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PCT PATENT APPLICATION

TITLE: TABLET ANALYSIS AND MEASUREMENT SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit of U.S. Provisional Patent Application, Serial

Number 60/921 ,01 8 filed March 30, 2007.

FIELD OF THE INVENTION

[0002] The present subject matter relates to optical analysis systems using real-time

multivariate optical computing. Multivariate optical computing (MOC) is a predictive

spectroscopy technique that incorporates a multi-wavelength spectral weighting directly

into analytical instrumentation. More particularly, the present subject matter relates to

methodologies of using multivariate optical computing systems to illuminate a sample in

which information about the sample can be analyzed from reflected or transmitted light

in real time or near real time.

BACKGROUND OF THE DISCLOSURE

[0003] Light conveys information through data. When light interacts with matter, for

example, it carries away information about the physical and chemical properties of the

matter. A property of the light, such as its intensity, may be measured and interpreted

to provide information about the matter with which the light interacted. That is, the data

carried by the light through its intensity may be measured to derive information about

the matter. Similarly, in optical communications systems, light data is manipulated to



convey information over an optical transmission medium, for example, fiber optic cable.

The data is measured when the light signal is received to derive information.

[0004] In general, a simple measurement of light intensity is difficult to convert to

information because it likely contains interfering data. That is, several factors may

contribute to the intensity of light, even in a relatively restricted wavelength range. It is

often impossible to adequately measure the data relating to one of these factors since

the contribution of the other factors is unknown.

[0005] It is possible, however, to derive information from light. An estimate may be

obtained, for example, by separating light from several samples into wavelength bands

and performing a multiple linear regression of the intensity of these bands against the

results of conventional measurements of the desired information for each sample. For

example, a polymer sample may be illuminated so that light from the polymer carries

information such as the sample's ethylene content. Light from each of several samples

may be directed to a series of bandpass filters which separate predetermined

wavelength bands from the light. Light detectors following the bandpass filters measure

the intensity of each light band. If the ethylene content of each polymer sample is

measured using conventional means, a multiple linear regression of ten measured

bandpass intensities against the measured ethylene content for each sample may

produce an equation such as:

y = a o +a-|Wi +a2 w + . . . +a-ιoWio (Equation 1)

where y is ethylene content, an are constants determined by the regression analysis,

and Wn is light intensity for each wavelength band.

[0006] Equation 1 may be used to estimate ethylene content of subsequent samples

of the same polymer type. Depending on the circumstances, however, the estimate may

be unacceptably inaccurate since factors other than ethylene may affect the intensity of

the wavelength bands. These other factors may not change from one sample to the next

in a manner consistent with ethylene.

[0007] A more accurate estimate may be obtained by compressing the data carried

by the light into principal components. To obtain the principal components,

spectroscopic data is collected for a variety of samples of the same type of light, for

example from illuminated samples of the same type of polymer. For example, the light



samples may be spread into their wavelength spectra by a spectrograph so that the

magnitude of each light sample at each wavelength may be measured. This data is then

pooled and subjected to a linear-algebraic process known as singular value

decomposition (SVD). SVD is at the heart of principal component analysis, which should

be well understood in this art. Briefly, principal component analysis is a dimension

reduction technique, which takes m spectra with n independent variables and constructs

a new set of eigenvectors that are linear combinations of the original variables. The

eigenvectors may be considered a new set of plotting axes. The primary axis, termed

the first principal component, is the vector, which describes most of the data variability.

Subsequent principal components describe successively less sample variability, until

only noise is described by the higher order principal components.

[0008] Typically, the principal components are determined as normalized vectors.

Thus, each component of a light sample may be expressed as Xn Zn, where Xn is a

scalar multiplier and Zn is the normalized component vector for the nth component. That

is, Zn is a vector in a multi-dimensional space where each wavelength is a dimension.

As should be well understood, normalization determines values for a component at

each wavelength so that the component maintains it shape and so that the length of the

principal component vector is equal to one. Thus, each normalized component vector

has a shape and a magnitude so that the components may be used as the basic

building blocks of all light samples having those principal components. Accordingly,

each light sample may be described in the following format by the combination of the

normalized principal components multiplied by the appropriate scalar multipliers:

X1 Z1 + X2 Z2 + . . +Xn Zn.

[0009] The scalar multipliers Xn may be considered the "magnitudes" of the principal

components in a given light sample when the principal components are understood to

have a standardized magnitude as provided by normalization.

[0010] Because the principal components are orthogonal, they may be used in a

relatively straightforward mathematical procedure to decompose a light sample into the

component magnitudes, which accurately describe the data in the original sample.

Since the original light sample may also be considered a vector in the multi-dimensional

wavelength space, the dot product of the original signal vector with a principal



component vector is the magnitude of the original signal in the direction of the

normalized component vector. That is, it is the magnitude of the normalized principal

component present in the original signal. This is analogous to breaking a vector in a

three dimensional Cartesian space into its X , Y and Z components. The dot product of

the three-dimensional vector with each axis vector, assuming each axis vector has a

magnitude of 1, gives the magnitude of the three dimensional vector in each of the three

directions. The dot product of the original signal and some other vector that is not

perpendicular to the other three dimensions provides redundant data, since this

magnitude is already contributed by two or more of the orthogonal axes.

[0011] Because the principal components are orthogonal, or perpendicular, to each

other, the dot, or direct, product of any principal component with any other principal

component is zero. Physically, this means that the components do not interfere with

each other. If data is altered to change the magnitude of one component in the original

light signal, the other components remain unchanged. In the analogous Cartesian

example, reduction of the X component of the three dimensional vector does not affect

the magnitudes of the Y and Z components.

[0012] Principal component analysis provides the fewest orthogonal components that

can accurately describe the data carried by the light samples. Thus, in a mathematical

sense, the principal components are components of the original light that do not

interfere with each other and that represent the most compact description of the entire

data carried by the light. Physically, each principal component is a light signal that forms

a part of the original light signal. Each has a shape over some wavelength range within

the original wavelength range. Summing the principal components produces the original

signal, provided each component has the proper magnitude.

[0013] The principal components comprise a compression of the data carried by the

total light signal. In a physical sense, the shape and wavelength range of the principal

components describe what data is in the total light signal while the magnitude of each

component describes how much of that data is there. If several light samples contain

the same types of data, but in differing amounts, then a single set of principal

components may be used to exactly describe (except for noise) each light sample by

applying appropriate magnitudes to the components.



[0014] The principal components may be used to accurately estimate information

carried by the light. For example, suppose samples of a certain brand of gasoline, when

illuminated, produce light having the same principal components. Spreading each light

sample with a spectrograph may produce wavelength spectra having shapes that vary

from one gasoline sample to another. The differences may be due to any of several

factors, for example differences in octane rating or lead content.

[0015] The differences in the sample spectra may be described as differences in the

magnitudes of the principal components. For example, the gasoline samples might have

four principal components. The magnitudes Xn of these components in one sample

might be J, K , L , and M, whereas in the next sample the magnitudes may be 0.94 J ,

1.07K, 1. 13 L and 0.86M. As noted above, once the principal components are

determined, these magnitudes exactly describe their respective light samples.

[0016] Refineries desiring to periodically measure octane rating in their product may

derive the octane information from the component magnitudes. Octane rating may be

dependent upon data in more than one of the components. Octane rating may also be

determined through conventional chemical analysis. Thus, if the component magnitudes

and octane rating for each of several gasoline samples are measured, a multiple linear

regression analysis may be performed for the component magnitudes against octane

rating to provide an equation such as:

y = ao +ai Xi +a2 X2 + a3 X +a x4 (Equation 2)

where y is octane rating, an are constants determined by the regression analysis, and

xi, X2, X and X4 are the first, second, third and fourth principal component magnitudes,

respectively.

[0017] Using Equation 2 , which may be referred to as a regression vector, refineries

may accurately estimate octane rating of subsequent gasoline samples. Conventional

systems perform regression vector calculations by computer, based on spectrograph

measurements of the light sample by wavelength. The spectrograph system spreads

the light sample into its spectrum and measures the intensity of the light at each

wavelength over the spectrum wavelength range. If the regression vector in the

Equation 2 form is used, the computer reads the intensity data and decomposes the

light sample into the principal component magnitudes Xn by determining the dot product



of the total signal with each component. The component magnitudes are then applied to

the regression equation to determine octane rating.

[0018] To simplify the procedure, however, the regression vector is typically

converted to a form that is a function of wavelength so that only one dot product is

performed. Each normalized principal component vector Zn has a value over all or part

of the total wavelength range. If each wavelength value of each component vector is

multiplied by the regression constant an corresponding to the component vector, and if

the resulting weighted principal components are summed by wavelength, the regression

vector takes the following form:

y = a0 +b-|Ui +b2u2 + . . . +bnun (Equation 3)

where y is octane rating, ao is the first regression constant from Equation 2 , bn is the

sum of the multiple of each regression constant an from Equation 2 and the value of its

respective normalized regression vector at wavelength n , and Un is the intensity of the

light sample at wavelength n . Thus, the new constants define a vector in wavelength

space that directly describes octane rating. The regression vector in a form as in

Equation 3 represents the dot product of a light sample with this vector.

[0019] Normalization of the principal components provides the components with an

arbitrary value for use during the regression analysis. Accordingly, it is very unlikely that

the dot product result produced by the regression vector will be equal to the actual

octane rating. The number will, however, be proportional to the octane rating. The

proportionality factor may be determined by measuring octane rating of one or more

samples by conventional means and comparing the result to the number produced by

the regression vector:. Thereafter, the computer can simply scale the dot product of the

regression vector and spectrum to produce a number approximately equal to the octane

rating.

[0020] In a conventional spectroscopy analysis system, a laser directs light to a

sample by a bandpass filter, a beam splitter, a lens and a fiber optic cable. Light is

reflected back through the cable and the beam splitter to another lens to a

spectrograph. The spectrograph separates light from the illuminated sample by

wavelength so that a detection device such as a charge couple detector can measure

the intensity of the light at each wavelength. The charge couple detector is controlled by



controller and cooled by a cooler. The detection device measures the light intensity of

light from the spectrograph at each wavelength and outputs this data digitally to a

computer, which stores the light intensity over the wavelength range. The computer also

stores a previously derived regression vector for the desired sample property, for

example octane, and sums the multiple of the light intensity and the regression vector

intensity at each wavelength over the sampled wavelength range, thereby obtaining the

dot product of the light from the substance and the regression vector. Since this number

is proportional to octane rating, the octane rating of the sample is identified.

