wo 2015/123615 A1 |[IN I 0O 0O O Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/123615 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

74

31

20 August 2015 (20.08.2015) WIPOIPCT
International Patent Classification:
GO6F 19/00 (2011.01)
International Application Number:
PCT/US2015/015976

International Filing Date:
13 February 2015 (13.02.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/939,543 13 February 2014 (13.02.2014) US
62/092,080 15 December 2014 (15.12.2014) US
14/622,636 13 February 2015 (13.02.2015) US

Applicant: BREWMETRIX, INC. [US/US]; P.O. Box
5406, Incline Village, NV 89450 (US).

Inventor; and
Applicant : SUKUTA, Sydney [US/US]; 20620 Sarazen
Place, Patterson, CA 95363 (US).

Agent: BURNS, Ian; ATIP Law, 4790 Caughlin Parkway
#701, Reno, NV 89519 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with information concerning incorporation by reference of
missing parts and/or elements (Rule 20.6)

(54) Title: ANALYTICAL SYSTEM WITH ITERATIVE METHOD OF ANALYZING DATA IN WEB-BASED DATA PRO-
CESSOR WITH RESULTS DISPLAY DESIGNED FOR NON-EXPERTS

Ve

On Site Data
Acquisition Device

N
"
14

Figure 1.

Cloud-Based
Data Processor

12

11

(57) Abstract: A method of analysis, analysis system, apparatus, program product and method of supplying analysis of value that in-
corporates at least one data acquisition device, a central processor which may be located in the cloud with storage capacity and user-
friendly interface on any web-enabled device with a communication link between the data acquisition device and the central pro -
cessor and the central processor and the user interface on a web-enabled device. In the central processor, models of calibration pre -
dict values of the properties of interest; a classitier interrogates data to minimize errors in cases that the response variable is nonlin -
ear by writing equations to follow each data segment; and a quantifier associates a data class with a specific pre-determined calibra -
tion model to compute specific parameters of interest. Results of analysis can be determined on the user interface at multiple stages
of the analysis.
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[01] ANALYTICAL SYSTEM WITH ITERATIVE METHOD OF ANALYZING
DATA IN WEB-BASED DATA PROCESSOR WITH RESULTS DISPLAY
DESIGNED FOR NON-EXPERTS

[02] Cross Reference to Related Applications
[03] This application claims priority to U.S. provisional patent applications serial numbers
61/939,543, filed 02/13/2014 and 62/092,080 filed 12/15/2014, the contents of each of which

are herein incorporated by reference.

[04] Field of the Invention

[05] The present invention relates to analytical systems and in particular to performing
analysis of samples across a network.

[06] Background

[07] There are many uses for analyzing one or more properties of material. Such analytical
systems are commonly considered useful for the agricultural, medical, food and beverage,
mining, chemical, and finished hard goods industries, although the analytical systems are not
limited to these industries, nor are they limited to industrial use. As one non-limiting example
of industrial use, pharmaceutical companies may analyze the concentration of various
components of a drug during multiple stages of its production to ensure it meets applicable
standards.

[08] Most traditional laboratory tests used to analyze properties of material require 1) a
high degree of training and specialization in analytical lab methods, 2) the use of a physical
plant, and 3) a significant commitment of funding and time. Non-experts who may want to
perform their own tests may then be challenged in cases where they lack the necessary
training, funding, and/or locational mobility. Furthermore, users often require multiple

machines to test multiple properties of interest of a material in question.
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[09] A handful of analytical systems have been proposed — for example, in US, patents
6560546 (2003) to Shenk and Westerhaus, 7630848 (2009) to Loosme, 7194369 (2007), and
8010309 (2011) all to Lundstdt et al. In typical systems of prior art, spectrographic
instruments located at the site of the material to be tested acquire data which is then
transferred to a central

[10] processor which may be located within the spectrographic instrument, at the site of
the material in question, or at a remote location.

[11]  While conventional analytical systems and methods as well as the prior art are
generally thought to provide acceptable performance, they also include shortcomings. The
prior art generally states that in the data processor, an appropriate calibration model is
selected to analyze the data and results are made available thereafter. The prior art neglects to
explain, however, the methods by which the appropriate models are selected. In my
experience, | have found that more often than not, the majority of real-life data exhibit
nonlinear responses. Consequently, without methods to handle nonlinear responses, there are
likely to be unacceptable prediction errors and/or samples that do not exhibit a linear
response could be declared as outliers. This therefore limits the scope of the prior art to
include only sample responses that are perfectly linear.

[12]  The prior art also limits user access to the results of the data at the end of one
analytical system. In addition, the results of the analysis from existing analytical systems
remains inaccessible to non-experts since the systems do not include a user interface that
displays results through a modality that non-experts can more easily comprehend.

