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Abstract- Hand Posture detection and recognition are important steps in the Hand Gesture Recognition for Human 
Computer Interaction. This paper presents a novel approach for improving the most familiar Viola Jones classifier to detect 
and recognize Hand Postures. In the Viola Jones algorithm Haar like features are used for feature extraction and Adaptive 
Boosted Classifier is used for detection and classification. The proposed scheme includes Principal Component Analysis 
(PCA) method to adjust the weight of positive training feature samples for the improved performance in the cascaded 
adaptive boost learning algorithm. By using this method the complexity and time in training phase is reduced. The 
performance of the proposed scheme is investigated in terms of Recognition accuracy and computation time. 
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I. INTRODUCTION 
 
The automatic visual recognition of hand gestures is a 
challenging task in the fields of Human Computer 
Interaction and Sign Language Recognition. Hand 
posture or pose is defined solely by the (static) hand 
configurations and hand locations and Hand gesture is 
a series of postures over a time span connected by 
motions with global hand motion and local finger 
motion (1).The automatic vision based hand posture 
classification has two approaches (i) Appearance 
based approach and (ii)3D Hand model based 
approach. Appearance based approaches are based on 
direct registration of hand postures with 2D image 
features extracted from 2D images (6).  
The frequently used image features for the detection 
of human hand postures are colors and shapes, local 
hand features, optical flow, etc. The feature extraction 
is followed by complex probabilistic model based 
machine learning algorithms to detect the hand 
postures with minimum number of degrees of 
freedom (DOFs).3D hand model based approaches 
offer higher level of degrees of freedom for which 
employs comparison of input image with huge image 
data base describing the 2D appearance projected by 
3D hand posture model to cover all the postures under 
different perspective.  
Originally for the task of face detection the Viola 
Jones algorithm was proposed(2). In this algorithm 
the Haar like features are used for feature extraction 
and Cascaded AdaBoost classifier is used for hand 
posture detection and recognition. Chen et al have 
effectively implemented this algorithm for hand 
posture recognition (1).In this paper we use Principal 
Component Analysis method to improve the training 
phase and to improve the recognition rate by updating 
the weights of positive training instances.  
In this paper, Section 2 details about the main 
contributions in the proposed scheme of Hand posture  

 
detection and recognition. In Section 3 Haar like 
features that are used for feature extraction are 
reviewed. Section 4 explains about conventional Ada 
Boost learning algorithm. The steps involved in 
weight updation of positive training samples using 
Principal Component Analysis are detailed in Section 
5. Section 6 discusses experimental results of the 
proposed method. Section 7 concludes this paper and 
presents future enhancements. 

 
II. THE PROPOSED SCHEME 
 
Hand Posture Detection and Recognition is an 
important step in Hand gesture Recognition which 
can be used as an effective tool for Human Computer 
Interaction and Sign Language Recognition, etc. In 
the proposed scheme extended Haar like features for 
feature extraction. A new image representation 
technique called as “Integral Image” is applied which 
allows the features used by the detector to compute 
the summation very quickly required for extended set 
of Haar-Like features calculation.  
 

 
Fig.1. The proposed scheme for Hand Posture Recognition 

 
The set of Extended Haar-Like feature includes Edge 
features, Line features, Center-surround features, 
Corner features and Diagonal line feature. Once the 
Integral Image is computed, any one of the Haar-like 
features can be computed at any scale or location in 
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constant time. Haar-like features are used to meet the 
real-time performance requirements. 
A learning algorithm based on AdaBoost (Adaptive 
boost), which selects a small number of critical visual 
features and yields extremely efficient classifiers. In 
order to ensure fast classification, the learning 
process must exclude a large variety of available 
features, and focus on a small set of critical features. 
Feature selection is going to be achieved through a 
simple modification of the AdaBoost procedure. The 
weak learner is constrained so that each weak 
classifier returned can depend on only a single 
feature. As a result each stage of the boosting 
process, which selects a new weak classifier, can be 
viewed as a feature selection process. 
The method for combining classifiers in a “cascade” 
allows background regions of the image to be quickly 
discarded while spending more computation on 
promising object-like regions. The purpose of the 
cascade of classifiers is to achieve both accuracy and 
speed. The principal component analysis method is 
applied in training phase to updated the weights of 
the positive training instances to converge quickly 
and to improve the recognition rate during testing. 
 