[0021] Since the spectrograph separates the sample light into its wavelengths, a

detector is needed that can detect and distinguish the relatively small amounts of light at

each wavelength. Charge couple devices provide high sensitivity throughout the visible

spectral region and into the near infrared with extremely low noise. These devices also

provide high quantum efficiency, long lifetime, imaging capability and solid-state

characteristics. Unfortunately, however, charge couple devices and their required

operational instrumentation are very expensive. Furthermore, the devices are sensitive

to environmental conditions. In a refinery, for example, they must be protected from

explosion, vibration and temperature fluctuations and are often placed in protective

housings approximately the size of a refrigerator. The power requirements, cooling

requirements, cost, complexity and maintenance requirements of these systems have

made them impractical in many applications.

[0022] Multivariate optical computing (MOC) is a powerful predictive spectroscopic

technique that incorporates a multi-wavelength spectral weighting directly into analytical

instrumentation. This is in contrast to traditional data collection routines where digitized

spectral data is post processed with a computer to correlate spectral signal with analyte

concentration. Previous work has focused on performing such spectral weightings by

employing interference filters called Multivariate Optical Elements (MOEs). Other

researchers have realized comparable results by controlling the staring or integration

time for each wavelength during the data collection process. All-optical computing

methods have been shown to produce similar multivariate calibration models, but the

measurement precision via an optical computation is superior to a traditional digital

regression.



[0023] MOC has been demonstrated to simplify the instrumentation and data analysis

requirements of a traditional multivariate calibration. Specifically, the MOE utilizes a

thin film interference filter to sense the magnitude of a spectral pattern. A no-moving

parts spectrometer highly selective to a particular analyte may be constructed by

designing simple calculations based on the filter transmission and reflection spectra.

Other research groups have also performed optical computations through the use of

weighted integration intervals and acousto-optical tunable filters digital mirror arrays and

holographic gratings.

[0024] The measurement precision of digital regression has been compared to

various optical computing techniques including MOEs, positive/negative interference

filters and weighted-integration scanning optical computing. In a high signal condition

where the noise of the instrument is limited by photon counting, optical computing offers

a higher measurement precision when compared to its digital regression counterpart.

The enhancement in measurement precision for scanning instruments is related to the

fraction of the total experiment time spent on the most important wavelengths. While the

detector integrates or coadds measurements at these important wavelengths, the signal

increases linearly while the noise increases as a square root of the signal. Another

contribution to this measurement precision enhancement is a combination of the

Felgott's and Jacquinot's advantage, which is possessed by MOE optical computing.

SUMMARY OF THE DISCLOSURE

[0025] Since multivariate optical element (MOE)-based MOC uses detectors that see

all wavelengths emanating from an illumination source simultaneously - including

wavelengths that carry no information - measurement noise is reduced and

measurement precision is increased in a system of the present disclosure by making

the system sensitive primarily to wavelengths carrying information. Additionally, the

exemplary system controls a spectral range of the illumination source by using

bandpass filters or spectral elements having predetermined transmission

characteristics. Further, in some aspects of the present disclosure, the system shines a

light signal directly onto a sample and eliminates the use of, for instance, a fiber optic

probe; therefore, the component parts of the disclosure are simple and economical to



manufacture, assemble and use, with improved signals when the attenuation typical of a

fiber optic probe is removed. These and other aspects and advantages of the present

disclosure will be apparent from the following description and the attached drawings, or

can be learned through practice of the exemplary systems and methods according to

the disclosure.

[0026] According to a particular embodiment of the present disclosure, an optical

analysis system generally includes an illumination source for shining light or other

radiative energy through a set of lenses. Light levels are maximized through the optical

system to enhance transmission (reduce loss) of the light. The illumination source

subsequently shines the light through a multi-window (e.g., 10-window) chopper wheel.

The chopper wheel rotates, for instance, at 40 Hertz (Hz), which produces a light beam

modulated at 400 Hz. A modulated light signal is beneficial for reliable performance of

the photodetectors in the system.

[0027] Further in this aspect, the light beam may pass through one or more spectral

elements or filters, which control the spectral region of the light that passes through the

elements or filters (and onto a sample). The light may be reflected by a turning mirror

down the center of the sampling tube and focused by a lens on the sample. The light is

reflected back by the sample through the lens and back down the sampling tube, past

the turning mirror. The light may pass through a beam splitter which reflects part of the

light ("signal A") through an MOE and lens and onto a photodetector. Another part of

the light ("signal B") may pass through a lens onto another photodetector and act as a

reference signal. Thus, the system may measure signal A and signal B , and a ratio of

the two signals may be used to measure a concentration of the sample, e.g., a chemical

of interest. Additionally, monitoring of signal A and/or signal B independently, or in

some combination, can provide other information, such as powder segregation, packing

of materials, effect of particle size. More specifically, any algebraic combination of

signals A and B can be used according to the disclosure; e.g., A and/or B

independently; A divided by B ; A plus B; A minus B ; B divided by A ; B minus A ,

etcetera. For example, a ratio of signal A to signal B can provide a chemical

measurement; individually, A signal and/or B signal can provide other homogeneity



measures including physical make-up of the sample, packing, particle size, and/or

separate physical and chemical properties.

[0028] According to another aspect of the disclosure, a method of determining

information carried by light may include providing an optical analysis system having a

multivariate optical element disposed to receive a source light from an illumination

source; filtering the source light through a spectral element in the optical element

analysis system; reflecting the filtered light through an inner region of a cavity in a first

direction of a sample to be measured, the cavity defining a second region disposed

about the inner region; focusing the reflected light proximate the sample; reflecting the

focused light from the sample through the second region in a second direction of a

beamsplitter, the light being reflected from the sample carrying data from the sample;

splitting the sample carrying light with the beamsplitter into a first light and a second

light; optically filtering the data of the first light with the multivariate optical element into

an orthogonal component; directing the first light filtered by the multivariate optical

element onto a first photodetector; directing the second light onto a second

photodetector; and comparing the orthogonal component to information present in the

second light to determine a property of the sample. Also in this aspect, the light may be

focused on, in or near the sample, the light having a focal point proximate the sample.

Also in this aspect, the beamsplitter may be a 50/50 beamsplitter.

[0029] The method in this aspect may also include modulating the light from about

50Hz to about 5000 Hz before filtering the light through the spectral element. Further,

the method may include controlling a spectral range of the light source, and the spectral

element may have a predetermined transmission characteristic for controlling the

spectral range. Also in this aspect, the spectral element may be two or more spectral

elements for controlling the spectral range of the light source.

[0030] The method may further include measuring a concentration of the sample ratio

using a ratio of the first light and the second light. Additionally, the method may include

monitoring the first light, the second light or combinations thereof to assess particle

segregation of the sample; monitoring the first light, the second light or combinations

thereof to assess density of the sample; monitoring the first light, the second light or

combinations thereof to assess affect of particle size in the sample; monitoring the first



light, the second light or combinations thereof to measure a chemical in the sample;

monitoring the first light, the second light or combinations thereof to measure

homogeneity of the sample and combinations of the foregoing steps.

[0031] Also in this aspect of the disclosure, the method may include using a fiber

optic probe. Moreover, the method may include preparing a chemometric model to

make a similar measurement of the light reflected from the sample as a measurement

made by the optical analysis system. The method may also use the illumination light

from the outer annular region with the filtered light through the inner region of the cavity

to determine the property of the sample.

[0032] In yet another aspect of the disclosure, an optical analysis system may be

configured in a transmission mode rather than a reflectance mode as in the foregoing

embodiments. In the transmission mode, light would pass through a sample (e.g., a

fluid sample) and be collected on a far side of the sample to enable, for instance, study

of particle density in the fluid sample in conjunction with a chemical content. More

particularly, the optical analysis system in this aspect may be configured to operate in

the transmission mode in which the light is shone through the sample to a similar

detection system. Additionally, or alternatively, a mirrored surface may be placed within

the transmissive sample to reflect the light back into the detection system as described

above.

[0033] In another aspect of the disclosure, an optical analysis system operating in a

transmission configuration may be designed to improve a signal of interest. The light

diversion path is designed to illuminate a sample, minimizing the amount of light going

around the sample. This may be accomplished by focusing the light on the sample. By

minimizing the light going around or past the sample, the associated noise in the signal

is reduced. For a sample that is not round, a more elaborate lens or other focusing

device may be utilized to produce a shaped beam to illuminate a larger portion of the

sample than achievable from a round beam that does not exceed any dimension of the

sample.

[0034] In another aspect of the disclosure, a method of determining information

carried by light may include determining a plurality of orthogonal components of a first

portion of a light signal, wherein each of the components has a predetermined shape



with respect to a property of the first portion of the light signal that varies over a

predetermined wavelength range; determining respective weightings for the orthogonal

components so that the magnitude of the orthogonal components in the first portion of

the light signal, weighted by the weightings, is proportional to the information present in

the first portion in a predetermined relationship; providing an optical filter mechanism

configured to optically filter the orthogonal components; disposing the optical filter

mechanism to receive the first portion of the light signal; disposing a detector to receive

a second portion of the light signal; detecting the property of the first portion of the light

signal filtered by the optical filter mechanism; and analyzing the sample in real time by

comparing the property of the first portion of the light signal to information in the second

portion of the light signal.

[0035] In yet another aspect of the disclosure, an optical analysis system may include

a light source being configured to radiate a first light along a first ray path; a modulator

disposed in the first ray path, the modulator being configured to modulate the first light

to a desired frequency; a spectral element disposed proximate the modulator, the

spectral element being configured to filter the first light for a spectral range of interest of

a liquid sample; a cavity in communication with the spectral element, the cavity being

configured to direct the first light in a direction of the liquid sample; a conical mirror

being configure to convert the first light reflecting from the liquid sample into a second

light, the cavity being further configured to direct the second light; a beamsplitter being

configured to split the second light into a first beam and a second beam; an optical filter

mechanism disposed to receive the first beam, the optical filter mechanism being

configured to optically filter data carried by the first beam into at least one orthogonal

component of the first beam; a first detector mechanism in communication with the

optical filter mechanism to measure a property of the orthogonal component to measure

the data; and a second detector mechanism being configured to receive the second

beam for comparison of the property of the orthogonal component to the second beam.

