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Abstract

Ieternet of Things (#0T) technekegy revolutionizm aquaculture by erabling
real=Eime mewitoring of walor qpaality. fish health and feedimg processe, This
inzegration of BT and aquaculeire cifers improved productivity, seftainability.
and recuced foes. Monitoring nodes continasusiy collect data on critical
paramatirs, fransmifting i1 o choad platforms for analyiisand alerts o farmers.
Key 1T apglications in aquasulture Enchede water apualily ménibering. fish
tracking. and sutomated feoding svsteman. Howner. challenges mich an daka
wolurney amd emergy -efficiont data Eranemsinion remadn. The fetune hokf prommie
for further advamsementt in 1aT and Al integration o enhance dacigon -making
and sustalyable squacutture production

1. Introduction

Ir pddition o conventional farming, squaculture The faod industry with
hee greatest grovwth rade plays a vital role a3 a complemeniary ac Enily. offering
farmers chances for income dhversification and social and economic benedits
Several crileria, imchuling envisonmental cond@tions, production fsctors Bke
wader qpaality, amd biotic factors, mast be continuously checked to avedd yiekd
loaren amd bocat effickncy. Precision squasculture employs cutting-edge
wechnobogies. including artificial inzelligence (Al and the Internet of Things
(kT %o endsire. profitability, susssinability, and emvirenmental profection. 10T
winEhons wend In aquacuBure aften wse 3 Excal server and save the enormous
amott of generated data in an Excel file or adatabase. B's comoeivalde ko argoe
that squaculture hos reached the digitalization phose duae to the Intermet of
Things (EoT) ability ks proside real-time monitoring sobifions emately and with
Heik: or ne haman isteoverdion (Fig. 1)
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The metwork of phosical olsects ia Enewn 2 the Insernet of Things (1oT). 16
rapsd growth set B apart from the present Infernet. witkieh b moatly a network
of compeaters, ncludieg macbibe dovices like phones and takices Feople. anlsals
planta, heamheld applisnscs, machinery. produets, buildings, and car can all
b condidered Things® in the BT, AUl phyieal deesers are sonndeted throazh
thee batermset of Things (8aT) and can exchange dat without fhe need far human
isteracton. Rembte acoer and comna] aiw beth pouible for them. This ks
comnplebsly transoreed our bives, a rruly revolwiicnary coneep. Linking several
chevizea b ot & moved ldta, The fire gadaet conmestod to tive Imtorrsct wan 2 Coke
machine at Carmsghe Melben Universitg in 1982 Britiah businesman Kevin
Ashean couned the phrase “Intermct of Things® ina 1999 presentation b Procter
& Gasrlle. Raclio-froquensy kdentification. or RFID. formed the foundation for
the Incermer of Things. Due 1o the cosmbination of numensil Iapponing
rechinalagies. mich as embedded ayitend. wireledd Sommunicatiani
misrecentrelbins, sensors, and mitve-ckotramerhanisal srtoms (MEME),
sz il evelvad and gained pogulanity. Thi Inberset of Thisgs i curmmtlly
virwed an the future and the next g thing. T will spread expenentially inthe
aame way that the Intermet dad aboud 20 vears ago

kT b eamphened in e aspuaeubine Snananry for varsoas prepeies, inchuding
emvirenmental monltoring. ankmal tracking industria] managensert, procision
apriculiure, and sther arcar A sgnificant amseunt of dam has been gaihered
kg sutednsted eontrollsbls pritemms and nebworked senscrs This optomizes
producivity, Addigenally, the produciivity of fidheries B meneasad by reliable
clata from the nbermet of Thinga, particularly in complex and maky reuimne
mtvities. Mamy relevant new iechnologies are also used to nepposy scveral
arnsors and eover a broad megion, anch aa lew-power, bng-distanes wieoless
epmmranseansen Thess dais-driven itrsiegles improve squsculnars operatm’
effetiernesm, smafxinabiling, and productivity

Fasmers gauge the owveral] quality of the water using tlime-conmming.
outdated procedures. Farmers can't act quickdy encugh 2 stop the fish from
waorsening slece they dom't get encugh alerts. To achieve This goal, ef¥orts have
e vosliertaioen S design the archatectiune of an BT frmmework that will assis
squacubure farms in deterssining the water qualitg and inform the Exrmers B2
ke the mecersary sleps o prevent bawes duwe to-fish mortal ity

Hooteyir, There are afill a e of difficalties in aquacnture Ehal need fo e
resovved. Ok of the Rey jomesd fhal preciven aguacalbure coudd salve &
maximiting fhe yield through effective resoince mse. This artiche malnky
highlights the impertance of 10T in aqwacslture. Ms bavic components
weor e, ma o apyrications ard the vansom corstrainls whike develaping i
1B Tl S i



