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Abstract:

Introduction: The use of robots and artificial intelligence in remote inspection and
maintenance tasks in nuclear reactors focuses on applying advanced technologies to
enhance the efficiency and safety of inspection and maintenance operations within
this sensitive environment. The innovative use of robotics and artificial intelligence
represents an important shift in the nuclear energy industry, as these technologies
can provide solutions to the technical and environmental challenges facing
inspection and maintenance inside reactors.

Objectives: Previous research and studies related to the current and future uses of
robotics and artificial intelligence in the nuclear energy industry were reviewed, and
the focus was on the positive effects of these technologies on the efficiency of
operations, reducing risks, and improving worker safety inside reactors.

The research also included a review of the challenges facing applications of robotics
and artificial intelligence in this context, such as robots’ tolerance of radiation and
harsh environmental conditions inside nuclear reactors. The security and ethical
aspects related to advanced uses of technology in this field were also discussed.
Importance: Providing proposals to develop and improve applications of robotics
and artificial intelligence in inspection and maintenance inside nuclear reactors, with
a focus on using machine learning techniques to analyze data and improve decision-
making processes. A comprehensive overview of the use of robotics and artificial
intelligence in nuclear reactor maintenance was also provided, with a focus on the

potential benefits and challenges of these technologies. The research provides clear



directions for developing and enhancing these uses in the future, enhancing
efficiency and safety in the nuclear energy industry.

Results and Analysis: It is clear from the research that these technologies represent
a bright future for the nuclear energy industry thanks to their tremendous potential
in improving the efficiency and safety of maintenance and inspection operations
inside reactors. Through reviewing previous research and field studies, it was found
that robots equipped with artificial intelligence technologies offer great advantages,
including increasing the accuracy of inspections and detecting faults inside reactors.
Reducing the risks of exposure to radiation and harsh environmental conditions for
workers. Providing accurate and immediate data to support decision-making
processes. There are some challenges related to the application of these technologies,
such as requirements for autonomous control and safety, and the ability of robots to
deal with complex environmental conditions inside the reactor.
Recommendations: The research recommends the need for more research and
development in this field to achieve the maximum benefit from robots and artificial
intelligence in maintaining nuclear reactors. Efforts should focus on developing
autonomous control technologies and improving the safety of systems to ensure the
effectiveness and safety of these uses. In addition, the conclusion of the study
stresses the importance of balancing the potential benefits and costs associated with
the application of these technologies, with a focus on developing sustainable and
effective solutions to improve the nuclear energy industry in general. Therefore, the
use of robots and artificial intelligence in remote inspection and maintenance tasks
in nuclear reactors is an important step towards developing the energy industry
safely and efficiently, and can contribute significantly to enhancing safety and

efficiency in this vital sector.
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e el 3aiat) ) lsall g e gy L) Juadl ppaal e lidaal)

(Machine Learning)a¥! alas ; 1Y) alaill < alaa - 3
a8y ST Oy algal) 2, 2,88 <l g5 1) alai g 4 Sl clild) Jadatl IV alail) ¥ alee alasiin o3
gl 55 3 ae isas N el (mand (Machine Learning Models) deilsil) zalailly dlad

(Al Planning) Y/ dadadsll ; J¥25uy) g Jadadil) ealaa - 4



=liha¥l oSy Jeliall Jak saieall algall 2wl dasi) yinl Juadl apaail Y1 il aadin) o3
(Artificial Neural 4e sl dpuac 4805 alasiind 25 JieY) cl )il 3as) g clibull Jalal aasi)
e Sl aadll 5 gl e il g (g 55l Jeliall Jala dbasildl ) eall idaiiNetwork - ANN)
2l g ¢ gaall (o Aallaall i) aladinly il il g o) sall maaty 3 saill o g G Sy Lad 58 el
Y Aae il 25 Al Hhall a3y Adeld ST IS5 dauliall algall 28581 gy g )l dua 53 (S el e
A5 5l e liall 8 axy e Dlpall 5 () alga olal (e <l 05 ) (pSail e lilaa) SAN) Cliya
Aol Cillead) o3 8 36U 5 480 5 e (st 8 Loy Laa (Allad 5 480 43y Hhay

