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ABSTRACT

For the browsing and retrieval system, images are represented by
thumbnails and video shots are represented by histogram
representations. In order to achieve better visual quality and
retrieval performance, the representation estimator is expected to
be accurate and robust. From the statistical perspective,
representation extraction can be treated as central value
estimation. In this paper, we propose an adaptive alpha-trimmed
average estimator based on the Gaussian distribution hypothesis
test. For a set of values, this estimator extracts the representation
by trimming extreme values and then averaging the rest. The
criterion adopted to distinguish between extreme values and
useful data is derived from the Gaussian distribution hypothesis
test on the basis of global statics. Experimental results from
standard images and videos show that our proposed scheme
outperforms traditional methods.
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1. INTRODUCTION

For a browsing and retrieval system, the extraction of effective
representation of a set of samples is one of the key issues because
of limited storage of index structure [1].

1.1 Image Thumbnail

In order to display more images in the limited screen space,
original images are usually represented by their thumbnails. As
shown in Figure 1, an original image is divided into DxD non-
overlap blocks, and each block is then represented by a value,
which means the size of original image is represented by its
1/(DxD) size thumbnail.
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1.2 Video Histogram Representation

Because the size of video databases increases, it becomes
necessary to represent groups of frames or shots in a video with
effective  features. A  reliable histogram-based content
representation should consider the content of all the frames with a
shot for computation [2]. As shown in Figure 2, a video shot is a
set of frames. The single representation for the entire collection is
obtained by combining individual frame histograms [3].

2. REPRESENTATION ESTIMATOR

For thumbnail extraction and video histogram presentation,
average is a commonly used as an estimator [3, 4]. The reason is
that average is optimal according to the least squared error. And it
is also an unbiased estimator for Gaussian distributed samples.
However, average might be inadequate in high noise situations [5].
To suppress noise, median value is employed instead as the
representation. Median value has the least probability to be
corrupted by impulse noise because impulses typically occur near
the end of the sorted samples. However, because median value
may differ significantly from the noise-free value, it may not be
the optimal value to represent samples [6]. To compromise
between average and median, the alpha-trimmed average (ATA)
estimator is widely used [2]. The key design issue of ATA
estimator is to select its only parameter «. In this paper, we
propose a new adaptive alpha-trimmed average estimator based
on a Gaussian distribution hypothesis test (AATA-GDHT) for
content representation. This estimator intends to keep as many
useful samples as possible as well as removing extreme values.

2.1 Alpha-trimmed Average
Let {X,,0<n <N -1} denotes a set of N samples, and

{s,,0<n<N -1} the sorted samples in descending

order where s, e{x } . s, <s,, and 0<S k<N 1. The

first step of alpha-trimmed average is to trim the most
extreme values, both low and high with an equal
percentage of samples

{t3=T(afs,})={s..|aN |[<n<N-1-|aN [} ,
0<k<N-2[aN |, where 0<a<05 controls the
number of samples excluded from the average computation,
LJ denotes the greatest integer part and the trimming



percentage parameter «, and T(a,{sn}) is the sample set
left after being trimmed..

The alpha-trimmed average then averages the remainders to
estimate the central value:

1 N-1-{ aN |
ATA(«, =
(05 {Sn}) N —ZLQNJ n=|aN | S
1 N-1-2[ aN | 1)
= t
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where ATA(a

operator. As trimming percentage parameter 0<a<0.5, the
ATA performs like an average when « is close to 0, and
like a median operator when « is close to 0.5. How to
select a proper parameter « is the key design issue of ATA.

2.2 Adaptive Alpha-trimmed Average
The alpha-trimmed average intends to be used for
central value estimation when the Gaussian distributed data

contains some outliers. Let {sn,O <n<N —1} denote a

set of sorted Gaussian distributed samples with some
outliers. With a given trimming percentage parameter «,
the remaining sample set left after being trimmed is

T (a,{sn}) . The optimal « should guarantee to trim out

,-) denotes the alpha-trimmed average

the outliers as well as to keep as many useful samples as
possible.

