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PCA VERSUS LDA IN IMPLEMENTING OF NEURAL CLASSIFIERS
FOR FACE RECOGNITION
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Abstract: This paper propose to better determine people's face recognition methods using images. Using
the selection of features principal component analysis and linear discriminant analysis I conducted
experiments by implementing two methods called Self Organizing Map classification (SOM and CSOM 1).
1 tried to get the best recognition rates for different color components, followed by selection of features
concatenation. Applications training consisted of images from a database of its own. Analysis was performed
by changing a number of 80 to 360 neurons trained with a pitch of 40 to obtain a recognition rate of 100%.
Finally I concluded for the best versions of selections for features that the two methods give proposing
future research.
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1. METHODS OF EXTRACTION AND
SELECTION OF FEATURES FROM
IMAGES

Extraction and selection characteristics for
faces of people in an image are two important
stages on the success and performance of the
recognition and face detection (fig. 1).
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Fig. 1. Extraction and selection of features in
an image

A correct implementation of the recognition
regions obtained from image segmentation
process requires input video representation in
a stable form of data analyzed by eliminating
redundantinformation and retaining information
for face recognition.

The process of obtaining such a
representation of the region of interest is known
as the step of description / retrieval features.

Description is directly related to the chosen
data structure for representation, against which
there is a strong dependence on the developed
application.

The possibilities for description of a region
is diversified depending on the methods
implemented for selection of features:

* characterization of the region contour shape
(contour descriptors);

* characterize the region based on its interior
(descriptors regional or time);

* topological description of the region of interest
(textures);

» morphological description of the region of
interest (morphological descriptors).

Choosing a proper description is essential
for the success of the shape recognition
process. Also, a fundamental principle which
oversees construction shape descriptors is their
invariance principle to various types of linear
or nonlinear transformations applied form of
interest. The desired invariance of the set of
descriptors used at the starting point, scaling,
translation, rotation and reflection.
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Practical experience shows that the most
important aspect for the recognition of forms
is the selection characteristics / properties or
descriptors used.

Selection is a process characteristic features
data compression and can be equated with a
linear or nonlinear transformation of the initial
space of n-dimensional observations assumed
in a space with fewer dimensions.

The transformation performed conservation
information and enables the development of
algorithms in real time with efficient algorithms
in terms of computation time and memory
resources required only small spaces.

If a single class of forms, selection of
characteristics is considered optimal if the
dimensionality reduction achieved with the
original information preservation majority.

If there are several classes of shapes,
selection efficiency characteristics is given
in particular the possibility of separability
of classes, which depends mostly on the
distribution of classes and selected classifier.

As a reference in this work we
have demonstrated in various [1-7], the
performance of classifiers, and as a measure
of the effectiveness of selected features can be
considered the possibility of their error.

Note that most transformations used to
select characteristics are linear but non-linear
transformations can be used even if they are
difficult to implement

They can provide a higher efficiency
expressing the dependence of the real forms
observed raw data extracted and selected
characteristics of those forms.

2. METHODS FOR THE SELECTION OF
CHARACTERISTICS

Size space features large extent influence
the efficiency and performance of classification
algorithms. Thus, a number of classification
algorithms effective in small spaces become
impractical in larger spaces.

Therefore we sought to implement changes
to prioritize the importance of characteristics
and allow transformed space thus reducing
its size by removing the least significant data,
while retaining the essential information for
classification.
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In this paper we experienced select those
features that contain the greatest amount of
information on that form.

We presented the results of selection methods
that provide an application characteristics in
the area of military interest through proven
performance on recognition rate.

2.1. Principal components analysis (PCA).
Principal components analysis (PCA Principal
Component Analysis) is a standard method of
data analysis that enables the detection of the
most prominent trends in a set of data.

PCA reduces the number of variables that the
size of a data set.

original dala space

component space

Fig. 2. Version for representation using PCA
projection

The picture shows a network in a two-
dimensional subspace. PCA is used to view the
data by reducing the dimensionality of the data.

The three variables are reduced to a smaller
number, two new variables called principal
components (PC). Using PCA, we can identify
two-dimensional plane which best describes the
varied data.

Space using PCA rotating selection of
original data that the axes of the new terms
have the largest variation of data in a certain
direction. Axes and new variables are called
principal components are ordered and variation.

The first component, PC 1 is the direction
with the largest variance of the data. PC
Division 2 is the largest variance that remained
after the first orthogonal component. The
representation allows to obtain the required
number of components that covers a space and
the desired amount of variance.
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Let X be a space ™ cloud data. The main

components of this set are the directions along

which ™ elongation is the most significant
cloud. Knowing these directions can serve both
purposes of classification and to determine the
most important characteristics of point cloud

analysis.

Most transformations used to select
characteristics are linear, nonlinear
transformations while having a higher

complexity, are more difficult to implement, but
may have a higher efficiency, better expressing
the dependence of the forms observed raw data
observed characteristics selected these forms
[11].

