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Abstract— One of the numerous challenges of modern
image processing is image registration. Information from many
images often emerges in slightly different forms and is highly
compatible. Spatial alignment is crucial to merge essential and
valuable information from several images properly. The term
"registration" describes this procedure. Find a transformation
that results in a model that closely resembles the reference image
[1].

Mainly, this work is concerned with implementing two
optimization algorithms: the Flower Pollination Algorithm
(FPA) and the Butterfly Optimization Algorithm (BOA). To
measure the efficacy of these methods, we compare the
transformed image to the original by computing the mutual
information between the two. The effectiveness of these methods
was assessed using SSIM, EQM, and MI measures. Results from
the experiments indicate that the BOA outperforms the FPA.

Keywords—medical image registration, Flower Pollination
Algorithm, Butterfly Optimization Algorithm.

I. INTRODUCTION

Image registration holds a prominent place in many fields of
research such as medical, satellite or optical imaging or
essentially in any field involving registration. More specific
examples supported by included logging, remote sensing
(build a global picture from different micro-views), security
(compare existing images to a database), robotics (object
tracking), in particular medicine, integration of different
modalities, planning of treatment interventions, follow-up
diseases, radiotherapy [1].

The registration processes are extremely complex, diverse
and adapted to the many types of sensors used. As a result,
two basic techniques for registration exist: the geometric and
iconic approaches and an approach that combines them.
Geometric techniques are based on the extraction of
geometric primitives from the image in order to estimate the
best registration transformation. The iconic techniques, for
their part, exploit the information conveyed by the intensity
levels of the images to be readjusted. They are essentially
consistent in optimizing similarity criteria based solely on
intensity comparisons [2].
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The application of meta-heuristic optimization algorithms in
the iconic registration problem is recent, the results of this
application showing remarkable improvement and
optimization [3] [4]. In this context, we propose to use two
novel approaches for rigid iconic registration, using two
metaheuristic algorithms; the flower pollination algorithm [5]
and a relatively new optimization method called "butterfly
optimization algorithm" [6].

The key contributions of our paper are summarized as
follows:

e calculate the best rigid transformation (Tx,Ty, 0 )
which allows to correctly align the two images Iref and
Icib

e we have evaluated the effects of FPA and BOA and their
influence in image registration.

e The Harvard University Medical School's Whole Brain
Atlas Database is used for extensive modelling and
simulations.

e Our main contribution is to compare the influence of FPA
and BOA on performance of mono and multimodal
medical image registration processes, using different
variance and study its effects with three metrics which is
"Mean Squared Error" (MSE), "Mutual Information"
(MI) and "Structural Similarity Index" (SSIM).

The rest of this paper is organized as follows:

The literature on the registration process in Section 2 outlines

the two algorithms, FPA and BOA, in Section 3. In Section

4, we analyze the findings of the experiments, including a

discussion of the metrics and data sets employed, a summary

of the results, and an analysis of the data. Conclusions and

suggestions for future study are provided in Section 5.

II. IMAGE REGISTRATION PROCESS

Image registration is widely used in several areas of image
processing, it is a discipline that has made significant progress
in various sectors, including medical, satellite and optical
imaging. Matching a series of photos to process their
respective information is one of the most difficult tasks in
image processing. Image registration is a technique that
consists in calculating spatial transformations between images



in order to maximize the similarity criteria [7]. The
registration process is shown in figure 1[8].
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Figure 1: Block diagram of image registration process

In the field of image processing, registration is a method
for creating visually identical copies of an image for the
purposes of analysis or fusion. Finding the best geometric
transformation to align one image (the "target") onto another
(the "reference"), whether the images were taken at the same
time or at separate times, is the objective of image registration.
Figure 2
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Figure 2- Example of image registration.

III. FLOWER POLLINATION ALGORITHM (FPA) AND
BUTTERFLY OPTIMIZATION (BOA) BASED
OPTIMISZATION ALGORITHM.

A. Methods présentation

In 2018, Arora and Singh proposed the Butterfly
Optimization Algorithm (BOA), a new nature-inspired
metaheuristic optimization algorithm that mimics the
foraging abilities of biological butterflies and the mating
behaviour of butterflies [9]. The algorithm's method and
concept were first proposed at an international conference in
2015.
A.1 Biological and natural behavior
Smell is the most important sense of a butterfly because it
helps butterflies find food, which is nectar. Butterflies mainly
use sensory receptors which are used in smell to discover
sources of nectar, and these receptors are distributed
throughout the body of butterflies like antennae. And legs and
palps. Chemoreceptors are nerve cells located on the surface
of the butterfly's body. The butterfly uses these chemical
receptors to find the optimal mating partner [10].

