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SYSTEM, METHODAND APPARATUS FOR
FIBER SAMPLE PREPARATION FOR IMAGE

ANALYSIS

CROSS-REFERENCE TO RELATED

APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 60/732,303, filed Nov. 1, 2005, the contents of

which are incorporated by reference herein in its entirety.

This invention was made with U.S. Government support
under United States Department of Agriculture grant No.is

2003-35504-12855.

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to the field of
sample preparation, and moreparticularly, to fiber sample

preparation for analysis of physical characteristics.

BACKGROUND OF THE INVENTION

Without limiting the scope ofthe invention,its background

is described in connection with fiber sample preparation
devices for analysis, as an example. Naturalfibers (e.g., cot-

ton) are commonlyusedas textile materials with fiber quality
remain one of the most serious issues for the world’s textile

industry. There is a perception among textile manufacturers

that some cotton is of lesser quality than other cottons; how-
ever, these perceptions of quality are generally not expressed

quantitatively.

Generally, natural fibers are divided into grades that are

dependent on fiber maturity, fineness, contamination (e.g.,

from a variety ofsources surrounding vegetation, and insects)
and damage(e.g., from cotton harvesting and handling). The

growth and storage conditions ofthe natural fibers also play a
role in the condition and maturity of the cotton fiber. The

gradeofthe fiber will ultimately determinethe use ofthe fiber
in materials and garments.

Onefactor that influencesthe gradeofthefiber, determines

its use in production, spinning and ginning processes and
therefore directly affects the value ofthe cotton in the market

place is the maturity ofthe fiber. For example, the presence of
immature cotton fibers poses significant problemsin process-

ing performance andin the quality ofthe finished textile, e.g.,

the neps, weak places in yarns, ends-downin spinning, excess
waste, dyeing imperfections, white specks and barre. The

maturity ofthe fiber can be determinedthrough analysis ofthe
physical characteristics of thefiber.

Generally, a cotton fiber is an elongation of a single epi-
dermalcell on the surface ofthe seed and the maturity ofthat

fiber refers to the degree of thickening of the fiber cell wall

relative to the perimeteror effective diameterofthe fiber. The
degree of developmentofthe fiber wall is one indication of

fiber maturity. Other physical characteristics indicative ofthe
quality of the fiber are the cross sectional profile and the

length ofthe fiber. The cross sectional profile or morphology
ofthe fiber is determined by the cell wall area and the perim-

eter of the fiber cross-section; however, the circularity or

degree of thickening is also important in determining the
quality ofthefiber.

One methodused extensivelyin the textile field for grading
fibers is batch testing, which is a compilation of measure-

ments from many different instruments. One indicator used

by cotton growers to determinefiber quality is the length and
the cross-sectional profile of the fiber. However, the current

batch testing techniquesare not practical for use in commer-

10

15

20

25

30

35

40

45

50

55

60

65

2
cial operations due in-part to their slow process speed. Cur-
rently, High Volume Instrument (HVJ) and Advanced Fiber

Information System (AFIS)are used to characterize thefibers

by measuring physical and mechanical properties (e.g.,
length and shape) of fiber (e.g., cotton) at rates upwards of

1000 per second. AFIS is an aeromechanical separator with a
single entity sensor and computer for data collection and

analysis. The AFIS separates fibers and neps into one air
stream, andtrash into anotherair stream. The fibers and neps

are then monitored using optical-based sensors and analyzed.

One disadvantage of devices currently in use include the
lack of accuracy and precision of fiber length measurement,

due in part to the tendency of the device to measure two
partially overlapping fibers as one and the inability of the

device to distinguish whether a fiber is doubled over upon
itself or straight. Current methods must sample tens of thou-

sands oftimes to obtain reproducible data; however, accuracy

is still limited.
Another disadvantage of devices currently in use includes

the lack ofaccuracy andprecision becauseofinconsistencies
in the preparation of samples for analysis. Current samples

preparation techniques used in the art produces non-uni-
formed cuts at the ends of the fiber segments (e.g., angle

variations from the perpendicular) and have a tendency to

produce samples with partially overlapping fibers.

SUMMARY OF THE INVENTION

The foregoing problems have been recognized for many
years and while numerous solutions have been proposed,

none of them adequately address all of the problems in a
single device, e.g., accuracy and precision sample preparation

producing randomly dispersed fibers.

The present inventor recognized a need for an apparatus,
method and system for preparing fiber sample to be imaged in

an automated manner to increased accuracy, precision and
reproducibility of the sample, while reducing errors in fiber

widths anddistortions in width measurements dueto crossed,
touching or overlappingfibers.

For example, the present invention includes a mechanical

fiber cutting apparatus. The mechanicalfiber cutting appara-
tus has two or more cutter blades underthe control of a blade

moving mechanism. The cutting action of the two or more
cutter blades creates one or more cut fibers. A fiber chamber

is positioned to receive the one or more cut fibers and a

pressurized gas source connected to the fiber chamber. The
pressurized gas sourcereleases the gas to transfers the one or

morecut fibers into a sample preparation housing. As the gas
travels through the fiber chamber, the one or more cut fibers

are carried along to the sample preparation housing. Upon
entering the sample preparation housing the fibers are dis-

persed and allowed a random distribution of the fibers on the

sample slide within the sample preparation housing.

The present invention includes a pneumatic fiber cutting

apparatus having two or morecutter blades under the control
of a blade moving mechanism. The cutting action of the two

or more cutter blades creates one or more cut fibers. The

pneumatic fiber cutting apparatus includes a fiber chamber
positioned to receive the one or more cut fibers. The fiber

chamberhasa pressure inlet connected to a pressurized gas
source, an outlet tube connected to a sample preparation

housing and two or moreslots that accept the two or more
cutter blades. One or more sample slides are positioned

within the sample preparation housing. Upon operation, a

sample ofone or morefibers is cut with the two or more cutter
blades to create one or more cut fibers, whichfall into the fiber

chamber. The two or morecutter blades enter the two or more
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slots to at least partially seal the fiber chamber. The pressur-
ized gas source releases a gas into the pressure inlet of the

fiber chamberto transport the one or more cutfibers to the

sample preparation housing. Upon entering the sample prepa-
ration housingthefibers are dispersed randomly onto the one

or more sampleslides.
Thepresent invention also includes a methodofpreparing

a fiber sample for analysis by positioning a fiber sample onto
amechanicalfiber cutting apparatusthat includes two ormore

cutter blades underthe control of a blade moving mechanism

and a fiber chamber. The fiber chamberincludes a housing in
communication with a pressurized gas and in communication

with a sample preparation housing. The cutting action of the
two or more cutter blades create one or more cutfibers and

deposits the one ormore cut fibers into the fiber chamber. One
or more pulses from the pressurized gas source are released to

transport the one or morecutfibers to the sample preparation

housing as the one or more cutfibers enter the sample prepa-
ration housing with the gas. The one or more cutfibers are

distributed randomly onto a sample slide within the sample
preparation housing.

The present invention also includes image-processing
algorithms for analyzing longitudinal imagesoffibers(e.g.,

cotton) in an automatic system, having improved accuracy

and/or efficiency. The adaptive thresholding algorithm of the
present invention reducesthe errors arising from unfocused

fibers and the look-up table increasestheefficiency oftracing
fiber edges. The double-scanning algorithm enhances the

accuracyofthe transverse scansoffibers, while the validation
rules prevent false scans from being includedin the output. A

merging algorithm links short fiber segments that belong to

the samefiber to evaluate the fiber twists.
One embodimentof the present invention provides a sys-

tem having an image analysis algorithm developed for a
microscopic system that specifically evaluates cotton proper-

ties from longitudinal views. The system utilizes a motorized

stage to transport a sampleslide to grab sequential images of
fiber segments, scans transversely the detected fibers in the

images, and outputs both fineness and maturity measure-
ments of cotton, based on the statistic data of the massive

scansacrossfibers.
The present invention also includes a method of monitor-

ing the fineness and maturity of fibers by acquiring one or

more imagesofthe fibers andprocessing the imageto identify
characteristics of the fibers. The processing includes deter-

mining the intensity ofone or more regionsofthe images and
comparing the intensity of one of the regions to the intensity

ofanother region to designate the fineness and maturity ofthe
fibers.

The processing step further includes removing one ormore

boundary pixels from the images of the fibers. The one or
more boundary pixels have three or fewer black neighboring

pixels and re-scanning the imagesfor the one or more bound-
ary pixels until no black pixel exists in the image. The method

further includes identifying one or more holesthat fall on the
one or morefibers to produce a lumen image and omitting the

one or more holesthat do not passed through the one or more

fibers. The images of the fibers and the lumen images are
merged and the pixels in the imagesofthe fibers andthe pixels

in the lumen image are compared, wherein identical pixels are
set to black.

Thepresent invention also provides a system for determin-
ing the maturity of one or more fibers including a digital

imaging device positioned to capture one or more images of

one or more fibers and an image processing device that pro-
cesses the one or more imagesto identify one or more fiber

characteristics. The imaging processing device determines
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the intensity ofone or moreregionsofthe one or more images
and comparesthe intensity of one of the one or more regions

to the intensity of another of the one or more regions. The

regions are then graded and designated as to the maturity and
gradeofthe fiber.

