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(57) Abstract: Disclosed is a system and method for extraction of information of within sample distribution of fiber quality from
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and method extracts HVI data for collecting a respective set of initial fibrograms from a set of fiber samples and representing them
as a distance matrix to form a matrix of transformed fibrogram data, said matrix of transformed fibrogram data comprising a vector
of scores to represent each sample and thereafter explaining variation in yarn quality by extracting all of the information available

from the fibrogram.
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{0001} This application mcludes material that i1s subject to copyright protection. The copyright
owner has no objection to the facsimile reproduction by anyone of the patent disclosure, as it
appears 1t the Patent and Trademark Office files or records, but otherwise reserves all copyright

rights whatsoever,

CROSS-REFERENCE TO RELATED APPLICATIONS

{0002} The present apphication is related to U.S, Provisional Patent Application 62/585,206 filed
on September 6, 2018, titled “System and Method for Fibrogram Fiber Quality Evaluation™, the

content of which is incorporated by reference in its entirety.

TECHNICAL FIELD

[0063] The present invention relates in general to the field of fiber quality measurement. In
particular, the present invention provides for utilization of a full fibrogram for quantification of
various fiber qualities. The disclosed systems and methods support a wide vanety of scenarios

and include various products and services.

STATEMENT OF FEDERALLY FUNDED RESEARCH
None.
BACKGROUND OF THE DISCLOSURE
[0004] In the textile mdustry, fibers need to be tfested for different qualities including length,
strength, fineness, and color m order o determine where they would be the most useful. The US.
textile industry consumes around 718,490 metric tons of cotton per vear. Also, about 80% of the
ULS. cotton crop 1s now exported to surroanding countries. The quality and types of fibers that

come from cotton are numerous. Cotton fiber with certain quality characteristics are move suitable



(¥ 1]

10

WO 2019/094946 PCT/US2018/060779

for certain applications, and the wrong quality of fiber could lead to bad gquality products being

produced.

j0005] There are different types of machines that ave able to assess the quality of fibers, with the
most common bemg the high volume mstrument (HVI) HVT systems take paralle! bundles of
fibers and report on the mean length and wnformity index of the bundle. However, there is very
hittle data reported concerning individual fiber metrics of the distibution of fiber lengths. Withowt
these added fiber qualities, the ability to accurately predict vam guality becomes much harder.
One way around this lack of mformation is to use a different method of fiber analysis known as
Advanced Fiber Information System (AFIS). AFIS is able to provide a more detailed report sbowt
individual fiber qualities; however, AFIS testing 15 costly, takes more time, and is not as widely

distributed as HVL

j0006] New cotton germplasm is needed that is capable of producing cotton fiber with a within
sample distribution of fiber length competitive on demanding mternational spinning markets.
Current methods of measuring the within sample distribution, the Advanced Fiber Information
System {AFIS), are too slow and expensive for widespread implementation in germplasm
development. The High Volume Instrament (HV1) provides Upper Halt Mean Length (UHML)
and Uniformity Index (UD, and is in widespread use in many breeding programs. However, HVI
tength parameters do not capture enough information about the within sample distribution of fiber
{ength. These HVT length parameters provide only a portion of the information about fiber length

measured by the wstrument,

j0007] 1t is therefore a need in the ant o develop an economically feasible system for assessing

fibrogram information within a sample of fiber.

SUMMARY OF THE DISCLOSURE

{0008] The present mvention addresses fatlings in the art by providing a system and method to
extract more wmformation about the within sample distribution of fiber quality from the HVI
fibrogram {The part of the HVI measuring fiber length). The additional information provided by
the fibrogram contains important nformation abouot variation in fiber length that smpacts vam

quality. These results are demonstrated on two sets of bales, a set of 72 samples produced from

]
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12 commercial varieties grown at 6 locations across the high plains, and a set of 126 breeder

samples exhibiting diverse variation m fiber quality.

[0009] It is therefore an object of the present mvention io provide a sysiem for estimating
unknown fiber quality of a fiber sample, compnising: an high volume instrument (HVI) for
collecting a respective set of inttal fibrograms from a set of {iber samples from the HVI and
representing them as a distance matrix; and a computer for: decomposing the total variation
captured in said matrix form from  the distance matrix to form a matrix of transformed
fibrogram data, said matrix of transformed fibrogram data comprising a vector of scores o
represent each sample; motually exclusively partitioning the total multivanate space captured by
the inittal fibrograms o a set of independent variables from the HVI; and explaining variation
in yarn quality by regressing each varn quality parameter over the vector of scores obtained from

the matrix of transformed fibrogram data.

[o0610} ft is another object of the present invention to provide a method of estimating
unknown fiber quality of a fiber sample, comprising: collecting a respective set of initial
fibrograms from a set of fiber samples from a high volwme mstrument (HV]) and representing
them as a distance matrix; decomposing the total varation captured in said matrix form from the
distance matrix to form a matix of transformed fibrogram data, said sabsequent matiix of
transformed fibrogram data comprising a vector of scores to represent cach sample; mutually
exclhusively partitioning the total muliivariate space captured by the initial fibvograms into a st
of independent variables from the HVI: and explaining variation in varn quality by regressing
each yarn quality parameter over the vector of scores obtained from the transformed fibrogram

data.

