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A Simulation Study on the MLE of G3B
Distribution under Progressively Type-II Censoring

Sy-Mien Chen and Yu-Hsiang Hung

Department of Mathematics and Institute of Mathematics
Fu-Jen Catholic University, Taiwan, R.O.C.

Abstract

This paper addresses the maximum likelithood estimator for the
three-parameter Generalized Beta (G3B) distribution via a simulation
study under progressive type Il censoring. Several censoring rates are
considered. The simulation results show that when the censoring rate
increases, the estimates spread in wider ranges, the mean squared errors
become larger, the accuracy and the precision become worse. In addition,
estimators are pairwise linearly correlated when there are more than one
unknown estimators. The relative biases are found to be small. The MSEs
and SEs (precision) diminish as the sample size is increasing and while
the censoring rate are decreasing. The sample size needed for asymptotic
unbiasedness to hold is smaller than what needed for the asymptotic

normality.

Keywords: Trigamma function; Incomplete Beta function;

Simulated annealing; MLE.

Corresponding author: Sy-Mien Chen
E-mail:smehen@math.fju.edu.tw



2 A Simulation Study on the MLE of G3B Distribution under Progressively Type-II Censoring

1. Introduction

In 1982, Libby and Novick (1982) proposed a multivariate generalized beta distribu-
tions of the first kind with applications to utility assessment. For the univariate case, the
three-parameter generalized beta distribution is named G3B. G3B is very versatile and a
variety of uncertainties can be usefully modeled by them, and it is more flexible than the
regular Beta distribution. It was renamed as the Sahinoglu-Libby (SL) pdf due to the fact
that the distribution was pioneered in 1981 by Sahinoglu (1981). Sahinoglu (2000) used the
distribution to study the reliability of integrated software network when the soft-ware failure
and recovery data are insufficient. Sahinoglu and Libby (2003) applied this distribution to
formulate the density function of the unavailability or variability random variables in order to
estimate the network reliability and quality indices for engineering and utility considerations.
By assuming that the forced outage ratio of an embedded hardware component follows
G3B, Sahinoglu, Libby and Das (2005) evaluated availability index with small samples for
component and network reliability. Nadarajah (2005) discussed some probability properties
of G3B which includes the moment generation function, expectation, variance and the Rényi
entropy. Nadarajah (2005) also considered the densities of the sums, products and ratio of two
random variates from G3B. So far most of the results in the literature are about probability
properties. However, in the real world, the knowledge of the objects which we are interested
in are estimated from data collected, it is important to know the statistical properties of the
estimator in order to prevent misleading interpretations. Chen and Chen (2008) compared the
maximum likelihood estimator with Bayes estimators under squared error loss function and
Linex loss function while there are either one or two unknown parameters. Chen (2010) lays
out the conditions for the central limit theorem of maximum likelihood estimators to hold.

It is important to know the reliability of a product, hence a life testing and reliability
experiments are always carried. However, it is not uncommon that units in a life testing
or a reliability experiment are lost or removed from an experiment before failure due to
some reasons, censoring scheme is therefore considered. A sample is censored if out of n
items placed on a test or an experiment, only part of them are actually observed to fail. If
units are removed from test or experiment at points other than the final termination point,

then a progressive censoring should be considered. It was Herd (1956) who first discussed
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the idea of progressive censoring in his Ph.D. thesis at Jowa State College Clifford. Cohen
(1963)(1965) (1975) (1976) then went deeper. Balakrishnan and Aggarwala [10] had a
very extensive discussion on this topic. In additoin, Childs and Balakrishnan (1996)(2000),
Balakrishnan and Kannan (2001), Balakrishnan et. al (2003) discussed estimation problem
for Laplace distribution, Logistic distribution and Gaussian distribution, respectively, based
on progressive Type Il censored data. Recently, Sarkan and Abuammoh (2008) discussed

statistical inference using progressively type-1I censored data with random scheme.

In this paper, we are going to study the estimating problem of G3B while we have
progressively type-11 censored data on hand. In section 2, the three parameter generalized
beta distribution and progressively type-II censoring are reviewed and a maximum likelihood
approach is considered. A numerical and simulation study is given in section 3. A concluding

remark is given in section 4.

2. MLE of parameters in G3B

Let X be a random variable from a three-parameter Generalized Beta distribution,
denoted as G3B(a, 8,7 ). Thenfor0 <x<1,a,B,7 > 0, the probability density function is

defined by
pit _\.a-l(] -x) -1

ﬂ'(-Y;a16,7)={ B(a.ﬁ)[]—(]_y)’\-](z+,{f

0 else

if0<x<I,

where « , 3 are the shape parameters, 7 the scale parameter, and B (@, 5) =/ o 1 @1 (1-0) Pt

% o= 3-1 ;
is the complete beta function, see Figure 1. Let [, (. 5) = fo ’B :;lé); 9 he the incomplete

beta function (Miiller (1931)), then the cumulative distribution function of X is defined by

0 iftx <0
F,dx):{ J (a.B) ifo<x<l
I+{y-1}x
1 ifx =1

Notice that when v =1, G3B( @, 8, 7 ) becomes the standard beta distribution Beta( ¢, 5 ).
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It 1s not uncommon that industrial units may be lost or removed before failure from a
life test or a reliability experiment due to causes other than the normal failure mechanism, a
progressively type Il censoring may be considered under such cases.

In Progressively Type-I1 (PT1l) censoring, assume there are » units placed on an
experiment at time 0. Immediately following the first failure at X,, R, surviving units are
removed ( or censored) from the experiment at random. The process continues until, at
the time X,, of the m" observed failure, the remaining R, =n-m- (R, + R, + -+ R,,,) are all
removed from the experiment. By design, .X; are all random, and R, can be fixed or random.

Let R= (R Ry, -, R,), and r =(r,, r», =, r,,), then while the number of removals are pre-
determined, i.e. R, = r,, R, = r5, =, R, = r,, the joint pdf of the progressively Type II censored
order statistics X = (X, X5, -+, X,,) can be written as

n

fox |[R=r)y=c"[[ HGDISE]
i=1

which is also the conditional likelihood function L(f; x | R =r), where 8 =(qa, 8, v ).
X :(x,l! Xay t0ty ,\’m) ) 0 <X1 g Xm < 1, c'=n (” Ll o '1)(” = Fi= ¥Fp = 2) e (” = Fi= Fg =oiemn =
Fo-m+l), fori=1,2,,m-1,0 <r, <(n-r-ry---ry),and forj=1,2, -, m,

S(x) = 1 I}~ i (See Cohen(1963).

BRE
B(a.p)

Assume that an individual unit being removed from an experiment right after the ;”
failure is independent of the other removing items but with equal probability p, without loss

1h

of generality, let's assume that the number R; of units removed at the /” failure follows a

i-1
=1

binomial distribution with parameters 7 - m - Z rand p, fori=1,2, -, m - 1. Then,

P(R,:}‘,)z( Fl]—)!ﬂ? ) pl(] _p) liflll—i'.j

and
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n-m- i-l ” . i-1
P(Rf :I’_',-‘R_,,,= Fir ‘Ri = 'Vi) :( %[:1 ’) pl.f (]'P) e Z" 1%
!

forj=2,-,m-1,and p € (0,1).

The full log-likelihood function / (6, p; x ,r) takes the following form:

[(@,p;x.r) = Ind-In(B(a,p))+(a-1) 2” Inxi+(5-1) i In(1-x)
-(a+B) X In[ 1 -(1-7) x:] + X ridn [S(x)]

=1

+ i[r.lﬁp-(m- Drin(l-p)]+(n-m)m- 1)/n(1 —p)é!(aaﬁa’fl
where

c*(n-m)!

(n-m- X e 10!

=

By differentiating the log-likelihood function with respect to «, /3, and 7, respectively and

set to 0 we have the following estimating equations,:

G finy =W )+ Wi+ B)]+ X7 dnxi- B In[1-(1-7 )] \
S D Gl - W)+ W@k B) - Inf1=(1-7 )]} =0
j’—,ﬁ =ml-W(B)+ Wi(a+B)+ X, In(1-x) - X7 In[1-(1- 7 )x] (1)

Y gy - W(B) + Wit B) - Inf1-(1-7 ) =0

al _ mo_x 5'(x)
37 - ﬂ?[%] = (a+ﬁ) Za‘-l 1-(1- Y)x;i + Z::I Fs s(x.i') = 0

d2lnl (m) . - 2 ;
_;( L is the trigamma function, and

where W ,(m) =

dm



6 Experimental Studies on Cooling Performance of Desktop PCs

S (x) = (%{

___aret opem (- pF! A O (Y )
BB b T-0- e AT B g By ), Toa - e

The second derivatives are much more cumbersome than the first derivatives, and are not
given here. Theoretically speaking, by solving the system of estimating equations in (1), we
can get the possible maximum likelihood estimators for the unknown parameters. However,
from the above expression, it is hopeless to get an explicit form for these es-timators.
Therefore, in this research, we will study the MLE of parameters based on a simulation study

along with a Monte Carlo method.

3.Simulation study

3.1 Parameter setting

In the simulation, to generate a random sample from G3B(«, /3, 7). first we generate a
random sample 7,75, - ,T, from Beta( @, 3), then a random sample ¥ =(¥,.Y,, = ,Y,) from
G3B(a, 5, 7) can be generated by taking the transformation ¥, = ”—},)T;W Jfork=1,2
n (Libby and Novick (1982) ).

For a progressively censored type-1I sample, first let X, =Y,,,, and then R, items are
randomly removed from the n-1 remainders. Let X; be the smallest one in the remaining
n-(i-1)- Z ;:]1 R; items after the (i - 1)” step. Then R, items are randomly removed from the

remaining s - 1 - Z’};L R, items right after X is observed. Continue the procedure for j =2, 3, -
, m, a progressively censored type-1l random sample X, X, -, X,, is then obtained.

Nowaday, in industrial practice, lot sizes may be running into the thousands, and the
sample size might be in the hundreds rather than a small number such as 10. On the other
hand, MLE performs better for samples with larger size. Hence in this research, we consider
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the following cases:

Unknown parameters a B ¥ a,Bla,vy | B,y |a,.B,7r
Sample size 300 400 400 400 400 1000 1000
3000 | 1600 | 1600 | 3000 | 3000 | 3000 2000
3000

As one can see, it is hopeless to solve those non-linear equations given in (1) an-
alytically, to find the possible MLEs a numerical method is used instead. Since the parameters
and the digamma function involved in the estimating equations are all positive, the Simulated
Annealing method (SA)(Robert and Casella (2004)) is preferred to the Newton-Raphson
method. The temperature function W (¢) we use to control the cooling is mand the size
of the interval around the current point is 0.5. The accuracy is up to the fourth decimal point.
For each different combination of parameters, the simulations are repeated 20000 times.

Assume that at the ¢ iteration the algorithm is at ((a™, 8, v™), (a™, B, v™), a
simple algorithm of the SA method is given as the following:

1. Simulate u =(,, u», 1;) from uniform distributions, i.e., let

u, ~ Uniform ( g\(1), k(1) ).

> ~ Uniform ( g:(1), k(1) ),

us ~ Uniform ( g5(0), k(1) ),

where

g =max{a®-0.5,0}, k()= a+0.5,

2O =max{ ) -0.5,0}, k()= B+ 0.5,

g =max{y("-0.5,0}, L(H= vy +0.5.

2.1 = (™, B, v (D) then take (a ™), BUHD, o D)=y,
If ) < I, B0, 7 ), let p'") = min{exp( N Of“),u.f(”' 7)1}, and
generate p from Uniform(0,1),
if p € (0, o) then take ( atth U o (=g (1) B1) o (1h),
otherwise go to 3
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3. Update W, to W, , then repeat step 1 to step 3.

The true values of unknown parameters used in the simulation are 0.7, 1.0, 3.0, and 10.0
to cover very small to very large cases. For the parameters which are known, we take 0.6, 0.8,
1.0, 1.5, 2.5 to cover the cases while they are smaller than one, equal to one, and larger than

one.

In order to see the effect of censoring rate to the estimation, we consider few censored
rates, eg. 0% (complete sample), 50%, 75% and 90%.

In the simulation study, IMSL along with FORTRAN is used to generate the random
sample and to compute the point estimates of parameters. MATLAB is used for some
graphing. In addition, SAS package is used to do the hypothesis testing for normality and

unbiasedness.

Different combinations of parameters are chosen from 0.7, 1.0, 3.0 and 10. Since the
simulation results are all similar, to save the space, in the following, we only list partial

results in figures and tables.

3.2 Simulation Results
3.2.1 When there is only one unknown parameter

Basically, the variability of estimators becomes larger when the censoring rate and the
true value of unknown parameter ¢, 3, or + are increased. It can be seen from Figure 2 that
more outliers occur in the empirical distributions of B and 7.

The range of the ratio of the sample mean squared errors MSE under the higher
censoring rate over the sample MSE under the lower censoring rate are given in Table 1.
Information relates to the relative bias and standard deviation are also given in Table 1. From
the table, we can see how much the estimating error can be varied when the censoring rate is
increased. In addition, the effects of censoring rate on standard deviation and mean squared
error are stronger for 3 and 7 than the effect for é . See Table 2.
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Based on the theorem, an MLE is asymptotically unbiased and asymptotically normally
distributed under some regularity conditions. Since it is hard to check those conditions in the
current distribution, here we use SAS package to do the job instead. When the sample size 1s
300, & passes normality test except when the true value is 0.7 and the censoring rate is 90%.
,8 performs worse and 7 performs the worst. But when the sample size is increased to 2000
and above, the performance of estimators are improved dramatically. The estimators pass the
normality test for all but one case which occurs for 7 at level 0.05 and 90% rate. And all
three estimators are asymptotic unbiased. See Table 3.

The simulating time needed for estimating parameter 7 is longer than what are needed
for the parameters @ and /S. However, under each case, the simulation time is faster while

the two known parameters are both equal to one or both greater than one.

3.2.2 When there are two unknown parameters
In general, smaller MSE, smaller SD, and smaller SMSE are reached under smaller

censoring rate and also under the case when the unknown parameters have smaller true value.

In each pair of unknown parameters, if one of them is fixed, then when the other one
varies from 0.7 to 1. the increment of the MSE of the corresponding estimator is about
double. However, the pattern no longer exist when the true values are getting larger. When
both ¢ and /3 are unknown and /3 is fixed, the increment of the MSE of ¢ is increased no
less than ten times when ¢ is varied from 1 to 3 to 10. Same thing happened to B when
is fixed. When both a and 7 are unknown and « is fixed, the increment of the MSE of 7
becomes no less than double when 7 is varied from 1 to 3. When 7 is varied from 3 to 10
the increment of the MSE of # is no less than 10 times. When both 8 and 7 are unknown
and 7 is fixed, the increment of the MSE of é becomes no less than ten times when 3 is
varied from 1 to 3, some of them are even as large as forty times. When B is varied from 3
to 10 the increment of the MSE of B is even worse. One other thing we can see in this case is
that the higher the censoring rate, the less the increment of the MSE of 3 When £ is fixed, the
increments of the MSE of ¥ are no less than three times when 7 is varied from 1 to 3. When v
is varied from 3 to 10 the increment of the MSE of 7 is no less than ten times See Table 4.
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Similarly, the relative bias of each estimator increases as the censoring rate or the true
value of unknown parameters are increased. However, the increments are quite small, it is no
larger than the second decimal point when the rate is increased to more than half. The relative
bias for & and the relative bias for 5 both have no special pattern when the censored rate
is increased. However, the relative bias for @& and the relative bias for 4 are both increased
when the true value of the unknown parameters are increased. See Table 5.

