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A STUDY ON VARIABLES SAMPLING PLAN

Sy-MieEN CHEN

Department of Mathematics
Fu Jen Catholic University
Taipei, Taiwan 24205, R.O.C.

ABSTRACT

Under the normality assumption, the usual plans for testing a
process is in control versus out of control are based on the
noncentral T distributions. It has been shown that they are not
robust when the data is not normally distributed. To overcome
this problem, we construct approximate robust procedures by
extending Huber’s robust maxmin test. It is found that the
proposed sampling plans are encouraging when the true distribution
is slighly away from normal.

Keywords and Phrases: contamination neighborhood, influence func-
tion, Jackkife method, least favorable
density, variable sampling plan, winsorized
standard deviation.

1. INTRODUCTION

A basic question in quality control is to decide whether a lot of
manufactured product is acceptable if the items in the lot vary in
their quality characteristics. It is reasonably to assume that variability
inherented in the production process is random. Hence, based onh a
sample, sampling plans and rules are needed to decide on the disposition
of the lot. An acceptance sampling procedure is obviously intended to
protect the consumer against bad quality, but a properly designed
procedure will also protect the producer in the sense that good product
will be accepted by the plan with high probability.

Many acceptance sampling plans have been proposed. They may
be classified as either sampling by attributes or sampling by variables.
Due to its simplicity, attribute sampling has been studied in detail, and
many elaborations on the basic concept have been proposed. Attribute
sampling plans have been widely applied because they are valid under
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minimal assumptions about the statistical variability of the items in the
lot. On the other hand, acceptance sampling by variables is less widely
applied, since it is based on strict assumptions about the underlying
distribution of the measured quality characteristic. If these assumptions
are violated, sampling by variables no longer has correct statistical
behavior. Nevertheless, there is continuing interest in variables sampling
plan because of its potential efficiency relative to attribute sampling.
In order to achieve similar error probabilities, the sample size which is
needed for an attribute sampling plan may be considerably larger than
for a variable sampling plan.

In acceptance sampling by variables with double specification limits,
one has measured quality characteristics X,, -, X, when are assumed
to be i.i.d. normal observations. It is desired to control the proportion
nonconforming, p=P[X<LSL or X=USL], where LSL and USL are
the lower specification limit and upper specification limit, respectively.
Typically a small value p,, the acceptable quality level (AQL), is chosen
as the largest value of p associated with good quality lots. A larger
value p,, the lot tolerance percent defective (LTPD), is regarded as
unacceptably high by the consumer. The acceptance sampling problem
now reduces to testing H,: p<p, against H,: p=>p,. These hypotheses
are equivalent to H,: #=6, and H,: 6=6,, where the data are N(fa, o%).
The type I and type II error probabilities, « and B3, are called the
producer’s and consumer’s risks.

The standard test under normality is based on the noncentral T
distribution and codified as MIL-STD-414 (U.S. Department of Defense,
1963). The classical sampling plans are known to be sensitive to
nonnormality of the data (Canavos and Koutrouvelis, 1984; Chen and
Smith, 1991; Das and Mitra, 1967; Montgomery, 1985; Owen, 1969;
Singh, 1969).

The purpose of this paper is to propose variables sampling plans
with error probabilities close to nominal values when the underlying
distributional assumptions are slightly violated. We apply concepts from
robust statistical inference to the problem of acceptance sampling by
variables. Section 2 summarizes Huber’s (1965, 1981) results on robust
hypothesis testing and adapts them to devise a robust plan for variables
sampling plan when the scale parameter is known. In Section 3, we
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propose a generalization for sampling by variables when the scale
parameter is unknown. Simulation studies are described in Section 4,
and conclusions are set forth in Section 5.

2. HUBER’'S MAXIMIN APPROACH

Let X,, ++, X, be a sample from an unknown probability law I with
location parameter n and scale parameter o. By the Neyman-Pearson
Fundamental Lemma, there exists a most powerful test for testing the
simple hypothesis H,: I’=F, against the simple alternative H,: F'=F,
for some distribution functions F, and F,. However, this classical
likelihood ratio test is not robust in the sense that if the true probability
law F differs slightly from the assumed probility law F,, the size of
the test may change dramatically. Likewise, if the true probability law
differs slightly from [, the power may change dramatically (Huber,
1965).

Huber proposed a robust maximin test for this problem by
introducing neighborhoods of the null and alternative distrbutions. Let
P, and P, be the idealized probability laws under the null and alterna-
tive hypotheses. Since P, and P, are really only approximations to the
true probability laws, the true laws should be in certain neighborhoods
of the idealized laws.

Let 1 be the set of all probability measures on the real line. Let
0<e,, €, 8, 6,--1 be some given numbers, and define

D, ={QEM | QX <x)=(1—€,)P(Xx)—0,, Y}
@1:{Q€%:Q(X;f)Z(l_fl)Px(-X>x)_8n VI}

Then 9, and 9, are contamination neighboods corresponding to P,
P,, respectively (Huber, 1981). Suppose that the probability law F is in
a neighborhood 9, under the hypothesis H,, 7=0, 1, and that 9, and
9, are disjoint. A robust version of the original testing problem is to
test H,: FE?D, against H,: FED,.

Huber constructed a size « test which maximizes the minimum
power, that is, a test g* such that Fsg},;:EF(gﬁ*)Sa and pié];f,EF(’j*):

sup in}t: Eq(¢). His construction was based on finding a least favorable
¢ FEF
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pair of distributions @,&%, such that ¢* is the Neyman-Pearson test
of @, versus &,. Let g; be the corresponding density function of @,
i=0, 1. Then the likelihood ratio g¢,/q, is a truncated version of p,/p,,
the likelihood ratio for the idealized testing problem.

In acceptance sampling by variables, the idealized distribution are
normal. That is, PJ[X<x]=0[(x—0,0)/a], i=0, 1, where 8, 0,
and ¢ are known and @ denotes the standard normal cdf. Let
Ds(P;) be a Kolmogorov neighborhood of P, i=0, 1. That is, Ps(P)=
{QE|sup| PLY<x]—QIX<x]|<8}.

The likelihood ratio for the idealized testing problem has the form
p.(x)/p(x)=exp {(6,—8,)[—x/0+(60,+6,)/2]}. Let a=(6,—86,)/2, and let
B=(6,+6,)/2. Consider a transformation by assuming that Y=—X/o+ 5,
where X is a random variable from a normal family with mean 6,s and
variance ¢* under H,, =0, 1. Then Y is N(—a, 1) if X is N(b,, ),
and Y is N(a, 1) if X is N(fa, ¢*). Then Huber’s maximin test of H,

versus H, becomes

g if 7 % GY,)>CV
=1
x(Y):x(Yn ety Yn): (I)
0, if w2 HYHZCYV,
i=1
where
H(Y,)=¢Y, if —k<¥,<<k (2)
k, if Y, >k

where £ is chosen so that the Kolmogorov distance between P, and @,
is exactly & for /=0, 1, and CV is the critical value of the test. An
application of the Central Limit Theorem hence yields the result that
there exits an approximate critical value for the test which is defined by

CVctym’:zl—d'l/ n- Var@:¢(y)+EQ:¢(Y); (3)

where z,_,=0"'(1—a). Routine calculations yield
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2k(c—1)

T tekta)te(—kta)

EQ.,'G"J(Yf):a‘*'
~[m(k+a)+w(k—a)][a+ k(g—;]‘.) ]
and

Varged(Y,)=2k—a'—1 —@lh+a)k—a)—glk—a)k+a)
+[O(k+a)+O(k—a))(] +a’—k‘)—EE;¢(Y.»),

where c=exp (—2ak).
Define @:n""}é (Y. Notice that the power of the test xY)
against any alternative F is given approximately by
powersz(g_b‘)CV)%lfw(—-—-;—f_;) .

Hence the asymptotic power function against F' can be defined as

z-atrd VN (Eqp—Erd)
1—m[ b or¢ ] (49

The expression might be used to determine the sample size needed to
control both producer’s and consumer’s risks. One would choose z so
that asymptotic power against @, is equal to a desired value 1—58.

3. ROBUST TEST WITH ESTIMATED SCALE PARAMETER

a

In practice, o is usually unknown. A consistent estimator ¢ is used
to replace ¢ which leads to an approximate robust test. If ¢ is a
scale equivariant estimator, the resulting test will be scale invariant.
Moreover, in large samples & and o will be nearly equal, so we might
hope that, at least for large #, the proposed test should behave similarly
to Huber's test for known o. The small sample behavior is not
guaranteed, of course, and will be investigated in the following section
by simulation.

Assume that X,, ++, X, is a sample from a distribution F, which
need not be continuous, with location parameter #,0 and unknown scale
parameter ¢ which is in a Kolmogorov -neighborhood of @[(x—8,0)/s]
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under H;, ¢=0, 1. We assume that the two neighborhoods have the
same size o.

Define f’,-:—Xi/&-f-B, where & is a consistent estimator of .
Notice that an estimator of ¢ depends on the whole sample, hence the
rescaled random variables f’,, ., ?,,, where f',-:—X ;/6+ B, are no longer
i.i.d.. However, if the sample size is sufficiently large, }"\'l, e, ¥, are
approximately i.i.d. random variables.

When ¢ is unknown, the test

1, if 7 3 (P )=>CV
oN=¢(¥, -, T)={ 1, if #32 p(@)=CV*
0, if 7 2 o(F)<CV*

will be used, where the function ¢ is given by Eq. (2) and CV* is the
critical value of the test. Define T ,=n"‘$¢(f’i). In order to obtain a

test of approximate size a, by the consistency of & and the Central
Limit Theorem, the approximate asymptotic critical value is therefore

defined by

_—— v/"’--.
CV::ymp=zl"a Varqun+EGa¢,

—_
where Vare, T, is an estimator of the variance of T, under @,.
Two methods of estimating the variance of the test statistic T, are
considered, namly the Jakknife method and the influence function

method.
The jackknife estimator of the variance of the test statistic 7", is

(T3 ~T*y
n(in—1)

Vi=-

]

where T.;=(n—l)"?a'_¢(?f), T¥=nT—m—1T,; i=1, «, n, and T* is
J#i

the average of the 7¥ (Efron, 1982). The corresponding test therefore

rejects the null hypothesis if

T.>Eq¢+z,-a/ V7.
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Consider a real valued statistic T,=7'(F,), where T is a functional
and F, is the empirical distribution function of X, o X, If s
sufficiently regular, then

ﬂp{Mn_[T,—T(F)]}—-N[O, jm(x; T, F)dF(x)], (5)

provided that some remainder term converges to 0 in probability.
In our problem, the functional T" is defined by

X
7(F)=[ $(— sy +B)4F
where S(F) is the functional defining our estimator of the scale
parameter.
The actual F is unknown in practice. Among other things, F
involves the unknown scale parameter. Therefore, we propose to

estimate Var ¢ by
w[IFe; T, FydFu=n~ B IF(X;; T, F)

where is computable from the sample. We therefore reject the null
hypothesis if

T,>Eogtziay n B IF(Xis T, F.

See Hampel et al. (1986) or Huber (1981) and Chen and Smith (1991)

for details.
The influence function approach also leads to a large sample

formula for the power of the robust test. Using Eq. (5) to approximate
the distribution of the T, test yields the following asymptotic power

function against any alternative F:
V1 [Ee(Y)—T(F)1+2,-a/ Vare,T 6)
N[1F:@; T, PyF

PF(Tl>C Va:juﬂ)z 1 —0{

4. PERFORMANCE OF THE ROBUST TEST

In this section, we study thé behavior of various robust acceptance
sampling plans by using simulation techniques in both the known scale
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and unknown scale situations. Various distributions are simulated to
investigate the least favorable properties of @, and @, when the scale

parameter is estimated.

(1) Parameters in the simulation

We regard the acceptance sampling problem as a test of the
hypothesis H,: F&4), versus the alternative hypothesis H,: FED,.
When the scale parameter ¢ is known, Huber’s maximin test will be
used directly.

We are interested in two types of testing problems, representing
different level of quality requirement: (a) H,: p=0.01 veasus H,: p=
0.025. (b) H,: p=0.01 versus H,: p=0.05. We take LSL=0 and some
proper values of USL in (5, 7.5).

The tests used in the simulation were designed so that the nominal
producer’s risk a=0.05. For various kinds of quality characteristics,
the sample size may be small or large. Hence in the simulation, we
consider both small and large sample sizes, namely 20, 50, and 100.

Kolmogorov neighborhoods, both of size 8 were used to model
departures from normality.

Under the idealized model, X is N(fs, ¢°) where 6=0, or 6,, and
p=P(X<<LSL or X>>USL)=p, or p,. In the simulation study we use
8=0.05, 8=0.01, and §=0.005 to simulate small departures from normality.
The larger values of & enable us to examine issues of robutness of our
test more clearly, even though they are unrealistic in the acceptance
sampling context.

We simulate the test when ¢ is known (and assumed equal to 1)
and when ¢ is unknown. To estimate ¢, we employ the adjusted sample
standard deviation S, i.e., choose choose the adjustment factor c¢*, so
that S(@Q,)=c*s(Q,)=c where ¢ is regarded as a scale factor of g,.
Simulations using an adjusted Winsorized standard deviation (Chen, 1990),
not reported here, led to tests with inferior performance.

When o is unknown, the asymptotic critical value is defined by

_—— V/\ .

CV,ym=Ee¢+z,-,Y VargT,. Therefore, we have to estimate the
variance of the test statistic 7, in order to determine the asymptotic
critical value of the test. In the simulation, the nonparametric jackknife



Fu Jen Studies 9

estimate is used becausc it is generally applicable. Also, the parametric
influence function _2 IF{X, T, F,) is considered.

The simulated dlstrnbuuons were:

(a) N0, %), N(b,0, ¢%), which define the ideal model;

(b) @, and @, which are the least favorable pair from Huber’s
theory if o is given. We want to check if the least favorable
property is still true when the scale parameter ¢ unknown;

(¢) (1—8)N(fa, ¢))+6N(6,0, %*) and (1—8)N(b,s, 6*)+06N(b,0, 9°), a
popular and widely used model to assess the effects of
nonnormality.

These distributions have Kolmogorov distance & from the normal.

(2) Simulation study

Tables 1 and 2 list the significance levels Ey,e, Euge, and Epe
(producer’s risk) under the three null distributions given in the previous
paragraph and the powers Ey¢, Ewe, and Fge (I-consumer’s risk)
under the three alternatives. Tables 3 and 4 list the asymptotic
significance levels E} ¢, Ey ¢, and Eg ¢ (producer’s risk) under the three
null distributions given in the previous paragraph and the asymptotic
powers Ejy ¢, Ey¢, and Eg¢ (l-consumer’s risk) under the three
alternatives. Where ¢ is the test function. Each entry of Tables I, 2,

3 and 4 is based on 1,000 replications.

5. SIMULATION RESULTS

Even though @, doesn’t show the property of least favorable, its
level is smaller than the level under other distribution most of the time.
But for those levels which are larger than Eq ¢ are all close (or smaller
than) the norminal value 0.05.

As we can see from tables, the performance of the test doesn’t
change too much when the specification limits are getting large. One
reason which may explain this is that for the distributions we considered,
when the difference between US/L and LSL lies in [5.3, 7], we can
imagine that the nonconformative region is far at two ends. Chances
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Table 1. Level and power of Huber’s robust maximin test when o is

known
(a) »,=0.01, p,=0.05, LSL=0
USL
5=0.005 5.3 6 ; 6.5 7
n 20 | 50 | 100 20‘50 100 20 | 50 | 100 20 50|100

Eqp 0.05(0.05/0.05/0.06 [0.05|0.05(0.05|0.06|0.050.04 0.06‘0.04
Enp 0.04{0.05(0.03(0.05|/0.05/0.040.04/0.04(0.03(0.04|0.04|0.04
Ex e 0.05/0.04/0.04{0.05|0.05/0.05/0.05/0.05(0.05{0.05(0.05|0.05

E¢p 0.93/0.99/1.0 ({0.89/0.99(1.0 |0.89|0.99,1.0 {0.90 0.99}!.0
Eyg 0.95(1.0 (1.0 |0.90(1.0 |1.0 [0.88(0.99|1.0 |0.88(0.99 1.0

Eyp 0.93(1.0 |1.0 |0.88/0.99(1.0 |0.89/0.99|1.0 |0.90 0.99“.0

5=0.01 5.3 6 6.5 1

n 20 | 50 (100 20 | 50 [100] 20 | 50 | 100 20 | 50| 100

Eqp 0.05/0.04|0.0510.050.05|0.04|0.04|0.06;0.05|0.05(0.05(0.05
Enge 0.040.03/0.02/0.03(0.03/0.02/0.04{0.02{0.03|0.03/0.03|0.04
Enp 0.05/0.05|0.03 0.04J0.03 0.03{0.04/0.04{0.03/0.04|0.04|0.04

Eq® [0.91/1.0 (1.0 [0.84]0.99/1.0 [0.84/0.99|1.0 ‘o.ss 0.99/1.0

Ex® |0.96/1.0 |1.0 |0.89/0.99 1.0 [0.88/0.99 1.0 0.890.99 1.0

Ey® [0.91/1.0 [1.0 [0.86 0.99‘1.0 0.87/0.99 1.0 0.89/0.99 1.0
‘ !

