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Abstract

In this study, transfer function is used to modeig relationship between the input
and output of a soap plant in order to do materig¢quirement planning for the

facility. It involved taking the inputs and output® the soap plant for three different
years and determining the transfer functions. Thetdrmined transfer functions were
compared with an equivalent model obtained usinggmession analysis. The
resultsshow that transfer function models performéetter than regression analysis.
In addition the raw materials quality variability md product variability, a key

characteristics of the process industry, was effeety modeled. Transfer function is
therefore recommended as the preferred tool for erél requirement planning for

soap plants.

Keywords:Transfer function; Multi Input Single Output ProsgMaterial Requirement Planning; Modelling;Soap

production

Nomenclature, Symbols and Notations

k = lag variable

B= pretreated output series
o= prewhitened input series
v(B) = Transfer function

B = backshift operator

d= number of differencing

0 = autoregressive operator
¢ = autoregressive operator
H = Frequency response

¥ = covariance function

Y. = process output at time t b = transfer function lag

X; = process input at time t
y; = differenced output series

o = difference equation variable for input
& = difference equation variable for output

x = differenced input series r = order of the output series

A

Yi

A

Xt

h=ACF/PACF lag

g=order of moving average operator
p=order of autoregressive operator

= input forecast
a; = error term/white noise
vk = impulse response weight at lag k

s = order of the input series

= output forecast S = sample standard deviation

o = population standard deviation

p = auto correlation function

y = cross covariance function

p=mean

ACF=Auto Correlation Function

PACF= Partial Auto Correlation Function

p = Frequency response between input and output

1.0 Introduction
Quite regularly in production systems, it is ofteecessary to predict/forecast the output of a Eoé®m a given input or
determine the inputs required to produce a giveantity of output. This is very desirable in prodantplanning and control
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systems. In material requirement planning, whergtrentity of a given product to be produced in\egiperiod, i.e. weekly,
biweekly, monthly etc as the case may be, is deteunfrom sales forecast and demand, it is ofteres&ary to determine
the quantity of raw materials that would meet tiggragate production plan. In the manufacture ofrdig items, this is
often done by product explosion. In the procesustny, product explosion is not possible becaus¢hefnature of the
production process. Therefore, an approximate wayelate the quantity of raw materials requiredptoduce a given
product is to model the relationship between tipeiirio a process and the output of the process.

As noted in the literature, determining the relasioip between the input and output of a produqpiatess is quite complex
because the input to a production process is sstichand the output is equally stochastic [1-5]e Momplexity becomes
even more in the case of multi-input single-oufpnatduction processes as shown in Figure 1 in tke ofa soap plant.

Figure 1: Schematic of the input-output relationship of asproduction system

Mathematically modelling the relationship betweaput and output of processes is usually done thrdransfer function
modeling, regression analysis and its derivativegchvincludelinear system model, Koyck-lags modémon-lags model
etc[4, 6, 7]. Of all these mathematical modelingldonamed, many authors have praised the elegawceracy and
superiority of transfer functions in modeling thausal relationship between input and output of acess over regression
analysis and its derivatives[1, 2, 6, 7, 8]. Herogr, choice to investigate transfer function mautglas a tool for Material
Requirement Planning (MRP) in a soap plant is basesbund scientific evidence backed by literature.

MRP as an operations management tool has evolvedtbe years. The earliest writing on the basic MiaRulations was
due to Alfred Sloan who wrote about its use asbfark as 1921 in his account of his years at Gendaabrs [9].In the
literature, it is noted that application of MRP@rocess industries is quite difficult and lessighiorward when compared
to industries that manufacture discrete items [3D-One of the complexities of application of MRIPgrocess industries is
that unlike in the manufacture of discrete iterhe, taw materials vary for the same quantity of poddnd the qualityof raw
materials or end products could also vary conshilgfd 0]. This apparent complexity makes transterdtion an appropriate
tool for modeling the complex relationship betwélea input and output of a process. By doing thisweelld have a more
accurate recipe, an important component of the MRPRe process industry.

