H_;-i_i"ﬂ__dﬂ-u13;ijjﬂ1“—i g P A i Im"i” “ l
it (el At § keS| | pul =il aylig e Loo-

e L Ca 200

O yludf AlIAY - (5930 @darls
A0S At

®o,, c00®
..l.'.. -.'....'
L L ]

.:J_x_é‘el’rl’g‘jh’éﬁ'f 2023-1445 dado



2\ E8 ¢ qauall 55059 (@)
' N
il 88T Tz o) gh LAY HnSa T g
Ejlj_,..‘.?L..:Jl
[ A andl = ol el — o Sl edadl = LSV 2 )
2 V888 ol N - dadla )l
;....u‘rﬂ,ﬂxﬂ&f\'ﬂ'r
VA= F—0 V=0 V=1 : S,
— a3 gandl_ (g ) el U Y s gl e ol
O gall Vi tyn o8
EEEWARRL veE Y g g
X o
VEEE / A\ e liad i o)
AVA-T Y0 V-0 Var: Zlaay

r A SN (e Buaia” e daslag AdlyS) g

\ ien.edu.sa

~

rekasid g doo ol vige JSo (390! eLd gig (OLIUaYIg LiUaTlg (Olalally (relall Liel)ei
Lalada! Joms @Sole idag (el | ST pmslad Sl sl Lo

=] anle]
R
Obigs

\ fb.ien.edu.sa

/f :%ﬁﬂﬂlﬂbiﬂg;iwgi§ﬂhifﬂJ?LMRLHUE;LUﬂhQHfH
pﬂ#%”j@&ﬂtﬁwiMJQﬁethHA@ﬂlyﬂiﬂ?ﬁﬁwhﬁhﬁ%qqp;ugﬁﬂdﬂiﬂiﬂ¢ujaﬁ
Adlall Loliag LSLLY puds Le dagady deedalll dcloall

fb.ien.edu.sa/BE

Ge,, o00®

..'.'.‘I i‘.-l..'

l-l._'_'.".ll
L]

a1l a)ljg

w

hinistry oMN-eeatem
2023 - 1445



.‘Il...- ‘.I.

00y " " 000

* e, '."n'l'l'
L]

[ﬁll r‘T”;ﬂ”jq
kA ;'|.:|.-|".:'.=I'.|i3':

2023 - 1445

Lonalail) Cilodsd) gl 4S5 1 5 LI

daslaill Dladel] ghas a8, kg Binary Logic SA a8 oo Aol dblasl g il @3
435 gl dpall dSdanll (§ plasaiwdl) (2023/0003 ) Lic)

Binary Logic SA 2023 © _&l)! (3ga=>

9l ULl #lar sl Aaliil § s sl gl id e e5r (ST frud jg2o Y b ghzo Ggioell puar
QUS 03] 095 e3> e ol a9l (3 guiall Francills ol ASLIBo 9 dig ASY) Ay (SU ol S (SL alas
el g

Binary 454 J oo IS Y 439780 adlge Jf Jaslgy he QUSII e Sgioms 5 Ly Lo Alasdlo 22y
lgrosdlag giilumg Juslg I ods 485 Olewa) Waugs (§)Lad JU Binary Logic 45& Ol ek)s .Logic
Al A9 S| aBlga (ST (Sgrnn (e Adgiunell oot Y LT Y|

Sledle 9l dyland iledle 0555 03 L §)9Sdall B 9l Oilaiiall slawl :dylatll ledalls ]
5 . Bghodl gy &5 T i iy gadgilly iyl (opiy Jakd pasiudy Aldeud dyla
sl Ayl Ol (b ol e b 9l diley 9l L) T 2929 Binary Logic S
Lyl=i dedle Tinkercad axd .Microsoft Corporation 45 Aldeud dyles dedle Excel Jud
455 Aloewn dyld wledle Python wljlaig “Python” A5 Autodesk Inc aSpa) s
Ll Project Jupyter 45 &) dlws &l dadle Jupyter Al .Python Software Foundation
Udeud Lyl aadle Multisim Live dxi JetBrains s.r.o 45,4) s 4yl adle PyCharm
4S,i) Adewd doylas dadle CupCarbon a5 National Instruments Corporation 45,4
Lyl dedhe Micro:bit 4ad Arduino SA 45,4 ddcud &ylos dsdle Arduino Jud .CupCarbon
Micro:bit Educational Foundation 45,&J .

e 3olal gl d 7l gl QLS I odlel B)gSiall ilalaiall gl W& £55 Y9

0 0550ud 13440 agin (81 sl Jaiwe 13 OE 1319 (36 & Sl Bsaml e s lhals &L Jol=

< binarylogic



L

dalde

o b llat e daath L gltad dplant ool Gutag s goalasth 8 5Lalisa¥l e L gl i gt rak L ey Jgutl 2 )
25 2030 2ysgaall y palt 2SLall 455 50 Blowinly raglatll Lgnalail puslad Ragass e @aladl] 3513 (e Lo yong ] puiians
gl e 08 Jaldig el s el Chugs rggilid! @alaidl ol slovar allad skasel 31 351350 cyab
o Ay 3gasal) g pall ASLally 550 (@ lall Uit g1 5paie Lials L5 393l i (g0 ol ol ylws bt )
1 delasy
aolio soic (e LaOa! calll @ gliaio 3o 0 4550 Yptlg s Ruagaall A pall ASLal) Lidlag! oLaxi¥l @@ s ©
Al g S agdlaatl e 3aiiue
dataiully el Gt & g T e BBl e 25y Baat 3l M UD Lgle 36,30 A (aRillpll @8 Jujd @
adacslls 2 MW @l e AaSlallg R sell g ol A0LS e 5 Ao 855 Al Baagandl o jadl ASLall 250 g0l
ealail] ol y3ea 3Ll oylasal tggllall Gehl 5T LSy claslad! 2 Aduiid | oolaawaiill e 3ol Lo Adlall Juals @
Jaall Ggu lidlatia ne
el 5023 mglgue 32905 )Sa ol pe 2 mguad hundll Ll 2 elail] Aaglia (pe dllall (nSs ®
el | aillags  Jaall Gouw Aad H) due il &5laW s dualall coliaazall Glaall (e dallall oS3 ®
rolei #Lia (e @ alas culas jlaay 5L Rdaats e BaSlB Ayl Jal 35 jimag Asian padi A 2 Al p oy ®
oM gL T Sy a0 2 L0 gy A B 10yt 1ty ALl Rl Ay oo Ll f2 @
alall @ adsil) ey Lo 3o ys
s 1 sbillatia pa caglailly lasd! pe Jalaidl e @aselos S dpasddly 2amll ol dllall g5 @
Slaii¥ly Aige Salalgd e Jpamnd! s fie cilaaland! 1 B3lisl A giie 5L e crom il llall alal o yall pasess @
Agadsgmlaglia e Jpasdlp dus il LKL
coun 3l Al L 2t 38 ke gl B (st el hon S B 5o geul 35 Jacnd R pn il pLall allid 0S5
e e Bt sl B ale jline 2 L Bllall (800 lismais oyl Lol e gine Ailudly Buale c¥lra 2
Jazes Lo s 3ol g Ameall losa c Buwtigh g ool agle Jloas ¢ Jlae¥ 35151 5loce oo sl Hliall 5 mg mgil5uBs glsus
s e Allall oY) g allaill s
g 2030 agial duy5 Aseit| dataid s dayl 1 e Liall 35550 cilallaie pe 38155 B Rail 30 3lga 350y ®
Aol &5l lgll s s MSLEMT g Liladl 1Sl ol ylge Haadd
okt Jles BLait¥ fye Bullall (8105 s DA Jgsms Jand g il biin] oo 3D 30l (oLas ¥ Jlonll el s
Badmma i g il jlge Adgiias 389 s
e 35311 (pal€a i s wglynay uailalodl soami 2 waie by . egiide Ly Al 30LiS Guiod (yasiy Jpun (uliia @
il | 2 mga Lo o 38 (e ) s Las
ek Les 1z 5l clullate asl aagg ol 2 dol il Aats pas s Les Lissias Bullall gacall _eglaill Jaall @
Sl Cualis patizel] e lig ASLLOY) @all 550 e
Soe, , o000 Baamea bl 33y 55T 1 locs fya JLEW fpe Bdlal) S0 o) puunnt] @
oot el R AGLE] paran 0 I (e sl Gl iy Ll asles LI (e 0 A LS G ®
: ey

Pl —llajlyg
hMinistry of Education

2023 - 144D



1l ajlig

istry of Education

Aladly Je Ll g ae M1y a0 (o anel e ol Ll allad 2 L5 ey o e @lailly el @aladll oyl @
Aginant! il Lett pe 2 plaill ol il zas e Lutlall deli g3 7 il pgpiia @
Apaiaii ol pe 3510l Biane clslas g B0 algs @aila] aa Bllall ied B lges duige cilslgd @

- E PR WPV [ NESN (PP 3. NEEP YL P SO YIS L3 WP 1| PPUPIOS P PO PN PP I | P
ylssS) pn sl g gald e iag oy Liua 3 58 ] Ul gy o g il ST (ol 5 2 5L pue il Lall il
cJaall By s Ll gl a5l yuBed Tgre e cliBol iminni® di el Jlahed a3 ol pasdlg ol L gl

P ER LA WP PSS TP WIW JURENDS- DUES-4) PRV B [POUPIS! IWPD- - PP U JEVIN LN I [ PERCH B R PV
La e godall g dal ) 315 madaill g &8 201 ol Fie Adbo o¥lma e 2 laidill sls cada g0 e da b Lo Lgs alas Wl eiliiaudly
Aelivall fpe a1 LIl 2 Lo ygag ela W1 il Zuaals Il Cay s 11 30LLT (B gip e g ial] paloaaW ¥ Ll oy s
ol jlga ol e 38,5 i€y e La ! el il el 351 a1 alaiia ¥l akal) el il s bbb Gy pall g
sias Janis LS S il Reglaia 2 Lajgss  Lgin Lasd bl Jladianly Pl 2025 el o5 301 3 g o a1
celall ya Bl il s A g A pall dSligiina Sas 2adl g JSLoa Jond teIUall dalany U 3 dad 1y plads s Liia e 351

dalad (e (gl Bdlall s A0l g gl g oo | sl a8 5T L A0 clbaly + Lol 0 35l QS o
e Lot 5 )3 e 2 dage Lilga e B 10 1S5 LaS (e giia Ala dil g il 55 (e e La SIS o cdas Je Ll
i Jiali cdealaig
Agbesd) eI Ay cadlgll g cbigisl] o g0 daal ittt @

ABgtiag Bl dx B ygecms g5l o pe Bl psl @

el adantl ldac 2 @laall 5en 3100
Lol SIS i Juny Los diligions dagh 3 alaza¥l
Aabiel| GBlgl) 2 Al aldm gy alaaa¥l @
i A3 il G all e ol Loy Bl g8 Gegiia c bl Cadagy alia¥l

3lgdl {yn AlalSie Ao gares @laall 3850 g oLVl e 5 5le LS s Jlaph! s 2 ALl el j il 3819
Ao yaidlall pagn Ll Aseilaall pBlall g luma ) ) ABLSYL llall o Bos 0l G pall e |5 Al Begiall Ssada
elailly @ ot A glae 3 oy55 1S5 Las tislall e il Loolgatly @ sd| ool iml Calags

J:.Si salll algl W@J.H’mkﬁﬂjnwmu# lj.'u.‘n....gl;li J.qu s Aalla L.'|3|_:;,..r.=1rn,1]_'|5’.“ |:J.=.|i:....l..'='|;| K T

.3.131.!_5 daia
Gyl g allly



:'_".'.I el 1 || C'JIJE]
kA stry of Education
2023 - 1445



LA e «*_a0e
" i359;!.,‘1;“.1.1...........

262.. £ L™ SO 00 B Sl L7

Jo¥! (uyad!
7 s ST MOQTT 348459009 S0 St

(LI gyt
273:La¥ ca ooy 3 )lg dma g praua

- Ll e
289 ““!“““""""""llliﬁiiiiiiiiiiiiuh}u

l.:&]m‘ L’..u_}u.!.I1'
AOF s SLLad 335 LS5 Jo el

q - Ll e
30 ““!“““""""""llliﬁiiiiiiiiiiiiuh}u

b R R R bk &5_;...&11

O padiciuue A 51S Love
308.... Sl M ¢ LW Co 01

Jo¥1 Lyl

309 .. .connmrssmannsnnnans cAgiglE S (3 Laade

320 | PP
1-1-"1-1-1-"1-1-1-"""'"""""““““““‘u -}'u
o

B gyt
323........... eles ¥ =0 0] Al 2 Jlaai N

335 | M
+++++++++++llllllllllllll++++++++++++++u -\.FJ
=

h:dmlen.ﬁ1'

W gasml) 3 g Vg el W1 Ci 4551

H-ﬂ-l.-l}'u"

a P -
3 g+++++++++++l--ll--ll--ll-++++++++++++++uLu‘ru
==

1l ajlig

hMinistry of Education

2023

1445

o L Ca 01 Oladal

Jo¥1 u !
109 oy eLea W Co 50 Gadad &Y L

? P -
1 5-I--I--I--I--I--I--I--I--I--I-hhh-hhlllll-hh++++++++++++++luLuhru
—

IS yd

180 ..cceeenenen s led W 2 50| SIS SLGES

- i . -
19“ AR R ETETETTTT +++++++++++.+_'IL1_1}M
-

L:.&JEJI L’.ujud1'

194 ... el ¥ oo 50| dalad il ds guad g Olal

204 2l
LR O I O I O O O S O B B I O I R L t}

e L CG ) dova g

206#4‘-#44##44“44 c++ P‘Mh‘

inh'l oyl
20T o CH+ dad g S0 dlast | Olacdas

= e -
223 R R s R ETETETTTT FEE R R R R R R E E R +_1L1_1J.A.'l
-

AL Gyt
2 duse N OLLAY (pe JLEHY
228 s s TR gt Al K0S

= e .
238‘ R R R EETETETTTT +++++++++++.4|_1L1_1}i.'l
-

S g sl
242..... CH+ alusiw s 38001 @Souil) doe o

258 c.uveueenerereeeseresseessnesenssnesee Slis pad

.

.6



L [PReS]

AwalBS| 3o ol

Louil) LAY eyl esla gt

Awslud! 3 o

C al ieianly e Lea¥l i ;3] s

Aaalud! 3o gl

LW e, 2 il |

Ale il 3 ol

ASLO (LNl es il ol bt 380 31S e

.‘l.- '-I.

