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The use of multivariate analysis in the discipline X: “Chemometrics is the chemical discipline that
N uses mathematics and statistics to design or
Statistical, mathematical or graphical select optimal experimental procedures, to
technique, considers multiple variables provide maximum relevant chemical
simmltaneously information by analyzing chemical data, and to
obtain knowledge about chemical systems”

D. L. Massart

- Biometrics (used in biology)

- Technometrics (used in engineering)
- Psychrometrics (used in phychology)
- Chemometrics (used in chemistry) 3 4
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Meeting point of various disciplines

Computing Biology

o Engineering
Statistics Analytical

chemistry,

Theoretical
and physical
chemistry
Organic
chemistry

Chemometrics
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Use of mathematical and statistical methods for
selecting optimal experiments

Statistical experimental design

Design of Experiments (DoE)...

Extracting maximum amount of information when
analysing multivariate (chemical) data

Classification

Process monitoring,

Multivariate calibration...

Wallonie

The scientific world today

e The data flood generated by modern analytical s /4 gz
instrumentation produces large quantity of numbers

to understand and quantify phenomenons around us.

» The evolution of personal computers allows faster
acquisition, processing and interpretation of chemical

data.

* A deeper understanding of those methods and tools
@ for viewing all data simultaneously are needed.

« Every scientist uses software related to mathematical
methods or to processing of knowledge.
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CHEMOMETRICS

Analytical

Analytical
method

Analytical

request answer

Useful at any point in an analysis, from the first

conception of an experiment until the data is
discarded.
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ICHEMOMETRICS - APPLICATIONS
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Huge growth area in past 15 years
Linear algebra is the language of Chemometrics. One cannot expect
to truly understand most chemometric techniques without a basic

« Process Control and analysis understanding of linear algebra (Wise and Gallagher, 1998)
¢ Food and feed analysis . .
+ Biology — metabolomics etc Matrix and vector operations

¢ Environmental monitoring
¢ Analytical Chemistry
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INGHENOMETRICS - DEFINITIONS [ INNGHENOMETRICS - DEFINITIONS
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- Samples are referred to as OBJECTS

- Measurement results (e.g. concentration, absorbances, ...) are referred
to as VARIABLES

-A data table of K variables and M objects is referred to as a DATA
MATRIX OF SIZE MxK X

K variables

Variables

X

M objects - observations IfX has 3 I‘OWS. and 5 columns /\/\/

3 x 5 data matrix i~ /

CHEMOMETRICS: a4/
Extract meaningful information about the objects and the 11

variables from data matrices e e P

{
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In summary...
K variables X Xy e xlp
X _ Xy Xyp e Xy,
M objects xnl X, n2 X, np
'
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‘,/ Data Exploration
Pattern Recognition ‘ y ’ Model construction
- o
Visualization Model building

) 3 »

‘/ l New data ' \\\
" 5 4
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Validation " i
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» Sampling, selection of objects and variables
» Clustering
» Multivariate regressions, calibrations and predictions
» Neural Networks
» Validation
» Graphical display and outlier detection
14

Source: Chemometrics — Introduction - Jens C. Frisvad

I sAmPLE SELECTION A
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INCLUDE IN THE CALIBRATION SET ALL THE FACTORS OF VARIATION:

Measurement factors:
- room temperature
- operator
- instrument setup

Population sources of variation:
- origins of samples
- processes
- varieties
- storage conditions
- sample preparations (t°, particle size) !0
- residual moisture
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[l is a matril ln'm containin//t[ e reference [aues

_is a matril'n:p containin[Jt[ e spectra (INI'/[MI[I[]
Raman,...)

"is a matri[Jp[m containint[e re[ression coeficients

E is a matriT'nim eplaininfor t"e molelerror’]



Principal Component

Unsupervised
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Cluster Analysis

Multiple Linear Regression (MLR)

Principal Component Regression (PCR)

Principal Component

Regression

Partial Least Squares (PLS)

Multivariate analysis

Cluster Analysis

Multiple Linear

sion (MLR)

Artificial Neural Networks (ANN)

Supervised

Principal Component Regression (PCR)
LS—Support Vector Machines (LS-SVM) EatiallteglarEsiRls)
o Artificial Neural Networks (ANN)
Local techniques
LS—-Support Vector Machines (LS-SVM|
D

PLS-Discriminant Analysis (PLS-DA)

Discrimination

iscriminant Analysis (PLS-DA)

SIMCA

SIMCA

K-Nearest Neighbours (k-NN)

K-Nearest Neighbours (k-NN)

Support Vector Machines (SVM)

Support Vector Machines (SVM)

