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Abstract— In today's world of automation, real time face 
detection with high performance is becoming necessary for a 
wide number of computer vision and image processing 
applications. Existing software based system for face detection 
uses the state of the art Viola and Jones face detection 
framework. This detector makes use of image scaling approach to 
detect faces of different dimensions and thus, performance of 
image scalar plays an important role in enhancing the accuracy 
of this detector.  A low quality image scaling algorithm results in 
loss of features which directly affects the performance of the 
detector. Therefore, in this paper we have analyzed the effect of 
different image scaling algorithms existing in literature on the 
performance of the Viola and Jones face detection framework 
and have tried to find out the optimal algorithm significant in 
performance. The algorithms which will be analyzed are: Nearest 
Neighbor, Bilinear, Bicubic, Extended Linear and Piece-wise 
Extended Linear. All these algorithms have been integrated with 
the Viola and Jones face detection code available with OpenCV 
library and has been tested with different well know databases 
containing frontal faces.  

Keywords— Image Scaling; Viola and Jones face detection 
framework; Haar cascade classifiers; OpenCV. 

I.  INTRODUCTION  

Facial expression is one of the most powerful and 
immediate means for humans to communicate their emotions, 
cognitive states, intensions and opinions to each other [1]. 
However, before going to analyze facial expression of an 
individual, the first step required is face detection on which 
further processing is performed. Basically, face detection is a 
process of finding the location and number of faces present in 
an arbitrary image or video sequence. Detecting faces in a still 
image or live video stream is a complex task. A number of 
factors accounts for the complexity. Some of them are 
occlusion, lighting conditions, variability in scale, location, 
orientation and pose [2]. All these factors change the overall 
appearance of faces present in an image. Therefore, to 
overcome these limitations a number of algorithms have been 
developed over the time for face detection each differing from 
each other either in terms of computational complexity, 
detection accuracy and robustness against varying lighting 
condition. However, design of an efficient face detector is still 
an open challenge among the researchers. 

 Different techniques available for face detection can be 
broadly classified into four categories: Knowledge based, 
feature invariant based, template based and appearance based 
[2]. Knowledge based methods encode human knowledge of 
what constituents a typical face. A hierarchical knowledge-
based method to detect faces has been reported in [3]. 
Although, this approach significantly reduced the computation 
time but failed to achieve a high detection rate. On the other 
hand feature based approach utilizes structural features to find 
faces in an image. The major disadvantage of feature based 
methods is their lack of robustness against illumination, noise, 
and occlusion. There are a number of variants of feature 
invariant approach based face detection algorithm have been 
reported in literature. These are either based on Grouping of 
edges [4]-[5], Space Gray-Level Dependence matrix (SGLD) 
of face pattern [6], Mixture of Gaussian [7]-[8], Integration of 
skin color, size and shape [9] and many more. As the name 
indicates, in template matching based face detection 
algorithm, a predefined face pattern is used. Different 
techniques for face detection developed over the time using 
template matching approach has been discussed in [2].  
Finally, in appearance based methods, templates for faces are 
learned from examples in images using statistical analysis and 
machine learning instead of using predefined templates as 
done in template matching based algorithm. The most well 
known Viola and Jones face detection algorithm [10], also 
comes under the category of appearance based face detection 
algorithm. It is the first face detection framework capable of 
achieving real-time performance.  

II. VIOLA-JONES FACE DETECTION FRAMEWORK 
Viola and Jones provided the fast and efficient way to 

detect a face in a given image. It is based on Haar-like features 
and cascade AdaBoost classifier. It is the first face detection 
framework which is capable of providing real time 
performance. Thus, many image processing applications 
which require faces as their input are build using this 
algorithm and it is the most commonly used face detection 
algorithm. This algorithm mainly consists of three basic steps. 
In the first step, a Haar classifier is trained using thousands of 
positive and negative images which acts as templates to detect 
faces. Haar classifier training is followed by cascade classifier 
training which allows for efficient face detection during 



runtime. Finally, a window is swept across image and its 
scaled version to detect faces at different locations and sizes. 

In the Viola-Jones face detection framework, a window 
slides over the entire image from left to right and then from 
top to bottom. Haar features are calculated within each 
window using the already trained cascade classifier and 
decision is taken whether to reject the window or pass it to 
next stage of the cascade. To detect faces of different sizes 
there are two possibilities, which are either to scale down the 
image by some fixed scale keeping the size of the scanning 
window fixed or to scale up the size of the scanning window 
itself, keeping the original image as it is. These two methods 
have been discussed below to a more detail. 