5=0.05 | 5.3 6 . 65 | 7

» 20{50 100 20!.50 100 20 | 50 :ooizo 50 | 100

Eqe |0.06]0.05|0.04 o.osio.osfo.os 0.06|0.05 0.05!0.07.0.04 0.04
Eng 0.02{0.000.00(0.02 0.01 0.00 0.0l 0.01|0.00|0.02|0.01 0.00
Eug |0.02/0.01/0.01 o.ozic.m‘o.oo 0.02/0.01 o.oolo.oz 0.0110.00
Eew 10.59/0.93|0.99]0.51{0.82|0.98 0.480.83|0.98/0.50 o.saio.os
Eve |0.82/0.99[1.0 [0.73]0.97|1.0 |0.690.96|1.0 [0.72(0.97]0.99
Eug [0.8110.99|1.0 0.74|0.97 1.0 0.68/0.97| 1.0 |0.71|0.96 | 1.0
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Table 1. Level and power of Huber’s robust maximin test when ¢ is
known (Continued)
(b) ,=0.01, »,=0.025, LSL=0

USL

5=0.005 5.3 6 6.5 7

n 20 | 50 [ 100 | 20 | 50 | 100 | 20 | 50 | 100 | 20 | 50 | 100

Eqp 0.05/0.03|0.05(0.05|{0.04|0.04|0.05|/0.040.06 0.040.06|0.05
Eng 0.05/0.05{0.03|0.05({0.05|0.03|0.04|0.04|0.04/0.06(0.04(0.03
Eug 0.05/0.05({0.04{0.05/0.04(0.05/0.05{0.04{0.04|0.06 0.05|0.04

Eo @ 0.56|0.87(0.99/0.44(0.76|0.96|0.40 (0.730.95(0.42 | 0.77 | 0.94
Engp 0.57({0.90/0.99/0.45(0.78 | 0.97|0.44(0.79|0.97|0.46|0.78 | 0.95
Eu,p 0.59(0.88(0.99 0.44/0.78|0.96/0.42|0.74|0.95|0.46 |0.77|0.95

3=0.01 3.3 6 6.3 7

n 20 | 50 | 100 20'50’100 20(50 100 20‘50]100

Eq 0.07/0.05|0.06 |0.05|0.05/0.04|0.06|0.06|0.05/0.05/0.05|0.05
En 0.05/0.03|0.02(0.04/0.04{0.02|0.05{0.03/0.03/0.04/0.040.03
Eye 0.04/0.03/0.03{0.04/0.04|0.03(0.05(0.04|0.04|0.05/0.04|0.03

Eo 0.50(0.78/0.97/0.39|0.66]0.91 |0.40 (0.73(0.95|0.37(0.65|0.90
En g 0.56(0.87/0.99/0.43/0.75/0.94/0.40|0.64 (0.88|0.43(0.74|0.95
Eup 0.5310.87(0.99/0.43{0.75(0.94{0.40(0.70{0.93|0.42/0.73|0.93

§=0.05 5.3 6 6.5 7

” 20 | s0 | 100 20!50k100 20 50[100;20‘50100

Eo» 0.05|0.05(0.04(0.05|0.03|0.05(0.05|0.05|0.05|0.07 | 0.04 | 0.05
Exgp 0.01/0.01/{0.00]0.02/0.01/0.00/0.02{0.01|0.00|0.02|0.01 |0.00
Epyp 0.02/0.01|0.00|0.03/0.01/0.01(0.02|0.01|0.02{0.02|0.01|0.00

Eq 0.17/0.29/0.46|0.14|0.19(0.260.10|0.17|0.22 /0.10 | 0.16 | 0.22
Ey 0.32/0.59/0.84|0.22|0.46|0.69|0.21 | 0.41 | 0.61 | 0.21 (0.43 | 0.65
Eup 0.31/0.59(0.80(0.22/0.37(0.63|0.23|0.39/0.62(0.23|0.40|0.63
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Table 2. Level and power of test in Section 3 when ¢ is unknown
(a) $,=0.01, p,=0.05, LSL=0
USL
5.3 | 6
5=0.005 T Jagkinit ‘ i
a nie | H
Inﬂulf'n method ethod Infl fn appr | Jackkm“appr
n 20{50'109‘20\50’100 20 | 50 | 100 20 | 50 | 100
Eew | 0.01/0.01]0.02|0.04 0.05’0.0590.01‘0.01 0.010.04|0.06 | 0.05
Eyg 0.010.01[0.01]0.02/0.02|0.02 0.02 0.01|0.01 0.03/0.02/0.02
Eu |0.05]0.06 0.06 0.04(0.050.050.05 0.05|0.04 0.06|0.050.05
| | | |
Eq@ 0.44/0.80 0.98(0.44 0.82 0.98 0.37|0.72(0.95|0.38/0.76 0.97
Ey@  0.45 0.80/0.98|0.44 0.82 0.98/0.380.720.95 0.39io.76io.97
Ew@ 0.6 ‘0.93}0.99 0.60 0.93110.99 0.560.89|0.99|0.55 | 0.91 | 0.99
6.5 7.0
5=0.005 - o .
ackkKknile 7
Influ fn method ifhad Infl fn appr Jackkni appr
n 20 | 50 100,20'50‘100 20 | 50| 100 20 | 50 | 100
Eew |0.01]0.01]0.010.05 ooslo 05 001'0 .01/0.01 0.05 o.osio,os
|
Evg 0.02/0.01[0.01 0.02/0.02/0.02 0.02/0.01|0.01 0.03 0.02,0.02
Ew |0.05]0.04 0.05 0.04|0. 04.0 03 '0 04’0 050.05 0.06 0.050.05
Eop | 36'0 71/0.94/0.37/0.75 0.9610.37/0.71 0.94,0.37/0.75 0.9
| | i :
Eyg  0.37,0.71(0.95 0.38 0.75 0.97|0.38/0.71 0.95i0.38|0.75j0.96
g | .
Ewe 0. 55J° 89|0.990.54|0.91 0.99]0.56 0.8/ 0.99 0.5  0.90 0.99
|
5.3 | 6
3=0.01 Jackknif
! ackknife i
D Influ fn methc.u:li method _Iiﬁ fn af)p_r__ —w?ﬁ_
" 20!'50‘}100]20!50 100 20| 100 20‘[50\100
! | | ' _‘____‘—_—
Eew  0.01]0.02/0.02)0.05 0.05[0.05 0.01 0.010.02(0.05 0.05 0.05
Exg  0.03]0.02,0.01 0.02 0.02/0.01 0.03 0.02|0.01|0.02 0.02 0.0l
Eug  0.06(0.050.04 0.05 0.06|0.04 0.05 0.06 0.05 0.0550.04 0.04
H 1
Eqe 10.45 0.79/0.98 0. 42‘0 79 0.98 0.38 0.720.95 0.36/0.72 0.95
Evg 0.47 0.8 0.98 0.43 0.79 0.98 0.40 0.74 0.95 0. 37/0.74 0.95
' |
Eg |0.63 0.93 0.99 0. 60/ 0. 93‘o % 0. 57, o %0.99 0.54/0.90 0.99
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Table 2. Level and power of test in Section 3 when ¢ is unknown
(Continued)
(a) p,=0.01, p,=0.05, LSL=0

’ UST
6.5 7.0
§=0.01 == T _JT(]TEWA
ac nite 4
Influ fn method ~ “method Infl fn appr Jackkni appr
n 20 50 ‘ 100 | 20 50 | 100 | 20 50 | 100 | 20 50 | 100
Eew |0.01 0.010.02 0.05.0.05]0.05|0.01 |0.01 [0.02|0.05]0.05 | 0.05
Exn® 0.02 0.02;0.01 0.02/0.020.01(0.03|/0.020.01|0.02 0.02;0.01
Eue 0.05 0.04}0.03 O'OSiO'Gﬁ 0.040.06|0.04 | 0.04|0.04 0.05;0.05
Eqe |0.38 0.72‘0.94 0.26 | 0.71 0.94}0.37 0.7210.94|0.35,0.72|0.95
Eng 0.39 0.73|0.95 0.37]0.73 0.95|0.40 0.73|0.95 0.37(0.73|0.95
Ey@ 0.58 0.89|0.99 0.55/0.90 0.99i(_).56 0.90(0.990.53/0.90|0.99
5.3 6
5=0.05 e
| ackknife i
B Influ fn method | “method Infl fn appr Jackkni appr
n 20 20 IOO‘ 20 50 | 100 | 20 50 | 100 | 20 50 | 100
Eee |0.01]0.03 0.0470.05 0.05}0.05 0.010.02 0.03|0.06|0.05(0.05
Enp 0.02{0.01/0.00/0.01 0.00}0.00 0.02/0.01 0.00/0.01,0.00 0.00
Eu,p 0.06 0.06\0.04!0.04 0.05{0.05 0.05/0.05 0.04|0.04|0.05 0.05
| I
. i - -
Eew |0.33]0.57 0.8¢ 0.25/0.51]0.81/0.27 0.48)0.74|0.20  0.42|0.70
Exe 0.38 0.66 0.90 0.29 0,60 03871033 0.59 0.84 0.25/0.53|0.81
En@ 10.56 0.86‘0.98L0.49 0.83/0.98 0.52|0.83  0.97|0.45|0.80| 0.97
| | |
6.5 7.0
5=0.05 T ;
ackknife i g
Influ fn method aiathiod Infl fn appr ‘ Jackkni appr
n |20 |50 |100] 2 | 50| 100] 2|50 100[20‘50‘100
Eew |0.01]0.02'0.03/0.06/0.05]0.05]0.01]0.02/0.03|0.05/0.05 0.05
Ene 0.02 0.01;0.00 0.01,0.00/0.00|0.02|0.01|0.00|0.01|0.00 0.00
Ewme 0.04|0.04 0.05/0.04|0.04|0.05 0.O4I0.04 0.05|0.05 0.04|0.04
Eqp 0.27|0.48 0,72!0.20 0.42/0.69(0.270.46!0.73/0.20/0.41 (0.69
Ene 0.32,0.57 0.83!0.25 0.51/0.80:0.33/0.57({0.83|0.26 0.51 (0.80
Eue 0.51|0.81{0.97 0.45(0.79 0.97‘10.51 ‘0.82 0.97(0.46{0.79|0.97
i 1
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Table 2. Level and power of test in Section 3 when ¢ is unknown
(Continued)
(b) $,=0.01, p,=0.025, LSL=0
! USL
| 5.3 6
5=0.005 | T el I
| ackknife ;
Influ fn method| o Infl fn appr | Jackkni appr
" 20‘50‘100}20[50[100 20 | <0 Jm[zoiso 100
Eow [0.01/0.01]0.01 0. 0510.05/0.050.010.01 0.01 004|006 0.05
Eye |0.02]0.01 001‘0 03/0.02{0.020.020.01 | 0. O:iooa 10.02{0.02
Eyg |0.05]0.070.05 0.06, 10.060.04 0.050.03|0.04. 0.05'0.05 0.05
Eqg 0.1510.30'0 56/0.160.36 [0.64 0.11 | 0. 23‘0 42‘0 14’0 280.50
| |
Evg 0.150.31/0.56 0.17 10.38/0.640.12/0.24 0.45 0.140.30{0.54
| |
Ewg |o.25jo.50 0.79i0.26‘0.56 0.84 0.2 0.42i0.71|0.23 0.480.77
6.5 7.0
5=0.005 . — :
ac nire 1
Influ fn method arethod ﬁlinﬂ fn appr 1__1?.Fkkm appr_
n 20 | 50 100["0{50|100 20 50i100,20}50 100
Egp !0.0110.0110.01 005;005 005‘001 0011001i005'0 05‘0.05
Eng 0.02]0.02/0.01 0.03 ooz.Jo .02 0.020.01 0.01 0.02 0.030.03
Eug 0.050.07|0.05 006i0.05 u.os|o.os 0.05, 10.05 006 0.05[0.04
= | |
Eow |0.11]0.2110.4010.13/0.27 0.48 0. ujo 21/0.40 0.13 0.270.49
Eve |0.12(0.23 0.43 0.13‘0.29!0.51 0'“i0'23‘0‘44'0'14'0’29 0.53
| | | |
Ewg |0.19/0.420.690.22 0.48/0.75 0.20 0.42 0.69 0.22 0.48 0.75
1 1 ] 1 . o 1 =
5.3 6
b=0.01 Jackknif
ac niire H
B Influ fn method et Infl fn appr Jackkni appr
n 20 50‘100 2ol‘50 100 20 | 50 | 100 20’50‘100
Eep |0.01 0.01;0.02 0.05[0.05 |0.05 ' 0.01 |0.01 0.02]0.05 oos'o .05
Eng [0.030.02/0.010.02|0.02 o.ozFo.oz 0.02 0.01 0.02‘0.02‘0.02
Eu 0.03/0.04 0.05/0.04/0.03 0.05 0.07|0.05 0.05]0.04 0.05 0.05
Eqp ‘0 16 0.30 0. 5410 15 0. 321'0 58 0. 12‘0 2 '0.41]0.12 0. 24‘0 45
Ewg  0.18 0.330.57 0.17/0.35/0.60|0.14 0. 25 0.44!0. 14:0 27'0.49
!
Eu@ 0.26 0.54 0.81/0.23, 044 0.72/0.22 046 0.74
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Table 2. Level and power of test in Section 3 when o is unknown

(Continued)
(b) $,=0.01, p,=0.025, LSL=0
USL
6.5 7.0
A=ha Jackknif T
ac nite
Influ fn method Sinihod Infl fn appr | Jackkni appr
o ZO‘SOjIOO 20 | 50 | 100 20 | 50 f 50'100
Eq o.m'o.mio.oz 0.050.050.050.01|0.01|0.02 0.0510.05 0.05
Ewg 0.03/0.02{0.02/0.02|0.02/0.02[0.02|0.02 0.0 0.02 0.02 0.02
Eug@ |0.04 o.oslo.osio.os 0.04|0.05|0.05|0.04|0.05 o.oelo.og 0.10
Eew |0.12]0.22 0.41 0.12]0.23(0.42 0.13|0.21|0.39 0.12[0.23] 0.43
Ewe [0.14]0.24 0.43 0.13/0.26(0.47|0.15]0.25 0.4 |0.14 0.27|0.48
Ewg |0.23]0.44 0.69, '0.22]0.46|0.720.23|0.44  0.70|0.22|0.45 0.73
5.3 6
P00 " Jackknif
! ackknife :
Influ fn method | adlicd Infl fn appr Jackkni appr
# 20 50!100‘20‘50 100 20 50 | 100 | 20 solmo
Eew |0.01/0.02 0.03 0.06/0.05/0.05/0.000.02 0.030.06|0.06 | 0.05
Evge |0.03/0.01 0.00 0.02]0.01/0.00 0.03/0.01{0.01 0.02/0.01 0.00
Eug@ |0.04 o.osio.asfo.m 0.04{0.04[0.05  0.05|0.05 |0.050.03 0.03
Eew |0.11 0.13 0.22/0.08 0.11/0.20 0.09/0.10(0.130.06 0.09|0.13
' 1 1 |
Evg [0.150.22 0.380.16 0.20 0.36 0.13 0.18/0.27 0.10 0.16 0.26
Ew@ |0.24 0.41,0.64/0.20 0.38 0.62 0.21 0.34|0.54|0.17 0.32 0.53
| | | | !
6.5 7.0
5005 " Jackknif
i ac nite :
- Influ fn me{hOdL ethod Infi fn appr Jackkni appr
% 20 | 50 100 20| 50 | 100 20‘50‘100 20 | 50 | 100
Eew |0.010.02 o.osio.oa 0.050.05 |0. 00'002 0. 03'0 05/0.05 0.05
Eng |0.02/0.01 0.01 0.02{0.01 0.01 0.03/0.01 0.00 0.02/0.01 0.00
Eug |0.050.05 0.0410.04\0.0510.04 o.oslo.os o.os‘o.oslo.osgo.os
i ‘ | ‘
Eew 10.090.09 0.12/0. 06}0 08{0.11 [0.08 0.10 0.13 0.06 0.080.12
Ev@ |0.1210.17 0.26 0.09 0.150.25/0.12 0. 17, 0. 26i0 10/0.15.0.25
1
Ewe 10.210.34 0. 53‘0 18,0.32|0.51]0.20 0.35,0.54 0.17 0.330.53
i |
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Table 3. Level and power of Huber's robust maximin test when o is
known-asymptotic version, obtained from Eq. (4)
(a) p,=0.01, p,=0.05, LSL=0

USL

5=0.005 5.3 6 6.5 | 7
% 20]50'100 20 50‘100 20‘50 00| 20 | 50 | 100

Egoqa 0.05/0.05(0.05/0.05/0.05|0.05|0.05(0.05/0.05/0.05/0.05|0.05
Ed @ 0.04/0.04/0.03/0.04({0.04/0.03/0.04|0.04{0.03({0.04(0.03/0.03

No

E4d ¢ 0.04/0.04/0.03|0.04(0.04|0.03/0.04|0.04|0.03(0.04|0.03|0.03

My

Eglgo 0.94/0.99/0.99|0.89(0.99|0.99/0.88(0.99 (1.0 {0.89/0.99|0.99
Eﬁlw 0.95(0.99/0.99({0.91{0.99|0.99|0.90|0.99|1.0 |{0.90|0.99(0.99
E4 0.95]0.99|0.99/0.91(0.99|0.99|0.90|0.99|1.0 [0.90]|0.99 0.99

My

5=0.01 | 5.3 | 6 6.5 ! 7

. : : —7 —
5 20'50‘100520‘50 100;:0Jso‘100;20\50f100

Egugo 0.05/0.05(0.05/0.05/0.05|0.05(0.05(0.05/0.05|0.05|0.05|0.05
Ed o 0.03/0.03/0.02{0.03/0.03/0.02(0.03/0.03|0.02(0.03|0.03/0.02

No

EA ¢ 0.04(0.03/0.02|0.04|0.03[0.02/0.04/0.03{0.02|0.04|0.03 0.02

My

Ee‘lqo 0.92/0.99/0.99|0.86|0.99|0.99 0.85 0.99/0.99/0.85/0.99|0.99
Ed o 0.9410.99/0.99|0.89|0.99(0.99|0.88|0.99/0.99/0.88|0.99(0.99

