Model Diagnostics

Diagnostics useful for finding outliers/uniques
X-block Q residual and T?
X-block leverage and studentized Y-block residuals

Try SFCM example without removing outliers

RECALL
% load plsdata

% x = delsamps(xblockl,[73 167 278 279]);
%y = delsamps(yblockl,[73 167 278 279]);
>> pls %starts a gui: >> regression
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Example PLS using PLS

e Construct a linear regression for Y-block1 from
X-block1 (time series data)
» predict level of slurry fed ceramic melter (Y-block)
* using melter temperatures (X-block)

e Test the model on X-block2 and Y-block2
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Analysis of plsdata Data

1 Type pls at the command prompt 2 Click File:Load Data:
» to start the regression program. Calibration:Both menu

X-Block
Import Data idati | Y-Block

@ Eigenvector Cache by LINEAGE (*[X}

New Data > » B Cache Settings and View
Load Model » & Wine
Import Model » W@ arch
Load Prediction Validation 4 = bps0
i > bp50_spec
Load Options IPLS Variable Selection » & conc
Save Data > = specl
Save Model . » W xblockl
ed by Model + @ xblock?

Export Model » e

suerdeion B w o : Sres

EI ' (Modelcache-
more on this
later..)

Analysis Help Wlndow Neither data nor a model is currently loaded. Data can be loaded or
imported and/or a model can be loaded using the File menu.

| G < | >|

@ EIGENVECTOR

63 HL! RESEARCH INCORPORATED

Load plsdata.mat: xblock1

1 Click From File button to load from disk

(button will change to From Workspace) 2 Browse to

desired folder

Select XBLOCK Data

'-°°"'"=[ Applications/MATLAB7 /5_0_FulRelease10140... H
les

4 Highlight
xblock1

== 3 Highlight
plsdata.mat

_— 5 Click load

@ EIGENVECTOR
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Load plsdata.mat: yblock1

1 Select Y-Block Data appears automatically

Select YBLOCK Data
MATLAB741

/5_0_FullRelease10140... H

2 Highlight

/ yblock1

— 3 Click load

@ EIGENVECTOR
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-
Data: loaded but not analyzed
1 Repeat previous procedure to load validation data (xblock2, yblock?2)
2 status window after load 3 Plot vour Data
y :
Select
File ¢ Preprocess Analysis Tools Help FigBrowser e . . )
N QBTN . biock Edit:Calibration:
\: . I R Plot X-block
ptions  »  Y-plock Data » W Wine
Plot Y-block l » W arch
Select Y-Columns Validation » @ bps0
» W bpS0_spec
View: SSQ Table IPLS Variable Selection » ‘ conc
T A R ;8
Latent ..X;Blof:;& : o ‘Y-Bzock ) > ‘ xblock2
variable LV Cum LV Cum > @ yblockl
» ‘ yblock2

Data has been loaded but no model exists. Set the preprocessing and other options (Iram the
Preprocess and Tools menus) and calibrate a model (Calibrate button). The data can be
viewed and edited with the Edit menu.
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Plot Your Data

- Figure 1: X-data u@
File Edit View Insert Tools Desktop Window Help FigBrowser PlotGUI ~
DEeE&E hRaM® € 08|50
Default plOt Temperature (C)
. 1200 — T T T T T T T T
Column / Variable
1100}
mean
H P ot Controls o || B S 1900
D
File Edit View Plot FigBrowser ~ = 900}
-Fig 1: X-data [v _§
l - J £ goof
x:lVarlables [:[ =
wipala [»] = 700}
StadDev §
M StelD
NS;E; Miszrng 600
500
2
Z:l [z[ 400 L ! 1 ! ! L L L L
2 4 6 8 0 12 14 16 18 20
Piot_| [7] auto-upcite Variables

Select | Tool |

@ EIGENVECTOR
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1 Plot control default the Plot control generates plots
can IOO’k at summary stats in MATLAB figure windows
-Plnt Controls L || O EJ‘ 2 under VIeW menu
File Edit View Plot SigBrowser ~ ml
W *[—I " Table Ctrl+T CheCk
EEE e ™ umbers ~ Ctrl i
LNabe‘:s E:v::r »  Temperature Ia be | S Te m pe ratU re

X Variables [v

Ctrl+2

3 wunder Y: menu
highlight Data

Declutter Labels Ctrl+K »
Label Angle  Ctrl+A »

