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SENSI NG BLEND COLOR HOMOGENEI TY IPOS'a[u[.
BACKGROUND OF THE | NVENTI ON This application rel ates
generally to color blend mixing, 5 and in particular relates to sensing

bl end col or honobgeneity. Modern plastic materials have
found a w de range of mar kets and a variety of applications in diverse
manuf acturing fields. These plastic mat ¢rials offer many desirable
characteristics such as an excellent finish, desirable electrical,

thermal and nmechanical 10 propertiSENSINGBIEIDEOLOR/ari ety of col ors.
Plastics are typically fornmed of one Omﬂ@r%\rﬁgéﬁ\( pol ymers or resins,

one or nore colorants, and other addit additi ves may
i nclude, for exanple, fiberglass for structural rei nforcenent, flane
retardents, plasticizers, or nold rel ease agents. 15 The plastics are

manuf actured by injtij )\ X nts to forma
substantially hon%é@gg{gopm% ﬂ?ﬁm\?gwgaﬁol ynmer bl end t hen

typi cal ly undergoes extrusion, or the like, to forma raw product, . for
exanpl e pell ets. The raw pr oThistspplicatioherelates Igenetially tgcotbrcisiend mixingal

Field of "pol yntr ol BipetiupEFéfBtes Bensing bleng color d6aRel; 1o | nor

bl end techniques that nmake it possible to faithfully reproduce bl end
colors. The color of the firdodgrmoqiastionmaterials bayefound &cwisdlearangetafr s

including the CO”‘?ﬁQﬁ(‘é?é afg é‘@grlbwsngf)?lhcatlog%%%ﬁéi‘seaﬁﬁn'ﬁ?é&uﬁﬁ% fidlds.

t enperat ure hi stor_ly duri ng m XI n
constituent inter-Fie&engl asggﬁpgt%@s @ifer fgany desirable charactenst:cs such as

an excellent flmsh desirable electrical, thermal and mechanical
10 properties, low-cost and a variety of colors.

Plastics are typically formed of one or more base
polymers or resins, one or more colorants, and other additives. Such
additives may include, for example, fiberglass for structural
reinforcement, flame retardents, plasticizers, or mold release agents.

15 The plastics are manufactured by initially mixing these components to
form a substantially homogeneous polymer blend. The polymer blend
then typically undergoes extrusion, or the like, to form a raw product,
for example pellets. The raw products are then utilized to produce
final polymer products of various forms.

20 Recently, in the field of polymer design, there has been a
demand for color polymer blend techniques that make it possible to
faithfully reproduce blend colors. The color of the final product may
depend on several factors including the concentration and type of
colorant and base resin, temperature history during mixing, and the

25 ultimate degree of constituent inter-mixing achieved during
processing. Thus, variations in color between polymer products may
arise for a variety of reasons.

For example, color may vary among products due to
polymer product formulation or recipe differences. Color variations
30 may exist between lots for a given product formulation or.recipe due to



processing. Thus, variations in color between pol ymer products nay

arise for a variety of reasons. For exanple, color my
vary anong products due to pol ymer product forrmnulation or recipe

di fferences. Color variations 30 may exist between lots for a given
product formulation or recipe due to

- 2 - machi ne-t o- machi ne di fferences.-&ol or differences may exi st
within | ots due to changing raw material characteristics, changing
operating com&dmm neammélamékremegs eacbroanh@remsrrmelyeéxisﬂ within

pr ocessi ng, eed rate lor is
typi cal |y manual | !Pqﬁcﬂu P‘gﬁﬁgﬂ}g'ggj i m?de"al charagtetishigs c%?ngfﬂﬁcﬁﬁ.ﬁ{ﬁ%gr a
gi ven production conditidhs, cmid)naaecurames andt ativseramnontalieantin oprdcelssing,
whi ch affects the.c H ymer product by itself gr in 9
conmbi nation with Hﬁtﬂ‘é‘ﬁ{‘ﬁ%’?[e. t?ﬁ%%t‘ For exanpl e, solid pignents and
l'iquid pigments or dyes may be used for 10 affecting the color of the
final product.5 Polymer calos is Jypically yiastiugied dwsadjustiag
col orant and basethtﬁ agmdd?ﬁ'd?c@i gﬁli ﬁcgdtﬁg)nt/é’rg ?&ﬁic’tﬁﬁd tﬁP”ﬁﬂ\é”&ﬁgr t may

extruded in a oratory na rate pe he pellets” are
then injection takengnyegonversional foempwhichealipets Eh?oﬁ)aft phithg RRIYMSF m

color, which is 1§rodlmnb90ityaﬂtdrowlédmmﬁuﬁemthnomérabehaﬁm@ms For
spect rocol orinete

col or onpar e
ref erence or stanﬁé?'a‘pFe' solig) %!QU!?"&%PBB "02%‘3 p&ﬁm?'étrse‘?fc@e?ﬂ@ry %Hﬁ@gﬁoére
corrected by #Hj uaffecting the colbeofthedirmlprodint. sequence is repeated until
the plaque color falls wi thin an acceptable range to the reference

Pl aque. = 20 fin S Fi6arprddifetibh"BloobsE Ot Cofstahf ahiBhsé "
resin are blended together and compounded or extruded in a
laboratory machine to generate pellets. The pellets are then injection
molded to obtain a plaque with substantially uniform color, which is

15 then conventionally measured in a laboratory spectrocolorimeter. The
measured plaque color is compared with a reference or standard
plaque color, and differences therebetween are corrected by adjusting
the colorant. The sequence is repeated until the plaque color falls
within an acceptable range to the reference plaque.

20 ‘ A sample of the finally corrected colorant and resin blend
is then compounded on a production scale machine that follows the
same procedure as the laboratory machine to produce a color plaque
which is again compared with a reference plaque. If required, the
color in the production machine is suitably corrected to affect an

25 acceptable match between the measured plaque and the reference
plaque.

This process, therefore, requires many steps to achieve

a desired color in the polymer pellets which increases processing time

and cost. Accordingly, it is desired to improve the process of

30 constituent inter-mixing in the production of a polymer product from
base resins and colorants.



i s then conpounded on a production scale nachine that follows the sane

procedure as the |aboratory nmachine to produce a col or plaque which is
again conpared with a reference plaque. If required, the color in the
production machine is suitably corrected to affect an 25 acceptable match
bet ween the neasured plaque and the reference pl aque.

This process, therefore, requires nmany steps3to achi eve a desired
color in the polymer pellets which increases processing tine and cost.
Accordingly, it | SUKMARY OF THRINVENTIONTrocess of 30 constituent
inter-mxing in the production of a polyner product from base resins

and col orants. - 3 -
SUMVARY OF THE | NVENTI Oy An apparatus for senging, galor Blend homogeneity in g, o,
bl end honogenei t y mixtuxe havingi at first badi sgcend |blendapdrtmacmdubé®mi lightt i on

source for entti {EngmiESS BIad &F pIGhG themipflicd & Rghf Sl t*égeqrvﬁg&%l ed
to the light s®ur djght beam Aamd lal colionmeinsar aptically poualedatcr the digbh gource.
optical l'y coupled gpiyy n!ailcgrtn“assemblff’lﬁ%céeflré?qi1 ans& E&S’plQBtt Ctﬁb' Is%ht

coupl ed to and di spose norna ssive p
to illumnate theSRMGaRAR]® §%mjeaq optlca"y ﬁeuaﬂealtt@ and dispased; Qﬂfmﬁiéam

/;t ! easzI ' oge det te@fgeh ﬂghﬁﬁaﬁémisswép[h@e saraytodﬂdm;ﬁa%éltna @x{dré&ll?@d%bt dt on
i sposed adj acen e i v s Lo detec e
diffuse reflectiof® r‘gﬁ{et H‘@th F jr@?iﬁ?ﬁf% xf\hrléa& one qé??t'o'? [sseginly is
sensor col | ec1@ t ipeovidédhavingf adirst epdl digposéd adjacent the dight transanigsisecond
material bl end po e t
into tri-color si g}%gs SO g%ﬁgg&gg?%%t}& 'iegigr:{béiglo"yhc? Q@H'ﬁ%éodqﬁq“kb@
hormogeneity of th rthe coldr sensericotiacts the dlﬂusnoreﬂactlmg)hght from the first

and second material blend portions and transforms the diffuse

reflecting light into tri-color signals so as to determine the local and

15 global homogeneity of the first and second material blend portions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of one embodiment of
the instant invention;

20 FIG. 2 is a schematic illustration of another embodiment
of the instant invention; and

FIG. 3 is an exemplary control logic flowchart in
accordance with one embodiment of the instant invention.

25 DETAILED DESCRIPTION OF THE INVENTION

An apparatus for sensing color blend homogeneity 10
comprises a light transmissive plate 12, a light source 14, a color
sensor 16, an illumination assembly 18, and at least one detection
assembly 20, as shown in FIG. 1.

