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C++ Language

el ! ilga |y dme C++@@Lﬁ@ﬁgwﬁtmula€.@ el gmju;.u,woj@z,sdmnbﬁuﬂ
Agall Lol e saaadl ) &alia] (ASISI Aoma yudl il jua cya cnadl oy et ggical| Adle B doma p Aid CH 13
cC o y AAl yuahat€ Cot Bat ceaes Lghlal e yung Lgia LiSs 33l ola et LeS 03,8 1000 anllac 2

i plaiily OBL £ 53 i UliSes
o (longint) JLI Jeew (Aad ¢ 91
LSl DS 5o gl . S gl oo Suie
10081 J gt 12 Cile gt | oirg)

double int char

signed

unsigned

short

long
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'c' (char) i
bool flag = true; (bool) P N (N W
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datatype arrayName[arraySize];
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int values[10];
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values [10] = {0,1,2,3,4,5,6,7,8,9};
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int a = values[3];
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char keys[4][2];
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keys[4][2]
{{1,2},
{3,4},
{5,6},
{7,8}
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Basic Operators in C++
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a=a+b; a+=b; =+ Ayl slae¥l S §

@ (float. double) Ol *
a=a-b; a-=b; = ?m"/"y il )mj
a=a*b; a*=b; =* Wis Barslll Juol> o | /
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a=al/b; a/=b; =/
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Comments in C++

2 w 2
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// this is a comment
int y = 16; \( Al et wlels )

cout << vy;

ok Agma yl claglatl) (o s o Jand Lol 3y Lol ol aoiias . a5LgsY */p oisie 3l o] /¥ auiil
eyl 23S @ e Al gy 1 Ao il Aleand! Slases 391 el ydl 2 @ JEL S e el ol e 5Ll L

lcd.clear();

lcd.setCursor(0, 0); ( o )
lcd.print("Enter password:");

bool correctPass = true;

char buttonPressed;

/%

int index = 4;

buttonPressed = keypad.waitForKey();

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

}

*/

lcd.setCursor(i, 1);

lcd.print(buttonPressed);
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Printing in C++
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cout << Xx;
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Conditional Statements in C++

s L) J‘;“oﬂlﬂwa‘ﬁw‘ WS Lo do pi 33533 e 2L el caleatl] (o Rian e gae ail
if 5)\.5.2 ®

if... else 5,Le ©

if... elseif... else 5 L ®

Al 1 3l

.dea)ﬁ:éﬁaﬁd\}aﬂmf‘;h:dﬁkjmw‘Lu);‘ l;\gl\:‘la).:‘.l\ Qb\_}_d‘u.nij_u‘ ‘...\Ae._\zlu:

| @ s i AYIS G 2 Ala ! if 35l Bao
Sy -

if (condition) {
3 | esladant) /
//4+F‘)4 Adl // // body of if statement

| . :

s 01 if 5 Lue dalains 16.2 IS

15331 > 339 11 Zamma ol sttt 258 (Sl e IS Sl 29 nsd 0 39msll o yoall s Vol @
AV i 55 le Jend  Ama ol cileglantl el dases @y 4l bals IS 1 3] Lal { }

e o 80 1S 13 Al L 200 S 13)
int number = 5; int number = 5;
,4---1f (number < 0) { Aif (number > 0) {
// code Lf-f~>// code
} }
‘+>//" ‘code after if // code after if




Al padtif...else 5)le

Buma yll i lolaill Ao gpama 2535 (Ads pill el yLuadl (e poidl 12822

! 5 .else {}J&\JBAR?{@)_A\&L%MJ‘FEM@J if {} Jals
] Lzl claglaatl 2o g if {} s dmma yll leulandl S hases @

.else {} 1533551l

iif...else sl S 3

if (condition) {

// block of code 1 if condition is true

}

else {

// block of code 2 if condition is false

! }

if...else 5l dalazs :6.3 IS5

J 535 51 Biome pull lolatl] 3555 A Sls died 1S 1315 cnagd o gm gl oyl @i Vol o
celse {} als 392 sl Az ) laglatl] 2835 @i (Uas oyl 1S 131 {}

if..elses)le Joni ag
Uas do yiadl 1S 13 LSl Loyl 1S 13)
int number = 5; int number = 5;

§ if (number < 0) { 63baﬁll§ i if (number > 0) { SN i
| // code | E // code !
I : vy !
ielse { >2ai5 i i % else { 23l i
| // code | } // code 3
¥ | |
i // code after if...else ? i // code after if...else j




if..else if..else 3 )L

o o lgda i oy 38T e Gamll I gl Lasie if... else ... else s -l ol Ll REBEEC PR ‘a.x_a;._u:
gyl and LBy A eyl cilaalant) ye 53T ol cilegamma 3 2udis I Zlisd Losie

9o if .. elseif .. else 3 le S )3

if (conditionl) {
// code block 1
}
else if (condition2) {

// code block 2

}
else {

// code block 3
}

Sy [ Busanalas// [

l

if .. else if .. else 5l dalazs 16.4 IS



if .. else if .. else 5L Joai 28
Elarlaill A gazea 2a7 e Ll Jo31 doy | 1S 131
Ama ! oladlatl] 3l Aass @ Y Ama |

Llo L day 2l 5l8s Las. Jo¥1 do ol 1S 13
kﬁzﬂ#le*utm @)_J‘QLQ:JAJJ‘?@W_L:L
AL Bz ! slaulas]

Ll A1 do yill OIS 13 Sl gV Lo il IS 13

int number = 0; int number = 2;
Cif (number > 0) { s | U if (number > 0) {  pes——
! Sl | : olals iy
| // code ! ! // code 3
) | Y |
| else if (number == 0) { puw— " else if (number == 0) { pverTewm |
: e | : gl oz I
! // code | i // code }
e i B f
AT — ' else |
; t 0)9lad o I } t
| // code } ! // code !
I : e i

// code after if // code after if

Ul L1 da ) of S oy ) ya ol S0 o 13
elandaill degama Jinls i 55lue e Lial aliSas A Bia ! oleylail] Ao gama DhEi

