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ABSTRACT
One of the main challenges of the face recognition is occlusions. Occlusion in an image refers to hindrance in the view of an object. Face recognition which work in the presence of occlusions are core for the current needs in the field of identification of suspects, as criminals try to take advantage of the weaknesses among the implemented security systems by camouflaging themselves and occluding their face with eyeglasses, hair, hands, or covering their face with scarves and hats. Human face recognition under occlusion is broadly classified into 8 categories Karhunen-Loeve Expansion Method, Model Based Method, Correlation Based Method, Template Based Method, Feature Based Method, Geometric Based Method, Singular Value Decomposition Based Method and Neural Network Based Algorithm. The paper details the experiments and databases used to handle the problem of occlusion and the results obtained by different authors. Lastly, a comparison of various techniques is presented and some conclusions are drawn referring to the best outcomes.



                     INTRODUCTION
Face recognition systems in real world applications need to manage an extensive variety of obstructions, for example, occlusion and masks in face images. Faces are effectively occluded by facial accessories (e.g., sunglasses, scarf, cap, cloak), objects before the face (e.g., hand, food, cellular telephone), extreme illumination (e.g., shadow), self-occlusion (e.g., non-frontal pose) or poor picture quality (e.g., blurring). Face recognition [18]-[19] is a critical component in numerous machine vision applications, for example, access control, video surveillance and public security. With the expanding requirements for security-related applications, for
example, computational forensics and anti-terrorism, face recognition has been a dynamic theme for researchers in the regions of machine vision and image processing [5]. Face recognition under occlusion is utilized to enhance the execution level such that it will perceive any suspect, disguised in an alternate way, for example, face covered by hand, helmet, goggles, hair scarf and so forth.
There are absolutely 8 categories under face recognition techniques [20]. The methods used are RRC, HQ framework, DT-LBP representation, Low rank matrix approximation, Automatic 3D face recognizer, Parts based data representation,
statistical shape analysis, Human face recognition framework, Facial feature detection and tracking, High level string representation, Manifold regularization, Automatic detection of facial landmarks, Dynamic image to class warping(DICW), Robust image analysis with sparse representation, Feature
based bimodal person identification, COTS face matching. Generalized overview is shown in Fig. 1. The rest of this article is organised as follows: Section II briefly describes the review articles arranged according to above mentioned 8
categories, Section III details the results and discussions, and
article is concluded in Section IV
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Figure depicts a generalised framework to recognise occluded face images
Where, 1: Face Image, 2: Normalized Face Image, 3: Feature Vector

Image acquisition can be accomplished by digitally scanning an existing photograph or by using an electro-optical camera to acquire a live picture of a subject. The idea behind image enhancement techniques is to bring out detail that is obscured, or simply to highlight certain features of interest in an image. Images are enhanced to improve the recognition performance of the system. Face detection is a computer technology that determines the locations and sizes of human faces in arbitrary images. It detects facial features and ignores anything else, such as buildings, trees and bodies. This module is responsible for composing a feature vector that is well enough to represent the face image. Its goal is to extract the relevant data from the captured sample. Feature extraction is divided into two categories, the holistic feature category and the local features category. Local feature based approaches try to automatically locate specific facial features such as eyes, nose and mouth based on known distances between them. The holistic feature category deals with the input face image as a whole. The Last step is to compare the template generated in step four with those in a database of known faces [21]
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                     REVIEW OF METHODS   