[13] What is required is an improved system and method for performing analysis.
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[14] SUMMARY OF ONE EMBODIMENT OF THE INVENTION
[15] Advantages of One or More Embodiments of the Present Invention
[16] The various embodiments of the present invention may, but do not necessarily,
achieve one or more of the following advantages:
[17] the ability to minimize prediction errors, particularly when the response variable
exhibits are non-linear;
[18] provide flexibility for the user to retrieve results from any location from which the
internet can be accessed;
[19] provide results in a user friendly manner that non-experts can easily understand;
[20] provide users with the option to access results at various stages of the analytical
process; and
[21] the ability to allow users the flexibility to conduct examinations and to analyze results
from a location remote from the substance in question.
[22] These and other advantages may be realized by reference to the remaining portions of

the specification, claims, and abstract.

[23] Brief Description of One Embodiment of the Present Invention

[24] In one aspect, there is a provided a system or a method for analyzing a product. Data
from a product may be obtained a data acquisition device and transmitted to a data processor.
The data processor may perform a classification procedure and a quantification procedure.
The classification procedure a class for at least one parameter of interest, the class comprising
a range of parameter values. The quantification procedure processes the determined class for
the at least one parameter of interest and calculates a result value within the range of

parameter values for the at least one parameter of interest.
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[25] In one aspect, a data processor may perform a classification procedure on a data
sample. The classification procedure may comprise executing a universal calibration model
that estimates a first class that the data belongs to comprising a first range of parameter
values for the at least one parameter and executing a parameter membership classifier model
that determines a second class that the sample belongs to, the second class comprising a
second range of parameter values for the at least one parameter.

[26] In one aspect, there is provided a system for analyzing a product comprising means
for receiving data from a data acquisition device, means for receiving a selection of one or
more parameters of interest, means for determining from the data a class for at least one of
the parameters of interest, and means for determining a parameter value within the class for
the at least one parameter of interest.

[27] The above description sets forth, rather broadly, a summary of one embodiment of the
present invention so that the detailed description that follows may be better understood and
contributions of the present invention to the art may be better appreciated. Some of the
embodiments of the present invention may not include all of the features or characteristics
listed in the above summary. There are, of course, additional features of the invention that
will be described below and will form the subject matter of claims. In this respect, before
explaining at least one preferred embodiment of the invention in detail, it is to be understood
that the invention is not limited in its application to the details of the construction and to the
arrangement of the components set forth in the following description or as illustrated in the
drawings. The invention is capable of other embodiments and of being practiced and carried
out in various ways. Also, it is to be understood that the phraseology and terminology

employed herein are for the purpose of description and should not be regarded as limiting.
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[28] BRIEF DESCRIPTION OF THE DRAWINGS

[29] Fig. 1. is a block diagram illustrating the system architecture;

[30] Fig. 2. is a flow chart to establish model feasibility, development, and use;

[31] Fig. 3. is an upper perspective view of an example probe-sensor unit;

[32] Fig. 4. is a flow chart demonstrating development and use of a Data/Spectral Engine;
[33] Fig. 5. is a flow chart describing the development and use of a Classifier Algorithm;
[34] Fig. 6. is a prediction versus observed graph showing results of nonlinear data derived
from samples of beer;

[35] Fig. 7.1s a sample library of parameter classifier models;

[36] Fig. 8. is a flow chart describing the development and use of a Quantifier Algorithm;
[37] Fig. 9. 1is a sample library of quantification calibration models;

[38] Fig. 10 is a flow chart describing how the sample parameters of interest are
determined.

[39] Fig. 11 is a graph depicting both standard reference model results plotted against
Universal Calibration Model results which were taken from actual samples of sugar content
measured from a beer batch,;

[40] Fig. 12 is a 45 degree prediction plot graph that shows the actual measurements of
sugar content from beer batches plotted against the predicted 45 degree line;

[41] Figs. 13-19 show actual examples of analytical regions of chronological plots
examining sugar content in a batch of beer after eliminating outlier data;

[42] Fig. 20 is a 45 degree prediction plot graph for analytical region 7;

[43] Fig. 21 is a summary table of the RMSEP values for the analytical regions prior to
and after removing outliers;

[44] Fig. 22 is a graph representation of the data of Fig. 21;

[45] Fig. 23 is a table that shows the cut off points for the analytical classes;
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[46]
[47]
[48]
[49]
[50]
[S1]
[52]
[53]

[54]

Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

6
. 24 1s a table that shows an example of a membership determination output;
25 shows a welcome interface for the online analysis lab;
26 shows an industry selection interface;
27 shows an introductory interface for a pre-configuration wizard,
28 shows a parameter selection interface for the pre-configuration wizard;
29 shows a range entry interface for the selected parameters;
30 shows example range table for a parameter;
31 shows a validation interface; and