30 Light transmissive plate 12 includes a top surface 22 for
deposition of respective test samples of a material blend 24. Light
transmissive plate 12 should be optically transparent. (n one



BRI EF DESCRI PTI ON OF THE DRAW NGS . FIG 1 is a schematic
illTustration of one enbodi nent of the instant invention; 20

FIG 2 is a schematic illustration of another enbodi nent of the

i nstant invention; and FIG 3 is an exenplary control

l ogic flowchart in accordance wi th one enbodi nent of the instant
invention. 25 DETAILED DESCRI PTI ON OF THE 4 NVENTI ON An
apparatus for sensing color blend honogeneity 10 - conprises a |ight

transmi ssive plat %n%l?odtﬁqén'tg ht%F%Hs?r‘ﬂsQﬁe g?%tgﬂeégé?mﬁriseéﬁ%gﬁrtzlﬁxlaté’r% or

I1lum nation assenbly, %‘ east on
shown in FIG 1. th® “ke lthough the ; priesent dnvention Je desgribed hﬁf@!fhd@s a

top surface 22 fokconnecticie Wi Itgmftraﬁsml§§i9§?ﬂatée|2ﬂ$é PFeaNt Hveétition igaigtr | al

:olneggem Light  ited ?83{3%30 Egevﬁha}ﬁhtl%ransmlssweb eplg&o 1(‘2al e pre: s

enmbodi nent, | ight inventiom searve bel dtpléMentetr aads uliliged’ tMthmhﬁnﬁl othier

connect  on i th | CORTORrORRT oL S5AbiedS., Hanf AErsiEGye “PEIE 14 dpey sbRor
limted to practi deusedwithinthe botiosnswidoecofd stosager bin Grtthemkment 5
I nvention can be inplenmented and utilized with many ot her

configurations. For exanple,nl dgdlerhbSMpiEnts iyt BaRbRissvd Pati®12 further
comprises a multi-axis positioner 26. Multi-axis positioner 26 enables
10 manipulation of light transmissive plate 12 in three degrees of
freedom; z-adjustment to manipulate the height of plate 12 translated
along reference axis 28, and y-adjustment and x-adjustment to permit
sensing over various regions of a respective sample of blend 24.
Multi-axis positioner 26 may further comprise a tilt control to level
15 Dblend 24 by adjusting the pitch and yaw of plate 12.

Light source 14 is provided for emitting and projecting a
light beam to blend 24. Light source 14 may include any light source
capable of providing a spectrum through the visible light region,
typically avoiding fluorescence. In one embodiment, light source 14

20 emits a light beam at a wavelength in the range between about 400
nm to about 770 nm. In one embodiment, light source 14 comprises a
tungsten-halogen light source.

In one embodiment of the instant invention, color sensor

16 is optically coupled, as described below, to light source 14. Color

25 sensor 16 may comprise a spectrometer, a spectrophotometer, a

spectrocolorimeter, a spectrophotometric colorimeter, or the like, to
perform spectrum color analysis of any incident light supplied thereto.

llumination assembly 18 comprises a first lens 30, at

least a bifurcated optical fiber 32 and a second lens 34. First lens 30

30 is disposed to receive light emitted from light source 14. First lens 30
typically comprises a planoconvex lens or the like. A light source end

36 of bifurcated optical fiber 32 is aligned with first lens 30 so as to



housed within the bottom surface of a storage bin or the like.

In one enbodiment, light transmissive plate 12 further conprises a
mul ti-axis positioner 26. Multi-axis positioner 26 enables 10
mani pul ation of light transm ssive plate 12 in three degrees of

freedom z-adjustnent to mani pul ate the height of plate 12 transl ated
along reference axis 28, and y-adjustnent anll-x-adjustnment to permt
sensing over various regions of a respective sanple of blend 24.

lI\)/:JI tid-gziz poz! ti Ep?@f/idtéﬁaﬁay?ﬁ%wtb%ﬁplmgil@'lhttasdu'{d:é NtTIed light! s¥gh kS

en adj ustin | an 0 a .

Li ght sour %:/e 1J4 i &'B?‘S@Pfe&%'g' I@EV s@Hf(f‘%/?ﬁlg'safﬁguﬁ?‘gjb(éfr?hl&né 30 and,is injeciedam

to bl S_nd 24. Li g[]tintmlilglmtedeC?mnd Bs!oflckmtim}' fibieg32. sAUaduifurcationq:mlf’w:nl 88 of
ing a spectr A Y . e .

g\r/g;/ldi nggf I uoPesced#?gFahf'ﬁaggg s@ﬁ%so@?dﬁgr@ ah:‘ll *gg'h'to‘:‘s&gﬁg aﬁol%%ﬂ%ﬁﬁgﬁﬁgn

| i ght beam at & we#&l ength in the range between about 400 nmto about
770 nm |In one enbodinment, |ight source 14 conprises a

tungst en-hal ogen |ight sourcpjate nortion 40 of optical fi 2‘?@%{%‘6{?&@% t he
I nstant invention, color sensor P lg?s poptal] caﬁlg cQu , . as de%lgh bed

. U ple
bel ow, to |ight s@itPreximatg, é‘gh§§ra@wifﬁ§§wel@’%‘&y 12anpoesend qnect3onist er
a_spect 1 ophot OTet gositianed adjasarit ight Qrdrisaissive apiREC12 O | Beam
colorimeter, or the 1O . rf opm spect rym col or_anal ysis of.any
i nci dent |ight suppPF t'ﬂé’r &pgical Hiber°5d' phsses L{m'ouqh Iﬂlﬁi‘lenmp a%geﬁbl y
18 conprises #0fi listercepteddsy second lensl hanhdds iprdjectest emtodjght tednsnibsive3?2

and a second | ensP;?ai'%ui-:écéétf"i'ﬂ'?‘#’ﬁ?‘%ﬁ%@bgb%%&fﬂ to receive light

emtted fromligh ypically conprises a
pl anoconvex lens or the like. A light source end 36 of bifurcated
optical fiber 32 is aligned @Plof sensar |peréors42 cofaoptical fiber is optically

coupled to color sensor 16 so as to provide a reference of the signal
representing the light beam emitted from light source 14.

15 Detection assembly 20 comprises a first detection lens
44 and an optical fiber 46. First detection lens 44 is disposed adjacent
to light transmissive plate at an angle (o) with respect to reference
axis 28 so as to detect diffuse reflection from the illuminated sample of
blend 24. Reference axis 28 is aligned essentially perpendicular to

20 light transmissive plate 12.

In one embodiment of the instant invention, angle (c) is
in the range between about 1° to about 89°. In another embodiment of
the instant invention, angle (o) is in the range between about 35° to
about 55°. A first end 48 of optical fiber 46 is optically coupled to first

25 detection lens 44 such that diffuse reflection directed into first
detection lens 44 is injected into first end 48 of optical fiber 46 and is
transmitted through optical fiber 46 to a second end 50 of optical fiber
46, which second end 50 is optically coupled to color sensor 16.

Although the present invention is described as including
30 a single detection assembly 20, the present invention is not limited to
practice with a single detection assembly 20. The present invention



- 5°- provi de an optical coupling at |ight source 14. The light beam

IS - emtted fromlight source 14, is focused by first lens 30 and is

I nj ected into light source end 36 of optical fiber 32. At a

bi furcation point 38, optical fiber 32 splits into a plate portion 40
and a col or sensor portion 5 42. Pl ate portion 40 of
optical fiber 32 is disposed normal to -gand proximate |ight

transm ssive plate 12. Second lens 34 is positi oned adjacent |ight

transni ssive plat gahZpe T lémsmbdb@f@dmunzed with ﬁﬁh@%th@.t 8o u:ﬁﬁbné Hegr 32
passes through pl aten_smirtlon 40 i s a mterceEP«? %gsecog ﬁhzs 34 and is
proj ected onto |i GREMRIGnWe gEimere detectign assemplies eyt ﬁgt‘@'t@'ﬁrrpl e
bl end 24. the present inverftigm assstos indPIG 1on 42 of optical fiber is
optically coupled to color sensor 16 so as to provide a reference of

t he signal representin am em t 0

15 9 IODet ect : ogcé@(iewtrzggc%%%ﬁ sm #ﬂ?r&%ﬁ%ﬂ@g@t (l‘:?%p ns
44 and an optiBal dptical fikger M6 stThet cotlected dight 4foins sampde s bibnatlj 24 eist
to light transms er it e ce
axis 28 so as to 3+at @JnZécff ﬁ%&r{ f{éo) "m% %léﬁag fﬁ'?*’@’"gs‘gngf’?&
bl end 24. Refer en¢@foax1a§oestwp@aim \@i@@s designhated by Lp@ra;mdwblqmtaer trircolor

| ight transm ssiv e he
I nst ant |nvent|on%@£ fog'?exa e RGB X, Y Zﬂr "}éaﬁkgqﬁet ween a out ?[Ee)rr]

to about 89[err]. &Sn ETRS’("PFeF'QQ bdF%HFfRﬁses of d'Fﬁ\éssr'ﬁB-tHhFOPﬁ\ﬁéﬂﬂa il
Zn]g| e E[er(rj] )4?3081‘ bR U‘Etds%@lelrbqgflgﬁ@rbfaho@ B|5&66tfcind|t© sys tenﬁt\m\éreﬁﬂtﬁér]
irst en of .0 er | ou
et ection | ens 44 10TEISsia Wiealogafed Lo P otemRER: 8805%% & gflfed a,
detection | ens 44 (pssitivg éot szt cokors andstegativefdr greem cotms) antddhedllamd i s
transmtted throu r
46, which second g’r}.llj Eébﬁﬂll'na{e Ba I?ﬁ ggafﬁ@&%ﬁg%%gggég 1%83étl\;é C
Al though the presblite ioplers). o“ﬁhisSLd@scb |cp@ddla§tei gystem iy a3golar gleqaguEng
det ecti on ass%‘"" Béxgﬁémi |§%ﬁﬁ%ﬁil¥'dﬁﬁng€& A Rn%vﬂPin fheart. Fhetilization of
practice with tection asse present i nvention
. a, b coordinate system wnthm thls apphcatlon is for purposes of
dlscussmn only and is not a limitation of the instant invention. In fact,
the instant invention can be utilized with any known color

measurement system.