Butterflies emit a scent that varies in intensity as they
move from place to place. The movement of search agents
(butterflies) in the BOA algorithm is guided by this smell. If a

specific butterfly fails to detect the scent of another butterfly
inside the search space, it will engage in exploitation (local
search) by moving to a new, randomly chosen position. Some
butterflies can smell the scent of the best butterfly and move
towards it via a global seeking mechanism, known as crawling
[10], [6], [11].

The scent is defined according to the intensity of the
stimulus as follows:

F=cI’
F: is the volume of fragrance emitted by a given butterfly.
c: is the sensory modality.

I: is the intensity of the scent stimulus emitted by the
butterfly

a: is the power exponent that depends on the sensory
modality with its values in the range [0, 1] where:

If a=1: means a nearby butterfly can smell the full scent.
This is the case in an ideal environment, there is no absorption
of perfume by the surrounding space.

If a=0: the scent generated by a single butterfly cannot be
felt by any other butterfly.

Like the pollination behaviour of flowers, the flower
pollination algorithm is a metaheuristic algorithm that takes
its cues from nature. By comparing its results to those of other
metaheuristic algorithms [12], Yang developed FPA in 2012,
demonstrating its superior performance.

A.2 Flowers

A flower is the reproductive organ of flowering plants and
its biological role is to combine male pollen and female ovum
to form seeds and spores. Pollination is the first step, followed
by fertilization which leads to the development and
distribution of seeds. Seeds are the primary means by which
members of the same phylum have spread throughout the
world and represent the next generation of higher-class plant
reproduction.

There are two types of reproductive spores produced by
flowering plants, reflecting their heterogeneity. The typical
flower is a diploid plant because it has both male and female
reproductive organs (pollen and fertilised eggs, respectively).

The FPA algorithm can be represented by the following
four rules, depending on the biological process of pollination:

Pollinators follow Levy flight, and biotic and cross
pollination can be considered as global pollination.

Abiotic self-pollination is used for local pollination.

Pollinators can achieve flower stability, which is the
probability of reproduction. The latter is proportional to the
degree of similarity between the two flowers in question.

The alternation between local and global pollination can
be controlled by a probability p € [0,1].



During bio-pollination, pollinators can move pollen over
long distances, providing the most suitable diversity and
pollination for reproduction.

Mass vaccination can be represented follows:
t+l ot t
X, =X +L(xi —g*)

Where x} the pollen or solution vector at iteration t, g, the
best solution found and L the pollination strength.

Since pollinators move long distances at different time
intervals, Levy's flight can be an effective simulation of this
feature, i.e. a value for L can be calculated:

Local pollination and flower stability can be represented
as follows:

t+1 _ ot t t
X, =X +8(Xj —Xk)
x]-tand x.: are pollens of different flowers of the same type

of plant.

We simulated biotic and abiotic pollination, except that the
percentage and frequency of each type of pollination were not
taken into account. To model this function, we employ the
switching probability, where the p-value indicates whether a
change in the solution is the result of local selection or global
gene flow.

B. Proposed method

Our approach is a rigid iconic registration method based on

both FPA and BOA optimization methods. Figure 3

illustrates the different stages of our approach and which can

be summarized as follows

e The first step of this section describes the set of images
that we used in the registration process: We will perform
a series of mono and multimodal medical image
registration processes.

e The approach we have proposed aims to calculate the best
rigid transformation ( Tx,Ty, @ ) which allows to
correctly align the two images Iref and Icib.

e Selection of the best solution using the BOA and FPA
optimizer: After the execution of the algorithms during a
certain number of iterations; we obtain the best solutions
obtained by each algorithm.

e To measure the correspondence between images. We used
the similarity measures "Mean Squared Error" (MSE),
"Mutual Information" (MI) and "Structural Similarity
Index" (SSIM).

o In the last step we will compare the results obtained by
the BOA algorithm with the results obtained by the FPA
algorithm.
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Figure 3: Diagram of the image registration process by BOA
and FPA.

IV. COMPARATIVE AND EXPRIMENTAL RESULTS

This section is dedicated to a comparative study of Flower
Pollination Algorithm (FPA) and Butterfly Optimization
Algorithm (BOA).

In this comparative study, we have used the Whole Brain
Atlas Database offered by the Harvard University Medical
School [13]. CT, PET, and MRI are the available brain
imaging techniques. There are three different MR images
types that are taken into consideration: proton-density-
weighted (PDW), T2-weighted, and TI-weighted (PD).
Figures 4 present some test images.