< = ‘. .
oy (ya 9SI Ol oy din W L5, IfZJL._qu_:quﬁd‘

YL as dog il als
int number = -1;
// outer if statement e
¢t if (number > 0) { ———
if (condition1) { ! 0)olan s
| // code !
B s
// statements Telse if (number == 0) | pesrmcmen |
! 0)glad s I
3 // code 3
// inner if statement !
if (conditionz) { E::;-:L:s:;::.{:::::::::::::::::::::::::::::::::::::‘1
\ ouals s
} ! // code }
} e !
//> code after if // code after if
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for 51,5 datazes 16.5 JS&

ey 51 > ety b B 553 ye kil g 145
S e oyl (ya 15 3o S 1 ol puiial) 2yl ) @3
Lile g 3plastlona 2 aigy yusie (e (e ¥l LA
1308 o il o ol ya Bt 5| Sl gl sl e iy
5330 o 51 Sal Jod D55 il yn do yil| Bad ilS
G 102 iy gl cod Gl ool jdill @b cqusty

s I oyl 20 i

i
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dma Lol // /

while 5| )3 dalazes 16.6 JS&
Ublio oyl (39S Laie 5l Sl el ylue 355 o
DSl alhle

J
[rmarst s /] |

do...while ,I ;S5 dalazes 16.7 JS&

OS5 2 a5l 2 while 1,5 (e 5, Sal Taa calisy
o Sl d_gi soa o, &l s do... while loop
B ) S e S0 B ll lalatl] G ka1 0mg
o 52l oo sie 1, Sl CaBging . JBY! L le 3uslgs pa

NS |

Loops < i »S3
sl 1 Sl (ye o193 B alasial CHt 2 USay

for i 5 e
while 1,5 o
do...while ;1,55 ¢

for 41,5

i for 5SS d s

for (variable initialization;
condition; increment operation) {

// loop statements;

}

while 1 55

(2 while OIS Bps

while (condition) {

// loop statements;

}

do...while ,,s5

g9 989 .do... while ga cl,| y<alt el g4 4
1o Lidesg While 5l S5 e caling

do {
// statement execution;

} while (condition);
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"break" and "continue" Statements

Ll <l tlj_“f\ e o (ke lalll g continueg break Leag el )1 Sl pe Jalaidl vie \.p. Obiade Ol le o gs
"break" 5L

B39 ga (3955 o Sl break sl ¢

for (init; condition; update) { while (condition) {
// code block 1 // code block 1
if (condition to break) { if (condition to break) {
break ------------- ,‘ break ------------- ,‘
// code block 2 i // code block 2 i
// code after loop v // code after loop

AT 1S g Lgila (Y lia 1,5 Jls break 3l le yhe 1]

\L L, adl

[ Vet cbosa [/ /

[ 2nmapt e /] )

A

)

break 3 L dalaza :6.8 JS&




"continue" 5L

I 1Sl 1 Jaing 1Sl Jals Bma sl esleaaill 3 continue 35le Loz

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

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

ymmmmmm -

{---mmm e continue R continue
} }
// code block 2 // code block 2
} }
// code after loop // code after loop

LA AT S Mo 1S laid @ (31U 1,50 S5 s continue &l Sa g 1)

oyl

/ 1yt cesat /] [

continue

[ 2amesiicbesan)) [/ Y

continue 5 )L dalaz s :6.9 J<&
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Functions in C++
MJmu‘ﬁsmMuLMmuj‘Cug.:_@a_mg‘,Lgnu,qf;sjw‘\_rbm‘c.at,ma_,usﬁﬁw‘J_zc
Jmmd_,.nugj bl o a1 Lgg gz Lind 3 pos S Agme ol olaglatd] glais 3518 polally i€y el
uS_mu_Jl wl\ml_..aj\ Jlgad! e soaall C++.9_..\_a.3.. ‘aLg.lio..\_aLgaj_dUb ;Lubw).d\uw\ombm
DS gl Lehanns iy a0l e £ ol ugll s oLl Ll crvme el ey Ll oyl
axgi alldl o LYy {}w‘ﬁy‘ww‘wﬂ‘uw‘wwj Jbglu)LnLnSu|HdluMJHu|.sJSJ
wgf(return)t\,,t@l_m

Lgie e ¥ I Yol s calls s Lasy

Gl obladl god I el returnType
Laglescnl @ pue Al Lg,o.f

( foncton = et CUEIOETE )

returnType functionName (parameterl, parameter2,...) {

// function body

VNG - r2meterifparameter2)

. (L‘-D.“ﬁ u!) PA{ sl a;x.gl J\:-J}” Qua._n.uj

lage gama sl (b oS (i s (pade Judied Aa Al Lle Sl

// function declaration
int adding (int a, int b) {
S = a+b;

return s
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int main () {
int a=2;
int b=5;
int c;
//calling the function and passing a, b as arguments
¢ = adding(a,b);

//cout will print the value of ¢

cout << c;
(&L’_.)yl el OSa main() Al Lo dazs
k‘.qLe;Lulqu~¢LH5LQ)Lg51(return)

return 0;

int g3l 4_1.::)3;&;;\.]‘ ULl 55 Ol 13S0 Aegall pla sl agai atls Lial o Main a1l ¢yls das 315 LS
g9 o Main ls . () ae,Lal! ol 3L Ll Ly Ul o2 2 Jlsos] edalad L_;‘ Juin Y ity (oo S )
el (e a1 e 5l g o (G 2 19l e ol

A1l (el 2 g g1l xSl g o Lo 1l 1555 Sl cllanasll oyl saally ol Gl ) comy

(LE51) "void" pla ¥ g4 0ysSe Bl ola Jie 29 (Aegd gl A1 ¢>J§ I oSl ¢ya

void displyNumber () {
// code

Loop() ¢ Setup() 1

Setup( ) and Loop( ) Functions

d‘ﬁ"d‘ 00D ol 3 .3)3‘.,\1‘ C_AL»)J duaid Ln.Ach_\lm‘ u@umb NESY] IS Sl A ia .%5_2&_9:;‘ GAL')J 3_'\:5 Je
e ) alilendss IO (ye Bguty Wale iaal amy 01 J1gadl B e e il g gl y ) s ¢y e LSLaG
510l 1 3l (3055 (ye Algiiane ag Al ol 2 daga 5y 3 e 3l ull o2a 3555 VOId Setup () a 255 alls gl
o3l Cya La yu g Glealeaill o ylall e Sl e Ll g cBead 1 5293531 Bl b aing daiiss fia Aatiel

2ol Gl s Wl oy callaitl Jae L1 5 ;S JS i void loop () &l L,n.\:‘_‘ﬁ‘setup() Ay 0al e
) 350 Al A5 1) Aalngll



void loop () Jals ud 1 el ol 3late iS5 void sEtUp () Al J51s slae ¥l mali S5 ¢ cale Uiy

ol gl zols (0sSs Jlgs ol cales 6l e O3el 6l

int b = 20;
}

void setu {
. 4 .
int a = 10; RPN ot up () EINEEES

void 100;@{//_\ 593 )¥1 B3 ,Se

for (int i = 0; 1 < b; i++) {

LB g el yuaniadl (40gSit dnd

-
539 [[XTIW] 01> Jos

a += 1;
cout << a;
}
}
23115 o1 g SHLOIST g SyLaty
Classes, Objects, and Methods
e (Object-Oriented Programming) acslst dse y 81 555 )5
3..\_&‘9_”5.503\5.” ."QLZ\S_”" u_uLA.u;‘ ulcaﬂ:;A)_L” LLLJ.LQ.L” @m} “P‘;
O LeiSias LS ¢ (ailana LIS 020g0 99 0 ALSISI Bma ol AceuLeaY)
= ils

className objectName;

objectName.classMethod();

ols Aoy,

Shiel oS (JEL Jaew e Lewlud! (Actions) &las Y1 jae 1as
Fia (ailiaddl e ad 51 4 lies (Servo Motor) 42 ,ew &t poms
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- £ =
(el Ao Ll (e SIS @ U3 Ll oyl Gl 1 gadl GulaL Gt
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3,501 318 e 2L L s e - asgall 1) s Lgil e il i5ISUI
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G LSyl o2 (e S (9Smy < "SEIVO" 353 (e e ¥ I Yy
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C++ 2. Azma )l () 40,1 Sl Ana p (po JIEGY