Ny

Ed @ 0.94/0.99/0.99/0.89(0.99(0.990.88|0.99(0.99|0.88|0.99|0.99

My

5=0.05 5.3 ' 6 | 6.5 i 7
: H |

m 2050|100 2050|100 20 50 10020 50| 100
I | |

o |
Eguqo 0.05/0.05/0.05|0.05|0.05|0.05/0.05/0.05|0.05 0.05|0.05|0.05
E4 ¢ 0.01(0.00/0.00({0.01|0.00|0.00|0.01|0.01 0.0Di0.0I 0.00|0.00

N

EA ¢ 0.01/0.01/0.00|0.01|0.01|0.00(0.01 0.01|0.00/0.01|0.01|0.00

Mg

Eglgo 0.62]0.92/0.99(0.51/0.840.98(0.50|0.83|0.98/0.50|0.83|0.98
Eﬁlw 0.81/0.99/0.99|0.72|0.97/0.99/0.71|0.99|0.99(0.71|0.97 | 0.99
EAe 0.80/0.99(0.99|0.70,0.97(0.99(0.69/0.96|0.99|0.69|0.96|0.99

My
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Table 3. Level and power of Hubet’s robust maximin test when o is

known-asvmptotic version, obtained from Eq. (4) (Continued)
(b) p,=0.01, p,=0.025, LSL=0

USL

5=0.005 5.3 6 6.5 7

2 [zo'so‘mo;zo 50 | 100 20 50{190 20'50 100
Ej ¢ [0.05]0.05 0.05]0.05|0.05|0.05|0.05|0.050.05|0.05|0.05|0.05
Ef¢ [0.04[0.04/0.03]0.04|0.04[0.03[0.04(0.04|0.030.04 0.04 0.03
Ef¢ |0.04]0.04/0.03[0.04[0.040.04|0.04[0.04|0.04|0.04|0.04 0.04
Ed¢ [0.550.87(0.990.44/0.76 0.95|0.42|0.73 | 0.94|0.42 | 0.74 |0.95
Ef¢ [0.580.90(0.99/0.47/0.790.97|0.45|0.77 0.96 |0.45| 0.78 | 0.9
Ef¢ [0.58]0.90(0.99/0.47)0.79 0.970.45(0.770.96 [0.45 0.78 0.9
5=0.01 5.3 6 6.5 7

m 20| 50100 20|50 |100]20 | 50100} 20 |50 100
E4¢ [0.05]0.05/0.05|0.05]0.05|0.05 0.05|0.05 [0.05 0.05 | 0.05 |0.05
Ei¢ |0.04[0.03]0.02|0.040.03]0.03]0.04|0.03 [0.03 |0.04| 0.03|0.03
Efi¢ [0.04]0.03 0.03]0.04]0.030.03(0.04|0.03 |0.030.04/0.03 |0.03
Eje [0.49]0.82(0.97|0.38 [0.680.91|0.36 |0.65|0.89 [0.37| 0.6 | 0.90
Ef¢ [0.54/0.87(0.99]0.38[0.68[0.91|0.36 |0.65|0.89 [0.37| 0.6 | 0.50
Ef¢ |0.54/0.87(0.99]0.43|0.75|0.95 0.41(0.73|0.94|0.42|0.74 0.94
§=0.05 5.3 6 ‘ 6.4 7

n 20 | 50 | 100 20‘50 100‘20 50 [ 100 | 20 | 50 | 100
EAe |0.05]0.050.05|0.05|0.05|0.05|0.05|0.05 0.05 [0.05| 0.05|0.05
E4e |0.01]0.01/0.00(0.02(0.01]0.00|0.02[0.01 0.00 0.02 0.01 |0.00
Ed¢ 0.01]0.01/0.00{0.02[0.01]0.00{0.02[0.01 0.000.02 0.01 |0.00
Ej¢ |0.17]0.28)0.45(0.11{0.17 0.26 0.1 |0.15]0.23 0.11| 0.16 | 0.24
Efe 10.32/0.59(0.84]0.230.430.67 0.22|0.40 | 0.63|0.23 0.41 [0.65
Efe |0.31/0.59(0.83]0.230.42|0.650.22|0.39 | 0.61|0.22 0.40 |0.63
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Table 4. Level and power of test when ¢ is unkown-obtained from

Eq. (6)
(@) $, =001, p,=0.05, LSL=0
USL

5=0.005 5.3 6 | 6.5 7

# 20 | 50 [ 100] 20 | s0 | 100 20150 100 20 | 50 | 100
Ef¢ |0.05]0.050.05(0.05|0.05|0.05|0.05|0.05 | 0.05 0.05|0.05 | 0.05
Efe [0.02]0.01[0.01]0.02[0.01|0.01 0.02|0.01 |0.01]0.02 0.01 | 0.01
Ef¢ [0.03[0.03/0.03{0.04]0.03(0.030.04|0.03|0.03|0.04]0.03|0.03
Ef¢ |0.24/0.60(0.900.21]0.520.85 [0.21 |0.51 [0.84|0.21 |0.51|0.84
Ef¢ [0.290.72[0.97(0.26 0.64|0.93 0.25 | 0.630.93| 0.25 0.63 | 0.93
Eg¢ [0.34]0.74/0.97/0.31|0.68 0.94|0.31 |0.67|0.03|0.31 |0.67 | 0.93
5=0.01 5.3 6 6.5 7

» 20 | 50 |100] 20| 50 | 100] 20| 50100 20/ 50/ 100
Ef¢ |0.050.05(0.05]0.05|0.050.05(0.050.050.05|0.05 0.05 |0.05
Efe [0.010.01]0.00(0.01[0.01|0.01|0.01 [0.01|0.01 |0.010.01 |0.01
Ef¢ |0.050.04/0.04]0.050.05]0.04|0.05|0.05|0.04|0.05|0.04|0.04
Ef¢  [0.22]0.53]0.85(0.19(0.45 0.7 |0.14|0.44 | 0.76 | 0.19| 0.44 | 0.76
Ef¢ 0.27]0.67(0.95/0.24/0.600.90(0.24 0.58 | 0.90 0.3 0.58 [0.90
Ej¢ |0.37]0.73]0.960.330.67|0.92|0.33|0.67|0.92|0.33| 0.67 |0.92
5=0.05 5.3 6 6.5 7

i zo]solloo 20’50‘100 201‘50 100 | 20 | 50 | 100
Ef¢ |0.05]0.05(0.05|0.05(0.05 0.05| 0.05 0.05| 0.05|0.05 0.05 | 0.05
Ef¢ [0.01]0.01]0.000.01]0.01|0.000.010.01{0.00|0.01{0.01 | 0.00
Ef¢ |0.05(0.06(0.04(0.06|0.050.04|0.05 | 0.05 | 0.04|0.06 |0.05 | 0.03
Ej¢ 0.27]0.53(0.80(0.23]0.44|0.71 [0.22|0.43|0.70| 0.22|0.44| 0.70
Ej¢ [0.29(0.62(0.90[0.25|0.54|0.84 0.25]0.53{ 0.83 | 0.25|0.53 | 0.83
Ef¢ |0.08(0.870.99(0.55(0.84]0.98|0.54|0.83(0.97 0.54|0.84 |0.97
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Table 4. Level and power of test when o is unknown-obtained from
Eq. (6) (Continued)

(b) $.=0.01, ,=0.025, LSL=0

USL
5=0.005 5.3 6 5k 7

n 20 | s0 | 100! 20| 50  100] 20! 50|10/ 20| 50| 100
Es¢ [0.05/0.05]0.050.05]0.050.05|0.05 0.5 0.05|0.05|0.05 0.05
Ef¢ [0.02]0.02[0.010.03[0.02]0.01 0.03(0.02|0.01|0.03 0.02|0.01
Epe |0.05]0.04[0.04/0.05(0.05(0.04|0.05 |0.05|0.04| 0.05|0.05 | 0.04
Ete |0.10]0.19]0.35|0.08|0.15]0.26 |0.08| 0.14|0.24| 0.08 |0.14|0.25
Ef¢ [0.12]0.27]0.49|0.11|0.210.38|0.10 0.20| 0.37 | 0.11 |0.21 | 0.37
Ef¢ |0.18]0.34]0.57(0.16|0.29|0.48 |0.15]0.28 | 0.46| 0.15 | 0.28 | 0.47
5=0.01 5.3 6 6:5 7

n 20 50}100 20 | 50 |100] 20| 50| 100 20| 50 | 100
Ese |0.05]0.05]0.05|0.05|0.05]0.05 0.05)0.05|0.05|0.05|0.05|0.05
Ed¢ [0.02]0.01|0.01]0.02|0.02|0.01|0.020.02|0.010.02/0.02 ] 0.01
Ei¢  [0.07/0.06|0.06|0.07|0.06 0.6 0.07|0.06 |0.06 | 0.07 0.06 | 0.06
Es¢ [0.09/0.16]0.27(0.07|0.12[0.19 0.70| 0.11 |0.18| 0.07 | 0.11 |0.18
E4¢ 0.11]0.24]0.43(0.10]0.19]0.33|0.10| 0.18 0.32{ 0.10 0.18 | 0.32
Eie [0.21/0.37]0.59(0.190.32(0.50 |0.18|0.31 [0.49| 0.20| 0.32 | 0.50
5=0.05 | 5.3 6 6.5 7

n 20 | 50 | 100] 20 | 50 | 100| 20 | 50 | 100| 20 | 50 | 100
Eie |0.05[0.05]0.05|0.05]0.05|0.05 |0.05|0.05 | 0.05|0.05 | 0.050.05
Ef¢ |0.02]0.01 0.01]0.02/0.02|0.01 0.02 0.01 0.010.02|0.01 0.01
Ef¢ |0.06]0.05|0.05]0.07|0.06|0.05|0.05|0.05|0.05 |0.06 | 0.05 0.05
Es¢ [0.10[0.15(0.22|0.080.11]0.14|0.080.10| 0.130.08/0.10| 0.13
EA¢ |0.12{0.21]0.36]0.10[0.17 [0.27 |0.10 0.16 0.26 0.10 0.17 | 0.26
EA¢ [0.42]0.65]0.860.390.61|0.81(0.39|0.60 | 0.80 0.40| 0.60 | 0.81
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for the measurement to lie in that region is about the same, that is
way the value leaves similar result when the specification limits changes
from (0, 5.3] to (0, 71.

From above four tables, a strong evidence shows that no matter
which value of USL we choose, the behavior of the level and power

are not changed significantly.

(1) Known scale

When the scale parameter ¢ is given, the distributions @, @,
exhibit the least favorable property as predicted by theory for all
specified limits (LSL, USL). The significance levels are close to the
nominal value of 0.05 under @, and are considerably less than 0.05
under normality and mixture of normal when §=0.05 for both p,=0.025
and 0.05. But almost all of them satisfy the restriction that the
significance levels are dominated by the nominal value 0.05. The power
under normality and mixture of normal are much higher than the power
under @, when §=0.05. As & increases, the power decreases for each
sample size and alternative. Moreover, the difference between the power
under normality and under €, increases as & increases. The power
decreases when the test changes from 0.05 to 0.025 for all choes of the
specification limits.

The explanation for these findings is that as & increases, the normal
and least favorable distribution become farther apart, so that differences
in power are larger. Moreover, as & increases, @, and @, are closer
together, and there is heavier truncation, and hence more loss of
information. Therefore, the power decreases as & increases. The
difference reaches the maximum between the power under @, and the
other two distributions when & reaches 0.05.

If the scale parameter ¢ is thought to be known and the size of the
neighborhood & can be assumed small, that is, there are only very small
departures from normality, then the power of Huber’s test against @,
gives useful lower bounds on power against other alternatives in the
neighborhood, particularly against the normal alternative. We can say

that when & is small, the power function is robust.
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(2) Estimated scale

When the scale parameter ¢ is unknown and either the jackknife
method or the influence function method is used to estimate the variance
of the test statistic 7, then in all cases appear to have the smallest
power. In almost all the cases, the significance level under varies
conditions are all close to the nominal value 0.05. The performance
under normality is almost always better than the performance under @,
or @,.

In Table 2, the significance level in all cases are close to the
nominal value 0.05. @, @, show the least favorable properrty. The
power are about the same as 8=0.005 and 0.01. But as §=0.05, the
power decreased dramaticallv. For the more strict case, i.e., as p,=
0.025, the power becomes much smaller compare to the power when
p,=0.05. It looks like when we fixed LSL, as USL changed from 5.3
to 7, the power doesn’t chhange too much for fixed p, and 8.

When we compare the power of the test under normality and under
@,, we see that the power under @, is smaller than under normality,
but the differences between them generally are smaller than 0.1, except
for the case when the alternative p,=0.05 and the size of the
neighborhood & is 0.05. The other thing we can see from the simulation
is that when the size of the neighborhood increases, the power generally
decreases.

Hence, either version of the statistic with the adjusted standard
deviation estimator is recommended. Both of them control the
consumer’s risk and producer’s risk resonablly.

(3) Approximating the OC functions of the robust tests

For any acceptance sampling plan, we have to choose the critical
value and the sample size (and 7) in order to guarantee that the OC
curve will pass through the points (p,, 1—a) and (p,, B). We first
consider approximating the OC function or equivalently the power of
Huber’s test from the normal approximation to the distribution of ¢

Table 3 shows the asymptotic power under normal distribution,
mixed normal, and the least favorable distributions when ¢ is given.
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This table is based on Eq. (4) of Section 2. Comparing these values
with Table 1 shows that the asymptotic approximation is quite accurate.
Hence, the asymptotic power formula can be used to design a robust
plan which controls both the consumer’s and the producer’s risks.

In Section 3, an approximation to the power function of the T,
test presented in Eq. (6). This expression is tabulated in Table 4 for
the cases studied in this article. Notice that when the test changes
from a loss one to a strict one, i.e., p,=0.05 to 0.025, the power changes
dramatically in all cases. Comparison of Table 2 with Table 4 indicates
that for §=0.005 and 0.01, when then the sample is large enough, the
asymptotic power formula agrees quite well with the simulated power
of the 7, test, using either the influence function method or the
Jjackknife method. But for 8=0.05, asymptotic power is close to the
simulated power for both small and large sample sizes. Hence, a robust
scheme with unknown scale parameter can be designed to hold both
producer’s and consumer’s risks close to desired values.
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(HP-5890 + #%E series 1) ; BHioEEE (J&W » 5# DB-5530mX
0.25mm i.d.); F#iE-} ; BB /LR o

2. &A#H

(1) Z/EARAK : ETHEMA » i Millipore A% Ultra-Pure R/Q Water
System P8l o

(2) RALWERSTEW @ IM NaOH ERBUR 5% THER (AHR) o

(3) BB WA Sigma A7 RFILMEK (pore diameter) £ 60A o

(4) SEHIFELES  BEQ Ultra Scientific 25 » IBELS 100 ppm 2
hexane ¥E# ' 35 Aroclor 1221~ 1232~ 1242~ 1248 ~ 1254 ~ 1260
~ 1262 F 1268 ERERZH o

(5) LEBiEzEEET (Standard Reference Material » SRM) : MA-
B-/OC sample No. 103 > Lyophilized Fish Tissue §&QBREEE 75
#% (International Atomic Energy Agency » IAEA)o

(6) fME/KBRREESN : WEEL 99% A Merck o

3. AMzRE

RIS REEB R EE > FERE - BT - AR EYE LU KES » B
PTIREFDELTHEARA o« XRERNKRALKNREERTDAL » & LHHH
RABARE > BREZEHRMAGEEEREENSER 0°C ZAHREHRM o

4. AAZE(t

BTSRRI R » B PCBs RIEGNHE » Hit2 LB ERH PCBs
RS HAETRRE® « SHEZ ARARGE » TS AmMAS RS EKFEN
HE o BREAREF  mA 15mL | M Z85AbMEREEE » LI a5k
% 90°C EHEMBEEED 2 8 ERAT25MEFENFF1EnE > 246
KRB R T A A RIAE B -

5. BEEZEMER

W RS Az BALEE A 100 mL 2 4@t B AT ES 2L 10 mL
ZIETHE ~ TR ~ FREBARER R LR B FT (2 pRAE DT EE > PCBs FT Ak
HEEBEANRZ BRI GRS BREETR BT LEZE
CRABRBEERTRZ KBS ME  #EFL SmL ECRER_X » &=
FM B BEER 100 mL 2 EEEEEF o



6. EoEZARE

W R BB A EREIUR » B LR RAE AR E R MER - BERERE
HlEERIERELE  BLSKRA R (X 500 uL) ZECRETRTBAR
0 BF 4mL ZH#EHES » YLURFREWEE 2mL FH -

7. EMAEZEL

R ERERRRHERES » B PCBs {LEM BN L2 T EWE NG E TR
ROFEERLBGRERNRE  EETNTRERSNTEYHRGREH
HEES » BRUAEETRE® o BAETFHEMANSE (Electron Capture
Detector) B EEE  HENBHR TR THEHYEZGH (contamination)
Lt ARTTRE R EH R RAFMAER (overload) 3 « ECD BHREHE
BEMENS  SANSRFRERLAYZHR > HEHNABN (electrophilic)
WBAERKE  #iE ~ FE_FRERRTRSESTRATE® « BitE
HAUFERENSLEER » BNERRENBENYRTEY M - HEEENE
BOEREET RS CEE » HREER - BB R EEETHRSE |
EH—-EERHEBEATNE » REEEBEZERBEMITE (resolution) REMEE (sen-
sitivity) HE{LRBEEZ ERHERE o

