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ABSTRACT

In order to localize the face in an image, our approach
consists to approximate the face oval shape with an el-
lipse and to compute coordinates of the center of the el-
lipse. For this purpose, we explore a new version of the
Hough transformation : the Fuzzy Generalized Hough
transformation. To reduce the computation time, we
present also a parallel implementation of the algorithm
on 2 Digital Signal Processors and we show that an ac-
celeration of factor 1.6 has been obtained.

1 INTRODUCTION

The Hough transformation is a procedure for curves de-
tection (within a gray image), which can be specified
with a small number of parameters (straight lines, cir-
cles, parabola, ... ). Our intention is to determine, with
the method based on the Hough transformation the lo-
cation of human faces in an image. In general, the shape
of a human face can’t be described easily with an ana-
lytical curve, but can be approximated with an ellipse.
If we compute coordinates of the center of the ellipse
and the length of its diameters, we can determine bor-
ders of the face. This process corresponds to the first
step of face identification and face categorization.

For this purpose, a new version of the Hough transfor-
mation is used : the Fuzzy Generalized Hough Trans-
formation (FGHT)[1] [2] which allows a fast face con-
tour detection in an image. Considering the necessary
computation amounts, we also present parallel imple-
mentations of this face detection algorithm on Digital
Signal Processors (DSP) using SYnDEx (SYnchronous
Distributed Executive) which is a programming envi-
ronment to generate, optimize and distribute real-time
executives[5] [6].

In this paper, first the human face detection algo-
rithm is described in the second section. Then, parallel
implementations have been realized on several proces-
sors (DSP TMS320C40). We show in the third section
that an optimized mapping between the algorithm and
the architecture has been obtained with the SYnDEx
tool.
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2 ALGORITHM DESCRIPTION

For human face detection in an image, our approach con-
sists to approximate the face oval shape with an ellipse
and to compute coordinates of the center of the ellipse.

2.1 Edges Detection and Edges Thinning

The Shen and Castan filter[3] is used for edges detec-
tion in an image. We obtain the edges gradient using a
convolution between the original image and the filter :

Sra= (1= b)2(i) + bSpa(i +1) i=N..1
(1)
Dy (i) = Spa(i+ 1) = SLa(i - 1)

Ds(i) = Sra(i+ 1) + Spa(i — 1) — 22(3)

with: z

t) : gray-level pixel 7, b : coefficient.
Dl (2)) DQ(Z

) : first and second derivatives.

Then, a test using the sign of first and second deriva-
tives of image has been realized to thin the edges.

2.2 Hough Transformation for an Ellipse Based
on an Edge Gradient

Each ellipse in an image space can be presented with
a single point in parameter space. We exploit sign and
value of edge gradient to reduce drastically the compu-
tation and the necessary memory. We present the center
of an ellipse which goes through edge point (2, y) in the
mathematical form using[1] :

z. =z + sign(dLz)

Ye =y + sign(dLy)



Where 2. and y. determine two coordinates of the cen-
ter of an ellipse, and (A, {v determine two axes. dLz,
dLy have been obtained from the edge pixel informa-
lﬁ
man face[2], and we choose here an ideal ratio (& = 1.5
with lv = 32 as constants to simplify the computation.

Face contour approximation with an ellipse curve
doesn’t define a perfect ellipse. A new version of
Hough Transformation : Fuzzy Generalized Hough
Transformation (FGHT)[4] has been used to improve
the precision of the system for our application.

tion. The ratio changes between 1.2 and 1.7 for hu-

Figure 1: Results of face location in an image : original
images (top) and faces location detected with our method
(bottom).

2.3 Detection of the Position of Human Faces

Location of human faces in an image corresponds first
to search the maximum value in parameter space (accu-
mulator). Then. this maximum value is replaced with
zeros to search other potential human faces. The figure
1 shows the results of face location in an image.

This algorithm FGHT is a “low-level” processing, and
the time of computation improves quickly when the size
of image increases. To solve the computation time, we
present parallel implementations of the algorithm in the
next section.

3 PARALLEL IMPLEMENTATIONS ON

MULTI-DSP

The applied architecture for parallel implementation is
a TDMB408 Board from Transtech which contains 3
Texas Instrument TMS320C40 on line and a CFG40
Module {Frame-Grabber)(see figure 2). The parallel im-
plementations have been realized using SYnDEx which

1s an interactive graphical software environment for sig-
nal processing and process control real-time application
running on multiprocessors(5].

SynDEx offers the following functionalities : interface
with the synchronous language SIGNAL, specifica-
tion and sizing of the multiprocessor, semi-automatic
partitioning and scheduling optimization, automatic
executive generation. We present two parallel imple-
mentations.
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Figure 2: Architecture of the TDMBJ08 Board.

3.1 First Parallel Implementation

The parallel implementation has been realized in
data-flow mode. The figure 3 shows the SYnDEx graph
Browser which represents the data-flow graph and the
corresponding architecture (root, p, grab)[6].

for an image (a data-flow) :

* computes DXP. DXM, DYP, DYM (SLa et Sga
from the equation (1)) for directions X and Y,

* computes first and second derivatives DX1. DY],
DX2, DY?2,

* tests signs of DX1. DY1. DX2. DY?2 to thin the
edges,

* divides image edge into 3 blocks and realizes the
FGHT for each block.

* divides parameter space into 3 blocks and searches
local maximum value.

* localizes human face using global maximum value.

The figure 4 displays the partitioning and the schedul-
ing of this parallel implementation. We have only
an effectiveness of 0.45 (acceleration=1.35). For this
parallel implementation on the 3 DSPs. we have much
time of inter-DSPs communication (the time of commu-
nication is comparable with the time of computation).

3.2 Second Parallel Implementation

The SYnDEx graph Browser is displayed in the figures
5 and 6. This parallel implementation has been only
realized using 2 DSPs. The execution timing (see
Tab.1) shows that we have obtained an effectiveness of
factor 0.8 (acceleration=1.6).
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Figure 3: SYnDEz graph Browser.
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Table 1: Ezecution timing (us)

Figure 4: SYnDEz graph temporal diagram.
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Figure 5: SYnDEr graph Browser.
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Figure 6: SYnDEx graph temporal diagram.

4 CONCLUSION

In this paper, we have presented a method based on the
Hough Transformation for face contour detection. The
parallel implementations of this algorithm have been re-
alized on 3 and 2 DSPs TMS320C40. Using the sec-
ond implementation we can process 2.5 images of size
143 x 123 per second. We have used SYnDEx environ-
ment and this simplified the development of the paral-
lel implementation. With this expertence, we hope to
implement other images processing algorithms like face
recognition.
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