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本報告含三篇完成之研究成果。 

 

 

一、On Modeling Data from Degradation Sample Paths over Time 
 

此乃與博士生林宗儀教授（目前任教於東海大學統計系）合作的文章。本文已發

表於Australian & New Zealand Journal of Statistics (an SCI  journal)。其中、英文之

摘要如下。 

 

 

（一）、中文摘要 

本文主要對衰退資料的建模應用成長曲線模型加上Box-Cox轉換、隨機效應、及

ARMA (p,q)相關來分析一組衰退的資料。導出最佳概似估計及利用最佳線性不偏

預測法求出未來值的預測。本文從預測的觀點比較所提之方法與一個非線性衰退

模型。我們也比較不同樣本長度下之斷點(failure times)的預測。 

 

 

（二）、英文摘要 

This paper is mainly concerned with modelling data from degradation sample paths 
over time. It uses a general growth curve model with Box–Cox transformation, 
random effects and ARMA (p, q) dependence to analyse a set of such data. A 
maximum likelihood estimation procedure for the proposed model is derived and 
future values are predicted, based on the best linear unbiased prediction. The paper 
compares the proposed models with a nonlinear degradation model from a prediction 
point of view. Forecasts of failure times with various data lengths in the sample are 
also compared. 
 
 
（三）、報告內容 

In this paper, we are concerned with modelling degradation data such as 
measurements of the growth of fatigue cracks. In general, engineers need to produce 
units of material with acceptable reliability and at an acceptable life-cycle cost. Most 
material accumulates irreversible damage during its life, which leads to failure. The 
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cumulative damage reduces the reliability of the material as time increases. To 
maintain an acceptable reliability in the unit, inspections and repairs must be made, 
which increase life-cycle costs. Thus, cumulative damage plays a very important role 
in the design of the unit. 

For degradation data such as the fatigue crack growth data described above, it is 
very important to develop a model capable of predicting the fatigue crack growth and, 
most important of all, predicting the time to failure. Then engineers can order repair 
or replacement before the failure actually occurs. Once the unit or material has failed, 
it is too late to repair, and failure could cause heavy physical and/or economic losses. 

This type of data is quite typical in studies such as accelerated life testing, 
because the product usually takes a long time to wear out. One important 
characteristic of the observations obtained in degradation studies is that they are 
measurements of several units, and each unit is measured over time. The 
measurements on a single unit are not independent because they are time-series in 
nature. If there are only a few measurements on the unit, say fewer than 20, then the 
dependence may be too hard to estimate. Fortunately, such data are usually obtained 
for several similar and independent units. Also, the linearity of growth function can be 
enhanced by the well known Box–Cox transformation (Box & Cox, 1964), as seen in 
Figure 1(b). These phenomena occur in many studies including technology 
substitutions as reported by Keramidas & Lee (1990). This paper predicts that a 
general growth curve model having ARMA(p, q) dependence coupled with the 
Box–Cox transformation can be applied to degradation data. A model is proposed and 
compared, in terms of its prediction accuracy and failure time prediction, with the 
degradation model of Lu & Meeker (1993) using the fatigue crack data of Bogdanoff 
& Kozin (1985). The failure time is the time to grow a crack from 0.90 inches to the 
critical crack length of 1.60 inches. A credible prediction of failure time is important, 
particularly to engineers. 
   From the results presented in Section 4 we know that if there are only a few 
measurements on each unit, it may be too hard to estimate the autocorrelation. Also, 
the data in each unit are time-series in nature and hence are not independent. 
Therefore, we can use the general growth curve model with ARMA(p, q) covariance 
structures to analyse this kind of data, using measurements from similar units to get 
better prediction results. The advantage of our modelling for this type of data is 
evident in the comparisons of forecast accuracy in future values and in failure times. 