20 The tri-color signal generated by color sensor 16
provideé color information about the collected light by measuring the
diffusely reflected spectrum from blend sample 24 and transforming’

~ the measured spectrum into standard color units such as L, a and b, or
the like.

25 In accordance with one embodiment of the instant
invention, blend sample 24 and at least a second blend sample (not
shown) are removed from at least two locations within a polymer
mixing vessel, for example, a blender. First sample 24 is placed on
light transmissive plate 12, as shown in FIG. 1. Light source 14 emits

30 a light beam to blend sample 24 through illumination assembly 18 and
the diffuse reflection of sample 24 is detected by detection assembly
20 and is transmitted to color sensor 16. Color sensor 16 collects the



- 6 - can be inplenented and utilized with many other configurations.

For exanple, two or nore detection assenblies 20 may be utilized

Wi t hin the present invention, as shown in FIG 1.

Col or sensor 16 senses the light transmtted through 5 optical fiber 46.
The collected Iight fromsanple blend 24 is transforned by col or
sensor 16 into signals providing color -Vnformation, typically val ues
designated by L, a and b or other tri-color signals, for exanple, RGB,

X, Y, Z or the |i KightHtesrai serhpley bletidepd eahd eransforn®s thid icoliectedr lightgingd "3 .

For purposes of di sion. friscolor signals will 10 be di scussed in
terms of L, a, b cfﬁgtj@ h@f)gs@ﬂ'em wherein the lightness is typically

called L, the red-green coordinate is called a, positive for red

col ors and negative for greeNextlinraccosdanaehwithedneembodiment of thminstantit e
Is called b, (posSiiiN&tidor | § tiQv i

colors). This L, a!m’%&ééjlg’r ctil?{ éﬁa‘t_'@”s&g"gﬁ?ﬁog @%g%rlsnquéﬁgrq nWItHSFgé?%S?% etnc%
that is currenBly illuminatian assemblindOi fypigally by, muli-axis pesilionsn 2§ such

e o oor " el 8 deienidn of e SdbleoRisMurinkssd BHRsee o

] | n vention., In fact,
t he instant i.nventﬁ%‘i’nﬁ’aﬁi‘hbléed? ??tﬁhomqp‘}aﬁi’/m?['ﬁ)éa 'Ed*"g?"ted by getectiofhent
system 20 assembly 20Tded is' trarfgrhittedtowoldr shiser 46ed by col or sensor
16 provi des color information about the collected |ight by neasuring

e measured spectrum i nto. sORAEIME AP snsd 16 SFR5Es fe ROt kOAMBIHI™ O
the like. 2510 sample 24 and transtrmsathee colledtedrlighdnintaliansecond triteslor

I nst ant invergiéﬁa, bl end sanple 24 and at | east a second bl end sanple
(not )

This process of manipulating the light transmissive plate
and transforming the collected light into a tri-colored signal is
performed at a number of locations of blend sample 24, typically in the

15 range between about 8 to 30 locations.

Upon completion of the color sensing of blend sample

24, the average tri-color signal from all locations is calculated and the

standard deviation of the various tri-color signals is calculated.

Accordingly, sample blend 24 is uniquely characterized by six values:

20 La; aa; bav; Let; ax and bg. Ly is the average lightness coordinate, aa

is the average red-green coordinate, by, is the average yellow-blue

coordinate, Ly is the standard deviation of the lightness coordinates,

agq is the standard deviation of the red-green coordinates, and by, is the
standard deviation of the yellow-blue coordinates. '

25 Next, sample blend 24 is replaced by at least a second
blend sample and the above described process is completed for the
second blend sample such that the second blend sample is also
uniquely characterized by six values: L'ay; @'av; D'av; L'st; @'st; and b’

Next, in one embodiment of the instant invention, the
30 average color difference (AE.) between the respective samples is

calculated utilizing the following formula:



shown). are renoved fromat |east two |locations within a pol yner m xi ng

vessel , for exanple, a blender. First sanple 24 is placed on | i ght
transm ssive plate 12, as shown in FIG 1. Light source 14 emts 30 a

| ight beamto blend sanple 24 through illum nation assenbly 18 and t he
diffuse reflection of sanple 24 is detected by detection assenbly 20
and is transmtted to color sensor 16. Col or8 sensor 16 collects the

- 7 - light fromsanple blend 24 and transforns the collected |ight
into a first tri-color signal. t, in
accordance with one enbodi ment of the msfa (ALa” +Aa“|"n<r/énl\ﬁ(m the |ight
transm ssive plate is noved with respect to 5 i1 lum nation assenbly 10,
typically by nulti-axis posiwheregAL26s Leudhw, Adw = aivhat . panid fAber et - iar t i on
of blend sanple 24" is illum nated and hence, a second di ffuse
reflection of blend sanple 3ficsyalbbSH @s edstier6r oqual toARSSIN, ¥nd0
and is transmtted to col or sensor Accordingly,

col or sensor 16 sbienbis metﬁitzeﬂraﬁrbﬁmrﬂioh@"y bamegensausndf theavalte afs

the collected &i ghaELNGS grestef AN tabiout dl, d6r examplesaboat two or about 3, the
Thi s process of mani pul at’l n the light transm ssive plate and

transformng the @lﬁﬂd&@t'&i ly hemMeganeeys col ored signal is
performed at a nunber of Iocatlons of blend sanple 24, typically in the 15
range between about 8 to 30 Nématﬁemfandard deviations of the respdcumecsalmmﬂesi on

Fromal | 1 ocat i onrs Somparefly, BAR, daprard d8Vanbi e S, ben bl st 2a
various tri-col or andgiéd.b ame dessuthereda predetermined amount, the blend is
10 characterized as being locally homogeneous. The predetermined
amount is satisfied if the standard deviation values are less than about
.25 to about 2 L, &, b units.

The blend is sufficiently mixed when the values indicate
the samples are both globally and locally homogeneous. If the values
15 indicate that the samples are not both globally and locally
homogeneous, the blending process continues as the constituents are
" not fully inter-mixed.

This entire process of determining blend homogeneity

can be carried out with a controller electrically coupled to color sensor

20 16. The controller comprises éircuitry, such as a microprocessor chip
or the like.

In accordance with another embodiment of the instant

invention, an on-line apparatus for sensing color blend homogeneity

110 comprises at least a first probe assembly 112, a second probe

25 assembly 114, a light source 116 and a color sensor 118, as shown in
FIG. 2.

First probe assembly 112 and second probe assembly

114 each comprise a light transmissive window 120, a portion of an
illumination assembly 122, and a detection assembly 124. Light

30 transmissive window 120 is disposed within a sidewall of_a mixing



Accordingly, sanple blend 24 is uniquely characterized-by six values: 20
L[err]; a[err]; blerr]; L[err]; a[err] and b[err]. L[err] is the average

| i ght ness coordinate, aferr] is the average red-green coordinate,
b[err] is the average yel |l ow bl ue coordinate, L[err] is the standard
deviation of the |ightness coordinates, alerr] is the standard
deviation of the red-green coordi nates, and-B[-err] is the standard
devi ation of the yell ow bl ue coordi nates. 25 Next, sanple

3;52?_ ﬁgdi s repl acgsbday 1QF, kﬁﬁ@éd fllﬁasﬁ@ﬁadr or the maé.emb magmimataﬂetmmve
i process caonpl ete Iy e secon en c at
t he second bl end sgﬂ)l B’qu)sé é?sc?p?‘cahy Hﬁﬂaﬂ%ﬁeﬁcha&‘ac‘?’b‘?i‘ii‘g'%@ﬁgﬁﬁ \li}gH]es:
L'[err]; a'[err]; teansmissivelwineow 120 cbamprisesanqudrts matérial or the like.

