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ABSTRACT

In business, the transport system cost is a significant part of business
operation cost. In the transportation system, there are many variables in this research
that will refer to the factor of truck tires used in transportation. This research created a
model for worthiness prediction of truck tire usage in terms of distance and lifetime by
using Artificial Neural Networks and Linear Regression. The accuracy of the
predictions from the distance of truck tires by the Artificial Neural Network was
99.63% and lifetime was 99.54% with the same sample model. The results of the two

models could be integrated for further worthiness business plan.
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CHAPTER |
INTRODUCTION

1.1 Background and statement of problems

Today, that is driving a business. The transport system implements plane
terms of added drive to every business. The costof transport and logistics
infrastructure are affected the organization. The transportation system impacts on
business operation to relate. The cost of truck tire is a cost of doing business.

Businesses have a price and quality in competition control. The
manufacturer has made continuous improvement. To allow, owner uses operators and
achieve maximum value from their applications.Factors aredistance and lifetime of
tires attributed to use it.This has studied research applications which caused
worthwhile.So this research has studied the worthy of deployment truck tires.

From the study of the problem of truck tires, the need of factors is divided
to two dimensions which are distance and lifetime for the most effective worth.The
statistic collection and problems of working by data mining create the two-dimension
model.Bring the result for a model's integration to evaluate the worthiness of real work

and new knowledge for development of the research.

1.2 The objective of research
To develop the prediction model of truck tire and integrated model usage

worthiness in two aspects: distance and lifetime.
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1.3 Scope of Research

1. Usage data tries for distance and lifetime on database from logistic
company.

2. Establish rules for worthiness prediction of tire distance and lifetime
using classification data mining techniques.

1.4 The expected benefits
The benefit of the worthiness prediction of this research is to plan the most

effectivetruck tires maintenance.
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CHAPTER I
THEORY AND RELATED WORKS

This research will determine the worthiness prediction from the actual data
used tires inthe database. To assist is deciding on the choice of tires to suit your

business.

2.1 Factors that affect truck tire usage

Tires are the most important part that makes the car move.The tire is the
only car parts that touch the road.So when it uses infrequently that would wear and
tear.If tirefrom use of drivers each a different way. How use maintenance critical on
base.Which other factor that affects the wear is as follows [1].

1. Tire Pressure

Inflate tire weaker than the shorter sidewall tires made of old tires to
overheat and deteriorate faster than other parts.This causes burns tire and structure of
rubberdissociated from each other which will lead to swollen and burst of cuticles
tires.It could result tire sidewall tirestear or broken, and also supplies fuel well in
additional.

Tirepressure too much was bad either.Because the tangent space of tire
and the road surface is reduced.When slipping easily and tire potentially explosive
Easy to shock.That tire was spiking to expand fully flexible, low lifetimediminish.The
treads are worn in middle than the rest.While driving dropped make softness

2. Payload

Conveyance overloaded a twisting area tire touches road surface lot.That
heat easily as a result there, then wear of tire quickly.lIt will shorten their lifetime.

3. Speed

While the car is running at high speed there is friction and heat too. This
makes affect wear resistance and the age of tire dropped down.
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4. Braking and Start

The trucks are inertia on the road, which is higher than the speed. So when
brake until the wheel stops spinning and inertia of the car to push. The wheel is
slipping on the road surface, making tire wear.Which are depending on the speed and
brake. Most of the violence makes the wheel spin. Front tire friction on road surface,
then so hard tires wear faster.

5. State of Car

Such as the suspension and wheels have a dramatic effect on tire wear
fast.If the system is faulty wheel to the specification of the car will cause friction and
slipping the front tire than usual.

6. State of Road

The road surface is very smooth, then tiring wear will be even slower to
use than driving on rough roads.The rolling smooth is resistance less than tire friction
with the road surface, then move forward with a force less on the road.Also features
path is taken effect as well. Drive on the right to wear slower than driving uphill, then
driving on a winding road.

7. Weather

Tires are the main ingredient as natural rubber. It is resistant to high
temperatures than synthetic resin.It will affect the wear faster so applications. If

tire heat up.

2.2 Lifetime of tires

Usually, the lifetime of tires starts has since been deployed.After the tires
to the wheels fitted to the vehicle and bring it to run applications.This tire will be
warranty by the manufacturers every line.The details and conditions have from manual
warranty [2].

The age of the tire is depending important on your active.lIt is a long and
safe allowing for use.lt is recommended to maintain correct tire.

For safety and extends are the lifetime usage along time.Thatshould

increase attention more tires.And the choice of tires is reasonably correct.
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2.3 Data Mining

Data Mining is a process that dealt with large amounts of data to find
patterns and relationships then hidden in the data set.Currently, data mining has been
applied in several categories both business to assist in management decisions, science
and medicine, including the economy and society.Data mining is virtual the evolution
of storage and interpretation of data.From the original data is store data simple into
store in the database model.The Information Technology used to fetch data mining to
discover knowledge hidden in the data.

The flow of the process shows the project non-stop data mining solution,
particularly when is active.The results of data mining to new business questions,

which can adopted to develop a model Figure 2.1.

Problem
Definition

= Data Accaess

/"f;]_atn Cathering T
\ &

Preparation

- Diata Sampling

= Data Transformation

= Create Model
— e - Text Modal

s e
/ Model Building T / = Evaluate & Interpret hodel
&

Ewvaluation

= Model Apply
—— - A Custom Feports

/— Enowledge - External Applications

Deployment

.

Figure 2.1 Data Mining Fundamental.
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1. Problem Definition

The first phase of a data mining project is that focuses on understanding
the project objectives and requirements. When you have identified a project from a
business perspective, you can determine that is data mining and development plans,
preliminary.

For example, that business issues you might have. The model predicts are
most likely used to be created with data that describes the use of the product in the
recent past. Before creating the form, you will need to gather data that is likely to be a
relationship between those who use the product and unprocessed usage.