Axis Lines »

Diagonal 1:1 line

Log Scales »
= | R Plot  Auto¥-Scale Ctr4+F
{  Subplots »

Select | oo | L———  Duplicate Figure Ctrk+D

Spawn Static Yiew

Dock Controls @ EIGENVECTOR
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all samples vs.
variables

iPInl Controls u@w

File Edit Yiew Plot FigBrowser ~

|-Fig 1: X-data

x.[ Variables E

Number Missing

2:[ E
Plat auto-update

Select | Tool I

69

Plot Your Data

.Figure1:X7data || X
File Edit View Insert Tools Desktop Window Help FigBrowser PlotGUI N

DEeE& hRAM®|E 08 8O
Temperature {C)

1000
900
800
700
600
500

Sample Number : Data

o left ¢ right
200 bottom to toR bottom to toR

200

2 4 6 8 10 12 14 16 18 20
Variables

EEIGENVECTOR
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Plot Your Data

)] Figure 1: X-data M@w

all Variables VS File Edit View Insert Tools Desktop Window Help FigBrowser PlotGUI
1 . DEEES LK eRaNe® ¥ 08 50
samples (time) ES——
under X: menu
highlight Samples
fol
Plot Controls =
File Edit View Plot FigBi @
-Fig 1: X-data ‘E
@
X: Variables * ‘v ‘:El
" ® 500k - -
e S g iy ]
Mean+StdDey 400+ l'r 1'( WNW B
MNumber Missing
300+ b
v . . . . .
. " 200 50 100 150 200 250 300
Pt SS— Samples
Select [ 7oal | ¥ IE
. Edit: - = EIGENVECTOR
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Plot Your Data Summary

* Bottom temperatures higher than top temperatures
» surface and plenum space is cooler than the bottom

¢ Trend in time

* “saw-tooth” pattern showing correlation between some

temperatures and level

ro\um
o

Which Regression?

* BACK to Analysis Window, then Analysis menu
We’ll choose PLS...

600 Analysis - PLS (No Model) - xblock1, yblockl
File Edit Preprocess Tools Help FigBrowser

BA S | pcA
Purity @ Eigenvector Cache by LINEAGE (X]
MCR » B Cache Settings and View
PARAFAC » @ Wine

MPCA

PLS

Validation

>
Number LVs: > @
> @
Per el
- MLR » @ xblock2
Latent -Block
variable Lv cf CLS > @ yblockl
» i@ yblock2
KNN
PLSDA
SIMCA
Data has been loaded but no model exists. Set the preprocessing and other options (from the
Preprocess and Tools menus) and calibrate a model (Calibrate button). The data can be
viewed and edited with the Edit menu.

EIGENVECTOR
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is the default
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How Should We Scale the Data?

Variables are in same units and there’s reason to believe
that variance is associated with signal. Suggests mean
centering. X Preprocessing is set under Preprocess:X-block

CLICIE Analysi

X-block
Y-block

1 autoscaling is the
default, highlight

7 @ Eigenvector Cache by LINEAGE (X]
q v Autoscale 5 fiags,and View

Load Preprocessing > > & Wine

Save Preprocessing >

Custom...

—

> Qe Mean Center
> @ bp:
Plot Preprocessed Data » | Set Current As Default » & bpS0_spec

View: SSQ Table T PLS W conc
et

Percent Variance Captured by Model
Latent x-Block ¥-Block
Variable Lv Cum Lv Cum

Data has been loaded but no model exists. Set the preprocessing and other options (from the
Preprocess and Tools menus) and calibrate a model (Calibrate button). The data can be
viewed and edited with the Edit menu.

r\um
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How Should We Cross-Validate?

* Time series data suggests contiguous block cross-validation

1 under Tools menu highlight Cross-Validation

2 contiguous block,
then OK

000 i yblockl
File Edit Preprocess Analysis [Rf3 igBrowser
~ [X 85 QNN o
Show Model Details @ Eigervecior Cache by UNEAGE (%]
Test Model Robustness » > B Cache Settings and View
Correlation Map » » @ Wine
Estimate Factor SNR > @arch
Calll View Cache » dation > @ bpso leave one
» W@ bp50_spec 4
View: | 550 Table TPLS Varabe Seiecton @ conc venetian biffids
(Number Vs — » W specl contiguous block
ance Model. > = x:m:u random subsets
> @ xblockz
> @ yblockl AED
> @ yblockz
Data has been loaded bulno model exiss Set e prepr and other ptions (rom e
Prepocess nd Tool ments)and calbrle  model (CalraRguion) The da an be
Viewed and edied wit te Edii men.