The estimators ¢ and ,@ are positive correlated, the same as the correlation between
& and ¢ Their correlation coeffcients are within 0.51 ~ 0.9586 and 0.67 ~ 0.88, respec-
tively. But, ,é and 7 are negative correlated and the value of the correlation coeffcients are
within -0.96 ~ -0.67. The larger the true value of parameters, the stronger the linear relation
between & and /3 | especially when they ar both large, the correlation coeffcient reaches
the maximum. For fixed @ , corr(&, 3 ) < corr( &, 7 ) except when @ = 1, 8 = v =10 and
censoring rate = 90%. é and 7 are negative correlated, and the magnitute is within -0.6705
~-0.9586.

The effect of the censoring rate on the MSE and on the SD for § are stronger than the
effect on what for & The effect on /3 is stronger than the effect on 7. The effect on B is
stronger than the effect on ¢& . Overall speaking, the censoring rate affects é the most, and
@ the least.

3.2.3 When there are three unknown parameters

In the real life, it is quite common that none of the parameters of G3B(a, /5. 7)
distribution is known in advance. As one can expect, the sample size needed under such
situation will be larger than the size needed while there are less unknown parameters. Hence
the sample size we use for this case will be » = 1000 and 2000. The simulation results are

similar to what we have in previous cases.

The SD, the bias, the MSE and the SMSE increase for higher censoring rates, which is
not surprised. The estimator of the parameter that has the largest true value always performs
the worst. When the true value are all the same, then 7 always performs the worst, and &
performs better than ,é while the censoring rate is larger. At fixed censoring rate, unless the
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true value of a is the largest among three paramters, ¢ performs the best regardless the
true values of paramters. When » = 1000, the range of the relative bias for all three unknown
parameters are « € (.0009,.079), B¢ (.0028,.2128) and 7€ (.0145,.1569). When n=2000,
the relative bias for all three unknown parameters are improved such that a € (.0004,.0191.),
Be€ (.0470,.1253) and 7 € (.0023,.1551), which tells us the sample size does improve the
estimation quite a lot.

The correlation coefficients between any pair of these estimators have the following
properties: Corr( &,}é’) € (- 0.73, - 0.28), and Corr( B, 4) € (- 0.93, - 0.47), which indicate
that both pairs are negative correlated. Corr( &, 7) € (0.63, 0.97) which shows strong positive
correlation between & and % . Notice that the relation between & and B has been changed

compare to the case while there are only two unknown parameters.

4 Conclusion

G3B distribution is very useful in describing many real world cases. Due to the
reality that data may not be collected completely, a progressively type data were discussed
thoroughly in the literature. In this research, we conduct a simulation study on the maximum
likelihood estimator of parameters in G3B distribution based on progressively type [1
censored data. Several censoring rates are discussed and the results were compared to the
results that a complete data set may lead to.

According to the simulation results, all the estimators have similar pattern regardless
the number of unknown parameters in the distribution, i.e. for G3B distribution, when the
censoring rate increases, the estimates spread in wider ranges, the mean squared errors

become larger, the accuracy and the precision become worse. See Table 6, 7, 8.

We summarize the main contributions of the current research as the following:
| .Estimators are pairwise linearly correlated when there are more than one unknown

estimators. The larger the true value of the unknown parameters, the stronger the linear
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relation between their estimators. It is worth noting that the sign of the correlation between
a and f are changed under two and three unknown cases. From the simulation, we see that
& and 7 are positive correlated and 5 and % are negative correlated in all cases, but &
and B are negative correlated while all three estimators are unknown, and they are positive
correlated when only @ and /3 are unknown.

2.The relative biases of &, ﬁ? and 7 are found to be small, and the biases do not exceed
6.1% for a, 5.5% for B and 5.4% for y when only one of the parameter is unknown. When
there are two unknown parameters, the biases do not exceed 5.1% for «, 7.5% for & ; do not
exceed 5% for @, 2.1% for 7 ; do not exceed 3.5% for 5, 18% for 7. And do not exceed 2%
for a, 13% for 5, 18% for 7. when all the three parameters are all unknown. It is easy to
sce that the accuracy of § is the worst. Fortunately, the accuracy (bias) can be improved by
decreasing the censoring rate. However, the sample size increases is the principal reason for
the decrease in bias.

3.MSE and SD (precision) diminishes as the sample size is increasing and while the
censoring rate are decreasing. The sample size needed for asymptotical unbiasedness to
hold is smaller than what needed for the asymptotic normality. Over all speaking, for all the
MLE's, the sample sizes needed for each estimator to reach the same results satisfy n; < ng<

nsand Mg p < Mg <Hjs.
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Table 1: Range about the ratio of higher censoring
rate over lower censoring rate

Unknown parameters a B o

300 400 400

sample size

Range of “ratio of sd”

(.6024, 9465)

(2738, .7383)

(.3350, .7634)

Range of “ratio of MSE”

(.3449, .8990)

(.0717, .5401)

(.1078, .6377)

Range of “relative bias”

(.0001, .0061)

(.0012, .0548)

(.0016, .0538)




Table 2: The standard error, bias and mean squared error

of each individual estimator.

0% 50% 75% 100%
SD a 0.7 | 0.0388  0.0508  0.0545  0.0612
n=300 1 0.0529  0.0674  0.0818  0.0879

3 0.1509  0.1938 02274  0.2581

10 | 0.4904 05977 07328  0.7743

I 0.7 | 0.0378  0.0548  0.0763  0.1156

n=400 1 00511  0.0718  0.1074  0.1619

3 0.1886  0.2555  0.4055  0.6887

10 | 06293  0.8980 13027  2.2388

7 07 | 00552  0.0823  0.1103  0.1637
n=400 1 0.0882  0.1155  0.1675  0.2335

3 0.2502 03663  0.4846  0.7298

10 | 08679  1.1844  1.6806  2.5911

MSE a 0.7 | 0.0015  0.0026  0.0030  0.0038
n=300 1 0.0028  0.0046  0.0067  0.0077

3 0.0230  0.0377  0.0517  0.0666

10 | 02423 03627  0.5394  0.6000

8 0.7 | 0.0014  0.0030  0.0060  0.0136
n=400 1 0.0026  0.0052  0.0118  0.0267

3 0.0356  0.0659  0.1677  0.4966

10 | 04043 08161  1.7665  5.3363

7 0.7 | 0.0030  0.0069  0.0124  0.0272
n=400 1 0.0078  0.0134  0.0281  0.0554

3 0.0626  0.1345  0.2364  0.5447

10 | 07549  1.4153  2.8802  7.0034
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Table 2 (Continous):

0% 50% 75% 100%

bias a 0.7 0.0010 0.0013 0.0022 0.0018
n=300 (0.0014)  (0.0019) (0.0032) (0.0026)
1 0.0045 0.0030 0.0029 0.0042
(0.0045) (0.0019) (0.0032) (0.0026)

3 0.0144 0.0138 0.0155 0.0041
(0.0048)  (0.0046)  (0.0052) (0.0014)
10 0.0432 0.0741 0.0488  0.0231
(0.0034) (0.0071) (0.0049) (0.0023)
5 0.7 | 0.0019 00044 00123  0.0154
n=400 (0.0028)  (0.0063) (0.0175) (0.0221)
1 0.0041 0.0066 0.0148 0.0218
(0.0041)  (0.0066) (0.0148) (0.0218)
3 0.0052 0.0257 0.0569 0.1491
(0.0017)  (0.0086) (0.0190) (0.0497)
10 0.0912 0.0987 0.2636 0.5693
(0.0091)  (0.0098) (0.0263)  (0.0569)
7 0.7 0.0032 0.0064 0.0154 0.0197
n=400 (0.0045)  (0.0091) (0.0020) (0.0281)
1 0.0013 0.0031 0.0097 0.0304
(0.0013)  (0.0045) (0.0139) (0.0434)
3 -0.0049 0.0166 0.0389 0.1099
(-0.0016)  (0.0055) (0.0130)  (0.0366)
10 0.0409 0.1113 0.2365 0.5381
(0.0041) (0.0111) (0.0237) (0.0538)
Remark: Numbers inside the parentheses are the relative bias.
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Table 3(a): Some statistical inference results for J/m(a - a) at different level
with sample size=3000.

test for unbiasedness 0% 50% 75% 90%

at level 0.05 y y y y
at level 0.01 y y v y
test for normality 0% 50% 75% 90%
at level 0.05 y y y y
at level 0.01 y y y y

Table 3(b): Some statistical inference results for Jm (B - 3) at different level
with sample size=2000.

test for unbiasedness 0% 50% 75% 90%

at level 0.05 y y y y
at level 0.01 y y y y
test for normality 0% 50% 75% 90%
at level 0.05 y y y y
at level 0.01 y y y y

Table 3(c): Some statistical inference results for Vm (7 - v) at different level
with sample size=3000.

test for unbiasedness 0% 50% 75% 90%

at level 0.05 y y y y
at level 0.01 y y y y
test for normality 0% 50% 75% 90%
at level 0.05 y y y n

at level 0.01 y y y y
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Table 4(a): MSE for &. 5 and MSE for &.7 with n=400 under different censoring
rate a, 5 unknown, r =1.5, and @, 7 unknown, 5 =0.8

rate | B/& 0.7 1 3 10 ¥/a 0.7 1
0% | 0.7 | 00020  0.0047 00545 0.7849 | 0.7 0.0049  0.0127
(0.0018)  (0.0021) (0.0017) (0.0018) (0.0205)  (0.0210)

I 0.0021  0.0043  0.0521  0.5913 1 0.0043  0.0163
(0.0052)  (0.0043) (0.0046) (0.0036) (0.0378)  (0.0555)

3 0.0017  0.0042  0.0399  0.5167 3 0.0035  0.0105
(0.0529)  (0.0535) (0.0409) (0.0425) (0.2561)  (0.2963)

10.0 | 0.0019  0.0041 00393  0.5670 | 10.0 | 0.0043  0.0106
(0.6532) (0.6155) (0.5147) (0.5718) (3.6585)  (2.7665)

50% [ 0.7 | 0.0033 0.0066 00828  1.1083 | 0.7 0.0060  0.0182
(0.0041)  (0.0040) (0.0035) (0.0035) (0.0335)  (0.0403)

| 0.0033  0.0070  0.0784  0.8729 1 0.0066  0.0218
(0.0094)  (0.0092) (0.0082) (0.0069) (0.0754)  (0.0862)

3 0.0028  0.0066  0.0693  0.8337 3 0.0046  0.0131
(0.1059)  (0.1037)  (0.0802) (0.0788) (0.3750)  (0.4109)

10.0 | 0.0030  0.0065 0.0675 08455 [ 10.0 | 0.0065  0.0140
(1.4098)  (1.1296) (0.9506) (0.9095) (7.7193)  (3.9801)

75% | 0.7 | 00044  0.0107 0.1151  1.4534 | 0.7 0.0091  0.0240
(0.0090)  (0.0099) (0.0079) (0.0061) (0.0719)  (0.0654)

| 0.0041  0.0107  0.0991  1.2929 1 0.0089  0.0276
(0.0206) (0.0173) (0.0148) (0.0160) (0.1416)  (0.1527)

3 0.0041  0.0091  0.1006  1.2460 3 0.0055  0.0147
(0.1995)  (0.1876) (0.1495) (0.1426) (0.5787)  (0.5391)

10.0 | 0.0043  0.0088 00983 12237 | 10.0 | 0.0079  0.0160
(2.9529)  (1.9830) (1.7306) (1.5109) (13.5279) (5.5655)

90% [ 0.7 | 0.0061  0.0137 0.1864 22489 | 0.7 0.0142  0.0393
(0.0310)  (0.0249) (0.0227) (0.0209) (0.2400)  (0.1848)

1 0.0114  0.0143 01729 23149 1 0.0130  0.0424
(0.0732)  (0.0572) (0.0524) (0.0446) (0.3989)  (0.3980)

3 0.0046  0.0125 01367  2.3274 3 0.0059  0.0182
(0.4170)  (0.3899) (0.2891) (0.3888) (0.7509)  (0.8332)

10.0 | 0.0060  0.0100  0.1582  1.9185 | 10.0 | 0.0100  0.0180
(9.0996)  (4.0025) (4.2040) (2.9550) (25.1195) (7.6293)

Remark™ : Number in parenthesis corresponds to the MSE of the estimator * in */**
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Table 4(b):MSE for /3,7 with n=1000 under different censoring rate,
B, 7 unknown, @ =1.0.

censored rate i’/[g’ 0.7 1 3 10
0% 0.7 0.0106 0.0042 0.1574  20.5852
(2.7665)  (0.0063) (0.0125) (0.0614)
1 0.0015 0.0108  0.1865  19.3677
(0.0110)  (0.0338) (0.0278) (0.1234)
3 0.0014 0.0039 0.1678 19.8230
(0.09996) (0.1059) (0.2432) (1.0958)
10.0 0.0016 0.0045 0.1986 19.5172
(1.2398) (1.2206) (2.8649) (11.5001)

50% 07 1 00140 0.0081 03321 31.8945
(3.9801) (0.0141) (0.0228) (0.1034)
1 0.0030 00152 04078  29.0965

(0.0219)  (0.0605) (0.0506) (0.2216)
3 0.0030  0.0094 04261  29.1866
(0.2011)  (0.2343) (0.4895) (1.4511)
100 | 00036 00090 04444  31.3856
(2.5943) (2.4098) (5.5843) (18.7389)
75% 07 | 00160 00216 07062 427801
(5.5655)  (0.0026) (0.0505) (0.1746)
1 0.0064  0.0188  0.8237  40.1429
(0.0455)  (0.0498) (0.1153) (0.3404)
3 0.0060  0.0208  0.7816  41.5055
(0.3204) (0.4753) (0.8521) (2.0112)
100 | 00069 00211 07734  37.8411
(4.6363) (4.8434) (9.7377) (29.0608)
90% 07 | 00180  0.0807 14194 53.2996
(7.6293)  (0.0619) (0.0903) (0.4334)
1 00223 0.0634 13608  51.5882
0.1161)  (0.1181)  (0.2369) (0.8973)
3 0.0252  0.1049 13326  46.2267
(0.5685) (0.8971) (1.3098) (2.2192)
100 | 00207  0.0542 13945 48.8978
(10.6877) (10.0310) (19.4805) (35.5256)
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Table 5(a): The absolute relative bias (arb) under censoring rate
0%, 50%, 75%, 100%.
when there are two unknown and n=400.

a,B.y arb 0%  50%  75%  90%
(07,3, 1.5) | bias(@ ) a| | 0.0031 00043 00137 0.0051
bias(f ) B| | 0.0045 0.0133 0.0317 0.0428
(0.7,0.8,3) | |bias(&)a| | 0.0036 0.0047 0.0031 0.0044
|bias( 7 )/ v || 0.0146 0.0017 0.0055 0.0053
(1,0.7,3) | |bias(B ) B| | 0.0063 0.0691 00143 0.0819
bias(7 )/ | | 0.0020 0.0009 0.0066 0.0393

