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ABSTRACT

This paper addresses how to deliver a frozen ptogiua particular temperature with a particularaziy at a
particular speed in a day time at lower cost. Tpntgzation of this paper is the cost of delivefyie objective is to find
the minimum delivery cost. Frozen temperature, ilogdveight, time and speed are the parameters &sphonse surface
methodology (RSM) is used in this paper to find th@imum delivery cost. And it is determined by @ahcomposite
design (CCD), statistical analysis and analyticathod.

KEYWORDS: Minimum Delivery Cost, Response Surface Methodpl& Central Composite Design.
INTRODUCTION

An optimization improves the performance of a picida process, and a system to obtain the maximemaft.
The frozen food distribution companies tend to seavarge number of customers in dispersed locgtiwhich is crucial
for them to design the routes for vehicles in ditieht way so as to minimize the delivery costrhgintaining or even

improving food and service quality for the custosaer

The most studies in vehicle routing problem (VRRrevfocused on expansion of the algorithms and orétw
than for the improvement of the vehicle routing mlod’he vehicle routing problems in cold chain dlgttion by using

optimization models reduces or minimizes the totet of delivery, deterioration cost, energy cost lansportation cost.

Vehicle routing problem (VRP) or the vehicle detimg problem is a combinatorial optimization ané thteger
programming problem. The combinatorial optimizaticonsists of finding an optimal object from a sétobjects.
It generalizes TSP that is, travelling salesmarblero. In 1959, George Dantzig and John Ramser, fistedescribed
this, in which the first algorithmic was approagipbed to petrol deliveries. The main objectivevehicle routing problem
is minimizing the total cost. Clarke and Wright aifeed the Dantzig and Ramser's approach in 19¢4ising an effective

approach called savings algorithm.

The VRP have many applications in industry. Bydke of a computer optimization program, can giwengg of
a 5% to a company and makes the transportationrsegtto 10% of the EU's Gross Domestic ProductREBIBEDP is the
measure of market value of all final goods andises/produced in a period (quarterly or yearly).

METHODOLOGY
The most relevant multivariate technique used is thethod is the response surface methodologys i i

collection of mathematical and statistical techesjuThe objective is to optimize a response (ouwgpuible) which is
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influenced by several independent variables (in@rtables). An experiment is a series of testdedatuns, in which
changes are made in the input variables in orditeiatify the reasons for changes in the outpuyiagese. The application

of RSM to design optimization is aimed at redudimg cost of expensive analysis methods.

The fixing parameters are frozen temperature, tilmagding weight, speed. Fixing response is the aoshis

model. Central composite is the design type aniydemode is quadratic. There are 30 runs and 2kblased in this
model.

Steps Involved in Response Surface Methods are:

» The first step of the response surface method im@we from a current operating condition to theiraptn
response operating conditions. It is done for miming and maximizing the response by using a metbibd

steepest descent and steepest ascent respectively.

* Next step is to fit a more complex model between fidctors and the response. A special experimesigias
which is referred as RSM designs are used to acksimpr to achieve this. The fitted model has based to

conclude that the most suitable operating conditiblose results in either maximum or a minimum sasp.

e At the same time it is possible to optimize a numi@ious responses. For example, if an experimevdats to
maximize the strength, by minimizing the numberdefects. The optimum settings of each responséadset
cases may leads to the conflicting settings ofdlotors. Balanced settings have to be found whieasgthe most

suitable values for various responses. In thoses;ahe desirability functions are useful.

Experimental Design

The experimental design was carried out using agtimixture of response surface methodology (DeEigpert,
10software). The independent variables were fraeerperature (0-2°F), time (1-24hr), loading wei@@26 tonnes) and
speed (50-60 km/hr). The dependent variable isdise

FACTORS __[UNTS ___|LOWLEVEL | HIGHLVEL |
o] 2

Frozen °F
temperature

Time Hour 1 24
Loading Tones 3 26
weight

Speed Emhr 50 60

Statistical Analysis

Statistical analysis is carried out by using RespoBurface Methodology, to fit the quadratic polyial
equation which is generated by Design-Expert saftweersion 10. Multiple regressions were used toetate the

response variable to the independent variablesaaalysis of variance was used for evaluating thalityuof fit of the
model.

