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Abstract

This paper presents the implementation of watershed segmentation for facial tracking. It focuses on tracking face of
human in a continuous video transfer. The database is obtained from internet resource. Tracking efficiency is 97.2%.

Keywords: Facial Tracking, Watershed Segmentation, Motion Estimation.

1. Introduction

Human face processing techniques are used for broadcast video, including face detection, tracking, and recognition has
attracted a lot of research interest because of its value in various applications, such as video structuring, indexing,
retrieval, and summarization. The main reason for this is that the human face provides rich information for spotting the
appearance of certain people of interest, such as government leaders in news video, the pitcher in a baseball video, or a
hero in a movie, and is the basis for interpreting facts. Face processing techniques have several applications.

In many face recognition systems, the input is a video sequence consisting of one or more faces. It is necessary to track
each face over this video sequence so as to extract the information that will be processed by the recognition system.
Tracking is also necessary for 3D model-based recognition systems where the 3D model is estimated from the input
video. Face tracking can be divided along different lines depending upon the method used, e.g., head tracking, feature
tracking, image-based tracking, and model-based tracking. The output of the face tracker can be the 2D position of the
face in each image of the video (2D tracking), the 3D pose of the face (3D tracking), or the location of features on the
face. Some trackers can output other parameters related to lighting or expression. The major challenges encountered by
face tracking systems are robustness to pose changes, lighting variations, and facial deformations due to changes of
expression, occlusions of the face to be tracked and clutter in the scene that makes it difficult to distinguish the face
from the other objects.

Tracking, which is essentially motion estimation, is an integral part of most face processing systems. Face tracking is
the process of locating a moving face or several of them over a period by using a camera. A given face is first initialized
manually or by a face detector. The face tracker then analyzes the subsequent video frames and outputs the location of
the initialized face within these frames by estimating the motion parameters of the moving face. The outcome is the
position and scale of face detection in one single frame. Face tracking acquires information on multiple consecutive
faces within consecutive video frames. More importantly, these faces have the same identity.

1.1. Benefits of face tracking

One of the main applications of face tracking is person retrieval from broadcast video, for example: “intelligent fast-
forward,” where the video jumps to the next scene containing a certain person/actor; or retrieval of different TV
segments, interviews, shows, etc., featuring a given person in a video or a large collection of videos. Face tracking is
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also used for face-name association, the objective of which is to label television or movie footage with the identity of
the person present in each frame of the video.

1.2. Challenges in face tracking

The main challenges that face tracking methods have to overcome are (i) variations of pose and lighting, (ii) facial
deformations, (iii) occlusion and clutter, and (iv) facial resolution. Robustness to pose and illumination variations often
lead to loss of track. Low resolution will hamper performance of any tracking algorithm, face tracking being no
exception.

1.3. Applications of face tracking

Video Surveillance: Since faces are often the most easily recognizable signature of identity and intent from a distance,
video surveillance systems often focus on the face, Zhao [1]. In order to focus on the face, tracking the face over
multiple frames is required.

Biometrics: Video-based face recognition systems require alignment of the faces before they can be compared. This
alignment compensates for changes of pose. Face tracking, especially 3D pose estimation, is, therefore, an important
component of such applications. Also, integration of identity over the entire video sequence requires tracking the face
Face Modeling: Reconstruction of the 3D model of a face from a video sequence using structure from motion requires
tracking. The depth estimates are related non-linearly to the 3D motion of the object.

Video Communications and Multimedia Systems: Face tracking is also important for applications like video
communications. Motion estimates remove the inter-frame redundancy in video compression schemes like MPEG and
H.26x. In multimedia systems like sports videos, face tracking can be used in conjunction with recognition or
reconstruction modules, or for focusing on the region of interest in the image.

2. Literature survey

Ubiquitous application of eye tracking is precluded by the requirement of dedicated and expensive hardware, such as
infrared high definition cameras, Valenti [2]. The systems are based solely on appearance are used in literature. These
systems can successfully locate eyes; their accuracy is significantly lower than commercial eye tracking devices. Their
aim is to perform very accurate eye center location and tracking, using a simple web cam. By means of a novel
relevance mechanism, the method makes use of isopoda properties to gain invariance to linear lighting changes, to
achieve rotational invariance and to keep low computational costs. They test their approach for accurate eye location
and robustness to changes in illumination and pose, using the BiolD and the Yale Face-B databases. They demonstrate
that their system can achieve a considerable improvement in accuracy over state of the art techniques.

The use the state-of-the-art progress on visual tracking methods, classify them into different categories and identify
future trends were implemented, Yang [3]. Visual tracking is a fundamental task in many computer vision applications
and has been well studied in the last decades. Robust visual tracking remains a huge challenge. Difficulties in visual
tracking can arise due to abrupt object motion, appearance pattern change, non-rigid object structures, occlusion and
camera motion. They analyze the state-of-the-art feature descriptors which are used to represent the appearance of
tracked objects. They categorize the tracking progresses into three groups; provide detailed descriptions of
representative methods in each group examine their positive and negative aspects and the future trends for visual
tracking research.

The human detection, tracking, and identification are presented in Mau-Tsuen [9]. Skin color modeling has been used
for facial tacking, prashanth kumar [10].

3. Materials and methodology

Table 1: Sample Frames from a Video

Frame Frame Total
start end frames

Start frame End frame

Video 3 34749 35125 376
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3.1. Face tracking algorithm

A face appears in the successive frames.
The frames with face are available continuously in the next 2029 frames.
The tracking mode appears for person-1 after certain number of frames.

