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Abstract

Today almost every manufacturing company has some way of logging data
from their product line. Since the content of data often grows rapidly
it quickly becomes incomprehensive, and therefore a tool is needed for
easy viewing and access of the data. Our job was to construct such a tool
the first thing we did was to format the data on a hierarchical structure.
Once we structured the data the desired analysis could be made. All algo-
rithms and analysis were done in MATLAB. This thesis will explain and
exemplify the algorithms and ideas behind a toolbox for basic statistical
analysis and viewing of a database.
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1 Introduction

1.1 Background

In most new cars sensors for measuring engine and other car related values
(suspension, steering etc.) are built in to give a quick and specific answer of a
cars status when it is in for service. If one of these values indicates a malfunction
a DTC! is produced.

When a car is in for service a readout to see which DTC(s) that have occurred is
being made. In addition to the DTC(s), information about the car can be seen,
for example modelyear, engine type and which country it has been sold in. For
every car that is brought in for service VCC? stores its readout in a database,
today this database contains about 4 million readouts from approximately 800
000 different cars. It is in the interest of the company to recieve statistical
information from this database.

Today the statistical analysis is being made manually using Excel, this is time
consuming and a toolbox for quick analysis and presentation would be of great
help.

1.2 Purpose

This thesis originated from the Faste project, a project between Lulea University
of Technology and VCC, 2006.

VCC’s participation in the Faste project started in 2005. Its goal together
with LTU? is to develop wireless communication using available communications
(GSM, WLAN, 3G) between a set of testcars and a database.

The purpose of this thesis is to develop a program that automates statistical
reports from a database using MATLAB, the program should be generic in the
sense that it is not restricted to a certain kind of data.

IDiagnostic Trouble Code
2Volvo Car Corporation
3Lulea University of Technology



2 Theory

This chapter introduces the basics of some mathemematical statistical functions.
Its also gives an introduction to the MATLABJ1] structure datatype and a way
to define hierarchical subsets among them.

2.1 Basic probability definitions
2.1.1 Probability density function

When collecting data for failures over a period of time, a histogram shows how
frequent the failures occur in each intervall of time, respectively. A function
f(t), that approximates the histogram, is called PDF*[2]. Figure 1 shows such
a function:

R{t2 3

/
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Figure 1: Example of a PDF
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The probability for failure in an intervall [¢1,t5] is the area under the curve f(t)
between t = t1 and t = to:

Pl gtgtz):/f(t)dt (1)
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4Probability density function



2.1.2 Cumulative distribution function and reliability function

The CDF? is the integral of the PDF and is denoted as F(t). It describes the
probability of failure before a given time ¢, see figure 1:

F(tl):P(tgtl):/f(t)dt @)
0

The probability of survival beyond a given time to is given by the reliability
function R(t) :

R(ty) = P(t > t5) = /f(t)dt (3)

2.2 Hazard function

The hazard function gives the probability of instant failure in the next small
intervall from ¢y to tp + At, given survival upon specific time to[3]:

P(to<t<to+At) f(to) At
hty) = D0 St S to+ At > to) Pt _ ki) _ f(to) )
0 At At At R(to)

The hazard function is known as the failure rate: h(ty) is the number of failures
divided by the numbers at risk at tg.

The failure rate of a product may vary during its lifecycle and in many cases
this situation occur:

e The initial part is a decreasing failure rate,’infant mortality’.
e The second part, 'useful life’ sees a constant failure rate, 'random failures’.

e The third part is an increasing failure rate, called *wear-out failures’.

Figure 2 shows such an example:

5Cumulative density function
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Figure 2: Bathtub hazard function

2.3 Cumulative hazard

When the hazard function is integrated, the resulting function H(¢) is

/h(t)dt:/lj;((t))dt = %dt: [~ In{1-F(t)], = — In{1-F(t)} (5)
0

t
0 0

Due to noise fluctuation in the data creating the hazard function it might be
difficult to get the hazard trend, but by viewing H () one gets a better idea of
the trend.