The conical mirror in this aspect may include a coating of one of gold, aluminum or

other element or material selected based on desired spectral region.

[0036] In another aspect of the disclosure, a method of high-speed processing and

monitoring may include moving a product past an inspection point; illuminating at least a



portion of the product with a light; directing light carrying information about the portion

through at least one multivariate optical element to produce a first signal; detecting the

first signal at a first detector; detecting a deflected portion of the light at a second

detector; and determining at high speed at least one selected property of the portion as

the portion moves past the inspection point based upon the detector outputs. The

product in this aspect may be a pharmaceutical tablet, a pharmaceutical powder, a

liquid, a gas, an emulsion, a solution, and a mixture.

[0037] In another aspect of the disclosure, a method of real-time processing and

monitoring may include blending a material of interest with a secondary material;

illuminating the blended materials with a light; reflecting light carrying information about

the blended materials through at least one multivariate optical element to produce a first

signal; detecting the first signal at a first detector detecting a deflected portion of the

light at a second detector; and determining, in real time, at least one selected property

of at least one of the blended materials as the material of interest and the secondary

material are blended based upon respective detector outputs. In this aspect, real time

may be defined as being faster than about 30 seconds, preferably faster than about 5

seconds, more preferably faster than about 1 second, still more preferably faster than

about 1/1 0 of a second, yet more preferably faster than about 1/1 00 of a second, and

most preferably faster than about 1/1000 of a second.

[0038] In a further aspect of the disclosure, a method of real-time pharmaceutical

processing and monitoring may include blending a pharmaceutical powder by mixing an

active agent with an excipient; illuminating the pharmaceutical powder with a spectral-

specific light though an optic window, the optic window configured to focus the spectral-

specific light into the pharmaceutical powder; reflecting light carrying information about

the pharmaceutical powder through at least one multivariate optical element to produce

a first signal; detecting the first signal at a first detector; detecting a deflected portion of

the spectral-specific light at a second detector; and determining, in real time, at least

one selected property of the pharmaceutical powder as the pharmaceutical powder is

blended based upon respective detector outputs. In this aspect, the selected property

of the pharmaceutical powder may be an active property of the active agent. Also in

this aspect, the selected property may be a particulate size of the active agent. The



selected property may also be a secondary property of the excipient. Furthermore, in

this aspect of the disclosure a homogeneity asymptote of the pharmaceutical powder

can be assessed.

[0039] In yet another aspect of the disclosure, a method of real-time pharmaceutical

processing and monitoring is provided wherein real time may be defined as being

between about 1/1000 of a second to about 30 seconds. The method may include

illuminating a fluid in a container with a spectral-specific light though an optic window

disposed proximate an aperture in a conduit in communication with the container;

reflecting light carrying information about the fluid through at least one multivariate

optical element to produce a first signal; detecting the first signal at a first detector;

deflecting a portion of the spectral-specific light with a retroreflecting mirror; detecting

the deflected portion at a second detector; and determining, in real time, at least one

selected property of the fluid as the fluid flows past the optic window based on the

detector outputs. The fluid in this aspect may be opaque in appearance. Moreover, the

fluid may be a liquid chemical and the window may be configured to focus the spectral-

specific light into the liquid chemical. The liquid chemical may also be a blend of at

least one active pharmaceutical agent and at least one excipient. Alternatively, the fluid

may be a gas, which may be clear or opaque.

[0040] In another aspect of the disclosure, a method of real-time processing and

monitoring may include mixing a material of interest with a secondary material;

illuminating the materials with a light; reflecting light carrying information about the

materials through at least one multivariate optical element to produce a first signal;

detecting the first signal at a first detector; detecting a deflected portion of the light at a

second detector; and determining, in real time, at least one selected property of at least

one of the materials based upon respective detector outputs. The selected property in

this aspect may be determined based upon a compositional change. The compositional

change may include a chemical reaction. Further, the compositional change may

include a crystallization process.

[0041] In another aspect of the disclosure, a method of high-speed pharmaceutical

processing and monitoring may include moving a plurality of portions of pharmaceutical

product past an inspection point; illuminating at least one portion of the pharmaceutical



product with a spectral-specific light though an optic window, the window configured to

focus the spectral-specific light onto a portion at the inspection point; reflecting light

carrying information about the portion through at least one multivariate optical element

to produce a first signal; detecting the first signal at a first detector; detecting a deflected

portion of the spectral-specific light at a second detector; and determining at high speed

at least one selected property of the portion as the portion moves past the inspection

point based upon the detector outputs. In this aspect, the portion may be a

pharmaceutical tablet or a quantity of pharmaceutical powder. The portion may be a

chemical sample in a closed container, and the container may be at least partially

transparent to light focused onto the chemical sample. According to this aspect of the

disclosure, the portion may be moved past the inspection point in at least one minute,

preferably in at least 10 seconds. Still more preferably, at least 10 portions per second

may be moved past the inspection point.

[0042] In a further aspect of the disclosure, a method of processing and monitoring a

solid phase may include moving a solid product past an inspection point; illuminating the

solid product with a spectral-specific light though an optic lens; reflecting light from the

solid product through at least one multivariate optical element to produce a first signal,

the reflected light carrying information about the solid product; detecting the first signal

at a first detector; deflecting a portion of the reflected light in a direction of a second

detector, the second detector configured to detect the deflected portion; and computing

at high speed at least one selected property of the solid product as the solid product

moves past the inspection point based upon the detector outputs. In this aspect, the

solid product may be a pharmaceutical tablet or a quantity of pharmaceutical powder.

Also in this aspect of the disclosure, the solid product may be a powder mixture in a

closed container, and the container may be at least partially transparent to light focused

onto the powder mixture.

[0043] In another aspect of the disclosure, an optical analysis system may include a

light source being configured to radiate a first light along a first ray path; a modulator

disposed in the first ray path, the modulator being configured to modulate the first light

to a desired frequency; a spectral element disposed proximate the modulator, the

spectral element being configured to filter the first light for a spectral range of interest of



a sample, e.g., a liquid, the first light being directed into the sample; a conical mirror

being configured to convert the first light from the sample into a second light; a beam

splitter being configured to split the second light into a first beam and a second beam;

an optical filter mechanism disposed to receive the first beam, the optical filter

mechanism being configured to optically filter data carried by the first beam into at least

one orthogonal component of the first beam; a first detector mechanism in

communication with the optical filter mechanism to measure a property of the

orthogonal component to measure the data; and a second detector mechanism being

configured to receive the second beam for comparison of the property of the orthogonal

component to the second beam. The conical mirror may include a coating of gold or

aluminum, and may be a collimating mirror configured to diffuse the first light into the

second light.

[0044] In this aspect of the disclosure, the optical analysis system may further include

a cavity in communication with the spectral element, the cavity being configured to

direct the first light in a direction of the sample. The cavity may be specular and

configured to direct the second light to avoid attenuation.

[0045] According to yet another aspect of the disclosure, an optical analysis system

may include a light source being configured to radiate a first light along a first ray path; a

modulator disposed in the first ray path, the modulator being configured to modulate the

first light to a desired frequency; a spectral element disposed proximate the modulator,

the spectral element being configured to filter the first light for a spectral range of

interest of a sample; a light diversion path for diverting the first light into the sample, the

first light being transmitted through the sample and emerging as a second light; a beam

splitter being configured to split the second light into a first beam and a second beam;

an optical filter mechanism disposed to receive the first beam, the optical filter

mechanism being configured to optically filter data carried by the first beam into at least

one orthogonal component of the first beam; a first detector mechanism in

communication with the optical filter mechanism to measure a property of the

orthogonal component to measure the data; and a second detector mechanism being

configured to receive the second beam for comparison of the property of the orthogonal



component to the second beam. The light diversion path, for example, may be a fiber

optic cable or a plurality of mirrors arranging a linear or tortuous light path.

[0046] In another aspect of the disclosure, a method of high-speed processing and

monitoring may include moving a product past an inspection point; illuminating at least a

section of the product with a light; directing the light that has passed through the section

and is carrying information about the product through at least one multivariate optical

element to produce a first signal; deflecting a portion of the light to produce a second

signal; detecting the first signal at a first detector; detecting the second signal at a

second detector; and determining at least one property of the product based upon the

detector outputs as the product moves past the inspection point at a rate of about one

section per second to about five sections per second. The product may be a solid

product, a liquid product or a gas product. The solid product may be a pharmaceutical

tablet or a pharmaceutical powder. Moreover, the product may be an emulsion, a

solution, or a mixture.

[0047] Also in this aspect, an illumination source for the light may be disposed or

positioned proximate the section of the product and the light that has passed through

the section may be reflected from the section in a direction of the detectors.

Alternatively, or additionally, the illumination source may be disposed proximate the

product and the light that has passed through the section may transmit through the

product in a direction of the detectors.

[0048] The method may further include diverting a part of the light from the

illumination source into the product along a light diversion path. The light diversion path

may be a fiber-optic cable or a series of mirrors. The method may also include diffusing

the light that has passed through the section before the light is directed to the

multivariate optical element. The light may be diffused by a collimating mirror.

[0049] In an additional aspect of the disclosure, a method of processing and

monitoring a product may include introducing a product at an inspection point;

illuminating the product with a spectral-specific light though an optic lens; directing the

light that has passed through at least a section of the product through at least one

multivariate optical element to produce a first signal, the directed light carrying

information about the product; detecting the first signal at a first detector; deflecting a



portion of the directed light to produce a second signal in a direction of a second

detector, the second detector configured to detect the second signal; and determining at

least one property of the product at a rate of about one section of the product per

second to about five sections of the product per second based upon the detector

outputs. The product may be a solid, liquid or gas and be disposed in a closed

container. The container may be at least partially transparent to light focused onto the

product. The product may be moved past the inspection point and/or the optic lens may

be moved past the product.

