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ABSTRACT

This paper proposes a novel method to detect faces in color
images with a wide range of variations in head poses, face
tilting, facial expressions and body interferences. The pro-
posed algorithm can locates not only the face regions, but
also some important facial components such as mouth cor-
ners and eyes. The experimental results show that the pro-
posed method exhibits satisfied performance in both well-
controlled and real-world environments. The performance
is also compared with that of a face detector developed by
CMU to demonstrate the major strength of the proposed
algorithm.

1. INTRODUCTION

Face detection plays a crucial role for many applications of
face recognition, expression analyses and intelligent man-
machine interfaces. Many face detection algorithms had
been proposed in the past ten years [1, 2, 3, 4]. Generally,
these algorithms can be categorized into image-based ap-
proach and feature-based approach. One of the typical meth-
ods in image-based approach is the neural-based face detec-
tor [3]. In the neural face detector, the faces are searched
by using a sliding sub-window to examine every subimage
on the whole input image. To detect faces of different sizes,
several sliding sub-windows of different sizes must be used.
Although the neural network approach is straightforward, it
usually takes much more processing time and thus may be
not suitable for real-time applications. Another weak point
of this approach is that the detection performance depends
significantly on the training samples which usually require
much effort to collect for neural network training.

In contrast to the image-based approach, the feature-
based approach focused on the analysis of facial components,
including lips, mouth, eyes, etc. The feature-based approach
usually achieves faster detection speed since it requires not
much exhaustive searching over the whole image. Many use-
ful cues and constraints can be used to reduce the searching
space. These cues and constraints may include skin color of
faces [5], spatial and geometrical relationship [6] between
facial components. However, the major weakness of the
feature-based approach is that the features of faces can be
severely corrupted due to illumination, noise, and occlusion,
etc. The accurate detection of facial components is some-
what difficult and unstable. Therefore, the goal in our study
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is to develop a robust feature-based face detection algorithm
capable of dealing with a wide range of variations in head
poses, face tilting, facial expressions and body interferences.

2. POLYNOMIAL DISCRIMINANT MODELS
FOR SKIN AND LIPS EXTRACTION

2.1. Light Regulation

The appearance of skin color may vary with the illuminat-
ing conditions. Therefore, a lighting regulation process on
the image is necessary. For a given image, we define an in-
tensity value Wref called “reference white” for the image
as 0.95b, where b is the brightest luminance value in the
gamma-corrected gray-level image. The pixel values of the
given image I in R, G, and B channels are regulated by the
following equation:

(x, y) = 255 ∗ φ
(

pc(x,y)
Wref

)

where pc(x, y) denotes the intensity value in channel c (c ∈
{R, G, B}) of the pixel at position (x, y); the function φ(x)
is defined as φ(x) = x for 0 ≤ x ≤ 1, and φ(x) = 1 for x > 1.

2.2. Polynomial Discriminant Functions for Skin and
Lips

Skin color is an important cue for speeding up the detection
of face. Many researchers proposed statistical approaches to
model the distributions of skin colors over some color spaces
[5, 7]. However, the calculation costs of the related proba-
bilities in these statistical models are not low. To increase
the computation efficiency, Soriano et al. [7] proposed a new
formulation for the skin locus distributed in the 2D r-g color
space. The transformation between RGB color space and r-g
space is defined by:

r = pR(x,y)
pR(x,y)+pG(x,y)+pB(x,y)

and g = pG(x,y)
pR(x,y)+pG(x,y)+pB(x,y)

.

Fig. 1 shows the skin locus on the r-g plane. Appar-
ently, the upper and lower boundaries of this locus form two
parabolic boundaries which can be modeled by two quadratic
polynomials fu(r) = aur2+bur+cu and fl(r) = alr

2+blr+cl.
By sampling a number of points on the two boundaries, the
coefficients can be easily estimated using least-mean-square
(LMS) error minimization method. One set of the derived co-
efficients (au, bu, cu, al, bl, cl) is (-1.376, 1.074, 0.145, -0.776,
0.560, 0.176). To extract the skin-color pixels from a given
image, the designed discriminating rule is:

S(r, g) =
{

1, if fl(r) ≤ g ≤ fu(r) and W (r, g) > 0.0004,
0, otherwise,
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Fig. 1. The skin locus plotted by Soriano [7].

where W (r, g) = (r − 0.33)2 + (g − 0.33)2 and 0.2 ≤ r ≤ 0.6.
That is, a pixel is recognized as a skin pixel only when its
transformed r-g value satisfies S(r, g) = 1. Notice that the
term W (r, g) < 0.0004 is exploited to exclude the gray and
near-gray pixels from the desired skin pixels.

