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Abstract and figures

Classifying images is one of the most common methods adopted in the current processes and the current development of scientific

experiments that provide for the topics of change and development in the field of classification and make them into groups, perhaps small
or large, and according to the size of the data used and stored in memory, as is the case in our work. In this study, 2749 microscopic
images of a type of algae were used to observe the nature of its shape, accuracy, and quality of similarity between them; it is considered
one of the essential classifications and may need some accuracy in its classification, so it needs experts. The program Mat-lab was used
to obtain good results in the analysis and collection of the data used in the data and the nature of the work. We have used a developed
program that is currently popular in classification processes to get results quickly, which is Convolution Neural Network (CNN), which is
part of machine learning through which can collect data and the images are easily and quickly the user, which is a supported language in
network analyzer and using quantitative algorithms for neural network and alexnet. Finally, using CNN's deep learning method to show that
there are changes in accuracy, up and down, in the data used may be a challenging area to know the causes and to delve into the results
that may lead to a good analysis.
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Image Classification of Algal Species Applied Deep Learning
Algorithms
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Abstract

Classifying images s one of the mest cominon methods adopted o the currént processes
aned the current development of scienfific experments that provide for the fopics of change
and slewebopment in the feld of clesification and moake them nto groops, pedhaps small or
logpe, wndd pevonding io the size of the dufo used and siored in memory, as is the case in oor
wirk. In thizs study, 27448 microscopic images of o tvpe of algae were used 1o ohserve the
nature of its shape, wocurucy, pnd quality of sineilarity between them; it is considered ope
of the essential clossifications and may need some pceuracy in s classification. so i needs
experts, The progrom Mal-lb wis gsed oobiain good results in the opalysis and collecs
tion ol the date vsed in the duts and the nature of the work, We hove osed o deveboped
provgrwm thut i currently popular in clussification processes o get resulis quickly, which is
Conwolution Meural Mebaork (CHM), which is part of machine learning through which can
collect duta und the images wre easily and gquickly the vser, which is o supporied lanpusage
i petwork analyeer and wsing quantitative algonthms for el setwork and alexnel.
Finailly, using CMMNs deep learping imethod we show that thene are changes i accuracy, up
ansd chowen, im ghe daty used may be o chillenging aren fo keea the coneses ancd o delve into
the results that may lead to o pood annbesis

Keywords Deep leurning - Image clussification - Algae image - Convolution neural
fietwok

1 Introduction

Image classificaion s calegoring and classifying anoamage of pinels oF veciors on spe-
cific rubes, [T s based on using computer visson o do piuliple takes, such as segmentation
of sematics and detection of senmnnes classifcation in other termis means how 1o make
a e lissilivation between objects, thal is o be the sk for anyone; image classilication hos
bean a needed mission with compater and within the fizld of the wision of the compuier,
and it represents o the labeling of images into one of severl predetined clazses, I reters i

U Rovgwian Sedideek Hawes
o wen. fnse B pu e ig

U Drepartment of lalemmaton System Engineering, Erbil Techmies! Engineering Codlepe, Erbil
Pabytechmic Liniversity, Erbal, Irng

Thublished shlme: 11 Way HE2D @ Apringer
Content courtesy of Springer Nature, terms of use apply. Rights reserved

Page 2

https://www.researchgate.net/publication/370686584_Image_Classification_of_Algal_Species_Applied_Deep_Learning_Algorithms 317



5/16/23, 10:37 PM

Share

Page 3

(PDF) Image Classification of Algal Species Applied Deep Learning Algorithms

More

the 1ask of the informption in tle umnge clossification classes [1]. Image classihcation has
become one of the essential fields ol present, s due 10 jis esefolness in modifying images
aned olzining e great result, and s used i practical expeniments o tlusirate the machine
leapming process; in addinon to that, the role of image classification has become an essen-
il part in digital images due o the importance in the digital processing, and the digitel
images ure one of the essenfial parts of the fechnologies in the image and the classifying,
it is un advimced lechnobogy that enubles us 1o process the digital images using computers,
anad 4l punly Based on iidages. Clissitying an iemage 5 among the comples operations
that require accureey and are considered difficalt due o differences, fragimentabion, and
poants of sinnlancy, and experts have been working on it In additeon, the classification pro-
cess depends on the Toires provided by the wer entering the image he oeeds (2, 3]

