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W 4 North West Europe
= OpR ’ » 60% of the EU-27 milk production

» 150,000 people employed in the
dairy sector

» A turnover of € 70 billions (>50% of
the EU-27)

al America %

b -t_"-GE‘ﬂt! :
Dceaniz

South America
10%

NW-EU-27

North America 137

16%

1'\"
%.
= nwe

INTERREG IVB



&/ OpMIR ~
The A&)gLmir Project
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RO AIMS Traw

To improve the profitability and sustainability
of the dairy sector by providing milk producers
with innovative standardized management
tools based on association between MIR milk
records and cows' status.
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4 )
To reduce the costs of production

through improved daily herd
management.

J

costs of feeding with energetic
balance indicator

veterinary costs with early
diagnosis of mastitis
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"“we, costs of semen straws with w%

wemss e | INSEMINAtion predictor Wallonie




AYoBAR <~

Mid-Infrared (MIR) spectra of milk
1

Mirror of cow’s status

Milk MIR spectrum . FERTILITY
for each individual cow | / Ex. : Pregnancy

FEEDING
Ex. : Energy Balance

ANIMAL HEALTH
EX. : Mastitis

ENVIRONNEMENTAL IMPACT
Ex.:CH,
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To pool the resources of Milk Recording Organizations to have a
common transnational database coupling:
» Physiological data of the cows
= with the related Milk Recording data
» and the standardized Spectrum Information (1060 values for
each wavelength for a Foss instrument / record )

Pregnancy diagnosis
Al events Milk
Heats Recording
Mastitis Data
Acidosis including
Individual feeding

Methane measurement —

COMMON
TRANSNATIONAL

DATABASE

Spectrum
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Because of differences between the instrumental
responses of different MIR spectrometers, and
because of changes in the instrumental response of a
spectrometer over time, the use of calibration models
developed at a certain time on a certain instrument
with MIR spectra obtained on the same instrument
after a period of time, or on another instrument, will
usually lead to erroneous results.

Inconvenient to recalibrate instruments or may want to
utilize a historical database.

Standardization procedures are needed
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A decision needs to be made which
instrument will be declared as MASTER
Instrument, the remaining instruments will
be used as SLAVE instruments.

An own unique standardization model for
every master-slave combination needs to be
designed, describing the shift between the
particular slave instrument and the master
Instrument

In order to be able to perform data standardization
between the master and a slave instrument, an equal
amount of measurements have to be done with both
iInstruments.

New  measurements will be later
standardized using the standardization .
models built. L)
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STANDARDIZATION APPROACHES

Find a transformation that maps the response of the slave instrument
onto the master instrument
Direct and piece-wise direct standardization

Process the data from both instruments in a way that makes the
differences disappear

baselining and derivatizing

multiplicative scatter correction, FIR filtering

orthogonal signal correction

prediction augmented classical least squares

generalized least squares

explicit deresolution

Wallonie
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PIECE-WISE DIRECT STANDARDIZATION (PDS)

Proposed by Wang et al.

This method transfers the MIR spectra from the instrument on which they
were collected (‘slave’) to the instrument on which the calibration model
was developed ( ‘master’).

PDS is based on the fact that the spectral information contained in a
certain wavelength on the master instrument is highly correlated to the
spectra of neighbor wavelengths on the slave instrument.
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PIECE-WISE DIRECT STANDARDIZATION (PDS)

The PDS method is based on the fact that the spectral variation of
spectroscopic data is limited to small regions. In PDS, the response r, of the
standardization samples measured at wavelength | on the ‘master

instrument is related to the wavelengths located in a small window (R.)
around j (neighbouring) measured on the ‘slave’ instrument:
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Master | :
Slave
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Where sz Is the localized response matrix of the transfer samples and bj
is the vector of transformation coefficients for the jh wavelength and bOj IS
the offset term.

The regression vectors (b) can be calculated by PCR or PLS method
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ry sz

master instrument slave instrument
ny p
my, X X =il

S : PLS or PCR °
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repeated for all the wavelengths
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SO6UrEE: PhD thesis H. Swierenga, Univ. Wageningen, NL (2000)
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F = d|ag (b1+b2,---1bi1---1bn)

by = (Do1tPgz,-- by,
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The F matrix and the b, vector are used to correct new spectra
measured in the slave instrument, 1, .,

(Rz,unk)std = r2,unk F+b0
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SOME RESULTS

OptiMIR Standardization of
February — March 2012

> 25 laboratories
»50 instruments

»600 samples

Master FOSS (Battice Foss05009)

&losm
Protocol of the standardization procedure
eeeee 01— 30/11/2011
Frédéric Dehareng, Clément Grelet, Juan Fernandez, Hoang Nam Nguyen
Contact adress :
For any problem, please contact Clément Grelet or Frédéric Dehareng
c.grelet@ora.wallonie.be or dehareng@cra.wallonie.be)
Frotocol Stancardization proceure  Wersion 3g/
2
7,
A
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60
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2
2% ' ' * + raw milk sample
=2 + sucrose sample
+ standard sample (blank)
10
0
] 10 20 30 40 50

