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1. Chemometrics

By courtesy of the Division of chemometrics,

Norwegian Chemical Society
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Chemometrics: what is it?

Definition (International Chemometrics Society):
Chemometrics is the science of relating measurements made on a chemical system or process
to the state of the system via application of mathematical or statistical methods.

Chemical system _
OroCcess

e  Multivariate model e Gluten content of flour
 Mathematics e Year of production

e Statistics QT

= = —
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Chemometrics: what is it?
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Application domain |:> Product |:> Sample I:> Operator

$

Chemometrics <j Measurements <:I Spectrometer
LoAD("MY DATA.CSV');
PLOTI(X'): /Q
X=DETREND(X)
RESPLS=PLS(XY,10,20,)
PLOT(RESPLS... LAY .
T F—— e Gluten content of flour

12 00 1000 Lnre]

Infrared spectra * Year of production
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Chemometrics: what is it?

To
Load('My PATA.CSVY);
PLOTIXY);
X=DETREND(X)
RESPLS=PLS(X,,10,20,) . . . .
PLOT(RESPLS... Predict biochemical content using a
model
———
Inexpensive, faster, I—‘
Laboratory preserve sample
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2. The ChemFlow Tool
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ChemFlow: why this tool?

Specificities and added values of

Common practice ChemFlow

One software for each type of spectrometer  Accessibility, web service

The collaborators develop tools in different Reinforce the chemometrics community by
langages collaborative, multi-users and shared tools

Developed in various langages

@ M Ca

MATLAB

Interoperability

Difficulties to reproduce data treatment

chains Reproducibility and traceability: workflow

* User friendly software: all copyright.

. User friendly and free software
* Free software: programing.
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ChemFlow: why this tool?

Specificities and added values of

Common practice ChemFlow

One software for each type of spectrometer  Accessibility, web service

ty by
tools

The co

langag -
D|ff.|CU| Liatcawvlilily. wul niow
chains —

* User friendly software: all copyright.
* Free software: programing.

User friendly and free software
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ChemFlow: architecture

= Gala

\j PROJECT
xy\ ;L Private

/\\ PostgreSQL  Python tool shed

§ &

@ Chemometrics tools : : 2

@ \Chemometrlcs workflows) Shared data
_ Octave
‘ x @
ATLAB -

& 70 16 — - Cluster
. , F* I servers #
Multi-users Wrappers (functions)
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ChemFlow: 4 steps

Register an Connect to Upload your Play

account ChemFlow data OR use chemometrics

automatically shared data

A tool with a configuration immediately useful
CONNECT & PLAY

11/29
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ChemFlow: login interface

L
3 Galaxy X
<« C' & https://chemserver.supagro.inra.fr/user/login?use_panels=True

I
i Gﬂlﬂxv User
This Galaxy instance has been configured Chain teols into workflows e logged in may use it. If you don't already have an accou

Login

Username / Email Address:

Password:

Forgot password? Reset here

Login
https://chemserver.supagro.inra.fr/workflow

In Google Chrome, the tool is automatically translate

Y 'y
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ChemFlow: login interface

In Google Chrome, the tool is automatically translate

Galaxie x

<« & https://chemserver.supagro.inra.fr/user/login?use_panels=True

? Galaxie Utilisateur

Cette instance Galaxy a été configure de telle sorte que seuls les utilisateurs qui sont connectés peuvent I' utiliser. Si vous ne possédez pas déja un compte, vous pouvez en
S'identifier
Nom d'utilisateur / Adresse e-mail:

Mot de passe:

mot de passe oublié? réinitialiser ici

S'identifier

L
Y 'y
n
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ChemFlow: home interface

3 Galaxy x —
<« C' @ https://chemserver.supagro.inra.fr @, Bl v

Analyze Data Workflow Shared Data~  Visualization Admin Help~

Tools J; ' | History 8' ﬁl- ED

(% (%)
Import Data C h ‘row pretreat

Convert data format 17 shown, 1 deleted
Convert delimiters to TAB 26.1 MB S
Convert MAT or RDATA to TAB 17: PCA model:SG(Xn @& 4 x
convert mat or rdata file in tab file ir)
Convert MAT or RDATA to xml 16: PCA explainedva @ 4 x
convert mat or rdata file in xml file riance(%):SG(Xnir)
Utils 15: PCA eigenvector @ 4 X
Merge files s:SG(Xnir)
Edit files delete or extract row(s) 14: PCA scores:SG(X @ 4 X
or column(s) from a file nir
Sort files sort files 13: Spectra plot SG @ & X
Transpose transpose matrix file (Xnir) degPoll
Command execute line command 12: SG(Xnir @ & X
Statistics 11: Spectraplotond @ 4 %
Plot ata 6
Calibration/Validation 10 Specoapiotondl @ | & x
: &
. hd More informations : ChemProject ata 5 v
< If you have a problem : Virginie.Rossard@supagro.inra.fr . >
& A