@y =Min{a T (,{s,}) are Gaussian distributed} (2)

Jarque-Bera criterion is selected to test Gaussian
distribution hypothesis because it is sensitive to outliers,
which means that a set of Gaussian distributed samples
with outliers will fail in this test. The Jarque-Bera criterion
is defined as follows:

J(a{s.})
_N(a) S*(T(ads,})) +1{ K(T(a{s.})) _3}2 ®
6 |o°(T(ads,})) 4|o*(T(ads,})

where N(a)=N —ZLaNJ , 0, S and K are standard

deviation, skewness, and kurtosis respectively [1].
J(a,{s,}) satisfies Chi-square distribution. Suppose the

significance level is 0.05. The optimal trimming percentage
then is:

Oy =Min{a | 73(0.025) < J(a.{s,}) < 73 (0.975)} (4)

where yZ2(y) is:
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3. EXPERIMENTS

3.1 Image Thumbnail

The standard 8-bit, gray-scale, “Lena” with resolution 512
X512 is used as an example to test the representation
estimation performance of our adaptive alpha-trimmed
average. The original image is degraded with Gaussian
noise (the noise density is 0.005) and impulse noise (the
noise density is 0.05). As illustrated in Fig. 1, the 512X
512 image is divided into 8 X8 non-overlap blocks, and
each block is then represented by a value. Compared with
the adaptive alpha-trimmed average based on
nonsymmetrical detection [7], the peak signal-to-noise
ratios (PSNR) is improved with 0.2 dB [1]. This indicates
that our proposed estimator can achieve a more accurate
and more robust representation.

3.2 Video Shot Histogram Representation
For a video shot totally contains N frames, let h (b),

1<b < B denote the histogram of the n-th frame, where b
denotes the bin number and B denotes the total number of
quantization bin. Let bin values of each frame histogram

fom a set of samples denoted as <{h (b)}

0<n<N-1. The corresponding optimal trimming
percentage parameter of each bin is denoted as «,, (b)
according to the Jarque-Bera criterion:

% (D) 6
=min{a| 7;(0.025) < J(a.{h, (b)}) < 75 (0.975)}
The representation of each bin is extracted as follows:

hyg (D) = ATA (2t (0). {1, (D)}), 1<b<B. (7)
Our experiments are conducted on the basis of 427 shots
extracted from the three video sequences of the MPEG-7
content set. The shot boundaries have been identified
manually, and query samples are selected as the first,
middle and last frames of each shot. To evaluate the
representation estimator performance, the average recall
(AR) [4] and the average normalized modified retrieval
rank (ANMRR) [4] are adopted. The 8-bit gray-level alpha-
trimmed average histograms with fixed

parameters « =9{0,0.1,0.15,0.20,0.25,0.50} , and

adaptive parameters according to the Gaussian distribution
hypothesis test are shown in Table I. From Table I, both
AR and ANMRR are improved, which shows that our
proposed algorithm can estimate a more accurate and
robust representation.



Table 1. The performances of the alpha-trimmed average
histograms with « = {0, 0.1, 0.15, 0.2, 0.25, 0.5}, and the

adaptive optimal alpha-trimmed average histogram. 4. CONCLUSIONS
Algorithm Performance We have proposed a new adaptive alpha-trimmed average
ANMRR AR for image thumbnail and video shot histogram

representation by analyzing the global statistics derived

gﬁggﬂ:g;g?gm 0.4520 0.5885 from the Gaussian distribution hypothesis  test.

0.10 alpha-trimmed Experimental results from standard image and videos show

a\./erage histogram 0.4464 0.5942 that our algorithm outperforms tradi_tional _met_hods. The

0.15 alpha-trimmed drawback of our proposed algorithm is its heavy

average histogram 04451 0.5950 computational complexity. The future research direction is
- to find a faster algorithm to reduce this weakness.

0.20 alpha-trimmed 0.4462 0.5944

average histogram
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Figure 1. Image thumbnail representation.



(1]

(2]

(3]

count

(a) Frames of
a video shot

bin value
(b) Histograms
for each frame

(c) Histogram
representation

-f

count

l..ll.ll

||||||L

bin value
cnunt

bln vall.le
P Vo i Representauon
."-bin,L\{a}ﬁ_c e Y | estimator
N, i el ~5
chrcscmatlon
estlmator
chrcscmatlon
estimator
cnum

bin value

Figure 2. Video shot histogram representation.
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