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NIR INSTRUMENTS – CRA-W

•1976  R.Biston : CRA – Station de 

Haute Belgique (Libramont)

•1979 Neotec FQA51 (Feed 

Quality Analyser)
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Since 1987 9 laboratories

Asbl REQUASUD

Cellule de coordination

Rue de Liroux, 9

5030 GEMBLOUX

081/62.65.73

www.cra.requasud.be

Michamps

CRA

La Hulpe

Ath

Soignies
Tinlot

Libramont

Waremme

Ciney

FUSAGx 

PSCo 4250

Perstorp 4500

NIRsystems 5000

Foss XDS 
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John Stoner Shenk, Ph.D 25-07-1933  - 15-09-2011 
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FOSS – Nirsystems (2)  & Tecator (2) & InfraXaxt & XDS (2)

ProFoss DA ; (DS2500; DA1800)

Bran & Luebbe (2) T500 & T450

Perten DA7000 & DA7200                       Zeiss Corona (2)

Bruker – MPA   + Matrix F Buchi – NIRFlex 500

Unity Scientific – spectrastar 2500            Thermo-Fisher Antaris
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Boerhinger - microparts Ocean Optics (2)

Polychromix – Phasir (2)             Shenk RA1630 

( Brimrose Luminar )     
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lactoscope (Delta Instruments)

Bruker VERTEX80 (FT-MIR+ RAMAN)

Foss WineScan
..------------------------------------------------------------------------------------------------------------------------------------------

Perkin-Elmer (FT-NIR + microscope)

Spectral Dimensions Inc. NIR-Matrix

BurgerMetrics HSI

Infrared spectrometers at CRA-W 
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•Fertilizers (N, P, K, Humic acids)

•Soils (N, C, CEC, …)

•Seeds & Phyto-sanitary Protection (seed/seed)

•Crop monitoring (N) 

•Precision Agriculture 

•Nutritive value (feed & forages)  

•Technology (flour, baking quality,…) 

•Authenticity (orange juice, wine, olive oil, meat, honey,…)

•Fruits (apples)

•Bio-fermentation monitoring (starchglucoseEthanol)

•Biofuels & Biomethanisation

•NIR miscroscopy &

•Hyperspectral Imaging (animal meal)

NIR APPLICATIONS developed at CRA-W
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•NUTRITIVE VALUE OF FEED 

CHEMICAL COMPOSITION  & DIGESTIBILITY

•Moisture – DM 

•Ashes – OM

+ P, Ca, K, Mg

•Fat 

+ FA profile  

•Proteins (N)

+ AA profile 

•Fibres 

(cellulose, NDF,ADF,ADL)

•Starch 

+ amylose - amylopectin

•Total Sugar 

+ sugar profile 

•OMD   

in vivo, in vitro, enzymatic

Forages:
Fresh grass 

Hay

Grass Silage 

Fresh corn silage

Corn silage 

Tropical Forages 

Cereals

High-protein crops 
(soya, pea, …

High fat crops 
(rape, sunflower,..)

Feed Ingredients
Cereals & by-products

Wheat bran

Soyameal 

Sugarbeet pulp

Animal protein (MBM)
……

Complete feed 

Cattle

Swine

Poultry

Pet food
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Large data base: 

~   500 000 €
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WHY TRANSFERING CALIBRATION ? 

 Use models on more than 1 instrument

- same type 

- different types

Use ‘old’ models with a ‘new’ instrument

- repairing

- lamp change

- sample presentation

- ….
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STANDARDISATION OF NIR INSTRUMENTS, INFLUENCE OF 

THE CALIBRATION METHODS AND THE SIZE OF THE 

CLONING SET, Dardenne et al., ICNIRS 2001, Kyongju. 