Next, in one enbodi ment of the instant invention, the 30 aver age col or

difference ([err]) between t kYR : ' e
Utilizing the following for ngf‘%tﬁ%ﬁﬁfé Y Y8 iS$BrRNi&Sd ot emitting SR PrbfRctfg a
- 8 - 5 light beam to mixing vessekei26. Light source 116 may inglude amer r]
= L[err] - L'[err]y = Wi o nlisible light ] -
If the val ue of (['éﬁ’{r_‘ﬁ‘“.“éﬂdegé’sa"!igﬁ p@?&'g%;]a? speettuff HroagRitAeisibl, light 1.
characterized as b@&EgiRN.Jypisally aveidingiRrescends. the value of 5  ([err])

is greater than about 1, for exanple about two or about 3, the bl end

iijingt i glngb{; | %/hhormgene;)ys In onela embodiment, cbfort ,smbolr%sﬂaadés doptically
e respegtive, sa I

dlevi ation val ues (?_cflgﬁ?ﬁ', aﬁ[%ﬁgeg[ﬁﬁl?w: t‘ﬁ"'ﬁ@fgw%geh?'r ]CHE)? &%ﬁgq&

b'{err]) are H@s magn acqmprise er ai nespestromater,t hea bl epectieptigiometer,  a

characterized as bgl0gd QfaihétdO PGPS ThotdRRME LRHHhEIERESr the like, to

perform spectrum color analysis of any incident light supplied thereto.

lllumination assembly 122 comprises a first lens 128, at
least a trifurcated optical fiber 130 and at least a pair of second lenses
15 132. First lens 128 is disposed to receive light emitted from light
source 116. First lens 128 typically comprises a planoconvex lens or
the like. A light source end 134 of trifurcated optical fiber 130 is
aligned with first lens 128 so as to provide an optical coupling at light
source 116. A light beam emitted from light source 116 is focused by
20 first lens 128 and is injected into light source end 134 of optical fiber
130. At a trifurcation point 136 optical fiber 130 splits into a first probe
portion 138, a second probe portion 140 and a color sensor portion

142.

First probe portion 138 and second probe portion 140 of

25 optical fiber 130 are disposed normal to and proximate to light
transmissive windows 120 of first probe assembly 112 and second
probe assembly 114, respectively. Second lens 132 is positioned
adjacent light transmissive window 120 of each probe assembly 112

and 114. The light beam injected into optical fiber 130 travels through

30 first and second probe portions 138 and 140 is intercepted by
respective second lenses 132 and is projected onto respective light



anount is satisfied if the standard deviation values are |less than about
.25 to about 2 L, a, b units. The blend is sufficiently
m xed when the val ues indicate t he sanples are both globally and

| ocal | y honbgeneous. If the values 15 indicate that the sanples are not
both globally and locally honogeneous, the bl endi ng process continues
as the constituents are not fully int &rlly xed. Thi s
entire process of determ ning blend honbgeneity can be carried out
with a controller teansinissiygl Mndaws 1120 §0 aslterillgminate motions &of Fhsample

controll er conpri 18n&1U4QUAitKiIN bishddr B5%.2 M croprocessor chip or the
li ke. n accordance w th another enbodi ment of the

I

I nst ant i nvention, an oQ-line apparatus r sensi ng col or blend
hormogenei ty 110 conpr i s@@leﬁt'oﬂeg%e b i Fé‘f compisessadepsy 146 and an
second probe 25 gptieabbfiged 14482 | il@hkesouﬂeg dré6 positiched! deaééﬁﬁoggﬁtlg,
as shown in k i . Lrst probe asse n
second probe aéseﬁtﬁ:z?n%sswe "X‘i‘ﬁ?%'al%o &gﬁﬁPhggsﬁe?stfvfﬁPmﬁeaﬁ"% '@TEMB‘I%FHE‘OW
120, a portion of H at an angleifechaithorespactitol § refereneedaxis diesbi as to
gfzgm”g: y g}?“é H gi*}}negté& difURBSEHREYS AU ANt inkRdPsSMBREBINd bl Withjn_
vessel 126, typi cdlegder KR2&ndafemncenaxis il isLaligned essentiallyiparpandidcolar
120 nmust be opti C%'Iilljhf fraRsmidshE window 986, enbodi nent, | i ght
transm ssive wi ndow I20 conprises a quartz material or the |ike.
10 In one embodiment of the instant invention the angle (o)

is in the range between about 1° to about 89°. In another embodiment

of the instant invention, angle () is in the range between about 35° to

about 55°. A first end 152 of optical fiber 148 is optically coupled to

lens 146 such that diffuse reflection directed into lens 146 is injected
15 into first end 152 of optical fiber 148 and is transmitted through optical

fiber 148 to a second end 154 of optical fiber 148, which second end

154 is optically coupled to color sensor 118.

During blending, color sensor 118 collects the light from

the sample blend 144 from both the first probe assembly 112 and

20 second probe assembly 114. The collected light is transformed by

color sensor 118 into tri-color signals. The light is collected and

transformed by color sensor into tri-color signals a number of times,.
typically in the range between about 8 to 30 times.

Upon completion of the color sensing of sample blend
25 144, the average tri-color signal from each probe assembly location is
calculated and the standard deviation of the various tri-color signals is
calculated with respect to each location. Accordingly, sample blend
144 is uniquely characterized by six values at first probe assembly
112: Lav aa; ba Ly @y and by and six values at second probe

30 assembly 114: L',,; @'av; b'av; L's; @'sr; and by,



Li ght source 116 is provided for emitting and projecting a 5 | i ght beam
to m xing vessel 126. Light source 116 may include any | i ght source
capabl e of providing a spectrumthrough the visible |ight regi on,
typically avoiding fluorescence. I n one enbodi nent,

col or sensor 118 is optically coupl ed, as described below, to |ight
source 116. Col or sensor 118 10 mmy conpridd- a spectroneter, a
spectrophotoneter, a spectrocol ori meter, a spectrophotonetric

col _o(rji met Ie_r, hor the Iike, to Next, irwaiﬁe)reﬁmtidtﬂﬁfehﬂrbfctﬂe?mm ¥fentioh, ﬁtﬁ?@

i nci dent |ight sup : i on_assemly
122 conprises a fi ragté%beé;]%%ﬂ%,&ffﬁrence ( € Spetgveteﬂ #{'J% ({ggé%&i)vﬁ isgg?pﬁﬁ Hér
130 and at | east acpleulated uiizingdhe doltaeingFormi®a: First lens 128 is

di sposed to receive light emtted fromlight source 116. First lens
128 typically conprises a planoconvex | av=°,r/(AL,,.,2+AJi,',a ThEer A | i ght source
g

2
Ned™ 0¥ tH first |ens

end 134 of trifurcated optical fiber 130 1s ali

128 so as to provide an optical coupling at |ight source 116. A light
beam enitted froom |ight sour WheresALs -flocubbd, Ay 20w - filar sANd Abs =123 BRd i s
injected into |ight source end 134 of optical fiber 130. At a

trifurcation point 136 opticaf thei vftie bPQAER) iid fedsthanaorfdduidl t8'adRit 1, the
portion 138, a secopddp_ro?‘%égort,l on 140 and a col or sensor portion
142. blend isgharactgrizged asdreing glaballyhemegeneensr fithe pwive of

140 of 25 opticalAEipis gisfientirartabpat ¢ foroexahplecatssut twoosi GBbat BO thé ght

transm ssive W ndo&F %\2}0 ofl I ta_‘probe assenbly 112 and second pr obe
assenbly 114, respR&lPVENY! 9&@@@“ QRIPENBOMS; 5 nosi ti oned adj acent
light transm ssive wi ndow 120 of each probe assenbly 112 and 114. The

light beaminjlécted into opt Next, thebstand&@ dewiatiors tri-colowgigrid] valies at tsl
second probe porti el:ﬁt@e bé4ﬁchﬁoh§t&b28%§%{é& If the SBRAGFL 'dSisfsPNd

| enses 132 and is projected onto respectiv
. values (Ls; as; bs; L's; @'ss and b’y.) are less than a predetermined

amount, the blend is characterized as being locally homogeneous.
The predetermined amount is satisfied if the standard deviation values
16  are less than about .25 to about 2 L, a, b units.

The blend is sufficiently mixed when the values indicate
the samples are both globally and locally homogeneous. If the values
indicate that the samples are not both globally and locally
homogeneous, the blending process continues as the constituents are

20  not fully inter-mixed.

This online blend monitoring process of determining
blend homogeneity can be carried out with a controller electrically
coupled to color sensor 118. The controller comprises circuitry, such
as a microprocessor chip or the like.

25 An exemplary control logic sequence for online
apparatus 110 is shown in FIG. 3. The online blend monitoring by
apparatus 110 is started at block 200.