S99 98 Ay gllaal) A< jall g (input signals) Jaal < L) c A8l alad ) 73 gall) Cingy : Yl
P (S Y

iz oAl Jaall yaas

ol g i) s Jealiall a8l sa Jia i jaived) by Jads (Input): J2)

sl S all sl Jaaldall Ul g5 Jie g s 1 4y sllaall S sl Jias (Output): g A
Auaal) AN #3503 el -
i Aagall o2 (381l (Multilayer Perceptron - MLP) <luall saseia dpac 4805 aladiu) (Say
Adgall 2dad ) 13U Adda S A Glas gl dae g Glall aae 3aal

rOaadll 5 il - =

iy adgiall zoally Jaal o (ggiad il dabial) cy ) @bl alaily Al cu s i
Waelal Ga o AS0EN e Janal (38 1) lasiV) Jie AV Al cilaa ) ) 55
:aSail) ddalaa - 2

Llis didas axdivis (Hidden Layer) 4sida saals dh (o 585 dag dpae 4505 Ll o
AU JSAIL aSal) dlalee oy a8 (Say ¢ (Sigmoid) seaa(Activation Function)

u=0 (W20 (WI -x+bl) +b2)
(TS

Ol rfisall Gl e (s 51 ¢ (input vector)daall 4xie sax

Vs e 3l I3 ikl (weights) o)) sY) b iaas aa (W 1, W 2)

Al s Y claall (biases) Jbai¥) cilgaie st (b1, b2)

A gaxand) ol (Logistic) A 51l diks 1) oy SiBale ¢ (activation function)basisll 4k s 4 6



Aladiuly g Badae i dage (3aiadl Jeliall Jala 45 55 )l g1 A0 4S a8 1880 Sad Jamy 2583 (S
() yadiaal) Uil e 2l Jealaall Ball Gl g 30 st e dnael) 4051 a5 WiSay codle f adabaall
A sl L) Ja 483 5 3615 dagall 2855 (e D gy g 1) (S Laa
g il e laal b aas oo Al s (sl ala b s s 5 oelilaal) ol aladtuly Lidd - |
aSaill Ay dpnae 405 (Ll TensorFlow Jis awadiall i€l (azy s Python 4al aladiuly
Glily ahaiuly Qs )l ASja 4 oSaill dapy dpuac 400 aladdul) aiy ¢ Qg )l AS
Rl LS L5 (s2allS il jantinall cilily aladiuls el LS ol 3l 5 g2l ol janiual
44k 5 (Input Layer) <Ma Ak 2035l &35 ¢ TensorFlow.aaiul fusac 3035 oLy Bd — D
(Output Layer).z!_A] 48 s (Hidden Layer) 4é3s
iy aladioly ASAN olol apiy o gl ooy il ary 5 ¢ cag ) Cilily aladcinly AS0AN (o xiy L - 3
B
import TensorFlow as tf
import numpy as np
# O i) Glily
sensor_data = np.array([[0.5, 0.8], [0.3, 0.9], [0.7, 0.6]]) # <l aiiuall Cile) 8 32c
# S5 5,0 4 sllaall S jall
target movements = np.array([[0.1], [0.3], [0.2]]) # e L &g gl Adagiual) S jal)
G el Glily
# dpnaall 403 (L
model = tf.keras.Sequential([
tf.keras.layers.Dense(10, activation="relu', input_shape=(2,)), # 10 = 4éia dah
L ddh oy las s ReLU
tf.keras.layers.Dense(1) # hwiiidads s ()50 #1,a) 4aika (linear activation)
# oY) lma s s ladl) daa ) sa iy pas
model.compile(optimizer="adam', loss="mse') # 4w siall Uadl) Cilay 3o (Mean Squared
Error)
# dand) A0l (o