Karhunen-Loeve transform is a linear
method for selecting features. Let X be an
n-dimensional random vector. Looking for an
orthogonal transformation enabling optimal
representation of the vector X with respect
to the minimum mean square error criterion.
Projecting cloud directions given by its
main components, the immediate effect is a
compression of the information contained in
that crowd.

According to reference [8], identifying
the main components of cloud data analysis
reduces to determining the values of vectors
and eigenvalues of the matrix analyzed crowd
dispersal.

Linear nature of the standard PCA method,

performed by linear projection data analyzed
components or main directions suppose
but a number of major shortcomings in the
processing of input data. Thus, they developed
a series of nonlinear generalizations of the
classical variant, an example being Kernel PCA
algorithm presented in reference [9].
2.2. Linear discriminant analysis (LDA).
Linear  discriminant  analysis  (Linear
Discriminant Analysis, LDA), as the main
component analysis is a statistical method for
selecting the characteristics.

Unlike PCA, in which case projection
for the purposes of seeking to maximize total
covariance matrix, here is seeking a projection
in terms of maximizing the covariance matrix of
the covariance matrix interclase and minimizing
the accumulated inside other classes.

LDA tries to find the best projection
direction vectors belonging to different classes
drive are best separated.

Fig. 3. Variant of projection for representation
using LDA

Presentation of the algorithm and the
applications that have been described in [10].
There were also tested for applications of LDA
transform two-dimensional vector and pixel
classification of soil and vegetation images
using LDA transformed.

3. EXPERIMENTAL RESULTS

Through various experiments we tried
validating theoretical interest arising from the
comparative study of methods for selecting
features using PCA and LDA methods for
classification as SOM and CSOMI1 80-400
neurons in neural networks trained with a step
40.

The database contains 556 personal photos
of 46 subjects who were asked to stimulate
different physiognomic states, against a pale
and normal lighting. It was shown in [6].

The main criterion for validating the
importance of selection methods analyzed is the
performances in the subsequent classification
/ recognition and entry forms as classifier we
used a trained neural network.

Experiments to determine the most effective
method of selection.

The experiment consisted in selecting 4 of
the 46 subjects of the database in 7 test images
/ 7 training images.
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The 7 images drive and 7 test images were
chosen at random, and are analyzed in terms
of the form RGB color spaces, C1, C1C2 and
C1C2C3.

The original images were reduced in size by
using the Paint for 90/120 pixels.

Fig. 4. Images of individual photographing
subjects in the database used for testing /
training

Considering the fact that a large percentage
of an image in the database is the background,
I applied a face detection algorithm discovered
by prof. Neagoe presented in reference [9],
implemented in Matlab.

Methods for selecting features that we used
PCA and LDA are and classifiers that I used
CSOM and SOM. They are presented in the
paper [9,11,13,14].

Concurrent Self Organizing Maps CSOM
method was discovered by Neagoe and Ropot
and presented in [13].

For the selection of features with PCA we
retained 100 features for each color, and then
the resulting concatenated vectors of the three
colors 100 features 3x = 300 features being
used in classification.

LDA for the selection of characteristics we
used the same conditions as in [9].

We imposed the following parameters
CSOM networks and SOM: stop condition after
400 epochs of training; neighborhood radius
decreases by 1 at every age; for the first 200
periods, and for the next 200 era.

The results obtained using images resulting
from the scan, which have been reduced in size
90/120 interpolated pixels.
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Table 1. Results using the database 71/ 7t, the
recognition rate for PCA method C1C2C3
components [%] feature selection process

followed by concatenation

Festuzs Nmher of prwons
R IR

SoM DA | D03 | 3741|4320 3506 | RL9 | 6470 | 6199 | 390 | 6199 | 6121

DA | TE3 | 9336 8004 | 8829 | 9137 (9823 | 100 | 100 | 100 | 100

CSOMT | PCA | 4621 | 2030) 4716|4612 | 6301 | 6138 | T288 | LI | T299 | T4

DA 100 | 6737|6991 7323 | 8738 | 8920 %641 | 9T | 9834|970

Table 2. Results using the database 71/ 7t,
the recognition rate for PCA method C1C2
components [%] feature selection process
followed by concatenation

Mothod | Featimss Number of pawnns

section | 40 | 80 | 10 | 160 | 200 | 240 | 280 | 320 | 360 | 400

oM ICA 1006 | 3638 | 4335 | 5161 | 6140 | 6102 | 677 | 6290 | 6102 | 6113

DA 7944 | 9824 | 9485 | 9636 | 9636 | 9361 | 100 | 9861 | 100 | 100

CSOM1 A 4303 [ 3338 | 4398 | 4636 | 3764 | 6064 | 6440 | 6656 | 7079 | TLES

DA 100 |91

=

9112|8903 | 9303 | Q410 (9786 | 974 |98l | 98N

Table 3. Results using the database 71/ 7

t, the recognition rate for PCA method for
component C1 [%] feature selection process
followed by concatenation