[0050] Additional objects and advantages of the present subject matter are set forth

in, or will be apparent to, those of ordinary skill in the art from the detailed description

herein. Also, it should be further appreciated that modifications and variations to the

specifically illustrated, referred and discussed features and elements hereof may be

practiced in various embodiments and uses of the invention without departing from the

spirit and scope of the subject matter. Variations may include, but are not limited to,

substitution of equivalent means, features, or steps for those illustrated, referenced, or

discussed, and the functional, operational, or positional reversal of various parts,

features, steps, or the like.

[0051] Still further, it is to be understood that different embodiments, as well as

different presently preferred embodiments, of the present subject matter may include

various combinations or configurations of presently disclosed features, steps, or

elements, or their equivalents (including combinations of features, parts, or steps or

configurations thereof not expressly shown in the figures or stated in the detailed

description of such figures). Additional embodiments of the present subject matter, not

necessarily expressed in the summarized section, may include and incorporate various

combinations of aspects of features, components, or steps referenced in the

summarized objects above, and/or other features, components, or steps as otherwise

discussed in this application. Those of ordinary skill in the art will better appreciate the

features and aspects of such embodiments, and others, upon review of the remainder of

the specification.



BRIEF DESCRIPTION OF THE DRAWINGS

[0052] A full and enabling disclosure of the present invention, including the best mode

thereof to those of ordinary skill in the art, is set forth more particularly in the remainder

of the specification, including reference to the accompanying figures, in which:

[0053] FIGURE 1 is a top perspective view of an exemplary embodiment of a real

time measurement system constructed in accordance with the present subject matter;

[0054] FIGURE 2 is a schematic view of a concentric cavity as in FIGURE 1 in

accordance with a further embodiment of the present subject matter;

[0055] FIGURE 3 is schematic plan view of another embodiment of a real time

measurement system constructed in accordance with the present subject matter

particularly showing a retroreflecting mirror for use with clear;

[0056] FIGURE 4A is a perspective view of a retroreflecting;

[0057] FIGURE 4B is an end view of the retroreflecting mirror of FIGURE 4A;

[0058] FIGURE 5 is a cross section of the retroreflecting mirror taken along line V-V

in FIGURE 4B;

[0059] FIGURE 6 is a cross section of a conventional mirror;

[0060] FIGURE 7A is a schematic view of an implementation in which a material may

be measured in real-time;

[0061] FIGURE 7B is an exemplary concentration graphical representation of

measurements over time obtained from an exemplary device constructed in accordance

with the present subject matter;

[0062] FIGURE 8A is another exemplary schematic view of a real-time process

measurement using an exemplary device constructed in accordance with the present

subject matter;

[0063] FIGURE 8B is an exemplary graphical representation of measurements over

time obtained from the exemplary device of FIGURE 8A;

[0064] FIGURE 9 is a schematic view of multiple process stages for monitoring

material characteristics according to the present subject matter;

[0065] FIGURE 10 is a schematic plan view of another exemplary embodiment of a

real time measurement system constructed in accordance with the present subject

matter;



[0066] FIGURE 11 is a schematic view of an exemplary measurement process

according to a further embodiment of the present subject matter;

[0067] FIGURE 12 is an exemplary configuration of a measurement device

constructed in accordance with the present subject matter for a transmission system

configured to measure tablets; and

[0068] FIGURE 13A and 13B are respectively top and side portion views of an

exemplary sample holder showing placement of a sample tablet into the sample holder.

[0069] Repeat use of reference characters throughout the present specification and

appended drawings is intended to represent same or analogous features or elements of

the present subject matter.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0070] Detailed reference will now be made to the drawings in which examples

embodying aspects of the present disclosure are shown. As used herein, the term

"light" is broadly used to mean any form of radiation or radiative energy including, for

instance, visible light or light in the infrared region. "Light" is also referred to herein as a

light signal, a light beam, a light ray and the like to mean any form of radiative energy in

the electromagnetic spectrum. Similarly, the term "transmission" can mean

transmission of radiative energy onto a surface of a sample; penetration, however slight,

into a sample such as a particulate sample or opaque fluid sample; or passage through

a sample such as a fluid sample.

[0071] As used herein, a sample W (alternatively, workpiece or material M) can mean

an analyte undergoing analysis over a range of conditions. The sample W can be a

solid or a fluid including but not limited to a powder, a pharmaceutical powder mixed

with lactose and other excipient materials, a chemical, a polymer, a petroleum product,

a solution, a dispersion, an emulsion and combinations of these solids and fluids.

[0072] Multivariate optical computing (MOC) is generally described in U.S. Pat. No.

6,1 98,531 B 1 to Myrick et al. and in U.S. Pat. No. 6,529,276 B 1 to Myrick , both of which

are incorporated herein for all purposes by reference thereto.

[0073] As generally shown in FIGURES 1 and 2 , an optical analysis system according

to an aspect of the disclosure is designated by the element number 10. The system 10



is designed around at least one application specific multivariate optical element (MOE)

based on spectra typically provided by an end-user. The system design takes into

account representative spectra of compounds of interest, basic and expected

concentrations of interest across a range of expected interferents. Also, the system 10

incorporates the desired spectral regions (UV, VIS, NIR, MIR, IR) of interest.

[0074] In the embodiment shown in FIGURE 1, the optical analysis system 10 broadly

includes a housing 12, a plurality of illumination or light sources 14A, 14B, a concentric

light tube or cavity 22, a focusing lens 26, at least one beam splitter 28, a first detector

30 including a multivariate optical element 48 and a second detector 32. Although

FIGURE 1 shows a generally square or rectangle shaped, metallic housing 12 and two

detectors 30, 32 arranged therein, those of ordinary skill in the art will appreciate that a

variety of shapes, dimensions, component placements and material makeup of the

components can be substituted for the examples shown according to various

requirements such as government regulations, customer specifications and the like.

Moreover, as discussed below with respect to an embodiment of the disclosure, the

sample W can be analyzed using a PCR-type model without a/or beamsplitter 28 in an

off-line approach.

[0075] Those of ordinary skill in the art will also understand that although system 10

can be a measurement system operating in reflectance mode, system 10 can also be

configured to operate in a transmission mode in which light is shone through the sample

W from an incident side of the sample W to a similar detection system 110 on another

side of the sample W . Alternatively, or additionally, a mirrored surface 210 can be

placed within the transmissive sample W to reflect the light back into the detection

system 10. Therefore, the disclosure is not limited only to the examples shown in the

figures.

[0076] With more particular reference to FIGURE 1, housing 12 (shown partially in

phantom for clarity) can be metal such as stainless steel, a plastic material such as

high-density polyethylene (HDPE) or any durable material for protecting the

components of optical analysis system 10. As shown, sampling of sample W is

accomplished through window 13 in enclosed optical analysis system 10. Accordingly,

enclosed optical analysis system 10 can be used in a dangerous (e.g., explosive)



environment. As will be described in detail below, window 13 is transmissive in a known

manner in a spectral region of interest.

[0077] As briefly introduced above, illumination sources 14A, 14B are chosen to

provide source light 34, which has a spectral range determined by a spectral range of

interest for the intended sample measurement. Illumination sources 14A, 14B are also

chosen based on reliability, intensity, temperature generation, and other factors.

Illumination sources 14A, 14B are also redundant to further enhance reliability. As

shown in FIGURE 1, redundant illumination sources 14A, 14B can be oriented at 90

degrees from each other with a "50-50" beamsplitter 36 located near their center point

to provide a constant source of illumination.

[0078] FIGURE 1 further shows a plurality of lenses 16A, 16B, respectively

associated with each of the illumination sources 14A, 14B. Lenses 16A, 16B are used

to collect the light signal 34 from illumination sources 14A, 14B and to focus the light

signal 34 on a modulator or chopper wheel 18, described below. As shown, lenses

16A, 16B are positioned to capture as much of the light signal 34 as possible from

illumination sources 14A, 14B. Additionally, chopper-focusing lens 17 is used to focus

as much of the light signal 34 as possible through the chopper wheel 18. Those of

ordinary skill in the art will recognize that lenses 16A, 16B, 17 are selected for focal

length, position, material of construction and the like to enhance transmission (reduce

loss) of the light signal 34. For example, in the design of the optical path, if the

illumination sources 14A, 14B is a lamp, slight magnification or demagnification of the

source is generally obtained at the sample W, depending on the ratios of the focal

length, e.g., of lens 16A to that placed after illumination source 14A to collimate it.

Ultimately, the image bf illumination source 14A on the sample W is directed toward

detectors 30, 32 as described below and again with some slight magnification or

demagnification, depending on the ratios of the focal length, e.g., of lenses 16A to that

of, e.g., lens 50 placed before the detector 30 to focus reflected light 46 onto detector

30. Thus, it should be understood that there is a relationship between the focal lengths

of lenses 16A,16B that must be maintained in order to make sure the ultimate image of

the source-excited region of the sample W that is formed on detectors 30,32 is suited to

the physical dimensions of detectors 30,32.



[0079] Those of ordinary skill in the art will further appreciate that lenses 16A, 16B

shown for example in FIGURE 1 are plastic, Fresnel lenses well suited for use in an

infrared (IR) region of about 1000 nanometers (nm) to about 3000nm. However, those

of ordinary skill in the art will understand that lenses 16A, 16B are not limited to only

plastic, Fresnel lenses and that other types of lenses and materials such as glass can

be used for these lenses.

[0080] As further shown in FIGURE 1, chopper wheel 18 includes a plurality of

alternating windows 38 and a plurality of alternating spokes 40 that modulate the light

signal 34 from about 50 Hertz (Hz) to about 5000 Hz to enable a plurality of

photodetectors 52, 56 in the optical system 10 to perform properly, as will be further

described below. As shown in this example, chopper wheel 18 is a 10-window chopper

wheel rotating at 40 Hz which provides a chopped signal of 400 Hz. The number and

arrangement of the windows 38 and spokes 40, and thus the chopper frequency, are

chosen based on several variables, including a rate of motion of the sample material W

moving past the sampling window 13; a performance characteristic of the

photodetectors 52,56 and amplification system; a predetermined sampling rate of the

data collection and analysis system 10; physical properties of a chopper motor (not

shown), control system (not shown), and the chopper wheel 18 (including material(s) of

the windows 38).