Design Analysis

Table 1 shows the design (actual) of responserfeethod for vehicle delivering frozen food arldlée? shows

the design summary.
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Table 1: Design (Actual) of Response Surface Methddr Vehicle Delivering Frozen Food

s I ] ] J Facbor 1 Factor 2 FacSor & Responses T |
= E= e Hiock Raun Space Type |A-Fro=zen ta. .. B Troe D Speed
o2 = T hr a L aale L=
5 Daw 1 a Factorsal o T e 5c 1ac
= Dhay 1 15 Faclarssl E- ] 26 £=1] 115
7 Diay 1 1 Factonal o za 26 so =
2 Doy 1 2| Factoral = 24 26 SO 112
2 DaEy 1 2 Factorsal o . 3 L= ] 1a7
10 Dy 1 w3 Factoraa F3 ® s 50 zoo
11 Day 1 1= Factoral o > Y &0 =
12 Drary 1 i Factorssl s 28 3 L= 255
13 Dy 1 o Factorsal o . 268 =] 130
14 Daw 1 8 Factoral -3 | 26 =11 1S5S
i 1= Day 1 ta Eactoral o >q [BE2 eo 17s
16 Drawy 1 E: Factorsl x 4 26 =1 125
17 Dy 1 L Cervber ' 125 Ta s S5 1as
1= Dy 1 20 Cermter 1 125 145 =5 -1
19 Day 1 s Centar 125 L 55 154
20 Day 1 2 Cervler 125 L = 55 155
=21 Caya 27 Al -1 125 t4 5 55 100
22 Day>2 3 A il =3 125 14 .5 55 120
23 Day2 25 Aol -10_5 145 55 =210
=2 Cray2 25 e | T ass Ta. S 55 1vs
25 Diay2 =2 | ¥ 125 2.5 55 122
25 Dayz zo PR ' 125 7.5 == =
27 Dray 2 =1 a1} 12> 5 14 5 .S 1Ta7
28 D= 28 ) T T2 5 4.5 &5 150
=25 Crawa 23 Cervter * 25 - s S5 230
30 Cray> 25 Centar L 125 4 5 55 200
Table 2: Design Summary
File Version 10.0.5.0
Design Wizar Optmzation = Factorial /RSM = HTC
Study Type Responsge Surface Sublype  Randomized
Dezign Type Central Composite Runs 3
Design Mode Quadratic Blocks 2 Build Time (r£2.00
Factor Name Units Type Sublype  Mimimum  Maximum Coded Values Mean Std. Dev.
A Frozen temper { Humeric Conthucta <1 3 =1.000=0 1.000=2 1 0809718
] Trme br Humnaric Contuous  -10.5 355 -1.000=1 1.000=24 125 10.4518
c Loading weighiones Humeric. Confinuous -85 s -1 000=3 1.000=28 145 10 4818
o Spesd ke Humeriz Contiuous 45 85 -1 Hi=50 1.000=60 55 4 54850
Response  Name Units Oba Analysiz Minimum  Baximum  Mean Sid, Dev, Ratio Trans Mode!
Rl chst i3 30 Pelyriomeal S0 253 147 367 403213 283333 Mone No model chog

Modeling Equation

Y= -1065.55550 - 63.53986 * A - 4.85728 * B + 18532 * C + 41.24855 * D + 0.29348 * A * B -1.4456%\
*C +2.32506 * A*D-0.012287 *B * C + 0.071739B * D - 0.14565 * C * D-18.52083 * A2 + 0.015911B2 -
0.068210 * C? - 0.35583 * D2.

Where, Y- Cost

A- Frozen temperature
B- Time

C- Loading weight

D- Speed

The equation in terms of actual factors has beed ts make predictions about the response to axdexel of
each factor. Here, the levels have to be specifigtie original units for each factor. This equat&hould not be used to

determine the relative impact of each factor, bseahe coefficients re scaled to accommodate thg oiheach factor and
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the intercept is not at the center of a designespac

RESULT & DISCUSSIONS

For the minimum delivery cost, the level neededdptimized parameters like frozen temperature, tioading
weight and speed are 2°F, 24hr, 3 tonnes and 60kegpectively which show the table3. Fixing resmoris the cost, the
minimum cost obtained for delivering frozen food Rs 90 and the maximum cost is Rs.255. Figure Wwshihe

optimization by numerical representation and figlr& 3 shows the contour plot showing the frozemgerature and
time.

Table 3: Optimized Parameter

Frozen Temperature 2°f
Time 24hr
Loading weight 3 tonnes|
Speed 60 km/hr

cost (Rs)

0 e
i

0 255

B: Time (hr)

cost

Ac Frozen temperature (f)

Figure 1(a): Optimization by Numerical Representaton
(b). Contour Plot Showing Time & Frozen Tmperature

Desirability g cost (Rs)

B |

A Frogen iemperature (1)

Figure 2: Contour Plot Showing Time & Frozen Tempeature
where the Desirability is the Cost.

CONCLUSIONS

This paper investigates a unique vehicle deliveprablem in the frozen food distribution industRormulate the
problem into one optimization model with the obieetof minimizing the total cost. To solve this ptem, response
surface methodology is used to solve the vehiclveténg problem which has a very large solutiomap To obtain an
optimal solution in response surface method, furthealysis should be done to determine the paramethie

corresponding to each case; the case was desigsed bn actual information in a frozen food disttiimn.

The focus of our future studies in this area w#l o increase the complexities of assumptions tkenthem
closer to the real world. Response surface methedficient in improvements of existing studies gndducts.
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