Table 5(b): The absolute relative bias (arb) under censoring rate
0%, 50%, 75%, 100%.
when there are two unknown and n=3000.

a,B.y arb 0% 50%  75%  90%
(0.7,3, 1.5) | |bias(&)/ x| | 0.0020 0.0020 0.0035 0.0085
bias( )/ 8] | 0.0013 0.0045 0.0077 0.0102
(0.7,0.8,3) | |bias(@&)/a| | 0.0043 0.0014 0.0017 0.002
lbias(7)/v| | 0.0121 0.0038 0.0001 0.0158

(1,0.7,3) | [bias(5)/ 8| | 0.0094 0.0150 0.0390 0.0979
bias(¥ )/ v || 0.0031 0.0006 0.0050 0.0063
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Table 6(a): @ when 5 =1.5, 7 =2.5 (the true value of a =3.0)

censoring rate 99% 97.5% 95% 90% 75% 50% 0%
sample size 30 75 150 300 750 1500 3000
MSE 0.1735 0.0781  0.0359 0.0171  0.0072  0.044  0.0022
BIAS 0.0711  0.0341  -0.0117 0.0026 -0.0017 -0.0059 -0.0007
SD 0.4105 02773  0.1892  0.1308 0.0846  0.0658  0.0469

Table 6(b): 5 when a=1.5, v =2.5 (the true value of 5 =3.0)

censoring rate  97.5%  93.75% 90% 87.5% 75% 50% 0%
sample size 40 100 160 200 400 800 1600
MSE 0.1735 0.0781  0.0488  0.0359  0.0177  0.0086  0.0045
BIAS 0.0711 0.0341  0.0204 -0.0117 0.0029  0.0049  0.0017
SD 04105 02773 02200 0.1892  0.1330  0.0925  0.0669

Table 6(c): ¥ when «=0.6, 5 =1.5 (the true value o 7 =3.0)

censoring rate  98.67%  96.67%  90.00% 86.67% 75% 50% 0%

sample size 40 100 300 400 750 1500 3000
MSE 0.8701 03003  0.1337 0.0755 0.0367 0.0212  0.0105
BIAS 0.1647 0.0552 0.0215 0.0016 0.0259  0.0248  0.0078

SD 09182 05452 03651 02749 0.1899 0.1434  0.1019
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Table 7(a): @ and 4 when 7 =1.5 (the true value of a=0.7, £=3.0)

censoring rate  98.67%  96.67% 94.67% 86.67% 75% 50% 0%

sample size 40 100 200 400 750 1500 3000

MSE( &) 0.0046  0.0041  0.0028 0.0017  0.0008  0.0004  0.0003
MSE( ) 0.4170  0.1995  0.1059  0.0529  0.0328 0.0127 0.0078
SMSE 04216  0.2036  0.1087 0.0546  0.0336  0.0132  0.0080
BIAS( &) 0.0036  0.0096  0.0030  0.0022 -0.0025 -0.0014 -0.0014
BIAS( ) 0.1283  0.0952  0.0398  0.0136 -0.0232 -0.0137 -0.0040
SD( &) 0.0674  0.0631  0.0525 0.0413  0.0277 0.0205 0.0160
SD(3) 0.6329 04364 0.3230 02296 0.1797  0.1120  0.0881

Table 7(b): @ and ¥ when 5=0.8 (the true value of @=0.7, 7 =3.0)

censoring rate  98.67%  96.67% 94.67% 86.67% 75% 50% 0%

sample size 40 100 200 400 750 1500 3000

MSE( ) 0.0059  0.0055  0.0046  0.0035 0.0015 0.0011  0.0006
MSE(7) 0.7509 05787 03750  0.2561  0.1409  0.0911  0.0474
SMSE 0.7568  0.5842  0.3796  0.2596  0.1424  0.0922  0.0480
BIAS(&) -0.0031  -0.0022 -0.0033  0.0025 -0.0012 0.0010  0.0030
BIAS(7) 0.1193  0.0166 -0.0051 0.0437 -0.0004 0.0115 0.0363
SD(&) 0.0771  0.0741  0.0679  0.0588  0.0382  0.0334  0.0253
SD(7) 0.8583  0.7605 0.6123  0.5042 0.3754 03015 0.2146
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Table 7(c): A and 7 when a=1.0 (the true value of 5=3.0, 7=0.7)

23

censoring rate

sample size

96.67% 91.67% 83.33% 75% 66.67% 50% 0%
100 250 500 750 1000 1500 3000

MSE(3)
MSE(§)
SMSE
BIAS()
BIAS(7)
SD(4)
SD( %)

1.4194  0.7062 03321  0.2884  0.1574 0.1102  0.0511
0.0903  0.0505 0.0228 0.0185 0.0125  0.0087  0.0043
1.5097  0.7567 0.3549 03069 0.1699 0.1189  0.0554
0.5023 0.2170  0.1265 0.1171  0.0508  0.0450  0.0281
-0.0173  0.0036 -0.0047 -0.0035 0.0012  0.0004 -0.0022
1.0803  0.8119 0.5622 0.5241 03935 0.3289 0.2243
0.3000 02246  0.1511  0.1359  0.1117  0.0932  0.0652

Table 8: &, /5 and 7 (true value @=3.0, 5=10.0, and 7 =1.0) with n=2000

censoring rate 90% 75% 50% 0%

sample size 200 500 1000 2000

MSE( &) 0.1264  0.0725 0.0567  0.0338
MSE( ) 22.4657 11.7343 83414 43942
MSE( §) 05123  0.1868  0.1178  0.0670
SMSE 23.1045 11.9937 8.5159  4.4949
BIAS( &) 0.0573  0.0218  0.0018  -0.0012
BIAS(/) 1.2526  0.8330 0.7595  0.4696
BIAS( %) 0.1551  0.0530  0.0138  0.0023
SD( &) 0.3509 02683 0.2381  0.1837
SD(5) 45713 33227 27865  2.0430

SD(7) 0.6988  0.4290 0.3430  0.2587
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Figure 1: The pdf of G3B(«a. 5, 7)
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A Simulation Study on the MLE of G3B
Distribution under Progressively Type-II Censoring
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Measurement of Faraday Rotation in an
Optical Fiber : Method of Signal Modulation

K.C.Hsiao and C.S. Lai

Department of Physics, Fu Jen Catholic University

Abstract

Measurement of Faraday rotation in an optical fiber is always
interfered by the existence of linear birefringence. To solve this problem,
the authors proposed and showed experimentally a new method, signal
modulation. The signal is modulated with a known small value. Both
the original and modulated signals are measured. Faraday rotation and
linear birefringence can then be calculated from the measured data.

Keywords: Faraday rotation, linear birefringence, optical fiber.
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A Note on All-Ones Problem

Hong-Min Shaw

Department of Mathematics Fu Jen Catholic University

Abstract

K. Sutner introduced the All-Ones Problem and showed that a
solution for the All-Ones Problem exists to any undirected graph. The
study of this and its related problems intermingles the realms of graph
theory and matrix theory. It is known that the number of solutions for the
All-Ones Problem to any undirected graph of n vertices would be 2" for
some m, 0 = m = (n-1). Undirected graphs whose number of solutions

is 2 (or 2"*) are classified.

Keywords: All-Ones Problem, odd-parity cover.

1. Introduction

[n this note a graph always means a finite simple undirected graph whose vertices are
labeled by {7, 2, ..., n}. Here n is the number of vertices and simple means no loops and
no multiple edges. Consider that each vertex of a graph is equipped with a light bulb, and
the state of a vertex is either 0 or 1 depending on that equipped (light) bulb is off or on
respectively. Each time when a bulb (vertex) is touched, the state of the corresponding vertex
and each of its neighbors will be inverted. For instance in the path Ps=(/,2,3,4,5) with states
(0,1,1,0,1), a touch of vertex (bulb) 3 will invert the states of vertices 2, 3,4; thus the states of
P becomes (0,0,0,1,1). Note that (0,0,0,1,1):(0,1,1,0,1)+(O,1,1,1,0) over the Galois field Z, .
K. Sutner [4] introduced the All-Ones Problem asking that to a given graph with states of all
vertices being 0, is it possible to touch a sequence of vertices so that in the end the states of

all vertices being 17

Corresponding author: Tel:02-2905-3546 Fax:02-29044500
E-mail:hmshaw@math.fju.edu.tw
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Clearly when a vertex is touched twice, the state of every vertex remains unchanged.
Thus a solution of the All-Ones Problem, if exists, can be represented as the characteristic
vector of some subset of {7, 2,..., n}. This subset O, as observed in [4], satisfies that for any
vertex v, | N [v] n Q| is odd, where N [v] is the closed neighborhood of v. Such Q is called
an odd-parity cover of G. For instance both {/, 4} and {2, 5} are odd-parity covers of P;=
(1,2,3,4,5). In any complete graph X, , notice N [v] ={I, 2, ..., n} for any vertex v. Hence 0
is an odd-parity cover of K, if and only if Q contains odd number of vertices. So the number
of solutions for the All-Ones Problem to the complete graph X, is 2" . Using matrix theory,
Sutner [4] proved that the All-Ones Problem is solvable to any graph. He stated it in terms of
graphs as follows.

Theorem 1 (Sutner: graph version) Every graph G has an odd-parity cover. d

In [2] a similar proof to a more general result was provided by Lossers. Gallai (see
[1]) proved that for any graph G, there is a partition {X, ¥} of ¥(G) so that in both induced
subgraphs G[X] and G[Y] all degrees are even; {X, Y} is called a Gallai's partition. For
example {{/,3,5}, {2,4}} is a Gallai's partition of P;=(1,2,3,4,5). We refer to the book
of Lovasz [3] for a proof. Caro [1] established that for any graph the existence of an odd
parity cover and that of a Gallai's partition are equivalent. Therefore Sutner's theorem is a
consequence of Gallai's theorem (and vice versa). Caro [1] also gave a proof using linear

algebra.

All these proofs in terms of matrix are based on the following simple observation by
Sutner [4]. First we identify each vertex of a labeled graph G with its light bulb. Next we
name a binary (column) vector indicating the on-off status of the vertices a state vector
of G. Let A be the adjacency matrix of the graph G (labeled by {/, 2, ..., n}) and g be the
characteristic (column) vector of a subset Q of F(G). Observe that if initially the state vector
of G is a, then a+( A+ 1) q is the state vector obtained after all vertices of Q are touched.
Denote the zero (column) vector by 0 and the all-one (column) vector by 7. Then Sutner's

thoerem can be restated as.

Theorem 2 (Sutner: matrix version) Let A be the adjacency matrix of a graph G
labeled by {1, 2, ..., n} and I be the identity matrix. The matrix equation (A+1) x = I has a
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solution over the Galois field Z.. In other words, 1€ im(A+]), the image (or column space) of
A+

For example the adjacency matrix A for the path P; = (7,2,3,4,5) is

01000 11000
10100 11100
10100 |.Solve| 01110 [ x=1,wegetallsolutions
00101 00111
00010 00011

x =(1,0,0,1,0)7, (0,1,0,0,1)" (T stands for transpose). Thus {/, 4} and {2, 5} are all odd-parity
covers of Ps.

The following concept seems to be a quite natural extension. Two state vectors @, » of a
graph G are said to be equivalent, denoted by a~b, if the status of G becomes 4 after certain
vertices of G (with the state vector a) are touched. With this notion, the third version to state

Sutner's theorem is

Theorem 3 (Sutner: algebra version) For any labeled graph, 0~1.
Due to the earlier observation (by Sutner), a~b means a+(A4+Ig=>b for some g, i.e.,
b-a(=b+a) € im(4+/). Since im(4+/) is a subspace of Z., it is a routine to verify the following

proposition.

Proposition 4 Let ~ be the binary relation defined on the state vectors.
(1) ~ is an equivalence relation.

(2) If a~b and c~d, then (a+c¢) (b+d).

To any binary vector a, let & be the binary vector obtained by inverting every
component of g. Namely @ = a+1 under the arithmatic of Z,. Sometimes we say g and g are

complementary (to each other). By Sutner's theorem 0~1, adding a to both sides results in

Corollary 5 For any labeled graph, a~a.
We have discussed in several ways the existence of a solution to the All-One Problem.
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In fact the number of solutions can also be determined by finding the rank of a matrix.
Notice that the equivalence class [0] is equal to the subspace im(4+/). Under the vector
addition, [#] is a subgroup of the abelian group Z:. So each coset of [#] is an equivalence class
under ~. Thus the size of all equivalence classes are the same. In fact for any state vector

a, |[a]|=|[0]|=2 ", here r is the rank of A+]. If r is determined and a~b, then the number of

solutions to transit g into b is 2.

It seems quite difficult to classify those graphs whose All-Ones Problem has a unique
solution. In next section we classify graphs whose number of solutions to the All-One

Problem is quite a bunch, 2"/ or 2.

2.Results

Let G be a graph with V' (G) = {1, 2, ..., n}, 4 (G) be its adjacency matrix and J be
the identity matrix. Given a positive integer r, the object is to find all graphs G so that the
associated matrix 4 (G) + [ has rank r.

For convenience let B(G) = A(G) + I and r denote the rank of B(G). Often G is omitted,
i.c., B = B(G). Let B.; denote the j-th column and B; denote the i-th row of B. Note that B is
a symmetric (0,1) -matrix with the main diagonal 1. Thus B contains no zero vector and so
r = [. A basic fact in linear algebra is that any set of maximal linearly indepndent columns
in B has r columns, which from a basis for the column subspace im(B). Hence by Sutner's
theorem, 1 is a linear combination of these columns. Over Z,, it means [ is a sum of some of

theses columns.

When » =1, each equivalence class [a] contains exactly two complementary state vectors

a and a . This class contains only complete graphs.
Theorem 6 Let G be a graph. The rank of B(G) is 1 if and only if G is a complete graph.

Proof. Let J be the all-one matrix. G is the complete graph K, if and only if the adjacency
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matrix of G is J-/ if and only if B(G)=J. The rank of J is clearly /.

Conversely if the rank of B is /, all nonzero columns of B are the same, say a.
Then for all i =1,---.n, @, = | because B,= 1. So ¢ =I. Since B has no zero vector, B = J.
QED

When r =2, [a] = {a, a+b, at+c, a+b+c}, where im(B)=span{b,c}. This class contains
only disjoint union of two complete graphs. To prove this, a simple and useful lemma is

introduced.

Lemma 7 Let 0, (1) denote the set of indices i such that a=0 (a,=1). Suppose U}_; 0,,= {1, ...,
n} . Then 1 will not appear as a column in B.
In particular 1 will not appear as a column in B, when B contains two complementary

columns.

Proof. If B, =1,then B,=1".Since je {1, ---,n}=U,, 04, je 0, for some k. Thus B,= 0.
But B, = 1, for all p, a contradiction.
QED

Theorem 8 Let G be a graph. The rank of B(G) is 2 if and only if G is a disjoint union of two

cligues.