[00611} The present invention therefore provides useful information to many sectors of the
cotton industry. Breeders may utilize the mformation provided by present mnvention to evaluate
the within-sample distribution of fiber length produced by their germplasm. The within-sample
distribution of fiber length 1s an 1mportant atiribute of fiber quality because it irpacts processing
performance and varn quality. Current methods used for evaluating the within-sample distribution
of fiber length, the AFIS, are much 1o slow and expensive for use in germplasm evalugtion.
Researchers may use information provided by the present mvention to see how agronomic
treatments may impact the length distiibution. The present invention provides processors a better

mdication of future processing performance and varn quality compared with current HVI length

ia2
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parameters, as the curent length parameters are lmited in what type of length variation they
characterize. Spinning mills blend bales to ensure processing performance and end product
quality. Mills could use information provided by this invention to better myanage these blends and
manage equipment settings for optimal performance. Excessive within-sample vanation i fiber
fength can be a problem in some types of spinning systems, such as aigjet spinning. Traditional
length parameters provided by the HVI do not suttably characterize within sample variation
fiber {ength, and do not provide a good indication of potential performance in spinning systems
depending on a suitable within-sample distribution of fiber length. The present invention therefore
presents this additional information on fiber length needed for evaluating bales for potential use

in these systems,

[00612} In one aspect, the distance matrix 8 based on the Eoclidean distance metic
between initial fibrograms. In another aspect the distance matrix is based on the chi-squared
distance metric between intial fibrograms. In vet another aspect the distance matrix is based on
the Bray-Curtis dissinularity metric between inttial fibrograms.  In another aspect the distance

miatrix is based on g correlation matnx between initial hibrograms.

joga13} In one aspect of the present invention, the decomposition may comprise singular
value decomposition. The vector of scores may futher comprise at least one score representing
the largest source of total variation among all nutial fibrograms. The vector of scores may further
comprise at least two scores representing a first score representing the largest sowvee of total
variation among all initial fibrograms, and a second score representing the second largest source
of total variation among all mital fibrograms. In another aspect the vector of scores further
comprises more thap {wo scorgs representing ranked scores representing the source of total

variation among all initial fibrograms from largest to smallest.

100614} The fiber quality further may comprise quality parameters selected various known
and accepted parameters of importance to fiber quality, mncluding but not limited to: breaking
force, work-to-break, elongation at break, yvam irregularity (CVm%), thin places, thick places,
neps, hairmess, imperfection mdex, and combinations thereot.

jO0015} The detatls of one or more embodiments of the present invention are set forth in
the accompanying drawings and deseription below, Other aspects, features and advantages will

be apparent from the deseription and drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

{00016} The foregoing and other objects, features, and advantages of the disclosure will be
apparent from the following description of embodiments as illustrated m the accompanying
drawings, in which reference characters refer to the same parts throughout the various views. The
drawings are not pecessarily to scale, emphasis mstead being placed upon illusirating principles

of the disclosure:

{00817} FIG. 1 depicts a geaph showing improvements in sample distribution of fiber

length achieved by combing.

{00618} FIG. 2 depicts a graph showing variation in fiber length as measwwed by AFIS,

despite having the same level of HVI Uniformity (31.3)

100019} FIG. 3 depicts a typical fibrogram.
100020} FHG. 4 depicts a chart showing a typical AFIS fiber length distribution by number.
j00021} FI1G. § depicts a standard vectored image of a fibrogram obtamned from HVI

module testing.

[00022} FIG. 6 depicts a fibrogram calculated from extracted vectored HVI data.

j00623} FIG. 7 depicts a chart showing a 2-score PLSR regression for conunercial-like
sarmples.

100924} FHG. B depicts a chart showing a 3-score PLSR regression for commercial-like
samples.

j00025] FIGS. 9A-1 depict scatterplots for var quality models using 3 distance based

scores along with the standard non-length HVY fiber quality pavameters.

[00626} F1G. 10 depicts a chart showing 2-score PLSR regression for reeder samples.
jo0627} FIG. 11 depicts a chart showing 3-score PLSR regression for commercial like
sarples.

DETAILED DESCRIPTION OF THE DISCLOSURE

Lhn
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{00H28] While the making and using of varicus embodiments of the present nvention are
disenssed in detail below, it should be appreciated that the present invention provides many
applicable inventive concepts that can be embodied in a wide variety of specific contexts, goods,
or services. The specific embodiments discussed herein are mevely tHlustrative of specific ways

to make and use the disclosure and do not delinit the scope of the disclosure.

{00029} All publications and patent apphcations mentioned m the speafication are
indicative of the level of skill of those skilled in the ant 1o which this disclosure pertaing. All
publications and patent applications are herein incorporated by reference 1o the same extent as if
each individual publication or patent application was specifically and individually indicated to be

incorporated by reference.