At blocks 202 and 204, the average tri-color signal
values (L. a.; ba; L'a; @'s and b',) are determined for each of the



- 10 - transm ssive wi ndows 120 so as to.illumnate portions of a

sanpl e bl end 144 wi thin bl ender 126. i Det ecti on
assenbly 124 conprises a | ens 146 and an optical fiber 148. Lenses
146 are positioned adjacent light 5 transm ssive wi ndow 120 of each
respecti ve probe assenbly 112 and 114 at an angle (a) with respect to
a reference axis 150 so as to detect di2fuse reflection from an

iI'lum nated sanple blend 144 within bl ender 126. Reference axis 150

is aligned essenti mslp)ECﬁeé p;mxﬂjecwcﬁitlons Att Bldckgh206 faﬁtﬂﬂﬁ?'tﬁé ¥iapdard

120. 10 t he i nstant nventlon the an | e
(a) isin th‘éeY'ﬁﬁa@ %b??\!@éns'ﬂﬂﬁluf’a&{eé ?[]'S"t Bs‘al%‘ut oPer ANd her
enbodi ment ofletelminetsfonmachrof¢hé irespeativglprobaJodations. t he range

bet ween about 35[err] to about 55[err]. Afirst end 152 of optical

fib 148 i ticall | t. d ff

e ect on di rect od i it o | enteeatblopks 236218 % Htaliablian s fade of
optical fiber 948 whethes theblendtisdacally bogiogemeious) in the mdnren déd@iied a
second end 154 of é’c%\}é%r Bbﬁ?ﬁro%&og%ﬁ? ?fEtﬁe%l@éplndlcateEﬁé%Iéﬁ%lls nat

optically coupled to &) or sensor
col or sensor 118 derfakythomaegenaays: at either or thheP@&?pl@abP@%.dﬂleﬂf@f@eQﬁﬁ

both the first prqum%&@rmbak 2@@amdstaﬂs o"véeon‘dhér\&hfé@mmémé%ﬁnci he
collected light i ﬁlaforms é/[ botH. E’Fﬁ 68|ntotr|

signals. The |ight °P§ ¥ BPinogengoys t bot pfq%rfn BHARS: 1D§ PEOFRSS camiytes fa o
tri-color si gﬂal s blookin®t4. ofAtt bloek, 214, the yawarapeycolor tdifferenuge (AELWH)eimn

about 8 to 30 ti ”Ec?ﬁlcul t Upon conpl etion of the col or
sensi ng of sanple ena% 144, the average tri-color signal from each
probe assenbly location is cal cul ated and the standard devi ati on of

the various tri-color signalNexs at block 218, aateterminationeispmade: of whether
Locati on. Accor di ngbblofdiPhROBNII HomogensHis, irﬁtHMHﬁtb’déi\fﬁtﬁ% 8bbyed Y

Clortl: aferr] andhel ua samf?gat@ 156 el 15, e glahellyc hatioganaaksh e1 1.4
L'[err]; a'[eng]; protess retuknd & block2d0eand staatydover| df tHe mixing vessel is in
an off position when it is determined that the blend is not globally
homogeneous, an intervening step at block 216 may include turning
mixing vessel on before returning to block 200.

If the values indicate the blend is globally homogeneous,
20 the process advances to block 216 and the mixing vessel is turned off
as the constituents of the blend are adequately inter-mixed.

While only certain features of the invention have been
illustrated and described herein, many modifications and changes will
occur to those skilled in the art. It is, therefore, to be understood that

25 the appended claims are intended to cover all such modifications and
changes as fall within the true spirit of the invention.



Next, in one—enbediment of the instant invention, the aver age col or
di fference (%er rm bet ween the respect ive sanples is cal cul at ed

ut|I|2|ng th ,", ,HM"" M"'] = L[err] - L'[err], [er.r] = alerr] - Lerrl

a[err] and[err] b'[err] - b'Jerr]. I f the val ue of
([err]) is less than or equal to about 1, t hd3 - blend is characterized
as being globally honmogeneous. If the val ue of ([err]) is greater
than about 1, for exanple about two or about 3, the bl end is not

gl obal | y hompgeneous 10 What is claimed jgsxt , the standard deviation
tri-color signal values at the respectlve probe | ocations are

conpared. If the standard devq aWrPQ?paratu Y&'é&r%ar{%kéfo'i]bleﬁcﬁ ﬁBHogeWeﬁgrdf

L'[err]; a[err]; j b"[eer{y] are less t pr edet er
the blend is char aé’tt pAsled WSt 3iichg serond ateridlgliragurortion, saidriapparatus

predet erm ned anoulomriskeg:l sfied if the standard deviation values 15 are

| ess than about .25 to about 2 L, a, b units. The bl end
is sufficiently m xed when the,y s _indicat ! he bot,h
global ly and | o®ally hormgene%ugﬁg ﬁgn?ﬁ@s{ﬁﬂ H@e for hOItdfr?ﬂJI ﬁ) a? ﬁ?'ﬁad
sanpl es are not botpertigrehal |y and | ocal Iy honogeneous, the bl endi ng

process continues as the constituents are 20 not fully inter-m xed.

This online blend nonitoring bl end honobgeneity
can be carried out with a conét){l ['Ter &%ect fﬁ&ﬁqqthf@m beambu led to col or

sensor 118. The controller conprlses circuitry, such as a
mi croprocessor chip or the |i&golor sensor;

an illumination assembly having a first end optically

10 coupled to said light source and a second end optically coupled to and

disposed normal to said light transmissive plate so as to illuminate

said first and second material blend portions disposed on said light
transmission plate with said light beam;

at least one detection assembly having a first end

15 disposed adjacent said light transmissive plate so as to detect the

diffuse reflection from said illumination of said first and second

material blend portions and a second end optically coupled to said
color sensor; and

wherein said color sensor senses the diffuse reflecting

20 light from said first and second material blends and transforms said

diffuse reflecting light into tri-color signals so as to determine the local

and global homogeneity of said first and second material blend
portions.

2. An apparatus for sensing color blend homogeneity, in
25 accordance with claim 1, wherein said light transmissive plate is
optically transparent.



25 An

exXenpra -
apparatus 110 is_shown i . The online blend nonitoring by
apparatus 1 10 Lﬂll H”“ﬂ LII ck 200. At bl ocks 202
and 204, the ave® T sOT %51 gnal values (L[err]; a[err]; bl[err];

L'[err]; a [err] and b'[err]) are determ ned for each of the

ry— control |ogic sequence for online

- 12 - respective probe | ocations. At1%1 ocks 206 and 208 the
~ standard deviation tri-color signal values (L[err]; a[err]; b[err];
L'[err]; a' [err] and b'[err]$: &Aeapparatugitarsensingicolor hofnogeaeity, in

respective probe |peatdaise with claim 1, wherein é%‘?d(tﬁ Rt t r‘%ﬁllﬁ &0 |
212, a determnation i s nmade 0O er the blend is H)ca ?f/é ﬁ%

f. 5 wheth
honpgeneous, in tl@'ﬂﬁrﬂﬁ?esra&é'§g?i'5%@”aﬁ above, for both probe |ocations.
If the values indicate the blend is not | ocal | y honpbgeneous at either

or both prgbe Ilocations, thm.nan(?&r%tu_s for s@hsik Scdl?rI bleﬁ@khé’r%géﬁgitﬁtiﬁgttsh
. If the valu i jcate. nd.is . . onpgeneou 0
' B\r/g[)e | ocati ong, %ﬁ;@oﬁﬁ%&c}sg"tboﬁﬂ"ﬁ3e§vr}e(59'fosa’gll@ﬁ%?fi%.m'swgtﬂﬁ@j‘-ﬁhﬂr t he

~average col or di f foomprises(d ewulfisaxisspositionercal cul at’ed. _
. Next, at block 215, a determ nation is nmade of whet her the blend is

~globally hompgeneous, in thes.nRr'i‘%‘E)'bﬁ?'&ﬁﬁrfbpﬁgnémgxc'glcifgﬁleggoté%@éagrg@,Liﬁs

indicate the blend is not gl obally honpbgeneous, . : ’ns to
bl ock 200 and st aC§OEsAaRIce With Ghaimyi xWwhereir said light sawrce compaisestanydightt i on

“when it is deternigegfcd Bapablacofopnilihg agbod spbairlin through VIR lht an

I nt erveni ng sfﬁp at bl ock 216 may include turning Xing vessel™ on
before returning 898Nock 200. I f the values indicate
the blend is gl obally honbgeneous,

6. An apparatus for sensing color blend homogeneity, in

accordance with claim 1, wherein said light source emits a light beam
at a wavelength in the range between about 400 nm to about 770 nm.

7. An apparatus for sensing color blend homogeneity, in
15 accordance with claim 1, wherein said light source comprises a
tungsten-halogen light source.

8. An apparatus for sensing color blend homogeneity, in
accordance with claim 1, wherein said color sensor is selected from
the group consisting of a spectrometer, a spectrophotometer, a
20 spectrocolorimeter, and a spectrophotometric colorimeter.

