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double int char
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A unsigned
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iy s Baoll g3l L T pm sty -7.5,3.14 | (float or double) | Ladatl 5l & yiall slaeyl
ihied ot Sl g’ (char) ol
bool flag = true; (bool) dialaill el
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Bl Gk R S 5
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Arrays wlagaal)
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datatype arrayName[arraySize];
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int values[10];

Lgtiailg .10 g & L gemagdaginall .l 5 a "values"s daga.nll 2 Ejﬁril poliall £45 Mint" J_f,_q;
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values [10] = {@0,1,2,3,4,5,6,7,8,9};

302l 3958 « puaiall G g | Z LS Aginall juolic (e t{i Al Jgeasll

int a = values[3];

i ygall 1a) "values” Asgaall e al M| jaiadl Gold dliady  poimio Suc 9093 HLJ__._.:U:U.;L_,L,
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char keys[4][2];

E o I Tl S R = . mon i = : i A 2 :; 2
uj.ﬁ...a“ﬂ_-.‘u.n]_‘g* char aywﬁﬁpwaﬁjﬁc}djud#ﬂwuﬁiquyu;ﬂ
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keys[4][2] =
{{1,2},
3,41,
{5,6},

{7,8}
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Basic Operators in C++
bt 4aaMatl i 3habelly (3L cidlalaay Auly o cidhalal) cya M8 2l codbalall e

Aals 0 OShelall 16,3 Jyun
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4 e ——-
a=a+h: a+=h: = 4y pliall Sl b
L (float. double)
a:a—b: d -= ; — I:.MIhL_jh;I_jrl‘f‘vll_“ll,_||
R . e Mia 2anll iola ol
il o 5.0/2.0=2.5
a=a/b; a/=b: =/ - /
a=a%b; a %= b; =7 s « (INt) Ampmiall slac¥l 3 b
i Lasaill Juolon oz /" alazein
Mon aaaill 3l calamt " A"
5/2= 2, 5%2=1 4
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. = {_JJ ol ot && oW sl &
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Comments in C++

A il LSty cpali sl s edaglantt o0 ﬁﬂ.@hdlawl@uawlafLQ[ay Aowa sl SAA ks @e
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// this i1s a comment
inty:lﬂ; MMHQM )

cout << y;

daii ol A yall ilasdail) (e s 3o Jamd Linsd s phatl 030 e 4SLgY */9 3otatin Bl e /* auinl
omayll Ll @3 yie Aol i Ao ) Aleond) laies SY1 el pull 2 @ JUBH Jrass e el ) o 5Ll L1

lcd.clear();

led.setCursor(0, 0); ( Y R P Y JPRRE )
A

lcd.print{"Enter password:");

bool correctPass = true;

char buttonPressed;

[ *

int index = &;

buttonPressed = keypad.waitForKey( );

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

}

*/

lcd.setCursor(i, 1);

led.print(buttonPressed);
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Printing in C++
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cout << x;
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Conditional Statements in C++

ey 01 Jandl (y e e al ainial GUSe) (Lo oy 3555 e 2L Buma yull clesladll (ya Aipne Ao gasma udia
if3,lc @

if..elseile e

if... else if... else 5L ®
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if (condition) {

/ aimart e /] [

// body of if statement
5 4

2o o 01 if 3 jle dalazes 6.2 JE&

o331 5133 390000 Bumma syl oilialatl) S5 (A Shas 4208 IS Jho g ey s 3ponsll dopo b a2
VS i 55l Jasd Aoyl claglanl) bl o @ty aile ALl oS 131 Lal o }

e Jo 500 518 131 I IS Y | I LR
int number = 5; int number = 5;
--if (number < B8) { 4--if (number > 8) {
// code i S > // code
t t
“4->// code after if // code after if
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Ayl cilallai) Ao gama 2AT 2l p201 il Ll (e gl 12002

. 4l celse {}&l;aggfllaﬁ@hdlamum?hﬁagﬂ if {} 4 la
duzme pll mlagladdl 2aBy if {} S ls Az ydl colaglaill S lass o5
else {} Jxls555 3l

iif...else 5 le L8 5

if (condition) {

// block of code 1 if condition is true

}

else {

// block of code 2 if condition is false

! }

if...else 3,le dabais 6.3 Jsb

J5ls 53y gl A umea pull cnlalatt) 285508 @ Slin desd IS 1315 caug® s gamsll oy 01 @0 Yol @
else {} Jxls 335l Aumma pull cilagland) 20a5 @iped Qad o 201 1S 131y if {)

dif...else i e lasi as

s & o0 wls 15| L5lsdonadlale 151

int number = 5; int number = 5;
if (number < @) { ke al é if (number > @) { SIALS 5 i
// code | // code i
2 s
S R e :
LRV P 8)ala0 wis :
// code | | // code |
t } |
. // code after if...else f i // code after if...else i
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ol calgda p & ye 5581 oye 3=l I zLlisd Lasie if... else if... else db &1 AR PR PSS g 91!l f.J_a;._....;
dog pill paadd 150y Lima ) clasdait! pe ST gl legasma 3 2als I 7 Lias Lawie

g if .. elseif .. elses;le S 5

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

// code block 2

t
else {

// code block 3
}

/la-EHHH;Ld-_'J-JH / a1 @ L

e b

[ 2amapalas/l / / 3amapleds/l [

if .. else if .. else 3l Jalaia 6.4 JS.4
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I DO LT SR B |

int number = 0;

