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CALIBRATION PROCESS

INSTRUMENT DIAGNOSTICS
1. Sample preparation and spectrum acquisition

PN

3. Routine analysis
CONTINUOUS VALIDATION

Calibration development
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Instruments parameters :
- focus
- detector gain
- Integration time

Fixed by the manufacturer (auto settings)

Operators can change:
* Type of presentation — path length ?
* Number of subsamples ?
* Number of coadds ?
* Resolution (FT-IR) ?
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Instrument diagnostics

- nolse

- wl accuracy

- check cell (long term stability)

NOISE : residues of 2 consecutive readings of the same sample
(internal or external ceramic reference)

Noise = f(optical density level) ~~ f(sample)

Very noisy ; - near the detector saturation — too much absorption
- weak detector response on the borders
- fibre optics
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RMS between spectra

Z(ali _a2i)2
RMS = |+
K

K
Z(ali —a,; —bias)®
RMSC =\ =

k —1

k=number of wavelengths
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400-699,5
700-1099,5
1100-1699,5
1700-2499,5

Optical bandwidth 8.75 £0.1 nm
Spectral resolution 0.5 nm
Number of data points 4200

Shenk, default, /8 80dp between 1100-2500 OK
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FTIR and DISPERSIVE

1) Doubling the measurement time (same resolution!) enhances
the S/N with the square root of 2.
Example: 10 seconds measurement time: S/N: 1000:1
20 seconds measurement time: S/N: 1414:1
FTIR
2) Reducing the resolution with a factor of 2 enhances the S/N
with a factor of 2. (Linear)
Example: Resolution 8cm-1: S/N: 1000:1
Resolution 16cm-1: S/N: 2000:1
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Figure 10. Spectra of toluene from 1.54 to 2.86 um at five different spectral

resolutions.
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RMS between SPECTRA - 1100-2500 dispersive inst.
Two consecutive readings

Material RMS (LOG*lO'G)
Ceramic 30
Soya meal (0.4 od)
(same cup) 200
Rape seed (0.80d)
(Whole grains - same cup) 500
Soya meal
(Sealed cup) 1000
Between 2 STDED instrum.
Soya meal
(refilling) 2000
Rape seed
(Whole grains - refilling) 6000
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HISTOGRAM OF RMS

Set up a threshold

AVERAGE SPECTRA
After having checked
the consistancy of the
reps.

From a set of prediction
models, the number of
replicates will be
determined with the less
repeatable parameter to
be predicted.
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RMSEP2 SE2odel T SEF?IFS T SEI—2
[ 2 EZ \ SEL2
RMSEP‘Z SEmodeI | SElnst I spl | ref
k M y 1

K : number of replicated scans or coadds

m : number of replicated samples (refillings)
n : number of replicated reference analyses

RMSEP?

ctual
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Instrument diagnostics

- hoise

- wl accuracy

- check cell (long term stability)
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Peak search

\o\

R = a+bx+cx?

R'=Db+ 2cx

-1 )

J+1

Max

j)
Minormaxat X =

DP or WL or WN

0=Db+2cx
b

2C




Instrument diagnostics

- hoise

- wl accuracy

- check cell (long term stability)
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If SEP = 0.50 Protein in Soyameal #

SEP2=SEP?_ . +SE?

model nirs

0.5072=0.49"2+0.10"2
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Instrument diagnostics

Validation
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DATA BASE QUALITY (validate a « clean » data set)

- calibration or routine analyses

View all the raw data; observations of abnormalities
- Immediately after the scanning

In Routine Analysis

Correlations

Mahalanobis distances

H values Pretreatment

X residuals - 1st derivative, 1,1,1

M. Westerhaus, 3rd derivative
K. Norris, 4th derivative
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66 fishmeal
1 rapeseed

1 grass
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CORRELATION

Fishl
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Frequency

Histogram of R between each pair
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PC-2 (4%, 7%)

H statistic, Leverage (Hotelling T2), Mahalanobis distance, GH, ...