Community
Conference
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Galaxy x

& C' [ https://chemserver.supagro.inra.fr

Analyze Data

ChemFlow: plot interface

<flow Shared Data~ Visualization» Admin Help~

- a X
@ F & =

Using 35.4 MB

Tools —fn
Import Data
Convert data format
Utils
Statistics APB1
Plot APe2
Histogram AP@3
AP@4
Boxplot APBS
S AP@G
R AP@7
Correlation plot AP@8
AP@9
Spectra plot AP18
Heatmap AP11
AP12
Scatter plot for multiple series AP13
and graph types AP14
. AP15
Interactive graph create
- ) . N AP16
interactive plot with Rshiny in
AP17
an new tab
AP18
Interactive graph create AP19
interactive plot with ggvis and ApP21
Rshiny in an new tab AP22
. . o AP23
Calibration/Validation | ap24

&+

https://chemserver.supagro.inra.fr

'y

.1_
GALAXY

Community
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This dataset is large and only the first megabyte is shown below.

Show all | Save

1eee 1eel 1ee2 1ee3 lee4 1ees 1086 1807 16888 1889
-9.04844 -9.048245 -9.048092 -0.047762 -9.e4731s6
-9.839741 -@.039554 -9.839632 -9.839297 -9.839918
-9.0445%96 -9.044463 -9.044075 -9.043648 -9.043265
-©.846453 -9.046489 -9.e46504 -0.846383 -©.845753
-9.04702 -0.046511 -9.046133 -©.045755 -0.044943
-9.849878 -@.049004 -9.048913 -9.048488 -©.848018
-9.8499%@e6 -9.049996 -9.849674 -9.849195 -9.848522
-©.e50282 -9.05e152 -9.049891 -©.049495 -9.e49185
-9.848378 -8.048315 -9.848596 -9.848738 -9.848497
-9.246083 -9.045663 -9.04555 -©.045343 -9.045024
-9.850291 -8.858357 -9.858325 -0.850178 -9.8493881
-9.04934 -9.049129 -9.048792 -9.048361 -9.047875
-©.848376 -9.e485e6 -9.e48463 -0.847818 -0.847171
-9.846614 -9.046385 -9.845998 -9.845632 -9.845188
-9.847614 -9.e47479 -9.047122 -9.846992 -9.846829
-9.8508376 -8.0e50324 -9.858235 -9.849835 -9.849539%
-0.852726 -9.0527el -9.052285 -2.051963 -9.e51723
-©.85e836 -9.049736 -9.849392 -0.849131 -9.848745
-9.253388 -9.053846 -9.053827 -©.053454 -9.852955
-0.846617 -0.046224 -9.845481 -0.84534 -9.845222
-0.08509e9 -9.05e995 -9.051167 -9.050922 -9.049724
-9.852071 -9.e5187 -9.e5169 -9.851759 -9.851451
-9.85252 -8.0852267 -9.851943 -0.85156° -9.851111
-9.047917 -9.047714 -0.04746 -9.04711

June 29t 2016

CheMORCs

1e1e 1¢

-9.
-9.
-9.
-9.
-0.
-9.
-9.
-9.
-8.
-9.
-9.
-9.
-9.
-9.
-9.
-8.
-9.
-9.
-9.
-9.
-0.
-9.
-9.
-9.

046829
83855

042964
044689
044656
04748

048037
048511
847873
044771
049257
047513
046934
044723
e4s6101
848966
050938
048277
952495
044811
048774
ese7e4
858512
046675

< [0

@ & X

History
58: Xnir

187 lines

format: tabular,
database: 2

B O L > ®

1000 leel
APO1 -0.04844 -0.048245
APO2 -0.039741 -0.039554
APO3 -0.044596 -0.044463
AP@4 -0.046453 -0.046489

APOS -0.04702 -0.046511

3

57:origin @ 4 %
e_huile

56: SG(x.c @ 4 X
sv)