E if (number > ﬂ} {

! 039l iy
| // code
)
E EISE 1f (numher == @} {
// code
I
E“él_ﬁ_e i - g;,
| // code

// code after if

Sladedll dcgama L5l if 3 3lae Creuins L.::.;l Gl S

Hpm}najﬂuiuhmﬁﬂju;ﬁi ifE_}i__uJa.__l_T_n)._J!
Mies . g gl

// outer if statement

if (conditionl) {

// statements

// inner if statement
if (condition2) {
}

}
// code after if

if .. else if .. else 3)Lc Jaad 28
ol ot Lspama 258 L Bl Jo8ds 5 A0 HIE 121
e | claglaitl 3L ez @l I5¥) Ay

Lo g3 da p il 18 131

int number

R N N R N R R LR P

1l
[k

// code
" else if (number == 8) {
. J/ code
)
. else {
E // code
)

// code after if

Lilia LS o ) o Jg¥1 oy 2l oy gl (S ot 13
I Ao pull ilesdanll A gazea HATiw

Uas dog 2l 2alS
int number = -1;
" if (number > 0) { e
f CTIE S e
: // code
b
' elage: i £ o hap wa 08 F e
else if (number ) q S
; // code
]

// code after if
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while ;1,55 Jalazes 16.6 IS5

.
[

Lo do il 530S Lastia ) 58500 il sl AT s

i @y 5! pSall Cabgny Uas Loy il ey Laie
Jljﬂquﬁ'JL‘m

3
yomT =y

il g ,;”Iii:r“ﬂu Uas
HHH‘HLx’”H## l}

do...while ;1 <5 Jalazs :6.7 S5

S, 2 asi 2 while ) o< e ) ool 10 s catizy
Sl Lem e doy &1 i do... while loop
it 3l Sl e Sl Buzma yull ilealall G e 1
do y 2l Jgoi e 5l ySall CaBgig JBVN e sl 3 5

s

Loops < yf »SCd

e sl @yl Sl (pa g gl B al i) CH+ 2 wliSay
fﬂrJl).gj .

while 1,55 »

do...while ;1,55 *

o for Hl )S5 aas

for (variable initialization;
condition; increment operation) {

// loop statements;

}

while ;! ,55

(2 While 5| S5 4500

while (condition) {

// loop statements;

}

F3 3-a.d0... While g &l ] )Soll I g0 3!
:L_,.& d.'nL_u.ﬂjWhllE__ﬂﬁu.ﬂ n.ﬁi'ﬁu-__t

do {
// statement execution;

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

ol 51 S 163l aan pa 0y Deat (Ll y cONtinuey break Leag .l )l ;S ae Jalaill wie s ol5auie G5 le o g
"break” 3L

B3gmga Q#ﬁ..__p-ﬂ}bﬂl break E_}LI.‘:L‘?.&.E

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 | // code block 2 |
; } |
// code after loop v // code after lnnp-é

AT 5 S 60 LB (5 1la 51,83 g5 s break 3 ke e y3e 13

YL

>/ S s e e /][

)

break 5 )l Jalazs 16.8 ISt




"continue” 3 Lie

(ALl | SN I Janing H) Sl i) duses pdl leudantl dusy continue 3)le Slasn

4> for (init; condition; update) { ~->while (condition) {
; // code block 1 ; // code block 1
i if (condition to continue) { i if (condition to continue) {
*deeeeeesccicontinue i- ---------- continue
} }
// code block 2 // code block 2
1 1
// code after loop // code after loop

.,I__,.Lé.u.a.:rl_:l;i?-h-?_.,hl_,.ll.:-..HJlj.i:a1_,h5~;-p;w.45.n.¢;u};}s;j|ﬁu continue 5 Le -L:ux.:g-,;lh!

pellgaas J,H’EFHHHHHH““HHE Las
Jr ‘Hx“hﬂj:iflfffff

[ tmnyil st /

33lie do 3
continue

g

/ zaﬁ%ﬁt:wu’f / /.:‘ﬁ-‘dtuel;,eah-.n_lﬁﬁ/
b
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Functions in C++

Juis I el e 3o Adpaa ibilac B I plasd aB Ecea sl algll e 5SS 5l das S a3l B85 aluall e
58 Juo V1 ol (805 gl 0308 a1 L i3 e S B ) bl gl (a3 S palally iy eeli ol
S Al Adesall Aal G Jlgudl e sl CH+ 2 s g3 L algll olia (0530 Adls e Lad) g Aoea pull enladatll 08 ppans
(Sas iy Lgans 0 giSas o @il Lin | L L ol @l ¢ L) Lingl o yaall () - Ll aini) (oma pall
EONP 5 1 LR O L VNI TP S VRN [ LR | SO T, 790G | T, 90 s 71 | M O 7 1 9 &
we_-*;; (return) ¢l 15,0

Leie oMM I ¥4l 2lias Al cLasy

AN E oS P e turn Ty pe

Lagle tul @t fpun A Lgan 3

(( umction . ot 1 o, UCERCOETEE )

&

-

returnType functionMName (parameterl, parameter2,...) {
L ] [ ]

// function body

SEENNEY 22 eter 1 Roorameter2)