{00030} The present inveation will now be described more fully hereinafler with reference
to the accompanying drawings, which form a part hereof, and which show, by way of ilfostration,
specific example embodiments. Subject matter may, however, be embodied in a variety of
different forms and, therefore, covered or claimed subject matter 15 mtended to be construed as
not being limited 10 any example embodiments set forth herein; example embodiments are

provided merely to be iHustrative. Likewise, a reasonably broad scope for claimed or covered

methods, compositions, or svstems. Accordingly, emboduments may, for example, take the form
of methods, compositions, compounds, materials, or any combination thereof The following

detailed description s, therefore, not intended to be taken in a limiting sense.

{00031} Throughout the specification and claims, terms may have nusnced meanings
suggested or implied in context beyond an exphcitly stated meaning. Likewise, the phrase “mn one
embodiment” as used heremn does not necessanly refer to the same embodiment and the phrase
“in another embodiment” as used herein does not necessarily refer to a different embodiment. It
is intended, for example, that claimed subject matter include combinations of example

embodiments in whole or in part,

[00632] In genersl, temuinology may be woderstood at least i part from usage in context.
For example, teoms, such as “and”, “or”, or “andior,” as used hersin may include a varlety of
meanings that may depend at least in pant upon the comtext in which such tenms are used.

Typically, “or™ if used to associate a list, such as A, Bor €, 15 intended 1o mean A, B, and €, heve
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used in the inclusive sense, as well as AL B or €, here used mn the exclusive sense. In addition, the
term “one or more” as used herein, depending at least in part upon context, may be used to describe
any feature, structure, or characteristic in a singular sense or may be used to describe combinations

TR .

of features, structures or charactenistics in a plural sense. Similarly, terms, such as “a,” “an,” or
“the,” agam, may be understood to convey a singular usage or 1o convey a plural usage, depending
at least in part upon context. In addition, the termn “based on” may be understood as not necessarily
intended o convey an exclusive set of factors and may, instead, atlow for existence of additional

factors not necessarity expressly described, again, depending at feast in part on context,

{00033} After a pentod of rapid expansion from 1980 to 1997, the US. textile industry
began a phase of rapid decline. At its peak (1997), the U.S. textile manufacturing industry
conswned 2,471,000 metric tons of cotton {(about 10.8 milhion bales). At is lowest point, in 201,
the conswmption of cofton 1n the UL, shrunk to 718,490 metric tons (about 3.3 nullion bales).
Since 2008, the consumption has oscillated between 3.3 and 3.8 million bales per vear. The
decreased consumption of cotton within the U.S. textile manufacturing industry led to an
increased reliance on the international market for the sale of US. cotton. For example, about 80%

of the U8, cotion crop is now exported.

[00034] This process, in turn, 18 transfornung the requirements on fber properties. The
spinping mdustry needs cotton fiber with an improved within sample disteibution of fiber length
to meet production goals. Indeed, within sample variation in cotton fiber length can prohibut the
use of cotton fiber as a raw material in mills that use newer spinning techanologies, such as aijet.
In order to market cotton bales to spinning nuills, the guality of every bale of cotion produced

the United States is assessed on a High Volume Instrument (HVI1). The HVI is also the most
common method for measuring fiber quality 1 research, such ag breeding. However, current HVI
fiber quality measurement protocols are unable to capture the within sample variation in fiber
fength needed to explain processing performance and potential varn guality. This technology
enables the industry 1o access information sbout the within sample disinbution of fiber length

from the most conunenty used method for evaluating fiber length, the fibrograph.

{00635} The U.S. industry has long been focused on the production of medium and coarse

yaras and has long emphasized open end rolor spinning, rather than ving spinning. But the focus

of the donunant international textile industoies is on the finer yvams and ring spinning. Thus textile

mills interested in sourcing cotion from the global market emphasize those cotton growths with
7
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fiber profiles adapted to this market (fibers that are long, uniform, mature, fine, strong, and with
low contamination levels). At the same time, increasing labor costs in Asia where most of the
cotton spinning industry s located, are forcing spinning mills to consider potential alternative
spinning technologies such as airjet spinning. Airjet spinning 18 not cotton friendly. Natural

sample variation in cotton fiber length restricts #s use as a raw material in aiget mills.

{00036} If cotton could be adapted to airjet spinning, its throughput would make it
competitive with rotor spinning (faster than rotor). It could produce yarns competitive with ring
spun varas in some market segments such as the 30Ne which is the main target market for US.
cotton (the range of possible yarn counts s narrower than for ring spinning). However, because
of a poor fiber length distribution when compared to man-made fibers, cotion Is not the fiber of
choice in the atrjet spinning market. The current solution for this issue 15 to modity the distribution
of fiber lfength with combing {see FIG. 1). While combing does result in an improved length
distribution, it also owers mull throughput and increases waste which results in lower profis for
the spinning mills.  New coltivars are needed which exhubit an mmproved within sample

distribution of fiber length, competitive on international spinning markets.

