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Summary

Face recognition is one of the interesting types of biometric
which determines the presence or absence of human faces in
the picture. In this paper, a face recognition system is presented
that benefits from an optimized architecture based on the MLP
neural network. The proposed method considerably improves
the speed and the accuracy of detection compared to traditional
architectures of neural network. To reduce the overall
computation, neural network is organized so that to be able to
rule out the majority of the non-image areas located in the
image’s background before applying the main algorithm. An
important advantage of this new architecture is its
homogeneous structure that makes it suitable for optimized
implementation on a hardware platform. In this work, FPGA is
used as the platform for implementation of the proposed
algorithms. The implementation was done considering Taylor
expansion of the activation functions. The performance of the
proposed method and the implemented system was evaluated
on the BiolD dataset. Accomplishment of the proposed method
is high precision while reducing training time and total
calculations, together with appropriate robustness. Finally, a
comparison with other face recognition methods has been done
to show the performance of the presented system. The
comparison result shows that the proposed system outperforms
the other mentioned methods.
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1. Introduction

Using biometrics is increasing nowadays.
Biometrics topic contains the human biological features
such as fingerprint, Iris, face etc. to be used in some
applications. Identification and authentication are
important fields in which biometrics are used. Among
biometrics Face detection is one of the active filed of
research in machine vision and identification. One reason
could be that the face detection system has a wide range
of applications including access controlling of security
systems, video surveillance and video and image
database management.

Face detection issue is determination of the fact
that whether the human face is exist in the digital image
or not. In the other words, the task of face detection
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systems is to find the location of all faces in the picture
(if any). Face detection is the first stage of the algorithm
presented for applications such as face tracking, face
identification and facial recognition. The complexity of
detection between faces and non-face classes increases
due to any change to the images. These changes can be
summarized under the following categories [1]:

(1) Gesture: the face image is variable due to the
relative face gesture (facing, 45-degree, profile, etc.)
So certain facial features such as eyes and nose may
have remained relatively or completely hidden from
view.

(ii) Facial expressions: the faces of the people are
directly affected by facial expressions.

(iii) Lighting: two identical figures with the same
conditions and viewing angles, look different under
different lighting.

(iv) Beard and mustache: presence or absence of certain
facial features such as beard, mustache and glasses is
not specified. In addition, there are wide variations
in these characteristics, including shape, color and
size.

(v) Covering: some part of the face may be covered by
other objects. Also, if the image contains several
figures, some figures may cover the other faces.

According to this description, it is difficult to
design a complete system to be able to solve the problem
of face recognition, considering all the variables. Many
researches have been done to improve face detection
accuracy. Nanni and Lumini proposed a face detection
method based on multiresolution local ternary patterns
and local phase quantization descriptors which improved
the total performance of the detection system [2].
Dornaika et al. used tracked facial actions to recognize
facial expression with the help of face detection [3].
Mousavi et al. presented a new efficient method for face
and eye detection [4]. Chakrabarty et al. used Volterra
kernel method together with artificial bee colony to
enhance the performance of the face recognition system

[5].

Mamta and Hanmandlu presented a new entropy
function and a new classifier to enhance the performance
of the thermal face recognition [6]. Raghavendra et al.
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introduced a light field camera (LFC) for face
presentation attack detection (PAD) together with
improving the performance [7]. Miliki et al. used Mutual
information  technique together — with  Principle
Component Analysis (PCA) to reduce complexity cost
and to achieve better detection rate [8]. Jeong et al.
proposed a semi-local structure patterns (SLSP) for
robust face detection to overcome the problem of noise
vulnerability of the conventional methods [9]. Zhang et
al. proposed a new method for face detection using deep
cascade multitask framework to improve the
performance of detection system [10].

Neural networks have shown very good result in
detection of a specific pattern in the image. But the
problem is that neural networks are very complex in
calculations due to the requirement of processing
multiple small areas of the images. For example, we can
point to the neural networks that are designed to detect
skin color [11] or pattern recognition [12,13]. Identifying
areas of skin color in color images can be used as a pre-
processing stage which significantly improves the
diagnosis speed of neural networks.

In some algorithms, the authors tried to increase
the speed of neural network recognition process. Feraud
et al. presented a face detection system based on
Constrained Generative Model (CGM) of neural network
model. They also proposed some methods ate each stage
to increase the efficiency and speed of the system [14].
Ishak et al. used conventional neural network together
with some filtering method to improve the speed of
recognition [15]. Zuo et al. proposed a semi real-time
face detector using a cascade of neural network (NN)
ensembles for enhanced detection accuracy and
efficiency [16]. In this algorithm, a correlation
coefficient between the input image and neural network
parameters is used in the frequency domain.

