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Some information and a suggestion

NIRA — Near Infrared Analysis — First paper by Ben Gerah and Norris 1967 (NIR- 1-
2.5um)

Also can be found as Sper-ANear Infrared Spectroscopy

Non of these terms, as well as the vis-NIR reflects what we
are realy doing: chmometrics based on (reflectance)
spectroscopy

As we measure Reflectance and do Spectral Analysis the correct term
should be :

SpeR - A (Spectral Reflectance - Analysis). It can be done in the VNIR-SWIR, in the
VNIR or in the SWIR

It is also a SPAre method for the wet chemistry
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Chemomatrics

Chemometrics is the science of extracting information from chemical systems
by data-mining means.

It is a highly interfacial discipline, using methods frequently employed in core
data-analytic disciplines such as multivariate statistics, applied mathematics,
and computer science, in order to address problems in chemistry,
Spectroscopy , biochemistry, medicine, biology and chemical engineering.
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http://en.wikipedia.org/wiki/Multivariate_statistics
http://en.wikipedia.org/wiki/Applied_mathematics
http://en.wikipedia.org/wiki/Computer_science
http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Biochemistry
http://en.wikipedia.org/wiki/Medicine
http://en.wikipedia.org/wiki/Biology
http://en.wikipedia.org/wiki/Chemical_engineering

Spectral — Chemomatrics
Sper-A

e Using spectral data to predict chemical AND
physical information

e Spectral- data mining (mathematics and
statistics)
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Many applications are still NOT used in Sper-A

Dynamic

ASD 20 anniversary workshop, Boulder US, October 2009
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THE ULTIMATE DREAM

A lower level where no knowledge of chemometrics is
required — good software.

*E.g. technician in warehouse looking at quality of
drug

*Nurse in hospital looking at diagnosis

*Operator in manufacturing plant looking at whether
product is OK.
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HIERARCHY OF USERS

Mathematical sophistication
Theoretical
statistjcians.

Applying and modifying
methods, developing software.
|

Environmental, clinical, food, industrial,
biological, physical, organic chemistry etc. etc.
L

Applications
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Tools for Sper-A

1. Methods. (Ways to analyze the data)

2. Software. (Means to analyze the data)

3. Instrumental techniques. (Means tocollectthe data)

-

Applicati(}ns_ (Utilization the analyzed data)
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METHODS
*Experimental design
*Pattern recognition

Calibration
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R.G.Brereton, Chemometrics : Data Analysis for the
Laboratory and Chemical Plant, Wiley, Chichester, 2003
and 2004

Chemometrics

www.spectroscopyvnow.com Website ;
" T Data Analysis

Chemometrics Channel for the Laboratory
and Chemical Plant

Richard G. Brereton

http://www.powershow.com/view/11d5b9-MTYzN/INTRODUCTION TO CHEMOMETRICS powerpoint ppt presentation
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There are Two Basic Ways

* Supervised: Known features with significant
changes

* Unsupervised: No spectral features are
known for the application, no spectral
features are seen by naked eyes

For the unsupervised — sophisticated “data mining” too is
needed (chemometrics approach)
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Supervised
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Un supervised

No apriori knowledge is known
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Methods for the Un supervised (Examples)

* Multivariate Regression (MLR)
 PCA

* PCR

* PLSR

* Neural Net Work
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Pre processing stage:
any method that orthogonally applies to all variables data set

] Normalization
. 1.1 =
5 09 4
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* Smoothing

* Derivation
 Normalization
A= !og (1/R)

e Others
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which they covary. The most frequently used measure is Pearson's product
moment correlation coefficient, which is a parametric measure of linear assoc-
iation. It is defined as the ratio of the covariance between two variables
to the square root of the product of the two variances.

Cov(X,.:X,) Cov(X,,X
p = Y% B e e

(1)
2 7 ) 0q+09
(o] -0y )

Working with sample data, r, an unbiassed estimate of the population
correlation coefficient p, becomes (2)

Cov(Xy,sX,) NEX X, = EXy+ZX
o | [ y 172 102

5155 ((NXXIZ - (le)z).(NXXZ2 3 (sz)z))i

It varies from +1.0 (perfect positive correlation) through zero (no
correlation) to -1.0 (perfect negative correlation). If there are two un-
correlated variables, each with a mean of zero and unit variance, with a bi-
variate normal distribution, then the equiprobability contours (lines enclosing
an area where there is a given probability of a value occurring) are circular.
The axes interest at 909, and cos 90° = r = 0. Equiprobability contours for
p = 0.5, 0.75, 0.95, 0.99, 0.999 are shown in fig. 1.

r=cos (a)
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Fig. 3 Equiprobability trace for two perfectly correlated variables

line on which each member of the bivariate normal population lies, and thus
one variable is completely defining the other. This case is illustrated in

fig. 3.
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Stepwise multiple regression

. Stepwise regression Is designed to find the most

parsimonious set of predictors that are most
effective in predicting the dependent variable.

« Variables are added to the regression eguation
one at a time, using the statistical criterion of
maximizing the R? of the included variables.

* When none of the possible addition can make a
statistically significant improvement in R2, the
analysis stops.
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Multiple Regression

What multiple regression
does it fit a plane to Y
these coordinates?

Case: 12345678 9 10 %
Children (Y): 25196 30377
Education (X,) 12162012 9 18 1614 9 12
Income 1=$10K (X,):3 4 9 5 412101 4 3
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Multiple Regression

« Mathematically, that plane is:
Yr=a+ b X, + b,X,
a = y-intercept, where X' s equal zero
b=coefficient or slope for each variable

For our problem, the equation Is:
Y~=11.8 - .36X, - .40X,
Expected # of Children = 11.8 - .36*Educ - .40*Income
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Multiple Regression

Model Summary

57% of the variation in

Adjusted Std. Error of numb-er Of Chlldren I_S
Model R R Square | R Square | the Estimate explalned by education
1 7572 573 .534 2.33785 -
' and income!
a. i .
Predictors: (Constant), Income ANOVA
Sum of
Model Squares df Mean Square F Sig.
1 Regression 161.518 2 80.759 14.776 .0002
VAN Residual 120.242 22 5.466
Y = - .36X, Total 281.760 24
a. Predictors: (Constant), Income, Education
b. Dependent Variable: Children
Coefficient$
Unstandardized Standardized
Coefficients Coefficients

Model \ B Std. Error Beta t Sig.
1 (Constant) \11.770 1.734 6.787 .000

Education -.364 173 -.412 -2.105 .047

Income -.403 194 -.408 -2.084 .049

a. Dependent Variable: Children
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Multiple Regression

Model Summary

- A
>(Y=Y)2 - (Y=-Y)?

{Q%Led/ td. Error of
Model R R Square 4R Square | the Estimate ~7\?2
1 7572 573 534 2.33785 2 (Y - Y)
a. i .
Predictors: (Constant), Income ANO 2
Sum of /
Model Squares df Mean Square F Sig.
1 Regression 161.515# 2 80.759 14.776 .0002
VAN Residual 120.242 22 5.466
Y = - .36X, Total 281.760 24
a. Predictors: (Constant), Income, Education
b. Dependent Variable: Children
Unstandardized Standardized
Coefficients Coefficients
Model \ B Std. Error Beta t Sig.
1 (Constant) \11.770 1.734 6.787 .000
Education -.364 173 -.412 -2.105 .047
Income -.403 194 -.408 -2.084 .049

a. Dependent Variable: Children
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Multi Linear Regression (MLR) for Sper-A

The number of Independent Variable (spectral

information) must be equal or lower than the samples’
number (10% is recommended).

Example: A spectrometer has 1000 wavelengths (independent variables)

To run MLR for any attribute the number of soil samples has to be 100,000 !
As this is not realistic- a method to compress the wavelengths into

meaningful number is needed

Solution:

Finding from the 1000 wavelength the few that are highly correlated to the
property in question and only then, run MLR.

If we have 40 samples we must select 4> wavelengths
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How we do that?