00y, " + " 000

li._"_'.".l‘l
L]

Pl 1l ajljg
kA sty ofFEducation
2023 1445



2 .--.l.‘-‘
oo, 5

il r”ﬂlﬁjuq
7 L ation
Ministry ef Edu

2023 =11 445



e L™ &0 ,501 OlEudas.5
PPV g

s i) Jglon) dacdmiud | Slacdaidt (e S of ol 2. LT Ual | (& yaliew
e Lo (8 yatewy . Aouall Asle 11 Jloweg dely3h Jloe 2o Ly
AL 29 . Al OISl OY 98 95 g o3 28 g (o LW S0, 70| O LIS

-0 e 0 )01 Aelall 2 duagadt | g Gla¥ | audlae (e B paliw

5

alaldl ol

bl ole 1318 CaUalt (g8 5 01 02 Aalgin

L(1I0HT) dimualt dule J31 Jloma 2 o LW 20,001 SLOET At ddnwiu) duaiS Cawms <

LAALE | AS I Aomalt Asle 1 Slacdal sioms <

Ay ellad (nwsn 2 o LW S0 001 OLUES Aeslue —auas <

(M2IV) 297 3 0T (e Aoalo 31 o LY 0,500 O lads aiuan <

co LW S0 0N Adlal) AdSigl! Olads a0l g 7 i <

200 9 (RFID) gt bt S35t ko il Aaed ) bl S <
A(NFC) Sl e pd Jlai ¥

dovain L3 A B OIS 2 Aanniwll SN 9S4 9 ) g SLAET St <
.(WPANS) 2L

o LB 26 501 Aaladl oon valind] i1 ASel 2. AN Slaskandtl jvas

AN g g g £ LB ) G, 2 WIS Ao guah] by AGlatll (8 gLinll 8 pan <




a0 gy da

mi w—t-”

) -0 (Geda O

o ien.edu.sa

(10T) elua ¥ i 5oy 2l @ualatl e 1-1 oLl e ol Gl 2 i pai oyl g ol G )
f.mjum il e g e LS e iy At el sl q.,_a.‘i Sl Lgl&...aa
ﬂLu.u‘:lTll_dJ_uyﬂqMJ_*hl_lLdAJ.TﬂJqﬁ.LﬂJJ L..u.ﬂ n_LdJ..ﬂ.nu‘h”e__ujm_gmLm'}“ 1_..1_J..ul Lg,.l

Smart Healthcare 4.8 4J) doowall dale I

I P T &.zu.a_)_usi_.mmﬂn mhﬂtdm.a_;mm @i 53 Fyudad ol
+.£J|_§_TQJ|¢_1LQ.|.|..|'_\_§:.J_UL_}.L domall 431 ,a aJ_,g.-..lj “_dﬁ_u....u.!.l ;e o105 U AL LaS dakisdl

e ool A 3301 sl e JardS Lgasen Rmaall oy 23U 231 503 gl Y] 2LSYL
48 ja fye leas clDg cdiualn e LYl 5l 5aga o 3all LBUE 3 ,S00e lis M fye Lgadds
cileas pagi e Las oyl HLS gl Lguadl yag dia JI yal pa¥! mide 25 M i b1 JLalsY!
el pead Al dumaa Ble

The Evolution of Healthcare dowall dale W31 jekal
Lok 1 P55 iy Lgale M1 i€ B asarcimilunn gogls o 11 KL o e By BT 3500 el
3Ll Aue g st Ll Gl L A8 il Bl Il pellains ol e
;L!a.,l[__,_ﬂ,_;.uld_._a-_uajlmhﬂlJ&niwiﬂLﬁlL,nuhgjwﬂluﬂl.L,I:-L.Jl_}j.@ajl Ol @e s
gy Uiy i Luol3 ilawnill g malagSadl O W1 AS M dgmeall Ble 1 I S ddac
dalatl Silenzll godall allaill adiay g dymeall Gle Ml allad grimtl ol @il mas po)lLia 2
Lel 2 Lot e adieal ] f loed! aladl 538,010 51 cadall 33 0ead s 311 3503 s e yaaaly
Al 3 jUall Cag ylall pe Jolaidl s pall i S dumaall Asle ) le @SLAN allaill
dale Jl A adiadl 2 gl 7 el (e dns il il Anle 1 e 38 5301 Jgomty clllug
domanll A8 yo AOICa] LtV o8 1500 3 gl al i L A€M A iall Ble 11 5045 . 2S00 A 3L
2155 Olacs ISy cAlsdina Al B Mo cibad 5usis (6l sdall g o 5 cons (e
gt - obadills dnlall 581,00 fpa o pally aadl ol adgll e il yads jrall ddall cilensd)
Sl 331 G U1 ) 3 3¢9 Aol ZBLUI 251 0 3 jgrl (e oty c008 Amacall 4,31 103 g
e Agguomd! 55U e dgaadl e 1 15 AL Ll 3y g ol L@ty 1) pos A

]D.IJ_EEHLEI,-H}E{-#'“ 9.1 g

if Educal

;3{’?“1 445




Internet of Healthcare Things duowalt dsle 1 ¢ Ll S0 50!

polim ¥ day 53 Al b @ nieied Gl Ll o, Jalo ao ga (I0HT) dusmaalt Zule 1 eleii oo 501
PR PPN V-1 - 057-+11 PR U eSOV B (ESEPONR. WREG | DU AL VL ISV B vES U IO [ W P Y e
&0 25 i 2 ladll g2 gl (90 cubsaagilly paaade Sl @ai By cams (e (da el Al e Dlan g oL
sl g adall peanll Jods dndall nlianll (e dliatie AS0A fpe umall Ale 1 e Ll 0,30 04080 . i L
+wl‘m3fk__‘;__15._=mwul gt Y Bglions e oy s 08 Lo AR 0 B gy S S8
s gL | (pealaBl) o gl (s .(Magnetic Resonance Imaging - MRI) iislo LAl (n ,0 0y gulld (g
Aot Agle 0 e Lol el )33 Jadiog o psguadl) Oya g Y ﬁljfa"lj. .(Computerized Tomography - CT)
AN @hlally S Gala ¥ il Hlees (sl lall calaas Liay!

Wearables ¢ 145 )5 4LiLat1 3 jga N
e Ll i e pdogs 18D Lkl s o) a3 O AL LN 5 jga Y
cilaglall juga) tlgldady Lgiodlany Lot jouiy pade ] domny dalaall elilodl
Oslas () im 11 Sasg ol sdatl gy sl 2 b guedinl! Jlaa s ggllal
Craaabea ¥ caaietead | fpa JLalei g fpead! LS 13S0 (30515 ol A3B50 culBlel s
dobzatly a1 s Sa 2 Lomail) Lagusndl ol yo Biiall ag 3 iy 13 g T 20l
daze ]| ;_11}_._.4}1! a_élJJ. gl el Sar Auad) d_ub}gs&_ubw}:v_.a 7ol g il
Hwhaﬁmu@amuﬂj}ﬂmq .J_uj FE-YPV A RTIR AT d._..al_a-.ji
mquljulMl alizdy cdme al LA Jle (3 |j_g|.|.'l-u_95.ﬂ
o 539 cdaguadl @l HLEYIS Lglads S BL pea LgiSans +Lg.1 dlsgill 43l 1| dola|
3 o g« (et a8 T ) A2 e oSV a5 g5 inny « @l 351 5
(e 31gEl Agusdl iy LaW! (po saitall wogh . i 2121y sl aBgll gy LYl
dalasney . (Electrocardiogram — ECG) wutal) w448 dalasne 1 1 @l
Juiaal) Ao 548 dalasss  (Electroencephalogram — EEG) gleutt au pg8
G plgnall il 5501 331 e ol yadiuell (Sas . ( Electromyography - EMG)
Jiag ecdiaall dolii g coclall by s Jias Jha (sl YU gl LSS
5aleg g oluclly (S pmdly s | pngg s acd] daiing « @annd! 351 > )3 pudidl|
o e Laa s il Adle LWl o 5351 5 g s A8 W ol jadiical ol y3ee 585 La
Aplendl d gt e g ol aludiy el @bl e lila ¥ 1S U1 Gadas

EL#.UI A0 3¢S Jalame

i (Electroencephalogram - EEG)
3130 52 fladdl A ;g8 dailais jlga
2 Laudall e ol LE) e 20
.‘tLa..n.ﬂ:gE__.ﬂ_ﬂﬁl el HLa

Ml [ e ;ul{-; s 0 2 | )

n_q_'-_l;._u n_'-l.'_':_u..u FU .-1...-.|_1q..|

d_l_'L.'.-'_"n_I EI:'-L{__;..J L_._._uI

Body Sensor Network et Ol yadiiue A

@l )l anseius (Wireless Sensor Network - WSN) 2w Of yadiius 2 » (BSN) MIHIMM
?P.Jﬁw1¢ﬂluum13thmw1Wj Lag! 55 3San Ao Bpifie 308y 35lie g2 OladY! @i
Jua )3 5.2 JS M2 yalay LeSy . slatinas¥1 I ABLis¥ly LSLea U1 Jlaa s g oy onilly ducagand| cal u® e la Bz M1 e
O 0o I ey S adiiaadl I liltl o2 Juuspg 1 yBWL Jusy S5 Slea M ol il fﬂlﬁﬂm
J.u.mllﬁl}‘gﬂLg.a!.t_-.-_g....-luiuml'ﬂhuwlwuymt}maﬁ.@p_@luwﬁ.wdn Alal Ll
,_'.i)Lle e L) ﬁ‘iym By, alsdl e 3 an L&Lm?ulwr__@yu_nm_&mﬂ il pdiall Al ! o2 g
dhmmﬁsﬂﬁubuulmumﬁ LeSole . duasindig o bt e Sl o pailt Jama ool 4ld opa 2000

NLT)! 2 | P L) Jl:Jld.d.uaj.aJ_Lujs_alaJlubJ.mJ_Lulea_}lﬁ d 334

J|—'|||| I'_I”CIJIJq
kA stry of Education
2023 - 1445




Smart Healthcare Applications 4.8 dowall dale 1 Olaudal

Blood pressure monitoring ! daais .31 0

#La 51 Sazg pteadl (g atl dniim gLyl a ot LEH e ual o Bgaill Jorall 2 CBMTEN da 3 5,
dais ¢l _u_hwj*‘,m!)_gmiﬁuﬂm&u;lﬁmb uhwmﬁﬂlm
abig vada | LIS i) pals i)l dling jgund Lgd Loy dumiall LﬁLml!gnJJJ:Jli#Jll‘:_ﬂl
abla ;L‘mlm}uraml lFiam A8 Wl cle bl anzias )_‘a__.]lh_,l._s.a&k:,JLJijé_,...n._m ]|
il p 85 a8 pe 2 ISy Bl by pio Jotme ulidg Lgliom il g a st E.ELJuULu[q:CGF"_;bJJ}U
eludd 30 Aalail com s U3y, Lot laas llodl s Sl b 2935 G fulmuﬁlmy
43l o i yell o Laa s HldeanlamLud_uL-hdlmwldladelmﬂmLcﬂl
el 531 3 e ol aiials ddle 3 ke dly adl daiis

Pain monitoring 1¥1 431,
Ao Aile @ Ja W Lg o nal ol 6o @91 n Aitiinl | 6195915 Ll e o poatd] S
Enceeal )y el ks s ool i Buol gl @IV e LA e o pail) sy o yall Bt
Mﬁmhim&&'uhﬂjﬁwwluiﬂudﬂ‘ &Mwwﬂ‘jlw‘ua‘y?bwhaﬂdﬁ&l&
Sl 2l s gn VL sgadl oV 15080 IO LS sl 13 20 dagll 5l Bl sl U wga¥T g
dxall yuled julid ol 3 yuall yag3 uumtuﬁwwmsuﬁﬂk Lgalasinl (S dasl
e gl ¥ oy e Lgalaiwioad) Sy MW el Ll a_.__.LmJl_.Jmeu:_:ﬂ_w
L].lﬂLg,.“hTru.gJLnlnl d}}lulﬁm;LYlL}qfﬂ|h}hglﬁlLﬁ :H)Jljwsﬂ daliall s yaS
u—ﬁmﬁwuﬁd-ﬂﬁ‘mhpﬁ“&ﬂd)ﬂuﬂ allad gl Sy g Jy claglac

.;n_i‘ﬂ'l_g i Ll ! Cya id.mﬁl_yl ﬁ%.ﬂ? L&d_ﬂubl.ul.d'hjf_l.h.lj ;Lu.c.u\ﬂ i_q_'l_}.l.!';'-_'l!_‘?.l.l.u.l.l.u.ﬂ

Electrocardiogram monitoring —uat ag .45 A S PO
350 S LAY alodl Lo pings 31 ol pedid) da sty
Slezms Aa il A8k jgsl GlaBY pin gty il by jus e AL
ol sluall 2 g U suis (i B3uzma gl ga e LEN A g dalaies
Laﬁﬁlﬁdg?!md.,!ﬁﬁuus_gy& gl il e o kg
f..;_-u_.uu_.n mjlgbﬂﬂlwuﬁ!fdhﬁmﬁﬁﬁ J it
sl e a2 S s o vy e SR e Bt o i il
0l pinay gy el ;U ngLaJlaH.-{-.'.'ﬂ W bV N RN
ddal cilg il il B oSl g A il eilE b Le AL oLua

Ciall ol 20U CAEH Aeal il ungl @il wlIiSy

0
o

A A p6S dalaine

: (Electrocardiogram - ECG) s O\h

Jl_:.s.t_,_m_qzﬂa_uﬁsm C{

Rl e A

‘_g_:.p&q'._yﬁ_,s_qjl.ql! F;ILn.J..m e LIf o

e K 3l 40 :5.6 JS
=il ajlyg 313y alais

iy Iy of Education
v Vi I |

2023 - 1445

agdll 12,0 :5.5 JCb

Sleep monitoring » 4211 231 50

dacadill dslJl (pe a9y dals Alls 58 g
&hl#lw;lﬁ‘ﬂleMl{f@ JBg cdaiusily
il gUazil g yudil) CaBgiy 3,V Jaiis illg gl
(§ ket W sl Ul Sy ¢ ageidl oL (31
L, (Obstructive Sleep Apnea — OSA) e il
ke b)) amggm;ﬁﬁ}uum Sat3 Ui
i_ﬂ_LuSJJﬂJJ.J.Ed.a.InJlﬁ (Steamdl g rua i) dgaiall
flantl A pgS dataine 53 gl Jia . ya bl 108 0ye
e ) 3 ay Leanlly olas S ket o3 2 (EEG)
ai 9B yaiua A3 yla Ao niWl oiia g3 A0 ,a0 8 LAW
@Mwﬁ.u Jlols d.;;L.....J!_;.lJ_q[_,ich_g_._'llﬁl)_L A o

_}.......'I.Im-.u-_!‘.l .._1L1L|.|J| ll,q.._.'v.";u.n.t ?j.r.ﬂ FETES ru#.n.di_u.'a_g

#LL!—:.@?‘ £ ~_1L_‘m_”|j:.. 'Ial..b:;ml_\ fmj.{.“ G_J_-a..‘__}y_.u.:-.



