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ABSTRACT 

 

 Biometric authentication means identification by characteristics or traits. It is used for 

identification and access control. Face is an important biometric hence Face recognition systems 

are developed. Knowing this individuals use techniques to evade identification. Plastic surgery is 

a surgical procedure to correct facial feature anomalies or to improve their appearance. Statistics 

provided by the American Society for Aesthetic Plastic Surgery shows that there is a drastic 

increase in the number of plastic surgeries every year. Since the variations caused due to plastic 

surgery procedures are rapid, it is difficult for face recognition algorithms to model such non 

uniform face transformations. In Existing system, multi-objective evolutionary genetic algorithm 

fails to maintain diversity in a population and also causes premature convergence. To overcome 

these problems the proposed method uses multi-objective evolutionary PSO algorithm. 
 

Key words-    Plastic surgery, feature extraction, face recognition, genetic algorithm, face 

granules, granular computing, feature selection. 

 

 

 

 

INTRODUCTION 
 

 Plastic surgery procedures help individuals to enhance the facial appearance by 

correcting feature anomalies and better appearance. It is also beneficial for patients suffering 

from several kinds of facial disorders thereby improving their appearance. Fig. 1 shows images 

of a patient who has undergone facial plastic surgery. Statistics [1],[2] provided by the American 

Society for Aesthetic Plastic Surgery shows that there is a drastic increase in the number of 

plastic surgeries performed every year. 

 

  Since the variations caused due to plastic surgery procedures cause severe changes on 

ones facial appearance, it is difficult for face recognition algorithms to match the pre and post 

surgery images. This paper presents a multi-objective evolutionary granular approach for 

recognizing surgically altered face images. The proposed algorithm initially generates non-

disjoint face granules for both pre and post surgery images, then features are extracted using two 

feature extractors : Extended Uniform Circular Local Binary Pattern (EUCLBP) and Scale 
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Invariant Feature Transform (SIFT) and finally matching is done using multi-objective PSO 

approach. 

 

  

 
 

Fig 1 Variations in facial appearance, texture, and structural geometry caused due to plastic 

surgery (images taken from internet). 

 

 

Face Recognition Algorithm 

    

 A facial recognition algorithm is a computer application that can detect a person from a 

video frame from a video source or from a digital image [8]. One way to do this is by comparing 

selected facial features from the image and a facial database. Facial recognition systems work by 

recognizing a human face from scene and extract it. After that the system measures nodal points 

on the face, shape of the cheekbones, distance between eyes, and other distinguishable features. 

Statistics show that Face recognition has been an intensely researched field of computer vision 

for the past couple of years. 

 

Plastic Surgery 

    

 Plastic surgery is a medical specialty concerned with the "correction" or restoration of 

form and function. Plastic surgery includes many types of microsurgery requiring an operating 

microscope, reconstructive surgery to restore the form and function of the body, hand surgery, 

and the treatment of burns. Cosmetic or aesthetic surgery is the best-known kind of plastic 

surgery used by individuals. Most of the plastic surgeries are not cosmetic but to correct feature 

defects or accident cases.  Cosmetic surgery is an optional procedure that is performed on normal 

parts of the body with the only purpose of improving a person’s appearance and/or removing 

signs of aging. 

 

 The most prevalent aesthetic or cosmetic procedures include: 

 Abdominoplasty (tummy tuck): firming and reshaping of the abdomen. 

http://en.wikipedia.org/wiki/Abdomen
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 Blepharoplasty (eyelid surgery): reshaping of eyelids or application of permanent 

eyeliner.  

 Phalloplasty (penile liposuction) : construction or reconstruction of a penis or artificial 

modification of the penis by surgery often for cosmetic purposes 

 Mammoplasty:  

o Breast augmentations (breast implant): augmentation of the breasts by means of 

saline, fat grafting, or silicone gel prosthetics which was initially performed to 

women with micromastia 

o Reduction mammoplasty (breast reduction): removal of glandular tissue and skin, 

done to reduce back and shoulder pain in women with gigantomastia and/or for 

psychological benefit men with gynecomastia 

o Mastopexy (breast lift): Lifting and reshaping of breasts to make them less saggy, 

usually after weight loss. This involves removal of breast skin as opposed to 

glandular tissue 

 Buttock augmentation (butt implant): enhancement of the buttocks using silicone 

implants or fat grafting (Brazilian butt lift) and transfer from other areas of the body  

o Buttock lift: lifting, and tightening of the buttocks by excision of redundant skin 

 Chemical peel: minimizing the appearance of chicken pox, acne, and other scars as well 

as wrinkles depending on concentration and type of agent used except for deep furrows, 

solar lentigines (eg. age spots, freckles), and photo damage. Chemical peels commonly 

involve trichloroacetic acid (TCA), carbolic acid (Phenol), salicylic acid (BHA), or 

glycolic acid (AHA) as the active agent. 