2. Data Gathering and Preparation

The process of data understanding is associated with the data collection
and surveys. As you take a closer at look from the data, you can determine how to
better it is a business issue. You might decide to remove some of the data or add
additional. This is also the time to identify data quality issues and to scan for data
patterns.

The process of preparing data includes all the tasks associated with
creating a table if you will use in modeling. Data preparation tasks are likely to be
performed multiple times, and not in any prescribed order. The schedule is for the
selection of cases and attributes, as well as cleaning and changing data. Additionally
you might add new computed attributes in an effort to tease information closer to the
surface of the data. For example, rather than using the purchase amount, you might
create a new attribute.

3. Model Building and Evaluation

This phase, you can select and use a variety of techniques for creating
models and parameter adjustment of the best. If steps are required to transform the
data you must step back to the past to implement them. It often makes sense to work
with a reduced set of data in preliminary model building. In the process of this project,
it is time to assess whether the scheme in line with business goals originally-stated.
The model would be improved by adding text data. Then should transactional data
such as purchases be included. That costs associated with false positives or false
negatives are included in the model.
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4. Knowledge Deployment

Knowledge deployment is the use of data mining within a target
environment. In the process of deployment insight and actionable data will be obtained
from data usage that can apply the new data model, or the integration of data mining
models within applications, data warehouse infrastructure, or query and reporting
tools. Scoring in real time: Data can be mined and the results returned within a single
database transaction. For example, users can use a model that predicts the probability

of damage in the context of doing business.

2.4 Neural network

The back propagation algorithm [3] performs learning on a multilayer
feed-forward neural network. A multilayer feed-forward neural network consists of an
input layer, one or more hidden layers, and an output layer. An example of a
multilayer feed-forward network. Each layer is made up of units. These inputs pass
through the input layer and are then weighted and fed simultaneously to a second
layer, known as a hidden layer. The outputs of the hidden layer units can be input to
another hidden layer, and so on. The number of hidden layers is arbitrary, although in
practice, usually only one is used. The units in the input layer are called input units.
The units in the hidden layers and output layer are sometimes referred, due to their
symbolic biological basis, or as output units shown in Figure 2.2.

Input
F layer

Raw
Data

e/

Figure 2.2 Driagram Work flow MLP Model.
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The perceptron algorithm is a type of The Artificial Neural Network [4].
The perceptron used in any machine. The Artificial Neural Network has many layers
(a single layer called perceptron). Perceptron is an algorithm to classifier. Perceptron
could to learning linearly separable patterns. Single layer perceptron has artificial
neurons or nerve cell. It can input values sent to output values by a set of weight (see
Figure 2.3). Therefore, it is a basic feed forward network. Perceptron can apply with
activation function. This could be called McCulloch-Pitts neurons or threshold

neurons.

The Perceptron

x3 . Summation Threshold Checking

Figure 2.3 Process Hidden Node MLP Model to Output.

2.5 Regression
Straight-line regression analysis involves a response variable [5], y, and a
single predictor variable, x. It is the simplest form of regression, and models y as a

linear function of x. That is,
Y = WotWiX:

These coefficients can be solved for by the method of least squares, which

estimates the best-fitting straight line as the one that minimizes the error between the
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actual data and the estimate of the line (see Fig. 2.4). Let D be a training set consisting
of values of predictor variable, x, for some population and their associated values for
response variable, y. The training set contains jDjdata points of the form(xi, ya),
(X2, Y2),: 1, (X;Dj, y;D;j).12 The regression coefficients can be estimated using this

method with the following equations:

Y Linear Regression

Figure 2.4 Linear Regression.

2.6 Related works

Researchers have studied the literature review and related works. The
details as follows:

Al-Garni, Jamal, Ahmad and Tozan [6].For this purpose ANN model using
back-propagation algorithm feeds forward while learning. The rules were developed in
a certain narrow context. The results that the ANN predicts the failure rate better than
the Weibull regression. A comparative study shows that the three input ANN model
performs much better with lesser percentage error from the actual data than the two
and one input models, and six intermediate neurons give much reasonable accuracy
than lesser number of intermediate neurons as also verified by visual inspection. In the
present study, both the flying time and the number of landings are used as indicators of
operational lifetime of tires. Different is using variables in the distance used truck tires
and lifetime, tire to use for research. The variables used to determine worth. There is
extensive research documenting its safety profile. This paper is an overview of failure
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rate for Boeing 737 tires that can be applied Data Mining. This researchhas adopted
the applied ANN model using back-propagation algorithm feeds forward while
learning.

Ahmed Z. Al-Garni et al., [7] model for predicting the failure rate of De
Havilland Dash-8 airplane tires. The inputs to the neural network are independent
variables and the output is the failure rate of the tires. Six years of data are used for
model building and validation. The average percentage difference of the failure rate
with that of the actual data is found to be 19.84%, 8.56% and 5.66% for neural
networks having one, two and three inputs, respectively. Moreover, with informal
visual Applications of us focused improved operating range rather than live there. It is
worthwhile to use standard to reduce accidents involving truck tires. This paper is
divided into several clusters as above, and classification the rule by using several
algorithms, including The Artificial Neural network, Weibull Regression model. The
most accuracy of the result has used ANNs for estimation or prediction of the problem
for this algorithm. A truck tired usage prediction model has adopted to apply to this
paper by using Regression model.

Factors wear of tires usage the distances, it is percussion of the tires on
road. Jadranko Matusko et al., [8] tire/road friction force estimation. The main purpose
of the simulation experiment was validation of the estimator robustness to changes of
the friction model parameters. Four parameters of the friction model were changed.
This research indicates the standard in the engineering design wear of the tires for use.
Production used as a benchmark in automotive design. Entrepreneurs can choose tires
for worthiness. This paper offers a novel approach by dividing tire/road friction force
estimation. In devastated by the use of tires, which is a standard that indicates the over
time to change the tire. But our research, the structure of the truck tire is different from
the research.