III. HAAR LIKE FEATURES 
 
Haar-like features are rectangular features that can 
indicate specific characteristics in an image. The idea 
behind Haar-like features is to recognize objects or 
features based on the value of simple features, instead 
of pixel values directly. Hand detection procedure 
classifies images based on the value of simple 
features.   
Each Haar-like feature consists of two or three 
connected “black” and “white” rectangles. Figure 1 
shows the Extended Haar-like feature set. The value 
of Haar-like feature is the difference between the 
sums of the pixel values in the black and white 
rectangle is given in equation (1). 

 

 
Fig.2. Extended set of Haar-like features. 

The concept of “Integral Image” is used to compute 
the Haar-like features containing upright rectangles. 
The feature evaluation can be made fast by using the 
concept of “Integral Images”. The integral image, 
denoted ii(x,y) and the value of the integral image at 
each point (x,y) is given in equation (2), at location 
(x, y) contains the sum of the pixel values above and 
to the left of (x,y) is shown in Figure 3(a) formally, 

 
 
where i(x, y) is the input image.  
The integral image can be calculated using the 
recurrences given in equation (3.a) and equation (3.b): 

 
 
where s(x, y) is the cumulative row sum and s(x,-1)=0 
and ii(-1,y)=0. 
 

 
Fig.3. Concept of “Integral Image” 

 
Using the integral image any rectangular sum can be 
calculated in four array references. P1, P2, P3 and P4 
are reference points to calculate the value of the sum 
of gray level value within the area “D”. According to 
the definition of “Integral Image”, the sum of the grey 
level value within the area “D” in Figure 2 (b) can be 
computed using the equation (4). 
 

 
The integral image at a points P1 is A, P2 is A+B, P3 
is A+C, and P4 is A+B+C+D. The difference 
between the two rectangular sums can be calculated 
in six array references, eight in the case of three-
rectangular features, and ten in the case of four-
rectangle features. 
To detect the hand in an image, the image is scanned 
by a sub-window containing Haar-Like features. 
Resolution of the sub-window is 24x24. Haar-Like 
features within the sub-window is scaled by factor 
1.25. Resolution of an image is 640x480. Rectangle 
features are very sensitive to presence of edges, bars 
and other simple image features. Totally there are 
45,396 rectangle features associated with each image 
sub-window. It is far larger than the number of pixels. 
In our system, four  hand postures are tested the 

P4 
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“little finger” posture, the “two fingers” posture, the 
“palm” posture, the “fist” posture. 
 
IV. ADABOOST CLASSIFIER WITH 
CASCADED CLASSIFICATION 
 
AdaBoost learning algorithm is used to select the 
features and to train the classifier. The number of 
features associated with each sub-window is far 
larger than the number of pixels. Even though each 
feature can be computed very efficiently, computing 
the complete set is prohibitively expensive. The 
AdaBoost learning algorithm steps are summarized as  
i. Given example images(xଵ, yଵ),…,(x୬, y୬) where 

y୧=0,1 for negative and positive examples 
respectively. 

ii. Initialize weights wଵ,୧ = ଵ
ଶ୫

, ଵ
ଶ୪

 for y୧=0, 1 
respectively, where m and l are the number of 
negatives and positives respectively. 

iii. For t=1,…,T: 