 Labiaplasty: reshaping and surgical reduction of the labia 

 Lip enhancement: surgical enhancement or improvement of lips' fullness through 

enlargement 

 Rhinoplasty (nose job): surgical reshaping of the nose 

 Otoplasty (ear surgery/ear pinning): reshaping of the ear usually done by pinning the 

protruding ear closer to the head. 

 Rhytidectomy (face lift): removal of wrinkles and signs of aging from the face  

o Neck lift: tightening of lax tissues in the neck often combined with a facelift for 

lower face rejuvenation. 

o Browplasty (brow lift or forehead lift): smooths forehead skin , elevates eyebrows 

o Midface lift (cheek lift): tightening of the cheeks 

 Genioplasty (chin implant): augmentation of the chin with an implant by sliding 

genioplasty of the jawbone or by suture of the soft tissue 

 Cheek augmentation (cheek implant): implants to the cheek 

 Orthognathic Surgery: includes manipulation of the facial bones through controlled 

fracturing 

 Fillers injections: fat, collagen, and other tissue filler injections like hyaluronic acid 

 Brachioplasty (Arm lift): reducing excess skin and fat between the underarm and the 

elbow 

 Laser Skin Rejuvenation or Resurfacing: lessening of depth in pores of the face 

 Liposuction (suction lipectomy): removal of fat deposits by traditional suction technique 

or ultrasonic energy to aid fat removal 

 Keloid removal - The keloid forms when the body fails to stop producing new tissue 

during healing process. This leads to an overabundance of fibrous protein and collagen. 

http://en.wikipedia.org/wiki/Phalloplasty
http://en.wikipedia.org/wiki/Mammoplasty
http://en.wikipedia.org/wiki/Breast_augmentation
http://en.wikipedia.org/wiki/Breast
http://en.wikipedia.org/wiki/Micromastia
http://en.wikipedia.org/wiki/Reduction_mammoplasty
http://en.wikipedia.org/wiki/Gigantomastia
http://en.wikipedia.org/wiki/Gynecomastia
http://en.wikipedia.org/wiki/Mastopexy
http://en.wikipedia.org/wiki/Buttock_augmentation
http://en.wikipedia.org/wiki/Buttock
http://en.wikipedia.org/wiki/Buttock_lift
http://en.wikipedia.org/wiki/Chemical_peel
http://en.wikipedia.org/wiki/Chicken_pox
http://en.wikipedia.org/wiki/Acne_vulgaris
http://en.wikipedia.org/wiki/Wrinkles
http://en.wikipedia.org/wiki/Solar_lentigines
http://en.wikipedia.org/wiki/Skin_cancer
http://en.wikipedia.org/wiki/Trichloroacetic_acid
http://en.wikipedia.org/wiki/Carbolic_acid
http://en.wikipedia.org/wiki/Salicylic_acid
http://en.wikipedia.org/wiki/Glycolic_acid
http://en.wikipedia.org/wiki/Labiaplasty
http://en.wikipedia.org/wiki/Labia_%28genitalia%29
http://en.wikipedia.org/wiki/Lip_enhancement
http://en.wikipedia.org/wiki/Rhinoplasty
http://en.wikipedia.org/wiki/Human_nose
http://en.wikipedia.org/wiki/Otoplasty
http://en.wikipedia.org/wiki/Ear
http://en.wikipedia.org/wiki/Rhytidectomy
http://en.wikipedia.org/wiki/Browplasty
http://en.wikipedia.org/wiki/Genioplasty
http://en.wikipedia.org/wiki/Chin
http://en.wikipedia.org/wiki/Sliding_genioplasty
http://en.wikipedia.org/wiki/Sliding_genioplasty
http://en.wikipedia.org/wiki/Sliding_genioplasty
http://en.wikipedia.org/wiki/Cheek_augmentation
http://en.wikipedia.org/wiki/Orthognathic_Surgery
http://en.wikipedia.org/wiki/Collagen
http://en.wikipedia.org/wiki/Hyaluronic_acid
http://en.wikipedia.org/wiki/Brachioplasty
http://en.wikipedia.org/wiki/Laser
http://en.wikipedia.org/wiki/Liposuction
http://en.wikipedia.org/wiki/Keloid_removal
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 Facial Recognition 

   

 A facial recognition system is a computer application for automatically identifying or 

verifying a person from a digital image or a video frame from a video source. Facial recognition 

system is typically used in security systems and can be compared to other biometrics such as 

fingerprint or eye iris recognition systems. This can be done by comparing selected facial 

features from the image and a facial database.  

