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Abstract- Real time face detection and tracking is one of the most important components used in many image processing 
applications. Gesture analysis of a driver driving a vehicle based on facial features like eyes, and mouth is one such 
application we are considering. The image frame rate needed in such applications is at least 15 frames/sec say for example 
on a smart phone where our algorithm resides on application layer. In this paper we focus on Joint Viola Jones face detection 
and tracking algorithm which considers some innovative techniques to speed up processing time. It should be noted that 
entire process of gesture analysis is automated with high degree of robustness with a view to alert the driver at appropriate 
time to avoid mishaps. The performance analysis of Joint Viola Jones face detection and tracking algorithm is analysed using 
functions available in Computer Vision Tool box and Image Processing tool box of MathWorks. The performance is 
platform dependent. In the end we show performance results, which is quite promising. 
 
Keywords- face detection, tracking, Mean Shift algorithm, Viola-Jones algorithm. 
 
I. INTRODUCTION 
 
In this paper we present a fast Joint Viola-Jones and 
Mean shift face tracking algorithm with a view to 
detect and track the face of a person driving a car 
with high degree of robustness and fidelity. 
 
1.1 Motivation 
The output of the face tracking algorithm is a 
rectangular bounding box which optimally encloses 
region of interest (ROI) associated with face. This 
ROI is subjected to further processing to analyse the 
six basic universal expressions: Surprise, Happiness, 
Sadness, Anger, Disgust and Fear and also to detect 
frequent yawning and rapid face movements with 
Yawning and rapid facial movements are detected by 
tracking lip movement. Basic universal expressions 
are detected by applying facial action coding scheme 
(FACS) [7].Based on the information provided by 
these two different approaches and applying 
reasonable heuristics we alert the driver at 
appropriate time to avoid possible accidents. The ROI 
processing for yawning detection and tracking of lip 
movement involves application of Skin-Tone 
detection algorithm followed by Morphological 
operations and Connected Component analysis. 
 
1.2 Robustness requirements 
Robustness of face detection algorithm should cover 
following requirements: 

1. Algorithm should have very low false positives 
and false negatives 

2. Algorithm should be in a position to recover and 
start tracking face after long durations of 
occlusions. 

3. Algorithm should detect face even when it is 
rotated and only partial facial features are visible. 

4. Algorithm should detect face even when it is 
tilted. 

5. The bounded box representing face which is the 
output detection algorithm should cover  

 
6. maximum facial region. This is with a view to 

provide more meaningful information and less 
garbage to skin tone detection algorithm so that it 
performs better. 

7. We should be in a position to process data at 15 
frames /sec 

 
To cater the above requirements we have adopted a 
novel strategy for the development of face detection 
and tracking algorithm in a video sequence. We 
combine well known Viola-Jones algorithm [1] for 
face detection with one of elegant object tracking 
algorithms from Computer Vision namely “Mean 
Shift” to achieve our end goal. 
 
II. PRESENT WORKS 
 
2.1 Viola-Jones Algorithm: A Brief description 
This section describes the Viola-Jones algorithm for 
determining the positions of human faces in images. 
Compared to other open source real-time approaches 
this algorithm performs faster and also it is more 
robust. 
In order to detect the existence of face in an image 
together with its location, rectangular windows 
(Haar-like rectangular constructs) of variable sizes 
are shifted over the whole image. The number of 
windows used depends on the scaling factor, the size 
of the image, the minimum and maximum size of 
faces to be detected. The scaling factor is used to 
stretch the features of the Cascade Classifier at the 
end of each iteration. 
 
2.1.1 Cascade Classifier 
Classifiers are built in advance from a training set of 
images in order to use them later on for object 
detection. In [1] there were 4916 face images and 
9544 non-face images used for training a cascaded 
classifier that detects frontal positioned faces. Every 
detection window is evaluated by such a cascade 
classifier. A cascade classifier is also called a strong 
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classifier. It consists of several weak classifiers. Each 
of these weak classifiers corresponds to a multi-
branch tree. Each branch corresponds to a certain 
number of Haar-like features. In order to find the 
most meaningful weak classifier, the Ada Boost 
algorithm is used. AdaBoost algorithm eventually 
builds one strong classifier by merging several weak 
classifiers. 
 