.LLJ;}QE}Eﬂ;ﬂaiﬁhﬂiJ¥|iﬂh%uj

ﬂj4;}4¢mhgiﬂﬂﬂnggsLg:ézaa;HJJﬂw}ﬁﬂuﬁakngEJHL:h:JEh

// 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;
IE: 5
J/calling the function and passing a, b as arguments
¢ = adding(a,b);

J//cout will print the value of c

cout << c;
rﬂ%ﬁ‘ esa (9Sa Main () A1l s dazis

return @; e ) - 2
L e cLian W S Cas  Lslaal (return)

iﬂt_g.dh all i d._u-.J;: I“_'.;:.:J| ..JL?L_..‘.H E-_EJUEJ “L_{b_g .0 w| E‘_‘J‘Jl" PE'E alla L.::EE' e main a1 .| Jc!_-ﬂlJn_ﬁ-}E .S
f-'_g._”:,.h main alls I::) lﬁ;Lﬁﬂ u_u!jé‘sl.r Lg.hhd[JLJagjul:-Jl LW adbjlﬁbm.éimﬁid_lﬁj ; (bﬂ;&.ﬂ ..'a.LE}
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Al Gel 2 5 sl csMalall g e Lo @lls 1 5 2l cllaeugld o 0l uially g aill allany o o

(L&) "void" §la ;31 £g5 (3sSo Ulstl 024a fia 25 (Aasd gl A1) E,.j Vi ySall ope

void displyNumber () {
// code

Loop( ) ¢ Setup() ;Ji.:

Setup( ) and Loop( ) Functions

g 238 ot 3 5 ALl by Suinet Loagle st ol Coms NS dag3 IS ,SES ated sligs sl palise Bl ate
Azma pll elilaglad I3 (ya Loty Lagle snal oy Al 1 gull 3l e e el rall pdl Sl e oy e LSLES
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C++ &}iﬂ-‘*j t_unu_;.r uic JE;.A

void setu {
int a = 10;
int b = 20;
}

= o
PP ot )T

LSS g el puaniall fyagSal dasi

E;Euﬂgm :LH.‘ll_}a.u

void lﬂnpfﬁfq"-'_

for (int i = O;
g #= 733
cout << a;

i < b;

ive) {

singa V) 23 )Sia

className objectName;

objectName.classMethod();

i U ot | g LIS o L lalt

Classes, Objects, and Methods

e (Object-Oriented Programming ) a il dsme ,d1 355 )3
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Migrating from Visual Blocks Programming to C++ Programming
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@ Output @ Control Variable Assignments and Operations
@ Input ©® Math ralgl e gaza I3 (o Bumma pull 18,805 LT 2 L yuuiSy ol yuiall del @y
@ Notation @ Vardables .. el s Al Y1 Jgutad| miings . (Math) Gt (Variables ) ool et
X eaals pudia e oY
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int X = 0;
yeiiall agd
AlS S5 Al C++
X = 3;
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I 5Ly g Ot 51 pSCI g Ayt il ylealt

il | pal W cslid e gamea Conditional Statements, Loops and Output Messages
@ Output @ Control Cra SIS ER LD AN B yg il )y g Bt ) o yhosatl Lt
@ Input @ Math =g . (Output) #1531y (Control) essudt salgl cilegame IS
@ Notation @ Vanables 38570 yal 3 ALl L3V Joaa|

.(Serial Monitor) adwtuatiastan e 3l dells

a8 <G5 and C++

Serial.println("hello world");

g_ﬂ_,'_i 5 5lUasyl
SIS s aiy C++

delay(5000);

Loesoeio Al do ) IS 130 F A 501 Busea 0l culaaladl] D
o1S s ad C++

if (x < 18) {
V. += 3

else Jawl 3352 gl bl 3045 @iae W dosmas Lalait] dopidl IS 131 HF aid Jauls else Llel duma yid) colegadl] i

A8 S A C++
if (x »= 10 && x < 20) {
y += 10;
}
else {
y += 20;
b
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Limis alait! do 80 SIS 131 for aid Jats Auswe sl cobagbaidl Suais
slS Sis A C++

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

y += 1;

AsYl Ul 2 while 5l S5 auan

C++

while (x <= 10) {

xowm 1

R Bl B atynst bl Bt simay 81500
Arduino Digital and Analog Pin I/O

idsazidl yel gVl clid dcgazs S Sim elitd D g g Wl Anglld plalintl 3 ad Il (ol LYl pa Lo linll @i
@ Output @ Control Ol (Output) 1, ¥ (INput) JLsadi palgl cilegesma S5 s
@ nput @ Mam Aaad 5l A Il g, ¥1 a1 ol ual Lgd a3 50 JS 2. (Math)
@ Notation @ Varables e e L e L e e

2 setup() adls B wldd uyusd M rlusd o b alasn u¥ g bl of
zi¥1 gf (Input) JLaad 2 ansi o IS 13) Le paingal g iaga Yl
02 pe Aad Jian 10 11.10.9.6.5.3 Ll 1LYl aluziul @i . (Output)
350030 el oM v d A bel alal Jaaadl yin pas . (PWM ) deiauit
X il B iy 4 a3 )l Lo ylall egd e Syl

A8 s Ay C++

pinMode(4, INPUT);

= ;i -l:]l # 1R
41028 ki . ]

x = digitalRead(4);




(Baii p0) HIGH 23 e 4 a3 11 o ylall Led dasic
LU C++

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

L PLE TR C++

sot y+* 0 readanalogpin A3 e pinMode(A3, INPUT);
y = analogRead(A3);