[0081] More particularly, the number of windows 38 in the chopper wheel 18 can be

adjusted to provide a suitable degree of signal modulation. In one aspect of the present

disclosure, chopper wheel 18 has open windows 38 and black spokes 40, which block

the light signal 34. In another aspect, different materials can be placed in the windows

38 to provide different spectral characteristics for the various windows 38. Moreover,

the transmission characteristic of these windows 38 could be used as further spectral

elements. Windows 38 can also contain multivariate optical elements (MOE) such as

those described below with respect to a MOE 48 of the MOE detector 30.

[0082] FIGURE 1 also illustrates a plurality of bandpass filters or spectral elements 20

located in a path of the light signal 34 after the light signal 34 has passed through

chopper wheel 18. As briefly discussed above, spectral elements 20 are selected

based on a desired application; i.e., to analyze a particular sample W . Spectral



elements 20 are chosen so that the spectral region of illumination covers the desired

range; i.e., related to a particular chemical material of interest. For example, if 1500-

2000 nanometers (nm) of light wavelengths is the desired spectral region, the spectral

elements 20 are selected to filter out wavelengths are not in that region. An example of

these spectral elements is a SCHOTT brand filter, which can be a long pass, short

pass, or band pass filter. By way of further example but not of limitation, some suitable

materials for use as the spectral elements 20 are listed in the following table.

TABLE 1





LWL - Longest wavelength for transmission, 1mm, 50% transmission

Rl - Refractive Index, at relevant wavelength

MP -- Melting point

[0083] With reference now to FIGURES 1 and 2 , light signal 34 exits spectral

elements 20 and reflects off a first mirror or turning mirror 24. It will be appreciated that

although the turning mirror 24 is shown at an angle of about 45 degrees with the light

signal 34 reflecting at this angle, the turning mirror 24 can be turned to any desired

angle. As known to those of ordinary skill in the art, turning mirror 24 can be a powered

turning mirror powered by a battery, by electricity or the like. Further description of

power sources and implementation with turning mirror 24 is not necessary for one of

ordinary skill in the art understand this aspect of the disclosure. Those of ordinary skill

in the art will further appreciate that although the turning mirror 24 is shown as a unitary

mirror, devices constructed in accordance with the present disclosure can utilize

multiple mirrors arranged in or adjustable to a variety of positions.

[0084] As further shown in FIGURES 1 and 2 , the filtered and reflected light signal 34

becomes a reflected light 44 after being reflected by the turning mirror 24. The reflected

light 44 thus continues down the concentric sampling tube 22, briefly introduced above,

in a direction of the sample W . As shown and further described below, the concentric

tube 22 includes an inner annular region (also referred to as tube or chamber) 42A and

an outer annular region 42B (also, tube or chamber). In this example, the reflected light

44 is reflected along the inner annular region 42A. It will be understood that the

illumination sources 14A, 14B and the detectors 30, 32 are shown in an exemplary

orientation and can be reversed. It will be further appreciated that the light signal 34

and the reflected light 44 are shown collimated for simplicity. However, the light signal

34 and the reflected light 44 may not be completely collimated because the illumination

sources 14A, 14B can be extended rather than point sources.

[0085] The focusing lens 26 in FIGURES 1 and 2 is located near an end of the tube

22 proximate the sample W . As shown in this example, the end of the tube 22 is sealed

with the transmissive window 13. The transmissive window 13 should be uniformly



transmissive across wavelengths, but if it is not, the transmission characteristics of the

transmissive window 13 are taken into account for the design of the system 10 and in

particular the MOE 48. This embodiment may include an additional focusing lens 66,

which can be solid or have one or more apertures as shown in FIGURE 1. The

additional focusing lens 66 is used to focus or collimate a carrier light 46, described

below, in a direction of the tube 22.

[0086] As further shown in FIGURES 1 and 2 , the focusing lens 26 focuses the

reflected light 44 onto, into or near the sample W via the transmissive window 13. In

this example, the reflected light 44 is focused with a focal point 0-5 mm into the sample

W . In addition to isolating components of the optical analysis system 10 from an

external environment, the transmissive window 13 further enables a mixing vessel or

container C, which is being tested/sampled into, to remain intact. As shown in this

example, a one-inch (inner diameter) Swagelok® brand connector 62, available from

Swagelok Corporation, Solon, Ohio, is used to connect the optical analysis system 10 to

the mixing vessel C. This arrangement permits the reflected light 44 to be sent down

the tube 22 (inner region 42A), interact with the material of interest W, reflect back up

the tube 22 (outer region 42B), and be directed to the detectors 30, 32 as further

described below.

[0087] As most clearly shown in FIGURE 2 , a tube 58 defines an aperture 60 for

passage of the light signal 34 in a direction of the turning mirror 24. Separation of the

illumination and reflection light paths or signals 44, 46 can be further defined or

separated by physically separating the inner and outer regions 42A, 42B employing the

tube 58. Any minimal reduction in light return of the carrier light 46 described below

(caused by physical occupation of a portion of the outer region 42B by the tube 58) is

offset by improvement in the amount of backscattered radiation returned to the

detectors 30, 32 without encountering the sample W.

[0088] More specifically, the tube 58 is used to reduce a non-zero background

measurement. The non-zero background measurement can occur in an optical system

when a small amount of scattered light is returned to a detector even when no sample is

present. Some of the scattered light can be reflected from a window, and some can

come from the lenses themselves.



[0089] FIGURE 2 shows that tube 58 is placed around the mirror 24 before the lens

26. Tube 58 reduces background signals by separating the excitation and collection

light paths 34, 46 to minimize "cross-talk". As shown, tube 58 defines an aperture 60 for

passage of the light signal 34 in a direction of the turning mirror 24. As further shown, a

conical extension 58A of the tube 58 can be placed after the mirror 24 in a direction of

the detector 30. A thickness of the tube 58 is minimized.

[0090] Also shown in FIGURE 2 , the tube 58 can have specular interior and exterior

surfaces as well as a highly reflective coating 58B, such as gold, applied by electrolysis

deposition, evaporation or other thin film coating method. The coating 58B reflects rays

34, 46 that would ordinarily terminate at a surface of the tube 58 back into respective

optical paths from which they came. Although an image of the illumination source 14A,

14B may be vignetted, the "lost" light in the image is still focused to a spot within the

zone illuminated by the illumination source 14A, 14B. Likewise, the returning light

outside the tube 58 can be kept from being lost by traveling inside an outer tube with a

specular reflecting surface (not shown, but surrounding the outer light path). This will

keep light loss to a minimum while keeping the input and output paths relatively isolated

from one another.

[0091] As introduced above, the reflected light 46 shown in FIGURES 1 and 2 travels

back down the outer annular region 42A of the sampling tube 22, past the turning mirror

24. The light 46 reaches the beam splitter 28 (one of its operating positions shown in

phantom). The beam splitter 28 divides the light 46 with a neutral or gray spectrum,

sending some of the light 46 in a direction of the first or Multivariate Optical Element

(MOE) detector 30 through the MOE 48, briefly introduced above, and through a first

lens 50 onto the photo detector 52, also briefly introduced above. Beam splitter 28

sends some other portion of the light 46 through a second lens 54 onto the other

detector 56, also briefly introduced above.

[0092] As shown in the following table by way of example, but not of limitation, some

detectors suitable for use as the detectors 52, 56 include:

TABLE 2





[0093] As further shown in FIGURE 1, a gain mechanism 64 is in communication with

the detectors 30, 32 and the MOE 48. The gain mechanism 64 weights a magnitude of

the property of an orthogonal component of a portion of the carrier light 48 as described,

for instance, by Myrick et al. in U.S. Pat. No. 6,198,531 B 1 and in U.S. Pat. No.

6,529,276 B 1 to Myrick.

[0094] As briefly introduced above, beam splitter 28 is not required in an alternative

embodiment of the present subject matter in which a signal from the sample W is

analyzed using a PCR-type model in an off-line approach. This alternative embodiment

and approach is useful, for instance, for studying signals independently. More

particularly, a system substantially as described above but without the beam splitter 28

is used to take an integral of the light on a detector similar to the detector 30 described

above. By analyzing frequency-dependent intensities, results similar to those of the

foregoing embodiment are produced, although possibly with a relatively slower

response time in the present embodiment.

[0095] Also, in an additional aspect of the disclosure as shown in FIGURE 1, a

system 68 using an electrochemical or chemometric model can be employed in

conjunction with any of the foregoing embodiments to make similar or same

measurements of the light 46 reflected from the sample W as the measurements

described in the foregoing embodiments. By way of example but not of limitation, the

system 68 may be one as described by Myrick et al. in PCT Application Number

PCT/US2004/043742, based on U.S. Provisional Application Number 60/533,570, filed

December 3 1 , 2003, which are incorporated herein by reference thereto.

[0096] In addition to the reflectance mode described above, one or more optical

analysis systems can operate in a transmission mode in conjunction with the foregoing

embodiments. In such a case, light is directed (passes) through the sample W , e.g., a



fluid sample, and collected on another side of the sample W to enable study of particle

density in the fluid in conjunction with the chemical content described above. For

instance, the system 10 can be configured to operate in transmission mode where the

light is shone through the sample W to a similar detection system 110 as shown in

FIGURE 1 in phantom for clarity). Additionally, or alternatively, a mirrored surface 210

can be placed within the transmissive sample W to reflect the light back into the system

10 .

[0097] With reference now to FIGURE 3 , a second exemplary embodiment of the

present subject matter is designated generally by reference number 110. Many aspects

of the optical analysis system 110 and related components are similar to the foregoing

embodiment; thus, for the sake of brevity, only certain differences are described below.

However, to provide a full and enabling disclosure of the optical analysis system 110,

when like or similar elements and components are not specifically described below;

implicit reference is made to the foregoing descriptions.