model.fit(sensor data, target movements, epochs=1000, verbose=0) # 3l <y,
5,52 1000
#A4sdl) jlasl
test sensor data = np.array([[0.4, 0.7]])
predicted movement = model.predict(test sensor data)
print("4=8 sidl 4S all:" predicted movement)
Aagiuall DS )alls (sensor data) <l miiuell ULy (i s TensorFlow ol die) &4 - 1
(target_ movements).
TensorFlow.c» Sequential alaaiuls duaal) AN ol 5 - 2
Aasdal) A5l rey davdii Aals 5 e « Densealadiol dnasl) 405N Cilids Ciy j2i 25 - 3
el 5 3Ll de )l A iy jai 2N - 4
ol Gl fit aladianly AN x5
oY) clibys predict alainly Aol AS all adgl 4y jadl Al alaadul S - 6
(test_sensor data).
Giga g A AS a o aSaill Adasisy dme 203 (w3 5 clidTensorFlow s Python aladicl 446K jelas
il il alasiuly
s Ay g oill clelial) 8 aay oo Ailuall g Qhidil) alga A ollal) elSA) g il gy g 1) aladia ; Lils
&) 50 2l (5598l Jeliddl JAly &g f dasy 3Saa s TensorFlow <LiSs s Python aadiu
Alua Cile) ja) A 5 JSLELN 5l (o gaal)
O3S Gy (e 4553l COle i) Ailpa 5 il el olSAL 3 jeaall sy 5 ) alasial - |
A0 Al a3 Falie Dlia el yal s 0 oall o Cingl
a5 BlSlaall JAks &gy 5 51 A8 ja 8 oSaill TensorFlow alaaiols Jave 3 sad o shaty Ll -
S jatll iy <l ) Al LAY 73 saill 138 aadiud ozl saill cuy il BSlaall (e 3 jroiveall iyl
D5l Al
Adagiuall IS adl g Cangl) aaaty Liad — &
(gl o Cangll) Alad gy 5 I e g Lo paaiy L -
cingl (g Angionall gy gl Sy yny Ui -



:lilall jucass - &
S jall g &l prdiial) Uil ad gl BlSaall aladiul -
bl ity 5 G px Slly ) ULl apss -
il S 3 i ol -
Apnac AS0G 73 54l oLl TensorFlow aladiul -
Bl da ) sa g Tl (il g 5 il Ciy pal -
gl X -
) iy il 3 el i
AN iy w3 pail) ol g -
BlSlaall 8 =3 galll Gudai - &
BSlaall g gl S e iy il E SASY ) 23 saill aladial -
Zagaill &l ) 8 e 2l Bluall g Sidal) Gllee BlSag -
Python:2S - (e ki -
199l Jelaall 3lSlan JAly o guall 28] 50 23x3 TensorFlow padiv
import tensorflow as tf
import numpy as np
# Bl Lgadiiincion 3l Ll jpmn
def simulate sensor data():
# ddaginall QIS jall g &l jrdiisal) bl A 65 o5
sensor_data = np.random.rand(100, 3) # (3¢)_8 100) < jmiiiusall cilily
target movements = np.random.randint(0, 2, size=(100, 1)) # 0) 4dagiuall IS ja
(1
return sensor_data, target movements
# aladiuly dpnac 4S040 73 540 W TensorFlow
def build model():