{00837} The High Vohune Instrament (HV) is the primmary method used to megsure fiber
length. HVI length parameters are based on the fibrograph method, where a beard of fibers is
scanned with a light from base o tip, and the light attenuation through the beard is used to build
a fibrogram curve. Currently, the HVT only reports two length parameters based on the fibrogram
curve. The renzaining information in the fibrogram curve is unused. However, this techaology

uses the complete curve when evaluating cotton fiber quality.

{00038} The other opiion is fo use a slower instrument, such as the Advanced Fiber
Information System (AFIS). This provides the complete within sample distribution in cotton fiber
tength. However, AFIS testing 1s too slow and expensive for marketing and most breeding efforts.
100039} HVT testing 1s thus the primary tool used for evaloating fiber quality in germplasm
Mean Length (UHML) and Uniformuty Index (U1), are unable to measure within sample variation
in fiber length, information needed for predicting varn grality for nmg spinning and especially for

airjet spinning (see FIG. 2}
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{00840} While the standard HVT protocoel only reports UHML and UL, the mstrument may
capture more information about within sample variation in fiber length that is corrently unused
(see FIG. 3). The fibrograph, the basis of HVI fiber length measurement, is an instrument that
measures the light attenuation produced by scanning a sample of parallel fibers, The output of the
optical svstem plotted as a function of distance is referred to as the fibrogram. In theory, the hight
attenuation is assumed to be related 1o the fiber mass between the lens, This assumption i
questionable as carrent HVI systems use both the optical density and the micronaire to “measure”™
the weight of the sample being broken for the tensile test. Then, 1F it is assumed that fibers have
uniform linear density or fineness, the measured amount is propuortional to the muber of fibers.
Previous studies mdicate that, within a sample, linear density is not mdependent of fiber length
Therefore, the second assumption is false. In conclusion, the current fibrogram provides length
distribution information but it is not either a by weight or a by number distribution. In addition,
currently, only Mean Length and Upper Half Mean Length are extracted from the fibrogram.
These tywo measurements are highly collinear (Measure almost the same thing), and are calcnlated

from the most distal portion of the fibrogram representing the tips of the longest fibers.

joga41} While mmperfect, the length distribution by mumber {rom the Advanced Fiber
Information System {AFIS) constinates a standard, and its superiority as a predictor of vam quality

has been presemed in the art via multiple research projects and publications.

{00042} In one embodiment of the present invention, the system retrieves the full ibrogram
from the HVI. With the full fibrogram, the present invention is capable of extracting information
from the fibrogram to better predict yarn quality than the standard HVI output. This additional
information avoids testing breeding material with the AFIS, thus keeping testing cost about
constant (compared with HVI testing only). While the HVI fiber length parameters are based on
the fibrograph principle, and require the HVI to measure a fibvogram, the fibrogram curve
measuremient is not provided in a standard HVI report. B is therefore a preferred embodiment of
the present invention to extract the HVI fibrogram and perform a statistical detenmination to
extract all of the mformation available from the fibrogram, The mformation made available from

the fibrogram was then compared with the AFIS length distribution and varn quality parameters.

{00043} The HVI system operates out of several modes, two of which are relevant to these

resulis. The first mode 18 System testing: This mode uses all components of the HVI systen and

provides the standard HVI report. The second mode s Length Module Testing: This mode only
9
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uses the length and strength testing module. Reports from this system can provide a fibrogram

Ve,

j00044] Length modude testing is a nonstandard testing mode, and does not report to the
central database in the Cotton Phenomics Laboratory {CPL). Thus, while a fibrograny 1s reported
in Length Module Testing, it must be accessed through the native HVI software residing on the
individual HVI systems. As a result, there is no report in the database that makes the fibrogram
readity available for data analysis. The typical HVI module testing owtput provides a {fibrogram
report in several different praphical styles, but none with direct access o the raw data (see FIG.
5). In some of the length module reporting styles, the fibrogram mmage provided by the HVI
fength module testing report is vectored. This means the information used to generate the
Fibrogram is embedded within the image file. Once the file format is converted o an open source
format, the data can be extracted and manipulated directly (see FIG. 7). Manual extraction of the
data is cumbersome and only a fow samples can be converted at a tinwe wlale connecting the data
back to the original source. Thus, the antomated system of the present mvention is utilized to

extract the needed data;

{00045} The fibrogram is generated as light attienuation as scauned over g fiber beard. The
starting point at the base of the scan is taken to be the point of 100% Light attenuation, thus itisa
standardized distribution. Fewer and fewer fibers extend o more distal points from the fibvograph
comb. The fibrogram reaches 0% light attenuation after it scans past the most distal pomt of the

beard, the tips of longest fibers i the samples.

