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Abstract—This paper presents an efficient FPGA based
architecture for skin region detection algorithm from a facial
image. A lot of research work has been carried out on skin region
detection for image processing applications. But there is a very
limited work to design a hardware module for the same purpose
which is very useful for a real time system where speed is a key
factor. In this paper, an attempt has been made towards the
designing of an efficient FPGA based skin region detection
algorithm which is better than the existing architectures in respect
of both space and time complexity. The methodology proposed by
Zhang et al. in 2000, has been chosen as the skin region detection
algorithm for the present work due to its property of simplicity
resulting in faster computation. The experimental result shows a
significant improvement in space complexity over an existing
architectures and the module is able to operate at 285.919MHz
speed which is more than twice of the operating speed of the
existing architectures.

Index Terms—Skin detection, Pixel classification, FPGA, YIQ.

I. INTRODUCTION

Face recognition is a vibrant area of research over the last
20 years and today facial image processing has become an
active research area all over the world. A lot of research work
on facial feature extraction and face recognition for still and
video images using skin color is carried out by Q.H. Thu et al
[1], D. Saxe and R. Foulds [2], S. McKenna et al.[3], C.
Garcia, G. Tziritas [4], N. Sebe et al.[5], A. Hadid et al.[6 ],
Zhang et al.[7], D. Chai, and Zhang et al[8], D. Bhattacharjee
et al.[9] etc. There are many skin region detection
algorithm[1-7] and among these the algorithm proposed by
Zhang et al.[7] is simple and works faster.

FPGA is becoming the most dominant form of
programmable logic [10-11] over past few years. FPGA has
advantage of low investment cost and desktop testing with
moderate processing speed thereby offering itself as suitable
one for real time application. In the literature Guangdong Liu
and Zhongke Shi[14], Y.M. Mustafah and A.W. Azman[15]
proposed a FPGA based architecture for Skin region
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detection algorithm. In this paper we have designed a
different architecture for Skin region detection algorithm
proposed by Zhang et al.[7]

Which is faster and takes less space than the architecture
proposed by them [14][15]. In real time system, the algorithm
with less time complexity always gets preference. Our work
is not only gives better performance in respect of time
complexity, this work also takes less space than that of the
architecture of Guangdong Liu and Zhongke Shi[14], Y.M.
Mustafah and A.W. Azman[15].

This paper is organized as follows: The section Il presents
the brief description of the Skin region detection algorithm
given by Zhang et al [7]. Section 1l presents the top level
design of skin region detection hardware. Section IV depicts
the proposed system architecture for Skin region detection.
Section V shows the experimental results and finally section
VI concludes and remarks about some of the aspects analyzed
in this paper.

Il. ALGORITHM FOR SKIN REGION DETECTION

To distinguish between skin colors and non-skin colors, the
present system first converts the RGB images into Y1Q color
space. In 2000, Zhang et al. show that the Y1Q channels have
good clustering properties for human skin tones though
distinguished by race, age, or gender and human skin colors
are between 20-90 in | channel [7]. The steps for Skin region
detection are as follows:

Step 1: Convert the RGB face image with size R1xR2
into Y1Q color space according to Eq 1 to Eq 3 and mark it as
|Y|Q(a,b,C).

Y =0.299xR+0.587xG+0.114xB €))
| =0.596xR—-0.275xG-0.321xB 2
Q=0212xR-0.523xG+0.311xB (3)

Step 2: Copy the I values of lyig(a,b,c) into another matrix
li(a,b).

Step 3: Record those pixel co-ordinates whose values lie
between two threshold values T1 and T in Ii(a,b). The values
of T1 and T are considered as 20 and 90 respectively in this
work.

Fig. 1 shows an example of skin region detection. The
non-skin pixel values are set to white.
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Figure 1. An example of skin region detection

In the present work, for skin region detection only | color
channel of the YIQ color model is needed so only equation
Eq. 2 is used to get the | color channel of the Y1Q color model
from RGB image. While converting a RGB image to an
image of YIQ color model, calculation for the values of |
color channel, three multiplication, two subtraction
operations are needed. Using only a single equation, this
method improves both the space and time complexity of the
proposed architecture which makes it simple and faster.

I11. TOP LEVEL DESIGN

The top level design of Skin region detection architecture
is shown in Fig 2. The proposed architecture takes one 8-bit
value for each of the red, green, blue color channels for each
pixel of the image as input. Then the system calculates only |
color value of YIQ model using the taken three inputs.
Further the system needs two 8-bit values as threshold inputs
for the image which are shown in the top level design as
Thresholdl and Threshold2. Finally, the system generates
one 1-bit pixel value which is either 1 for the pixel for which
| color value falls between Thresholdl and Threshold2
indicating skin region or 0 for those pixels for which I color
value does not lie between Thresholdl and Threshold2
indicating non-skin region. Fig. 2 shows the top level design
of the proposed architecture.

— Blue<7:0> S

— Green<7:0>

— Red<7:0>
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— Threshold2<7:0>

— Clock

Figure 2. The top level design of Skin region detection architecture

IV. SYSTEM ARCHITECTURE

The proposed architecture for the Skin region detection
algorithm is shown in Fig 3. The architecture contains three
Multiplier blocks, two Subtractor blocks and one Comparator
block. The modeling of the internal architecture of each block
is designed using Very high-speed integrated circuit
Hardware Description Language (VHDL) and each block is
controlled by a global clock. The proposed architecture is
implemented on Xilinx Spartan3 XC3S50-5PQ208 FPGA.
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Figure 3. System Architecture

The various blocks of this architecture are described next:

Multiplier Block

Each of these blocks takes one 8-bit color value for one of
the Red, Green, Blue color channels of each pixel of the RGB
image and Red, Green and Blue color value is multiplied by
the fractional value 0.596,0.275,0.321 respectively. The first
block calculates the value of f1, the second block calculates
the value of f2 and the third module calculates the value of f3
as shown in the architecture.