Pathology monitoring Lo e Y1 ele 81,0

?}E.\__g ;?d__iL.a}Tu u_..;-._)_[la;nl_;__u"h_gl_]j_..as}‘ dialall d ol ;| MLtﬁqﬁ:}“ qq_lc 2oy
ool riagt IMA cpa il e i 25, (EEG) $lont) du ;g€ dalasee jlga
SY3 -WON Py PSR JC B B WS JP UL} PYS-1E PRCPIVE) W 1) U TR IR NVD
Sl eV il gl Gl e Lol B S alaies 3l Aty Ll
M\)\,\“ ~  dadai Hlead Sy s |yl il diacds s ndse | dalSS oo flaatls dalal
i S ly g puaadl Lo plandls Aalall @bl Jlais¥l ey e 55 $landl d y6S

2561 oY A y9a alie I WLl o2a (e (gilay ! o I iy 2ue La
2L B (0 oLl e 50 Ll 039 ) (3S0ad 108y  @gilion (e 35 a3
ablgll oia Jie 2 3Ll 1 2ia in |

ol el el Bl e 15,7 JS2

Disabled persons monitoring a3le ¥1 593 yolna¥(id L,..
(Smart wheelchairs - SMW) a1 a< pot ?_;..IJ.SJI i3
e (9550 5 ot Limy Leguinga = Lot o) Aty bl
G PL - PICES 000 (I N PN [ - IPRE SR NIPUPN PSP BN 0 PRI
413 S A S potl | el SN yaiaig o aieiuall ol poeil) e ST g
dall )5 @) U35 (3D LIDAR) slas¥ s olalull yuld
s allad 1 A Lol g Al | LgiS o s a5 dayeall
aa=ii . (Global Positioning System - GPS) lalf a 815
(s pmay 39531 3l ] s ;SU @Sl Arstin pe S Al ol
NUSPRESTRTIr PO FED PRI PPN (P JUY PP LZUasj
. Mluﬂ!ﬁ!dﬂﬂﬁwmwl il L..m'u.m“
¢ :~ : M“:%”w&)hu‘iﬁm ‘—U"‘-‘ll'n;-“)ﬁlj-‘-ﬂ:’ ALl
i e .E;qua:ﬁ_.iq,laﬂhh.i.;a&ujj}‘__.laﬂ I = I

' <""*-,‘ @ : Sl g £ gualt LBLESS Anald

 (Light Detection And Ranging - LIDAR)

\ ) o) e Il a5l (e bl il 34055
Ja k) s guiall GalSas¥ 2 330 gl ulidy o

Bl go5 43,0 :5.8 KKa

Ja
.‘l. .I.
:: ., Pn}u,.M#L&‘:’h,Ldu.nnLuJHur-Mjm.mlﬂﬁ'Hahﬂlgﬁu d.uj.n..-.-uﬂ’\.-n.nﬂsj.w;..i.uﬂ
l

: ‘-_:qaﬁr-blaﬂ'lamw #1550 dJ;LqIHJ.ﬁ:-T:’IJ}h-uA;Lw‘!h_uJ.quM aladi Oleastlals lt.u-.,..,...u_g:..t,:.-‘_,.a
.L.,.n.:r_).dh_lfL'bd:qLLq-T -d:l.l:-.q.ﬂ d.rH.tnﬂ_JSiJ_qJ[guLw ,l_!.n.uJ.! g.d1j.:-ﬂ=+_;j‘,.|.d]h_1h1_ﬂ|__q]1

|—1|| — il EIJ|JE]
M '='|..--.-I--.!-.sn'.'l:::

2023 - 1445




Smart Agriculture 481 daiy !

S vl (g allad ¢ LaSH I oy I35 A S0 el 30l Jlome 2 alilglai Tols BBl 3umgll 2 cuad ua)
¢ 5] Garlal e g oLt 2 20 bl (g wgtall szl JOE- (ya alas ey ool 58 pUaGN jaglady pans
ISy el el aia g sae sl olill g (oo s WIS 3 letl al el s 50 e dunls Ll jo el 30 pliagll 2 oL 23!
LY B dISE it g Bl Bples g 100 BaDlang el wnY) Gudsdy LY s

_‘_@”'f—“

slals fygs el Al al sl 48000 Gel ;301 159 K

Smart Agriculture Applications 4831 de iy Slacdal
Precision farming asa. :e..:n‘,;,_n

s Cdlatsg L_mLmLLdlu_ndLn.Lq:;Uﬁ[y'ﬂng_J! CLw_,Jl#LJluL;aﬂdéjj Lgad3e conn LA gy da 801 4l 3 e
1_,4;1;.,.”.,}571 U|P%;Jﬁmjbgljum1Ey#qulwgﬁlJm}#uuM1 Jalig pan dely 301 (a3
fq_wLLdL;d}uL,.J1 +m&wps;uu41u1ﬁunjlms1 SEPPERTEN I IBNAPY S U R P PO [
cilidec 2 15,8 Legus  (Drones) 3 ,uwd | S5ttt sl (Unmanned Aerial Vehicles — UAVS) jldo & ga 2 gt 1 S5LS )
ity cile gy hly Jadondl 4dl L pul g el Lle Lo (yga ol 5L ccail o Al el il o) ousvolel Lgand) Tadl 5
oustlBl] e degiie Ao garme Raglia sl (e Hlaina¥l alusiul Y55 (re Sall (o il a1 A0LBy 3585 Buc ) Jsls
o delial) JLa3¥ jaus e Suus eds 25gline s ga Jolal el 3 ygeany Bhana Wl lid g o 3huitl ¢ Laitly Juoloells A5z
o5 Lt s 25,3000 el 50 el e wsadl 3 Lgdlad 5L g cnd 300t A atd contl 0Byl B Lpide o oi€
e 2L o 5152 ¢y gotadl 3L HISAYL pepe) 13809 2B L (y20f pal gutony ol i e 8 paitly LB il gn
LY B3ga crsusig Baaall JSLAL Aadles CallISS jguind jlids cyg il SUadl cya Alazll) il

cAady A0ISs Luslan ellodl dalsndl .L_;L.Ia O3l pSlladl _;.3;,_}...:;...1
Al - DN | U {1 0 V0 (W N 0 | TR | F.Mu_.:.
aldlaie 353 5Lds 093 ol LAl el e o O e 9 Lgadl o s
0133 "5l 093 Ayl LS " s @ ahM.WI@E.Q;waj.EMM.ﬂ)L@“! il
DSy il i polle et pres Lea 23 Rale sl Ay dadl 3 £ L3 e iz

2815t caend allad LS Al Juoelell a3 LS 81 (o) dala]

shde (593 Aag> A e
: (Unmanned Aerial Vehicle - UAV)

_,:__%____; ‘#‘-\ .3_1_,4&11.sL:.w*:HjL.__:n}u_s_,_t:u.ﬂ_a.mwtwudumuh{GPS) GAlalt
— L _}LLIM?'-UL&}J.MQY l)JaJ_gu_LuuLJLl_..u.m?ld.Tn_me d..!n.E.'d.U»;Ll_q.ule
[N A st i Balall 2 @ dils Al ebilal el e NS e By

@m

slals (ygs dugaltl il b L sty 15,10 g 'l..g..?—;"f}” ..LL?L_..‘J! ‘:‘L‘_ﬁ"‘:ﬂ'—“ = Lﬂ’."—“-"j‘
Pl alhg
Mingsj ry of Education
2023 - 1445

(Geographic Information Systems — GISS ) Zal past | Cile glal | dalas)




(UAVs) jlda (93 dagantt SLS I %hMt dalgll au.a.f:..‘.*mil Er__'lj:i-i 2.1 Jad

saiadg @ilallg puatil) yualall GlI3 2 Loy dabiiea cby,le 2 jeunll dacit
.E;L...'a}“ g uls e jpuall Faga

sl ol s il | sl st bzacms B 1 il e i
i yalSH pasd Ay Bt g oyl ani Ba Y il paditinn alaiein s
e (&) amdl jugeaill il 5ual€ € 3 ol pasmtl comd da sV A8l A ) punl!
el 3 03 g (o lgons @8 B gl Moo s e i 23Ty plLa £
adaill (Ol jodl gl Hla lil 3 3ga ¥ (1 Sang 1 5)] pand! Jhad Asla)

Ll Aigla ygum o LS

o la¥1 11385 25,00 Lm gl Jglo W1 (ALY 300 a%ia ol pr il pand
A palle] paont) ol 2al W1 lID 2 Loy AU Cadall o515 a il ds ol
A 113 pennd o) oot | o 4al W1 (Near-Infrared Radiation — NIR)
il y5lall ag di . La yu2 9 (Short-Wave Infrared Ha{jiatinn - SWIR)
Silaglas ez cadall daile ol BLLY 3aawie ol jadiiwas 33930 Lls (90
ULt o W1 A Lgalss e @i 0l ey coliall Jonloel ] oliaial
oaibasdl e dgaall @l 3 1S ded @ld (S5 Ol (Ses Aaylall

Jeoloeald A5 il s o gls

dilasa ﬁj...a'.iﬂ |;|.|J.n..3..'.'|.......:
YRR

r"-ﬂllll'-':-trlj of Education

2023 - 1445

bl gl Gaadas 15,11 IS

Precision irrigation s.3.11 g 1
roliall le daalsd duel ) 405 3801 g 00 A0 LG
IO (e oLl Lgallas 31 oLkl e oy Lumg 2,51 2040
43 o ol edag el @l ylady S BLAN 50 w335
Slid aluzinl Juol=ll 4o Bl 5505 @b LaS cdgi
V0. 520 WO JUSOPRPVP I | 5 - WL A DR S|
ool 33 A laesSIly 3l judll pafliasl an Lo
sAagle M9 35 pandl dm 59 adlall Lgad Lay cael ) 3!
Al sl g 3l disges g Aygle yg cnliill Ay
3l cnel 3123 e G il o
2 Ul Julod el LS (Lol o | mgule cnaty A
s 113 5 s LgilaS 0 Ruaaa L) RSV AN s Linll iguins

U da ) oLl aaS

174



Vertical farming s gealt a3

Slalie 2 Jualxtl e a3l ZL60 mec Les 201 uly el ) 3llads colslitt del ;) Lyagaall Al 30 2 @,
e LW ey el al el 3 g W1 e Jaladl (S gl ol 3 2 Jucolomll (o aaaia plgil dely) SIS 05 puius
33geall A2ty 3 Caugis ¢ (RFID)SLuSUN JLias¥l aiaig la glglly cagighd] fia JLat¥l cildm alastuly aa e
350 Cye LA ye 1 ans Al Flias Al Basgaall Aal ) 3 allad aiaisg i juastl bl 2. Juosl=ll daly)
e 3l o 5 019 bl Aomas 331 00 Ae 5 301 By 2 g o o LW 530 i Sy e L Al
A LW ot 35Sas LaS o Jla 53 S Lt ﬁl%L@JL@M&QULﬂlF%L&QL@MMLJ@!
Aalae &ip 2 Jguazell shiaa I 59dddl ping (ye Lgia o Aulaall A0S a3l e gaganll Re [ 3k auety I

dasgastl daly 3l Gulas 1512 K5

SLEI S| Lgud punind dus pac digus 493 g | s pal) ASLaall 8 48 Seal! p gl dinue (98I O daladuall (pe
Olaag g e 500 Login S pLai ) jubis (pss (e 230 Bhrks (5 gomian #1080 B loklias g JEIT g 91| JSLiia Joud
Aalaiall 85 ) plaliel ! dus geat | niied | ads . (e 8 170 Zalicad (6510500 (1iias s ¢ pio 200 22Liis Lagians (e
..t-.anl.q.“n_;..uﬂ.j‘_glﬁ.alluil.uﬂuﬂ.ﬂl#hﬁw&dls.mpmady;Lmiull?}udijlwdauuuﬂyi

-2,:1;.,:[,3;{57_{1uu)11umuu L3 AatiSe Slasisve e Lad Y A8 el )) Aalad Y da s STlis () 9w i et
" L e )y DN G g 35 gl | p ke (e e Lidaio W1 £ IS A1y £ Led W 2 p50) SLGET IS (pe A3 geal)
pul il Eljg https://www.neom.com/ar-sa/about :La fpe 5 5.0 2es (¥ 13 g9 s Sle 38T

[y oF £|'II CIeTon

)UZ& 1445



PEASYES

Al Byl 1 Jlome a3 2 e a0 el egus ¥ .1

& = - g
el 3 1l Rl ke bl 330 ) .2
om0, A L B paiens B yguany #1003 AL LaN Adall 3 3¢ Y1 A3IS L .3
A o) 320 Reutadd 23085 o hamndl 1l ik S S o4

Aygundl ailiasl ot Leate Lolla Sl al yoeill us ySH yaiinty .5
Al 3 azd bl CalizeY danagil

e 30 iy el e dazd asly poi syl Hlide 0393 Tugand] LS yall (Sas .6

6y gl (gl Ayl yondl 1 pamdl o BatY ol pabiina ca8€3 .7
ey 30 Aadai S A3 o)l st) Al il ] 3201 (g 01 Aoy .8
e 2l padinaddl Cpn S ) Bl g ) alliad plims ¥ .9

e 301 il ;O Jumd ¥ al il Aa 5Y dusgaall Ae )30 auiig 10

‘wl%hﬂlnhﬂ{lﬂﬁ‘ﬁa}nﬁllﬁj o

.‘l. -I.'
. -I -. "B ]
_L-_'_-l_l_-_l_
e, *,"," o0

1l a)ljg

Ministry of Education

2023 - 1445

176



2105 350 allal st nl.__u:’a;‘:fl daiigs lgaas ySa {;.,:d‘r;rl.'ﬂ.ﬂ.'lltljﬂ Cra Old e

§ o | Ol padiiinne A (19555 e o

St Wiy olill adl po 2 el W1 2,501 Jakond e lidaio W1 £IS A1 DILAES aludi! S S o

L X T I.!.
00 s_ ", " 000
a8, *

r—'u_l_l — I DJIJq

F
Mﬂgiz':?ru of Education
2 - 1445




ela¥i oo, olacdai) 458 de |01 2 jlds s A gt | OLE U alastw! sl aw o

g@hiu:%&aﬂﬁgiﬂhm}nﬂutﬁﬂiﬂtuﬁﬂﬁia ‘a'

Go,, «00®
L] -
..'.,-. L] L .'-.
Y i

v L v
L]

1l a)ljg

Miniﬂtru of Education

2023 - 1445

178



§allaal ;@EIMPIJP e A gealliel) lslade) sue Le o

Goe, «00®
00s ", " 000
e e

r—'u_l_l — I DJIJq

F
Méng’? ry of Education
2 - 1445




o p 1 eyt ) Ll

Wit ien . edu. sa

AdSid g oneM2M ASl AdSid (py 4 ylald
Alalt o Led¥ S ) delan

oneM2M Architecture Versus loT World Forum Architecture

eladon o Lasl A (M2M) 237 10481 0y e el U t__u_ualﬁ_mldgi

AT I A

: (Machine To Machine - M2M) 5 g9 culidat shatiel gyt B ISl o0a ae s Aatise s o Leal e yuil

(M2M) 231 1 llame iy el 2udSny (ONEM2M) 2 25y oLt 5] L L (M2M)
B e [l O us_.u s ] ooty Bl Gl Legud SV LW e ) Ll cpa AL 2 Lia W1 e 30
algll By elbildl Jola e il Lelaulaips jea Vb Gt sludl e )3l Syl (0NEM2M) LiSis s
i S50 ) s O3 Jie ] el B ladl e La Y el 3] Aalail s el )5 Laky il
" ' .3 plail) Zewgntl s A AL JLai¥W g LgintLang olilu|

oneM2M Architecture oneM2M 44

33k g sl 3l 5 3 g2 (s Ao giin Ao gamn ps Jualatll 2dd
f S gt Alee Lggalys Al wlsamall 18T asl Jgonyll
Olbivapdls A8,all OIS 5,153 g3 (e (ONEM2M) B a asm LYl e i)

: (Software-Defined Networks - SDN) ciligiins pen e it ba 23l palae cLaik iuzsl dala
cldSn Gunl b elmaydl Lol 3 AN el (ONEM2M) 30 Ll oLy Ll 25,5 Yol 5
S Sy S o L oy gl il) | iy lpladl) Aacke il 30 M sl V) 0] 23l
OLacdaill Aome o Slgaly ol malpdl o le 3 ails ¥l AlaglaLISiglloln gus 3 AS Al aa by cmlanst|
(Application Programming Interfaces - APls) Juidal) Zae g 1o 32 3 @2 ) LSy t L Aale s Al
Amaiill 532l gl cliall al il e Lige peSy claglddl il LAl Do yr lgac y ey ddl
o Ll W eyl Ldss (e dal g dc gaces

Applications layer Slacdaitl 4a s

dade = ¥5S 535 3 e Jlanll 1 gy - Lgs Bl ulagdaill s 3 g V1 o cs¥Leai U 23515Y1 (ONEM2M) 3l a3
.(Business intelligence - Bl) Jloe¥1 2183 Lalail ps JolSally 5 oclal!