CP MPLS Unstd (calbase0.anl)
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Linear (U_FGG)

Linear (U_CW)

Linear (U_AGR)

Linear (U_RR)

Linear (U_UWM)

Linear (U_USD)Constituent N Mean SD SEC RSQ SECV 1-VR

CP 13525 13.34 6.26 0.90 0.98 0.91 0.98

Dried & ground forages

15 sealed cups 2 rep

6 Unstd inst.
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Instruments are different: wavelength axis
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-Slope & bias TRANSFER METHODS

-Shenk & Westerhaus CLONE, Shenk et al., 1985 

-DS Direct Standardisation, Wang et al.,1991 

-PDS Piecewise Direct Standardisation, Wang et al.,1991

-FIR Finite Impulse Filter, Blank et al., 1996 

-WT Wavelet Transform, Walczack et al.,1997 

-OSC Orthogonal Signal Correction,

Wold et al., 1998, Sjöblom et al.,1998 

-ANN,  Despagne et al., 1998, Duponchel et al.,1999 

- PCS  Tom Fearn – Jean-Michel Roger
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SLOPE & BIAS correction

of the predicted data from secondary instrument: 

Ref values : reference method OR master predicted data

Bias 0.0 ?

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

48.020/)1*09.2(BCL

nSEPtentLimitBiasConfid /).( )2/1(
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SLOPE & BIAS correction

of the predicted data from secondary instrument: 

ySSDRSDtbdentLimitSlopeConfi ˆ

2

)2/1( /.

2

)ˆ.(
1

2

n

ybay

RSD

n

i )1.(ˆ 2

ˆ nySdSSDy

If 2ŷSd1RSD , , 20N and %5

)19*2/(1*09.2 2bdentLimitSlopeConfi

Slope Confident Limits : b-0.24  and b+0.24 
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Slope Confident Limits
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= Validation procedure ; (ISO 17025) 

ISO 12099:2010

Animal feeding stuffs, cereals and milled cereal products 

-- Guidelines for the application of near infrared 

spectrometry

http://www.iso.org/iso/fr/rss.xml?csnumber=51197&rss=detail
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Prediction mode: 

Mahalanobis distances  and Xresiduals are Unusable 

SLOPE & BIAS correction

Slave file

projected 

on  master

3 PCs
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SLOPE & BIAS correction

OK but 

- must be done /product /constituent

- impossible to merge spectra files

- spectral distances unusable

T.Fearn, JNIRS, vol9 N°4, 2001

« Its simplicity has led to widespread misuse, with perfectly 

good calibrations being subjected to regular small and

unnecessary adjustments using biases estimated from 

results on one or two samples »
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Standardisation: which direction ? 

Target is secondary instrument : (‘forward’)a

instrument types are different

not the same resolution and/or wl range

mono to filter

 new models

Target is master instrument: (‘backward’)a

instrument type is the same

same models

large networks

 same models

a Campbell, 1996
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Direct Standardisation: transfer function

XFbX a

X1
a

X2
a

X3
a

X4
a

X5
a = b1 b2 b3 b14 b5

+ X1 X2 X3 X4 X5 x f11 f12 f13 f14 f15

f21 f22 f23 f24 f25

f31 f32 f33 f34 f35

f41 f42 f43 f44 f45

f51 f52 f53 f54 f55

Wang et al.,1991

Fearn,JNIRS, 2001

~ calibration exercice:

- range of OD, overfitting, 

- 700 dp : f (700 x 700)

- estimation of the response at 1100 nm by OD at 2498 ?
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Piecewise Direct Standardisation: 

X1
a

X2
a

X3
a

X4
a

X5
a = b1 b2 b3 b14 b5

+ X1 X2 X3 X4 X5 x f11 f12 0 0 0

f21 f22 f23 0 0

0 f32 f33 f34 0

0 0 f43 f44 f45

0 0 0 f54 f55

Moving window PLS models. 

Double Window Piecewise Direct Standardization

(DWPDS) (eigenvector) 
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X1
a

X2
a

X3
a

X4
a

X5
a = b1 b2 b3 b14 b5

+ X1 X2 X3 X4 X5 x f11 0 0 0 0

0 f22 0 0 0

0 0 f33 0 0

0 0 0 f44 0

0 0 0 0 f55

Piecewise Direct Standardisation: 

Simplification to simple linear regression



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

Shenk and Westerhaus, patented method, 1989.

