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Abstract: The world of manufacturing industries is forced to meet the demand of the end users and one of the
factors is highly quality demand from customer and highly precise products have determined by manufacturing
systems. Many strategies from manufacturer already did how to reduce the number of defected and forecast
the manufacturing process to more accurate. The ARIMA forecasting techniques developed for this study can
forecast and can become superior to traditional methodology where interpretation is needed. The findings from
the study will serve as a useful evidence and applicability of the proposed methodology to beltline moulding
manufacturer for implementation. In our study the developed model for cross section on beltline moulding
production was found to be classified for each contours the best ARIMA models where is for Contour 2 with
ARIMA (3, 1, 1); Contour 3 with ARIMA (1, 1, 1); Contour 4 with ARIMA (1, 1, 1); and Contour 5 with ARIMA
(1, 1, 1) also. From the forecast available by using the developed model, it can be seen that forecasted
dimension of cross section beltline moulding for best ARIMA models for four contours are towards in mean
range compared the actual values.
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INTRODUCTION Mean Square Error (RMSE) and Akaike’s Information

In the manufacturing industry, there is an ever-
growing  demand  for  increased   machining  accuracy. MATERIALS AND METHODS
The traditional way to achieve this is to use high
precision machine components, which are costly. An Box-Jenkins Model: The basis of the Box-Jenkins
alternative low cost approach is to use feedback control approach to modelling time series is summarized and
compensation [1]. In compensation control, the errors are consists of three phases: identification, estimation and
measured in process and there is always a time delay testing and application. In this chapter, each of the three
between a measurement and a control action, thus phases will be examined and practical examined illustrating
deteriorating the system performance. To achieve a better the application of the Box-Jenkins methodology to
machine performance, a forecasting and compensation univariate time series analysis will be given. 
control scheme needs to be adopted. It considers the In time-series forecasting, the future behaviour is
process variations and other stochastic effects and uses inferred from its past behaviour only. A number of
forecasting control rather than simple feedback methods exist for forecasting a time series from its own
compensation. Experimental data are collected from a past values [2], [3]. One of the most consistently
beltline moulding process and then they are simulated by successful time-series forecasting methods that will be
the application of the Auto Regressive Moving Average described in this study was the Box-Jenkins (ARMA)
(ARMA) models. We are going to identity, formulate and method [4]. The box-Jenkins methods have a logical and
estimate some suitable ARMA models. In order to study organised procedure for model development using
the forecast accuracy, the observed data and the autocorrelation function (ACF) and partial autocorrelation
simulated results can be compared and the absolute Root function (PACF).

Criterion (AIC) can be computed.
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Consider the observations y(t ), y(t ), ...., y(t ), stationary; otherwise it is considered to be non-1 2 N

obtained from a discrete time series at times t , t , ..., t , stationary. Then the differencing and transformation can1 2 N

where t - t is a fixed constant for i = 1, 2, ¼..N-1. If a be applied until the series become stationary.i+1 i

time series is plotted, there is no evidence of change in
the mean and no obvious change in the variance over Data: In the manufacturing of automobile mouldings,
time, then the series is said to be stationary in second especially the belt line mouldings that border the interface
order series. The stationarity assumption implies that the between a car door panel and the bottom outside edge of
probability distribution for the series is the same for any the door windows, it has become aesthetically fashionable
instant. For a stationary time series y , when the current to provide a strip of stiff decorative or ornamental plastict

value of the process is expressed as a finite, linear material on the outer or inner side of the arch or channel
aggregate of previous values of the process and a shock shaped moulding in combination with the coil look of an
a , where a is a purely random process with zero mean and exposed portion of the core material. In addition to theset t

variance  That is: aesthetic functions, the inner portion of the moulding2
i

y = ø  y + ø  y + ...+ ø  y + a (1) against the window, sealing the door from the elementst 1 t-1 2 t-2 p t-p t

Then y is called an AutoRegressive (AR) process of window. This is referring to Figure 1.t

order p, where the coefficients ø : i=1 … p are constants. Irregularities in the surface of the roll forming are1