A research study has model of the tire manufacturer's guarantee lifetime,
tire at age 4 years. Krivtsov [9] Regression approach to tire reliability analysis. The
paper considers how empirical analysis of the root causes you some type of tire
failure. Lifetime can get information from laboratory tests that have been developed to
repeat the failures the field. A number of parameters related to tire geometry and

physical properties. This research used the weight of the tires and tire temperatures to
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determine the lifetime. The result indicates the quality of the tires that has good quality
as a result. Their lifetime is a variable that used, it is worth the distance. That is the
choice of tires to the maximum worth of the distance. This research adds variables tire
manufacturer guarantee lifetime. That is variables determine the worth use duration.
When adding variables for determination it considered that the core patients and can
be applied for a research about implementing the Regression approach match business

requirements.
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CHAPTER IlI
METHODLOGY

3.1 The steps of the research process

In this paper, we apply the data mining techniques to the database of trucks
tires worthiness. The steps of the research process are as follows as show in Figure
3.1.

Business I_Ind-erstanﬁmg_r_ Ciata ur:s-'s.tar:'r_g

Data Separation

Maodel Integrated

Knowledge

& Deployment

Figure 3.1 Research Methodlogy.
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3.1.1 Data & Data Collection

Select related dataset to be used in case study of data mining. After making
a selection data (Figure 3.2.), then process of data preprocessing for data mining is
important step. Data preprocessing is Eliminate irrelevant data, for example data
integration, data transformation, data reduction and so on. Data preparation is help
optimize also affect the precision and accuracy in the processing.

GPS
PK |ID
Empmst SectionL 4— TruckID
CMPID
PK [EmpID | > PK | SeclD DStart
N Empld DEnd
ame mp < DateTime
SName TruckID
BDate EQID
Address MileStart
CMPId MileEnd
PositionID .
Chgequip StocklnOut
T PK [ EQID 4‘_PK PartiD
— Partld PartName
Acident Truckld BName
EqDateStart TypePart
PK | CaselD EqgDateEnd
CName
Reason
Truckld
EmpID

Figure 3.2 Data ER Diagram.

Data collection is irrelevant data, such as data integration eliminates, data
reduction and other changes (Figure 3.3). The subject of maintenance have
replacement truck tire on set, problem of the quality of tires and tire-related accidents.
The variables data is the distance and lifetime of truck tire usage, as show in Table 3.1
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Data Section Attribute Data Criteria Detail
Distance of Trucks : Distancel7 Numerical Km, Distanice Use Start to End
CompanyU 10 Type Company Of Use Tires
UseL 168 - 944 Km. Long Distance e Tire
UseS 5.9- 159 Km. Short Distanca Use Tire
Life of Tire: NTire 23 Type Version Of Type from Band Tires
ITire TLIZand T3 Characterizics of Tires
FTire Fland F2 Tires tread pattera
BTire T Type Band Of Use Tires
ATire Day Day OfUse
ETire Al,CLEL Reason for Change

Figure 3.3 Data selection of distance and lifetime.

1. Business Understanding

By the study of the transportation business, that relate various to associated

data and reasons driver, characteristics of tire and other systems. That is both associate

with business worthy. Which are able to choose related data, analyze for the new

knowledge and all of them remain to be further develop.

2. Data Understanding

The data collection relate to the cost of use truck tires. That about the
issues, Compare the distance with the life of the tires. For deployment of the company

tell the distance (near — far).Which is a measure of the worth for the truck tires. And

also data are regarded characteristics of the driver. That could be an indicator in terms

of usage as well.
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Table 3.1 Preprocessing Data for usage.

NTire ETire CompanyU |----| ATire DistancelU

EMR10004 El GSTEEL | 1895 115375
MLXDEL000R El GSTEEL : 1456 213010
VT1000R Al sC : 1266 244805
MLXDE1000R El GSTEEL | 1266 244805
VT1000 El GSTEEL i 1379 111550
VT1000 Al GSTEEL : 1360 48809
MLXZE1000R El GSTEEL : 1327 249403
VT1000R Al INC/TSL \ 1327 249403
MLXZE1000R El BST i 1400 224090
EMR10004 El INC/TSL : 1400 115375

1 1 I 1 I 1

1 1 | 1 [ I

I 1 | 1 [ I

3.1.2 Data Saturation

From the data, that has choose for research. Then choose the database in a
transportation system from the GPS system. There are total distance data and the tire
truck take off in 2012.The features include the problem of different types of tire
characteristics related to the drivers. The data will be divided into two parts by the

distance and lifetime as show in Table 3.2.

Table 3.2 Data from database in company.