Subtractor Block

This block subtracts two 8-bit pixel values, takes the
absolute value of the result and produces the result in 8-bit
pixel value. The first module calculates the absolute value of
the difference between f1 and f2 and produces the value of f4.
Similarly, the second module calculates the absolute value of
the difference between f4 and f3 and produces the value of f5.

Comparator Block

The comparison of the resultant values from a given
threshold value is performed by this block. The output of this
block is that skin detected binary image having only two
pixel values i.e. 0 and 1. This block produces a 1 value if the
5 is greater than the Thresholdland less than Threshold2 and
produces a 0 value otherwise.

V. EXPERIMENTAL RESULTS

The Skin region detection architecture was implemented
on VHDL, synthesized for a Xilinx Spartan 3
XC3S50-5PQ208 FPGA with simulation on the Modelsim
6.2c from Mentor Graphics Corporation. The test RGB
images with varying size are used.

The proposed architecture operates taking maximum period
3.497ns per pixel using only 3% , 2%, 2%, 33% of Slices,
Slice Flip-flops,4 input LUTs, Bonded 10Bs respectively The
device utilization summary for the proposed method is given
in Table I.

TABLE I. DEVICE UTILIZATION SUMMARY OF PROPOSED
ARCHITECTURE
No No. of | No. No.
. ' Slice of 4| of
Device of . .
Slices Flip input Bonded
Flops LUTs | IOBs
our | Xilinx 130 41 33 41
Method Spartan
3 768 1536 1536 124
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The proposed architecture uses less system resources but
operates faster at the speed of 285.919 MHz compared to the
other two existing architectures [14][15].

The proposed architecture uses only 3% Slices, 2% of
Flip-flops, 2% 4 input LUTs whereas the Quartus II
architecture needs 22% of logic elements, 15% of the
registers and 11 % of the memory resource. Table Il shows
the comparison study of device utilization of proposed FPGA
architecture and the Quartus Il architecture given by
Guangdong Liu and Zhongke Shi[14].

Y.M. Xilinx Usage | 3154 21
Mustafah and | Spartan3 Total | 33280 104
AW. Azman | -XC35000 % 9% 20%
Xilinx Usage | 33 41
our Method gpartan Total 1536 124
-xc35000 | % 2% 33%

The proposed architecture operates in much higher speed
285.919 MHz compared to the other two existing model.
Table IV shows the comparative maximum operating speed
that the proposed architecture and the existing two
architecture.

TABLE Il

COMPARISON STUDY OF DEVICE UTILIZATION
BETWEEN PROPOSED ARCHITECTURE AND THE ARCHITECTURE
GIVEN BY GUANGDONG LIU AND ZHONGKE SHI

Logic Registers Memor
Device elements [Flip y
. /LUTs
/Slices Flops
Sn“da;%%%’é?(:'s Quartus Il | 22% 15% 11%
Xilinx
Our Method Spartan3 3% 2% 2%
-XC35000

The proposed architecture also uses less system resource
although synthesized in older version Xilinx Spartan 3
XC3S50-5PQ208 FPGA of compared to the other existing
architecture synthesized on Xilinx Spartan-3 XC35000
FPGA Table Il shows the comparison study of device
utilization of proposed architecture and the architecture given
by Y.M. Mustafah and A.W. Azman[15].

TABLE .  COMPARISON STUDY OF DEVICE UTILIZATION

BETWEEN PROPOSED ARCHITECTURE AND THE ARCHITECTURE
GIVEN BY Y.M. MUSTAFAH AND A.W. AZMAN

TABLE IV. COMPARISON STUDY OF TIMING SUMMARY
Architecture Max. Frequency FPGA Version
Guangdong L. and
Zhongke S. 112.6 MHz Quiartus 11
Y.M. Mustafah and 96 MHz Xilinx Spartan-
AW. Azman 3 XC35000 FPGA

Xilinx ~ Spartan 3
Our Method 285.919 MHz XC3S850-5PQ208
FPGA

The snapshot of device utilization summary and timing
analysis report is shown in Fig. 4

No. No.
Device of 4input | of
LUTs Bonded 10Bs
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Figure 4. Snap shot of Device utilization summary and Timing Report

Fig. 5 to Fig. 8 show the experimental results obtained
from the proposed architecture.
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(b)
Figure 5. Result of Skin region detection a) Original image b) Detected
skin region

(b)
Figure 6. Result of Skin region detection a) Original image b) Detected
skin region

Figure 7. a) Original image b) Detected skin region

(b)
Figure 8. Result of Skin region detection a) Original image b) Detected
skin region
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VI. CONCLUSION

This paper presents an efficient FPGA based architecture
for skin region detection algorithm in respect of both time
and space complexity. Various skin region detection
algorithms are typically used in image processing. In this
paper, the methodology of Zhang et al. has been used to
design the hardware module for skin region detection. This
algorithm is chosen due to its property of simplicity resulting
in faster computation. The result shows a significant
improvement of time and space complexity over the existing
architectures and the module is able to operate at the speed of
285.919MHz which is more than the twice of the operating
speed of the existing architectures.
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