Migrating from Visual Blocks Programming to C++ Programming

wizma y Il duzma ydl (Tinkercad) 1S y<is Ll (Arduino) giuga ) ¥ dma y (e JLESYI L8 S )yl 1aa 2 @l
V1 il ced) e pull ilaglls Y1 0 Leill JaB 2 5o e IS 5S35 2 Ama | culialll B Gt A ) il alaitl,
AL a1y Jlgll (ol 18 2 laTics 5o Y1 @Sonie ulilSal ¢y Ao 3L S g pn 5 C 4 al it
Mo EHINNECTHURVITTSS (FXSLPE PO

Tl1[N
— K|E
= CIA|D

Cort 2 dma ol M1 1,805 2 Bma ol il (40 16,10 IS5

b1 g Al 539 Lilad gy 93 50 292 9 bl ¥ (g A DLy gk 93,31 A 5 BISLove Ay 1S S 509

@ Output @ Control Variable Assignments and Operations
@ Input @ Math ol e gazma IO (o dmme 1 21505 Lid 2 L iy ool il O3el o
@ Notation @ \Variables ALt el DU AL 3V Jgandl gy . (Math ) Glust 1y (Variables) o i
X @aly yudia e OeY!

a8 Ss A C++

int x = 0;

. -... ”a.a,_év .-.. -

als s Ay C++




.ZAMM)#'M@BM

a8 s ALy C++

change Xx % Dby o X += 5;

Y9 X G i) o Aoy Alee 1340
SIS s a C++

X =X - y;

Yo X Oyt o Al ddee GJLUZ&J\E piaa (riaal

SIS ,Ss a C++

z=x/Y;

Y9 X i) o Al 25lh0 £ ya|

oS Samany C++

X <y

.ijwﬁﬂ‘q\amtu)m ;‘P‘;
S8 s aid C++

ondislie o dudlaie Alee ol ya

S8 s Ay C++

X =y & x <y

il ayljg
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@ Output
@ Input

@ Notation

ol ITET N lelglice] @ hello world with * newline

@ Control
@ Math

@ Variables

change y +» by o

change y + by @

else

change y v by @

pul =il ajljg

Ministry of Education
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T2 Jaluyg Oy pST 9 doda pd) O ylual
Conditional Statements, Loops and Output Messages
Cre S 5 Sas i 2 oAW1 Bl byl Sty ey sl el yLuatl Ly
s . (Output) £, ¥y (CONtrol) eS=itt 5 algl cilegaza I

3 gl yal gD Alal 3T Jgaand]
.(Serial Monitor) adateadt 2atat Jle Ul deld

a8 ,<a s and C++

Serial.println("hello world");

il 5 LY

a8 aaany C++

delay(5000);

Lo abaill o 2l IS 151 30 1 Ama yl) csleglal] 2ais
S8 s ad C++

if (x < 10) {

y+=5;

celse Jawl 335 st) ol 2B @iges W Lo Galaill oyl oS 13 if 22 J51s else lel dma yll cileglastl i

Sls ,Ss any C++
if (x >= 10 §5 x < 20) {
y += 10;
}
else {
y += 20;
}

230



repeat while

change x =

tdaonzid! J..n‘;}” QLLJ a.c}n:.ua

@ Output @ Control
@ Input @ Math
@ Notation @ Variables

to

v @

L bl oyl IS 131 FOr 2 515 Bmma | culeal] Sdis

C++

for (counter = 0; counter < 5; ++counter) {

y = 1;

Y Al 2 while 1S5 dan

C++

while (x <= 10) {

X += 1;

A, BB LG 9 A I gingayl B kol Oiloe y5ve g O Mo

Arduino Digital and Analog Pin 1/0
SIS S5 el 2 959,31 Al 3y 15 Linll 9 3 ad I ol oY e Je Landl @y
Slusdty (Output) #1331y (INput) JLadt palsl cilegema S 4
Aad M ol il gaga,¥1 ol ,bel an Lgd ansind s 50 JS 2. (Math)
=20 /I M sl el @i OIS 131 La e SIS s bl 8 a3

2 setup() Al 2 cltd uyusd I plasd oy b alasiwd (g bl
g1 o1 (INpUt) JLsa¥ 2 ansi ol IS 13] L pingtl 5 93,Y1
o2 Aed J0a32011.10.9.6.5.3 3l , LY aluxial o (Output)
25,0931 el N1 e Al oLsal Jgumdl s pas . (PWM) daiit

X | 2 333y 4 ad Il o ylall dad le Jgenn|

read digital pin

4 -

il =il ajljg
Mi%ét‘!q of Education
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C++

pinMode(4, INPUT);
x = digitalRead(4);




(dadiye) HIGH 203 e 4 o3 )0l Caylall ded dayss
S8 s C++

setpin 4% to HIGH » pinMode(4, OUTPUT);
digitalWrite(4, HIGH);

S S Ay Cittt

set yw to readanalogpin A3 w pintiode(A3, INPUT);
y = analogRead(A3);

(PWM) il (yia pe gpraisi al aiiaaly 15 o lint) eyl (e 10 (o Lol dad slsel

SIS, A C++

s [ o i e pinMode(10, OUTPUT);
analogWrite(10, 15);

CHt+ dar 1 doomae pdt IS ,S0L0 SILLD (e JLEOYWI Lo alial

Examples of Migration from Tinkercad Blocks to C++

Bl aisl I eyl 216 555 il il 5 i, Y1 gl oma s (e JLESO 318 505 2 Al Abial & i
CH dra

’ Aoral gl ¢ guall Anddl Si1a gt Jlie

i Blinking LEDs Example

O3 5315 e gpioms Wy Ll i
il e 3o il e 105l ye 5 Ginagy s gl gl 350l
Asllall oligSL

.R3 gigl gingayiangl 1@

.(LED) s gall aiia 3gls 1e

R3 g3l ginga)] (LED) s gunll pita 35l

SS,SLT 2 Crt Aals Asma 1 (pSan

tj)‘mlg::u}ia:&llﬁ QL».JQA)_:')’:J‘tyJ:‘,::uanj
.(Text) =3 11 (Blocks)
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sgunll il g0l ) Juungs 16,12 JS&