55: NIPAL @ 4 %
S-PLS on
Y(2):model

54: NIPAL @ 4 %

—~ e~
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Galaxy x

<« C' @ https://chemserver.supagro.inra.fr
|
= Galaxy

Tools

Analyze Data

Statistics

Plot
Histogram
Boxplot
Barplot

Correlation plot

(Spectra plod

Heatmap

Scatter plot for multiple series and
graph types

Interactive graph create interactive
plot with Rshiny in an new tab

Interactive graph create interactive
plot with ggvis and Rshiny in an new
tab

Calibration/Validation

Pretreatment

Exploration
Regressions

Clustering
<
S
s r'y

n

_ﬂ comm—

ad
Community
Conference

ChemFlow: plot interface

— X
@ Lgye =

Using 38.8 MB

History

< &0

Spectra Plot

I I
1000 1200 1400 1600 1800 2000 2200

wavelength

ChemFlow
50 shown, 26 deleted

29.36 MB
76: Spectra plot on
data 58
971.4 KB

format: pdf, database: ?

2 ecC

Image in pdf format

72: Trans(Xnir)

66: NIPALS-PLSon Y
(None (value not yet

validated)):model

65: NIPALS-PLSon Y
(None (value not yet

validated)):ypredcv

64: NIPALS-PLSon Y
(None (value not yet

)

¥ ®»®

@ & %K

e

@ 4 %

@ & X

@ & X

June 29t 2016

_(ReMOeGs |

=

16/29


http://chemproject.org/
https://gcc2016.iu.edu/

ChemFlow: chemometrics tools interface

B Galaxy x — X
<« C' @ https://chemserver.supagro.inra.fr @By =

Analyze Data Workflow Shared Data~  Visualization Admin Help~ ser Using 35.4 MB
Tools A [ &1 (0O |58: Xnir - History < %[0
Calibration/Validation ) Dataset (n x p) containing the n spectra of p variables. o
Pretreatment Select y data
Exploration : : ChemFlow

] [0 | &1 | OO |60:y_triglycerides v 50 shown, 20 deleted
Regressions —
Dataset (n x q) containing the reference values. 25 99 MB AL X )

PLS Regression Partial Leas
Column of y data chosen for the calculation

€) 68: Scatter ploton @ 4 x
PCR Regression Principal c3: OLnL v data 65 and data 60
component Regression

Algorithm choice: €) 67: Scatter ploton @ 4 x
MLR Regression Multiple Linear data 63
Regression NIPALS v
) ) ) 66: NIPALS-PLSonY @ 4 %
SLR Simple Linear Regression cross-validation type: (None (value not yet
Applies a regression model to a k-bloc cross-validation \d validated)):model

new set of spectra

. - »
Number of blocs for cross-validation e RRdRS
Clustering (None (value not yet

4 validated)):ypredcv

Discrimination

Variable selection 64: NIPALS-PLSonY @& 4 %
Number of latent variables (None (value not yet

20 validated)):b-coeffs

Orthogonal projection

Calibration transfert

Unmixing/ Curve Resolution Centeri i 63: NIPALS-PLSonY @ 4 X
entering option (None (value not yet

yes - validated)):rmsec-secv

Multitable/Multiway Analysis

< compute outliers statistics - >

Y 'y

ﬁGALAXY June 29t 2016 | CheMOOCs 17/29
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ChemFlow: workflow schema

Reference » Preprocessin N Model
spectral data P & identification

Reference v
a measurements Model
data evaluation
New spectral Model .
P > . < Model choice
data prediction

ml

New predicted
data

ghday o June 29, 2016 CheMOBCs 18/29
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ChemFlow: chemometrics workflow
el \NPUT

INVA_ |, e e

| DiInput dataset PREPROCESSING
| output ) .- PLOTS

= = MODEL

#~ Scatter plot = ‘

Select ¥ data ‘

SNV Series 1 = Dataset ‘

T T I

| £ SG out_file1 (pdf)
~ I
—— - Select ¥ data

#~ PLS Regression % ‘

Select ¥ data

Input dataset T
‘ Bme — Select v data

‘ output
rmsec_secv

b_coeffs
ypredcowv
model (mat)

T2

Scatter plot x ‘

Series 1 » x-Dataset

Series 1 = y-Dataset

out_filel (pdf)

‘ [ Input dataset

‘ output

‘ #~ SNV

o |
) Select X data

‘ SNV

# Applies a regression model to

| #& 5G new set of spectra

il
- Select ¥ data

—— ) Select the regression model

5G  Select X data

[
|
| ypredtest (tabular) ———— | # Scatter plot x
[
|

[ Input dataset " Series 1 > x-Dataset

output

- Series 1 > y-Dataset

out_filel (pdf)

|
Y Y

i i
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ChemFlow: graphical outputs

