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Preface

IIT Indore and the Soft Computing Research Society (SCRS), New Delhi, co-hosted
the “10th International Conference on Soft Computing for Problem Solving (SocPros
2020)” from 18 December to 20 December 2020 in a Virtual Mode. The seeds for
this conference were laid more than a year ago at the 9th conference in this series at
the Liverpool Hope University, UK (in September 2019).

The conference opening was done by Prof. Deepak B. Phatak (BoG Chairman,
IIT Indore), Prof. Neelesh K. Jain (Director, IIT Indore), and Prof. Ajit K. Chaturvedi
(Director, IIT Roorkee and IIT Mandi). These esteemed guests appreciated the efforts
and highlighted the need of taking the technology to the common people.

This mega event, which happens to be the first international conference of
Computer Science and Engineering at IIT Indore, covered recent developments in
the interdisciplinary areas of Artificial Intelligence, Machine Learning, Optimiza-
tion, and Soft Computing. The conference received 334 papers from participants
belonging to 13 different countries, which went through a very stringent blind review
process. This was done by the international expert committee and had a very good
acceptance rate of 37%. These papers would be published as two books by Springer.

This year the conference had many innovative features. Prof. Chandra Mohan
Gold Medal for excellence in Soft Computing was instituted, which was given to
Prof. Sankar Pal of ISI Kolkatta. Twelve eminent academicians gave keynote talks.
There was a big industry participation with four keynote talks by distinguished indus-
trialists. Fourteen outstanding paper awards and 5 best paper awards (sponsored
by Springer) were given. The conference had two special sessions on “Cognitive
Science” and “Remote Sensing” as well as a panel discussion on the future of soft
computing with ten renowned panelists from academia and industry.

Indore, India Aruna Tiwari
Indore, India Kapil Ahuja
Jalandhar, India Anupam Yadav
New Delhi, India Jagdish Chand Bansal
Roorkee, India Kusum Deep

Liverpool, UK Atulya K. Nagar
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Swarm Programming Using Multi-verse )
Optimizer %r;etf;;gr

Tapas Si

Abstract Swarm programming is the swarm-based automatic programming in
which swarm intelligence algorithms are used to evolve computer programs automat-
ically. Automatic programming is a division of machine learning where machines
learn how to write the program for themselves. Grammar-based swarm programming
is an interesting research topic in recent times. In grammar-based swarm program-
ming, context-free grammar (CFG) is utilized in the generation of computer programs
automatically in any arbitrary target computer language. In this paper, grammatical
multi-verse optimizer (GMVO) is proposed to generate computer programs automat-
ically. The proposed method is applied to three benchmark problems such as Santa Fe
Ant Trail (SFAT), 3-multiplexer, and symbolic regression. The experimental results
of the proposed GMVO are compared with that of grammatical fireworks algorithm
(GFWA), grammatical bee colony (GBC), and grammatical swarm (GS). The empir-
ical results with analysis demonstrate that the GMVO can be used in automatic
generation of computer programs in any arbitrary target computer language.