[0098] As shown in FIGURE 3 , the optical analysis system 110 broadly includes a

housing 112, an illumination or light source 114, a chopper wheel 118, one or more

spectral elements 120, a beam splitter 128, a first detector 130 including a multivariate

optical element 148, and a second detector 132. The optical analysis system 110

further includes an electrical connection 160, a pressurization sensor 162 and a purge

gas assembly 164, which those of ordinary skill in the art will readily understand;

therefore, further description is not necessary to understand and practice these aspects

of the disclosure.

[0099] With more particular reference to FIGURE 3 , the illumination source 114

provides a light 134, which passes through a collecting Fresnel lens 116A and into and

through the spectral element(s) 120. In this example, the illumination source 114 is

rated for at least about 10,000 hours of operation, which alleviates a need for redundant

illumination sources though they may be provided if desired. Also in this example, the

collecting Fresnel lens 116A is sized to be about 1.5 square inches and is spaced about

0.6 inches from the illumination source 114. Those of ordinary skill in the art will

recognize that these dimensions can be adjusted according to particular system

requirements and are not meant as limitations of the disclosure.



[0100] As further shown in FIGURE 3 , light 134 passes through the spectral elements

120, which filter out undesired wavelengths to define a desired spectral region, e.g.,

1500-2000 nm, in order to target a particular chemical material of interest. Light 134 is

focused by focusing Fresnel lens 116B, which may also sized to be about 1.5 square

inches and spaced about 1 inch from chopper wheel 118. As shown, chopper wheel

118 reflects a portion of light 134 as a calibration or reference light 135 and a

transmitted light 144. Calibration light 135 is collimated by lens 158 before reflecting

from a first mirror 124A through an adjustable aperture 112B in a bulkhead 112A of the

housing 112. Aperture 112B is adjustable to dictate a desired amount of the calibration

light 135. Finally, calibration light 135 impinges on beam splitter 128 thereby sending a

portion 135A of calibration light 135 to the first MOE detector 130 and a portion 135B of

calibration light 135 to the second or baseline detector 132.

[00100] FIGURE 3 further illustrates that transmitted light 144 passes from chopper

wheel 118 into collimating Fresnel lens 136, which in this example is sized to be about

1.5 square inches and is spaced about 0.6 inches from chopper wheel 118. The

transmitted light 144 passes through another adjustable aperture 112C in bulkhead

112A and impinges upon a second mirror 124B, which directs transmitted light 144

toward sample M in a container C, such as a mixing vat or blender. Those of ordinary

skill in the art will recognize that the container could be a conveyor belt or other device

for holding or transporting the sample M and is not limited to an enclosed container.

[0101] As shown in FIGURE 3 , transmitted light 144 passes through transmissive

window 113 and enters container C and on through sample M . Sample M may be a

substantially transparent liquid, such as water, petrochemicals, or the like but can also

be any relatively clear product such as gelatin capsules containing a pharmaceutical

product. As shown, focusing lens 126, which in this example may be round in shape,

may be positioned adjacent to or as much as one inch from an outer surface of

container C. Transmitted light 144 passes through sample M and reflects from focusing

lens 126 as a carrier light 146. Further details of focusing lens 126 are described below

with respect to a similar lens 226 as shown in FIGURES 4A, 4B and 5 .

[0102] Continuing with reference to FIGURE 3 , carrier light 146 may be directed by

tube 122 in a direction of the first detector 130. Eventually, carrier light 146 impinges on



beam splitter 128 and a portion passes in a direction of detector 132 for baselining with

the portion 135B of calibration light 135. Another portion of carrier light 146 passes

through MOE 148, which as noted above, has been selected for the chemical of interest

based on the various components of system 110. Finally, that portion of carrier light

146 having passed through the MOE 148 is focused by lens 150 and received by

detector 152. As described above, the two signals collected by detectors 132, 152 can

be manipulated, e.g., mathematically, to extract and ascertain information about the

sample carried by carrier light 146.

[0103] Turning now to FIGURES 4A and 4B, detailed views of a retroreflector or

collimating mirror 226 are shown. In this example, mirror 226 is similar to mirror 126

and is generally cylindrically shaped with a first end 226A and a second end 226B.

Mirror 226 is also coated with a reflective surface such as aluminum (Al), gold (Au) or

other elements and/or materials or combinations thereof as dictated by the desired

spectral region. Those of ordinary skill in the art will appreciate that other shapes and

reflective coatings can be provided to meet specific design requirements and

characteristics of the target sample; thus, mirror 226 is not limited to the exemplary

embodiment shown in FIGURES 4A and 4B.

[0104] With reference to FIGURES 3, 4A and 4B, mirrors 126, 226 are useful for

analyzing translucent liquid samples. For example, since liquids, in contrast to powders,

do not readily create a diffuse reflectance to produce the desired carrier light 146 as

shown in FIGURE 3 . By way of example operation, lens 126 in FIGURE 3 may be

removed and replaced with mirror 226 for retroreflection of light 144 for transreflection

measurement of carrier light 146 for liquid sample analysis.

[0105] Turning now to FIGURE 5 , as light 144 passes through mirror 126, the light is

collimated into the liquid sample in container C as in FIGURE 3 . As shown in FIGURES

3 and 5 , carrier light 146 reflects from the liquid sample and returns through the first end

126A, which defines one or more conical shaped depressions or indentations 126C.

The conical shaped indentations 126C act to diffuse the carrier light 146, and the carrier

light 146 is directed through the MOE 148 as described above.

[0106] In contrast to the embodiment of the present subject matter illustrated in

FIGURE 5 , a conventional flat mirror 901 and light 903 are arranged in a conventional



manner as shown in FIGURE 6 . Light 903 shines light rays 905 in a direction of the flat

mirror 901, which reflects light rays 907 along the same ray path as the emitted light

rays 905. Accordingly, any information carried by the light rays 907 reflecting from the

flat mirror 901 would at least interfere with the light 903 and possibly be unreadable by a

detector 909 offset from the light 903 due to interference with the light rays 905.

[0107] Those of ordinary skill in the art will appreciate that the disclosure is not limited

to the foregoing exemplary arrangements. For example, the system can be arranged

with mirror 126 and detectors 152, 156 on an opposite side of the container C such that

light 146 passes through the liquid sample into mirror 126. Accordingly, in this

alternatively embodiment, particle density in a fluid can be studied in conjunction with a

chemical content of the fluid.

[0108] The functionality of the MOC system 10 or 110 as described above allows for

the collection of the entire spectral range of testing simultaneously, i.e. the present

disclosure provides for dynamic real-time detection and measurement. This is notably

different than either a system based on either a scanning lamp or detector system or a

discrete diode array detection system. The ability to monitor over the complete spectral

range of interest opens up a re-definition of the term "real-time" measurement and

analysis.

[0109] For instance, true "real-time" process measurements are possible where "real

time" refers to obtaining data without delays attendant to collecting samples or delays

due to lengthy computer processing of measurement signals. For example, in

exemplary methods described below, process data can be obtained in an instantaneous

or near-instantaneous manner through using measurement techniques to directly

monitor materials of interest while such materials are undergoing process steps. Long

delays due to processing of measurement signals are avoided by optically processing

the light as it is reflected from the material(s) of interest.

[0110] Although specific examples disclosed herein present monitoring the blending

of a powdered material and examining solid tablets, the concept can be extended to

other phases as briefly introduced above. Thus, the present systems and methods can

be utilized to analyze solids, solutions, emulsions, gases, dispersions and the like. In

addition, while exemplary embodiments discussed herein use reflectance



measurements, measurements in a transmission or transflectance mode would also be

appropriate.

[0111] One of ordinary skill in the art will recognize that differing applications may

require modifications and alterations to certain components in order to take full

advantage of the presently disclosed systems. For instance, more diffusion of light has

been observed in solid powders relative to liquids; accordingly, different lenses may be

needed when a liquid is monitored in order to account for such variations and achieve

more accurate measurements.

[0112] The presently disclosed technology can be applied to real-time measurements

for a range of industrial applications. These include, but are not limited to monitoring of

the blending of pharmaceutical powders, including excipients, additives, and active

pharmaceutical materials; blending of other powders, including food and chemicals;

monitoring dispersions and bi-phasic mixtures such as, but not limited to, insulin and

emulsions; and oil and gas applications, including analyzing water content in oil, or oil

content in water.

[0113] Inclusion of a transmissive window provides physical separation between the

measuring device and the process or material being tested. Therefore, this window

allows for in-line measurement and/or non-invasive measurement of parameters such

as chemical functionality, including alcohol content of petroleum fractions or tackifier

resins. Environmental applications of the present subject matter include, but at not

limited to, stack gas analysis including measurement of NOx, SOx, CO, CO2, or other

gases in a gas stream; wastewater analysis and treatment monitoring; and hazardous

substance monitoring applications such as mercury vapor detection.

[0114] As noted above, MOC technology can be used to monitor a wide variety of

materials as the materials are subjected to different processes. For instance, the mixing

of powders can be monitored. As materials are blended, the existing art does not allow

for continuous, real-time, in-line measurement. Current limitations are the result of

several factors including: moving of the powders being measured during the course of

data acquisition and the need to connect analytical equipment to the measurement point

using fiber optic cables. This optical analysis system is designed to allow for

instantaneous measurement using a measurement point located on the vessel.



[0115] To measure the composition of the mixture of powders during blending, the

system is located in a position to shine the sampling beam into the mixture. An

exemplary implementation of such a measurement technique is illustrated in FIGURE

7A. An optic head 510 includes a housing 512 and requisite MOEs and spectral

elements to obtain desired information about a material of interest. The optic head 510

is generally configured and constructed in accordance with the embodiments discussed

above in conjunction with FIGURES 1-5.

[0116] In discussing various embodiments below, the term "optic head" is used in

place of the term "measurement system" in referring to the light, lenses, spectral

elements, and detectors of the optical computing unit discussed above. As will be

apparent to those of ordinary skill in the art, a complete measurement system may

utilize several instances of the optical computing unit, and so the term "optic head" is

used as a shorthand reference to a single instance of the optical computing unit.