As remarked in Rochon (1992), ARMA(p, q) covariance structures are worth 
considering and may have better performance than AR(1) dependence in many 
applications. For the modelling of degradation data, with appropriate ARMA(p, q) 
covariance structure and coupled with random effects and the Box–Cox 
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transformation, our modelling approach makes the prediction results quite appealing. 
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（五）、計畫成果自評 

本研究成果發表於SCI的期刊Australian & New Zealand Journal of 

Statistics，這是個頗被肯定的國際期刊。 
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二、Bayesian Estimation for Time Series Regressions with Applications 
 

 

此乃與博士生林淑惠教授(目前任教於台中技術學院)合作的文章。本文已發表於

Journal of Statistical Planning and Inference (an SCI journal)。其中、英文摘要如下。 

 

 

（一）、中文摘要 

根據廣義p值及廣義信賴區間的概念，我們研發有關兩個常態分配母體平均數比

例(ratio)的假設檢定與信賴區間。我們利用兩個不同的方法來取得關鍵值

(pivotal qualities)。當中之一是直接利用平均數的比例來找關鍵值。另一方

法則是將此問題當作類似 Behrens-Fisher 之問題來處理，然後利用假設檢定之

法來建構信賴區間。我們的模擬結果發現本文所提之信賴區間優於其他兩種方

法。這個優點更顯示於兩個母體之變異數相當不同之情況。 

 

 

（二）、英文摘要 

Based on the generalized p-values and generalized confidence interval developed by 
Tsui and Weerahandi (1989), Weerahandi (1993), respectively, hypothesis testing and 
confidence intervals for the ratio of means of two normal populations are developed 
to solve Fieller’s problems. We use two different procedures to find two potential 
generalized pivotal quantities. One procedure is to find the generalized pivotal 
quantity based directly on the ratio of means. The other is to treat the problem as a 
pseudo Behrens-Fisher problem through testing the two-sided hypothesis on θ, and 
then to construct the 1−α generalized confidence interval as a counterpart of 
generalized p-values. Illustrative examples show that the two proposed methods are 
numerically equivalent for large sample sizes. Furthermore, our simulation study 
shows that confidence intervals based on generalized p-values without the assumption 
of identical variance are more efficient than two other methods, especially in the 
situation in which the heteroscedasticity of the two populations is serious. 
 
 
（三）、報告內容 

 



 7

 



 8

 
implement, but in most applications involving nuisance parameters it is not easy or 
impossible to fnd A(x) and B(x) so as to satisfy the above equation for all possible 
values of the nuisance parameters. The idea in generalized confidence intervals is to 
make this possible by making probability statements relative to the observed sample, 
as done in Bayesian and nonparametric methods. In other words, we allow the 
functions A(·) and B(·) to depend not only on the observable random vector X but also 
on the observed data xobs. 

In this article, we propose two different exact generalized approaches based on 
generalized p-values and generalized confidence intervals to solve the well-known 
Fieller-Creasy problem, which is widely used in many important research areas such 
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as bioassay and bioequivalence. Under homogeneous case, Fieller’s solution gives 
exact coverage probability for all parameters. Unfortunately, in the presence of 
serious heteroscedasticity, the methods under the restriction of identical variance can 
not yield decent confidence intervals. Through the proposed methods in this article, an 
exact 1 − α generalized confidence intervals for the ratio of two means can be 
obtained under unequal variances and unequal sample sizes. According to our 
findings, the existing procedures ignoring the mild heteroscedasticity will perform 
well. However, they will perform very poorly in the situation in which serious 
heteroscedasticity is present. Thus our proposed methods are very valuable in practice, 
especially when the two variances are quite different. 
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（五）、計畫成果自評 

本研究成果乃計畫所提的一部分，刊登的期刊是SCI統計期刊當中不錯的雜誌，

相當值得。 
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三、On the Inverse of the Autocorrelation Matrix for an AR (p) Process 
 
 
此乃與博士生王仁聖及林宗儀教授（目前任教於東海大學統計系）合作的文章。

本文已發表於Journal of Chinese Statistical Association。這是個CIS的期刊。其中英

文之摘要如下。 

 
 
（一）、中文摘要 

假設 ),( stNC −= ρ  ,,...,1, Nst = 是穩定p次自我迴歸向量 ( )',...,1 NN xxX = 的自我

相關矩陣，其中 pN ≥ 。本文在沒有分配的假設下導出直接且容易寫程式的�反

矩陣，稱之為 1−
NC 。這個 1−

NC 的形成有助於研究時間序列、多變量線性模型、MANOVA

及成長曲線模型當中誤差項具自我迴歸，這可簡化參數統計的計算程序。AR(2)、

AR(3)、及AR(4)的示範也列舉於本文中。 

 

（二）、英文摘要 

 

 
 
（三）、報告內容 
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（四）、參考文獻 

 
 
（五）、計畫成果自評 
本研究發表於Journal of Chinese Statistical Association。這是個CIS的期

刊，所得的方法非常有助於time series、multivariate linear model、及growth 

curve model等參數估計。 

 