32 shows a results interface.
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[S5] DESCRIPTION OF CERTAIN EMBODIMENTS OF THE PRESENT
INVENTION

[S6] In the following detailed description of the preferred embodiments, reference is made
to the accompanying drawings, which form a part of this application. The drawings show, by
way of illustration, specific embodiments in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and structural changes may be made
without departing from the scope of the present invention.
[S7] An embodiment of the invention is described with reference to the figures using
reference designations as shown in the figures. Fig. 1 shows the system architecture which
comprises at least one on site data acquisition device or probe sensor 10 to interrogate the
product or substance in question, a cloud-based data processor (data processor) 12 having at
least one computer processor to analyze the data and compute results, a web enabled user
interface (user interface) 13 to display results on a user computer device in a format that is
accessible to non-experts, and in this embodiment two bidirectional communication links 11,
one that sends data between the cloud-based data processor 12 and the on site data acquisition
device 10 and the other that sends data between the cloud-based data processor 12 and the
web-enabled user interface 13.
[S8] In this embodiment, the data acquisition device 10 is the apparatus further described
in Fig. 3 that collects the data from the substance in question and transfers it to the cloud-
based data processor 12 via a communication link 11. In the data processor 12, the data is
analyzed as further described in Figs 2, 4, 5, and 8. The data is then transferred to a web-
based user interface which may be installed on any web enabled device including but not
limited to a data acquisition device 10 computer, cellular phone, or tablet. The user interface
13 displays the information in a format that makes the results easy to understand for non-

experts.
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[S9] Bidirectional communication links 11 are responsible for connecting the components
10, 12, 13 in Fig. 1 and can include a plurality of telecommunication modes. Buffering
capabilities are stored in the user interface, cloud-based data processor, and data acquisition
device to ensure signal integrity and retention in the event that the communication network
temporarily fails to transmit signals in real-time.

[60] Figure 10 is a flowchart which demonstrates how the initial parameters of interest for
the substance in question are analyzed and applied to the calibration models stored on the
cloud-based data processor. The parameters of interest are predefined by the user. For
example, if the substance in question is beer, the user may wish to examine a number of
parameters, including but not limited to pH, sugar, and alcohol. Once the user pre-selects the
parameters of interest 1001, the samples are analyzed in two ways. One is by using a certified
lab reference 1002, the other by probing samples from the certified lab in the form of a
training set using spectroscopic means 1003. A correlation between the training data set and
the certified lab results is identified. A mathematical relationship between the results from the
certified lab and the identified spectral points is then developed for the training set. From
here, calibration prediction models are used to predict declared parameters from samples
other than the training set 1004. If the prediction errors are beyond an acceptable limit
(determination 1005), the prediction model is deemed unacceptable and the process begins
again from the training/spectrophotometric calibrations and certified lab reference sample
measurements. If the prediction model is deemed acceptable, the model is deployed onto the
cloud-based data processor 1006. Tests analyzing specified parameters of interest between a
certified lab and the prediction model used in the cloud-based data processor are parallel
tested periodically 1007 to ensure there are no drifts. In cases where a periodic test fails, the
associated prediction model is sent back to the Training/ Spectrophotometric Calibrations

step of the process.
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[61] Fig. 2 is a flowchart which demonstrates the feasibility of the invention. The process
shows the way the data is obtained, computed, stored, and displayed, as well as how the user
interacts with the system. During the initial use as shown in block 20, the system undergoes a
one-time pre-configuration completed by the user using the web-enabled user interface 11.
[62] During all subsequent uses, the system is initiated through block 21, a user log-in and
identification. One object of block 21 is to retrieve historical data and present analytical
options specific to the user. Thus the successful application of block 21 automates the
activation of block 22 which retrieves the specific user plan. Then, in block 23, the user is
given an option to either select data previously collected, or to collect new data to be
analyzed.

[63] In cases when historical data analysis is not selected, the spectroscopic probe sensor
10 is employed to collect data from the substance in question and transfers that data using a
communication link 11 to the cloud-based data processor 12 where the data is analyzed using
a spectroscopic data processing algorithm 27 as shown in the data/spectral engine 24 and
further described in Fig. 4. Once analyzed in Block 27, control goes back to block 28.
Depending on the user preferences selected at the time of system configuration, results are
either displayed on the user interface 13 or the data is sent to the classifier algorithm 31 in the
analytical engine 25 to undergo further analysis.