A fiber maturity measurement apparatus is provided for
determining the maturity of one or more fibers conditions

having a digital imaging device positioned to capture one or
more images of one or morefibers and an image processing

device that processes the one or more imagesto identify fiber

characteristics. The imaging processing device determines
the intensity ofone or moreregionsofthe one or more images

and comparesthe intensity of one of the one or more regions
to the intensity of another of the one or moreregions.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the features and

advantagesofthe present invention, reference is now made to

the detailed description of the invention along with the
accompanying figures and in which:

FIG. 1 illustrates certain features of a cutting apparatus
according to an embodimentofthe present invention;

FIG.2 is a top view of a portion of the apparatus shown in
FIG.1;

FIG.3 is a front view ofa portion ofthe apparatus shown in

FIG.1;
FIG.4 is a partially exploded perspective view of a portion

of the apparatus shownin FIG.1;
FIG. 5is a perspective view of a portion of the apparatus

shown in FIG.1;
FIGS. 6A and 6B are images using different focusing and

lighting conditions;

FIGS. 7A and 7Bare histogramsofthe respective images
in FIG.6;

FIG.81s an image ofadaptive thresholding ofthe images of
the present invention as seen in FIG.6;

FIG. 9 depicts the numbering ofneighboringactive pixels;
FIG. 10 depicts invalid codes for the neighboring active

pixels;

FIG.11is a table of possible values for edge tracing in the
up-right direction;

FIG.12 is a transverse scanning image in accordance with
the present invention;

FIG.13 is a transverse scanning image of immaturefibers;

FIGS. 14A and 14B are transverse scanning images in
accordance with the present invention, where FIG. 14A is

prior to validation and FIG. 14Bis post validation;
FIG. 15 is an image ofthe merging ofa transverse scanning

imageovera fiber image;
FIG. 16A is a plot of the longitudinal data using cross-

sectional data, while FIG. 16B is a plot of the longitudinal

data using AFIS data;
FIG. 17 is a plot of the distributions of fiber widths;

FIG.18 is a plot of variations of fiber widths in different
samples;

FIG. 19A is a grayscale image of the cross-section of
cotton fibers and

FIG. 19B is a binary imageofthe cross-section of cotton

fibers;
FIG. 20A is an imageoffibers using backgroundflooding

and FIG.20Bis an imageoffibers usingpartial fiber removal;

FIG.21A is a cross section imageoffilled fibers and FIG.

21Bis an imageofskeletonizedfibers;

FIG. 22A is an imageof the cross section of the fibers in
lumens, while FIG. 22B is an image of the measurable cross

sections;
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FIG. 23 is a schematic depicting the cross-sectional mea-

surements;

FIG.24is a plot of the correlation between circularity and

the degree of thickening;
FIG.25 is a plot of the circularity and the degree of thick-

ening of differentfibers;
FIG.26is a plot ofthe distribution offiber perimeters and

the circularity;
FIG.27 is a plot ofthe variationsoffiber perimeter with the

numberof analyzedfibers;

FIG.28 is a plot ofthe correlation ofthe cross-sectional and
the longitudinal data; and

FIG. 29 is a plot of the correlation of the cross-sectional
data and the AFIS data.

DETAILED DESCRIPTION OF THE INVENTION

While the making and using ofvarious embodimentsofthe

present invention are discussed in detail below, it should be

appreciated that the present invention provides many appli-
cable inventive concepts that can be embodied in a wide

variety of specific contexts. The terminology used and spe-
cific embodiments discussed herein are merely illustrative of

specific ways to make andusethe invention and do not delimit
the scope of the invention.

In accordance with the present invention, a method and

apparatus are providedthat allowsprecise cutting, trimming
or separating of materials using a multi-blade cutting tool.

The present invention provides a cutting apparatus for cut-
ting, trimming and separating materials into defined lengths

and producing randomized distributions of the materials to
facilitate imaging and analysis ofthe materials without undue

manipulation.

For example, the present invention includes a mechanical
fiber cutting apparatus. The mechanicalfiber cutting appara-

tus has two or more cutter blades underthe control of a blade
moving mechanism. The cutting action of the two or more

cutter blades creates one or more cut fibers. A fiber chamber
is positioned to receive the one or morecutfibers. A pressur-

ized gas source is connected to the fiber chamberto release

the gas andtransfers the one or more cutfibers into a sample
preparation housing. As the gas travels through the fiber

chamber, the one or more cutfibers are carried along to the
sample preparation housing. Upon entering the sample prepa-

ration housing thefibers are dispersed and allowed to deposit

onto a sample slide. The one or more cutfibers are distributed
randomly onto the sample slide within the sample preparation

housing.

A series of two or more cutter blades can be used to cut a

fiber into multiple segments of similar lengths (e.g., equidis-
tant spaced blades)or different lengths (e.g., non-equidistant

spaced blades). Alternatively, the series ofblades may be used

to cut a bundle of fibers into multiple segments of similar
lengths (e.g., equidistant spaced blades) or different lengths

(e.g., non-equidistant spaced blades).

The two or more cutter blades include 2, 3, 4, 5, 6, 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 or more
blades. The two or more cutter blades are substantially par-

allel; however, the blades may be angled(e.g., from about 0 to
about 180 degrees) and/ortilted (e.g., from about 10 to about

170 degrees) in some embodiments. The angles and/ortilts
maybe the samefor each ofthe two or more cutter blades, the

angle may be the sameandthetilt varied, the tilt may be the

same and the angle varied, both the angle andthetilt may be
varied or any combination thereof that may be needed for a

particular application. The two or more cutter blades may be
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6
individually a conventional razor blade, a blade, a serrated
blade, a metal wire, a plastic fiber, a composite fiber, a plastic

blade, or a composite material or mixtures thereof.

The fiber chamber includes a connection for the pressur-
ized gas source and a connection to the sample preparation

housingto allow the one or more cutfibers to be transferred.

The sample preparation housing and the fiber chamber may
be connected through a tube. The tube may have a profile that

is round, polygonal, square, oval, rectangular, triangular, or
any other shape desired. In addition, the tube may be made

from a variety of materials including plastics, composites,
polymers, metals, and similar materials.

The pressurized gas source may include a compressor, a

tank, a gas line, or a combination thereof and may be con-
nected directly to the fiber chamberor via a manifold system.

In addition, the pressurized gas may be used to power the

blade moving mechanism whenin the form of a pneumatic or
hydraulic ram. The pressurized gas source includes pressur-

ized air, nitrogen, hydrogen, oxygen, carbon dioxide, carbon
monoxide, or a mixture thereof.

Theskilled artisan will recognize that the present invention

may also use a vacuum system to move the one or more cut

fibers from the fiber chamberto the sample preparation hous-

ing. For example, a vacuum maybe applied to the system at

the sample preparation housing causing the one or more cut
fibers to be transported from the fiber chamberto the sample

preparation housing. Once the one or morefibers are within
the sample preparation housing, the vacuum may be discon-

tinued allowing the one or more cut fibers to fall to a random
distribution on the sampleslide within the sample preparation

housing.

The present invention also includes a pneumatic fiber cut-
ting apparatus having two or more cutter blades under the

control of a blade moving mechanism. The cutting action of

the two or more cutter blades creates one or more cutfibers.
The pneumaticfiber cutting apparatus includesa fiber cham-

ber positioned to receive the one or morecutfibers. The fiber
chamberhasa pressure inlet connected to a pressurized gas

source, an outlet tube connected to a sample preparation
housing and two or moreslots that accept the two or more

cutter blades. One or more sample slides are positioned

within the sample preparation housing. Upon operation, a
sample ofone or morefibers is cut with the two or more cutter

blades to create one or more cut fibers, whichfall into the fiber
chamber. The two or morecutter blades enter the two or more

slots to at least partially seal the fiber chamber. The pressur-

ized gas source releases a gas into the pressure inlet of the
fiber chamberto transport the one or more cutfibers to the

sample preparation housing. Upon entering the sample prepa-
ration housingthefibers are dispersed and allowed to deposit

onto a sample slide. The one or more cutfibers are distributed
randomly onto the one or more sample slides. A coverslide

maybe placed over the one or more sample slides to allow

removal, while retaining the random sample distribution.

The present invention also includes a system for preparing

a sample of one or more fibers. The system includes two or

more cutter blades under the control of a blade moving
mechanism. The cutting action of the two or more cutter

blades creates one or more cut fibers. The system also
includesa fiber chamberpositionedto receive the one ormore

cut fibers and a pressurized gas source connected to the fiber
chamberthattransfers the one ormore cutfibers into a sample

preparation housing. The one or morecut fibers are thereby

distributed randomly onto a sample slide. The system also
includes an imaging system for imaging the one or more cut

fibers distributed randomly onto a sampleslide.



US 7,588,438 B2

7
Thepresent invention also provides an imaging system that

has a digital imaging device and an image processing device.

The digital imaging device is positioned to capture one or

more images of one or more fibers. The image processing
device determines the intensity ofone or more regions of the

one or more images and comparesthe intensity of one of the
one or more regionsto the intensity of another of the one or

more regions. The image processing device can then deter-
mineifthe region is defective and should be labeled as such.