(1) wREEZRE

FIEERABHRE % FPBRATE » SN EH BB RN R
BIFET » BHARAG 3 ASHLEOTE » BEVEBEEEHE » SRR
2AG TRYBRE » BEBVEZRIE > FUPBTERERIES i
A o

(2) B{LEF

s balAb B 6 TS 2 BAEREE 0 AR TRINA - SEEEEE P IR R
ERHREE TRERYBHERANRGRE TR » 8L, 10 mL ECHEREHER
YW REEREEF  BESZHARIDARKT > ¥FEA 2ml ZIECTH
Pt R E R E R o

8. RELRERZME

ARREEREAEHERZILSL (Monsanto) AFEFZ PCBs» &4
AEEERENMRUEL O SEA 2 S EERAHK (Stock Standard
Mixture Solution) * E—BRERSHKPE Aroclor 1221 ~ 1254 ; E_&&
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Aroclor 1242~ 1260 ; #5=%4 Aroclor 1232 1262 ; 5 PU#&E# Aroclor 1248
~ 1268 o IUEREFEER A BB RAMBN ARG RBRE » AP EMENZRIE
B EMER Aroclor ZRERER » PRIBEESAREREZUME »
FEikERETETARRNEEREE LR o BEREATN  GERZRARE
5 2.5ppm EFRERE 2.0-1.0-08 B 04 ppm o

9. BEEFZHN

F—# PCBs REWGEREAY) » BIERT (calibration factor s CF) 23t
BWTym 4 Aroclor FEHTHET RIS B AR MABG - LI IGE R 2 FIRH
Aroclor ZHE » 4% (1) HEZ®e

| SERBERZR
CF="gmw st (ng) LI

10. #zEMRER

R R ITEIRETS (0 & QAR 2 0B M U5 HR R A PR R AT [ SR R R R
PriEl R ~ 39S R AR 2 i § R AU A AT A R B B
(.2 % At » LRBEEREMELAR 2) FHASERRZRES o

BE (ug/kg)= ﬁgﬂ?ﬁ@ﬁ%ﬂx mazgn%z%% (uL) o

R AR E AR A R R AR R o R SERZ UARR BEE
FERUMBER

11. mHEERREESH

AW Rz BERTRHEEERYE (Hewlett Packard) ARFTAEEZ
Series 1T WARIEE THRERE (ECD) » BHTRHRIEEGREWE

MER 9999% 22 fBAMEZIE » BHEPZRER 5SmL/min;
BN REARBER c B0 ZIRERER 250°C; SimEHEER Iul o FHaR
#3% (temperature programming) ZiEWRBRES 200°C ; ERHEHEER
FEHE 2 min ; HEMBE - HEARERKEER 260°C ; FifRAZRE
BES 2°C/min ; E_HEEFRZEEEERS 280°C ; XHRABEKER
5°C/min ; REFLFABEA S EBRERRER 5Smin; LAE4E (regenerate)
TE o AREFBEAZBHERRS DB-5 f J&W LR FTHE -
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12. sRAEZREATHIERE
(1) 5%%8 (Method Blank)

A& PCBs 2R MBRSEMERNZIEESE » FERI - 20 8
i > B ELLUGE B BORARIR T o 73822 19 8 @z 0T HERIBT I 0 » AT
RRRBERRZ 10% > £FEEEERE » S RBRR RSB 5
B o

(2) AEANER

% A e F A B b LUK A B T RE TS 2 0 R (L B O e (L
PR o TEERBAT PRI BRI AR R (K IR BB 3 i 2 RN A 1R
FiARRBEEFEL GC/ECD =# > iz #F - EREFSHER LXK »
DR Bkt HEE R R E - R EL 3 BB A2 5 A RBR ™ o

(3) BEFEM (matrix spike recovery: MSR) BAEAIRE (matrix
spike recovery duplicate » MSRD)

EERMOEFZGFRMAAKR )9 !

MSR/MSRD (%):—Mﬁgﬁégﬁ’g%xwo (3)
S-HREFH

HREEREMYRALIEEETBE - HRERIG 20 A% BED
360 AAIRFR » HEESEWRRRERAMNEI /D RIER » SRR
KERER » B—BRENRERIRTH PCBs HRZEE » LLIEHNERTET
PCBs SEHEMEC » JIREREXZBERES » RREEEHE - AMRLBE
Z RABRMRETT AL ~ I~ FLF AR ER(F - RS EFRAH - Tk~
BHSEETH > S I AMBER - Ao EBRERRETS T8 B
B BRI SR R AT B o

RTHZRASAKG » REHARBETZAR » ABRCHAREZRAER
fegcp (150°C) %% 3~5 H o #ERTEMAGLE » BELEERINHR
HARMT® 2

R N 100
RERE=REREX 502 vnr (4)
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Hi A FEBR I B M f P Rk 1 & 2 RS SRR » SR E S AR » RS
E5 74% ; EHHERA @) KBHRENEEZRE o 1/ ARERZR
WYl » BRHERIFRF ZW T -

SR EEZER  BLEBETEAS T2 MG & » LUET—%
By SEIRER  REBLRTEBESNARNLELRERFPRE  RTMER
1L » BACIEESBEZRE » B2t B2 RELRPEZL
RHEEZRE

SRR » B LUEH S MORAEEGE « LUEC KA BEE | 2L+
AR PCBs =X LURSEME o SR NRMEYBS T EYER PCBs R
— IR REE A » RS T 2 T o BRI 2 I AT AR 0 o
AEBITBRAZFLER  BEKANYBEREETE » BERERXYBERRS
HE%  BE2HESNEMRZERER (solid phase extraction » SPE) #Bi% A,
o FHRBEEVEOEEEL ~ BEL B REBE > DIHAR (capacity)
KBRS BHESEMRPCEELERNE TR

ARFEABEBTT 60 EEEMATH » HPEEABARRK Aroclor (
MR —) » AEFARBEAEE SRR 20 EEELER ERA
HEEERGEMSD AEEZEAENEENE - &5 -EHEHANBER » RE—
f& PCBs HUiiin » MU EFRILSHT 32 BEMER - EREERERNER
MBESRAFEEZASHEES G E) » BEEEBEREZSHHERE (contract
laboratory program » CLP) ZHTi2FFRKRAFTERESFRITAN® o Bt » 3tF
REGBREE NEAEZE RAE2EEENHRAAERORE > REEFHT
e

Aroclor BAYPER FIWERKHE ECD ZREEAGHEME » FEREE
FHES % ECD BEHLRACY » HEMGTHAERUEBRER » £8BX
2 RS RfER Aroclor 12212 02 mg/kg (% E) B®WiEE Aroclor FREFT
FRESLZEMTRE MeEE TEEESHEE 68% 2 Aroclor 1268
HERBRES N 004 mg/kg (52#) B/\E PCBs fzR{EE-

1. PCBs 2%t

#iny PCB E#FREA MBI ENEFHEARNZATTEIME 1 A9F
FrHE » BUE B4 AR B BT Aroclor 1232 B 1260 REAH » BHTEE
2pa e g Aroclor 1232 » Mg MAIZKE Aroclor 1260 o & Aroclor
B ZENT HEEEREEPRESEEREES » AREIF—& Aroclor
S FE A B 0 F—BE SR Aroclor 1232 B 1260 FAREHRZ
PR AR E R ERERE 231 H
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#
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B
4} H
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) =
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N .
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2o a0 4o
oM on oMW
B 1 Aroclor 1232~ 1260 & B ¥R EMEHE o
F— Aroclor 1232 ERFHIESHT
‘ i ] 53 fd (min) rE iy RT window
¥ &
ot |2 | 3 | 4 | s |memm| Fom | To
1 !10.513 ] 10.519 | 10.516 | 10.528 | 10.538 | 10.523 | 10.550 | 10.495
2 | 10.748 | 10.717 | 10.711 | 10.725 | 10.773 | 10.735 | 10.803 | 10.666
3 | 10.872 | 10.800 | 10.800 | 10.890 | 10.897 | 10.852 | 10.981 | 10.723
4 | 11.408 | 11.423 | 11.417 | 11.426 | 11.437 | 11.422 | 11.451 | 11.393
5 | 11.680 | 11.600 | 11.585 | 11.594 | 11.599 | 11.612 | 11.715 | 11.508
6 | 11.973|11.979 | 11.984 | 11.993 | 12.003 | 11.986 | 12.018 | 11.955
7 113.200 | 13.217 | 13.219 | 13.224 | 13.233 | 13.219 | 13.251 | 13.186
8 | 13.425 | 13.439 | 13.441 | 13.448 | 13.458 | 13.442 | 13.475 | 13.410
9 | 14.284 | 14.300 | 14.307 | 14.310 | 14.319 | 14.304 | 14.339 | 14.269
10 | 14.582 | 14.597 | 14.600 | 14.605 | 14.616 | 14.600 | 14.633 | 14.567

RT window=RT mean +3 standard deviation or

+0.1 whichever is greater.
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% Aroclor 1260 EE#E B IE 4 ¥

| = B¥ Rl (min) &  #| RT window
% B |——— . |
1 | 2 | 3 | 4 ’ S | WEEEM | From r To

1 17.392 | 17.411 ‘ 17.420 | 17.424 | 17.43¢ 17.416 17.516 17.316
2 18.114 | 18.134 | 18.145 | 18.146 | 18.157 18.139 18.239 18.039
3 19.640 | 19.662 | 19.673 | 19.678 | 19.686 19.668 19.768 19.568
4 21.486 | 21.512 | 21.527 | 21.531 | 21.537 | 21.519 21.619 - 21.419
5 I 22.662 | 22.689 | 22,707 | 22,709 | 22.715 | 22.696 22.796 22.596
6 23.018 | 23.044 | 23.060 | 23.065 | 23.071 | 23.052 23.152 22.952
7 24.316 | 24.344 | 24.366 | 24.365 | 24.371 | 24.352 24.452 | 24.252
8 26.332 | 26.362 J 26.383 | 26.386 | 26.389 | 26.370 26.470 I 26.270
9 28.541 | 28.577 | 28.611 | 28.606 | 28.610 | 28.590 28.690 : 28.490
10 29.222 | 29,251 | 29.276 | 29,280 | 29.283 | 29.262 29.362 | 29,162
11 29.645 | 29.671 | 29.697 | 29.707 | 29.703 | 29.685 29.785 } 29.585

RT window=RT mean =+3 standard deviation or +0.1 whichever is greater.

2. PCBs 2x i

B R BB AREENE » B 2 RAAGMS EHE
1260 Fii8z/@+7iE » 8% — Aroclor 1260 #84#F URRIRE (RT window)
RETEERR  BESEERERmEREHAR ) tEEMT Aroclor
1260 HYIBEE o

3. [Elieae

H—f PCBs ZPUZHRINEES: » fC24b ~ Fon ~ T RIEE » STEHE
EXREmMBNERLEENARX 3) FrEEKE » 32 R MmESZ BT’
FE= B THRERFERR ZBE > A BEERGINE ~ WG ESEB0E - B
T Aroclor 1221 [EUGZEREEREN » HMEME Aroclor FEMEEA
100% EAET » AREHEZTRAGRBFARRE 2 — 8 > FR L »
Aroclor 1221 AABEEMNERE » JEFEHEER Aroclor 1260 M » #F X
T 200 £ HH » Aroclor 1221 FIHEZEREEBE REBERSE o

4. SERERZAR

BTEXHRBRE TFREER  ARRBRTHETE—RKBREARARER
HMzEENFAN  ERBABEIRERE TREZZHESRTREAAZ ZEE
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B R - L e st

Lo A A

B 2 fpEEEM Aroclor 1260 EHEBHIE o

B+ AR B LB R 2 A ~ ZE ~ BN SN R TR i 0 B
S50 4 B B M 5 — SRR B AR 2 PO RS RO BT R AL B > Rl
FARBIR 1254 WEAEREEEFTS2 Aroclor 1256 Bl M A %A
0.62 52 0.76 ppm o K fi FUR FHEAE B 2 REARIEARIE » SEOAATRSE o2 T

m® B

MM ERER SRS (EPA-83-5502-03-02) HE#€ (NSC 83-0208-
MO030-007) G138 ARFAIME
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#= PCBs Z#tRHENANELEERER (n=4)

HEoMOE R R | FE M OE u|W AR | E K E @

( — 1.06 53
= 0.66 33
1221 2
= 0.56 28
i} | 0.60 30
( — 1.30 65
= 1.28 64
1232 < 2
= 1.50 75
. M 1.46 73
— 2.20 110
= 2.23 116
1242 2
= 1.76 88
.\ M 1.62 81
— 1.38 69
=k 1.60 80
1248 4 2
= 1.54 77
. M 1.48 74
r — 1.78 89
= 1.88 94
1254 2
= 2.26 113
. M 1.96 98
( — 2.28 114
= 2.34 117
1260 4 2
= 1.66 83
\ M 2.20 110
f — 2.32 116
= 2.48 124
1262 < 2
= 2.08 104
\ M 2.88 144
 — 1.30 65
= 1.24 67
1268 < 2
= 1.42 71
\ P4 1.58 79
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The Method of Study Polychlorinated
Biphenyls in Fish Tissues

H.L. GiaN, Y.S. WANG, B.Z. Liu anp C.Y. SHig*

Department of Chemistry
Fu Jen University

ABSTRACT

Before 1970°s, polychlorinated biphenyls (PCBs) characterized by
their chemical inertness and heat stability were one of the most
manufactured and utilized compounds in many industrial applications.
Due to the unawareness and ignorance of their toxicity to human health,
PCBs were errorneously handled and disposed for a very long period of
time, and therefore, they are one of the major known contaminants on
earth. Moreover, because of their bio-stable and undegradable nature,
PCBs have found accumulated to warning concentrations in higher levels
of food chain. In order to detect their presence in complex matrices,
we spiked eight available PCB standards into real fish tissue, followed
by saponification, hexane extraction, florisil cleanning up and then
analyzed the extract by GC/ECD.
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ABSTRACT

3-Methyl-4’-substituted-4-styrylpyridine methiodide derivatives
are readily synthesized in excellent yields by scquentially mixing
{utidine with methyl iodide under methanol reflux and adding
various aryl aldehydes and using piperidine as catalyst.

1. INTRODUCTION

Recently, it has received much attention in the synthesis of
noncentrosymmetric organic compounds for non-linear optics?. We
wish to report here a facile one pot synthesis of a series of 3-methyl-
4’-substituted-4-styrylpyridine methiodides which might crystallize
noncentrosymmetrically. Synthesis of such compounds could possibly be
done in two ways. First, 3-methyl-4'-substituted-4-styrylpyridine may
be prepared by reacting various aryl aldehydes with lutidine at 200°C
using ZnCl, as catalyst (or in refluxing acetic anhydride®’ for non-
acid-sensitive compounds), then reacting with methyl iodide to form its
quaternary salts. However, this method is not appealing to us because
many functionalities can not be introduced under such vigorous reaction
conditions and poor yields are usually obtained. Second, perparation of
3-methyl-4'-substituted-4-styrylpyridine methiodide could be done by
condensation reactions? between various aryl aldehydes with lutidine
methiodide using piperidine as the catalyst in which lutidine methiodide
can be prepared by reacting lutidine with methyl iodide under methanol
reflux. This type of reactions usually proceeds under mild conditions
and reactants can preserve various functionalities.

* To whom correspondence should be addressed.
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Methiodide
CHa § ik _—
O CH,l O 3
3
O CH;OH _
reflux | + 1
1 o CHj -
2
2.0-2.5¢eq
X arvl aldehyde
/ 3 . . .
Y 0.5 eq pipendine
= CH;0OH

= or =

CH3 CHS
| # 17 | * 1
CHa CHa
4a-4f 4g-4h

Scheme: Synthesis of 3-methyl-4’-substituted-4-styrylpyridine methiodide

In our experiment, lutidine 1 was used to react with methyl iodide
under methanol reflux to form lutidine methiodide 2 (Scheme). Since
lutidine methiodide was hygroscopic, weighing was a serious problem
for the second step of condensation reaction. Also because of the same
solvent (methanol) was to be used for reactions between lutidine
methiodide and aryl aldehydes 3, it would be better not to isolate
intermediate 2 and subsequently add 2.0-2.5 equivalents of various
functionized aryl aldehydes 3 and use about 0.5 equivalents of piperidine
as catalyst. Yields of these reactions were found good to excellent
(70-98%;, see Table 1). Trans isomers were found to be the only
products in all of our reactions which could be easily identified by



Table 1.

Fu Jen Studies

39

Physical properties of 3-methyl-4’-substituted-4-styrylpyridine
methiodide

Comp.

XorY

Yield
(%)

mp.
(£1°C)

Masst®
(m/e,%)

'H NMR (3)

Amax

(nm)

4a

4b

-ici

4d

4e

4f

None

OCH,

N(CH,),

N(C.Hy).