.‘Il.. '.I.
l".' L
[ LA, [ Y
.-I - » -Il.
L]

[ﬁll r‘T”{ﬂ”jq
hA Y OF ECU ation
2023 -14

180



Aladdwly SLAELASY ddale (Ll
A ycid | Sl polls 3L

: ( Multiprotocol Label Switching - MPLS)
Tﬂa&lmha;LﬁLEﬂlJ;;L:Jf4§ﬂ‘}ﬁﬁ
(e bl doen g e Ay el il 5 251
A ggl s Agdy pall ol a3l e Ly ozl
A BN fpglie pudg

doldl sue T Aladl fye allad

: (Point-to-multipoint system)

{:ﬁmﬁﬂi}m&&s.&ﬂujimrmﬁﬁ
isjma%};aiaiipljwsﬁi

Services layer Sleosdl a5l

ol liall (e p g JSo Aol culapbatll yie Lani A3 dall s Jied i
Joas Sl L) AS ya Ggnaall 10 2 BaY ol g1 09985 L33 azed |
534 Mg ALV 3,51 0W ¥sS g5g pug v e LWl eyl enlalss Lgde
SLBLaI Y suais ooty Ausladl oYLV 1 Lia egl) LYl (ye
duo bt Al mB Y OISdd g (MPLS ) dia ;a1 O i3t alsiwls
Oleovs s 48 jal 1 SISt 1 ( Virtual Private Networks - VPNs)

Liadats o lef3€ 5 ll cileasdl dade Sfg Lo i o (SDNS)

Network layer as it aads

Salaitly sl o 520 3 5T ooy Jluad ¥ Jlowa dadall oia J5.25
ol oW Lai¥l 4S8 95 hga Wl dBlS (e S Bl Aa s (ST g A Sl g !
S Le SUI ALl lSeid) Ba cmlSaiid opn Adbidea Lol gl day 3

alai 3ue I dladill Aalaily

3y
:

3 3 eslzdaz)l o
(331 ol iaudas »

Jhaa¥l olaas @

| LA
st 35340y Sl

oneM2M i =lad 5.13 Jss

> AN (o JLaai¥1 09, (¥l (pany 2 )5S0 Sy an) Lgaiany oo LS 5 s LS WY Jualy
aoliee ddlaie A8l pue o LAY 0l 0] Gadal Jlore 2 aluminVh o ls clagdaty dadd 3 jga Yl Lot tun (g9
S M ghas 1;5.‘.9;13;1@ LY 3L 8 B 1 uaa s ualiadl ST a5 20 oia 245 . (Field Area Network — FAN)
G Lb:._ttp]_f.:;_:_{i_.;l Slgad! 5l S . ad Ll 3 5 3 (last-mile) ¥ gl Ll s e eald

: ASa g Hlgad! enlBlad v uS o g LW ASETL ¥ Liasl yagy

1l ajljg

Wwad Yy of Education

b
181 i
2023 - 1445



loT World Forum Architecture g,lun e LW 1 SO ) delad) Al

Fi;utthQ}HAHLPaMAJM .d+m¥1Lu}u?uglﬂlJJAAlE_r¢£u;uh-d4uﬁl;u}u¥Lruhgl XY | I
5 ) LS I gl a2 o WV g 3 joga W1y il el ] (e (9S8 Ll g s Bt b 31 38 e 3B (e et
U N 2 lall el dall e calibid! Jans ale JS 4] Jpall (S
il Lo Badod as Hl| 30l 10 alaziuly wliSan

Age 8 JSLie e Lid ¥ o )30 da g Gl ciliasdl] s @

.(0S1) s grati g AMall dapboy daids S 2 Aabidell ealdanll woass
Crsalides (339 5a (ye Badake ligSe e @518 JalShe allad oy yas @
| Jiaaall 461! 5 50 A ey (Interfaces) Olgaighl wass @
(Soiewa ST LAY J:La;‘%u.aj.a;'au:.u1 Saais dyles gl ayass @

eled W1 0,50 an L i gedd | dnda
aalad MY e da | SISl 73 a0

Layers —lalall oy K== @ﬁg
g _
(Al cilibaatly 31,891 ) 421 ) cililaalls olait! @ =
AND
(218,015 Juleilly puslaml sluel) clanlall @ —

(Jsaaglly promill) il 1,2 @

il
LALL)
WA

(0e35) bt 150 e

(Jageitls wsblad! puolic Julod) A plall dugd! ©

(Adlally Jlas¥l) Jlasy! @

(LW co,ml 2 " LaN") cilaSaalls 200l 3 54231 €@

Al el el ml Al silads 15,14 15

OlaSnilllg dasll! 5 jga ¥ ddado 1 g ¥l dddall
Layer 1: Physical Devices and Controllers Layer

.;_-";_5.:-.1 uLaS:-_u.Ujd_&."lLU -;b}..g:-u"ﬂ MH#—LI—HI?l _u}u?wuﬂlcﬁ}mdliu&kjjlu1

J.wdp‘_,.dh_u'M‘jd.lﬂ).Taﬂ a_,.g::ﬂLj.I.amLLm?h_uJ_ubd.mLﬂdl”;Ll...u'}l“"‘_,i:d.a.l.lr:dla_t.m
— quMLdJa}.u.aulWJaLg.mL";Lmﬁﬂ .ﬂJ.ﬁ?j‘;.uL__:‘k_,S.u ng_m.n...u.ajx_&hb.d‘

pul i "E.‘f‘l"“’;l i A e @Sl lacadl s bl 2L Lo 32 dall o) A 1 dagll g« Aadmis il ¥

M stry of Educatio

2023 - 1445

oo th. .

ii. A

182



’]nun :

JLeas¥l 35l 15.16 Joo

ooo

o

A8 plall 3 gt d5.s 0517 K5

Layer 2: Connectivity Layer JLai¥!dads a0l 2adall

Sililac 12 Jadyg iconlil] cBg)l 2 g d858g0 30 play csliled) Ja3 2 JLas¥l dads 50 ek
3 plal) Awgond) Addo s A0l oy Jail) e VIS 5 Ay oY) A2 dall 3 jgan o Ja!
eyl 2 ol il el prea e JLat¥ @i Jards (A 2auda)l cilaglas Aolas)
e 5] Aless Blead) Alazi ol pa il o Aa) = (¥ Jul)) 3 o uad Vg e le¥l

s | A g 2ol gl Aty — Jumall 1288 LEn Y Lgtlin @i allg s LY

Layer 3: Edge Computing Layer 2 jlal) duw gt 1 dado 25T A2 dal
ULl s e dadall olis 58,5 .30l 2 A Aadall Has 3 dall gl oals
JiaTg el cligioas Amdlallg fy 3530 5 joalo cilagles I A A ULy ilzans Jgsas
A<l Al e oyl cilaglal) Aadlas e 2 s b 2350l |igd ALY Calua¥l sus)
uEl;!hujﬂuhLﬂlemlqudlwlﬁ 3 LeS us_uutj_mljuu_ﬂum

..5;_*:-"}“ d.qlnq'h” d-tﬁ_u.llj.:i d:dL...a}” -ﬁ:-..'lLt.Ud.g_..u:i Laa +Lb#}._m_..a.1n_iﬁ

Layer 4: Data Accumulation Layer Sblad! @S1,5 dads sl I dadall H
J_EﬂLgﬂJEJHBJH‘_J_aE_MJ_‘.ﬂM@&D@l&jﬁmlw|nﬁéﬁ g

Leie 2 Saz ¥ (ySas ealipens Il eslua 1 le 5 et enliLat) 5o LS 13 59yl

Layer 5: Data Abstraction Layer Slbiled | cu s 2ado it | dadall

Ora Y BLST laiag degill calibudl clbe s gy Gudagill @ daudall oia 2 O@_ :
il ;30Y1 3ISLoal |y Bougond! al aiiaaly 3amnll @ Aadall o218 29 degill jslall O :
ol oty aBge 2 bl aad LaS alalS cilily e gsmad bl degazma o 4

Layer 6: Applications Layer Slacdail dads :dwalud | dadal @
u‘_}_ﬁ &Ln_._._ln_d'm r 1_5 E:_q.!_;,_d' E.CG LTS u;1L1L“|_‘J1 pbiisd 1] Flﬂ! 'I.-z.J._'r_u.......i s .M‘ ENT.Y % ”HHN”{‘-’W

5 sl ans Al g liled! @S5 25k :5.18 Jss

~;1L1Luu LJJ';-?.# LS

il Julad e 13kaue) Lgautatig Lo LaS 9. g ylaall ezl 2ads 15.20 <

Sldeally & glail) Adde :dasled| Aadall

Layer 7: Collaboration and Processes Layer Sl
ulM‘-"”L“‘w e = d-“-"'ﬁ"—"—‘L”r:u_a-@"dH-au"'Lﬁﬁ—” @ @
o

G.g.n;l_! mw:,.a.uJJ|ULn.‘h“u.qf£ium ;L......'k‘l;_ﬂ_ul._.LLuLﬁjLul!
i_th Mﬂﬁﬂj|uum*%iw+aquhbh# t_.;...a:-.ﬂwlamd}b-u.a

:'_".'.I el ¥ | *:'JIJE]

Mingslry of Education
83 °
Zz

[

oslaall A3l 15,21 <t
wlilaally
+.;L_......':a"l <l Ll e (pe 3alana ¥l



Sl 3 piad O Lad W OIS g W oS o 9 4
Short Range Communication Network and Protocols
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C++ dal

C++ Language
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Basic Data Types duuluw¥1 OLLAI #1430
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double int char

--- signed

C++ 2 Lo gl SLLLA g1 31 1357 16.2 J g

unsigned

o g9
-4 .5 (int) Laumaall Sluey
;,“...a.uu.ttpi._a:._,...sa_q alt S -7.5, 3.14 (float or double) | azasdl gl & y2adl 3l ac ¥l
I 7 Wt e o) ] ] S 'c' (char) sl
bool flag = true; (bool) agalaitl bl
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.(Array Index ) a3 gaall yw pgds  acw

e el ola L}ﬁuﬁﬂ}ﬂﬂd;hﬂ'd_&q:ﬂm?dlﬂqum do e S B S e

avgaiall @355 (e e VI Yl

int values[10];

Lgianidy .10 3o Lgamag dagaiall @l oo "values"y aaganll 2 a_‘.f*,j:u yobiall g5 "int” [_1_:

:{;3_.}" _J._q::‘url ‘a.lﬁqﬂ...; ;q__..ajb

values [10]

= {0,1,2,3,4,5,6,7,8,9};

231 (30  pucaiall (o g0 ] il @gaiall jualie (o gl ) Jguasl

int a = values[3];

4.1.0).5.#.” 1-_1..:..1] "values" 3'—"‘3‘-@“{.!-"5U-”J-“=‘-'-‘-“ dijﬂ.m.ﬂj &mua.hd.ﬁ'._g_.hj:a fﬁ_wLJ.U.LﬁL}.EuJJ_!
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char keys[&4][2];
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keys[4][2] =
11,2},
{3,4},
{5,6},

{7,8}
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CH+ 2 Al & alald
Basic Operators in C++

Aalith Al bt bzt idtalay sduasti s helalatt e S8 L8l Edtal ) faes

Al a:w_-ui- 6.4 J g

a=a+b; a+=b; =+
a=a-b; a-=hb; =-
a=a*b; a*=b; =*
a=a/b; a/=b; s/
a=a%b; a %= b; =%

.

3yl slac¥l s
< (float. double)
Cyadazs " /" al i)
Nt )

5.0/2.0=2.5

Al 311 Slelalt 6.3 Jgu>

J
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C++ aal 2 Sladait

Comments in C++

a i Wiy el yul| et culadatll o20a ;:luv.@_halawu;lmwl L) 3 e Al Sl e 0o
Galad Al 33 51 us g5 el 0l (Sl g e gh el pdl anl e gl s sl e Jgiw Laa el Be) 33 AL 1S priuset]
sausie plaud ol unly plaiw @ Galaall A8Lis) ) Ao Lol sum il 39 (CH+ 2

g ylac (pe (S0 Galai ALY // a il

// this is a comment
int y = 10; M dlals ;o Sileds )

cout << vy,

dai o Aumayull laaleill (ya s on Jamd Lingd 8 plall 02a aoiiein - A5LgY */g 3aaia Gulad e /* anien
) 341 e Al T Bl 0 Bl i 51 el al) 2 LT g sl el e il oL

lcd.clear();

lcd.setCursor(0, 0); ( ) O - (g )
e Sl

led.print("Enter password:");

bool correctPass = true;

char buttonPressed;

L

int index = &;

buttonPressed = keypad.waltForKey();

if(password[index] != buttonPressed){
correctPass = false;

}

*/

lcd.setCursor(i, 1);

lcd.print(buttonPressed);
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CH 2 dcldall
Printing in C++

cout << X;

C++ 2 dda yid) Ol ylaat

Conditional Statements in C++

o s 201 Jan! (e A garma Al dieiasl WS Lo oy 3303 e oLy e pd) cileslall| (yo Aipme e gama Jul)
if3,lc @

if..elsei;lee

if...elseif... elses,Le

s ;401 if 3 )lee

e -

.Jmhﬁwdb@yﬁwaﬂwﬁmﬂaaj lhl@ﬁ!aljwlw&}m l::...hfn.l_:ﬁ'u..;

Y

il ki
= Loy

VIS CH+ 2 ala ! if 55l das

if (condition) {

/ eyl o /] /

// body of if statement

T }

ale 801 if 3 5lie dalaies 6.2 JS&

ool g3 1513 3390 gl eyl caloglatll 355 & Slio degd S Sl 29 crugB s g gll do y &l s Yol @
YIS I 55l Jasd eyl laglaill bl dades @y 4ile AL L s 3] Lal o }

Was Lo o230 1S 131 Lalis da st i< 131
int number = 5; int number = 5;
4-=-if (number < 0) { 4--if (number > 8) {
| // code s----> // code
*®
:t". .'::-l }
~P2/% Code afteTif // code after if
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douls ot if...else a L

