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ABSTRACT. In recent years, there has been an increasing interest on
renewable resources for consumer products and biodegradable materials.
Traditional polymeric materials derived from petro-chemical sources do not
degrade and disposal of such materials is a major concern in minimizing the
environmental problems. Currently, experiments are carried out in
laboratories to determine the physical properties of degradable plastics
which include melt flow index (MFI), melting point (MP) and Density. Oil
palm biomass (OPB) is used as bio-active components in the formulation
with Polyethylene (PE). Alternatively, a different approach is required as to
minimize the time consume, the cost of production and the cost of labor. In
this study, Linear Regression model has been developed and used to predict
the physical properties of degradable plastics. The ability of Linear
Regression model is assessed by comparing the theoretical results with the
actual lab results using correlation coefficient () and coefficient of
determination (R’). The result showed that the percentage prediction
accuracy for MFI is 93%, 71% for the prediction of MP and 24% for the
prediction of Density respectively using linear regression. The study proves
that the use of Linear Regression model for predicting the physical
properties of degradable plastics is highly feasible.
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INTRODUCTION

Currently experiments are carried out in laboratories to determine the physical properties
of degradable plastics which include Melt flow index, Melting point, and Density by using Oil
palm biomass as bio-active components in the formulation. The whole process is very time
consuming and costly. Thus there is a need for an alternative method of modeling the
properties of fibre-reinforced polymer composites. Traditional mathematical equations
derived provide a way for solving real world problems. A study by Sin et al. (2010) showed
that Linear Regression method is capable of predicting the properties of fibre-reinforced
polymer composites.

Fundamental of Linear Regression Model

Regression model is a statistical method commonly used for modeling relationships
between variables. Introduced by Sir Francis Golton in 1985’s, the idea of simple linear
regression was later extended into other methods of regression such as multiple linear
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regression, logistic regression and nonlinear regression. Linear Regression is a model with a
response variable y that has a relation with single regressor x. A typical equation of Linear
Regression is as follows:

yVi = BO + lei +Ei . i = 1, 2, e, n (1)

where, y; is the dependent variable, B, is the intercept, B; is the slope and €; is the error. The
present study uses Linear Regression model in predicting the physical properties of
degradable plastics. Linear Regression model is being used in this study since reports have
shown that Linear Regression produces good prediction results through simple computation
(Sin et al., (2010).

Background of Natural Fibres

Studies of natural fibre as filler in producing degradable plastics have attracted numerous
researchers and academician in pursuing industrial research. Examples include the
investigation of the mechanical and physical properties of degradable plastics (Mungara ef al.,
2002); studies on degradable plastics’ thermal behaviour (Mangal ef al., 2003) and the studies
on the effect of treated and untreated fibers on degradable composites (Sreekala and Thomas,
2003).

Recently, there have been an increasing number of studies on oil palm biomass (OPB).
Different types of oil palm biomass that can be used as fillers are oil palm empty fruit bunch
and oil palm trunk wood flour (Badri ef al., 2005; Zaini et al., 1994). The rationale behind the
interest in using OPB as fillers is due to several benefits which include the renewable nature
of OPB, OPB’s lower density and its amenability to chemical modification as well as lower
cost of accumulation (Badri et al., 2005).

Numerous mathematical models have been applied in the study of degradable plastics.
such as regression model (Sin et al., 2010); ANFIS model (Lee et al., 2008); Fuzzy model
(Muc and Kedziora, 2001); modified rule of mixtures (ROM) strength and simple ROM
strength (Facca et al., 2007); micromechanical model (Facca et al., 2006) and, Tobias and Y.
Agari model (Mangal et al., 2003). The present study focuses on the application of Linear
Regression in predicting the physical properties of oil palm biomass (OPB) reinforced
polyethylene (PE).

The objective of this study is to develop Linear Regression model for the prediction of
MFIL, MP and Density of degradable plastics. The ability of Linear Regression model in
predicting MFI, MP and Density of degradable plastics will be assessed by comparing
theoretical results with actual lab results using correlation coefficient () and coefficient of
determination (R?).

METHODOLOGY

Linear Regression model is developed and used to identify the suitable level of factors
affecting the MFI, MP and Density of degradable plastics using MATLAB programming. The
method of this study is divided into 3 steps as follows:

Step 1: Identify input and output values.

The results obtained from the Malaysian Palm Oil Board (MPOB) laboratories are used to
develop the Linear Regression model. The two inputs are Polyethylene (PE) (%) and Oil palm
biomass (OPB) (%).The outputs are the physical properties of degradable plastic composites
namely the Melt flow index (g/10min), Melting point (°C) and Density (g/cm’). A resampling
technique known as bootsrapping was applied to the data collected by MPOB to produce a
sample of 220 data. The data were divided into two sets, the training and testing data sets with
the partition of 50%-50%. The training data were used to generate Linear Regression formula
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while the testing data were used to assess the ability of Linear Regression model based on the
Corelation Coefficient (r) and the Coefficient of Determination (R’) values.