[64] The analytical engine 25 includes two algorithms: the classifier algorithm 31 and the
quantifier algorithm 33. The object of the classifier algorithm 31 is to approximate the ranges
of the sample properties of interest i.e. parameters characterizing the sample. After data
passes through block 31, it either transfers to the quantifier algorithm 33 to undergo further
analysis, or the results are displayed, pending user preferences at the time of system
configuration. The classifier algorithm 31 is further detailed in Fig. 5. In cases where the

sample data transfers to the quantifier algorithm 33, it undergoes further interrogation to
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precisely predict values for the sample properties of interest i.e. parameters characterizing the
sample. The quantifier algorithm is further detailed in Fig. 8. Once the data in block 33 has
been analyzed, it transfers to block 29 where the results may be stored in a database prior to
displaying on the web-enabled user interface 13. Alternatively, results may directly transmit
to the user interface 13 or any other web-enabled device of choice. Once results are
transmitted in block 30, the process has finished.

[65] The example in Figure 11 shows how this analytical system improves accuracy of
results when compared to conventional methods. This example shows the results from a test
of original sugar percent of a beer batch in production. The data in this figure show the results
of a Partial Least Squares (PLS) universal calibration model which is referred to as the
“Chronological Plot.” The horizontal axis represents the different samples analyzed while the
vertical axis represents the measurements of the samples’ sugar extract. Line “A” represents
the results measured from using standard reference methods.

[66] Line “B” represents the output of the universal calibration model (UCM) developed
using the reference method results and the spectral data for each sample. Ideally, Line B
would track and overlap Line A very closely. However, because Line B is not similar to Line
A, it is apparent that applying only the data results from the UCM to a sample parameter of
interest, as per the prior art, does not produce the greatest accuracy. This figure demonstrates
that the examples from prior art are limited to linear data.

[67] Fig. 3 is a block diagram of a basic probe sensor data acquisition device 10, which
may be used to collect sample data from a product or substance in question. This device is
considered generic and operates by shooting light onto the substance in question, thereby
collecting pixels and signals to obtain a spectrographic sample. Other types of samples and
sample collection devices will be apparent to the person skilled in the art. The probe sensor

used in this analytical system transfers the data collected to a web-based server through any
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type of wireless connection device, including but not limited to Wi-Fi, Bluetooth, and cellular
radio.

[68] In Fig. 4, the sample data transmitted from the data acquisition device 10 is
transferred into the data/spectral engine 27 where the signals received are converted to a
suitable data format. The data/spectral engine 27 is located in the data processor instead of
the probe sensor. In block 50, a wavelength (x-axis) is assigned based on the average of the
pixel readings and is calibrated using a reference wavelength bank 52. Then in block 51, the
appropriate intensities for the sample reading are assigned. To initiate this process in block
57, the system subtracts noise from each wavelength signal. The raw signals are then
averaged. After this step, any signals that fall within +/- two standard deviations outside of
the mean are discarded and the remaining signals are then averaged again. At this stage, the
final average for each signal is computed using the intensity reference bank 53 to assign the
accurate intensity for the signal. The data is then released to the user through block 58. In
block 28, the data cither transfers to the classifier algorithm 31 to undergo further analysis, or
it displays the results with the option to store them in block 29, depending on the user
specifications.

[69] Fig. 5 demonstrates how samples that enter the classifier algorithm 31 are computed
and analyzed. The classifier algorithm is responsible for determining results of the highest
degree of accuracy possible, particularly when examining nonlinear data. In block 23, the
sample data are transferred into the classifier and then assigned a predetermined number of
parameters. Using the above example, if the substance in question is beer, the parameters
assigned may include but are not limited to pH, sugar, or alcohol content. Once parameters
have been assigned, the data proceeds to block 131 where it is interrogated by a universal
calibration model (UCM), crude classifier to compute a crude estimate for the value of each

sample parameter. As an example, Fig. 6 shows the results from a UCM of a sample of beer
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plotted on a graph. Once the UCM 131 is finished, block 132 assigns a range of membership
models to the sample data. The range is based on predetermined membership models ranges.
Fig. 7 highlights one example of a predetermined membership model reference library. In
Fig. 7, a P refers to each parameter or measurement range which is a class.

[70] The sample parameter value determined using the UCM, block 131, and its assigned
parameter value range are transferred to and stored in block 141 as the sample data continues
to block 133 to be analyzed using the Parameter Membership Classifier Model (PMM). In
block 133, the sample data is retrieved along with the parameter membership models library.
Using the Parameter Membership Models’ Library 134, the data is assigned a class
membership in block 136. To achieve this, the system first splits the parameter classes in half
between a Class Range A and Class Range B. Then the membership algorithm (PMM) is run
to determine which half the sample parameter belongs to. If the PMM identifies the Class
Range A as the membership of the parameter, then the parameter classes in Class Range A
are split in half again into Class Range A1 and Class Range A2. Again, the membership
algorithm is run, and this pattern continues until there are no more class memberships to split
in half.