'

0
ˆ

ii xbby

)(' xfx

CLONE procedure  (backward) 



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

CLONE procedure 

1. Wavelength axis correction

Conditions: n samples (sealed cups)

on master and slave (std conditions)

2. Simple regression / wavelength

Bouveresse et al.,1996 

Winisi, Shenk & Westerhaus

1985

 specific file attached to the instrument
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CLONE procedure (1)

1. First derivative on both files (sealed cups) 

Conditions: n samples (sealed cups)

on master and slave (std conditions)

2. Search for peaks on the master file

3. Search for the highest correlation between M & S

within a window

Bouveresse et al.,1996 



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

CLONE procedure (2)

Xm

i i-w     i      i+w

j

Max(r) between im and is-w to is+w

Xs

First derivative spectra
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CLONE procedure (3)

R

dp
j-1  j   j+1

Max

j’

2cxbxaR

c

b
Max

2
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1 2 i p

1.01 2.02 700.1

CLONE procedure (4)

Two vectors of indices: 1 2 i k

j'

j’

i

+
+

+

+
+

+
+

+
+

2'ˆ CiBiAj

'ĵ
Two vectors of indices:
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CLONE procedure (5)

'ĵ

1 2 i kInteger

Real

Interpolation of the salves OD:

j       j+1

Abs

dp

)ˆ).(( '

1 jjxxxx jjji

'ĵ

p
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CLONE procedure (6)

Last step: p simple regressions (wl by wl):

sm xbbx 10
ˆ

All the information is saved in a file 

and attached to the instrument. 
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RMS between spectra 

k

aa

RMS

k

i
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21 )(

1
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biasaa

RMSC

k

i

ii

k=number of wavelengths
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Standardisation in cascade of 5 monochromators 

Clone.exe - 30 sealed cups

Slave Master RMSC

5000 to 6500 205

6250 to modified 5000 508

6250T to modified 6250 383

T500 to modified 6250T 1149

Contrast: 6500 vs Modified T500 1109

If A=B and B=C, then A=C 
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N Mean SD SEC RSQ SECV 1-VR

CP 13525 13.34 6.26 0.90 0.98 0.91 0.98

NDF 5993 50.61 12.21 2.57 0.96 2.60 0.95

6 instruments + 1 ‘master’

6 sealed cups 2 rep to calculate the transfer functions

15 sealed cups 2 rep to validate 

Forage models : 

2 methods:
-Clone Shenk & Westerhaus

-PDS (MatLab) 

Experiment :
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6 instruments + 1 ‘master’

6 sealed cups 2 rep to calculate the tranfer functions

15 sealed cups 2 rep to validate 

UNSTD CLONE PDSBYPLS 3/1 PDSBYPLS 5/1 PDSBYPLS 5/2

CP RMSEP RMSC RMSEP RMSC RMSEP RMSC RMSEP RMSC RMSEP RMSC

Inst 1 1.036 6981 0.145 576 0.152 584 0.159 587 2.556 1079

Inst 2 0.159 3990 0.093 317 0.102 323 0.122 327 2.468 690

Inst 3 1.238 9238 0.169 431 0.153 435 0.146 438 2.653 711

Inst 4 1.382 7396 0.211 626 0.207 629 0.223 632 2.256 1202

Inst 5 0.673 11704 0.104 750 0.142 761 0.171 762 2.551 1540

Inst 6 0.484 12189 0.158 487 0.149 490 0.157 492 2.406 834

UNSTD CLONE PDSBYPLS 3/1 PDSBYPLS 5/1 PDSBYPLS 5/2

NDF RMSEP RMSC RMSEP RMSC RMSEP RMSC RMSEP RMSC RMSEP RMSC

Inst 1 3.211 0.829 0.979 1.232 16.499

Inst 2 1.807 0.771 1.061 1.299 8.815

Inst 3 1.136 0.599 0.902 1.176 8.981

Inst 4 4.198 0.704 0.891 1.161 22.054

Inst 5 4.420 0.687 0.980 1.224 28.74

Inst 6 0.604 0.647 0.841 1.108 12.314
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Different products ? 
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Standardisation with Ground Agri Products

Correction of the Rape seed spectra
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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 

Two consecutive readings
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NETWORK GOAL :

« Shenk’s law »

Standard deviation 

(on the repeated predicted values)

between instruments

must be less 

than 

the sampling error
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Var N SEC R²

Starch 1055 1.90 .97

CrudeFiber 1000 1.01 .94

NDF 502 2.05 .94

CrudeProt. 1433 0.38 .87

Whole plant corn silage models:

Dried and ground samples

Reproducibility: NIRS vs REF 
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EVALUATION OF THE REPRODUCIBILTY