Dhgatul processing wllows the users o take the digiial images & inpat and pecfiorm i o
the different wlgorithms o generate an outpot, the types of images. greyscile images, ond
RGE wiges. Al {Aricial Intelligence | is ome of the basie mschine learning methods used
for the classificanon of inages because Al s one of the branches of compures scwence thar
plirsies making computers or miachines like human beings; i is sccomplished by sudying
the hummum brain, o know how the boman thinks, amd acts like the homan, and o ol
ihe: problem like in algorithms because the Al s one of the essentinl pards in the machine
learning, anid has many features for user interface ond compater [4, 5.

Artificial mielligence 15 an mnovative machine wsed o mrelbgent complting systems
for algorthins, 10 works on s arous tsks indepedently without peeding infervention of
piving if directly from the wser, On the other band, oll meachimes aniomatically pesd buman
ouidanee koo work stesdily [6]. In addition, Al s one of the successful lechnigues of desp
learning, which has successtully developed intormation processing, annlysis, and classiti-
cations, Deep learning @5 one of the essential and developed helds in mechine learning, and
miny suecessiul resulis and experiences have been achieved in scientific experiments [ 7).

The machine lesrming slporithm is used for improving during solving o specilis sk
by using experience [B], A number of the tasks con be =olved by gsing machine leaming
aluerithims thot full vneder the teks calesory of regression or cotegory of clissificadion. For
cxample, the alzonthm predicts severul values given some input for regression problems,
Mogeover, the time and fempersiure of the day inside o city will predict the consumpdion
of electric energy for the city for the next hour. In additien, muchine learning algosithms
v solve olher tasks, incliding mochineg ranslation, ranscrption, missing values iopita-
o, clustering, denoasg, and ranking [9, 10], Dnferent categories can be found under the
Ingarithm of machine leaming. These kinds depend om the availability of labeling or met
labling the dota and the methods of leaming patterns used in the data,

Supervised and unsupervised image classification are the two main methods of clas-
sification |11 ], Supervized clesification involves “the classification of pixels-of anknown
identiry by means of & classification afgorichim using the spectral characrerianics of pisels of
known in informational class (referred 10 o8 teaining dard) identified by the aealya™ (121
For example, on unsupervised clesilication can be used during the iraining of unlabeled
disii. In contrasd. the goal is unlubeled data for finding pood paticms by grouping similar
instances iogether in a process called chistening | 13-

Unzupervized clossification invelves “the separation of image pixels oo natural
groupings based wpon similar spectral characteristics means of o classification algonthm
anid the result an assigoment of those groupings o imformational classes by the analyst™
[14]; During supervised classification, the analyst hos complete control of the informas-
tiomal classes or categories to be assizned in the linal clessifcution. This allves for eas-
et comparizen with other classifications by using sdentical classes for both, Moreoves,
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in Unsupervised classification, there is a lower chanee of errors from homans becaose it
s no need o make many decisions in the clessification process | 15].