1) Window Scaling Approach 
Window scaling is the easy and fast way to detect the face 

in an image. In this method the window of size 24x24 slides 
over the entire image from left to right and then from top to 
bottom. On completion of one complete scanning the size of 
this window is increased by certain factor (preferably 1.2) and 
this process continues till the size of the window become 
equal to the input image size. As discussed above this 
approach is used to detect faces of different sizes in an image. 

2) Image Scaling Approach 
The current OpenCV implementation of the Viola and 

Jones face detection algorithm uses image scaling approach to 
detect faces of different sizes in an image. However, scaling 
down an image often results in loss of important details which 
may ultimately result in loss of features and can affect the 
detection rate. Thus, in order to ensure minimal loss of 
features and detection rate, we need to have a good quality 
image scaler.  

III. IMAGE SCALING TECHNIQUES 
Image scaling algorithms are widely used in the many 

fields, ranging from consumer electronics, i.e. mobile phones, 
display devices. The challenging task in image interpolation is 
to preserve the visual content of the image while changing its 
resolution. 

For our analysis we have used five most commonly used 
image scaling algorithms. These are Nearest Neighbor, Bi-
Linear, Bi-Cubic, Extended Linear, and Piece-Wise Extended 
Linear image scaling algorithm. These algorithms have been 
briefly discussed below. 
 
A. Nearest Neighbor Interpolation 

Nearest neighbor is the simplest interpolation from a 
computational standpoint, where each interpolated output 
pixel is assigned the value of the nearest sample point in the 
input image [11].  

                                                 
B. Bi-Linear Interpolation 

Bi-linear algorithm is slightly more advanced and 
complicated than the nearest neighbor algorithms [12]. In Bi-

linear interpolation each output image pixel is computed by 
two linear interpolations done on 2x2 image window in order 
to find out the target pixel location. It reduces the blocking 
and blurring effect which is common in nearest neighbor, but 
these effects are still visible in interpolated images. 

 
C. Bi-Cubic Interpolation 

Bi-cubic image interpolation is little more complex than 
nearest neighbor and Bi-linear interpolation [13]. In Bi-cubic 
interpolation the target pixel is computed by 2-D interpolation 
using 4x4 neighboring pixels.  

 
D. Extended Linear Interpolation 

Extended Linear interpolation is almost same as Bicubic 
interpolation algorithm in term of quality of resized image 
[14], but it significantly reduces the computational overhead 
compared to Bicubic. Extended linear use 16 weighted 
coefficients which are generated from 16 neighboring pixels 
input image to calculate the value of the target pixel.  

 
E. Piece-Wise Extended Linear Interpolation 

 Piece-Wise Extended Linear Interpolation is the modified 
version of extended linear interpolation method discussed 
above [15]. It uses 4 piecewise linear function to calculate the 
value of the target pixel. Piece-wise extended linear is 
computationally less complex and fast in processing in 
comparison of extended linear (8 multiplication, 12 addition) 
and Bi-cubic interpolation (20 multiplication and 20 addition). 

IV. DATABASE PREPARATION 
In order to evaluate the performance of different image 

scaling algorithms on Viola and Jones face detection 
framework, we have used four different face databases 
available in the literature. A brief discussion of different 
databases used in our experiments has been given below.  

A. Adience Database  

The Adience database [16], consists of 26,580 images, 
portraying 2,284 individuals, classified for 8 age groups, 
gender and including subject labels (identity). For our 
experimentation  purpose we selected 1000 random frontal 
face images which have been resized to 250x250 using 
irfanView software.  

 
B. Labeled Faces in the Wild  

The Labeld Faces in the Wild (LFW) [17], database 
contains more than 13,000 images of faces collected from the 
web. Here we have also selected 1000 random frontal face 
images which have been resized to 250 x 250 using irfanView 
software. 

 
C. Cohn-Kanade AU-Coded Expression Database  

The well known Cohn-Kanade database consists of 
different facial images of 100 university students [18]. For our 



experiment purpose we have selected 1000 random frontal 
face images from this database. 

 
D. JAFFE Database 

This database contains 213 images of 7 facial expressions 
(6 basic facial expressions + 1 neutral) posed by 10 Japanese 
female models [19]. Each image has been rated on 6 emotion 
adjectives by 60 Japanese subjects. For the experiment 
purpose we selected 213 image from the JAFFE database. 

E. Indian Face Database (IFD-CEERI) 
 

The Indian Face Database – CEERI (IFD-CEERI) has been 
constructed at the Perception and Cognition Engineering Lab 
in the IC Design Group of CEERI-Pilani. The size of each 
image is of 720 x576. For our experiments we have randomly 
chosen 1000 frontal face images from the database. 