Auma yIl olela| Aegame 255 s pE1 il Laadl (o paill 12002

. sl celse {} Jxts sjﬁ.ﬁa__qm_,.;mwl?uaﬁ:ﬂ if {} Jsls
: duzea pull olaglaid) 2y if {} S s dma ol colagladll o @

else {} J>12539> 4l

iif...else s le L& 5

if (condition) {

// block of code 1 if condition is true

}

else {

// block of code 2 i1if condition is false

! :

if...else dles Jalaia 16.3 JSi

Lj_;...h E.’ﬁj_‘-_-.j.ll Td_'_u':;a)_!]ln;iLq:_llﬂJl .:J..::IL:_..;E .ML@MME ll‘nLg [_;r_d._..ujéu_t_t J!HB'U ..Ia_)_.f.'..ﬂ qq__n:_n.u?“‘.‘;'rsji If':':‘
else {} Ja1s 33538l Auzma pull claglatl) 2uaB @ipedds Qai o 201 (IS 131y i {)

:f..else i )le Josi oS

: Lilio da sl 1S (51 s do il ks 130

int number = 5; int number = 5;
if (number > @) { , , , if (number < @) { 8 yqland i .
: [/ code i i // code i
T | e
else { 55 lod i else { '
// code | | // code |
} 3 ;
// code after if...else : ' // code after if...else |
l.'.";""'"""”.'.'."""""""""'"""""I B et e T I

-L1_'. T owee
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if..else if..else 3 ;Lo

ol s |y da gl 2y 581 2y sl Al zlisd Leie if... else if... else 3l ) il sl laad! e pun Y f_j_;_nfqu_a;._m;
dog pll jandd 158y Lma ydl clasdaidl pa 38T gl le gazma 3 2sas I 7 Liss Lawie

¢ if .. elseif.. elses;le €3

if (conditionl) {
// code block 1

t

else if (condition2) {
// code block 2

1
else {

// code block 3
t

/ 13 Luluff/ = ® e

= \UJ/
e h
[ 2amayclatsl) [ / 3amapalds// [
® o9
L DI - l
l-l._"_'.".ll
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N DO [ 3. CR S . L A [ C |
e gazes Aaiig ALl duse | cilaslanl] Ao gazms Jiti

LSl LI do y00 1S 131

int number = 0;
 if (number > @) { _— E
¥ code 2)glad
! i
i_i;iigé:i;;F1f;i;;E;;;:1:;:153:if:::::::::::::_}
E // code E
else { 3aled ot
| // code
I .
// code after if

Sladeidl dcgama Jala if 3 3lae Crauins L..::.J'l LSy

syt (3983 O do yidig W -6 3l i 35Laa) Lyoma
3! WP t_g_dl

// outer if statement

if (conditionl) {
// statements

// inner if statement

if (condition2) {
}

Poe, oyante

&
et o
®1® o/ /*c0de af et if

il ajljg
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if .. else if .. else 5L Joai 28
el ol Lo gama 255w L s oW1 sy 8 1S 13
e | laglanl] GBl ase @iy 5¥) Ay !

1 alia oW1 o 5201 1S 138

int number

1l
[

// code

// code
t
else {

// code
b

// code after if

A TEOR TSR TR TP I A | RO I S 1|
cAaTEN E.ﬂl‘.?.ﬂ)_d! QLq-“llll” a.ﬁj.q_‘lnd:.l.:ﬁ_la

Aas by 20 20lS

________________________________________________

// code
|
else if (number == 0) { ——
25 9l>d mio
// code

// code after if
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ey i il (e ey JSES Gl el jiiall Bl ) @
Uit isgdasal ston Soatiogy pamin sasa Las)
I5la i{}udh_umiugtkﬂﬂdiuﬂ}gﬂ|JAELJJLMZ?JGLH&J
3l @ @ 1S Jo BT il bkl g i=Six
i 102 pei giug cosd Al ol il @ d enast

s s 2l de e puiis

A

while ;| 55 dalases :6.6 S

Lo do 1 39S Lastie 51,85 il ylae 3AS doss
@P&J_ﬂ)ﬁﬂhﬁj@+m&fﬁﬂ HL:@.J.&}
.__}l_)j."lﬂ »;L!__ﬂ_*..g

5 4
/eyt st /1

ol guo ,;fﬁlfgrrhﬁx Lo
il |

Jtﬁiuiiwhilejl)s_,u_gjl ol f O
Jlm*j_q_s A dogeid! axds s do... while loop
Mﬂjwwﬁiwﬂluwtu ARV
Lo yall Jgoi S 51 ySall CaBgig JBY e 3ty 3,
—ill ajljg Ao
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Loops i i pSJ

eyl SUUSI (e plgdl B0 plasial CH 2 cliSey
for 55

while ;1,5 »

dﬂ...whilE J'ﬁ b

ol fﬂl"jﬁ]aj.‘l.m

for (variable initialization;
condition; increment operation) {

// loop statements;
i

2 While 5l S5 aas

while (condition) {

// loop statements;

}

F3 9-ng.d0... While sa =l ) S5l 15N g o)
(b Ao g While 5l <5 e Calizey

do {
J// statement execution;

} while (condition);




sl ) Sl ¢ 130 aras aa ySlass ylalil g cONtinue g break Leag el 51,83l pa Jalas! e 1aa olaude G0 slie dangs

"continue” 4 "break" duswe ! @Sl O yle
" break" and "continue" Statements

}

if (condition to break) {

"break" 3 ;Le

3939 (985 s 1 ;ST break 3)lie i

for (init; condition; update) { whi

// code block 1

}

— s

le (condition) {
// code block 1

if (condition to break) {

!

[ Vst sest [/ /

g

d

by
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/ 2ama it et /] /
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"continue" 3 jLe

(AL S N Janis g 5 STl s dsee ol | cleglanll duss continue &)l Glass

4> for (init; condition; update) { A->while (condition) {
// code block 1 ! // code block 1

if (condition to continue) { if (condition to continue) {

pt LT PP continue *decceceaaos continue
} }
// code block 2 // code block 2
1 b
// code after loop // code after loop

ok Tl 5 ST R Tt | 1 pSE 1 Jdaind moew o i SL) 51,83 i ls continue 5 le Sus g 13

g 3yl do )5
continue
S Wl
/ 2 Ayl sbolaall /f / /Jlﬁl-iﬁ‘l&?-ﬂﬂ‘-:‘iﬂ:ﬁiﬂfﬂ"/
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C++ 2 J1 gAlt

Functions in C++

Juids IS ol e Bure Adpne cobilac 2udB I Lo a3 Ausea yull alall e 53S0 51 o Wi s greal ) 3305 Al wie
58 Ju W1 Jol (05 1 gl 05 34aT 1) L i3 e IS i ) bl gl (a3 S pdally iy geali
i,s_qz,g:dljwl At Il gotl fye dsuadl «t:++ig_1g_~,.j:t alell oia l:_;_@_“d;ﬂla :| .*:.:Ja_.-_.q,;gt.:LHhm DIA ptand
O - aguandils L @giar o mgila Lol Lle el dnlndl agllys o Lad] Lol frome prall (San  Lgal el (nzms yuall
a g3 A o Lgi¥ g o } ol 931 o Aauiall Aumea QLHJ;:M_,:E.T,mﬁﬁujggmu’;sglh;muhqgjk@uu@
Mtﬁﬁ (return) gl 15,0l

Leie oMV I ¥4l 2liss als sLasy

LRI PPV P e turn Ty pe

iﬂ}h;ﬂuﬁﬁ%ﬁhp-lnﬂﬁhp%jg

( onction .1 ot oo TSR )

L ]
returnType functionName (parameterl, parameter2,...) {
’ »

// function body

SEERNE 2 et 1parameter2)

(o o) Aladl sagd S ellaig

tlegegama el (nlarwsS fnommio (ppoie Jadid Ao dls Lle Jle

// function declaration
int adding (int a, int b) {

s = a+b;

. -
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Ll frseumein (ptde jo palg Lgasu! I (ya Lﬂjlﬂ-.-\-l-wl LS e ¢y p) iloeall o 2 Sl 01 00ia fu.l..'n_-'r_l_-.-.-'}'

int main () {
int a=2;
int b=5;
11 i Fig -
//calling the function and passing a, b as arguments
¢ = adding(a,b);

J//cout will print the value of ¢

cout << C; (
Lo ¥l s (9980 mMaing ) aludl |, 8 dazi
return ©; Elaod) s G52 #{} o
L e Lia Y g Lslas {return}
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void displyNumber () {
// code

Loop( ) ¢ Setup() J192

Setup( ) and Loop( ) Functions
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wvoid loop( ) Ja1a (s pl el ydl laie 3859 cvoid setup () s dals slae¥l mal y (285 2yl e cale S5

ol opile 75l 06Ss Jlas ol calsh @l e el T
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int b = 20;

void setu {
int a = 16; URPEINc o ) BT ERH

prese|oop () EIEREE

void lﬂnpf?HTrrrr_

a += i;

cout << a;

for (int 1 = @; i < b; i++) {

-}é}uh|gi3Jﬁiﬁ
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className objectName;

objectName.classMethod();
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Migrating from Visual Blocks Programming to C++ Programming
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change x = by o X += 5;

Yo X O pusill G el dudae Jua
218,85 add C++

X X - V¥,

Y X Gl | o Al dules ol Z I juste (rusd

a8 S5 iy C++
Y X il o Al 35160 1 pa |
a8 S5 iy C++
X <y
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@ Output () Control
@ Input @ Math
@ Notation @ Variables

print to serial monitor QEICKTLGE with * newline Serial.println("hello world");

change y w by o

change y + by @

alse

rhange yw Iy m
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Conditional Statements, Loops and Output Messages
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delay(5000);

Loesomio Al do il IS 130 F 20 51 Busea 0l cslasdad] Dads
518 <G A C++

if (x < 10) {

yoitm 3

Ao alail] do il IS 130 if 2i S50 Qe pl clagladl] iy

I8 <GS A C++
if (x >= 10 §5 x < 20) {
y += 10;
b
else {
y += 20;
t




Mramas alaill do ) 1S 150 for aid Jals duma pdl clagdaal! 2uas

LPLEH P C++

for (counter = @; counter < 5; ++counter) {

y += 1;

Aoyl Ul 2 while 5l S5 aasn

C+4

repeat while v mhitenlx £ai81 4

change x * by o }
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RV R s angadl ol B i B Siada
Arduino Digital and Analog Pin 1/0O

idsaziad) yelg¥l clid dcganse S8 S5 it 2 g b9y W1 A g1 Ay e Lindl g A ad )1 31, oW e Je Ll @y
@ Output @ Control Sl (Output) 1, ¥y (INput) JLas¥ i palgl cilegema JOL5 0y
@ Input @ Math ad 1 gl & laliall ghigs W oLl s Led auatin 3 50 S 2. (Math)
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a8 s adyd C++

pinMode(4, INPUT);

«» readdigitalpin 4 =

x = digitalRead(4);
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(3ai p0) HIGH 2d e 4 a3 )0l o ylall b dasis
SLPLE P C++

setpin 4 - to HIGH = pinMode(4, OUTPUT);
digitalWrite(4, HIGH);

.YJ%EHarLEPﬂEAS%uEUﬂhj}hﬂiﬁﬁuﬁtdyguJ|
SLPLE TN Ct+

set yw (o readanalogpin A3 = pinMode(A3, INPUT);
y = analogRead(A3);

(PWM) daddt 4o e (e alazinl 15 4, Lall 406! e 10 3 plall 263 Slael
218 S0 A C++

setpin 10 + to o pinMode(10, OUTPUT);
analogWrite(10, 15);
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Examples of Migration from Tinkercad Blocks to C++
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CHF

int counter;
int counter2;
void setup() {
sefpn 11 v 1o HIGH » pinMode(11, OUTPUT);
}
void loop() {
for (counter = 0; counter < 5; ++counter) {
digitalWrite(1l, HIGH);
delay(1000); // Wait for 1000 millisecond(s)
digitalWrite(11, LOW);
delay(1000); // Wait for 1000 millisecond(s)
b
for (counter2 = 0; counter2 < 10; ++counter?) {
digitalWrite(11, HIGH);
delay(200); // Wait for 200 millisecond(s)
digitalWrite(11, LOW);

delay(200); // Wait for 200 millisecond(s)

...- e0®® }
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read digital pin

setpin 11 = 1o

wait @ SeCs ¥

setlpin 11+ (o

w&ﬂ+':E'r SBCS v

C++

int counter;
void setup() {
pinMode(16, INPUT);
pinMode(11, OUTPUT);
t
void loop() {
if (digitalRead(10) == HIGH) {
for (counter = 0; counter < 5; ++counter) {
digitalWrite(11l, HIGH);
delay(300); // Wait for 300 millisecond(s)
digitalwWrite(11, LOW);
delay(300); // Wait for 300 millisecond(s)
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set temperature * to read analog pin AQ w Sl temperature ) p=Jdl 4 yn jihie
o S5 S Slee 2 (g0 A 53) 27 d_q.m.il
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print to senal monitor  temperature with + newline

temperature z w then

2 (Text) pad Ao pudl puing y5in!

A Ao pud | Slasdald! ) pome
LG daly m0L add!

