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Abstract: The quality of purchased parts is an important factor affecting the whole quality of the products, that 
how to grasp the size and trend of the defective rate in the warehouse-in inspection, becomes a meaningful 
theme in the quality control, through studying the modeling method of time series ARIMA model, applies 
variance analysis to the time series modeling, and carries out the variance analysis to the season data and 
determine the cycle. From all aspects of model identification, parameter estimation, modeling and prediction, 
this paper introduces the whole process of modeling and prediction. Utilizing SAS software, together with the 
variance test method and algorithm flow, establishes an ARIMA model for the defective rate data of purchased 
RF parts in the incoming inspection from January 2010 to July 2012 in the business platform of a department of 
XX Company, then performs the NJ time series analysis, and finally completes the short-term prediction for the 
defective rate value. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Sampling inspection qualified rate of the product 
quality is the rigid index that to the enterprise life. 
The enterprise reputation and standing in the people 
eyes will increase by the high qualified rate, and 
survival time will be longer. Vice, the enterprise 
survival time is will short, and the larger the negative 
effect, the more there is to lose. The quality of 
purchased parts is an important factor affecting the 
whole quality of the products [1-2], that how to grasp 
the size and trend of the defective rate in the 
warehouse-in inspection, becomes a meaningful 
theme in the quality control, this paper studies the 
solution for this problem. 

 
 

2. Method Overview 
 

In their daily work, we often need to conduct 
short-term predictions [3-6] for a variety of important 
indicators, which are particularly common in project 

management, quality control and financial budget; it 
is very helping to take advantage of the current 
important prediction methods in statistics to realize 
the scientific management and improve the work 
predictability. The methods referenced in this paper 
are briefly described as follows: 

 
 

2.1.  Qualitative and Quantitative Prediction 
Technique 

 
In the case of absence or less historical data, the 

qualitative prediction methods, such as Expert 
Opinions method [7], Delphi method [8-9] and 
Empirical method [10-12], help us make decisions; 
and that the quantitative prediction methods study 
what happened in the past, in-depth understand the 
features behind the data, and then predict the future 
by collecting a large number of historical data. The 
quantitative methods include the causal analysis and 
time series analysis. 
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2.2. Time Series Analysis 
 

The course of changing and developing of an 
event recorded in chronological order constitutes a 
time series. Time series analysis is an important 
branch of statistics, usually contains descriptive 
analysis and statistical analysis, the latter includes 
frequency domain analysis and the ARIMA method 
of time domain analysis described below. 
 
 
2.3. ARIMA Method Overview 
 

For relatively simple time-series data and 
phenomena, we usually uses a linear model or 
exponential smoothing model to predict, but for more 
complex data series with many influencing factors 
and strong nonlinear emerging effects, such as the 
weather changes in nature, sales in work, the number 
of defect leakage, budget amount, futures prices in 
economy, we need a more powerful model to 
improve accuracy. 

ARIMA [13-15] is the main content of the time 
series analysis [16-18]; its main academic 
contributors are Box and Jenkins professors, who 
published XXX in 1970. 

For economic and management areas we focus 
on, there are a variety of complex factors and human 
subjective activities, why can apply ARIMA 
statistical mathematical tools to research at the macro 
level? There are two points needed to explain: 

1) ARIMA method does not directly consider the 
changes of other relevant input variables, which does 
not mean completely ignore the impact of these 
factors, because the historical data is generated just 
under the macroscopic impacts of various factors. 
The generalization to the changing law of these 
historical data is exactly a manifestation of statistical 
research method, “true logic of this world is to 
calculate the likelihood of ......” (Maxwell). Although 
particles, samples and factors have various 
uncertainties in microscopic, but at the macro level 
their comprehensive representation usually presents 
certain statistical regularity. 

2) There usually exists a certain degree of 
hysteresis or inertia in economic phenomena, so in a 
short period of time, we can approximately consider 
the effect law and its changing trend of various 
economic factors to the predictive index is constant, 
so for short term prediction, good fitting model can 
fully guarantee certain prediction accuracy. 

ARIMA model is called the autoregressive 
integrated moving average model, of which ARIMA 
(p, d, q) is called the differential autoregressive 
integrated moving average model, AR is the auto 
regression, p is the autoregressive term; MA is the 
moving average, q is the number of moving average 
items, d is the number of time of difference made 
when the time series becomes stable. 

The basic idea of ARIMA model is: regard the 
data series formed over time of the predictive object 
as a random sequence, describe the sequence with 

certain mathematical models approximately. Once 
this model is identified, we can predict future values 
from the past and present values of the time series. 
Modern statistical methods, econometric models have 
been able to help businesses to predict the future in a 
way. 
 