The present invention includes a method of preparing a

fiber sample for analysis by positioning a fiber sample onto a
mechanicalfiber cutting apparatus. The mechanicalfibercut-

ting apparatus includes two or more cutter blades under the
control ofa blade moving mechanism,a fiber chamberhaving

a pressurized gas source in communication with the fiber
chamberand a sample preparation housing in communication

with the fiber chamber. The cutting action of the two or more

cutter blades create one or more cut fibers and deposits the
one or more cut fibers into the fiber chamber. One or more

pulses from the pressurized gas source are released to trans-
port the one or more cut fibers to the sample preparation

housing. The one or morecut fibers are distributed randomly
onto the sample preparation housing and allowed to form a

random distribution on a sample slide within the sample

preparation housing.
With reference to FIG. 1, a cutting apparatus 10, in accor-

dancewith the present invention is shown and includes a base
plate 12 having a fiber chamber14attachedthereto. The fiber

chamber 14 hasa blade receiving plate 16 to receive two or
more cutting blades 18. The two or more cutting blades 18 are

attached to a movable piston 20, whichis attached to a piston

moving mechanism 22. The piston moving mechanism 22 is
in communication with a top mounting plate 24 and sup-

ported by a support mechanism 26 attachedto the base plate
12.
The piston moving mechanism 22 may be any moving

mechanism that produces movement of the piston 20. The
piston moving mechanism 22 may be a hydraulic mechanism

(e.g., a ram or a press) that uses a fluid to movethe piston 20
or a pneumatic mechanism (e.g., a ram or a press). The

hydraulic system transfers force applied at one point to
another point using an incompressible fluid. Both the hydrau-

lic system and the pneumatic mechanism allow the addition

offorce multiplication (or division) to the system by a change
in the size ofthe piston and/or cylinder. In addition,the piston

moving mechanism 22 may be a motor(e.g., gas, diesel,
electric, hybrid motor, water, solar, human and combinations

thereof), which is used in conjunction with gears to move the
piston 20. Furthermore, combinations ofmechanisms may be

used to movethe piston 20. For example, an electric motor

(not shown) may be used to create pneumatic pressure in a
system (not shown) that in turn moves the piston 20. Addi-

tionally, the movable piston 20 may be moved manually. The
skilled artisan recognizes the manydifferent types of systems

that may be usedfor this purpose.
With reference to FIG. 2, a top view ofthe cutting appara-

tus 10, in accordancewith the present invention is shown and

includes a sample platform 28, which supports a sample
preparation chamber30 and a base plate 12. The baseplate 12

has a fiber chamber (not shown) attached thereto with a blade
receiving plate (not shown) to receive the cutting blades (not

shown). The cutting blades (not shown) are attached to a
movable piston (not shown) operated by a piston moving

mechanism 22. The piston moving mechanism 22 hasa pres-

surefitting 32 attached to control the movementofthe piston
(not shown). The piston moving mechanism 22is in contact

with a top mounting plate 24 and is supported by a support
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8
mechanism 26 attachedto the base plate 12. A sample prepa-
ration chamber 30 is located on the sample platform 28 in

such a manner that communication maybe established with

the fiber chamber 14. The communication may be in the form
ofa tube (not shown) connecting the fiber chamber 14 and the

sample preparation chamber 30. However, the skilled artisan
will recognize there are many ways to communicate between

containers, e.g., mechanical mechanisms(e.g., belts), pneu-
matic (e.g., air blasts), electrostatic interaction, gravity and

the like.

With reference to FIG.3, a front view of one embodiment
of the cutting apparatus 10, in accordance with the present

invention is shown and includes a sample platform 28, which
supports a sample preparation chamber 30 anda base plate

12. The base plate 12 includes a fiber chamber 14 attached
thereto. A pressure fitting 32 is fitted to the fiber chamber 14

to allow the induction of a force into the inside of the fiber

chamber 14. An outlet tubefitting 34 is also fitted to the fiber
chamber14 to connect a fiber tube (not shown)to the sample

preparation chamber30, thus, allowing conduction of mate-
rials within the fiber chamber 14 to the sample preparation

chamber 30. The fiber chamber14 hasa blade receiving plate
16 to receive the two or more cutting blades 18. The two or

more cutting blades 18 are attached to a movable piston 20,

which is attached to a piston moving mechanism 22. The
piston moving mechanism 22 is connected to a top mounting

plate 24 and is supported by a support mechanism 26 attached
to the base plate 12. In addition, the cutting apparatus 10 may

include one or more switches (not shown) responsible for
activating the piston moving mechanism 22 or the supply of

gas, electric, fluid or combination thereof used in devices,

e.g., hydraulic or pneumatic. A regulator (not shown) may
also be used to control the pressure and other factors as

needed. The regulator (not shown) may be attached to the
sample platform 28 directly or adjacently to communicate

with the desired components.

The sample preparation chamber 30 is attached (e.g.,
screws, bolts, pegs, loop and hook fasteners, glue, tape,

epoxy, welds, fused, soldered bolts, pegs and the like) to the
sample platform 28; however, the sample preparation cham-

ber 30 may be attached by gravity. The sample preparation
chamber 30 is generally a closed container and includes a

door handle 40 attached to a door 42 to allow access to the

sample preparation chamber 30. The sample preparation
chamber 30 may have one or more walls depending on the

shape ofthe container, e.g., spherical, cubical, pyramidal,etc.
Furthermore, the interior space of the sample preparation

chamber 30 may have internal baffles or walls to direct the
flow (not shown). The sample preparation chamber 30 may be

made ofany material desired by the artisan, e.g., glass, metal,

alloy, wood, stone, plastic, fiber, polymer, composite, fiber-
glass and combinationsthereof.

In operation, the fibers (not shown) are cut by the cutting
apparatus 10. Uponactivation, the piston moving mechanism

22 movesthe piston 20 and the two or more cutting blades 18
through the fibers (not shown) to generate cut fibers (not

shown). The cut fibers (not shown)fall into the fiber chamber

14 through the blade receiving plate 16. The blade receiving
plate 16 is designed to accommodate the movementofthe two

or more cutting blades 18 andsealthe fiber chamber 14 as the
twoor more cutting blades 18 penetrate the fiber chamber 14.

A force is applied through the pressure fitting 32 and into the
fiber chamber 14. The cut fibers (not shown) in the fiber

chamber 14 are dislodged andtravel to the outlet tube fitting

34 to the sample preparation chamber30. The cutfibers (not
shown) obtain a random distribution as they are dispersed

through the outlet tubefitting 34 into the space ofthe sample
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preparation chamber 30. One or more sample holders (not
shown) maybeplaced in the sample preparation chamber 30

to allow the cutfibers to have a randomizeddistribution. The

one or more sample holders (not shown) maybea slide, a disc,
a plate, a tray or other surface knownto the skilled artisan. In

someinstances, the one or more sample holders (not shown)
are covered by a top slide, a cover slide or a cover upon

movement from the sample preparation chamber 30 for pro-
cessing.

With reference to FIG.4, a partially exploded perspective

view ofone embodimentofthe cutting apparatus 10, in accor-
dance with the present invention is shown and includes a

sample platform 28, which supports a sample preparation
chamber 30 and a base plate 12. The sample platform 28 will

differ depending on the particular needs of the specific
embodiment being used. The sample platform 28 may serve

as a mounting surface for the attachment of various compo-

nents. The sample platform 28 may includestabilization legs
44a, 446, 44c and 44d (not shown), which may have adjusters

46a to adjust the height of the sample platform 28 and/or to
level the cutting apparatus 10. In addition, the sample plat-

form 28 mayinclude one or more switches 36 attached to a
distribution block 48 that distributes current, air, electricity,

fluid, gas, liquid and other materials used in or by the cutting

apparatus 10. The distribution block 48 mayalso include one
or more pressure fittings 32; outlet tube fittings 34; electrical

connections devices (not shown), gas connections devices
(not shown) and combinations thereof. A second regulator

block 50 may also be connected to the sample platform 28.
The secondregulator block 50 mayalso include one or more

pressurefittings 32; outlet tube fittings 34; electrical connec-

tions devices (not shown), gas connections devices (not
shown) and combinations thereof. A regulator 38 may be

connected to the sample platform 28, the distribution block
48, the second regulator block 50 or a combination thereof.

Alternately, the components may be connected to the base

plate 12 directly.
The base plate 12 contacts the sample platform 28 and

servesas the baseofthe cutting apparatus 10. Afiberchamber
14 is attachedto the base plate 12 and a blade receiving plate

16. A pressure fitting 32 is fitted to the fiber chamber 14 to
allow a flow inside thefiber chamber14. An outlet tubefitting

34 is alsofitted to the fiber chamber 14 to connecta fiber tube

(not shown) to the sample preparation chamber 30, thus,
allowing transfer of materials within the fiber chamber 14 to

the sample preparation chamber30.
The fiber chamber 14 has a blade receiving plate 16 to

receive the two or more cutting blades 18. A blade slot plate
52 is provided that accepts the two or more cutting blades 18

and is attached to the fiber chamber14. The blade slot plate 52

has two or morebladeslots 54, which allow the two or more
cutting blades 18 to pass through the sample (not shown) and

into the blade receiving plate 16. The clearance between the
twoor moreblade slots 54 and the two or more cutting blades

18 may be varied to accommodate different materials. The
numberofcutting blades 18 will depend onthe preference of

the user and the physical constraints of the cutting apparatus

10. For example one cutting apparatus 10 includes 2,3, 4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 21, 22, 23,
24, 25, 26, 27, 28, 29, 30 or even more than 30 cutting blades
18. Furthermore, the spacing between the two or more cutting

blades 18 may be varied depending on the application. The
two or more cutting blades 18 cut the sample as they pass

through the sample. The separation between one blade and

the next blade determinesthe length ofthe fiber. Therefore, by
changing the spacing separating the two or more cutting

blades 18 the size of the cut fiber will be changed. For
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example, the spacing between the individual blades may be
kept constant to create uniformed fibers; however, in some

instancesa variety ofdistances may be necessary to provide a

distribution ofdifferently sized for the samples. Alternatively,
the individual cutting blades 18 may be spacedin a pattern of

distinct distances.
The two or more cutting blades 18 are generally perpen-

dicular to the fiber chamber 14 and parallel to each other
blade. In addition, the angle that the two or more cutting

blades 18 cut the sample may be configured to produce dif-

ferent angles as necessary. The angle can be any angle desired
by adjusting the vertical angle to create a bevel or the hori-

zontal angle to create an angled cut. A compound angle may
also be producedby varyingthe vertical and horizontal angles

at the same time. These type cuts and angles (e.g., angle,
bevel, miteretc.) are well within the knowledgeofthe skilled

artisan. Alternatively, the two or more cutting blades 18 can

independently be positioned to form a right or left angle of
between about one and ninety degrees relative to the indi-

vidual cutting blades 18. The two or more cutting blades 18
can include individually, either entirely or in part, a conven-

tional razor blade, a blade, a serrated blade, a metal wire, a
plastic fiber, a composite fiber, a plastic blade, a composite

material or some other device having an surface that can be

used for cutting.
The two or more cutting blades 18 may beattached to a

cutting blade holder 56 that secures the two or more cutting
blades 18 and fixes the position, angle and spacing of the

individual blades. The cutting blade holder 56 maybe in the
form of an individual blade replaceable holderor a cartridge

replacement wherein the entire cutting blade holder 56 is

replaced as a unit. The cutting blade holder 56 may also
include a middle plate 58 attached to the two or more cutting

blades 18 for the attachmentto the top mountingplate 24,seal
the fiber chamber 14 or combinations thereof. The middle

plate 58 may be made ofa metal, an alloy, a plastic, a polymer,

a composite, foam, latex, rubber, or a combination thereof.
The two or more cutting blades 18 are attached to a mov-

able piston 20, which is attached to a piston moving mecha-
nism 22. The two or more cutting blades 18 may be attached

directly to the piston 20 or through an intermediate structure
such as the top mounting plate 24. Alternatively, the two or

more cutting blades 18 may be attached to the middle plate

58, which is attached to the top mounting plate 24 or the
piston 20. The skilled artisan will recognize the numerous

mounting options to mountthe two or more cutting blades 18
to the piston 20.

