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Partial Least Squares Regression (PLSR) is a factor analysis-based
method.

It is used to construct predictive models when the number of factors is
very large and highly collinear (factors are significantly redundant)

What are factors? Answer: Measured variables

These factors are used many times to explain, regulate, or predict the
behavior of other variables or the responses.
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Multiple Linear Regression (MLR) methods work well when (a) the
number of factors is small, (b) they are not significantly collinear
(redundant) and (c) there exists a well-defined relationship to the
system responses. DATA = INFORMATION

When any or all of the above conditions don’t exist MLR will fail.

That is when PLSR becomes a very valuable modeling tool.
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» Therefore, when one is faced with many variables, the relationship
between the inputs (independent variables) and the responses
(dependent variables) are not well-known, the PLSR statistical
calibration modeling approach can be employed.

« This calibration model when properly constructed can produce highly
robust predictive results.

* PLSR methods are known as bilinear factor models.
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e Itis important to note that PLSR is used to “predict” a target value
(that is, predict a response) given a measured quantity. It is not used to
discover the underlying relationship between the system variables.

PLSR is an excellent method used for prediction when the physical
system characteristics, or the details of the process, is not well
understood.

« Through the factor analysis approach, unneeded factors can be
removed that can improve the predictive performance of the
calibration model.
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 The removal of the unwanted factors can be carried out without
detailed knowledge of their characteristics.

Thus, unwanted, obscuring components that can exist in the data can
be removed in a systematic manner, thus improving the predictive
performance of the calibration model.

Some applications include: statistical calibration model development
for parameter estimation, estimation of sinusoids in additive noise,

parametric system identification, robust event classification ...

The goal here is to have a useful predictive tool when we finish this
tutorial that can be used for your future work in many cases ...

Let’s get into the details ...
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PLS1 Calibration Algorithm

i i ————
b e ————

step 1. Pretreatment of the data:
mean center A € R™" and

¢ e R™! and variance scale A
if necessary. Set the index 4 to 1
(where A is the number of PLS factors)

Forming the weight loading vector, W € R™!
model: A=cwl +E4 (E4eR™" contains the A residuals)

least-squares solution: W, =AT¢/cle
normalize Wy, i.e., Wy,
step 3. Generation of the score (latent variable) vector, fh e Rl

model: A=W} +E,

least-squares solution: 1, = AWy, [ W} Wy, = Ay
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step 4. Relating the score vector, £, to the elements of ¢
model. c= vl +e. (e € %™ contains the ¢ residuals)
least-squares solution:  Vj, = f;{ c/ th fr, (vy €R is the scalar regression coefficient

(inner relationship) relating fh to the
elements in ¢)

step 5. Generation of Eh € 91’”‘1, the loading vector for A
model: A=fbf +E,4
least-squares solution: 5;, =AT il iF e,
step 6. Calculation of the residualsin A and ¢
A residuals: Epj=A- i‘,,i},{
¢ residuals: e, =c-Vpt,
step 7. Increment h, substitute E4 for A and e, for ¢ in step 2 and continue for the desired
number of loading vectors (or the optimal number of PLS factors, 4°T)
1 If all of the factors were retained, h° =m (form < n) or k% =n (for m 2 n)

We Engineer the Future®
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PLS1 Calibration Algorithm

step 1. Pretreatment of the data:
mean center A € K™ and

¢ e ™! and variance scale A
if necessary. Setthe index A to 1
(where A is the number of PLS factors)

Forming the weight loading vector, Wy, € X™
madel: A=cw}f+EA (E, & ™ contains the A residuals)
least-squares solution:  wy=AT¢[ele

normalize Wy, i.e., W, e—-‘3—&-
[l
step 3. Generation of the score (latent variable) vector, f;, € ™!
model: A=ty +Ey
least-squares solution: Eh = Ay / ﬁ#{ﬂrk =AWy
Relating the score vector, f, to the elements of ¢
model: c= vyl +e, (e, € R™ contains the ¢ residuals)
least-squares solution: ¥y, = f;ir el f{ i) (v € N is the scalar regression coefficient

(inner relationship) relating £, to the
elements in ¢)

step 5. Generation of by, & ™, the loading vector for A
model: A=fbl +E4
least-squares solution: by = ATy /1By
step 6. Calculation of the residualsin A and ¢
A residuals: Eq=A-iybfl
¢ residuals: e =c- Tty
step 7. Increment h, substitute E, for A and e, for ¢ in step 2 and continue for the desired
number of loading vectors (or the optimal number of PLS factors, h°T)
1 If all of the factors were retained, h” =m (form < n) or h® = n (form = n)
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PLS1 Prediction Algorithm

step 1. From the PLS1 calibration phase, form the following matrices (for the optimal or desired

number of PLS factors, 4 = #°)