Proof. Suppose G is disconnected with components G,,--+,G,. Let B; = A(G)*+], i=1,...p.
Note that the order of the identity matrix / here is the same as the order of the component G,

Then the matrix
B, 0

0 B,

has rank r,+ -+ + r,, where r; is the rank of B,. Hence when G is a disjoint union of two

cliques, the rank of B is 1+1=2 by Theorem 6.
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Conversely let {u,v} be a set of maximal linearly independent columns of B.

Then im(B) = {0,u,v,w}, where u # v and w = u+v. By Sutner's thecorem, 1€ {u,v,w}.

Since w+u = y+v+u = v, vtw = vtut+v =y, we may assume I=w without loss of generality.

Thus u,v are complementary. Namely 0, = 1, and 1, = 0,. By the above lemma, 7 is not a
column in B. Thus each column of B is either # or v. Notice that 1, and 1, form a partition
of M(G) = {1,...,n}. Since the main diagonal is I, the subgraphs induced by 1, and by I, are
both complete graphs. Since 1, =0, and 0, = 1, , no edge joins these two complete graphs.
Therefore G is a disjoint union of two cliques.

QED
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Deflection Analysis of a Hybrid Composite
Robot Fork

K.H.Tsai',C.L.Hwan? Y.S. Zeng? Y. S.Huang?,
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100 Wenhwa Rd. Taichung, Taiwan

Abstract

In this study, two approaches were adopted to analyze the deflection
of a hybrid composite robotic fork with stacking sequence [W/+45°
/ 0°/%45°/ W] under loading, in which W denotes woven fabrics.
First, using the rule of mixture and the stiffness averaging method, the
engineering moduli of the woven fabric and unidirectional composites
were calculated. Furthermore, the engineering moduli of composite
were homogenized in the thickness direction. Next, these engineering
moduli were put into ANSYS to build two finite element models both
with five-layers and a single-layer respectively in the thickness direction,
and the deflections of the cantilever box-beams under loading were
then calculated. The computed deflections were correlated well with the
experimental results. It is noted that the simplified one layer method with
some correction can provide a reasonable prediction of the deflection
of the hybrid box beam in the shorter computing time. Besides, an open
hole tends to increase the deflection of the hybrid box-beam and the hole
effect becomes more obviously as the hole locates closer to the fixed end.

Keywords: hybrid composites, robot, box beam, deflection.
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of Desktop PCs
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Abstract

This study investigated the cooling performance of desktop computer
heat sinks under varying conditions, including heat load and axial load
between heat sink and central processing unit (CPU), thermal interface
material, and fan speed. In the condition of 3000 rpm fan speed and axial
load F=18kgf, the surface temperature of CPU simulator T, was reduced
by as much as 67.5%. Quantitative data comparisons indicated that,
under the condition of axial load F=18kgf and fan speed N=3000rpm,
increasing effective heat flux ¢” achieved a maximum ratio of 50%. The
data confirm that the most efficient solution for the CPU heat problem is
to simplify the attachment mechanism between the CPU and heat sink so
as to ensure the effectiveness of thermal interface material between their
surfaces. This solution is simpler and more economical than improving

heat sink fins.

Keywords: Heat load, axial load, thermal interface material, fan speed.
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[n modern desktop computers, improved thermal solutions are required due to the
extremely small contact area between the CPU and the heat sink. Increasing CPU power and
reduced die sizes are also problematic. Achieving perfectly flat CPU and heat sink surfaces
is not possible. Therefore, small gaps in their interface negatively affect heat transfer since
air conducts heat poorly. Therefore, an interface material with high thermal conductivity is
needed to improve heat conductivity between the CPU and heat sink by filling these gaps.
Meanwhile, for acceptable thermal transfer, the axial load between the two surfaces must be
high. This study analyzes the cooling performance of a desktop PC heat sink. In doing so,
the objective is to obtain experimental data that could be used to improve heat sink cooling
performance. Since the heat sink is clamped to the CPU by an attachment mechanism, the
structural design uses a high clip stiffness that resists local board curvature under the heat
sink, which is designed to maintain a uniform contact surface between the simulated CPU
and the heat sink. The axial load is analyzed by using a compression/tensile tester between
the CPU simulator and heat sink. The heat sink attachment mechanism is designed to provide
a strong axial load but still be reasonably easy to install. The extent to which axial load,
thermal interface materials, and fan speed affect thermal dissipative performance can then be

determined.

2. Experimental facility and method

2.1 Facility description

Figure I schematically depicts the experimental setup in this study. The facility included
an attachment mechanism, a cooling unit, and a CPU simulator unit. The cooling unit and
the CPU simulator unit were secured to an attachment mechanism on the tester with four
fasteners. In this study, cooling performance measurements were performed in an enclosed
test chamber to ensure maximum reliability.

The attachment mechanism consisted of a fixture, a digital force gauge, and a manual
type compression/tensile tester capable of measuring axial loads from 8kgf to 20kgf with
+0.5% accuracy. The major functions of the attachment mechanism were to secure the
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cooling unit and the CPU simulator unit and to apply and maintain the desired pressure on the
TIM by applying an axial load to the heat sink base. The cooling unit consisted of a heat sink
and an axial-flow fan. The CPU simulator unit consisted of three specimens: a copper plate
(33mm X 33mm X 2.9mm, k=401 W/mK ), an electrical heater (33mm X 33mm > Imm), and an
adiabatic base. The adiabatic base was fabricated with bakelite (k=1.4W/mK ).

The cooling performance simulation was run on a desktop PC with an Intel Pentium
IV processor. The top surface of the CPU simulator unit was designed to interface with
the heat sink of the cooling unit. The experimental thermal solution was an active-cooling
design with a fan mounted on the heat sink. The apparatus contained no other heat-generating
components. Most of the heater power was dissipated through the cooling unit, and the power
dissipated as heat through the adiabatic base and into the compression/tensile tester was

usually minimal.

The heat generated by the CPU simulator unit within the chassis (245mm X 265mm
% 510mm) of the experimental apparatus was minimized to provide a suitable operating
environment. Heat generated by the CPU simulator was dissipated by maintaining airflow
from the external ambient environment through the experimental apparatus. The chassis was

designed to obtain reliable experimental results and precise data.

2.2 Testing procedures

Tests were conducted under normal environmental conditions, including a 20.8 %1 L
ambient temperature. Table 1 shows the contact interface of CPU simulator and heat sink
with/without TIM that was selected for each parameter (axial load F and fan speed N). Heat
generated by the CPU was simulated using an electrical heater. The cooling unit was tested
on a simulator with a 100W capacity. The simulator was insulated from external heat. Three
temperatures were determined by type K (chromel-alumel) thermocouples. One thermocouple
was set at the contact interface of the CPU simulator, and another was set at the other side of
the copper core at a distance of 3.5mm (Az.;=3.5mm). These thermocouples were secured
with high conductivity thermal grease (k=4.8W/mK ). The simulator temperature was

determined at the geometric center of the contact surface. A thermocouple was also placed
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8 mm above the fan (Az,=8mm) to monitor ambient temperature. All thermocouples were

measured simultaneously at 1.25 Hz.

The CPU simulator was characterized at step-wise increases in a heat load ranging from
15.5W to 87.6W and with a time lag in stationary regimes. The maximum heat load was
limited by an admissible simulator temperature of about 80°C and its limiting capacity. The
experimental thermal solution was an Intel radial curved bifurcated fin heat sink (RCBFH)
(diameter 89.4mm, height 40.6mm) with aluminum fins, aluminum base, and copper core .
The cooling unit had the following axial fan specifications: rated voltage 12VDC, dimensions
LE0mm X W80mm X H25mm, noise level 35.5dB, rating speed 3500rpm. The fan was tested
at 2500rpm and 3000rpm.

The objectives were to determine temperature characteristics such as thermal resistance
of the cooling unit under varying conditions such as heat load. For the condition of contact
interface without TIM, only the effects of axial load F and fan speed N were studied in a
heat load range lower than 61W. The full characterization of TIM included tests of heat loads
up to 87.6W and all possible combinations of input parameters (eight total). Eight series of
experiments were performed to test different combinations of TIM, axial load, and fan speed
(Table 1). All tests were performed with the simulator in a thermally stable condition. In this
case, heat losses from the simulator into the environment were considered negligible and were

excluded from the calculations.

2.3 Theoretical background

A theoretical model of thermal management was developed to quantify how TIM, axial
load, and fan speed affect heat dissipation from a desktop PC. The thermal profile parameter
defined the maximum case temperature (MCT) as a function of processor heat load as
described in the Intel reference design [24]. The thermal design power (TDP) and MCT were
defined as the maximum values of the thermal profile. The thermal solutions were intended
to satisfy the thermal profile requirements for all system operating conditions and processor
power levels. The thermal solution performance was expressed as the slope on the thermal
profile, which represented the thermal resistance of the heat sink attached to the CPU.
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The thermal resistance of the heat sink/CPU assembly, which is the conventional
measure of heat dissipation in a CPU cooling unit, refers to the ratio of the temperature
difference between the heat sink and CPU simulator to the total heat load.
AT, _T-T,

q q

= (1)

where AT, .denotes the temperature difference between surface temperature of C PU simulator
T, and base temperature of heat sink 7., ¢ denotes the heat load of the CPU simulator, which
is the product of electric current I and electric voltage V' produced by the electrical heater in
this study. The R is commonly presented in units of ‘C /W. According to the equation for R,
contact resistance approaches the minimum as A7, approaches zero.

Heat load and temperature were determined to validate the thermal solutions. Here,

thermal characterization parameter (TCP) y was compared among all thermal solutions

_ ATI-.J! e T! _T,J
S 2)

where 7, denotes the surface temperature of CPU simulator, T, denotes the ambient
temperature above the fan, and g denotes the heat load of the CPU simulator. Unlike
thermal resistance, the TCP is estimated according to total CPU power. The three essential
measurement parameters for characterizing thermal properties were surface temperature of
the CPU simulator, heat load of the CPU simulator, and ambient temperature.

Heat is removed from the CPU simulator via conduction across the interface of the
CPU simulator surface, through a TIM, into the heat sink and then to the environment via
convection. In the condition of contact interface with TIM, the heat flux through the heat sink
is calculated by

AT. Tg=dy
q"=*k 2-3 e 2 3

Az, , Az,

(3)

where k denotes the thermal conductivity of the copper core of heat sink. In this study, k
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(copper) is 401 W/mK . The T, and T; were the surface temperatures at the two ends of the
copper core and are determined on the same vertical central-axis. The value Az, was the
distance between T, and 7, (in this case, Az, ,=3.5mm).

2.4 Uncertainty analysis
The experimental analyses of desktop PC cooling performance were subject to errors in
instrumentation, methodology, and procedure, which were quantified to assess the confidence

in the results. The relative uncertainty in the TCP [25] is given by

’ 5 142
P, _ {@} {%} )
Pi i X

where gp represents the parameter uncertainty in the result, and 8y, and §x, denote the
uncertainties in the variables y, and x,, respectively. In this equation, §p,/ p, represents
the relative uncertainty in the result, and the factors oy, / y;, and dx; / x, are the relative
uncertainties of each variable. The parameters in this experimental study included thermal
resistance R, thermal characterization parameter y , and heat flux ¢” as defined in Egs. (1)~(3),
respectively. The variables y, and x; are described in Egs. (1)~(3).

In this experimental study, estimated maximum relative uncertainties in thermal
resistance R , thermal characterization parameter y, and heat flux ¢” were 5.3%, 5.3%, and
5.2%, respectively.

3. Results and discussion

Thermal resistance refers to the ability of a cooling unit to transfer heat between different
surfaces. Reducing thermal resistance significantly affects overall thermal performance. A
higher thermal resistance implies a larger temperature drop across the interface. Additionally,
a more efficient thermal solution is required to achieve the desired cooling.
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Three thermocouples were used to monitor temperature history and to obtain regularized

sequential trends that represent thermal resistance and other TCP measures.

3.1 Bare junction

To reduce thermal resistance between the heat sink and CPU interface, thermal resistance
is typically minimized by filling the interfacial gap with TIM. A TIM was used to eliminate
gaps in the contact interface by improving the conformance between the mating surfaces.
A direct conduction path from the CPU to the heat sink and use of TIM with increased
thermal conductivity can also improve cooling performance. Specifically, the quality of the
contact interface between the CPU and the heat sink has a higher impact on overall solution

performance as CPU cooling requirements become stricter.

The analysis first compared different TIMs. This experimental study considered only two
limiting cases, contact interfaces with and without TIM coatings. The thermal grease applied
in this study had a thermal conductivity of k=4.8W/mK . In Fig. 2, the vertical coordinate is
the measured surface temperature of CPU simulator 7, , and the horizontal coordinate is the
heat load g. The figure shows that fan speeds were 2000rpm, 2500rpm, and 3000rpm when
the CPU and cooling unit were integrated under an axial load. The surface temperature of
CPU simulator T, generally increased linearly with heat load. Table 2 shows the results of a
linear, least-squares data fit, which can be simply expressed by the following correlation

T, =aqg+b (3)

where coefficients ¢ and b are experimental constants. For coefficients a and b, Table 2

tabulates the best fit for different cases as determined by least squares method.

Notably, the change in T, was larger in the cases of uncoated TIM than in the cases of
coated TIM. For example, the change in heat load ¢ from 15.5W to 87.6W resulted
in a 46°C increase in 7, (experimental number #7) whereas an increase in ¢ from 15.5W to
39.2W obtained a 32.7 °C increase in T, (experimental number #2), which was significantly
larger than that in the previous case. All such properties were attributable to the TIM. Under
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heat load condition g=39.2W, the use of TIM had the greatest effect on cooling performance
(64.3% reduction in 7, ). The data in Table 2 provide further confirmation. In all tests of
coated TIM, coefficient a was 0.62°C/W to 0.68 C/W whereas, for all tests of uncoated TIM,
coefficients a was 1.38 C/W to 1.57°C/W, which was more than double that observed in the

previous cases.

Experimental data for the case of uncoated TIM were compared with the Intel data [24].
In the low heat load condition (g<15.5W), the heat sink dissipated the heat generated by the
CPU. Therefore, the experimental data were lower than the data obtained by Intel. However,
as heat load increased, thermal resistance gradually increased until it significantly disrupted
heat dissipation, and the discrepancies with the Intel data increased accordingly. Immediately
after reaching a load of 39.2W, the CPU simulator temperature exceeded 76.9 °C under the
two different axial loads whereas the corresponding temperature reported by Intel was only
53.3°C . As larger axial load reduces the temperature of the CPU simulator, heat dissipation
increases. These data reveal the important effect of thermal resistance.

[n the next experiment, the same two axial loads were applied at fan speeds of 2000rpm,
2500rpm, and 3000rpm. The only difference was that the contact surface between the bottom
of the CPU simulator and the heat sink was coated with TIM to fill the gaps between the
contact surfaces in order to improve thermal resistance. Figure 2 shows the experimental
results, which confirm that the temperature of CPU simulator 7, was significantly reduced
after TIM coating was applied. This phenomenon implies that the TIM can weaken thermal
resistance, which improves heat transfer from the CPU through the interface and to the heat
sink. Additionally, the TIM not only efficiently reduced the temperature of the CPU simulator,
it also improved heat dissipation performance at higher temperature ranges. Further, the data
in Fig. 2 show that, although the temperature of the CPU simulator at the three different
fan speeds did not substantially differ, fan speed was clearly inversely related to simulator
temperature. This confirms the improved heat dissipation achieved by faster fan speeds.