The piston moving mechanism 22 is connected to a top
mounting plate 24 and is supported by a support mechanism

26 attached to the base plate 12. The piston moving mecha-

nism 22 may be apiston20 that is activated by increasing the
pressure within the piston moving mechanism 22 to extend

the piston 20, which in turn cause the two or more cutting
blades 18 to move. The piston moving mechanism 22 may

include one or morepressurefitting 32 to allow pressureto be
applied, e.g., increased, decreased or maintained.

The sample preparation chamber 30 is attached (e.g.,

screws, bolts, pegs, loop and hook, glue, tape, epoxy, welds,
fused, soldered, bolts, pegs and the like) to the sample plat-

form 28; however, the sample preparation chamber 30 may be
attached by gravityor friction fitting. The sample preparation

chamber30 is generally a closed container. For example, the
sample preparation chamber 30 is made of opposing side

walls 60 and 62 connected by a back wall 64, a top wall 66 and

a bottom wall 68. Access to the sample preparation chamber
30 is through the door 42 using the door handle 40. The side

wall 62 contains a sample preparation chamber aperture 70
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that allows the conduction of samples from the fiber chamber
14 to the sample preparation chamber 30.A sample collection

device 72 is placed in the sample preparation chamber 30

wherebythe cut fibers may form a random distribution on the
sample collection device 72.

The sample preparation chamber30 included a door handle
40 attached to a door 42 to allow accessto the sample prepa-

ration chamber 30. The sample preparation chamber 30 may
have one or more walls depending on the shape of the con-

tainer, e.g., spherical, cubical, pyramidal, etc. Furthermore,

the interior space of the sample preparation chamber 30 may
have internal baffles or walls to direct the flow (not shown).

The sample preparation chamber 30 may be made of any
material desired by theartisan will suffice, e.g., glass, metal,

alloy, wood, stone, plastic, fiber, polymer, composite, fiber-
glass, and combinationsthereof.

With reference to FIG. 5, a perspective view ofa portion of

the cutting apparatus 10, in accordance with the present
invention is shown andincludesthe fiber chamber 14 and the

blade receiving plate 16. In communication with the blade
receiving plate 16 is the blade slot plate 52, which has blade

slots 54a, 54b, 54c, 54d and 54e to accommodate the two or
more cutting blades 18 attached to the cutting blade holder 56.

Asthe two or more cutting blades 18 move toward the blade

slot plate 52, the two or more cutting blades 18 pass through
the fibers (not shown) andpass into the blade slots 54a, 54d,

54c, 54d and 54e. The cut fibers (not shown)fall into theslots
54a, 54b, 54c, 54d and 54e and accumulatein the fiber cham-

ber 14. The numberof cutting blades 18 will depend on the
preference of the user and the physical constraints of the

cutting apparatus 10. For example, the cutting apparatus 10

includes2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or even more than

30 cutting blades
The cutting apparatus 10 can be individually constructed

either in part or entirely of a metal, an alloy, a plastic, a

polymer, a carbon nanotube, fiberglass, a composite, graph-
ite, stone, wood or other suitable materials or a combination

thereof. Furthermore, the cutting apparatus 10 may be auto-
matedthrough the use ofa computer, network system or CPU.

The automation may control the air pressures, the cutting
pressure, the timing of the cutting and transporting of the

fiber.

The present invention includes an image-processing algo-
rithm for analyzing longitudinal imagesoffibers (e.g., cotton)

in an automatic system, having improved accuracy andeffi-
ciency. The adaptive thresholding of the present invention

reduces the errors arising from unfocusedfibers and the look-
up table increases the efficiency of tracing fiber edges. A

double-scanning algorithm enhances the accuracy oftrans-

verse scans of fibers, while the validation rules prevent false
scans from being includedin the output. A merging algorithm

links short segments that belong to the samefiber so that fiber
twists can be evaluated.

Cotton properties are measurable from the microscopic
images of cotton fibers captured in both longitudinal and

cross-sectional views [1-9]. To take longitudinal measure-

ments, fibers are usually cut into short segments/snippets,
spread on aglass slide, and imagedby a video camera through

a light microscope at the magnification of approximately
450x and range from 300x-600x. Due to inherent variability

of cotton, a reliable prediction of any cotton properties must
be based on the measurements of a large numberoffibers.

Thus, the sample slide needs to be automatically transported

on the microscope to permit as manyfibers as possible to be
imaged at different positions. The movements ofthe slide

makeit difficult to keep all the images well focused. Fibers
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with fuzzy edges may cause errors in fiber width measure-
ments because locating appropriate edges of a fuzzy fiberis

problematic. Fibers often cross or touch each other, and mea-

surements taken at a joint of two fibers can seriously distort
the width data of these two fibers. Since cotton fibers are

convoluted, the edges of fibers is often heavily curved, this
addserrors to the estimation ofthe scanning directions across

the fibers. The accuracy of the measurementis also dictated
by other problems, such as merging scanned segments

belonging to the samefiber. The present invention uses algo-

rithmsthat deal with these problemsto develop a reliable and
efficient imaging system for measuring cotton fineness and

maturity from longitudinal views.
Adaptive Thresholding. A fiber image taken by a CCD

camera undera transmitting light source can be formatted to
an 8-bit bitmap that has grayscales from 0 (black) to 255

(white). In the image, the area covered by fibers has signifi-

cantly lower grayscales than the unblockedarea, and pixels
near fiber edges have intermediate grayscales, forming a tran-

sition band betweenthe fiber and the background. The width
of the transition band varies with the lighting and focusing

conditions. Fibers with fuzzy edges have much widertransi-
tion bands, which create problemsin identifying fiber edges

correctly. FIG. 6 illustrates two imagesofthe samefibers with

different focusing and lighting conditions. Fibers in FIG. 6B
appear much coarser than those in FIG. 6A, although physi-

cally they are identical. To ensure reliable geometrical mea-
surements offibers, fibers in a grayscale image must be rea-

sonably and consistently identified regardless of the image
capturing conditions.

Thresholding an image is a process to separate objects

from the backgroundby using a criterion to sort every pixel in
the image. A threshold can be simply calculated based on the

average brightness of the image and applied to the entire
image. FIG.6A illustrates the mean threshold is appropriate

when the image is sharp and the background is bright,

whereas FIG. 6B tends to overestimate unfocused fibers in a
dark image.In FIG. 6A the average width ofthe fibers is 1.44

times larger than that the fibers in FIG. 6B when the images
are thresholded using the mean values. The reason for over-

estimating fibers in an unfocused image with the mean value
is that pixels in transition bands have much lowergrayscales

than the mean value, and are all classified as fibers pixels. The

mean grayscale of an image does not correspondto the real-
istic edges of unfocusedfibers.

The threshold is dynamically adjusted to compensate for
changes in the focusing and lighting condition that can be

reflected in the histogram of the image. A histogram is a
distribution ofthe pixels against the grayscale, revealing allo-

cations ofpixels belonging to the fibers and background. The

histogramsofthe two imagesin FIG.6 are presented in FIGS.
7A and 7B.

As shownin FIG.7A,the histogram ofthe sharp and bright
image in FIG. 6A has twodistinct peaks that appearat the two

ends of the grayscale and the pixel counts decrease towards
the center of the grayscale gradually. The two peaks corre-

spond to the major portionsofthe fiber and background pixels

(G,and G,), and the distributions between the two peaksare
dictated by transition bands of fiber edges and variations in

background.In this case, the mean grayscale (G,,,.,,,.) seems
to be an optimal threshold that separates the fibers and the

background.
FIG. 7B showsthe histogram of the image in FIG. 6B.It

can be seen that when the image is dark and outof focus, the

valid range of the histogram is compressed and the change in
distributions occurs unevenly in the fiber and background

regions. The histogram compression moves much more pix-
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els into the fiber peak so that fibers are more likely to be
overestimated when the mean grayscale G,,,,,, 1s used as a

threshold. Therefore, the new threshold should be formed by

adjusting G,,,.,,, With the valid range of a histogram. For the
unfocused image (e.g., FIG. 11B), the valid range of the

histogram was decreased(e.g., G,,,,,-G;), and the threshold
maybe calculated. The coefficient c can be experimentally

determined. In one example, a value around 2.0 was found to
be effective for the coefficient.

FIG. 8 showsthe binary images of the original images in

FIG.6 using adaptive thresholding method. The two binary
images become much more consistent even though the cor-

responding grayscale images are captured under very differ-

ent focusing and light conditions. The average width of the
unfocused anddarkfibers is about 1.08 larger than that ofthe

focused and brightfibers.

Edge Tracing. To measure the widths of the fibers, the
fibers need to be scanned from edge to edge transversely.

Edgetracing is a step to identify the edge pixels offibers for
the transverse scanning. To present a binary image, a “1”is

used to standfor a black pixel (fiber) and “0”for a white pixel

(background); although other designations may be used.
When a black pixel is located, the algorithm determines

whetherit is an edge pixel, and if so, what are the increments
in the x and y directions for locating the next edge pixel. The

judgmentcan be made from the presenceofthe eight neigh-
bors ofthis active pixel (e.g., FIG. 9). There are 256 possible

combinations regarding the presence of the eight neighbors.