Total Nitrogen content (g/kg of milk)
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(February 2012)
BEFORE STD | AFTERSTD
Brand Pente P
Master//Slave | Master//Slave
BELO101 | Foss 1.002 1.001 . un
BELO102 | Foss 0.976 1.001 SlOpE (dewatmnfﬂ)
BEL0201 | Delta 0.799 0.983 0.45
DEU0101 [ Bentley 0.615 1.014 0.4
DEU0102 | Bentley 0.670 1.016 035
DEU0103 | Bentley 0.654 1.016 03
DEU0104 | Bentley 0.642 1.015 095
DEU0201 | Foss 0.991 1.002 '
DEU0202 | Foss 0.989 0.997 0.2
DEU0301 | Foss 1.001 0.998 0.15
DEU0302 | Foss 1.004 0.998 0.1
DEU0303 | Foss 0.988 0.998 0.05
DEU0304 | Foss 0.989 1.001 o — L - x  -—mwai o L —
FRAO601 | F 1.01 997 f:-e 5 & & & o e o
060 i 018 0-99 {(Q%QG{’ Q;;Z-QQ}?J QP .bﬁ%o"Qo"Qo"Qo"Qn"Qn <« ,Q() Qo <& Qo Q,E- q, i
FRA0O602 | Foss 0.996 0.996 OIS AEEEDAN N NN NOANANANNI NN o' N
AR ,,:}"],.- AP IIT N ,-IE) ;-ﬁ)- A A AR "’.'rﬁ @Q“ o "'::Q {:‘\'} \g-bﬁ K3 -@' Q"
FRA1301 | Foss 1.007 0.996 NN N NP 0“ NSNS IR A S IS
FF FFFF I <:; I EKL
FRA1302 | Foss 1.001 0.997
FRA1303 | Foss 1.038 0.996
B Pente Av STD ®Pente At STD
FRA1601 | Bentley 0.622 1.010
FRA1602 | Bentley 0.659 1.005
Foss 1.064 0.995 g 4
Master FOSS 3 A
Foss 1.007 0.996 o
A
Foss 1.005 0.994 Wallonie
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STANDARDIZATION - MODEL
(February 2012)
BEFORESTD | AFTERSTD
Brand Biais Biais
Master//Slave | Master//Slave Biais bEforEfaﬂer STD

BELO101 | Foss -0.0324 0.0000
BEL0102 | Foss 0.0583 0.0000 14
BEL0201 | Delta 0.6689 0.0000 12
DEU0101 | Bentley 1.2731 0.0000
DEU0102 | Bentley 1.0893 0.0000 1
DEU0103 | Bentley 1.1728 0.0000
DEU0104 | Bentley 1.1917 0.0000 0.8
DEU0201 | Foss 0.0466 0.0000 0.6
DEU0202 | Foss 0.0217 0.0000
DEU0301 | Foss 0.0185 0.0000 0.4
DEU0302 | Foss -0.0007 0.0000 02
DEU0303 | Foss 0.0391 0.0000
DEU0304 | Foss -0.0332 0.0000 0 o1 . NI S .
FRA0601 | Foss -0.0534 0.0000 04,{‘0;,‘5 a‘\%@& @a&%a&%aﬁ ‘:E:Z “‘5‘2 o"i 0,;2 0"1 “EZ 0&‘2 0"1 0@1 04:; oﬁaﬁﬁéﬁﬁ% g 0"1 Daa
FRA0602 | Foss 0.0082 0.0000 ‘Eﬁﬁm@a&ﬁ‘h'\@m > Q,N‘_F-‘L—ﬂj@ "bﬁ’b"bﬁﬁ'ﬁ @@ﬁ@ﬁ@ ﬁ“ﬂbﬁﬁh’,@“\.@@@\m q?flr
FRA1301 | Foss -0.0232 0.0000 %@,‘:‘j‘@?@% @%&\} &%@\‘%ﬁ Q%Q_\%{’%@%@}z@ﬁQﬁ@ﬁ@%@g@{ﬁ%}%ﬁ@
FRA1302 | Foss 0.0144 0.0000
FRA1303 | Foss -0.0115 0.0000
FRA1601 | Bentley 1.237 0.0000 EBiaisAvSTD MBiaisAft STD
FRA1602 | Bentley 1.1067 0.0000

Foss -0.2532 0.0000 Master FOSS eé

Foss -0.0496 0.0000 %‘@

Foss -0.0479 0.0000 Wallonie
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STANDARDIZATION - MODEL

BEFORE STD AFTER STD
Brand RMSE RMSE
Master//slave | Master//slave

BELO101 Foss 0.0331 0.0073
BEL0102 Foss 0.0648 0.0198
BEL0O201 | Delta 0.6908 0.0249
DEUO0101 | Bentley 1.315 0.0154
DEUO0102 | Bentley 1.1253 0.0152
DEUO0103 | Bentley 1.2096 0.0163
DEU0104 | Bentley 1.2303 0.0168
DEU0201 | Foss 0.0474 0.0074
DEU0202 | Foss 0.0245 0.0055
DEUO301 | Foss 0.0201 0.0078
DEUO302 | Foss 0.0108 0.0098
DEUO0303 | Foss 0.0421 0.0117
DEUO0304 | Foss 0.0364 0.0117
FRA0601 Foss 0.0557 0.0047
FRA0602 Foss 0.0103 0.0064
FRA1301 Foss 0.0250 0.0076
FRA1302 Foss 0.0159 0.0064
FRA1303 Foss 0.1226 0.0272
FRA1601 | Bentley 1.2788 0.0123
FRA1602 | Bentley 1.1446 0.0073