model = tf.keras.Sequential([



tf keras.layers.Dense(10, activation="relu', input_shape=(3,)), # - 4¥ss ik
Lplii dgds g g Slas 5 10 ReLU
tf.keras.layers.Dense(1, activation="'sigmoid') # 4&lasssaalsaa 51 21 a) Adila
Lboiii Sigmoid
D
model.compile(optimizer="adam’, loss='binary crossentropy’',
metrics=['accuracy'])
return model
# 23 gaill iy g ALl jyuian
sensor data, target movements = simulate sensor data()
model = build_model()
# z sl
model.fit(sensor data, target movements, epochs=10, batch size=32)
# 3\Skaall 8z saill aladiind
def perform_robot inspection(model, simulated data):
# s sl S el il )l SASY 23 saill aladial ol
predicted movements = model.predict(simulated data)
# dad giall il Al L) bl dilual) 5 Gl Blee 3\Skas oy
# 23 gaill alaiuly Llgeall y ol lee 3\Skas

perform_robot inspection(model, sensor_data)

simulate_sensor_data.alaiuls ddagival) S jall y <l jadiall Cilily juasi oy - |

build model.phaiuly Ao dpuac A5 75l sl oy -

BSlaal) Cap il il Al 73 sl % S -

BSlaall Jahy gy gl S e iy ) a SASY el 23 saill aladil ol - &

s BlSlaall daa gl g ghali AU ¢ LIS

Jenll ddad auia g3 Uil g Ana 0 4218 Python i Jald 3lSLas aldai y glail sae <l glad oLl 5
A g 5 ) Sl (5l 3 S 5 BlSLa Gl ghali 5 ananal Jauli



scalallaial) apan sl ghadll -
(e slxall da y cdilpall ¢ gl U g g 5 L a s o Camy A1 algall 5 Calaa ) aas -
Jlas 5 ¢y Jlatiiaa) 5 e i 505 5 5 3gaYT) algall oda i) da 30 Clameall 5 dadai¥) paai o3
(&YLa3Y)
Zew\ prasal -
Aediionall 5 a5 s g 5 ey Lay plaill 73 ga avanad 8 Tl -
)l 3Las y ey il dalleal Lauliall elilaial) oISA culyds laal -
Python:alaaiul slSaall gl -
daa s dgal s £ LY pygame Jie DliSa aladiul 5 3lSaall el o skl Python pasiuly L -
3lSladll
2 a5 Ul dalleal matplotlib s numpy Jie il CiliiSa (el i -
CASul) 5 Y alad Jia e lilaea¥) o\SA CHLES Alasiuly il g g5l S o pholl dna yu Licd -
AoclihiaV) dasll
ekl apip Ll - &
e (S 43lal (e ST ) glaal) aUaill ol LA any Liad -
BSlaall & aidled g saaaall CalaaSU 4giad sae o 3Ly Hlaill syl Lidd -
import sensors # lain¥! 3 jeals aSaill 430 o i
import Al algorithm # eliba¥) olSA Sl )l & (aadail 2554 3 i
# 3y )iy 5 jeay! s Aaadiiedl ¢l gy s )l auans
robots = [Robot1(), Robot2(), ...]
sensors = [Sensorl(), Sensor2(), ...]
# bl as s Qi) i 2l
def inspect_reactor():
for robot in robots:
robot.move_to(target) # dasall i sall gai g g )l A< a
data = sensors.read(robot) # 4 la&iuy) 3 jeal) (e il 3¢l
decision = Al_algorithm.analyze(data) # =tV £lSA 4 ) s aladiuly UL Jolas



if decision == "maintenance needed":
robot.perform_maintenance() # dalall vic Lluall Gililec 145
# Aluall ¢ el Ay Jaeds
inspect_reactor()
Sgas L it 13 ¢ il elilaal) elSA) 5 il g gl aladinY JalS slSlan allai skt o
= bibaal o183 aUaiy jladiind 5 el 3 jeae Clisr g ) aladinly dey (e 40 aSaill 2y (5 5 55 Jelia
Alall olay @l ) 8 3asY
5 365 pleall masi - ]
A3l Ol el 8 jeme gy padindi Ailaa s (550 R ) zling (5558 Jelda Ll () (ia yidil
£ ld¥ 551 allS Legall il slaall (bl laiind 5 a5
ldiaY) g g g Yl daa o -2
A )i 3 3¢l 5 il s 5,0 Python <l Cay yeiy Ui
Class Robot:
def init_ (self, robot id):
self.robot_id = robot_id
def move to(self, position):
print(f'Robot {self.robot id} moving to {position}")
def perform_maintenance(self):
print(f'Robot {self.robot id} performing maintenance")
class Sensor:
def init (self, sensor type):
self.sensor_type = sensor_type
def read(self):
# Simulated reading based on sensor type
if self.sensor_type == 'temperature":
return 80 # Simulated temperature reading