 
AdaBoost learning is used to boost the classification 
performance of a simple learning algorithm. It does 
this by combining a collection of weak classification 
functions to form a stronger classifier. The simple 
learning algorithm is called a weak learner. The weak 
learners are boosted, to solve a sequence of learning 
problems. After the first round of learning, the 
examples are re-weighted which were incorrectly 
classified by the previous weak classifier. The final 
strong classifier is a weighted combination of weak 
classifiers. 
Cascade of classifiers achieves increased detection 
performance while radically reducing the 

computation time. More efficient boosted classifiers 
can be constructed which reject many of the negative 
sub-windows while detecting almost all positive 
instances. An intentional cascade is used to speed up 
the process. A positive result from the first classifier 
triggers the evaluation of a second classifier, which 
has also been adjusted to achieve very high detection 
rates. A positive result from the second classifier 
triggers a third classifier and so on. To be detected by 
a trained cascade, the positive sub-windows must 
pass each stage of the cascade. A negative outcome at 
any point leads to the immediate rejection of the sub-
window. Figure 4 shows the detection of positive 
sub-windows using a trained cascade. To be detected 
by a trained cascade, the positive sub-windows must 
pass each stage of the cascade. A negative outcome at 
any point leads to the immediate rejection of the sub-
window. 
 

 
Fig.4.  Detection of positive sub-windows using the trained 

cascade. 
 
To hand posture database are collected. The hand 
posture database contains 512, 415, 412, 420positive 
samples with different in-plane rotations, out-of-plane 
rotations and different lighting conditions and the 
sample’s size is 640x480. 1339 hand samples in the 
database taken as the set of positive samples. 700 
images that do not have hand are collected as 
negative samples for training process. 
 
V. PRINCIPAL COMPONENT ANALYSIS 
 
Principal component analysis (PCA) is a statistical 
procedure that uses an orthogonal transformation to 
convert a set of observations of possibly correlated 
variables into a set of values of linearly 
uncorrelated variables called principal components.  
This transformation is defined in such a way that the 
first principal component has the largest 
possible variance (that is, accounts for as much of the 
variability in the data as possible), and each 
succeeding component in turn has the highest 
variance possible under the constraint that it 
is orthogonal to the preceding components. The 
resulting vectors are an uncorrelated orthogonal basis 
set. The principal components are orthogonal because 
they are the eigenvectors of the covariance matrix, 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-12, Dec.-2015 

The Weight Adjustment Of Haar-Like Features In Voila Jones Classifier Using Principal Component Analysis Method For Hand Posture Recognition 
 

81 

which is symmetric. PCA is sensitive to the relative 
scaling of the original variables. 
In this work, we use Principal Component Analysis 
(PCA) method to update the weights assigned in 
AdaBoost classifier during training and speed up the 
training process. The following steps are executed by 
Principal Component Analysis to update the weight 
values. 

i. Get the Weight vectors of positive samples 
(Wi) 

ii. Calculate the mean value(µi) Subtract the 
mean from each weight value. 

iii. Calculate the covariance matrix(CV) 
iv. Calculate the Eigen value Êk s and Eigen 

vectors of  covariance matrix 
v. Choosing the components and forming a 

feature vector 
vi. Deriving the new weight vectors Vi 

The results are compared for conventional AdaBoost 
algorithm with the proposed scheme where in the 
weight values of positive instances updated using 
Principal Component Analysis. 
 
VI. RESULTS AND DISCUSSION 
 
The two data sets are collected from two different 
people. In each data set images with different DOF of 
each posture are taken for evaluation. The 
performance of recognition is evaluated in two 
different datasets from different person and the 
reports of evaluation are given as confusion matrix in 
figure5. 
An our current implementation is in MATLAB, a 
more efficient implementation using programming 
languages like C++ would lead to further reduction in 
the process time. In the table 1 lists the recognition 
rate and processing time of are listed for various hand 
postures like palm, fist, two fingers, and little finger. 
 

 
Fig.5.(a),(b) Confusion matrix for hand posture recognition of 

different data sets.  

Table 1: Recognition time for the hand postures 

 
 
CONCLUSION AND FUTURE 
ENHANCEMENT 
 
In this paper, a new weight adjustment method for 
Haar-like features in detecting hand postures was 
proposed. This method uses PCA over the positive 
training instances to assign new weights to the 
features in cascaded classification technique. The 
above presented experimental results demonstrate 
that the system correctly recognizes the hand postures 
and the performance is suitable for real time 
implementations. Future work is to create an 
algorithm to recognize hand gestures with a suitable 
probabilistic finite state machine from the recognized 
series of hand postures and implement complete 
algorithm in the suitable hardware to evaluate the real 
time performance. 
 