Tire Serial | R Problem | Face Tire |Band Tire| Tread Tire | Company Use | Short Di Long Di: 0Old EMP | Di: Use | Life of Tire
EMR1000A | E1 T1 SIA TC1 | GSTEEL 3 | 318 1 115375 1895
MUDELONR | El T3 MIL T2 | GSTEEL 3 | 38 53 213010 1456
VT1000R | Al T2 OTH TC2 | SG 174 | 168 52 244805 1266
MLXDELO00R | El T3 MIL T2 | GSTEEL 3 | 38 53 244805 1366
VT1000 | El Tl OTH TC1 | GSTEEL & | 38 47 111550 1379
VT1000 | M L) OTH TC1 | GSTEEL [ | 318 3 48809 1360
MUZEIO00R | El T3 MIL T2 | GSTEEL 3 | 38 30 245403 1327
VT 1000R Al T2 OTH 2 | THC/TSL 427 | 944 ¥ 249403 1327
MUZEI000R | E1 LE! MIL T2 | BST 89.7 | 352 S0 2240090 1400
VT 1000R | Al T OTH T2 | TNCTSL 427 | o044 46 224000 1400
VT 1000 | Al T1 OTH [Ls ] | ML 5 | 355 53 8349 1231
VT 1000 | Al T OTH it | MIX £ | 355 53 8349 1231
VT1000R | Al T2 OTH Q2 | 5G 174 | 168 9 218928 1m
MLZYL1000R | 3 T3 MIL @ | 56 17.4 | 168 2 218928 17
MUDELONR | M T3 MIL TC2 | GSTEEL 6 | 38 54 218214 1159
MLDE1DOOR. | Al LE MIL Q2 | GSTEEL & | 318 54 218214 1159
MUZY10008 | E1 T3 MIL Q2 | 56 174 | 168 3 176551 1M
MULXDEIOM0R | Al T3 MIL T2 | 56 174 | 168 a9 231607 1158
MLXDELO00R. | E1 13 MIL | 2 | 5G 174 | 168 4 224731 1299
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The data are divide the distance that standard can usage at 120000 km. and
standard differential usage a data from the manufacturer to the average by user as
show in Table 3.3.

Table 3.3 Preprocessing selection for distance

NTire ETire | TTire | BandTire | FTire | UseCompany | DistanceS |Distancel| OIdEmp Distance .
VT1000R 21 T2 OTH TC2 TNC/TSL 2.7 944 4 0.012373333
VT1000R E1 T2 OTH T2 TNC/TSL 4.7 944 42 0.012373333
MIXDE1000R Al T3 MIL T2 sus 5.9 205 39 0.013946667
VT1000R c1 T2 OTH T2 5G 17.4 168 55 0.014166667
MLXZY1000R El T3 MIL TC2 SG 17.4 168 55 0.014166667
MIXZY1000R al 13 MIL T2 SG 17.4 168 55 0.014166667
MLXZY1000R E1 T3 MIL T2 5G 17.4 168 55 0.014166667
MLXZY1000R al 13 MIL T2 SG 17.4 168 55 0.014166667
MLXZY 1000R El T3 MIL T2 5G 17.4 168 55 0.014166667
MLXZY1000R al T3 MIL T2 G 17.4 168 55 0.014166667
MLXDE1000R AL T3 MIL TC2 STP 159 208 37 0.016253333
MLXDE1000R Al T3 MIL TC2 5TP 159 208 37 0.016253333
MIXMULTI 11R22.5| Al T3 MIL T2 TNC/TSL 0.7 944 34 0.019293333
AS1000B AL T SIA TG MIX 35 355 58 0.0218
AS1000B Al Ti SIA Aie] MIX 35 355 58 0.0218

The other data have a choice the life of the tire. From a lifetime of Average
at the factories is schedule to use not more than four years. But the tread is critical in
determining of life, which relates to range of use as show in Table 3.4.

Table 3.4 Preprocessing selection for life of tire

NTire ETire | TTire |BandTire| FTire | UseCompany |DistanceS| Distancel | OldEmp Life Tire
VT1000 Al TE OTH TEL MIX 35 355 55 0.145205479
VT1000 Al TE OTH TEL MIX 35 355 55 0.893835616
EMR1000A El: T1 SIA TEL GSTEEL 6 318 4 0.578767123
VT1000 Al T1 OTH TC1 MIX 35 355 55 0.578767123
EMR1000A E1 Ti SIA TEL GSTEEL 6 318 44 0.23630137
VT1000 Al T1 OTH T MIX 35 355 55 0.23630137
OTDCR20 RR9 Al 2 OTA TE2 TNC/TSL 42.7 944 31 0.495890411
OTDCR20 RR9 Al 2 OTA TE€2 TNC/TSL 42.7 944 31 0.495890411
OTDCR20 RR9 Al 12 OTA e TNC/TSL 42.7 944 31 0.484931507
OTDCR20 RR9 Al 2 OTA TE2 TNC/TSL 42.7 944 31 0.484931507
OTDCR20 RR9 Al 2 OTA EX TNC/TSL 42.7 944 3 0.484931507
OTDCR20 RR9 Al M2 OTA TC2 TNC/TSL 42.7 944 31 0.484931507
MLXDE1000R El T3 MIL TE2 GSTEEL 6 318 35 0.508219178
MLXDE1000R El T3 MIL TE2 BST 89.7 352 34 0.508219178

3.1.3 Model Building

In this process, we take the preprocessing to data form the data
typeNumeric, Nominal, and Ordinal. We will bring it into the model of The Artificial
Neural Network Model with built, we can create a table. This is weighing controller
between Input node and Hidden node (for easier viewing to show only two decimal
digits only) section weighing between hidden node to output node therefore

completing the process. When you have decided to take Regression analysis to analyze
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data and compare results. Process and sequence have analysis to ideal for Simple
linear regression. Data will be analyzed according to the appropriate data to be used

more than the other way around.

3.1.4 Evaluation

In our model, the 10-fold cross-validation technique proposed by
DeryaBirant (2011), the dataset is divided into 10 subsets, and the method is repeated
10 times. In each time, one of those 10 subsets is used as the test set, and the other
subsets are put together to form a training set. On the other hands, the percentage

splitting method is to split up into sub-datasets for training set and testing set.

3.1.5 Integrated Model

As described in the previous section, we will study the following steps of
the method in the preceding section. Take the best results, comes from the evaluation
expert systems in integrating data.

The experimental results show that, in both evaluation methods, the
proposed extended model is a little superior to the traditional approach, in terms of
accuracy. Additionally, the extended model building provides more practical customer
segmentation rules which are advantage in the final phase, the knowledge deployment.

3.1.6 Knowledge and Deployment

After that we have the results evaluated by the appearance of distance and
lifetime. Allows find the cause of the tire problem. We will make the tire choice for
the more worthwhile. That will make the tire choice for the more worthwhile. The data
were analyzed to determine the Company's strategy to allocate funds for the business.