Correlogram: Spectrum of A against R

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013 W T REMOTE SENSING “’?g
B— LABORATORIES



X VS. Y()\,, 1,2,3,4,5.6,7) 2> R

Attributes (x) Spectral (y) Sample R
[ |
A @ C D E F G H I J K
Wavelength Clay | 1 2 3 4 &5 6 7 | R
350 20 0.036597 0.075812 0.042233 0.067764 0.044539 0.084978 0.040354 0.8
351 32 0.037566 0.07866 0.041297 0.068742 0.042737 0.077825 0.032937 0.2
352 45 0.039534 0.075939 0.040123 0.065941 0.040151 0.075078 0.029863 0
353 32 0.041243 0.072183 0.040731 0.063077 0.038358 0.076869 0.032891 0.03
354 67 0.040161 0.073291 0.042836 0.064507 0.036743 0.077427 0.036693 0.5
355 55 0.041081 0.072857 0.046125 0.066654 0.041941 0.080258 0.037634 0.5
356 88 0.043806 0.07418 0.047051 0.063508 0.045377 0.082281 0.038051 0.6
357 23 0.046124 0.078963 0.043976 0.069362 0.041095 0.081242 0.039751 -0.8
) 358 a4 0.04065 0.07851 0.043402 0.068178 0.040155 0.080866 0.039031 0.7
L 359 54 0.036009 0.074677 0.041282 0.064074 0.03769 0.079304 0.036201 0
2 360 67 0.037128 0.07154 0.037754 0.059634 0.034072 0.077133 0.033173 -0.6
3 361 56 0.044817 0.07871 0.04182 0.065099 0.041206 0.080463 0.035983 0.4
1 362 a4 0.039041 0.076669 0.039498 0.063749 0.039887 0.077967 0.029918 0.2
; 363 12 0.02679 0.069045 0.033855 0.05777 0.032453 0.072566 0.021016 0.9
5 364 4 0.033287 0.074241 0.038331 0.061219 0.034768 0.076412 0.029136 -0.4
7 365 55 0.038166 0.077927 0.041239 0.064212 0.035108 0.080229 0.033523 -0.6
3 366 22 0.040581 0.07958 0.042114 0.066724 0.036304 0.08221 0.034597 -0.4
3 367 23 0.043701 0.031406 0.044926 0.070078 0.042514 0.082508 0.037109 0.7
) 368 43 0.04293 0.079317 0.042208 0.067472 0.039667 0.081978 0.034157 0.8
L 369 52 0.038207 0.073806 0.038647 0.061776 0.034738 0.07901 0.029572 0
2 370 35 0.032089 0.06813 0.038058 0.057491 0.033977 0.07458 0.027347 0.3
3 371 a6 0.03335 0.072875 0.03873 0.061967 0.035109 0.078316 0.029634 0.4
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Correlogram
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Examples from the Literature (high spectral resolution)
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Once the wavelengths are selected

Run

* MLR
« PCA

* PLSR
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Principal Component Analysis
(PCA)
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Redundant spectral information: PCA reduction
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Data Reduction

summarization of data with many (p)
variables by a smaller set of (k) derived
(synthetic, composite) variables.

k
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Data Reduction

"Residual” variation is information in A
that is not retained in X

balancing act between

clarity of representation, ease of
understanding

oversimplification: loss of important or
relevant information.
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Principal Component Analysis
(PCA)

probably the most widely-used and well-
known of the "standard” multivariate
methods

invented by Pearson (1901) and Hotelling
(1933)

first applied in ecology by Goodall (1954)
under the name “factor analysis” ("principal
factor analysis" is a synonym of PCA).
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Principal Component Analysis
(PCA)

takes a data matrix of nobjects by p
variables, which may be correlated, and
summarizes it by uncorrelated axes
(principal components or principal axes)
that are linear combinations of the
original p variables

the first A components display as much as
possible of the variation among objects.
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Geometric Rationale of PCA
» objects are represented as a cloud of #
points in a multidimensional space with an
axis for each of the p variables

* the centroid of the points is defined by
the mean of each variable

- the variance of each variable is the
average squared deviation of its n values
around the mean of that variable.
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Geometric Rationale of PCA

- degree to which the variables are linearly
correlated is represented by their
covariances.

# 1
Covariance of
variables 7/ and j |
v

alue of Mean of Value of Mec.m of .
Sum over all  varigble /| ..., ;. variable j variable j
n objects in object m in object m
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Geometric Rationale of PCA

- objective of PCA is to rigidly rotate the
axes of this p-dimensional space to new
positions (principal axes) that have the
following properties:

- ordered such that principal axis 1 has the
highest variance, axis 2 has the next highest

variance, .... , and axis p has the lowest
variance

- covariance among each pair of the principal
axes is zero (the principal axes are
uncorrelated).
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2D Example of PCA

variables X;and X have positive covariance & each has a
similar variance

[o2)
1

N
X
)
Q
8

S
>
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Configuration is Centered

each variable is adJus’red to a mean of
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Principal Components are Computed

PC 1 has the highest possible variance (9.88)

PC 2 has a variance of 3.03
PC 1 and PC 2 have zero covariance.

PC 2

PC1




each principal axis is a linear combination of the original

two variables
PC = allyl + a|2y2 C(lny

a; 's are the coefficients for factor i, multiplied by the
measured value for variable j
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PC axes are a rigid rotation of the original variables

PC 1 is simultaneously the direction of maximum variance
and a least-squares “line of best fit" (squared distances
of points away from PC 1 are minimized).

N
>
Q
o)

<
=
<
>

Variable X;
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Example for PCA

Data point

>
—

>

>

2 3
ks 1 2 3
2. 2 3 4
3. 3 1 1
4. o 6 7
5. 5 5 5
6. 6 a4 2
7. 7 8 9
8. 8 9 8
9. 9 7 6
XX] = sz = ZX3 = 45
e 2 A
:X] = £X2 = LX3 = 285 N=9
EX]XZ = 275; XX]X3 = 260; ZX2X3 = 280
Table 2. Scores on three hypothetical variables, X)X, and X,.
then a 3 x 3 matrix of correlation coefficients can be calculated.
% - X3
X 1.0000 0.8333 0.5833
X, 0.8333 1.0000 0.9167
X3 0.5833 0.9167 1.0000
i i - " THE REMOTE SENSING
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Fig. 8 Plot of hypothetical data for three variables
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1 Fust Component

Fig. 10 Hypothetical data with three principal components and
equiprobability surface
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Eigenvalue

Variance (0-100%)

Component NMumber
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Scores and Loadings

Each sample is represented as a linear combination of the
principal components

Data Structure Noise

P e —— o

Sample Avg. spectrum  t;.p; t,.p, Residual

t;,t, = score vectors
P,,P, = loading vectors
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Spectral loadings

A\ Loadings contain spectral Original spectra D R
features of the data Y G v

A\ Peaks in the loading plots
indicate important spectral v/\
regions for the particular .
component.

\ Individual loading vectors
do not necessarily
correspond to physical *NB! Spectral
constituents. loadings are

better displayed

as plots along
wavenumbers
instead of scatter
plots.

Source: NIR Transmittance spectra of pharmaceutical samples — 700-2500 nm
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Inter corelation between variables helps to better correlates: PLSR 1

(i) "“CORN" 1.00
(ii) “RoOOT" 0.70 1.00
(iii) "PASTURE" -0.71 -0.41 1.00
(iv) “HAY" -0.08 -0.15 0.11 1.00
(v) "OTHER" 0.10 0.04 -0.37 -0.46 1.00
(vi) “WHEAT" 0.27 0.05 -0.32 0.21 0.15 1.00
(vii) "OATS" -0.80 -0.64 0.55 -0.02 0.09 -0.40 1.00
(viii) "MILCH" 0.00 0.06 0.12 0.45 -0.66 0.31 -0.29 1.00
(ix) “P-MILCH* 0.60 0.38 -0.54 -0.14 -0.02 0.28 -0.53 0.34 1.00
(x) “SHEEP" 0.43 0.25 -0.24 -0.00 -0.16 0.49 -0.41 0.47 0.42 1.00
(xi) "1-10 HO" 0.66 0.46 -0.38 0.03 -0.16 0.27 -0.73 0.17 0.37 0.21 1.00
(xii) “S50-100" -0.64 -0.67 0.40 -0.13 0.17 -0.09 0.80 -0.08 -0.29 -0.04 -0.78 1.00 p
(xiii) “COMBINE" 0.42 0.36 -0.46 0.12 0.00 0.54 -0.77 0.34 0.25 0.41 0.51 -0.61 1.00 :
(xiv) "MILKMAC" 0.41 0.18 -0.51 0.28 -0.08 0.38 -0.58 0.01 0.09 0.00 0.49 -0.61 0.60 1.00
(xv) “MALES" -0.15 0.07 0.20 0.41 -0.84 -0.12 -0.01 0.70 0.00 0.0 0.07 -0.07 0.01 0.02 1.00
(i) (i) (i¥8) (iv) (v)  (vi) (vii) (viii) (ix) (x)  (xi) (xii) (xiii)(xiv) (xv)
Table 7. Lower triangle of correlation matrix for 15 variables, first analysis.
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PLS

Describing Response
variables . T U”  variables

X

Y

Can handle many noisy
collinear variables

(compare with MLR)

Tolerate moderate
amounts of missing
data (X and Y)

Multiple responses
modelled at the same
time

The result can be
graphically visualized
.e. score plots and

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013
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PLS - Geometric Interpretation

Same observation

X3 Y3k
©o
O OCo O Oo
O
@ O, o ® o
Irxz o0 o .'5’2
a © o o
oo © o o)
X Y1 o

« Each observation is represented by one point in the X-space and one in
the Y-space

« As in PCA, the initial step Is to calculate and subtract the averages; this
corresponds to moving the coordinate systems

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013 W 1HE REMOTE SENSING %
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PLS - Geometric Interpretation