3.2. Schematic diagram of facial tracking

Choose frames Apply watershed Update current
with changes [ > segmentation p—p frame

Fig. 1: Schematic Diagram for Frame Updation

In the video, many objects are present. We are mainly focusing of facial tracking to mainly achieve the following tasks.
Reduce the consumption of bandwidth in transferring frames of video during a conversation in video conferencing. To
transfer expression of the human face onto face of any other model.

The following procedure is used to implement watershed segmentation algorithm for facial tracking.

Step 1: Read frame.

Step 2: Take a portion of frame (eye/nose/lip etc.)

Step 3: Apply watershed segmentation.

Step 4: Find the mean of the segmented image.

3.3. Motion estimation using the m-estimator

The inter-frame motion is defined as follows:

F(x, t+1) =f(x-u(x;a),t), (D)
With f(x, t) as the brightness function in time instant t, x=(x, y) as the coordinate of the image pixel, and u(x; a) as the
motion vector. Without loss of generality, the affine transform is treated as the motion model,

an+a;x+a
uxa) = [U(X.y)} _|Fo Xty @)
v(X,y) ag+ayX+agy

Where
a = (ao, a1, ay, as, as, as) ' are the parameters of the affine model. So, the dominant motion estimation of a given region
‘R’ is formulated as the following robust M-estimator,

(rS’i\r)) E= (Xz,:y) (ufy + vfy +f;,0) 3)

Here, f,, f, and f; are the partial derivatives of brightness function with respect to x, y and t, Nesi [4]; and o is the scale
parameter. To solve this problem, there are two different ways to find robustly the motion parameters: one is gradient-
based, like the successive over relaxation method, Gauch [5]; another is least squares-based, such as lterative Weights
Least Square (IWLS) method. The algorithm begins, by constructing the Gaussian pyramid (three levels are set up).
When the estimated parameters are interpolated into the next level, they are used; to warp (realized by bilinear
interpolation) the last frame to the current frame. In the current level, only the changes are estimated in the iterative
update scheme.

In static segmentation, the watershed algorithm of mathematical morphology is a powerful method, Gleischer [6]. Early
watershed algorithms are developed, to process digital elevation models, and are based on local neighborhood
operations on square grids. Some approaches use ‘immersion simulations’ to identify watershed segments, by flooding
the image, with water starting at intensity minima. Improved gradient methods are devised, to overcome plateaus and
square pixel grids. The former method is used. A severe drawback, to the computation of the watershed algorithm, is
over-segmentation. Normally watershed merging is performed, along with the watershed generation. Over-segmentation
is welcome; so, during tracking, the merging process is omitted, which saves some computational costs. Figure .2 shows
procedure for watershed segmentation.
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Fig. 2: Flow Chart for Watershed Algorithm
3.4. Template warping and region analysis

Once the motion parameters have been computed, warp the object template from the last frame to the current frame.
Then the warped template is used to determine, which watershed, Vincent [7], segments enter the template according, to
the following measure: Given that the number of pixels belonging to the warped template in the number of all pixels in
R; is C;, a ratio r; is computed, as given in eq(4):

ri =Cpi / G (4)
Based on this measure, the classification problem of each sub-region is discussed in the following cases:

1) When r; > ry, then, classify r; as part of the final object template;

2) When ry > 1r; > r; (here r; = 0.4), another measure as MAE (Mean Absolute Error) of the difference between the
warped frame and the current frame is taken into account, equation (5)

M; = Zfftxt +1) —F " (xHIIC; (5)

Where " (x, t) the warped image of f(x, t), using the estimated dominant motion parameters; If the warped error M; of
R; is smaller enough (less than a of f (x, t) using given threshold, for instance, 10), R;is still regarded as part of the
updated template; otherwise, exclude R; out of the object region.

3) When r; < ry, r; will not be included in the updated template.

When people make facial expression movements, especially behaving emotionally, (mainly, six universal facial
expressions are to be discussed, i.e. disgust, sadness, happiness, fear, anger and surprise), in most of the cases, head
motion is accompanied. The procedure is divided into two steps:

1)  Head tracking is realized first, and then the estimated motion is used to stabilize the face region;

2)  The local motion of each facial feature is estimated relatively to the stabilized face.

Human face motion is complex with rigid and non-rigid movements; hence the idea in, Yan [8], adopted, using a
modified affine model, to describe the local motion of facial features (mouth, eyes and eyebrows) and a planar
projective transform to model the head motion. The IWLS method is used to estimate these motion parameters.

4. Results and discussion

Figure 3 shows various facial expressions of a standard ‘Ruth’ video database.

Fig. 3: Frames 1-30 of ‘Ruth’ Video
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There are about 3000 frames in video. Frames 968 till 2997 contain the person. Figure.4 shows frame numbers in x-axis
and each frame’s summed intensity value along y-axis. There is a lot of variations in the y-axis for many frame
numbers. A threshold has to be fixed such that only frame whose summed threshold is above a certain value should be
considered for extracting information
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Fig. 4: Frame Differences for the Person
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Fig. 5: Number of Frames above a Threshold for Figure 4, the Total Number of Frames that are Considered is 80.

5. Conclusion

The local features of the face are extracted and compared among successive frames. The full face of the sample videos
shown is tracked. This concept can be extended for many faces that are present in video.
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