As shown in FIG.9, a ranking numberfrom 0-7is assigned to
the adjusent neighbors.

A code representing the neighbors of the current pixel can

be calculated with the statuses and ranking numbersof the
eight neighbors: where P, is a binary variable indicating the

presencestatus ofthe i” neighbor. P,=1 whenthe i” neighbor
is a black orfiber pixel, otherwise P,=0. For each code, one

can analyze the available neighbors around the active pixel
and determineifthis pixel is an edge pixel and which neigh-

bor should be traced next. The 256 codes and the correspond-

ing neighboringsituations constitute a look-up table that pro-
vides a quick solution to the computer whenit traces fiber

edges. Somepixels are noise on the edge (e.g., a small branch
or a short bridge) and are not traced with the corresponding

codes should not be included in the look-up table.

FIG. 10 provides some examplesofthe invalid codes when
the current pixel is bounded with 1 to 4 isolated black pixels

or surroundedbyall eight neighbors. The first four codes in

the figure represent cases where the current pixel and its
neighbors form branches(e.g., codes 1 and 5), bridges(e.g.,

codes 49 and 165) and the last code (e.g., 255) indicates a
non-edgepixel becausethe active pixel is encompassedbyall

black pixels. In instances where the code represents a valid
edge pixel, the algorithm finds the next pixel and the x and y

increments from the active pixel. Since the increments are

direction dependent, four separate look-up tables can be cre-
ated based on the four tracing directions: up-right, up-left,

down-right or downleft.

FIG. 11 showsthe valid codes in the look-up table in the
up-right direction. One code in this table indicates that a new

edge pixel can be traced from the active position in this
direction, and the x and y increments are given bytherelative

position of the new pixel. In some cases, a pixel may have
multiple neighbors that can be followedin the tracing direc-

tion (e.g., code 31 in the up-right direction). The next neigh-

bor to be traced is chosen in the counterclockwise order. In
instances wherethe neighbors aroundthe active pixel do not

match any of these templates, a look-up table in another
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direction is called for further comparisons. The current trac-
ing is terminatedifthe validity checking from the four look-

up tables is false.

Transverse Scanning. Transverse scanning is a step to
determine the fiber width at an edge point in a direction

perpendicular to the edge of the fiber. To conduct transverse
scanning alonga fiber, an interval that controls the spacing of

two consecutive scans must be given andthe direction of the
fiber edge at a scanning point needs to be estimated. FIG. 12A

illustrates a current edge pixel as O(X,, y,) and the next edge

pixel 1(x,, y,). The distance between 0(X,, yo) and 1(x,, y,) is
equal to the scanning interval. The edge direction at 1(x,, y,)

can be approximatedby the slope ofthe line connecting these
two pixels. The transverse scanning starts at 1(x,, y,) and

follows a direction perpendicularto the calculated edge direc-
tion until it meets an edge pixel 2(x,, y,) on the otherside of

the fiber. The distance between 1(x,, y,) and 2(x,, y2) is a

local measure of the fiber width. FIG. 12A showsthe trans-
verse scanning at a 10-pixel interval. Since cotton fibers are

convoluted, the edges of fibers are often curved. The calcu-
lated directions at some scanning pixels may notrealistically

indicate the edge directions causing errors in the width mea-
surements, which can be reduced by rescanning the fiber

using the directions calculated from its axis. After the initial

scanning, the middle points ofall the scans are connected, and
the direction perpendicular to the middle axis at each middle

point is used to search for edge pixels onboth sides ofthe axis.
Tt can be seen from FIG. 12B that the line connecting two

middle points gives a direction that more precisely represents
the local directions of both sides of the fiber. The double

scanning algorithm also generates much more uniform scans

on both sidesofthe fiber.
When immature cotton fibers exist in the image,the trans-

verse scanning must deal with gaps of various sizes within
fiber regions. Immature fibers have thinner walls and there-

fore are more transparent than mature fibers as seen in FIG.

13A.After thresholding, the bright portions in the immature
fibers may become holes (e.g., white pixels) in the binary

image. In order to discern holes within a fiber from back-
ground gaps between fibers, the grayscale information of

those areas in the original image must be used. As shown in
FIG. 13A,the grayscale ofimmature fibers are differentiably

lower than the background.If a discontinuity occurs during

the transverse scan on the binary image, the corresponding
pixelin the original imageis checked.Ifthe grayscale is lower

than the background (G,), the pixel is considered as fiber
holes and the scanning continues. The transverse scans over

the immature fiber were also shown in FIG. 13A. The detec-
tion ofthese highly transmissive regionsis particularly useful

for identifying dead cottonfibers.

Scan Validation. Validation is a step to avoid or remove
improper scans during or after the transverse scanning.

Improperscansare those on various debris and intersections
of two or more fibers as seen in FIG. 14A. Since fibers may

intercept each other at any angle, crossing detections need to
be conducted at multiple stages. During the scanning, each

scan is examined with the following rules:

(1) The length of the scan should not exceed the preset
limits for the minimum and maximum widths of cotton

fibers. In one example, the lower and upper limits were
set to 3 yum and 65 um,respectively. The two limits give

a sufficient range for valid cotton widths, but exclude
scanning on extremely small or large objects in the

image.

(2) The length difference between two consecutive scans
should not exceed 50%. A sudden change in scan length

suggests a joint of another object to the current fiber.
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(3) The direction change between two consecutive scans

should not exceed 20°. A sudden changein scan direc-

tion also suggests a crossing point with anotherfiber.

Ifa scanning procedure violates one ofthese rules, it will be
terminated. A new scanning procedurestarts at the next valid

edge pixel. Because of the interruptions, a fiber may have
multiple scanned segments of various lengths. The starting

and ending points of each segmentare registered. After the
entire image is processed,all the scans are further checked to

find fiber crossing regions and short debris undetected during

the scanning with the following rules:
(1) The coefficient of variance (CV) of the scan lengths of

one scanned segment should not exceed 0.65. When the
CV of a segment is higher than 0.65, the segment is

considered having too large variations in scan width that
maybe caused by touching or crossing sections of two

objects.

(2) The length of one scanned segment should be three
timeslargerthan the average width ofthe segment. Thus,

scans on short debris can be deleted.
If a scanned segmentviolates either rule, all the scans in

that segmentare deleted. FIG. 14B presents transverse scans
of fibers after applying these validation rules to FIG. 14A,

demonstrating that the validation is crucial for improving the

accuracy ofthe data.
Merging. One of the important tasks to be done in the

longitudinal analysisis to assess the maturity of cotton fibers
based on the fiber convolutions [2, 4]. To analyze the longi-

tudinal convolution, a fiber should be scanned to have mul-
tiple twists so that the adequate information about the fiber

width variations can be obtained. Since the transverse scan-

ning along a fiber may be interrupted by joints with other
objects, the scanned fibers may contain several scanned seg-

ments, each of which may not be long enough to have a
complete twist. Hence, separate segments belonging to the

same fiber need to be connected.

In order to avoid false connections between two segments,
two parameters are used to judge whether the connection can

proceed. Thefirst parameter is the distance between the end-
ing point of the first segment and the starting point of the

second segment. If the distance is within three times of the
average width ofthe first segment, the two segments are then

considered for merging. FIG. 15 shows an example of the

segment merging.For the ending point ofsegment 1, only the
starting points ofsegments 2 and 3 are within the given range,

and therefore the candidates are for a possible connection.
The second parameteris the angle between the two segments

at their connecting ends. Assumethat the directions of seg-
ments 1 and 2 area, and a.,. Ifthe difference between a, and

a, is within a given tolerance (20°), (e., la,-a,120°), the

connection between the segments should be forwarded. This
requirement eliminates segment 3 in FIG. 15 for the connec-

tion with segment 1. The third parameteris the direction (a)
of the line connecting the two ends. a, should be within

angles a, and a,. This requirement prevents connecting two
parallel segments, which are close to each other but not from

the samefiber. There are four correct connections made in

FIG. 15.
One embodimentof the present invention provides longi-

tudinal measurements of cotton fibers performed on a cus-
tomized imaging system that includes a video zoom micro-

scope, a B/W CCD camera, and a frame grabber. The imaging
system can also analyzefiber cross sections. In one example,

the imageresolution was about 1.86 um/pixel. A microscope

was equipped with a motorized stage that automatically trans-
ports the sample slide to allow the camera to grab fiber images

at many different positions. During the travel to the next
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position, fibers in the grabbed image were scanned and the
image wasdiscarded. The sample preparation was done with

a special fiber cutter and spreader. Fibers were cut into about

0.5 mm long segments, and then randomly spread on a micro-
scope slide.

The present invention also includes a software package to
implementthe algorithms. In one embodiment,the algorithm

calculates the numberofscans(N,), the length ofthe scanned

segments (L,), the maximum (W,,,,,.), minimum (W,,,,,);
mean (W,,,,,,,.) and standard deviation (W,,,) of fiber widths,

and the numberof twists (N,) for each scannedfiber. N,is
counted by the alternations of the maximum and minimum

widths along a fiber axis. After the scanning of anentire slide,

the software can output thestatistics and distributionsofall
the data. The number ofthe scannedfibers (T,), varying from

1000-4000, depends on the density of fiber segments spread
on the slide. These outputs provide direct measurements for

both fiber fineness and maturity of the analyzed samples.

For example, seven varieties of cottons were tested by the
imaging system for both longitudinal and cross-sectional

measurements, and by the Advanced Fiber Information Sys-
tem (AFIS). FIG. 16 shows the correlation of the average

width (W,,,.a,) and the average perimeter ofcross sections(P)

of the cottons, and the correlation of the average the W,,,can
with the AFIS fineness data (F). Both analyses prove reason-

able correlations among these methods.