Foss 0.2521 0.0097

Foss 0.0506 0.0084

Foss 0.0489 0.0108

TNIERHEG TV E

(February 2012)
RMSE before/after STD
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(March 2012)
RMSE before/after STD
BEFORE STD AFTER STD
1
Brand RMSE RMSE
Master//slave | Master//slave 0.2
BELO101| Foss 0.0166 0.0226 08 |
BELO102 Foss 0.067 0.0257 07 |
BEL0201 | Delta 0.4864 0.0344
DEU0101| Bentley |  0.9375 0.0614 0.6 1
DEU0102 | Bentley 0.8107 0.0385 05
DEU0103 | Bentley 0.8902 0.0395 04
DEU0104 | Bentley 0.8957 0.0286
DEU0201| Foss 0.0116 0.0671 0.3
DEU0202| Foss 0.0288 0.0192 0.2
DEU0301| Foss 0.0778 0.0709 01
ool o= | ot | soa | ", n PN T P
DEU0304 = 0.0189 0.0505 “‘ & er*‘ P D o
Foss . . M.((G ._I:'(".‘l N N ﬂ_-;b h::({) :'lf(O *:(E'}I ‘.;{0- qf(o ¢° ‘:‘D W{(ﬂ b\q}
FRAO601 | Foss 0.0485 0.0095 SN \imﬁgﬁmﬁﬁﬁ&ﬁ“@ \ga“‘ﬁ:d‘? Qﬁr@@@\}ﬁ@ﬁ@%ﬁ@@‘ S &S
oo O
FRA0602 | Foss 0.0165 0.0126 FEFEFLFLFLFLELLELELEE Qq?‘ ({QF' Qq-‘ﬁ"
FRA1601 | Bentley 0.9205 0.0266
- 03324 0.0368 ®RMSE bef STD mRMSE Aft STD .
> Master FOSS g‘@
,ﬂ-’E F
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STANDARDIZATION - EXAMPLE

3.5

| Raw MIR

spectra
2.5 i

. il ﬂ\

\ Foss — Master p~|| ’W ’

\e}
T
|

|, 1060 wav. ' I
. “ '\H"
0.5 % ” i

I

v Bentley _Slave
889 wav.
|

0.5 | ‘ ‘ |
-}?‘:L) 0 200 400 600 800 1000 1200 g\@
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| STANDARDIZATION - EXAMPLE
3.5

Interpolation

2.5 .

15 Foss: Transmittance data

e

0.5 %
Bentley: Absorbance data

7 S Y Neal A i NS s e
A N AN S e AR gt —
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0.6
Log transformation
0.4+ -
0 ,,( “”‘ ‘ === i

/ "W;}f I(!!L’ |

I W \M‘ |
0.2 ‘;f I \‘/I ;.W{
0.4 ‘ .
0.6 - i
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Before standardization
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After standardization
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1236 spectra with reference values

Fat content equation

Y CV Predicted

3r R?=0.997

4 Latent Variables

RMSEC = 0.057579

2r RMSECV = 0.058406
Calibration Bias = -0.00031737
CV Bias =-0.00031853

A 1 0 ! ! ! ! ! ! ! ! !
§ 0 1 2 3 4 5 6 7 8 9
= nwe Y Measured

INTERREG IVB
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DELTA slave
(CRA-W Delta)
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Y Predicted 1

~

Samples/Scores Plot of Xmgc,c & X2stdc,

R® = 0.996
v 4 Latent Variables
vV RMSEC = 0.057579
RMSECV = 0.058406
RMSEP = 0.47147
Calibration Bias = -0.00031737
CV Bias = -0.00031853
Prediction Bias = -0.43941

2 3 4 5 6 7 8 9

Y Measured 1

10
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RMSEP: 0.4715

7
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DELTA slave
(CRA-W Delta)

= nwe
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Y Predicted 1

Samples/Scores Plot of Xmgc,c & yres,

R® = 0.997
4 Latent Variables

RMSEC = 0.057579

RMSECV = 0.058406

RMSEP = 0.16504

Calibration Bias = -0.00031737
CV Bias = -0.00031853
Prediction Bias = 0.14059

Y Measured 1

Cra-w

RMSEP: 0.1650
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CONCLUSIONS

The standardization correction using PDS seems to work correctly
during time for the different slave instruments available, including
different brands.

The use of this standardization method is a crucial step for the
OptiMIR project because it will allow the use of only one single
equation by property for all the different instruments.

Useful to pool the resources of milk recording organizations and
research centres and MIR milk spectra to be used as indicator of the
cows’ status.
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