18 5S2 elid

A 9al) 39l o gt

£ 352101) LED (dasgs) Cathode fogiy 3 <
2511 (¥ a0l ) GND Coylally (s gual
O . (25.1) black | clludl ¢yl Ji g giga,Y)
s guall pidl sgal ! (.\....Af) Anode Jiogis ‘é <
45l 11 (a3 ,1) Digital s ,lally (LED)
O . (a31) green Il Ll gl Y2 g cpiags VI

S93)¥ Ae
s guall t:““ J}g‘_ﬂ‘ URA G ﬁ] ‘Z_Ls.‘j.ﬂ sl 2 ol e
Loie JS s b5 e 200 3L i35 5 10

C++

forever

setpin 11 » to HIGH =

wait ‘:E' Secs v

setpin 11+« to LOW »

int counter;
int counter2;

void setup() {

pinMode(11, OUTPUT);

}
void loop() {
for (counter
digitalWrit
delay(1000)
digitalwrit
delay(1000)
}
for (counter2
digitalwrit
delay(200);
digitalwrit
delay(200);

= 0; counter < 5; ++counter) {
e(11, HIGH);

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

; // Wait for 1000 millisecond(s)

= 0; counter2 < 10; ++counter2) {
e(11, HIGH);

// Wait for 200 millisecond(s)
e(11, Low);

// Wait for 200 millisecond(s)

DJLLUI
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Passive Infrared Sensors (PIR) Alarm Example
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Asllall clig<U
.(Arduino Uno R3) R3 gigl gingaydmgl ©
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(3 pom) yadiioie) PIR 3 Lal byl Juogis @3 <
(393,31 2511 10 (23 ,J1) Digital 3 ylally
orange ¢ysll Il bl (gl Ji
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(3 yol paiiiuan) PIR 35Lal b plo Juuagis @b <
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A8, el
forever

read digital pin 10 » HIGH =

repeat o times

setpin 11 =+ to

wait @ secs

setpin 11+« to LOW =

wait @ secs =

FPISE (PR

OIS 15 Les maliydl Gamicw
g

25381 03 (PIR) &S yodl jadiieua
4al i) ey disg) Jlome 2 LIS
D] el MY e sl

2 (Text) Lol dowe jid | pudg i

A0y Ao ot Sladard) ) poma
G+ AalL gL ald!

C++

int counter;
void setup() {
pinMode(10, INPUT);
pinMode(11, OUTPUT);
}
void loop() {
if (digitalRead(10) == HIGH) {
for (counter = 0; counter < 5; ++counter) {
digitalWrite(11, HIGH);
delay(300); // Wait for 300 millisecond(s)
digitalWrite(11, LOW);
delay(300); // Wait for 300 millisecond(s)

}
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DC Motor Example
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set temperature v to read temperature sensor on pin A0 * inunits °C =
$293,¥1 A2va

rint to serial monitor temperature with + newline sw 2
p P temperature @by |y ie ol G bt

if temperature = v e then d912 AO ‘é)-!é Ledl (o, dally dlungs )

Al st 0t 5 o RQJJJ%HJJFJA)S”
setpin 11~ to HIGH » temperature sl ;o ds s jiaia Juon Losie
' les 2 (404 @ 27 st )
wait o secs v e T (3asie 2203) . 2 L
| oolaal yed | et &y ada futy oIS ,S0S

setpin 11+« to LOW =
2 (Text) yad dme ydl pog y5is

49 Y Ao, | Sladail ! 5 pmse
O+ Zal w5l il

C++

int temperature = 0;

void setup() { (uwi&gkw(Serial)Mt@ml f&_\éi&ujN
pinMode(A®, INPUT); oy start() alla psds setup() lls o dbdutt
OSan LY Lgal vzl (Sad Al A Ladl
pinMode(11, OUTPUT); Ol A Se s cprintin () &ls ol print () ails alasmaly
} I N a:.Lésus\ig.\q. s Canie printin() i s
9 2

Serial.begin(9600);

void loop() {
temperature = (-40 + 0.488155 * (analogRead(A@) - 20));
Serial.println(temperature);
if (temperature >= 27) {
digitalWrite(11, HIGH);
delay(2000); // Wait for 2000 millisecond(s)
digitalWrite(11, LOW);

}

...‘
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1A Y Ao | Oladatt 2 (Logical Error) akaie Uas g (Syntax Error) sucld Uas (yo ol e

void loop() {
for (counter = 0; counter < 5; --counter) {

digitalWrite(11, HIGH);

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

digitalwrite(11, LOW);

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

Gacld Uas salaie Uas

void loop() {

temperature = digitalRead(A0);

Serial.println(temperature);
if (temperature >= 270) {
digitalWrite(11, 1);
// Wait for 2000 millisecond(s)
delay(2000);
digitalwWrite(11, 0);
}

Gacld Uas sakie Uas
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#include <library name>

AV LS e A gl ¢ It g g pduall 3niily

:LCD 11 Aty

#include <Adafruit_LiquidCrystal.h>

latl as gl 3l

#include <Keypad.h>

:)j‘ji‘ el w\.’

#tinclude <Servo.h>

Create the Objects OLUGOISI ¢ Liy

cillagsll ey Eagiy LB (e o Lid] I zlimtis (g ) loSall e sy

A8V GBI Las] I gl

LCD aalad p5Is @

.(Servo motor) yjistl & pomeld (SIS @
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Servo servo;

Ul yedng SIS ggs A1 "Servo™ atls s
(518,558 518) jiall g3yl oy 16,21 U Liag ol yuf! :97‘:.,\.:114.3.‘ el SIS "servo"
gl e dslai gl Aalsf ) plass Y

LCD dala (ySls
:LCD aalas (il o Lasy
. LR RN R R N N R KR NN NN ]
oo Adafruit_LiquidCrystal lcd(0);

g9 e SIS B0 ,eYI i alusiwly oliSe
9 93,¥1 Gylade o ,a3g Adafruit_LiquidCrystal
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4; // number of rows on the keypad

const byte numRows

4; // number of columns on the keypad

const byte numCols

A o diedy "const byte” g4l (pe (NUMROWS) Cagaaltsue Lin S

-(NUMCols) Buec¥ i sue Lo 4313 el Gulalyy wolill 3 16.23 U8
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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] =
{
{'1', '2', '3', 'A'},
{'4'", '5', '6', 'B'},
{v7', '8, '9', 'Cc'},
{'+', 'e', '#', 'D'}
b

r=slall ausdy Egay an, @_é.u_m numCols y NUMRoOWS aluziub keymap dagiins Lmu_:ufg
e S il At e Baga ol

