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Traditional Data
Rectangular Data: 1 input data points affects 1 output data point

Batch X1 Y
001 1.00 217
2 002 0.94 0.00

3 003 1.06 2.70
4004 0.94 0.26

005 1.06 2.87
> 006 1.00 1.97
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Functional Data
Measurements recorded over time

1,00

6 006
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Where do you find functional data?

Sensor Data Spectral Data Time Series

Mean(CPI) vs. Year

pH vs. Time Reflectance vs. Wavelength
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Spectral Data
Application

Valuable Information about Composition, Structure and Properties of
materials

Concentration of chemical compounds in sample

Analyze Drug formulation
Assess drug stability
Monitor quality of pharmaceutical products

Analyze metabolites in biological samples
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Spectral Data

Spectroscopy

Applications: Composition of materials, Detecting biomarkers

Raman: lasers
NIR: Infrared Lights
NMR: magnets
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Spectral Data

Mass Spectrometry

MASS SPECTROMETRY - Measures mass-to-charge ratio

: —— Magnet
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Example of Mass Spectrometry data
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Protein Sample
(Mobile Phase)

Spectral Data

Chromatography em—"

Dissolve a chemical mixture over a

material to quantify relative amounts . il
( protein

of components

type

Retention time quantifies the —oie
components in the mixture

Intensity

Example: identify olive-oil vs other
vegetable oils.

1000 2000 3000 4000

Spectra
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Pre-processing Spectral Data
Challenges

Raw data are not always clean for direct use

Several preprocessing algorithms are already and new available in JMP
Pro 17

Typical problems

Baseline Scattering
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Pre-Processing Spectral Data
New in JMP Pro 17

4 Commands

Cleanup Transform Align Spectral Target Functions

SNV Savitzky-Golay||Baseline Correction

Standard Normal Variate
Multiplicative Scatter Correction
Savitky-Golay Filter

Baseline Correction
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Pre-Processing Spectral Data :
Baseline Correction

Data Preprocessing

Before

Intensity
Intensity

2000 2000
Spectra Spectra
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Pre-Processing Spectral Data:
Baseline: Savitzky-Golay (SG) Filter

Initial Y vs. X S-GYvs. X
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Pre-Processing Spectral Data:
Standard Normal Variate (SNV)
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Pre-Processing Spectral Data:
Multiplicative Scatter Correction (MSC)

Mean(intensity) vs. Wavelength

Mean(Intensity) vs. Wavelength
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600 800 1000 1200 1400
Wavelength
Where(Name = M7_C2_1_001, M7_R1_1_001, M7_R1_1_002, M7_R1_1_003, M7_R1_I_004, M7_R1_1_001)

o
‘fm STATISTICAL
” DISCOVERY

Copyright © JMP Statistical Discovery LLC. All rights reserved.



Pre-Processing Spectral Data:
Savitzky-Golay (SG) Filter

Initial Y vs. X S-GYvs. X

j’f‘

STATISTICAL
” DISCOVERY

Copyright © JMP Statistical Discovery LLC. All rights reserved.



Data Models

B-Spline:
A piecewise polynomial curve, and the knots are the points where the pieces meet
For non-periodic data

P-Splines Basis

A piecewise polynomial penalized B-Spline and the knots are the points where the
pieces meet

Help overfitting noisy data
Fourier:

For periodic (oscillatory) data

Wavelets (new in JMP Pro 17) ...
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Data Models

From Fourier transformation to Wavelets
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Data Models

Wavelets

Haar

” DISCOVERY
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Example 1:
Mass Spectrometry: Prostate Cancer
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Mean(Intensity) vs. Peptides
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Let’'s demo!
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Example 2:
HPLC: Sophorolipids biosurfactants
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Background

Sophorolipids biosurfactants

Produced in non-pathogenic Yeast
species

Anti-microbial action against gram-
positive and gram-negative
microorganisms

High Biodegradable properties
Attractive in food and health

glycolipid clas:s

lipids

industries
Structural forms exhibit different
Sophorose Head Fatty Acid Tail bIO|OgIC_a| clgle phyS|COChemlca|
hydrophilic hydrophobic p ro p e rt Ies