Step 2: Generate Linear Regression formula.

To create Linear Regression equation, the parameter [, and ; has to be estimated. Here,
the method of least square was used such that the sum of the squares of the difference
between the observation y; and the straight line is minimized (Montgomery, 1991).

Let say B, and f; are the estimated values of 8, and f8; respectively. Hence the predicted
values, ¥; is given as follow:

9i = Bo + Pix; 2

The difference between the observations, y; and the predicted value, ¥; is called residual, e;.
The smaller the residuals, the better fitted value is achieved. The residual is given as:

e =y~ 9= ¥i—Bo— Pixi 3)
The least square criterion is

S(ﬁo ,,31) = Y10 — Bo — B1x)? . . 4
The least square estimator for 5, and 3, , say B, and 3, has to satisfy the condition below:

F) ~ ~

35 Bop = ~2 X1 (Vi Bo — Prxi) = 0 (5)

and

) A A

35 Bops = ~2 X (vi— Bo = Prxi)xi = 0 (6)
Simplifying equations (5) and (6) gives

nfo + P11 X% = Xi=1 Vi (7

and

BoXicixi+ Bi Yl xf =X yix (3

Equation (9) is called the least squares normal equation. The solution for B, and 3, are as
follow:

Bo =y- Blf (9)
and
R L1 YiXi — (Z?=1yi)n(2?=1 X;) (10)
& nxF— _(Z?=Tllxi)2
where
7= 1¥h ad 1= l¥in "

Now, ¥ and X are the averages of y; and x; respectively. Thus from equations (9 ) and (10),
Bo and B, are the least squares estimators of the intercept and slope. Below is the fitted
simple linear regression model:

Y =PBo+ pr1x (12)
From equation (10), the numerator is the corrected sum of the cross products of x; and y;. The
denominator is the sum of the cross products of x;and y;. These two quantities are
repesented as:

(Tie, x)? = .
Swx = Dimg ¥ —=EEE =L (g - D)2, i=12,.,n (13)
and
(OHREDIOEED) =
Sxy = D=1 Vi Xi — == = ML ¥ — %) (14)

Thus, equation (10) can be rewriten as
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=12 (15)

Step 3: Assessing Ability of Linear Regression.

This study assesses the ability of Linear Regression model in the prediction of the physical
properties of degradable plastics based on the correlation coefficient (7) and the coefficient of
determination (R®) values calculated in MATLAB R2009a environment. The formulae of r
and R” used are as follows (Wang and Elhag, 2008):

YA - A F-F)

r= — —
\/thv=1(At —A)?* - Itv=1(Ft - F)?
Where A; and F; are the actual and predicted values, N is number of training and testing data

set, A = %Zévzl Ay and F = %Z’tvzl F, are the average values of A; and F; over the training
or testing data.
And VR4 = Absolute value of r

In general, the formula of r is used to investigate the strength of the linear relationship
between X and Y (Pardoe, 2006). The larger value of r indicates the better performance of the
model understudied (Wang and Elhag, 2008). On the other hand, R? is used to measure the
goodness of fit of the model.

RESULTS AND DISCUSSION

In this study, Linear Regression models were developed using the training data set and
used to predict the Melt flow index (MFI), Melting point (MP) and Density of degradable
plastics based on two input parameters PE and OPB using the testing data set. The Linear
Regression equations for the models developed using the training data set are:

MFI = -0.0066 PE — 0.0080 OPB + 0.7592
MP = 0.0986 PE + 0.1016 OPB + 119.6384
Density = 0.0027 PE + 0.0029 OPB +0.6469

The testing data set was then used to predict the MFI, MP and Density of degradable
plastics using the three derived equations. The predicted results are then compared to the
actual lab results. The discrepancies between the predicted results and the actual lab results
are used to calculate the correlation coefficient () and the coefficient of determination (R?).
The correlation coefficient () and the coefficient of determination (R”) values are tabulated in
Table 1. The result reveals that, the prediction accuracy of Melt flow index is 93%, 71% for
the prediction accuracy of Melting point and 24% for the prediction accuracy of Density
respectively. The results indicate that the use of Linear Regression model for predicting the
physical properties of degradable plastics is highly feasible.

Table 2. Correlation Coefficient (r) and Coefficient of Determination (R’).

Physical Property of Degradable Plastic Predicted r R’
Melt Flow Index 0.9656 | 0.9324
Melting Point 0.8422 | 0.7093
Density 0.4946 | 0.2446

CONCLUSION AND RECOMMENDATION

Linear Regression model has been developed to study the physical properties of
degradable plastics (Melt flow index, Melting point and Density) with different percentages of
PE and OPB. The findings from this study indicate the feasibility of Linear Regression model
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as alternative tool to be used in predicting the physical properties of degradable plastics. It is
also recommended that further research be carried out on other aspects of degradable plastics
using others mathematical applications. The findings of this research will certainly benefit the
industry related to biopolymer products.
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