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LOD 
1 

detection limit : the smallest concentration difference 

that can be detected  

above the background noise level of a NIR instrument. 
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A : absorbance (OD)  

I : energy of reflected light 

I0 : energy of initial light 

R : reflectance  

 :  absorptivity  

c  : concentration 

l : pathlength  
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CORN SILAGE - AVERAGE OF 2 x 2408 SPECTRA 
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CORN SILAGE DATA SET 4816 spectra sorted/H2O % 



1932

MOIST=7.75% 0.357243

MOIST=5.25% 0.313645

2.5 0.043598

1 0.017439

A units Water % ppm ppb
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LOD of NIRS 

If <0.1%  





CA SET (only soya meal ( SM))  
240 with 4 concentrations (0.10, 0.25, 0.50, 1.00%) 

+30 randomly selected from the clean set                                                                        

270 spectra    

TEST SET  
T1 = 40 SM randomly selected with high 

contamination (2, 3, 4, 5%)  

T2 = 50 randomly selected from the clean set  

T3 = 43 soyameal spl from another origin +  

another instrument 

T4 = 78 wheat gluten (39 in duplicates)  

T5 = 65 maize gluten                       .    
 

   

Foss XDS  

Foss 6500 

Clean & Conta. 

Melamine 

Cyanuric Acid 

Total : 276  

CHIMIOMETRIE 2012,  Villeneuve d’Ascq   



MLR :  Multi Linear Regression – manual step up  

SEC= 0.08        SECV = 0.1    (1 000 ppm)      



Average 0 and 1 % (60 spectra)  





Average 0 and 1 % (60 spectra)  



300 sp.   Average by group of 60 samples : 0.0, 0.10, 0.25, 0.50, 1%  

y = 500.62x - 1.3463
R² = 0.9974
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MLR  X=OD1468-OD1460 

MLR

Linéaire (MLR )

1/500 = 0.002  

  

A OD difference of  

0.002   = 1% melamine 

 



MELAMINE ABSORBS 10 x LESS THEN WATER !!  

A Units µLog Melamine % ppm ppb
0.002 2000 1 10 000 10 000 000

0.000 2 200 0.1 1 000 1 000 000

0.000 02 20 0.01 100 100 000

0.000 002 2 0.001 10 10 000



Water analysis by NIRS 
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702 spectra of water  

 (13 brands x 6 bottles/brand x 9 scans)   



DRY EXTRACT in mineral waters  

 : (values on the stickers :  mg/L)  (averages 54 spectra) 

806

1593

6279

727

1452

6889

0.003 % - 0.25 %   ->  b: 1 200 000  120 

99.75% - 99.997 %  H2O   





R2 = 0.75  ok?  



7845 cm-1 

1275 nm 

5730 cm-1 

1745 nm 





R2 =0.92 

SECV=243 



R2 = 0.97 

SECV=145  



Full Fat Soya  (2000 spl, sorted/oil,  average/100 



Au % Bcoeff

Water 0.02 1 50

DE 0.01 1 100

OIL 0.005 1 200

Melamine 0.002 1 500

microLog 100 ppm

Water 200 0.01 50

DE 100 0.01 100

OIL 50 0.01 200

Melamine 20 0.01 500

? 



STD BOX : 30 sealed cups  
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1st DERIVATIVE  



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  

Two consecutive readings  





MID-IR  MILK  & Melamine   250 ppm   

 

NIR SOYAMEAL & Melamine  1000 ppm  

      (60 samples at 0.1 = 4 misses)    



Rapid and Non-destructive Mycotoxin Assay with NIRS,  

Russel Wilkie (ICNIR2005, Aukland)  



carotenoids content of cassava roots 

TCC values ranged from 0.11 μg g–1 to 29.0 μg g–1 (ppm)  

>6000 samples and cross year validation  



MIXTURE DESIGN  

 

a. 1 pure sample 

b. 1 contaminant   ->   20 samples by mixing at # %  

 

Collect real samples >>  

 

Collect contaminant from different origins if possible  

 

Only use one # at a given %    



Contaminant 

SPL a b c

1 1a5

2 2b10

3 1c15

4 4c5

5 5a10

6 6b15

.

.

n

1 1b5

2 2c10

3 3a15

4 4b10

5 5c5

6 6a5

.

.

n



CONCLUSION  LOD  

When Y < 0.1 %,   be sure what you analyze is 

(significantly) present in the spectra;  

Look at the ratio absorptivity/noise  

 

Analytes <0.1 % can be well predicted and provide  

useful results 

But these analytes are likely correlated with something 

else into the matrix.  

 

For powders with separated particles,  

Hyperspectral Imaging can improve the LOD significantly  

  ppm ?  



UNCERTAINTY  

 ?ˆ
ii yys 

2 



uncertainty  

CALIBRATION

y = 91.516x - 45.342

R
2
 = 0.9055
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Least Squares 

NIRS: Inverse regression 

         Yref= B.X + e  



PREDICTION

y = 91.516x - 45.342

R
2
 = 0.9055
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Chemometrics : uncertainty  

yest= B.X 



2000 spectra of ground wheat  

Spilt ½  -> CAL  and VAL  

 

CAL  y values are modified by a vector of Gaussian 

noise of mean =0 and sd of 0.1, 0.2, …1.0, ..1.5  

 

 

  



Y modified with noise N(0,1)  

  mean = 0 

  sd = 1  

CALIBRATION  



TEST SET  N= 1000 



Added 





Uncertainty of the NIR analyses      

     2/122.1ˆ
refiii SSEChyys 

Faber and Bro, Chemom., Intell. Lab. Syst. 61, 133 (2002)  

Fernandez Pierna & al., Chemom., Intell. Lab. Syst. 65,281 (2003) 

      

222

refobservedactual SELSEPSEP 

https://doi.org/10.1016/S0169-7439(02)00139-9 



222

refobservedactual SELSEPSEP 

An example:  

Protein in wheat:  SEL = 0,17 
 

SEPobserved = 0,23 

 

SEPactual = SQRT(0,23^2 – 0,17^2) = 0,15  

BIPEA 02/2017 

Blé tendre 



2 FIGURES OF MERIT: 

 RMSEP 

 SEL  



What is the MOST important in a model ?   

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

B coefficients     = engine    

bXY .ˆ 
)1.(*).(1. mmnn 



CONCLUSION UNCERTAINTY  

In NIR applications, NIR values are more accurate than it 

appears  

and sometimes better than the reference method ones. 

 

But it is not easy to prove it! 

 

Do not try to obtain the smallest SEC (outliers)  

 

Just try to compute stable Bcoefficients from spectra 

containing the expected future variation.  

 

 



Chimiométrie 2018 

30 – 31 Janvier 2018 

https://chemom2018.sciencesconf.org/resource/page/id/5 
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