Method | Featmes Nuaberof pewmos

weton | 40 | R0 | 120 | 160 | 200 | 20 | 280 | 320 | 360 | 400

SOM CA 2133 | 3743 | 4668 | 4931 | 3876 | 6371 | 6416 | 6970 | 6044 | 3098

IDA | 6348 | G322 ) 9501 | 100 | 996L| 100 | 100 | 100 | 100 | 100

CS0M1 CA 34T | 3373 | 4311|4699 | 5T | 3966 | 6642 | 6743 | 013 | 6903

1DA 100 | 97466 | 9732 | 9799 | 9840 | %926 100 | 100 | 100 | 100




Review of the Air Force Academy

No 1 (28) 2015

Table 4. Results using the database 71/ 7 t,
the recognition rate for RGB component PCA

The same conditions were used as in the
previous experiment to give the following

method [%], using the classifier CSOM  results:
Meod | Fearues Nmberofnewong . ,
Table 6. Results using the database 461 / 1t,
R |08 D00 M0 M0 M) ) the recognition rate for RGB component PCA
1 - method [%], using the classifier CSOM 1
CSOMI | PCA | 4673 | 3386 | 4831 4010 | 6033 | 6336 6493 | 6743 | TLM| TLM
Veld | B o e
IDA | TE33 | 7023 | 3738 { 6795 | 7309 | TA30| TRAD| 937 | 8036 | 5186 i
O 0 I R
CSOMT | BCA | dB43 | %736 | 5020|3023 | 6145 | 654 | G636 | 6043 | TAM | TAMd
DA | 805D | T220) 5060 (6980 { TTAO | TTS1| 8043 | 8140 | 8139 ) 488

£
: Table 7. Results from the database 46 and / 1t,
§ % the recognition rate for PCA method C1C2C3
[ N .
i o "y components [%] feature selection process
éﬂ 6 \ /ﬁ followed by concatenation
Sy N\
35 I“k II/?\ T T T T T T 1 M W mnfm
N VAN T Y O gheon | @ [ %0 [ 00 [ 160 [ 00 [ 40 [ B0 30 |60 ] 40
Number of neurans
SOM | BCA | D | 30| 545 | 56 | 6075 | 66TL | 6990 | 6330 | 6990 ] 412
Flg.S.Grapblcal representation database 71/ 7t, LA | 3030 [ 9530|9116 | 9067 9386 [ %08 [ 100 | 100 | 100 | 0
the recognition rate using PCA, CSOM 1 and
fusion of features GOMI | HCA | 4050 | 3105 | 4006 | 87| 6500 | 6348 | 7436 | T334 | 7499 | 7608
DA | 100 [085] 7000|7730 087 | ote9 | 9034 ] 9045 | 100 | 10
LOACIBLOACZBLOACS) —— LOACIBLOACZ) —— LDAICY) — LDARJELOAGIELDA)
0 womoomom

g me—_ 4. CONCLUSIONS

= g \ - T

£ i — The final results, involving the entire

Y \ J— database showed that the best solution is to

R - .

R N P implement color components CIC2C3 [%]
104 \ -~/ selection process followed by concatenation
z; - / of features offered by the SOM method of

o classification and feature selection using LDA.
00 B 1 00 M0 B/ 3N 4D

Number of neurons

Fig. 6. Graphical representation database 71/ 7t,
the recognition rate using LDA, CSOM1 1 and
fusion of features

The final experiment conducted training
entire database with 46 individual photos
surprised in normal subjects and testing their
recognition in one of the screen shoot made of
crowds Agomer sites and contains 3 subjects in
the first database.

If CSOM1 using the same selection method
features a 100% recognition rate results from
the training of 360 neurons. Regarding the
recognition rate for RGB component PCA
method [%], using classifier Csomori 1 all
features using LDA selection proved with
the best rate of 84.88% recognition for 400
neurons involved. In this case the selection of
features using PCA smaller achieve results that
a recognition rate of only 73.14% from 360

neurons involved. Looking processing time this
is tens of minutes in both cases.
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Future opportunities for the development
of research is emerging in the real-time image
processing. Therefore 1 will follow different
implementations other than Matlab, which
carries a large number of computing that require
processing time and high computing power.

We will continue to implement the
application using Python modules offered
by Accord.Net The framework provided by
OpenCV. Experiments show actual processing
time of about 400 ms. using this method,
compared to tens of minutes offered by The
experimental using Matlab.

Relevant is that the military applications of
detection and / or individuals face recognition
that local Trackbacks detection, suspicious
persons or prohibited in various sports events,
the data recorded at the border of the fugitives,
etc., are needed both to obtain a 100%
recognition rate and the processing of a real-
time / signaling themselves- all in order not to
lose the operating time.
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