3 click the calculate (gears) or
model button to perform the
cross-validation and build the  romm

regression model aii EIGENVECTOR
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Regression Results

1 After calculating the model:

* variance captured table: eigenvalues and % variance explained for each LV.

Eigenvector Cache by LINEAGE ((X] (CheCk OUt the
 vine modelcache..)

ji arch

) bpsO

) bp50_spec
i conc

jl specl

ji xblockl

2 Click Eigenvalue
button to plot the
3 RMSECV

Warning: This model appears to have some unusual Q residuals. Please review Q residuals
and using the lot and det if these samples are errors that 0
should be removed. If these are not errors, consider consider adding additional samples and

using more latent variables/principal components for a more reliable model. - % <

@ EIGENVECTOR
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RMSECYV Plot

Plot the RMSECV VS . Figure 1: Model Statistics - PLS 1 LVs - xblock1, yblock1 =J\=

File Edit View Insert Tools Desktop ‘Window Help FigBrowser PlotGUI ~
LV DEE&E kK RN € 0B =50
: SIMPLS Variance Captured and Statistics for xblock1

0124

0123+

0122r

Plot Controls |- |01

File Edit View Plot FigBrowses

RMSECY Level
o
S

0119/
0.118
0.117
B R T T
Pt | [ auto-updte atent Variable Number

Sejeet [| Toal |

EIGENVECTOR
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600

Choose Number of LVs

2 Click the Calculate or Model button to
reconstruct the model with 5 LVs

Analysis - PLS 1 LVs - xblock1, yblock1

File Edit

rocess Analysis Tools Help FigBrowser

» [X Bf S

1 Highlight the

Number LVs:

Latent
variable

fifth line to select
5LVs

yblockl

yblock2

Click scores button
to make scores plots,
loads button for
loadings plots

should be removed

Warning: This model appears o have some unusual Q residuals. Please review Q residuals
and Q contributions using the Scores plot and determine if these samples are errors that

. If these are not errors, consider consider adding additional samples and
using more latent variables/principal components for a more reliable model.

0
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Scores Summary Plot

- Figure 1: Samples/Scores - PLS 5 LVs - xblock1, yblock1

File Edit Yiew Insert Tools Deskiop ‘Window Help FigBrowser PlotGUI

- “ESingle-click

DEeRE KRN €08 =80

on a subplot:

Samples/Scores Plot of xblock1 § Samples/Scores Plot of xblock1

brings up plot

File Edit View Plot FigBrowser ~

. Plot Controls .-.

-Fig 1: Samples/Scores - PLS... ‘v
X:Y Measured 1 Level ‘v

¥:Hoteling T2 (95.04%)
Leverage

™

Y Measured 1 Level

Y Predicted 1 Level

Y Residual 1 Level L
Y Stdrt Residual 1 Level F
Y CV Predicted 1 Level

Y CV Residual 1 Level [:

Plot auto-update
Select | Tool

Qcon Teon

data info

Show Cal Data with Test

Conf. Limits: 95 %

& 3000— & 4

8 | = LEr - controls for

< 2000 o g

2 L 2o, | thatplot

S 1000%e T &

g £ 28

@ . 5 [ .

o % 50 100 £ o 02 54 Double-click
Hotelling T2 {95.04%) Leverage

brings up a
new window
with that plot
only

fa

2183mplesi$cores Plot of xblock

~a
=

]
(=]

Y CV Predicted 1 Level

—
©
_o

9 20 21
Y Measured 1 Level

22

Double-click axes to view in new window.
ro\um
|}
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X-Block Q Residuals (by sample)

2500
1 Click Scores Button

:Sample Scale  5p00!
:Q Residuals l

1500

- Pl@ Controls =8

fit View Plot FlgBrowser ~

Aemesseore-pis ]|
1000+ “‘

Scores on LV 1 (73.57%) | ‘ “
Scores on LY 2 (6.88%) | | ‘ I ‘ ” ‘
Scores on LY 3 (2.09%) / H ‘H ‘
Scores on LY 4 (5.15%) | ‘\‘ [ ‘ ‘\ H\‘ [ 1
Scores onLv 5 (1.36%) 5000 ‘ “ ‘ I I ‘ Il W ‘ \ Il U\ L
siduls (4 96%) ML N ‘\M i/l \