C++

"-}_ so00®

int temperature = 0;

void setup() 1 2alall e dellall (Serial) L Luliall GAISI Ao

pinMode(A®, INPUT); Hgy start() Uls s isetup() Uls b Aot
Serial.begin(9600); e— OSag LY Lgalusiioal (St Bbeaduadl) AEL
LA e Sl 15 @uall delds 1D sy aasioll
o las Ma pa printin( ) ais 4l print( ) i alaziuby
} Al I Bl o ) dys | e Gt printin() &l

pinMode(11, OUTPUT);

void loop() {
temperature = analogRead(A®);
Serial.println(temperature);
if (temperature >= 27) {
digitalWrite(11, HIGH);
delay(2000); // Wait for 2000 millisecond(s)
digitalwrite(11, LOW);
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145 W duse ) Sladait | 2. (logical error) alaie Uas o ((Syntax error) gacld Uas fpe o o

void loop() {

for (counter =

0; counter < 5;

digitalWrite(11, HIGH);

delay("1000");

--counter) {

// Wait for 1000 millisecond(s)
delay("1000");

digitalWrite(11, LOW);
// Wait for 1000 millisecond(s)

ga;ﬁih&

vold loop() {

}

delay(2000);
digitalWrite(11, 0);

temperature = digitalRead(A0);

Serial.println(temperature);
if (temperature >= 270) {
digitalwrite(11, 1);

// Wait for 2000 millisecond(s)
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#include <Keypad.h>

#include <Servo.h>
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Servo servo;
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- Adafruit_LiquidCrystal lcd(0);
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const byte numRows = 4; // number of rows on the keypad

4: // number of columns on the keypad

const byte numCols
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// keymap defines the key pressed according to the rows and columns just as
they appear on the keypad

char keymap[numRows][numCols] =
{
{510 f30e 130 AT
[ gY e FB Y Vet TUEYE.
{575 "B YOt EY R
[t Bl WY DY)
b

adlall sy fa Lgds yay ;._qi:‘h_,:dl numCols s NUMROWS alixiils keymap dagaiae Lm;_,.&...i.
e JShn milall ds gl e Gaga ol

e sk (e iy alual) Wiy ginga, W bl ol moslall A gl e¥liadl sluel I el sy zlimie
:byte g4 (pe (s puiia

// Code that shows the the keypad connections to the arduino terminals

byte rowPins[numRows] = {9,8,7,6}; //Rows 0 to 3

{5,4,3,2}; //Columns ©® to 3

byte colPins[numCols]

A3 Aillaug ;u8954 ihis oteati Gyl e Keypad (518 auass 2 5,53 3glast fieD

// initializes an instance of the Keypad class

Keypad keypad = Keypad(makeKeymap(keymap), rowPins, colPins, numRows, numCols);

dcgazaye 3 olic 9ag Ll JaB 59 o LalS 1y 3ius agds PASSWOrd @uly it d paan s olae ¥l el o JleS
A Jolay o2 ¥1 (e

*|* thir passwor8[4];
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o Setup () Ul e o dl cladaid!

void setup()

{

//servo setup

servo.attach(11); e

Break down the Code e ls oJ1 alay)
JaiST s slae¥l 2 el 030 Ala MUl 20s 2
2 @Sl sumg 518 Jg¥) sl 2 Uiyl LS
aiemila S Sl pasafip( YA 5iS g fga |
B ydiiua 539 lOOP( ) adls asd o8 Lela a5

+E_at1_)__|.n cadgr Yl Lige s

servo.write(0);

//lcd setup and password set

lcd.begin(16, 2); »

lcd.setCursor(0, 0); =
lcd.print("Set 4 character”);

led.setCursor(0, 1);

A

: b LS Servo s (e servo Lalls f.mi*:

s ,j,_na;f servo.attach(11)

.11 & lalls Servo

EIEWITETPREES:

lcd.print("password:");

for{int i = B; i < &4; i++) {

password[1i]
»

= keypad.waitForKey();

A
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. 100p () Als pal sl

void loop()

{
// clear the screen and display the new message
lcd.clear();
lcd.setCursor(0, 0);

led.print("Enter password:");

bool correctPass = true;

char buttonPressed;

// this code checks each button pressed against the corresponding password
digit
// e.g. 1t will check the 1st button pressed against the first digit of the
password and so on
for (int i = 0; i < &4; i++) {
buttonPressed = keypad.waitForKey();
if(password[i] '= buttonPressed){
correctPass = false;
}

lcd.setCursor(i, 1);

led.print(buttonPressed);

delay(1000);

//this code will be executed if the password is correct

if (correctPass) {

// clear the lcd screen

o2 e e ¢830);
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// set the cursor to the beginning of the 1st line
lcd.setCursor(0, 0);
lcd.print(“Correct password!");
// set the cursor to the beginning of the 2nd line
lcd.setCursor(0, 1);
led.print("Unlocking...");
// write the angle by which the servo will rotate
servo.write(180);
// wait 5 sec and then rotate the servo to its original angle
delay(5000);
servo.write(0);
t
else {
// this code will be executed if the password is wrong
// clear the lcd screen
led.clear();
// set the cursor at the 1st col,row
lcd.setCursor(@, 0);
// print the message

led.print("Wrong password!™);

*0 9

Break this Code down geli .01 Lol
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// clear the screen and display the new message

led.clear():

elcd.setew®8®r(0, 0);
. --.'.-

*Wld.print(™Enter password:");
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bool correctPass = true;

char buttonPressed;

// this code checks each button pressed against the corresponding password
digit
// e.g. 1t will check the 1st button pressed against the first digit of the

password and so on

for (int i = 0; i < &; i++) {

buttonPressed = keypad.waitForKey();

if(password[i] '= buttonPressed){
correctPass = false;

}

lcd.setCursor(i, 1);

led.print(buttonPressed);
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// this code will be executed if the password is correct
if(correctPass){
// clear the lcd screen
lcd.clear();
// set the cursor to the beginning of the 1st line
lcd.setCursor(0, 0);
Llcd.print("Correct password!");
// set the cursor to the beginning of the 2nd line
lcd.setCursor(®, 1);
led.print("Unlocking...");
// write the angle by which the servo will rotate
servo.write(180);
// wait 5 sec and then rotate the servo to its original angle
delay(5000);

servo.write(0);

}

else {
// this code will be executed if the password is wrong
// clear the lcd screen
lcd.clear();
// set the cursor at the 1st col,row
lcd.setCursor(0, 0);
// print the message
led.print("Wrong password!");
}
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Complete Code dleSLs zmali 11

// C++ code
[
#include <Adafruit_LiquidCrystal.h>

#include <Keypad.h>

2 (Text) o dowae pud! Ao § gt

#include <Serwvo.h> i
cdamma pdl Oladaid) jpos

Adafruit_LiquidCrystal lcd(0);

Servo servo;

4; //number of rows on the keypad

const byte numRows

const byte numCols 4; //number of columns on the keypad

// keymap defines the key pressed according to the rows and columns just as they
appear on the //keypad

char keymap[numRows][numCols] =
{

Plpte e 28t LA

Phats 'Sl Tehy MR

{735 ‘Bt ety i),

fiale WY MY DM

¥

// Code that shows the the keypad connections to the arduino terminals
byte rowPins[numRows] = {9,8,7,6}; //Rows 0 to 3

byte colPins[numCols] = {5,4,3,2}; //Columns @ to 3

// initializes an instance of the Keypad class

Keypad keypag = Keypad(makeKeymap(keymap), rowPins, colPins, numRows, numCols);
2 5
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char password[4];

void setup()

{

// servo setup
servo.attach(11);

servo.write(0);

// lcd setup

lcd.begin(16, 2);

// lcd print 1st line
lcd.setCursor(@, 0);
led.print("Set 4 character");
// lcd print 2nd line
lcd.setCursor(®, 1);

lcd.print("password:");

// gets and stores the password
for(int i = 0; i < &; i++){

password[i] = keypad.waitForKey();

void loop() {
// clear the screen and display the new message
led.clear();
lcd.setCursor(@, 0);

lcd.print("Enter password:");

bool correctPass = true;

: : Eha_r _husftﬁgrexed .
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// this code checks each button pressed against the corresponding password digit

// e.g. it will check the 1st button pressed against the first digit of the
password and so on

for(int 1 = 0; 1 < &; i++) {
buttonPressed = keypad.waitForKey();
if(password[i] != buttonPressed) {
correctPass = false;
b
lcd.setCursor(i, 1);

lcd.print(buttonPressed);

delay(1000);

//this code will be executed if the password is correct
if (correctPass){

// clear the lcd screen

lcd.clear();

// set the cursor to the beginning of the 1st line
lcd.setCursor(@, 0);

lcd.print("Correct password!");

// set the cursor to the beginning of the 2nd line
lecd.setCursor(0, 1);

led.print("Unlocking...");

// write the angle by which the servo will rotate
servo.write(180);

// wait 5 sec and then rotate the servo to its original angle
delay(5000);

servo.write(@);

}

At

* ¢/ this® rede®will be executed if the password is wrong
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// clear the lcd screen

led.clear();

// set the cursor at the 1st col,row
lecd.setCursor(0, 0);

// print the message

led.print("Wrong password!");
t
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Programming the Arduino giu 93,1 dove s

a3 o sl 3L33 s1eY Arduino IDE Jae L5y I35 (e StandardFirmata JsSsis p Jovamis 1o
Python ol doee ydl Aal 4w bi<h asaii g1 mali plly

(Pip) a3l 351s) allas M5 ¢ys paho-matt de jo e @39 PyCharm qisl
:‘:,fﬂl ) 81y ctllas ..ﬂ:l-_:- 2_(Terminal) 3 ,all dga 15l xual \PyCharm 2

pip install paho-mgtt

ardlol il @3 @i omayddl lalaza il 2 @b .maqtt_arduino.py el e Henb cale s LASL @B
Ay

MLgbon 5 ) Jili )l dia s aul 9o L35 :dlatetime o

el sl juw 2 @Sxill :time o

JSON &liIS ae Joull :jsON ®

Firmata JsSsis p S5 (pe 32935¥) Ayl aa Juolgull :pyfirmata o
MQTT clacig pa Jool g3l ¢ Mae <LE5) :paho.mqtt.client o

from datetime import datetime
import time
import json

import pyfirmata

import paho.mgtt.client as mq

CLIENT_ID Jsaad) @aal (ysSuso ibiiian 3 MATT Jand posint aian o3l 3591 ol it ) G-l
A TOPIC jdiug .y Jomtiww 633 EMQX 0855 (g3t aladl dasaugll ()5 ic 5 g3 MQTT_BROKER Ll
Labin g .dasaugtly JLam3SU ol 5031 a3l aie M PORT 5y . Jueall dud o 5 30 pgiingll @l

LY &laa V) pllae 3013 2 5)La) 5 ui%eS anieiwi FLAG_CONNECTED gls

# Variables to setup MQTT client
CLIENT_ID = "PUBLISHER_O1" # ID of the client
MOTT_BROKER = "broker.emqgx.10" # Address of the broker

TOPIC = "waste/drops” # Topic to subscribe to
:I:}‘?RI 3 ﬂgt!z?:: # Default server port
" 'IEI:A*G_:E’D.NNEE'TED = False # Connection flag
e L
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MQTT Jsae @ul CLIENT__ID
gt MOTT dagus éslsie MQTT___BROKER
Jueall dud el pidi (g2l pgngll TOPIC
s JLas¥1 3100 2Ll i PORT
AL Ll (e Gaseall 3 5LEN i FLAG___ CONNECTED

{_,_ES_‘ L_UJSj. {Flrmata] d_gj_g.tj_p rlmbj&jj_}‘ﬂb dL;..:J"ﬂ.‘! g Lg_q_q_g_p u—"ﬂﬂ' a,d._u".ﬂ __).]a_u.u"h” l.d.q.ﬂ!

board = pyfirmata.Arduino('COM4') # Specify communication port
it = pyfirmata.util.Iterator({board) # Select the board to connect

it.start() # Connect to board

# Selecting the sensor pins
light_sensor_pin = board.get_pin('a:0:1i")

tilt_sensor_pin = board.get_pin('d:3:1")

i F .

;‘.'a‘tah_:_:laJ_ﬂd_nLa.aﬂ Lagla OIS 13! Ln.‘.I.J_-u @ g g2 Can_full 3yl ;.L-u.u"hTLx | S
JalSIL Aaglod) add alazinl @l ye sae al .'.Il.J.ﬂj.Aj garbage drcrps

can_full = False # Flag to indicate whether the can is full

garbage_drops = @ # Counter for the garbage drops

Ailiae duglatl Lgid 19S5 5 40 JS 2 garbage_drops s can_full i,_..._..’:mm Al I Ayl i Lasl @3
Foagh! 108 o Juaadl I Al Jus 539

def reset can():

global garbage drops # Access the garbage drops variable

global can_full # Access the can_full variable
o, garhaga_cllupﬁ = B # Reset the counter to @
'. L
_‘C.El'n. full* # False # Clear the can

Pl il ajljg
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oealy yuiia Ll Yol aginc augladl alusen ol & aih wd Joeall Doy JlapY 25V ) Lail o3
garbage_drops s timestamp aSlasil Dictionary jwgsld (518 < Laily iyl e wdd timestamp
"waste/drops" « ;5 11 3o A 0,25 @5 JSON SIS I ugalatl 1as Juga aganw .can_full 4

el s e

def publish_message():

global garbage_drops # Access garbage_drops variable

global can_full # Access can_full variable

# Create a custom format for the timestamp
timestamp = str(datetime.now().strftime( "%H:%M:%5"))

msg_dictionary = { # Creating the JSON object

"timestamp": timestamp e 2
' owgald f5lS < Las!

"garbage_drops": garbage_drops, e JLu ;¥ JSON
"can_full": can_full k. bl
b
msg = json.dumps(msg_dictionary) # Convert dictionary to JSON
try:
result = client.publish(TOPIC, msg) # Publish message
except:

print("There was an error while publishing the message")

time.sleep(2)

Lo Js> Terminal i JLall a_gs gl "{J Al Ay b g 2B el us Y C_n_u adls e Lol o3
Sl W) t_]Lﬂ.u all ol ol a Jn_i)J T“J—"L“I—I-I-I-'IH ;L_l.;.bl__,_".hl aluu:::!_..u_gg_ﬁ all .l &Un:n_uj AJ.&EI_E' ,.J__n.q.db Jﬁﬂi
.paho.maqtt.client aags o y845 g1 o litl

def on_connect(client, userdata, flags, rc):

global FLAG_CONNECTED # Access the FLAG_CONNECTED variable

if rc == 0. # If rc is @ the client connected successfully

FLAG_CONNECTED = True

print("Connected to MQTT Broker!") R T i Lo sgiad) 1a

- =

0o, ¢else;qee Jlai¥! Ul glaut paho
-"...i- i-. s 0 0
®, *."."prime("Failed to connect to MQTT Broker!")

XX )

il ajljg
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3,95 300 WL on_connect &l s & lae da g (MQTT Jrae g mal pdl (a5 31 2 a5t
dazll goungll 2l W sa=1l MQTT dasugs Jlas¥l @ e

mg.Client(CLIENT_ID) # Initialize an MQTT client

on_connect

client =
client.on_connect = # Bind the on_connect event handler
client.connect(MQTT_BROKER, PORT) # Connect to the specified MQTT broker

client.subscribe(TOPIC, @) # Subscribe to the specified topic

Ao e yglatl 1205 10.200 (e J31 light_value 2esd cals 151 . gali yull s 1 51,830 Liiks @3

while True:
# Get sensor values
light_value = light_sensor_pin.read()
tilt_value = tilt_sensor_pin.read()
if (light_value is not None) and (tilt_value is not None):
print{"Light levels : " + str(light_value))
print{"Tilt levels : " + str(tilt_value))
print("Garbage drops " + str(garbage _drops))
# If there 1s a tilt, add 1 to the counter
if (tilt_value == True):
garbage _drops += 1

# If there is a tilt and the can is full

# publish a message and reset the can

if (light_value <= 0.200);: =

’

can_full = True
publish_message()
reset_can()

publish_message()

]
E:::-. , ¢ e sleep(1)

e i .« B8

e

bl 5 o s
dabladll gl el Laolic
@
~iU}5g#1&b¢iﬁ£ﬂgﬂ1
cunaeioll eLisYl

\

J
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Complete Code 3lgd! alSivy zeals

from datetime import datetime
import time

import json

import pyfirmata

import paho.mgtt.client as mq

# Variables to setup MQTT client
CLIENT_ID = "PUBLISHER_0O1" # ID of the client

MOTT_BROKER = "broker.emgx.1o0" # Address of the broker

TOPIC = "waste/drops” # Topic to subscribe to
PORT = 1883 # Default server port
FLAG_CONNECTED = False # Connection flag

board = pyfirmata.Arduino('COM4') # Specify communication port
it = pyfirmata.util.Iterator(board) # Select the board to connect

it.start() # Connect to board

# Selecting the sensor pins
light_sensor_pin = board.get_pin('a:0:1i')

tilt_sensor_pin = board.get_pin('d:3:1")

can_full = False # Flag to indicate whether the can 1s full

garbage_drops = @ # Counter for the garbage drops

def reset can():

global garbage_drops # Access garbage_drops variable

global can_full # Access can_full variable
garbage_drops = 0 # Reset the counter to 0
i can:_fllsll}.= False # Clear the can
.-'l'_. A ._--.
"“‘l_ _'."‘n'll

il ajljg

hMinistry of Education

2023 - 144D

284



def

i

def publish_message():

global garbage_drops # Access garbage_drops variable
global can_full # Access can_full variable
# Create a custom format for the timestamp

timestamp = str(datetime.now().strftime( "%Y-%m-%d %H:%M:%5"))

# Creating the dictionary object
msg_dictionary = {
"timestamp": timestamp,
"garbage_drops": garbage_drops,
"can_full": can_full

}

msg = json.dumps({mse _dictionary) # Convert dictionary to JSON

try:
result = client.publish(TOPIC, msg) # Publish message
except:

print("There was an error while publishing the message")

time.sleep(2)

print("Message sent to the MQTT broker™)

on_connect(client, userdata, flags, rc):

global FLAG_CONNECTED # Access the FLAG_CONNECTED variable

if rc == 0: # If rc is 0 the client connected successfully
FLAG_CONNECTED = True
print{"Connected to MQTT Broker!")

else.._..

