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Input: K training data {X, € RI>-*Iv}K along with their labels {c;}£ ; and J,,n =

1’ cee
Output: U™ e R»*/» n = 1,... ,N: N orthogonal basis factors and G, € R/ %>/~ | =
1,---,K: Training feature tensors
1: Compute the weights {w;}X , and {w},
2: Initialize U™ n=2,--- |N
3: repeat
4 forn=1,---,Ndo
5: fork=1,-.-,K do
6 z" = X x_, {UT}
7 end for .
8 s ¢ K, (79 - E) (Z“‘) iy
b D W ( (n) >(;)
9: S =K (zk _ Z(C’”)( | (z,c - Z(C’“))( )
10: [U("), A} = eigs (Sl()n), ng), Jns ‘LM’)
11: end for
12:

13: until a criterion is met
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Higher Order Spectral Regression Discriminant Analysis (HOSRDA) # i 5o

Input: Set of K training data {&), € Rlv*-*Iv k=1 ... K} along with their labels {c;, k=
1,---,K}and J;, -, Jy
Output: {U™ e R™*/» n = 1,..., N} are the N orthogonal basis factors of HOSRDA sub-

space
1: Initialize U™, n=1,--- N

A

3: Calculate X according to equations (20-5)
4: repeat

5: forn=1,--- ,Ndo

6: H""=X X _(n,N+1) {UT}

7: P =TI2_, Jm

m#n

8: forc=1,---,Cdo

9: Y = repmat (rand(P,, J,), K., 1)
10: end for

11: Y = [Y(l);... ;Y(C)]
12: Solve H;,3 U™ =Y for U™
13: U™ = Gram — Schmidt (U(”))
14: end for

15: until a stop criterion is met

00 00,91 V o 565! 40 awdS g0 &> (5l HOSRDA (yg031- o590l (S oo ,650! aSas
2O A8 o 9,5, 1y Ban WIS W yeesl sedls ya 5l sl g9l )10 a6 ol L]
tenmat (G,n) 105 o Jos [YAl S5l llass o yiolpe jgiws alic tenmat U d.%:\*w o)

w23 o0 )18 il 5015 G el Do (goul (q yle )8

HOSRDA | solawl b (yge3l- 5900 01,8 ¥ o 5o

Input: Set of K training data {X), € RIv*-*I~ k=1 ... K} along with their labels {c;, k=
1,---,K} and Jy,---,Jy. Also, the set of M test data {),, € Riv<-xIn m = 1,... M}
%suppose that the training tensor data are concatenated in the (N+1)-th mode of &, L is
the vector of train data labels and Y = cat (N + 1,1, , V).

Output: s: scores of single trials of test data.

1: Get HOSRDA subspace basis factors (U, ... . U®™)) via HOSRDA algorithm (algo-
rithm 6)

Girain =X x1 UM %o xy UN)

Grest =V x1 UW xg o xy UW

.ftrain = tenmat (gtﬂlin’ 3)

Ftest = tenmat (Giest, 3)
w = LDA (ftraz'n? L)

T
s=w .ftest

A A
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Convergence Curve of HOSRDA #1: Error vs. Iteration Number
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Convergence Curve of HOSRDA #2: Error vs. Iteration Number
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Histogram of feature #2 of subject B for target and non-target classes along with gaussians fitted to them.
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Input: x,,n=1,--- 2N
Output: the number of the row and columns containing P300.

1: Initialization for 6, = {w1, ws, B, a1, as}
2: while not convergent do > convergence of main algorithm
3: while not convergent do > convergence of tensor algorithm
4: for m=1,2do
5: substitute w,, and «,, and in 6, with new updated ones. > from 2nd iteration
6: compute p(z,|X,,0,),n=1,--- ,2Nand z, = 1,--- , K
7: update w,, and a,.
8: update £,),.
9: end for

10: end while

11: end while

12: compute p(z,|X,,0,),n=1,--- ,2Nand z, =1,--- | K
13: for each n, mark the row (column) with highest probability as the one containing P300.
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ABSTRACT

Tensors are valuable tools to represent EEG data. Tucker decomposition is the most
used tensor decomposition in multidimensional discriminant analysis and tensor ex-
tension of LDA (Higher Order Discriminant Analysis-HODA) is a popular tensor

discriminant method used for data of ERP-based BClIs. In this Thesis we introduce
a new tensor-based feature reduction technique, named Higher Order Spectral Re-

gression Discriminant Analysis (HOSRDA), with application in P300-based BCls.
The proposed method (HOSRDA) is a tensor extension of Spectral Regression Dis-
criminant Analysis (SRDA) and casts the eigenproblem of HODA to a regression
problem and therefore overcome the probable issue of singularity of scatter matrices.
Also, the formulation of HOSRDA can provide the ability of adding regularization
constrains to the factor matrices of the discriminant subspace. Additionally, when
the dimension and number of data are very large, the regression problem can be
solved via efficient iterative algorithms. We applied HOSRDA on data of a P300
speller from BCI competition III and reached average character detection accuracy
96.5%, 89%, and 72.5% for the two subjects, when 15, 10, and 5 repetitions are
used for each intensification. HOSRDA has proved its high-accuracy performance
in P300-based BCI and outperforms almost all the previous methods on the used
dataset. HOSRDA, as a new multiway feature reduction technique, has a high per-
formance for usage in P300-based BCI and can open a new framework for adding
different regularization constraints in higher order feature reduction problem.

On the other side of the thesis, we have proposed the tensorized formulation of un-
supervised classification in P300 speller and discussed the reasons of why it cannot
perform at least the same quality of the vector-based formulation.
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. Higher Order Spectral Regression Discriminant Analysis (HOSRDA)
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