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Y1 Y2 Y3…
12.8 97.4 43.2
11.5 96.2 45.6

10.7 94.3 48.0

10.5 96.7 45.2

9.7 98.3 47.9

8.4 96.5 44.1

7.5 95.0 46.7
7.2 93.2 41.4

Regression

Y=b0+b1x1+
b2x2+…+bnxn

Linear, multiple, 
multivariate, neural network
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• Our goal is to build an homogenueous
distribution of samples which covers the 
variability of the product

•In commercial labs it is difficult to know
the origin and history of samples analyzed. 

• PCA and scores are the tools to use
building a population based on NIR 
spectrum. 
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Global H number = distance from the 
population  average (center) (maximum 
value=3.0)

Neighborhood H number = distance from 
the closest sample (value=0.6)
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STATISTICSSTATISTICS
• Accuracy: difference between reference method (WET) 

and  an alternative procedure/method (SED);

• Repeatability o precision: difference between

repeated measured using the same method (SEL);

• Standard Error of calibration (SEC): difference

between WET e NIR value of calibration;

• Standard Error of prediction (SEP): difference

between WET and  NIR of validation;

• Standard Error of Cross-validation (SECV):
difference between WET e NIR 
value of cross validation;
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STANDARD ERROR OF CALIBRATION

STANDARD ERROR OF PREDICTION
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SEPRMSEPSECVSEL ii� -
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More More StatsStats
�� BiasBias

�� SlopeSlope

sample Run1 Run2 d
441 46.2 47.0 -0.9
511 44.6 43.9 0.6
501 46.2 47.2 -1
481 45.5 45.7 -0.2
739 43.5 42.8 0.7

55 47.7 47.3 0.4
571 41.7 41.3 0.4
757 37.9 37.2 0.7
855 45.1 45.0 0.2
304 44.4 44.5 -0.2
363 36.2 37.2 -1
875 43.5 43.7 -0.2
170 34.6 35.1 -0.5
794 43.8 44.6 -0.7
316 38.9 39.1 -0.2
514 45.2 44.9 0.3
834 49.1 49.7 -0.6

AVG 43.2 43.3 -0.1
SD 4.04 4.07

y = 0.9956x + 0.3164

R2 = 0.9798
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y = 0.7704x + 9.2115

R2 = 0.9102
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N=20

N=500
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222
refobservedactual SELSEPSEP -=

What is the MOST important in a model ?  

Not stats : sec, sep, R2,…   = gauges 

B coefficients     = engine 

ValidationValidation
�� It compared NIR prediction with values obtained It compared NIR prediction with values obtained 

with the reference method from samples NOT with the reference method from samples NOT 
included in the calibration.included in the calibration.

�� The validation data set should include all or most The validation data set should include all or most 
of the source of variation of the populationof the source of variation of the population

�� A random validation set, may not be adequate A random validation set, may not be adequate 
and can lead to wrong conclusions. At that point and can lead to wrong conclusions. At that point 
cross validation would be good enoughcross validation would be good enough
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Validazione setValidazione set

y = 1.0064x - 0.1024
R2 = 0.9732
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Bias=-0.17;  SEP=0.68

Validazione set: Validazione set: smallsmall
variabilityvariability

Bias=-0.17;  SEP=0.47

y = 1.3574x - 15.83
R2 = 0.7177
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Validazione set: Validazione set: smallsmall
variabilityvariability

Bias=-0.17;  SEP=0.47

y = 1.3574x - 15.83
R2 = 0.7177
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Validazione set: Validazione set: variabilityvariability tootoo
largelarge

Bias=-3.07;  SEP=3.87

y = 0.9974x - 3.2881
R2 = 0.9897
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Validazione set: Validazione set: variabilityvariability tootoo
largelarge

Bias=-3.07;  SEP=3.87

y = 1.0138x - 3.9952
R2 = 0.9852

35.0
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45.0

50.0

55.0

35.0 40.0 45.0 50.0 55.0

ValidationValidation
�� It must cover a similar range like the one present It must cover a similar range like the one present 

in the calibration.in the calibration.

�� With a good distribution, 10With a good distribution, 10--15 samples can 15 samples can 
already yield reliable evaluation, better is to use i already yield reliable evaluation, better is to use i 
2525--30 samples.30 samples.

�� It is of critical importance that the validation set It is of critical importance that the validation set 
has the has the best qualitybest quality analytical dataanalytical data..
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Climate
Cultivars Geografic areas

Reference 
Intervals 
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� * �� * �� ##� � �� ##� � �

Temperature (in rep. file)

Instrument (in rep.file)

Calibration Data Set
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