This also helps to arrange their schedule to maintenance to achieve maximum benefit.
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3.2 Research stages and duration of the research
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Schedule of this research has start on August and uses 5 months for thesis

with any topic in Figure 3.4.

Task Stages

Time Line

June

July

August

September October

Issue Business

Study the theory
and Related works

Daiz Preparation

Modeling and Evaluation

Knowledge Deployment

—

Figure 3.4 Schedule of research.

In this chapter, we discuss about steps of the research process. In the next

chapter, we discuss analysis, results, and knowledge deployment for organizations.
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CHAPTER IV
EXPERIMENTAL RESULTS

4.1 Data Mining Result
Theresult of modeluse three methods in two model building, as shown in
Table 4.1.

Table 4.1 Model building: distance and lifetime of tires.

Model Building
Data Method
Regression Neural Network
Numerical 77.42%
] 74.30% ]
(Root relative squared error) (hidden node 27)
) Nominal 65.60%
Distance 54.08% )
(Accuracy) (‘hidden node 31)
Ordinal 99.63%
99.31% )
(Accuracy) (hidden node 36)
Numerical 109.90%
] 92.97% )
(Root relative squared error) (hidden node 27)
Lifetime of Nominal 43.17%
42.75% ]
Tires (Accuracy) (hidden node 31)
Ordinal 99.54%
99.49% ]
(Accuracy) (hidden node 36)

Firstly, the 10-fold cross validation method is applied for the evaluation on
a dataset (2,189 instances). The accuracy results of distance are given as 99.63% for
ordinal data type, 65.60% for nominal data type and root relative squared error 77.42%
for Numeric data type from MLP. Then model building from regression the accuracy

results get value just less.
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For life tires use as method distance, Then accuracy of Life tire results is

99.54% forordinal data type, 99.49% for nominal data type and root relative squared

error 109.90% for type Numeric from MLP. Additionally, the extended model

building provides more practical worthiness segmentation rules which are advantage
in the final phase, the knowledge deployment

In this process, the data is divided into 2 groups according to the company type

before using the MLP algorithm for classification company segment. As summarized

in Table 4.1, the data type can be classified as: distance and lifetime of tire. We

contain ordinaldata type iswith the total of 2189 instances, as shown in Table 4.2-4.3

Table 4.2 Hidden node output by MLP with distance.

Hidden Node D1 D2 D3 D4

Node0-9 2.4022 2.2206 1.3912 1.6806

Nodel0-36 0.1461 0.2387 0.0405 0.1195
(weight)

Worthiness _ ) _

Very High High Medium Low

(output)

Number of

3 2,3 1,2 1

Integrated

Table 4.3 Hidden node output by MLP with lifetime of tires.

Hidden Node L1 L2 L3 L4

Node0-9 2.6349 3.6679 1.5631 1.3142

Nodel0-36 0.2132 0.4647 0.1332 0.2030
(weight)

Worthiness _ ) _

Very High High Medium Low

(output)

Number of

3,4 1,234 1,234 1,2

Integrated
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4.2 Integrated Model

After creating rules for distance and lifetime of tire segment, Tire data will
be able to see the difference in various groups of worthiness according applications of
the distance by different units. Can able to choose the format of tire to use with
applications worth. (See Table 4.4)

Table 4.4 Expert system tire worthiness.

Distance
Life Time 100,000km
Distance<100,000km | <= Distance <= | Distance>150,000km
150,000 km
year <1 Low Medium High
1<=year <=2 Low Medium High
2<=year <=3 Medium High Very High
Year >3 Medium High Very High

The experimental results show that, in both evaluation methods, the
proposed extended model is a little superior to the traditional approach, in term of
accuracy. Additionally, the extended model building provides more practical customer

segmentation rules which are advantage in the final phase, the knowledge deployment.

4.3 Deployment for Application

After creating equation for the group of company segment, the company
will be able to see the differences of various group customers rather than the
uncategorized tire data with the type of tire segmentation. It would reach the more
targeted company and worthiness according to the type of tire analysis. Moreover, it
can upgrade or downgrade the type of tires, it depends on the strategies for the

individual organizations, as shown in Figure 4.1.
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Choose data for Processing
Select Company GSTEEL S
Salect Tire for Use MLXDE1000R S
Rasult Distance Distance > 150,000 lam
Very High Lifetime Year = 3

Figure 4.1 Example for application from human expert.

Tire segmentation analysis, the advantage for defining a strategy, Choose
tire reasonable and activities as well as the products and suitable services for company.
For example, user can select tire for company at stock tire as: worthiness use high or
very high from company to use. In addition, it also provides an opportunity to keep an
existing customer, establishes a good management relationship, extend and reduces the
cost. Moreover, the organization would take the advantage over the competitors by
knowledge of the target company patterns.

In this chapter, we discuss the experimental results, analysis, and
knowledge of deployment for organizations. In the next chapter, the conclusion and

future works for research are also given.
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CHAPTER V
CONCLUSION

5.1 Conclusion and Discussion

This research presents the prediction model of the truck tires usage
worthiness. Two proposed dimensions are the distance and lifetime of tires compared
with two prediction methods: The Artificial Neural Network and the Linear
Regression. This research also compared in the dimension of three data-transformation
schemes. The best results for the distance and lifetime dimensions, are 99.63% and
99.54% accuracy respectively. These two results have been then integrated and got the
worthiness prediction model reply to the experts, opinion. This new model has
comparing with the expert system to get the final decision model. This research is
beneficial to the user who is able to use the truck tires worthily in their company. This
data will assist the user, especially in managing level, to arrange the schedule for
maintenance. The company can use this data to determine their strategy to achieve the
maximum benefit.