Xa &Y |
o ©o
© O
®
@)
g 73 0 yb
O O 2
v 0.2 oo
1 o ®

et Same observation

« The mean-centering procedure implies that the origin of
each coordinate system Is re-positioned

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013 W T REMOTE SENSING “’?g
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PLS - Geometric Interpretation

x4 Gomp 1 (1) &Y
<« Comp1 (u)

 The first PLS-component is a line in the X-space and a line in
the Y-space, calculated to
a) approximate the point-swarms well in X and Y
b) provide a good correlation between the projections (t, and

Uy)
 Directions are w, and ¢, and co-ordinates along these vectors

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013 W 1iiE REMOTE SENSING “’%
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PLS - Geometric Interpretation

» The projection coordinates, t; and u,, in the two spaces, X
and Y, are connected and correlated through the inner
relation
u, =t; + h (h;is a residual)

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013 W 1HE REMOTE SENSING %
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PLSR2

Taking into account ALL variables (and not one variable) and wavelengths

variables Wavelengths

H (CaCl3 Mtot % Cox % 350 351 352 353 354 =Y 356 SEF -
1 2 3 4 5 [ T 2 9 10 "
1-HZ2 1 3.4200 01860 35500 7.5812e—02 7.8660e—02 75939e—02 7.2183e-02 7.3291e-02 7 2857e-02 74180e—-02 7.B963
Z2-Hz2 2| 31600 0.3050 58200 6.7764e—07 G6.A8742e—02 65941e-02 63077e—-02 6.4507e-02 G6654e—02 6.8508e-02 69362
3-Hz2 3| 3.5200 0.2170 39000 8.4978e—-02 7.7825e-02 7.5078e-02 7T.6BG69e-02 7.7427e-02 B.0258e-02 8.2281e-02 81242
4-H2 4| 34000 02420 42300 6.3061e-02 5.9753e-02 57598e—02 5.3526e—02 5.9966e—02 G.2146e-02 6.2425e—02 59424
B-H2 5 3.3300 02600 483200 55647e—02 57T7697e—02 538126e—02 53575e—02 6.101e-02 6.0767e—02 59853e—02 G.0564

G-HZ2 6 34100 0.2390 38700 7.7NMB8e-02 8.1708e—-02 B4066e—02 B83470e—-02 8.1504e-02 7 6186e-02 74251 )

7-HZ2 7| 3.3000 0.2400 41300 9.0307e—02 B8.8831e—02 9.2090e—02 96331e—02 9.4941e-02 9.1973:—02 B7676e—02 B.2700°
3-H2 8| 32700 02640 48200 7.8177e-02 7.7864e-02 79271e—02 8.3268e—02 B8.8739e—-02 B8.3659e-02 7.6078e—02 73763
9-H2 9| 3.4400 0700 31600 9.0659e-02 9.2013e-02 9.1548e—02 9.133%—02 9.6653e—02 9.0379e-02 8.2906e—02 83167
10-H2 10| 35400 01960 27800 8.2668e—02 B8.1480e—02 B83849e—02 88166e—-02 9.0274e—02 B9105e-02 B85262e—02 80365
11-H2 1| 3.5500 01530 27400 0.1054 0.1069 01022 9.9786e-02 0.1090 01040 9.7862e—-02 0.
12-H2 12| 3.3900 01150 1.8900 9.5994e-02 9.4586e-02 9.0226e—02 8.9133e—02 9781e-02 89.6249e-02 89.2702e—02 95168
13-H2 12| 3.2800 01260 2.0100 01138 0.1145 0.1098 0.1076 0174 01131 0.1079 0
14-H2 14| 35400 01090 17000 0.1359 01314 01301 01331 0.1389 01341 0.1300 0.
15-HZ2 15| 3.0900 01380 23900 5270MMe-02 57808e-02 54761e-02 5.1519e-02 £.1359e-02 5 9657e-02 55406e-02 57463
16-H2 16| 3.3700 9.2000e-02 1.3900 01191 0.1056 0.1070 01157 0.1148 0.1143 01125 0.
17-H2 17| 3.3000 01460 23900 01227 01126 01134 01185 01182 01227 0.1240 0
18-H2 18| 3.3600 01350 21600 8.6688e—02 7.9889%e—02 B8.0846e—02 B8AHRGEBe—02 B.7059e—02 90212e-02 91081e-02 87271
19-H2 19| 34700 01580 29700 01053 01028 0.1056 01091 01072 01088 0.1089 0.
20-Hz2 20| 3.3100 01460 22800 0.1255 01135 0.1130 01192 01194 01200 0.1199 0
21-H2 21| 3.2000 01960 29300 9491Me-02 9.7565e-02 99859e—02 9.9101e-02 95255e—02 8.2029e-02 9.2249e—-02 96505
22-H2 22| 34500 01270 2.0800 01057 0.1010 01008 0.1043 01072 01023 9.8925e-02 0.
23-Hz2 23| 34200 01850 31600 8.3049e-07 8. 1640e—02 B.0518e-02 8.0717e-02 B8.3455e-02 B0278e-02 7T.7703e-02 §.1053
24-Hz2 24| 3.4300 0.2120 32800 9.9271e-02 9.9942e-02 0.1005 01007 9.8387e-02 094745e-02 9.3870e-02 97490
25-H2 25| 35100 01480 20800 9.9715e-02 01004 01008 010M 01009 9.3165e-02 8.8576e—02 94614
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So

PLSR

Home made (Matlab) ——Software ——> Commercial (The Unscrambler)
BEH

l&l The Unscrambler - [Analisi dati scopolamina]

File Edit Yiew Plat Modify Task Results Window Help - |8 x
Djc|d| ||| SR 2 2w Bl x=] 4 5 s B oo L] )
sc0% | LD% | FEM® | mam% | 803 | 90525 [ 9075 | a0975 | 912 | 91435 | 9165 [ 91875 | 831 [ 92335 A
I z | = | &« [ = & 7 g | = 0 1 1 [ 1z | e
21 1 [oo0ooo]  ooooo 00000 0.0000 -0.1876 -0.4791 -0.5889 -0.5959 -0.6136 -0.6254 -06313 -06384 -0.6396 —0.6408
10 2| 146538 345397 19,8850 308205 -0.8358 -09011 -0.9228 -0.9208 -0.9208 -0.9242 -09290 -0.8371 -0.8419 -0.9426
18 3| 449270 00000 550730 00000 -0.3990 -0.7076 -0.8180 -0.8343 -0.8568 -08701 -0.8864 -08834 -0.8793 -0.8783
B 4 0.0000 49.8008 501992  0.0000 -0.8496 -0.9369 —0.9668 —0.9712 -0.8841 -0.9970 —1.0156 —1.0299 -1.0385 -1.0436
B 5 0.0000 450100 549900 00000 -0.7649 -0.8985 -0.9398 —0.9388 -0.9577 -0.9779 -0.9943 —1.0069 -1.0157 -1.0220
9 3 0.0000 100.0000  0.0000 00000 -0.8979 -09311 -0.9387 —0.9206 -0.9356 -0.0447 —0.9669 -0.9858 -1.0012 -1.0137
] 7 0.0000 00000 1000000 00000 -0.5356 —0.7903 -0.8932 —0.9214 08312 -09471 -09495 -09485 -0.9544 -0.9532
14 8| 350869 00000 349970  29.9461 -0.6692 -08318 -0.8958 -0.9004 -0.9038 -0.9078 —0.9129 -0.9135 -0.9146 -0.9174
13 9| 30,0020 350180 349790 0.0000 -0.7127 -08619 -0.9154 -0.9254 -0.8376 -09521 -09688 -00733 -0.8755 -0.9833
1 10| 00000 00000 00000 100.0000 -06BGT -0.7814 -0.8208 -0.8151 -0.8168 -0.8192 -0.8188 -08213 -0.8213 -0.8250
3 11| 00000 00000 500399 499601 -0.6956 -0.8208 -0.8715 —0.8772 -0.8811 -0.8891 -0.3835 -0.8908 -0.8925 -0.8897
7 12| 00000 500400 0.0000 499600 -0.8831 -08131 -0.9215 -0.9183 -0.8183 -0.9220 -09294 -08333 -0.8391 -0.9450
2 13| 00000 00000 449550 550450 -07368 -08350 -0.8742 -0.8762 -0.8816 -08870 -0.8830 -08924 -0.8929 -0.8938
19 4| 501196 00000 48.8804  0.0000 -0.5617 -0.7865 -0.8823 —0.9058 -0.8380 -0.9556 —0.9605 -09605 -0.9566 -0.9558
11 15| 299581 149391 301778 249251 07655 -08671 -0.9135 -0.9210 -08326 -0.9428 -0.9469 -0.9490 -0.9510 -0.9551
13 16| 300938 349830 0.0000 349232 -0.8212 -08924 -0.9161 -0.9154 -0.9154 -09210 -09329 -09398 -0.0468 -0.9454
17 17| 449840 550350 0.0000 00000 -0.9439 -09793 -0.9915 —0.9842 -0.8854 -0.9964 —1.0171 —1.0269 -1.0367 -1.0367
15 18| 350120 300160 0.0000 349720 -0.8285 -0.8688 -0.8810 —0.8791 -0.8803 -0.8880 -0.3970 -0.9008 -0.9034 -0.9053
18 19| 489301 00000 00000 50.0698 -0.6593 -0.7635 -0.8022 -0.8064 -0.8095 -0.8111 —08163 -08174 -0.8216 -0.8289
20 20| £0.8717 481283 00000 0.0000 -0.8850 -1.0041 -1.0140 —1.0185 -1.0235 -1.0332 -1.0420 -1.0522 -1.0623 -1.0735
5 21| 00000 300000 349600 350400 -0.8145 -08529 -0.8664 -0.8679 -0.8732 -0.8784 -0.8860 -0.8920 -0.8958 -0.9025
37 22| 00000 404118 39.8321  10.9561 -0.9802 -0.8890 -0.9871 -0.9886 -09961 -1.0008 —1.0068 -1.0175 -1.0281 —1.0398 +
< >
For Help, press F1 Value: 100.0000 Size: 53 x 360 R |GU