1 Introduction

Automatic programming (AP) [1, 2] is a notable research area of machine learn-
ing (ML) to generate the computer programs automatically in any arbitrary target
language. AP helps the computer to learn how to write programs by itself. Genetic
programming (GP), developed by Koza in 1992, is a very popular automatic pro-
gramming algorithm [2]. In GP, each individual is linear or nonlinear genomes, i.e.
parse tree, and each individual represents a computer program. But GP suffers from
the following two problems: (i) code bloat and (ii) invalid parse tree. In code bloat,
the parse tree may grow indefinitely due to iterative use of crossover and mutation
operation whether they lead to improve the solutions or not, it causes to reduce the
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efficiency of the genetic operators and exhaustion of memory. A variant of GP, gram-
matical evolution (GE) [3, 4] was proposed by M. O’Neill and C. Ryan in 2001.
In GE, elements of linear genomes are the integer values termed as codons in the
range [0, 255]. The evolved computer programs are the phenotype generated from
the genotype using CFG in Backus—Naur form (BNF). The mapping process in GE
has an advantage over GP for reducing the bloat and increasing the possibilities to
generate valid program. Swarm-based automatic programming [5] termed as swarm
programming (SP) has now become an emerging research topic. Swarm program-
ming is the swarm-based automatic programming in which SI algorithms are used in
the automatic evolution of computer programs. The ant programming is developed
by O. Roux and C. Fonlupt [6] in the year 2000, and its learning algorithm was ant
colony optimizer (ACO) developed by M. Dorigo [7] which was applied to evolve
programs. Ant programming uses a tree structure to represent the computer program
like GP. Artificial bee colony programming (ABCP) is developed by D. Karaboga
et al. [8] to solve symbolic regression problems. In ABCP, tree-structured genomes
represent computer programs like GP. Artificial bee colony (ABC) [9] is ST algorithm
developed by modelling the foraging behaviour of honey bees in the nature. Apart
from the ant programming and ABCP algorithms, M. O’Neill etal. [10, 11] first intro-
duced grammar-based swarm programming known as grammatical swarm (GS). In
GS, particle swarm optimizer (PSO) [13] algorithm which mimics the bird-flockings
in nature is used as a learning algorithm. M. O’Neill et al. [12] also made further
development of GS by using variable-length PSO as search engine. Grammatical
bee colony (GBC) was developed by T. Si et al. [14], and GBC used artificial bee
colony (ABC) as a learning algorithm. Grammatical fireworks algorithm (GFWA)
was introduced by T. Si [15], and its learning algorithm was fireworks algorithm
(FWA) [16] modelling the process of fireworks explosion at night in the sky. In
study [17], T. Si developed grammatical moth-flame optimizer (GMFO) to generate
computer programs automatically. In GMFO, moth-flame optimizer (MFO) [18] is
used as a learning algorithm, and it is inspired by the navigation called as the trans-
verse orientation of moths in nature. In the same study, grammatical whale optimizer
(GWO) is also developed, and its learning algorithm is whale optimization algorithm
(WOA) [19] which mimics the hunting behaviour of humpback whales in nature. Like
GS, GBC, and GFWA, both GMFO and GWO use linear array that consists of integer
codons from which programs are evolved. It is also found from the same study that
GMFO performs better than GWO in automatic program generation. In GS, GBC,
GFWA, GMFO, and GWO, the individual search agent is a linear array of integer
codons, and CFG is used in the genotype-to-phenotype mapping process, whereas
ant programming and ABCP use tree data structure to represent the computer pro-
grams. A. Mahanipour and H. Nezamabadi-pour [20] developed gravitational search
programming (GSP) which used the gravitational search algorithm (GSA) [21] as
the search engine. GSP was applied to solve the symbolic regression and feature con-
struction problems. It performed better than GP and ABCP in the aforementioned
problems. Headleand and Teahan proposed grammatical herding which modeled the
herd behaviour of horses and used linear array of binary strings from which GE type
mapping process was used to generate programs [26]. Its performance was analysed
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only on SFAT problem. Liu et al. [24] applied fish swarm algorithm (FSA) to generate
programs for solving symbolic regression. In this algorithm, parse tree that repre-
sents a program encoded into a linear string having fixed size using gene expression
scheme in gene expression programming (GEP). Husselmann and Hawick devel-
oped geometric firefly algorithm (GFA) where the firefly algorithm (FFA) was used
to construct the gene expression in GEP [25]. J. Togelius et al. [22] developed particle
swarm programming (PSP) in which geometric PSO [23] and GP were combined
to evolve the expression trees as computer programs. Apart from the development
of different SP algorithms, they are also applied in different areas such as protein
classification [27], medical data classification [28], brain MRI segmentation [29],
optimal control [5], pattern recognition [30], and artificial neural network (ANN)
training [31]. In this current work, grammatical multi-verse optimizer (GMVO) is
presented for the automatic computer program generation. To validate the efficiency
and effectiveness of GMVO, it is applied to three widely used benchmark problems
such as SFAT, 3-input multiplexer, and symbolic regression. All these benchmark
problems are collected from GP literature. A comparative study is conducted with
GFWA and GBC. The empirical results demonstrate that GMVO outperforms other
algorithms.