Nowadays, one of the efficient hardware platform
for implementing image and signal processing
algorithms is  FPGA  platform. = FPGA-based
implementations of various systems have been done in
different literature. Romero-Troncoso et al. have
implemented a monitoring systems for the squirrel-cage
induction motor to accurately detect different faults in an
incipient state [17]. Wojcikowski et al. the FPGA-based
hardware implementation of an algorithm for an
automatic traffic surveillance sensor network [18]. Fons
et al. implemented a Fingerprints-based authentication
system on FPGA chip [19].

Ashorian et al. implemented a license plate
recognition  algorithm on  FPGA  considering
morphological approaches and improved them by using
adaptive techniques to achieve more compatibility with
practical applications [20]. Mandal and Mishra proposed

a FPGA-based pipelined CORDIC architecture for digital
demodulation in high performance, low power frequency
modulated CW Radar [21]. Dwivedi et al. have used
FPGA Virtex- 7 chip to implement a new designed FIR
filter based on multi-objective artificial bee colony [22].
Yuan investigated the possibility and effectiveness of
multi-mode vibration control of a plate through real-time
FPGA implementation [23]. Zivarian et al. implemented
a designed object distance measurement system on
FPGA chip which led to an accurate real-time measuring
system [24].

The main goal of this paper is to design and
implement a low complex and cheap face detection
system with high accuracy to locate the face when we
have facing gesture. The presented method is based on
cascade classifier. The advantage of cascade classifier is
the use of a tree structure for the classification. In a big
picture, many areas would be removed at the first step to
remain the important ones. Therefore, the first step
should be to popularize high enough to decrease the
number of positive error for the next step of processing
by MLP neural network. The purpose of cascade
classifier is to reach the minimum value of negative error
and therefore to increase the accuracy of diagnosis.

The rest of this paper is organized as follow: in
Section 2, more details about cascade classifier and MLP
neural network is presented. In Section 3,
implementation process of the proposed algorithm on
FPGA chip is discussed. The simulation results of
implementing the proposed algorithm are also presented
in this section. Finally in Section 4, a brief conclusion of
this study is presented.

2. Methodology and Materials

The design of the proposed algorithm is based on
cascade classification technique and MLP neural network
with the aim of achieving better recognition accuracy.
Other reasons of using cascade classifier could be its
high speed, high precision and its simplicity of
implementation. Using the proposed system, the face
recognition process would be done in three stages:

(1) Preprocessing stage: in this stage, some basic image
processing techniques such as lighting normalization,
histogram normalization etc. are applied to the input
image to increase the speed and accuracy of
detection algorithm.

(2) Cascade classification stage: in this stage, the output
image from former stage is considered as the input
image, and non-face areas of this image are going to
be removed using cascade classification technique.
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Fig.1. Flowchart of the face diagnosis process of the proposed algorithm

(3) MLP neural network stage: in this stage, the
remained areas from former stage (candidate as
possible face) are examined for the last time to
detect the exact location of the face.

The face diagnosis process of the proposed algorithm is
shown in Fig. 1. To avoid figure bustle, only three levels
of cascade classification has been shown.

2.1. Combination of Cascade Classifier and Neural
Network

As it was said, the proposed algorithm is based
on cascade classifier and neural network. Before
delivering the image to the neural network, some steps
should be passed to achieve better performance. These
steps are as follow:

(i) Image enhancement: The input images to the
diagnosis system may have various format, size or
resolution. Some initial techniques are needed to
ensure the qualification of the input image. For
example, histogram normalization can led to the
better contrast of the input image and as
consequences, balancing light variances in different
images.

(ii) Preprocessing: In this step, the size of the input
image is set to the standard one. Also, if the image is
colorful, it is going to be mapped to a gray scale one
using gray scale techniques.

(iii) Extracting face’s features: The resulting image from
former step is turned to some areas with possibility
of face existence in them. This job is done using
cascade classifier technique. Then, obtained areas
are fed to the desired neural network.

Some of these features used in the proposed algorithm
are shown in Figs. 2-4.