REFERENCES 
 

[1] Qing Chen, Nicolas D.Georganas, “Hand gesture 
recognition using haar-like features and a stochastic 
context-free grammar”, IEEE Transactions on 
Instrumentation and Measurement, Volume 57, No. 8, 
2008, pp. 1562-1570. 

[2] P. Viola and M. Jones, “Robust real-time object 
detection,” Cambridge Res. Lab., Cambridge, MA, pp. 1–
24, Tech. Rep. CRL2001/01, 2001. 

[3] R. Lienhart and J. Maydt, “An extended set of Haar-like 
features for rapid object detection,” in Proc. IEEE Int. 
Conf. Image Process., 2002, vol. 1, pp. 900–903. 

[4] Nasser H, Dardas and Nicolas D. Georganas, “Real-time 
hand gesture detection and recognition using Bag-of-
Features and Support Vector machine techniques,” in Proc. 
IEEE Trans. on Ins. and Mes., 2011, Vol. 60, No. 11, pp. 
3592-3607.  

[5] P. Viola and M. Jones, “Rapid object detection using a 
boosted cascade of simple features,” in Computer Vision 
and Pattern Recognition, 2001. CVPR 2001. Proceedings 
of the 2001 IEEE Computer Society Conference on, vol. 1, 
2001, pp. I–511–I–518 vol.1. 

[6] V. J. Arulkarthick , D. Sangeetha , S. Umamaheswari 
,“Sign Language Recognition using K-Means Clustered 
Haar-Like Features and a Stochastic Context Free 
Grammar”, European Journal of Scientific Research, 
Vol.78 No.1 (2012), pp.74-84. 

[7] S.K. Pavani, D. Delgado, and A. F. Frangi, “Haar-like 
features with optimally weighted rectangles for rapid 
object detection,” Pattern Recognition, vol. 43, no. 1, Jan 
2010, pp. 160–172. 

[8] Ramiro Pereira de Magalhaes and Cabral Lima “A New 
Method for Haar-Like Features Weight Adjustment Using 
Principal Component Analysis for Face Detection” 
International Conference on Systems, 2014. 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-12, Dec.-2015 

The Weight Adjustment Of Haar-Like Features In Voila Jones Classifier Using Principal Component Analysis Method For Hand Posture Recognition 
 

82 

[9] You Lei, Wang Hongpeng , Tan Dianxiong ,Wang Jue,  
“A real-time hand gesture recognition algorithm for an 
embedded system”, IEEE conference on mechatronics and 
automation, 2014. 

[10] Mitra khaledian, Mohammad bagher Menhaj, “Real time 
Vision-based Hand gesture Recognition with Sift 
features”, TELKOMNIKA Indonesian journal of Electrical 
Engineering, Volume 15, Issue 1, 2015 , pp.162-170. 

[11] M. Sonka, V. Hlavac, and R. Boyle, Image Processing, 
Analysis, and Machine Vision. Boston, MA: PWS-Kent, 
1999. 

[12] R. Lienhart and J. Maydt, “An extended set of Haar-like 
features for rapid object detection,” in Proc. IEEE Int. 
Conf. Image Process., vol. 1, 2002,pp. 900–903. 

[13]  L. Bretzner, I. Laptev, and T. Lindeberg, “Hand gesture 
recognition using multiscale color features, hierarchical 
models and particle filtering,” in Proc. 5th IEEE Int. Conf. 
Autom. Face Gesture Recog., 2002, pp. 405–410. 

[14] M. Turk, “Gesture recognition,” in Handbook of Virtual 
Environment Technology, Mahwah, NJ:Lawrence 
Erlbaum., 2001. 

 
 
 
 
 
 
 
 
 
 

 
 