Since the imaging system can produce a large quantity of

transverse scanning data from oneslide,reliable distributions

of fiber widths can be calculated. FIG. 17 showsthedistribu-
tions of fiber widths of the four international-calibration-

standard cottons labeled as A21, C37, D6 and G21. D6 and
G21 have similar mean widths, but width distributions are

significantly different. G21 has a much broaderdistribution
and therefore a larger variance than D6 as G21 contains more

immature fiber than D6 because immaturefibers have higher

convolutions. A21 and C37 have similar distribution shapes
but different peak locations. Statistically, A21 is more coarse

than C37.

The repeatability of the data generated from the algorithm
of the present invention was tested by repeatedly scanning a

sample slide under the same condition. The coefficient of
variance (CV) of the data from multiple tests was used to

evaluate the repeatability. Table I gives the data of a sample
slide that was scanned six times. The CVsof the data from

different tests are under about 4.5%, which demonstrates a

good consistency of the data. Since the scanning ofeachtest
can notbe started exactly at the same position on the sample

slide, the images grabbedin different tests contained different
portionsoffibers, and the CVs mightbe originated primarily

from the inherent variations of fibers.

 

 

TABLE I

Le Wrrax Win Wmean Wea
Test Ty N, (um) (um) (um) (um) (um) N,

1 1669 50.23 171.89 19.46 10.92 15.25 4.44 2.25

2 1694 50.30 171.94 18.81 1042 14.67 4.41 2.36

3 1743 51.83 178.74 19.04 1044 14.76 4.43 2.34

4 1715 53.40 184.67 19.02 10.27 14.70 4.52 2.38

5 1576 52.44 180.13 18.81 9.98 1482 4.56 2.54

6 1593 52.56 179.34 19.06 10.17 14.67 4.57 2.44

CV (%) 4.03 2.49 3.12 1.40 3.27 159 146 4.41
 

In another example, a test on a bale of cotton was con-

ductedto investigate the level ofvariability ofthe longitudinal
data acrossthe cotton bale through multiple samplings, and to

find out how manyfibers need to be scannedso that the data
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are sufficient andreliable for estimating the attributes of the

whole bale. A total of 25 samples were taken from the bale at

different places, and three slides were prepared for each

sample. Table II showsthe results of the 25 samples. For one

sample, each measurementin the table is the average ofall

fibers on three slides. Dueto the difficulty in controlling the

densities of fibers on the slides, the total number of scanned
fibers (T,) for a sample varied greatly, which in turn influences

the numberof scans (N,) the scanned length (L,), and the
numberoftwists (N,) on single fibers. Thus, the CVs ofthese

four parameters do not solely reflect the variability of cotton.
However, the CVs of the four width measurements, W,,,.,,,

Wie Vinax and W,7, more closely link to the variability of

cottons, and they are significantly higher than thoseof fibers

 

 

on oneslide.

TABLEII

Le Wrrax Win Wmean Wea
Sample Ty N, (um) (um) (um) (um) (um) N,

1 9438 42.19 14643 20.57 12.22 16.24 432 2.01

2 9586 41.55 144.51 20.35 12.08 16.06 4.24 2.01

3 5840 46.78 162.75 19.62 11.04 15.21 443 2.25

4 6202 4948 171.92 19.60 10.82 15.06 4.51 2.37

5 4918 50.17 172.36 19.68 11.33 15.334 418 2.42

6 6825 46.43 160.62 19.38 10.96 15.05 4.36 2.24

7 6354 49.19 170.24 19.86 11.32 15.51 4.39 2.26

8 9080 44.97 15645 20.21 11.69 15.86 442 3.04

9 7157 48.58 169.30 19.36 10.80 14.93 4.38 2.40

10 7213 47.27 163.38 19.39 11.07) 15.12 4.27 2.31

11 7770 47.15 163.62 19.63 10.95 15.22 449 2.26

12 5280 48.89 169.33 19.42 10.85 15.03 440 2.34

13 6993 46.80 161.92 19.83 11.26 15.37 4.38 2.26

14 6311 49.83 172.06 19.46 10.74 15.05 4.48 2.46

15 7302 42.84 149.58 19.11 10.84 14.84 4.29 2.18

16 6883 44.83 156.31 18.95 10.83 14.80 4.23 2.19

17 7262 47.83 165.99 19.30 10.69 14.91 445 2.33

18 7600 44.87 156.23 18.99 10.82 14.76 4.24 2.23

19 6908 48.35 166.72 19.96 11.19 1545 4.51 2.25

20 7984 46.57 162.10 19.68 11.23 15.35 4.31 2.25

21 6973 46.89 16248 19.58 11.11 15.21 4.34 2.32

22 6832 47.12 164.38 19.33 11.06 15.07 4.21 2.26

23 8758 44.01 152.94 18.97 10.79 14.78 4.25 2.15

24 6388 45.99 160.05 20.18 11.77 15.82 4.29 2.13

25 5159 43.65 15246 20.68 12.11 16.28 437 2.21

CV (%) 17.31 5.13 490 241 4.04 2.91 2.23 8.37
 

Whenthe data from all the 25 samples(e.g., 177,016 fibers

on 75 slides) were pooled together, the CVsofthe fiber width
measurements could be calculated with different numbers of

fibers. FIG. 18 showsthe curves ofW,,,.,,, and W,,,,against the

T,ofthefibers taken into account.Initially, the CV increases
with the T,, meaningthat sampling morefibers adds informa-

tion about the variability of cotton in the bale. After the T,
passes 3x10*, the CV tends to approachto a stable level with

a much smaller scale of fluctuations. This means that increas-
ing T, in the calculations does not increase the variability

information. To overcomethevariability of samples, a bale of

cotton should be sampled to have at least 3x10* fibers in the
calculation.

The present invention includes image-processing algo-

rithms for analyzing longitudinal imagesoffibers(e.g., cot-
ton) in an automatic system, having improved accuracy and

efficiency. The adaptive thresholding ofthe present invention
reduces the errors arising from unfocusedfibers and the look-

up table increases the efficiency of tracing fiber edges. The
double-scanning algorithm enhances the accuracy oftrans-

verse scans of fibers, while the validation rules prevent false

scans from being included in the output. The merging algo-
rithm links short segments that belong to the samefiber so that

fiber twists can be evaluated.

10

15

20

25

30

35

40

45

50

55

18
Acrosssection ofa fiber(e.g., cotton) contains measurable

information directly related to the maturity ofthe fiber. Cross-

sectional measurements of cotton maturity may be used as a

reference when other methods need to be calibrated. Much
research has been conducted using image analysis technology

to measure cotton maturity and other parameters from fiber
cross sections [23-25, 30-34]. The success of a cross-section

method using image analysis largely relies ontwo techniques:
fiber cross-sectioning and image segmentation. Cross-sec-

tioning is the most important step in obtaining analyzable

images of fibers. Grinding and cutting are the two general
methodsfor fiber cross sectioning. In the grinding, a bundle of

fibers embedded in a polymer resin and a hardener mixture
was hardened, grinded and then polished, and the surface

containing fiber cross sections was imaged on a microscope
using reflected light [28]. There are many different ways of

cutting a thin slice offibers perpendicularto the long axes[20,

22]. One method of embedding cotton fibers was established
by the researchers at the USDA Southern Regional Research

Center (SRRC) [20, 22]. A bundle offibers are embedded in
a methacrylate medium, polymerized ina UV reactor, and cut

into 1-3 um slices with a microtome. This sectioning method
greatly improves the separability and contrast of individual

fibers in the image captured using transmitted light.

Image segmentation is a computational process to separate
cotton cross sections from the image background and from

one another. The segmentation results directly influence the
efficiency and accuracy of cross-sectional measurements.

Dueto variations in cross-sectional shapes and in the thick-
ness of the sliced sample, fibers in different regions may

exhibit different levels of contrast and focus in an image.

There are alwayscross sections that contact or overlap others
in the image. Some appear to be damaged because of the

scratching ofthe cutting knife. Cotton cross sections can have
convex or concave boundaries, and hollow or solid cores,

making many powerful segmentation algorithms, e.g., water-

shed segmentation, invalid for separating touching ones. The
image analysis systems used for processing cotton cross-

sectional images often require operator’s assistances to draw
separation lines between touchingfibers, to locate lumens and

to connect broken edges.
The present invention includes an image analysis system

for fibers (e.g., cotton fibers) with an emphasis on improving

the automation and accuracy of the measuring process. The
present invention includes a segmentation algorithm for pro-

cessing cross-sectional images and results in comparison
with the fineness and maturity data obtained from the longi-

tudinaltests and other tests. The algorithm involves a sequen-
tial ofpixel manipulationsspecially designed for handling the

problemspresentin a cotton cross-sectional image.

Dynamic Thresholding. In one embodiment, an 8-bit gray-
scale image captured by a CCD camerais usedto illustrate

cross-sectional features of cotton fibers. Using the cross-
sectioning techniques developed by SRRC, one can get a

cotton cross-sectional image similarly to the one presented in
FIG. 19A, in which the illumination is rather uniform and

many fibers are well separated. Because of the difference in

the mounting orientations in the embedmentand in maturity,
somefibers in the image have inconsistentintensities on their

boundaries and lumens, as shown byfibers 1 and 2 in FIG.
19A. In order to preserve the details of boundaries and

lumens, the threshold used for the binary conversion of the
grayscale image may be adjusted.

In dynamic thresholding, the image is divided into a num-

ber of sub-windows,and in each window,a local threshold is
determined bythestatistics of intensity values ofall pixels

inside the window.Forthe i” window,a simple calculation for
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the local threshold (T,) can be achieved from the mean (M,)
and standard deviation (SD,) of the pixel values:

T;=M,-cSD,,

where c (O<c<1) is a coefficient for controlling the sensitivity
of thresholding. When the intensity value of a pixel in the

windowis higher than T,, the pixel will be set to white in the
binary image, and otherwise set to black. The size of the

window should be large enough to cover sufficient fore-

ground and backgroundpixels so that the intensities of the
background pixels are above the M,. FIG. 19B shows the

binary image converted from FIG. 19A using a 7x7 window
and c=0.2. The image preserves the details of the cross sec-

tions, including small variations inside the fiber walls and in
the background.

