systems. In tlus study we have
interested to content based video indexing. We have
described hardware implementation solutions of the Haar

Fig. 14: Sunulation results of the parallel solution of the dominant colors moedule
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transform and the dominant colors modules that represent
the principal extraction steps respectively for the Compact
Color Descriptor and the Dominant Colors Descriptor
algorithms. The described solutions can be used for video
mndexing under real time constraint. The synthesis and
simulation results for the provided solutions have
been given.
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