WP =) Wy - Wpe] (where: We R

BT =[b; by - byol (where: Be Rty

Pl = [7 Do - Ppe]  (where: V€ Rh"xl )
Compute the final regression coefficients, or the optimal calibration model, b FPLSR

I;f PLSR = WT(EWT)"Iﬁ (Note: rank(BWT ) = h°, where h° <<mor n)
Given a set of measurements, A, (not used to develop the calibration model Bf PLSR)»
estimate the outputs (or d?pendent variables)

Crest = Afesth fPLSR
or if the training data were mean centered (where the mean of the dependent reference
data is given as €p4ip)

Crest = AtestPf PLSR + Cirain
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Problem Assignment

It 1s desired to develop a Partial Least-Squares (PLS) statistical calibration model using
spectrophotometric data (synthetic data) to predict concentrations of glucose. In the
MATLAB workspace: “ECE3248 Prob_14 data_set_mat™ you will find the following:

TEST data_1 100x100 80000 double array
TRAIN data_1 100x100 80000 double array
test_reference_1 100x1 800 double array
train_reference_1  100x1 800 double array

Grand total is 20200 elements using 161600 bytes
TEST_data_1 == Arecr

TRAIN data_1 == Arain

test_reference_1 == Crest

train_reference_1 == gy

Tasks (Perform every task):

(1) Write the MATLAB function (m-file) to carry out the Calibration Phase of PLS.
This should be a single function that can take 1 { dpgm, rﬂm}l and extract the
weight loading vectors, . loading vectors. I:i1 , and the regression coefficients,
V. for k=12, - .

(2) Write a MATLAB function (m-file) that can build the statistical calibration model
using the information found in Part (1),

(3) Develop the PLS statistical calibration model by determining the optimal number
of PLS factors. How many PLS factors did vou need? Plot the components of the
PLS calibration model and clearly mark the graph’s axes.

(4) Plot the first four weight loading vectors and clearly mark the graph’s axes.

(5) Given the data { dier Crer} use Ay predict the glucose concentrations, 1e.,
determine ¢, .

(6) Plot the glucose concentration predictions. ¢, (using PLS). versus the actual
concentrations, ¢, . on one graph but only the discrete pownts. Also plot on the
same graph the “y=x" line (continuous) so the results can be easily compared.
Clearly mark the graph. What is the final SEP value using the PLS maodel?

(7) Develop a classical leasi-squares (CLS) calibration model and determine the
glucose concentration predictions, ¢, (using CLS) .

(8) Plot the glucose concentration predictions, c,,, (using CLS). versus the actual
concentrations, c,,,. on one graph but only the discrete points. Also plot on the

same graph the “y=x"" line (continuous) so the results can be easily compared.
Clearly mark the graph. What is the final SEP value using the CLS model?

! The data matrices are assumed to have NIR. (near-infrared spectrophotometric data, synthetic), and the
data in the target vectors are concentration of glucose with the units mg/dl).
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%
% Genarates Synthekic Hear-Infrared (HIR) Data
%

% Spactrum of the component of interest (could be NIR spectrum of
glucosal
Epi = .6%gaussd(30,100,15) + .3*gaugsd(50,100,70);
% GAUSSD ganerates a Gaussian distribution
% Spectrum of cbhacuring component (NIR spectrum of water)
Spo = . B¥*gaussd({10,100,20) + .6*gaussd{30,100,80);
A= zeros|(200,100);
for i = 1:200
Afi,t) =4iv38pi;

% Concentrations (could be glucose concentrations)
p=cnes(100,1);
Cl = 1000*atan . 000L*A*p) ;

% Addition of the zerc-mean Gaussian noise
An = & + randn{200,100);

% Addition of the cbhecuring component
Anl = zearos (200, 100) ;
for 4 =1:200

Anlii:) shn(i,:) + (1000+30*randn) *Spo;

amnd

% Form the Training and Test Data

% Training Spectra (each row is a NIR spectrum)
TRAIN = Anl (1:2:200,:2);

% Training Concentrations (target values)
TRAINC = C1(1:2:200,:);

% Tegk Spectra (each row iz a NIR spectrum)
TEST = Anl(2:2:200,1t);

% Test Concentrations (target valuas)
TESTC = C1(2:2:200,1);

clear p i A An Anl C1 Spi Spo
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function [W,B,V]=plslcal(A,c,maxrank]

% [W,BV]=plslcal(A,c,maxrank)

%

% plslcal.m extracts the PLS weight loading

% vectors in the columns of W, the PLS

% loading vectors in the columns of B, and

% the PLS regression coefficients (or inner

% relationships) in the column vector V.