(PWM) daidt oy crauas alazinl 15 3 b Lall 406l e 10 3 )kl da3 slael

sls <1535 CH+

otk T80 %) o o pinMode(10, OUTPUT);
analogWrite(16, 15);

CH++ dal I doovae p-d1 315 5000 OLLd e JILEGY e Al

Examples of Migration from Tinkercad Blocks to C++

A al il M A ) 1S 05 i alaeiily 3090 )V Amgd Lma pa (e JLEGI 21 1S5 2 Alaany il & 50
Gt da |

Auael ol ¢ guall Aadli Sifa gl Jlie

ga-ad! s & dativiad | b gsL Blinking LEDs Example

OMams (305! 55 e gy imy Uy s Lnall yy s
Aalizea 3adn Ol je 1053l ja 5 aags = guiall pdia 3gals
Asgllall culigSH

R3 g1yl giagasldngl 1 e

.(LED) s guall piiasgais 1@

Rgﬁjiﬁj_};{l {LED];}@]J(!__&.AJEU

318,855 2 CH aly dowe pull ySes

Fapll ciligse 16,11 IS5 Sl fes g ol £ g0 o g llng
(Text) ai I (Blocks)
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cmm ARDUINO

eguiall a 21 3aul A fusss 16,12 JS

t':.,:lljuai A 4|kl i 920

gl 3341401) LED (Jasgs ) Cathode Juagi o3 <
o gll (an¥! 35kl ) GND i pally (o guialt
€ . (55,31 black Il Gl Gygd 352 5 gdags NI

sguall alll agll (wwna) Anode Juogu {..7: <
=gl 11 {?&_,JI] Digital & 11l (LED)
O . (,a331) green Il il (g Jie g ghagaY!

FHPIE (FEVPW

3 sgiall A bl sguladl (oegew imali pd! Jud 55 e
;#ubfh.u .‘lj:-,l..lﬂ FH .;uﬂ .E.J.:-.Ij_ﬂ ql‘:'l__uL'rj' ‘%ulﬂj_a
Lgia 8 o 266 10200 Gl wlidy el 2 10

C++

int counter;
int counter2;

void setup() {

}
void loop() {

for (counter

delay(1000)

digitalWrit

delay(10600)
b

for (counter?

delay(200);

delay(200);

pinMode(11, OUTPUT);

digitalWrite(11, HIGH);

digitalWrite(11, HIGH);

digitalWrite(11, LOW);

= @; counter < 5; s++counter) {

: // Wait for 1000 millisecond(s)

e(11, LOW);

« // Wait for 1000 millisecond(s)

= @; counter2 < 10; ++counter2) {

// Wait for 200 millisecond(s)

// Wait for 200 millisecond(s)
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Passive Infrared Sensors (PIR) Alarm Example
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(Arduino Uno R3) R3 4341 giugayl dmgl ®
.(LED) ¢ guall psia 35als @

(PIR) 28yl yaliicua

2

R3 g3l 3ags)| (PIR)

fa il aaaioadl slhasll :6.13 K&
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black I wllud) (igh 325 gksga ¥l ds sl
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o 93)¥! da

OIS 13] Laa Edﬂ;}gitgaggdj
a i€ uB (PIR) A8 jadl je fliua
a8 0 de g cdsh Jloes 2 LTS
2! 390l 13 5L8Y sy Lol
lH}an?thgum4iLﬁu§ﬂﬁ}&ﬂ]
Ay e

2 (Text) wad dove yJdi auog 3ol
aa ) dume pd | Slasdall | ) pme

LG Gl xnlid) | peadd

C++

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

4! e * o read lempersiure sensoronpm A0 munits C e
i 93,¥ 1 da
temperature @l (it peli il i
" meperatise =@ o L 1512 AD =§J—T"L’-ﬂ" Bylatl dluag P:'a'-‘:“j
Adas !l 300 35 po Ao 50 hioedld gt )Y
temperature sl yodl ds 3 pata oo Lende
Slee 2 (dugie Asjs) 27 aeall I
SR b U a5 A S5

print 1o serial monilor ey e e wline

2 (Text) ab dowe pul| pusg yos

dagyd duona pod | Sladdaid! ) yome
O+ Gals palad! it

-

int temperature = 0;

: 8 ’
void setup() { sl e debdall (Serial) Gladaart (SIS anii
pinMode(A®, INPUT); gt S ) Bk pe i satiip (] 804 o8 L. L3l
S LY Lgaloiiinl S Dbl AELE
. lCuL-f'u.H.._:,J:_,JjL.u_)ﬂj ﬁ.,aj'llahh niUf:..Lt..l-E.:Lt.'t.-,u.n.ﬂ
pinMode(11, QUTPUT); Ol A S pa o printin () &11s ) print () &s al sl
} Al ) Bylgh ) dus | e it printin( )l

Serial.begin(9600); «

void loop() {
(-40 + 0.488155 = (analogRead(AB) - 20));

temperature
Serial.println(temperature);
if (temperature >= 27) {
digitalWrite(11, HIGH);
delay(2000); // Wait for 2000 millisecond(s)
digitalWrite(11, LOW);




3l yo pe Laclane g au pl5L35 5 L4l float Sl ¢ 99 (e (i peilie (ol g Judlowd CH4 daly a1s LIS) o
Lgels 5l @05 Loy (Aaclina) AW SRR JRN LY Wi ,,;;*‘r
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a0 Y dusve put | Sladlait i 2 (Logical Error) yakaie Uas g (Syntax Error) gacld Uas (he domy! e

