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Abstract—Since the last three decades, face detection and
recognition have become very active and a huge part of
image processing research. Front view/direction face
recognition has proved promising results with many
constraints. In real-world applications like video
surveillance, missing investigation, front views cannot be
guaranteed as input. Hence the failure rates can degrade the
performance of the face recognition system. In this paper, a
new partial face recognition system proposed. It is used to
overcome the drawbacks of the face recognition system,
which based on the front view detection and recognition
system. This partial face recognition can also be termed as
Unconstrained Dynamic Feature Matching (U-DFM); it
does not require prior knowledge of angle, direction, and
view. The U-DFM method combines Fully Convolutional
Networks (FCNs) and Ambiguity Sensitive Matching
Classifier (AMC). The U-DFM addresses various face sizes
problem of partial face recognition. The algorithm will be
testing with CASIA-NIR-Mobile, LFW, and CAISA-NIR-
Distance databases and will prove better results than
traditional algorithms.

Index Terms—unconstrained dynamic feature matching,
fully convolutional network, ambiguity sensitive matching
classifier partial face recognition

. INTRODUCTION

Face detection and recognition is the mechanism of
correctly identifying face by using extracted features of a
face from the image database. Face recognition has
become a trendy area of research due to its wide range of
applications in day to days' life. The most popular
applications are video surveillance, identification systems,
access control, and pervasive computing [1].

The face recognition system grouped into two sections
i) image processing ii) image recognition system. Image
processing consisting of image enhancement, scanning,
filtering, image clipping, edge detection, and feature
extraction [2] and recognition techniques include
methodologies and algorithms used for face recognition.
The technique of image processing is to transmute an
image into digital form and apply some operations on
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that image, in instruction to become a quality image or to
be extraction some useful features from that image [3].
The purpose of image processing has separated into five
steps. These steps are as follows:

1. Visualization- Look at the different objects from an
input image; those are not observable.

2. Image sharpening and restoration- From an input
image to make a quality image.

3. Image recover- To look at the interest of an image
from an input image.

4. Measurement/Enumeration of pattern- From an
input image, measure the various objects.

5. Image Recognition- From an
distinguish the various objects.

input image,

Figure 1. Partial face images are produced in unconstrained
environments.

Feature-based approaches process extracts feature like
the hair, eye-shape, eye-color, eye-brow thickness, eye-
distance, skin-color, mouth-size face-proportion, lip-
thickness, and nose. Fig. 1 shows that the partial images
are produced in unconstrained environments. By
considering the example of a video surveillance camera,
the image captured by the camera cannot be guaranteed a
clear picture. It may contain i) multiple faces ii) face with
a hat, goggle, scarf, helmet, etc. iii) the captured face
maybe with different angle iv) the captured image may
be at far distance v) due to dust, environment changes the
captured image may be blurred. It is a very challenging
task to design a beneficial and efficient face detection
and recognition system [1]. The face recognition methods
can group into four parts [4].

1. Holistic Matching
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2. Feature-based

3. Model-Based

4. Hybrid

1. Holistic matching: In this methodology, the face
catching system [5] takes a whole face image as input.
The prominent examples of the holistic method are
Principal Component Analysis (PCA), Eigenfaces, Linear
Discriminant Analysis (LDA) [6], and Independent
Component Analysis.

2. Feature-based methods: The methodology presents
extractions of features like eyes, nose, eye-brows, and
marks on face [7]. Such features called local features.
These local features and local statistics together used for
face recognition. Structural classifier takes local features
as input and yields better face recognition results.

The difficult task of feature extraction is feature
restoration.

Feature extracted at different angles makes it
challenging to face recognition. Feature extraction
methods are as follows

1) Template-based features

2) Based on edges, marks, and curves called a Generic
method.

3) Geometrical constraints like angles, direction

3. Model-Based method: 3-dimensional and 2-
dimensional face recognition is considered as model-
based methods. The purpose of algorithms is to create a
face. The 3-dimensional methodologies are more
complex. These 3-dimensional methods capture the 3-
dimensional nature of the human face.