 
Fig. 2.1: Classification process in Viola-Jones algorithm. 

 
Each circle in figure (2.1) represents one stage of the 
Cascaded Classifier. As soon as a stage supports a 
non-face hypothesis, further processing is skipped. 
The stages of the classifier are designed to reach from 
stronger (higher rejection rate) to weaker (lower 
rejection rate). This early stopping is implemented for 
efficiency, as most regions are non-faces [1]. Stages 
with higher index numbers are computationally more 
intensive. The normal size of classifier has 20 stages. 
If the window passes all 20 stages it is considered to 
contain a face and it is stored in a data structure [1]. 
When detecting faces within an image Viola-Jones 
algorithm handles every frame separately. This means 
the detection process, which involves shifting 
different sized windows over the entire image with 
subsequent evaluation of feature vector, has to be 
done on every frame. This demands heavy 
computational load on the part of device. 
For the purpose of speeding up feature extraction, a 
so-called integral image is used which was introduced 
by Viola et al. The integral image Q is an 
intermediate representation of the original image Iand 
contains at point[푥,푦]the sum of all pixels to the left 
and above [푥,푦](including[푥,푦]). In equation form it 
is given by 

 
 

 
Fig. 2.2: Computation of integral image (ref [1]). 

The computation of the integral image allows us to 
derive pixel sum inside any rectangle in constant 
time, regardless of the size of the rectangle (Fig. 2.2). 
On the left hand side there is the original image I 

shown. The right hand side shows the computed 
integral image Q from which the sum of the centre 
rectangle (coloured) is extracted. 
 
The average gray-scale value of a rectangle can be 
obtained by just dividing the sum by the number of 
pixels within the rectangle. 
 
2.1.2 Haar-like features 
Viola et al. and Lienhart et al. use Haar-like features 
shown in figure (2.3) for object detection. They are 
utilized to build up classifier stages during learning 
process. 
 

 
Fig. 2.3: Haar-like rectangular features: A and B represents 

two-rectangle feature, C represents three-rectangle feature and 
D represents four-rectangle feature (ref [1]). 

 
The metric used to extract feature is sum of pixel 
values inside white region - sum of pixel values 
inside black region. Besides A, B, C and D many 
more rectangular window configurations (including 
inclination) can be used for feature extraction. 
 

 
Fig. 2.4: Usage of Window type C (ref [1]). 

 
The above figure 2.4 shows an example of 
positioning a window during a sliding process. 
Window type is C. To extract features C should be 
positioned at every pixel of I. Further for a given 
type, feature extraction should be done for different 
values of window size [H, W]. 
2.2 Observation 
Process of feature extraction during detection is 
computationally intensive even with integral image 
concept because we have to use large number of 
windows with varying size and also computation has 
to be done placing the window on every pixel. Our 
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investigation partly addresses means of reducing this 
complexity. 
 
The performance of the Viola-Jones face detection 
was tested on the YAWDD – yawning detection 
database [4]. The result of the different cases 
considered during evaluation is as below. 
 
Case 1: True negatives 
The true negatives occur when the face region goes 
undetected by the face detection algorithm. Situations 
such as, the titled face, angled face and part of the 
face covered (occluded). Figure 2.5 below depicts 
some examples from the database. 
 

 
Fig. 2.5: Images from the database with undetected faces (True 

negatives). 
 
Case 2: False positives 
The situations where face is detected in the non-face 
regions of the input image. The examples from the 
database is as shown below in figure 2.6. 
 

 
Fig. 2.6: Images from the database showing falsely detected 

region as face. 
 
Case 3: True positives 
The correct identification of the face region by the 
face detection algorithm are the examples of true 
positives. The face is detected when it is almost 
frontal and straight to the camera. Figure 2.7 depicts 
some examples of true positives achieved by the 
Viola-Jones algorithm. 