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

digitalWrite(11, HIGH);

// Wait for 1000 millisecond(s)
delay("10680");

digitalWrite(11, LOW);

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

E;-.:.:LEU:;-

void loop() {

temperature = digitalRead(A®);

Serial.println(temperature);
if (temperature >= 278) {
digitalwrite(11, 1);
// Wait for 20060 millisecond(s)
delay(2000);
digitalwrite(11l, ©);
}

,_5..1.:\5 i
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Include the Libraries SLISI) (rewad

|_‘r'” 'k’-:.l A | cole CH+ dal Lgalaiad s s s_1L\_95.!.1 L,JLL 1""‘5"“"""'?3 _g_uj-.u'ﬁl'1 .fnS.'h] By i |j1_u.r
LJJSA“JS;L@{:J[JU.ULLHJ_\.UJMAL;&U ENW _}_."'-_g.r ='|..l_u.uL-.u'§T| JEJSJ.ULLULW).J!M&L&JLLS.#

10+ 2 aoCa pnenit A gVl G all ALK I it

#include <library name>

¥ SLaSL e )zl (It g g pdial) Aty

{LCD ascstt @ ciits

#include <Adafruit_LiquidCrystal.h>

#include <Keypad.h>

:;j'j_l! P SR 'd._u...jJLJ

#include <Servo.h>

Create the Objects SLUSISI o LaS)

wllagd! (am gy LGS (o cLds) I rliatin () ! cloSall clieuss way

ALY LS Las] A bt

LCD aslal (5ls o

(Servo motor) 3301 &l poell SIS @

eilall Amgll (SIS @

i aun.._ujsl O PIRRETR I || L3 rlisi (class) asar (instance] aic g (Object) (pils WA _1_1.—_

L% Lgaatng Ihamy i3IS sLas) i aund ?uu.muhjj_a{_,_u_m !5_1|u_¢(cnn5truct-::rr)



b

t-“
aaeEeEEEe _!‘!’L-‘ L A 8 20 3 B
AN

(315,555 518 ) phuall gyl o)y e 16.21 S5

. FEREEERSREREREARTERS

(218 &5 o 518) LCD AsLs 16,22 s

il l 53 pcid | & pma ()5S

aé}#mgﬂszuiﬁﬂgﬁlﬁﬁ?

Servo servo;

Al pudng o5l gos I "Servo™ adls jis
Ling iali ) 2 a izl SLaall o51S0 It "servo”
Al edlalas gl Lalisl Il ZLiss Y

.LCD aaLad oj5lS (Lasy

Adafruit LigquidCrystal lcd(0);

£32 O OIS Lig pe¥ s alumiuly WliSa
s 93 s¥l Oleie 1 ,e39 (Adafruit_LiquidCrystal
Al daasS (Las! 331 0 5-85) o ol S1aY

"r-ﬂ--]-!d- =

zlimie ool ae doee p ! iaas M e slall ds of 0 SIS A5 gl g o LAGY & dee o Loss

eiilall a5l 2 g gll 5uae Wy Lgaiall sue wuisd LIl &ladl 2

: pal 9¥ 02gy Gl @y

Il

const byte numRows

const byte numCols

4; // number of rows on the keypad

4: // number of columns on the keypad

4 a 4303, "CONSt byte" goill 'os (NUMROWS ) Cagaiallsie Lia S

(numCols) suee ¥l aue e 45l o 20l 3ulaiiy

ralall 3a ) 16,23 S8
(3l8 800 als)



sl eilill Aagd ey glas LS Laled 33aallyaall Lag dagaunll pluat) s 31 alls sy zlimin

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

char keymap[numRows][numCols] =
{
" S R IO - G Tl
{4 '8, '8, "B'E,
£ 7" B s T
Foar, g e Y
b;

mslall auasdy Gl Lgas pats :J_é‘h_,:.i! numCols s NUMROWS al il keymap dagaias Lmi_,_.i..i,.
g e S5 eilall B gl e G ag ol

o Bk (e 1 aLual) Gl 5insa )W B ol moslall Aol e¥Lad! shue I Gl sy Zlimi
:byte §o fye (ps puiia

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

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

{5,4,3,2}; //Columns ©® to 3

byte colPins[numCols]

A 3 dAilla g yuB8g0s s el Gl e Keypad (518 auass 8 5,59 s e

// initializes an instance of the Keypad class

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

-a.i“.j.q_“r_al::}.ﬂi_‘j‘_fﬂj.ﬁj ..ITI!_:.H Lﬁiﬂj—‘“ Mui}:'iu 715_3:1 passward ,I-q_a....h 1;.5&.4&:}.5_.‘ ._'nl..\_:::.'h” t_aL\_‘;..r‘_]Lquu'hT
A Jolay 82 ¥1 e

char password[4];
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Break down the Code geli .d1 calay)
.M! ) J!..L.:?! E_ABJ_H uﬁ ﬁ}ll - %
oSl B L8 L Jg¥| oyl 2 pesiogill (05 LS

o Setup () Aot dma )l csladaid!