 

RELATED WORK 

 

Component Based Recognition System  

 

 A probabilistic approach using part-based [6] matching has been proposed in for 

expression invariant and occlusion tolerant recognition of face images. The global approach [3] 

works well on frontal views, not robust against pose changes, whereas, component-based [12] is 

robust to pose changes. The global method consists of a straightforward face detector which 

extracts the face from an input image and then sends it to a set of SVM classifiers that perform 

the face recognition. 

 

Granular Approach  
  

 In this approach non-disjoint features are extracted at different granular levels. These 

features are then combined using multi-objective evolutionary [4] learning model to obtain the 

assimilated information. With granulated information, we can achieve more flexibility in 

analyzing underlying information such as nose, ears, forehead, cheeks, chin, and combination of 

two or more features. The face granulation scheme helps in analyzing multiple features 

simultaneously. The face granules of different sizes and shapes help to gain significant insights 

about the effect of plastic surgery procedures on different facial features and their neighboring 

regions. 

 

Feature Selection and Feature Extraction 
 

 Face recognition is one of the most extensively studied research topics that spans 

multiple disciplines like pattern recognition, feature comparison, computer vision, and 

processing of signals. It has numerous important applications in security access control, identity 

authentication, intelligent human-computer interaction, and automatic indexing of video and 

image databases. Feature extraction is a special form of dimensionality reduction. It extracts 

information from the images. When the input data to an algorithm is too large to be processed 

and it is suspected to be notoriously redundant (e.g. the same measurement in both feet and 

meters) then the input data will be transformed into a reduced representation set of features. The 

process of transforming the input data into the set of features is called feature extraction. It is 

expected that the features set will extract the relevant information from the input data in order to 

perform the desired task using this reduced representation instead of the full size input.  

 

 

 

http://en.wikipedia.org/wiki/Application_software
http://en.wikipedia.org/wiki/Identification_of_human_individuals
http://en.wikipedia.org/wiki/Authentication
http://en.wikipedia.org/wiki/Person
http://en.wikipedia.org/wiki/Digital_image
http://en.wikipedia.org/wiki/Film_frame
http://en.wikipedia.org/wiki/Video
http://en.wikipedia.org/wiki/Burglar_alarm
http://en.wikipedia.org/wiki/Biometrics
http://en.wikipedia.org/wiki/Fingerprint
http://en.wikipedia.org/wiki/Iris_recognition
http://en.wikipedia.org/wiki/Face
http://en.wikipedia.org/wiki/Face
http://en.wikipedia.org/wiki/Face
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PROPOSED SCHEME 
 

 In proposed research when a patient undergoes plastic surgery facial features are 

reconstructed either locally or globally. In general this process changes the appearance of the 

individual. Two disadvantages found in existing Genetic Algorithm, that is, premature 

convergence and Population diversity problem can be overcome by applying PSO (Particle 

swarm optimization) [9]. Also, Dimensionality reduction techniques offer solutions which 

significantly improve the computation time and yield reasonably accurate clustering results in 

high dimensional data analysis. In the proposed system, match the pre and post surgery images 

using PSO algorithm [9][10[11].  

 

 

 
Fig 2 Block diagram illustrating different stages of the proposed algorithm. 

 
 
Face Image Granulation 
   

 Let F be the detected frontal face image of size n × m. Granules are generated pertaining 

to two levels of granularity. The first level of granularity provides global information at multiple 

resolutions. This is similar to a human mind processing holistic information for face recognition 

at varying resolutions. Inner and outer facial information are extracted at the second level of 

granularity. Local facial features play an significant role in face recognition by human mind. 

 

First Level of Granularity: In the first level, face granules are generated using the Gaussian and 

Laplacian operators. Gaussian operator generates a sequence of low pass filtered images by 

iteratively convolving each of the constituent images with a 2D Gaussian kernel. The Laplacian 

operator generates a series of band-pass images which provides edge information. Let the 

granules generated by Gaussian and Laplacian operators be represented by FGri , where i 
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represents the granule number. The first level of granularity provides resilience to plastic surgery 

procedures such as skin resurfacing, face-lift, and dermabrasion. 