[71]  In block 140, the system selects the class with the strongest membership from blocks
138 and 137 and proceeds with this class as the final. The final class is transferred to Block
141 where it is compared against the results from the universal calibration model, which had
been stored in block 141 earlier. If the two classes (the universal class and the membership
class) are equal, the system recognizes that the desired level of accuracy has been reached
and proceeds to block 143. If the two classes are not equal, the data is directed back to the
crude classifier 131 to be computed again.

[72] However, before the data reaches block 131, it must pass through block 142 where the

system discards all of the data that exists outside of the range identified between the crude
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classifier 131 and the membership classifier 136. For example, consider the sample of beer in
Fig. 6 and imagine the crude classifier 131 estimates its value on the x-axis as 4.0 while the
membership classifier 136 estimates it at 4.4. In this case, the system would dispose of all the
data points less than 4.0 and greater than 4.4 before proceeding with the cycle again starting
with block 131. This cycle is repeated in the classifier until the point that the data from the
UCM 131 and the Membership classifier 136 matches in block 141. Once the data matches,
the system checks to see if all of the sample parameters have been classified. If so, the data
exits the classifier 144. If not, the system begins again at block 130 where it identifies the
parameter(s) that remains to be classified.

[73] There are several other parameter classification algorithms that can be applied during
the classifying stage. The PMM classification scheme is suitable for multiple classes, but in
some examples and practical application, it may be preferable to work with two samples at a
time. As the algorithm narrows down the class ranges, it is able to improve accuracy at
capturing the results from nonlinear data. This is in comparison to the prior art which
typically only applies a UCM calculation (crude estimate) to arrive at the final result.

[74]  After the classifier has determined the classes for all parameters of the sample in
question, the system initiates the quantifier algorithm 33, shown in Fig. 8. The objective of
the quantifier 33 is to calculate the precise value of each parameter in question based on the
narrow range provided in the classifier 31.

[75] In cases where the user programs the system to display results after the classifier,
block 32 will automatically send the data to block 29 where results are either stored and
displayed or immediately displayed depending on the user’s pre-programmed preferences. In
cases where the user chooses to run the sample through the quantifier, block 32 automates the
initiation of block 100 where the system identifies all parameters that were analyzed in the

classifier 31 and automates the quantifier 33 to quantify a final value for each of the
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parameters in question. Like the classifier in Fig. 5, the quantifier deals with each parameter
sequentially. In block 101, the quantifier retrieves the appropriate equations for the parameter
class by referencing the Quantifications Calibration Models Library 102. The system then
receives the sample data 103, and calculates the parameter of interest value using the
appropriate class calibration model in block 104. Fig. 9 shows an example of the
Quantifications Calibration Models Library. In Fig. 9, each P refers to a parameter or
measurement range which is a class. Once the value is calculated, the system checks in block
105 if all of the parameters from the classifier 31 have been quantified. If not, the system
initiates again in block 100 to select a remaining parameter, and will run through this cycle
(block 100-105) until all parameters are quantified. Once quantified, the data results proceed
to block 29 where the system computes whether to store the data or immediately display
results depending on the user preference.
[76] Having described the process of the analytical system, there will be described the
numerical diagnostic features used in assessing the quality of our calibration and prediction
models. Figure 12 shows a 45 degree prediction plot where the geometrical shapes within the
graphical plot represent the different samples analyzed.
[77]  Ideally all the samples should lie along the 45-degree line indicating a match between
the reference method measured and predicted results. This may be referred to as the “45-
degree Cluster Rule,” which is fairly qualitative but the numerical diagnostic feature
associated with it is the Root-mean-Square Error of Prediction (RMSEP) discussed below:

RMSEP=Y,(Measured-Predicted)2/N

Where N is the number of sample readings.
[78] For best prediction results from a model, as a rule of thumb, it is desirable to have a
calibration and prediction model that results in the least significant digit (LSD) of the

reference results overlapping with the most significant digit of the RMSEP, which shall be
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referred to as the “LSD Error Rule.” For example if a measured value is 12.09, then an
RMSEP of .11 will yield a LSD error violation while a RMSEP of .01 will not.

[79] In Figure 12, the horizontal axis represents the predicted values and the vertical axis
represents the measured percent sugar extract. In the specific example, the test is Sugar
Extract percentage. The triangular dots in the graph represent the different samples analyzed.
Ideally all the samples should lie along the 45-degree line indicating a match between the
reference method measurements and the predicted results. For the best prediction results from
a model, it is an aim to have a calibration and prediction model that results in the least
significant digit (LSD) of the reference results overlapping with the most significant digit of
the RMSEP. This “LSD Error Rule” is persistently violated as long as there are outliers in the
data set although there are a few occasions where it may be mildly violated after all outliers
have been removed. The universal calibration model has a Root-mean-Square Error of
Prediction (RMSEP) of 1.45 for sugar percent extract and this violates the LSD Error Rule
since the measured results have their least significant digits in the hundredths place.

