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i OUTLINE

= Multivariate quality control

= Box Cox transform

= Cotton fibers basic properties

= Simple measures of cotton quality

= Application of utility value concept for creation of
complex quality criterion (,,quality index®).

= Dependencies between cotton fiber properties and
strength of yarns.




i QC and data

The products quality is characterized by several properties
expressing the ability of a product to fulfill functions it was
designed for.

The main problem with utilization of these properties for
quality characterization is multivariate character of
Information, various units and lack of proper aggregation.

It is well known that a majority of methods used in quality
control are based on the normality assumption.

Main procedures that are dependent on this assumption
Include:

- The computation of quality control charts
- Determination of the capability of processes
- Prediction of product performance



i Real Data

(No - ) normal distribution,
(No - ) homogeneous —
outliers,

(No - ) constant variance,
(No - ) additive effects,
(No - ) autocorrelation,

(No - ) sufficient sample size /
(No - ) certainty of models, =
(No - ) artificial parameters —

Physical sense N



Classical statistical

i methods

S

Based on the idealized assumptions about data distribution

and their statistical behavior.

graf Q-Q

Basic assumptions:
Independence,
normality,
constant variance,
no outliers,

k=)
o

errors additivity,
sufficient sample size




Computer assisted

i analysis

= Exploration of data

Order statistics X vs. P;

peculiarities |

= Analysis of assumptions about p= '
triplet: data, model, method N +1

= robust methods e ormlory Analysi

= adaptive methods sl Qy(P) =+ 0 U,

m data transformation
= Simulation based

techniques I Empiric quantile graph

"data - model - statistical method" 0.00 0.10 om

Uuantile
"y
=
o]
I




D (h(x)) = {dz(xx)} o

i Problems

= Measurements on the For removal of data

various materials (variation
due material is much higher ~ @symmetry the proper

in comparison with transformation /1(x) is often
measurement precision. selected. Constant CV case:
= Measurement under h(x)=In(x)

conditions of constant

2
relative error (CV). Variance o )
is increasing with increase of =» D(h(x))= (X) =0

mean value.

= Data are skew to the right For additive model of
(materials with low quality measurement model with
parameters are removed constant variance this

during processing). transform leads to the non

constant variance



i Possible solutions

= Selection of suitable data distribution and use general
methods (as maximum likelihood) for parameter
estimation and testing.

= Improving of data distribution and using standard
methods valid for normal data.

= Using of computer assisted (distribution free) methods
as Bootstrap (in fact we have some assumption about
sample distribution — multinomiality)

Modification of data distribution via proper transform is
useful for situation when data are combined into
complex criterion of quality.



Box Cox
transform

Box Cox power transform (positive data)

y* -1 dh(y) ,, continuous in power A

h(y) = P dy =Y Sharing point (0,1)
| d(v: —1)/d A A Influential points
limh(y) = (cil(z)/)d,i - 1n Y=Iny |reduction

graf MLE

Estimation of A:
Variance of
transformed data
o] AT 05wt minimization.




i Problems

= From Taylor expansion of A(x) for fixed A results
x* _

D(” )— " D(x*) ~ E(x)?* D(x) = E(x)** 6

where 0 Is coefficient of variation. For fixed A will be variance
of transformed data higher for higher original data variability.
For data with low spread will be therefore variance in
transformation low and identification of maximum will be
Imprecise (high confidence interval covering 1 and 0).

For D(x) — 0 is variance D( A )— o and therefore the
identification of proper transform is difficult.
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Extension to the @
i multivariate data
= Marginal Box Cox transform (MBC), when individual variables
(x4, ... X;,) are transformed independently. Vector x; has n
components.
= Joint Box Cox transform (JBC), when the vector of power

transform A = (A,....A,) IS estimated as maximum of condensed
likelihood function PL

o — _ In(det:]S(k))) n Zm: ((7»,- _1)Zn: In(xij)j

Covariance matrix S(A) for selected A i1s computed by the standard

manner.
The numerical values of A computed by MBC and JBC are nearly the

Same.




A5
Use of Box Cox for SO

cotton fiber quality index \Q//)

Cogﬁgn g'r?izg_ Optimal cotton properties
- P ' for maximum yarn strength
= Fiber strength .
. . Technology:
= Fiber fineness | ping spinning
= Staple (length > strength > fineness) E
di'?r%rr%lg][ers Rotor spinning
P strength > fineness > length) B
(UHM) e ——— ==
m Fiber maturity | 7/ AN j | |
= Impurities = ‘
s Color




i HVI results
Uniformity ratios

Stren g h STR [C N / te )(] and descriptive designation
] Below 77 [Very low
Elongation ant break EL [%] e
Upper half mean UHM [mm] 80-82 |Average
: . 83-85 [High
Uniformity index UT [%] o SSves b
Short fiber content SF [%] = e
Thrash content TR [%] o ST
Micronare MIC [-] o -

Average 26-28
\ Infermediate 24 - 25
Weak 23 & below

Fineness FI [tex] Maturity MAT [-]