The remaining of this paper is organized as follows: grammatical multi-verse
optimizer is discussed in Sect. 2. The experimental set-up is given in Sect. 4. Results
and discussion are given in Sect. 5. Finally, a conclusion is given in Sect. 6.

2 Grammatical Multi-verse Optimizer

The GMVO is a swarm-based automatic programming to generate computer pro-
grams automatically. In GMVO, recently developed multi-verse optimizer
(MVO) [32] is applied as a learning algorithm (i.e. search engine) in evolving com-
puter programs through genotype-to-phenotype mapping. The MVO is an SI algo-
rithm based on multi-verse theory. Each candidate solution in MVO represents a
universe in the space. There are three main components of the universe such as
white holes, black holes, and wormholes. The movements of the objects are allowed
from one universe to another through white/black hole tunnels. Generally, the uni-
verse having the higher inflation rate is considered to have white holes, whereas
the universe having the lower inflation rate is considered to have the black holes.
The exploration of the search process is maintained by the movement of the objects
through the white/black hole tunnels, whereas the exploitation is maintained by the
object movements from the universes towards the best universe through wormholes.
Let assume Z; = (x;1, Xi2, - - -, X; ) is the ith universe in the space, and each com-
ponent x;; represents the jth object of the ith universe where & is the dimension of
the problem to be solved. The inflation rate (/) of the ith universe is represented by
the fitness, i.e. the objective function value f(.Z;). For object movement, first the
kth universe 2} has been selected using roulette wheel selection strategy, and then,
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to move the j objects of the kth universe to the ith universe, the following equation
is used:

. (1
Xij if ZNI(%)

{xk,- if 1< NI(Z)
Xi =

where r is the uniformly distributed random number in (0, 1), and N1(%;) is the
normalize inflation rate of the ith universe. In order to make local changes for each
universe through wormholes for exploitation or local search, the following equation
is used:

{x,, + TDR X (Zain + (P = Zin) X 79) 13 <05
Xij = Xij — TDR x (Zmin + (Zmax — Zmin) X r4) 1r3 > 0.5
Xij r,> WEP
2

where ry, r3, rq are uniformly distributed random number in (0, 1). TDR is the
travelling distance rate, and W E P is the wormhole existence probability. T DR is
defined as

1
tr

TDR=1- — (3)
Tr

where 7 is the current iteration, 7 is the maximum iterations, and p is the exploitation
accuracy over iterations. The higher p makes the MVO to have faster and more
accurate exploitation during the search. W E P is defined as

t
WEP = WE Pyin + (WE Ppyx — WE Ppip) X T G))

The flow chart of MVO is given in Fig. 1.

3 Genotype-to-Phenotype Mapping

In GMVO, each universe represents the genome and consists of integer codons in
[0, 255]. A genotype representation is given in Fig. 2.

The BNF of CFG is utilized in the mapping process of phenotype from genotype.
An example of BNF of CFG is given in Fig. 3:
A mapping process is to derive the choice number of a non-terminal in the string by
the following formula:
rule=(codon value) MOD (number of choices for the current non-terminal).

A derivation from the codons in Fig.?2 is depicted in Fig. 4.
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Stant

|

Initialize the universes

|

Calculate the fitness or inflation rate of the universes €

|

Sort the universes

|
Normalize the inflation rate

For each black hole, select the white hole using
Roulette Wheel Selection strategy and transfer
the objects from white hole to black hole

!

Move the objects from each uni-
verse towards the best universe

Fig. 1 Flow chart of MVO algorithm



156 63 171 101 l 223 204
Fig. 2 Genotypic representation
1. <expr> := (<expr><op><expr>) (0)
| <wvar> (1)
2. <op> := + (0)
I = (1)
| * (2)
I/ (3)
3. <var> := x1 (0)
| x2 (1)
Fig. 3 BNF of CFG
<expr> :=(<expr><op><expr>) (156 mod 2)=0
:=(<var><op><expr>) ( 63 mod 2)=1
1= (X2<o0p><expr>) (171 mod 2)=1
1= (X2-<expr>) (101 mod 4)=1
:=(x2—-<var>) (223 mod 2)=1
1= (x2-x1) (204 mod 2)=0

Fig. 4 Genotype-to-phenotype mapping

4 Experimental Set-up

4.1 Benchmark Problems and Grammar

T. Si

The proposed GMVO is applied to SFAT, symbolic regression, and 3-input multi-
plexer problems [10]. In the case of SFAT problem, the evolved programming code
in inducted in a loop with the following termination criteria: the ant takes total 600
time steps, or all 89 food pieces in the trail are eaten by the ant. The problem-
specific grammars for BNF of CFG for SFAT, regression, and multiplexer are given

in Figs.5, 6 and 7.