elif self.sensor_type == 'radiation":



return 0.05 # Simulated radiation level reading
: s ilal) LAl A ) ) A gkt - 3
Al ol )8 Aty laudia) ULy Jalail AV alad Jie e lilaal) oSO Gy aaiiu
def analyze sensor data(sensor data):
# 5 aiiisall ULl Jiladl e lilaa¥1 1SA Chlie ) ) s aladind Ua oli€ay
temperature = sensor_data['temperature']
radiation_level = sensor_data['radiation']
# Alpall )l A g Jlia
if temperature > 85 or radiation level > 0.1:
return True
else:
return False
dleal s ) Cllee 345 - 4
B_adfiaal) bl Jalas g Gl g0 g )l aladinly Lluall g (fdill 3 ) g2 1uaily Liad
def perform_inspection_and_maintenance():
# s oL
robot = Robot(robot_id=1)
# it 5 jeal oL
temperature sensor = Sensor(sensor_type='temperature')
radiation_sensor = Sensor(sensor_type='"radiation')
# o stlaall B sall ) gy g 1S a
robot.move_to("Reactor Core")
# 4 )iV 3 jeaY) (e lilll 3¢) 3
temperature reading = temperature sensor.read()
radiation_reading = radiation_sensor.read()
# oo lilaal) \S da )l 5 aladiuly culilall s

sensor_data = {'temperature': temperature reading, 'radiation": radiation_reading}



maintenance required = analyze sensor data(sensor data)

# Y1 a3 1) dlpall 2w

if maintenance required:

robot.perform maintenance()

print ("Maintenance completed successfully.")

else:

print ("No maintenance needed.")

# Alpall 5 Giiiddl) dulee Jiis

perform_inspection _and maintenance()

x5 el 53 5 all il s 5 5l aladinly Al 5 (i) cillee 3,85 5 paaidl Python alaaiul
(S8 delia & clilall (KAl

Gl Sluasi - 11

G oo Alually Gl Hlge 8 elilaaY) oS sl alaiiul dul  mln e 2Ly
A8Ual) delin 8 Lgidlad 3y a5 bl o2y sk s Gpaaent) il 68 B30 a5 (S oy g i) e Liall
s g5l

Aeriiusall e lidaiaVl olSAN 5 <l gy g )l ol yy hatl gl g Canall 3 L) 80l s (omnsa - |
o 33 STl gy g s o geall dun 58 iy Ay g sl leliall Jals dilpall 5 (il alea &
i yall e L) Jan 5 Al Al Cag k) ae Jaladl

Claagl) e dy 5 sill e liall 8 daddiivall e lidaial) KA 5 il g5 dadail dlan g (el 3y 323 -2
el A jand) Alaall s el Ly ket cany Alaiaall COlE) AV 5 A )

daail 5 Ay 5 gill g 1) Alpam g Sy Cpinall Cppuadigall 5 il Cudlial) (il iy amsy - 3
Aaal) Ll sdgd Jlad aladiul 5 agh lanal Ay 505 5 Apasled el sy g3 Cany e lidaial) (1SA
il alga b elilaa¥) KA sy )l aladin) Aylled apdil dpdl s Vs il o ) a) - 4
Ol Alainall i) g lpasill dpass 6l jall 038 adlas o (S 455l e Wil Jala Ayl
oludill s2a