Scores
4.
RF&F’ES‘EED

3 4
2‘ 4
1 4
0 1GRASS
=1 L

-8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 r 8 9

PC-1 (94%, 91%)

CALCULATE APCA and PROJECT THE UNKNOWNS
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Residual X-Variance (PC-3)

X residuals and leverage

Influence

0.005 4
0.004 4
RAPESEED

0.003 -

0.002 -

0 1 2 3 4 5 6 7 8
Leverage (PC-3)
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MONITORING

1- Verify that all the samples involved are PREDICTABLE
= verify that the routine samples are in the calibration ranges (X and Y
ranges)

2- Select 10-20 samples, perform reference methods and calculate de
prediction statistics

MAINTENANCE

- Recalibration by additional new samples when the MONITORING shows
deficiency

Wallon Agricultural Research Centre
Valorisation of Agricultural Products Department
Pierre Dardenne, dardenne@cra.wallonie.be



COEFFICIENT OF DETERMINATION
2 2
2 SDy - SEC
R = 3
SDy
STANDARD ERROR OF CALIBRATION
Y
> (Y -9
SEC = ' '
n—-p-1
STANDARD ERROR OF PREDICTION

— A_ 2
SEV = SECV = RMSEP = \/Z(yi Vi)
N
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Calibration statistics

X 2
) SEC _ Z(y| y|)
REF n—p-1

R2c

NIRS
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REF

Bias -

Intercept <

'

Validation statistics

© O
} SEPCDbias

SEPCslope

} SEV, SEP, SECV, RMSD
@)

o/ \e Yref =a+ b Ynlrs

>

NIRS
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NIR news Volume 21 Issue 1, Pages 8-14 (2010)

Calibration results

Validation results

Parameters FAT Parameters FAT
Units % Units %
N 65| |N 20
Outliers 0| |Outliers 1
Min 6.39| [Min 6
Mean 10.9( [Mean 10
Max 15.08| |Max 4
SD 1.59| |SD 1.41
R2C 0.96
R2CV 0.94| [R2P 0.95
SEL-Reproductibility 0.25]> [SEL-Repraductibility 25
SEC ~0.33/RMSEP 0.45
SECV 0.38[>|SEP 0.41
~— | |RsD 0.35
NIR_repeatabilty 0.19| ([NIR_repeatabilty 0.19
RPDC 4.82
RPDCV 4.18| |(RPDP 3.95
BIAS -0.11
Number of terms 4| |INTERCEPT 0.11
Segments of CV 4| |SLOPE—- 0.89
WL-Range/step 1100-2498/21 AveGH 5.6
Pretreatment (s) |SNVD-144 “_ |AveNH 2.5




From a « CLEAN » spectral data base

Before selecting monitoring samples, be sure outliers are
removed.

Expanding a data set with too extreme points will lead to less
performance

Select samples which carry information not yet represented in
the data set.

DUPLEX, Kennard & Stones, NH (expand calibration)
PICKS, ...
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EXPANDABLE CONCEPT : Look at the NH of the new
spectra with all the previous ones and between the new points
themselves

o
o...
e o ©
e © O
® ©
o ° o y
e ©
.
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Experiment : 66 fishmeal samples (demo.cal) and 114 #

EQAL : | Constituent I SEC RS0 SECY 1R

FROTEIM &l 0.7744 0.9437 1.0444 084957

Routine samples 114 #
Selected 20 by Expand.exe (NH, WinlISI) + wet chemistry

MONITORonthe 20# -> RMSEP=2.24 @

Constituent ™ aEC RS0 SECY 1R

EQAZ2: | —=o7em 77 0.6295 0.9657 10823 0.9094

Routine samples 94 #
Selected 20 by Expand.exe + wet chemistry
MONITOR

RMSEP = 0.80 @
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1ISO 12099:2010 &

Animal feeding stuffs, cereals and milled cereal products -- Guidelines for the
application of near infrared spectrometry

Wallon Agricultural Research Centre
Valorisation of Agricultural Products Department
Pierre Dardenne, dardenne@cra.wallonie.be



SLOPE & BIAS correction of the predicted values

X =vector _of N _ predicted values
y =vector _of N reference values

y=a+bx+e

o > (x=x)(y—Y) _ cov(x, y)
> (x—X)? var(x)

a=y-—DbXx




SLOPE & BIAS correction of the predicted values

Bias#00? Blas=Yy —X

— \/Z(y—x+ Bias)?
- n—1

BiasConfidentLimit = £(t,_,,,.SEP)/ Jn
If SEP=1, N=20 and a=5%

BCL = +(2. 09*1)/F +0.48
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SLOPE & BIAS correction of the predicted

Slope # 1?