Aol Bl (re Loy aluall eliSay g hga ¥ bl bl malall Ao gt WLl slae] I b3 ey plimte
Jbyte g (e (s puiin

// 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 0 to 3

AW il g yiagtg e sl el Garb e Keypad (518 wuusi 25,59 39lasdl fiew

// initializes an instance of the Keypad class

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

degazma ye ZJL.uchj u__vl_.d‘ Ja3 59 e A8 (4 3=l (.\5_2:' password (Q_Lul_' ‘;__._;J.n d:u.i:_m ‘.:‘.\_Q:A" C_ALo)J JLAS:{.Luy
A Jslay 3,291 0y

char password[4];
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i Setup () &t duea )l clagland]

void setup()

{
//servo setup
servo.attach(11);
servo.write(0);
//lcd setup and password set
lcd.begin(16, 2); e
lcd.setCursor(0, 0); \L}:____\
lcd.print("Set &4 character"); I
lcd.setCursor(0, 1); |
lcd.print("password:");
for(int i = 0; i < &4; i++) {
password[i] = keypad.waitForKey();
}
}

J/

setup () @l 2 dma,dl Cpa Y 5 !
O 055 yg 0 AalS (4 35m g1 fOr OS5 5
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void loop()

{

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

lcd.print("Enter password:");

bool correctPass = true;

char buttonPressed;

// 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 < 4; i++) {
buttonPressed = keypad.waitForKey();
if(password[i] !'= buttonPressed){
correctPass = false;
}
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, 0);
lcd.print("Correct password!");
// set the cursor to the beginning of the 2nd line
lcd.setCursor(0, 1);
lcd.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

lcd.print("Wrong password!");

Break this Code down zels »d1 alay|

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

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

buttonPressed = keypad.waitForKey();

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

}

lcd.setCursor(i, 1);

|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
for (int i = 0; 1 < 4; i++) { |
|
|
|
|
|
|
|
|
|
|
|
|
lcd.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);
lcd.print("Correct password!");
// set the cursor to the beginning of the 2nd line
lcd.setCursor(0, 1);
lcd.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
lcd.print("Wrong password!");

}
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Complete Code aleShy ol 5!

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

#include <Keypad.h>

2 (Text) pad Ayl o gy

#tinclude <Servo.h>
cAona pd ) Oladaid! e

Adafruit_LiquidCrystal 1cd(0);

Servo servo;

const byte numRows = 4; //number of rows on the keypad

4; //number of columns on the keypad

const byte numCols

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

char keymap[numRows][numCols] =
{

{1, "2, '3", 'A'},

{'4', '5', '6', 'B'},

{7', '8', '9', 'C'},

{'=', o', '#', 'D'}

b

// 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 0 to 3

// initializes an instance of the Keypad class

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




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

lcd.print("password:");

// gets and stores the password
for(int i = 0; 1 < 4; i++){

password[i] = keypad.waitForKey();

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

lcd.print("Enter password:");

bool correctPass = true;

char buttonPressed;




// 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 i = 0; 1 < &4; i++) {
buttonPressed = keypad.waitForKey();
if(password[i] '= buttonPressed) {
correctPass = false;
}
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, 0);

lcd.print("Correct password!");

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

lcd.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
lcd.print("Wrong password!");

}
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from datetime import datetime
import time

import json

import pyfirmata

import paho.mgtt.client as mq

CLIENT_ID Jseall @aal ¢y3Ses -4 i 301 MATT (Jpanl auit s 3l 3591 el it &
A TOPIC ity s Jumt o 53001 EMQX 0,055 301 alall o sl )l ie 5 g2 MQTT_BROKER Ll
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Lo &laa Yl s 15 255l 5uiieS asiieie FLAG_CONNECTED ls

# Variables to setup MQTT client

CLIENT_ID = "PUBLISHER_01" # 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
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board = pyfirmata.Arduino('COM&4") # 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:i")

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

Ly ‘a| g;.d.n A5 dalasatl MJ\} cals ‘.\‘ La .\.Jm ‘Q_.u.xﬁ}_bj can fU” Lu}!‘ ;LA—LUyL’ ‘2‘ ‘—“J-‘-"—‘“
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can_full = False # Flag to indicate whether the can is full

garbage_drops = 0 # Counter for the garbage drops

Ailiaa 3l Lgd (1955 5 40 JS 2-garbage_drops 4 can_full L;)_.,._Su«_u_. el A syl Al s Lasl ©2
sl 108 Jgo Jsaall 1 Wy Juu 5

def reset_can():
global garbage_drops # Access the garbage_drops variable
global can_full # Access the can_full variable
garbage_drops = 0 # Reset the counter to 0

can_full = False # Clear the can
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garbage_drops ytimestamp =iLastl Dictionary (ugeld 0,518 ¢ Lislg ccdgll Jume it timestamp
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def publish_message():

global garbage_drops # Access garbage_drops variable
oLy Beads £ LAS!

global can_full # Access can_full variable 3yl bl s

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

msg_dictionary = { # Creating the JSON object

"timestamp": timestam
P P el IS <Ll

"garbage_drops": garbage_drops,

"can_full": can_full

JLu,¥ JSON
L‘ bl

}
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)
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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!") e UM (ya Jo g piiiall 128

else: Jlas¥l Al ygla it paho

print("Failed to connect to MQTT Broker!")
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client = mq.Client(CLIENT_ID) # Initialize an MQTT client
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, 0) # Subscribe to the specified topic

e dyglad! S 10.200 (pe J51 light_value ded cilS 131 el yuld i I 51 ,Sal s Lishs 03

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 is 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 AQULHNJJAQA7¢QH
Lolaall Lol O lics Lentie
2
Byl o Lgie ai
Andkiall 5: LY

if (light_value <= 0.200):
can_full = True L‘

publish_message()
reset_can()
publish_message()
time.sleep(1)
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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

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

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:i")

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

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

garbage_drops = 0 # 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

can_full = False # Clear the can




def

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:%S"))

# Creating the dictionary object

msg_dictionary = {
"timestamp": timestamp,
"garbage_drops": garbage_drops,
"can_full": can_full

}

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)
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:

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




client = mq.Client(CLIENT_ID) # Initialize an MQTT client
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, 0) # Subscribe to the specified topic

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 is 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)
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Creating the JSON Data File () gua Slila ale ¢ LIS

o S Bl mgtt_receiver.py zobill asdug A2 5l Aagains Ala wul gy JSON bl cale s Ladly Py
Loagimsclygizmal iy 128 JSON Cale data_analysis.py cale midsw @3 d8saunlls JSON (43188 &l
bl oSl ilens agasg 3asLatl JSON

Janl 32yl aagaint LIS 2l @ cdata.json uwbl pelal atules 2 1y Lile & 231 o5 PyCharm gl
dagantly sLadll solEdlh st JSON LIS matt_receiver.py @z\iu colLial g0 9o LS Calll 12
4l o5 data.json calll dads! .olisl &g all