(a) (b)

Figure 4: Reference and source images of IRM-PD, T2 and T1.

This section presents the findings of the experiments. Here,
we report on our work analysing data from the Whole Brain
Atlas. Quantitatively, using Iconic Similarity metrics, and
qualitatively, using visual inspection, you can verify BOA and
FPA performance.



A. Evaluation Metrics BOA FPA

I“‘:ge SSIM  EQM M1 Time SSIM  EQM MI Time
T Mathematical formulation T2T2 | 09604  0.0002 13060 267.5600 09574  0.0004 13005 1357105
TI-T1 09718  0.0026 13397  264.0453 09702  0.0032 13360  132.5687
Feature Ir Irs PD-
FMI = ——— + ——— 09613 0.0013 13108  269.2868 = 09606  0.0017 13218  137.0041
mutual Hp + Hy  Hp + Hg PD
information %TT 09613 0.0010 13037 12502 09606 00017 13034  624.6
Pea(i,j,0,q) . . . I
(FMI) Ly = ZPEX(i, 729 1092% Table 3 : Monomodal image registration results (similarity
i e measurement and computation time)

,a
And H, refer to the histogram-based entropies

MSE 1 LN : :
MSE = —— Zz [Iref -1, ]2 Estimated transformations Error rate
Structural SSIM(%,%) = IG,9) ¢t 7). 5 ) Images . T s  EA,  EA,  Edg
similarity D @Hy i 61 (2050, 16} (£0Vy 17 o) TI_T2 99743 95360 -4.6387 00257 04640 03613

- (42 + 13 + c1)(02 + 07 + ¢3) (0,0, + C3)

TL_PD 99849  9.6203 -47679  0.0151 03797 02321
Table 1 : Performance measures and their mathematical

formulation T2__Ti -9.9610 10.5232  -5.2406 0.0390 0.5232 0.2406

B. Comparison BOA with FPA T2__PD 99755  10.0056 -5.0672  0.0245  0.0056  0.0672

To begin, we ran a simulation with a set of MR images that

. . . PD__TI 99522 10.3069 -5.0984 00478 03069  0.0984
included both single- and dual-modality components (T1/T1,

T2/T2,PD/PD). Tables 1 and 2 show the results of both single- PD__T2 99916 98317 -47882  0.0684  0.1683 02118
and multiple-modality registration.
1) OQuantitative Comparison: TI__ T2 -10.0532 94241 -45805 00532 05759 04195

For monomodal and registration, we will consider images
taken randomly from the Harvard database IRM-T1/IRM-T1,
IRM-T2/IRM-T2, IRM-PD/IRM-PD and CT/CT). These T2 TI 99260 10.6102 -53415  0.0740 06102  0.3415
images have undergone a rigid transformation of (e,Tx,Ty) =
(5,10,-10). The results of the different experiments are

Til__PD -10.0038 9.5845  -4.7872 0.0038 0.4155 0.2128

T2__PD -9.9440 10.0663  -5.0260 0.0560 0.0663 0.0260

summarized in Tables 2,3,4 and 5. The color red indicates the PD__ TI -9.7530 10.4234  -5.1264 0.2476 0.4234 0.1264
best outcomes. According to these results, it can be seen that

the BOA. We observe also that the FPA method is very fast PD__ T2 -10.0308  9.8451 -4.8985  0.0308  0.1549  0.1015
compared to the BOA method. Table 4: Results of multimodal image registration

At the second level, we tested the performance of the two

(transformation estimation).
algorithms, FPA and BOA. the results obtained are

summarized in Tables 2,3,4 and 5. BOA FPA
According to these results, it can be seen that the BOA method Iy BERD LR il Wi SR D DI Time
offers good results compared to the FPA method. TI_T2 0.9696  0.00007  1.3060  267.5600 0.9574  0.0004 13005 1357105

T1_PD 0.9681  0.0005  1.3397 264.0453 09702 0.0032 13360  132.5687

Estimated transformations Error rate T2_T1 0.9618 0.0061 1.3108 = 269.2868  0.9606  0.0017  1.3218  137.0041
Images 7’; 7-; 8 EA, EAy EAqg T2_PD 0.9588 0.0018 1.3037 1250.2 0.9606  0.0017  1.3034 624.6
T2 | -100254 | 10.0064 | -4.9720 | 0.0252| 0.0064 | 0.0280 Table 5: Multimodal registration results (similarity

measurement and calculation time)
TI-TI 99658 = 9.9831  -5.0234  0.0342  0.0169 = 0.0234

