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ABSTRACT  

 

 This paper presents efficient and fast face identification in uncontrolled environment 

using Weiner filter and two classifiers. Weiner filter is a powerful feature descriptor which is 

robust to different facial expression, pose and lighting. We use both hash table and binary tree 

classifier in the classification stage to reduce the time required for the identification of probe 

sample. The proposed system provides both accurate and fast face identification. 
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INTRODUCTION  

Face recognition is one of the most relevant applications of image processing. Face recognition 

has received large attention over last few years because of its large applications in various fields. 

Face recognition has many advantages over other biometrics techniques such as its expediency 

and acceptability. Most of the biometric methods need some voluntary actions from the user. 

That is for retina or iris identification, user has to stand at the front of a camera in a fixed 

position and users has to place their hand on a hand rest for palm print or finger print 

recognition. But in the case of face identification, it does not require any active participation 

from the user. Face identification can be done passively because face images are acquired from a 

distance by a camera. It does not require experts to interpret comparison results. This is useful in 

security and surveillance purpose. Expensive equipments are required for iris and retina 

identification and are sensitive to body motion. Voice identification is susceptible for 

background noise. Signature can be copied or modified. But face images can be obtained easily 

by using inexpensive camera. 

When designing a face recognition system, there are some challenges to be taken into account. 

At first the execution speed of the system shows the ability to handle large amount of data and 

the possibility of real world service. It is possible to identify faces accurately by using very 

complex algorithms. But this requires large processing time even in small databases. So the 
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design goal should be not only to handle large amount of data but also to speed up the existing 

algorithm. 

Face identification in uncontrolled conditions is an important challenge.  Under well controlled 

conditions, face identification system provides high recognition accuracy. But the recognition 

rate extensively decreases when it is performed under uncontrolled conditions such as variation 

in lighting and facial expression changes. There are various face identification systems are 

available. Most of the existing systems work well under somewhat controlled environment. 

Therefore, the aim of the ongoing research work is to achieve an accurate and robust 

identification system under different uncontrolled conditions. 

This paper considers not only the accuracy but also the scalability of the face identification 

system. The number of subjects in the gallery can be large. Hence for matching a probe face 

against a large gallery, the use of common search techniques like brute force nearest neighbor 

does not scale well. This paper focuses on the robustness under uncontrolled acquired images 

and scalability in large galleries. Also this method results high performance even though only 

single sample per subject is available. To make the method scalable to large gallery size, here 

used both hash table and binary tree classifier. Hash table is used for higher level classification 

and binary tree is used for lower level classification. By using hash table and binary tree a 

significant number of comparisons can be reduced. This will helps to reduce the recognition 

time. 

 

RELATED WORKS  

 

Modern face identification methods generally divided into two categories named holistic 

matching method and local matching method. Holistic matching method use entire face region as 

the input to the recognition system. This approach using description based on the entire image 

rather than the local feature of the image to identify the faces. Statistical methods such as 

principle component analysis, independent component analysis are simple version of the holistic 

approach. Face images can be represented as intensity values in a 2 dimensional array. By direct 

comparisons between the input face and the face images in the gallery, recognition can be 

performed. This method is computationally very costly and sensitive to orientation and size of 

faces, variable lighting conditions and noises. 

Now local matching approaches [1] are gaining better results in face identification. Local 

matching approaches first locate many local facial features. Then categorize the faces by 

comparing and combining the corresponding local statistics. One advantage of local 

representation method is that only some parts of the representation is corrupted by the local 

changes on the face. For example wearing sunglasses have an effect on features near the eyes. 

But it is possible to identify the face using the features obtained from other regions such as 

mouth and nose. Another advantage is that, this method represents face image by a set of low 

dimensional local feature vectors. So it reduces computational cost and storage requirement. 