void setup() da 25 aky 3y asetup() Lils ah s bW A
- F

{ 3 paienn 3 ygac 100D () &1s 345 @8 Lgla 85 i

//servo setup gl pudl CaBgh (Y Lige s

servo.attach(11); e

1 b LS Servo acss [pa servo alls I.J_:c..j

pddlin L;_a.ﬁ servo.attach(11)

servo.write(0); « “

.11 & ,la1ls Servo
//lcd setup and password set
& BN N P s rvo.wiite(0)
lcd.setCursor{®, 0); = B pCatty .0 _‘H..T..:.s.;a.le.'i'la;n.ag:atseruc-
led.print("Set & character"); L—-\ aguall Logly Lia 30sey w820 Uiy 38 sl Sgus
lcd.setCursor(®, 1); . . ﬁj*{ﬁﬁ-}ﬂh]w@‘.#maﬂﬂgiﬁ
ooV a1 sgaall 5]
led.print("password:"); \ J
&
. i y . a.05.1 | K '-*iu' o
for(int 1 = 0; 1 < &4; di++) { Ve Jjj‘_‘:ﬂf _J'LT"}P
.Y 1€ Adafruit_LiquidCrystal
password[i] = keypad.waitForKey(); - - -
} ! N Kols RIS V- I PR PSRN . begin(col,row)
} __H{tm;-?uu_a}nﬂ] r A Fert ."Ili_l.I-i' .‘I:_-'!Jlg
Gl yalgl gl L3 begin() il oiis sle il
:,____,,ﬂ: EJ‘.LJLPLL&QL!&:Luj.LCDH__C&q:iE_ﬂH
— ALl Jasagsgall 5aae¥l aue Lag.cOls @
J
(- lum!hr'ilﬁj_&,:_-}qﬂ ij__.'.l.uﬂdl j_l.,:_,‘,_jj.rDWS -
setup () alls 2 xa yull fpa a4t b loc) € o 16X 28000 el LCD 3_5LE Y,
, - i T oo Jled.begin (16.2) Lgélis
L:&GE'%}#?M!L&C&JP1Q k_ - ( }L&-‘C_, Y,
Al el aliall .password[4] s
e Lall Ao gd AaCa Al s A5V |
By
BN oy pad.waitForKey( |ERINIIPE: f_\ gl P__é;dl sEes|cd.setCursor(col,row ) ESR g

3ylae oo pal LD AELE e CigaiSall omill did o yaiows
a3 35Sia 38 e A slS i) "Set 4 character password”
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void loop()
{

// clear the screen and display the new message
led.clear();
lcd.setCursor(@, 8);

led.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; i < 4; i++) {
buttonPressed = keypad.waitForkKey();
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

lecd.clear();
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// set the cursor to the beginning of the 1st line
lcd.setCursor(@, 0);
lecd.print("Correct password!");
// set the cursor to the beginning of the 2nd line
lcd.setCursor(@, 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);
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, 0);
// print the message

led.print("Wrong password!");

Break this Code down gels 1 Jaliy

// clear the screen and display the new message

lcd.clear():
lcd.setCursor(@, 8);

led.print("Enter password:");

— o — o — m— — o —
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bool correctPass = true;

char buttonPressed;

// this code checks each button pressed against the corresponding password
digit
/f 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;

k

lcd.setCursor(i, 1);

|
|
I
I
|
|
I
I
|
|
I
I
|
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|
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I
|
|
I
|
|
I
led.print(buttonPressed); l
|
I
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// this code will be executed if the password is correct
if(correctPass){
// clear the lcd screen
led.clear();
// set the cursor to the beginning of the 1st line
lcd.setCursor(0, 0);
led.print("Correct password!");
// set the cursor to the beginning of the 2nd line
lcd.setCursor(8, 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 i1ts 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(®, 8);

// print the message

led.print("Wrong password!");

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

#include <Keypad.h>

L (Text) yai dowe pudl aussg s |

#include <Servo.h>
.BﬁuqJ_F.JIQLn.:J.ﬂ.TlJJ:-.a

Adafruit_LiquidCrystal lcd(8);

Servo servo;

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

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] =
i

e LTI T R Y

fhgty 'S4 Fe'y 'BYH

| el SRR - - LA ol OF

f'«='  'a', '#', 'D'}

&

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

byte colPinslhumcols] = £5.4,3,3}; //colimns 8 to 3

// initializes an instance of the Keypad class

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




char password[4];

volid setup()
{

// servo setup
servo.attach(11);

servo.write(@);

// 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 1 = 8; 1 < &4; 1++){

password[i] = keypad.waitForKey();

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

lecd.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;
b
lcd.setCursor(i, 1);

lcd.print(buttonPressed);

delay(1000);

//this code will be executed i1f the password 1s correct
if (correctPass){

// clear the lecd 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
lcd.setCursor(®, 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(@);

}

else {

// this code 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

lcd.setCursor(0, 0);

// print the message

led.print("Wrong password!");

1
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Programming the Arduino g 93 ™1 dove

a9 o Il 3L33 s1aeY Arduino IDE e 2% J5 (e StandardFirmata JsSsis p Jovams 1w
.(Python) &gl doee yll 3ak 4w liSs agii (g2l galiplly

(PIp) aiatl 35180 allal S35 (ya paho-MQLt daja e @39 PyCharm ol
:‘:,:fﬂl el €y collac _u.i:.-_i 2 (Terminal) a lall dga 15!l xsal \PyCharm 2

pip install paho-mgtt

asdl ol pials @3 @i eyl wlalaia 4l 2 @8 mQtt_arduino.py wuwb sous sl cale sLail o3
syl