 

 

 

 
 

 Fig 3 Granules generated in first level of granularity.First three generated by Guassian operator 

and last three generated by Laplacian operator 

 

 

 
 

Fig 4 Horizontal face granules from the second level of granularity 

 

 
 

Fig 5 Vertical face granules from the second level of granularity 

 

Second level of granularity:  In  the   figure  FGr7 to  FGr15   denote  the  horizontal  granules  

and  FGr16 to  FGr24   denotes  the  vertical granules. The second level of granularity provides 

resilience to variations in inner and outer facial regions. It uses the relation between horizontal 

and vertical granules to address the variations in forehead, chin, ears, and cheeks caused due to 

plastic surgery procedures. 

 

Feature Extraction 
 
Extended Uniform Circular Local Binary Pattern (EUCLBP): EUCLBP is a texture based 

descriptor that encodes exact gray-level differences along with difference of sign between 

neighboring pixels. For each local patch, the LBP descriptor is determined based on the 8 

neighboring pixels uniformly sampled on a circle (radius=2) centered at the current pixel. Then 
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the descriptors from each local patch are concatenated to form the image signature. The two 

LBP descriptors generated are matched using the weighted χ2 distance. 
 
 

Scale Invariant Feature Transform (SIFT): SIFT is a scale and rotation invariant [5] 

descriptor that generates a compact representation of an image based on the magnitude, spatial 

vicinity, and orientation of image gradients. SIFT, is a sparse descriptor [7] that is computed 

around the detected interest points. SIFT can also be used in a dense manner where the 

descriptor is computed around pre-defined interest points. Then the SIFT descriptors computed 

at the sampled regions are concatenated to form the image signature. The two SIFT descriptors 

generated are matched using the weighted χ2 distance. 

 

Particle Swarm Optimization (PSO): Particle swarm optimization (PSO) [9][10][11] is a 

computational method that optimizes a given problem by iteratively trying to improve a 

candidate solution with regard to a given measure of quality. This algorithm optimizes a 

problem by having a population of candidate solutions, known as dubbed particles, and moving 

these particles around in the search -space according to the particle's velocity and position. Here 

each particle's movement is influenced by its local best known position and is also guided 

toward the best known positions in the search-space, which are updated as global best positions 

found by other particles. This is expected to move the swarm towards the best solutions. PSO 

can also been applied to multi-objective problems, where the objective function comparison 

takes pare to dominance into account when moving the PSO particles and non-dominated 

solutions can be stored so as to approximate  pare to front. 

 

 

Fig 6 PSO optimization process for selecting feature extractor and weight for each face granule 
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CONCLUSION 

 

 

 

 In this research we present an efficient face recognition algorithm in plastic surgery 

using an evolutionary algorithm. First we collect the input images from before and after plastic 

surgery and then perform the face recognition algorithm for both images. In existing GA 

algorithm, original images are taken as input and found the match with surgical images. In 

proposed system a multi-objective evolutionary granular PSO algorithm that operates on 

several granules extracted from a face image is used. PSO optimization algorithm selects the 

first level of granularity processes the image with Gaussian and Laplacian operators and 

second level of granularity tessellates the image into horizontal and vertical face granules of 

varying size and information content. In the proposed method, Particle swarm optimization 

algorithm [9],[10],[11] finds the best particles based on two level mentioned above and move 

particle i to j if the best recognition result are found than the existing recognition results. Also, 

PSO is used for feature selection in input images and weighted function is added to selection of 

each and every feature granule in image. Feature selection algorithm which includes two basic 

extractors that is SIFT and EUCLBP/LBP helps in encoding discriminatory information for 

each face granule. In the proposed approach, the PSO algorithm utilizes observations that 

human mind recognizes faces by analyzing the relation among non-disjoint spatial features 

extracted at different granularity levels.  On conducting experiments  under  different  

matching  shows  that  the  proposed  algorithm  outperforms  existing algorithms including a 

commercial system when matching surgically altered face images of individuals. Finally, the 

performance of systems with PSO and GA algorithm is measured to get the accuracy rate. 

Based on the results, we believe that more research is required in order to design an optimal 

face recognition algorithm that can also account for other challenges caused due to surgical 

procedures. It is our assertion that the results of this work would inspire further research in this 

field. One possible future research direction would be to use thermal-infrared imagery and 

calculate the thermal differences between pre and post surgery images. But, such an approach 

first requires creating a large face database that contains pre and post operative thermal 

infrared images. 
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