 
2.4. Basic Procedures of ARIMA Model 

Prediction 
 

1) According to the scatter diagram, 
autocorrelation function graph and partial 
autocorrelation function graph of the time series, to 
test variance, trend and seasonal change law with 
ADF unit root, to identify the stationary of the series. 
In general, the time series of economic operation is 
not smooth sequence. 

2) To perform stationary processing to the non-
stationary series. If the data series is non- stationary, 
and there is a certain growth trend or downtrend, 
need to carry out differential treatment to data, if 
there exists heteroscedasticity in data, need to 
conduct technical processing to data, until the 
autocorrelation function value and partial 
autocorrelation function value of the treated data are 
non- significantly different from zero. 

3) Under the identification rule of the time series 
model, to establish the corresponding model. If the 
partial correlation function of a stationary series is 
truncated, and the autocorrelation function is trailing, 
we can conclude the series is suitable to AR model; If 
the partial correlation function of a stationary series 
is trailing, and the autocorrelation function is 
truncated, we can conclude the series is suitable to 
MA model; if the partial correlation function and 
autocorrelation function of a stationary series all are 
trailing, then the series is suitable to ARMA model. 

4) To conduct parameter estimation to test 
whether there is statistically significance. 

5) To carry out hypothesis testing to diagnose 
whether the residuals series is white noise. 

6) To use the model has been tested to perform 
predictive analysis. 
 
 
2.5. ARIMA Model Structure and Variance 

Analysis 
 

ARIMA models [19-20] such as those described 
above are easy to implement on a spreadsheet. The 
prediction equation is simply a linear equation that 
refers to past values of original time series and past 
values of the errors. Thus, you can set up an ARIMA 
forecasting spreadsheet by storing the data in column 
A, the forecasting formula in column B, and the 
errors (data minus forecasts) in column C. The 
forecasting formula in a typical cell in column B 
would simply be a linear expression referring to 
values in preceding rows of columns A and C, 
multiplied by the appropriate AR or MA coefficients 
stored in cells elsewhere on the spreadsheet. 



Sensors & Transducers, Vol. 173, Issue 6, June 2014, pp. 52-59 

 54 

ARIMA (p, d, q): ARIMA models are, in theory, 
the most general class of models for forecasting a 
time series which can be stationarized by 
transformations such as differencing and logging. In 
fact, the easiest way to think of ARIMA models is as 
fine-tuned versions of random-walk and random-
trend models: the fine-tuning consists of adding lags 
of the differenced series and/or lags of the forecast 
errors to the prediction equation, as needed to remove 
any last traces of autocorrelation from the forecast 
errors. 

The acronym ARIMA stands for "Auto-
Regressive Integrated Moving Average." Lags of the 
differenced series appearing in the forecasting 
equation are called "auto-regressive" terms, lags of 
the forecast errors are called "moving average" terms, 
and a time series which needs to be differenced to be 
made stationary is said to be an "integrated" version 
of a stationary series. Random-walk and random-
trend models, autoregressive models, and exponential 
smoothing models (i.e., exponential weighted moving 
averages) are all special cases of ARIMA models. 

A no seasonal ARIMA model is classified as an 
"ARIMA (p, d, q)" model, where:  

p is the number of autoregressive terms; 
d is the number of no seasonal differences, and 
q is the number of lagged forecast errors in the 

prediction equation. To identify the appropriate 
ARIMA model for a time series, you begin by 
identifying the order(s) of differencing needing to 
stationarize the series and remove the gross features 
of seasonality, perhaps in conjunction with a 
variance-stabilizing transformation such as logging or 
deflating. If you stop at this point and predict that the 
differenced series is constant, you have merely fitted 
a random walk or random trend model. (Recall that 
the random walk model predicts the first difference 
of the series to be constant, the seasonal random walk 
model predicts the seasonal difference to be constant, 
and the seasonal random trend model predicts the 
first difference of the seasonal difference to be 
constant--usually zero.) However, the best random 
walk or random trend model may still have auto-
correlated errors, suggesting that additional factors of 
some kind are needed in the prediction equation. 

For time series {xt}, the model structure of 
ARIMA (p, d, and q) is 
 

tt
d BxB εφ )()( Θ=∇ , 

 

where p is the order of the auto regression model; d is 
the differential order; q is the order of the moving 
average model; B is the delay operator;  
ϕ(B)=1-φ1B-… φPBP is the autoregressive coefficient 
polynomial; Θ(B)=1-θ1B-… θPBP is the moving 
smoothing coefficient polynomial; {xt} is the white 
noise series. 