Dependent variables
3 0 4 concentration values

Independent variables
256 absorbance values

Original variables

Principal Components
(PC)

_)u

X

m

ﬁ

Y

t

h m
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3% | Hochschule Reutlinaen 7~

Building a Calibration Model

Calibration Samples

— How many depends on the samples and the e —
model; more is typically better; can be ~1000-
1000

— Calibration samples should reflect the e
composition and variance expected in test ot -
samples :

Chemical Characterization
— Controls precision and accuracy of calibration

model
Multivariate Analysis Tools

— Translates spectroscopic data into compositional
data

QA/QC
— Calibration checks (well characterized “blind”
samples or standard reference materials)

— Outlier flag(s)
— Measure(s) of uncertainty

- B
=

—ScilSpectroscopyCourseRrnetaech-Republiclune 26272042 I e REROTESENSING #
7 Vo e S ’ﬁ\’d—l\-’
o

i LABORATORIES




Model types

« Fundamental models
(hard models, “global models”)

E = mc? y = Y,e™ U=IR

« Empirical models
(soft models, “local models”)
Taylor expansions (polynomials of different

complexity)

—SeilSpectrescanyCourserme-taech-Renubliclune26272013 - THE REMOTE SENSTNG ‘
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ERapld Sper-A model BUlIdlng & Use

Wet Chemistry

4+

Calibration Model

NIR Spectra

-+

4+

More NIR Spectra

Chemometrics

Calibration
Model

Rapid
Predictions
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Hochschule Reutlmgen

Reutnn&batslstlcs for QA/Ql in NIRS

| Z (Ypred — Yref )
n

RMSEP = qu

Bias =] p?'é?{f — Yref

SEE = .|
’hn—

STD, .
SE pyed
Yref(Max)-Yref (Min)
SEP

SE(chem) = X [SD(i)]
n-1

(MSEP — Bias® )

RFD =

PA=

GAM= SE(chem)
SEP

0< GAM<1

GAM (General Accuracy Measure)

SEC j > (Ypred-Yref)?
n

RMSEP #2 (Ypred-Yref)?
n-1-p

SEP :JZ (Ypred-Yref)? - Bias?
n-1

SEC > RMSEP

RPD > 1.6

R2c > R%p

=d

—Sell Spectroseopy-CotrseBrneLrech Republiclune 26 272013
7 Vo e S ’ﬁvd-n-l
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Sper -Analysis Basic Rules

2 (3) groups

« Calibration Y (max-min) cal = Y(max-min) val
« Validation

« Examination (test)

Two ways:

1) Running a model on the Cal set = applying the model on the
Val set

2) Running a cross calibration modeling on all samples - applying
the model on examination set

H H o Yniilie oy Mo Ta T s ] -
%&*%H%W, N T MUTE SENSTNG
2
_— -

THE RE
LABORATORIES



Analysis can be done by

Using existing statistics software : MATHLAB, SPSS, SAS

Specific software dedicated for Sper — A
* Unscrambler

e Paracuda

—Sell Spectroseopy-CotrseBrneLrech Republiclune 26 272013 I HEREMOTE SERSING
7 N ﬁl‘,ﬁvd—n—l &
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CAMO

The Unscrambler®
A Handy Tool for Doing
Chemometrics




Steps to use Unscrabmer

Excel
I A MO =—
| H ) - s Copy of Loess Diesel [Compatibility Mode] - Microsoft Excel
Home Insert Page Layout Formulas Data Review View
A2 M k| 350
| A B | ¢ | b E F G H | ] K L M
1 Sample No 1 2 3 4 3 ] 7 8 E 10 11 12
2 I_ 350  0.109554 0.1122109 0.1172517 0.1181262 0.1120101  0.114604  0.106207 0.1092466 0.1040154 0.1043194 0.1034673 0.117967
3 351 0.1090609 0,110128 0.1134719 0.1165864 0.1109623 0.1131335 0.1068466 0.1123147 0.,1076239 0.107467 0.1065232 0.1169326 —
4 352 0.1062434 0.1053687 0.1069504  0.111979 0.1076976 0.1078607 0.1064636 0.1123243 0.109267 0.1094098 0.1079751 0.1158651
5 3533 0,1022577 0.1013658 0.1082565 0.1094107 0.1065925 0.1058679 0.109565 0.1095998 0.1072613 0.1069507  0.107226 0.1121172
] 3534 0.09951617 0.1002378 0.1078123 0.1106486 0.1075815 0.1065014 0.1071751 0.1082621 0.1049285 0.1036334 0.1040438 0.1132183
7 335 0.09980478 0.1019405 0.1094334 0.1129633 0.1099951 01087798  0.105702  0.108261 0.1042618 0.1030548 0.1033706 0.1136314
8 356 0.1036036 0.1065044  0.114116 0.1157863 0.113764 0.1125606 0.1066828 0.1096197  0.105774 0.1061384 0.1064434 0.1120332
9 357 0,1002391 0.1055055 0.1078948 0.1096817 0.,1087413 01071391 (0.1025995 0.,102878  0.101429 0.1017569 0.1022199 0.110383
10 358 0.09901481 0.1037362 0.1055611 0.1075457 0.1065086 0.1045678 (0.1059169 0.106537 0.1051087 0.1054841  0.105332 0.1098302
11 339 0.09996973 01022202 0.1062616 0.1082212 0.1063894 0.1043538 0.1125609 0.1152939 01124308 0.1127907 0.1117473  0.,1099293
12 360  0.104174 0.1054184  0.107048 0.10737  0.105803 0.1048319 0.1000905 0.1081196 0.1057354 0.1051454 0.1049735 0.1090584
13 361 0,1055276 0.1063933 0.1065437 0.1067644 01065517 0.1043501 0.1047141 0.1067865 0.1038305 0.1027005 0.1040925 0.1082377
14 362 0.1053406 0.1059467 0.1052187 0.1062122 0.1067414 0.1035937  0.105385 0.1079217 0.1041345 0.102895 0.1047201  0.1085895
15 363  0.1041666 0.1041894 0.1031324 0.1055369 0.1042887 0.1033498 0.1060504 0.1093526 0.1051076 0.1043987 0.1032638 0.1117261
16 364 0.1045722 01061242  0.104199 0.1067486 0.1055908 0.1047046 0.1062513 0.1084737 0.1044657 0.1047438 0.1034429 0.1101902
17 365 0.103628 0.1058873 0.1063197 0.1086868 0.1073913 0.1062005 0.1058%67 0.1073878 0.1041182 0.1052316 0.1040976 0.1086543
18 366 0.10056594 0.1020208 0.1091167 0.1111554 0.1050194 0.1075351 0.10459231  0.106535 0.1045047 0.1061615 0.1050123 0.1081324
19 367 0.1036887 01044917 0.1073315 0.1101712 0.10684 01073166  0.103938 0.1047504 0.10281 0.1039172 0.1036436  0.1063277
20 368 0.1043254 0.1047097 0.1070963 0.1093705 0.1059665 0.1068001 0.10345357 0.1048269 0.1028736 0.1023593 0.102392 0.1067168
21 369 0.1035261 0.1039329 0.1078113 0.108732 0.1061183 0.1063475 0.1034656 0.1058774 0.1038614 0.1016207 0.1015275 0.108526
22 370 0.1047737 0.1068714 0.1075083 0.108235 0.1067264 0.1075412 0.1045362 0.1047622 0.1028275 0.1027881 0.1024373 0.109433
23 371  0.1046701 0.1055754 0.1071625 0.1083571 01071198 0107068 0.1068236 0.1062215 0.1038109 0.1046044 0.1052067 0.1079477
| 372 003RR39 01040094 01070068 01084542 01071388 01061206  0.1082295  (L1081087  0.1050505 01060904 01073137 0.1069357
Wavelength |urse-rrocaech-Republicdune-26-27,2012 #
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3] The Unscrambler @ »—— -