As shown in FIG. 19B, manyfibers are contacted with their

neighbors, and the contacting situations depend on the shapes
of the cross sections. Reasonable separations of the contact-

ing fibers are the key to the correct measurements. With the

given cross-sectioning and imaging conditions [23], a cross
section always appears to have a bright cellulosic wall (e.g.,

secondary wall) circumscribed by the dark edgesofthe fiber
and the lumen. The major bodies (e.g., cellulosic walls) of

two contacting fibers are naturally separated by their dark
edges. For these types of images, background flooding is an

extremely robust wayto disconnectall the touchingfibers and

to remove small objects in the background.

In one embodiment, the present invention, the background

flooding takes advantage of a Visual C** function, which

allows the computertofill a region with a specified color.If
the backgroundofthe binary image, as seen in FIG. 19B,is

filled with the black color, all the black edges ofthe fibers are
merged with the background, leaving the untouched inner

portions in the foreground. FIG. 20A displays the inversed
imageofthe binary imagein FIG. 20B after being processed

by flooding the background. Inversing the image keeps the

conventionthat the background1s in white and the foreground
objects in black. Note that fibers bound with the foursides of

the image(e.g., fibers labeled 3 in FIG. 20B) were automati-
cally removed in the process to avoid incomplete fibers. Dis-

torted cross sectionsarise from fibers with broken edges (see
the fibers labeled 4 in FIG. 19B) because the flooding erodes

the inner portions through the broken channels. Most of the

incomplete cross sections can be detected by checkingifthey
are long,thin stripes and do notenclose any hole. Besides the

incomplete cross sections, this checking processalso helps to
remove small solid objects. In some instances, the flooding

maytake awaythe primary walls ofthe fibers, which are part

of the dark boundaries of the cross sections. The loss of the
primary walls can be compensated by adding one or more

one-pixel think layers to the fiber boundaries when taking the
perimeter and area measurements.

Skeletonizing fibers to identify the fiber wall and lumen

areas within each cross section. Lumens, varying in size with
the degrees ofmaturity, are the hollow regions normally cen-

tered in the cross sections, but are often mixed with other
holes, which are caused from scratching or variations in

thickness ofcross sections. Those holes are not counted as the
portion of lumens. The medial axes or skeletons of the cross

sections provide the best estimates for the locations of

lumens. In order to find the skeletons, the hollow regions
inside the cross sectionsare filled to form solid, black objects

as shown in FIG. 21A.

A skeleton ofa fiber is defined as a set ofpoints where each
pointis at the center ofthe largest circle that can befit into the

object [29]. The skeletonization method used in one embodi-
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mentofthe present invention involves progressive removal of

the current boundary pixels from objects. The criterion for

differentiating a boundary pixel from an inner pixel is that

boundary pixels are only those having three or fewer black

neighboring pixels. When a binary imageis scanned pixel by

pixel, boundary pixels are sought and registered with an

intensity value in a grayscale image created in the same

dimensions as the binary image. The boundary pixels are

deleted from the binary image, and the modified image is

re-scanned for new boundary pixels. For example, the inten-
sity value, starting from 255, decreases with the number of

iterative scans, and therefore different layers of boundaries
are depicted by different grayscales. The grayscale image,

referred to as a distance map,indicates the thickness of the
boundary of an object to its center. As a boundary pixel is

removed from the object, the numberof its neighborsis also

checked.If the pixel has no more than two neighbors,it will
be registered with zero (e.g., black pixel) rather than the

calculated value in the distance map, indicating a foundskel-
eton pixel. The checking process is repeated until no black

pixel exists in the image. FIG. 21B displays the distance map

and skeletons of the fiber cross sections.

Identifying Lumens. Once the skeletons are formed, the

coordinates ofa skeleton are used to identify holesthat fall on

the skeleton of the corresponding cross section in FIG. 20B.
Holes that are not passed through by the skeleton are omitted.

FIG. 21A presents an image that stores all the identified
lumens from FIG. 20B. The lumen image is merged with the

image in FIG. 21A(e.g,, filled cross-sections) using a logic
calculation with which the corresponding pixels in two

images are compared. In one embodiment,the logic calcula-

tion is a “KOR”operation [25, 34] used to generate a new
image containing fiber cross sections with single lumens

(FIG. 22B). The “XOR”operation is a logic calculation with
which the corresponding pixels in two images are compared.

In instances where a pair of pixels are identical, the pixel in
the new imageis set to “black”; otherwise, it is set to “white.”

The reasonsfor invisible lumens in some cross sections are

that the fibers are either so mature that the inner spaces are
fully filled or so immature that the openingsare totally col-

lapsed. In these twocases, the skeletons of the cross sections
are the best estimate for the invisible lumens. Therefore, the

skeletons are inserted into the cross sections, which do not
possess any holes (e.g., see fibers 1, 2 and 3 in FIG. 22B).

Despite all these considerations, a wrong identification of

lumenmaystill occur (see fibers 4 and 5 in FIG. 22B) because
some deadfibers are curled so severely aroundthe long axes

that their cross sections are folded into closed objects. There-
fore, manual editing may be necessary to delete fibers with

misidentified lumens.

Five geometric features can be directly measured for each
fiber cross section, as illustrated in FIG. 23. The perimeters of

a cross section and its lumen, (P. and P,), are obtained by

tracing the two concentric boundaries, and the areas, (A, and
A,), are obtained by counting all the pixels enclosed inside

two the boundaries. The wall thickness at one position is
measuredby the pixels scannedbetween the boundaries in the

direction perpendicularto the skeletonat this position.T is the
average of the scanned thickness along the skeleton.

One embodiment of the present invention is used to

describing cotton fineness and maturity using parameters
derived from these direct measurements. Cotton fineness is

normally described by the cotton perimeter P, and the wall

area A=A,-A,, since they remain constantas the shape ofthe
cross section changes(e.g., lumen collapse or swelling). Cot-

ton maturity and therelative thickness ofthe secondary wall,
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is widely evaluated by two ratio numbers, circularity (C) and
degree of thickening (T,), which can be derived from the
above measurements using:

C=4nA/P?,

T=2nT/P...

The theoretical ranges for both T, and C are [0,1].

The present invention is also used to analyze the cross-
section of cotton fibers. Samples of 18 different cotton vari-

eties were collected and cross-sectioned atSRRC and ITC.In
one example, the present invention was used to examine 5-12

fields of imagesfor eachofthefirst collection of 11 varieties,
and about 300 fields ofimages for each of the second collec-

tion of seven varieties. Table I presents the averages and the

coefficients of variance CV (in the parentheses) of the cross-
sectional data ofthe first 11 varieties. Dueto the difference in

the numberof available images and the density of embedded
fibers, the actual number of the analyzed fibers for each

variety, N, varies from 206 to 851. Compared to the other
measurements, the measurements on cotton perimeters P,

showrelatively low CVsacrossall the varieties. The reason is

that the wall area (A), thickness (T) and lumens(A, and P,)
are influenced by the growing time ofindividual fibers, while

the cotton perimeters (P..) are basically invariantto the grow-
ing time. Cotton lumenscan also changeafter the termination

of growing. The lumensof dead fibers may totally disappear
when the tubular fibers collapse. The lumens of some dead

fibers maytotally disappear whenthe fibers collapse. There-

fore, only P.. should be used to describe the fineness of the
fiber. For the purpose of characterizing cotton fineness and

maturity, the perimeter and area oflumens (A, and P,) are not
reliable parameters. Table III lists the cross-sectional mea-

surements of cottonfibers.
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concentrate more in the lower range of C-T,.. In fact, the C-T,
plots ofthe rest variety samples all exhibit similar features.

FIG.26 displays the frequency distributionsoffiberperim-

eters (P,) and circularity (C) of three varieties varying in
maturity, G21 (low), Amsak (medium) and SG-404 (high).

Although G21 and SG404 have similar mean perimeters, the
finenss of fibers in G21 is more widely distributed than those

in SG-404. On the other hand, Amsak has a lower mean
perimeter but a higher concentration in the perimeter distri-

bution than G21 and SA-404. The differences in maturity

among the three varieties are also reflected by the distinct
distributionsof their circularity data.

For cottonsofthe last seven varieties collected by ITC, 21
subsets of samples were taken for each variety and around 15

fields ofimages were grabbed for each subset. The numberof

the analyzedfibers ofeach variety reached more than 12,000,
whichis useful for examining variations ofthe measurements

with the numbers of analyzable fibers. FIG. 27 shows the
fluctuations of the average cotton perimeter (P.) with the

increase of the analyzed fibers (N) in a variety. P. may dem-
onstrate variations when the numberofthe analyzedfibers is

low, and fluctuates within small ranges (+0.2%) after more

than 4000 measurements are taken into accountfor this vari-
ety.