Illumination compensation is a big challenge in face identification. Although Gabor features and 

local binary patterns are two illuminations invariant features, these features are insufficient to 

overcome large illumination variations. Nowadays, Gabor filters are commonly used for face 

recognition [2], [3], and [4]. This is because the Gabor filter is thought to be similar in perception 

as the human visual system. It shows attractive features such as spatial localization, orientation 

selectivity etc. Gabor features of the face images are obtained by the convolution of the face 

image with the Gabor filter. 
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Ahonen and Hadid [5] proposed a novel method to face identification using Local Binary 

Pattern (LBP). Here both texture information and shape information are used to describe the face 

image. In this method the face image is subdivided into a number of local regions. Local binary 

pattern feature descriptors are derived from each of these regions and concatenated to form a 

global feature. This result is used as face descriptor. This approach shows best performance 

under different lighting conditions. LBP method is insensitive to facial expression changes, 

illumination, aging etc. The limitation of this method is the length of the feature descriptor used 

for face representation. It reduces the recognition speed. 

Tan and Triggs [6] combined Gabor wavelet and Local Binary Pattern for obtaining 

better performance under uncontrolled illumination conditions. They show that robust 

identification requires heterogeneous feature sets which give different types of appearance 

information. LBP finds small appearance details and Gabor filter finds facial shape on different 

scales. These features are high dimensional. So PCA is used for dimensionality reduction. This 

approach is scalable to large number of image samples. 

 

PROPOSED SYSTEM 

The proposed system focuses on accurate and fast face identification by using Weiner filter 

in feature extraction stage and multi classifiers in classification stage.  In this section we first 

describe feature extraction process using Gabor filter and then describe classification stage. 

 

A. Gabor filter feature extraction 

Gabor filter captures salient visual properties of the image. Gabor filter is a linear filter used 

for edge detection. A number of salient visual properties such as spatial localization, orientation 

selectivity, and spatial frequency selectivity are captured by the Gabor filter [7]. Gabor function 

can be modeled by the simple cells in the visual cortex of the human brain. Therefore the image 

analysis with Gabor filter is somewhat similar to perception in the human visual system. 

Orientation and frequency representation of Gabor filters are similar to those of the human’s 

visual system. Gabor filters are robust to illumination variation. This is because they detect 

amplitude invariant spatial frequencies of pixel gray values. Gabor representation of a face image 

is obtained by the convolution of the gray scale image with the Gabor filter. Gabor filters used 

for face recognition is of the form 

𝜑𝑢 ,𝑣 𝑧 =
 𝐾𝑢 ,𝑣 

2

𝜎2
𝑒  𝐾𝑢 ,𝑣 

2
 𝑧 2/2𝜎2  𝑒𝑖𝐾𝑢𝑣 𝑧 − 𝑒

−𝜎2
2    

Where u denotes the orientation and v denotes the scale of the Gabor kernel z. 𝐾𝑢 ,𝑣 is the wave 

vector which can be expressed as 𝐾𝑢 ,𝑣 = 𝐾𝑣 𝑐𝑜𝑠𝜃𝑢 , 𝑠𝑖𝑛𝜃𝑢  where 𝐾𝑣 = 𝐾𝑚𝑎𝑥 𝑆𝑣  and 𝜃𝑢 =
𝜋𝑢 8 . Here 𝐾𝑚𝑎𝑥  represents maximum frequency f represents the spacing factor between the 

kernels. In our proposed system, we are using𝜎 = 2𝜋, 𝑓 =  2 and 𝐾𝑚𝑎𝑥 = 𝜋 2  

 

Let f(x, y) be the face image. Its convolution with a Gabor filter can be expressed as  

𝐺𝜑𝑓  𝑥,𝑦,𝑢, 𝑣 = 𝑓 𝑥,𝑦 ∗ 𝜑𝑢𝑣 𝑧  

Here ∗ denotes convolution operation. Four scales and four orientations are used here. As a result 

16 different Gabor filters are obtained. Then applies 16 different Gabor filters on the image, 

which result in 16 different images with different angles and orientation. The real part of the 

Gabor filter is shown in the Fig 1. 
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Fig 1: The real part of the Gabor kernel with four scales and four orientations 

 

Gabor filter representation of the face image is obtained by convolving the face image with the 

family of Gabor filter, which is shown in the Fig 2. 