View Results  Help

THE W W R e

Soil S,

Mew_
Mew Design_
Open_

Import

Impaort 3-D

uDI

Print Setup_

System Setup_

1 STS_MEW

2 Copy of 130505 Trays015_015_EntireEgg_oneSheet UNSC
3 femnale_rnale_comect

4 female_comect

Exit

Corl+M

Ctrl+O

Unscrambler Results

Unscrambler Data_

US Data_

Unscrambler ASCIL

Matlzb_

Databaze

JCAMP-DX

Tracker

AP

GRAMSE_

MVYACDF_

CLASS-PA & SpectrOn_
Indico_

BFF3_

OPUS_

User Defined Import {UDL)_

Ctrd+U

US Data_

Unscrambler ASCIT

Matlab_

Dstabase

JCAMP-D_

Tracker_

ARC

GRAMS_

MVACDF_

CLASS-PA & SpectrOn_

Indico_

AFEX




The data not for calculation : Wavelengths, sample number (if exists in Excel)

Select the correct sheet in the Excel
open file!!!

| ——— \ / 23 |

ShE%EZ | oK I

¥ Firzt column iz zample namez W First i iz varisble names Cancel
Fange names: Sheet range: Rowsz Columns Help

[ata: £LSEl ranges 1= BZ:Bv2152 5] 75

B [aseranges v | [p242152 2151 1

\fariabl

[Ea,;:imﬁg??meg LUSEr ranges = | |[B1:EY1 1 /b
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The Excel data in Unscrambler environment

| Copy of Loess Diesel
1 2 3 4 5 6 7 8 g 10 11 12 13 14 15 16
1 2 3 4 a5 B T 8 8 10 1 12 13 14 15 16
350 1 0.1006] 01122 01173 01181 01120 01146 01062 0.1082 01040 01043 071035 04180 01164 0.1103 01184 0.1195
351 2 01091 01101 0135 01166 01110 01131 01068 01123 01076 01075 01065 01169 01157 01099 0.1127 0.1131
352 3 01062 0.1054 0.1070 01120 01077 01079 01065 0123 01093 01094 01080 04159 01153 0.1105 01088 0.1076
353 4 01023 01014 01083 01094 01066 01059 01096 0.1096 01073 01070 01072 04121 01121 01073 01132 01112
354 5 | 9.9516e—02 0.1002 0.107% 01106 0.1076 01065 01072 01083 0.1049 01036 01040 01132 01142 01100 0.1148 01144
355 6 | 0.9805e—02 0.1019 0.1094 01130 01100 01088 0.1057 01083 0.1043 01031 01034 01136 01147 01113 01137 01141
356 7 01036 01065 04141 01158 01138 01126 01067 0.1096 01058 01061 0.1064 04120 04119 01092 01098 0.1095
357 8 01002 01055 0.1079 01097 01087 0071 01026 0.1029 01014 01018 071022 01104 01095 01048 01099 0.1081
358 s | 9.9015e-02 0.1037 0.1056 01075 0.1065 01046 0.1059 01065 0.1051 01055 0.1053 0.1098 01087 0.1037 01086 0.1075
359 10 | 9.9970e-02 0.1022 01063 0.1082 0.1064 01044 01126 01153 01124 01128 01117 01099 0.1089 01050 0.1070 0.1077
360 1 01042 0.1054 01070 01074 01058 01049 01061 0.1081 01057 0.1051 0.1050 0.1091 01082 0.1064 01097 0.1106
361 12 0.1055 0.1064 0.1065 01068 01066 0.1044 01047 0.1068 01038 01027 01041 01082 01081 01055 01106 0.1105
362 12 0.1053 01059 0.1052 01062 01067 01036 0.1054 0.1079 01041 01029 01047 01086 01085 01052 0.1107 0.1100
363 14 01042 01042 01031 01055 01043 01033 01061 0.1094 01051 01044 071033 01117 01097 01082 0.1110 01115
364 15 0.1046 01061 0.1042 01067 01056 0.1047 01063 0.1085 0.1045 01047 01034 04102 01093 01061 01096 0.1085
365 16 01036 01059 0.1063 01087 01074 01062 01059 0.1074 01041 01052 01041 01087 01089 0.1051 0.1090 0.1075
ARR 17 nAnneA N An3n n-ana4 n 4149 M Anan nAnN7R n-ando nAAnNrRR nAndR nANRZ N AnRM n-ana4 nAanao nAAnrR2 n-Anag nAa41nn
The yellow column and raw are NOT for calculation!
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Preparing Unscramble data for processing:

Unscrambler Exce
%mm bler - Copy of Loess Diesel &
-
T - view  Plet [ Modify | Task Result=  Window Help
FIIEJ | Compute General I | | rﬂl | f;cl J |
C Transform 3 srnoothing L ]
Sort Samples_ Mormalize
[ af Loess Diesel Sort Samples by Sets Spectroscopic_
B Sort Vansbles by Sets MSCEMSIC_ 7
[ Shift Wariables_ Moise 7
1 3 804cE
| = Reverse Sample Order Derivatives » 6 01
i =3 Rewverse Wariable Order Baseline 1 0.1
S a i ShV_ g 0.1
i P =g = LSS 9 0.1
i & Swap Samples & Vanabiles » Center and scale 5 0.
i rd Toggle 3-D Layouts Ctrl+ 3 Reduce {Average) a3 0.1
3¢t
E 2 Undo Crl+Z Trans f E:II
| — 9 .
3! 10 Redo Corl+ ¥ User-defined_ 6 01
i 1 R 01082 01064 01044 0.~
i 12 cEETE 01074 01058 0.1049 0.1
% 13 Layout B 0.1068 0.1066 0.1044 0.1
U
E 14 Ecit CtrieE 01062 01067 010326 0.1
— 15 010585 01043 01033 0
3' Az m-Eandes m-ane=-4 m “Aand mn -Ane—= mn-AanrFe m AndA—= mn -

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013
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Unscramble Transposed

D& » =@ S|& & (%2

HE X B Bl A B =]

Chemi

boflizlse | ]l @

350 351 352 353 354 355 356 57 358
1 2 3 4 5 6 T a 9
1 1 0.1096] 01091 01062 01023 99516e—02 9.9305e-02 010326 01002 99015
2 2 012z 01101 01054 01014 01002 01019 01065 01085 0.
3 3 0173 01135 01070 01083 01073 01094 01144 010749 0.
4 4 01181 01166 01120 01094 01106 01130 01158 01097 0.
5 5 01120 01110 0077 01066 01076 0.1100 01138 01087 0.
a] & 01146 011231 010749 01059 01065 01088 01126 01071 0.
I 7 01062 01063 01065 01096 01072 01057 01067 01026 0.
g 8 01092 0123 0123 01096 01083 01083 01096 01029 0.
g9 E:| 0.1040 01076 01093 01073 0.1049 01043 01058 01014 0.
10 10 01043 01075 01094 01070 01036 01031 01081 01018 0.
1 2 01035 01065 01080 0072 0.1040 01034 01064 0022 0.
12 12 01180 01169 01159 01121 01132 01136 01120 01104 0.
13 12 01164 0.1ME7 011532 01121 01142 01147 01119 01095 0.
14 14 01103 01099 01105 01073 01100 01113 01092 01048 0.
15 15 01184 027 01088 0132 01148 0137 01093 01099 0.
16 16 01195 01131 01078 02 01144 01141 01095 0.1081 0.
17 17 01156 01093 01050 01109 01120 01097 01042 01038 0.
I

Séﬂ{ Eﬂgtfdﬁm\bféprse , Brno Czech Republic June 26-27,2013
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Copy chemistry from Excel

TPH 350 351 352 353 354 355 356 357
1 2 3 4 5 & T a8 =]
1 65.569 01096 01091 01062 01023 9.9516e—02 9.9305e—02 01038 01002 9.
2 132774 01122 0110 01054 01014 01002 01019 0.1065 0.1055
3 267.184 01173 01135 01070 01082 01078 01094 0.1141 01078
4 401.594 01181 01166 01120 0.1094 01106 01130 01158 01097
5 536.004 01120 0110 0077 0.1066 01076 01100 01138 01087
[ 670.414 01146 01131 010749 0.1059 01065 01088 01126 0.1071
7 804,824 01062 01068 0.1065 0.1096 01072 0.1057 0.1067 0.1026
8 939234 01092 01123 01123 0.1096 0.1083 01083 01096 0.1029
9 || 1.0736e+0 0.1040 01078 01093 01073 01049 01043 01058 01014
10| | 1.2081e+0 01043 01075 01094 01070 01036 01031 0.1081 01018
|| 1.3425e+0 01035 0.1065 0.1080 01072 01040 01034 01064 01022
12| | 1.4769e+0 01180 01169 0.1159 01121 01132 01136 01120 01104
12| | 1.6113e+0 01164 01157 01153 01121 01142 01147 01119 0.1095
14| | 1.7457e+0 01103 01099 01105 01073 0.1100 0113 01092 01048
15(| 1.8801e+0 01184 01127 01088 01132 01148 01137 01098 0.1098
16| | 2.0145e+0 0.1195 01131 01078 DNz 01144 01144 01095 0.1081
17| | 2.1489e+0 0.1156 01093 01050 01109 01120 01097 01042 01036
18| | 2.2833e+0 01186 0127 01085 01130 0.1140 01121 01075 0.1049
19| 2.4177e+0 01187 0 01156 01132 01130 01126 01115 01125
20| | 2.5522e+0 01163 01149 01129 01084 01097 01096 01063 0.1086
21| | 2.6866e+0 01183 01194 01201 01164 01169 01158 0116 01139
22| | 2.8210e+0 0.1195 01195 01184 01137 01145 01146 01124 01130
22| 2.9554e+0 01197 01207 01197 0.1144 01150 01146 0111 01111
24 0.1094 9.853%-02 9.9847Ve-02