Anather kind of machine learming ts reinforcement learming metheds learned through
interactions with the enviromment. Based on these meractions, the learmer receives
awards. anning 1o maximize the oial rewards | 16]. Moreover, Semi-supervised lzarning
oscs o mixtore of labeled ond onlabeled data in training, typically in simuations where
unlabeled dati are abundunt, bot lubels are expensive o obtisin {17

Dhpe 1o the varkons Tactors such as inter-class similarites and sigoificant inirs-
clazs vanations, Image classification is-a challenging task, Therefore, deep leaming 15
essential w deal with this kimd of data. Deep learming could be defined a3 & subset of
mivchine learning, essentinlly o mearal nelwork with three or mome Juyers, Thise neural
nebworks simulate the human brain’s behuy jor—albeit for from maiching it ability—
which ullows one 1o "learn” from lurge amounds of duta. In contrast, deep leaming can
exploil Convolutional Newrml Mepwork (NN (o autematically learn oneli-level reqare-
sentations Trom raw data wsng mulipde: linear and son-linear lavers, Teep CNN can
discover complex data strisciures without handerafting features, thus applicable 10 many
desmains] L8] (Fig. 1)

Chur work gonl, Classifying the microscopic alga photos according to their (shape and
colbor into four cotegories:

A= Cireen vegetative cells.

B- Bed vepesative colls.

s Ciredn cysl,

Ik Red y=1

The total number of images are 2749 ond =eparated inbo four classes. Figure 2 shows
the dataset represenfed.

The paper’s orandzution s a5 follows the second pan is the Lterature review; e
miethiod and material sire in section three, section four presenfs the result ond discoszion,
anl Fnally presents the condlusion amd Telure work,

Flg- T Adificial melligenee,
maching learning. deep learming

ARTIFIGIAL INTELLIGENCE

MACHINE LEARNING

T

LEARNING

iy i maiTITE RETRE
whii mohdagasil il
el HE e o
i armreni e dils
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Flg 2 Algie ditise) enleginis

2 Literature Review

Research on freshwiter species recognition is un integrul part of the actions for the pro-
fection of the freshawter environment. [0 s olse an upder-esploied applicanion ar in
the computer vision community, The waler gquality affects some freshwaler species, such
as phytoplankton species { Algae).

The Algac that used in this research is called Haematococcus Pluvialis is a type of
green ayuatie slgee; it is o single green algu that grows v special water comditions and
has many unique properties and these algae form d type of green mobile cell iypes under
the imfuence of conditions and pressures o terins of growth and nutenon, For example,
when the condimons become the water 15 ernbde regarding growsh and oomrtson, Uoder
the influence of high temperature, the cells become without fAagella [R]: simultaneously,
the algae furm from green to ried and form sacks with o thick und heavy cell wall. The
reason for changing this pigment {of algae ) to red is the increased continuows absorption
ol the green prgment fchlorophyll) and the sccumulation of the (astaxanthing red pig-
menr [K].

Adgae 15 6 basic Torm of aguatic life that depends on identifving and classilying
the different forms o idenfity the quality of sgoatic life. Bach depends on the form of
nutrition and heat you need. Algae are a form of variows microscopic squalic life: They
are esnentidl in sy felds and wre consideded an aotual product o many cdases inoan
essential aguatic food chain and oxygen m an aquaric ecosystem. In managing water
resources, we cin use algae as a biological indicaror, for example. to identify the rypes

&
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Table 1 Imilralicime ingal data normalization for (30 Epochl)
Epach heration Time Elapsed blimi-bench luni-banch Lass Bare Learning rse

(hh:mnessp ACCIERICY
1 1 LIRE T HLTTR L4116 1AMIE £
ki 5 LR 41:35% 1. 2861 | AWIE- Lk
IEl IER a0 An, 154 |, 24506 1AMIE-D12
15 150 k3105 45.19% 1.2H15 TAWIE-D
1K 200 ik Lk SL00% 1. IEEd 1 AWIE-TA
i 10 [ RE LT E AH. e 1. E30H ANk
KLY ana {1:57:51 T5.ER k4425 |AWIE-Nd

Tabsbe 2 Imitialicing inpui date nonseliznion for {3 Epoch)
Epoch  leemibn Time Elgpeed  Minichaich Accomicy Mink-baich Lass Base Learning rase

i bl namess)
I 1 ILTHERE ] 26507 BRIl i1, Kl
m X (LTHERE | CELINN,. A1 DO Wb NTEEY

of whunges that occorin the aguatic environment since algae dre very sensitive o identi-
fying changes that occur | 149],