Karhunen-Loene Expansion
Method Authors in [1] propose RRC for Face Recognition. Specifically RRC which could vigorously relapse a given sign with regularized relapse coefficients. An iteratively RRC calculation is proposed to comprehend the RRC demonstrate productively [1]. HQ Based Iterative Minimization for Robust Sparse Representation of a HQ system to take care of the Robust sparse representation issue. HQ structure is material to perform both error correction and error recognition [2]. Subspace- Based Discrete Transform Encoded Local Binary Patterns Representations For Robost Periocular Matching On Nist's Face Recognition Grand Challenges. Proposed a DTLBP to match periocular area on vast scale dataset [3]. Robust Face Recognition with Structurally Incoherent Low-Rank Matrix Decomposition. They presented an imperative of structural incongruity into the proposed algorithm, which enforces the bases learned for different classes to be as independent as possible [4]
Result and Discussion : RRC for Face Recognition. The database used is AR. RRC model and a related viable iteratively reweighted regularized Robust Coding (IR3C) calculation for powerful face distinguishment [1]. HQ-Based Iterative Minimization for Robust Sparse Representation. The databases used are AR and Extended Yale B. This demonstrated that when applicable Welsch M-estimation is possibly appealingly and successfully to handle huge occlusion and corruption [2]. Subspace- Based DT-LBP Representations for Robust Periocular Matching On Nist's Face Recognition Grand Challenges. The database used are FRGC v2 and Yale B. The result demonstrates the subspace representation on both LBP and discrete transform encoded local binary patterns on raw pixel intensities [3].Robust Face Recognition with Structurally Incoherent Low-Rank Matrix Decomposition. The database used are Extended Yale B, AR,CMU Multi-PIE, CAS-PEAL. Presented a low-rank matrix estimate algorithm with structural incongruity for robust face recognition [4].






Model Based Method 
3D Face Recognition under Occlusion Using Masked Projection is proposed by authors in [2]. Development in sensors technology, the three-dimensional face has turned into a rising biometric modality, favored particularly in high security application. In this article they exhibit a completely automatic 3D face recognizer [5]. Multiple Subcategories Parts-Based Representation for One Sample Face Identification. Proposed probabilistic generative model for parts-based information representation to address little specimen set, occlusion and illumination. The investigated face representation, subsequently encode rich discriminative data. This model is equipped for attaining to an effective parts-based representation for robust face recognizable proof [6]. 
Result and Discussion : 3D Face Recognition under Occlusion using Masked Projection. The Database used are Bosphorus and UMB-DB. In this article they fundamentally considered two problem:1) occlusion taking care of for surface enrolment. 2) missing information taking care of for arrangement focused around subspace investigation systems for the arrangement issue [5]. Multiple Subcategories Parts-Based Representation for One Sample Face Identification. The Databases used are CMU-PIE, AR, Extended Yale B. A novel parts-based information representation for robust face representation is proposed. This representation expands upon the fundamental idea of Multiple Cause Vector Quantization model [6].
Correlation Based Method 
Authors in [3] propose 3D Face Recognition under Expressions, Occlusions, Pose Variation. The article proposes a novel geometric frame work for 3D faces, with the particular objectives of comparing, matching and averaging their shapes and represent facial surfaces by spiral bends to create a reimanman structure for analyzing shapes of full facial surfaces [7].
Result and Discussion : 3D Face Recognition under Expressions, Occlusions, Pose Variation. Databases used are FRGC v2 and Bosphorus. The technique clarified for occlusion is to remove the occluded parts, then to recover just the missing information on the 3D output utilizing statistical shapes models [7]. 3D-Based Pose Invariant Face Recognition at a Distance Framework. Databases are LFW &CMU-PIE, Multi-PIE and FERET. The work proposed a human face recognition structure empowering quick, automatic, and poses invariant FRAD. The result exhibits that the stereo based 3D reproductions gave higher recognition execution than just shape recreations [8].
Template Based Method 
Authors in [9] propose Hybrid Approach for Facial Feature Detection and Tracking under Occlusion. This technique proposes a facial feature detection technique that hybridizes the discriminative and generative strategies. It yields more exact facial feature recognition under heavy occlusion [9].
Result and Discussion : Hybrid Approach for Facial Feature Detection and Tracking under Occlusion. Databases used are AR, LFPW, multi-PIE, talking face feature database. The result demonstrates the smallest normal normalized error and standard deviation among the condition of-the-craftsmanship techniques under overwhelming occlusion and various posture and expression varieties [9].
Feature Based Method 
Face Recognition using Ensemble String Matching. Constructed is a technique proposed by authors in [11-12]. This a a compact syntactic String face representation that can perform non- sequential string matching between 2 strings face invariant to sequential order and direction of each one string [10]. Manifold Regularized Local Sparse Representation For Face Recognition (MRLSR). MRLSR model is used to address the presence of illumination, variations or occlusion to improve the recognition rate [11].
Result and Discussion : Face Recognition Using Ensemble String Matching Databases used are AR, FRGC v2 and CUFS. It demonstrates the predominance of the proposed method in perceiving part of the occluded faces and the practicality of utilizing a high level syntactic technique utilized for face recognition for face coding and matching [10]. Manifold Regularized Local Sparse Representation For Face Recognition. Databases are AR, Extended Yale B, CMU-PIE. It shows coding vectors got by their MRLSR model can hold more gathering sparsely and hence confront face recognition rates are higher which can be used in other local models [11]. DICW for Occluded Face Recognition. Databases used are LFW, AR, TFWM, and FRGC. Extensive experiments on databases demonstrate that DICW attains to guaranteeing execution when handling various types of occlusions [12]