[0117] With more particular reference to FIGURE 7A, the optic head 510 is connected

via an umbilical 514 to an appropriate power supply and analysis computer or

computers (such as system 68 described above) also configured in accordance with the

principles of MOC analysis. As shown, a process point including a mixing blender bowl

522 containing mixture 524 may thereby be monitored via the optic head 510.

[0118] FIGURE 7A further shows a port or connection 520 such as a Swagelok ®

brand pharmaceutical-grade stainless steel port introduced above. Connection 520

connects opening 518 of the mixing blender bowl 522 to optic head inlet 516. Inlet 516

includes the window (13 or 113 in the embodiments discussed above) through which

light is transmitted and reflected for materials analysis while keeping the material

monitored separate from the internal components of optic head 510.

[0119] By way of example, optic head 510 in FIGURE 7A can be configured to

monitor the concentration of a mixture of aspirin and lactose. Accordingly, a sapphire

window (e.g., window 113 in FIGURE 3) may be positioned at the end of optic inlet 516

for interrogating the powder, and optic head 510 may be configured with MOEs

designed to monitor aspirin concentration. More specifically, a 20-watt Gilway lamp

may be modulated using 5mm D2O and 5mm Germanium spectral elements, and the

modulated light may be directed into the powder. The reflected light from the powder is



directed through the MOEs onto a PbS detector. A portion of the modulated light, as

discussed above, is preferably directed into a second detector. The resulting PbS

detector signal can be compared against the second detector signal in order to

determine the concentration of aspirin. For example, a concentration graph 526 as

shown in FIGURE 7B may be obtained, which shows a rise in aspirin concentration as

aspirin is added. FIGURE 7B further shows a "leveling-off (asymptote phenomenon)

as the mixing process continues.

[0120] Those of ordinary skill in the art will appreciate that other embodiments in

which transmitted light is to be measured would utilize two ports, preferably located

opposite one another with the measured sample passing between the two ports.

[0121] Other embodiments of the present subject matter include real time

measurement of flowing materials. In such embodiments, the sampling window(s) may

be located on a pipe or vessel such that interrogating illumination can be applied to the

material. For instance, a port similar to the port 520 in FIGURE 7A could be included

on a pipe to allow for sampling of the material inside the pipe. A window as described

above may be positioned directly on the pipe, or on a small diversion away from the

main flow path, as appropriate under certain circumstances. Such embodiments could

also include sampling of vapor systems within a stack to monitor combustion gases or

flowing process stream such as water containing other materials.

[0122] Still further embodiments of the present subject matter include the real time

measurement of materials in containers, such as vials or bins where the container is

either at least partially open to the outside environment or transmissive to the sampling

illumination. Such containers could be stationary or in motion. A container could also

include a conveyor or trough carrying material. Typical applications could include the

monitoring the progress of a chemical reaction or the content of samples moving past a

measurement location.

[0123] For instance, FIGURE 8A illustrates a plurality of samples 552' positioned on a

rotating disc conveyor 550'. Although a disc conveyor is shown, one of ordinary skill in

the art will recognize that the samples 552' may be positioned on a conveyor belt or

other automated conveyance, depending upon the particular testing circumstances and

environment. Also, although the samples 552' are illustrated as tablets in FIGURE 8A,



the samples 552' could be or include capsules, caplets, pills, and other individualized

units of pharmaceutical product or other consumable product.

[0124] As further shown in FIGURE 8A, tablets 552' are rotated into the view of

optical inlet 516' of optic head 510', which is similar to the discussion above and may

include a housing 512' and an umbilical 514', as well as requisite internal components,

filters, and MOEs to perform the desired testing operations. Likewise, this exemplary

system and process may be configured to monitor around five tablets per second, with

the tablets 552' being in continuous motion.

[0125] As discussed in conjunction with the optic head 510 in FIGURE 7A, in the

embodiment of FIGURE 8A, a PbS detector can be used in conjunction with a sapphire

window and D20 and germanium spectral elements to monitor the concentration of

aspirin and lactose. In contrast to the system of FIGURE 7A, the sapphire window of

optic inlet 516' is positioned above the samples 552' such that a beam of light 544' is

focused downward onto samples 552' on the conveyor 550'. However, the optical

principles described above remain the same. As shown in FIGURE 8B, a graph 528'

represents exemplary results that would be obtained from the samples 552' of varying

concentration of aspirin, with each spike representing an individual one of the samples

552' being in full view of optic head 510'.

[0126] Samples 552' may be actual samples to be measured, such as the tablet end

product illustrated in FIGURE 8A and discussed below in conjunction with FIGURE 9 .

However, one of ordinary skill in the art will recognize that samples 552' may also

include transparent containers and the like, which may contain a dispersion or

suspension of a solid material in a liquid or a solution, or solid materials. For instance,

trays of powder can be placed on an automated conveyance and brought into view of

optic head 510' in a manner similar to the method described in FIGURE 8A.

[0127] Additionally, instead of moving samples 552', one of ordinary skill in the art will

note that measurement device 510' could be repositioned to examine samples 552' by

appropriate machinery such as overhead tracks, robotic arms, and the like. Those of

ordinary skill in the art will recognize that in such cases, appropriate care would

preferably be taken to ensure that force levels applied to the measurement device and

its internal components remained within tolerable levels.



[0128] Turning now to FIGURE 9 , an embodiment of real-time process management

using MOC systems in accordance with the present technology is schematically

depicted. As shown, a plurality of optic heads 710a-e are integrated into various

process steps 720, 730, and 740. Process steps 720, 730, and 740 can represent

stages or steps of any number of industrial operations in which materials are handled or

manipulated, and in which physical state or compositional data is desirable. In

accordance with the system embodiments discussed above, each optic head 710a-e is

provided with MOEs and other optical components specifically tailored to the materials

characteristics, which are to be monitored at each step, and interfaced with process

control computer(s). The analysis data ultimately provided by collection points

corresponding to optic heads 710a-e are shown at 722, 724, 732, 742, and 744. Such

data can be obtained using single or multiple process control computers configured to

collect, analyze, and otherwise handle the data from the detectors within the optic

heads in accordance with the principles of multivariate optical computing discussed

above.

[0129] Assume, for example, that process steps 720, 730, and 740 represent various

stages in a pharmaceutical manufacturer's production line for blending powder and

forming tablets. Those of ordinary skill in the art will recognize that pharmaceutical

manufacturing often entails strict control and monitoring of material composition and

mixing at every stage of production.

[0130] The initial steps of obtaining and readying component materials in a

pharmaceutical process could be represented at 720 in FIGURE 9 . Optic head 710a

could be used to monitor the incoming raw materials in trays or on conveyors and

provide inspection and quantification data 722, such as purity data. Optic head 710b

could be configured to the monitor incoming matehal(s) as they undergo an initial

process stage, for example, providing chemical drying characteristics 724 as the raw

materials are dried.

[0131] Process step 730 in FIGURE 9 could represent mixing of active and excipient

components into a powder, and optic head 710c could provide data 732 on mixing

progress. For instance, optic head 710c could be interfaced with the mixing container

and provide data tracking active ingredient concentration over time as in FIGURE 7B.



Based on such concentration, requisite steps could be taken to ensure the optimal

amount of active component is in the resulting mix or otherwise adjust the mixing

process by altering temperature or the like.

[0132] As further shown in FIGURE 9 , step 740 could represent pressing tablets, with

optic heads 71Od and 71Oe positioned above a conveyor moving the completed tablets,

and providing data 742 on tablet components and homogeneity, as well as data on

coating thickness and uniformity 744.

[0133] FIGURE 9 further shows a step 750 representing the final portions of the

manufacturing process, which are not monitored, such as packaging. One of ordinary

skill in the art will recognize, however, that step 750 could represent the entry into a

different process, which is itself monitored by one or more optical analysis systems as

described herein.

[0134] Attention is now directed to the exemplary embodiments of the present

disclosure as illustrated in FIGURES 10 and 11. Those of ordinary skill in the art will

note that prior exemplary embodiments discussed reflective measurements, while

noting such embodiments could be suitably configured for use in transmissive

measurement schemes. FIGURES 10 and 1 1 illustrate examples of such

configurations.

[0135] In FIGURE 10, for instance, a multivariate optical measurement system 310 is

configured in a manner similar to the embodiment discussed with respect to FIGURE 3 ,

above. However, a light diversion path 370 in one embodiment includes a fiber-optic

cable having ends 372 and 374 has been included to divert light 344 emanating from a

source 314 into the tested material M such that light 344 is transmitted through material

M and into the remaining elements, i.e. detectors, MOEs, etc. The light diversion path

is not limited to a fiber optic cable and could be mirrors in series, as shown in phantom

for clarity.

[0136] As shown in FIGURE 10, light 344 enters end 372 of diversion path 370 after

passing through Fresnel lenses and spectral elements 320 and modulating chopper

wheel 318. However, one of ordinary skill in the art will recognize that the point of

diversion may be varied according to the particulars desired in a system. For instance,

the beginning 372 of path 370 could be placed on the other side of optional aperture



312C. Also, although a collimating lens such as collimating lens 136 of FIGURE 3 is not

shown in FIGURE 10, such a lens, or other suitable optical components, could be

placed at end 372 of path 370 to appropriately condition light 344 for optimal

measurement via transmission through material M. Similarly, optical components, such

as a focusing lens or a spectral element, could be included at diversionary path outlet

374; such placement is illustrated by element 574" shown in phantom in FIGURE 11

and further described below. Moreover, path 370 in FIGURE 10 could include other

means and methods for directing the path of light, such as the above-described fiber

optic cable, mirrors, or a variant of the tube and mirror combination discussed in

conjunction with other embodiments of the present disclosure, for example.

[0137] As further shown in FIGURE 10, light 346 transmitted through material of

interest M passes through window 313 and lens 326 and into the remaining components

of the multivariate optical system in a manner similar to the foregoing descriptions.

Depending upon the particular implementation of a measurement system, window 313

and/or lens 326 may be varied or removed depending upon the light intensity and focus

that is needed to optimize measurements by detectors 352 and 356.

[0138] Turning now to FIGURE 11, an implementation of transmissive measurement

using diverted illuminating light is shown. As discussed previously in conjunction with

FIGURES 7A and 8A, portions of a measurement system may be adapted for housing

within an optic head as described above. Thus, an optic head 510" may be internally

configured with lamps, spectral elements, MOEs and the like in accordance with the

principles of multivariate optical computing and measurement. As shown in this

example, optic head 510" includes housing 512" and inlet point 516".