Further analysis of the data distribution in Fig.2 reveals significant differences in the
availability of coated TIM, especially in the case of high-efficiency cooling performance.
Quantitative data comparisons indicated that, although the thermal conductivity of the TIM
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(k=4.8W/mK) was much lower than the copper core (k=401W/mK), the coating on the heat
sink and CPU simulator still weaken the contact resistance significantly. Under heat load
condition g=39.2W, axial load F=18kgf, and fan speeds of 2000rpm, 2500rpm, and 3000rpm
(experimental number #6, #7, and #8), the effective temperature reductions were 57.6%,
64.3%, and 67.5%, respectively.

3.2 Axial load effects

In the next series of tests, the heat sink was attached directly to the CPU. The attachment
mechanism was designed to apply a axial load on the CPU. When measuring the thermal
performance of the TIM between the heat sink and the CPU, the axial load was maintained
within the minimum/maximum range specified in the CPU. Due to asperity deformation
under the axial load, the number of contact spots increased, which in turn decreased thermal
resistance. An appropriate axial load can optimize thermal contact conductance at the CPU/
heat sink interface. An overly low axial load causes poor contact, and an overly high axial

load causes CPU/heat sink assembly damage.

In further studies of the effects of axial load, the four groups in Fig.2 represent the T,
value of the CPU simulator under the conditions of 12kgf and 18kgf axial load. The data
distribution in Fig.2 indicates that, although all CPU simulator temperatures were very
similar, axial load (experimental numbers #6, #7 and #8) was negatively related to the T,
value of CPU simulator. This occurs because the axial load increases the pressure on the
contact surfaces, which then reduces the air gap on its surface, improves thermal resistance,

and reduces the T, value of the CPU simulator.

Thermal resistance was further measured under a steady-state, one-dimensional axial
heat flow condition. Figure 3 shows the thermal resistance R [Eq.(1)] distribution for varying
heat load ¢. Thermal resistance correlated with heat load and reached a maximum of 0.182°C/W at
87.6W (experimental number #3). Such a high thermal resistance for traditional active cooling
is due to axial load and static load. Nevertheless, the effect of fan speed is significantly
smaller than those of axial load and static load. For a given fan speed, thermal resistance

decreased as axial load increased due to enhanced thermal contact conductance between the
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heat sink and CPU simulator.

As the TCP reflects cooling performance, the experimental data were transformed into
the parameters and drew it with the heat load ¢ in the diagram, as Fig. 4 shows. According to
Egs. (1) and (2), the thermal resistance R and the TCP have the same unit. In physical terms,
the TCP determines thermal resistance and generally increases as heat dissipation increases;
under larger axial loads, the TCP is slightly lower. Although the variation in TCP is small,
the effect of axial load is still distinguishable. This implies that, given a consistent fan speed,
axial load is inversely related to thermal resistance.

Figure 4 plots the TCP ( g ) for varying heat load ¢, which was determined by
calculating the temperature difference between 7, and 7, [Eq.(2)]. For a heat load range
of 15.5-87.6W, TCP values approximated 0.5 C/W. Notably, axial load and fan speed
provided efficient cooling performance by increasing thermal contact conductance and
forced convection, which then reduced the temperature difference between 7, and 7, .
Quantitative analysis indicated that, as heat load ¢ increased from 15.5W to 87.6W, TCP
increased to 19.6% and decreased to 13.2% in two of the limiting cases (experiments #3 and

#8, respectively).

The next experiment examined heat flux ¢” by the heat sink cooling unit. The
distribution of six sets of experimental data in Fig.5 clearly show that axial load correlated
with heat flux through the heat sink.

3.3 Fan performance

The examined cooling unit consisted of a heat sink with radial curved bifurcated fin and
an axial-flow fan. The primary function of the fan was to enhance heat transfer from the CPU
by efficiently transferring heat out of the CPU to an attached cooling device. Convective heat
transfer between the airflow and the surface exposed to the flow is characterized by the local
air temperature above the fan 7, and the local air velocity via the surface. The cooler the air,

the more efficient the resulting cooling unit.
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The effects of fan speed on cooling performance were then examined at fan speeds of
2000rpm, 2500rpm, and 3000rpm. Figure 2 shows that fan speed was inversely related to
temperature 7. At speeds of 2000rpm to 2500rpm, average reduction in 7, was 3.24%, and,
at 3000rpm, T increased to 5.69%. Further analysis of the data distribution shown Figs. 3
and 4 revealed that both thermal resistance and TCP correlated negatively with fan speed.
The TCP results were consistent with the Intel data [24]. Intel reported that, in the reference
design performance of Intel RCBFH-3, the TCP was 0.29 ‘C/W at 3600rpm and 0.325 ‘C/W
at 2400rpm and that temperature reduction reached 12.07% [24]. In the current experimental
study, a fan speed increase from 2000rpm to 2500rpm caused an average decrease in of
0.042°C/W (8.45%). Further, a fan speed increase from 2500rpm to 3000rpm caused an
average decrease in y of 0.057°C (13.3%).

Finally, Fig. 5 summarizes the impact of fan speed on conductive heat flux. The
experimental results clearly reveal that heat load g correlated with heat flux ¢ . This finding
suggests that heat transfer through the copper increased. A data comparison between the three
different fan speeds (2000rpm, 2500rpm and 3000rpm) clearly shows that, given a constant
axial load of 18kgf, fan speed correlated with heat flux ¢", especially under the condition of
high heat load g. Quantitative data comparisons also indicated that, under axial load condition
F=18kgf and fan speeds of 2000rpm, 2500rpm, and 3000rpm in experiments #6, #7, and #8,
respectively, the effective heat flux ¢" increased 37.5%, 37.5%, and 50%, respectively.

Figure 6 shows the relation between the simulated CPU surface temperature 7, and fan
speed N based on the different heat loads. The value 7, was negatively associated with N.
This implies that heat dissipates via the heat sink as a function of fan speed. The plot also
indicates that cooling performance through the heat sink requires high volume flow-rate for
active cooling unit due to high fan speed. Quantitative data analysis indicated that, when the
speed N increased from 2000rpm to 3000rpm, 7, decreased from 3.42% to 7.31%. Although
the three different fan speeds revealed only small differences in CPU temperature, the

comparison confirms that faster fan speeds improve heat dissipation.
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4. Conclusion

Thermal solutions that optimize cooling performance can be selected based on the results
of this experimental study of heat sink cooling performance in desktop PCs. This study is the
first to analyze the interrelationships of axial load, thermal interface materials, and fan speed.
The conclusions of this experimental study of heat sink cooling performance of desktop PC

heat sinks are the following:

The experimental results with or without TIM coating clearly showed decreases in
temperature 7, , which corresponded with heat dissipation. In the condition of 3000rpm
fan speed and F=18kgf axial load, the largest reducing range of T, reached 67.5%., which
indicates that thermal grease reduced contact resistance and facilitated heat transfer from
the interface to heat sink. Thus, it significantly reduced the simulated CPU temperature and
increased the range of the CPU heat load. Despite the effects of axial load and fan speed, the
surface temperature of CPU simulator 7, revealed a linear increase, which corresponded with

the increase in heat load g.

Generally, axial load was negatively associated with simulated CPU temperature. The
temperature reduction resulted in increased axial load, which enlarged the contact pressure
between the CPU and the heat sink. Thus, it substantially increased pressure on the metal
surface and also reduced the air gap between the contact surfaces. Regarding the effect of
axial load, simulated CPU temperature did not significantly differ (temperature change was
less than 4.05% of maximum) despite the increased axial load from 12kgf to 18kgf (50%
increase). Nevertheless, increased axial load decreased simulated CPU temperature 7T, .

This study explored how affects overall cooling performance. The simulation results
indicated that over the range of heat load ¢ from 15.5W to 87.6W, the values of TCP were
approximately 0.5°C/W. Additionally, larger axial loads increased the pressure at the
interface between the CPU and the heat sink. The compression of the metal reduced air gaps
between the contact surfaces and therefore reduced thermal resistance. That is, increased heat
dissipation reduced TCP. However, at high fan speeds, increased heat dissipation caused by
forced convection resulted in a relatively smaller TCP. Compared to axial load, fan speed had
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a larger effect on TCP.

Finally, the experimental results indicated that heat load ¢ was positively associated
with conductive heat flux ¢” , which indicates increased heat conduction through the copper.
Analysis of the impact of axial load and fan speed revealed that axial load was positively
related to heat flux ¢” conduction through the copper and that fan speed was positively related
to heat flux ¢” . The impact of axial load on conduction of heat flux ¢" was significantly
greater than the impact of fan speeds. Quantitative data comparisons indicated that, under the
condition of axial load F=18kgf and fan speed N=3000rpm, the increase in effective heat flux
g" achieved a maximum ratio of 50%.

[n summary, we conclude that the most efficient solution for the CPU heat problem
is to maintain heat transfer efficiency between the CPU and heat sink by simplifying their
attachment mechanism. This solution is simpler and more economical than improving heat

sink fins.
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Table | Experimental parameters

Test Contact interface of
# heat sink/CPU Fan speed N (rpm) Axial load F (kgf)
1 Uncoated TIM 2500 12
2 Uncoated TIM 2500 18
3 Coated TIM 2000 12
4 Coated TIM 2500 12
5 Coated TIM 3000 12
6 Coated TIM 2000 18
7 Coated TIM 2500 18
8 Coated TIM 3000 18

Table 2 A linear expression for the surface temperatures of CPU simulator
as a function of heat load, 7,=ag + b

Test Coefficient Coefficient Max. error

# a (‘C/W) b(C) %

1 1.57 24.0 -1.03
2 1.38 23.0 -1.04
< 0.68 23.5 2.53
4 0.64 220 -2.08
5 0.64 22.0 1.88
6 0.64 22.0 1.58
7 0.63 220 0.93
8 0.62 21.5 1.67
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37 e - R (B T AR AT FDRs by 0.02( age— ) o 1 37 KFAUBIF
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JUERLER - e FIRE 439 {EEE AT FI AR PSR AR EARAR A (test) £
RIS - i 10 FrlEE AT H|$ 2 B (GSM208626 ~ GSM208629) » 2
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Pq ) 4+ B B SUMO2 ~ ABCEI ~ PPP3CB + ARFGEF1 » STMN2 ~ C5orf22 ~ GCHI -
CYP2J2 - RGR 1 TH » Hi {4 TH FLPR B SO S B SRR AR AR HEREE
L R HL BT SR FOE A B ST

T - {72 S R R A S AR F I U RR A3 B R

GSE8397 :

y = — 2.6462 (CYP2J2) + 1.5318 (ARFGEF1) + 1.2109(SUMO2) + 0.9435 (ABCEID)
— 0.9142 (C50rf22) + 0.7328 (PPP3CB) + 0.6605 (TH) — 0.6015 (STMN2) — 0.3827
(GCHI1) — 0.2013 (RGR)

GSE6613 :

y = — 42542 (STMN2) + 24171 (ABCE) + 19724 (SUMO2) — 1.6424 (CYP2)2)
12907 (RGR) — 1.1453 (GCH1) — 0.5415 (CSorf22) 4 0.3115 (ARFGEF1) +
0.2632(PPP3CB) + 0.0313(TH)

71 GSE8397 ZkhZ HIFAARAYHIAI=E Ry 90% #51| GSE6613 ZoRHZ IR
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GRRE » SESAEDY ~ F o AR ERER GSE8397 &ty PD Ed Control
IFRERRATATEE T MEEYEA] GSE6613 ik ehifg PD B Control i

L3 @
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T?@ﬁﬁj{ﬁ%ﬁj%ﬂj}ﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁ%&]ﬂ’ﬂ SNCA - NR4A2 - TH ~ HTRA2 ~ DNAJB6 ~
RELN - SLC6A3 ~ SLC18A2 & /\fE B [K] - SNCA R D BOE MR R A EE
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AR IE % P 8 B point mutation ~ duplication 7 triplication B9 E 52 » NR4A2 k&
KI5 {I#] exon (9 Rd {7 B 5258 (-291delT B2 -245T-G) iR B M D& KIS
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) DAT By % [SIEAIHEGE T (transporter) » £ 35 LA I 22 M o 2 B B i (e
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2 (1103T-A) » HEZE B FIEH (L368Q) - ii7EEMNLH 5L S 7% Bkl 8
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FT— 37 KR B EREZE R FA) FDRs

R $ FDRs R B FDRs
10 019243 20 0.01825
20 019111 21 0.017128
30 017587 22 0.01828
40 .018804 23 0.017036
50 018804 24 0.016767
60 018694 25 0.022576
70 020962 26 0.019825
80 020387 27 0.0176 85
90 .019495 28 0.015593
10 0.020443 29 0.021061
11 0.019564 30 0.016031
12 0.018836 31 0.019478
13 0.019444 32 0.020884
14 0.018788 33 0.019772
15 0.018058 34 0.019343
16 0.019226 35 0.014348
17 0.017463 36 0.019243
18 0.017436 37 0.020221

19 0.015792




%= « GSE8397 EEEEF GO AHER

A SEZ{E[AY Biology process ZEIRE

GO_ID p.value  Biology process
1525 0.0091 angiogenesis
6281 0.0401 DN A repair
6350 |.55E-08 transcription
6355 6.70E-11  regulation of transcription, DNA - dependent
6366 0.0398 transcription from RNA polymerase 1I promoter
6412 0.0057 translation
6414 0.0180 translational elongation
6468 0.0030  protein amino acid phosphorylation
6508 0.0019 proteolysis
6511 0.0326  ubiquitin - dependent protein catabolic process
6915 0.0073  apoptosis
6917 0.0414 induction of apoptosis
6935 0.00594  chemotaxis
6954 0.00114 inflammatory response
6955 1.65E-09  immune response
7155 0.0033  cell adhesion
7165 0.0084 signal transduction
7166 0.0272  cell surface receptor linked signal transduction
7169 0.00962 transmembrane receptor protein tyrosine kinase signaling pathway
7267 0.0004 cell -cell signaling
7275 3.09E-06 multicellular organismal development
7283 0.0120  spermatogenesis
7605 0.0251 sensory perception of sound
8152 0.0143 metabolic process
8283 8.60E-05 cell proliferation
8284 0.0016 positive regulation of cell proliferation
9887 0.0267 organ morphogenesis
16192 0.0414 vesicle - mediated transport
16337 0.0429  cell - cell adhesion
16481 0.0050 negative regulation of transcription
30036 0.0467 actin cytoskeleton organization
30154 0.0085 cell differentiation
42981 0.0281 regulation of apoptosis
43066 0.0270 negative regulation of apoptosis
44419 0.0005 interspecies interaction between organisms
45449 8.07E-05 regulation of transcription
50896 0.0459  response to stimulus