-
. .'.:prfr&z"Failed to connect to MQTT Broker!")

1l ajljg
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client = mg.Client(CLIENT_ID) # Initialize an MQTT client

while True:
# Get sensor values
light_value = light_sensor_pin.read()

tilt_value = tilt_sensor_pin.read()

if (light_value is not None) and (tilt_wvalue is not MNone):
print("Light levels : " + str(light_value))
print("Tilt levels : " + str(tilt_value))

print("Garbage drops : " + str(garbage_drops))

# If there 15 a tilt, add 1 to the counter
if (tilt_value == True):

garbage_drops += 1

# If there is a tilt and the can is filled
# publish a message and reset the can
if (light_value <= 0.200):

can_full = True

publish_message( )

reset_can()

publish_message()

time.sleep(1)

client.on_connect = on_connect # Bind the on_connect event handler

client.connect(MQTT_BROKER, PORT) # Connect to the specified MQTT broker
client.subscribe(TOPIC, @) # Subscribe to the specified topic

....- ‘-I.

00e ", " 000
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Testing the Broker da.wu gl jlcis|

- 'J:.:,tgL:;_u!a:d dg¥l Z3laill juglas 2 EMQX eles . MQTTQL;@HJL:‘%JL_:@??L; MQTT Lo EMQX ot
LLL‘)JLHLHL&“HMQTTJ{EIIEMM?M sl gy 2l il g G A Ll 009 ML
1_1_u.£~_“5_~h_¢,u4_.t_1u| Ny q_.j.t_u..nL,;JJJLMHJ.”MLJJLHﬂWQFLLﬁl N A
JMJ__.“J.,._;@;JL.“&J _uj_ﬂuHL_, HLHLHM,_E_”J;J‘ETL ! StandardFirmata dalazes s da . Ll
pingd Louzal o) Fglontl s Ly o3 2t ctl 1 s )y gy calalail shote 303 pa il gy Jaih 3 o JS 22 0L
dasis dagg s Ailias Ayglodt of Laslie A0l grali ) piiies 3L yaliteus Adni3 pos ALYl paliioa Junds ic g -Laladll
Ao 3 ygas Albla; pi0 5LasY 5 eaall S5l il e sl cUlad! Jlats S sl 20 again olilaill slae
2_ s n S MQTT}(LLM‘:-J:_._M d_mJ_dld_g_ub pbolie agal Jd MQTTX Agent oSl Jeall ansi i
n.E.l_..u_gwaﬁjyju}ubybydbwwrdlhpuﬂl,IA:JLA_..M O¥ Jraaall jlaiii. "waste/drops” ¢ gussa
.alsdl EMQX
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MQTTX (eae I (o SOl J11 D pe
Viewing Messages through the MQTTX Client

LeS MQTTX st baadl J35 (s Bl pV Sl @l Bl )V 80 s 009 0 0s0b 2 Gumma pdl alolall Sl sy
,drUJTl).g.T.‘a:\

- = ~ - . L
A b LS AN - N B
FRLLE™S _ b 1 |

Limestamp" :"2022-10-03 11:14:54","garbage drops™:9,"can filled“:false]

£ MOTTY

File Edit View Window Help

Connections m desktop_connection = €5

| {"timestamp™:"2022-10-03 11:13:34","oarbage drops™:

g B; "can filled™:Lalss

‘ {"timestamp™:"2022=10=-03 11:14:54", "gurbage drops™:%,"can filled":false
{"timestasp™"2022=-10=-03 11:15:13","garbage dropsTilld, "can filled™ifalae
‘;__t:'_;__.._:" E';E-:"': 11:16:54%, “garbage drops™ill, "can filled®ifalas])

- _—4_-=.:_—..3. £ :En__ -03 11:17:23%, "garbage drapa®:12, "ean f1lled%:erum]
‘ _j"'::.r.-s*a:;:::-":"3.'12—.:--.'-? 11:17: 42", "gacbage dropa®:1, "can filled®:falas]
-":'..'r.rr.':::.".::":".':-.'.E.'.—'.Z--ZE Z'.:'.':.';f:",".'_r'.a:"-_'-.'l.*:_:'r_:i'.“:'_:'.n":.':,".'.ﬂ.'.'._:".'.',r“'_“'.'f:u'.zr:
! ("timestamp™:"20232=10=03 11:21:51","gurbage drops™:3,"can filled™:falss]
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Smart Waste Management and Data Analysis

d_"nfegs._..jlﬁ #Jj.?ﬂ_g:_;[ (QS.'ELA fh‘.,ud_..uba;il_ﬁ.u :ll_'.__gL“:- .E__;‘J}T‘JSIJ [__,J_gi C.‘u_g_q:i ;L.fh.'ih.] &u‘wj.ﬂl;a?h:r_q::lﬁ
pjﬁugﬂEﬁaﬁ%ghﬁﬁpwwnTai}Aﬁﬂ;hﬁhuﬂUuﬁéjMiﬁjﬁih}mbugmé;iﬁLlhgdl
Bl ol e <l dalasl puingg dabine ol ygums (5sS3 Lt Las

(data_a nalysis.ipynb ) ( mqtt_receiver.py )

Al llaill p g e cilib Jdas $7.21 J55

3ol Gudi 2 )% sty D ey pladie eLiil Gyl 1082 asai,
o patiun @i+ Jilua Il e iy 85 6200 MATT daiaagy ol
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@ eeflZal Gl oLl fpe cBledl G le da3acalll s Gytima . 35
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Lelg> ol jgaia sy
data_analysis.ipynby mqtt_receiver.py @b ojlalll )l s L,.q..:u..
JSON Cale 2 alsgamt! cliladl JsW malipdl caow o Mgall e
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Creating the JSON Data File (jguus SLiLa cale ¢ LS|
28 S 3ldl mQtt_recelver.py peli yull agdicg de ladsgsimaedla lg JSON wililo cale o LASL agate

Adgiinscliginal siowg lia JSON Cals data_analysis.py ale b @5 A83dally JSON (5188 :,_:j

Jatsda ke Aaga.a) LIS 25 5 5 .data.json ewl el loilee s | s Yol 2 55 o PyCharm zzal
dvgaalls A ] saslatl sl JSON wlisis mqtt_receiver.py,_;ﬂ:_m oL zanga g8 LaS Calll s
itz @b data.json calll dais| .olisl dusg sal

L]

A5V el 3l s @3 oma ) padll &4y 2.9 .mQtt_receiver.py @uwl was Gsils cale <Liils @3
+L;tl JSlo 08 {1ty Tt {_,..iﬁ .datetime o

JSON =LSIS ps Jalaall ;json o

MQTT claws ps Joolgall £lee L3N :paho.mqtt.client o

el cliuls e 33ga gl clilll aa Jolail) 08 @

from datetime import datetime
import json
import paho.mgtt.client as mq

from os import path

JSON &bly cale pa JeLimiu a1y data_file_objects s data_file as¥l ol st Lasl @3

data_file = "your_file_path" # Absolute path to the JSON data file
E ]

data_file_objects = [] #|This contains the objects from the JSON data file

®e oo ® il NSt » 15
I'::'- --:Ill [deb-!‘wﬁh]
l‘..‘_'.' s &8 HL@J'QLJL‘HJ1H_H.LE

L ]
L]

:'_".'.I el ¥ | C'JIJE]
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sty Ly (CLIENT_ID @l 4 85s (31 MOTT Jsand auinioacdion 301 259 el il s LAY o3

el 1 TOPIC 5.4 JLas¥! @ias 5231 EMQX 05355 (620 alall daaull ilgie 1l MQTT_BROKER

-
"

FLAG_CONNECTED; «dasceslls JLaiDU sl y5a¥1 asLil e 31 PORT 5. Jaaall s b s 2 g guiagl
LiaY elas V1 gtlae A1l 25,50 puiieS Ao g1

# Variables to setup MQTT client
CLIENT_ID = “"RECEIVER_©1" # ID of the client
MQTT_BROKER = "broker.emgx.io" # Address of the broker

TOPIC = "waste/drops” # Topic to subscribe to
PORT = 1883 # Default server port
FLAG_CONNECTED = False # Connection flag

Gagdail] il )01 ope calaglall oy 52 ﬁ=.J_é.-_‘..;.,:’f..f.., ls reports messages_stack as¥l ol sl Lasl @d

messages_stack = [] # The array with the messages per can filling

reports = [] # The array with all the generated report objects

Jlas¥! 7l Sy Terminal 4 ylall agalg)! I aST Aoy e 01 A3 sl W1 o A1y LOL @B
&l oYl G_IL!.A.: Al als x.!a_\JJ Lgal il e 3__!....91)351 QUa,!...uj‘:,_-t il dl t;nLln,!...uj ~ads U..ﬁ\_J__quL_r

-paho.mqtt.client a1l 5395 U1 il

‘

def on_connect(client, userdata, flags, rc):

global FLAG_CONNECTED # Access the FLAG_CONNECTED variable

if rc == @; # If rc 1s © the client connected successfully

FLAG_CONNECTED True

print("Connected to MQTT Broker!")

else:
Il...- '-I.‘

""::.::ﬂfﬂ’lz(“Failed to connect to MQTT Broker!")

.,
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def on_message(client, userdata, msg):

global messages_stack # Access the messages_stack varlable

# Decode the message payload

payload = str(msg.payload.decode())

# Convert the payload to a JSON object and append 1t
# to the messages stack
payload_object = json.loads(payload)

messages_stack.append(payload_object)

# When you receive a message, print it to the terminal

print("||---- MESSAGE RECEIVED ----|[\n")

print("Payload: + str(payload_object))

# If the payload object has the can_filled flag set to True

# generate a report for the filled can
dazs o a0l calile <La5]
Aaleall Al o Muel wie

if payload_object["can_filled"] == True: =

generate_report()

Joas O 128 & g3 el 1 (S
oo Jiluy pasd MQTT Jiitiues
B gl puitd 2. gl g3 )1 (5 a0 Buie
OrSealin el pud | 1is G 93 (pSiad

48l ae JSON Sl dstlas (e
u.lck__;_g:uu:ng:dljj.ﬁ:.ﬂ;,.n_nﬂ}l1
Ll (pa p L3 Y9 Cila glas

MQTT fuziis ye ook pmali o Bas 17.22 <



5o JS 2 olilodl aley ddzliy po 3l JSON (518 Sdinu 3l asY! generate_report a1 ¢ Lk @3
il gl o Sl ) el Ay Lga @ind

def generate_report():
global data_file_objects # Access data_file_objects variable

global messages _stack # Access messages_stack variable

global reports # Access reports variable

# Getting the first and last objects from the messages_stack

first_msg = messages_stack[0] K\HHH Olalan 1 g 3
last_msg = messages_stack[len(messages_stack) - 1] b 3 545315 Y
el 5,

o gl 3,0 >
# Converting the string attributes of the messages objects to datetime
time_filled _timestamp = last_msg["timestamp"]
first_timestamp = datetime.strptime(first_msg["timestamp"],"%H:%M:%S")
last_timestamp = datetime.strptime(last_mseg["timestamp™], "%H:%M:%5")

i < _ N
garbage_drops = last_msg["garbage_drops"] 38 Sl a3l

gl
. v,

# Calculating the time_to_fill by comparing the timestamps
# of the first and last fillings
time_delta = last_timestamp - first_timestamp
time_to_fill = time_delta.total_seconds() / 60
report_id = len(reports) # This will be used for object indexing
# The JSON object that will be appended to the JSON data file
report = {

"id": report_id,

"timestamp": time_filled_timestamp,
"garbage_drops": garbage_drops,

"time_to_fill": time_to_fill

.‘l.- *.-I.
00s "c + " 000
li._"’_'.".il
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# Append the new report to the objects of the data file

# and write the data_file_objects array to the data file N
n;l-ll,_lj.n.'!aa;e_h.'lu
data_file_objects.append(report) = alL Angiisa
with open(data_file, 'w') as file: L_ wmbiledl ales
json.dump(data_file_objects, file, indent=4, separators=(',","': "))

# Append the report object to the reports array and to the JSON data file
# and clear the messages stack
reports.append(report)

messages_stack = []

Mmfﬁ‘“ﬁ:’ Lg=iay ﬁﬁj_E:i-j 339> Ll cOIS 1::1'._4.4 E_nuﬁﬂ{_,_.n‘_j_u;ﬁﬂ*F 2 et 2 Basili
Jlai¥ly 2935 @3 el 3335211 J1sotl on_message s on_connect &l aa W aladlas day 59 MQTT
335163 Bla ) 1 plaia¥l g sall pauagll 2 280 s (MQTT dareusy

# Check if the data file exists e

cellas ¥ Csend eslild! Cale sgamg opa ST

if path.isfile(data_file) is False:

raise Exception("Data file not found")
# Read the contents of the JSON data file
with open(data_file) as fp:

data_file_objects = json.load(fp)

client = mg.Client(CLIENT_ID) # Initialize an MQTT client

client.on_connect on_connect Bind the on_connect event handler

Il

#
client.on_message on_message # Bind the on_message event handler
#

client.connect(MQTT_BROKER, PORT) Connect on the specified MQTT broker

client.subscribe(TOPIC, 0) Subscribe to the specified topic

= 3

client.loop_forever()
.‘l.- ‘-I.
..'-.'I.-i. --.r'._.'
li._"’_'.".ll

Listen continuously for messages
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Complete Code 3lgd! alSivy zeals

from datetime import datetime
import json
import paho.mgtt.client as mq

from os import path

data_file = "your_file_path" # Absolute path to the JSON data file

data_file_objects = [] # This contains the objects from the JSON data file

# Variables to setup MQTT client

CLIENT_ID = "RECEIVER_©1" # ID of the client
MQTT_BROKER = "broker.emgx.io" # Address of the broker
TOPIC = "waste/drops"” # Topic to subscribe to
PORT = 1883 # Default server port