Based on the novel modeling of skin colors given above,
we also extend it to extract lip pixels because the pair of
lips is one of the salient facial features for identifying and
verifying faces. According to the general visual perception,
lip colors can be regarded as some subsets of darker skin col-
ors. We find that the colors of lip pixels distribute around
the lower boundary of the crescent-like skin locus shown in
Fig. 1. Hence, all we need is to define a new quadratic poly-
nomial for the upper boundary of the lip pixel distribution.
The new quadratic polynomial for the upper boundary is
estimated to be

f
′

u = −0.776r2 + 0.5601r + 0.21
For the lower boundary, the same polynomial for the

lower boundary of the skin color distribution can be used.
The above two polynomial discriminating models for skin
and lips extraction are characterized by their simplicity in
computations. In addition, these two models can efficiently
extract the two kinds of desired pixels in only one scan of
the input image. To identify the regions of interests for fur-
ther analyses and processing, the extracted skin pixels form
the desired regions, which are called facial masks, for this
purpose. The extracted lips are helpful to locate the eyes for
the proposed algorithm.

3. EXTRACTION OF FACIAL COMPONENTS
AND VALID FACE REGION DETERMINATION

With the extracted facial masks, the next step of the pro-
posed method is to identify the key facial components in-
cluding mouth corners and eyes to determine the valid face
regions. Before locating the facial components, we propose
a method to align the facial masks to improve the robust-
ness in detecting tilted faces. In what follows, we present
the methods in details.

3.1. Alignment of Facial Masks

In general cases, faces in the input image may be not always
in upright direction. As the subsequent analyses are based on
the normal upright faces, the proposed algorithm must align
the tilted faces to their upright directions before the analyses.
For each facial mask generated by preceding steps, we collect
the non-skin pixels inside the facial mask. These non-skin
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Fig. 2. Lip and mouth corners positioning: (a) a tilted
face with the estimated tilt angle and the lip centroid; (b)
the aligned face and the two searching window for mouth
corners; (c) located mouth corners.

pixels usually contain the salient facial components including
eyes, eyebrows, nostrils, and mouth cavity. The orientation
of the distribution of these non-skin pixels can be used to
estimate the tilt angle for the face. An alternative option
for estimating the tilt angle is to find the orientation of the
distribution of skin pixels in the facial masks. However, this
estimate is more sensitive to the body interference among
faces and other skin-color bodies. Therefore, we choose the
non-skin pixels as our cue for tilt angle estimation.

The orientation of the non-skin pixels can be estimated
by the second-order moments analysis. For a distribution of
non-skin pixels, R = {p(xi, yi)|1 ≤ i ≤ N}, let (x̄, ȳ) be the

sample mean of R, i.e., (x̄, ȳ) =
(
∑N

i=1
xi/N,

∑N

i=1
yi/N

)

.
The orientation θ of R can be estimated according to the
following equation:

θ =
1

2
tan−1

(

2uxy

uxx − uyy

)

where uxx = 1
N

∑N

i=1
(xi − x)2, uxy = 1

N

∑N

i=1
(xi − x)(yi − y),

and uyy = 1
N

∑N

i=1
(yi − y)2. With the determined tilt an-

gle θ, each facial mask can be aligned accordingly to get an
upright or near-upright facial mask.

3.2. Positioning of Lips and Mouth Corners

Previously, we have presented the quadratic discriminating
model for extracting lip pixels. Therefore, the centroid of the
lip pixels on an aligned facial mask can be easily determined.
According to the located lip centroid, two searching windows
(γ×γ pixels) at both sides of the lip centroid are defined for
detecting the possible mouth corners. Within each search-
ing window, we apply the Sobel edge detector and find the
largest connected component of edge pixels. The leftmost
point for the largest connected component in the left-side
window and the rightmost point for the largest connected
component in the right-side window are then considered as
two seed points for finding the left and right mouth corners,
respectively. Starting from each seed point, we identify the
darkest point within a rectangle area (λ × λ pixels) around
the seed point. This found darkest point is the desired mouth
corner. Fig. 2 shows the example for mouth corner position-
ing.

3.3. Locating of Eyes

In normal cases, the two eyes are right above the two mouth
corners on an upright face. Therefore, the eyes can be easily
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Fig. 3. Locating the eyes:(a) two searching windows for eyes;
(b) darkest points within the searching window; (c) eyebrow
and eyes differentiation.
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Fig. 4. Determination of valid face region:(a) determined
valid region on the aligned facial mask; (b) determined valid
face region on the original image.

found as long as the two mouth corners can be positioned
on aligned facial masks. For this reason, given a facial mask
of W × H pixels and the position of a found mouth corner,
a rectangle searching area of W/3 × H/3 pixels right above
the mouth corner is defined for locating eyes. The distance
between the center of the searching area and the mouth cor-
ner is 1.5L, where L is the distance between the two mouth
corners.