99
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B. B8Z {®m[AAY Cellular component B X IH&E
GO_ID p.value Cellular component
5576 1.06E-07 extracellular region
5578 0.0183 proteinaceous extracellular matrix
5615 9.14E-06 extracellular space
5622 0.0002 intracellular
5634 2.83E-05 nucleus
5730 0.0256 nucleolus
5840 0.0307 ribosome
5886 0.0024 plasma membrane
9897 0.0438 external side of plasma membrane
16021 0.0058 integral to membrane
C. BaZ{RMAY Molecular function EF IHaE
GO_ID p.value Molecular function
3676 9.46E-05 nucleic acid binding
3677 1.21E-06 DNA binding
3700 1.18E-06 transcription factor activity
3735 0.0040 structural constituent of ribosome
3779 0.0094 actin binding
3823 0.0206 antigen binding
4222 0.0293 metalloendopeptidase activity
4713 0.0090 protein tyrosine kinase activity
4872 0.0004 receptor activity
4888 0.0112 transmembrane receptor activity
5102 0.0346 receptor binding
5125 0.0438 cytokine activity
5179 0.0210 hormone activity
5201 0.0490 extracellular matrix structural constituent
5515 0.0004 protein binding
8083 0.0334 growth factor activity
8233 0.0264 peptidase activity
8234 0.0267 cysteine - typepeptidase activity
8270 0.0064 zinc ion binding
16853 0.0426 isomerase activity
30528 0.0034 transcription regulator activity
43565 0.0025 sequence - specific DNA binding
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A. SaZ{RM[AY Biology process E A ThEE

GO_ID p.value Biology process
6334 0.0279 nucleosome assembly
6350 0.0078 transcription
6355 0.0020 regulation of transcription, DNA - dependent
6366 0.0218 transcriptio n from RNA polymerase 11 promoter
6412 1.68E-07 translation
6508 0.0389 proteolysis
6810 4.21E-05 transport
6811 0.0264 jon transport
6813 0.0337 potassium ion transport
6955 0.0005 immune response
7165 0.0102 signal transduction
7242 0.0343 intracellular signaling cascade
7605 0.0254 sensory perception of sound
8284 0.0100 positive regulation of cell proliferation
15031 0.0407 protein transport
45449 0.0310 regulation of transcription
45786 0.0244 negative regulation of cell cycle
45944 0.0071 positive regulation of transcription from RNA polymerase 11
promoter

B. 85 {R[MAY Cellular component EFIHEE

GO_ID p.value Cellular component
5622 0.0224 intracellular
16020 0.02714 membrane
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C. #Z{RMAY Molecular function EEIHEE

GO_ID p.value Molecular function
3700 0.0119 transcription factor activity
3779 0.0110 actin binding
5215 0.0299 transporter activity
5515 0.0018 protein binding
8270 0.0011 zinc ion binding
16787 0.0134 hydrolase activity
46872 0.0132 metal ion binding

#<P0 « GSEB397 £ GSE6613 3r & 2 FARIM A F

Probe set ID Gene.Title Gene.Symbol
200740 _s_at SMT3 suppressor of mif two 3 homolog 2 SUMO?2 : SUMO3
201873 _s_at ATP-binding cassette, sub-family E (OABP), ABCEI

member |
202432 _at protein phosphatase 3, catalytic subunit, beta PPP3CB

isoform
202956 _at ADP-ribosylation factor guanine ARFGEF1

nucleotide-exchange factor 1(brefeldin
A-inhibited)

203001 s at stathmin-like 2 STMN2

203738 _at chromosome 5 open reading frame 22 CSorf22

204224 s at GTP cyclohydrolase 1 GCHI
cytochrome P450, family 2, subfamily J, CYP2J2

205073 _at polypeptide 2

207070 _at retinal G protein coupled receptor RGR

208291_s_at tyrosine hydroxylase TH
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Discriminant Analysis of Gene Expression in
Parkinson's Disease

Ja-Ray Kang and Ai-Ling Hour

Department and Insititute of Lfe Science,
Fu-Jen Catholic University, Taipei, Taiwan.

Abstract

We have analysis microarray data from 47 brain tissue samples
and 105 blood samples of Parkinson's discase's respectively. In order
to detect patients from normal ones, the discriminant analysis was used
to characterize candidate laboratory biomarkers of PD, and prove it
by clustering analysis. The hypothesis is that the biomarkers resulted
from brain tissue will also present in blood samples. And that will be
advantageous in future clinical diagnosis. Finally, we find out the gene
ontology terms of candidate genes, provided some useful index for
researchers in medicine or biology in the future.

We have found out ten genes (SUMO2 -~ ABCE1 -~ PPP3CB -
ARFGEFI ~ STMN2 ~ CS5orf22 ~ GCHI ~ CYP2J2 ~ RGR ~ TH ) that
have significant expression in brain and blood samples. The TH gene is
related to the Parkinson's disease in previous papers. The discriminability
of model reaches 90% for brain tissue. Although the discriminability
of blood model is lower than brain tissue, there will be a potential
possibility to find out the biomarkers from blood samples with more
specific information included.

Keywords: Parkinson's disease, microarray, discriminant analysis,
clustering analysis.
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Efficient Relocation and Range Adjustment to
Maintain Coverage in Wireless Sensor Networks

Chun-Hsien Lu and Chien-Hung Lin

Dept. of Computer Science and Information Engineering
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Abstract

Due to fast development of wireless technology in recent years,
wireless sensor network can be widely used in many applications, such
as health care, home monitoring, environment monitoring, and battlefield
surveillance. The network coverage percentage is an important issue
because the information may not be considered useful when the total
coverage drops below a certain level. Our goal is to move the sensor
nodes around to maintain the network coverage over a given level as
long as possible. In this paper, we propose an algorithm to keep good
coverage. Whenever a sensor node stops working due to energy outage
and a coverage hole appears, W¢ select at most three nodes from its
neighbors and instruct them to move toward the dead node. After
reaching its target position, each selected node then enlarges its sensor
radius to cover both its original area and a portion of the hole. Simulation
results show that our method uses encrgy more efficiently and provides
a system lifetime 30% longer than both the VFA [9] and EVFA [10]

methods.
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1. Introduction

Due to the fast development of embedded system technologies in recent years, wireless
sensor network (WSN) has become one of the most important research areas. WSN can be
used in widespread domains such as prevention of fire or other accidents, health care and
environment monitoring, and battlefield surveillance [1-5]. In general, a WSN consists of
one base station and many sensor nodes as shown in figure 1. The base station is in charge of
collecting data while the sensor nodes are responsible for detecting events and reporting them
in data packets sent to the base station.

A sensor node is usually equipped with a small-sized battery which can only provide
limited amount of energy. Some sensor nodes will become dead due to zero energy or
hardware breakdown after operating for a period of time. Dead sensors can cause holes in
coverage or packet routing, which may lead to serious network degradation. [6-8].

*  Sensor coverage arca

N
Sensornode

Base Station

Figure 1. An example of wireless sensor network

The base station will not be able to get enough information when its coverage percentage
is too low, and the system cannot perform its desirable function. Therefore, it is very
important to maintain a high coverage. We would like to propose a mechanism that primarily
focuses on maintaining a high coverage percentage as nodes may start to shut down one after
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another due to zero energy. We assume that the sensor nodes are mobile, and can dynamically
adjust their sensing ranges. When there is a dead node, a few sensor nodes will be selected to
move toward the dead node to cover its sensing area such that a high coverage percentage can

be maintained as long as possible.

The remaining of this paper is organized as follows: Chapter two lists the related work.
Chapter three describes the mechanism we propose in detail and chapter four shows the

performance evaluation. The conclusion is given in chapter five.

2. Related Work

Different mechanisms have been proposed that required the use of mobile sensors to
maintain good coverage. One possible approach to find the target location of each sensor
is based on the interactions between a sensor and all the other ones [9-11]. In Virtual Force
Algorithm (VFA) [9], any sensor is assumed to generate attractive or repulsive force on the
other sensors. There will be a repulsive force to separate any two sensors if they are 100
close, and an attractive force if they are far away. In VFA, the sensing ranges of the sensors
are assumed to be all the same, thus nodes with lower energy will exhaust sooner. Energy-
Considered Virtual Force Algorithm (EVFA) [10] was a distributed version of VFA. It
suggests that a node with higher energy level should sense a larger region, while a node with
lower energy should sense a smaller region. EVFA produces a more efficient energy use and
prolongs the useful lifetime of the WSN. In both VFA and EVFA, a sensor node may zigzag
to the target location in several rounds, which results in longer distance and wastes much

energy.

Target Involved VFA (TIVFA) [11] was proposed to increase the detecting accuracy with
hot spot areas in the network. A hot spot area represents an important place and thus requires
a lot of sensors to sense the area. They present a probability model to ensure the continuity of
the detection probability. The detection probability will be higher if the event point is closer
to the sensor. They also propose a sensor ranking and protecting algorithm to improve the

robustness of the sensor network. A sensor with a higher ranking value means that it is closer
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to the hot spot and is considered a key node. If the number of key nodes reduces suddenly,
redundant nodes will be added or waken up to cover the region accordingly. This method can
provide a higher successful rate of sensing events due to better coverage percentage.

Another set of approaches try to move sensors to predefined regular positions such that
they will spread out evenly. ISOmetric GRID-based algorithm (ISOGRID) [12] and Crystal-
Lattice Permutation (CLP) algorithm [13] use the hexagon model and suggests the movement
of sensors to the vertices of a hexagon. In ISOGRID, a specific node will first become a
seed and instructs its neighbors to move to the vertex positions of the surrounding hexagon
as shown in figure 2. Upon moving to the vertex position, a node becomes another seed and
again starts to ask its neighbors to move to the vertex positions of another hexagon, etc.

P
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Figure 2. Forming hexagon topology [12]

Some other approaches have adopted both stationary and mobile sensors simultancously
to reduce cost [14][15]. The stationary sensors are randomly deployed first, while the mobile
sensors can stay in a grid to decrease the load of stationary nodes, or travel around to move to
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areas of low denser density to enhance coverage.

3. Efficient Relocation and Range Adjustment (ERRA)
Algorithm

Whenever a sensor becomes dead, methods such as VFA will calculate a new target
location for every other sensor in the network to move to. Because such frequent moving
takes much energy, we hereby propose a mechanism called Efficient Relocation and Range
Adjustment (ERRA) that tries to reduce moving while maintaining the coverage. Our system
consists of a base station and many sensors nodes. The base station is stationary while the
sensor nodes are all mobile. We assume that every sensor node knows its own location by
GPS or any other locationing mechanism. Every sensor node can adjust its own sensing
range R, and communication range R .. A sensor is assumed to transmit its packets to the base
station using multi-hop transmissions along the path of minimum number of hops if such path
exists. The sensor is considered disconnected from the base station if there is no path between
them. Initially, the sensors can be randomly deployed, or a method based on VFA or hexagon
model can be applied to make the sensors spread out more evenly. Every time a sensor node
becomes dead and a coverage hole appears, we will instruct at most three neighbor sensors
to move to cover the dead node. The new sensing ranges of those moving sensors will also
be enlarged to cover the hole as much as possible. The operation of the ERRA mechanism

includes the following phases:

A. Information Exchange

Initially each node will broadcast Hello messages to find neighbor nodes within its
communication range. A Hello message contains the following information about the node
itself: node id, node location, energy level, distance to base station, list of neighbor nodes and
their distances, and the designated node in cach section. Upon receiving a hello message, each
node records the information in a table. After the information exchange, each node will select
the neighbor node with the minimum distance to the base station as its next hop to transmit

packets toward the base station.
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We divide each node's (node g in figure 3, for example) communication region into
three sections: The area between — 1t /6 and 1 /2 is called section_1, the one between 1 /2
and =5 1t /6 is called section_2, and the one between —5 1t /6 and — gt /6 is called section_3.
Because the energy for mechanical movement of mobile sensors dominates both the
sensing and transmissions costs [10], we divide a sensor's neighborhood into merely three
sections instead four or six in order to reduce the number of sensors that have to move to
cover a vacancy. Node g calculates each neighbor's ED value, which is defined to be the
neighbor's energy value divided by the square of the distance between the neighbor node and
node g. Node g then selects the neighbor with the maximum ED_value in each section as the

designated node for that section.

Energy  value
C{)

ED value = (1)
When Hello messages are exchanged a few times, each node will know whether it has been
selected as a designated node by a neighbor node or not, and it records the information in
its own table. After the initial network establishment, sensor nodes start sensing events and
sending data packets to the base station. Each sensor will also broadcast Hello messages

periodically to maintain the network topology.
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Figure 3. Division of neighborhood into three sections
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B. Relocation
When a sensor node (e.g., node g) is about to consume all its energy, it will try to ask

the designated neighbors to help. Let k be the total number of designated nodes in all three
neighbor sections. If k is zero, there is no node to help; otherwise, k can be from 1 to 3. Node
g will send a Cover_Request message to each of the k nodes, and designated node i uses the
following formula to calculate the distance that it should move toward node g :

Moving distance = p * dist(i) % (2)

k+1

where
neighbor's_energy

p =
average _energy

dist(i) = the distance between designated node / and g
average_energy = average encrgy value of the k designated nodes.

If the neighbor nodes do not receive Hello messages from node g periodically, they will
assume that node g is down, and will calculate the moving distances and move to the target
location automatically. Figure 4 shows an example where node g has selected node a, node b,
and node d as the designated node in each section, respectively If node g is about to consume
all its energy, it sends a Cover_Request message to each of the three nodes, and each of them

will calculate the moving distance individually and move to the target location.

C. Sensing Range Enlargement
After a designated node has received a Cover Request message and moved to the target

location, it has enlarge its sensing range to cover its original region plus a portion of the dead
node's. The new sensing range should be set to the old sensing range plus the moving distance
such that the original region is still covered. Figure 5 shows the topology where nodes a, b,
and d had moved to the new locations and enlarged their sensing ranges. For example, assume
that nodes a. b, and d in figure 4 all have the same amount of residual energy and form an
equilateral triangle with a side length of x, and node g is located at its center. The distance
between nodes @ and g equals (x / /3), and each node will set its sensing range 1o
(1/y2)* (x //3). When node g dies, cach of nodes a, b, and d will move a distance of (1/4)*
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(x /v/3) toward the center, and changes its sensing range to (1/4 + 1//2)* (x / /3)which is
about 35% larger than before.

Nodes a, b, and d again start finding new neighbor nodes by broadcasting Hello
messages. Those nodes may have to increase their communication ranges large enough to find
neighbors as well as routing packets to the next hop node on the path to the base station.

Figure 5. The topology after sensor g dies
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4. Performance Evaluation

4.1 Simulation Environment

We implemented a simulator in JAVA platform to evaluate the performance of our
method. We assume that the number of sensor nodes is 100 and initially they are uniformly
deployed in a network of size 100 m 100 m. The maximum sensing range and communication
range are set to 20 m and 40 m, respectively. The initial energy of a sensor node ranges from
150 J to 3000 J, where a node closer to the base station gets more energy because it has
heavier traffic going through. Sensor moving consumes 27.96 1 per meter [10]. We use the
following formulas for the energy consumption [16] :
@ Energy consumption for sensing: £, = o % i wl/round
@ Energy consumption for transmitting a packet: E, = E .+ x1xri ul/packet
where a (set to 0.01u)/m’/round) and f (set to 0.05uJ/bit/m’) are two adjustment parameters,
r. is the sensing range in meters, r. is the transmission range in meters, E. (= 0.05uJ) is the
fixed part of energy consumption for transmitting a packet, and / is the packet length fixed at
512 bytes. The energy consumption of receiving a packet is assumed to be a fixed value of

0.205 J per packet.

In our simulation, we compared our method with VFA and EVFA with respect to the
following performance metrics: the coverage percentage (which means the fraction of the
network area that is covered by at least one sensor), the total residual energy over all the
sensors. the number of connected nodes that still can send packets to the base station along a
connected path, and the total number of packets successfully received by the base station.