Challenge in separating these

different compounds
https://community.jmp.com/t5/Technical-Reference-Library/C71-Using-
Functional-DoE-to-optimise-analytics-high-performance/tac-p/611042 f
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Sophorolipids biosurfactants
HPLC Poor separation

Intensity [counts] vs. Time (min) Batch ID

—Lac 0.7 40
— (18:1 Sophorolipid §

E— (17:1 Sophorolipid
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Poor separation
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Time (min) e
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Sophorolipids biosurfactants
Initial and additional DOE

To optimise the HPLC settings in order to effectively separate the
C18:1 and C17:1 peaks

Ensure that the peaks are sensitive (no major loss in peak height) and
specific (no broad peaks)

Flow rate (mL/min) vs. Temperature (C) Development stage

*  ®DoE

Flow rate (mL/min) vs. Temperature (C)

Development stage

* Additional runs
® DoE

34 36 3 30 35 40 45 0 ‘?_
Temperature (C) Temperature (C) m p STATISTICAL
Where(Development stage = DoE) Where(Development stage = Additional runs, DoE) g
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Sophorolipids

biosurfactants

HPLC output

Intensity [counts] vs. Time (min)
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3000000 :
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|

Intensity [counts]

2000000

1000000

L Peak of interest

Time {min)
Where(Batch ID = Lac 0.7 30, Lac 0.7 35, Lac 0.7 40, Lac 1.4 30, Lac 1.4 35, Lac 1.4 40, Lac 1.4 45, Lac 1.4 50, Lac 1.6 45, Lac 1.8 45)
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Batch ID

—Llac 0.7 30
—Llac 0.7 35
—Llac 0.7 40
—Llac 1.4 30
—Llac 1.4 35
—Llac 1.4 40
—Llac 1.4 45

Lac 1.4 50
—lac 1.6 45
—Llac 1.8 45
® Lac 0.7 30
® Lac 0.7 35
® Lac 0.7 40
® lac 1430
® lac 1435
® Lac 1.4 40
F Lac 1.4 45

Lac 1.4 50
+ Lac 1.6 45
F Lac 1.8 45
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Let’'s demo!
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Sophorolipids biosurfactants
Functional Data Explorer

Initial data Plot

: Data cleanup process:
3 2000000 Target function: Target
= e Filter X (20 — 34)

Y pmnm Align Maximum

Filter X (-1 —1)
Reduce Grid

0 30 e 30 e 30 60 30 6 30 60
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Sophorolipids biosurfactants
Data Cleanup

Filter X Plot Align Maximum Plot Filter X Plot

Intensity [counts]
Intensity [counts]
Intensity [counts]

5

0

Aligned Time (min)

-100 10-100 10-100 10-100 10-10 0 10

Filter X (20 — 34) Align Maximum
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Sophorolipids biosurfactants
Data Visualisation after data cleanup

Scatterplot 3D Scatterplot 3D
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Sophorolipids biosurfactants
Wavelets model

4 ~'\Wavelets on Reduce Grid (301)

4Model Selection

Data C icients 110000 .

90000
80000
70000

60000

Intensity [counts]

0
R 05 0 6 8 10 12 14

Aligned Time (min) Model Number

Training *| 1-10 v [®][®] Model Wavelet AlCc BIC

1 Daubechies 10 160869 43914,89 8,143e+8

148428,5 4426785 9
44456,11 9,416e+8
4493 1,116e+9
46084,57 1,67e+9
Daubechies 20 3,2 4615546 2,58e+9

ymlet 6 69597,8 4654585 1,
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Sophorolipids biosurfactants

Functional PCA

Eigenvalues Shape Functions
FPC Eigenvalue 20406080 Cumulative
1,099+ 14
] .

Intensity
[counts]

Shape Function Shape Function Shape Function
Mean Function 1 2 3

FPCA Model Selection
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Component 2
5000000 Lac g 40 ) ="
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FPC Profiler
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Sophorolipids biosurfactants
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Sophorolipids biosurfactants

4~ FDOE Profiler
Optimize Target||Show Target Profilers||Hide Target Profilers

£ 7 4621083

Aligned Flow rate
Time (min) (mL/min)
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THANK YOU!
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