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Abstract. A three-stage scheme for real-time reliable face detection is presented. The

proposed three-stage scheme is a feature-based method that is mainly based on skin color

and facial features. Skin regions are obtained using a YCbCr skin-color model in the first

stage. In the second stage, a face template measure is used to obtain face candidates and

then a suitable face box is used to effectively remove non-face regions from the face can-

didates. Finally, facial features are measured to detect faces from face candidates in the

third stage. Experimental results show that the proposed method has good performance

in the face detection of faces in various poses, faces in skin color-like backgrounds, faces

under varying illumination, and faces of various races.
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1. Introduction. Visual surveillance has received increasing attention. Visual surveil-
lance has a wide range of applications, such as event detection and description [1, 2], object
tracking [3, 4], person or vehicle counting [5-7], person or face tracking [8, 9], and security
[10]. Recently, the demands of surveillance system in crossroads have greatly increased
with an increase in pedestrian safety. In the past years, the applications of surveillance
system in crossroads were primarily used in traffic events or theft cases. Besides these
cases, the applications of surveillance system in crossroads need to be further extended.
Therefore, intelligent surveillance system in crossroads has significantly attracted much
attention of researchers in recent years. Face detection plays an important role in the in-
telligent surveillance system in crossroads. Face detection has attracted a lot of attention
due to its wide variety of applications, such as face recognition [11, 12], facial expression
recognition [13], facial expression analysis [14], speaker recognition [15], VoIP (voice over
IP) security [16], and video surveillance.

Face detection techniques can be generally classified into four categories [17]: template
matching-based methods, knowledge-based methods, machine learning-based methods,
and feature-based methods. Template matching-based methods use the similarity between
an input image and the template. These methods are easy to implement, but they are
scale-dependent, rotation-dependent, and computationally expensive.
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Knowledge-based methods use the knowledge about a basic face, such as the ellipse
shape and the triangle feature, to obtain the final region of a face. Knowledge-based
methods can greatly reduce computational cost, but they are rotation-dependent.
Machine learning-based methods use a lot of training samples of faces and non-faces to

learn to identity faces. Machine learning-based methods have high detection rates, but
their accuracy depends on the training samples. Most of these methods focus on frontal
faces or faces with fixed orientations.
Feature-based methods use low-level features (such as color, edge, shape, and texture)

to detect faces. Feature-based methods are scale-independent, rotation-independent, and
fast. Yang et al. [18] found that skin color, which is scale-independent and rotation-
independent, can greatly reduce computational cost of face detection. Kakumanu et al.
[19] presented a survey of skin-color modeling and detection methods. However, skin-color
methods do not robustly detect skin regions in the presence of skin-color like backgrounds
and varying illumination.
Some researchers have integrated the machine learning-based method and the feature-

based method [17, 20]. Skin regions are obtained using skin-color detection, and then
classifiers (AdaBoost algorithm) based on Haar-like features (local features) and/or Ga-
bor features (global features) are used to detect faces from skin regions. This scheme
can greatly reduce computational complexity and robustly detect faces in skin-color like
backgrounds. However, the accuracy depends on the training samples.
In the present study, three-stage scheme is proposed for the face detection of pedestrians

in intersection monitoring. The proposed method is a feature-based method that is mainly
based on skin color and facial features. Lighting compensation, image resizing, the YCbCr
skin-color model, morphological processing, and fast 4-connected component labeling are
used to obtain skin regions in the first stage. In the second stage, a face template is used
to detect face candidates from the skin regions. Since non-face regions may be included
in the obtained face candidates, such as necks and arms, a suitable face box is used to
remove the non-face regions from the face candidates. In the third stage, a facial feature
measure is used to detect faces from face candidates. In the facial feature measure, the
luminance variation and the histogram bin-based skin distribution are used to identify
face candidates as either faces or non-faces.
Experimental results show that the proposed method has good performance in face

detection. Using the proposed method, the poor face detection in the presence of skin-
color like backgrounds and varying illumination can be greatly improved.
The rest of this paper is organized as follows. The proposed three-stage scheme of

face detection is described in Section 2. Section 3 presents experimental results and their
evaluations. Finally, the conclusion is given in Section 4.

2. Three-stage Scheme of Face Detection. A feature-based three-stage scheme is
proposed for face detection. The first stage is used to obtain skin regions. Face candidates
are detected in the second stage. Finally, faces are detected from the face candidates in
the third stage.

