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Study on mechanism of feature extraction based on GDS projection
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This research discusses a new type of discriminant analysis based on the
orthogonal projection of data onto a generalized difference subspace (GDS). GDS projection also
works as a discriminant feature extraction through a similar mechanism as the Fisher discriminant
analysis (FDA) only by changing the dimension of the GDS. The direct consideration of the connection

between GDS projection and FDA is difficult due to the significant difference in their
formulations. To avoid the difficulty, we first introduce geometrical Fisher discriminant analysis
(gFDA), which is a discriminant analysis based on a simplified Fisher criteria. Next, we prove that
gFDA 1s equivalent to GDS projection with a small correction term. This equivalence ensures GDS
projection to inherit the discriminant ability via gFDA from FDA. Extensive experiments show that
gFDA and GDS projection have equivalent or higher performance than the original FDA and its
extensions.
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(Convex cone gap
[M. Tenenhaus,

“ Canonical analysis of two convex polyhedral cones and applications” , Psychometrika,

vol .53, pp. 503-524,1988]

0i
CGS

GDS

Ui

Vi

GDS

di

r
r CGS

FDA



GDS

Geometrical

fisher discriminant analysis (gFDA)

FDA(
)  gFDA
GDS
« )
gFDA  GDS
gFDA
gFDA  FDA

projection( ) gFDA
FDA

gFDA
gFDA

) 2

gFDA
gFDA

GDS

gFDA

)

GDS

C
1 o
FDA - Yp=— Zn,_.(m(. —m)(m, — m)"
d"xpd e=1
di'Eyd ‘ 1 H
S Sw== Y (xf - me)(x§ - m,)”

) n £ £
Equivalent e=1 i=1

C
FDA - mpm 3 3 ) lm )"

n :
ﬂ Approximation <=1 =1
1 & ¢© g
aFDA - Ep = = Z Z nin; (M — Mm@ ) (M| — m;dy)
erB]d J i=1 j=i+1
dT Sy d 1 C d:“ i
Twi ==Y (3 neA¢ids —nmidis;’)
e
ﬂsfmp.‘fﬁcaﬁon—f o 4ot .2 . 2
”ZZ c2 ge e O—fl. = /\(l._’ﬁr‘
=i o .5 e
n e=1 i=1 _(TE = A:, (?' 2 2)
sFDA T At il i sagil
D DI CRTAC T

i
e

d"pod ’
d? Swed W

- w2 =

N g B

al

niQ-. .
.N
RN
<
=i
~

Il
-
i
-

T

ﬂ Simplification-1 :
FDA N (ot V(g — T
;;diﬁmzZENM—MWFMJ
B3 i=1 j=i+1
d?f Tyad 1 c J;’\",. .
S Swa =Y iy
2
c C
FDA : PR i\T
gT J'E”:‘:Z Z (¢) — ¢1)(] — @1)
d’ ¥pad i=1j=1+1
d’ Ywad C de
= MaT L Sy, = Z Zq’)‘fq;,‘_—T
ﬁ Equivalent subjectto that the rankof Yy = C x d,
Té A5 1l [
d' Gd G=2Xpy4— ELB:s =G - —Xp3

= min C
C-1 eigenvectors corresponding to zero eigenvalue

@ Approximation

1 N
GDS projection HZ],-!,-‘4||F > F”EB:‘HF =G=G

d"Gd C-1 eigenvectors corresponding to the smallest eigenvalues

3

Discriminant analysis based on projection onto generalized difference subspace

GDS

GDS FDA

subspace(CGS))

gap subspace)

«c 4
(Convex cone gap subspace(CGS))

[3.5]

GDS -1
GDS

(Convex cone gap

(Generalized convex cone



gFDA, GDS GDS

[1,3,4,8,9,10,11]
gFDA  GDS FDA
FDA  gFDA GDS
Convolutional Neural Network CNN
GDS [3,5,10]

[3.5]

1. Akinari Sakai, Naoya Sogi, Kazuhiro Fukui, “ Gait Recognition Based on Constrained
Mutual Subspace Method with CNN Features” , I1APR MVA2019, 2019.