[]

T ! Syl @3 i ooma il il Byln 2 .mqtt_receiver.py @b s 5l cale o LASL o3
Al 1 5, Giey Ll & a5 -datetime o

JSON wLiEIS ps Jolasll :json o

MQTT :lawg pe Jeolgill s Mae - L23Y :paho.mqtt.client o

ool cliuls e 3aga gl culalll ae Jolazll ;08 @

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

from os import path

JSON clily cale pe Jelamiw 31y data_file_objects  data_file ¥ eyt e Lask @@

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

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

slacial Jls! cye ST
il alilud! Cale




et Lai .CLIENT_ID s 45 8ies 2t MATT (et auitadios 31 2591 el puil) oLy 03
sl A TOPIC 5 ety JLoi¥ @iaw 5231 EMQX 6,355 20! alall dauugl! olsic 3| MQTT_BROKER
FLAG_CONNECTED s gl JLs3 M al 55331 5Ll e 3l PORT 5. Jraal] 48 ) idises 6201 g 51!

LY Sl an W e llan A5 2 55La) 5uiiaS adieiodu s

# Variables to setup MQTT client
CLIENT_ID = "RECEIVER_01" # 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

Boygdd) S5l ) (pe cnlaglalll oy 3ot ‘:_\5_15; Algreports messages_stack aa¥l «l sl s Lasls @2

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

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

JLai¥l 7L Jg> Terminal o ylatl dga g3 11 08T &l cudas Sl g 2591 a1 tlas Wy Lasly @
-paho.matt.client Lt 0,545 2 Cowslid

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):

global messages_stack # Access the messages_stack variable

# 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")

print("Payload: + str(payload_object))

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

# generate a report for the filled can
dazn oy aul elily sl

if payload_object["can_filled"] == True:
Jialeall aygls o Mral wie

generate_report()

dons 01 128 O 5l el o (4
oo il ) pesnt MQTT s
B oY yud B g 9351 g pali e
OSeaidd ol ot 14 Anc g5 (pSias
28Ls| as JSON Cililey Antlas (e
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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] RPN el
last_msg = messages_stack[len(messages_stack) - 1] PSR- SVES (PP P>
cdgll b

# 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_msg["timestamp"], "%H:%M:%S")

@Uaﬂ dlee a_,\:iu.ﬁ.u
garbage_drops = last_msg["garbage_drops"] G2 ot a3
gl

# 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




# Append the new report to the objects of the data file

# and write the data_file_objects array to the data file

Sbigima Gooss
data_file_objects.append(report) abldl dagains
with open(data_file, 'w') as file: L‘ cabledl caly

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 = []

Jnc Liaghs gt o« Lgamids g iy .39omge lilal 1S 1] Laca galiyull ¢ye a1 o ol 2 GimTi
ItV a9 3 @3 codhel 35S Ll Jlsatls On_message 5 on_connect &ulusYl eiladles day 59 . MQTT
Baylgd) S5l I il &Lnlm‘ﬁb Sue=ll ﬁ}“}i‘ 2 M ,5ENy MQTT dougo

# Check if the data file exists »—(.;&s&l%@dquwldﬂgﬁjoﬁ Jshl)

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 = mq.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

client.subscribe(TOPIC, 0)

#
#

client.on_message = on_message # Bind the on_message event handler
#
# Subscribe to the specified topic
#

client.loop_forever() Listen continuously for messages




Complete Code 3l alSivy zmals o

from datetime import datetime
import json
import paho.mqgtt.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_01" # 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
messages_stack = [] # 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):

global messages_stack # Access the messages_stack variable




def

# 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")

print("Payload: + str(payload_object))
# If the payload object has the can_filled flag set to True
# generate a report for the filled can
if payload_object["can_filled"] == True:
generate_report()
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

# 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,
"garbage_drops": garbage_drops,
"time_to_fill": time_to_fill
}
# 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 if 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 = mq.Client(CLIENT_ID) # Initialize an MQTT client
client.on_connect = on_connect # Bind the on_connect event handler
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

client.loop_forever() # Listen continuously for messages




Data Analysis in Jupyter Notebook yiaga 5 5580 2 SLLLIY Jdo

g 0¥ 51835 JSON il Cate e bl Sl cibudes sy Simgon 3 ,Sie 031 At it
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«alll ¢ye JSON il 321539 Aygllall bt o yiaely Yol agai

import os
import pandas as pd # library used for data manipulation
import matplotlib.pyplot as plt # library used for plotting data

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

data = pd.read_json('U3_L3_DATA.json', 'records',convert_dates=['timestamp'])

data.describe().round(0)

e

;b.\.ap\.',\.m
& gl L id garbage_drops time_to_fill
s
e gl s count 50.0 50.0 50.0
pudt 2 daung
L gosiuell Al ) mean 24.0 54.0 152.0
std 15.0 30.0 100.0
min 0.0 2.0 50
25% 12.0 30.0 60.0
50% 24.0 55.0 147.0
75% 37.0 78.0 235.0
max 49.0 100.0 376.0

bl cawmg :7.23 K&
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# Create histograms for the data using 8 groupings
hist = data.hist(['garbage_drops'],figsize=(10,6),bins=8)

hist

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

garbage_drops time_to_fill
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# Create stem plots for the data with diamond-shaped ('D') markers

plt.stem(datal 'timestamp'], datal['time_to_fill'], markerfmt='D");

plt.stem(data['timestamp'], datal['garbage_drops'], markerfmt='D");
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garbage_drops

.&Jgt I Aol JSI5 casall (e de i JSI garbage_drops sue glaess u\.fa.fazz a2 Lain,

# Create 2 plots, one that groups mean garbage amount by hour and one by day
fig, (ax1,ax2) = plt.subplots(2,figsize=(12, 8))
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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Creating the Scripts A ,-d1 abolaty ¢ LLS)
(Lol il Asme o T il S a3 i) dgsma sl ol e (91 3 yatins

VAU LS ol agladl 2

import time

import random

6 M 1 oy ey Sl gdie JS i Lnmans 130 randint (1.6) &-ifies L) Aad! 20« JUL Jiiaw e - pmaatall
fire juine 2 mamiall saall 0y 3300 g Auia3 3,50 IS 2 5 ol dud gl 03 00 LY i 0 01 & dieinios

while node.loop():

fire = random.randint(1, 6)

7oyl Gami . lazl) a2 Lol ;) caad il b oyl ! CysSiead o 1 @,J\t?ﬁm randint() afs of Lis yzal 13
el L Loy 5ol gVl (e Alaalis S @i «sLIIS 5 a¥1 IS 130901 (gglua fire juiatl 2 ad colS 15] Las
Aasogtl Sl M Lgy oLl plazll (o yad e (g9 Ay Jlaaylg - Lgraudi 3uzall e (32> ) "FIREY" L )
.Lgl 3,9L=l! (proxy node)