%

% A =isan mxn matrix containing the training
% data asrows

%c  =isan mxl vector which contains the target
% values (or repsonse variables)

% maxrank = number of PLS factors to be retained
% (i.e., h)

%W  =(n,h) matrix containing the PLS weight
% loading vectors

%B  =(n,h) matrix containing the PLS loading
% vectors

%V  =(h1) vector containing the PLS regression
% coefficients (or PLS inner relationships)

%

[m,n]=size(A);

W=zeros(n,maxrank);
B=zeros(n,maxrank);
W=zeros({maxrank,1);

for h=1:maxrank
Wiz h)=(A"c)/(c™*c);
Wz, h)=W(:,h)/norm({W(:,h));
t=A%W(:,h);
Vih, 1)=(t"*c)/{t™1);
B(:,h)=(A™1)/(t"*1);
A=A-t*B(:,h)";
c=c-V(h,1)*%;
end
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function [W,B,V]=plslcal(A,c,maxrank)

[Mm,n]=size(A);

W=zeros(n,maxrank);

B=zeros(n,maxrank);

V=zeros(maxrank,1);

for h=1:maxrank
W(:,h)=(A"*c)/(c™*c);
W(:,h)=W(:,h)/norm(W(:,h));

t=A*W(:,h);
V(h,1)=(t"*c)/(t'™*t);
B(:,h)=(A"*t)/(t'"*t);
A=A-t*B(:,h)";
c=c-V(h,1)*t;
end
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function plscalmod = plslprdl{W,B,V,maxrank)

% plscalmod = plslprd1{W,B,V,maxrank)

%

% plslprdl.m generates the PLS calibration model.
%

% plscalmod = is an nx1 vector, the PLS calibration
%% maodel

% maxrank =number of PLS factors to use

% (i.e., )

YW = (n,h) matrix containing the PLS weight
%% loading vectors

%B = (n,h) matrix containing the PLS loading

%o vectors

AT = (h,1) vector containing the PLS regression
% coefficients (or PLS inner relationships)

%

% NOTE: To obtain predictions, the calibration model
% (plscalmod) is used as follows:

% cpredpls{mx1)=ATEST(mxn)*plscalmod(nx1)
%

plscalmod=W{:, L:maxrank)*inv(B(:, L:maxrank) Wi, L:maxrank))*V(1:maxrank,1);
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function plscalmod = plsiprd1(W,B,V,maxrank)
plscalmod=W(:,1:maxrank)*inv(B(:,1:maxrank)'*W(:,1:maxrank))*V(1:maxrank,1);

High Tech with a Human Touch™ &, We Engineer the Future®
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function [Cp] = pls1prd2{A,W,B,V);

% plslprd2 - predict the target vector

%

% [Cp] = plslprd2(A,W,BV);

%

% A - absorption given rowwise

% W - vectors of direction [ W in Matlab)
% B - spectral factors | Pin Matlab)

% V - concentration scores ( B in Matlab)
%

% Cp - predicted concentrations

[M,N] = size(A);
Cp = zeros(M,1);
[N, H] = size(W);
a=Aa;

fori=1:M
for h=1:H
Cp(i) =Cpli) +ali,:) * W(:,h) *Vv(h,:);
ali,:) = ali,2) - ali,:) * Wi, h) * B(:,h)"
end
end
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wiIlIIIWIGLSGSS i \ synthetic NIR spectra
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Training data for all three methods. This represents 25% of the total

amount of training data (i.e., 25 spectra).
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1% weight loading vector
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2" weight loading vector
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First two weight loading vectors extracted
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SEP=9.6 mg/dl
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reference (actual) concentration, mg/dl
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SEP=5.1 mg/dl

Only 2 PLSR factors are used
(out of the 100 available)

S
B
=
=
S
2
3
o
a.
H
[
Z
%
.
=B

2 . n . 40 .
reference (actual) concentration, mg/dl

@ Florida Institute of Technology COLLEGE OF ENGINEERING

High Tech with a Human Touch™ Qo Y We Engineer the Future™

7/16/2013 INNS-Thailand Workshop



Thank You!

Fredric M. Ham, Ph.D.

fmh@fit.edu
fredric.ham@sit.kmutt.ac.th
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