The Moving Average (MA) model of order q leading into uneven desired surface finishing and
expresses the process y as a finite weighted sum of a's, resulting in poor roll forming uniformity. The irregularitiest

where a is a purely random process with zero mean and are a leading source of inferior, reject products that mustt

variance . That is, for constant coefficients, be culled from acceptable production run quantities.2
t

y = a  - a - a - ... - a (2) making roll forming, automobile moulding members int t 1 t-1 2 t-2 q t-q

To achieve greater flexibility in fitting of actual time resulting in reduction of unacceptable product quantities
series, both autoregressive and moving average terms can made.
be included in the model. This leads to the mixed Dimensional analysis is a magical way of finding
autoregressive moving average model. The useful results with almost no effort [5]. It makes it possible
autocorrelation functions (ACF) and partial to bring together the results of experiments and
autocorrelation functions (PACF) are used to measure the computations in a concise but exact form, so that they can
degree of association between y and y . Their purpose in be used efficiently and economically to make predictions.t t-k

time series analysis is to help to identify an appropriate It takes advantage of the fact that phenomena go their
ARMA model for forecasting. The partial autocorrelation way independently of the units we measure them with,
function of a p  order autoregressive process cut off after because the units have nothing to do with the underlyingth

lag p. The autocorrelation function of a q  order moving physics. This simple idea turns out to be unexpectedlyth

average process cut off after lag q. powerful. This study demonstrates what can be done with
Suppose  that,  using a particular time series, the dimensional analysis through a series of examples,

model has been identified and the parameters estimated. starting with vector and the simple resultant and going on
The question remains of deciding whether this model is to a number of practical. In parallel, the study explains the
adequate and the residual test can be used. Once a underlying theory, starting with roll forming inspections
forecasting model has been fitted, autocorrelations can be sheet, whilst avoiding unnecessary complexity when
computed for the residual errors to determine whether continues in quality control on beltline moulding. Refer
they are random. If the forecasting errors have a definite Table 1.
pattern, the residual autocorrelation function would have
high magnitude components that indicating the model Univariate  Data  and  Analysis:  The   univariate  refers
chosen was not an appropriate one. If the sample to an expression, equation, or function of only one
autocorrelation function dies out rapidly, it might suggest variable.  The  term  is  most  commonly  used  in statistics
that the underlying data series (stochastic process) is to  distinguish  a  distribution   of   one   variable   from  a

comprises a flocked elastomeric lip adapted to bear

and providing a guide for reciprocating movement of the

Accordingly, there is a need to provide a method for

which roll forming surface uniformity is improved, thereby
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Fig. 1: Cross Section Belt Line Moulding

Table 1: Standard Acceptance Dimensional on Beltline Moulding  Cross
Section Contours

Direction Resultant
--------------------- -----------------------

No. of Contour axis - ve + ve - ve + ve
2 a 0.3 0.3 0.316 0.583

b 0.1 0.5
3 a 0.7 0.7 1.655 0.762

b 1.5 0.3
4 a 0.7 0.7 0.99 0.99

b 0.7 0.7
5 a 0.5 0.5 0.64 0.583

b 0.4 0.3

distribution of several variables, although it can be
applied in other ways as well. For this study, univariate
data is composed of a single scalar component. One
would not have expected traditional time series
forecasting models, such as Box-Jenkins models, which
stationary univariate Box-Jenkins (ARIMA) models
produce optimal (minimum mean square error) forecasts
that revert quickly to the mean of the process, which are
therefore only intended for short-run forecasts [6].

Arima Forecasting for Beltline Moulding Contours
Forecast  Evaluation:  We  have   tried   different  orders
(p, d, q) for our data sets, with a maximum order is p=3,
q=1 and q=3 for weekly data. We report results for those
values that produced the lowest SEE, MSE and RMSE.

The standard error of the estimate is a measure of the
accuracy of predictions. We call that the regression line
is that minimizes the sum of squared deviations of
prediction. The standard error of the estimate is closely
related to this quantity and is defined as below:

Table 2: Standard Error Estimate for four contours
Contours Models Standard Error Estimate
2 ARIMA(3, 1, 1) 0.268965
3 ARIMA(1, 1, 1) 0.420484
4 ARIMA(1, 1, 1) 0.427827
5 ARIMA(1, 1, 1) 0.218638

where  is the standard error of the estimate, Y is anest

actual score, Y’ is a predicted score and n is the number
of pairs of score. The numerator is the sum of squared
differences between actual scores and the predicted
scores. The data in Table 2 shows the lowest SSE on the
best ARIMA model for each contour.