2.4 The Weibull distribution
The Weibull probability density function is defined as

f(tla,0) = b(a=t)t*~te= @ (6)

and was suggested in 1949 by swedish professor Waloddi Weibull. It is one of the
most common used distributions to model time to fail and is used throughout
this thesis. The cummulative Weibull distribution is

F(tla,b) =1—e (&) (7)

The hazard function for the weibull distribution is given by



h(la,b) = (D)(a" ) (¥

2.5 MATLAB structures

MATLAB structure is a datatype with multidimensional arrays where the ele-
ments are accessed by named fields. These multidimensional arrays may contain
any type of data.

2.6 Grouping toolbox

When working on large quantities of data an efficient way to represent and store
data is required. Since MATLARB is at its best when working on data containing
numbers, an algorithm operating on structures consisting of numbers has been
used. The IntraPreProcessing toolbox containing the algorithm used for the
program was provided by VCC.

A data structure can be compared with a matrix, the difference is that instead
of columns we have fieldnames. From now on we will refer to the fieldnames as
dimensions.

The IntraPreProcessing toolbox is designed to sweep through a set of data. with
the rows representing individuals and the columns representing different data
for an individual. It then creates groups of the individuals based upon their
similarities.

The grouping algorithm takes two data structures as arguments. The first struc-
ture is the one of interest, the second one defines which dimensions in the first
structure that IntraPreProcessing should group by. Comparison is made for
every row in the structure between the specified dimensions and a group num-
ber is set, called LogNo. Every group number defines a unique set of specifica-
tions. In addition to LogNo there are also a group number for each group in the
dimensions called LogNoLevel(LNL).

The IntraPreProcessing toolbox only works on numbers but in example in (9)
and (10) letters will be used to avoid confusion with LogNo and LogNoLevel(LNL).

Individual/ / Attribute | Modelyear | type | engine
1 2005 S80 V6
A= 2 2005 V70 | V8 (9)
3 2006 V70 V8
4 2005 V7o V6




Assuming we'’re intrested in Modelyear(MY') and type of structure A the call
to the IntraPreProcessing toolbox would include structure A, Modelyear and

type

The new structure B would be
Ind./Attr. | MY | type | engine | LogNo | LNL1 | LNL2
1 2005 | S80 V6 1 1 1
B = 2 2005 | V70 |%:] 2 1 2
3 2006 | V70 V8 3 2 2
4 2005 | V70 Vo6 1 1 1

The IntraPreProcessing toolbox also contain functions for reducing a data struc-
ture, called ReduceData. A vector containing ones and zeros determines which

rows from the structure to be kept.



3 Work / algorithms

This chapter presents and explains the algorithms behind the work in this thesis.

3.1 Basic ideas

The required dimensions with their variables are to be stored in a matlab struc-
ture of integers, which can be viewed upon as a matrix. See section 2.5. This
avoids frequent readouts from the database which is timeconsuming when deal-
ing with large quantitys of data. It also narrows the database to the dimensions
of interest for the user. Furthermore, the IntraPreProcessing toolbox section 2.6
is compatible with MATLAB structures of integers. The structure, however, has
to be updated from time to time to keep it up to date with the database.

An important aspect of this thesis is to retrieve relevant data from this structure.
Two cases can occur, automatic or manual retrieving of data:

Automatic retrieving of data
The user gives the dimensions for every level, without specifiactions. For two
levels it may look like

Level 1: Salescompany
Level 2: DTC

The question to answer is: Find the most interesting salescompanys, and for
each of them, which DTC’s are most relevant?

The retrieval of the relevant data is done by creating a tree model. The im-
portance of the dimensions are called levels, where the dimensions of level 1 is
most important (in this case Salescompany). For each level in this tree the most
relevant data for this level, i.e. the most relevant rows in the structure for this
level, which are called specifications are saved. The tree grows larger until there
are no more levels, and at every level the most important data are saved for
later analysis. In this case there would be five salescompanys and for each one
of these salescompanys five specific DTC’s, which will be a tree of hight two.
See section 3.6 for more details.