OH

90

94

80

70

75

251

241

262

232

309

254

195(100)
142 33)

1225(100)
142( 29)

238(100)
142( 50)

266( 66)
142( 15)

211( 83)
142(100)

213(100)
142( 40)

.54 (s, 3H) 4.22 (s, 3H),
.49 (m,

.92 (d, 1H, J=l6. 2Hz),
.38 (d, lH, J=6.6 Hz),
.75 (d, 1H, J=6.6Hz),
1 (s, 1H)

.52 (s, 3H). 3.82 (s, 3H),
.19 (s, 3H),

.04 (d, 2H, J=8.7Hz),
1H, J=16.2 Hz),
2H, J=8.7Hz),
1H, J=16.2 Hz),
1H, J=6.6Hz),
9 (d, IH, J=6.6Hz),
6 (s, 1H)

7 (s, SE), 3.00 (s, 6H),

3H),
6 (4, 2H, J=8.8Hz),
1 (d. 1H, J=15.9Hz),
2H, J=8.8Hz),
6 (d, 1H, J=15.9 Hz),
1H, J=6.7Hz),
8 (4, 1H, J=6.7Hz),
» 1H)

1.03 (¢, 6H, J=7.0Hz), 2.46
(s, 3H), 3.41 (q, 4H, J=7.0
Hz), 4.13 (s, 3H),

6.72 (d, 2H, J=8.8 Hz),
7.06 (4, 1H, J=15.9H2),
7.63 (d, 2H, J=8.8 Hz),
7.85 (d, 1H, J=15.9 H2),
8.24 (d, 1H, J=6.7Hz),
8.56 (d, IH, J=6.7Hz),
8.63 (s, lH)

2.48 (s, 3H), 4.18 (s, 3H),
6.63 (d, 2H, J=8.6Hz),
7.19 (d, IH, J=16.1Hz),
7.67 (d, 2H, J=8.6 Hz),
7.85 (d, 1H, J=16.1Hz),
8.31 (d, 1H, J=6.7Hz),
8.65 (d, |H, J=6.7 Hz),
8.74 (s, 1H), 10.08 (s, 1H)
2:

7

1

7

8

8.

8

) b ~h W
5 BEILREL =2
" e
& RRRRE

N —
v
—
~

WU NNABN 0®EUNNUAN 0000000 NN
oo

w

v

Lt

o
Lh

—
t

54 (s, 3H), 4.23 (s, 3H),
.32 (¢, 2H, J=8.8Hz),
4 (d, lH J=16.2 Hz),

1 3H)

7 (d, 1H, J=6.6 Hz),
5 (d, 1H, 6.6Hz),

3 (s, 1H)

.82 (dd, 2H J=7.5, 1.6Hz),

346

380

475

489

394

345
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Table 1. Physical properties of 3-methyl-4’-substituted-4-styrylpyridine
methiodide (Continued)
Yield mp. Mass® Amaz
Comp. XorY (%) (ilpoc) (m/e’%-) ‘H NMR (5) (nm)
ig ot 94 | 222 [185(100)| 2.48 (s, 3H), 4.19 (s, 3H), 379
142( 61)] 6.70 {dd, 1H J--3 4, 2.9Hz),
6.98 (d, 1H, J=3. Hz),
7.12 (4. 1M, J—-16 0Hz),
7.81 (d, 1H, J=16.0Hz),
7.93 (d, 1H, J=1.5),
8.31 (d 1H, J=6.6Hz),
8.70 (4, 1H, J=6.6Hz),
8.78 (s, 1H)
4h RICH 98 237 1201(100)| 2.48 (s, 3H), 4.19 (s, 3H), 379
142( 45)| 7.12 (d, 1H, J=16.0 Hz),
7.20 (dd, lH J=4.9, 4 4Hz),
7.59 (d, 1H, J=3. 6Hz)
7.79 (d, 1H, J=4,9Hz),
8.14 (d, 1H, J=16. OHz),
8.32 (d, 1H, J=6.7Hz),
8.71 (d, 1H, J=6.7Hz),
8.77 (s, lH)

@ The aryl aldehyde was Furfural, 2-thiophenaldehyde.

@ EI mode.

Yields of 4g and 4h (Table 1) were found even
method in which picoline

'H NMR spectra.
superior to those obtained by Philips’
methiodide was isolated.

Previously, it was arqued‘ that 3-picoline could also react with

arylaldehydes under the same conditions used for 2-or 4-picoline.
However, from 'H NMR and X-ray diffraction analysis. ue do not find
any isomers such as 4-methyl-4’-substituted-3-styrylpyridine methiodides

from all of our reactions.

2. EXPERIMENTAL

Substituted aryl aldehydes (Aldrich) were used as received. Lutidine
was distilled and stored over potassium hydroxide. Methanol was used
without purification. Melting points were measured by a Du Pont
910 & 9900 DSC with heating reat at 10°C/min (calibrated by Indinium).
The 'H NMR spectra were recorded on a Bruker AM-300 spectrometer.
The MS spectra were obtained by using a Jeol Jms Sx/Sx 102A system
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at 70eV. UV-VIS absorption spectra were recorded by a Shimadsu
UV-160A spectrometer. Infrared spectra were recorded by Beckman

instrument.

3. GENERAL PROCEDURE

A typical procedure is as follows. To a round bottom flask
were added 3,4-lutidine (0.5 ml, 4.48 mmol) and methyl iodide (0.5 ml,
8.03 mmol). The mixture was stirred under 2ml of methanol reflux for
one hour. After cooling to room temperature, another 5 ml of methanol
was added, followed by the arvl aldehyde (2.0-2.5 eq) and about 0.3 ml
of piperidine (0.5 eq). The resulting solution was heated to reflux with
stirring for another three hours. After the solution was cooled to 0°C,
20-30ml of ethyl ether was then added to precipitate the products.
After filtration under reduced pressure, the crude products of 3-methyl-
4’-substituted-4-styrylpyridine methiodide were isolated. Yields of
crude products were about 70-98%. Recrystallization was done in
CH,0H/CH,CI, (1:3).
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ABSTRACT

This paper proposes systematic methods to synthesise the z and
y parameters of linear, time-invariant and relaxed multiterminal
networks. The z and y. parameters can be nonreciprocal and
independent of one antoher. The number of minus-type of current
conveyor (CCII-) is very few.

1. INTRODUCTION

Second generation current conveyors have been found useful in
many applications. In recent years, they are applied to the realization
of floating and grounded immittances and z and y parameters of
multiports with all poles and zeros being in the open left half plane
(Hou and Wu et al, 1993; Hou and Chen et al., 1993)¢®. One of the
most important subclasses of multiports is the multiterminal network,
i.e., the “grounded” multiport. This paper deals with the z and y
parameters of this type of network. On the other hand, few CCII- are

needed to achieve the realized object.

2. CIRCUIT CONFIGURATIONS

Nullors®~* are used to provide a common framework for considering
current-conveyor and operational-amplifier circuits. A nullor shown in
Fig. 1 is the two-port network that has the null transmission matrix;

that is, it is characterized by the terminal equations.
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Il IZ
1-l' +2
Vi \/
I =9

Fig. 1. Symbol of nullor.

[1(3) 00 _12(5)

To assist in further use of nullor theory, it is convenient to
separate the input terminals 1-1° and to think of the resultant one-port
as an element with the property that it maintains zero voltage between
its terminals and maintains zero current flow between its terminals; this

element is called a nullator. A nullator shown in Fig. 2 is a one-port
network defined by the terminal constraints.

Vis)=1,(s)=0
or

v,()=1,(t)=0

1‘._

Fig. 2. Symbol of nullator.
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Fig. 3. Symbol of norator.

It is also convenient to separate the output terminals 2-2" from the
nullor and define a separate one-port, known as norator. A norator
shown in Fig. 3 is a one-port network for which the terminal voltage
v,(¢) and the terminal current 7,({) are unconstrained; that is,

V.(s)=arbitrary I (s)=arbitrary
or

v,(f)=arbitrary i,()=arbitrary”

Assuming CCII- be ideal (,=0, v,=v,, i,=—1,), a CCII- may be
represented by a nullator-norator pair, as shown in Fig. 4.

The equations of z parameters of the zn-terminal network is given
below:

Vl Zu i Zia ) I;

Vilo| 2o Zee = 20 || L (1)
V- Zwy Zmy """ Zan / \In
4 z
CCII-
0— x I
z—0
o—y

y

Fig. 4. Nullator-norator model of minus-type CCII.
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The steps of the realization of z parameters are listed as follows:

(i) In Eq. (1), the same current I, flows through z,, 2., " Ziw
The impedance z,, is connected in series with the V/, input
terminal. A norator can be added between z;, and z¢4n, (=
1, 2, -+, n). The impedance z,, is grounded. The same methods
are applied to the othe groups. The results are shown in Fig.
5(a).

(ii) Nullators are added to the pairs of node (B, E), (4, J) -+ et al..
The nullator-norator representation of Eq. (1) is shown in Fig.
5(b).

(iii) By replacing nullator-norator pair with CCII-, the network in
Fig. 5(b) can be converted to the z-terminal realization circuit
in Fig. 5(c).

The equations of y parameters of the u-terminal network is given

below:

Il Yiu Yiz " Vin V1 ‘
(2)

Iz = Y Y22 " Yen

3 I, ) _ynl ynz = yan LV’:/‘

The steps of the realization of y parameters are listed below:

(i) In Eq. (2), the same voltage V, is across each grounded
admittance y,,, y,» **» ¥.- A nullator can be added between
the non-grounded terminals of y,, and y,. The same methods
are applied to groups of ¥, Y % Yin a0d yein. =1, 2,
«+, ). This result is shown in Fig. 6(a).

(ii) Norators are added to the pairs of node (4’, B’), (D', E’),
(G, H') -+ et al. in order to satisfy the nullator-norator
representation of Eq. (2) show in Fig. 6(b).

(iii) By replacing nullator-norator pair with CCII-, the network in
Fig. 6(b) can be constructed to the n-terminal realization circuit
in Fig. 6(c).
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(a) First step

(c) Final result
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—CDO:—L}M

L
I Znin

Znip

Fig. 5. Realization of N-terminal network of Eq. (I).
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Yu Ya

(a) First step

[:],‘ 3_-? II;],_

(¢) Final result
Fig. 6. Realization of N-terminal network of Eq. (2).
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For simplicity and without losing generalization, a 4-terminal

network is considered.
(1) The equations of z parameters are given below:

v1221111+21212+31311

v2=32111+zzzI2+22:I: (3)

?)3=Z;;I,+Z;z[g+2“-[3

The steps of the realization of z parameters are listed as follows:

()

(ii)

In Eq. (3), the same current I, flows through z,, z., and z,,.
The impedance z,, is connected in series with the V', input
terminal. A norator can be added between z,, and z,,. Another
norator is added between z,, and z,. The impedance z., is
grounded (z;, is grounded, if j=k is the only grounded
impedance with current f, flowing through and is the only
grounded impedance in the jth equation of Eq. (3). The same
methods are applied to the other two groups of z.., 2., z.. and
Zuss Ziss 2 The result is shown in Fig. 7(a).

Nullators are added to the pairs of nodes (4, J) and (K, H) in
order to satisfy the first equation of Eq. (3). Similarly, nullators
are added to node pairs (E, B), (C, L) as well as node pairs
(I, F), (G, D) to satisfy the second and the third equations of
Eq. (3). The nullator-norator representation of Eq. (3) is shown
in Fig. 7(b).

(iii) If all the z parameters with the total poles and zeros being in

the open left half plane, the impedance of the z parameters can
be synthesised (Hou and Wu et al., 1993; Hou and Chen et al,,
1993). The same procedure can be applied (o 3-termined and

multiterminal networks.

(iv) By replacing nullator-norator pair (4, B, E), (E, F, D), (I, J, A),

(C, D, G), G, H, K), (K, L, C) with CCII-, the network in Fig.
7(b) can be converted to the 3-terminal realization circuit in

Fig. 7(c).

(2) The equations of y parameters of a multiterminal networks is given

as follows:
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V:, Zy E Zy3

(a) First step

(b) Second step

Bﬁ]_c

L

ccl-

y —-I z:; 3 ]
z X
v E ccn-

I3 ]
z x
V. D I CCI-

CCI-
Vi zZ;,

G ccll-

K cco-

(c) Final result
Fig. 7. Realization of 3-terminal network of Eq. (3).
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IL:J’lel+y1=vz+yl:U:
I,=y,0.+y..0.1y..0 (4)
I,=y.,0,F 35,01 Y30

The steps of the realization of y parameters are listed below:

(i) In Eq. (4), the same voltage drop V, is across each grounded
admittance y,,, ¥, ¥:.- A nullator can be added between the
non-grounded terminals of y, and y,. Another nullator is
added between the non-grounded terminals of y,, and y,,. The
same methods are applied to the groups of y.., .. ¥:. and y,,
V.0 Vo This result is shown in Fig. 8(a).

(ii) Norators are added to the pairs of nodes (A’, B’) and (B’, C')
in order to satisfy the first equation of Eq. (4). Similarly,
norators are added to node pairs (D', F’), (E’, F’) as well as
node pairs (G’, H'), (H', I') to satisfy the second and the third
equations of Egq. (4). The nullator-norator representation of
Eq. (4) is shown in Fig. §(b).

(iii) If all the y parameters with the whole poles and zeros being in
the open left half plane, the admittances of the y parameters
can be synthesised (Hou and Wu et al, 1993; Hou and Chen
et al.,, 1993). The same procedure can be applied to 3-terminal
and multiterminal networks.

(iv) By replacing nullator-norator pair (A, B, E'), A, D', E",
(', G', H), (B, C', F), (E', F', I, (E', H', I"'} with CCII-,
the network in Fig. 8(b) can be constructed to the 3-terminal
realization circuit in Fig. 8(c).

3. EXPERIMENTAL RESULTS

In order to verify the theoretical prediction of the proposed z and y
parameters of multiterminal networks, two experiments are demonstrated.
The operational amplifier (AD 844) is chosen as the CCIL. In Fig. 7(c),
let z,,=1K®, z,=9K®, z,,=5K&, z,,=3K%, z,,=8K®, 2,,=2K&, z,,=
4KQ, z,,=6K®2, z,,=TK®2 and V,=V,=V,=5V. The I,=0.38TmA, I.=
0.445 mA and [,=:0.105 mA were got. In Fig. 8(c), let y,,=1 milli-siemens,
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I] A . B' c!
- z x z X
Vv cCo- cco-
1 ¥y y Y . Yis
7' » ' = =
D cco- E' F'
X z & x
CCI-
- y o y P
G . ccn- B . ccm- 1
Y3 E,yn o—>—1 E:;Iyn
- Is 2
= = V:‘! =

(¢) Final result
Fig. 8. Realization of 3-terminal network of Eq. (4).
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v,,=9 milli-siemens, y,,=5 milli-siemens, y,,=3 milli-siemens, y,,=
8 milli-siemens, y,,=2 milli-siemens, y,,=4 milli-siemens, ¥:,=6 milli-
siemens, y,,=7 milli-siemens and I,=1,=I,=100 #A. The V,=7.69 mV,
V,=9.09mV and V,=209mV were found. They agree with the

theoretical analysis well.

4, CONCLUSION

The systematic methods to realize the z and y parameters of linear,
time-invariant and relaxed multiterminal networks are given. It is
necessary that all the poles and zeros of the z and y parameters are in
the open left half plane. The z and y parameters can be nonreciprocal.
They may or may not have a relation with any others. For z or ¥
parameters of an (n+1) terminal network, n{n—1) CCII- are required.
The number of CCII- is very few.
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ABSTRACT

A dynamic model of multiple winding induction machines that
includes saturation and hysteresis of the magnetizing branch is
presented. A novel describing function is used to represent the
nonlinearity of the magnetization curve of a magnetic core.
Steady state and transient analysis are presented to show the
significant influence of the magnetizing core nonlinearity on
induction motor dynamics. Simulation results and harmonic
analysis demonstrate that not only can the torque pulsation
amplitude be reduced, but the system performance is also improved
through a multiple inverter feeding to a multiple winding induction
machine with proper winding displacement angle.

1. INTRODUCTION

A multiphase machine has much benefit in the industry applications,
such as to improve reliability, to reduce the torque pulsations and rotor
harmonic power loss for inverter feeding motors®?, and to extend a
relatively low upper limit on voltage and current®®. The modeling
and analysis of a multiple winding induction machine based on constant
parameters is proposed by Nelson and Krause”. Saturation phenomenon
in induction machines has called much author’s attention“™®. An
improved saturation model that considers the saturation in bcth rotor
and stator cores is introduced in®>. Moreira et al. have presented a
model of saturated induction machine which includes the flux space
harmonic components traveling in the air gap location®. Kerkman
proposed a polynomial function approached induction motor model in
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and Hysteresis of Magnetizing Branch
arbitrary reference frame that includes saturation of the magnetizing
branch®. In practice, the dynamic performance of induction machines,
such as the torque pulsating characteristic, is significantly influenced by
the nonlinearity and hysteresis of the magnetizing core. However, none
of the above methods has considered the hysteresis effects of the

magnetizing path in a machine.
In this paper, a multiple winding induction machine model that

incorporates saturation and hysteresis characteristic of the magnetizing
branch is proposed. The derived model can be used to predict the
dynamic behavior and harmonic performance of the transient and steady
state. Digital computer simulation and spectrum analysis are introduced
to show the validity of our model. Simulation results demonstrate that
the nonlinearity of saturation and hystersis, and the displacement angle
between multiple stator winding sets have played a significant role in
the dynamic behavior of induction machines.