N =

else{<line>}
4, <op> := left(); | right(); |

Fig. 5 Grammar for SFAT

<code> := (<code><line>) | <line>
<line> := <condition> | <op>
3. <condition> := if (foodahead()) {<line>}

move () ;



Swarm Programming Using Multi-verse Optimizer 7

1. <expr> := (<expr><op><expr>) | <var>
2. <op> =+ | = | = | [/
3. <var> := X

/' is protected division.

Fig. 6 Grammar for symbolic regression

1. <expr> := (<expr><op><expr>) | <var>
2. <op> := or | and | nor | nand
3. <var> := x1 | x2 | x3

Fig. 7 Grammar for 3-input multiplexer

4.2 Parameter Settings

In GMVO, parameters are set as follows: Number of universe (N) =30, WE Pyax =
1, WEP,,;,, = 0.2, exploitation accuracy (p) = 6. The maximum function evalua-
tions (FEs) = 30,000. All the algorithms are terminated when either target error or
maximum FEs is reached. The target errors are, respectively, set to 0, 0.01, 0, and
the wrapping numbers are, respectively, set to 3, 2, and 1 for SFAT, regression, and
multiplexer problems.

5 Results and Discussion

The experiment is conducted for each problem for 30 separate runs. The mean and
standard deviation of best-run-errors of each problem for GMVO, GS, GFWA, and
GBC are reported in Table 1. The best-run-errors is the absolute difference between
global optima and best solution obtained by the algorithms. The results of GFWA,
GS, and GBC are taken from the work [15] as the present work and the work [15] are
part of the same research projects. The count of successful runs with success rates (in
percentage) over 30 runs for each problem is reported in Table 2. The success rate is
the ratio of the count of successful runs and the total number of independent runs. For
statistical validation of the results, Wilcoxon signed rank test [33] has been conducted.
A series of the pair-wise aforementioned test is conducted for GMVO against GS,
GFWA, and GBC. The test results are tabulated in Table 3. In the ‘significance’ (Sig.)
column of the same table, ‘~’ indicates no statistical difference in the performance of
the GMVO against its opponents. ‘++ indicates that the GMVO has an extremely
higher significant performance over its opponents with the significance level («)
= 0.01. ‘+ indicates that the GMVO has the higher significant performance than
its opponents with the significance level («) = 0.05, whereas ‘-~ indicates that the
opponents have a higher significant performance than GMVO with the significance



Table 1 Mean and standard deviation of best-run-errors

T. Si

Algorithm SFAT Regression 3-multiplexer
GMVO 6.53 (13.0747) 3.21(5.3072) 0.93 (0.2537)
GS 14.67 (16.0158) 7.99 (6.7969) 0.87 (0.3457)
GFWA 24.57 (16.9516) 6.65 (7.246) 0.93 (0.2537)
GBC 32.57 (17.8609) 10.35 (7.1404) 0.7 (0.4661)

Table 2 Count of successful runs and success rates (in %)

Algorithm SFAT Regression 3-multiplexer
GMVO 6 (20.00%) 21 (70.00%) 2 (6.67%)
GS 1(3.33%) 12 (40.00%) 3 (10.00%)
GFWA 1 (3.33%) 15 (50.00%) 2 (6.67%)
GBC 0 (0.00 %) 7 (23.33%) 9 (30.00%)

Table 3 Wilcoxon signed rank test statistics

GMVO vs. | SFAT Symbolic regression 3-multiplexer

p-value Sig. p-value Sig. p-value Sig.
GS 0.016899 ‘+ 0.003641 ++ 0.414216 ‘2’
GFWA 0.000551 4 0.036467 + 1.000000 ‘R’
GBC 0.000020 ++ 0.000734 ++ 0.019631 ~