Principal Component
Analysis (PCA)
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Principal Component

r Analysis

Multiple Linear Regression (MLR)

Principal Component Regression (PCR)

Partial Least Squares (PLS)

Regression
Multivariate analysis =

hes agronomiqueg

Partial Least Squares (PLS)

Artificial Neural Networks (ANN)

Multivariate analysis
Artificial Neural Networks (ANN)

LS-Support Vector Machines (LS-SVM)

Ls-Support Vector Machines (LS-SVM)

Localtechniques

Local techniques

PLS-Discriminant Analysis (PLS-DA)

PLS-Discriminant Analysis (PLS-DA)

SIMCA

K-Nearest Neighbours (k-NN)

Support Vector Machines (SVM)
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SRR RS NERRE Software for Us with NearInfrared Reflectance Instruments s
g Type Company Address Contact Information g
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o Sesame BrantLuebbe Buffalo Grove, IL, USA.  847/520-0855 (fax) 2
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é AnaTee Buhler Corporation Uzwil, Switzerland +4171955 3356 (fax) o
o Delight Bubler Corporation Minneapolis, MN, US.A. ~ 612/540-9246 (fax); www buhlerusa.com -
Sl © D Development LaGrande, OR, US.A. mayesd@dsquared-dey.com -
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[RRRRRNIN ° Unscrambler CAMO Corvallis, OR, US.A. S417757-1402 (phone); www.camo com °
) ) < Unscrambler CAMO AB Trondheim, Norway HIT3 514257 () B
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I EXAMPLE: CEREALS - IMPURITIES 1 | INITEXAMPLE: NUTS AND DRIED FRUITS o
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SVM discrimination models
‘NIR hyperspectral imaging sp py and ch ics for the de ion of undesirable substances in food and ‘E[ 36

feed’J.A. Ferndandez Pierna, Ph. Vermeulen, O. Amand, A. Tossens, P. Dardenne and V. Baeten. Special issue
Chemometrics and Intelligent Laboratory Systems 117 (2012) 233-239
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Figure 4. FT-MIR Spectra of the unsaponifiable matter of the test samples: classification of genuine olive i (@) and hazeinut ol (1) and their mixtures
[»10% (C3) and <10% (a )] by SLDA. Genuine edible oils are delimited by ellipses of confidence at o« — 0.90.
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#011R? = 011 1
7 Latent Varisbles
RMSEC = 1.9903
RMSECV = 2 3633 .
RMSEP = 2 5743
Calibration Bias = 17764e-014 [}
CV Bias = 0022318

-0.15463
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Fig. 3. Scatter plot of the actual Peroxide Value (IP) and predicted IP for calibration
(cirele) and validation (triangle) sets.
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hiperspectral imal in! Ispectroscop' and chemometrics for the detection of undesiral le sul stances in food and

feed’J.A. Fernandez Pierna, Ph. Vermeulen, O. Amand, A. Tossens, P. Dardenne and V. Baeten. Special issue

Chemometrics and Intelligent Laboratory Systems 117 (2012) 233-239
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o) originsl image 5) without comveyor belt cjwithout cercospora spots
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Feed (28676x700)

Ash, Fat, Fibre, Starch, Protein
Feed Ingredients ---------===memmmmmemmnene (26652x700)
Ash, Fat, Fibre, Protein

Fresh Silag (1035x700)

Dry Matter, Fibre, Protein

Soils (1625x700)

CEC, COT_SK, N_Kj

Pre-processing: SNV + detrend + First derivative
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Multivariate regression method comparison:
PLS, ANN and LS-SVM

Analytica Chimica Acta 705 (2011)30-34

Contents lists available at ScienceDirect

Analytica Chimica Acta

ELSEVIER journal homepage: www.elsevier.com/locate/aca

Comparison of various chemometric approaches for large near infrared
spectroscopic data of feed and feed products

J.A. Ferndndez Pierna®*, B. Lecler?, |.P. Conzen®, A. Niemoeller®, V. Baeten?, P. Dardenne?
W), 04 2 2

5030 Gembloux Belgium
. NIR& Process Technology, Rude Eti

m
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A ‘Calibration Transfer from Dispersive Instruments to Handheld Spectrometers’, J.A. Fernandez A

Pierna, P. Vermeulen, B. Lecler, V. Baeten, P. Dardenne. Applied Spectroscopy 64 (6) (2010)
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Vibrational spectroscopy and Chemometrics
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Vibrational Spectroscopy

NIR/MIR/RAMAN
Theory and applications, experimental/sample plan

NIR py/Hyp limaing fembedded NIR /|
MEMs/instrument standardization/networking

ch

Data visualisation

 Principal component analysis
Outlier detection
Uncertainty estimation
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