The forecast error is the difference between the actual
value and the forecast value for the corresponding period,
the error is defined as;

e  = Y  - Ft t t

where e  is the forecast error at period t, Y  is the actualt t

value at period t and F  is the forecast for period t.t

Usually, F  is calculated using data Y , ….., Y . It ist 1 t–1

a one-step forecast because it is forecasting one period
ahead of the last observation. Therefore, we describe e  ast

a one-step forecast error.

The mean absolute error (MAE) function is given by;

MAE = 

The MAE is very similar to the RMSE but is less
sensitive  to  large  forecast  errors. For small or limited
data sets like in this study, the use of MAE is preferred.
A  similar  idea  is  behind  the  definition  of Mean
absolute percentage error (MAPE). MAPE is measure of
accuracy in a fitted time series value in statistics,
specifically trending. It usually expresses accuracy as a
percentage;

MAPE = 

The difference between actual value Y  and F  ist t

divided  by  the  actual  value  Y   again. The absolutet

value  of  this  calculation  is   summed   for   every  fitted
or forecasted point in time and divided again by the
number of fitted point n. This makes it a percentage error
so one can compare the error of fitted time series that
differ in level. When having a perfect fit, MAPE is equal
by zero.
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For next step we investigated MSE and RMSE for
determine lowest error on ARIMA models will be select.
The models of this chapter were evaluated for their
forecasting performance. The procedure we used was to:

Select a training sample of observations of four
contour dataset where T  = 57. The training samples0

*

we used differed from Contour 1 dataset to Contour
4 dataset. For suggestions about the length of the
validation sample, Tashman (2000) [7] and Ashley
(2004) [8] were discussed on this issue.
Identify and estimate parametric ARIMA model
using the training sample.
Compute the one-step-ahead forecasts for all the
above models.
Reverse the differencing transformations and
compute Root Mean-Squared Error (RMSE).
Rank-order the models according to their RMSE, from
best (smallest RMSE) to worst (largest RMSE).

Finally, we repeated the above forecast evaluation
procedure using one-step-ahead forecasts for all our
contours series.

While is the performance of the forecast is evaluated
by comparing with the appropriate realisation. The
accuracy of the forecast for each horizon is summarized
according to in the following criteria. 

And the Mean Squared error (MSE) is a second way
of measuring overall forecast error. MSE is the average of
the squared differences between the forecasted and
observed values. Its formula is;

The root mean square error (RMSE) is a frequently-
used measure of the differences between values predicted
by a model or an estimator and the values actually
observed from the thing being modelled or estimated.
These individual differences are also called residuals and
the RMSE serves to aggregate them into a single measure
of predictive power.

RMSE = 

=

Table 3: The AIC for four contours with the best model of ARIMA
Contours Models AIC SBC
2 ARIMA(3, 1, 1) 13.80916 17.85986
3 ARIMA(1, 1, 1) 63.85338 67.90408
4 ARIMA(1, 1, 1) 65.79242 69.84313
5 ARIMA(1, 1, 1) -9.19117 -5.17651

Table 4: The ChiSq for four contours with the best model of ARIMA
Pr. > ChiSq
-------------------------------------

Contours Models To Lag 6 To Lag 12
2 ARIMA(3, 1, 1) 0.8445 0.9570
3 ARIMA(1, 1, 1) 0.4479 0.7309
4 ARIMA(1, 1, 1) 0.8653 0.4052
5 ARIMA(1, 1, 1) 0.8833 0.9926

Akaike's information criterion, developed by
Hirotsugu Akaike under the name of an information
criterion (AIC) in 1971 and proposed in Akaike (1974) [9],
is a measure of the goodness of fit of an estimated
statistical model. It is grounded in the concept of entropy,
in effect offering a relative measure of the information lost
when a given model is used to describe reality. The AIC
is an operational way of trading off the complexity of an
estimated model against how well the model fits the data.
To decide on number of parameters in the model, k we use
a version of AIC. This criterion is;

AIC = 2k – 2 ln(L)

where k is the number of parameters in the statistical
model and L is the maximized value of the likelihood
function for the estimated model. This that AIC is made
smaller by a decrease in the number of model parameters
or an increase in the likelihood function. Thus, it trades
off precision of fit against the number of parameters used
to obtain that fit. We select k to minimize AIC.