Manual retrieving of data
The user knows the specifications of his dimensions for each level. For two levels
it may look like:

Level 1: Salescompany=Sweden
Level 2: DTC=A100

In this way the retrieval of the data is a quite straight forward process, se section
3.5. This is a useful function when, for any reason, viewing or analysing specific
data which may not be considered in the automatical approach.



3.2 Conversion of database

MATLAB supports retrieving of data from databases and when retrieving the
data we must specify whether the data is of type integer or cell array. Integer is
numerical data and cell array is an array whose entries can be data of any type,
i.e integers, strings, chars etc. VCC’s database consists of different datatypes
so the creation of a structure containing integers is not straight forward. One
approach to solve this is described in the following four steps:

1. Create structure of cell array
This step is straight forward, just create a structure 2.5 and insert the retrieved
cell array data.

2. Converting all posts to the same datatype.
All cell array data is converted into strings so that only one data type is to be
dealt with in step 3.

3. Represent each specific string with an integer

As the retrieved data from the database grows big, this representation may take
time if not being done in a ’smart’ way. To be able to perform this in constant
time, a java hashmap is a preferable choice. The hashmap gives an instant
response whether a string has already been represented. If it has, this string
gets the numerical value that represents that string, otherwise it gets a new
value. The numerical values are passed on to step 4, and the actual strings are
saved for later, when converting back.

4. Create structure of integers

Since all retrieved data in step 1 has now being converted to integers we create
a structure of integers and inserts the data. This structure is then saved on the
local machine.

A source code example on how to retrieve data from a database in MATLAB
as well as the four steps above is found in appendix.

3.3 Grouping of dimensions

For easy access to the IntraPreProcessing toolbox a function were defined in
MATLAB called GroupData. GroupData calls IntraPreProcessing with a data
structure and a vector containing the numbers corresponding to the dimensions
of interest. GroupData returns a data structure on the form that is shown in
10.

3.4 Defining subsets

Once the data has been processed by IntraPreProcessing, one wishes to define
subsets of the original data by specifying which groups to be kept. For this
purpose two functions were defined in matlab, FindPosts and GetData. These

10



subsets are also referred to as levels where level 1 is the original data and level
2 is a subset of level 1 and so on.

3.4.1 FindPosts

FindPosts works with a data structure, dimensions and a matrix containing the
specifications of interest. If all specification are found in a given dimension it
will be considered for keeping. Following example demonstrates FindPosts.

Let the data structure A from (9) be the original structure and columns con-
taining modelyear and type be the dimensions of interest. Let

C = [2005 VG} (11)

2006 O

be the matrix containing the specification of interest. Note that 0 in C means
that there is only one specification for type. The matrix C tells FindPosts that
we are interested in cars from 2005 and 2006 which are equipped with a V6
engine.

MATLAB call: >> NewData=FindPosts(A, [1 8], C)

FindPosts will now loop through element by element for each column in C' and
compare with corresponding columns in the original structure A and matrix

(12)

e e
O~ = O

will be created, the next step in FindPosts determines which row to be kept.
The rows in y are examined, if all elements in a given row contains only ones
the number one is returned else zero is returned. We get

y_1= (13)

O = = O

The final step in FindPosts calls ReduceData in IntraPreProcessing toolbox
with the original structure A and vector y_ 1.

MATLAB call: >> NewData=ReduceData(A, y 1)

11



We finally get

Individual / Attribute | Modelyear | Type | Engine
NewData = 2 2005 V70 V6 (14)
3 2006 V70 V6

To summarize the algorithm FindPosts, the user provides a set of data and
specifications of interest. It then returns a subset of the original data containing
all combinations of the provided specifications.

3.4.2 GetData

GetData uses the IntraPreProcessing toolbox to perform a similar task as Find-
Posts but without provided specifications. Instead of sorting out groups defined
by specifications provided by the user it returns those groups that occurs most
sorted by importance, see section 3.6.