Therefore, algae ore considered among the essential and delicate issues within the
Classilicatbon wd idemtification of their types in the munagement of wabter resourves, und
thus require effort and tme (o obtain them and require pwore explanations and special-
wved experts for the process of dchieving wnd obtaning then. Therefore, in this field, we
can classify them and divide them using auomated processes theough which we can learm
gbowt the method of division and how to identify the species and the nature that live on
them, 50 we will use an essential process o lerms of images in order (o oblwin a classifica-
tbn ol Grnmivges [ 1%

Chnuki [Bl. during his resenrch about Hagmalocooeus Pluvialis image classification,
developed o monioring System {HasmamnCalMorph) tor Green Algal. Five steps represent
the process of the program, Fiest, color mformanon was pre-processed from bright-field
mierscopis mapes (Sep L Second, delect the edges (oo recopmiize The boundary of sep-
menis | Step 21 distinguish the foregroond from the backgroond (Step 33 Third. foreground
regrons were [urther classified into e algal cell, colorlzss cell, and non-cell regions (Step
4, and finally, calculate the morphological parameters (Step 55

I another search for microalgas dentification | 1O, researchers used 3,423 paetanes and
processed them, and these pictures contain examples of 24 micro amil mapor microalges:
fypes. OF the processes, which are the spectrum of distonce, absorplion. color, and various
measurements; these proups were processed by w stundord for messurement in the classifi-
cation of alzae, and the results depended on the selection of features and secwrcy of color
abeapted i the process of classification of algae.

During other reseanch about microalgee [12], for the clossificaiion of microlge
researich, the lechnigue of desp learnimge wiss postponsl o solve thee problem of the clas-
sification b sodve the pmblem and then obtpin correct clussification resulis Ffor tee dotas,
Tohles 1,2, 3

£ Springer
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Table 3 Devp leaming netwsmk analyeer

Wame Tupe Ariivatiogs Learnahle
| i Image inpai o bl g L
2 e Fully Camsmected 1=]%4 Weiphts 451,519
3 AiHTmnY CURTIELY =14
4 Chiss masput Classification oulpui E=1*d4

3 Material and Methods

3.1 Background

Plankreon [20] are different Kinds of agquatie micro-organisms, They and be of different sizes
ansd cin pol o against the curment of water, They can be of different Kinds, such as amchiaes,
boscberia, prodogo, algse, and microscopic animals: Plankiom commonities could be divided
goomling kn the trophic info three groaps: producers, decomposers, and consomers, Phy-
toplonkion contains the producers who con do photosyisthesis, while rooplankton has the
comsumers Who et other plankton, The phyvtoplankton and bacterwoplankton contamed the
deécomiposers, Which can break dowi the mutrients [21 ], Many species of plankion can work
in aifferent and multiple trophic envirenments, which they called as misotrophy [22]

3.2 Algae Dataset

In this resedrch, we will use a processing technigque t clussify the algas in terms of type,
color, aocursey, and clanty, algae e often very accurate, which makes them difficult 1o
classify, st requines an automated classification technigue o adennify the types of algae,
Im this research, the microscopic images. wer ed W ideniify the type of green hogmato-
e wloe, so 0 2749 images) of a onicellulor Hagellwied preen alg were selected for this
stodw | 17,

This algae forms flagellated green motile cells under favorahle growth conditions, How-
ever, when the conditions bocome unfavoruble, for expmple, under nuirient depledion. con-
mewons fight, or high tempespiuce, the cells become sphbencal with no fagella and then tum
Tromi green fored 1o Form ovsts (nesting cells) with o thick amd heavy resisiin cell wall
151,

Figure 3 shows the data sot wsed in the tmining sct. We classify our daotn into 4 classes,
orecn vegetative cells (547 images), red vegetative cells (8% images), pictures of green
cysts {052 imures). amd the red cvsl 1654 piciures ).