2. MACHINE EQUATIONS INCLUDING SATURATION
AND HYSTERESIS EFFECTS

The dynamic equations of a multiple winding induction machine
with N sets of identical three phase stator winding and M sets of rotor
winding are presented in Appendix. In order to simplify the process of
modeling an induction machine saturation effects, it is achieved by
properly selecting the magnetizing flux linkage and rotor current as the
state variables. The magnetizing flux linkage is separated from the
leakage flux linkage in the derivation. Although this is not rigorous
precision, such selection is convenient for transient analysis approach®.
Because an ungrounded source system and a symmetrical winding
machine are the most often employed, therefore, the zero sequence
component will be neglected in the following sessions. The multiple
winding machine equations then can be expressed in matrix form as

[Ved:] I:Es (_) :“:ied;:[ 1 [X:: 6 ] d [f-qu]
=| _ o +- = _ _ oo
:d: 0 R zﬂdr " 0 Xfr dt i:d’r

1 idds §+0)—D
—_— ][ ]+[_ [lnﬁd] (I}
el (w—w)X |L &, pt+(w—w,)D
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where all vectors and matrices are same with the Eq. (A-1) except for
neglect of the zero sequence components. The electromanetic torque
and swing equation of the induction machine are

.3 pole -
7 ,—TX 2 X {Ama‘[fl(xmh ’lmd) Ellq”]
M
—Jmﬂ[fz(luﬁ lmd)_z i;:—j]} (2)
j=1

dw, _
J a1 +7.=T, (3)

Note that in Eq. (2) the algebraic relationship between the
magnetizing flux linkage and magnetizing current has not been
formulated. The magnetizing current versus the magnetizing flux linkage
of the magnetizing branch is sketched in Fig. 1. A novel describing
function is first proposed to express the saturation and hysteresis of the
magnetizing branch, that is,

Im:f('zm)Zklfzm+k:l;+ksl;+k?/‘;+[ﬁ Sin (w,t-l—a) (4 )

The nature of the describing function is an inverse function of the
normal magnetization curve. In the above equation, the first four odd
power polynomial terms, 4,’s, express the saturation characteristic of the
magnetizing branch, and the last sinusoidal term represents the hysteresis
characteristic of the core, where [,, is the coercive force current
component of the magnetizing branch. The parameters of the Eq. (4),
are determined by numerical approximation algorithm according to the
corresponding magnetization curve. In the linear case, f(i,) becomes

im=FR\Am (5)

For a three phase machine system, the three phase describing
function, Eq. (4), can be transformed into ¢ and d components by Park’s
transformation principle®>. The ¢ and d stator current equations,
related to the magnetizing flux linkage and rotor current, can be written

as
. N -
1gs= .Elzugi:kl'zud +lme(kalid+ks;l:nd+krjid}
i=

. M
+v 2L, sin (ot +a)— 2 ih, )
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30—
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Am
Fig. 1. Saturation data and describing function approximation current versus
flux.
N *
ld:=_Elzdli:kl)‘-d+X-d(k:'{fn¢+ks"|‘n+kr;':w)
75
e M
+v/ 21, cos (w,t+a)— 2 1,,, (7)
i=1

For an identical N sets of stator winding of a conventional
induction machine, combing the ¢- and d-axis voltage of NN sets stator
winding, the stator voltage vectors of the multiple winding induction
machine can be formed as

N e N
EVC: j§l Vh‘i Rsl 0 jgl lgsi
quds: = . = =
EVds _zl‘lVd'sf 0 R:l E 1‘51
J= - i=1
_ N
0 oX,,, 3 gy
1 J=2
L ,
leIl 0 E ld.\‘J J
o o N
X 0 2 fo,s
1 d i=1
o dt | w
L 0 X L ; Tasi
N 0] 4[4 [ O a)
+ w3 + (8)
0 N Amd | Now 0 .2,,,
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Substituting Egs. (6) and (7) into Eq. (8).
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And combing with the

rotor voltage vectors V7, of Eq. (1), the complete induction machine
model for indentical NN sets of stator winding and M sets of rotor

winding are resulted as

[Eths] [kl}?: '——RT:T:”:ABMJ 1 kl‘X-—l; X
= _ +— _
Vd’dr 0 Rl:l i:d'r o 0

1 [k1mD1X1n _w_XT J[Xﬂ“:,
+-— = I
@ 0 (w—w)X || &,

NF+oD)
+ [ , o ][i-u]

I
(=1}

R, +oX ] [1/ 21, sin (0,t+a) }
0 v 21, cos (w,i+a)

=1 Jj=1
RHT:[R”’ Rsn ’ I_és_l]
X:TZEX:v Ky e X:]

R, =Diag[R,, R, ]

XltlzDiag [Xl.:l! Xul .-.I

] [ 0 (w+w,)]

0, X=— 151
| —(0+o,) 0

Jm“’:[ lmda zmd :IT

[k]T:[ku ksn kr]

[ Amaall* =L lldmeall®s 1Amaall’s l|dmeall® I7

[Ameal[R17] | Amoall®

(9)

and the dynamic revolving equation of the indiction machine is

dw, -
J—dT~+T,,—T,

(10)
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where

3 ole M . - M

Equations (9) and (10) consist of the model basis for the computer

simulation of a multiple winding induction machine that incorporates

the saturation and hysteresis of the core in magnetizing branch.

equivalent circuit for the multiple winding induction machine operating

with saturation and hysteresis

is developed from

equations. This circuit is shown in Fig, 2 for both ¢g- and d-axis

Vit

(] Rll . -
.'.o_m_o_/wv\

oA i
dsl X ia "qﬂ.

™.
¥
-
—

+

o—q

]
X (‘f‘“’r)':\m Ry V.

+

X (o), Rz Vi
N <

L

Xrm (m_m')%ﬂleu qﬂ‘

e
q-axis
(] 1 '
Vast Ry el ¥, Cast bt Xy (m"m‘))‘qu Rit Vin
+0-—’\M._'O‘_NM ) T\ +
V2 Re wlq’f P ba e X ( *) Rp Vi
+ - > ‘ +
i i i |
| o l b
. 1
Vi Ry 200 Xy Y U Kym (o-ea ) gt Ry Ve
+O—AM— N . Y 3
f%
-0 I
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Fig. 2. The g and d equivalent circuits of a multiple winding induction

machine for arbitrary reference frame.

An

the above model
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equivalent model. It incorporates N-set stator and M-set rotor circuits
for the ¢ and d variables, respectively. The nonlinear magnetizing
branch denotes the saturation and hysteresis effects of the induction
machine cores. The parameters of the equivalent circuits are given in
terms of the machine designed parameters and the field test.

Based on induction machine theory, for the convenience of mathe-
matical manipulation, the above mentioned machine equations are
derived in the form of ¢- and d-axis components‘®. The transformation
between a-b-¢ and g-d-o components is readily determined by

F‘gbc:r‘(ﬂ)Foda (1 ])
where
F—nbc:[Fal Fb! Fc]T

Fﬂ‘daz[Fﬂ? Fd: Fa]T
cos sin 3 13

|
re)= cos(B—%n*) sin(ﬁ—-%rz) 1
cos(BJr%n) sin(ﬁ+~§~z) I’J
3:3_*8:.“
8= wdt+50)

Soae= | oenidt+8,4,(0)

As choosing the reference frame fixed in the stator, then the
arbitrary angular velocity, =0, and the angular velocity of the circuit,
.4,=0. Applying transformation to the stator circuit of a multiple
winding induction machine, result in

[Fa., 1=Diag [I'B,,), I'B..), = T'B.w)I[Feao,] (12)
where

Faa.:s:[Fau,u Fna:m "ty Fabcs,N]T
Foicii=1Fup Fouti Foiil
FVda::[Fﬂdoxu deosn "ty F‘““N]r
che:i:[Fqsis Fy.i, Fo:i]T
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‘ Ccos B,,‘ sin B”_ I
“ Cos(.@u‘+ %——f:) sin(B”..;_ ,,-_23,”) 1]

Note that (8,;=6(0)—8.,,,;(0), where &.,,; is the angle between a
reference axis and the magnetic axis of phase a of the jth stator set.
For a two set stator winding machine i.e., with N=2, it yield &.,,,(0)=
0° and §.,,,,=#@,, where 6, is the displacement angle between the two
set stator winding. Similarly, the transformation for the rotor circuits
of the multiple winding machine, gives

[Fab:r]:Diag [11(8”)1 F(Br:)’ "ty IT(BrM)]I.["‘lJor] (]3)
where

Fabcr=[Fa¢cm Fa.su-_»- T FnbrrM]T
Foreri=[Furin Fooir FoiT"
F#dar:[Fi'dan! quw:-: "t F_wu.u]r
chui:[Fvn‘: Fm'w Fa.—j]T
cos f3,; sin 3,; 1

r'@,)= cos(ﬁn-—i—n) sin(B,,-—-%-n) 1

|

| cos(ﬁ,,-+%ﬂr) sin (Bu'+ %‘ 75) 1 )

Be aware of that (8,;=8(0)—3§.,,,;(0), where &.,,,,(0) is the initial
angle between the magnetic axis of phase a of the jth rotor circuit set
and a reference axis, which is arbitrary choice. The transformation
algorithm will be used in the next section to analyze the dynamic
performance of a multiple winding induction machine.

3. SIMULATION RESULTS AND HARMONIC ANALYSES

In order to verify the validity of the mathematical model and to
evaluate the performance of the multiple winding induction machine,
computer simulation is carried out. In addition, the proposed machine
model is compared with the linear circuit models. The free acceleration



Fu Jen Studies 63

and steady state feature of the machine are simulated under different
excitation sources and various displacement angle between two stator
winding sets. The fregency spectral analysis is utilized to illustrate the
harmonic performance of the line current and the electromagnetic torque
of the tested machine under different simulating conditions. The
induction machine under consideration has two identical three phase
stator winding sets and a singler rotor winding shown in Fig. 2 with
N=2 and M=1.

The computer simulation was under taken with stationary reference
frame, @=0. The squirrel cage rotor induction machine parameters are:

220V 7.5 HP 60Hz 2 pole
R,=K,;=0210 R/ =0.16 2
X, =X,,,=0.686 2 X1,,=0.604 2
J=0.052 kg-M* I,,=05A
k=1722 k,=—89.48
k,=37222 k,=—242.63

The Runge-Kutta fourth order integration routines are used to solve
the nonlinear differential Egs. (9) and (10). The obtained numerical
solution gives the performance of the multiple winding induction
machine with saturation and hysteresis characteristics. The performance
was investigated for various displacement angles, such as 0°, 30°, ard
60° between two set stator windings.

Figure 3 shows the comparisons of the dynamic response of the
induction machine under the rated sinusoidal excitation for both the
linear and proposed nonlinear models. Figure 3(a) shows the free
acceleration of the torque and speed characteristics. Figure 3(b) shows
the steady state phase current of stator winding and the electromagnetic
torque. For the nonlinear model including saturation and hysteresis,
the 3rd and 5th harmonics induced obvious waveform distortion of the
stator current, and the 4th and 8th harmonics generated pulsations of
the steady state torque. A stepped voltage source was used to simulate
the switching performance of the inverter feeding induction motor.
The dynamic responses of the induction machine are depicted in Fig. 4.
Figure 4(a) and 4(b) show the transient and steady state responses of the
stator current and torque under pulse width modulation (PWM) six-step
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source excitations. The torque pulsating amplitude is higher than that
in the sinusoidal excitations. From the power spectral density in the
Fig. 4(c), it is obviously observed, that the torque and speed charac-
teristics for the nolinear model have induced an additional 3rd harmonic
component. Figures 5-7 illustrate the performance of the induction
machine for different displacements between multiple stator winding sets
under the proposed nonlinear model. Both the steady state and transient
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results are included in Figs. 5-7. Figures 5(a)-7(a) show the applied
stepped stator voltage and the corresponding stator and rotor currents
with different displacement angles between two stator windings. The
steady state toque pulsation and the magnetiation curve are also shown
in the last two figures. The steady state magnetization curve is very
close to the normal magnetizing curve, as shown in Fig. 1.
The harmonic content of the stator current and electromagnetic torque
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are presented as power spectral density in Tigs. 5(b)-7(b). The accelera-
tion performance of the induction machine under various displacement
angles is shown in Figs. 5(c)-7(c). Several features can be observed
from the simulation results.
(a) The steady state behaviors for the displacement angle of 0° and
60° posses negligible difference. The dominant frequency of the
pulsating torque components is six times of the applied source
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(b)

(c)

(d)

(e)

and Hysteresis of Magnetizing Branch

frequency, f,. The peak amplitude of the pulsating component
of torque is 46 percent of the applied load torque. The
harmonic set of the steady state torque is given by [4f,, 6f,,
12f,, 18f,, -], which is exactly sketched in Figs. 5(b) and 7(b).
The torque pulsating feature is evidently improved for the
choice of 30° displacement between the stator winding sets.
The peak amplitude of pulsating torque has been reduced from
46 percent down to only 8 percent of the load torque corre-
sponding to 0° and 60° displacements, and 30° displacements,
respectively. The harmonic set of the steady state torque is
only [4f, 12f,, 24f, --], where the dominant frequency is
located at twelve times of the source frequency.

The steady state waveshape of g- and d-axis rotor currents for
the 30° displacements is more sinusoidally approximated than
for other two cases. This is the reason why the pulsating torque
components are significantly reduced. The waveshape of stator
current is severely distorted, and the amplitude of the harmonics
is largely increased. From Fig. 6(b), it can be scen that
amplitudes of 5th and 7th harmonic components are higher than
those of the other two cases.

Due to the consideration of saturation and hysteresis effects
contained by the nonlinear model, the additional torsional
oscillation will be substantially increased in both steady state
electromagnetic torque and speed characteristics.

The saturation and hysteresis effects of the magnetizing core
play as a more important role in the steady states than that in
the transient performance of an induction machine.

4. CONCLUSION

A new saturation model of a multiple winding induction machine,
which includes the hysteresis effect of the magnetization core, has been
developed in this paper. The model’s validity and nonlinearity effects
were demonstrated by steady state and transient analyses through
computer simulations. A spectrum analysis is frequently utilized to

investigate the harmonic influence under different models and excitations.
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To analyze and/or to improve torque pulsation characteristic of a
machine from the proposed model, it is achieved by using two stepped
PWM inverters. These inverters generate arbitrary displacement angles
between stator winding sets to drive the multiple winding induction
machine. The proposed model also provides an effective approach to
compute the hysteresis losses of induction machines. This loss component
plays as a significant role in the optimal design of high efficiency
machines and high technique inverters.

The comparative studv and experimental verification for the satura-
tion model of induction machine and the proposed approach in this

paper can be suggested for later study.
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APPENDIX

The mutiple winding induction machine model with core magnetizing
flux linkage and machine current as state variables can be written as a
compact form:

Veos R—s 0 Togos X 0 Tados
= + _l _.dﬁ,
V:dor 6 R——: i:dor “% 6 T]’: dt 1‘:dvr

1 WX ﬁ z.‘zdw
= _
@ L0 (0—o)X ILit.,

p+oD
+[ PR ][imﬂd’a] (A_l)
p+(o—w,)D

where

wX=Diag[ @D X,,, @D, X,,.. = @DyX ;]
wD=[wD,, oD,, -, oDy T

o 0 w
aJD,:[
—w 0

(w—w,)X=Diag [(w—w,)D.X’,,, (0—w,)D, X! ., -, (@0—0,)DuX’ 4 ]

(w—@,)D=[(w—0,)D,, (@—0,)D,, -, @—0,)Dy]1"

I 0 (o—w,)
(w"wr)D;:[ ]
_(m_mf) 0

all the vectors, V, V*, 1, i, and A, are of the form

—rFr i i T
deo:—'[ Fc.{a;u Fdda;a‘! ) Fﬂ'dosN]
i = T
Fﬂ'da:i—[Fhi: Fitf! Fos.l']

Y R i i’ i’ T
Fli‘d'or_[Fﬂ'd‘uﬁ F«donv "% FddprM]

qunrjz[F:rj' F:rj’ F:'i ]T

and

dw, & F
J—dt—-I-TL—T, (A-2)
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where

3 1 ; /
TIZ TX % X [Amd'zh_x"fz“]

N M
;=2 i0,i=f1(Amts Ama) =2 igu'
=1 i=1
. N - M -
2ds:§lzo’d:fz()‘mﬂi de}_jglz;rj

and p denotes the differential operator d/df. , and w, are the base
angular frequency and the angular velocity of the rotor shaft of the
induction machine, respectively. The diagnal matrices X, and X,,
contain the elements of NN set stator winding resistance and leakage
impedance, respectively. In similar, R/ and X/, represent the M set

rotor winding resistance and leakage impedance, respectively.
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An Investigation of Information Display
Methods in Educational Computing

PiNG-CHENG CHAO

Department of Computer Science and Information Engineering
Fu Jen University
Taipei, Taiwan 24205, R.0.C.

ABSTRACT

Currently, a lots of authoring tools providing different display
methods for user to present their courseware content. Display method,
such as: fade-in or fade-out, wipe, scroll bar, turn-page are most
frequently used. But, display method selection decisions are frequently
made by instructional designers based upon personal preference. Many
Computer Assisted Instruction courseware have been developed during
the last ten years. They can be placed into two categories according to
their displaying method: courseware that use one display method
throughout the whole program, and courseware that use more than onc
display method in the program. A review of the literature didn't
provided much of the theoretical basis for the selection of display
method. The objective of this study is to develop and evaluate an
computer technology CAI with different display method embedded in
it which may or may not affect the progress and performance of
learners.

Key Words: Computer technology, Multimedia, Presentation method.
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A DATA STRUCTURE FOR THE
GENERATION OF UNSTRUCTURED MESHES

Jen-ING HWANG AND Hsing-Kung CHUANG*

Department of Computer Science and Information Engineering
Fu Jen Catholic University
Taipei, Taiwan 24205, R.O.C.

ABSTRACT

With the rapid advancement in computer technology, analyzing
a flow in a complex geometry using computational fluid dynamics
(CFD) is becoming more and more practical. In the early days of
CFD development, many efficient schemes have been established.
In order to prove the technology, these schemes are tested with
simple geometries, such as airfoils and channels. Rectangular
(Structure) meshes can easily be generated for these types of
geometry. Codes using rectangular meshes are usually very
efficient computationally, especially on a vector and/or parallel
machine. However, it is sometimes impossible to generate
satisfactory grids for complex geometries using the traditional
rectangular grids generators. In recent years, unstructured meshes
are gaining popularity in the CFD community. Due to the
irregular data structure of an unstructured grid, codes using such
a mesh is usually less efficient on a parallel/vector machine.
There should still be room for improvement in the coding of an
unstructure-grid flow solver.