2. EricaK. Shimomoto, Lincon S. Souza, Bernardo B. Gatto, Kazuhiro Fukui,” News2meme:
An Automatic Content Generator from News Based on Word Subspaces from Text and Image” ,
IAPR MVA2019, 2019.

3. Naoya Sogi, Rui Zhu, Jing-Hao Xue, Kazuhiro Fukui,” Constrained Mutual Convex Cone
Method for Image Set Based Recognition” , CoRR abs/1903.06549, 2019.

4. Lincon Sales de Souza, Bernardo B. Gatto, Kazuhiro Fukui,” Grassmann Singular
Spectrum Analysis for Bioacoustics Classification” , 1CASSP 2018, pp.256-260,2018.

5. Naoya Sogi, Taku Nakayama, Kazuhiro Fukui,” A Method Based on Convex Cone Model for
Image-Set Classification With CNN Features” , IJCNN 2018, pp.1-8, 2018.

6. Erica K. Shimomoto, Lincon Sales de Souza, Bernardo B. Gatto, Kazuhiro Fukui,” Text
Classification Based On Word Subspace With Term-Frequency” , 1JCNN 2018, pp-1-8,2018.

7. Rui Zhu, Kazuhiro Fukui, Jing-Hao Xue,“ Building a discriminatively ordered subspace
on the generating matrix to classify high-dimensional spectral data” Inf. Sci.
pp.382-383: 1-14, 2017.

8. Ryoma Yataka, Kazuhiro Fukui,” Three-dimensional Object Recognition via Subspace
Representation on a Grassmann Manifold” , ICPRAM 2017, pp.208-216, 2017.

9. Lincon Sales de Souza, Bernardo Bentes Gatto, Kazuhiro Fukui,” Enhancing
discriminability of randomized time warping for motion recognition” , 1APR MVA2017,
pp. 77-80, 2017.

10. : CNN s
PRMU PRMU2017-71 pp.49-54, 2017.

11. Lincon Sales de Souza, Hideitsu Hino, Kazuhiro Fukui,” 3D Object Recognition with
Enhanced Grassmann Discriminant Analysis” , ACCV Workshops (3) 2016: 345-359.

Discriminant analysis based on projection onto generalized difference subspace

(1) Akinari Sakai, Naoya Sogi, Kazuhiro Fukui, “ Gait Recognition Based on Constrained



Mutual Subspace Method with CNN Features” , 1APR MVA2019, 2019.

(2) Erica K. Shimomoto, Lincon S. Souza, Bernardo B. Gatto, Kazuhiro Fukui,” News2meme:
An Automatic Content Generator from News Based on Word Subspaces from Text and Image” ,
IAPR MVA2019, 2019.

(3) Lincon Sales de Souza, Bernardo B. Gatto, Kazuhiro Fukui,” Grassmann Singular Spectrum
Analysis for Bioacoustics Classification” , ICASSP 2018, pp-256-260,2018.

(4) Naoya Sogi, Taku Nakayama, Kazuhiro Fukui,” A Method Based on Convex Cone Model for
Image-Set Classification With CNN Features” , IJCNN 2018, pp-1-8, 2018.

(5) Erica K. Shimomoto, Lincon Sales de Souza, Bernardo B. Gatto, Kazuhiro Fukui,” Text
Classification Based On Word Subspace With Term-Frequency” , 1JCNN 2018, pp.1-8,2018.

(6) Ryoma Yataka, Kazuhiro Fukui,” Three-dimensional Object Recognition via Subspace
Representation on a Grassmann Manifold” , ICPRAM 2017, pp.208-216, 2017.

(7) Lincon Sales de Souza, Bernardo Bentes Gatto, Kazuhiro Fukui, ” Enhancing
discriminability of randomized time warping for motion recognition” , IAPR MVA2017,
pp. 77-80, 2017.

®) " CNN s
PRMU PRMU2017-71 pp.49-54, 2017.

(9) Lincon Sales de Souza, Hideitsu Hino, Kazuhiro Fukui,” 3D Object Recognition with
Enhanced Grassmann Discriminant Analysis” , ACCV Workshops (3) 2016: 345-359.

@
Hino Hideitsu
8 10580079
Kobayashi Takumi
8 30443188
@
( (KTH))

Maki Atsuto

Jing-Hao Xue( (ucL) )
Jing-Hao Xue



