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Abstract - Heterogeneous face recognition (HFR) involves matching 

face images from different imaging modalities. HFR has profound 

effects in law enforcement and hence has great value in forensics and 

surveillance applications, where probe images are often partial 

making it difficult to match. Many new and invariant features have 

been established in recent years. This paper provides a comprehensive 

review of techniques and developments in HFR. 
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I.INTRODUCTION 

Recognizing dissimilar faces generated from different types of 

sketches is an important and a challenging problem for both 

professionals and researchers. Thus, face recognition is the most 

researched topic in computer vision. Conventional face 

recognitions under controlled and homogeneous lighting 

conditions is maturing as a technology [1] HFR deployments are 

found in border control [2] for betterperformances than humans 

[3]. Automated face recognition is rapidly growing as a field and 

uses computer algorithms to determine similarities between 

disparate facial images from different visual domains. 

HFRincludes closing semantic gaps in face captures. HFR’s 

importance has grown due to its need in practical applications 

like crime, law enforcement and multi-media indexing. 

Matching sketches of suspects in law-enforcement is required 

and is generally matched against images from databases. This 

results in matching a probe face image in a gallery of face 

images of alternate imaging modalities. One major challenge of 

HFR lies in discrepancies between different imaging modalities 

and conventional feature descriptors fail to extract common 

discriminant information from these heterogeneous face images. 

Thus, automated face recognition is rapidly growing into a 

separate and mature field. It uses computer algorithms to 

determine the similarity between two face images [4]. These 

automations have enormous consequences towards improving 

public safety and security. Two kinds of challenges exist in 

sketch-based recognition. The first challenge is in recognizing 

the face across modalities, while the second is in performance, 

in spite of  inaccurate or incomplete facial data. Challenges in 

HFR also exists in comparing single and multi-channel images, 

identifying linear and non-linear intensity variations, comparing 

from different coordinate systems like2D and 3D.  Many studies 

have been proposed in recent years to bridge this cross-modal 

gap. Analytic representations detect facial components by 

allowing modelling of the face geometrically. However, it is not 

robust to errors in fitting a face model and may require manual 

interventions. Moreover geometry is not robust to facial 

expressions and do not exploit texture information of facial 

images [5]. One study assumed that the distribution of inter-face 

similarities will be similar in sketches and photos. Each sketch 

and photo was re-encoded as a vector of their Euclidean 

distances to the training set of sketches and photos respectively. 

This common representation strategy was used to achieve cross-

view person recognition, but depended on sufficient training 

samples [6]. A previously proposed method extracted facial 

features from sketches and photos [7].Kernel PCA and Kernel 

LDA approaches were also proposed in HFR, where faces were 

represented as a collection of prototype images in a high-

dimensional space and similarity scores offace and fingerprint 

references were usedfor matching [8]. This paper details on 

different aspects of HFR like Face detection, Face alignment, 

Normalization and matching.  

II. HFR ASPECTS 

HFR encompasses querying a probe image from an alternative 

imaging modalityin a gallery of high-resolution visible light face 

images. HFR frameworks provide solutions for Thermal to 

Photograph, Viewed Sketch to Photograph, Forensic Sketch to 

Photograph and NIR to Photographs. The generic methodology 

followed in HFR is depicted in Figure 1 and different aspects of 

HFR are detailed in subsections.  
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Fig. 1- HFR Methodology 

A. IMAGE PRE-PROCESSING STEPS :  

1. Face Detection:  

Violo Jones algorithm [9] was used in this study for fast feature 

computations and efficient feature selections. Face detection 

happens in three phases. Initially a new image called an Integral 

image is introduced. Secondly, Adaboostis used for Alignment 

and feature selection.Finally, cascading is done for efficient 

computational resource allocation.  

 

2. Face Alignment: Geometric Normalization:  

Face alignment in HFR is identification of the geometric 

structure of human faces in digital images. Given the size and 

the location of a face, it automatically determines the shape of 

the face components like eyes. A face alignment program 

typically operates by relatively adjusting deformable models, 

which encode prior knowledge of face shapes or appearances. 

The first step in representing facial images is using feature 

descriptors to geometrically normalize them with respect to the 

location of the eyes. This step reduces the effect of scale, 

rotation, and translation variations.The locations of the eyes in 

the face images from all modalities are automatically estimated 

using Cognate’s Face VACS SDK [10]. Low level image 

evidences present in the image are taken into account for finding 

the face.Face images are geometrically normalized by  

 

 performing planar rotation to set the angle between the 

eyes to 0 degrees,  

 scaling the images so that the distance between the two 

pupils is 75 pixels, and  

 cropping the images to a height of 250 pixels and a 

width of 200 pixels, with the eyes horizontally centered 

and vertically placed at row 115. 

