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TIPS & TRICKS



The concept of the mixture model 
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4 Constituents : 3 dimensions

2nd order centroid

(edge center)

Vertex

Overall Centroid

3rd order centroid
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SIMPLEX-LATTICE

Design

R=2, N=15

R=5, N=56

GHbar=1,

Nhmin=0.57
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p Constituents :

p-1 dimensions

Ranges /5  r=5
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Const. Dim. Nspl
3 2 21

4 3 56

5 4 126

6 5 252

7 6 462

8 7 792

9 8 1287

10 9 2002

11 10 3003
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SMP – WMP 
Protein : 20 – 40 % 

Fat :        0 – 30 %

Carbohydrate : 35 – 55 %

Minerals : 5 - 10 %

Moisture : 0 – 5 %

Additives : ? <1% 

+ color

+ particle size 

+ temperature 

+ instrument 

+……

An example: calibrations for Milk Powder (Whole and Skimmed)

9 dim.    2000 samples required to fill the space with 6 

points evenly spread for each dimension 

Out of the 

constraint

=100



The questions are: 

How long does it last to complete a calibration? 

How many samples are needed to obtain a robust model?



NIR EQUATION STABILITY OVER TIME

90 91 92 93 94 95

Model 1 Calib Validation

Model 2 Calibration Validation

Model 3 Calibration Validation

Model 4 Calibration Validation

Model 5 Calibration Valid

Product: WHOLE PLANT MAIZE SILAGE

Constituents: 

PROTEIN CRUDE FIBER STARCH OMD

(1600) (1700) (1950) (2400)

Dardenne et al.,NIR News vol.7 N°5 (1996)

Validation is INDEPENDENT



NIR EQUATION STABILITY OVER TIME
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GENERAL TRENDS OF MODEL STATS 

Time



In NIR models 

ADD NEW INFORMATION 

(new samples) & RECALIBRATE: 

1) While SECV # SEC  

Rule of thumb:  (SECV <1.1*SEC)

2) While SEP # SECV

Rule of thumb: (SEP < 1.3 * SECV)

Agriculture Handbook, N°643 (1989)



- 1 multivariate space defines a lot of space  

- NIR needs numerous DIFFERENT samples to cover 

the actual variability (the rule of 10 #/term !!) 

- It takes time (years) to fill  evenly the whole space to 

make the models stable and robust

- Extrapolation is dangerous (empirical models)  

- Always good performance if the unknown samples 

are already represented in the calibration set 

(neighbors) :  Local approaches  

CONCLUSION  Multivariate models



UNCERTAINTY

 ?ˆ
ii yys 

2



uncertainty 

CALIBRATION

y = 91.516x - 45.342

R
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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) 
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refobservedactual SELSEPSEP 
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refobservedactual SELSEPSEP 

An example: 

Protein in wheat:  SEL = 0,15

SEPobserved = 0,21

SEPactual = SQRT(0,21^2 – 0,15^2) = 0,15 



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 many NIR applications, NIR values are more 

accurate 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. 



LOD
3







Rapid and Non-destructive Mycotoxin Assay with NIRS, 

Russel Wilkie (ICNIR2005, Aukland) 



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

0.020 000 1 10 000 10 000 000

0.002 000 0.1 1 000 1 000 000

0.000 200 0.01 100 100 000

0.000 020 0.001 10 10 000

LOD of NIRS

If <0.1% 





CAL 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 



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





MID-IR  MILK  & Melamine   250 ppm  

NIR SOYAMEAL & Melamine  1000 ppm 

(60 samples at 0.1 = 4 misses)   



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 



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. 

Hyperspectral Imaging can improve the LOD significantly

 ppm ? 



1. Mixture model and multivariate space – Number of samples>>

2. Uncertainty 

3. Limit of detection 

As Karl Norris and John Shenk recommendations

- Look at the spectra 

- Make the models simple 

- Challenge (validate) the models with new sets 

Conclusions 