3.0898e+0

01035

01067

01020 9.7332e-02 9.6085e-02

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013
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H The Unscrambler - Copy of Loess Diesel &

File Edit ‘View Plot Modify | Task | Resulis  Window  Help

i D Iil'qI E l};':' E ) Sraticn
3 . - Clustering—
PCA
Copy of Loess Diesel
MCR_
1
1 Regression..
35[] 1 EEE REP’DW-'-E Surface__
= 2 0.1 Analysis of Effects_
352 3 01
353 4 01 Classify—
354 = 0.1 Predict
355 [ 99516 -
3‘55 T EQBDEE User-defined Arnanysis

If one attribute is needed (PLS) /

If two or more attribute are used
simultaneously (PLS)

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013

Spectra chemistry

-—— 7
/

|

Ny

Ot of Calculation:
| Select

yémples 27511 ~]
Keep

Frozen Calibration Samples:
| Select...

—Walidation Method
¥ |Leverage Comection

4|8

™ Cross Validation Setup...
I Uncertainty test. -~ PCs |

" Test Set Setup...
Model Size: IF”" vI Mum PCs: [20 3:

¥ Center Data

!

[~ Add Start Moise
[V lssue Wamings Waming Limits...

Mahud:ﬂﬁ'\nm O PLS2 r‘ﬂ:ﬂ " MLR ok |
\Y ¥
jﬁs |X—*u' bles I Y-varables I ﬂl
Sample &t Help
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Regression

Method: & PLS1 (" PLS2 ¢ PCR { MLR

oK

Samplesl ¥warables Y-varables I

Wariable Set:

|<New Set 1= [‘I]j Define... |

Keep Out of Calculation:

| Select...
Weights

(ﬁﬁu 10 Weights... |

— Walidation Method

™ Leverage Comection
¥ Cross Validation

[™ Uncertainty test:
" Test Set

o _I Setup... |

Setup... |

Model Size: IFuII 'I Mum PCs: |5 5:
v Center Data
Waming Limits... |

[ Add Stat MNoise
[ lzzue Wamings

Cancel

i

Help

356 357 358 359 360 361 36
8 ] 10 b 12 12 14
0.1036 01002 59015e—02 9.9970e-02 01042 0.1055 ]
0.1065 0.1055 01037 01022 0.1054 0.1064 0
|- 04444 4070 0 A0&R 04A0E3 04070 [ A0RE 0
Set Editor
il | There are bwo categories of sets for each vector arientation [zamples/variables).
The predefined zetz are maintained automatically by the program and can nat be
modified or removed by the user. The uzerdefined zetz, however, can be freely
I maripulated.
Show sets of type: ILlserdefined ;I I‘u’arial:ule Sets LI
i KEE | Data Type | Size | | nkeryval Add...
zpectra Spechra 2181 224152
TFH Mon-zpectra ﬂl
Fropertiez | 0
Q
C
0
0
0
] Cancel Help 0

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013

THE REMOTE SENSING %
LABORATORIES



Set Editor s : . u Change

There are bwo categones of setz for each vector onentation [zamples/vanables).
The predefined sets are maintained automatically by the program and can not be
modified or removed by the user. The userdefined sets, however, can be freely

Help

manipulated.
- '
Show sets of lype: ILlserdefined j I\farial:ule Setg j Mew Variable St - ﬁ
Name| Data T}Ipe| Size| Interval | Add... — General a7
A Mame: |_I
EMOYE |
Cancel |
: Drata type:
Properties | |

— Interval [valid/ange iz 1 through 2151]

|1-2151 g Select... |

— Special intervals
Al variables

" Selected vaniables in the currently active E ditar

ok Cancel Help " Every |2 3: wariables, counting fram |1 3:
T |pdate |

— Interaction and square effects

Select... |

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013 W e REMOTE SENSING %
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Set Editor

manipulated.

Show zetz of type:

Uzerdefined [

There are two categories of getz for each vector onientation [samplesvariables).
The predefined sets are maintained automatically by the program and can not be
modified or removed by the uzer. The uzerdefined sets, however, can be freely

I"u-"arial:ule Setz

-]

M ame

Spectra lnfo Spectra

2151 1-2151

o]

Cancel

Data Tepe | Size | Interval Add... |

Remove |
Froperties |

Help

ez
— General
k.
Mame: |5|:nec:tra Infa |

Data type: I Spectra

e ———

-]

7/

— Interval [valid range iz 1K

ugh 2152)

|2-2152

N_

Select... |

y~Singcial interyale—
&l vanables

" Selected variables in the curently active Editor

" Every IE 3: wanables, counting from |'| 3:

|lpdate |

— Interaction and zquare effects

Select... |

Cancel

Help

dal

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013
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Regression

Method: % PLS1 (C PLS2 ¢ PCR " MLR

oK

Samples |X—variables I Y-varables I

Sample Set:

Ical [SE]j Define... |
Keep Out of Calculation:

| Select...

Frozen Calibration Samples:
| Select...

— Walidation Method

" Leverage Comection
* Cross Validation

[ Uncertainty test:
" Test Set

Setup... |
~PCs |

Setup... |

Model Size: IFuII vI MNum PCs: |5 E:
¥ Certer Data
Waming Limits... |

[T Add Start Noise
¥ lzsue Wamings

Cancel

‘

Help

356 357 358 354 360 361 z
& =1 10 " 12 12
0.1036 01002 99015e-02 9.9970e-02 01042 0.1055
01065 0.10585 0.1037 01022 0.1054 0.1064
01141 010749 01056 01063 01070 01065

Set Editor
There are twio categories of getz for each vector onientation [samplesvariables).
The predefined sets are maintained automatically by the program and can not be
modified or removed by the uzer. The uzerdefined sets, however, can be freely
manipulated.
Show zetz of type: ISampIe Setz ;I
Mame | Data Type | Size | Interval Add...

28 1.357911.13.1517.13. 5

wal hda 38 24681012141 E,1E,2EL22,24,EE,2EL3EI,3,34,3

o]

Cancel

Remove |

i

Froperties

Help

n-1n4dr nAnR?

nannn 9 RPMMe=nN%? Q9 RANTa-N2

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013

-

: THE REMOTE SENSING %
= LABORATORIES



-

Regression g
Method: & PLS1 ¢ PLS2 " PCR ¢ MLR QK I
Samples |X—*~rariables I ‘f-variables I ﬂl
Sample Set: 122
Ical [38] ~|  Define... |

| |
Keep Out of Calculation: i
| Select... i
Frozen Calibration Samples: N

| | .

Select...
— Walidation Method

" Leverage Comection
% Cross Validation Setup... |

¥ Uncertainty test: Opt #PCs .|

™ Test Set Setup... |
Model Size: IF”” vI MNum PCs: |5 3:

v Center Data
[T Add Start Noise

V¥ lssue Wamings Waming Limits... |

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013 W 4 REMOTE SENSING %
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350 351 352 253 354 355 356 57 353 359 360