3.5 Manual approach

The manual approach of creating a subset of the original data is accomplished
by using FindPosts described in section 3.4.1. The arguments to FindPosts is
created by using the user interface described in section 3.8.

3.6 Automatic approach

In this approach, the user does not specify what data his dimensions should
consist of. Instead, he gives the dimensions at their levels and lets the program
retrieve all important data, specifications, for every level. In every level, there
are five groups of specifications to find for the dimensions given at this level.
The question to answer is: Which five specification are most important?

To get a procentual value, the total number of a specification found at the
present level is divided by the total number of this specification found in the
whole subset at the previous level. This procentual value is then scaled with a
parameter which is the total length of any field in the present structure. This
applies to all levels except level 1 where the five most total number of hits gives
the specifications. For more accuracy at level 1, we need more information then
just the existing data in the database.

By viewing the dimensions in the underlaying level, five new specifications are
found for the new subset. During this tree building process there are small
matrices that saves the most relative data for each level which in the end says
what should be in the report. The final report consists of analysis for every
level choosed by the user for the specifications in these small matrixes. Figure
3 shows the initial steps for three levels.

12



Initis Strucure

@_ (22) @@ Level 1: Dimensions=A

Level 2: Dirrensiorns=B

Level 3: Dinrensions=C

Figure 3: Tree structure

Al,..,A5 are the specifications for dimensions A we get from the initial struc-
ture at level 1. To expand the tree, Al is fixed, which gives the specifications of
dimensions B for level 2 which is B1,...,B5. We fix B1 which gives the specifica-
tions of dimensions C for level 3. Since there are no more levels, we jump back
to the specifications of B2. While Al and B2 fixed, we get new specifications
for dimension C. After B5 has completed its calculations for level 3, A2 repeats
the whole process. This goes on until A5 is done. The tree is now complete.
Lets go through the initial stages of creating a tree with an example. Suppose
the user has supplied the following information for the levels 1, 2 and 3 with
dimensions:

Level 1: Salescompany
Level 2: DTC,Modelyear
Level 3: Enginecode

Lets look at figure 3 and say we find : {Sweden, Germany, USA, Finland,
Japan}, as being the most relavant specifications for level 1. All Salescompanys
are saved in level 1 however. The structure for level 2, we can call it ’subset
2’ will be a structure containing specifically all rows for Sweden in level 1. For
subset 2, we now find : { {640A 2004}, {250A 2005}, {9342 2004}, {E£000 2005},
{D900 2004} }. These are the most relevant specifications for this subset. We
narrow subset 2 to subset 3, where the rows for {640A 2004} in subset 2 are
kept. This might give following enginecodes: {55, 21, 35, 40, 20, 90}, which
means expressed in words: enginecode 55 is most relevant for subset 2 when
subset 2 is defined as {640A 2004} as the initial structure is limited to Sweden.

3.7 Report generation

The report function loops through each row in the matrix containing the spec-
ifications, for each level at a time, calls the analysis function and adds the
resulting plot or text in the resulting wordfile. This makes the final report clear
in a structural sense as no mixture between levels is seen in the report.

13



3.8 Graphical User Interface

For easy control for handling arguments sent to functions and report generator
a GUIS was created, see figure 4.

Basically the GUI gives two different ways to create a report, one manual way
and one automatic way. In both cases a data structure needs to be loaded.

Figure 1

Figure 4: GUI

The manual way lets the user choose the dimensions and specifications for each
subset of the database. This is accomplished by pressing 'New Level’ in the
GUI, figure 4. The user will then be asked which dimensions that are of interest
and specifications for these dimensions as seen in figure 5. In figure 5 we select
all posts with model year 2005.

6 Graphical User Interface

14
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Select dirmensions Set parameters for Model ear

2004 -

2006

H Moceratme
EngineCode
Parniatme
DTC

kilx!
Structurgi®esk
Type
FactoryMame
SalesCompany

= =

Select al | Select al |

Ok Cancel | Ok Cancel |

Figure 5: Dialog for manual creation of a subset data structure.