[80] To improve the prediction results, the analytical system in question employs the
classifier and quantifier algorithms, which segment the chronologically ordered data into
linear and “quasi” linear sections and repeat the same analysis on these localized analytical
regions. In this particular sugar extract example seven regions were identified. Figures 13 to
19 show the analytical regions 1 to 7 Chronological Plots, after eliminating outlier data using
appropriate methods where applicable. Figure 20 shows that by breaking the range down into
analytical regions, the sample data more closely follows the 45 degree line for that region
(analytical region 7 shown).

[81] Figure 21 shows a summary table while Figure 22 shows a graph that both
demonstrate the RMSEP values of the seven analytical regions before (series 1) and after

(series 2) the outliers have been removed. Figures 21 and 22 show that for four of the seven
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regions, the RMSEP values have been reduced significantly, thereby demonstrating that the
outlier removal process can greatly improve the results.

[82] A newly scanned or stored sample spectral data set is routed to the Classifier where
the associated UCM interrogates it to ascertain the value of the parameter of interest. The
determined parameter value is used to identify an analytical class of the sample.

[83] Class discriminant equations are developed such that they assign numerical values
expressing the probability of membership in the classes being tested for or neither. The
discriminate equations use pre-selected wavelengths’ output intensities, A, A, etc., and pre-

assigned coefficients associated with each of the selected wavelengths, a;, a; etc.

. Let ¢y be a pre-determined constant associated with a class discriminant
equation
. Member Score=co+ajh; taz Ay +......
. For example:
[84]
Member If Borderline Member | Not a Member
If
Member Score .65<=MS$<=1.35 .35<MS<.65 MS>1.35, MS <.35
(MS=)

[85] Figure 24 demonstrates an example of the membership determination output that is
based on the analytical class cut off points of Figure 23.

[86] The Quantifier will precisely predict the parameter value (PV) of interest of a sample
by evaluating the equation that utilizes the spectral intensity output from pre-selected
wavelengths as shown below.

[87] - PV=bytoiMtoyA+......

[88] - where

by is a pre-determined constant
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As are pre-determined wavelengths, and

0 are the spectral intensities at the preselected wavelengths.
[89] The prediction equations stored in the library will have the format shown above, even
though some of them may have higher order terms such as quadratic, cubic etc.. For example
if the equation for %Alcohol has:

bo =3

01 =5

0,=6
[90] then
[91] % Alcohol=3+5XA;+6 A,
[92] When a sample is spectroscopically scanned the system will retrieve the intensities
associated with wavelengths A, ¢.g. 550 nm, and A,, ¢.g. 622 nm , and input, and evaluate
the parameter, e.g. % Alcohol, from these measurements.
[93] A specific embodiment of the invention will now be described with reference to
Figures 25 to 32 and to a beer brewing application, though the person skilled in the art will
readily understand that the methods and interfaces described can be applied to many different
applications, including standardized and non-standardized processes. A standardized process
is considered to be a process that follows a well established series of process steps, though
variations within these process steps may be possible.
[94] A user may pre-register for an account with an online analysis lab. The user may
enter into a payment plan with the online analysis lab. For example, the user may pay a fixed
amount per month or may pay on a per-use or other basis. The user’s payment may entitle the
user to a number of analysis services, a period of analysis services, or a combination.
Specific registration and payment plans are not considered pertinent to the present invention

and with online registration systems being well established for many internet based services,
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no further description of the registration process is considered necessary herein.

[95] After logging in to the online analysis lab, the user may be presented with a welcome
interface, of which a simple configuration is demonstrated in Figure 25. The welcome
interface may prompt the user to highlight and select, e.g. by cursor selection, key toggles, or
touchscreen, one of the available options. In the example depicted, the available options
include a One-time User Registration, One-time Product Pre-configuration Wizard, Real-
Time Multi-parameter Routine Predictions and Historical Data Multi-parameter Routine
Predictions.

[96] If the user selects the One-time Product Pre-configuration Wizard, the user may be
taken to an initial wizard interface as shown in Figure 26 where the user is prompted to select
a particular industry application. The options listed in the interface of Figure 26 include wine,
beer brewing and dairy though any other industrial process may be represented. Furthermore,
the product pre-configuration may have categories to enable a user to navigate to the
particular industry required. For example, wine, beer brewing and dairy may all be within a
higher “food and beverage” category. A search feature may be provided to enable a user to
search on the available industries.

[97] In the present example, the user selects beer brewing and is taken to the next stage of
the pre-configuration wizard, as shown in Figure 27, which informs the user of the available
stages of the brewing process at which the analysis can be performed and the parameters that
can be measured.