2.1. Skin-region detection. In order to detect faces under varying illumination, refer-
ence white [21] is used for lighting compensation. In this method, the top 5% of luminance
values in the image is regarded as the reference white if the number of these pixels is suf-
ficiently large (> 100). The RGB components of the original image are then adjusted
so that the average gray value of the reference-white pixels is linearly scaled to 255. Let
i ∈ [lu, 255] be the top 5% gray levels and fi be the number of pixels of gray level i in
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the image. Therefore, the modified RGB components can be estimated using Eq. (1) and
Eq. (2).

Ynew = (Yold/Mtop)× 255 , Y ∈ {R,G,B} (1)

Mtop =
255
∑

i=lu

i · fi

/

255
∑

i=lu

fi (2)

Furthermore, the low-low (LL) subband of the discrete wavelet transform (DWT) is
used to resize the original image to 1/16 of its original size to reduce the computational
cost. In the resized image, the YCbCr skin-color model is used to detect skin regions.
Garcia and Tziritas [22] found that the YCbCr model has a better cluster of skin color
than do other skin-color models. They used two sets of eight conditions depending on
two areas of the color space in order to approximate the distribution in the light and dark
extreme cases, as defined in Eq. (3) and Eq. (4).

if (Y > 128)

θ1 = - 2 + 256 - Y

16 ; θ2 = 20− 256−Y
16

; θ3 = 6 ; θ4 = −8

if(Y ≤ 128)
θ1 = 6 ; θ2 = 12 ; θ3 = 2 + Y

32
; θ4 = −16 + Y

16

(3)

and

Cr ≥ −2 (Cb+ 24) ;Cr ≥ − (Cb+ 17) ;Cr ≥ −4 (Cb+ 32) ;
Cr ≥ 2.5 (Cb+ θ1) ;Cr ≥ θ3;Cr ≥ 0.5 (θ4 − Cb) ;
Cr ≤ 220−Cb

6
;Cr ≤ 4

3
(θ2 − Cb)

(4)

The opening operation of morphological processing is used to obtain more accurate
contours of these skin regions. The dilation operation with a 3 × 3 structuring element
is applied to skin regions followed by the erosion operation with the same structuring
element.

Finally, fast 4-connected component labeling is used to obtain complete skin regions.
The fast 4-connected component labeling can quickly label each isolated region. The size
of each isolated region is calculated, and then an isolated region is removed if its area is
smaller than the given threshold Thc.

The fast 4-connected component labeling works as follows. Global-block and row-
block are used to record attributes of 4-connected components. First, we horizontally
scan the whole image from left to right and from top to bottom to label horizontally
connected components in the global-block. Next, we construct the index of obtained
labels of horizontally connected components; they are initially set to zero in the row-
block. Then, we scan the labels of horizontally connected components in the whole image
from left to right and from top to bottom. We update the index of labels of horizontally
connected components by increasing the index of isolated labels by one. Finally, we check
the pixel under the scanned label. If its index is zero, we rewrite the index to be the
same index of the scanned label; otherwise, the index is preserved. Figure 1 shows a
320 × 240-pixel test image. The execution times using the fast 4-connected component
labeling and the traditional method are 4 ms and 280 ms, respectively. This demonstrates
that fast 4-connected component labeling greatly outperforms the traditional method in
terms of execution time.

Using image resizing and opening operation of morphological processing, face regions
and regions of complex backgrounds whose color is similar to that of skin can be effectively
separated to achieve the robust face detection.
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Figure 1. Test image for evaluating the performance of 4-connected com-
ponent labeling

2.2. Face candidate detection. The face template measure is used to detect face can-
didates from skin regions. First, a bounding box of the skin region in the LL subband
image is found, and then the coordinates of the bounding box are mapped into ones in
the original image.
We use an ellipse region, We, as the face template, as shown in Figure 2, where Wr

is the bounding box of the skin region. A skin region is considered as a face candidate
if it meets the following two conditions: (i) the major axis of ellipse region We must be
vertical, and (ii) sensitivity Se (true positive rate) [23] must be larger than the threshold
Ths. Sensitivity Se is defined in Eq. (5), where TP and FN are the total number of true
positive pixels and false negative pixels, respectively.

Se = TP/(TP + FN) (5)

Figure 2. Face template

However, some non-face regions may exist in the obtained face candidates, such as
necks and arms. The non-face regions must be removed from face candidates before face
detection. A suitable face box is used to effectively remove non-face regions from face
candidates. First, we scan the Y-axis in the face candidate to calculate the histogram.
Next, 75% of the median of the histogram is set as the threshold Thm. Finally, the
skin region is removed if its histogram is smaller than Thm. The size of a suitable face
box (square box) can be obtained by scanning the X-axis in the preserved skin region.
Figure 3(a) shows the bounding box of a face candidate, Figure 3(b) shows the obtained
histogram, and Figure 3(c) shows the suitable face box.