Specific to technical viewpoints, the collected have been divided into two
parts: a distance and lifetime of tires. The final rule has created to determine the worth
in usage. The technology is transfer from the ANN method and Linear Regression into
a model. The results will be based on the characteristics and condition of the tires
which concern to the mileage, and the duration. The worthiness is divided into four
ordinal values, which we got a final rule in worthiness. Part of the research is to study
the literature reviews also analyze the physical to determine the range of the distance
use, actually in our analysis the data is from the actual use, but most of the research of
the tire usage are related to the plane. The difference is the truck tires are using a
longer distance. The data is obtained from human expert analysis and the results from
the model. The factor is difference from the outcome of the trial, because of the
distances. Even the lifetime of tires is secondary, but it has to integrate together to get
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the final rule in worth of selecting tires. In business, the data in physical are unable to
confirm with the actual usage.

5.2 Future works

According to the possible future work, this research may be extended
based on the behavior to the truck driver or another device. We may be able to keep
the data with the supplement to this research which will provide more accuracy.
Additionally, since the data is develops as structural format, which the information
provided may be uncompleted, they should be stored in the geo-graphical position
which able to remove for analysis in any points to change the truck tire. In terms of the
prices restrictions the truck tires are not in a variable normal store. It will be sold the
vender contract. From the results, it can develop to another such as saving fuel,
suspension systems, engine, etc. Also concerning to the monetary value by chooses the
proper equipment to the right and appropriate purpose. This research should be
brought for the data from the real usage which able to the tire producing for reasonable
price and quality.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 25

REFERENCES

1. Rutka and J.Sapragonas, "The Role of a tire in vehicle and road interaction™, LT-
3004 Kaunas, Lithuania, TRANSPORT- 2002, Vol XVII, No 2, 39-45

2. P. Sasikumar, GovindanKannan and A. NoorulHag, “A multi-echelon reverse
logistics network design for product recovery—a case of truck tire
remanufacturing”, Advanced Manufacturing Technology, August 2010,
Volume 49, Issue 9, pp 1223-1234

3. R.Rojas,” Neural Networks”, Springer-Verlag, Berlin, 1996

4. E.Mizutani ,Stuart E. Dreyfus and Jyh Shing Roger Jang, "On dynamic
programming-like recursive gradient formula for alleviating MLP hidden-
node saturation in the parity problem™ Industrial Engineering and
Operations Research, Univ. of California at Berkeley, CA 94720, USA

5. J. Scott Long, Regression Models for Nominal and Ordinal Outcomes, Indiana
University, 2012

6. Ahmed Z. Al-Garnia and A. Jamalb,"Artificial Neural Network Application of
Modeling Failure Rate for Boeing 737 Tires", Quality and Reliability

7. Ahmed Z. Al-Garni et al.," Neural network-based failure rate prediction for De
Havilland Dash-8 tires”, Engineering Applications of Artificial
Intelligence 19 (2006) 681-691

8. J. Matusko, I. Petrovic and N.Peric, “Neural network based tire/road friction force
estimation”, Engineering Applications of Artificial Intelligence 21 (2008)
442-456

9. V.V.Kirivtsov et al., "Regression approach to tire reliability analysis™, Reliability
Engineering and System Safety 78 (2002) page267-273R



Nakarin Prateepattanatumrong Appendices / 26

APPENDICES



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 27

APPENDIX A
BIOLOGICAL NEURAL NETWORK
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Figure A.1 Approximate functions from distance data
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Abstrace— Nowadays, Tranzportation cost is ome of the
significant parts in the Busines: operation. This method will be
able to reduce the expenses of the transportation especially the
factor: which conzumed in this case it about the truck tires. This
rezearch proposes the prediction model for the worthiness of the
truck tires into dimension of distance and lazt long, This research
uses the technology of data mining, The Artificial Neural
Network model and the Liner Regression Model as the selected
clazsification algorithm. Acquired accuracies are 99.63% and
99.54% respectively for distance and lifetime to determine the
worth, The integrated strategy will lead how to use of truck tire
to reduce the cast,

I INTRODUCTION

1 Fl

Transportation has been i in all t 5
The variable cost of ':rauapormon has effected and rela'ed to
all the organization. The mamufacturers have mmproved their
own 1_rc,\‘1mt to be in igh quality and last long in distance. So
the business owners will achieve maxinmm worth from the
distance by using the muck tires in last long and get more
profit. However, there is also a problem occurred as the user
has no any mstructions how to use and maintzin the truck tire
properly. Thus, this research 1s the alternative of tires selection
and usage which will be beneficial to the user who concemed
about the truck tires usage worthiness m their business.

This paper proposes a prediction tool separated into two
models. The model predicts about the worthiness of the tires
with the two perspectives, the distance and the duration of
using tires. This model 15 developed by the data puming
method truck tires data by using the distance and lifetime
since it has taken off. To determine this process, it will be a
prediction worthwhile and lower cost in the transportation
business.

This paper is organized as follows: in section 2 and 3, we
describe an overview of the related theories and researches.
Section 4 presents the proposed procedurs and steps of the
research process. Section 5 15 the description of the
analytically experimental results. Finally. the conclusion of the
paper is described.

II. RELATED THEORY

A Facrors that affect to the ires

Tires are the most important part that makes the
automobile move Smce they are the only parts of mobile
which touch the road [1], Tlle"f would be wore and tom easily.
The related factors which are described how to use and
maintamn the track tires to make 1t long-life and safety in use
as follows:

» Tire Pressure : This cause of bummng tire and the
stucture of rubber dizsociated from each other which
will lead to the swollen and burst of the cuticles tires. It
could be the result which make the sidewall tires tear
or broken, and also the fuel supplies well m additional.

+ Payload: Conveyance overloaded i a twisting area will
make the tires heat wiile touching the road so often.
The tires would not be last long and wear easily.