{00046} The fibrogram itself is reported as a standardized optical amount plotied over 80
discrete fixed distance values. Length strength testing also provides the raw optical amoant valoe,
the troe amount of light attenuation at the base of the beard, as “amount. The current HVI protocol
measures variation in the fibrogram from only two points; the 1.8% span length for Upper Half
Mean Length, and the 7.8% span length for the mean length. The Mean Length is not provided
directly m the standard report, but s used in the calculation of the Untformity Index. The
Uniformity Index ix calculated as the ratio of the Mean Length to the Upper Half Mean length,
multiplied by 100, This calculation often requires the interpolation of data befween two length
bin values. Thus, the two most commonly used length parameters only characterize variation in
length of the most distal tips of the longest fibers in the sample. The remainder of the fibrogram
curve is currently unused.
10
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{00847} The structure of the fibrogram Timits is use in many standard statistical rechniques.
First, the fibrogram bins are highly collinear. {.e. The standardized optical amount in one bin is
highly correlated to the standardized optical amount In the adjacent bin. Second, because the
fibrogram is a standardized measurement, the value in any bin is bounded by 0 and 1. This may

create some nonbinearity and instability when working with values near these extremes.

{00048} It is therefore an embodiment of the present invention to overcome such challenges
using the following system:  First, the total varration captured by a given set of fibrograms is
captured using a distance matrix. The results provided heretn are based on the Exchidean distance
metric between fibrograms. Other distance metrics may also be used, such as chi-squared or bray
Curtis distance. It may also be possible o express the total variation in the form of a covariance

or correlation matrix, although that is not shown,

{00049} Once the total variation among all samples is captured in matrix form, Eigen
analysis is used to decompose the variation imnto the most basic conmponents. This step may depend
o the selected metric, or the goal of the analysis. Singular value decomposition may also be used.
This step results i a vector of scores that represert each sample (fibrogram} in the new
transtormed space. These scores are the result of linear combinations of the total variation matrix.
The first score represent the largest soutce of total variation among all fibrograms in the study.
The second represents the second largest sonrce, mdependent of the first, and so on. The

decomposition also provides a vector which can be used to express the amount of the total

variation captured by each score vector.

{00050] These scores provide a complete partitioning of the total mudtivanste space
captured by the original fibrograms. Conveniently, each score characterizes an independent
source of vanation. With a prudent selection of a distance metiic, the scores also characterize a
tingar multivariate space. Thus, the scores are used as a new set of variables that capture the total
variation in the fibrogram curve among a set of samples. These variables can be used o
characterize variation amnong samples, or relationships between variation in the fibrogram and
other parameters of interest, such as yarn quality, other fiber quality parameters, or experimental

factors,

{80651} The scores from the fibrogram are used as independent variables, and yam quality

parammeters are used as dependent variables in a hnear regression. The new set of variables {scores)

1
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contain all of the varation characterized in the onginal fibrograms. Some of this variation
characterizes variation in fiber length, and some characterizes noise. Thus, the regression must be
regularized so that improvements in each regression mode! come from the additional information
in fiber tength, and not notse. This ts accomplished by regressing each yarn quality over the full
set of Principal Coordinates Analysis (PCoA) scores using partial least square regression (PLSR).
The PLSR can be based on any number of hinear combinations of fibrogram scores. At least two
parameters are typically extracted from the fibrogram, so at least two scores are used herein for

exemplary purposes.

100052} This step served the function of munimizing overfitting. There are 40 or so
variables used to represent variation in the fibrograms. Each of these variables represents the light
attenuation at a given distance along the scan of the fiber beard. It is not expected that all of the
information captured by these 40 levels characterizes within sample variation in fiber length.
Some variation in these measurements may be the result of random variation. PLSR was used to
separate the within sample variation in fiber length from random variation in the fibrogram
measurernent. This was aclieved by first relating the vanation m the fibrogram directly to
variation in yams quality and extracting either the first two or three scores in this relationship.
Thus, if 2 scores are extracted, these are 2 independent variables that characterize within sample

varigtion in fiber length from the fibrogram with the best relationship to that yam quality.

{00053} Distance Based (2 score) set - 2 scores for one model, because HVI already reports

2 variables. This miakes these two models have the same number of parameters.

{00054] Distance Based (3 score) set - 3 scores were used in a different set, because it has

been determined a fibrogram may have at least 3 variables worth of information.

[00655] These are referred to as the "PLSR Scores”. These PLSR scores werg used as
fength parameters predictors in a set of linear models of yarn guality, Some varn qualities were
square root transformed, ndicated by an “x”. A second set of Partial Least Square regression
equations were used with the raw HVI fibrograms used directly as the independent variables, This
i3 referred 1o as the raw Hibrogram of the present invention.

{00056} The results of this lustrative analysis for two separate samples, a commercial
sarmple (PCIC) and a breeder sample (Smith) are summarized o the FIGS, 7-11. The system of
the present invention was utilized to measure fibvograms for two very different types of cotton
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fiber samples, @ set of commercial bales and & set of breeder samples. Fiber from these samples
was also spun into vamn. The addiional information retrieved from the fibrogram using this
technology explained a greater amount of variation in spun yarn quality than traditional HVI
parameters, or the AFIS fiber length distribation. Using the full fibrogram as developed by the
system of the present invention consistently outperforms the standard HVI parameters when
explaining variation i yarn quality. Twning to FIG. 7, PCIC Samples were analyzed with
various systems, and 2 score PLSR is provided for the various techmiques, meluding: (1) UHML
and ML; {2) Distance Based (2 score) AFIS Fibrogram, (3) Distance Based (2 score) HVI
Fibrogram; and {4} Raw HVI Fibrogram {2 score}. Analysis included various factors including,
Breaking Force, Work-to-Break, Elongation At Break, CVm%, square root transformed Thin
Places 50, square root transformed Thick Places 3, sqoare root transformed Neps 200, Hairiness,

and square root transformed Imperfection Index, all of which explain vanation in varn quality.