2 2 4 5 B ri 2 9 10 1" 12

0.1096 0.1091 0.1062 0.1023 9.9516e—02 9.9305e—02 0.1036 0.1002 9.9015e—02 9.9970e—02 0.1042
0.1122 0.1101 0.1054 0.1014 __0.1002 0.1019 0.1065 0.1055 0.1037 0.1022 0.1054
0.1173 0.1125 0.1070 0.1083 | pLs1 Regression Progress 1056 0.1063 0.1070
0.1181 0.1166 0.1120 0.1094 1075 0.1082 0.1074
0.1120 0.1110 0.1077 0.1066 D.ata table: Logss Diesel (5] 1065 0.1064 0.1058
0.1146 0.1131 0.1079 0.1059 o 1046 0.1044 0.1049
0.1062 0.1068 0.1065 0.1096 | | = Wam aldation Variance 1059 0.1126 0.1061
0.1092 0.1123 0.1123 0.1096 0 2 150el7 I 1065 0.1153 0.1081
0.1040 0.1076 0.1002 0.1073 12 315 ggg:gg 1051 0.1124 0.1057
0.1043 0.1075 0.1094 0.1070 3 B4 1EoeeE 1055 0.1128 0.1051
0.1025 0.1065 0.1080 0.1072 4 20 E8dess 1052 0.1117 0.1050
0.1180 0.1169 0.1159 0.1121 E 98 4905 1098 0.1099 0.1091
0.1164 0.1157 0.1153 0.1121 1087 0.1089 0.1082
0.1103 0.1099 0.1105 0.1073 1037 0.1050 0.1064
0.1184 0.1127 0.1088 0.1122 1086 0.1070 0.1097
0.1195 0.1121 0.1076 0.1112 - 1075 0.1077 0.1106
01156 01083 01050 01104 [5] The calculation completed successfully, 1044 01061 01070
0.1186 0.1127 0.1085 0.1130 1060 0.1094 0.1095
0.1187 0.1172 0.1156 0.1122 1122 0.1124 0.1116
0.1163 0.1149 0.1129 0.1084 1090 0.1082 0.1091
0.1183 0.1194 0.1201 0.1164 1148 0.1145 0.1123
0.1195 0.1195 0.1184 0.1137 1128 0.1122 0.1126
0.1197 0.1207 0.1197 0.1144 . . . . 0.1116 0.1124 0.1125
n-nNik naAncYy n<anad nNAN2nN O7272a_N7 OQRN2REa_NT QO 2RA0a_NT? O O2ATa_N7 n-AnN2E n-<aneEo n4ans2
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1 152 353 354 355 156 357 358 359 360
4 a5 B T a2 a9 10 " 12
1091 0.1062 0.1023 9.9516e—02 9.9805e—02 0.1036 0.1002 9.9015e—02 9.9970e—02 0.1042
11101 0.1054 0.1014 0.1002 0.1019 0.1065 0.1055 0.1037 0.1022 0.1054
11135 0.1070 0.1083 0.1078 0.1094 0.1141 0.1079 0.1056 0.1063 0.1070
11166 0.1120 0.1094 0.1106 0.1130 0.1158 0.1097 0.1075 0.1082 0.1074
11110 0.1077 0.1066 0.1076 0.1100 0.1138 0.1087 0.1065 0.1064 0.1058
11131 0.1079 0.1059 0.1065 0.1088 0.1126 0.1071 0.1046 0.1044 0.1049
1068 0.1065 0.1096 0.1072 o ) -
| Prediction
11123 0.1123 0.1096 0.1083 0. - o —
1076 0.1093 0.1073 0.1049 0.
1075 0.1094 0.1070 0.1036 04| Samples | Xwvaniables | Yreference | Pretreat Vars |
1065 0.1080 0.1072 0.1040 04| Sample Set o
11169 0.1159 0.1121 0.1132 0. — 4|
1 CaL Define...
11157 0.1153 0.1121 0.1142 0. —l
1099 0.1105 0.1073 0.1100 04| Keep Out of Calculation:
11127 0.1083 0.1132 0.1148 0. [ Select
11134 0.1076 0.1112 0.1144 0.
1093 0.1050 0.1109 0.1120 0ol
11127 0.1085 0.1130 0.1140 0q
11172 0.1156 0.1132 0.1130 0| | Model Name:  [TPHCAL | _rnd.. | ]
Mumber of Components: |5 3:

Variance...

Mumber of Pretreatments: EI
Pretreat ... |

Waming Limits... |

[ lzsue Wamings

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013
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* 350 3 352 353 354 355 356 357 358 359 360 361 -
1 2 3 4 5 3 7 [ 9 10 1 12 12
1 55,5697 01096 01081 0.1062 01023 9.9516e-02 9.9805e-02 0.1036 01002 9.9015e-02 9.9970e-02 0.1042
2] 1327743 0.1122 0.1101 0.1054 01014 0.1002 0.1019 0.1065 0.1055 0.1037 01022 0.1054
3
4
Predicted ¥
Bl 18000 ] T
5 ] - -
7 1 : : ===
W00 — | o o ===== ..............
k] | . . . = .
p 1 : - == '
] : =
J . =
e T O e e ey === ........................................... :
i b . — . .
1 = " .
12 ; — = = ;
4 ] (= ' '
Samples
14 T T T T T T T T T
0 5 10 15 20 15 30 35 40
1
—ﬁ Predicted with Deviation
11| sample| predicted | Deviation i
% “ 00462 434 555 E
19 |« 878.199 §25.050
“ 596263 440.052
915435 426788
_589e+03 §10.382
787546 §80.117
911 229 519.392
_108e+03 463.972
_550e+03 569_586
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e Edit fiew (JPlot  Task  Resufts  Window Help
D|=|d| 4[]8 S|k & 2% Bl=w]o] mle (s 2@ [ =
a5 R B B =)
[ Prediction
g | Loess Diesel (6)
* 350 Predicted l Hegidua|5_,-"|_eue|age l 356 387
1 2 8 a9
* 1 55.5693) 01096 0.1036 01
oK
* 2 1327743 01122 _ 01065 01
: 2 RESULTS ﬂ
4 Predicted ¥ Help
= 5 15000 — - . ... ..
* g ]
® 7 ]
" g | 10000 - |
* 2 i Flot .
- L T (%" Predicted with Devistion e =f
* 11 ] ~ :
* 12 -
- 13 o ] —1—I—1
v Include Table
* 14 d III]
% 15 - - — E Y-variable -
- 10 Predicted willh Devialion
. n = [ -
| Sample| Predicted Dewvil J
* 18 - &d0.482 43
" ol = 273 133 <ol Components
F " cac ze3 24 Suggested no. of components is &
Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013 W T REMOTE SENSING “’%‘7
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View Plot  Modify

s g 2w B0 x|= 4 bl A 2 o)

Task Results  Window  Help

. 350 351 352 353 354 355 356

1 2 3 4 5 B T 8
: 1 65.5693 0.1096 — s | 1036
. 2| 1327743 0.1122 1065
. 3| 267.1843 0.1173 1141
- 4| 4015943 0.1181 Samples | Xvariables | Y+eference ]IPretreat Vars | 1158
. 5| 5360043 0.1120 1138
: 8| 6704143 0.1146 '”“'”de Vrsference _ Caned | 1126
. 7| 8048243 0.1062 Variable Set: Help 1067
: 8| 9392343 0.1092 [TPH M~| Defne. | 1096
: 9| 1.0736e+03 0.1040 1058
. 10| 1.2081e+03 0.1043 1061
. 1| 1.3425e+03 0.1035 ' 1064
* 12 +
s o | e
- 14| 17457e+03 0.1103 Number of Componerts:  [5 == 1092
. 15| 1.8801e+03 0.1184 1098
. 16| 2.0145¢+03 0.1195 Number of Fretreatments: 1095
: 17| 2.1489e+03 0.1156 1042
* +
——fmemen om fo e | &
. 20| 25522e+03 0.1163
: 21| 2.6866e+03 0.1183
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) . . — : - 5
7 : : : Prediction Lﬂ

(4]

= | """"""""" """"""""" """"""" Predicted Hesidualstevemge] i ' """ :
: |

7 Cancel
00— [ g g | —— |[f

i Help

l] —
T T T T P

0 ] 10 15 {~ Predicted with Devition EX
- ==

(% Predicted vz Reference

Predicted with Deviation

ple| Predicted Deviation | Reference ¥ Include Table
443 644 722763 | 132.774
332550 5325301 401534 Y-varizhle
1.7672+03 939320 | 670.414 f = j
736.343 754430 | 939234
B12.623 B18.525 | 1.208e+03
1.360et03 | 762.986 | 1.477e+03 Componerts
1.1152403 §17.437 | 1.748e+03 Sugaested no. of components is 5
2.6032403 934139 | 2.015e+03 3
2.8782+03 346406 | 2.283e+03 ’ ’
2.6792+03 £43.869 | 2.557e+03
7 CRGadn? TET LEL T RET a4nT
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Save the model and Close the Cal results,
go to predict

G Edn View Plot  Modify Resuits  Window Help

D|{e| |

]| Loess Diesel {5)