Glly b ey ¢y g sl A8l delin 8 e lilaaV) ¢lSAl) g g s )l alasind (3lad a sy (oasy - 5
) g gat A Clinlaill Bl gane i agen o) (S Y a5 A5l Dlpall Jia 5 AT ik
bl p3gl |
s il ol laall Jals dadi el cole D Janill e il s 5l 3 508 sl diee cilud 36l jal - 6
glady) gk i 3ol Janlly il g 5l e Ly 5 2 ga g sl e bl all sda 3855 O o
2l
o= liha) lSAl Ly aladiuly 4y g gil) gl 8 A aSail) Aadail st Ay asy - 7
g hall Jh 8 alal dauliad) <l ) jall LAl s aSad dakail skt e culul jall o3 3S 55 0 Gany
Jelaall Jala syl
iy pan (8 g syl <l a8 ] V) alaill bl Jlail) s aladiiad 488 4l 0 - 8
Adpall s sl Cllee 30U Cpaad ) dalall 138 (5250 Of Sy 4553 e liall Jala il
e bilaaY) A dadail 5 4y 5 gill gy 9 1) Qi Alaiall Gla¥) 5 AaDlad) (il g Al 5 (smasy - 9
Aldiaae &l (sl e A8 ) 5 Cillead) e (Jlasal i ghai caagy e liall Jal
aleall 8 eliaiaV) clSA 5 il g5 ) aladiind 200 g 5 CalS3 apiil Apaliatd) il ) ¢l ) iy - 10
oLl s Adlall Aalaial) g e lal) il ga bl Hall ol J gLt o) sy Ay g 63l
slSA 5 g gl aladial (o gan g Allad sl Agadl 5 Adakat VA Gl el el pan - 11
Jsn daf 55 bl alloda i g o Sy Ay 5 5l e liall Jals Llpall 5 (sl alga (8 oo liaaY)
Aldiaall e @l g cilaal)

: Cagl) paldien - 12

COleliall 8 e oo Dlpall g Gl alga & oliha¥) olSA g il 5l aladiul dul 0 Galiiu
Ay g sil) Al delia 85 jSisad) culuill oda (gaadail Alaiaall cobaadl g i) gdll i e 3S 5 45l
O] e lidaial) ¢ LSO oyt 83 Jall €l g5 1) aladins) A8 agh 3 Al jall s 5 Caagll Jiaiy

Ay sill e laall Jals Zoluall 5 (il cillee 4Dl s 3618
= biaaY) KA 5 s gy g 5l cliyaty Adleial) Aalad) il a5 & gad) gial el o3 ¢ Canll JMA (e g
350 alasiaal (5 Al pall iy g 558 giall Agilanall (o jlaill g i) Jidad oy 5 sil) 28U delia
IR (e el g dilpuall g il Cillae Allad 5 480 (a8 abloy O (S e lidaa¥) o1SAIL 32 5 3l



daly e ladY) 5 ) Hhlaall Jlasll g el sy s Gy JSdy Gl slrall g ULl s
<l g 9l Jant S eyl o2 (Gaudaty Aibaiall ilaaill (s ) Bl Jalaill iy oelld ey Jelial
o 5y s Aeadiisall Ak DU A yud) laad) s Gle¥) (e s (s 5 53l Jeliall Jauls pulall 4l Ca g jlall
il oda Judiiy y shaty Aai pall oLl g Abainall 5l (31 5il) Apea] Wl Canll

£ LSA) 5 il gy 5 50 Aldinall Cilaladin) a5y Aol Al paliiie g el g il e 2l
i)y il 85 5 Dbl 5 oY) G e 38 i) a9l e lial) Alua b el
L (e (5 gl S3ELY] Gaiat] GLESILY g andl (e 2 Sall G g aLaiaSU 150 Jlaall 13
Jgs sl Al delia 8 A50al)

s Ania¥) gl yall
s Eilagl g duale cY\Ba
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