 
Fig: 2.7: Images from the database depicting true detection of 

faces. 
 
2.3 Mean shift Tracking Algorithm 
Mean shift is an algorithm that iteratively shifts a data 
point to the average of data points in its neighborhood 
[2]. In our case data points are color pixels belonging 
to target region in an image enclosed by a bounding 
box. Mean shift computation is done by locating the 
maxima of density function of these pixels in a 
suitable feature space. The Parzen window technique 
borrowed from Pattern Recognition is generally used 
for estimating the density function. Parzen window is 
always associated with a kernel function. The most 
popular kernel function is the one with a Gaussian 
profile. We define two targets Target model in 
image1 and Target candidate in image2. We apply 
Mean shift algorithm iteratively on target candidate 
with Target model as reference and converge to the 
Matching candidate (matching with Target model in 
image2) using a distance metric called Bhattacharya 
distance. During the optimization process this 
distance is minimized. 
 
We explain in detail object (face) tracking procedure 
for image1 and image2 of the video sequence. For the 
entire sequence image1 and its bounding box 
covering the facial region (ROI) are considered as 
reference. 
 
2.3.1 Target Model 
The Target model is rectangular in shape with height 
= H and width = W. The coordinates of its leftmost 
corner pixel is[푦푀,푥푀]. Number of pixels inside the 
target model is 푁=퐻∗푊. Let [푦푖,푥푖] be the pixel 
locations of the Target Model for 푖=1:푁. Let 푢푖 be the 
colour index map of pixel at [푦푖,푥푖] in RGB colour 
space. ‘푢푖’ are the single element feature vector 
obtained through Matlab mapping function,‘rgb2ind’. 
In our work the index values have a resolution of 512 
bins. In fact we can experiment with resolutions of 
256, 128 and 64.The probability density function in 
feature space 푞푢is evaluated by the Parzen window 
technique using a convex and monotonically 
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decreasing kernel profile k which assigns smaller 
values to locations that are farther to the centre of the 
target. The centre of Target model has the coordinates 
at [푦0+퐻2−1,푥0+푊2−1]. However for further 
analysis and derivations the centre of Target model is 
assumed to be at the origin [0,0] and pixel 
coordinates [푦푖,푥푖] are defined accordingly with 
respect to the changed coordinate system. With this 
change, 푞푢is given by:  
 
푞푢=퐶∗Σ푘(‖[푦푖,푥푖]‖2∗훿(푏([푦푖,푥푖])−푢)푁푖=1            (2)  
 
푤푖푡ℎ 푟푎푑푖푢푠 표푓 푘 푎푠푠푢푚푒푑 푡표 푏푒 1,  
훿= 퐾푟표푛푒푐푘푒푟 푑푒푙푡푎 푓푢푛푐푡푖표푛 (푏([푦푖,푥푖])= 푐표푙표푢푟 
푖푛푑푒푥 푣푎푙푢푒 표푓 푡ℎ푒 푝푖푥푒푙 푎푡 [푦푖,푥푖] 
 
The normalization constant 퐶 ensures the condition 
that Σ푞푢=1 푓표푟 푢=0:511. Thus 퐶 is given by 
퐶=1Σ푘(‖[푦푖,푥푖]‖2⁄)      (3) 
 
In our implementation we have used a Gaussian 
kernel,  

 
 
2.3.2 Target candidate 
For the Target candidate with co-
ordinates[푦푇,푥푇,퐻,푊](with respect to the image 
coordinate system), the probability density function, 
푝푢is evaluated by keeping the Gaussian kernel at the 
centre of the Target candidate [푦푇+퐻2−1,푥푇+푊2−1] 
and referencing pixel positions[푦푖,푥푖] inside the 
Target with respect to this centre.  

 
 
Here the pixels inside Target candidates [푦푖,푥푖] are 
referenced with respect to origin (0, 0) the centre of 
the Target model. It should be noted that this is the 
normal convention generally followed in the 
literature. 
 