{00857} QOue goal of breeding 1s to develop germplasm with the potential to produce fiber
that 18 competitive as a raw material on the prevailing spinning mavkets. The current market 18
focused on ring spinning. These results demonstrate that the present invention provides important
information about the within-sample distribution of fiber length needed for characterizing the
quality of varns that could be spun with the fiber produced from their germplasm. This further
enables a breeder to make more informed decisions about selections in germplasm development,
Indeed, the present invention helps breeders develop vanieties that produce fiber with a length
distribution that is more efficient to process gad results in higher quality yams. Other researchers
can use additional data provided by this invention to evaluate varieties and agronomic practices
that result in & more ideal within sample distnibution of fiber length, thus allowing producers 1o
sell thew products into higher value markets, inereasing thewr income. Spinning mills select bales
from their warehouse and blend them together as a part of the spinning process. The present
invention allows spinning mills to target vam manufacturing goals. Thus, the present invention

could be used by mills to manage their blends and spinning squipment setings.

{00058} FIG, 8 presents PCIC Samples and 3 score PLSR results using variouns systems,
including: (1) UHML and ML; (2) Distance Based (3 score) AFIS Fibrogram; (3} Distance Based
{3 score) HVI Fibrograny, and (4) Raw HVI Fibrogram (3 score).  Analysis included various
factors including, Bresking Force, Work-io-Break, Elongation At Break, CVm®%, square root

transformed Thin Places 50, square root transformed Thick Places 50, square root transformed

13
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Neps 200, Hairiness, and square root transformed Imperfection Index, which collectively explain

variation 1 yarn guality.

[00059] FIG. 9 presents scatterplots for yvam quality models using three (3} distance based
scores along with the standard non-length HVT fiber quality parameters: Breaking force {brk
force), Work-to-break (workto bek), Elongation at break (brk elo), UVm% {cv value), square root
wanstformed Thin places 50 {xthin 30), square root transformed Thick places 50 (xthick 503,
square root transformed Neps 200 (xneps 200}, Hairiness (hairiness), and square root transformed

Imperfection index {xipi}.

j00660] FIG. 10 provides 2 score PLSR results of Soith samples, mchuding: (1) UHML
and ML; {2} Dhstance Based (2 score) AFIS Fibrograny {(3) Distance Based (2 score) HVI
Fibrogram; and {4} Raw HVI Fibrogram (2 score). Results are shown in FIG. 10 for vatious
factors including, Bresking Force, Work-io-Break, Elongation At Break, CVm®%, square root
transformed Thin Places 50, square root transformed Thick Places 50, square root transformed
Neps 200, Hairiness, and square root transformed Imperfection Index, which collectively explain

variation in yvara quality.

{00061} FIG, 8 presents Smith Samples and 3 score PLSR results using various systems,
including: {1} UHML and ML (2) Distance Based (3 score) AFIS Fibrogram; (3) Distance Based
(3 score} HVI Fibrogram; and {4) Raw HVI Fibrogram (3 score}. Analysis mcluded various
factors including, Breaking Force, Work-to-Break, Elongation At Break, CVm’%, square root
transformed Thin Places 30, sqoare root transtormed Thick Places 80, sqoare root tramsformed
Neps 200, Hairiness, and square root transfonmed Tmperfection Index, which collectively explain

variation in yarn quality.

{60062} The system and method of the present invention, in one embodiment, further
includes a general-purpose computing device in the form of a computer. The components of the
computer can include, bat are not hmited fo, one or more Processors or processing units, a system
memory, and a svstem bus that couples varions system components including the processor to the
system memory. The computer may be, for example, a deskiop computer or a porfable device
computer, such as a cellular telephone, a smart phone, a display pager, a radio frequency (RF)
device, an infrared (IR} device an Near Field Communication (NFC) device, a Personal Digital

Assistant (PRA), a handheld computer, a tablet computer, a laptop computer, phablets, a weavable
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computer, an integrated device combining various features, such as features of the forgoing

devices, or the like.

{00063} The system bus represents one or more of several possible types of bus stractuves,
including a memory bus or memory controller, a peripheral bus, an accelerated graphics port, and
a processor or local bus psing any of a variety of bus architectwres. By way of example, such
architectures can include an Industry Standard Architecture {(ISA) bus, a Micro Chamnel
Architectare {MCA) bus, an Erhanced ISA (EISA) bus, 8 Video Electronics Standards
Association {VESA) local bus, and a Peripheral Component Interconnects (PCT bus also known
as a Mezzanine bus. This bus, and all buses specified in this description can also be implemented
over a wired or wireless network connection, collectively a petwork. The bus, and all buses
specified i this description can also be implemented over a wired or wireless network connection
and each of the subsystems, inchuding the processor, a mass storage device, an operating system,
an nuage comstruction software, a nanoparticle movement imags construction software, light
signal data, the system memory, an OCT input ioterface, an OUT output intertace, a display
adapter, a display device, a human interface device, and a digital mmage capture device, can be
contained within one or more remote computers at physically separate locations, conpected

through buses of this form, and via a network, in effect implementing a fully distributed system.