Z. Importance

Comumstreial saquanltee b faci g aevieral i e ies dhe te suddon change
in climatic conditionn that affect the criteris govemning waler qaality. Lqus
tarmens cunenily employ marsial check provedures o debermine the water's
paraseiers. This will take longer and be inacourate because water quality
parameter miy chinge over Bimse, Agusculture bkl innsvale 15 nSrease
potency and reduce ks by mondicsing water quality parameters o prevent
this drawlack Secondly. the major importance and achivcenstnt of [OT in
squscufure bs Automated Foeder Correct foedimg o vital at a schechuled period,
and aguasfarmers 2ill &0 this by hand. Thevefore. thw invenBon of automabed
feediing exqul praent B proven fo e 5 it for farmse rs bosaiss o chminabes the
reerd for bruman Labour and lesera the probloens asesiated with ovorfeeding
mndl e fesnes, for which overfesding is the primary reason

ExT-basnd solutions srable monitoring and sdhutieg waler parameders in
real-time booting accwracy. prom pd nofifications, amd eplim | zing aquaculhere
praduction. 1T I agquasubture saables soourste foding metliads and enhanees
feed elfickncy. Frecison Tesding schedubes and portion controd can e achieved
by indegrating boT tochncloghes with feod aulomation sritemn decreasing foed
wase and optimizing growth mies. Foh movements, behaviour, and growth
can b iracked and analyzed uaing cuiting—rdge tracking technebezr e RAD
or nomntic tags, providing a grester undsrstanding of fah health, population
dynarics, and stecling denaity sptinizathen,

3. Worlflow

The e of the water bodles (ponds, reservelrs, tanks, eic) will determine
thee srusnlers of momiloning nodes i b chrplenand, These sorsor tides con imigusly
detect and record waler pammeters such as pil. fempembure. and dissclved
wueygen, which Empast the fab’s L and ace key parmascien as they dineetly
ireppuaec® mipantic animads’ health, grovwdb, and carrying capacitien. These mudiiple
weiry b denaer naded ace deplived (a3 fuhing pood Thesr serisor nadel gather
informatics on impertant facton influencing figh health nmd pond conditions.
These serasr noded wineleaaly transfer thesr dia to an adge nade. a regional
hu'b for communication and procening. The data is ssbasquently transmitted
frown Thecadape novks b the Slawd planfors throcgh Ehe Briermet for ahrate and
anabysls (Fig. Z).
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Fig. 2 Workflows of IOT in Fisheries Poneds
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Fig. 3. Applications of FOT in Aquaculiure

Thiscloud platform sorvie cnaldes teres b raaily 3ggnegate, vinalice, and
amalyze live data dreame Am $MS alert is senf o the farm manager if any
parasnctso cness the thoeaheld vahes, The main three bask: pathways are- Inpuat,
Mirrocontrollen and Cutput. fensor nodes deploped in the water bodies will
act @@ liput companenti, The variens cloud platforms uied arw the
mlcnaprocessar, and as an Ouiput, waber porsmeters do by will be displayad on
the connedted device s sneen via SME or emaile This arebitnehure enslied reals
Einse mcwitoring amd anabysls of the fishing pond condisions, facilitating infarmesd
disoizien-making and prodicthee analysts wsing an Al-fraisad model Baed on
the alert, steps will be Rilien o bocat productivity and lewen the effects of fish
B, The nider ta autemataally netified thecugh omail and trst messages when a
porameler surpaxses & specilbc critical vahee for the farme This system enabiax

#poody resporise by initiating a prollem-solving sction,

4. Applications of 10T in aquaculture

The Ieterrect of Things (16T) b casemiial to aquaculture boeaise it paakes 8
peilie b maniter waber qialivy, fish health, and envirenmental fashon & fih
farms [n weal Eme (Fig. 3), 0T technodogies cptinize aquoacuinee opemtions by
wliligng senses. connectivity, and data analytics. bomting prixleceivity and
reduging disesse risks. oT onabies the secior b adept susialnable and effective
s Bioa, asswring the wielfare of aquatic animaks and the kng-term nsrvival
of sapueac Phare gpateen. Thess copalslithes Inchids sutsmation, pemole control
and intelBigrd decision-making Fish farming has sren improved aperational
clfretivencss, optimized rescurce nblizaion, and betier yields durk o BT
imtegration. which has turmed the sector ingo a mone mgtainable and ucrative
busimeia,
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Agquas fammers wee muamual mearure ments foembeaate the state of the wabers
vardsis parameiesd Mamual miedsarenenti take 2 g time and prdsduce
insceurate findings since the factors that gaegs waker qpuality constantly chamnge.
Therefore, f autsssitic manitering b poasble it will be better. Aquaciiture
sy cufting-adge techumbegy 1ike the Intemnet of Thangs (0T Computer Vision,
and Machine Leaming fe averceme the challenge of meaniring waler
pararesters.