Lgbo 55 ) Jili )l Aia s aal oo <L) :datetime o

Al 5 e 2. @Sl time »

JSON @LSIS as Leall :jsON ®

Firmata JsSgis p S5 (pe g133,¥) Ayl aa Juolgill :pyfirmata o

MQTT class po Joolgill ¢ ae <L25) :paho.mgtt.client e

from datetime import datetime
import time
import json

import pyfirmata

import paho.mgtt.client as mqg

CLIENT_ID Jsaadl @aal (ysSuus 4 iiiian 38 MATT Jpanl aiint eias ol 3590 ol piat) 5l
A TOPIC yodig s Jomti o 33 EMQX 0,355 301 alall dasaugll (ol ie 5 g5 MQTT_BROKER Ll
Labisg .dasawgtly JLamidU sl 581 asLsdl Saie M PORT 5oty . Jueall dud ol )3 s (g3 pgiingll @l

Laa¥ &l oV plles 8315 2 5)LA)] uiieS asieiie FLAG_CONNECTED ls

# Variables to setup MQTT client
CLIENT_ID = "PUBLISHER_01" # 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




MQATT dacw g Jhad®™) Ol pade :13.3 Jod

),__._{..:l!
MQTT Jee @l CLIENT__ID
wdagiadl MATT daw s 2yl gie MQTT__ BROKER
Joal) 43 W55 3| g guingll TOPIC
4 Jla3¥l 311 aslsdl e PORT
3l Jlead! oya Gamal 35k it FLAG___CONNECTED

O2eSs w138, (Firmata) JsSaig ?lmhj_gg.aﬁh Jlai¥ 3585 Lghage g A el
S e Specanith sl A AL ankdicdy Sl il duatBiy BN

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")

S

¥ al e 03 Asladt) Auglo SIS 13) Lo oims @ceh g9 CAN_full :2a¥ sLana¥L 259 ol puint) o
Sl Aot Bt 2l ol e sue ol ol e 585 garbage_drops

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

garbage _drops = @ # Counter for the garbage drops

Ailiae doglotl Lgua 1955 5 40 JS 2 garbage_drops s can_full L_;J_L..;M a3 3 Ayl alla lash <3
£3oghl 108 Jgo Juaall L3 sy Juu 39

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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aeoly yuina Ll Yyl agine augladl aluser ol @ @il wds Joeall Whay JLoY 259 A0 Laily o3
garbage_drops s timestamp _<=ileasdl Dictionary (wsels SIS o Laily ie3gll L oal timestamp
"waste/drops" «i,5 81 gy iage Il 0y @b JSON (518 1 ugalal] 13 s Jugats agiie .can_full o

beaadl IMS fya

def publish_message():

global garbage_drops # Access garbage_drops variable
e L5 Bosall < L

global can_full # Access can_full variable BT T T

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

msg_dictionary = { # Creating the JSON object

"timestamp": timestam
P P agald o518 sLast

"garbage _drops": garbage_drops, e Jlu Y 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)

rlad JP Terminal aa jlall & gl gl L,J} O o [ I et 3 AW syl C_ILua alls eLiil o8
&l ua Y C_f'..i.q.:. ol sl Jﬂ-!_).] fl..l:f:l_l.u.'l- 3__|.JalJ:.h|n -ith._l_l.ujg—ﬁ aJladl |;|Un._|_..u_5 Al i gl ‘_]__n.q.db JL..:E'}H
.paho.maqtt.client io8s 0,845 gl o Lill

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

global FLAG_CONNECTED # Access the FLAG_CONNECTED variable

if rc == @: # If rc is @ the client connected successfully

FLAG_CONMNECTED = True

print("Connected to MQTT Broker!") Lo M oy s paiiiadl s
else: sy Al gla.) paho

print("Failed to connect to MQTT Broker!")
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3,552l WUl on_connect &l sy ellae dayyg (MQTT e Qg mall pdl (s a3 5 51 2 2 g
sl g gl 2 I 3ENg sl MATT daguugs JLas¥l @ sodle]

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 to the specified MQTT broker

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

Aliae uglo] At 0.200 (ye 51 light_value des cals 15] .pali puld a1 51 ,Sal LaSk @

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 1is full

4 e B
# publish a message and reset the can Sbbad! i e o
H— L
if (light_value <= 0.200): e ekl Raghe Sl Loz
cByyla o lgie 22K, S
can_full = True PR IR
" : J

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_@1" # ID of the client

MOTT_BROKER = "broker.emqx.l1o0" # 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:0:1')

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

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
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def

def

publish_message( ):

global garbage_drops # Access garbage_drops variable

global can_full #t 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
{

"timestamp”: timestamp,

n

msg_dictionary

"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 wvariable

1f rc == 0: # If rc 1s O the client connected successfully
FLAG_CONNECTED = True
print("Connected to MQTT Broker!")

else:

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




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 to the specified MQTT broker

client.subscribe(TOPIC, @) # 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_wvalue is not None):
print("Light lewvels : " + str(light_value))
print("Tilt levels : " + str(tilt_value))

W

print("Garbage drops : + str(garbage_drops))
fft 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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Viewing Messages through the MQTTX Client

LeS MQTTX oS3 Jeadl IS (pa Bl I Jladtl @i Jilaw )l 380 e sulull 2 @ ioea pull alolat] 21a% ey
,nEJi).gJ&.:»