[0139] Optic head 510" in FIGURE 11 is further adapted to house an optical

measurement system such as the one discussed above in conjunction with FIGURE 10

to route illuminating light into a material opposite the inlet point 516" to allow for

transmissive measurements using optic head 510". As shown, an exemplary diversion

path 570" runs from optic head 510" to an output point 574". Light is transmitted

through sample 552" (corresponding to material M of FIGURE 10) and into inlet point

516" of the optic head 510" for optical processing and detection. One of ordinary skill



in the art will recognize that the conveyor disc 550" would be configured such that light

emitted from 574" is not blocked.

[0140] As noted previously, ghosted portion 574" indicates optional light conditioning

and/or other interface components that may be appropriate for a particular

implementation. For example, depending upon the sample 552" analyzed, different

focal points may be selected using a focusing lens positioned at 574". If the sample

552" comprises a pill, the light can be focused at the center of the pill for determining

composition, or at the periphery of the pill to analyze the content of a coating. Lenses of

different focal lengths could be selected depending upon the particular geometry and

measurement needs.

[0141] Although a plurality of discrete samples resting on a conveyor is illustrated in

FIGURE 1 1 , the principles illustrated are applicable to other phases and configurations

of materials. For example, ghosted container C of FIGURE 10 could be substituted for

the conveyor 550' of FIGURE 8A for measurement of material M disposed in a mixer,

pipe, or other vessel in a manner similar to that shown in FIGURE 7A. In such

configurations, optic head inlet point 516" (including window 13, 313) would be

proximate to the pipe or mixer wall, and could be interfaced using a port or connector

such as the port 520 discussed in conjunction with FIGURE 7A. In such embodiments,

endpoint 574" could comprise an additional port and window to directly interface the

end of path 570" with the container C so that light exiting path 570" would travel

through the material in the container and then into inlet point 516". In that manner, real¬

time transmissive measurement of continuous processes is conceivable.

[0142] FIGURES 10 and 11 show schematic layouts of a transmission measurement

system. FIGURE 12 shows a schematic layout of a transmission system using mirrors

and lenses to direct the light from the Gilway lamp to the sample and to the detectors.

The light is produced by the lamp and passes through the spectral elements and the

chopper. A portion of the light is deflected by the chopper directly to the beam splitter

and then to the detectors. This is termed the autocalibration beam.

[0143] Sample light modulated by the chopper passes through a lens, is reflected by

a mirror and is focused on the sample. The lens on the light beam illuminating the

sample is chosen to focus the light on an area smaller than the diameter of the sample.



For a round tablet, this diameter is clear. For a non-round sample, this focusing may

involve a more complicated focusing device to produce a shaped beam that

corresponds to the shape of the sample. Such shapes might be square, oval, diamond

or other shapes. Maintaining the light beam smaller than the sample dimensions

provides a reduction in the light going around the sample.

[0144] Light that is transmitted through the sample is collected by a lens, reflected by

a mirror and hits the beam splitter sending a portion of the light to one detector and a

portion through the Multivariate Optical Element and onto the other detector. Light

going around the sample is expected to add noise to the measurement. By minimizing

noise, more reliable measurements can be made. In addition, because a portion of the

sample is not illuminated, the system is not as susceptible to variations in the precise

size of a given type of tablet. Previous art has required a precisely machined or laser

die cut or the like as a holder for the tablet to prevent any of the light going around the

tablet.

[0145] The present system enables a more reliable measurement because the

system is not as subject to variability of the precise size of the tablet and/or precise size

of the tablet holder. All of these things lead to an improved signal to noise ratio, which

enables measurement of lower concentrations of analytes, for instance drugs at

<0.05wt%.

[0146] The present subject matter may be better understood from the following tests

and examples. Example I / System I corresponded to a first breadboard system was

constructed and used to test a mixture of powders and included components as follows:

Illumination: 2OW Gilway lamp

Spectral elements: 5mm deuterium oxide (D2O), 5mm Germanium

Optical window: fiber optic probe

Detector: InAr detector from Judson

MOE: specific to test

[0147] Procedure and Results of static testing using System I : A powdered sample

with a known composition was placed in a dish and the fiber optic probe was placed in

contact with the powder. The output of the detectors was monitored and recorded.



[0148] Example I l / System I l corresponded to a system similar to the optical analysis

system 10 shown in the figures was constructed and used to make static measurements

on aspirin/lactose and included components as follows:

Illumination: 2OW Gilway lamp

Spectral elements: 5mm D2O, 5mm Germanium

Optical window: none

Detector: PbS detector from New England Photoconductor

MOE: specific to test conditions.

[0149] Procedure and Results of static testing using System II: A powdered sample

with a known composition was placed in a dish and the system light beam was focused

on the powder. The output of the detectors was monitored and recorded.

Aspirin/lactose samples covering the range of 100% aspirin to 100% lactose were

tested.

[0150] Example III / System III corresponded to a system similar to the optical

analysis system 10 shown in the figures was constructed and used to make dynamic

measurements on aspirin/lactose and included components as follows:

Illumination: 2OW Gilway lamp

Spectral elements: 5mm D2O, 5mm Germanium

Optical window: sapphire window

Detector: PbS detector from New England Photoconductor

MOE: specific to test conditions.

[0151] Procedure and Results of dynamic testing using System III: The

aspirin/lactose testing was made on a mixer bowl containing lactose and the system

measured as aspirin was added to the system and mixed. Specifically, lactose powder

was placed in the bowl of a mixer and the measurement system was attached the bowl

using a Swagelok® brand fitting. A sapphire window was used to contain the powder in

the bowl and allow the system to interrogate the powder. With the mixer turning, known

amounts of aspirin were added and the system output signal was monitored and

recorded. Aspirin was added in several allotments to about 37% final aspirin

concentration.



[0152] Example IV / System IV corresponded to a system similar to the optical

analysis system 10 shown in the figures was constructed and used to make static

measurements on aspirin/lactose and included components as follows:

Illumination: 5W Gilway lamp

Spectral elements: 5mm D2O, 5mm Germanium

Optical window: none

Detector: PbS detector from New England Photoconductor

MOE: specific to test conditions.

[0153] Procedure and Results of dynamic testing using System IV were similar to the

examples above.

[0154] Example V / System V corresponded to a system similar to the optical analysis

system shown FIGURE 3 was constructed and used to make dynamic measurements of

water/hydraulic fluid mixtures. System V components included:

Illumination: 2OW Gilway lamp

Spectral elements: 5mm Germanium

Optical window: sapphire window

Detector: PbS detector from New England Photoconductor

MOE: specific to test conditions.

[0155] Procedure and Results of testing using System V: Samples of automobile

brake fluid were prepared with various levels of water; e.g., between 0% and 3% water.

The liquid samples in quartz cuvettes with a 2mm path length were analyzed using the

system. The cuvettes were placed horizontally on a moving platter; the system was

located above the platter; and the conical mirror was located below the platter.

[0156] Although various aspects of the disclosure have been described in such a way

as to provide an enabling disclosure for one of ordinary skill in the art to make and use

the systems and methods according to the disclosure, it should be understood that the

descriptive examples of the disclosure are not intended to limit the present disclosure to

use only as shown in the figures. For instance, the housings can be square or oval

shaped, or a variety of other shapes. Further, a variety of light sources can be

substituted for those described above. It is intended to claim all such changes and

modifications as fall within the scope of the appended claims and their equivalents.



Thus, while exemplary embodiments of the disclosure have been shown and described,

those of ordinary skill in the art will recognize that changes and modifications may be

made to the foregoing examples without departing from the scope and spirit of the

disclosure.



CLAIMS

That which is claimed is:

1. A method for high-speed analysis of product samples, comprising:

illuminating at least a portion of a product with light at an inspection point by

directing the light through the product;

providing a light sensitive detector, the detector producing an output based on

received light;

directing light from the product portion toward the light sensitive detector through

at least one multivariate optical element, the light from the product portion carrying

information about the product portion;

directing at least a portion of the product illuminating light toward the light

sensitive detector through a reference optical element; and

analyzing the signals produced by the detector, the analysis being based on a

comparison of the signal produced from light passing through the at least one

multivariate optical element and the signal produced from light passing through the

reference optical element.

2 . The method of claim 1, wherein the product is at least one of a pharmaceutical

tablet, a pharmaceutical powder, a food material, a chemical, a liquid, a gas, an

emulsion, a solution, or a mixture thereof.

3 . The method of claim 1, wherein the product is a powder mixture in a closed

container, the container being at least partially transparent to the illuminating light.

4 . The method of claim 1, further comprising:

moving the product past the inspection point.

5 . The method of claim 1, wherein directing light from the product portion comprises

directing light reflected from the product portion.

6 . The method of claim 1, wherein directing light through the product comprises

directing light by way of a diversion path.

7 . The method of claim 6 , wherein directing light comprises directing light by way of

a focusing lens.

8 . The method of claim 7 , wherein the focusing lens is a focusing mirror.



9 . The method of claim 1, wherein directing light comprises directing light by way of

a focusing lens.

10 . The method of claim 9 , where the focusing lens is a collimating mirror.

11. The method of claim 1, wherein illuminating comprises illuminating the product

with a spectral-specific light.

12 . The method of claim 11, further comprising:

illuminating the product through an optic window, the optic window being

configured to focus the spectral-specific light onto a product portion at the inspection

point.

13 . The method of claim 1, wherein the product comprises a plurality of discrete

portions.

14. The method of claim 13, wherein the plurality of discrete portions are disposed in

closed containers, the containers at least partially transparent to the spectral-specific

light.

15 . The method of claim 1, wherein directing light toward the light sensitive detector

comprises directing light through a plurality of multivariate optical elements, and wherein

directing a portion of the product illuminating light comprises directing a portion of the

product illuminating light through a plurality of reference optical elements.

16. The method of claim 15, wherein directing light comprises directing light

alternately through differing multivariate optical elements and corresponding reference

elements in sequence.
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