Hoteling T2 (35.04%) i HH I I i ‘
Leverage [v i/ ‘” ,“\ ‘, ‘ ‘\ il “UM l

Wi | |

| W/ |
IV

I
"

¥:

i \ ‘

| I ‘\ f “"‘\ w‘“ “ \\
|

“’\\ \u‘\ i "W‘ W | Ah‘ h\

Plot auto-update

Select

l Tool

@ con

Tcon

data

infa

l

50

150

| == 2 Check Conf. Limits

Show Cal Datg with Tes

Conf. Limits:

79

X-Block Hotelling T?

1 Click Scores Button

90
X:Sample Scale
. 80+ i
Y: Hotelling TA2
70+ R
t Controls
Filgy Edit View Plot SaBrowser ~ 60L N
: Samples/Scorel - 50l ]
40+

Plot auto-updiate
Select | Tool \ "
Qcon Teon 50 100 150 200 250 300

== 2 Check Conf. Limits

Conf. Limit

80



1 Click Scores Button
X:Y Measured
Y:Y Predicted

¥ Show CallwiTest

[V Contf. Limits: 95 %
Qcon Tcon
data info

Calibration Curve
(Predicted vs.
Measured)

212

21F

08¢

2061

2041

-

oo,
oo

Y Predicted 1 Level
te

.t .

Y 4

202¢

Steshess b
2

L
.

20F°

19.8 ] L L L L L
20 202 204 208 208 21

Y Measured 1 Level

™2 Click Plot if auto-
update is not checked

EEIGENVECTOR
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Predicted Yvs. LV 1

1 Click Scores Button
X:LV 1

Y:Y Predicted

Pt Controts (- /)23
Fe Edit Yiew Plot FigBrivser ~
t
]
stossanty ol [

v
¥:Hoteling T/2.(35 04% al
Leverage Or X-axis.

Y Measured 1 Level

¥

Y Residual 1 Level
Y Stant Residual 1 Level
Y CV Predicted 1 Level
Y CV Residual 1 Level

Plot auto-update

AEmej

<

21.2 T T T

21+

208+

2061

20.4+

202+

20t

Select

| Tool

Qcon

Tecon

data

info

Show

al Data with Test

Conf. Limits:

s %
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-200

50 100 150 200
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LV2vs.LV1

1 Click Scores Button

2001 . Information =23 ]
X:Scoreson LV 1 - Fle £t Vew ~
Index: Row: 73 L:.
. QResidual = 2.352+003
Y:Scoreson LV 2 150, s Teimi « 1200003 1
elling T2 = 89.
(as.u%? limit = 11.4) 3
¥ Measured = 2023
100} Y p.ii?&fu =20.2863 4
Y Residuals = 0.056335 v
o I
L PN
SO ST e e e e, 7
yiScores on LV 1 (79.57%) o °% o g an o o ®° 0g " ° N
Scores on LY 2 (6.88%) o&S % ° @ L% '-'o e o
Scores on LY 3 (2.09%) 3 o N
Soores on LY 4 (515%) t Op—r-- - —t‘.l;{‘t'vf. 00 e oo 'f“k -85+
Scores on LV 5 (1.36%) ° g '&\ 530 etg ® o
@ Residusls (4.95%) Gt
Hoteling T2 (55 042%) ] ! &% T o
Leverage 50| ~~ } il
Zooe V] A
Pt | 7] ato-updete -200 -150 -100 -50 0 50 100 150 200
Select [ Tool
Q@ con Tcon 2 Clle I nfO
data i
Button and
Showy Cal Data with Test
= select sample ouE
[¥] Conf. Limits: 95 % p = IGENVECTOR
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Studentized Y Residual