2.3.3 Similarity Measurements 
In order to calculate similarity measurements between 
Target model and Target candidate a metric based on 
Bhattacharya coefficient ρ is defined by using the 
probability density functions 푝푢(푦,푥)and 푞푢(0,0) as 
follows. 
 
 휌=Σ√(푞푢(0,0)∗푝푢(푦,푥))    (9)  
푢=0 푡표 511 
 
The distance 푑 between 푝푢(푦,푥), and 푞푢(0,0) is then 
defined as 푑=√(1−휌)     (10) 
 
2.3.4 Observation 
Minimizing Bhattacharya distance is equivalent to 
maximizing Bhattacharya coefficient, implying 
Target candidate is more similar to Target model. 
This observation is the key to the mean shift tracking 
algorithm which is described below. 
 
2.3.5 Description of Mean Shift Algorithm 
The Mean shift algorithm is an iterative process 
which drives estimated positions of Target candidates 
to the location of matching Target candidate. 
Before deriving an expression for mean shift we 
introduce few notations 
[푦0,푥0]= coordinates of centre of rectangular 
bounding box of current Target candidate. 
[푦푖,푥푖] = coordinates of pixels inside the bounding 
box. 
[푦,푥]= coordinates of centre of rectangular bounding 
box of estimated Target candidate. 
 
All these are with respect to origin that is the centre 
of rectangular bounding box of current Target model 
in image1.  
푝푢(푦0,푥0)=푝푟표푏푎푏푖푙푖푡푦 푑푒푛푠푖푡푦 푓푢푛푐푡푖표푛 표푓 푡ℎ푒 
푐푢푟푟푒푛푡 푇푎푟푔푒푡 푐푎푛푑푖푑푎푡푒  
푝푢(푦,푥)=푝푟표푏푎푏푖푙푖푡푦 푑푒푛푠푖푡푦 푓푢푛푐푡푖표푛 표푓 푡ℎ푒 
푒푠푡푖푚푎푡푒푑 푇푎푟푔푒푡 푐푎푛푑푖푑푎푡푒 푎푡 푙표푐푎푡푖표푛. 
 
Assuming a small displacement between [y, x] and 
[y0, x0] we can use Taylor series expansion of first 
order to expand Bhattacharya coefficient as 
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Since the first term of equation (12) is independent 
of[푦,푥], we maximize only with respect to the second 
term to minimize the Bhattacharya distance. When 
we do so after some simple manipulations we get the 
relation  

 
 
Then, 푚푒푎푛푠ℎ푖푓푡=[푦,푥]−[푦0,푥0]is in a direction 
which minimizes the Bhattacharya distance. 
 
We iterate the process by making [푦0,푥0]=[푦,푥]till 
푎푏푠 (푚푒푎푛푠ℎ푖푓푡) becomes less than the tolerance 
limit. 
 
We start the Mean shift optimization process with the 
position of initial target candidate equal to that of 
Target model. 
 
The evaluation of the Mean shift algorithm was done 
on the YAWDD – yawning detection database [4]. 
The result of tracking the driver’s face is as discussed 
below. 
 

 
Fig. 2.8: Sample image sequence from the YAWDD database 

with tracked driver’s face. 
 
III. PROPOSED SYSTEM 
 
3.1 Viola Jones Algorithm 
The selection of Viola-Jones algorithm among others 
for face detection is for the following very critical 
advantages: 

 
3.1.1 Advantages of Viola-Jones face detection 
algorithm 

1. It is almost universally accepted standard for face 
detection. 

2. It is a scale and location invariant detector. 
3. Since detection process works on individual 

images, it recovers from long occlusions and 
starts tracking once image with facial region 
starts appearing. “Detect once and track after” 
scheme using well known tracking algorithms 
like Lucas-Kanade [6] and Mean shift fails when 
there is a long haul of occlusion. Thus 
intermittent invocation of Viola-Jones detection 
algorithm becomes a necessity. As such we 
cannot ignore this component in our application. 