¢ Spesd: While the truck is nuning in high speed, there
are a friction and heat. Which it's concerned to the tire
age to be drop down and affect to the wear resistance.

+ Brakmng and Starting: The merta of the numing muck
on the road is in the higher speed. So when the driver
started to brake, the inertia has pushing until the wheels
stop spimming. The wheels are crushing in the surface
of road and the tire is wearing.

+ State of Truck: The suspension and the wheels have a
dramatic effect to the tire wear quickly. If the
specification of the car and wheels are incorrect, it will
cause of the friction and crushing to the surface tire.

» State of Road: Diving on the smooth surface road will
protect the tires to be last long than driving on the
rough road.

+ Weather: Tires are the mam ingredient from natural
Tubber. It is resistant to the high temperature than the
synthetic resin. It will affect to wear quicker if the heat
up.

Track IM-Informaticn Technolegy and Innovation Management
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B. Lifz of tives

Usnally, the hfe of the fires stated smce 1t have been
deployed [2]. After the tires fitted with the wheel to the
vehicle and started to nn spplication program.  These tires
will be warranty by the manufacturer in each condition. The
tires will be last long. dependmg on the user active which
recommended to use the correct tires.

. The Muld Layer Perceptron Modsl

The Mult Laver Percepiron algorthm (MLF) 15 a type of
the Artificial Neural Network [3]. The Artificial MNeural
Network has many layers (a single layer called perceptrom).
The MLP 15 a classification algonthm which could leam
linearly separable pattems. Single laver perceptron has
artificial neurons or nerve cell which can input values sent to
output values by a set of weight (see Fig. 1). Therefore, i1z a
basic feed forward network. MLP canm be applied with
activation fimction. In the MLP leammng the hidden node
activation often have to create a route to the simulation [4].

The Perceptron

wi wl wl wid

x5 i Suseron Threshobd Checking

Wi wn

Fig 1. Driagam Weork fow MLP Model

D Liner Regression Models

Straight-line regression analysis involves a response
variable [3], v, and a single predictor variable, x. It is the
simplest form of regression, and models ¥ as a linear function
of x. That1s,

¥ =Wotwix

This coefficient can be solves by the method of least square,
which estimates the best-fitting straight line as the ome that
minimizes the error between the actual data and the estimate
of the line (see Fig. 2). Let D be a training set consisting of
values of predicter vanable, x, for some population and ther
associated values for response vanable, y. The tramng set
contamns D; data points of the form(x), ). (x2, v2), ... (=D,
%Dy The regression coefficients can be estimated by using
this method with the egquations as follows:

V= WoeW X+ W2 Xpe =W Xp

Track IM-Information Technology and Innovation Management
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III. RELATED RESEARCHES

There are many different approaches to the problem of tire
usage worthiness have been propesed. The data used for this
case study are all gathered from operating distance and life
tires from the actual use of a logishe company. In this study,
several truck tires researches are mentionad.

The first paper is “Modeling Failure Rate for Boeing 737
Tires”, proposed by Al-Gami, Jamal, Ahmad. Al-Gami, and
Tozan [5]. This paper presents an application of The Artificial
Newral Network (ANN) techmigue for conducting the
reliability analysis of Boemng 737 tires. For this purpose ANN
madel using back-propagation algorithm feeds forward wlule
leaming. The rules were developed in a cerfam namrow
context. The results are that the ANN can predict the failure
rate better than the Weibull Regression. A comparative study
shows that the three mput ANN model performs much better
with lesser percentage error from the actual data than the two
and one input models, and six intermediate nsurons give much
reasonable accuracy than lesser mumber of intermediate
nenrons as also venfied by wsual mspection. In the present
study, both the flymz time and the number of landings are
used as indicators of operational life of the tires. Different is
using variables in the distance used muck tires and life, tire to
use for research. The variables used to determine worth. There
15 extensive research documenting its safety profile.

Ahmed Z. Al-Garm et al.[6] proposes model for predicting
the failure rate of De Havilland Dash-8 awplane tires. The
mputs to the Neural Network are independent variables and
the cutput is the failure rate of the tres . Six years of data are
used for model bulding and wvalidation. The average
percentage difference of the failure rate with that of the actual
data is found to be 19.84%, 8.36% and 3.66% for neural
networks having one, twe and three mputs, respectively.
Moregver, with informal visnal Applications of us focused
improved operating range rather than live there. It 1s
waorthwhile to use standard to reduce accidents involving truck
tires.

Factors wear of tires usage the distances. it 1s percussion of
the tires on road. Jadranke Matusko et al. [7] propesed a
tires/road friction force estimation. The main purpose of the
simulation experiment was validation of the estimator
robustness to changes of the fiction model parameters. Four
parameters of the fiiction model were changed. This research
mdicates the standard in the engineerng design wear of the
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fires for uze. Production used as a benchmark m sutomotive
design. Entrepreneurs can choose tires for worthiness.

A research study has model of the tire manufacturer's
guarantee life, tire at age 4 vears. Krvtsov [B] proposes the
Regression Approach to tire reliability amalysis. The paper
constders how empirical analysis of the root causes you some
type of tire fallure. Tire life can get information from
laboratery tests that have been developed to repeat the failures
the field. A mumber of parameters related to tire geometry and
physical properties. This research used the weight of the
tires and tire temperatures to deternune the life. The result
indicates the guality of the tires that has good gquality as a
result. Therr life 15 a variable that used, 1t is worth the distance.
That is the choice of tires to the maximm worth of the
distance.

IV. METHODOLOGY

In this paper, we apply datz mining teclmiques to database
of trucks tires usage worthiness. The steps of the research
process are shown in Fig 3.

Maode bng:

Fodel

Integrate Model

Fig 3. Oversll Methodology

A. Data

This rezearch nsed databaze from use fires data for the last
1 year (AD. 2012-2013). The database contains for data
acquired from the data of the legistics company on the

database. The subject of mamtenance contains the replacement
of truck tires. problems of the quality of tires, and tire-related
accidents. The targeted atributes are the distance of tuck
tires and life tires as variables data in the research.