 

 
Fig 2: Gabor filter representation of the face image 

  

Final Gabor feature vector is obtained by down sampling the Gabor feature by a factor 3, which 

is one per 3 rows and columns. This is performed for reduce the dimensionality of the feature 

vector to manageable size. 

 Gabor filters are orientation and frequency sensitive band pass filters. It provides optimal 

resolution in both the space and spatial frequency domain. Therefore they are good for extract 

frequency dependent information like edge features from a small area. Gabor filters capture the 

local structures. Therefore Gabor representation of face image is robust to variations due to 

illumination and facial expression changes. 

 
B. Multi Classifiers 

The proposed system combines two classifiers in the classification stage. A hash table is used 

as a higher level classifier and a binary tree is used as a lower level classifier. Hash table is a 

keyed array data structure. In a keyed array data structure it is possible to associate each element 
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with a key which is called as hash index. In the proposed system each hash index is mapped to a 

binary tree which is the low level classifier. That is, now we have a collection of images mapped 

to a single hash index which will be represented by a binary tree data model corresponding to 

that hash index. For the successful identification, hash index of similar face images should be 

same. For getting the hash index of the face image, we divide the face image into equal sized non 

overlapping blocks. Then finding the row average of each block and generate feature vector. By 

finding the norm of the feature vector, we will get a unique value which will be the hash index of 

that image.  Face images having similar hash indices are grouped together and are represented by 

a binary tree structure.  In this way we can partition the gallery into a number of classes or 

groups of images so that we can reduces the number of comparisons in the identification stage.  

In the tree creation we are using K means clustering technique on feature vector matrix for 

splitting the collection of face images into two groups until there are only two images are left 

under a node. Feature vectors of images are stored under the leaf nodes. 

Each internal node contains centroids of two groups which are used to guide the search. In 

the identification stage we calculate the minimum distance of the centroids of two groups in the 

current node with the feature vector of probe face. Traverse the tree until we reach the leaf node. 

In the leaf node, the image with a feature vector having minimum distance from the probe image 

gives the best match. An example is shown in the Fig 3.  

 

 

 
Fig 3: Tree traversal example 

 

 

 

The entire process in identification phase is shown in Fig 4. 
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Fig 4: Flowchart for identification phase 
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RESULT ANALYSIS 

  The proposed system gives high identification accuracy under large facial expression 

changes, illumination, pose variation etc.  Gabor filter feature is robust to large expression 

changes and small pose variations. Even though there is only single training sample per 

subject, the proposed system gives successful identification. Fig 5 and Fig 6 shows the results 

in facial expression and pose variation. 

 

 

 
    

Fig 5: Result under large expression variations 

 

 
 

Fig 6: Result under pose variation 

 

The proposed system also gives successful identification for partially occluded image. The 

result is shown in Fig 7. 
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Fig 7: Result for partially occlude image 

 

 

The proposed system not only focuses on accuracy but also the scalability of the system. The 

combination of hash table and binary tree classifier speeds up the recognition. We compare our 

method with the method using binary tree classifier alone. Table 1 shows the speed up of our 

proposed method over binary tree alone method. Higher speed up are obtained by our method 

compared to the binary tree alone method. In live scenarios, there will be tens of millions of 

data in the gallery and our proposed method will definitely have an advantage over the 

traditional binary tree alone modal. 

 

Table1. Comparison between our proposed method and the binary tree alone method. 

 

 Proposed system Binary tree 

Gallery size Time(ms) Time(ms) 

50 482.31 483.200 

100 488.043 498.782 

150 491.548 510.290 

200 496.234 534.117 

 

 

 The resulting graph of comparison of recognition time of proposed system with that of 

binary tree method is shown in Fig 8. 
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Fig 8: Comparison between proposed systemwithbinary tree alone method 

 

 

CONCLUSION  

 

We presented an accurate and fast face identification system which gives best performance 

under uncontrolled conditions such as facial expression changes, pose and lighting variations. 

The use of Weiner filter in feature extraction stage provides accurate identification. The 

proposed system gives best performance even only single sample per subject is available. 

Computational cost can be reduced by combining hash table and binary tree classifier, which 

makes the method scalable to large gallery size.  
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