A 11 0L 0 (9S50 5 LG o 3n (1S 131 by 8 rasmam 3uac g 3iall by as @3y duuih g Lazll Coya 0]
gla! @i i () A0 Alacal gy 6 Lt L_,ngjzd_aﬁuj.;it\_wgos@.(stmg&ﬁ) "FIRE IN SECTOR 5"
Rl Ul day 3 o b e 53 ] "y me A (6,8 25l

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

Al Il i gy bt | dn g g 1) s .send () als alaseials Lguand bl Jlas! aiall (ySas

node.send(message)
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LBl 2 55 gy Mo (6, 2 (ye @By ol Lintls 2) il mum s suie (T B815uatl LB, 31 i lgn A0l e 13)
Lol pgdae i 6l el ol 315 i Aol Ala Ly gl e opaing

else:

node.print("")

LTS Bamt e Bl gl 3Ll Bl s V1 2505 e IS Lanl i1y (B85 e B giay 5,040 Bodall (S aies calunl 2.
Ao 151l dazd g Lade 1310e] 535 LeiSlg crandint () adls Jie feas L3 uniform () ol NRESTHR
9‘3_“1 4—1u3_' clegydia %ujs_u.” e C_g‘ﬁl_u

time.sleep(random.uniform(1, 4))

(edge.py) ALl o2na 01 aladt
Complete Code (edge.py)

import time

import random

while node.loop():

fire = random.randint(1, 6)

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

else:

node.print("")

time.sleep(random.uniform(1, 4))
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raagll Eals Ll e yull pdadll ga Il

@ (e il oy Iy (Lis |3 i Ly Galinl! (Buffer) ciats 3ot ¢y 5t il ogall JLial e
Ala gy 3511 03l @ pla sl S (§010 a2 ) podeo (o 3ST diesd (055 () o G Alall 2 33 ¢yl
.bufferSize () il

import time

while node.loop():

if node.bufferSize() > 0:

ﬁg.a.y j_n_u.l‘ Ul &u).m Ld.ﬂ_u).“ a;‘J_s deay . read() R ‘a‘mb w‘ (_!LJLLJ‘ o;‘)_q IS ey ;LS.M
Ay @St By (11 A 1 i 55 s Lgil imgsd "FORWARDING...." &y e Libay Lol 30501

message = node.read()

node.print("FORWARDING..")

.send() .l etmum;\psa_ma»wﬁﬁmﬁ_mﬁnuuﬂ‘ ey 3oLl el 1 2 gLl g Les
ka3 (NodeID)&LELA\o;mthU;AuA3¢dLa‘¢h4w5)AY‘ﬁ)L“4w MLgﬂ‘uLJLuﬂgﬁf&ﬂjd)no¢héa
‘_g\)JLmjﬂmab\u}S_.u\dwamuiuLp cUL“.JJh_u‘AJ.Lo)Lsu_x.zAdﬁmjo»bommdewﬂ‘ujﬁ

].QﬁLusggjasl4¢L”SJUALJL3‘>b|44¢uJJlﬁS:=d|aJaigg+¢ua|‘444LHJ|¢H:J\£_ (Jaaﬁod:JgoAacLA‘bL{r

node.send(message, 1)

w.&.a.a.” ole 4.:3...]al| W}J‘ ML.uJ.N 35| 2l L@\S L«sj ‘a.x::r_‘_ml‘ C_Ll saslganlizad o_La.:J\ S dj_u.l el
t)bua_ricl_da.n_ﬂ.:ﬁéﬂl.u).” o..\.a.d‘ e}.ﬂ.&uﬁ.'

time.sleep(1)

node.print("")

2 2
e 80l Lgmian Las (8L (p0 85La (ya o 3o ) Nt B judin A0 ) 3,548 Burdall (39Siw oma pull aladll ogii
obiledl e, 5S Lguat Ul 2 23 L Y

time.sleep(0.01)
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(proxy.py) Aled! o2va mdi akasty
Complete code (proxy.py)

import time

while node.loop():

if node.bufferSize() > 0:

message = node.read()

node.print("FORWARDING..") o 3,01 Jalas
send() &I

node.send(message, 1) ?A_; .fl ‘J

odac (D yaa (Qﬂ)

time.sleep(1) .ngim34>§

node.print("")

time.sleep(0.01)

Al I T)_Z_'J eyl O 3l ammay g g8 ¢ Lla gl .J_E:J‘ c_n‘).tc_n La LZ)J ﬁ.s.'z-_"j.‘ 3ugl ma CJAZ.U 4 lan
» s £ -
-(Edge Node) ad ylatisude dawlgy Juo¥l 2 cladl Sl Al ) udd oo degdall 451200 A0l I (< R

import time

while node.loop():

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

node.print(message)

L5l L plas o8 43,11 0208 0yl Bk (S0« @Sl B (o8etien s lauugll 458 2 Erton LSy 3 tay
lasagll aEall o o Ul Ay all il 5 ymd 5180 (Suiius alisl 2

time.sleep(2)

node.print("")

time.sleep(0.01)
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(controller.py) Algd! o2va 501 akasty

Complete code (controller.py)

import time

while node.loop():

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

node.print("")

time.sleep(0.01)
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‘ loop | ‘ send ¥ ‘ | delay \ | Transmitter v | ‘ Receiver v H Publisher || Subscriber |

import time
while node.loop():

if node.bufferSize() > 0:

message = node.read()
node.print (message)

time.sleep(2)
node.print ("")

time.sleep (0.01)
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Script file controller.py v > o \", 3

GPS file | »
ARRERE A controller.py >
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Longitude | 46.73807144165039 [ » ‘
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Elevaticn 0.0 | » ‘
Radius 00 [ » \
SensorRadius | 200 [l » ‘ =
. '
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Creating the Scripts A xxe 01 abolat ¢ LLS)
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a3 Lll Juainll cilibee (pe degulan pagani 6l A113Y sugall e s pmi Ao L g (e )OI 2SH d3Lisls Tl

import time

node.print("")

‘dl_w)usend()M\;e\mb»\gu\&m»\504,4‘}@)\05.“%@)45«_’\:‘}@4!“&5&%

while node.loop():

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

ol a3 92" i g1 Lyl oy o s 15 "1 Ll s e el il Al o
((dazits ¥) "DO NOT PICK" 5f (dazt) "PICK" 31201 (nddl Ayglondl padaies Lyt LV @y Wl Cmmy

Bl Al 3l K @

message = node.read()

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

elif message == "2":

node.print("DO NOT PICK")

time.sleep(1)
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(consumples.py) A lgd! ova - aladt
Complete Code (consumables.py)

import time

node.print("")

while node.loop():

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

message = node.read()

