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1. Introduction and Literature Review

 Statistical control charts, in general, consist 

of the variable and attribute control charts, for 

which researchers have developed various 

methodologies.

 Almost all researchers have focused on the 

first category of control charting and only a 

few methods have been proposed to monitor 

multi-attribute processes.
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1. Introduction and Literature Review

 Patel (1973) proposed a Hotelling-type T2 chart 
to monitor observations from multivariate 
distributions in which the marginals are 
Binomial or Poisson.

 Wu et al. (2006) proposed an algorithm for the 
optimization design of the np control chart.

 Larpkiattaworn (2003) proposed a back 
propagation neural network (BPNN) for two-
attribute processes for the case of

bivariate Binomial and bivariate Poisson.
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1. Introduction and Literature Review

 Skinner et al. (2006) proposed a new statistic, 

called deleted-Y , to be computed for each 

variable.

 Niaki and Abbasi (2007b) proposed a 

skewness reduction approach and by 

simulation experiments showed their 

approach performs better than the other 

competing methods.
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 In this article, we propose a T2 control chart, 
based on the Patel’s (1973) method, to monitor 
the number of defects in multi-attribute 
processes.

 we first propose a data transformation 
technique and then employ the T2 control chart 
for the transformed data.

 The goal is not just to detect process 
deteriorations but to monitor process

improvements. 

1. Introduction and Literature Review
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2. The Proposed Normalizing Transformation

 There are two approaches to reduce 

skewness in univariate attribute control

charts: (1) adding some correction value to 

the control limits based on the value of

the skewness; and (2) applying a normalizing 

transformation technique

 most researchers prefer to use the second 

approach.
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 some transformation, such as the square root, 

inverse, arcsin, Q-transformation , and

parabolic inverse have been proposed in the 

literature.

 Xie et al. (2000) proposed double square root 

transformation for Geometric distribution.

 Based on the NORmal-To-Anything (NORTA) 

method, we propose an inverse transformation 

technique to transform multi-attribute data to a 

shape close to a multivariate normal distribution.

2. The Proposed Normalizing Transformation
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2. The Proposed Normalizing Transformation

 The goal of the NORTA algorithm is to generate a k-

dimensional random vector X with the following properties:

 the vector X by a transformation of a k-dimensional 

standard multivariate normal (MVN) vector 
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2. The Proposed Normalizing Transformation
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2. The Proposed Normalizing Transformation

 In order to generate a k-dimensional random vector 

by the NORTA algorithm we need to solve Eq. (4) 

for each pair of the variables.

 Cario and Nelson (1997) presented some

theorems that describe the properties of which 

are helpful in solving Eq. (4).

 in this research, we propose an inverse 

transformation formula for transforming a vector of 

multi-attribute variables to new variables with 

approximate multi-variate normal distribution.
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2. The Proposed Normalizing Transformation

assuming marginal Poisson distributions and using 

Eq. (5), we transform the original vector X (1)to the 

new one Y(5) and estimate the correlation matrix of 

the transformed vector SY by the method of moments.
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3. T2 Multi-Attribute Control Charts Based on 

Transformed Data

 we first transform the vector of the original quality 

attributes to a new attribute vector with approximate 

multivariate normal distribution using Eq. (5).

 we determine the control limits for our multivariate 

control chart. If the plotted points    

fall within the control limits, the process is in control.

Otherwise, it is out of control.
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3. T2 Multi-Attribute Control Charts Based on 

Transformed Data
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3. T2 Multi-Attribute Control Charts Based on 

Transformed Data

3.1 Numerical 

Examples

 Examples 1, 2, 

and 3 contain 

Poisson 

parameters 

with medium, 

large, and 

small sizes, 

respectively.

中

大

小
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3. T2 Multi-Attribute Control Charts Based on 

Transformed Data

 For a true normal distribution, the sample

skewness should be near zero and the 

sample kurtosis should be near three.

 the transformed variables follow approximate 

normal distributions. It means that the 

proposed normalizing transformation method 

works well for Poisson distributions with 

medium- and large-size parameters.



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

4. Simulation Experiments

 Skinner et al. (2006) used Johnson et al.’s (1997) 

method to generate data from a joint Poisson 

distribution in which the joint probability 

distribution is given by Eq. 6:



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

4. Simulation Experiments

 4.1. Simulation Experiment 1
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4. Simulation Experiments

 4.1. Simulation Experiment 1
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4. Simulation Experiments
 4.2. Simulation Experiment 2
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4. Simulation Experiments
 4.2. Simulation Experiment 2
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4. Simulation Experiments
 4.3. Sensitivity Analysis on the Parameter 

Values
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4. Simulation Experiments
 4.3. Sensitivity Analysis on the Parameter 

Values
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5. Conclusion and Recommendations for Future 

Research

 In this article, we first proposed a new 

transformation technique to approximate

the skewed distribution to a joint probability 

distribution in which the marginals are normal, 

and then applied a multivariate control 

charting technique on the transformed data.

 When we use original data the ARL0 value is very 

low and hence the method is not applicable.
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5. Conclusion and Recommendations for Future 

Research

 However, when we transform the data, the ARL0

will have a more appropriate value.

 Furthermore, by simulation we showed that the 

proposed method performs better than the deleted-

Y method in most of the mean-shift scenarios.

 after the transformation phase, instead of T2 control

chart we may want to examine other multivariate 

control charting techniques such as MEWMA and 

MCUSUM as well.

THE END