0)( =tE ε ; 

+∞<= 2)( σε tVar ; 
dd B)1( −=∇ . 

Variance analysis, is also known as ANOVA or  
F test, which decomposes the variance of a variable 
into different parts on the basis of various needs, 
compares sizes between them and conducts the 
significance testing with F test. For seasonal data, if 
the data is arranged in the cycle, characteristics of 
each data in the cycle are not the same, can be tested 
by variance analysis. If the data does not meet the 
equilibrium design, use the generalized variance 
analysis GLM to test. The premise of variance 
analysis is that data follow a normal distribution, for 
non-normal data, can use non-parametric methods to 
test. According to the principle of variance analysis, 
the seasonal time series {xt} is arranged as Table 1. 
 
 

Table 1. The design table of time series. 
 

V1 V2 … Vm 

1x  2x  … mx  

1+mx  2+mx  … mx2  

12 +mx  22 +mx  … … 

 
 

There are m populations Vi(i=1, 2,…, m) (designed as 
Table 1, can be called variables), notate Di as the 
variance of i the population. Test the null hypothesis 
H0: D1=D2=…=Dm, alternative hypothesis H1: D1, 
D2,…,Dm are not all equal. If the test result p>0.05, 
then accept the null hypothesis, indicating the 
number of variables is not the number of cycles of 
time series. Increase or decrease the number of 
variables to redesign the series; if p＜0.05, then 
reject the null hypothesis, this moment can consider 
the number of variables is the cycles of the series. 
 
 
2.6. Introduction of Minitab 
 

Minitab [21-25] is statistical analysis software. It 
can be used for learning about statistics as well as 
statistical research. Statistical analysis computer 
applications have the advantage of being accurate, 
reliable, and generally faster than computing statistics 
and drawing graphs by hand. Minitab is relatively 
easy to use once you know a few fundamentals. 

For this example, we will draw a histogram and 
box plot of the temperature data and a scatter plot of 
the water consumption versus the temperature. 

1) To draw a histogram, select GRAPH > 
HISTOGRAM. 

2) Choose Simple and click OK. 
3) In the Graph Variables box, select C1 

(Temperature). 
4) Click OK. 
5) Compare your answer with the resulting 

histogram shown on the right. (Note: You can change 
the settings for the width of the bars in the histogram 
by clicking the x-axis and clicking EDITOR > EDIT 
X-Scale and then selecting the Binning tab). 
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6) To draw a box plot, select GRAPH > 
BOXPLOT.  

7) Choose Simple under One Y and click OK. 
(Note: If your data is broken down into 

categories, choose another type of box plot.  For 
example if you were graphing GPA by Gender, you 
would choose With Groups to get two box plots, one 
for each gender). 

8) In the Graph Variables, select C1 
(Temperature).  

9) Click OK.  
10) Compare your answer with the resulting box 

plot shown on the right.  
11) To graph a scatter plot for water consumption 

based on temperature, select GRAPH > 
SCATTERPLOT. 

12) Choose Simple, and Click OK.  
13) In the first row, under Y, select C2 (Water 

Consumption) and under X, select C1 (Temperature).  
14) Click OK.  
15) Compare your graph with the graph shown on 

the right.  
 
 

3. Data Analysis and Reasoning Process 
 
3.1. Analysis Process Diagram 
 

The Analysis Process Diagram as shown in Fig. 1. 

 
 

Data 

Collection 

Judge trend Stationary 
test 

White 
noise test 

Output 
prediction 

With trend 

Data 

Decomposition 

Non noise Non

n order difference

operation to data 

Prediction Fitting model 

 
 

Fig. 1. Analysis Process Diagram. 
 
 
3.2. Estimating the Workload 
 

By extracting the numbers of the total batches 
and unqualified batches, to calculate the defective 
rate as Table 2. 
 
 

Table 2. The defective rate of purchasing batch. 
 

Year 
 

Month 
 

Total 
monthly 

purchasing 
batch 

Monthly 
purchasing 
unqualified 

number 

Defective 
rate 

10 1 277 18 6.5 % 
10 2 246 15 6.1 % 
10 3 326 9 2.8 % 

          
10 11 284 18 6.3 % 
10 12 352 13 3.7 % 
11 1 262 7 2.7 % 
11 2 133   

        

11 11 383   
11 12 362   
12 1 228   
12 2 164   

        

12 7 242   

 

3.3. Process Stability Analysis 
 

As shown in Fig. 2, after drawing a monodrome 
moving differential figure, find the process is not 
stable enough, and data showed a slight upward trend 
in the past three years, hence need to decompose 
data, defective rate is set to Y. 