FLAG_CONNECTED False # Connection flag

Il

messages_stack [1] # The array with the messages per can filling

reports = [] # The array with all the generated report objects

def on_connect(client, userdata, flags, rc):

global FLAG_CONNECTED # Access the FLAG_CONNECTED variable

if rc == 0. # If rc is 0 the client connected successfully
FLAG_CONNECTED = True
print("Connected to MQTT Broker!")

else:

print("Failed to connect to MQTT Broker!")

def on_message(client, userdata, msg):

i glﬂbi}-mﬁages_stack # Access the messages_stack variable
-'..'i- i-.l..
‘..1-II|‘ s BB

(XN
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# Decode the message payload

payload = str(msg.payload.decode())

# Convert the payload to a JSON object and append it
# to the messages stack
payload_object = json.loads(payload)

messages_stack.append(payload_object)

# When you receive a message, print it to the terminal
print("||---- MESSAGE RECEIVED ----||\n")

L1]

print("Payload: + str(payload_object))
# If the pavyload object has the can_filled flag set to True
# generate a report for the filled can
if payload_object["can_filled"] == True:
generate_report()
def generate_report():
global data_file_objects # Access data_file_objects variable
global messages_stack # Access messages_stack variable

global reports # Access reports variable

# Getting the first and last objects from the messages_stack
first_msg = messages_stack[0]

last_msg = messages_stack[len(messages_stack) - 1]

# Converting the string datetimes to datetime objects

first_timestamp = datetime.strptime(first_msg["timestamp"], "%H:%M:%S")
last_timestamp = datetime.strptime(last_msg["timestamp"], "%H:%M:%S")
garbage_drops = last_msg["garbage_drops"]

# Calculating the time_to_fill by comparing the timestamps

:::_#; .;}-f. E[Ie:!irst and last fillings

" '--.I. .'.. - . -
" time_delta = last_timestamp - first_timestamp
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time_to_fill = time_delta.total_seconds() / 60

report_id = len(reports) # This will be used for object indexing

# The JSON object that will be appended to the JSON data file
report = {
"id": report_id,
"garbage_drops": garbage_drops,
"time_to_fill": time_to_fill
b
# Append the new report to the objects of the data file
# and write the data_file_objects array to the data file
data_file_objects.append(report)
with open(data_file, 'w') as file:

json.dump{data_file_objects, file, indent=4, separators=(',',': '))

# Append the report object to the reports array and to the JSON data file
# and clear the messages stack
reports.append(report)
messages_stack = []
# Check 1f the data file exists
if path.isfile(data_file) is False:
raise Exception("Data file not found")
# Read the contents of the JSON data file
with open(data_file) as fp:
data_file_objects = json.load(fp)

client = mg.Client(CLIENT_ID) Initialize an MQTT client

client.on_connect = on_connect Bind the on_connect event handler

client.connect(MQTT_BROKER, PORT) Connect on the specified MQTT broker

:I:EEiqnt_.aEﬂ%Eibe(T[}PIC, ) Subscribe to the specified topic
LIE ? e et a0l

#
#
client.on_message = on_message # Bind the on_message event handler
it
#
ctiént’. loop_forever() #

Listen continuously for messages

Ll Lreyg
hMinistry of Education

2023 - 144D

300



Data Analysis in Jupyter Notebook yiuga 2. SULLIY (ol

e ¥ 3235 JSON bl Cate e bl Julmicslulac o ¥ Siugn 5 5Sae oY1 oot
Lganiinind ,SI5 jala JSON il degasme juiags @3 i Slugle Bl 3 yitou Lglubads e S il

gl ¢y Aligls 5 4t Juiall o I9Y1 590 ,Y £ 35 il )5 008 ililiadl Ae gazms SLo
:Lis pe o jall #Lie JSON cile
http://binary-academy.com/dnld/KSA/I0T2/U3_L3 DATA.json

«alll ye JSON il 321 539 sllal | st of by Yol agiia

import os

data =

import pandas as pd

import matplotlib.pyplot as plt

# The data that will be used, extracted from the JSON dataset

# library used for data manipulation

# library used for plotting data

pd.read_json{'U3_L3_DATA.json', 'records’,convert_dates=['timestamp'])

data.describe().round(@)

i cale g | b
< il il id garbage_drops time_to_fill
i count 50.0 50.0 50.0
Ll B dausg
Uil mean 24.0 54.0 152.0
std 15.0 30.0 100.0
min 0.0 2.0 9.0
25% 12.0 30.0 60.0
50% 24.0 55.0 147.0
7% 37.0 78.0 235.0
ees®s, .c%0e% max 49.0 100.0 376.0
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Aime_to_fill s garbage_drops ;sabiluas s jrassen praik gdalaia o Ltk asdiu

# Create histograms for the data using 8 groupings
hist = data.hist(['earbage _drops'],figsize=(10,6),bins=8)

hist = data.hist(['time_to_fill'],figsize=(10,6),bins=8)

garbage drops time_to_fill

L]
o

i
e

L]
=]

o
0 # 0 0 ) 104 o =0 L] 150 L] Zil) X0 K 2] 40

Lol llalaill 17,24 s

5,508 S 2 time_to_fill s garbage_drops = y! stem plots g5 (s L,H_Ta]nar_i el Bl oI ey agin

-dira )
# Create stem plots for the data with diamond-shaped ('D') markers
plt.stem(data['timestamp'], datal['time_to_fill'], markerfmt='D");
plt.stem(datal[ 'timestamp'], datal'garbage_drops'], markerfmt="'D"');
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@._u.u’:‘l I dele S5 a5l (ye de b ST garbage_drops sue (leez UM a2 S,

# Create 2 plots, one that groups mean garbage amount by hour and one by day
fig, (axl,ax2) = plt.subplots(2,figsize=(12, B8))
fig.supylabel('garbage _drops')

data.groupby(data["timestamp”].dt.hour)["garbage_drops"].mean().plot(kind="bar",
rot=0, xlabel='Hour of the day', ax=axl);

# Monday = 0, Sunday = 6

data.groupby(data["timestamp”].dt.day_of_week)["garbage_drops"].mean().
plot(kind="'bar', rot=0, ax=ax2);
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import time

import random
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while node.loop():

fire = random.randint(1, 6)

el pdl Basiiw f—_Ua.a.H 1_1.#.&\.:..91“,_.3! P I WY O | Yl lqu“,ﬂ n picu randlnt{] 33 5l s 15!
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if fire == 1:
node.print("FIRE!")
message = "FIRE IN SECTOR " + str(node.id())
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else:

node.print("")
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time.sleep(random.uniform(1, 4))

(edge.py) 2 lgd! o2ve pd) aladll
Complete Code (edge.py)

import time

import random

while node.loop():

fire = random.randint(1l, 6)

if fire == 1:
node.print("FIRE!")
message = "FIRE IN SECTOR " + str(node.id())
node.send(message)

else:

node.print("")
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time.sleep(random.uniform(l, &))
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import time

while node.loop():
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message = node.read()

node.print("FORWARDING.." )
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(Proxy.py) Lt oome st alaatf

Complete code (proxy.py)
import time
while node.loop():
if node.bufferSize() > 0:
message = node.read()
e i
node.print("FORWARDING..") o2 2l Jalas
send( )
node.send(message, 1) » ?ﬁh; _{1 hj
slac D pea .iﬂ_"l_:.
time.sleep(1) .PigaiHEA;E
X . J
node.print("")
time.sleep(0.01)

dJLw_)Jl |_;._m_5n_.$jl1u)_ﬂr_“u.amaﬁ u]n_..uj.ﬂ MIHlEHuﬂyﬁlsgyﬁﬁtﬁtgL&@

.(edge node) ae lall 5.Ge d]n_..uij_a Juo 2 chts

IL,_.quJL..u)_'II

i o Begulall A1 AT 1 Sy ali

import time

while node.loop():

if node.bufferSize() > O:
message = node.read()

node.print(message)
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g amell e oo 31 Ry plall Guds 3 s 3 30 (Sitien alisndl 2

time.sleep(2)
nude.&a}at(""]
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time.sleep(0.01)
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(controller.py) slgd! oove y-d) akadlf
Complete code (controller.py)

import time

while node.loop():

1f node.bufferSize() > 0:
message = node.read()
node.print(message)
time.sleep(2)

node.print("")

time.sleep(0.01)
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£ CupCarbon loT 5.0 [C:\CupCarbon Projects\Fire Surv 1 e | akalll ¢ LEaYy

Project Edit Add Display Selection Solver

|+ ;;|!'|..“' K ﬂlﬂ E|'i!, |_|

O o oy i 2 sl e daiiasl <
O 5L a1 2 el (siuls yalsl LS <

F Network information

P Devices & Objects File name &= %{ps-ﬂi‘ 3.3 ) controller 51 <
» Device Parameters e +(|_E|.'|.T.| .I-n.a.u1}
B briotiei O . (i) Save e i) <

P Marker Paramatars

i Python Editor O }(o

File name | controller o Save
Script List | ¢ ’ -

| loop | | send ~ | delay | Transmitter v | | Receiver v | | Publisher || Subscriver |

import time
while node.loop():

if node.buffersize() > 0:
message = node.read()

node .print (message)
time.sleep(2) o
node.print (“”)

time.sleep(0.01)
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Creating the Scripts 4w »d1 alalat! ¢ L)

daslatia yeSh culiglad] fa (ralizel]

Ad Lt Aanll eildee fpedegudaas ogial ,:_gi MU?T EJ.E.‘:.Tl{_,ic'tthuaia.ﬂhhj cda 3 U1 4ns a_"lL..a!_;iJ_ﬂ

import time

node.print("")

Q.u.u.a.J‘ d.EJ.nl_.Lﬂu.n L@nLJ:LM!MLgﬁijQJQ}mnMU dL..uJi_-.u‘_nlJJALLnﬂ .'ﬁl_g.Ut_rL\r_gLﬁ-ta_g.n.m

+JLm_}}U5Eﬂd{}4J|.&1=1J:|-_mL .J.‘l-‘__gu1-iwh!jﬁdujl@%dﬂljuli}mUULﬂjmw
45Lw1‘iﬁnﬂjeLﬁéueJ~=%H4Lﬂﬂ“1HJﬂL&+qu~JLwJEuQi=L&*erU

while node.loop():

node.send( "CONSUMABLES " + str(node.id()))

P01 P K BOSCOUR [ P 1 PRPP 6 I~ | Pl Kl IO PO PPR 1 { PO 1 T [ [ I P S
(Mu*} "DO NOT PICK" 5f (dazatl) "PICK" 515t aith Zuglontl pat v s L yguns ccald3 0% W cuomy

+34:¢5QQE541¢§£aurﬁ

message = node.read()

1f message == "1":
node.print("PICK")

elif message == "2":

node.print("DO NOT PICK")

n.. .ll

: ® . time '!-."Iegp(l]
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(consumples.py) lgd! ova d | adadtl
Complete Code (consumables.py)

import time

node.print("")

while node.loop():

node.send( "CONSUMABLES " + str(node.id()))

message = node.read()

"

43

2023

1445

if message == "1";
T
node.print("PICK")
elif message == "2":
FIDdE;P.'I."if'It( "DO NOT PICK") ALLET) 3150 G lind ) Aama poud | Sy CBMEA Y| A g
a8 (Juu 1] il 38 Aa¥1 AL glo 315kl ALl
time.sleep(1) il e Y1 AL glo 31gtLs yolindl ove pud ! aladl
o) (2t alld) ""CONSUMABLES 1s Laill
(0¥ AL glo )"NONCONSUMABLES"
(nonconsumables.py) lgd! oove 5di gladt)
Complete Code (nonconsumables.py)
import time
L

node.print("")

while node.loop():

node,send( "NONCONSUMABLES " + str(node.id()))
message = node.read()
if message == "1":
node.print("PICK")
elif message == "2":

HDdEiEI;III;[ DO NOT PICK")

. -

- L] .'..
'

L] L ....-.

ime.sleep(1)




100 J5Lad Lgd A3ls andl iy 2y Unall Uigioes 30l 2 5l S pas olit! oma sl plal| Lia
adls aa P | Al At Lalgiiue da s o5 (battery.setEMax () adlodl alaziwl a8l 3usy
.battery.init()

import time

node.battery.setEMax(100.0)

node.battery.init()

battery.consume(1.0) allul anseml (et 3ISkel y a5LAI (ys ﬂu_,_': I_’;ﬁ&a}nﬂﬁ S el b
RN :L_I.l.ﬂ_‘js_):lﬁds.] ELEEJ:-}&M' Auain]

while node.loop():

node.battery.consume(1.0)

e g +|55En5ﬂrDEtEChng{ J adlg 1:l-_1-:.||-_||...-.||- A8 L Gl 2 53398 =l A_E:r_ndl culs 1.‘;1- Lut_"lLIE‘hT
cead¥l sl I Lgimid battery.init() il (Alase n BLEIK)

if node.isSensorDetecting():

node.battery.init()

2 @i (obighat!) Lol yo e 3 )1 @8 Lgatumnil 3l Bl ) asen G OY1 Ga31 8 1 e opa
Lf*aah_,_,ij;. L,,Jt_,..:._;_nLJL@af._L..5|:::Iit{) 4l fqmbpirecvhﬂsg:iumls;lﬁtﬁiwﬁ auladl
ﬂ}&@l‘wnujj'm Ld.-..Tl.Ld.;l,;_,_u_al..m_g SplltMSEfLmLu_}a.mds_wulﬂ L:L\Lu.n daaieicall daliugl

A gl d_,.u.. splitMsg [1] asl) ddadl dasiad Laio cdyslad] cslygizan J.-.-...f.._q-_,...u splitMsg [0]

for n in range(node.bufferSize()):
recvyMsg = node.read()

splitMsg = recvMsg.split()

.‘J_...,)_Ll dgls w.HiEI'Id[] alls dJn_....ljp "1" =il L ynes SCONSUMABLES" g4meell ,-__,_au,_,.E 131
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if splitMsg[0] == "CONSUMABLES":
node.send("1", int(splitMsg[1]))
= "NONCONSUMABLES" :

Il

elif splitMsg[o]
node.send("2", int(splitMsg[1]))

time.sleep(0.2)

(inspector.py) 3lgd! oove yd1 aladll
Complete Code (inspector.py)

import time

node.battery.setEMax(100.08)
node.battery.init()

while node.loop():
node.battery.consume(1.8)

if node.1sSensorDetecting():

node.battery.init()

for n in range(node.bufferSize()):
recvMsg = node.read()
splitMsg = recvMsg.split()
if splitMsg[@] == "CONSUMABLES":
node.send("1", int(splitMsg[1]))
= "NONCONSUMABLES":

I

elif splitMsg[0]
node.send("2", int(splitMsg[1]))
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import time

node .battery.setEMax (100.0)
node.battery.init ()

while node.loop():

node.battery.consume (1.0)

if node.isSensorDetecting() : o
node.battery.init ()

for n in range (node.bufferSize()):
recvMsg = node.read()
splitMsg = recvMsg.split()
if splitMsg[0] == "CONSUMABLES":
node.send (1", int(splitMsg[l]))
elif splitMsg[0] == "NONCONSUMABLES":
node.send("2", int(splitMsg[l1]))

time.sleep(0.2)
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