{00664} The computer can include a vaniety of computer readable media. Such media can
be any available media that is accessible by the computer and mcludes both volatile and non-

volatile media, removable and non~removable media.

{00065 The system memory includes computer readable media in the form of volatile
memory, such as random access memory {RAM), and/or non-volatile memory, such as read only
memory (ROM). The systern memory typically containg data such as hght signal data andior
program modoles such as operating system, image construction software and nanoparticle
moverment {or cellular membrane tension level or intenial strain field change) image construction
software that are immediately accessible to anddor are presently operated on by the processing

P

jo0666] The computer can also include other removable/non-removable, volatile/non-
volatile compuater storage media, such as a mass storage device which can provide non-volatile

storage of computer code, computer readable instructions, data structures, program modules, and
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other data for the computer. For example, a mass storage device can be a hard disk, a removable
magnetic disk, a removable optical disk, magnetic cassettes or other magnetic storage devices,
flash memory cards, CD-ROM, digital versatile disks {DVD) or other optical storage, random
access memories (RAM), read only memortes (ROM), electrically erasable programmable read-

only memory (EEPROM), and the bke.

{00067} In one exemplary embodiment, a subsample of fiber from a set of bales is evaluated
on the HVL A fibrogram corve 18 generated from each of these samples. In @ raw form, the

fibrogram curve represents the length variation for each sample as a vector of 81 variables. In the
current HVI system, two measarements are extracted, the Upper Half Mean Length and the Mean
Length, and the curve is discarded. These two measurements are taken from the same region of
the fibrogram, the region representing the longest fibers, and as a result, these two measurements
are inadequate for two reasons. The parameters do not characterize the complete within sample
variation in fiber length captured by the fibrogram, and the parameters are highly collinear. The
parameters are collinear enough that they could be considered as characterizing the same vanation

i fiber length (.. They are effectively one vanable).

{00868} In the present mvention, rather than extracting to length parameters fom the
extreme points of the curve or avother isolated part of the Bbrogram, all of the information
available is characterized. The embodiments of the present invention accomplish this by applving
mudtidimensional scaling io the complete set of raw {ibrogram curves, producing a set of loading
vectors and a set of scores. The complete set of scores provides a sunumary of the total variation
captured by the fibrogram, with cach score representing an independent tvpe of variation
charactenized by the fibrogram. Mathematically, there can be as many scores as there are values
reported in the fibrogram vector. There are fewer in practice. For example, some regions of the
fibrogram do not capture variation in fiber length because the fibrogram inclodes the regions
where fibers i the beard do not extend. However, results from commercial and breeder samples
show that at least three of these scores characterize vaniation in fiber length that explasss variation
in varn quality, This is important information for researchers, such as breeders, and the remainder
of the cotton industry. The present mvention provides a novel system bevond the corrent art, as
current HV protocels provide at nrost two length parameters characterizing an isolated region of
the fibrogram curve. The present invention provides at least three length parameters that each

characterize an mdependent type of vanation in fiber length.
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00065 In swnmary, the present invention represents a system and method for determining
fiber yarn quality by developing a full fibrogram curve from an HVI, thas providing information
about cotton fiber quality that is needed for explaming variation in processing performance and
yarn quality, while using the most common hiber quality evaluation instrument, the HVL This
information s needed to develop and market new varieties that meet the demands of international
spinming markets without relying on slower and more expensive techniques, such as AFIS. The
system and method of the present mvention may be performed by a computer upon determining

the HVI curve via HVI analysis.

160670} Those skilled in the art will recognize that the methods and systems of the present
invention may be implemented in many manners and as such are not to be hiited by the foregoing
exermplary emboediments and examples. In other words, functional elements being performed by
single or multiple components, in various combinations of hardware and software or firmware,
and mdividual fonctions, may be distributed armong various software applications at either the
chient tevel or server level or both. In this regard, any nwnber of the featores of the different
embediments described herein may be combined into single or multiple embodiments, and
alternate embodiments having fewer than, or more than, all of the features deseribed beren are

possible.