4. Property 2 makes the size of output bounding 
box optimum in the sense that major chunk of 
pixels inside the bounding box represent facial 
region. This property enhances the performance 
of skin-tone detection algorithm because the size 
of other possible non-skin regions appearing 
inside the bounding box is rendered 
comparatively small. 

 
However there are some disadvantages with Viola-
Jones algorithm because of which we have to use it in 
tandem with other a tracking algorithm. 
 
3.1.2 Disadvantages of Viola–Jones Algorithm 

1. Detector is most effective only on frontal images 
of face. It fails to detect face in an image with 
partial features. This condition exists when face 
is slightly rotated. 

2. Detector fails when there is a tilt in face. 
3. Because the algorithm has to work over entire 

image each time it is computationally intensive 
and therefore slow. Reported frame rate is ≈2 
frames per sec using our instrument. 

 
To alleviate these disadvantages we judiciously 
combine the Viola-Jones face detection algorithm 
with a suitable tracking algorithm which 
complements these disadvantages. Tracking 
algorithm provides necessary positional information 
of facial region (almost accurate) to the Viola-Jones 
algorithm so that it can work over a small region in 
the image for the collection of feature vectors to 
detect facial region. This tremendously reduces 
computational complexity of Viola-Jones algorithm 
thus allowing us to process image sequence at higher 
frame rates. Also during face rotation and tilt, when 
Viola-Jones algorithm fails to detect face, tracking 
algorithm takes over and detects facial region with 
tolerable precision. 
 
3.2 Selection of Tracking Algorithm 
We select Mean shift algorithm for tracking among 
others because it is extremely fast and also accurate 
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over other tracking algorithms such as the Lucas-
Kanade tracking algorithm [6]. 
 
3.3 Novelty 
The joint Viola-Jones face detection and Mean-shift 
Tracking algorithm is a novelty introduced in this 
paper. 
 
3.3.1 Joint Viola-Jones Mean shift Algorithm 
We tweak the Viola Jones and Mean shift algorithm 
in a judicious way to achieve the goal of processing 
speed of 10 frames per sec. 
 
Step 1: Start getting video and apply Viola Jones 
algorithm on successive image sequences till we get 
the one in which face region is detected. We index 
this image as 1. The tracking starts from index 1. 
 
Step 2: Get parameters of the bounding box: 
[푥0,푦0,푊0,퐻0]; 푥0 and 푦0 are the width and height 
coordinates of left most corner of bounding box. The 
centre of bounding box is [푦0+퐻02−1⁄,푥0+푊02−1⁄]. 
 
Step 3: Obtain the Parzen window parameters for the 
pixels inside bounding box:[푘,푑푥,푑푦];k is the 
Gaussian kernel and dx, dy are the gradients of k. 
Bandwidth for computing k is 퐻=[푊06⁄,퐻06⁄]. We 
use these parameters for estimating probability 
density functions of regions inside bounding boxes in 
images further down the video sequence irrespective 
of the size of image and the size of bounding box. 
 
Step 4: We work on reduced size images with size 
defined as (12푙푒푣푒푙⁄) to track face applying mean 
shift algorithm. Levels considered are 0, 1, 2, 
3...,limiting minimum size of image to 64. 
Thus the 푠푖푧푒 표푓 푟푒푓푒푟푒푛푐푒 푏표푢푛푑푖푛푔 푏표푥=

  
Observation 1: By working on reduced size 
bounding boxes we reduce the computational 
complexity of Mean shift algorithm to a great extent. 
 
Step 5: We use Laplacian pyramid concept to reduce 
the size in the pixel domain at any given level “i”. 
Haar low pass filter is applied on the entire image at a 
given level “i” as anti-aliasing filter before down 
sampling the image. From the low pass filtered 
image, reduced size image at level “i+1” is obtained 
by retaining alternate pixels both along height and 
width. 
 
Step 6: Mean shift algorithm is applied on the image 
in reduced domain. Target location is estimated by 
minimizing Bhattacharya distance. Sizes of Model 
bounding box and Target bounding box in the 
reduced size image are also reduced proportionately. 
 