OF 5 STANDARDISED NIR INSTRUMENTS

60 samples measured 

Evaluate files using: MAIS.EQA 

 

Samp   STARCH CrudeFib      NDF CrudePro 

1        0.72     0.30     0.67     0.18 

2        1.23     0.44     0.75     0.19 

3        0.53     0.38     0.55     0.13 

 

59       0.64     0.32     0.37     0.07 

60       0.52     0.27     0.15     0.07 

---------------------------------------- 

Std      0.73     0.40     0.64     0.15 

---------------------------------------- 

SEC      1.90     1.01     2.05     0.38 

Bipea, nov 2000    2.00          1.43           4.00            0.50  
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SEALED CUPS 
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Since 1987 9 laboratories 

Asbl REQUASUD

Cellule de coordination

Rue de Liroux, 9

5030 GEMBLOUX

081/62.65.73

www.cra.requasud.be

Michamps

CRA

La Hulpe

Ath

Soignies
Tinlot

Libramont

Waremme

Ciney

FUSAGx 

PSCo 4250

Perstorp 4500

NIRsystems 5000

Foss XDS 
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EUROPEAN PROVIMI NETWORK

EUROPEAN CRA-W CONTACTS ABERDEEN

DUBLIN

CAMPDEN

LELYSTAD

ARNHEM

ETTELBRUCK

LILLE

REIMS

NANCY

NAMSHEIM

PARIS

NANTES

CLERMONT-F

RODEZ

MONTPELLIER

TOULOUSE

PAU

PADOVA

CORDOBA

MADRID

ROTTERDAM

VARSOVIE

BUCAREST

PARIS

RENNES

FRAGA

MADRID

LISBONNE
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WORLD NIRS CONTACTS

AFRIQUE DU SUD THAILANDE

AUSTRALIE                  VIETNAM

ARGENTINE                  INDONESIE

BRESIL                           CHINE

CHILI                              

ETATS-UNIS

SENEGAL

TUNISIE
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Standardisation: which direction ? 

Target is master instrument: (‘backward’) 

instrument type is the same

 same models

CLONING, STANDARDISATION, 

Target is secondary instrument : (‘forward’)a

instrument types are different

not the same resolution and/or wl range

mono to filter

 new models

CALIBRATION TRANFER DATA BASE TRANSFER &

RECALIBRATION
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NIRSystems 5000

FT-Buchi NF 500

FT-Antaris Nicolet

FT-Brucker MPA 

Unity Spectrastar

Foss – Infraxact 

Perten DA7200

CALIBRATION TRANSFER 

http://www.aunir.co.uk/

INSTRUMENTS POWERED BY INGOT® 

Models for: 

FEED INGREDIENTS

COMPLETE FEED

FORAGES

PETFOOD 

AQUAFOOD

FLOURS

http://www.aunir.co.uk/
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http://www.aunir.co.uk/
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Phazir,  Polychromix 
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Transfer Requirements

Instrument 1  (Current) 

Calibration data sets (historical data sets)

Sealed cup (30)

Test set (27 feed)

Instrument 2, 3, 4,…  (Target) 

Between cup correction

Sealed cup (30)

Test set (27 feed) 



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

SEALED CUPS 

Dr. J.S. Shenk, mid 80’ 

http://www.terraceassembly.com/

http://www.terraceassembly.com/
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FT1 

Static cup 

DISP 

Rotative cup 
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ISI 30 Sealed ag products (Disp.) 



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

0 100 200 300 400 500 600 700
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Blue FT1  = RED Dispersive 



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

0 100 200 300 400 500 600 700
-0.09

-0.08

-0.07

-0.06

-0.05

-0.04

-0.03

Dispersive – FT1



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

0 100 200 300 400 500 600 700
0

0.5

1

0 100 200 300 400 500 600 700
-0.1

-0.05

0

Blue Dispersive 

Green FT

Red differences



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

0 100 200 300 400 500 600 700
-4

-2

0

2

4

6

8

10

12
x 10

-3

AVERAGE 30 SEALED CUPS + D1 5,5,1



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

100 200 300 400 500 600 700

-4

-3

-2

-1

0

1

2

3

4
x 10

-4

AVERAGE 30 SEALED CUPS + D1 5,5,1



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

N= 30

y= 0.041+1.03x

biais= -0.044597

R2= 0.99909

RMSE= 0.044639

SEP=  0.0019836

SDyx= 0.0014458
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ABS_FT  vs ABS_Disp at 1300 nm 
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N= 30

y= 0.041+1.038x

biais= -0.049593

R2= 0.99804
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1. Correction of the Disp spectra 

to be equal to FT spectra

- PDS  (stdgen and stdize in Eigenvectors tools – Matlab) 