When pressing the 'OK’ button after setting specification for the selected di-
mensions the information will be sent to FindPost and a subset of the database
will be created.

The automatic way to create a report is done by pressing ARG’ in the GUIL.
The user will then be asked to set dimension and analysis for each level. Figure
6 shows the dialog for the first level.

7 Automatic Report Generator

15
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Figure 6: Dialog for automatic creation of a subset data structure.

When dimensions and analysis has been set for all levels the loop is breaked by
pressing cancel in the dimension dialog. The selections will then be passed on

to analysis functions and to the report generator. A report will be created as a
Word-document.
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4 Discussion and conclusion

The aim of the work for this thesis was to provide a relatively easy and fast
way to do basic statiscal analysis of a fairly large amount of data. The key
to accomplish this was the generic data structure which upon the original data
was formatted on. When dealing with large quantities of data MATLAB has
problems with dealing with strings, as a result of this it is of great importance to
convert the data to integers. Once this was done the input data to the different
analysis algorithms was relatively easy to derive.

This thesis work has been applied on a sample database. Therefore the simula-

tions made by our program has no real statistical value. We leave any interpre-
tation of data to the supposed user of the toolbox and GUI.

17



5 Future work

5.1 Filtering of database

Since different users have different area of interest in the database a function
that generates generical structures of intergers is needed. This may be done by
a separete program or as a function in the present one.

5.2 Finding important dimensions

It would be of great interest to not only automatically find the specifications
for the choosed dimensions as descibed in this thesis, but actually finding which
dimensions to consider for levels two and down. This would give the answer to
the question: what dimensions are important and what are their specifications.

18



6 Appendix

Matlab sourcecode for algorithms described in report.
makeintstruct.m

function y=makeintstruct()
O sk s R SRR RS R RS SRS SRR R R

% makeintstruct.m

%

% Saves a Struct of integers from specs in save cell datastruct.m

%

% See save_cell datastruct, save int_datastruct, mystr2int for more..
%

% Made 20060601

% Johan Bryngelsson

% bryngel@gmail.com

% VCC/LTU
R
save_cell datastruct();

save _int_datastruct();

save cell datastruct.m
function [y] = save_cell datastruct()
O skttt ekt R sttt R st st R st o

% save_cell datastruct().m

%

% Saves a Structure of cellarrays.

% SYNTAX

% [y] = save_cell datastruct()

%

% Made 20060601

% Johan Bryngelsson

% bryngel@gmail.com

% VCC/LTU

O F kR R R R R R R R R R R R

conn = database(test’,”,”);

%grunddata is a table in a database. To set up a matlab connection to a
specific database, see matlab help:

%’ Importing Data into MATLAB from a Database’ , and

%’Setting Up a Data Source’

curs=exec(conn, ’select * from grunddata’);

setdbprefs(’DataReturnFormat’ ’cellarray’);

curs = fetch(curs,27000);

dt=curs.data;

19
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curs=exec(conn,’SELECT * FROM INFORMATION SCHEMA.Columns
where TABLE NAME = ”grunddata”’);

curs=fetch(curs,100);

allinfo=curs.data;

colname=4allinfo(:,4);

for i=1:length(colname)

data2add(i)={dt(:,i)};

end

%Create DATA-structure

CELLDATA=[];

for i=1:length(colname)

CELLDATA=setfield(CELLDATA ,colname{i},data2add{i});

end

save CELLDATA .mat CELLDATA

save int datastruct

function [y] = save int_datastruct()
O kot st R R T R R R R o

% save _int_datastruct.m

%

% saves a Struct of integers from a Struct of Cell Arrays
%

% SYNTAX

% [y] = save_int_ datastruct()

% SAVES

%

% decodevec: Stringvector for later representation

% intDATA: Structure of integers

%

% any element in intDATA is converted back by >> decodevec(<specific
element in intDATA>)