4. Hybrid methods: As the name suggests, this method
contains combinations of both holistic and feature
extraction methods. For complex methodologies like a 3-
dimensional face recognition system, hybrid methods are
used, which produces better noticeable results. The face
captured image is 3D; it allows the system to capture
curves of eyes, nose, and mouth. It will enable noting the
mole, marks of the face. The process consists of four
operations Detection, Position, Measurement, and
Representation.

Detection — This phase consists of scanning a
photograph or capturing the image of a person in real-
time.

Position — This phase consists of identifying, finding
the location, size, and angle of the forehead. It also
includes the detection of relation position of one
curve/mark from others.

Measurement This  phase  consists  of
noting/calculating the relative distance of face organs
from other organs. These organs are eyes, ears, mouth,
mustache, chin, etc.

Representation — This phase consists of systematic
representation where a template converted into code.
Where input features compared with database features.

A

Issues in Face Recognition Techniques

The constraints or issues of face recognition systems
are facial expression, age variation, dust, blur images,
distance, obstacles, etc. [8].

Age changing: The human face does not remain the
same overtimes. The age factor always reflects on the
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face, which can challenge the face recognition system.
The age factor can affect eye socket, nose, upper jaws,
and eye-brows. Hence the facial database should be
updated yearly to obtain better accuracy.

Occlusion in faces: It is not possible to input well
captured whole image to face recognition system. The
occlusion can be distance, dust, beard, mustache,
illumination, which to encumber to face recognition
systems. In the real world, it is common to have faced
with scarves, hats, glasses. The occlusion can affect the
accuracy of the face recognition system.

Similar faces: It is challenging to identify the same
faces person. Besides these similarities, twins and similar
facial views can result in false-positive results. For more
security fingerprint, iris-based authentication can be used.

The image quality: The vital requirement of the
excellent face recognition system is a good quality input
image and a good quality image database. The issue that
degrades image quality can be camera quality, lens,
environment changes, dust, sunlight, fog, etc. The images
captured maybe with different moods, angles, distances,
etc. A good quality image can give better features for
face recognition [9].

Low resolution: If the captured image as a lower
resolution than 16 =16, it is considered as low-resolution
images. The resolution of a picture or an image describes
the information an image holds. The higher resolution
image includes more information than a lower resolution
image. The information translates to “pixels,” which have
different colored dots that makes an image. The low-
resolution image pixels look like squares all joined
together. The problem may occur if the quality of the
camera, the lens is lower. The low-resolution image can
be due to the effect of environmental changes like rain,
fog, dust, etc. The problem can be frequent with CCTV,
video surveillance systems. As the person's face is not
always equidistant from the camera, low-resolution
images can be produced. Different parameters like the
distance of the person from a camera, crowd, and
different angles can also create low-resolution images. If
such low-resolution images can be input to face
recognition systems, the accuracy of the face recognition
system can be decreased.

B. Limitations in Face Recognition Methods:

Since 1988 face recognition has gained much accuracy
in face recognition methods. The performance of face
recognition methods depends on efficiency, speed of
recognition, false positive, and true negative ratio. The
primary goal of the face recognition system is to obtain a
high percentage of accuracy with less response time. To
till date, a face recognition system doesn't entirely work.
Before face recognition, feature-based methods analyze
the features from the face images. The features extracted
are less delicate to alignment and less delicate to
variations such as imaging conditions or face orientation,
such as scale, resolution, illumination, etc. The main
challenge of feature-based methods is the meaningful
description of features. If the feature is not discriminative,
even the hearty machine learning approaches cannot
achieve excellent face recognition execution. One
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challenge is to deal with the feature selection is automatic.

In the unconstrained face recognition system, among the
several features extracted using different methods,
absolute threshold values are mapped, and probability
evaluated. The probability value is used to recognize the
face.