The Schwartz Bayesian Information Criterion (SBC)
which is SBC = nln(s ) + (p+q)ln(n), where p and q are the2

autoregressive and moving average orders of the
candidate model and s  is an estimate of the innovations2

variance and normalized by n. Both of the criterions would
shown as Table 3 as a below.

The Chi-square is determined greater differences
between  expected  and  actual  data  produce  a  larger
Chi-square value. The larger the Chi-square value, the
greater the probability that there really is a significant
difference. With a Table 4, we found the Chi-square value
is greater than to the critical value is 0.05. There is shown
a significant difference between the models we are
studying. That is, the difference between actual data and
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the expected data is probably too great to be attributed to REFERENCES
chance. Thus, we conclude that our sample supports the
hypothesis of a difference. 1. Fung, E.H.K., S.M. Cheung and T.P. Leung, 1998.

DISCUSSION Compensation System for Roundness Improvement

ARIMA model offers a good technique for predicting
the magnitude of any variable. Its strength lies in the fact 2. Tang, W.K., M.H. Wong, Y.K. Wong, T.S. Chung,
that the method is suitable for any time series with any 1998. “Load Forecasting by Fuzzy Neural Network In
pattern of change and it does not require the forecaster to Box-Jenkins Models”, IEEE Proceedings of Systems,
choose a priori the value of any parameter. Its limitations Man and Cybernetics, Oct., pp: 1738-1743.
include its requirement of a long time series. Often it is 3. Wellstead, P.E. and M.B. Zarrop, 1991. “Self-tuning
called a Box-Jenkins model. Like any other method, this Systems: Control and Signal Processing”, John Wiley
technique also does not guarantee perfect forecasts. & Sons.
Nevertheless, it can be successfully used for forecasting 4. Reynolds, S.B., J.M. Mellichamp and R.E. Smith, 1995.
long time series data. In our study the developed model “Box-Jenkins Forecast Model Identification”, AI
for cross section on beltline moulding production was Expert, June, pp: 15-28.
found to be classified for each contours the best ARIMA 5. Andrew C. Palmer, 2008. Dimensional Analysis and
models where is for Contour 2 with ARIMA (3, 1, 1); Intelligent Experimentation. World Scientifics
Contour 3 with ARIMA (1, 1, 1); Contour 4 with ARIMA Publishing Co.
(1, 1, 1); and Contour 5 with ARIMA (1, 1, 1) also. From 6. Deadman, D., 2003. Forecasting residential burglary.
the forecast available by using the developed model, it International Journal of Forecasting, 19(4): 567-578.
can be seen that forecasted dimension of cross section 7. Tashman, L., 2000. Out-of-sample tests of forecasting
beltline moulding for best ARIMA models for four accuracy: An analysis and review. International
contours are towards in mean range compared the actual Journal of Forecasting, I6: 437-450.
values. The forecast values more stabile and consistent 8. Ashley, 2003. R. Statistically significant forecasting
condition. Another important result obtained in this improvements: How much out-of-sample data is likely
chapter is that we have generated a SAS programming for necessary?.  International  Journal   of  Forecasting,
an ARIMA identification program. The program has been 19, I2, 229-239.
applied to time series data from the real data from 9. Akaike, Hirotugu, 1974. A new look at the statistical
manufacturer and shows very good results. On the other model identification. IEEE Transactions on Automatic
hand, the validity of the forecasted values can be checked Control, 19(6): 716-723.
when the data for the lead periods become available. 

CONCLUSION

This program will be useful which the model can be
used by researchers for forecasting of cross section on
beltline moulding manufacturing. However, it should be
updated from time to time with incorporation of current
data.

“The Implementation of an Error Forecasting and

in Taper Turning”, Computer in Industry, 35: 109-120.