The purpose of this research is to establish an efficient data
structure for generating unstructured meshes in C programming
language. The data structure contains three substructures, ‘nodes’,
‘edges’, and ‘levels’. Its usefulness stems frem two important
facts. First, it provides an indirect addressing system to connect
the locations of the substructures. This is an appropriate way for
unstructured meshes, since in principle the meshes are ordered
randomly. Second, it is a dynamic data structure that can change
in size while the program is running. Details of these three
substructures are described in this paper and the whole data
structure is applied in the diverging channel problem and the
converging-diverging channel problem.

Key Words: Compressible Flow, CFD, Unstructured Mesh, Finite
Volume, Steady/Unsteady Flows.

* Engineer
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1. INTRODUCTION

In recent years a wide variety of researches on the generation of
unstructured meshes around bodies of complex geometrical shapes have
been worked. However, unstructured mesh solvers suffer from inherent
efficiency limitations. One can at best hope to minimize these limita-
tions by the use of efficient algorithms, coding, and computer architecture.

In this paper it is attempted to develop a data structure which
effectively generates unstructured meshes. As the data structure can be
implemented in some programming language, it must be designed to
take advantage of the features of that language. Therefore, it is
concerned not only to design an effective data structure, but also to
emrhasize how the data structure can be implemented in some specific
program language appropriately.

There are at least two major ideas to design the data structure.
One is to devise the data structure such that the use of unstructured
meshes requiring the storage of connectivity information along with the
use of an indirect addressing system. The other is to construct the data
structure for performing the operations such as insertions and deletions
as efficiently as possible. The first idea is becanse that the unstructured
meshes are in random order usually, and the second idea is to provide
a data structure with effective operations count for searching, insertions
and deletions. Therefore, a dynamic data structure involving the use
of an indirect addressing system is required.

The attention is shifted in coding after the data structure has been
designed. Coding is a very exact skill. The choice of a programming
language is one especially important consideration in coding. For many
years the programming language FORTRAN has been widely used
in scientific applications”. FORTRAN was originally designed for
scientists, engineers, and mathematicians. The language is noted for
its ability to express mathematical expressions and equations easily.
However, FORTRAN has several disadvantages when used to implement
a data structure. It has limited file processing capabilities, limited
ability to define and effectivelv process complicated data, and limited
ability to control memory allocation. For these reasons FORTRAN is
not an appropriate choice as the programming language to implement
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the data structure. Today the C programming language has become
pervasive in many different domains. C is a powerful, elegant, general-
purposed programming language. C offers programmers a good deal of
control over their resources, and memory is a critical resource. For the
significant advantages of C, it is determined to implement the data
structure by using the C programming language.

In the following, the data structure for the generation of unstructured
meshes is introduced. It consists of three substructures: ‘nodes’, ‘edges’,
and ‘levels’, which are described sequentially, one at a time. Finally,
some examples and their results are given.

2. DOUBLY LIKED LISTS FOR NODES

A singly linked list®»® is a data structure for storing the items of
a list in which the ordering is given explicity. It consists of a collec-
tion of elements, and each of them stores two parts of information:
(1) a data item of the list and (2) a link or pointer that indicates
explicitly the location of the element containing the successor of this
list. Items can be inserted or deleted simply by chaining the values
of the pointers linking the list. To implememnt linked lists, it is
considered to construct them by using pointers and structures in C.
The reliable implementation of a linked list is a useful structure for
processing dynamic lists whose maximum sizes are not known in advance
and whose sizes change significantly because of repeated insertions and
deletions.

A doubly linked list is a bidirectional list. It is constructed by
using data items that contains, in addition to the data, two links: a
forward link pointing to the successor of the data item and a backward
link pointing to its predecessor. In the cases of one dimensional space
one could locate the predecessor or the successor of a node for
unstructured meshes, hence a doubly linked list is needed. Each node
contains its own information and two links to its successor and
predecessor. The doubly linked list for nodes can be implemented by

the following declaration:
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typedef struct VOL__NODE__LIST % NODE_ POINTER;
typedef struct NODE_ DATA * NODE__DATA_ POINTER;
typedef struct VOLUME__DATA * VOLUME__DATA_ POINTER;

struct VOL__NODE_ LIST

{
NODE__DATA_ POINTER node__data;

VOLUME__DATA_ POINTER vol__data;
NODE__POINTER next__vol__node, previous__vol_ _node;

}
struct NODE__DATA

1
/* Containing the general node information such as the order number of
the node, the pressure of the node, -+, etc. */

struct VOLUME__DATA

{

/* Containing the node information related with the volume */

}

The data structure for the ‘node’ (VOL__NODE_ LIST) includes:

(1) A pointer (node__data) that points to a stru¢ture that contains
all the information involving the node,

(2) A pointer (vol__data) that points to a structure that contains
all the volume data, and

(3) Two pointers, one (next_ vol__node) links to the successor of
the node and the other (previous_ vol__node) links to the
predecessor of it.

A typical 'node’ is illustrated in Fig. 1.
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next_vol-node

Fig. 1. Substructure: node.

3. A COMBINATION OF BINARY TREES AND
DOUBLY LINKED LISTS FOR EDGES

Binary trees are well-known data structures in computer sciences®’*.
A binary tree may be empty, or it consists of a specially designated
element called the root together with two binary trees, namely, the left
and the right subtree of the root. Binary trees are specially useful in
modeling processes with two possible outcomes performed repeatedly.
The idea, to use binary trees as a part of the structure for edges, is
that an edge on a level of coarse grids may be split into two edges on
the next level of fine grids, if necessary. In the case of the generation
of unstructured meshes in one dimensional space, one also needs to know
the locations of the predcessor and the successor of each edge on the
same level. Therefore, a combination of binary trees and doubly linked
lists is constructed as a data structure for edges. The declarations of

the data structure is now given below:

typedef struct EDGE__TREE * TREE_ POINTER;
typedef struct EDGE__DATA % EDGE_ DATA_ POINTER;
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sttuct EDGE__TREE

{
NODE_ POINTER vol__nodel, vol__node2;
EDGE_ _POINTER parent, kidl, kid2, next_ edge,
previous__edge;
EDGE_ DATA_ POINTER data;
}

struct EDGE_ DATA
{

/% Containing all the edge information */

The data structure for the ‘edge’ includes:
(I) Two pointers of the NODE_POINTER data type.

(vol__nodel) points to the closest node of the edge in the left,

while the other (vol__node2) in the right.

(2) Five pointers of the EDGE_ POINTER data type. Two pointers
{previous__edge and next__edge) form the part of the doubly
linked list and the rest of three pointers (parent, kidl,

kid2) form the other part of the binary tree.

(3) A pointer (data) that points to a structure containing all the

edge data.
Figure 2 displays a typical ‘edge’ cell.

previous_edge

kid1 ! vol-nodel
& /—)
W

A
1
!
I

vol-node2

next_edge

Fig. 2. Substructure: edge.
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It is noted that the ‘edge’ substructure is the most complicated one
among the three substructures developed in this data structure. In the
case of the generation of unstructured meshes in one dimensional space
all the edges in the same level construct a doubly linked list. Also,
each edge in some level may be split into two edges in the next fine
level, kidl and kid2 are the pointers to these two edges. Note that
kid2 may be dummy with the value NULL if the splitting is not
necessary. The pointer parent points to the parent of the edge in the
previous coarse level. One can see that three pointers (parent, kidl
and kid2) link edges in the different levels and form the part of the
binary tree of the substructure.

4. SINGLY LINKED LISTS FOR LEVELS

The multigrid method is used to accelerate the convergence of the
algorithm on unstructured meshes”. It operates on a sequence of grid
levels of coarse and fine unstructured meshes. A singly linked list is
accomplished by the order of levels from coarse to fine. As in the
doubly linked list, the singly linked list can be implemented by usimy
pointers and structures in C. Thus, it is led to declarations like the

following:

type struct LEVEL__LIST * LEVEL__POINTER;
struct LEVEL__LIST

{
NODE_ POINTER first__vol__node;

EDGE_ POINTER first__edge;
LEVEL__POINTER next__level;

}

The data structure for a ‘level’ includes:
(1) A pointer (first__vol__node) points to the first node in this level.
(2) A pointer (first__edge) points to the first edge in this level, and
(3) A pointer (next__level) points to the next fine level.

Figure 3 presents a typical cell of ‘level’, and Fig. 4 illustrates the

whole data structure.
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!
i
1
1

first

vol-nnde

next_levs]

Fig. 3. Substruccure: level.

¢ gummy edge will be created for ICOARSE=2, (polniers between edges
with curreal_cdge->kid2=NULL and nodes ere not shown)

Fig. 4. Schematic data structure.

5. NUMERICAL RESULTS

In order to asses the performance of the data structure presented in

this paper for actual channel flow caluclations, several test cases were

computed. The data structure discussed above was implemented in a

Runge-Kutta scheme of Jameson type with options of three, four, or

five stage time stepping scheme®®. Three examples and their results

are shown.
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diverging channel (supersonic flow)

Consider the diverging flow""~* passage illustrated in Fig. 5(a). The
channel area A varies with distance x, as shown in Fig. 5(b). As the
inlet Mach number is supersonic (M,>>1), and an increase in area (d.A=0)
results in a decrease in pressure and an increase in Mach number. The
results are illustrated in Figs. 5(c) and 5(d), respectively. Figure 6 shows
the average error versus the number of iterations for this case.

s
7 dA> 0

M' >1—-—__>A‘2>M'

M increases
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Fig. 5. Diverging channel (supersonic flow).
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Fig. 6. Convergence rate for the diverging channel (supersonic flow).

diverging channel (shock)

Now, consider the diverging channel“~*) in the previous case with
the same inlet conditions (see Figs. 7(c) and 7(d) at x=0) except having
different back pressure P,. Changes in back pressure P, can be
transmitted back to the fluid in the cannel. For example, when an
increase in back pressure occurs, a shock is produced in the channel
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Fig. 7. Diverging channel (shock).

(see Figs. 7(c) and 7(d) at x=0.5). The pressure is decreasing before
the shock and increasing after (Fig. 7(c)), and the Mach number is
increasing before the shock and decreasing after (Fig. 7(d)).

converging-diverging channel

Finally, a converging-divering channel®™® is considered (Figs. 8(a)
and 8(b)). Figure 8(c) shows the result of the pressure P versus the
distance X for the case illustrated in Fig. 8(d).
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Fig. 8. Converging-diverging channel.

6. CONCLUSION AND DISCUSSION

The present paper has described a data structure which is dynamic
and involves the use of an indirect addressing system. The benefit of
the data structure is to generate unstructured meshes effectively. It is
believed that the idea of using the C programming language is an
appropriate choice to implement the designed data structure. This data
structure has the potential to be externded and/or modified in two or
three dimensional space, and further work will be processeded in this
direction.
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Restaurant Personnel in Taiwan
Style Restaurant Personnel

SrAUu-YEN HUANG

Depatment of Applied Life Science
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ABSTRACT

This research has investigated 1,531 restaurant purchasing personnel
by questionnaire in Taiwan 23 counties and cities. content of question-
naire includes knowledge of nutrition, selection and storage. The result
has showed that the knowledge of restaurant purchasing personnel is
pretty low. The average correct percentage is only 59%. In purchasing
knowledge, there is not much different among various personnel in 23
counties and citics. If nutrition knowledge is eliminated, the purchasing
knowledge of restaurant personnel in the South is better than those
personnel in the North. There is not much difference among the rest

arcas.
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In Different Countries, the Sanitation
Knowledge of Foodservice Personnel
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Fu Jen Catholic University
Taipei, Taiwan 24205, R.O.C.

ABSTRACT

The goal of this research is to understand the sanitation knowledge
of foodservice personnel on campus in the unitedstates of America, in
Taiwan and in China. We have sent questionnaire to 694 foodservice
personnel, of which 199 are in the Unitedstates, 383 in Taiwan, 112 in
Mainland China.

The method we used are percentage and one way ANOVA. The
result shows no difference in all three countries.

In all three countries, the knowledge about bacteria and about food
poisonning from natural poisons need to be improved.

The knowledge of foodservice personnel on bacteria, bacterial food
poisonning and fungous food poisonning are similar, but there are
obvious difference in the knowledge on natural poisons food poisonning,
chemical poison, food poisonning, the cleaning of food utensils.
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ABSTRACTS OF PAPERS BY FACULTY
MEMBERS OF THE COLLEGE OF SCIENCE
AND ENGINEERING THAT APPEARED IN

OTHER REFEREED JOURNALS DURING

THE 1994 ACADEMIC YEAR

Polynomial Preconditioners for Conjugate Gradient Methods

Kang C. Jea (3 &) AND WEI-CHENG CHEN

Proceedings of the Workshop on Cumputational Sciences,
National Taiwan University, Taipei, Taiwan, pp. 53-57 (1994)

We consider solving a large sparse linear system by preconditioned
conjugate gradient methods. The preconditioners chosen are in poly-
nomial form as M~'=g,.(@'A)Q"* where g.(x) is a polynomial of degree
m. The Neumann polynomials and polynomials derived from the Féjer
kernel and Dirichlet kernel are considered. We derived the PNP-CG,
PFK-CG and PDK-CG methods. Numerical results have shown that
restarting the process every cycle of m iterations will speed up FK and
DK methods, but not the NP method. Moreover, using a higher degree
Neumann polynomial does not speed up the convergence of PCG method,
but PFK-CG and PDK-CG methods can.

Polynomial Methods for Solving Large Linear Systems
on Vector Computers

Kanc C. JeA (3 &) anp CHIN-TIEN YANG
BB R e R - pp. 245-248 (1994)

We consider solving the large sparse linear system Aw=b where A
is symmetric positive definite. The idea here is trying to find a poly-
nomial operator G,(A) where G,(x) is a polynomial of degree m which
has real coefficients, suchthat the mth approximate solution is given by
u™ =G, (Ab. Thus, #° can be constructed by matrix-vector multiplica-
tions only, such methods ane well suited to vector/parallel computers.
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First of all, we scale the linear system to include all its eigenvalues
in the interval [0, 1]. The residual vector can be expressed as r‘™=
Fo(A)b, where F,. (x)=1—xG,(x). Thus, reducing " is equivalent
to choosing F,, (x) such that F,, (0)=1, and F,,,(x) drops down to
small values everywhere else in the interval [0, 1. We approach F,, (%)
by the Féjer kernel as well as the Dirichlet kernel, and study the effec-
tiveness of applying such methods to solve a linear system and
comparing them with the classical Neumann polynomial methods. We
also study the restarted versions and speeding up the convergence by
forming linear combinations of the approximated solutions such that
2-norm of the residual vector is minimized.

Finite-Dimensional Filters with Nonlinear Drift II:
Brockett’s Problem on Classificaticn of
Finite-Dimensional Estimation Algebras

WEN-LIN CHIOU (5¢#s #) AND STEPHEN S.-T. YAU
Siam J. Control and Optimization, 32(1), 297-310 (1994)

The idea of using estimation algebras to construct finite-dimensional
nonlinear filters was first proposed by Brockett and Mitter independently.
It turns out that the concept of estimation algebra plays a crucial role
‘in the investigation of finite-dimensional nonlinear filters. In his talk
at the International Congress of Mathematics in 1983, Brockett proposed
classifying all finite-dimensional estimation algebras. In this paper, all
finite-dimensional algebras with maximal rank are classified if the
dimension of the state space is less than or equal to two. Therefore,
from the Lie algebraic point of view, all finite-dimensional filters are
understood generically in the case where the dimension of state space is

less than three.

Explicit Construction of Finite Dimensional Nonlinear
Filters with State Space Dimension 2

S. S.-T. YAU AND W.-L. CHiou (5 #é)

The 32th IEEE Conference on Decision and Control,
San Antonio, Texas, U.S.A., pp. 710-713 (1993)
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Ever since the technique of the Kalman-Bucy filter was popularized,
there has been an intense interest in finding new classes of finite
dimensional recursive filters. The idea of using estimation algebras to
construct finite dimensional nonlinear filters was first proposed by
Brockett, Clark and Mitter, independently. Recently Tam, Wong and
Yau have demonstrated that the concept of estimation algebra is an
invaluable tool in the study of nonlinear filtering problems. The concept
of an estimation algebra with maximal rank was introduced by Chiou
and Yau's paper. Let $n$ be the dimension of the state space. For
$x=18, it turns out that all nontrivial finite dimensional estimation
algebras are with maximal rank. They were classified by the worksof
Tam-Wong-Yau. For $#=2%, we have classified all finite dimensional
estimation algebras with maximal rank. In this paper we shall construct
explicitly finite dimensional filters with state space dimension 2 via
Wei-Norman approach by using the result of Chiou and Yau’s paper.
From the Lie algebraic point of view, these are the most general finite
dimensional filters.

Raman Scattering in Multi-Component Halide Glasses

% B A s L IR 2 AT

JIUNN-DER YANG AND Luu-Gen Hwa (& &48)
Chinese Journal of Materials Science, 26(4), 319-322 (1994)

LA LS (ZF,) f1/ /& Ak (HIF,) BEENS RO RIS » RRER
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Effect of the Wave-Shear Interaction on Gravity Wave
Activity in the Lower and Middle Atmosphere

F.S. Kuo AnD H.Y. Lue (& % %)
Journal of Atmospheric and Terrestrial Physics, 56(9), 1147-1155 (1994)

Observational results of the wave activities and the vertical wave
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number spectra of the horizontal wind fluctuations and the temperature/
density fluctuations in the lower and middle atmosphere obtained by
various groups using different instruments at different locations are
reviewed and summarized. Then, we use a simple analytic model of
wave-shear interaction to explain the wave-energy dissipation observed
in the stratosphere/lower mesosphere, the east-west anisotropy of the
wave propagation, and the deceleration of the zonal mean flow, in
summer and in winter in the middle mesosphere, the annual variation
in the upper troposphere/stratosphere/lower mesosphere, and the semi-
annual variation in the middle mesosphere. We also point out that the
saturation spectra observed in the middle mesosphere and the winter
troposphere are caused by wave motions in the strong background wind
shear and the low stability temperature profile, and that the saturation
spectrum is universally N°/2m® (where N is the Brunt-Viiszls frequency

and m is the vertical wave number).