[98] As shown in Figure 28, the user is then presented with an interface screen that
prompts the user to select which of the available processes the user would like to pre-
configure. After each selection, the user may be presented with an interface as shown in
Figure 29, which informs and prompts the user for information pertaining to the expected

range of results for the given parameter, which in the present example, is the Sugar Original
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Extract (%) (PEO). Sample ranges may be presented for the information of, and selection by,
the user as shown in Figure 30. The user is able to enter expected ranges for each product’s
parameters previously determined by the user using any suitable reference method.

[99] The online analysis lab cycles through the screens of Figures 28 and 29 until data for
cach parameter and each process stage has been entered.

[100] If at the welcome screen of Figure 25, the user selects Real-Time Multi-parameter
Routine Predictions, the user is taken to a sampling wizard that guides the user through the
process for obtaining and transmitting a sample. The user is prompted to enter samples into
the probe sensor which then samples the data and uploads the data to the online analysis
laboratory. The user is prompted to enter a file name for the uploaded data so that the data
may be stored in associations with the user’s account on the online system.

[101] The user can then validate and predict the results for the data. This stage can also be
selected through the Historical Data selection of the interface of Figure 25 by retrieving a
previously stored file. Figure 31 shows a validation screen after execution of the
classification process described above. The validation screen indicates whether the range of
values for a parameter are within the pre-configured expected ranges. Specific values for the
validated parameters can then be predicted by retrieving the appropriate equations for the
parameter and using the data and classifications to predict a precise value for the parameter.
The final output screen (Figure 32) may show a summary of the results, including an output
range column and a results column which shows the precisely predicted value. The results
summary interface can also summarize the user’s account credit, provide options for
receiving/storing the results and options for further analysis of other samples.

[102] Although the description above contains many specifications, these should not be
construed as limiting the scope of the invention but as merely providing illustrations of some

of the embodiments of this invention. Thus, the scope of the invention should be determined
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by the appended claims and their legal equivalents rather than by the examples given.
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CLAIMS
What is claimed is:
1. A method for analyzing a product comprising:

(A)  obtaining, by a data acquisition device, data from a product;

(B)  transmitting the data from the data acquisition device to a data processor;

(C)  receiving a selection by the data processor of one or more parameters of
interest for the data;

(D)  performing a classification procedure for at least one of the parameters of
interest that determines a class for the at least one parameter of interest, the
class comprising a range of parameter values; and

(E)  performing a quantification procedure for the at least one parameter of interest
that processes the determined class for the at least one parameter of interest
and calculates a result value within the range of parameter values for the at
least one parameter of interest.

2. The method of claim 1 wherein performing the quantification procedure comprises:

(A)  retrieving at least one equation for the determined class from a library; and

(B)  executing the at least one equation to calculate the result value.

3. The method of claim 1 wherein obtaining the data comprises obtaining spectrographic
data.
4. The method of claim 3 comprising processing the spectrographic data in the data

processor to assign wavelength and wavelength intensities to the spectrographic data.

5. The method of claim 1 wherein performing the classification procedure comprises:
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(A)  executing a universal calibration model that estimates a first class that the data
belongs to comprising a first range of parameter values for the at least one
parameter; and
(B)  executing a parameter membership classifier model that determines a second
class that the sample belongs to, the second class comprising a second range of
parameter values for the at least one parameter.
The method of claim 5 comprising comparing the first class and the second class.
The method of claim 6 wherein if the first class and second class are equal then
determining at least one of the first class or second class as the class for the at least
one parameter of interest.
The method of claim 6 wherein if the first class and second class are not equal then
filtering the data to remove data that is not between the first range and the second
range and re-executing the universal calibration model and the parameter membership
classifier model on the filtered data.
The method of claim 8 comprising repeating the steps of executing the universal
calibration model and the parameter membership classifier model and filtering the
data until the class determined by the universal calibration model is equal to the
parameter membership classifier model.
The method of claim 1 comprising performing the classification procedure and the

quantification procedure for each parameter of interest.
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A method for analyzing a product comprising:

(A)  obtaining, by a data acquisition device, data from a product;

(B) transmitting the data from the data acquisition device to a data processor;

(C)  receiving a selection by the data processor of one or more parameters of
interest for the data; and

(D)  performing a classification procedure for at least one of the parameters of
interest that determines a class for the at least one parameter of interest, the
class comprising a range of parameter values;

(E)  wherein the classification procedure comprises:

(a) executing a universal calibration model that estimates a first class that
the data belongs to comprising a first range of parameter values for the
at least one parameter; and

(b) executing a parameter membership classifier model that determines a
second class that the sample belongs to, the second class comprising a
second range of parameter values for the at least one parameter.