Beite pegulation of the mary chemical phvibeal and bologheal aspocts of
thee water in A ponds by unguestionably necessary for achleving maximam
fish catput. Theeedore, for effestive (i pond sanagomont, if is ingporeaat ba
unclerstand the water quality, which is controllad by several factor. inchuding CTALALAALAA LA SRS
tempseature, turbadity, water colous, pH, carben douks, alkabinity, electrizal g
conductivity, total dissolved sl (TDS). unkmized ammonia, nitrate. and nitrite. p oAb I
Ligers cam ude o Androdd app from anyw bere workdaide o meniter il waber
cuality uliizing Wi-Fi and the Intemnet.

Fig. 5. IoT deviee under a coin (Souree, Wang etal. 2021)

T ardd Al iehnology made sutomated quality asakement and
tracking possible, Small waler-residnnt, ond hunding a long battery e, loT
alerviced are, Ti'l:u' are Tasbersed B0 e Somlainers folherimen ise B traniport ard
shote fish scrads the stare. Every 16T devbes huas a Olebal Posltioning Syatem (OFF)
senaor B track the oo, Additionally, it s cannected B2 am extornal temporature
sk, Alleaing Infermed of Thuings deviees 13 gonds the temperabars of the fish
rathir than the cnboard temperature (Fig. 4=8)

Fig. 4. Sensor measuring DO, Temp, pH (Sousce- Hian el al. 2020)

Chue B a lack of provenance and quality monikonng data, if s challerging
b aadesd Sk quality in practice accurately. Beal-time and olfective qualicy
Eracking with the newsst Infermet of Things (1T and Artificial ntelligence [Aly
technolegios may be posaibie, Recont sdvancements in embedded deviors and
sy bechmology can offer a variety of views with previcusly unheand —of kvels
of infarmation in the fomporal. sparal. temperalioce. amell, and other
nirsnmsental domaine

Fig. 8. The awtorsation circuits of fish feeding nrsten
{Fmsrse= Rhamwyah of al, 2020)
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Even fucuigh flah must be fod on time, there are instnnces when this presents o
problem while the ewmner is away from the fisl possd. Furthenmare, excraive
feeding will make the fend deteriorate. The feed doe needs b be preciee. The
fish-feeding syatie In 3 mink agazciem b eontrolled anbine via 3 websate, and
thee sugomatic fih-feeding svstem (s through the Android application
{Takle 1)

Table 1. [OTs in varieis Aguacuiture Syens

' J—— t "y
ENp, | Mquacaliure Purameders Micrcproceison | Eeferemon
1 Sasperidea FH. Tomp. Taetadesy, dka Cdses o sl
Symeim KH, N0t (2020)
Hydroponkos
* Temp, pH & Tamams & al
with Aquaculhurel umidity Arduing §2021)
sytem
Eecirculariang Temp. & Eampberry | Al-Huisini
Bl dwmenere | e Ao | o
Sysem
4+ Mofloc Temp. fH DO | g g | bl ot
' Technolozy & TDS FErer
5. Major constraints

Redpuires move sariables than we can surrently moritor & obbain the mast
comspleds pletupe of what s happening in farms. CreaBing new probes 1o measuse
microben. micropelutint. or other pyioschemical propenties makes thie a
technolagieal challenge,

The eapacity 19 trandport a sgmifeant vohinee of data foom the faim ualng the
keast amcund of enersy v ancther significant barrier to the T revobatien in
thae inchuitry. By sxamining rheir behavisar, setvey, and petential diseaies
directly underwater. developing real-tHime monitoring wilng high-quality HD
wides foeddi 10 enable deep inkage praceiing weuld ereate new prodpects for
livestock suaveys, Addifionally, it willl be pesaible o scam the mioreesvireament,
#ich as the weather o leal actvity. 1o #top poaching.

8. Conclusions and future perspectives

Wie now dan dreate Gsting-edge sodubions that mabe life sasker thanks k
the teitervaet.of Things (oT), which has svalved infa a kighly adaptside sshution
for weveral use caded, frova Eniart Sitee 1 Ehe amant aqisa Barming eriness, T
ard cloud fechnokogy development has opened up Bew avenues for dereloping
inmevative faniing sechnkquen To irprove memalrabiling this sy facuses on
disease contig] and water quality mondioing i examine the peaible efiects of
BT i aquuatulbure. I oovers a variely of T applications in squaculture, such
as fh brackivgg and mediosing syrabema, ford aulomatss sysbema citvirenmental
contrel mymema, and walor qaality monitoring,

Ietegraitag Al and machies learning, develsping senior, and sxpanding
KT infrastmctune ame the fuhane dinections for wise decitson -making. predictive
anahytics, and satunsldes aqusculiune productien
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