SlopeConfidentLimit =b+t_,,,, /RSD?/SSD,

n

2.y~@+b0)  gop _ggy? (n_1)
n—2
If RSD=1.Sdx=2.N =20 ads & =5%
SlopeConfidentLimit = b+ 2.09*/1/(2% *19)
Slope Confident Limits : b-0.24 and b+0.24

RSD:\
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SLOPE & BIAS correction
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n

SEP # SECV ? S (e, —ef
SEP =\ Bl

n-—1
The unexplained error confidence limit (UECL) is
calculated from an F-test (ratio of 2 variances)

UECL = SEC.,/F(a;v,M)

« . the probablity of making a type | error
v=N-1: numerator DF associated with SEP

M= n_-pP-1 : denominator DF associated with SEC

EXAMPLE With n =20, a = 0,05, M =100, and sSEP =1,

TUE = 1,30 (10)
This means that, with 20 samples, a SEP can be accepted that is

up to 30 % larger than the SEC.
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JF(a;:v,M)

Va

\"I [‘F (oo v, MTI]

Degrees Degrees of freedom (SEC)®
fre:n::csm 50 100 200 (P00 100
(SEP)?
5 1,95 1,52 1,50 1,49 1,49
6 1,51 1,48 1,46 1,45 1,45
7 1,48 1,45 1,43 1,42 1,42
8 1,46 1,43 1,41 1,40 1,40
9 1,44 1,41 1,39 1,38 1,37
10 142 1,39 1,37 1,36 1,36
11 1,41 1,37 1,36 1,34 1,34
12 1,40 1,36 1,34 1,33 1,33
13 1,39 1,32 1,33 1,32 1,32
14 1,38 1,34 1,32 1,31 1,30
15 1,37 1,33 1,31 1,30 1,29
16 1,36 1,32 1,30 1,29 1,29
17 1,35 1,31 1,29 1,28 1,28
18 1,30 1,29 1,27 1,27
19 1,34 @ 1,28 1,27 1,26
29 1,30 ) 1,23 1,22 1,22
49 1,27 1,22 1,19 117 117
99 1,24 1,18 1,15 1,13 1,12
199 1,22 1,16 112 1,10 1,09
499 1,21 1,14 1,11 1,08 1,07
999 1,20 1,14 1,10 1,07 1,05
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USE FOR MONITOR or CALIBRATION TRANSFER

ISO 12099:2010 ¥

Animal feeding stuffs, cereals and milled cereal products -- Guidelines for the
application of near infrared spectrometry

- Validation sample selection
- Bilas#0 ?

- Slope #1?

- SEP# SECV ?
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DETERMINATION OF MOISTURE, PROTEIN, FAT, CRUDE FIBRE,
STARCH, AND A5H IN FEED BY NEAR INFRARED SPECTROSCOPY
(PA-IR-NIRFEED -rev02)

TABLE OF CONTENT

1. INTRODUCTION
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CALIBRATION

- DESCRIPTION OF SAMPLES INCLUDED
- REFERENCE ANALYSES
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- PERFORMANCES OF CALIBRATION MODELS

4. VALIDATION OF CALIBRATION MODELS

- VALIDATION SET DESCRIPTION
- VALIDATION RESULTS (SEP)
- VALIDATION RESULTS (NIR REPEATABILITY / OPERATOR)

5. CONSTRUCTION OF THE CONTROL CHART FOR PA-IR-

- INSTRUMENT DIAGNOSTICS
- CHECK CELL CONTROL CHART
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Vibrational Spectroscopy

NIR/MIR/RAMAN
Theory and applications, exper

NIR microscopy/Hyperspectral
MEMs/instrument standardiza

Chemometrics applied to vibrational data
Exploratory analysis:

Data visualisation

Principal component analysis
Outlier detection

Uncertainty estimation
Quantification and classification
Multivariate calibration:

Partial east squares PLS
Multiple linear regression MLR
Support vector machines SVM
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