4.2 Simulation Results

Figures 6a to 6¢ display the coverage percentages when the traffic loads are 0.2, 0.5,
and 0.8, respectively. (In figure 6a we only show the results after round 300 because the
coverage does not change from round 0 to 300.) As a sufficient number of sensors run out
of energy, the coverage percentage starts to drop below 100%. To compute the coverage of a
given round, we only add up the arcas covered by the sensors that are still connected to the
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base station in that round. We can see that our ERRA scheme can maintain a good coverage
30% longer than both VFA and EVFA. This is because after moving to the new positions to
cover a neighboring dead node, those designated sensors would enlarge their sensing ranges
in order to keep the coverage as high as possible. In addition, sensors under ERRA can
operate for a longer time since a lot of node moving has been eliminated. This leads to higher
residual energy of the entire network for ERRA than the other two schemes as show in figure
Ta to 7c.
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Figures 8a to 8c plot the number of nodes that are still connected to the base station in
each round. We can see that ERRA has more connected nodes because its sensors always
try to stay connected to the base station by increasing the communication range as large as
necessary. Also sensors in EERA have more energy to stay connected longer since they have

to do less moving.

Figure 9 shows the total number of successful packets received by the base station for
cach method. Again more packets could be received under ERRA since it could keep more

nodes connected for a longer time than other methods.
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5. Conclusion

Wireless sensor network has been widely used in many important applications, and it is

essential to keep a good coverage for the network function properly. We proposed an efficient

ER

RA method to maintain the total coverage as high as possible when some sensor nodes

start to run out of energy and become dead. Whenever a coverage hole appears, we only select

at most three nodes with high ED_values to move and enlarge their sensing range to cover the

hol
the
the

pro

e. The other nodes save energy by not having to move. The simulation results showed that
ERRA could achieve higher coverage percentage and more successful packets than both
VFA and EVFA schemes. The operating lifetime of the system thus could be effectively
longed by about 30%.
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(EHD) &5 55l Training Data Set fp ELE} » B AU S e OB — B SR I8 1
FELLE B GR S BB - BIME [12][16] BbF72Hh 43 3Edk MPEG Visual
Descriptors H1fY) Angular Radial Transform ( ART ) K:% ] Edge Histogram 3 3 fi i A%
BERTFEZEMALTR  BEEESHERE - W7E [13] (Fses > FI1H Angular
Radial Transform (ART) K Curvature Scale Space (CSS) L3 By Uz 77 & 56
RS AR AR » 1E (16] BYWFSE B RTE AN — B AR s b Ry & Sy - (B
PRI PRS- R A AR Rl -
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(=) REHR

Eﬂﬂﬂﬂwmwmﬂﬂﬂ%W%¢%ﬁ%ﬁ@ﬁ%@ﬁ%ﬁ&?“@ﬂ§%%%
B » (AT B & &I » BESh - Google SRAEHA BT S bt A Py
AR IRl AR B e B | e T — T AR » {2 Google Il
S FR AL F R 1 A I ’ﬁEFH%ﬁf\?E%E(3oogk:EH}#ﬁﬁiiiTﬁﬁJ:#Eﬁi@%%%ﬁiéiﬁﬂﬁl
1B FT R E AR L3t — 1 F BB A s A e fEM A Bt 7 R - B
SHf LA TE AR LR AR —

F—  AERERMLLESR
W R W PR

A BERES

Facebook 1H# —{EHF BEIES S T A
Google [fE 5 =% EA M AN fEeEam A 0 BT
B T R {# Fl Google S A &R
DB i R e BT —EE e B A ERIREE
B ER EEAN BEBRIREE RO EHSEE - EEER
(FBEME -hERE) e R T & EHAERAI R &
[14] HEESRER 0 RER
REAGRETSER
{ERREEL
L MPEG -7 B SHETREATAR SR R OT. AR R R I M R AL
= Bt e AR R FhE  RERERE Bk
([ i'i;']?%? EEXR) SRR
DI R A B 5 R ER&OERERTS S A ER LT RER
B T P B AR YRR > $2ft—(E§{% Training DataSet> E=:80)8
W At (BEATIE 38 Eih oy ERTE Training Data £ Index
SFRE) [12] s - RDVSEE
BHIA/NEURR
Training DataSetfJ A/
Cortina: a system for @277 CBIRAH 25 VAR S R TERTELE By
loge-scale,, MR T AR A A%
g:ontenbba_sed web HIEE R
image retrieval (T. =
Quack,et, al.) [15]
A descriptor for large Ey T —ElUFEERR LR R OCERY
scale image retrieval FEEHHIEGRE R te¥t iy - ERRER
based on sketched % » F CBIR &M E - BiEER SRR
feature line (M Eitz, R T R SRR R
et. al.) [16] ﬁ%mﬁﬁh‘ B"]}&
bal 3 E
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3. MPEG-7 f§7y

MPEG-7 £y MPEG (Moving Picture Experts Group) A 2001 4E 9 [ Ff & 5 114 % it
MBI 2 Ty — TR U 2 IR R L EE S R S s RS T o B
HARM—EE -

(=) Overview

MPEG-7 /Y 1E = # % Jy Multimedia Content Description Interface » ‘& 7 fit T — £
SENVERHGLEEYE - AR RE S TSRS S TR S E R
@W%’E$QQT7MIE%%’ﬁﬂ%%mmﬁmL@mmMMDﬁmm
Language ) - Visual ~ Audio ~ Multimedia Description Schemes ~ Reference Software
K¢ Conformance % » AT & F - 8% - 5 3D B RESHEBEETR  #5F
f& U B 35 (DDL) = BiM (binary format for MPEG-7) [ 7% = » H o DDL %
MPEG-7 (B EHIALE#A S + HAZLL XML A6 - HL5H5 & Deseriptor (D)
J¢ Description Scheme (DS) » DDL Hy#5HE B (R40E 3 FFz » Descriptor 5 E FshT 24
M2 B ER R S B (ABE ~ SN RAISE ) RN (B3 £ TFE) if
DS Afig e BOEFIES (83 PRI T AESE) - HAR S L1l 2
BRS  EAHRIRT SO FE R - AR ~ (EE SR Hrh S0 2 Descriptor
B R E ZE AR RE 2 AN Al 43 SO MRS (Element) ot » AZEEE AR
BTG E#R - 10 DS HIAT i 4R (Extend) 523 (Reference) FUMES: » # DS H9E
FHE F ] - BUR R AR EES s -

i By MPEG-7 DDL B % {484 2 Ak RN RER (AU 4) - @ REF BB (4N
5)  EHEN XML (4008 6) « ¥5ERHEMKE L EFAFHY Descriptors S T AT »
Uik Description Scheme (2 5E #5 A HISHHENY XML ST » FEFTZORHA (480 B 7 RE VRS
I RIS RAIRCE B TR AR A= - B -
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Descriptors:
(Swmiax & semantic
of feature Tepresentation)

3 : DDL ROfEERAGRE [10]

MPEG-7 Coded

MPEG-7
encoder descriptions

descriptions

DL Storage and transmission media

Feature Ds 3
extraction S
engines Filter agents
Content consumer

Multinedia Data

4 : MPEG-7 FER#ERE [11]
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ART Coefficients  Edge Histogram C8S Peaks
(Descriptor) (Descriptor) (Descriptor)

l

MagnitudeQfART BinCounts

Peak
GlobalCurvature HighestPeakY

PrototypeCurvature

5 1 MPEG-7 /& & ¥ FEF B

<Mpeg? xmins="urn:mpegmpeg7:schema 2001
xmlAsasi="Retp: /fwnaw3.0rg/ 2001/ XMLSchema-nstance™
xing mpegT="urn:mpeg enpeg 7 thema: 2001
wihemdecition="urmimpegimpeg7:schema2t0L AMpeg7.2001.06d 7>
<Descripuion xsitype="ModelDescupUonType*>
<Mogel xsiitype="DesctiptionMiozelType™s
<Descriptor xudtypez“Reglonshape Type™>
<MaganudeofarT>15515 155141321291 752119561211
61110598498411 105 11 10 S</MagniudeofART-
<Frld>MagnitudeotART</Field >
<J’D¢xna{urf i ART Coefficients
B ST R
<GlotalCurvature=63 B</GlobalCurvatures
<Protetypelunature»63 7</Protatypeunvatures
<rHighestPeak>55</righestPeaky>
<Peak pealX="15" peaky="5" f»
<Peak peikXs 8" paaky="£" /-
<Peak pealkd="3%" peaky="3" />
<Fizid>Globalurvature</Freld»
<FrldPrototypeCurvature</Field»
<Frld>HigheaPeanrc/Fiekd>
<Fald>Peake/faid>
s CSS Peaks
<Descnptor xsitype="EdgeristegramType*s
<EirCounts>3076000600000600106201870000
0001470004002004003700006700
266000000040000070000 00 0</BinCounts-
<Frld>BinCounts</Field> .
e Edge Histogram
</hNeodels
</Descripon>
</Mpeg?s

6 : MPEG-7 Description
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( =) Visual Descriptors
MPEG-7 Visual Descriptors B MPEG-7 FisE i B (LATR B - B A e
i FAIRHE (Feature) s BB 1 53 i (Color ) ~#3B (Texture)
44 ( Shape) BeE@H{E (Motion) C B RIS AR R SR R (BHFRT)

Al S e s T RRAL T

<~ : Some descriptors of MPEG-7

Descriptors B
Color D escriptors

it 2 B 2 U A R e

Scalable Color Descriptor B AR AR T M BRI
Color Histogram 237 » a2 22 [l #HSV »
3 LI Haar Transformie— 45 i 256 R Y &
5 BREE R 16 ~ 325 ~ 64RESE

Group -of-Frame or FR L Ee - B — AR T
Group -of-Picture Descriptor 7] fjimages i frames 2 i) (7 LA AT Rl (7

» A Simages B frames T IR X BUE
PR R R EAER R

(Key image or Key frame)

Color Structure Descriptor Hh i B B B T T 4% 2 S L 8 5 )
F R R

Color Layout Descriptor s [ i ek O B R 1 ELHEEC SV
HDCTHYy R |

Texture Descriptors
Homogeneous Texture Descriptor AR A ER A 8 - R B 2-D FFTHY
2D T 4R R 22 [ 53 4 30(E AR - it
B — AR RN R BN REE

Texture browsing Descriptor HE Bt £R M U R A 7 e - LA
BERRENE
Edge Histogram Descriptor et S48 2 (R B A N T AR

ZEHIEH
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Descriptors a5 B
Shape Descriptors
Region -Based Shape Descriptor L& S R B RN ER
ZEREE
Contour -Based Shape Descriptor FA LR Y G sm B T AR B i R A48
i 3: k=% 1}

fiiit 3-D FEAIYIE R

Motion Descriptors

Motion Activity Descriptor i Motion [AJEIAIEE (intensity) ~ i
(pace) ~ i (mood) k5218

Camera Motion Descriptor MRS ERV R R - A S

Motion Trajectory Descriptor e F R B AR E R 8 B AR

R - IR~ BEEWH
1% M > BB AR B AT - AR Descriptors it —$ HuZEHI /45
A.Edge Histogram Descriptor
Edge Histogram Descriptor (EHD ) £y MPEG-7 $13fJER i MR 0B it G SRV 1%

st Ji 2 H R AR IRIE o EI 4X4 IE B (400 7) - Rt —E
GEIBOTRIMEET 0,45,90,135 ReABEH FFI& e & 4 Byt -

Image- Block
himage | Sublmag, bimage | Subimage
(0.0} 1) 10.2) {0.3)
/".
.-*ff
Sublmage | Sublmage | Sublmsge | Sublmage T
(1.0} 11.3) 1.2) .3+ e
/ -

Sublmage | Sublmage | Sublmage | Sublmage
(2.0} 21 (2.2 {2.3)

=]
_— - S
(2.0) 31 13:2) {33 “\-\

7 : EHD 229 E)REE [1]
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B.Region-Based Shape Descriptor

Region-Based Shape Descriptor T+ 9 2 3E i Angular Radial Transform ( ART)
Coefficients SRS G pIF > HE A rst 1+ He f(p,0) Ry EAEREERR
(p,0) FHIGEREE > V..(p,0) 5, MPEG-7 i 5E # 1Y Basic Function ° b AR - RIS
SAE 8 Fir - (a) BEEREE . (b) PR o Fo RsBlRy ART Coefficients ©

an: (anxl(p’e)sf(p;e))

=[], Vin(p.0).(p.0)pdpd -
V"m(pye) = Am(e)Rn(p) (2)
BB =2 3)

_ 1! n=0 1
R.(p) {2cos(rmp) n=0 (4)

:
rN
ﬁ
~

i

ZHT
ﬂ.

3

1

SPLPErs

2
1 w3 =4 S
(b) Imaginary part

8 : ART Basic Function[1]
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C.Contour-Based Shape Descriptor

Contour-Based Shape Descriptor =3%5%5#% Curvature Scale Space (CSS) 2 » H
EZUEHIA arc length [FUESES 2-D S FRgRISL - MR HAT SRR G 1-D (1
b BT RaT

L PGB EES C (w) = {x (u), y ()}

C'(w)={x(up)y(wp)} (5)
X (wp)=x(u)*g(up) (6)
y(wp)=y(u)*g(up) (7)

Hrfr g (u,p) FyEMMERES » * B convolution i
2. SRR k (up) - HE AR "L (8) |

Xwp) ¥ (up) = X" (wp) ¥ (up) (8)

k(up)=

' (upY + y (up)?