Table 4 Mean and standard deviation of FEs
Algorithm SFAT Regression 3-multiplexer
GMVO 27602.23 (6385.3941) | 17783.46 28451.67 (5927.9957)
(10665.4757)

GS 29813 (1022.80) 22808 (10539.00) 26321 (9569.00)
GFWA 29917.00 (453.88) 23943.00 (8657.80) 29062.00 (4415.30)
GBC 30000.00 (0.00) 27076.00 (6935.20) 23549.00 (10420.00)

level (o) = 0.05. The mean and standard deviation of FEs over 30 runs are reported
in Table 4. In Tables 1, 2 and 4, bold-faced results indicate better.

Itis observed from Table 1 that GMVO outperforms others in both SFAT and sym-
bolic regression problems, whereas GBC performs better than others in 3-multiplexer
problem. It is noticed from Table 2 that the higher success rate is achieved by GMVO
than others in both SFAT and symbolic regression problems, whereas a higher suc-
cess rate is achieved by GBC than the other for multiplexer problem. Both GMVO
and GFWA have the same success rates for the same problem. From the statistical
test results in Table 3, it is found out that GMVO outperforms GS with higher sta-
tistical significance in SFAT problem. For the same problem, GMVO outperforms
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if (foodahead()) if (foodahead()) if (foodahead())
move (); else move(); end; else left(); end;

else left(); end; move(); left(); if(foodahead())
if (foodahead()) move(); else right(); end;

else right(); end; right();

Fig. 8 GMVO-evolved successtul program for ant which eats all 89 food pieces

plus (times (times (minus (x,times (plus (x,pdivide (x,X) ),
times (minus (minus (X, Xx),minus(x,minus(x,x))),Xx))).,x),
pdivide (x,x)),plus(minus (x,x),X))

Fig. 9 GMVO-evolved successful program for regression problem (absolute error = 2.9495e-15)

and (nand (x2,or (x1,and(x2,x3))),nand (nor (x2, x3),
or (nor (x1,x3),x3)))

Fig. 10 GMVO-evolved successful program for 3-input multiplexer problem (absolute error = 0)

both GFWA and GBC with extremely higher statistical significance. For the sym-
bolic regression problem, GMVO outperforms both GS and GBC with extremely
higher statistical significance, whereas it outperforms GFWA with a higher statisti-
cal significance. There is no statistical difference in the performance of GMVO, GS,
and GFWA for the 3-multiplexer problem, whereas GBC outperforms GMVO with
a higher significance. It is observed from Table 4 that GMVO takes lower mean FEs
than others for both SFAT and symbolic regression problems, whereas GBC takes
lower mean FEs than others for 3-multiplexer problem. Robustness is an important
performance criterion of the meta-heuristic algorithm. It is measured in terms of
the standard deviation of the obtained results over a set of independent runs. From
Table 1, it is observed that the standard deviations over 30 independent runs achieved
by GMVO are lower than others for all the problems considered in this work. There-
fore, it can be concluded that GM VO is more robust in performance than others. The
successful programs evolved by GMVO are given in Figs. 8, 9 and 10.

From the analysis of the experiment results and statistical test, it is observed
that GMVO performs better than others with statistical significance for both SFAT
and symbolic regression problem, whereas GBC outperforms GMVO for 3-input
multiplexer problem. It is also noticed that GMVO is more robust than others in
achieving a better quality of solutions in less computational time. From this analysis,
it may be concluded that GMVO is more effective and efficient in the generation of
computer programs automatically.
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6 Conclusion

A swarm-based automatic programming algorithm, namely grammatical multi-verse
optimizer, is proposed in this paper to evolve the computer programs automatically
in any arbitrary language. The proposed GMVO is applied for solving three well-
known standard benchmark problems such as SFAT, symbolic regression, and 3-
multiplexer. GS, GFWA, and GBC algorithms are used in the comparative study. The
empirical results with analysis establish that the GMVO statistically outperforms
other algorithms. The GMVO shows its effectiveness and efficiency in automatic
computer program generation. The future research of this study is directed towards
real-world problem-solving such as medical data classification and medical image
processing.
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Muzzle Pattern Based Cattle )
Identification Using Generative L
Adversarial Networks