Analyze Data

y=0.93x+0.01

R2-0.94

RMSE =0.03
T

0.4

xlabel

e
& Py
n

i
i GALAXY th
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ChemFlow: functionnal test workflow

Galaxy x - x
€« C' & https://chemserver.supagro.inra.fr/workflow/editor?id=a0d84b45643a2678 @ Bve =
Workflow Shared Data~  Visualizatio elp ser = Using 49.5 MB
Tools Workflow Canvas | imported: pretreat (imported from uploaded file) L Details
£ MsC x 4 Spectra plot x SG Savisky-Golay (Galaxy v
Version 0.0.1)
Inputs Select X data Spectra 1 > Dataset
Import Data MsC mat_plot (pdf) Select X data
Convert data format Data input 'Xdata' (tabular)
Utils Dataset (n x p) containing the n
. spectra of p variables.
Statistics
Plot #~ SNV »x /& Spectra plot % () Derivative order
Calibration /Validation Select X data Spectra 1 > Dataset 2
Pretreatment
Ol Input dataset % SNV - .
Exploration P mat_plot (pdf) @ size of the window
Regressions output 9
Clustering P I x
Spectra plot
Discrimination # SG X p P (@ Degree of the polynom
Variable selection Select X data Spectra 1 > Dataset 3
Orthogonal projection SG mat_plot (pdf) Annotation / Notes
Calibration transfert J
Unmixing/ Curve
Resolution ~sc ® #° Spectra plot x
Multitable /Multiway Select X data Spectra 1 > Dataset
Analysis
cT mat_plot (pdf) .
Workflows Add an annotation or note for this
step. It will be shown with the
& DT x /& Spectra plot * workflow.
Select X data Spectra 1 > Dataset Email notification
bT mat_plot (pdf) - . '
< 5 >
= € QC s
GALAXY th CheMEOQL /
Community June 29", 2016 P W 21/29
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Chemflow: prospects

—Test and validation tools (Planemo...)

—Interactive graphics (R-Shiny)

———
I
e —
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—Connection with specific databases
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The project: the three pillars

(IO =

Free and
available for
everybody

Y b
GALAXY
Community
Conference

G ChemData

- database

ChemFlow

- tool

m

Using a
collaborative
conception

Data sharing

June 29t 2016
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1. Chemometrics
2. The ChemFlow Tool

3. The MOOC
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The MOOC: using FUN, a french course platform

@, FUN - Se formeren = x = X
€« C'  f https://www.fun-mooc.fr Q=

= @ Se former en liberté Q Inscription Connexion
L) -
7 R, 4 s . A : :
‘ il 3 W\ h . 7 : i -
g B » ¢ - = - '
“
1
4 A 4
|

L AN
. , | s _
3 ";j % \ - y $ A |
\‘\ b8 >
A\ R A / !
\ 3, N

P\\\. ‘ ‘
»/ Q W f@@ ®~

mn =
2 ‘

o - o — -
Comprendre 2 ' ™
s . . 3
l'économie collaborative f — —-- < = -
] = ﬂn-- NOUVEAU COURS
NOUVEAU COURS NOUVEAU COURS atl == NOUVEAU COURS CheMoocs
Comprendre 'économie collaborative Chirurgie de lobésité Initiation aux applications dynamiques Agreenium
nstitut Mines-Telécom Universiteé Fedérale Toulouse Midi-Pyrénées Université Feédérale Toulouse Midi-Pyrenges

. > Débute .
Ei Débute 20 sep 2016 __Ensavoir plus =] Dpébute 15 sep 2016 m B Débute 01 oct 2016 6 e g En savoir plus

Courses in french langage FUN, France Université numérique
France Digital University

Y 'y
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The MOOC: who?

IT team

24 collaborators

e Academic
* |ndustrial

4220
24 5,
A

Geneéeve

b
-

26/29
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The MOOC: for which users?

—Targeted audience

Students: initial learning

Professionals (industrial, teacher,
researcher): training

— Aims:
New competence

Competence improvement

ghadgy e wnezon206 _CHEMONCS I 27729
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The MOOC: when?

—Launch on FUN in French language: September 12t 2016

—~Registration from June 15th to www.FUN-MOOC.fr

-MOOC from September 12th to November 10th

26
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