Ek(up) = 0and k (u,p-1)<0 Hil k (u,p) BTk Peak &k} » 4] 9 5% » FEis Ay
IPARIFA60E Fr %t Low Pass Filter ZA9455 » chRIRYEIZ T k (u p) AUEGETTRE -
A e #2048 Low Pass Filter % FTHSAY Peak {H -

1
Comour CL " ESS Tninge
- Nommatised distarce along the comour
i " (clockwisc)
it I°7r \QR] o b
= Al B E[F
e R29
Contour C2 —-— al [B [elF
o EmouAt
5 of
wp A o=R smoothing
g AT
Conteur C3 - e
RLOD
£ -
H
B
B I e

9: CSSEETER [1]
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e

. Rfpast R

PSR — b A AT 5 B MPEG -7 Visual Deseriptors S FRATEF /T

r‘n

(=) RRRIB
TR PRSI 10 BT - ABOTIE S PUESRERLHE S R BRI - TER2 B
RIS+ S Microsoft SQL Server » FLUEE{F R %08} bz MetaData - TjRefR
A At cir b AN

A FERENE (Web API)
FIE EIBIRHES AR R - Hrh S E A R AR TR
ek o R DL Web A7 20 23R (0 B BE 2R I LT R s
g » BB 20 A Microsoft .2 ASPNET FefEulii=s T.5. -

B. 81E RIEHE4E ( Preprocessing Utility )
3 35 [ 9 5 78 3£ 77 MPEG-7 Visual Descriptors Feature Extraction i Fif it # %
TARHT 2 B R - W848 (Edge Detection) - #ffifk (Thinning) 3 -
FLLES e rh e B B9ER5 LU IR BR KSR &85> - 3§ LITe s Edge
Histogram PSR - AHBEEL/EHEERRTLS e Fafi T -

C. 4514 ##EY ( Feature Extraction) 1&#H
By A 2 K LA A MPEG-7 DDL Uk 52 4 & ka3l 5 (Meta
Data) - ¥#%3%F MPEG-7 Visual Descriptors Fif 5E #6:2 Edge Histogram + ART
K, CSS =fEFrua & - R EEMERERI 2 &R+ -

D. $8LUE L ¥34548 ( Searching Utility )
K b1 EE Eb % 4 17 > MPEG-7 Visual Descriptors Module ;2 1 — &
Descriptor it £ ERAEFAERE FTRE - LA EHEITARPLE ELE AR thA A
A AEASRGE s F R ERBE G APEIE SR AT RIS 7R R
SR S (R0 T LS U S A TAR DL LRSS 2 -
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Web API

(AR NED Searching Utility

I\?:;He Matching Report Module'
Module (P-R diagram)
Admin.
Module
: i Edge
Detection /Y.~
TR

Preprocessing MPEG-7 Visual

image DB Utility Descriptors

{(sQL Server)

E 10 : RARETEE

(=) H—2HR5E= (UML)
Ry T EBL LAy B 2ens - BAMEE A UML s30T R a%ET - (B R IRARIE -
TEE RS HH# B 22 Use Case ~ Class Diagram Bz Sequence Diagram ; 25 4¢3 {5 F &
ERTT R E F BRI (Use Case) 11 11 :

: ?ﬂ%ﬁﬂ“"‘fﬁﬂy“ﬁ)ﬂ*ﬁﬂ



R EEE 44 1)

139

s L T 5 T AL T T USSP 56 1 A I By E A5 ) i A8 (Class

Diagram ) #[fE 12 ~ & 13 Fros -

CannyEdgeDetector
Class
-+ FilterColorToGray

= B
2 GaussianSigma
3 GaussianSize
re g HighThreshold
5 LowThreshold
= }'jiﬁ
| @ CennyEdgeDetector (+ 2 $H)
| 3% ProcessFilter

|

| Class
=Y
I

=
i

[ ' Thining

4? _Threshold

& Apply (+1 $1H)
;‘3 Process
% Thining (+ 1 $1)

12 : BB RIEEEERE

CssFeatureExtractor
| Class

| 14
| = e
| clobaqc
“F GlobaQe
5 righestPesky
5 PeskDats
| & srototypeQe
i 4 PrototypeQe
| = hE
W CssFeatureSxtractor
| 4% BaracComowr
|4 BaractCunature
| 4% EanscPesk
© GetDistence {+ 2 10
¥ StartExtract

) IMpeg7DDLGenation

} £dgeHistogram
| Class

|

L3

GlebatHD
LecslEHO
SemiglobsEHD

=i
-2
)
3
-

=
= AHdk
@ Cales 1 $H)
& Edgetitogram (+ 1 S
% GetDistance

5 ART Angule
5 ART Radial
| 75 ArtCoefficients
= AR
% ExtractCoetficients |
v GeDigance(+ 2 M)
% Regionfersd (+ 1 S48

13 : HSEEIGERIE
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1y R o R BT TIE FPA0E 14 FiR

14 : SEHEE{ERE ( Sequence Diagram )
(=) $5&KEE (Feature Extraction) ER#§itF (Descriptors)
fEiE— B E P AT R 2 AT B R B R IR A By & T S 2 AL
S EHR BE A b i E RN E

A. BB RRIEAEE
A-1. #7518l ( Edge Detection )
TE 8 A AW 5 T B EE R T WA 2 S 5 0 43 51 Canny Edge
Detection[4] & Wavelet Transform ¢

Canny Edge Detection J John F.C Canny 75 1986 4 FHE H A8 45 (el (g i -
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Hi#E 7 Sobel Edge Detection '«i’j"iﬁliﬁ}@]}#IXI’EL%ki%?ﬂ%ﬁiﬁﬁfﬁiﬂﬂ9&5‘?—3@1‘%
W PR B Al AGHSE —{E Low-Pass Filter ST IR A A (P R H B PR P
7 Double Threshold (19 /7, » HEHEIEHITARATE *

1. Smoothing (¥{t)
B2 HRE 40 JRE 47 T L 9 R S e 9 A R b 58 D 1) 2 B P v AT U O
( Gaussian Filter) » Kernel 411 " z{, (9) |

2 4 5 4 2
& 9 12 9 4
B=—5|5 121512 5 9)
4 912 9 2
2 4 5 41

2. Finding gradients (HUfSHHREE)
1 R A 2 - EILR I Sobel HHRLANT SEFARIIRHERE - SKFIEE TS
TR R R B A SRR

101

KCx=|<2 D 2] (5)
101
121

KGy:‘O 0 0] ©6)
e

G =/KGx+ KGy’ 7

0 =tan" e (8)

3. Non-maximum suppression
SRR R P (B B A5 R ) B AR A TR O ~ 45
90 ~ 135 ZEpyfdiAaE SBAEE L

4. Double Thresholding :
S B R DN BRI (3% 0) » BiEFIRE{E Threshold T1 - T2
O TIST2 » G IR >T1 i » AR R 3 hs B B T R SR I L <T2
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IFRIRZER - (HORIKEEE TG T1 B T2 I - AR LR 8 5 128G - 401 8 18 /5
frEhE SR (Pixel > T1) HIE B4 E), -

55— 5 22 FI) B Wavelet Transform 3t 77 56 5 §# 4% ( Domain Transform )
FCIECEE R s — AU ER SR AR — (R E M8 2 25 (Low-pass Filter ) J— [ /2 s iz 23
(High-pass Filter ) 5 aR55% 53 Fy i SE7Y M ARSEFE I —FEEE » 201K wavelet Transform
JEFIFEE Fr - RIEr i R 4G 53 B LL ~ LH ~ HL ~ HH PY{ @ saantE 15 - Hp LL
B3 FelF Al Ay -

LL HL

Source Image Wavelet Transform [~
LH HH

15 : Wavelet Transform ;R E[§

{8 Wavelet Transform [FY4F 4 Fr S 26 B (I EREAN T ¢

I , ) o - o ]

FE R e B B A DU AR A 8 Fr ok MBS - TS SRANME 16 - (a) Byt A -
(b) 5 Canny Edge Detection BITHEA » AT Ry 0.141 8 ~ (¢) By wavelet ST THE R -
I THRFRE 0.016 75 -
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' JeXe
(b)

(a) (c)

16 : B EAEERER

YL B A - R 8 8 o DL wavelet OB TR AE LLIAS - {HERELE
wavelet €115 5 A5t BRI G R 8 B PR IBCRE R - SEREAS R CSS (A I A S
B AR ER A Canny Edge Detection -

A-2. #f{t. ( Thinning )

I TS L S8 T BRSO EAEERSE (TBaissT ) BT
T R 1R B R — i pixel LSRG 7 8 4t B U S A R FU R 1R e
DRI 5 A 5 P A I LA BT - AP RN LBk by Zhang-Suen
Thinning Algorithm[5] °

Zhang-Suen Thinning j5 53 27 R Pixel » &%y P FE /B 5 AL Pixel {7
AePaE PR TS HERLIH N » FLRHER B A 17 ¢

P7 | PO | P1 i

p6 | P | P2

ps | pa | P3

17 : Zhang-Suen Thinning Pixel EaH(E]

(e BIE] 17 SE SR EZ N (P) 15 PO ~ P7 ot Pixel By | HU%: (LA Bin Image Ry fl)
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&S (P) B PO~ P7 i 0% 1 AY2REL - Thinning @ EEFRRATT -

B. Hie H R AR BB U E AT E
B-1.Angular Radial Transform ( ART)

ART Coefficients Jy—fH 12x3 2 #8¢[i%1] (12 Angular x 3 Radial ) + Hrf1 ART[0]
[0 + % 2k Normalized f R ch S UL 2 MU B4 1 - HCHess B R 51

ABH  HEFEERET

FEHLEE Dage (d,q) FHE ARG ELW "X (14) 5 My B M, SR &R HEE
R A4S .2 ART Coefficients :

D (A,B) = X, {MA[i] z MB[i]‘

B-2.Curvature Scale Space (CSS)

CSS i 5 8000 M [ 52 A/ )N > A MPEG-7 (¥ #1f h H BR$I Peak A4 f5c A HE B by

63 » {HEFER Peak RYBCRIRICITE - HE(FRAZA0F |
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CSS 19 Peak B rREEE — (A By Peak TP Y (I HAMH » MAEEITAHLL
J& LE SR S X (i 1 25 T P A P -1 W 2 L PR 6] -
HEBRREATT

s

Dess (AB) = £ Y (X,4() - Xa(D)) + (Y(0) - Yuli)Y

B-3.Edge Histogram Descriptor (EHD)
£ EHD Extraction HL2L B fn b 86 T8 (10,45,90,135,n0n directory ) i FRH &
R DCT fYE = [7) 2RSSR

TiAERE e S BT E52 35 EHD Array Fi#i53 ky Global EHD 2 Semiglobal EHD -
Hrf Global EHD By FLAE A EELE 16 fil TS BATFE%0 - 1T Semiglobal EHD €77 16
(T Bt sy By 13 (s - iy 4 8 28 S SR o B 13 flE
s 18 o MU AL T
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Darr(A,B) = pfl IHA(i) g Ha(i)‘
+ 535 [HL(D) - Hi(i) (10)
+ X% [H:() - Ha(i)|

T 10
9 i |
RIEEIR T | — |
] — 13 ;
S | i
b i —
gl | i 11§ 12
oo L~V ] S
. i

& 18 : EHD B A EIREE [1]

(4) RERIZMEE
TERMIRIEITHRME G - BRI R ARG S HiA SR
B
A FTIBRM%
fE38 — (8B s> b = MERRE - BRHERAZANE 19 - B/E AN 20  RIRIERR
WHEVET T E 7 B = BRI, - HOhRESFRIEMI T -

O @202 (1) EEE&en 2L IPEG - GIF « PNG ~ BMP -
TIFF FEE 8 -

i

O 8 20 Z (2) - SASER ~ (E5ATE RO 55 04000 5 B A
- HEGE TR 5 - AEMEF L AT/ B AR a o s S -

i ool

pe]

O 18 20 .2 (3) * HrMEG - TEREEHTIIES - AN G il AT R B A B A A
MEF SREUSRE AL > 2 DL MPEG-T DDL £ 3042 AZehkirh -
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MPEG-7 Visual

{ASP NET)

Image
GUL

Descriplors
i in
¥ \eb API i
I

Image DB
(SQL Server)

19 : FIER &IAAZ

I - ]
2 =28 ’\‘l == N

\ T % {ﬁ*‘t }EE ==

1 T

\ (- x8) (1)

\ 1.B18%8 o \

\ EEER

| 2.Meta Data «mm @ \

[ 3. 5EFRERIE 2] ® J

[ 20 : ¥ﬁi“£$ﬁ%ﬂﬁ

B. BIER &
;—*ﬂElﬁBJ}%‘%ﬁEFH% (LS 7 2B R AR ORI A R E

4niE 21 AT

o2z BHEEHRR P LB T R B A R AT A SO BRLLRGE
By P BIE Y ERER B -
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O [l 21 .2 (2) = F LB AT s 4 I 25 -

O &l 21 2 (3) * HLUET H R84 ART Featuresof MPEG-7 ;2 iR EEHE -

O 8 21 .7 (4) © Rk E i 2 CSS

Features of MPEG-7 2 fsti{k 554 -

O [ 21 .2 (5) : FLURIR B R 152 Edge Histogram of MPEG-7 2 Bk 5HE -

whial |

e E]'M- o | Bew- B wmEe - » o - Coga.

e RBER [ EAENaS e pIURSEXT - Y KER- }okge ) jmeSoiptuor = i Lives KeinoBE « T
£ imageltanagarentiramenod D e v AED- BENLe IR @v

T BENE

ﬂ‘ﬁ"\

o

=B s

—_—
axmy |

& 21 : 3

| GCATERR SSHRT T v as

E’/{%/TE
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:'?-/1%
{E}%% ﬂﬂﬁﬁﬁﬁﬁj@ ( Query-by-Example ) A7 » B ELARANE 22 » fnfE
;IE&D i 23 - [E 24 - & 25 -

MAEG-T Visual
Descnplons

ART ]
A 1

Report htadule Makhng
(P-R diagram] l:‘{duk‘
Searching Utility

Imsge DB
(5QL Server)

22 : BgEHMIE

Preprocesding

Vieb APl -
(A58 NET) ity

’f’@_@
(2]

 pEENE SIm T4y

| ) = |
e o | |

D e

7 angutar Radial Transformation (ART) AEEERn @
Content-Based 7. Curvature 5cale-Space (€58) dhri 2t

‘ 2.tEE 7 ‘ 7 edge Histogram (EHD) SAERHE T H

Hame:

- 1.BEEE

KeyWord Author

\7aﬁ$§mf
v E- ??@@n’élﬁﬁ)\ﬂ@
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o
oy

HEANBEOEERAREAR 0 sl

u-l,nnl‘#nsin; Name ARY €58 EHD | Bistance Thumbnail
o ®
1 apple-1.gif ¢ G 0 0 D
apple-12.pif 0517 1.204 b.142 2.043 D
3 apple-E.g 0.58 166 7019 D
apple-11,gif 0.686 1334 6.735 2.356 D
5 apple-12.g1f G.A63 1693  5.874 2.45 D
5 apple-7.gif 0.818 1.355 7.838 2.585 D
2 apple-20.pif 0.54 1.879 6047 2.021 D
5 spple-16.gif 0.66 1.772 5.592 2.731 D
ki 0.997 | 1.524  6.699 | 2.805 m
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A Framework for Image Data Management °
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Department of Computer Science and Information Engineering
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Abstract

When dealing with an increasing and huge amount of digital
images, the traditional retrieval architecture associated with the keyword-
based searching capabilityis not satisfying anymore, especially for non-
experienced and naive users. In this paper, we propose a framework for
image data management, which supports content-based image retrieval.
Also, we apply MPEG-7, one of most-popular multimedia content
description interface, as the metadata specification of our framework. As
preprocessing and extracting features from images, we choose angular
radial transform, curvature scale space, edge histogram as features of
images to be compared with user queries. In addition to MPEG-7 of
sharing metadata,our framework is also followed with open architecture,
in which more feature extraction modules and Ds/DS could be easily
plugged into. By our experiment and performance evaluation, we show
that the efficiency and effectiveness of our framework will be achieved.

Keywords: MPEG-7, content-based image retrieval,
angular radial transform (ART), curvature scale space (CSS),
edge histogram
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