The present invention also includes algorithms for imple-
menting transverse scans along the longitudinal axis of a

fiber. Each transverse scan yields a width measurement on a
fiber ribbon. Cotton fibers are convoluted along their longi-

tudinal axes, and a convoluted fiber has varying widths as

projected in a 2-D image. Therefore, the scanned width
changes with the position on afiber.Ahigh convolution often

indicates a low level of maturity in a fiber [21, 29]. For a
scannedfiber, the statistics of the width measurements are

used to describe the fineness and maturity of the fiber. The

 

 

 

TABLEIII

Variety =-N P, (um) A,(um) P; (um) A, (um?) T (um) T,. c

A2l 405 $6.96 (0.18) 138.71 (0.30) 34.28 (0.33) 26.02 (0.42) 3.44 (0.32) (0.39 (0.36) 0.55 (0.25)
C37 408 55.65 (0.15) 116.06 (0.32) 36.34. (0.26) 23.07 (0.39) 2.92 (0.35) 0.34 (0.40) 0.48 (0.32)
D6 480 46.18 (0.17) 97.25 (0.33) 25.29 (0.34) 16.29 (0.43) 3.02 (0.31) 0.42 (0.34) 0.58 (0.26)
G21 577 58.66 (0.21) 103.82 (0.38) 39.17.31) 23.45 (0.45) 2.38 (0.31) 0.271036) 0.39 (0.33)
Amsak 625 47.13 (0.18) 74.56 (0.37) 29.61 (0.33) 16.30 (0.61) 2.20(0.37) 0.30 (0.42) 0.44 (0.36)
DPL-15 563 58.77(0.18) 110.55 (0.37) 38.71 (0.30) 23.26 (0.55) 2.52 (0.39) 0.28 (0.46) 0.41 (0.37)
Giza-45 617 47.17(0.20) 94.74 (0.33) 28.17 (0.35) 17.06 (0.49 2.84031) 0.40 (0.37) 0.55 (0.27)
Gica-75 851 $0.61 (0.23) 111.09 (0.43) 29.18 (0.40) 17.34 (0.54) 3.19 (0.40) 0.41 (0.48) 0.55 (0.43)
HS-26 206 ©$9.42(0.18) 138.39 (0.41) 35.76 (0.34) 21.01 0.50) 3.25 (0.40) 0.35 (0.41) 0.49 (0.33)
Pima 546 46.97(0.19) 87.79 (0.42) 27.68 0.37) 16.81 (0.58) 2.64(0.43) 0.36 (0.45) _—0.51 (0.34)
SG-404 518 60.37(0.19) 160.95 (0.37) 34.42 (0.35) 22.44(0.46) 3.80 (0.35) 0.40 (0.36) _—_0.56 (0.27)
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The degree ofthickening (T,.) and the circularity (C) are the

two independent measures of cotton maturity based on their

definitions. FIG. 24 showsthe data of these two parameters

over the 11 varieties. T,. and C are highly correlated, each of

which can be used asa reliable measure of cotton maturity.

However, the narrow ranges of C and T,in the figure are not

sufficient for reflecting the C-T, relationship. The samples

with the highest (SG-404) and the lowest (G21) maturity

values in TableIII were selected to show the C-T,, relationship

over a wider range. FIG. 25 displays the C-T,, data of indi-

vidual fibers in the G21 and SG-404 samples, in which the

maturity of mostfibers are visually different. The both plots

reveal consistently high correlations and slight non-linearity

between C and T, over the full range of [0, 1]. Because G21

has lower maturity than SG-404, the C-T, data points of G21
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maturity based on the longitudinal measurements, M,, can be

defined as: M=W,,/Wcan. Where W,,,.4, and W,,denote the

mean andthe standard deviation of the scanned widths. FIG.

28 displays the high correlations offineness and maturity data

of cross-sectional and longitudinal measurementsofthe last

seven variety samples. FIG. 29 illustrates the correlation

between the data of the present invention and data obtained

from an Advanced Fiber Information System (AFIS), where

Fug, and M,,, stand for the AFIS fineness and maturity,

respectively. However, the circularity data in the cross-sec-

tional measurements have a fairly low correlation with the

micronaire data (R?=0.456), e.g., a micronaire value is a

combined measure ofboth fineness and maturity [30].

The presentinvention includes an algorithm for processing

cotton cross-sectional images. The algorithms increase the

automation and accuracy in separating touchingfibers, iden-
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tifying lumens, and taking measurements pertaining to cotton
fineness and maturity. The correlation study illustrates that

the two independent maturity measurements, degree ofthick-

ening and circularity, are highly correlated and possess a
slightly non-linear relationship. The perimeter measurement

presents the least variability among all the cross-sectional
measurements, because the fiber perimeters ofthe same vari-

ety do not change with the growing time or maturity.
The present invention includes a method ofmonitoring the

fineness and maturity of one or morefibers by acquiring one
or more images of the one or morefibers and processing the
images to identify characteristics of the one or morefibers.
The processing includes determining the intensity of one or
moreregionsofthe one or more images, comparingthe inten-
sity of one of the one or more regions to the intensity of
another of the one or more regions, and designating the fine-
ness and maturity ofthe one or morefibers. The one or more
images are cross-sectional images, transverse images or a
combination thereof.

The processing step further includes removing one ormore
boundary pixels from the one or more images of the one or
more fibers, wherein the one or more boundary pixels have
three or fewer black neighboring pixels and re-scanning the
one or more imagesfor the one or more boundary pixels until
no black pixel exists in the image. The method further
includes identifying one or more holes that fall on the one or
morefibers to produce a lumen image and omitting the one or
more holes that do not pass through the one or more fibers.
The one or more images of the one or more fibers and the
lumen image are merged and the pixels in the one or more
images of the one or morefibers and the pixels in the lumen
image are compared, wherein identical pixelsare set to black.

The processing provides records, which indicates fiber
convolution, the fineness and maturity of the one or more
fibers and includes the numberofscans (N,) the length of the
scanned segments (L,), the maximum (W,,,,,.), minimum
(Wi), mean (W,,,.,,) and standard deviation (W,,,) of fiber
widths, and the numberoftwists (N,) for each scannedfiber or
combinations thereof. The records and data may then be
outputted to a display, plotter, storage device, printer and
combinationsthereofto provide indicationsoffiber convolu-
tions fineness and maturity.

For example, the present invention provides a system for
determining the maturity of one or more fibers including a
digital imaging device positioned to capture one or more
images ofone or morefibers and an image processing device
that processes the one or more imagesto identify one or more
fiber characteristics. The imaging processing device deter-
mines the intensity ofone or more regions ofthe one or more
images and comparesthe intensity of one of the one or more
regionsto the intensity of another ofthe one or more regions.
The system also includes a display device in communication
with the image processing device to display data the one or
more fiber characteristics. The display device is a printer,
plotter, monitor, storage device or a combination thereof.

The system also includes a motorized stage that automati-
cally transports the fibers to allow the camera to grab fiber
images at many different positions. The digital imaging
device is a photodiode, charge coupled device, time delay
integration device, array of charge coupled devices, time
delay integration array of photosensitive elements or a com-
bination thereof and has one or more sensors that detect,
electromagnetic radiation, UV wavelength, IR wavelength,
near IR wavelength, visible wavelength, laser, sound waves,
magnetic fields, radar signals thermal variations and combi-
nations thereof.
A fiber maturity measurement apparatus is provided for

determining conditions of one or morefibers conditions hav-
ing a digital imaging device positioned to capture one ormore
images ofone or morefibers and an image processing device
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that processes the one or more imagesto identify fiber char-
acteristics. The imaging processing device determines the
intensity of one or more regions of the one or more images,
comparesthe intensity ofone ofthe one or moreregionsto the
intensity of another of the one or more regions. The digital
imaging device includes a photodiode, charge coupled
device, time delay integration device, array ofcharge coupled
devices, time delay integration array of photosensitive ele-
ments or a combination thereof.

It will be understood that particular embodiments
described herein are shown by wayofillustration and not as
limitations of the invention. The principal features of this
invention can be employed in various embodiments without
departing from the scope ofthe invention. Those skilled in the
art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific
procedures described herein. Such equivalents are considered
to be within the scope ofthis invention and are covered by the
claims.

All of the compositions and/or methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in termsofpreferred embodiments,it will be appar-
ent to those of skill in the art that variations can be applied to
the compositions and/or methods andin the steps or in the
sequence of steps of the method described herein without
departing from the concept, spirit and scope ofthe invention.
All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit,
scope and concept ofthe inventionas defined by the appended
claims.
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Whatis claimedis:
1. A precision mechanicalfiber cutting apparatus compris-

ing:
a vertical blade moving mechanism that movesin avertical

plane;
at least 3 substantially vertical parallel fixed cutting blades

connected to the vertical blade moving mechanism to
move in a vertical plane to punch out one or more cut
fibers;

a cutting stage positioned below the vertical blade moving
mechanism to support a fiber sample against a down-
ward cutting motion ofthe at least 3 substantially verti-
cal parallel fixed cutting blades, wherein the cutting
stage comprises
a top and a bottom connected to 1 or more side walls

having an inlet aperture and an outlet aperture,
wherein the top comprisesat least 3 slits to receive the
at least 3 substantially vertical parallel fixed cutting
blades to allow transport of the fiber sample into the
cutting stage, wherein the top supports the fiber
sample to allow the at least 3 substantially vertical
parallel fixed cutting blades to punch out the fiber
sample into one or more cut fibers having substan-
tially uniformed lengths with substantially uniformed
ends;

a fiber chamber connectedto the outlet aperture by a con-
duit to receive the one or more cutfibers; and

a pressurized gas source connectedto theinlet aperture to
transfer the one or more cut fibers to the fiber chamber,
wherein the one or more cut fibers are deposited in a
random distribution onto a sample slide within thefiber
chamber.

2. The apparatus of claim 1, wherein the blade moving
mechanism is a pneumatic ram, a hydraulic ram, an electric
motor and combinations thereof.

3. The apparatus of claim 1, whereinthe at least 3 substan-
tially vertical parallel fixed cutting blades comprise3, 4, 5, 6,
7,8, 9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 or
morefixed blades.

4. The apparatus of claim 1, wherein the at least 3 substan-
tially vertical parallel fixed cutting blades individually com-
prise a conventional razor blade, a blade, a serrated blade, a
metal wire,a plastic fiber, a compositefiber, a plastic blade, or
a composite material.

5. The apparatusofclaim 1, wherein the conduit comprises
an inlet pressurefitting to allow an increase in pressure and an
outlet aperture to allow a reduction in the pressure.

6. The apparatus of claim 1, wherein the pressurized gas
source is a compressor, a tank, a gas line, or a combination
thereof.
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