This article is organized as follows: Section Il presents
previous related works of partial face recognition,
Section 11l describes the proposed approach for face
recognition using two combined algorithms, and Section
IV provides a study of conclusion.

Il. RELATED WORK

Nowadays, image recognition is the most intensively
studied technology in computer vision. To improve many

applications by using the techniques of image recognition.

The proposed algorithm is a combination of Fully
Convolutional Network (FCN) and Ambiguity Sensitive
Matching Classifier (AMC). We discuss some work in
this section.

A. Fully Convolutional Network

FCN is especially embraced in spatially thick
assignments including semantic division [10]-[14] and
saliency detection. Shelhamer et al. [14] trained to start
to finish FCN to address semantic division, which outer-
structures the cutting edge without extra apparatus. FCN
has made extraordinary progress in object detection [15],
[16] offering to ascend to a critical excess in calculation
and improvement of precision. Faster R-CNN [15], [16]
proposed by Ren et al. to comprehend object recognition
and accomplished top precision on PASCAL VOC 2012.
FCN likewise has been misused in visual
acknowledgment. He et al. [17] introduced a spatial
pyramid pooling layer forced on FCN to create a fixed-
length portrayal from arbitrary-size inputs information
sources.

B. Sparse Representation Classification

Wright et al. [18] presented a notable SRC technique
for face recognition, accomplishing an animated
presentation under impediments, and light varieties.
Similar studies [19]-[22] in light of SRC concerning face
recognition have likewise been directed. SPARSE
Representation Classification (SRC) has used because of
its robustness [23] in the fields of biometrics, such as
palm-print recognition, face recognition. SRC linear
representation model constructed for the test sample; it
groups the test by looking at its coding mistake of each
class. The coding error basically can be seen as the
proper ways from test to the subspace spread over by the
examples from explicit class.

C. Ambiguity Sensitive Matching Classifier

Ambiguity sensitive Matching Classifier (AMC)
which computes the score of ambiguity at the patch level
between each gallery and a probe patch [23]. During the
matching, gallery patch selection is to be performed. In
the context of Sparse Representation Classification
(SRC), AMC is formulated. For reducing the risk of
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mismatching, the ambiguity score is used in the sparse
modeling to perform the selective search of each probe
patch for similar gallery patches. AMC is applied for
global-to-local matching and local-to-local matching [23].
The global-to-local matching is used for ambiguity
sensitive matching classifiers and sliding window
matching. The AMC algorithm was applied to partial
person Re-identification and used two datasets named P-
iLIDS and P-CAVIAR.

I1l. PROPOSED APPROACH

To deal with the drawbacks of traditional face
detection and face recognition, a new novel approach
proposed. An innovative mechanism named Dynamic
Feature Matching + Ambiguity Sensitive Matching
Classifier (DFM+AMC) proposed. It combines Fully
Convolutional ~ Networks  (FCNs) and  Sparse
Representation Classification (SRC). This innovative
mechanism involves partial face recognition regardless of
the different dimensioned face. This mechanism proves
to be an efficient unconstrained face detection and
recognition system. The flow chart of our approach is
shown in Fig. 2.

Probe Feature Probe
Image Extraction Features

Y

) Gallery Recognition
Features Result

Figure 2. Flowchart of partial face detection and recognition.

Feature
Extraction

Gallery
Images

A. Fully Convolutional Network

A Fully Convolutional Network (FCN) is a prevalent
and robust method of recognition method to produce
hierarchies of features. A three-dimensional array of size
h x w x d in each layer of convnet data, where d is the
feature or channel dimension, and h and w are spatial
dimensions. In the image, the first layer with pixel size h
x w, and d color channels. A position of location in upper
layers belongs to the path-connected to that location in
the image.