Statistics
Clustering—

MCR_

Regression_

Soil Spectrustupy wuurse,

| || 4] B A & ol

LABORATORIES

Response Surfece. 352 353 354 3585 356 357

Analysis of Effects_ 4 5 5 ’ 8 2
* 1 f 11 01062 01023 99516e—02 9.9305e-02 0.1036 0.
* 2 1] Classify_ 11 0.1054 01014 0.1002 0.10149 0.1065 0.
. 3 I 5 01070 01083 01078 01094 01141 0.
* 4 41 il 0.1120 0.1094 01106 0.1130 0.1158 0.
* 5 5] User-defined Analysis 0 01077 0.1066 01076 0.1100 01138 0.
* 6 A O 0 B b I | M Y 0.1079 0.1059 0.1065 0.1088 01126 0.
* 7 804.8243 01062 01068 0.1065 0.1096 0.1072 0.1057 01067 0.
* 2 939.2343 01082 01123 01123 0.1096 0.1083 0.1083 0.1096 0.
* 9| 1.0736e+03 0.1040 01076 0.1093 01073 010449 0.1043 0.1058 0.
* 10| 1.2081e+03 0.1043 0.1075 0.1094 0.1070 0.1036 0.1031 0.1061 0.
* M| 1.3425e+03 0.1035 0.1065 0.1080 01072 0.1040 0.1034 0.1064 0.
* 12| 1.4769e+03 01130 011649 011548 01121 01132 0.1136 01120 0.
* 12| 1.6113e+03 01164 01157 01153 01121 01142 01147 01119 0.
* 14| 1.7457e+03 01103 0.1089 0.1105 01073 01100 01113 0.1092 0.
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- 350 351 352 353 354 355 356 357 358 359 360 361
1 2 2 4 5 L] T 2 ] 10 bl 12 12 D_
55.5603] 0.1096 0.1091 0.1062 01023 9.9516e—02 9.9305e—02 | n.mﬁmmamml”‘_‘m -- e -
1327742 0.1122 0.1 presiction - b | =il - _—
267.1843 0.1173 0.11 — — _ || Lookin | BREND M gl
401.5943 0.1181 0.1 i —
536.0043 0.1120 0.41]| SamPles | Xvariables | Yreference | Pretreat Vars | ok | |f ":E'L“e — I ;T”f - [ Creator | ;";?3'?3313915
. NewW [lder = Tolder X
670.4143 0.1146 Sample Set: Cancel | 1| | resULTT Unss PLST Mer..  GU BA4/2013 G471 .
8048243 01062 [vaL 8 +|  Defne. | o I | (i) TPH-caL UnscPLSTMer. GU  5/1B/2013922 .
939.2342 0.1092 P b
0736e+03 0.1040 || Keep Out of Calculation: Ul
2081e+03 0.1043 | Select... | i
3425e+03 0.1035 i i
4760e+03 0.1180 " 1 .
1136403 01164 || Filerame: |TPH-CAL Select |
Model Name: | | Find... |
7457e+03 0.1103 U '} | Madels of type: |4l | Cancel |
8801e+03 0.1184 Number of Components: = _ L ,
0145e+03 0.1195 S I:I m §| [ Mine only
1439e+03 0. 1156 Fretreat. .. | H
2833e+03 0.1186 1
47703 0.1187 I Issue Warnings W/ aming Limits... | 1 Infarmation: Brirt |
BEL.51 -

(4

Besult Mame: TPH-CAL -
Directory: C:-AE¥AL)DRIVEE'COURSE\BEREND" “Warmings |
Creator: Guest

Date: 5/1€/2013 9:22 MM

Software Version: w3.7

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013

-
"y
[
—

THE REMOTE SENSING
LABORATORIES



e Edt View Pot Task Resuls Window Help

e

e e e 3 . e o

0 Predicted ¥
| Elements: 3w : : : : :
Slope: 0971537 - '
Toffset  162.3431 S IR
7 Correlation: 0.985666 35
1 R-Gquare: 0971537 | , : : | ©
00 — RMSEP: G032 |- RERTTSTRTPRRPRRRRES RECEERRREECERTRREERy RSRRERTY | RERERRRERRRRREREEE A
1 SEP: £40.5356 . . | IR
| Bias:  -0.001668 : :
1 : © 21 9
0 | CHR AN :
] - :‘1'5”.1'9211 .
il ¢ U TS T
I g Y 10 '
1 © 3 |
1 - I g5 d ?
I] —
Y Re

' ' ' T T ' T
0 2000 4000

T
6000

T
8000

1
10000 12000

rarirtar with Navistinn

Soil Spectroscopy Course , Brno Czech Republic June 26-27,2013

1

THE REMOTE SENSING
LABORATORIES



PLSR results with 5PC

m File Edit “iew Plot Task Results Window Help
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Hochschule Reutlingen é/
Reutlingen Univgssi

Preprocessing
Raw reflectance (R) - Manipulated data (M)

(Then running statistical method to perform a model )

Manipulation is any mathematical analysis done on the data base equally
(every spectrum treated the same)

Some used examples:

1) Noise reduction (moving average)

2) CR (Continuum Removal)

3) Derivatives (first, second)

4) R - log (1/R)

5) Data reduction (from n wavelength number to n/m number (m >n)
6) Kubelka Munk
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Hochschule Reutlingen é
Reutlingen University

| 188

As Sper-A is an Empirical Approach there is no way to
know which manipulation will lead the best performance

It is possible that more than one mathematical calculation will be used.

Some common Multiple Combinations:

1) Smoothing-> log(1/R) = Derivative - CR
2) log (1/R) = smoothing - CR-> derivative
3) Smoothing—> reduction - Derivative

It is almost impossible to run all preprocessing with all
data mining algorithms
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3% | Hochschule Reutlingen é .
P | Reutlingen University

The Solution

A program that will do it automatically
providing only the “best model”
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The Problem:

e Modeling spectroscopy data is a complicated task due to
many preprocessing procedures available.

e An “All options” approach is the best solution for reliable
models, but very difficult to implement to many
reasons:

« Computing Power
No automated software available

Skilled personal

Complicated algorithms

Limited software capabilities
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Paracuda — ==
| T T

The Solution:

e Design a software suite that will include:
« All Preprocessing algorithms.
« All NIRA Statistical approaches.

» Automated processing system to utilize the “All Possibilities”
approach.

« Distributed computing system for rapid model evaluation.

A Simple “One Click” solution
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Paracuda

Paracuda Worker

Dimension
Reduction

v

Data Division
(Train,Val, Test)

v

Preprocess Data

v

Multi-Core Model
Calculations

v

Output Best

Model and
Statistics

Data Management
(Excel Plug-in)

i

Job Generator
based on

“All Possibilities”
Approach

€

|

Paracuda Job
L <
Manager

A
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Paracuda Excel Plug-In
s

MNovospec Ltd. Paracuda v1.1b

\

N@EvEsBIEE

Iterations :

Training Percent :

Validation Percent :

Data Reduction

[ AS Transform
¥ PCA

[ Wavelets

| Random

PreProcessing

| Smoothing

[ Absorbance

[ Continuum Remaoval
| First Derivative

| Second Derivative

| Final Smoothing

ER
En

Advanced |

Hard Set

I D R B

Wavelengths :

Moise Level :

Modeling Methods

| Linear Regressions

[ PLS

| Genetic Algorithms

v Meural Metwarks Advanced

Stop Conditions

Select Best Model by: | RED j
Target R 0

Target RPD: 0

|
|
Indude In Test : |
|

]l

i 5
le:l-d EI SEﬂ:ingS ﬁ Dependent Variables : |
InDependent Variables |
Data Division DataSet Note (Optional) : ‘
. Sample Mames :
Latin HyperCube 100000 e
redi use per set 100

General Settings

Model Settings

Lo d bt lef]e |

Calculate Total Credits

Send Data

Low

Save |
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Paracuda Web-Interface

o Statistical Parameters

provided to the user: e
e Correlation i

o RMSEP
o SEP
e Bias
o SDtY
e RPD

Total models calculated: 1P091000

Feubymil Job Refresh

| Excel Summery File
| Paracuda Matlab File

Model: Model 1 - Somet
D=t Lifrary
| JobID |status| Started | Ended

2D11D331181029-2SACFFS‘ Done |2°11-04-01 ‘2011"34'”1

e | e | Vet |
| RSLMamba | 6119000 | 985 | Online
| RSLSlavel | 3094500 | 605 | Online
| RSLMonster | 3600000 | 437 | Online
| RSLSlave3 | 353000 | 522 | Online
| RSLSlave2 | 11500 | 148 | Offline
| RSLCrow | 5913000 | 515 | Busy

Designed by Novespec | www.Novospec.com © 2010
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12:59:24 || 17:04:34
| Variables | Samples
| 2151 | 82
neurons| PCs Variance || Models Percent
Explained || Tested Complete
[ 2 || & | o9.5459 | 100000 || 100
LHC e -
Sets Training| Validation Test Best R/RPD
[100000 | so | 25 [ 25 ||0.99122/11.4267
| Smoothing | Final Smoothing
| 1 | 1
‘Absorbance cgg:::rgrln ‘Derivative Deriv a:':r -
| 1+ | 1+ ] o || o
Select | Hote
2011-03-31 18:10:29 By gquy@paracuda.com
5]
Loess with Diesel and Extra & Samples from Kerem Shalom
Dedete Hote
M= Mot
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Parcuda : Comercial Solution for non professional users:

1) By credit (how much CPU time you want)

2) Send raw data (Refinance matrix and attributes)

3) Get back the best model with information on:
what manipulation stream yielded the best
model, the model to be used on other data bases,
statistic parameters,

Advantageous: No need to spend hours to find a model, No need to
be professional statistician, No need to learn or purchase
sophisticated software, send and forget.
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