Operating steps of moving differential figure 
operation are the following: StatControl 
ChartsVariables Charts for IndividualsI-MR… 
 
 

3.4 Data Decomposition 
 

1) This time series does not show the trend of 
amplitude gradually increasing, so to decompose in 
the form of and: 

ReY T S P si= + + +  
Note: T represents the trend factor, S represents 

the seasonal factor, P represents the cycle factor, Resi 
represents the white noise factor. 
2) For T, to use the exponential growth function 
curve fitting functions, as shown in Fig. 3. 

Y and decomposed trend T, residual Resi1: 
 

3.785 1.026

Re 1

tT

si Y T

= ×
= −

 

 

[S function curve fitting operation] StatTime 
SeriesTrend Analysis… 
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Fig. 2. I-MR Chart of Fraction Defective. 
 
 

Fraction Defective 

 
 

Fig. 3. Trend Analysis Plot for Fraction Defective. 
 
 

3) Determine seasonal factor and cycle factor. 
As shown in Fig. 4 and Fig. 5, Green line represents 
the cycle factor obtained with basic rigonometric 
functions Sp: 
 

[ ]
2+sin (2 /12+ )

          +2cos(2 t/12+ )  t 0,31

Sp tπ π
π π

=
∈

 

 
 

11.3                  11.6               11.9                 11.12 

12.3                 12.6                 12.9                 12.12 

13.3                  13.6                 
 

Fig. 4. Time series plot of RESI 1. 

Conclusion: taking 12 months as a unit of 
observing residuals Resi1, find the defective rate 
appears uptrend and reaches the maximum point of 
the year in the annual summer (June to August). 
Therefore, seasonal factors should be considered in 
establishing the model. Meanwhile for simplicity, 
consider uniformly the season and cycle, decompose 
Sp, calculate the residual: 
 

Re 2 Re 1si si Sp= −  

 
 

3.5. Data Stationary Test 
 

1) Do normality test to Resi2. 
Use XX method, obtain P= 0.14> 0.05, do not 

reject the null hypothesis, Resi2 meet the normal 
distribution. 

2) Autocorrelation and partial autocorrelation 
analysis to Resi2. 

The autocorrelation and partial autocorrelation 
analysis to Resi2, as shown in  
Fig. 6 and Fig. 7. 
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Fig. 5. Time series plot of RESI 1, RESI 2, Period. 
 

 

 
 

Fig. 6. Autocorrelation function for RESI2. 
 
 

 
 

Fig. 7. Partial autocorrelation function for RESI2. 
 
 

Conclusion: ACF graph and PACF graph may be 
considered as the tailing after p = 1, q = 1 (gradually 
decreasing with a rate), therefore do not carry out 
data difference, directly use ARIMA (1, 0, 1) 12 
model with seasonal factor to fit. 

Operating steps of Autocorrelation analysis 
operation are the following: StatTime 
SeriesAutocorrelation… 

Operating steps of Partial autocorrelation analysis 
operation are: StatTime SeriesPartial 
Autocorrelation… 

3) Fit predication graph and Residuals analysis 
graph. 

Fit predication graph and Residuals analysis 
graph are shown in Fig. 8 and Fig. 9. 

In the Fig. 8, P_VALUE of residual =0.28>0.05, 
and it have no obvious abnormalities. 

 
 

 
 

Fig. 8. Residual plots for RESI2. 
 
 

The red line in the middle of Fig. 9 is the 
predictive value of subsequent six months, top and 
bottom red line is 95 % confidence interval. 
 
 

 
 

Fig. 9. Time series for RESI2. 
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3.6. Short-term Prediction of Six Months 
 

According to the prediction residual Resi2, 
together with the prediction data of trend T, 

Re 2Y T Sp si= + + , and then obtain the final data, 

as shown in Fig.10. 
 
 

F D Forecast
F D

 
 
Fig. 10. Time Series Plot for Fraction Defective Forecast, 

Fraction Defective. 
 

 
In the Fig. 10, the last black 6 points in the time 

series is the short-term prediction value. 
 
 
4. Conclusions 
 

Eventually we know the defective rate of 
incoming materials will fluctuate around 10 % in the 
subsequent six months with a gradual upward trend, 
need to take immediate measures to make appropriate 
improvements to reduce the defective rate of 
incoming materials and guarantee quality. 
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