2.3. Face detection. The facial feature measure is used to detect faces from face candi-
dates obtained in the second stage. In the facial feature measure, the luminance variation
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Figure 3. Suitable face box of the face candidate. (a) Bounding box of a
face candidate; (b) histogram; (c) suitable face box

of the face [24] and the histogram bin-based skin distribution of the face are used to detect
faces from face candidates. The face region usually has higher luminance variation than
those of other skin regions, such as arms and legs. In the suitable face box of a face
candidate, luminance variation is defined in Eq. (6), where σ and µ are the standard
deviation and the mean of luminance, respectively.

λ = σ/µ (6)

The histogram bin-based skin distribution of the face divides 256 gray levels into 16
histogram bins, with each histogram bin containing 16 gray levels. From observation and
experience, the skin distribution of a non-face region is concentrated in some histogram
bins, as shown in Figure 4, where the first and second columns are the cases of a non-face
region, and the third column is the case of a face region.

Figure 4. Histogram bin-based skin distribution

Therefore, face candidates are considered as faces if they meet the following two condi-
tions: (i) luminance variation λ ≥ Thλ, and (ii) the number of histogram bin-based skin
distribution is larger than Thn, where Thλ and Thn are the given thresholds.
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3. Experimental Results. The experimental results show that the proposed method
performs well. Experiments were conducted on a computer with an Intel(R) Core(TM)2
Duo E4300 CPU and 2GB of RAM. The algorithms were implemented in BCB (Borland
C++ Builder) 6.0. In the experiments, the thresholds Thc = 25, Ths = 0.7, Thλ = 1.008,
and Thn = 8 were set from experience.
Faces in various poses and scales selected from the FERET image database [25] were

used to evaluate the performance of the proposed method. In the experiment, 1609 face
images were selected from the directories data\montages\misc\no mustache M Asian and
data\montages\misc\no mustache F Asian, with 1038 and 571 faces of Asian males and
females, respectively. Figure 5(a) and Figure 5(b) show the samples of Asian male and
Asian female faces, respectively. The detection rate, missing rate, and false alarm rate
are P = 96.4%, M = 3.6%, and FA = 0.7%, respectively. The proposed method also can
obtain good face detection of non-Asian faces, as shown in Figure 6.

Figure 5. Samples of Asian male and female face with various poses and
scales from the FERET image database. (a) Asian male; (b) Asian female

Moreover, the proposed method can obtain good face detection of faces in skin-color like
backgrounds, as shown in Figure 7, where images on the left are the skin-region detection
and images on the right are the face detection. All faces are detected in Figure 7(a) and
Figure 7(b), and only one non-face is misjudged in Figure 7(b).
Finally, face detection was simulated using a test sequence consisting of 500 frames

with a size of 320× 240 pixels. There were 945 faces in the test sequence. Figure 8 shows
the face detection results under varying illumination, where Figure 8(a)∼Figure 8(c) are
the cases of normal illumination, dark illumination, and light illumination, respectively.
The detection rate, missing rate, and false alarm rate are P = 98.4%, M = 1.6%, and
FA = 0.1%, respectively. Furthermore, the average execution time using the proposed
method is only 15.9 ms for each frame in the test sequence.
For face detection under extreme illumination, such as back lighting, adaptive skin-

color model switching [26] can be used to replace the YCbCr skin-color model in the first
stage of the proposed method to obtain skin-color regions.
The proposed method has the advantages of a feature-based method while overcoming

the disadvantages. The proposed method achieves fast detection of faces in various poses,
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Figure 6. Face detection of non-Asian faces from the FERET image database

Figure 7. Face detection in skin-color like backgrounds
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Figure 8. Face detection under varying illumination. (a) Normal illumi-
nation; (b) dark illumination; (c) light illumination

faces in skin-color like backgrounds, faces under varying illumination, and faces of various
races.

4. Conclusion. A feature-based three-stage scheme was proposed to achieve real-time
and reliable face detection. In the first stage, lighting compensation using the reference
white, image resizing using the discrete wavelet transform, the YCbCr skin-color model,
morphological processing, and fast 4-connected component labeling are used to detect
skin regions. Next, a face template measure and suitable face box are used to obtain face
candidates in the second stage. Finally, facial features (luminance variation and histogram
bin-based skin distribution) are measured to detect faces from face candidates.
Experimental results show that the proposed face detection has good performance in the

detection rate, missing rate, and false alarm rate. Furthermore, the average execution time
was only 15.9 ms for each frame in the test sequence. The proposed face detection method
can achieve good results of faces in various poses, faces in skin-color like backgrounds,
faces under varying illumination, and faces of various races.
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