3. Image Filtering:  

Image filtering is the most important operation in image 

processing as it reduces noise and improves the visual quality of 

an image. Both Linear and Non-Linear filters are used for 

filtering facial images. Filter can be used to either reverse the 

noise in images or blur them. These filters are intended to help 

compensate intensity variations non-uniform illumination 

changes) and appearance variations. Facial images can be 

generally filtered using three different techniques 

 Gaussian filter: This is a windowed filter of linear 

class; by its nature is weighted mean, where weights 

are calculated with a Gaussian distribution.  

 Difference of Gaussian: DOG is a feature enhancement 

algorithm where high frequency details noise in facial 

images can be removed.  

 Center-Surround Divisive Normalization (CSDN): 

They are interactions between centres and surrounding 

regions of the receptive fields. A constant plus a 

measure of local stimulus contrast is used for 

smoothing the images.  

 

4. Feature Extraction:  

Various algorithms are used to detect and isolate desired 

portions of image. Features from facial images are extracted 

using descriptors detailed below 

 SIFT (Scale Invariant Feature Transform): For any 

object in an image, interesting points on the object can 

be extracted to provide a "feature description" of the 

object. SIFT algorithm allows detecting a described 

local feature. It is used for extracting features from a 

training set and used for identifying objects in test 

images containing many other objects  

 MLBP (Multi-scale Local Binary Pattern): It is an 

algorithm used for detecting and describing local 

features. They are a variant of the LBP descriptorswith 

a slightly improved accuracy in face recognition.  

 

Feature detection is based on features like eyeball localization 

and mouth center localization. Each feature is detected using 

Region of Interests (ROI).  

 

 Eyeball Localization: The eyeball’s position is located 

mainly based on the brightness histogram using pattern 

matching. In order to reduce the computational cost, we 

used the brightness histogram and bright feature to 

detect the eyeball’s position. In this algorithm the gray 

image is processed directly. For simplicity, we defined 

the left- top point of the image as the origin point of the 

image coordinate frame. 

 Mouth Center Localization: Mouth window position is 

established from left and right eye center points. It’s 

coordinates are determined as detailed below: 

 

Horizontal position of left eye + (Horizontal 

position of right eye)/2 + 25;  

Horizontal position of left eye + (Horizontal 

position of right eye) /2+60;  
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Vertical position of left eye + (Vertical 

position of right eye)/2 - 15;  

 

Vertical position of left eye + (Vertical 

position of right eye)/2 + 15;  

 

Taking percentage threshold as 40, horizontal 

and vertical position of the mouth center is 

determined using same procedure as that of 

right eye ball center. 

 

5. Random Sampling:  

Random subspace method is used to sample features which are 

extracted and create a subset of features for training is a reduced 

feature space. Like the classical bagging classification scheme 

[11], training instances are randomly sampled into bags multiple 

and training occurs on each bag separately. 

 

6. Linear discriminant analysis (LDA):  

Linear discriminant analysis [12] reduces dimensionality while 

preserving information to increase accuracy.  

 

7. Face Matching:  

Matching of face happens by a threshold for a binary 

verification scenario or a nearest neighbour matcher for an 

identification scenario.  

 

8. Feature Recognition:  

Final output of the face recognition as YES or NO 

C. COMPARATIVE RESULTS   

Summary of results obtained by various researchers for face 

recognition using CHUK FACE database is listed in Table 1.  

 

Table 1 – Summary of Research Results in HFR 

 

Methods Rank-1 Accuracy % 

P-RS 74.6 ± 5.46 

D RS 96.4 ± 1.54 

SIFT(LFDA) 99.27 

MLBP(LFDA) 98.6 

PCA 77.35 

LBP 64.15 

SVM-DA 43.39 

GABOR 99.5 ± 0.39 

FACE VACVS 90.37 

LFDA 99.47 

 

III. CONCLUSION 

Automating this process of facial identification has enormous 

implications towards improving public safety and security, and 

increasing the ubiquitous nature with which we interact with 

intelligent machines. The progress of face recognition 

technology over the past two decades has been substantial. The 

error rate is relatively low for face images captured in a 

controlled environment with cooperative subjects. However, 

face recognition performance significantly deteriorates when 

variations in facial pose, facial expression, and illumination are 

introduced. Variations occur due to factors such as image quality 

(e.g., resolution, compression, blur), time lapse or facial aging 

also contribute to face recognition errors. Error rates are shown 

to have significantly dropped in recent years. Thus, this study 

discusses and details various steps and techniques in 

heterogeneous face recognition 
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