Within each searching area, the color image is converted
to gray-level one and the contrast is enhanced by histogram
equalization. Afterwards, the darkest point is searched on
the enhanced gray-level image. Normally, the identified dark-
est pixel belongs to either eyebrow or eyes. These two am-
biguous cases can be easily differentiated by comparing the
average gray-level intensities of the regions above and below
the darkest pixel in the searching area. Let the average in-
tensities for the regions above and below the darkest pixel
be Gu and Gl, respectively. If Gu ≥ Gl, then it means that
the current darkest point is very likely to belong to eyebrow.
In this case, we switch to search the darkest point in the
lower region as our desired eye point. On the other hand, if
Gu < Gl, then the darkest point is considered as the desired
eye point. Fig. 3 illustrates an example of the eye locating.
As soon as the exact mouth corners and eyes are detected,
the valid face region can be determined by drawing a rect-
angle according to the geometry depicted in Fig. 4. Note
that the four corner points must be rotated according to the
estimated tilt angle.

4. EXPERIMENTAL RESULTS

4.1. Testing Data Sets

Two sets of testing images are collected for evaluating the
proposed method. The first testing set contains 450 color im-
ages (15 persons x 30 samples) of near-frontal views. These
images are acquired under several well-controlled lighting
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Fig. 5. Some face detection results for variations in head
poses, face tilting, facial expressions and body interference.

conditions and simple backgrounds. This testing set is used
mainly for examining the capability of the proposed algo-
rithm in handling variations in head posed, face tilting, facial
expressions, and body interference.

The second testing set contains 185 color images. A lot
of challenging cases appear in this set because we collect the
images from both unconstrained natural environments and
Internet websites. This image set is mainly for evaluating
the performance of the proposed algorithm for real-world
applications.

4.2. Face Tilting and Head Poses

For face tilting, the proposed method can detect any angle
of tilting. This is a critical improvement over many other ex-
isting face detection methods. For head poses, the allowable
range of angles for lifting/bending/rotating head is between
+22.50 and -22.50. Fig. 5(a) shows some testing results.

4.3. Expression Variations and Body Interference

The variations of facial expressions and body interference
may significantly affect the face detection results. In our
method, as long as the facial expressions do not drastically
cause the indistinguishableness of eyes and mouth corners,
the facial expressions have very little influence to our algo-
rithm. Fig. 5(b) demonstrates the effectiveness of our algo-
rithm in handling different facial expressions.

For the problem of body interference, we get the same
conclusion. That is, as long as the major facial components
such as eyes and mouth corners are not occluded, our algo-
rithm detects the faces very well. Fig. 5(c) illustrates some
cases of the detection results.

4.4. Performance Evaluation on Detection Accuracy

Table 1 shows the overall system performance for our eval-
uations on the two testing sets. All images in the first set
have the same size of 320×240 pixels, while the second im-
age set contains images of variational sizes. The algorithm
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Table 1. Detection Accuracy for Image Set I and II.

No. of No. of No. of No. of False Detection
Images Faces Misses Positives Rate

Set I 450 450 33 12 92.6%
Set II 185 396 49 19 87.6%

 


Fig. 6. Some incorrect detection results.

achieves about 0.6 second per face on a PC with Pentium 1.4
GHz CPU and 256 MB memory. We have found that most
of the incorrect detections result from the extreme situations
of light illuminations and color biasing. Some incorrect de-
tections are shown in Fig. 6.

4.5. Comparing with CMU Face Detector

We compare the proposed detector with the detector devel-
oped by CMU [8], which is designed based on a statistical
decision model. We submit the second image set to their
WWW demonstration system at http://vasc.ri.cmu.edu/cgi-
bin/demos/findface.cgi. Table 2 shows the comparative re-
sults. Although the CMU face detector is slightly better
than our detector, it generates more false positives. The
major strength of CMU detector is its insensitivity to the
variations in illuminations and colors because it processes
gray-level images. However, when dealing with tilted faces,
our detector is much better than the CMU detector. Ac-
cording to our experiments, the CMU detector fails to detect
almost all the faces tilted more than 30 degrees. Some of the
compared detection results are sown in Fig. 7.

5. CONCLUDING REMARKS

In this paper, we present a feature-based face detection algo-
rithm to cope with a wide range of variations in head poses,
face tilting, facial expressions and body interferences. The
key ingredients in the proposed algorithm include an efficient
polynomial model for skin and lips extraction, the method
to estimate the tilt angles for faces and the method to de-
tect mouth corners and eyes. We have conducted many ex-
periments to demonstrate the effectiveness of the proposed
algorithm.

Table 2. Comparison between the CMU detector and ours.

No. of No. of False Detection
Misses Positives Rate

CMU Detector 46 24 88.4%
Our Detector 49 19 87.6%

 


Fig. 7. Some compared detection results for CMU face de-
tector (top row) and the proposed algorithm (bottom row).

In the future, the research directions of this study will
be focused on

• the development of adaptive color model for skin ex-
traction to improve the robustness in handling differ-
ent lighting conditions, and

• the method of detecting faces with partially of fully
occluded facial components.
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