Dynamics of Electron Photodetachment

from an Aqueous Halide Ion

WEN-SHYAN SHEU (# X %) AND PETER J. ROSsKY
Chemical Physics Letters, 213, 233 (1993)

The dynamics following two-photon excitation of an aqueous halide
ion are studied via quantum simulation. Two channels for photodetach-
ment are observed: a direct detachment via a very early time
non-adiabatic transition and a delayed adiabatic detachment from the
lowest-lying charge-transfer-to-solvent state. Fast, non-diffusive, geminate
recombination of electron-halogen contact pairs arising in the latter
case dominates the kinetics of deactivation of excited state ions.
Calculated transient emission spectra show a distinct signature for the

adiabatic detachment.



Fu Jen Studies 137

The Relationship betweenDielectric and Rheological
Behavior of Epoxy Resin During Cure

JunG-Yun CHEN, PiENG-TsunGe HUANG
AND SUNG-NUNG LEE (&iE4:)
Journal of Polymer Research, 1(2), 183-190 (1994)

Measurement of the frequency-dependent vector voltage (V) provided
an in-situ and non-destructive technique to measure continuously the
rheological change of a resin due to polymerization, and can be used
as the basis of real-time control. The vector voltage depends on the
degree of polarization of the dipolar molecules and on the change of
viscosity during cure; both result from the modified structure of the
epoxy resin during cure. The initial stage of curing, represented by the
former portion of the V, curve (divided at the minimum of the V.
curve), was caused mainly by the effects of temperature and viscosity.
During the latter stage of the cure reaction, V, alters because of the
effect of the tightened matrix structure that inhibits algnment of dipoles.
The duration of reaction, temperature of curing and degree of conversion
all have the same effcts on both vector voltage and viscosity. The
minimum value of vector voltage is correlated to the minimum viscosity,
and there is a nearly quantitative relationship between them. One can
determine the viscosity of the epoxy resin during cure from reading of
the vector voltage. Various reaction mechanisms may be explained based
on the graphs of vector voltage of various types.

Excited-State Intramolecular Proton Transfer
for N-Substituted-3-hydroxypyridinones

P1-Ta1 Crou, MinG CHAO, JouN H. CLEMENTS,
MARTY L. MARTINEZ AND CHEN-PIN CHANG (% 8:-F)
Chem. Phys. Lett., 220, 229-234 (1994)

The photophysics of 3-hydroxy-2-methyl-4-pyridinone (I), 3-hydroxyl-
1,2-dimethyl-4-pyridinone (II) and 3-hydroxy-2-methyl-1-phenyl-4-
pyridinone (III) are reported. The occurrence of excited-state intra-
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molecular proton transfer for I and II provides a suitable model for
ab initio studies of the mechanism of excited-state intramolecular proton
transfer reaction. In contrast, the proton-transfer reaction is prohibited
in III. A coupling mechanism between proton motion and N-phenyl
torsional motion is tentatively proposed, resulting in a slow rate of
proton transfer for IIL

Photophysics of 2-(4'-Dialkylaminophenyl)benzothialzoles:
Their Application for Near-UV Laser Dyes

Pi1-Ta1 Cuou, MARTY L. MARTINEZ, WiLLIAM C. COOPER
AND CHEN-PIN CHANG (Fk4&-F)
Spectroscopy, 48, 604 (1993)

The photophysical properties and the first observation of UV laser
generation of molecules based on 2-phenylbenzothiazole with electron-
donating substituents at the 2’ and 4’ positions are reported. The high
gain of the amplified spontaneous emission, good efficient laser output,
and extreme photostability for this class of laser dyes make their
practical application feasible when pumped by the third harmonic
(355 nm) of the YAG laser.

A Comparative Study: The Photophysics of
2-Phenylbenzoxazoles and 2-Phenylbenzothiazoles

P1-TA1 Cuou, WiLLiaM C. CoOPER, JouN H. CLEMENTS,
SHANNON L. STUDER AND CHEN-PIN CHANG (3ké-F)
Chem. Phys. Lett., 216, 300 (1993)

The photophysical properties of 2-phenylbenzothiazole and 2-
phenylbenzoxazole were compared. At room temperature 2-phenyl-
benzothiazole in nm-heptane exhibits a broad, structureless absorption
and a low fluorescence yield of =~0.005 (r,<<200 ps). In contrast, 2-
phenylbenzoxazole shows a structured absorption and a high fluorescence
vield, @;~0.78+0.05 (r;~1.5ns). These spectral differences arise from a
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drastic change in the dynamics of C,—C,, torsioal motion, as evidenced
in the temperature-dependent studies, spectral properties of their deriva-
tives and AMI calculations.

Preparation of Polladium (II) and Platinum (II) Phosphine
Complexes Promoted by Phase-Transfer Catalysis

Ivan J.B. LiNn (3 & #) AnD MiLes D.S. Liaw (B#&#%)
Journal of the Chinese Chemical Society, 40, 451-454 (1993)

The synthesis of M(PR,),Cl, (M=Pd and Pt, R=alkyl or aryl) from
K,MCI, (in H,0) and PR, (in CH,Cl,) was promoted by the addition of
phase-transfer catalysts (PTC). The greater the amount of PTC used,
the more quickly the reaction completed. *'P NMR spectra of some
M(PR,),Cl, in the presence of free PR, were measured; these NMR
results were used to explain problems encountered during the preparations.

A Facile Synthesis of Stable Precursors to
2-Alkylated-3-(phenylthio)-1,3-butadienes

SHANG-SHING P. Coou (A& 17) AnD HA1-Pinc Tal
Journal of the Chinese Chemical Society, 40, 463-467 (1993)

3-Sulfolenes 3 which are stable precursors to 2-alkylated-3-
(phenylthio)-1, 3-butadienes (4) are conveniently prepared.

Intramolecular Diels-Alder Reactions via
Sulfone-Substituted 3-Sulfolenes

SHANG-SHING P. CHOU (B & 47), CHING-SHIEN LEE,
MEeNG-CHI CHENG AND HAI-PING TAI
The Journal of Organic Chemistry, 59, 2010-2013 (1994}

Regiospecific alkylation of the dianion of sulfone-substituted
3-sulfolenes 1-4 attached an unsaturated alkyl chain at the C, position
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to form convenient precursors for IMDA reactions. The substituents on
the diene moiety have a significant effect on the reactivity of the IMDA
reactions (H>>Me,Si=>PhS). The stereochemistry of the cyclization
reaction depends on the chain length connecting the diene and dienophile.
The hydronaphthalene products 12a and 12b are obtained only in the
trans form, and the hydroindene products 10 and 11 have predominantly
the trans ring structure. All the products have the useful vinylic sulfone

structure.

66. Malpighiaceae FHEEE

Cuinc-Hs1A CHEN (B¥ &)
Flora of Taiwan Second Ed., 3, 565-570 (1994)

Tress or shrubs, often woody climbing, with often appressed
medifixed hairs. Leaves simple, mostly opposite, quite entire; glands
often present either on petiole or on the lower surface of the leaves;
stipules small or absent. Inflorescence axillary or terminal; pedicels
articulate, usually 2-bracteolate. Flower hemaphroditic, rarely poly-
gamous, regular or irregular; calyx usually 5-partite, the segments
imbricate or very valvate, one or more larger glandular outside, rarely
eglandular; petals 5, clawed or not, often fimbriate, imbricate, disc
obscure, small; stamens 10, hypogynous or subperigynous, equal or one
much more larger than the others, the filaments free or connate at the
base, the anthers 2-lobed, opening lengthwise or by a pore-like slit;
ovary 3-celled, rarely 2 or 4, the styles 1-3, straight or circinate, the
stigmas capitate or punctiform or lateral; ovules solitary in each cell,
the micropyle superior, the raphe ventral. Fruiting carpels often winged
samaras, or carpels connate into a fleshy or woody drupe. Seed
exalbuminous; embryo straight or curved, the radicle superior.

A family of about 65 genera and 1,280 species, tropical America,

Africa and Asia; four genera in Taiwan. One cultivated.



Fu Jen Studies 141

71. Sapindaceae #EEF§}

CHING-Hs1A CHEN (B %)
Flora of Taiwan Second Ed., 3, 599-608 (19 )

Trees, shrubs, vines or rarely herbs. Leaves usually alternate,
pinnately or palmately compound, rare simple; stipules none or in some
climbing species present. Flower usually smaal, unisexual or bisexual, in
racemes, panicles or corymbs, actinomorphic or commonly zygomorphic;
calyx 4-5, imbricate or valvate sepals; petals 4-5 or wanting, often with
hairs or scales at the base inside; hypogynous discs well developed,
situated between petals and stamens; stamens usually 8-10, the filaments
distinct or united at base; ovary superior, 2-4 celled, with one or more
ovules in each cell; placentation axile or parietal, the style simple or
divided. Fruit various, drupéceous or capsular, entire or lobed, some-
times winged. Seeds often arillate globose or compressed, albuminous
or exalbuminous.

About 150 genera and over 1,500 species, of wide distribution in the
tropics and warin region.

93. Begoniaceae FXiE%F

CHING-Hs1A CHEN (B¥ %)
Flora of Taiwan Second Ed., 3, 845-854 (1994)

Herbs or undershrubs mostly succulent, rarely climbers. Stems
distinctly jointed. Roots rhizomatous, tuberous or fiberous. Leaves
alternate, subverticillate, simple, often unequal-sided or obliquely
auriculate, entire or divided. Stipules semi-persistent or caducous, two
to each leaf, free, membranaceous. Flowers monoecious, actinomorphic
or zygomorphic, mostly in clusters of axillary bracteate cymes; perianth
monochlamydeous or dichlamydeous. Staminate flower tepals 2-10, equal
or unequal; stamens numerous, filaments free or connate at base; anthers
2-locular, longitudinally dehiscent, connectives often exserted. Pistillate
flower tepals 2-8, equal or unequal, imbricate; staminodes small or
absent; ovary inferior, angular or winged, 2-4 celled; carpels typically
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3; ovules numerous in each cell, anatropous; placentas usually axile or
arising from the septa, parietal; styles 2-5, free or slightly connate at
base, often branched; stigmas often twisted, usually densely papillose
all around. Fruit usually a capsule, rarely berry-like, longitudinally
loculicidal or irregularly dehiscent, few indehiscent. Seeds minute and
very numerous, with reticulate testa and scanty or no endosperm and a
straight embryo.

A family of five genera with more than 800 species, widely
distributed in the tropics, especially abundant in tropical northern South
America, but absent from Polynesia and Australia.

Twelve species and one form within the genus Begonia are found
in Taiwan, commonly as undergrowth on forest floors throughout the
island.

Molecular Cloning, Chromosomal Mapping and Sequence
Analysis of Copper-Resistance Genes from Xanfhormonas
campestris pv. juglandis: Homology with Small Blue
Copper Proteins and Multicopper Oxidases

Y.-A. LEgE (£#4&), M. HENDSON, N.]J. PANOPOULOS
AND M. N. SCHROTH
Journal of Bacteriology, 176, 173-188 (1994)

Copper-resistant strains of Xawnthomonas campestris pv. juglandis
occur in walnut orchards throughout northern California. To analyze
the nature of copper resistance, the copper resistance genes from a
copper-resistant strain C, of X. ¢. pv. juglandis were cloned. Thw
genes were located on a 4.9kb Cla I fragment which hybridized only to
DNA of copper-resistant strains of X. ¢. pv. juglandis. Hybridization
analysis revealed that the copper-resistance genes are most probably
located on the chromosome. Plasmids conferring copper-resistance were
not detected in the copper-resistant strains, nor did mating with
copper-sensitive strains result in copper-resistant transconjugants.
Further hybridization tests revealed that the copper-resistance genes
(49kb Cla 1 fragment) were located on an approximately 20 kb region,
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which was conserved among copper-resistant strains of X. ¢. pv. juglandis.
Copper-resistance genes from X. ¢. pv. juglandis shared nucleotide
sequence similarity to copper-resistance genes cloned from Pseudomonas
syrvingae pv. fomato, P. syringae and Xanthomonas campestris pv.
vesicatoria. DNA sequence analysis of a 4.9 kilobase copper resistance
determinant from X. ¢. pv. juglandis revealed that the sequence had an
overall G+C contant of 58.7%, and four open reading frames oriented
in the same direction. These four ORFs were required for full
expression of copper resistance, based on Tn 3-spice insertional inactiva-
tion and deletion analysis. Comparison of the predicted amino acid
sequences of each ORF with those of copper-resistance genes (cop A-D)
from P.s. pv. fomalo revealed a 65% amino acid sequence identity
between ORF 1 and Cop A, 45% between ORF 2 and Cop B, 47%
between ORF 3 and Cop C, and 40% between ORF 4 and Cop D,
respectively. The most conserved regions within these two copper
resistance genes are ORF 1 and Cop A, which share 79% similarity with
65% identity, and the C-terminal region (166 amino acids from the
C-terminus) of the second ORF (ORF 2 and Cop B), which share 85%
similarity with 60% identity. No significant conserved region was found
for the third and fourth ORFs. The hydrophobicity profiles of each
pair of predicted polypeptides are similar except the N-terminus of
ORF 2 and Cop B. Four histidine-rich polypeptide regions in ORF 1
and Cop A showed significant sequence homology to the copper-binding
motifs of small blue copper proteins and multicopper oxidases, such as
fungal laccases, plant ascorbate oxidase, and human ceruloplasmin.
Putative copper ligands of the ORF 1 polypeptide product are proposed,
indicating that the polypeptide of ORF 1 might contain four copper
ionst-one type-1, one type-2 and two type-3 copper ions.

Increased Toxicity of Iron-Amended Copper-Containing
Bactericides to the Walnut Blight Pathogen,
Xanthomonas camperiris pv. juglandis

Y.-A. LEE (##4%), M. N. ScuroTH, M. HENDSON, S. E. LINDOW,
X.-L. WANG, B. OLsoN, R.P. BUCHNER AND B. TEVIOTDALE
Phytopathology, 83, 1460-1465 (1993)
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The addition of iron to fixed copper compounds enhanced the
toxicity of these materials to the walnut blight bacterium, Xanfhomonas
campestris pv. juglandis, by several mechanisms. Iron altered the
physiology of the bacterium, causing it to be more sensitive to cupric
ions. In the presence of iron, less free copper ions were needed to
inhibit the growth of bacteria. The addition of soluble iron salts to
fixed copper compounds also reduced pH and increased the amount of
free copper ions; addition of iron caused the release of more free
copper ions in suspensions of Kocide 101® (7795 Cu(OH),) than did
hydrochloric acid at the same pH. The spraying of walnut leaves
with Kocide 101® amended with iron salts significantly increased the
availability of free copper ions on leaf surfaces compared to the
bactericide alone. Cells of copper-sensitive strains of X. ¢. pv. juglandis
did not survive on leaf surfaces treated with Kocide 101®, whereas
more than 25% of the cells of copper-resistant strains survived. The
addition of 50 x#g/ml of iron in a form of FeCl,-6H,0 to Kocide 101®
increased the concentrations of free copper ions by more than 25-fold
and eliminated copper-resistant strains on leaf surfaces. In field trials,
combination of Kocide 101® or Champion® with iron significantly
reduced the incidence of bud infestation and blighted leaflets compared
to non-amended treatments.

Least-Squares Lattice Interpolation Filters

JeNQ-TAY YUAN (FEH)

Proceedings of IEEE 1994 International Conference on Communications
(ICC-94), New Orleans, LA, May (1994)

This paper develops a time as well as order update recursion for
linear least-squares lattice (LLSL) interpolation filters. The LSL inter-
polation filter has the nice stage-to-stage modularity which allows its
length to be increased or decreased “two-sidedly” (i.e., both past and
Suture) without affecting the already computed parameters. The LSL
interpolation filter is also efficient in computation, flexible in implementa-
tion and fast in convergence. The computer simulation results shown
in this paper reveal that although interpolation needs more computing
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power than prediction does, however, interpolation can generate much
smaller error power and, thus, reduces much more temporal redundancy
than prediction does.

Order-Recursive FIR Smoothers

JENQ-TAY YUuAN (#iE %) AND JOHN A. STULLER
IEEE Transactions on Signal Processing, 42(5), May (1994)

This paper introduces order-recursive FIR smoothers and shows that
order-recursive FIR filters are special forms that occur when no future
data values are used to estimate the signal. The formulation leads
naturally to generalizations of the concepts of prediction-error basis and
Cholesky factorization which are well known in FIR filter design.

Recovery of Superquadric Primtive from Stereo Images

Lianc-HuA CHEN (B R #), WEI-CHUNG LIN
AND HONG-YUAN MARK Liao
Image and Vision Computing, 12(5), 285-296 (1994)

This paper presents an integrated approach to recovering the
superquadric primitive from stereo images. While the depth data
obtained from stereo matching algorithms are always sparse and noisy,
to extract an object from the scene and obtain a smoothed depth map
of the object, occluding contour detection and surface peconstruction
are incorporated into the recovery process of superquadrics. The
algorithm combines the recovery processes of occluding contour, surface
and volumetric models in a cooperative and synergetic manner. The
performance of the algorithm is demonstrated with two examples using
real images.