The method of claim 11 comprising comparing the first class and the second class.
The method of claim 12 wherein if the first class and second class are equal then the
determining at least one of the first class or second class as the class for the at least
one parameter of interest.

The method of claim 12 wherein if the first class and second class are not equal then
filtering the data to remove data that is not between the first range and the second
range and re-executing the universal calibration model and the parameter membership
classifier model on the filtered data.

The method of claim 14 comprising repeating the steps of executing the universal

calibration model and the parameter membership classifier model and filtering the
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data until the class determined by the universal calibration model is equal to the
parameter membership classifier model.
The method of claim 11 comprising executing the classification procedure for each

parameter of interest.
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A system for analyzing a product comprising:
(A)  adata processor programmed to:
(a) receive the data from the data acquisition device and a selection of one
or more parameters of interest; and
(b) perform a classification procedure for at least one of the parameters of
interest that determines a class for the at least one parameter of
interest, the class comprising a range of parameter values;
() wherein the classification procedure comprises:

(1) a universal calibration model that estimates a first class that the
data belongs to comprising a first range of parameter values for
the at least one parameter; and

(1))  aparameter membership classifier model that determines a
second class that the sample belongs to, the second class
comprising a second range of parameter values for the at least
one parameter.

The system of claim 17 wherein the data processor is programmed to compare the
first class and the second class.

The system of claim 18 wherein if the first class and second class are equal then the
data processor determines at least one of the first class or second class as the class for
the at least one parameter of interest.

The system of claim 18 wherein if the first class and second class are not equal then
the data processor is programmed to

(A) filter the data to remove data that is not between the first range and the second

range; and
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(B)  re-execute the universal calibration model and the parameter membership

classifier model on the filtered data.
The system of claim 20 wherein the data processor is configured to repeat the steps of
executing the universal calibration model and the parameter membership classifier
model and filtering the data until the class determined by the universal calibration
model is equal to the class determined by the parameter membership classifier model.
The system of claim 17 wherein the data processor is programmed to execute the
classification procedure for each parameter of interest.
The system of claim 17 comprising a data acquisition device for obtaining data from a
product and transmitting the data to the data processor.
The system of claim 23 wherein the data acquisition device is configured to obtain
spectrographic data.
The system of claim 24 wherein the data acquisition device comprises a light source

and a light sensor for detecting light from the product.
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A system for analyzing a product comprising:

(A)  means for receiving data from a data acquisition device;

(B)  means for receiving a selection of one or more parameters of interest;

(C)  means for determining from the data a class for at least one of the parameters
of interest; and

(D)  means for determining a parameter value within the class for the at least one
parameter of interest.

The system of claim 26 comprising:

(A)  means for executing a universal calibration model that estimates a first class;

(B)  means for executing a parameter membership classifier model that determines
a second class;

(C)  means for comparing the first class and the second class.
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A method for analyzing a product comprising:

(A)  step for receiving data from a data acquisition device;

(B)  step for receiving a selection of one or more parameters of interest for the
data;

(C)  step for executing a universal calibration model that estimates a first class;

(D)  step for executing a parameter membership classifier model that estimates a
second class; and

(E)  step for comparing the first class and the second class.
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€. Real-l ime Multh-parameter Routine Predictio
inneor real time

Figure 25

INCORPORATED BY REFERENCE (RULE 20.6)



WO 2015/123615 PCT/US2015/015976
26/32

B. One-time Product Pre-configuration Wizard

Below are the industries we currently service,
Select One

SRR

if your industry is not listed contact us
wo@yyyy.com
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B. Welcome to the One-time
Product Pre-Configuration Wizard.

Once configured you will be able 1o messure at onee and for each of the following
brewing stages

R R

NlRl e N “‘“\\‘f\@‘d\
L

the following parameters
. SugarQriginal Extract {94} {PEQ)L
Sugar Apparent Extract {%) PEA
Aleoho! %) [except Tor Wort),
Bittarness {iBU},
. Color, {EBC}
. pH
You must have sach product’s parameters first measured using a refarence method of
yaurchalce before pracseding fo the DERt SEER. o

Figure 27
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B. The One-time Pre-Configuration Wizard.

Check the process stage{s} you would iike to configure

Figure 28
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B. Designated Wort Sugar Extract Ranges
Sugar Extract {PEG/PEA} %)

Rin E
Range/Class

1 10.95 1167

3 12.06 12

3 124 d2.84

4 1264 128

5 12.81 13.13

B 13.14 | 13.39

? 13.38 13.7

8 14.44 14.64

8 14,65 14.86
16 14.86 15.38
11 15.32 15.7%
12 16.18 16.88
13 1676 17.08
14 17.38 17.84
15 1781 1R 72

Figure 30
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