The aim of this research is to explore transfecfiom modeling as possible tool for MRP in the mssindustry with a soap
plant as a case study; and also to compare thevittoregression analysis, a competing tool. Thie dfuour investigation is
a local soap production company known as Promatdustrial and Chemical Company Limited located atudim, Nnewi,
Anambra State Nigeria. Promotex, a subsidiary ofic&on Group of Companies, was incorporated in 1684
manufacturing and marketing of a wide variety aig®ranging from toilet, medicated and laundry soap

2.0 Theoretical Brief

2.1 Multiple Input Transfer Function Models
In terms of the impulse response weigh{g), the transfer functioif,can be represented as [7]:

Vi = v(B)Xip + N; 1)
Recalling thatr(B) = §"1(B)w(B) [7], we obtain:

Y, =8 (B)w(B)X,_p, + N, (2)
Allowing for several inputsX ¢, X, ¢,....X;, . We have:

Vi =v1(B)X1 + - + v (B) X e + Ny 3)
Y, =8 (B)w (B)Xye—p + -+ + 8T (B) Wy (B) Xy e—pp + Ny 4
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Here v;(B) is the generating function of the impulse respomeights relating t&; . to the output. Assuming differencing is
applied to the input and output series we obtain:

Ve = vi(B)xy; + o+ U (B) X e + 1t )

Multiplying throughout byX; ¢, X, i —&,....Xm —xin turn and taking expectations and forming theegating functions, we
obtain:

y*(B) = v, (B)y™*1(B) + v,(B)y***2(B) + - + v, (B)y "™ (B)

y*2¥(B) = v, (B)y™*(B) + v,(B)y*>*2(B) + - + vy (B)y*#™(B) i ©)

y*m(B) = v, (B)y ™ 1(B) + v,(B)y ™ *2(B) + -+ + vy, (B)y ™ m(B)

SubstitutingB = e~%"/, the spectral equations are obtained. For theafase2, the spectral equations are:

pxly(f) =H, (f)px1x1 (f) + Hp, (f)pxlxz D) ™

pxzy(f) = Hl(f)px2x1 N+ Hm(f)pxzxz 6D ®

The frequency response functidig(f) = v, (e ™), H,(f) = v,(e~?™) can be calculated through methods outlined in
the literature on spectral analysis [16, 17] etoe Tmpulse response weights can be obtained bintteese transformation
thus:

1

v = J-Elv(e_iz”f)eiznfdf 9

3.0 Methodology

The three year data obtained from Promotex wasestdyj to exploratory data analysis to detect astiad patterns in the
data. After the exploratory data analysis, thedfanfunction model according to Equation (4) watoed using the input
output data for the years 2011, 2012 and 2013.

In order to realize the transfer function modeldshen Equation (4), a plot of the 3-year input-otitfata was done using
SPSS software. Following the plot, the data wevestigated for stationarity, using the plots of #tocorrelation functions
(ACF) and Partial autocorrelation functions (PACFhe inputs and output series derived from thesplatre investigated
for stationarity. Non stationary series were défezed to achieve stationarity. A univariate modasundividually fitted to
the input X1t and output Yt, and input X2t and autjyt for each of the years in order to respecyivedtimate prewhitened
input seriesuy; and oy, and pretreated output serigs and By respectively. Calculation of the cross correlationctions,
CCF (k) ofprosexandpaocWas used to identify r, s and b parameters ofrdmesfer function model. Sequel to obtaining the
nature of the transfer function models, the impulkssponse weightg,, estimated with spectral analysis, were used to
estimate the transfer function parameters in Eqod#).

4.0 Results

4.1  Transfer Function Modelling
Figure 2 shows the weekly raw materials consumpdiag the corresponding output (soap productiorihényear 2011 for
Promotex Nigeria Limited. The raw material X1 ipcchips while the raw material X2 is the additive.

Figure 2: Weekly raw material consumption and output
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