1 Click Scores Button

vs. Leverage

removed in first example

‘Leverage : : :
Y:Y Stdnt Residual ]
.Dln!f ntrols _J[=/E3
File EditfView Plot FigBrowser ~ 7
-Fig plesiogral - PLS... v,
X:Leverage v 73 )
¥:Hoteling T2 (95.0 [
Leverage o % |  Ols#A$e7- - - - - - - ———— -
¥ Measured 1 Ley
¥ Predicted 1 L
Y Residual 1 Leve
Yovmeasear i 2 \View: 1
Y CV Residual 1 Level v .
Zoe [v] Numbers 1
Plot auto-update
= Jw] 3 View: 02 025 03 035
Qcon Tcon
— — Decluttegetee
Show Cal Data with Test Labels
— [ ]
LAt T B F | Moderate =EIGENVECTOR
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Calculation of Studentized
Residuals

* Given the pseudo-inverse X" the leverage for a
sample x; = x(i,:) and column X" (:,i) is
[ =xX" (:,i)
 Studentized residuals for column /M of Y, te;

e, =y,-V,

(e @ en)'s |

m-—1

t,=e,./(s;(1-1)")

P EIGENVECTOR
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How Much Leverage is
Too Much?

e In PLS and PCR a good rule of thumb is 3k/m,
where k is the number of LVs or PCs, and m is the
number of samples

e In MLR, use 2nx/m, where nx is the number of X-
block variables

EEFEEIGENVECTOR
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Continuum Regression

e PCR, PLS and MLR can be unified under the
single technique Continuum Regression (CR)

* CR is continuously adjustable and encompasses
PLS and includes PCR and MLR at the extremes

a=oo a=1 a=0
PCR PLS MLR
“canonical “canonical “canonical
variance” co-variance” correlation”
[ A~ | ]
% EIGENVECTOR
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CR Press Surface

WL

Continuum Parameter

"8 EIGENVECTOR
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Missing Data

« MDCHECK

* Checks data sets for 'NaN' and 'inf"' and replaces
with values consistent with a PCA model (if desired)
¢ e.g. see the ISFINITE function
¢ This is an iterative method

* Example, use some data from SFCM

>> X = Xblockl.data(1:50,[6:9 16:19]);

> x2 = x(:,2); L every 4 sample of column 2
>> x(2:4:50,2) = NaN; removed

P EIGENVECTOR
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Call MDCHECK

* Change the options to reduce the number of PCs

>> options = mdcheck('options')
options =
max_pcs: 5
frac_ssq: 0.9500
meancenter: 'yes'
output: 'no'
tolerance: [1.0000e-006 100]
max_missing: 0.4000
>> options.max_pcs = 3;
>> [flag,mismap,xfill] = mdcheck(x,options);

P EIGENVECTOR
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MDCHECK Results

>> plot(1:50,x2,'ob-",1:50,xfi11(:,2),'rd'), hold on
>> plot(2:4:50,xf111(2:4:50,2),"'rd", 'markerfacecolor',[1 0 0])
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Regression Summary

Regression models can be divided into CLS (used
when pure analyte spectra are available) and ILS
models (MLR, PCR, PLS,RR, CR, ..)

PCR and PLS work with ill-conditioned data by
reducing to a smaller number of factors

* has advantage of signal averaging

Cross-validation is used to determine number of
factors

Fit and Prediction are two different things

P EIGENVECTOR
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Model Development

* Developing PCR or PLS models
 center and scale the data (as appropriate)
* cross-validate to determine number of factors

¢ check X-block Q, T?, leverage, and Y-block residuals for
outliers

* remove / explain outliers

¢ check RMSEC and RMSECYV values for overfit

° repeat as necessary

* PCR or PLS models consist of
* mean and scaling vectors
¢ X-block loadings P, scores T, and weights W (if PLS)
¢ Y-block loadings Q, and scores U
¢ inner coefficients b

* all of this can be reduces to y = xb+a form for prediction with

new data PY¥EIGENVECTOR

126 L@\ RESEARCH INCORPORATED

Model Application

* A PCR or PLS model is applied by
 centering and scaling to the model mean and variance
e multiply measurements by regression vector to get scaled predictions
¢ rescale the predictions back to original units using model mean and
variance
* Prediction outliers can be found by

* calculating Q and T? values for new samples

* All the modeling and application is packaged:
* the model is a structure that contains all the parameters
e validation e.g.:
valid = pcr(x,y,model,options); %pred’s with new X- & Y-block
e prediction e.g.:
pred = pcr(x,model,options); %predictions with a new X-block

%= EIGENVECTOR
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