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Development of robust high performance face detector under

different environmental conditions
BIKASH LAMSAL
Summary

The expressive three dimensional objects can be known as a face. Every human being has their
own face. Face represents a physiological biometric identifier that is widely used in person
recognition. Nowadays, the face detection process has become very common in computer vision
systems. The process of locating the position of the face in an image is known as face detection.

The process is performed either by using still or video images. In this thesis, still images have been
treated for face detection. There seems to be a lot of applications and systems applied for face
detection, but developing a system that will increase the face detection rate based on the static
position of the face on an image will help to make the face detection system more advanced and
crucial,

A lot of face detection algorithms have been developed till now, but the face detection rate has not
reached to 100%. It is due to the presence of the different environmental conditions in an image. The
environmental conditions are image noise, illumination variant images, occlusion, pose, rotation,
variation of the facial skin color etc. The aim of this research is to clear all the environmental
conditions and increase the face detection rate, which will play an important role in developing a
robust face detection system. In the thesis, the novel ideas are presented for clearing the above
mentioned environmental conditions by modifying, combining and developing the algorithms by using
various processes with the best results compared to the other related works.

The thesis consists of five chapters.

Chapter 1, introduction, includes the introductory part of the face detection systems, ie, the
background, face detection problerﬁ and their importance’s, related works and organization of the
thesis,

Chapter 2, high performance face detector using UKF, concerns with a high performance

algorithm for human face detection in still image. The algorithm has been developed for increasing



the face detection rate under different environmental conditions. In this chapter, the skin color
detector is modified by combining with the low pass filter, Sobel edge detector and the modified Viola
Jones eye detector. The Haar cascade classifier is modified by using the clustering algorithm, The
modified algorithms are then combined together with the Unscented Kalman filter (UKF) in the face
detector. The use of the UKF in case of the face detection algorithm simply reflects the novelty of
the detector. The UKF is used for removing the film grain noises from the still image. Film grain
noises can be removed only by using the UKF. To clarify the effectiveness of our proposed algorithm,
it is compared with other face detection algorithms through the benchmark tests using different
facial databases and the ROC curves are drawn. Especially, the noisy image problem has been solved
by an application of UKF. Then, the proposed algorithm has the highest face detection rate compared
with the other detection systems.

Chapter 3, robust face detector for illumination variant images, includes a novel approach of the
implementation of the stochastic resonance (SR) for the very first time in the field of face detection.
In this chapter, a proposed algorithm has been designed by using the SR for image enhancement. To
increase the visibility of the images taken in a dark environment and images taken under different
illumination variant conditions, the SR has been modified and an image enhancement system has been
developed using the modified SR. The enhanced images are then passed to the face detector
developed in the first chapter and checks the presence of the face in the given illumination variant
images. To bring the robustness in the face detection system to overcome with irnage noises and
illumination variant at a time, image enhancement process has been combined with the face detector
proposed in the previcus chapter. The application of the modified SR gives the excellent result on
face detection for illumination variant images.

Chapter 4, face detection algorithm for occluded facial images, includes the novel approach for
detecting faces and facial features from the occluded images, i.e.. geometrical approach for detecting
the presence of the facial components and the face from the given occluded images. The geometrical
approach of three triangle method is used for locating the presence of the hidden facial features in an
occluded image. In this chapter, a system has been developed that detects the presence of the facial
features and the faces from the still images even the facial components are occluded. In this system,
the geometrical position of the facial components is calculated by using the facial geometry which

calculates the distance and the location of the facial features and the width of the face. The system



first extracts the eyes, nose and mouth also known as the facial features by using the skin color model
and the Haar cascades. The geometrical model is then applied to the extracted features using the
three triangle method that calculates the height, width, distance and the position of the extracted
features. Then, the proposed face detector detects the presence of a face in an image even with an
occlusion. The combination of the three triangle method with UKF and the modified Haar cascade
classifier represents the novelty of this proposed system. Experiments on various images under
different conditions have been performed, using different facial databases to clarify the effectiveness
of the proposed method. Thus, high performance of the face detector has heen upgraded.

Chapter 5, overall discussion and conclusions, includes the overall discussion on the effectiveness of

this research, also present the pros and cons of the research.
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