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a b s t r a c t 

This study suggests a method to improve the speed of a sliding window type of face detector by way of skin 

color region detection. The face detection method by way of skin color region detection has been studied 

in various perspectives: Complicated background images because of the area whose color is similar to the 

skin color cause high false positive rates. In contrast, the face detection method based on appearance, which 

adopts a sliding window type, may involve high face detection rates but cause tremendous computational 

costs in the process of detection scanning as the image size increases, whereas the processing time is also 

extended accordingly. This study suggests a method to control the subwindow size and detection area of a 

sliding window by detecting and using the skin color region with the processing time reduced. By means 

of a face detector with haar wavelet and LBP features, 274 images were collected online in addition to Bao 

database images, and then an experiment was conducted with them. As a result, the face detection time in 

utilization of an existing sliding window decreased down to a maximum of 47%. 

© 2015 Elsevier B.V. All rights reserved. 

1. Introduction 

In psychology, neurology, and various engineering areas, research 

works on face and facial expression recognition have been conducted 

mainly for practical use in life such as identification, security system, 

human resource data management, and membership management. 

The very first step to be taken for such face and facial expression 

recognition researches is face detection to locate a face in an image. If 

this step fails, face recognition is impossible. Face detection is a tech- 

nology to determine if a static image includes a face and detects it. A 

face may be seen differently depending on changes in its size, hori- 

zontal or vertical turning, profiles and front faces, facial expressions, 

light conditions, etc., which causes various challenges in face detec- 

tion research works. Accordingly, because of the difficulty in and the 

importance of face detection, this area of research is regarded as an 

independent sector rather than a preliminary step of face recogni- 

tion. Recently, the areas of face detection application have continued 

increasing. 

Face detection has been examined in various perspectives. 

It is categorized into four major methods: knowledge-based 

method, characteristic-based method, template matching method, 

and appearance-based method. First, the knowledge-based method 

is used to locate the eyes, nose, and mouth in a face and measure 

the distance between them based on the general information of hu- 

man faces [1–4] . Second, the characteristic-based method includes 
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the color-based method and utilizes structural characteristics, which 

are useful for face detection regardless of changes under postures 

and lighting conditions [5] . Structural features include the regional 

characteristics, textures, shapes, and skin colors of faces. The regional 

features of faces include two eyes, nose, eyebrows, mouth, etc. The 

color-based method distinguishes skin color pixels from image pixels 

and views them as a specific area in determining if a face exists in an 

area. The skin color region classifier used in this study is one exam- 

ple. Some research works examine the way of face detection in the 

utilization of skin color pixels, and some the way of improving detec- 

tion rates by using edges in addition to skin colors [10–12,23–28] . 

Third, the template matching method is a way of detecting a face 

based on a certain level of correlation among basic formation ele- 

ments of a face [6] . When an image is given, the correlation values 

of the contour, eyes, nose, and mouth are calculated to determine if 

there is a face in that image. Fourth, the appearance-based method 

is significantly different from the other three in that it models faces 

through self-learning. This method continues to learn “faces” from all 

former face images and “non-faces” from images with no face for fu- 

ture recognition. Eigen value, LDA, neural circuit networks, SVM (Sup- 

port Vector Machines), and Adaboost (Adaptive Boosting) are some 

of the examples. The sliding window-based face detector used in this 

study is a type of appearance-based face detection method [7–9] . 

Among characteristic-based face detection methods, the skin 

color-based face detection method has been studied in various per- 

spectives. Hsu detects faces based on colors under various light con- 

ditions and complicated backgrounds [12] . 

This study utilizes a light compensation technique called “white 

reference” and YCbCr color model in detecting face candidates, which 
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Fig. 1. The proposed face detection flow 

is followed by the detection of the eyes and mouth and then the facial 

contour. Abin suggests a real time multiple face detection and a trac- 

ing algorithm based on the skin color, edge, and shape information 

[13] . However, the false positive rate was quite high—up to 27.6% in 

Compaq database. Aldasouqi suggests a methodology to detect a face 

promptly by using a morphology operation in an HSV color model 

[14] . Sanjay Kr. Singh suggests a new face detection algorithm based 

on skin colors in combination of HSI, YCbCr, and RGB Color models 

[15] . Lin has developed an efficient methodology of detecting mul- 

tiple faces based on color images in complicated environments and 

different lighting conditions [16] . 