 Bulall Bl
M |

_
H m=™

Fig.2. Features used in the proposed algorithm. Second and
third rows show the new complementary features.
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Fig.4. The third to tenth features chosen by cascade classifier technique

Finally, extracted areas from last step are
delivered to the neural network. Multilayer feed forward
neural network contains neurons with sigmoid activation
function. This neural network can be used in two modes.
The first one is called “training mode”. The purpose of
the training on artificial neural networks is to adjust the
weight of synapses to achieve the desired processing on a
training set of face and non-face samples. More precisely,
at the first mode, neural network is fed by a number of
training couples that makes the network parameters to be
set using supervised learning algorithm. Second mode is
called “classification mode”. In this mode, areas
extracted from the cascade classifier are delivered to the
input layer of the neural network and get released during
the network to calculate the activation value of each
output neurons.

2.2. Cascade Classification Technique

After processing the input image, there are many
sub-windows. About 99% of these sub-windows are non-
face areas. Due to this fact, the total processing time is
essentially the consumption time of rejecting the non-
face sub-windows. Therefore, an appropriate system
should be able to reject the non-face sub-window as
quickly as possible and deals with face sub-windows _
the main goal of processing _as soon as possible. In the
case of cascade structure, if any sub-window is
recognized as non-face area in each level of cascade, it
will be rejected immediately.

The set of images used for training and validation
of system is one of the most important factors in
designing a powerful face detection system. As the
distribution of faces in the collection is larger, system
flexibility increases. In this paper, dataset from BiolD is
used [25]. About 1520 images were selected from this
database. Then, they were resized to the dimensions of
45 x 60. The mirror image was produced to increase
flexibility and as a result, the number of images
increased to 3040. Also, about 440 image that contains
no faces were used to produce non-face images. For
extracting non-faces parts, images collected were used
with different window sizes starting from 36x24 to the
size of original picture. 70% of the face image and 70%
of non-face images were used to train the presented
system (seven percent for each level of the cascade
structure). The remaining 30% was used for system
validation.

In a cascaded system, the performance of each
process has a direct impact on overall system
performance. The positive detection rate of the presented
system (in percent) and the percentage of false positive
detection for a cascade classifier can be calculated using
(1) and (2), respectively:

K
D= l_[di (1)
F = ﬁfi ()
i=1

where d; is diagnosis percentage of i, stage of the
cascade system, and f; is the percentage of false positive
detection of the same stage. The number of stages used
here for the cascade system is considered as K.

2.3. MLP Neural Network

This network received windows (36x24) of the
original image as input and returns output values
between +1 and -1. As the output is closer to +1, the
window is considered more likely as a face, and the
closer to -1, the more likely non-face. To ensure that all
faces in the image are specified, the windows from all
segments of the overall picture are going to be checked.
Also, to recognize the faces bigger than the desired
window, the original image resized to a smaller one, and
all of the windows will be rechecked. This can be
repeated several times. The number of repetition is
determined according to the type of application and the
type of images that are given to the system. The general
trend here is as follow: first, some windows of the image
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are separated and pre-processing is done on them. Then,
the enhanced image is given to the neural network and
the network response will be analyzed. Then, an arbitrary
threshold is applied on the network response to
determine whether this window represents a face or not.

Since this algorithm performs processing only on
the intensity of image pixels, so there is no need to
colorful images. But in the case of colorful images, the
areas with skin color could be isolated from other areas
by applying an appropriate filter and then, searching for
the face can be done in this isolated area. At pre-
processing stage, when the unification of image pixels
are done, the shadows on the face will be estimated and
subtracted from the image. To estimate the shade, a

linear spectrum is applied to the intensity of image pixels.

The effect of the linear filter is shown in Fig. 5. By doing
so, the impact of the shade has been reduced as much as
possible, and the light becomes uniform all over the face.

Original Shadow Original Histogram
z Equalized

Shadow

Fig.5. The result of applying a linear filter to the image and as a result,
reducing the impact of the shade

The original frame of this window is in the form
of a rectangular, however, this frame is different in
various databases. For example in some of databases, the
frame’s boundary is from the eyebrow to the lips (e.g.
DataSet MIT Center for Biological and Computation)
and in some other databases, from the forehead to the
chin (e.g. DataSet Yale). But in the second type of
images, the corners of this frame usually contain
background and some parts of the clothes. Thus, the
frame contains irrelevant information which may result
in a significant error in the process of face detection.
Therefore, an oval mask is applied on the windows to
remove background.

To do this, the minimum pixel value is being
searched among the whole pixels of the original image
and the mask. The structure of the oval mask is described
as follow: there is an oval area around a center where the
intensity of the pixels are equal to 255, and the intensity
of surrounding areas are equal to 0. As a result, the
intensity of all pixels is a value between 0 and 255, in
which, the zero value indicates the black color. Thus,

after searching for minimum value, the areas around the
frame are became black and will have no effect on the
network’s decision-making. The effect of the oval mask
is shown in Fig. 6.