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

elif message == "2":

node.print("DO NOT PICK")

time.sleep(1)

ALLAY 31 5ML Aol | Ama yud | Cra SN dr g
28 (Juu k1 il | 9 wa¥T A gl 315t calil]

i ¥ Al glo 319 oLt pava st aladtl
1 (il aL13) "CONSUMABLES" (yo (4ol
.(4e¥1 2L g1 ) "NONCONSUMABLES"

(nonconsumables.py) A lgd! Sova - aladt
Complete Code (nonconsumables.py)

import time

node.print("")

while node.loop():

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

message = node.read()

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

elif message == "2":

node.print("DO NOT PICK")

time.sleep(1)




100 Lot Lgd a3l (ol da puiny 25 Unll Uighias Bl o) 255001 8 ya Galinll oma ] laall Lia
13 s B ol ) ALl Lol gican da s 03 (battery. setEMax () il alusiwly 28l 300
.battery.init()

import time

node.battery.setEMax(100.0)

node.battery.init()

battery.consume(1.0) .l a3 381ty A3l (ya Lu.aj 150 ¢y 330 3 e B8 H0 ellgn i
B330sma dia ) 8yt JSI A3l 3us g I Mg sl

while node.loop():

node.battery.consume(1.0)

siey dsSensorDetecting () ol el A8l BLA 2 3352 ga yom s Adama gl 1S 3] La caLiagY
(¥l asll S Lgim it battery.init() assiol lama LS|

if node.isSensorDetecting():

node.battery.init()

Laﬁﬁ L)—")" U‘” u.a_d‘ Jaaa.u.u Spllt() 4_”.3 ﬁ‘_\m—gﬂb ("‘ LFECVMSg ng_u_‘zl‘ o;|)_al|)_u.mu_|)m 44‘..\4.”
daganll u_ﬂujjy‘ sl LA_“ u_uu [aag.splitMsg ﬁ_a.ul_n dogainae K& e LmL.u MM‘ Al
LAaglatl (e splitMsg [1] alil sl dasiss Leiy «Ayglodl cligimas dadim SplitMsg [O]

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

splitMsg = recvMsg.split()

Jea A 2ol 1 send () 3ls dlaaalsy "1" il S i "CONSUMABLES" (g5 inll (i 0lS 131
Rt alindl 252" (il S Zios "NONCONSUMABLES" (g5nll i oS 13] Ll Lghat alastals
LB (e a3 s Juol 55 Loy gl B2 (pe 58T ylominnl Budim N s LY 12005 L Ae 200304
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if splitMsg[0] == "CONSUMABLES":
node.send("1", int(splitMsg[1]))

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

time.sleep(0.2)

= "NONCONSUMABLES":

(inspector.py) A lgd! (o2ve 0 adadty
Complete Code (inspector.py)

import time

node.battery.setEMax(100.0)

node.battery.init()
while node.loop():
node.battery.consume(1.0)

if node.isSensorDetecting():

node.battery.init()

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

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

time.sleep(0.2)
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Project Edit Add Display Selection Solver Simulation M

() () [uee] (1] | () () () (o) (o) () | | O 55¥ oy oy (0g3uly) Python e dasussl <
> Neworkinformation (2 ) sl Jasdl 2 Ayl cslaglantl 81 <
}:{::sp?j::: I e f\’\i\\\ s © .inspector S| . (calll @) File name Ja~ 2 <
: :::::z:::; < 1’,,/ (4] (dass) Save Lle dasssl <
b Simulation Parameters % O i sils 5 e 5200 LT <

[ Python Editor = 0 Xo
|

File name ‘ inspector e ‘ } Save
Script List \ inspector.py o - I

I loop I ‘ send v | \ delay | ‘ Transmitter v H Recsiver v | ‘ Publisher ‘ | Subscriber I

import time

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

while node.loop():

node .battery.consume (1.0)

if node.isSensorDetecting() : 0
node.battery.init ()

for n in range (node.bufferSize()):
recvMsg = node.read()
splitMsg = recvMsg.split()

. 5. SplitMsg[D] == "CONSUMABLES":
node.send ("1", int(splitMsg[1l]))
elif splitMsg[0] == "NONCONSUMABLES":

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

time.sleep (0.2)
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:!{ CupCarbon loT 5.0 [C:\CupCarbon Projects\Storage Proc

1 (oA ] alaldll 5N

b Devices & Objects
b Device Parameters
» Radio Parameters

» Marker Parameters

> Simulation Parameters

- B Display/Hide Radio Distances
| B Display/Hide Radio Messages
, B Display/Hide Marker Distances

] &4 Display/Hide Links

Project Edit Add [EsiIEH Selection  Solver Simulation Map
— — o - A .
| i@ || || B BB osprayice Detaiis L.| (@ o ]| ELES o B, Jhs dlors i) 2
B Display/Hide File N e
ey 89 Disciayfiids Fie Hames 2 (5lgad! @dlalas) Device Parameters cuss dadle e darisl <
™ Display/Hide Battery/Buffer levels = g s 525

O . (=>Llull) Parameters asls
© (e 1l ozl Cals) Script file 3yaiis dais
% e g gl 53 e dadislg Inspector.py sl o il! d5LE (e

Display/Hide Network Arrows
Bd Display/Hide Marker Arrows
& Display/Hide Buildings

£, Next Link Color

£_J Previous Link Color

ki

Y O 55012 eyl pdall 155Y credl

Display > Display/Hide Battery/Buffer levels _le das.s!
gy yo ¢ (33U 033l / Aoladl wligins elas| /(o e <y 52)
(5 ] -(@3l5a1) Menu

das »i) Toolbar ¢ya (g9 ,a1! dass) Save Project e dasis|

o .(ab;}”

<

|{ CupCarbon loT 5,

Project

Edit A splay  Selection  Solver

CupCarbon Projects\Storage Product Marking]

Simulation Map  Personal

Help

q

» Netw:

» Devic

¥ Device Parameters

ation

5

Script file inspector.py 'S
S z
GPSfile | route1.gps - || > | C
Natural Evt file | - ” > | f
‘ = 1
1d 1 | > | \
1 ‘.
Longitude | 46.730444732666016 | > |
| |
Latitude 24771460596263886 | > |
Elevation [ 00 ‘l » |
Radivs | 00 "| > |
SensorRadius | 400 | |
( l
Energy max 191600 | » |
AN
5 ( | >9”
Sensing Cons 1.0 | » |
a
UART D/Rate 9600 lv || » | S
v | "C
Drift (sigma) 3.0E-5 | » | z
i . |
Sensing Unit \
(|
Coverage 0.0 | » | [
Direction | 00 ‘| > |
<
%
\Qp‘,
oy
AN
5
e
< A
- ‘i,/ )
; =
» Radio Parameters

oyl gaill 71551 :8.27 Js
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