V. RESULTS AND DISCUSSION 
All image scaling algorithms has been coded using C++ 

and integrated with OpenCV using Visual Studio 2010, IDE. 
In order to analyze the accuracy of different image scaling 
algorithms we have used Peak Signal to Noise Ratio (PSNR) 
and Structural Similarity Index (SSIM) between the original 
and rescaled images. The PSNR  and SSIM values found are 
the mean of the results from five standard test images. These 
values were generated by resizing each source image up/down 
(from original size of 512x512) to size of 256x256, 300x300, 
400x400, 500x500, 600x600 and 700x700, after which each 
image was scaled back down/up to size 512x512 using 
algorithm being tested. The average value of the PSNR and 
SSIM calculated using all the above image manipulation steps 
are used as the final PSNR and SSIM value of the image 
scaling algorithm. Different test images used in our 
experiments has been shown in the fig. 3. The average PSNR 
and SSIM value of five test images shown in fig. 3, using 
different scaling algorithms has been shown in table II and 
table III respectively.  

TABLE I.  PSNR COMPARISION OF DIFFERENT IMAGE SCALING 
ALGORITHMS 

Algorithm Average PSNR 
(dB) 

Nearest Neighbor  28.8364 
Bi-linear 33.9458 
Bi- Cubic 35.4615 

Extended Linear 34.6496 
Piece-Wise Extended Linear 35.4015 

TABLE II.  SSIM COMPARISION OF DIFFERENT IMAGE SCALING 
ALGORITHMS 

Algorithm Average SSIM 
Nearest Neighbor  0.9325 

Bi-Linear 0.9735 
Bi- Cubic 0.9787 

Extended Linear 0.9776 
Piece-Wise Extended Linear 0.9788 
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Fig. 3. Test Images used in our experiments: (a) Lena (b) Bridge (c) Boat (d) 
Gold Hill and (e) Tank. 

 
To analyze the impact of image scaling and window 

scaling algorithms on face detection we have used three 
performance metrics: True Positive (TP), False Positive (FP) 
and False Negative (FN). The performance of different image 
scaling algorithms on the four databases has been shown in the 
table IV to table VIII and that of the window scaling has been 
shown in table IX.  

TABLE III.  PERFORMANCE METRICS OF NEAREST NEIGHBOR 

Database Nearest Neighbor 
True Positive False Positive False Negative 

Adience 980 20 1 
LFW-a 985 15 3 

Cohn Kanade 1000 0 0 
JAFFE 213 0 0 

CEERI-Dataset 966 39 6 

TABLE IV.  PERFORMANCE METRICS OF BILINEAR 

Database Bilinear 
True Positive False Positive False Negative 

Adience 983 17 1 
LFW-a 986 14 3 

Cohn Kanade 1000 0 5 
JAFFE 213 0 0 

CEERI-Dataset 977 28 8 



TABLE V.  PERFORMANCE METRICS OF BICUBIC 

Database Bicubic 
True Positive False Positive False Negative 

Adience 982 18 2 
LFW-a 989 11 1 

Cohn Kanade 1000 0 3 
JAFFE 213 0 0 

CEERI-Dataset 986 19 15 

TABLE VI.  PERFORMANCE METRICS OF EXTENDED LINEAR 

Database Extended Linear 
True Positive False Positive False Negative 

Adience 977 23 2 
LFW-a 986 14 2 

Cohn Kanade 1000 0 1 
JAFFE 213 0 0 

CEERI-Dataset 970 35 7 

TABLE VII.  PERFORMANCE METRICS OF  PIECE-WISE EXTENDED LINEAR 

Database Piece-Wise Extended Linear 
True Positive False Positive False Negative 

Adience 978 22 2 
LFW-a 987 13 2 

Cohn Kanade 1000 0 1 
JAFFE 213 0 0 

CEERI-Dataset 988 17 20 

TABLE VIII.  PERFORMANCE METRICS OF WINDOW SCALING APPROACH 

Database Window Scaling 
True Positive False Positive False Negative 

Adience 990 10 3 
LFW-a 993 7 13 
Cohn Kanade 1000 0 11 
JAFFE 213 0 1 
CEERI-Dataset 976 24 60 

VI. CONCLUSION 
In this paper, we investigated the impact of different 

images scaling techniques on the Viola and Jones face 
detection framework. The quality of scaled images using all 
the image scaling techniques has been  analyzed using their 
SSIM and PSNR values. From our analysis result we found 
that  the window scaling based method performed relatively 
better compared to the image scaling techniques. Moreover, in 
the image scaling based approach as expected Bicubic 
algorithm performed well, which is followed by Piece-wise 
extended linear, Bilinear, Extended linear and Nearest 
neighbor. For our own database, we found that Piece-wise 
extended linear image scaling  technique gave the best result 
compared to all other algorithms.  
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