Geometric Feature Based Method 
3D Facial Landmark Localization with Asymmetry Patterns and Shape Regression from Incomplete Local Feature proposed by authors in [13] creates a set of candidates locations from feature detector and perform combinatorial search constrained by a flexible shape model [13]. 
Result and Discussion : 3D Facial Landmark Localization with Asymmetry Patterns and Shape Regression from Incomplete Local Features. Databases utilized are Bosphorus and Grand test. The calculation creates sets of competitor focuses from geometric cues extricated by utilizing Asymmetry Patterns Shape Contexts descriptors and performs combinatorial inquiry compelled by an adaptable shape model [13].
Singular Value Decomposition Method 
Robust Image Analysis with Sparse Representation On Quantized Visual Features (RIASR) algorithm, remedies the corruptions caused by ambiguity transfer and misdetection transfer and also it is efficient in optimization [14]. 
Result and Discussion : Robust Image Analysis with Sparse Representation on Quantized Visual Features. The experiments on three recognition datasets Caltech101, Caltech-256 and Corel-5k and one prominent face recognition dataset CMU PIE have exhibited firmly the practical effectiveness and efficiency, both on the contrived scenarios and the genuine [14]
Neural Network Based Method 
Gender Classification Based on Fusion of Different Spatial Scale Features Selected by Mutual Information from Histogram of LBP, Intensity and Shape. The authors reported their augmentation of the utilization of feature selection based on mutual information and feature fusion to improve gender classi¿FDWLRQ of face images. They analysed the consequences of intertwining three groups of features, three spatial scales, and four distinctive common data measures to choose features [15]. Robust Multimodal Person Identification with Limited Training Data presents a novel system for Audio-visual peculiarity level combination for individual ID where both the speech and facial modalities may be defiled [16]. Unconstrained Face Recognition: Identifying a Person of Interest from a Media Collection. In this proposed methodology the probability of effectively recognizing the individual of enthusiasm through the utilization of different fusion schemes, 3d face models, and incorporation of quality measures for fusion and video frame selection [17].
Result and Discussion : Gender Classification Based on Fusion of Different Spatial Scale Features Selected by Mutual Information from Histogram of LBP, Intensity and Shape. Databases used are FERET, UND, LFW, AR. It demonstrates that gender classification can be altogether enhanced by feature determination utilizing diverse spatial scales, and by fusion of selected intensity, shape and texture characteristics. Depending upon the picture size, the aggregate number of features 90% on the LFW database [15]. Robust Multimodal Person Identification with Limited Training Data. Databases are AR, SPIDRE. It demonstrate that bimodal mix offered enhanced individual distinguishing proof precision contrasted with different system without accepting former data [16]. Unconstrained Face Recognition Identifying a Person of Interest from a Media Collection. Databases are LFW, YTE. This is of extraordinary worth to forensic investigations as matching the entire probe collection outputs a single ranked list of candidate identities, rather than a ranked list for each face media sample [17].

                       Conclusion
Face recognition systems manages an extensive variety of obstructions, for example, occlusion and masks in face images. Faces are effectively occluded by facial accessories, objects before the face, extreme illumination, self-occlusion poor picture quality [13]. Face recognition [18]-[26] is a vital component in numerous machine vision applications, with the expanding requirements for security-related applications [5]. These system under takes face recognition under occlusion to enhance the execution level such that it will perceive any suspect, disguised in an alternate way or full occlusion condition. Structured Sparse Error Coding method using Extended Yale B Database gives the recognition rate of 99%. 
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