Some quality
Indices

Fiber quality index (FQI ) FOI = UHM *Ul *STR

MIC

Spinning consistency index (SCI)
SCIl =-414.67+2.9*STR+49.1*UHM +4.74*Ul
—9.32*MIC +.95*Rd + 0.36*b

Premium discount index (PDI)
PDI =22.15*STR" —4.75*EL —4.37UHM " +11.9Ul -

20.78*SFC™ —7.8*MIC”

Multiplicative analytic hierarchy process criterion (MIA)

STR0.27 * EL0.039 *UHM 0.291 *UI 0.145
M ICO.ll * SFC 0.145

MIA =




Disadvantages
of indices

he main problem with all above mentioned characteristics
of cotton fiber quality are:

strong dependence on the units for individual cotton
properties and methods for their evaluation,

utilization of dimensional parameters based on the limited
amount of experimental data (from the past crops),

no inclusion of individual fiber properties importance for
Individual spinning technologies.

no possibility to change parameters for new crops without
tedious experimentation

no defined ranges (limits) for quality indices.

no possibility to include the direction of some properties
Influence to quality indices dependent on their real values
(case of micronaire).




Utility Value Concept |

Let we have K utility properties R, ,...,R (cotton fiber properties
measured by HVI). Based on the direct or indirect measurements it
IS possible to obtain some guality characteristics X, ,...,X, (mean
value, variance, quantiles etc.). These characteristics represent
utrlrty properties.  Functional transformation of quality
characteristics (based often on the psycho physical laws) lead to
partial utility functions

u = f(x,LH)

L is value of characteristic for just non acceptable cotton (u.= 0.1)
and H is value of characteristic for just fully acceptable product

(ui=1)
Utility value U (quality index) is weighted average of u. with

weights 2 U = ave(ui | /Br)




Utility Value
concept I

Weights A correspond to the importance of given utility property
and are c Sely connected with area of cotton application.

The weighted geometric mean used as average has following
advantages:

For zero value of u, isalso U = 0. This means that non acceptable

utility property cannot be replaced by combinations of other utility
properties.

Geometric mean is for not constant u. always lower that arithmetic
mean. This reflects evaluation based on the concept that the values
of utility properties close to unsatisfactory cottons are more
Important for expressing the quality than those close to optimum

cotton. -
U:exp(Zﬂjln(uj))




One side bounded
properties (cotton quality index)

= Degree of quality is monotone increasing or decreasing function of
quality characteristic X. LB (lower is better) properties
Thrash content TR [%]
L=6 H=2
Short fiber content SF [%]
L=18 H=6
— UB (upper is better) properties
L ...lower limit Strength HVI STR [g/tex]
H...upper limit |=23 H=31
Length UHM [mm]
: ; L=25 H=32
L H X Uniformity index UI [%]
0.9 L=77 H=85
u(x) = (Xx—-H)+1 Elongation EL [20]
H-L L=5 H=7.7




Two side bounded
i properties (cotton quality index)

= Degree of quality is monotone decreasing function of property
value x on both sides from optimal (constant) region.

Micronaire MIC [-]
L,=3.4 H,=3.7
L,.=5 H,=4.2

L., L, ...lower limits
H,, H, ...upper limits




FI6 IT

Weights for cotton e
qguality index

Length uniformity 20.0% S Length 22.0%
= Contribution of HVI characteristics to s ] qL -
yarn strength

=  Weight b of characteristics is percentages e
divided by 100 and then standardized
(sum of weights should be one).

Micronaire 15.0%

Property Weight ROtOl’ Ring ROtOI'-Spun yarn gl
UI [%] 0.20 0.22 .
MIC [-] 0. 1 6 0. 1 7 Length uniformity 17.0%

UHM [mm 0.14 0.24 e
STR [g/tex]  0.28 0.22 ‘ .
EL [%)] 0.09 0.06 .
SF [%] 0.06 0.06

TR [%] 0.07 0.03




Utility function ,‘_\Thﬁ' MathWorks

computation

In program COMPLEX written in MATLAB the simulation technique
IS applied. It is based on the assumption that for each utility property
R; the mean value x; and variance st are determined from the
measured data.  Utility value U determination

|. Generation of x(k); (J=1,.....m) values having normal distribution
with mean values x; and variances s%. The pseudorandom number
generator built in MATLAB is used.

[1. Calculation of the utility value U(k)

[11. The steps | and Il are repeated for k =1,.....n (usually n =600 is
chosen).

V. Construction of a non-parametric estimator of probability density
function and histogram from the values U(k) (k=1,.....n) and
computation of the E(U), D(U) estimates.




Simulation

frequency

035 04 045 05 05 06 065 07
utility value

Coefficient of variation =3 %

Ring
120 .

100

frequency
& 2 2

(]
=
T

035 04 045 05 055 06 065 07T
utility value

Complex criterion rotor :
lower limit  upper limit
4.86e-001 4.94e-001

Mean
4.90e-001

Complex criterion ring :
Mean lower limit  upper limit
4.79e-001 4.75e-001 4.84e-001



Experimental
part

= The results of the crop study of
1997 and 1998, which includes
33 sets of cottons were used for

comparison of U with some
other cotton quality indices.