{00671} Functionality may also be, in whole or in pan, distributed smong multiple
components, i manners now known or to become known. Thus, myriad combinations are
possibile in achieving the fuactions, features, and preferences described heretn. Moreover, the
scope of the present mvention covers conventionally known manners for carrying out the
described features as well as those vanations and medifications that may be made to the processes,
composition, or compounds described herein as would be understood by those skilled in the art

now and hereafier,

{00072} Furthermore, the embodiments of methods presented and described as diagrams.
schematics or flowcharts w this disclosure (such as the Figures) are provided by way of example
in order o provide a more complete understanding of the techaology. The disclosed methods are
not limited to the operations and logical flow presented herein. Alternative embodiments are
contemplated 1 which the order of the various operations 1s altered and 1in which sub-operations

described as being part of a larger operation are performed independently.
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{00873} While various embodiments bave been deseribed for purposes of thus disclosurs,
such embodiments should not be deemed to limit the teaching of this discloswwe to those
embodiments. Various changes and modifications may be made to the elements and operations
described above to obtain a result that remains within the scope of the systems and processes

described n this disclosure.
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What is claimed is:

i, A system for estimating unknown fiber quality of a fiber sample, comprising:
a. a high volume instrament (HVI) for collecting a respective set of initial

fibrograms from a set of fiber samples from the HVI and representing them as a distance

matrix; and

b. a computer for
1. decomposing the total vaniation captured i satd matnix foum from

the distance matrix to form a matrix of transformed fitvogram data, said mawix of
transformed fibrogram data comprising a vector of scores to represent each
sample;

it mutually exclusively pantitioning the total multivariate space
captured by the mitial fibrograms into a set of independent variables from the HVL
and

il explaining variation in varn quality by regressing each varn quality
parameter over the vector of scores obtained from the matrix of transformed

fibrogram data.

2. The system of claim 1, wherein the distance matiix 15 based on the Euclidean
distance metrie between initial fibrograms.
3. The system of claim I, wherein the distance matrix is based on the chi-squared

distance metric between initial fibrograms.

4. The system of claim 1, wherein the distance matrix is based on the Bray-Curtis

dissinuilarity metoc between initial fibrograms.

5. The system of clatin 1, wherein the distance matrix 18 based on a correlation matrix

between mitial fibrograms.

6. The system of claim 1, wherein the decomposition miay compnise singular valoe
decomposition.
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7. The system of claim 1, wherein the vector of scores farther comprises at least one

score representing the largest source of total variation among all initial fibrograms.

& The systentof claim 1, wherein the vector of scores further comprises at least two
seores representing a first scove representing the largest sowrce of total variation among all initial
fibrograms, and a second score representing the second largest source of total vaniation among all

initial fibrograms,

9. A method of estimating unkaown fiber quality of a fiber sample, comprising:
a. collecting a respective set of mitial fibrograms from a set of fiber samples

from a high volume instroment (HV]) and representing them as a distance matnix;

b, decomposing the total vanation captared in said matrix form from the
distance matrix to form a matrix of transformed fibrogram data, said subsequent matvix of
transformed fibrogram data comprising a vector of scores to represent each sample;

c. mutually exclustvely partitioning the total multivanate space captured by
the initial fibrograms into a set of independent variables from the HVY; and

d explamning variation in varn quality by regressing each yarn quality

parameter over the vector of scores obtained from the transformed fibrogram data.

10 The method of clatm 9, wherein the distance matnix 13 based on the Euchidean

distance metric between initial fibrograms.

i1, The method of claim 9, wherem the distance matrix is based on the chi-squared

distance metric between initial fibrograms.

12, The method of claim 9, wherein the distance matrix is based on the Bray-Curtis

dissimilarity metric between mitial fibrograms.

13, The method of claim 9, wherein the distance matrix is based on a correlation matrix

between mmitial fibrograms,
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. The method of claim 9, wherein the decomposition may comptise singular value

decomposition.

15, The method of claim 9, wherein the vector of scores further comprises at least one

scove represemting the largest source of total variation among all mitial fibrograms.

16,  The method of clamm 9, wherein the vector of scores further comprises at least two
scores representing a first score representing the largest source of total variation among all inttial
fibrograms, and a second score representing the second largest source of total vanation among all

initial fibrograms,

17.  The method of claim 9, wherem the vector of scores further comprises more than
two scores representing ranked scores representing the source of total variation among all initial

fibrograms from largest to smallest.

18, The method of claim 9, wherein the fiber quality further comprises quality
paraneters selected from a proup consisting oft breaking force, work-to-break, clongation at
break, yam irregulanty {CVm%), thin places, thick places, neps, haininess, imperfection index,

and combinations thereof

19, The method of claim 9, further comprising performing said determining each fiber

quality parameter on a computer.

200 The method of claim 9, wherein the vector of scores further comprises more than
two scores representing ranked scores representing the sowce of total variation among all initial

fibrograms from largest to smallest.

210 The method of claim 9, wherein the fiber quality further comprises guality
parameters selected from & group consisting of breaking force, work-to-bregk, elongation at
break, varn irregularity {CVm%), thin places, thick places, neps, hairiness, mnperfection index,

and combingtions thereof
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FIG. 7

B Distance Based (2 Score)-AFIS
Bz Distance Based (2 Score)-HVI
FA Raw HVI Fibrogram (2 Score)
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FIG. 8

B Distance Based (3 Score)-AFIS
Bz Distance Based (3 Score)-HVI
FA Raw HVI Fibrogram (3 Score)
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FIG. 10

Fibrogram

B Distance Based (2 Score)-AFIS
Fibrogram

B Distance Based (2 Score)-HVI
FA Raw HVI Fibrogram (2 Score)
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