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CALIBRATION PROCESS 

Calibration development  

Sample preparation and spectrum acquisition 
 

Routine analysis 

1. 

2. 

3. 

INSTRUMENT DIAGNOSTICS 

CONTINUOUS VALIDATION  
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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 

- noise 

- 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  
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400-699,5 

700-1099,5 

1100-1699,5 

1700-2499,5 

 

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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Material RMS (LOG*10-6) 

 
Ceramic 

 
30 

Soya meal (0.4 od) 
(same cup) 

 
200 

Rape seed (0.8od) 
(Whole grains - same cup) 

 
500 

Soya meal  
(Sealed cup) 

Between 2 STDED instrum. 

 

1000 

Soya meal  
(refilling) 

 
2000 

Rape seed 
(Whole grains - refilling) 

 
6000 

 

RMS between SPECTRA    - 1100-2500 dispersive inst.   

Two consecutive readings  
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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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k : number of replicated scans or coadds 

m : number of replicated samples (refillings) 

n : number of replicated reference analyses   

222

refobservedactual SELRMSEPRMSEP 
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Instrument  diagnostics 

- noise 

- wl accuracy 

- check cell (long term stability) 



Wallon Agricultural  Research Centre 
Valorisation of Agricultural Products Department 

Pierre Dardenne, dardenne@cra.wallonie.be 

1680 nm 2307 nm 

POLYSTYRENE (Petri dish)  
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Peak search 
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Instrument  diagnostics 

- noise 

- wl accuracy 

- check cell (long term stability) 



Wallon Agricultural  Research Centre 
Valorisation of Agricultural Products Department 

Pierre Dardenne, dardenne@cra.wallonie.be 



Wallon Agricultural  Research Centre 
Valorisation of Agricultural Products Department 

Pierre Dardenne, dardenne@cra.wallonie.be 

DISP INST.  



Wallon Agricultural  Research Centre 
Valorisation of Agricultural Products Department 

Pierre Dardenne, dardenne@cra.wallonie.be 

If SEP = 0.50 Protein in Soyameal # 

 

SEP2=SEP2
model+SE2

nirs 

 

0.50^2=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  

 X residuals  

 … 

Pretreatment 

               - 1st derivative, 1,1,1  

 

M. Westerhaus, 3rd derivative 

K. Norris, 4th derivative   
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4000 soil spectra  
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Soil samples ; d1,1,1  
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66 fishmeal  

1 rapeseed 

1 grass  
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CORRELATION  

Fish1 
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rapeseed 

grass 
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<0.99  
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H statistic, Leverage (Hotelling T2), Mahalanobis distance, GH, …   

CALCULATE A PCA and PROJECT THE  UNKNOWNS 
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X residuals and leverage  
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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   
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COEFFICIENT OF DETERMINATION 

STANDARD ERROR OF CALIBRATION 

STANDARD ERROR OF PREDICTION 
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Calibration statistics 
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Validation statistics 

Bias 

Intercept 

SEV, SEP, SECV, RMSD  

SEPCbias 

REF 

NIRS 

SEPCslope 

Yref = a + b Ynirs + e  
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NIR news Volume 21 Issue 1, Pages 8–14 (2010)  
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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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x 

x 
x 

EXPANDABLE CONCEPT : Look at the NH of the new 

spectra with all the previous ones and between the new points 

themselves  
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Experiment :  66 fishmeal samples (demo.cal)  and 114 #   

 

EQA1 :   

Routine samples 114 # 

Selected 20  by Expand.exe (NH, WinISI)  + wet chemistry  

 

MONITOR on the 20 #     RMSEP = 2.24     

EQA2 :  

Routine samples 94 # 

Selected 20  by Expand.exe  + wet chemistry  

MONITOR 

 

RMSEP = 0.80      
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SLOPE & BIAS correction of the predicted values 
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SLOPE & BIAS correction of the predicted values   

Bias  0.0 ?  

If SEP=1, N=20 and a=5%,   

48.020/)1*09.2( BCL

nSEPtentLimitBiasConfid /).( )2/1( a

xyBias 

1

)( 2







n

Biasxy
SEP



Wallon Agricultural  Research Centre 
Valorisation of Agricultural Products Department 

Pierre Dardenne, dardenne@cra.wallonie.be 

SLOPE & BIAS correction of the predicted 
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Slope Confident Limits : b-0.24  and  b+0.24  

Slope  1?  
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Slope Confident Limits
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N=5

N=10

N=15

N=20

N=50

N=100

SLOPE & BIAS correction  

a=5% 
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SEP # SECV ?   
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The unexplained error confidence limit (UECL) is 

calculated from an F-test (ratio of 2 variances) 

),;(. MvaFSECUECL 

a : the probablity of making a type I error 

n = n-1 : numerator DF associated with SEP  

M= nc-p-1 : denominator DF associated with SEC 

EXAMPLE With n = 20, α = 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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USE FOR MONITOR  or CALIBRATION TRANSFER  

- Validation sample selection  

- Bias # 0 ?  

- Slope # 1?  

- SEP # SECV ?  
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 http://www.icnirs.org/  

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  



Wallon Agricultural  Research Centre 
Valorisation of Agricultural Products Department 

Pierre Dardenne, dardenne@cra.wallonie.be 

www.icnirs.org  

http://www.icnirs.org/