As for the appearance-based face detection method, the sliding 

window-based detector is commonly used in object detection [7,17] . 

A number of systems utilize this in steps of facial detection, tracing, 

and recognition. In a detector, the classifier detects objects when a 

certain processing response in the subwindow is returned at each lo- 

cation of an image. One important challenge of these research works 

is to avoid performance deterioration in real time processing. This 

study focuses on improving the speed in the step of detection. Vi- 

ola suggests a cascade type of face detector, which improves speed 

by removing the background promptly and spending more time in 

processing candidate areas [18] . Nonetheless, computational costs in 

a subwindow are quite high, and the number of subwindows is re- 

duced, the size of subwindows is limited, or the movement unit of 

subwindows is increased in order to improve the speed of a classifier. 

Decades, skin color-based face detection algorithms have been de- 

veloped by means of various color models. As for skin color character- 

istics, however, false positive rates would increase and detection rates 

decrease when an image contains a complicated background or many 

spots whose colors are similar to the skin color. In contrast, as the 

appearance-based face detection method based mainly on the slid- 

ing window means scans the whole image and utilizes learning data, 

it maintains high face detection rates but the computational costs are 

also high. Thus, as the size of an image increases, the scanning pro- 

cess involves a lot of computational costs and processing time. 

This study suggests a face detector that utilizes the advantages of 

the skin color-based face detector and the sliding-based face detec- 

tor. As for the skin color-based face detection method, a certain skin 

color region is separated from the entire image by using the skin color 

region classifier, and then the face is detected by using the sliding 

window-based face detector, which is one of the appearance-based 

face detection methods. Hence, subwindows detect a face only in skin 

color regions to reduce the number of subwindows, and the size of 

them is also limited by using a skin color region. As a result, at the 

same detection rates of the existing sliding-based face detector, false 

positive rates are decreased and the detection speed is improved. 

This study consists of the following sections: Section 2 presents 

explanations on the suggested skin color region classifier. Section 3 

presents the sliding window-based face detector with the slid- 

ing window-based face detector briefly explained. Section 4 shows 

the performance of the suggested algorithm based on experiments. 

Section 5 presents the conclusion of this study. 

2. Skin color region classifier algorithm 

The methodology suggested in this study consists mainly of the 

skin color region classifier and the sliding window-based face detec- 

tor as shown in Fig. 1 below, which presents the entire flow diagram 

of the suggested facial detection method. In Fig. 1 , Im indicates the 

color image of (NXM), S ′ m a binary image in application of the skin 

color segmentation, S ′ p a binary image after the morphological image 

processing, and I post an image after the labeling and non-face candi- 

date rejection process. The process of combining skin color regions is 

to reduce overlapping areas with the max size of a subwindow lim- 

ited. I post is an image delivered to the sliding window face detector. 

The skin color regions delivered along are face area candidates. The 

max face window is the largest area among segment sections. With 

the max size of a subwindow limited, performance enhancement is 

expected. The following sections explain each block. 

2.1. Skin color modeling segmentation 

Skin color modeling requires the process of selecting used ones 

among various color models. Color models include RGB, Normalized 

RGB, HIS (hue, saturation, and intensity), HSL (hue, saturation, and 

lightness), TSL (tint, saturation, and luminance), and YCbCr. Among 

these, a YCbCr color model distinguishes luminance elements from 

chrominance elements, and a linear conversion of an RGB color model 

is possible, and thus is widely used for skin color models because of 

simplicity and minimal operation. This study too utilizes this YCbCr 

color model. 

In this study, skin color regions are classified as the preliminary 

step to accelerate the appearance-based facial detection. Thus, algo- 

rithms that are complicated require high computational costs and 

speed influence is excluded. The focus is on separating skin color re- 

gions as accurately as possible. Accordingly, a certain color scope is 

decided for classification in designing the skin color detector. 

First of all, only a simple linear conversion makes conversion into 

a color model possible [19] . After conversion into YCbCr, 26,214,989 

pixels of Ground-Truth data were analyzed, which were skin color 

pixels collected to grasp the scope of pixels closest to the skin color. 
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