9. An apparatus for sensing color blend homogeneity, in
accordance with claim 1, wherein said illumination assembly
comprises a first lens disposed adjacent said light source, at least a
bifurcated optical fiber having a light source end aligned with said first

25 lens so as to complete an optical coupling at said light source and a
second lens disposed adjacent said light transmissive plate so as to
intercept said light beam injected into said optical fiber and project
said light beam onto said light transmissive plate so as to illuminate
said material blend portions. '



20 the process—advances to biock 216 and the m xing vessel is turned off

as the consti t d are adequately inter-m xed.
While only cer iﬂ the i nventi on have been illustrated and
descri bed here tlons and changes w || occur to those

skilled in the art. IS, therefore to be understood that 25 the
appended cl ains are | ntended to cover all sdéh nodifications and

changes as fall within the true spirit of the invention.

- 13 - \hakn appatatiisrést Sensing color blend homogeneityk-in AN

apparatus for sen r st a first and
apg econd materi al %%Pgrd(?wcgrvf"m)ﬁm@gf gprg%%ﬁi %%'9 detection 88?&5?5@ prises a

a light transni ssifiest @@C@Om densdlistiasgdsadidcent saldalﬁghilteamismlsswe platé iagns;

a light source fogangm (& WhtR rbé?@ét RS @reference axs, sp.as to defec?oc{hﬂgﬁ%

sensor; m nati on asse havi ng
optically 10 5 cotﬁﬂ%ﬁ'%ﬂ'@% $aid; iluminated seatenigl b'%@cmoéﬁcambanwﬂttiqal

coupled to and fib ﬂl@ﬁ?ﬁ@dﬂ o] S takr as
to PI | um nat e ! eal d rsts;a%é:l&g)r{d%ﬁ?deﬁr ?g a%”?ﬁ% %ﬁ'?%ﬁisa ?'glﬁ%ged

on said light re chﬁgrﬂ' gdetegt §B$EPF1'1 rﬁOQfe%ﬁﬁsor
at | east one detection assenbly having a first end
11. An apparatus for sensing color blend homogeneity, in

accordance with claim 10, wherein said angle (o) is in the range
10 between about 1° to about 89°.

12. An apparatus for sensing color blend homogeneity, in
accordance with claim 10, wherein said angle (o) is in the range
between about 35° to about 55°.

13. An apparatus for sensing color blend homogeneity, in

15  accordance with claim 1, wherein said first and second material blend

portions are removed from at least two locations within a polymer
mixing vessel.

14. An apparatus for sensing color blend homogeneity, in
accordance with claim 1, wherein said first material blend is disposed
20 on said light transmissive plate and said color sensor collects the
diffuse reflection from said first material blend portion”and transforms
said collected light into a first tri-color signal.

15. An apparatus for sensing color blend homogeneity, in

accordance with claim 14, wherein said light transmissive plate is

25 movable with respect to said illumination assembly such that a
different portion of said first blend sample is illuminated and a second
diffuse reflection of said material blend portion is detected by said
detection assembly and is transmitted to said color sensor wherein

said color sensor collects said light from said first material blend

30  portion and transforms the collected light into a second tri-color signal.



15 ~ di sposed adjacent said [ight transmissive plate so as to detect the
di ffuse refl Il lumnation of said first and second
material bl exlllm “ mmmnli N second end optically coupled to said

col or sensor; *and t wherein said col or sensor senses the
di ffuse reflecti ng 20 Ilght fromsaid first and second material bl ends and
transforns said diffuse reflecting light6knto tri-color signals so as
to determ ne the | ocal and gl obal honpgeneity of said first and second
material blend portionsi6, An apparatus for sensing-cof$t &éﬁé%h\b%lér@'
sensing col or bl end hogo ene Iﬂ¥ Y Tﬁ% ﬁccordana p cl \M¥ere| n
said |ight transni 3G g?%t‘ﬁ' Ca‘ pVNELIN S ':‘9\;% §H§mlsswe plate is

- 14 - movable witB. reépeetapasadunurhwratlsarmsmlmpIstmbhhhaﬂdlfferent

horogenei ty, in eportiof‘l% %?@ﬁ?stvl\‘natlé %Lﬁ erﬂdné?rgﬁ/ﬂ %?Iilﬂn%%&gd bhdYollected

transmi ssive plat NPT I SES  a
4. An appar at u$ fdlgfﬁelﬁsﬁra@sfotmed lbloetrdChlmmalgﬂﬁlstqt a iplurality ofibacatibmscef

with claim1l, wher | Oeﬁ@ﬁbswe pl ate further conpri ses
a multi-axis posi t%ﬁ £ falerid bleri R 5. Amr apparatus for sensing
col or bl end honpgenei ty, I n accordance with claim1, wherein said

| i ght source conprises any | 1ghfn appara‘é‘élf@b@'@%@ﬁl@P@T@em bomagegelty givod

spect r?m t]t" ough ta&dﬂiéhé& nglh' &Bﬁm% Witstesaid plurality of locations is i th@"
- apparatus for sens| n%eCBeRveen ealrﬂaout Oén%g QS IIol\.(atlons of said first blend sample

10  portion.

18. An apparatus for sensing color blend homogeneity, in
accordance with claim 16, wherein an average tri-color signal from all
locations is calculated and a standard deviation of all the tri-color
signals is calculated such that first sample blend portion is

15  characterized by six values:( Lay; @av; Dav; Lsy; @st and bg).

19. An apparatus for sensing color blend homogeneity, in
accordance with claim 18, wherein said first material blend portion is
replaced on said light transmissive plate by said second blend sample
portion and said process is continued such that said second blend

20 sample portion is also uniquely characterized by six values:( L'a; @'av:
b'av; L'si; @'s and b's)

20. An apparatus for sensing color blend homogeneity, in

accordance with claim 19, wherein said average color difference

(AE~) between said first material blend portion and said second

- 25 material blend portion is calculated utilizing the formula
AEw = [(ALa? + Aaw® + Abu®), Where, Alw=Lw-L'w, Adw=-aw-aa,

and Abu =bw-b'w, to find if said average color difference (AEw) is

within a pre-determined range so as to characterlze said blend
portions as globally homogeneous.

30 21. An apparatus for sensing color blend homogeneity, in
accordance with claim 20, wherein said blend portions are



accordance with.claim.1_ wherein said light source emts a |ight beam
at a wavelength in the range between about 400 nmto about 770 nm

7. An appar at usr“uulljﬂ"sl mlllﬂ!m bl end honogeneity, in 15 accordance with
claim1l1, wherei el L Li solmce conprises a t ungst en- hal ogen | i ght

sour ce. " 8 An apparatus for sensing color blend
honogeneity, in accordance with clai m-17 wherein said color sensor is
sel ected from the group consisting of a spectroneter, a

spect rophot onet er chard@terizpd s’ §lobhRY hBRiogenedns me'ip@mu;)qeh@éé)fwértsrzﬁo%t
col orineter. 9. An apparatus for sensing color en
honogeneity, in 1. accordance with claim 1, wherein said illumnation
assenbl y conprises a first lens disposed adjacent said' |ight source,
at t IheaS_t daf_ t giSf ulr cat ed m.lf@hpbaféﬁﬂs lttﬁ’\/se?ﬁsint’r?g bb?ﬁ‘blé@héﬁlogtﬂﬁeﬁ*,' jgned
Wi sai irs ens so .compl ete an optical coup]ing, saif

| i ght source and gccoré]argc&w'atg\ F%H? ggsﬁ’%‘?é%ma 'gcﬁtﬁf‘déﬁ‘f &qu; jan tri-color

t ragsm’ Ssi vle ]EJEBgt signalagalues of saidffiestc eptesali b{)édcglpbrﬂmararidc]jslatd ?écioﬁﬂo
Cransmssi ve pl at 281t bortion aRafialséd by YT cBMNEISRId ptest it sl

- 15 - values are less thatn aapredeleuminedramoust sg @a®torcharacterize
honbgeneity, in i i | ein said detection
said b@ﬁaodcgﬂaﬁ§a lééhlﬂrgdr{ﬂ}%%%é@]%

assenbly conpri ses I rst detec posed adj acent said

light transm ssive plate at angle (a) wth respect to a reference
axis so as to detect diffuse23-8An apparatys fassensinig celprbland hemageaeitatar i al

bl end porti ong0 anacadrdaricecwith claim 2?: hﬁé_reﬂﬁlsfrai@grédetgﬁ?ﬁe@l%rgbuﬁﬁ&%%slS0
as to transmt sai,d di fﬁ'ts.(azs to abourtpz L,ea(itl)' on S.r om sai irst detection | ens

to said col or senyb?r?a © unit
24. An apparatus for sensing color blend homogeneity, in
accordance with claim 23, wherein said blend is characterized as
sufficiently mixed when said values indicate said material blend
15  portions are both globally and local homogeneous.

25. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, said apparatus
comprising:

a first probe assembly comprising a light transmissive
20 window disposed within a side wall of said mixing vessel, an:
illumination assembly and a detection assembly;

a second probe assembly comprising a light transmissive
window disposed within a second portion of said side wall of said
mixing vessel, an illumination assembly and a detection assembly;

25 a light source for emitting a light beam;
a color sensor;

wherein each of said illumination assemblies have a first
end optically coupled to said light source and a second end optically
coupled to and disposed normal to said light transmissive windows so



11. An appar at us _f_QL_ssansJ_ng—em—ef bI end hormgeneity, in accor dance
with claim10, wherein said an‘il‘ Is in the range 10 bet ween

22:)3'; l%l éﬁdaﬁgnuﬁmﬁm}“mu“l“ 12. An apparatus for sensing

accordance with claim 10, wherein said

angle ([err]) is*in‘the range bet ween about 35[err] to about 55.
13. An apparatus for sensing color blend hamgeneity, in 15 accordance
with claiml, wherein said first and second material blend portions

are removed from g 't@aiﬁhn'ﬁr’ﬂﬁe' BSﬁFdrﬁ”Ef Vga‘icﬁ‘ rﬂat%ri%@'d@ﬁ& within s%{d’éi@ging

vessel . apparatus tor sensing color
honobgeneity, in Vesseh\ﬁ’@ﬁﬁé&ﬁ]lﬁ@%ﬁ%ﬁ"cl aiml, wherein said first material
bl end i s di sposed 20 on said light transm ssive plate and said col or

sensor collects the di Whesin rexidhest said Héwamaal@bsferﬁ@ltesrrﬁheé'@'ﬂra' end

PAGARGRECL ) S Rtk b i et
honogeneity, i& the diffuser dftectioni trbnclsmdmllﬂkmndtueneoﬁ swid dnhtegldl blend

transm ssive pl at e aid . llumnation
assenbly such tha?drﬁo@ssandgo %tg &&ﬁ'piéa%?g)#gg OTOkHIse%W 5’a§ﬁ‘fl‘ eis
illumnated and a second di ffuse ref | ection of said material blend

portion is detected by sai d wherein saiceplasrsensoemalipcisnthe diffuseneafiectiag t o
said col or sensor | (@fh@h’ﬂsald first %ﬁbdsédblng ﬁpt%ﬁaségseﬁﬂme‘écéﬁd ﬁ%rlgfdrfé% aiff’ ;)m

said first materi al., bl en transforms the ect
into a second tri |eézygg I%?\t lnto trl-co or signals so as to determine the Ioca

- 16 - 10  and global homogeneity of said material blend.

26. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, in accordance with
claim 25, wherein said light transmissive windows are opticaily
transparent.

15 27. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, in accordance with
claim 25, wherein said light transmissive windows comprise a quartz
material.

28. An online apparatus for sensing color blend
20 homogeneity in a material blend mixing vessel, in accordance with"
claim 25, wherein said light source comprises any light source capable
of providing a good spectrum through the visible region.

29. An online apparatus for sensing color blend

homogeneity in a material blend mixing vessel, in accordance with

25 claim 25, wherein said light source emits a light beam any wavelength
in the range between about 400 nm to about 770 nm.

30. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, in accordance with
claim 25, wherein said light source comprises a tungsten-halogen light

30 source.



16. An appar at us—for sensing col or bl end honogeneity,- in accor dance

with claiml15, wh ' iy ' transm ssive plate is novabl e with
respect to said |ﬂ!m£mm"“1"mg |y such that different portions of
said first materia e portsiom is illumnated and collected 5 l'i ght
Is transforned into tri-color signals at a plurality of |ocations of

said first material blend portion. -19 - 17. An appar at us
for sensing color blend honbgeneity, in accordance with claim 16,

wherein said plurality of |dghtiAmsoniinen apparatus for asgrsingt wsdor ablead 8
to 30 locations o | [; I s nord d.om. :
18. An apparat us ?18?% rﬁséll{YS}nc%I ﬁiﬁ%ﬁgﬁlﬁgﬁ%’gﬂg?\{éf&mnm a_ccordggggr ggﬂce
with claimi16, whélam 28 reife said -colprosensghds seleatas (from the |greupi ons

is cal cul ated andcgnsisiRgar dotdeviat i spbdtforréter,t eat I isgeRtrdbhotomete?] 9na! s
I's cal cul ated such that ir,st%ég%e bl end portion.is 15 characterized by

si x val ues: ( LPer Spectipeplefim L a gpeetrephaotometiic golgripieter| ) .

19. An apparatus for sensing color bl end honogeneity, in accordance
with claim 18, wherein said 32.r sAn mehiine alappleatds gdot i sensing color risiehdced

id light t ] SSI t ' ] I I [
and sai d L?oceséaﬁ?”@fénvqiﬁxé’h‘aeﬁeﬁ*;ﬁg{ 3@{*’8*@%@5%%@22@%°°fd9§ﬁs£@%' .
“portion is al so uclaiceR§, sihereint saidz ilininationx assemblies ¢ompriséd ;a firgtelenk;

bl ; LI ; 1 1 . 2 t
For “sensi ng. col or reTecladert sl ight source, at least a tr-furcafel opfed ! u°

~wherein sai d Her Aguinga dightispueecaligned with sgjcfirst jensesowies tomamplete an
Calcul ated Cuti|i SPhEa! 0o MGPESRElIgt softhoid: at IPAGDR patof sBBonds
Llerr] - L'[err], Iefrés,e,sj dispgped, n&iac%pt[ gq‘ig]%espeétive hﬁht 1@%!‘“5—3'\15? &Y‘F‘FLWS_

b’ [e(r]I rI, to fh nd b gaie ime%@mﬁsaidlliyhtqjemgemjécteld(ﬁm ishid optical fibemiahdi n a
pre-aeterm ne range s as,’ chnar ac rze,S.a . . relron

Ol obal 1y hormogeneBrgett s fight BEARAtE' iy TdhfrangRtssive winBPws sl Bndd

col or bl end htHrogdiueningte said respectiveopaidions ofisaid miatarial biendwher ei n sai d

bl end portions are

33. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, in accordance with
claim 25, wherein said detection assemblies comprise first detection
lens disposéd adjacent said light transmissive windows at an angle (o)

20 with respect to a reference axis so as to detect diffuse reflection from
said illuminated material blend portions and in optical fiber coupled to
said color sensor so as to transmit the diffuse reflection from said.
detection lens to said color sensor.

34. An online apparatus for sensing color blend
25 homogeneity in a material blend mixing vessel, in accordance with
claim 33, wherein said angle is in the range between about 1° to about

89°.

35. An online apparatus for sensing color blend

homogeneity in a material blend mixing vessel, in accordance with

30 claim 33, wherein said angle is in the range between about 35° to
about 55°.



- 17 - characterized as gl obally honbgeneous when ([err]) is |less

t.han about 22. An apparatus for sensing col or
bl end hom)genel ty II“!I I"I" “Il t” nce with claim 19, wherein said standard
deviation tri- val ues of said first material blend portion

and said second naterlal bl end portion are anal yzed by said
controller to detect if said val ues ar@0tess than a pr edet er m ned
anount so as to characteri ze. - sai d blend portions as |ocally
honogeneous. 36 Aa3.onlineamppasatus ffor sensingg ealbor bldnend
homogenel Ly, L1 1horR6EehaiRnge drflefbPiire? midiey Gbdkeiaid! dcBAR R Wi
anount is |ess to ab

24. An appar at us f%?m%gﬁs}”ﬁ‘@f %'Blstﬂ’d solaiPansap gothests fhe flight from saigcsamiplece
with claim 23, whemen@ wm.ﬁ @A:arwlumgg afeakar frehi b@fh 3aid flrst prolef hEéé}ﬂBl

m xed when sai vaI di cat mat er i al cI ? é’ rtions are

gl obal ly and |B8cal? ﬁ@Sﬂ% probe assembly an rang rmsA 5P ﬁ%tegp'f.'ﬂﬁ‘tat us
for sensing col or iblloem@pective tboolpesigriays.in a material bl end m xi ng vessel,
sai d appar at us conpri si ng: ~a first probe assenbly

apl Liaht t Sl  nd . ot . . o
calf mxing vessel, an 31T A narbR” HeRITRS" M "Sedulial U LBotbry
a second probe asdwradgensitypin si material bland mixingi vedsed, in accoidaihoe with

di d t hi

Vessel - an 111 um oo, CARLIGH Sl ] 8 BRIk Sd Ifistormed By cBor

10  sensorinto trl-color signals a number of times.

38. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, in accordance with
claim 37, wherein said light is collected and transformed by color
sensor into tri-color signals in the range between about 8 to 30 times.