Priyanka Singh, K Jyothsna Devi, and Naushad Varish

Abstract Animal biometrics based cattle identification schemes have been widely
explored to overcome the challenges of classical methods. But the existing schemes
struggle with accuracy rate and processing time which are the key issues. In this paper,
we propose a muzzle pattern based cattle identification scheme to achieve higher
accuracy rate using generative adversarial networks (GAN) for image enhancement
and coupled SIFT with RANSAC for robust feature extraction and matching. We
have focused on muzzle image enhancement to overcome the artifacts of image
acquisition and thus facilitate efficient feature extraction and matching. SIFT is
used for feature extraction and matching during enrolment and identification pro-
cess. RANSAC further optimizes the matching. Experimental results show that the
proposed scheme achieves identification accuracy rate is 98.86% with optimum pro-
cessing time. Comparison with existing state-of-art schemes shows the superiority
of the proposed scheme.

1 Introduction

Cattle identification using a unique identifier is important in keeping track of cat-
tle disease, vaccination, breeding, production management, traceability, ownership
and registration [1]. It also provides an effective method to preclude false insurance
claims, and illegal trafficking of cattle across border to slaughter houses. Classi-
cal cattle identification methods such as ear notching, tattooing, hot/freeze brand-
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Fig. 1 Cattle muzzle image

ing, ear tagging, RFID are widely used but, these methods are vulnerable to losses,
duplications, forgery, and other security challenges. They also pose health hazards.
Therefore, in the past few years animal biometrics based pattern recognition sys-
tem has been widely explored for cattle identification. Animal biometric is unique,
immutable, and cost effective hence it can be used for cattle identification [2]. Var-
ious cattle traits like muzzle pattern [3], face [4], iris, retina, and DNA profiles [5]
can be used for identification as they are unique, immutable and remains associated
with the animal for lifetime [6]. Complex operability and high implementation cost
of retinal vascular pattern hinders its wide application. And, there is uncertainty in
considering iris and DNA profiles as animal identification trait. Thus, muzzle and
facial images are considered as an accurate and time-immutable biometric identifier.
These traits are distinctive enough to identify an animal with an accuracy similar to
that achieved by human fingerprints and face recognition [7]. Muzzle contains beads
and ridges pattern as shown in Fig. I which can be correlated to human fingerprint.
Acquisition of muzzle and face images are easy, non-invasive, cost-effective, accu-
rate, and humane. But there are some challenges in terms of acquisition of muzzle
image (pose variation, blurring and poor illumination), accuracy, processing time,
and operability.

In this paper, we propose a novel technique for automated cattle identification
using digital muzzle images. The proposed scheme overcomes the challenges of
image acquisition and focuses on increasing accuracy rate by enhancing muzzle
image using generative adversarial network (GAN) to facilitate efficient feature
extraction and identification based on Scale Invariant Feature Transform (SIFT) and
Random Sample Consensus (RANSAC).

2 Related Work

Various cattle recognition systems have been proposed till date but still this field
is in its infancy. Noviyanto and Arymurthy [8] applied a Speeded-Up Robust Fea-
tures (SURF) approach to muzzle print images for cattle identification having 90%
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accuracy. Further, Noviyanto and Arymurthy [9] presented a scheme based on SIFT
features combined with a refinement technique for improving identification accu-
racy. In the same direction, Awad et al. [10] proposed a framework for the cattle
recognition using SIFT descriptor approach to localize and detect the interesting
keypoints of beads and ridges in the muzzle print images for the identification of
cattle. Tharwat et al. [11] proposed a cattle recognition approach using local texture
descriptor based technique, such as local binary pattern (LBP) texture algorithm for
the extraction of local texture features from the muzzle print images. RANSAC is
used with the SIFT algorithm for the improvement of reliability and robustness of
their proposed cattle identification approach. They achieved more than 90% accuracy.
But, the major shortcoming of this proposed approach is higher time complexity. Cai
and Li [12] proposed another method based on facial feature descriptor and extended
LBP descriptors techniques. Gaber et al. [13] used Weber’s Local Descriptor (WLD)
technique for identification of cattle. Kumar et al. [14] proposed a Fisher locality pre-
serving projection based cattle identification scheme in real time and yields 96.87%
accuracy. Recently, Kumar et al. proposed schemes based on similarity matching
scores [15-17].