The primary component like convolution, activation
functions, and pooling operate on input regions and
depends on their spatial coordinates. FCN is responsible
for semantic segmentation [24]-[27] and saliency
detection [28]. To produce non-spatial outputs with the
help of fixed-sized inputs in typical recognition networks.
The fully-connected layers calculate fixed-dimensional
feature representation dismissing spatial coordinates
utilized in retrieval and classification  tasks.
Convolutional neural networks with fully connected
layers required pre-defined fixed dimension images; it is
unable to process for arbitrary-sized face images. Fully-
connected layers are rejected in the process of the
arbitrary-sized face images to obtain a Fully
Convolutional Network (FCN) from inputs of different
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sizes inferring spatial feature representation. In FCN,
only convolutional layers do not require fixed-size input.
The FCN uses arbitrary sizes input image for generating
spatial feature maps. FCN is extract the spatial features of
a given probe and gallery faces. The FCN is used last
pooling layer for the extraction of features rather than
convolutional layers. The FCN is the best solution for
different scale input images.

B. Dynamic Feature Matching

The angle, distance of the face is unknown in advance
in the input image; it is a difficult task to match input
features with  database image  features  [1].
Characteristics/features related to input and database
image may be different. It is not possible to match the
exact feature weights of the input image with database
feature weights. The issue can be resolved by keeping a
certain threshold with each feature [1].

Obstacles may affect the accuracy of the face
recognition system. The barriers can be natural or
artificial. Constraints can affect face recognition methods
such as light effect, noise, dust, environmental effect.
These obstacles can lead to false-positive or true negative
results [1].

Dynamic Feature Matching (DFM) is used for partial
face recognition with unconstrained environments. In this
algorithm, calculate the feature of probe patch and
gallery images and then construct the gallery dictionary.
The probe image is an arbitrary size image (not fixed
size), divides the gallery images into multi-scale size
images, and extracts the feature. Finally, compare the
feature of probe patch with the feature of the gallery
dictionary, then got recognition result.

C. Ambiguity Sensitive Matching Classifier

The AMC has two matching models: local-to-local and
global-to-local model.

The local-to-local model is used for calculating patch-
based matching. In this model, first, extract the features
of multi-patch for each image from the gallery. To
compute the ambiguity sensitive coding of each probe
with respect to the gallery dictionary. The problem is the
probe assumed unknown. To avoid this problem, select
combined patches from the gallery dictionary rather than
the single patch, still they produce minimal
reconstruction error. To prevent error reconstruction,
calculate the ambiguity score of probe patch and each
galley patches.

The global-to-local model is used Sliding Window
Matching (SWM) process to performing the matching
between the probe image and any local portion of a
gallery image. The local-to-local matching model has
some limitations to overcome this limitation, we can use
a global-to-local matching model. First, extract the
feature of probe image and gallery images, then set up a
sliding window of the same size probe image and gallery
images. Finally, search the most similar probe image
region in the gallery images.

The combined DFM + AMC algorithm used for partial
person re-identification [1]. We applied the same
combination for partial face recognition with
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unconstrained  environments. See the algorithm
framework of DFM+AMC.
Algorithm: Framework of DFM + AMC
Input:
1: A probe face image and gallery face images;
Output:

Identify the probe face image;

1: Extract feature of each gallery images and calcu-
late the ambiguity score;

2: Extract feature of probe patch: p and calculate the
ambiguity score;

3: Construct dynamic gallery dictionary of C sub-
jects:
G:{Gl, Gz, ...... :GC};

4: Compare probe patch with gallery images (feature
and ambiguity score);

5: Result;

The algorithm will be testing on MATLAB software.
The algorithm dynamic partial face recognition will be
testing using three face databases, including NIR-mobile,
LFW, and NIR-Distance.

Single-shot and multi-shot: Single-shot test [1] implies
that a single image (N=1) is utilized as the gallery image
for each person. The multi-shot test [1] implies that
different (N>1) images are utilized as the gallery images
for every person. Table | shows the results of single-shot
DFM along with the existing face recognition algorithms
[1].

Now, we are suggesting a new approach, which is a
combination of DFM+AMC. This proposed approach
will produce better results than algorithms in Table I. As
per the table, the proposed method is to combined two
techniques to obtain better results with more efficiency,
which is our proposed research work.