BOA PD-PD 9.9921 9.9530 -4.9992  0.0079  0.0470 | 0.0008
CT-CT = -10.1702  10.3448 -4.9899  0.2838  0.1702  0.0101
T2-T2 -10.0158  10.1568 -4.9684  0.0158  0.1568 = 0.0316

T1-T1 -9.9281 9.9819 -5.0900  0.0719  0.0181 0.0900

FPA  ppPD 99906 = 9.9644 = 49972 00094  0.0356 = 0.0028
CT-CT = 96496  10.1284  -5.0093 03504  0.1284 = 0.0093
Table 2 : Monomodal image registration results

(transformation estimation)



2) Qualitative Comparison:

(a) Ler reference image

(b) Superposition of I.rand
the image to be registered
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Figure 5 : Visual results for IRM PD —IRM-PD mono-
modality image registration using BOA and FPA
algorithms.

(a) Ler reference image

(b) Superposition of I.r and
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Figure 6 : Visual results for PD-T2 multi-modality image
registration using BOA and FPA algorithms.

V. CONCLUSION AND FUTURE WORK

In order to improve the results obtained from meta-

heuristic optimization algorithms in the iconic registration we
have implemented these two algorithms.
After running experiments to gauge the efficacy of various
meta-heuristic optimization algorithms, it became clear that
BOA was the most effective for both mono- and multi-modal
image registration, with improved SSIM, EQM, and FMI
indexes; however, the FPA method was noticeably quicker.



(1]

(2]

(3]

(4]

(5]

[6]

(7]

(8]

(9]

REFERENCES

B.Fischer, J. Modersitzki, “Ill-posed medicine - An introduction to
image registration”, Institute of Mathematics, University of Lubeck,
Germany Inverse Problems, 24(3).2008.

A. Kharrat, S. Belhassani, M.Bousselmi, M.Abid, “Recalage rigide
robuste d’images médicales mono-modal intra-patient par appariement
de regions: block matching,” second int. conf. e-medisys Sfax, pp. 1-8,
Tunisia .2008 .

H. Dida , F. Charif , A. Benchabane , “ Registration of computed
tomography images of a lung infected with COVID-19 based in the
new meta-heuristic algorithm HPSGWO”,. Multimed Tools Appl.
81(13), p:18955-18976.2022.

F. Charif, A. Benchabane, Z. Bebboukha, "Multimodal Medical
Images Registration Using Biogeography-Based Optimization
Algorithm," 2019 6th International Conference on Image and Signal
Processing and their Applications (ISPA), 2019, pp. 1-5

Yang, X. S. “ Flower pollination algorithm for global optimization”. In
international conference on unconventional computing and natural
computation, pp : 240-249. Springer,Berlin, Heidelberg, 2012.

S. Arora, S. Singh, “Butterfly optimization algorithm : a novel
approach for global optimization,” Soft Comput., vol. 23, no. 3, pp.
715-734, 2019.

S. Mambo, “Optimisation and performance evaluation in image
registration techniques,” These de Doctorat en Sciences, Signal and
Image Processing. Université Paris-Est; Tshwane University of
Technology, 2018.

DIDA, Hedifa, CHARITF, Fella, et BENCHABANE, Abderrazak. Grey
wolf optimizer for multimodal medical image registration. In : 2020
Fourth International Conference On Intelligent Computing in Data
Sciences (ICDS). IEEE, 2020. p. 1-5.

M. Zhang, D. Long, T. Qin, and J. Yang, “A chaotic hybrid butterfly
optimization algorithm with particle swarm optimization for high-
dimensional optimization problems,” Symmetry (Basel)., vol. 12, no.
11, pp. 1-27, 2020

M. Tubishat, M. Alswaitti, S. Mirjalili, M. A. Al-Garadi, M. T.
Alrashdan, and T. A. Rana, “Dynamic butterfly optimization algorithm
for feature selection,” IEEE Access, vol. 8, pp. 194303-194314, 2020.
S. Arora and S. Singh, “An improved butterfly optimization algorithm
with chaos,” J. Intell. Fuzzy Syst., vol. 32, no. 1, pp. 1079-1088, 2017.
H. Saadia, Chitour , “Introduction a L’optimisation par des
Algorithmes Inspirés de la Nature” Mémoire de Master en
Mathématiques de 1'Université Mohamed Khider, Biskra,2019.
http://www.med.harvard.edu/anlib/home.html, “The Whole Brain
Atlas Database”, Keith A.Johnson, J.Alex Becker, Harvard university.