Observation 2: Since the bandwidth of the Gaussian 
kernel is still large there is chance (with high degree 

of probability) that model bounding box and target 
bounding box represented in the reduced size image 
overlap each other. This reduces the number of 
iterations needed for converging to the right matching 
target to≤3. This again reduces complexity in Mean 
shift computations. 
 
Step 7: The estimated target location through Mean 
shift algorithm given by:  

 
 
Observation 3: We can look for the face region in 
the image using Viola Jones algorithm in the 
neighbor hood of the region given by the parameters: 

. We need not search through the entire 
image. This drastically reduces computation of Viola 
Jones algorithm. 
 
Note: The complexity of Viola Jones algorithm 
largely depends on size of the image specifically the 
process of extracting feature vectors using Haar-like 
windows (results are discussed in section 4). 
 

 
 
Step 9: This process is continued for further image 
sequences. 
 
IV. RESULTS AND DISCUSSION 
 
We conducted the following experiments on an Intel 
Core 2 Duo CPU T5270 with 1.4 Ghz and 3GB RAM 
using Matlab version R2013a to infer the 
performance of joint Viola-Jones Mean shift tracking 
algorithm. 
 

1. Measure performance of Viola-Jones algorithm 
for a given image sequence at four sizes 1, 1/2, 
1/3 and 1/4. The performance is in terms of 
frame rate to detect a single face in a given 
image sequence. The experiments were 
conducted on different image sequences from the 
YAWDD database. The average performance is 
calculated. The algorithms used were; Cascade 
Object Detector and step from the Computer 
Vision Tool Box. The original image size is 
640x480. The tolerable minimum size is 64x64. 
 

2. A similar experiment was conducted on Mean 
shift tracking algorithm. The algorithm used is 
Mean-Shift Video Tracking by Sylvain 
Bernhardt. 

 
The Table 4.1 shows the average frame rates obtained 
for different resolutions for Viola-Jones face 
detection algorithm available as a function in Matlab. 
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Table 4.1: Viola-Jones algorithm results for 
different frame sizes. 

 
 
The corresponding graph for different case 
considered for evaluating Viola-Jones face detection 
function is as shown below (Fig. 4.1). 
 

 
Fig. 4.1: Frame rate comparison for different frame sizes. 

 
The next experiment we performed was the proposed 
Joint Viola-Jones and Mean Shift algorithm. We 
experimented for different frame sizes. We 
considered four cases; the first case had the original 
frame size of (640x480). The remaining cases 
considered reduced frame sizes at (1/2), (1/3) and 
(1/4) of the original size. We observed that the frame 
size is inversely proportional to the frame rate, that is, 
as the frame size decreases, the frame rate increases. 
Table 4.2 and the graph in figure 4.2 illustrate the 
values achieved through experimentation. 
 

Table 4.2: Proposed system’s results for varying 
frame sizes 

 

 
Fig. 4.2: Frame rate comparison for the proposed Joint Viola-

Jones Mean Shift algorithm. 
 
We make use of the observations made from the two 
experiments in the development Joint Viola-Jones 
algorithm to speed up performance. It should be 
noted that what we present to the Viola-Jones face 
detection algorithm is a small region occupied by the 
face rather than the reduced size image as a whole. 
This immensely helps the performance of the cascade 
detector. 
 
CONCLUSION 
 
The main focus of the paper is on reducing the 
complexity of the Joint Viola Jones face detection 
and Mean shift tracking algorithm keeping false 
positives and false negatives to a bare minimum. We 
tested the algorithm with a specific YAWDD – 
yawning detection data base where drivers make 
sufficient head rotations with tilt under varying light 
conditions. In this data base there are instances of 
long haul of facial occlusions. Our detection and 
tracking accuracy was 98%. This algorithm is part of 
a system which eventually is supposed to alert a 
driver under fatigue and disturbed mental status with 
the aid of gesture analysis. 
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