After pre-processing and enhancement stage, the
output image is given to the neural network. The number
of neurons in the input layer is the same as the number of
window’s pixels. Each neuron receives its corresponding
pixel’s intensity and gets to the next layer up. Finally, the
network has an output that specifies whether the input
image is a face or not.

Fig.6. The result of applying an oval mask to the face image

3. Implementation on FPGA
3.1. Why FPGA Platform

There are different platforms which have been
used for implementation of neural network. Some of the
most important platforms together with their advantages
and disadvantages in terms of efficiency and flexibility
are shown in Fig. 7.
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Fig.7. Different platforms for implementation of neural networks

As is clear from Fig. 7, FPGAs have relatively
high efficiency with acceptable flexibility which makes it
an appropriate choice for implementation of neural
networks. Although the ASICs provide better
performance compared to the FPGAs, but they are not
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practically used in such cases due to high non-mass
production cost and being non-reconfigurable (without
extra cost). In addition to the FPGA’s appropriate speed
for real-time applications, they can be reconfigured so
many times as required with no extra cost.

3.2. Implementing on FPGA Chip

For ease of implementation on FPGA, network
training can be done using an appropriate software such
as MATLAB. Then, after determining the network
parameters, they can be implemented on FPGA chip.
This will reduce the complexity of required hardware and,
consequently, increase the speed of face detection system.
The first step is implementation of neuron’s
mathematical model which is shown in Fig. 8.
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Fig. 8. The mathematical model of neuron

MLP neural network consists of several layers in
which, each layer includes several simple neurons as
shown in Fig. 8. Thus, according to the mathematical
model of neuron, for implementation of the neuron on
the FPGA, it is necessary to have a memory to store the
weights vector and biases, and even a hardware to
implement the activation function. The implementation
can be efficiently done by designing a RAM memory in
the FPGA and approximating the activation function
using Taylor expansion around zero.

To prevent complexity of the floating-point
calculations, a unit precision can be determined for all
calculation, so that the floating-point numbers are
multiplied by a fixed number to be out of floating-point
mode. Then, when all the calculations are done, the
numbers will be divided to the same fixed number. In the
other hand, the fixed point calculation can be used. The
operation of training a cell of neural network in the
MATLAB software, and the block diagram of the
proposed system are shown in Fig. 9 and Fig. 10,
respectively.

4. Results and Discussion

Experimental set up used in this work is
composed of an Intel Corei7 CPU with a 2.66 GHz core
and 4 GB DDR3. The implementation has been done
using EDK tools from Xilinx Company [26]. The
selected chip is the low cost xc3s400 from Spartan
family. This chip operates at 27 MHz frequency. A
summary of implementation and the sources occupied is
shown in Fig. 11.

When implementation was done, it is needed to
evaluate the performance of the implemented system.
There are two traditional standard measures to assess the
performance of a biometric system which are called
“false acceptance rate (FAR) and false rejection rate
(FRR)”.

Neural Network

Input

Algorithms

Training: Cyclical Weight/Bias Rule (trainc
Performance: Mean Absolute Error  (mae
Calculations: MATLAB

Progress
Epoch: o |l 14 iterations 1000
Time: 0:00:02
Performance: 0.981 0.00 0.00
Plots
| Performance |

Training State

Plot Interval: 1 epochs

o Performance goal met.

@ Stop Training @ Conce

Fig. 9. Operation of training a cell of neural network in
MATLAB software

* False acceptance rate (FAR) is the probability that the
system incorrectly matches the input pattern to a
nonmatching template in the database. It measures the
percent of invalid inputs which are incorrectly
accepted.

* False rejection rate (FRR) is the probability that the
system fails to detect a match between the input
patterns and a matching template in the database. It
measures the percent of valid inputs which are
incorrectly rejected.

As it was said in the former section, BiolD dataset has
been used for evaluation of the presented system. This
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dataset consists of 1521 gray level images with a
resolution of 384x286 pixel. Each one shows the frontal
view of a face of one out of 23 different test persons. For
comparison reasons the set also contains manually set
eye positions [25].

The result of applying the proposed algorithm on

one of BiolD’s image in MATLAB software is shown in
Fig. 12. It’s clear that the face has been extracted
appropriately. The result of applying the implemented
algorithm on the same image in Modelsim software is
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shown in Fig. 13. According to the cascade classification,
the face was located on the 17® segment of the original
image. As shown in Fig. 13, the face has been properly
diagnosed by the implemented system.