3.3 Proposed Method

Deep karming (MM 5 one of the metheds pbopred in onalyzing the datd tat will be psed
in this research b identify the classibention methods for the approved image, which helps
in understanding the advantoges and con 2o inte the depths o obtain o pecd clussification
process, The defaull architectiore of CNMN and feo method of transter learning {Mobile net,
Alex net), The proposed methed for CHN s shown in Fig. 4, which starls by collecting

&) Springer
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thee datimeds, A comvohdional neari] sebawork (CMY comprises multiple building hlocks,
such as convolubion lavers fimages input liver), pooling layers, and folly conmectzd lovers,
It is designed o moomuaically and adaptively learn spatinl hicrarchies of festures through o
ek propagation algoritlin,

The proposed was applied wath epochs with different nambers (100, 200, 5009, It gains
different nesulis ot eoch Demition, Time Blopeed, snd Mimi-bach Accuracy in deep leaming
imetwork Analyrer), The method was opplving the truining. of the initialiding inpul dato
normalizafion und clissifying all the training of the for clazses of images | med v cells,
apcen v. cells, red ovst, green cyst) and subplod tofsubplot(3,5, ik, and the result is shownin
the (Fig. 5) the classification framimg: Five rows, five colamns, and for subplog (3.2, 00 2
columns, § mow, (Fig. 6

The overnll procedure shown in the Fig. 7, the procedureof the traming amd fesfing,

"Elﬂprr.nge
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4 Results and Discussion

4.1 Results of CNN

The dotaset wos divided into teo subzroups in this method: troining end testing. The data
wore rendomly disiributed, with the training set consisting of 2199 images (805 awd Lhe
estiny st consisting of S50 images {2000
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Fig. 7 hwerull prowedure of the progpused st hsd

The result of implementation {Initializing input data normalization} and the training
cption is shown below in the table:

With properties of Series Metwork: Lavers: [25x 1 ner CHM luver.Layver| LupuiMames:
[ dara’ |

Critpan™ames! | outpur’}.

With properties of SeriesMNetwork: Layers: [25% | net, UMM, layer, Laver|,

With properfizs of the lovers: 4% 1 Layer arroy and with the ofber 4 loyers And - some
properties of Series Metwork,

4.2 Result of Transfer Learning

The authors also mplement some of the wansfer kaming separared gach algorahm like |
Mobale Mer, and Ades Met), Afver thot, the sithors applied the ensemble Tor the mentioned
algorithma, The rasull of Mobile Met is as below: Fig, B slaw the Mode] loss ansd mocdel

wecnruey. (Fig, 9]

5 Conclusion & Future Work

A bdal of 2749 images of microalgae were clussibed by o processing technigees using i
deep learning method (CWMI which = an improved method technigoe. 1t @8 a develop-
ing method that can organize the data ond guin resulis well because ihe images contuin
more than TN inages with-an inpol fayer | 227 227 3] Hence, we have o classify ithem
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into four classes; our algee datasel s green vegelative cells with 547 imoges. red vepeta-
tive cells were 896 piciures, pictures of the green oyst (652 imoges), and the red cysg
was 634 piciures. Al fivst, the proposed method spplied the classifcation on the algse
spaces and was used al different times with the plots and training progress, As @ resull,
it grained different resolis regarding the accoracy and boss of precision that chonges ol
different times {105, 20, 5}, The method sdopted in this opproach conteins eight layers;
Still, we used ot keast 4-5 of them. which are the image input layer, fully connected,
softmoy, wnd elassificaiion outpul luyers which wre gsed in the applicaion of the dia-
gram, and then the results were vizible in the training of network analyzer o show the
anlysis results and the traiming poogress, and o The design bad & feamire it was
G Iz orwphic weer inlerfece was wsed in the field of CNN, snd the wser could choose
any image he wanted and display the hrst fext area for the path of the image.
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