%

% Made 20060601

% Johan Bryngelsson

% bryngel@gmail.com

% VCC/LTU

R

load CELLDATA .mat;

wholecell={"};

str=fieldnames(CELLDATA);

for i=1:length(str)

new_=eval(CELLDATA.’ cell2mat(str(i))]);

wholecell = cell([wholecell’ new ’ s

end

wholecell=wholecell(2:end); %{”} pa forsta platsen tas bort

%convert all elements in celldata Struct to strings

20


mailto:@gmail.com

for j=1:length(wholecell)
wholecell(j)=java.lang.String(num2str(cell2mat(wholecell(j))));
end

[wholeint,decodevec]=mystr2int(wholecell);

intDATA=[J;

=L

for i=1:length(str)

intDATA =setfield (intDATA ,str{i},wholeint(j:i* (length(wholeint) /length(str))));
j=j+(length(wholeint) /length(str));

end

save alldata decodevec intDATA

mystr2int.m

function [intvec,decode] = mystr2int(wholecell)
%************************************>|<*******>|<*****************************

% mystr2int.m

%

% Converts a Structure of cellarrays to a vector of integers. If two Strings
are equal they get the same number.

%

% SYNTAX

% [intvec,decode] = mystr2int(wholecell)

% WHERE

% -wholecell: Vector of strings. (cellarray structure convertedto stringvec-
tor)

%

% +intvec: numeric representation for each string. If two strings are equal
they get the same number, of course

% +decode: Stringvector for later representation

%

% Made 20060601

% Johan Bryngelsson

% VCC/LTU

R

import java.util.*;

import java.lang.*;

hm = HashMap();

J=0;

intvec=zeros(length(wholecell),1);

for i=1:length(wholecell)

if (hm.containsKey (java.lang.String(wholecell(i)))==0) % finns inte

J=it+L

hm.put(java.lang.String(wholecell(i)), j);

intvec(i)=j;

21



decode(j)=java.lang.String(wholecell(i)); % hér hamnar alla olika salescompny
som stréngar

else

intvec(i)=hm.get(java.lang.String(wholecell(i)));

end

end

FindPosts.m

function pStruct=FindPosts(DataStruct,Fields,Specifications)

O, Rkl SRR R R Rk

% FindPosts.m

%

% FindPosts sorts out posts from a datastructure where all specifications
have been fulfilled.

%

% SYNTAX

% pStruct = FindPosts(DataStruct, Fields, Specifications)

%

% WHERE

% pStruct -New data structure

% Fields -Fields corresponding to specifications

% Specifications -Specifications for fields, a matrix with rows corresponding
to fields.

%

% Example

% Say we are interested in cars from 2004 with engines 21 and 68, the number
of the fieldname

% for modelyear is 4 and enginecode is 7. FindPosts must then be called
with:

%

% Fields=[4 7]

%

% Specifications = [2004 21
% 0 68]

% Made 060626

% Hakan Jonsson

% hakjon-1@student.ltu.se

%

07, kR R R R R R R R R Rk
addpath IntraPreProcessing;

DATATMP=DataStruct;

specs=Specifications;

groups=Fields;

fnms=fieldnames(DATATMP);

22
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includetmp=zeros(length(DATATMP. (cell2mat(fnms(1)))),length(groups));
%

%Create index matrix for keeping data specified by specs, specs:2-D
for i=1:length(groups)

for j=1:length(specs(:,1))

%]If a column in specs contains all zeros all elements in that
%column will be considered for keeping and we’re moving on to
%the next column

if sum(specs(:,i))==0

includetmp(:,i)=1;

break;

else

index=find(DATATMP. (cell2mat(fnms(groups(i))))==specs(j,i));
includetmp(index,i)=1;

end

end

end

include=zeros(length(DATATMP. (cell2mat(fnms(1)))),1);

%Keep lines where all specs been found

for i=1:length(includetmp(:,1))

if sum(includetmp(i,:))==length(includetmp(1,:))

include(i)=1;

end

end

%Remove undesired rows in structure
pStruct=ReduceData(DATATMP,include);
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