Most of the existing automated cattle identification schemes have overlooked the
need for muzzle image enhancement to overcome the challenges of image acquisi-
tion and thus increase accuracy. Some have applied filters or converting images to
greyscale [18] for image enhancement which is not very effective way to overcome
the above-said problem.

3 The Proposed Scheme

In the proposed automated cattle identification scheme, we use cattle muzzle pattern
as biometric trait for unique identification. Digital image of muzzle is used to obtain
the muzzle pattern. The proposed system consists of two different phases: image
acquisition and enhancement using GAN, feature extraction and matching (enrolment
and identification) which is explained in the following subsections. Figure2 shows
the block diagram of the proposed scheme.

3.1 Image Acquisition and Enhancement Using GAN

Muzzle images of individual cattle can be obtained by using digital camera for
enrolment and identification [19]. But as discussed earlier, the muzzle images suffer
from problem of poor illumination, poor image quality, blurring, and pose variation
as shown in Fig. 3.

As a result, most of the standard feature extractors often fail to extract features
accurately. A suitable enhancement algorithm can be applied to make the feature
extraction more effective. We propose a GAN-based muzzle image enhancement
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Fig. 3 Cattle muzzle image under poor illumination (4, 5), poor image quality (2) and blurring (1,
3,6)
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scheme. GAN is generally used for synthetic image generation, inpainting and
denoising. It generates more enhanced images than other generative models. Image
enhancement involves generating muzzle images with clear beads and ridge struc-
ture so that feature can be extracted accurately and improved matching performance.
Muzzle image mapping has to be trained in such a manner that the beads and ridges are
preserved. In the proposed scheme we use image-to-image translation model which
utilizes conditional GAN for generating images. The proposed model consists of
two networks: a muzzle image enhancer network (Enh,,;) and an enhanced muz-
zle image discriminator network (Dis,,;). Enh,,; is trained to produce an enhanced
version of the given muzzle image x while Dis,,; is trained to classify whether the
input image y is a real enhanced image or generated by Enh,y,;.

3.1.1 Objective Function of GAN

There are two loss functions in the proposed GAN model: (a) adversarial loss and
(b) enhanced muzzle image reconstruction loss.

(a) Adversarial Loss: Enhancer and discriminator network minimize the adversar-
ial loss. Therefore, the discriminator is penalized if it misclassifies the generated
enhanced muzzle image as real. Similarly, the enhancer is penalized if the generated
enhanced image is correctly classified as fake by the discriminator. In this way, the
enhancer determines the features required to generate enhanced muzzle image and
the discriminator determines the discriminating features to distinguish between a real
and a fake enhanced muzzle image. The discriminator takes both real and enhanced
images. Hence, it ensures that the enhancer must learn to preserve the beads and
ridge pattern while generating the enhanced muzzle image.

(b) Enhanced muzzle image reconstruction loss: Reconstruction loss ensures that
Enh,,; is penalized if the generated enhanced image Enh,,; (x) deviates from the
paired image y for the sample x in the training set. Thus, enhancer learns the global
structure of the target binarized image in a better way. We use /1 norm to generate
sharp enhanced images. Patch-GAN-based strategy is applied where the discrimina-
tor is trained to distinguish if each 8 x 8 patch in the enhanced muzzle image is real
or fake. Discriminator takes original and the enhanced muzzle image, and classifies
each patch as real or fake. Enhancement model is summarized in Fig. 4.

3.1.2 Network Architecture and Training

The muzzle image enhancer consists of encoder and decoder. Encoder has Convl,
Conv2 and Conv3 blocks to extract granular details from the muzzle image. Decoder
has Deconvl, Deconv2, and Conv4 blocks. For training GAN model we took origi-
nal muzzle images and the corresponding enhanced images. We have synthetically
induced different challenging situations like blurring, poor illumination, poor image



