
國立雲林科技大學工業工程與管理所
Graduate school of Industrial Engineering & Management,

National Yunlin University of Science & Technology

系統可靠度實驗室 System Reliability Lab.
http://campusweb.yuntech.edu.tw/~qre/index.htm

On the monitoring of multi-attributes 

high-quality production processes

出 處︰Mathematics and Statistics(2007) 66:373–388

作 者 : Seyed Taghi Akhavan Niaki · Babak Abbasi

報 告 者︰鍾昇倍

指導老師︰童超塵 教授



系統可靠度實驗室 System Reliability Lab.

國立雲林科技大學工業工程與管理所

大綱
 1.Introduction and literature review

 2.Process monitoring based on simultaneous 

CCC and C charts

 3.The proposed normalizing transformation

 4.Multi-attribute control chart based on 

transformed data in χ2 chart

 5.Numerical examples

 6.Conclusion and recommendations for future 

research



系統可靠度實驗室 System Reliability Lab.

國立雲林科技大學工業工程與管理所

1.Introduction and literature review

 在高品質的製程裡，去找出不合格項和缺陷數

是非常重要的。

 He et al. (2002)對高品質的製程提出以GPD

(Generalized Poisson distribution)為基礎的不合格項
的缺陷數管制圖。

 Patel (1973) proposed a Hotelling-type χ2 chart to 

monitor observations from multivariate Binomial or 

multivariate Poisson distribution(for time 

independent and dependent samples).
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 Lu et al. (1998)提出一個多元計數的M-np管制
圖，因為計數間是相關的，所以在減少type II 

errors方面比個別np管制圖好，然而在他們的
研究論文未討論到M-np管制圖的ARL及統計
分配函數。

 However, none of the proposed methods so

far is able to monitor multi-attribute high 

quality processes(2007).

1.Introduction and literature review
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2.Process monitoring based on 

simultaneous CCC and C charts
 He et al. (2002)提出了一個製程和同時使用兩個

單獨的控制圖,

不合格品的機率(p)：1−e−θ，(θ增加，製程不良率便會增加)，
因此，θ shows the defective rate of the process.

Generalized Poisson Distribution (GPD) models
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2.Process monitoring based on 

simultaneous CCC and C charts
 He .et al. (2002) apply two separate control 

charts to monitor parameters of a GPD.

 They use a geometric chart (CCC chart) to 

monitor parameter θ and apply a C chart to 

control λ. In the CCC chart,

αCCC ：false alarm rate
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2.Process monitoring based on 

simultaneous CCC and C charts
 In the C chart, we obtain the control limits by 

conditioning：

This is called zero-truncated generalized Poisson distribution

(去零的一般波松分配)
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3.The proposed normalizing 

transformation

 如果資料是二項、波松或幾何分配，而我們
假設它是常態，那會引起二個問題：

1.The fact that these distributions have skewnesses.

2.The discrete nature of these distributions.
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3.The proposed normalizing 

transformation
 在單一變數的計數管制圖裡，有兩個方法可以減少

偏態：
1. adding correction values to the control limits based 

on the value of the skewness.

2. applying normalizing transformation

Since using normal data in statistical process control 

has many advantages.

然而大部份的研究者比較喜歡使用”常態轉換的技巧”
在

處理偏態的問題。
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3. The Proposed Normalizing 

Transformation

學者 年代 轉換方法

Box and Cox 1964 square root

Johnson and Kotz 1969 inverse

Ryan 1989 arcsin

Ryan and Schwertman 1997 parabolic inverse

Quesenberry 1995 Q-transformation

Xie et al. 2000

double square root

transformation for Geometric

distribution

Niaki and Abbasi 2007 rth root transformation

反正弦法

拋物線反置法

反函數法

Q-轉置法
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 In our first method of finding a proper 
transformation, using simulated data we 
employ a bisection method (Thisted 2000) to 
find the power of the root transformation

for each attribute.

 The second proposed method of finding a 
proper transformation is similar to Q-
transformation proposed by Quesenberry 
(1995). In this method, which we call the 
NORTA inverse transformation method.

3.The proposed normalizing 

transformation
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3.The proposed normalizing 

transformation

 the vector X by a transformation of a k-

dimensional standard multivariate normal 

(MVN) vector 
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3.The proposed normalizing 

transformation
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3.The proposed normalizing 

transformation

First, the skewnesses and the kurtosises of the transformed

data are always closer to 0 and 3.

Second, in all cases, the p values of the JB test in

the proposed methods are at least better than those of the other 

transformation methods.
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4.Multi-attribute control chart based 

on transformed data in χ2 chart

 χ2 and T2 control charts, 被廣泛的應用在多變
數的品質管制環境，當然在我們轉換多元計數
製程的多元常態分配也會表現優良.

 雖然Patel’s method (1973)- T2 control charts,

是一個不錯的方法在解決這類的問題上，但因
為它忽略了一些限制，且使用近似常態的假設，
所以當高品質的製程被監控時，是相當不精確
的。
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4.Multi-attribute control chart based 

on transformed data in χ2 chart

 To avoid this problem, we first eliminate the 

skewness of the marginal distributions, and 

then estimate the mean vector and the 

covariance matrix of the transformed 

attributes used in the well knownχ2 control 

chart.
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5.Numerical examples

5.1 Example 3

Geometric probability distribution is p = 0.00015.Poisson distribution 

with mean three(λ=3). Since the ARL0 values are appropriate, we 

compare the out-of-control average run length (ARL1) values of the 

proposed methods for different shifts.

generate 5,000 observations
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5.Numerical examples

As we are controlling a high quality process, AIRL (Average Item 

Run Length) is also reported for different methods in Table 6.
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5.Numerical examples
5.2 Example 4

Geometric probability distribution is p = 0.005.Poisson distribution 

with mean three(λ=4 and 5). 

generate 10,000 observations
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5.Numerical examples

The results of Tables 7 and 8 show that the proposed methods 

perform well, especially in situations where there are both 

positive and negative shifts around the mean.
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6.Conclusion and recommendations 

for future research
 在多元計數的製程裡，計數之間的相關性在統

計品質管制上是相當重要的議題。

 在多元計數製程的監控，常未考慮到合格項目
之間的獨立架構，故本文去主要在找第一個不
合格項和不合格項裡的缺點數，然後用兩個資
料轉換的方法：

1.Root transformation

2.NORTA inverse algorithm

再利用多元計值如χ2 管制圖，去監控製程。
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 在本研究中，提出二個模擬的例子利用不同
意同平均向量的移動，去比較三種方法(Root、
NORTA、CCC&C)的ARL1值。

 After the transformation phase, instead of χ2

control chart we may want to examine other 

multivariate control charting techniques such 

as MEWMA and MCUSUM as well.

6.Conclusion and recommendations 

for future research

End