The accuracy of the DFM algorithm (Multi-scale) is
obtained higher than the remaining algorithm. The
accuracy depends on image quality, distance, & image
noise.

TABLE I. PERFORMANCE COMPARISON WITH 1,000 SUBJECTS (P=1000)
ON SINGLE SHOT EXPERIMENT (N=1) [1]

Method r=1 r=3 TMR@FMR=
0.1%

MR-CNN [29] 247% | 286% | 17.6%

VGG Face [25] 20.9% 24.2% | 18.1%

DFM (single-scale) [1] 25.9% 30.7% | 27.5%

DFM (Multi-scale) [1] 27.8% | 36.2% | 31.2%

Better results can be achieved depending on different
conditions. In the future, the DFM + AMC will obtain
accuracy independent on image quality, distance, image
noise, etc. The results of DFM+AMC will be obtained
higher than the DFM algorithm. If face to be recognized
is blurring, image enhancement algorithms can be used.
The list of algorithms is histogram equalization, median
filtering, and linear contrast adjustment algorithm. One of
these algorithms can be used to improve results. If the
angle of the probe image is different than the image angle
of the database, an image transformation algorithm is
used. A median filtering algorithm for image
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enhancement and the Hidden Markov model for image
transformation algorithms are additional modules that
can be used if needed. These modules increase the
complexity of the unconstrained dynamic feature
matching algorithm.

IVV. APPLICATIONS OF FACE RECOGNITION

Many distributed works notice various applications in
which face recognition technology is already utilized
including egress and entry to secured risk spaces such as,
military bases, nuclear power plants, and border
crossings, as well as access to restricted resources like
trading terminals, computers, networks banking
transactions, personal devices, and medical records [29]-
[32]. Face recognition can be a vital part of information
security; it has not been used with its full strength. Some
of the famous applications of face recognition are as
follows.

Automated surveillance: This is a fundamental
mechanism used to keep watch on specific people for
security reasons. This mechanism not only includes a
face recognition mechanism but also includes tracking of
faces. This mechanism contains recognizing only
selected persons while rejecting others from the image
and keeping track of the person chosen in further
surveillance [33].

Monitoring Closed-Circuit Television (CCTV): The
capability of facial recognition can be embedded into
existing CCTV networks, for known criminals or drug
offenders are looked at. When one is located, then
authorities can be notified. In other words, the system is
deployed for face recognition; it can send a signal to the
surveillance team to the presence of a known face whose
images are enrolled in a gallery. This CCTV mechanism
can be used to track mission children and mission
personalities. Multimedia environments with adaptive
human-computer Interfaces [34].

Video cameras used in surveillance are necessary for
cities, small businesses and companies to keep their
goods safe from the possibility of robbery, theft, or illicit
activities of their staff [35]. As of now, urban areas are
more frequently relying on surveillance cameras to
counteract or caution criminal acts and to dig into the
causative explanations behind traffic concerns or car
accidents [35].

Student attendance is fundamental in the learning
procedure. Currently, face recognition uses for web-
based student attendance system [36].

V. CHALLENGES AND OPPORTUNITIES IN FACE
RECOGNITION

Although there are various challenges given by
multiple papers, few of them are essential in respect of
face recognition [37].

The challenges in face recognition are blur image, a
bad quality input image, environment effected images,
occlusion, facial expression, distortion, less training
dataset, etc. Different creators utilized different systems
to limit these difficulties. However, much as could be
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expected, yet at the same time, these challenges are
existing in face recognition, later on, developing new
innovations to beat these difficulties.

VI. CONCLUSION

The DFM+AMC approach combines  Fully
Convolutional  Networks  (FCNs) and  Sparse
Representation Classification (SRC). The DFM+AMC
address various face sizes problem of partial face
recognition. The algorithm will give better results than
traditional algorithms. The DFM+AMC approach is an
unconstrained face detection and recognition system. The
algorithm will prove to have better efficiency than
existing algorithms.
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