B. Duta Preprocessing

This important step 15 to select a set of related data to be
used in the case of data mining and data [9]. Data
preprocessing aims te eliminate imelevant data in some
methods such as data mtegration, data transformation, and
data reduction show in Table I. The original data format 1s
Numeric. The preprocessed data is transformed to Nonunal
and Ordinal. This will help to optinuze the impact on precision
and accuracy m subsequent stages. From this stage, we have
two factors to be taken into the model, including the distance
and duration of use (see Fig. £).
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Msinnes of Trecks @ e [rm—— Dot Ut e 0
Companyl W Compey T U Tery
Feel, [ERTT Loog Disane e Tarw
Ureff FLRE Wi D L T
Life of Tire : e - -
e TNRedTd Coarasiernir " Tars
Elre Fiadr? T i e
Biwm g [ LL
AT oy orvs
Erve A R e g

Fiz. 4. Data Dicticaary Distance and Life Tire
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C. Modeling

In this process, the MLP and Linear Fepression are
experimented and cowpared their accuracy and root relative
SEUATE SITor.

D Evaluation

In our model, we nsed 10-fold cross validation technigque
[10]. dataset is divided mio 10 subsets and the method 13

Track IM-Information Technology and Innovation Management
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repeated 10 times. In each time, one of those 10 subsets is
used as the test set and the other subsets are put together to
form a traming set. On the other hands., the percentage
splitting method is to split up mfo two sub-datasets for traming
set and testing set.

E. Integrafion

Az described m the previous section, we will study the
following steps of the method in the preceding section Take
the best results, comes from the evaluation expert Systems in
integrating data.

F. Enowledge & Deplovment

After that we have the results evaluated by the appearance
of distance that the life of the tires. It should allow of find the
cause of the tire problem. We will make the tire choice for the
more worthwhile.

V. EXPERIMENTAL RESULT
A Data Mining Result

The model 15 result by three methods in two Model
Buildmg, as shown in Table IL

TAELET MODEL BUILDTNG FROM DHSTANCE AND LIFE TIRES
Model Buildins
Regression | Neural Networlk
Numerical ) T742%
{Fupot relative squated ermor} P I0% {hidden noda 27}
Tomumal =2 e 65.60%
Distance (Accumacy) 0% | | bidden node 31)
Ordims] 203 00.63%
{Arouracy) EEia (hidden nods 36)
Numerical 9287 109.90%
(Fuoot relative squared emor) i (hidden noda 27}
Life of Tlomumal 4275 43.17%
Tires ({Accuracy) = {(hidden node 313
Ordms] 29.40% o054
{Accuracy) T {hidden noda 36)

Firstly, the 10-fold cress validation methed is applied for
the evaluation on a dataset (2,189 instances). The accuracy of
Distance results 15 99.63% (Hidden Node 3§) for data type
Ordinal, 63.60% (Hidden Node 31) for data type Nonunal and
root relative squared error 77.42%(Hidden Node 27) for type
Numernc from MLP. Then model bullding from Lmear
Regression the accuracy results zet value just less. The work
of two Models 15 accuracy m shghtly different values, but the
time to process the Linear Regression is faster.

For life tires use as method distance, the accuracy of Life
tire results is 99.54% (Hidden Node 36) for data type Ordinal,
09.49% (Hidden Node 31) for data type Nominal and root
relative squared error 109.90% (Hidden Node 27) for type
Numenc from MLP. Addifionally, the extended model
building provides more practical worthiness segmentation

rules which are advantage in the final phase, the knowledge
deployment.

B. Integraved Result

Affer creating mules for distance and life fire segment, Tire
Data will be able to see the difference in various groups of
worthiness according applications of the distance by different
units. Can able to choose the format of fire to use with
applications worth. (See Table IIL)

TABLE I EXPERT SYSTEM TIRE WORTEIMESS
Distance

Life Tire | Discanee< | 100,000km < Disignee = | Distance ==

100, 500k 155,000 km 150, 5k
vear < 1 Low Mladimm Hizh
1=year=2 Low Medimn Hizh
2evear<d Iedhon Hizh Very High
Year =3 Iediuan Hizh Very High

The experimental results show that m both evaluation
methods, the proposed extended model 15 a little superior to
the traditional approach, in term of aceuracy. Additicnally, the
extended model buwlding provides mere practical customer
segmentation rules which are advantage in the final phase, the
knowledge deployment.

VL CONCLUSION

This research proposes an extension of medeling
prediction tire usage worthiness. The bring database used
truck distance of tire and duration of truck tires (start-end) in 1
year. The value n use 13 worth distance and worth over fime.
The extension indicates the worthmess by which that has
distance of used primarily before. To detemune the worth of
distance use with the worth of period that began tires. That is
use of The Artificial neural network techniques in the Model.
Then the results of the test are compared with the Model
Limear regression, Distance (99.63%) and Life tires (99.34%)
from the Ordinal data of the model MLP that will best
accuracy. Correctly classified mstances of testing are shightly
different. Comectly classified instances of the results of the
two maodels are the relationships that affect each. The results
are us being the second part of the Integrated togsther. By
creating a rule to say that 15 worth of this Model also different.
The expert system 1s construction from result of twe models
by integrated to assess the results of the worthiness. The rule
gets final Model Worthiness. That will make the tire choice
for the more worthwhile. The data were analyzed to determune
the Company's strategy to allocate fumds for the business. This
also helps to arrange their schedule to maitenance to achieve
maximmm benefit.

Future work iz on the behavior of the driver of the truck or
on other devices. Affect the active may be able to cause
problems for the tires not worth it. We are able keep data to be
supplemented this research provides more accuracy.
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