For different cotton varieties the

International Textile Center
(USA) evaluated the all
characteristics required to
computation of cotton quality

Index U excluding thrash content
(in evaluation of U the value TR

= 2 was selected).

25

20

15+

10+

25

20

10+

5L

Mahalanobis distance

® groupl
& group2

0
0

10 15 20 25 30
index

Mahalanobis distance After Box Cox SFC

O  groupl
+  group2




Box Cox

i transform

s For all variable
excluding SFC Is Box
Cox transform
Inefficient.

= For SFC Is optimal
lambda = -0.5800
Cl =[-1.6900 0.5].

The logarithmic
transform Is selected

order statistics

order statistics

Q-Q original MIC

1F-—-——-——-—————-

0.5 -y R ——

,,,,,,,,,

150 * ]
|

|
05 - A ]
|

2 ! I
1.05 11 1.15

| | | | |
1.2 1.25 1.3 1.35 1.4
normal quantile



STR[g/tex]

Cottons
clustering

Cluster 2 groups After Box Cox SFC

UHM[mm]

Cluster 2 groups

BT | T H groupl
T 4:‘ | 1| A group2
15 u | Lo A
Bl | ‘ : \\—4“\\\\ A
1- | | Lw L, A
: | :A ;‘\\ Lo
= 05 i } T al A A -
g o | i -‘T\.Al‘.\\:\\
fs) 1 T - aA
e -r - | | \A -
E ST A
o AL
L l
-2
O groupl| MIC[] 2 4 UHM[mm]
/A group2

46 8 91119 20 23 2425 26 28
29 30 31 32

468 9 11 17 18 19 20 22 23
24 25 26 28 29 30 31 32 33
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sixe |ediould payL

Cottons In
PCA space

+

First principal axis

groupl
group2

O

Data projection on the first three principal axes After Box Cox SFC

principal component spaces

The differences due to transform
of SFC of cotton In the

sixe [ediouud paiyL

- The standardized data were

4

used

First principal axis

Second principal axis



0.9

0.8

0.7

0.1 | | | | | | | | |
123456 78 910111213141

Cotton quality index

The cotton quality index U for all cotton varieties

Cotton quality index

ring
rotor

””””””””””””””””””
| |

Iil:lq

i lAll A

@

e

cotton No

It is visible that
according to the cotton
quality index are
cotton varieties
separated Into two
groups. In the low

... value of U are cottons

with very low UHM
(No. 7, 13, 33) or very

51‘61‘71‘81‘92‘02‘12‘22‘32‘42‘52‘62‘72‘82‘93‘09;13‘233. h i g h m i C ro n ai re (N O ' 7 !

14, 20, 33).



quality index

Influence of

i transform

Quality index (SCF transform)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1
0

complex [criterion

O  ring i
X rotor
X X
x x % B
X x O X
Ox &0 5 o ox *O O
@) O i
. o O Yy o
X
O O O -
o O
X
O O
O
| | | | | |
5 10 15 20 25 30

cotton variety

35

0.9

o

.8

0.7

0.6

0.5

0.4

0.3

difference in compex criteria

O  ring
x  rotor ||
X
><><>< ) ><>< o X I
O x x O
O x O
O o B |
XX
« o © O. 4
O |
O oo

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

-0.02

-0.04

X

X

O

10 15 20 25 30 35
cotton varieties
r @ ring 7
| V¥V rotor |
R v $ ,
®
@ o g%, A o ]
. %o o ° 0°%0 o0 % o0 ©
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cotton variety



i Inter dependencies

r=0.624

MIA After Box Cox

0.9

0.9

r=0.53

Comparison of MIA and U




Inter dependencies

SClI After Box Cox SFC Comparison of U and SCI
1 ‘ ‘ ‘ 0.9 ‘ ‘ ‘

1 0.8} .

N 0.7+ _

: 0.6 ® ring | -

A otor

] D 05} .

i 0.41 §

1 0.3k - ]
0.2+ A A _

IS ®
1 0.1 . I I I I
O o O 100 110 120 130 140 150 160
0.1 o ‘ ‘ SCI




‘_L Application of U

The complex criterion U (cotton quality index) can be used for
creation of:

1.Control charts (on line monitoring and control of production)
2. Expressing of spinning ability of cotton fibers

The differences between utility values for various cottons can
be visualized by comparing of corresponding confidence
Intervals

Complex criterion of quality i.e. cotton quality index is useful for
prediction of usefulness of cotton fibers in textile mills or for
characterization of differences between various varieties.



i Conclusion

= Described procedure for evaluation of cotton
guality index (U) can be very simply modified for
other selected properties or other set of weights.

= Based on preliminary results it will be probably
necessary to solve problems with some cotton
varieties having small micronaire due to fineness
and relatively high strength.

= For some cases will be Box Cox transform
beneficial (in other case It Is necessary to add
restriction to the £, and H;)