The implemented system was evaluated on
different statistical populations. For this evaluation, only
the images are chosen which have not been used in a
network training process. The results of evaluating the
implemented system on various statistical populations
are presented in Table 1.

Ana Camera j
Image Interface Image Scaler Display DVI Interface
A/D Converter Scale Calculator Deteg:?:ace DVI Transmitter
.—’
Sync Separator Scale Factor Y Im(a:gozt?onig:ay il _smg)_f
‘I Image(24) Fig.10. Block
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SYE() Scalb(23) Enable(1) proposed system
Frame Grabber Image(8) Image Store ) Haar Classifier
' Image(d) I X
— Address Image Line Classifiers
e Sync(3) Generator Buffers
Coord(19)
Frame Grabber Image Frame 2y =] | Image Window
Controller Coord(19) Buffer Scale(23) Buffer Stage Comparator
Fig.11. Summary of the implemented system

Fig.12. Result of applying the proposed face detection algorithm on one of BioID’s image in MATLAB software
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Fig.13. Result of applying the implemented face detection system on one of BioID’s image in Modelsim software

A plot of recognition accuracy changes in terms of
population changing is shown in Fig. 14. In our largest
statistical society (500 images), the proposed algorithm
resulted in detection accuracy of 93%. On the other hand,
with regard to the accuracy trend with the increasing
number of images in the statistical populations, it can be
said that the proposed method has been appropriately
stable in spite of increment in the number of statistical
populations and shows less variation. So, the results
proved that the proposed algorithm provides not only
appropriate detection accuracy but proper stability in
results as the number of images increased.
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Table 1. Results of evaluating the implemented system on various

statistical populations Fig. 14. Recognition accuracy changes vs. statistical population

Number of Accuracy rate False alarms changes
images used of detection Average ) ) ) o
(%) Finally, a comparison with other face recognition
methods has been done to show the performance of the
96.00 0.8 implemented system. Many method have been presented
95.40 23 for face recognition. One of the simplest method may be
94.90 5.1 the PCA which was first proposed in face detection in
94.40 8.4 1991 [27]. Another method used widely is “independent
94.09 12.2 component analysis (ICA)” [28]. Also, another method
called “local feature analysis (LFA)” is used for face
93.60 18.9 detection [29]. Yang et al. reported a performance
93.30 26.8 comparison between methods based on ICA and PCA [1].
93.07 34.6 Also, these methods versus a new one has been

compared by Leung and his colleagues [30]. The results
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are illustrated in Table 2. BiolD dataset and FERET
dataset have been used for this comparison [25,31]. The
comparison result shows that the proposed system
outperforms the rest of mentioned methods.

5. Conclusions

Up to now, neural network-based methods have
been one of the most effective methods for online facial
recognition. But these methods have some weakness
such as long time required for training or designing an
optimum cascade structure. So, in this paper a method
was presented to overcome such issues. The presented
system contains several new sections; including a series
of new rectangular features, improved cascade structure
and parallel processing of the input image. Also, it can be
generalized easily to other objects like cars, machines,
animals etc.. The proposed algorithm was examined first
in the MATLAB software. BiolD database was used to

evaluate the performance of the proposed method. Also,
the robustness of the presented system was evaluated in a
statistical community changed from 20 to 500 images.
While the number of images increases up to 500, the
precision of recognition system reduces down to 93%
which confirms the proper robustness in results.

Then, the face detection system was implemented on
FPGA. In this paper, Spartan3\xc9500 chip from Xilinx
Inc. was used as a platform. The performance of the
implemented system was evaluated using BioID database.
The results proved that the implemented system provides
not only appropriate detection accuracy but proper
robustness in results as the number of images increased.
Finally, a comparison with other face recognition
methods has been done to show the performance of the
presented system. The comparison result shows that the
proposed system outperforms the other mentioned
methods.

Table 3. Face recognition rates of the standard PCAs, ICAs, LFA and DLFA techniques in comparison with
the proposed system

Average recognition rate  Average recognition rate

Ref Method .
CIEHENEe cHioas (%) on the BiolD dataset (%) on the FERET dataset
ICA Arch. I 52.15 51.76
ICA Arch. IT 63.77 63.29
PCAT 52.43 51.83
PCA 1T 66.02 63.98
Standard PCA 52.94 51.64
LFA 61.8 61
[29]
DLFA 91.22 90.02
[32] Log-Gabor 86.67 83.14
[33] Gabor 92.91 91.31
[30] Feature-based 90.74 89.16
[8] Modified PCA 923 91.57
Proposed system MLP NN 93.07 91.72
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