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Abstract —Mathematical morphology is a well known image and signal processing technique. However, most morphological
tools such as Matlab are not suited for strong real-time constraints. This paper address this problem through hardware
implementation on Array processor.This paper gives the algorithm of morphological image processing on FPGA/ Array

Processor.
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l. INTRODUCTION

Digital image processing is an ever expanding and
dynamic area with applications reaching out into our
everyday life such as medicine, space exploration,
surveillance, authentication, automated industry inspection
and many more areas. Applications such as these involve
different processes like image enhancement and object
detection. Implementing such applications on a general
purpose computer can be easier, but not very time efficient
due to additional constraints on memory and other peripheral
devices.

Application specific hardware implementation
offers much greater speed than a software implementation.
With advances in the VLSI technology hardware
implementation has become an attractive alternative.
Implementing complex computation tasks on hardware and
by exploiting parallelism and pipelining in algorithms yield
significant reduction in execution times.

There are two types of technologies available for
hardware design. Full custom hardware design also called as
Application Specific Integrated Circuits (ASIC) and semi
custom hardware device, which are programmable devices
like Digital signal processors (DSPs) and Field
Programmable Gate Arrays (FPGA’s).Full custom ASIC
design offers highest performance, but the complexity and
the cost associated with the design is very high. The ASIC
design cannot be changed and the design time is also very
high. ASIC designs are used in high volume commercial
applications. In addition, during design fabrication the
presence of a single error renders the chip useless. DSPs are a
class of hardware devices that fall somewhere between an

ASIC and a PC in terms of the performance and the design
complexity.
1 DESIGN AND IMPLEMENTATION ALGORITHM

A.Software Algorithm
Input Image

=

Thresholding/skin detection

Morphological Filtering

=

Connected Component Labeling

=

Area calculations

=

Area based filtering

=

Centroid computations

=

Output Image
Fig.1 - Software Algorithm

B. Modified YUV color space
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Converting the skin pixel information to the
modified YUV color space would be more advantageous
since human skin tones tend to fall within a certain range of
chrominance values (i.e. U-V component), regardless of the
skin type. The conversion equations are shown as follows [1].
Y= R+2G+B ,U=R-G,V=B-G

4
These equations allowed thresholding to work independently
of skin color intensity.
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Fig.2 - Different skin tone samples [1]

C. Thresholding/Skin Detection

After skin pixels were converted to the modified
YUV space, the skin pixels can be segmented based on the
following experimented threshold.

10<U<74,-40<V<1l

Applying the suggested threshold for the U component would
produce a binary image with raw segmentation result, as
depicted in Fig.3.

Fig.3 - Result after thresholding

D. Morphological Filtering

Realistically, there are so many other objects that
have color similar to the skin color. As seen in Fig. 3, there
are lots of false positives present in the raw segmentation
result. Applying morphological filtering including erosion
and hole filling would, firstly, reduce the background noise
and, secondly, fill in missing pixels of the detected face
regions, as illustrated in Fig.4.
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Fig.4 - Result after morphological filtering

E. Area-Based Filtering

Human faces are of similar size and have largest
area compared to other skin regions, especially the hands.
Therefore, to be considered a face region, a connected group
of skin pixels need to have an area of at least 26% of the
largest area. Therefore, many regions of false positives could
be removed in this stage, as depicted in Fig.5.

Fig.5 - Result after area-based filtering

F. Centroid Computation

The final stage was to determine face location. The
centroid of each connected labeled face region can be
calculated by averaging the sum of X coordinates and Y
coordinates separately. The centroid of each face region in
Fig.6 is denoted by the blue asterisk. Here the centroid of
each connected region was extracted using region props.

Fig. 6 - Result after calculating centroid
. HARDWARE IMPLEMENTATION

Video Frame
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[ Thresholding/skin detection ]

=

Spatial Filtering

=

Temporal Filtering

=

Centroid computations

=

Output Displayed on TFT display
Fig. 7 - Hardware Algorithm

A. Thresholding
In this step, each input video frame was converted to a
“binary image” showing the segmented raw result.

B. Spatial Filtering

This step similar to the erosion operation used in the
software algorithm. However, the structuring element used
here did not have any particular shape. Instead, for every
pixel p,its neighboring pixels in a 9x9 neighborhood were
checked. If more than 75% of its neighbors were skin pixels,
p was also a skin pixel. Otherwise p is a non-skin pixel. This
allowed most background noise to be removed because
usually noise scattered randomly through space. In Fig. 8,
because p only has 4 neighboring pixels categorized as skin,
p is concluded to be a non-skin pixel and, thus, converted to a
background pixel.

| Pixel p I

Fig. 8 — e.g of spatial filtering for a pixel p after filtering

C. Temporal Filtering

Even small changes in lighting could cause
flickering and will make the result displayed on the TFT
display less stable. Applying temporal filtering allowed
flickering to be reduced significantly.

D.Centroid Computation

Finally, centroid is computed to locate the face
region. First assume that only one face is present. Therefore,
its centroid would just be the centroid of all detected pixels,
as shown in Fig.9.
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Fig.9 - Centroid of all detected pixels

V. RESULT

Before the algorithm is developed in Quatras, Altera
cyclone 1l FPGA , it was implemented and tested on still
images in MATLAB to verify its functionality, as illustrated
from Fig.3 to Fig.6. The Image Processing Toolbox provided
in MATLAB allowed the process of developing and testing
the algorithm to be more efficient.

V. CONCLUSION

In this paper, the goal of implementing a system to
detect and track human faces in MATLAB is achieved.
Although the transition from software to hardware required
some modification to the original algorithm. The face
detection algorithm is derived from a skin detection method.
Face tracking is achieved by computing the centroid of each
detected region. The system will proved to work in real time
with no lagging and under varying conditions of facial
expressions, skin tones, and lighting.
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