15 39. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, in accordance with
claim 37, wherein the average tri-color signal from each probe location
is calculated and the standard deviation of all the tri-color signals is
calculated such that said sample blend is uniquely characterized by

20 six values at first probe assembly location and six values at second
probe assembly location. '

40. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, in accordance with
claim 39, wherein said average color difference (AE.) between said

25 first probe assembly location and said second probe assembly
location is calculated utilizing the formula AE., - \/(ALWZ +Adw? + Aba?) ,
where, ALw = Lov- L'av, AGwv = Gav-a’av, and Abu = bav - b’wv, to find if said
average color difference (AEw) is within a pre-determined range so as

to characterize said blend portions as globally homogeneous.

30 41. An online apparatus for sensing color blend
homogeneity in a material blend mixing vessel, in accordance with



25 —a tight—source—for—emtting a |ight beam

a col or sensor; wherein each of said illumnation
assenbl i es have a 1'"';'”"'""” llt"g!lt ically coupled to said |ight source and
a second end optic to and di sposed normal to said |ight
transm ssive wi ndows so - 18
- as to illumnate portions of said.mgterial blend within said

m xi ng vessel with said |ight beam wherei n each

of said detection Qsaeue) VaverBf Saf giérﬁi ortions %F@&ﬂ?fuséﬁgeﬁddsag r§Il§la' d

l'ight transm ssiv W ndows SO as to ereflec rom
said illum natlon%“%%?'@%‘@a?ﬁl(%w l‘\%less thanggpy ns and a second end

optically coupled to said color sensor; and | wherein said
col or sensor collects the didd.ustnr ehligst 'a'ib@aratus foi g@éné:ﬁgmc%%rd Blichat

and second probe assenblies and tr I ffuSe reflecting
light into tri- col?lﬂm Fys ?%aldé{%'rdsnm’l’@ngh‘éeqs@gaﬁn agcordancg withi
honogenei ty of5saicthimaidéy; |\ﬂt||efr;irer$dld standard deviation tri-colér. s@haﬂpr\}agdlj@s of
apparatus for sen enej t terjal e

m xi ng vessel, i n%accé?%aﬁéog%wgg%mbw l&%@%%@ sé/f#ef@?ﬂ@ﬁra

transm ssi ve w nddegatione argt iapalyized to chedhsbasadt values are Iess than a 27.
An online appar at g)?ea%rﬁﬁ{bﬂ thdutlt Yo Eg%dcharacté}f%ogﬁ”@ebfe\hd Boﬂldgﬁt 5' al

bl end m xi ng vess I n accor ance W t wherern sal
transmi ssive wi nddRERIYJIIAIRPGRNEOUS ar t 2

10 43. An online apparatus for sensing color blend
homogeneity in a material "blend mixing vessel, in accordance with -
claim 42, wherein said predetermined amount is less than about .25 to
about 2 L, a, b units.

44. An online apparatus for sensing color blend

15 homogeneity in a material blend mixing vessel, in accordance with

claim 43, wherein said blend is characterized as sufficiently mixed

when the values indicate the samples are both globally and locally
homogeneous.



mat eri al . 28. An online appar at us for_sensing color

bl end 20 honogeneity in a material bl end:nixing vessel, in accordance
With claim 25, wherein said |ight source conprises any |ight source
capabl e of providing a good spectrumthrough the visible region.

- 29. An online apparatus for sensing color blend honogeneity in a
materi al blend m xing vessel, in accordance@@th 25 claim 25, wherein said
| ight source emits a |light beam any wavel engt h i in the range between
about 400 nmto about 770 nm SENSING BLEND GOLO™ onl i ne appar at us

for sensing color blend: honogenei M@ﬁﬁﬁﬁ ,ial blend m xing vessel,
i n accordance with claim 25, wher Qu T '.gxt source conprises a

t ungst en- hal ogen |ight 30 source.
- 19 - 31. An online apparatus for sensing color blend

honogeneity in a material blend ce with

claim 25, wherein said color seﬁgﬁé}@cxﬁﬁg{"@bﬂ éﬁfbg‘iﬁéroup

consi sting of a spectroneter, spect r ophot onet er,

spectrocol orinBter, and a spAntamﬁratlmrﬁirrsmstmg eoloreblend homogenelty in a

2. o online 2PPIRAS, KB40 L SocBlirflena polPIROBAEY, b7 idy
said illumnation ta&mnislsh@spletmfmuxﬂdmgfthesnndwasa light wummﬁ:afcbradjilagant
said light source, + afid'q colot SR QRIcanR cdphed 1d the IR Wbuitos! M

source ali gned W t s irst ens source to
coupling with sai dARil W'WQPC@S&H@ yithasca dirstensd °P'“6¢"3€§@6ﬂ'@d to thq bghles

di sposed adj agent suiirfe AL ebt¥Rd lenddptidaltp Youpldd/ B #hd E¥osed normal to
the light transmissive plate so as to illuminate the mixture disposed on
the plate with the light beam. At least one detection assembly is
provided, having a first end disposed adjacent the light transmissive
plate so as to detect the diffuse reflection from the illuminated mixture.

15 Next, the color sensor collects the diffuse reflecting light from the first
and second material blends and transforms the diffuse reflecting light
into tri-color signals so as to determine the local and global
homogeneity of the first and second material blend portions.

Figure 1



so as to intercept said light being injected into said optical fiber and
project said |ight beamonto said |ight transm ssive wi ndows so as to 15
iIlumnate said respective portions of said material blend.

33. An online apparatus for sensing color blend honogeneity in a

mat eri al blend m xing vessel, in accordance with claim 25, wherein
sai d detection assenblies conprise first detection | ens di sposed

adj acent said light transm ssive windows at an angle (a) 20 wth respect
to a reference axis so as to detect diffuse reflection from sai d

ill"'um nated material blend portions and in optical fiber coupled to
said color sensor so as to transmt the diffuse reflection fromsaid

detection lens to said color sensor. 1/3 34. An online
apparatus for sensing color blend 25 honbogeneity in a material blend
m xi ng vessel, in accordance with claim 33, wherein said angle is in
t he range between about 1[err] to about 89[err].
35. An online apparatus for sensing color blend honbgeneity in a
mat erial blend m xing vessel, in accordance with 30 <claijm 33, wherein said
angle is in the range between-abouk 35[err|] to aboutf 55[ err].
- 20 - 36.NAn Pnl i ne= gpparatus for sensing color blend
honbgeneity in a material bl end™ ing-véssel, in accordance with
claim 25, wherein said col ogy collecgts the light frjomsaid sanple
blend within said m xing vessp—Fpm both |said first probe assenbly 5 and
sai d second probe assenbly anfd trapsforns [the coll ected |§ ght into
respective tri-color signaﬁ§> . oy
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37. An online apparatus for sensing color blend honogeneity in a

mat eri al blend m xing vessel, in accordance with claim 36, wherein
said light is collected and transforned by color 10 sensor into tri-color
signals a nunber of tines. 38. An online apparatus for
sensing col or bl end honogeneity in a material blend m xing vessel, in
accordance with claim37, wherein said light is collected and
transforned by col or sensor into tri-color signals in the range

bet ween about 8 to 30 tines. 15 39. An online apparatus for
sensing col or bl end honbgeneity in a material blend m xing vessel, in
accordance with claim 37, wherein t2/3 average tri-color signal from
each probe | ocation is calculated and the standard devi ati on of al

the tri-color signals is cal cul ated such that said sanple blend is

uni quely characterized by 20 six values at first probe assenbly |ocation
and si x val ues at second probe assenbly | ocati on.

40. An online apparatus for sensing color blend honogeneity in a

mat erial blend m xing vessel, in accordance with claim 39, wherein
said average color difference ([err]) between said 25 first probe assenbly
| ocati on and said second probe assenbly | ocation is cal cul ated
utilizing the forrmula [err] = [drr], where, [err] = L[err] - L'[err],

[err] = alerr] - a'[err]yg, and Barr] —bewrt bferr], to find if said
average color differenca? [err]™ is|within a pre-detefm ned range so as
to characterize sai dobl effd portijong|as gl obal |y honogeneous. CQO

41. An online appdﬁ s far sensi ngjcol or bl end onogeneity in a
material blend m XTng vesgel, id acdordance with
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cl ai-m 40, wherein said blend portions are characterized as globally

honogeneous when ([err]) is |ess than about 1. 42. An
onl i ne apparatus for sensing color blend honogeneity in a materi al
bl end m xi ng vessel, in accordance with 5 claim40, wherein said
standard deviation tri-color signal values of said first probe
assenbly |l ocation and said second probe assenbly | ocation are analyzed
to check if said values are |less than a predet ermi ned anount so as to
characterize said blend portions as | ocal | y honbgeneous. 10
43. An online apparatus for sensing color blend honogeneity in a
material blend m xing vessel, in accordgpge with claim42, wherein
sai d predeterm ned anmount is | ess than about .25 to about 2 L, a, b
units. 44. An online apparatus for sensing color blend 15
honogeneity in a rfaterial blend m xing vé§sel, in accordance with
claim43, whereinjsaid blend is charact'é'zed as sufficiently m xed
when the val ues irdicate the sanples a‘ggccth globally and locally
honbgeneous. vEe
b o
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