(installed into OPUS – Bruker) 

- CLONE from Foss – ISI 
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CLONE ISI  - FT1 
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CLONE ISI  - FT2 
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CONTRAST  FT and MODIFIED DISP : 1163 µlog
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2. CORRECTION FOR THE CUP TYPE 

USING A SIMPLE BIAS CORRECTION wl/wl 

a. 20 times one sample using both cups on the FT instrument (target) 

b. Average both files 

c. Substract : FT Cup  - ISI ring Cup

d. Add this difference to the standardized data base:

FT cal data = Modified ISI cal data + (FT Cup – ISI ring Cup) 
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PERTEN

UNITY Foss – IX

BRUKER

BUCHI

FOSS

40 g

50 cm²

4 g

9 cm²

200 g

120 cm²

50 g

20 cm²

120 g

60 cm²

50 g

60 cm²

50-300 g

60 cm²

30 g

13 cm²

150 g

80 cm²

50 g
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5 g
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200 g
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60 g

40 cm²
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when the data base is corrected, 

3. export the data base into the specific software format

BRUKER = OPUS

BUCHI = NIRCAL

UNITY = Calibration Workshop (Sensologic Gmbh) - Ucal

PERTEN = Unscrambler (Grams)

Thermo  Antaris (NICOLET) = Unscrambler (Grams)

Q-Interline = Grams.

.

4. Add some real spectra from the target instrument into the 

data base; (ref. from the master or ref. from lab)

5. Recalibrate and 

6. Validate with new measurements
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DISP FT1 FT2 Disp1

CONST. N SECV SEDC R2 SEDC R2 SEDC R2

FAT 8700 0.45 0.21 0.991 0.19 0.993 0.33 0.978

FIBRE 5700 0.75 0.33 0.993 0.35 0.994 0.63 0.983

PROTEIN 19000 0.85 0.57 0.986 0.70 0.985 0.78 0.971

SEDC : standard deviation of the residuals between 

original instrument and target instrument predicted 

values  (n=27) 

27 complete feed 

0.22 0.54

0.70

0.84







 









SEDC << 0.50 SECV 
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- A transfered model will never be better than a 

specific instrument model (using the same sample 

set)

- A large transfered data base will predict better 

than a limited specific instrument model



Wallon Agricultural  Research Centre
Valorisation of Agricultural Products Department

Pierre Dardenne, dardenne@cra.wallonie.be

Prof. Tom Fearn: Orthogonalisation ~~ OSC  

Worldwide STD trial – Foss-Tecator & ISI

Poster 4.27  2001 ICNIRS South-Corea 

Spectral standardisation methods and modelling techniques applied 

to a diverse population of forage samples.

P. Dardenne,a I.A. Coweb and M. Lagerholmb

a Agricultural Research Center (CRA), 24 Chaussee de Namur, B-5030 

Gembloux, Belgium
b Foss Tecator AB, Box 70, S-26121, Hoganas, Sweden

EPO-PLS, external parameter orthogonalisation 

of PLS, JM Roger, 2003 
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Average Spectra from 10 samples scanned  7 instruments 
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T
Xori

n

k

P

(n x a)

(a x k)

(a x k)(k x a)

PP’

(k x k)

-

Identity

x
C  = 

(k x k)

Xcor = Xori * C   or Xcor = Xori - Xori *P’*P

Tom Fearn’s Standardisation (= orthogonalisation)

1
1

1

10

0
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Average Spectra from 7 instruments (10 samples)

after orthogonalisation 
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ADVANTAGES OF 

CLONING

MATCHING

STANDARDISATION 

2 Merge spectra from several instruments

- improve robustness

- share costs of reference analyses

3 Keep instruments constant overtime (repairing) 

1 Share models from large and expensive data sets

-same type of instrument & different types

-keep efficient the outlier detection in routine mode

CONCLUSIONS
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http://www.chimiometrie.fr/chimiometrie2011
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