J WCTTE

Connections deshiop connecthon o

M C.:I‘-r—l-}{ __I.:_'...: -..-I \'_.-'I..:- I\;_..J.l __I.a L-.._I,_.'I e _:-..'_ l_l"| E[} _F!:—h:_u'_



.Qw O aad JUSS1 s pLUS (Jaad Basly _5.2:1‘5.1__;:! A gt e MQTTES.}.JJ Lh]:::'h.;:,ﬁui o

NPT Pry { P Hh;’lpmﬁuﬁ-ﬂjgiyﬂuﬁﬂﬁ*ﬁ” Laas f‘"'j o

289



.!*-L'..l.r.-‘:r?ﬂ." s Pk 4 @jﬂ'ltlm*réwﬁjhi%.mm Se g alal EMOX daw g uale M{nﬁ; o

o Aeal) @il o g I (g8 Slaglas addas (GOT1ON_CONNECT kot idond | zllas dsimis o8 o
MQTT Juee

(LaglaSh 8 g1y 2 )01 (1o a5 timestamp acie) alluy dat publish_message( ) adi coasi o3 o
Jueall By Lo (8 gimd Bosds Auslig

250



2 R AT 13 31 g 51 g B pald gy iyl Bkl sy Likne 551 ()




a1 g ped | el

'uidmlu.qjht]"l

LU 5510 S5 o o La5

wiarw len, edu, sa

CLlad! Jdo g ASad Slalaild) 5511
Smart Waste Management and Data Analysis
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(data_a nalysis.ipynb) ( mqtt_receiver.py )
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Creating the JSON Data File g SliLa cale ¢ LESY

l_EI_g.k:JL! mqtt_ receiver. Py MLU_J! ‘:.j.n.n_....._g ﬂ.i".__jlﬂ d9gdma d.Ta......b.r JSON .._1L|Lu wala ¢ Lu.l.‘I-Ll T‘i‘_&.all_l.a

M&w n_ﬂ_'.j..mr_a U.:u...u_g. 15ea JSON als data Eﬂﬁl‘y‘SlS p‘fn_aint:_m.qu_\ Mj.n...al.h JSON LJJSS L:l""""!

Janlsdi sl dagial LIS 52l o (data.json ewl polsdl wiles s Lils 5351 o5 PyCharm ol
angieal L sLaill 5 latl Lol JSON wUsIS matt_receiver.py galiw .oLisl xisge oa LeS calll 12a
dalz] @f data.json call) dais| .olisl sy sall

L]

Ayl asadlal il @Byl alaall 410 2 5 . mQtt_receiver.py euwb was (50l cale LE3L <3
qJ.u)_Ll‘_LLu)JJL....ULuLb © 4% .datetime e

JSON =LSIS pa Jalaill json o
MQTT cllacs po Joolgall <Shae <Li3Y :paho.mqtt.client e
el dliuls e 3aga sl clalll as Jalaill 05 @

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

from os import path

JSON clily cale pa Je iz allg data_file_objects s data_file as¥l ol juall cLail @3

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

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

shadel Jhasl fye Sk
i"m"ﬂjl n.:.JLJL_uﬂ ala
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sudiy Ly (CLIENT_ID s 4850 (3 MOTT Jsand miiisiion o301 359 el puiil!] elail o3
sl 3 TOPIC 5y SV @iw 5231 EMQX 05355 (5301 alall dagaugll Glgie o3t MQTT_BROKER
FLAG_CONNECTED dasuuglly Sl il 55831 asLindl aia 31 PORT 5. Juaad! i il s g2 gingl

LaaY lan W etlas Al 25500 i€ Al ool

# Variables to setup MQTT client
CLIENT_ID = "RECEIVER_G1" # 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

Bagdd]l Bl 1 ope culaglall oy 550 ﬁaﬁufm dls reports messages_stack as¥ ol puall cLash B

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

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

JLai¥l Lo s Terminal s platl agatoll 31 S Al padas 3019 2591 lus W1 e llas A £ LESL 3
&l a1 Sl I o0 day 5 Lgel el ey Ao 30 il ot A1 ) cilaas <dste (e Jtaal s
.paho.mqtt.client a.as1l o yags oU! Ceulitl

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

global FLAG_CONNECTED # Access the FLAG_CONNECTED variable

if rc == @; # If rc 1s 0 the client connected successfully

FLAG_CONNECTED True
print("Connected to MQTT Broker!")
else:

print("Failed to connect to MQTT Broker!")
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def on_message(client, userdata, msg):

global messages_stack # Access the messages _stack varilable

# 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 recelve 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
s o saal cilily L3
caalaall ;.:ld-g.]._:-. = Mial e

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

generate_report()

Joas O 1aa 3l | el o (ySias
o Sl ) pasd MQTT (Ji87oueS
B gd ) w2 glgs ) (gl Bus

OrSvadd el pd | 1o dauw 93 (ySiay
43l aa JSON SLy dntlas (e
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3 S 2 lild! Calay damliy o, JSON o518 G- a0l 45Y1 generate_report adls Lask fn_?;
bl Aygls o Mual A ol Ay Lgud @lins

def generate_report():
global data_file_objects # Access data_file_objects variable

global messages _stack # Access messages_stack variable

global reports # Access reports varilable

# Getting the first and last objects from the messages_stack

, g . N
first_msg = messages _stack[0] R\MHH St sl
last_msg = messages_stack[len(messages_stack) - 1] SPREAD JVER TPy |

el 5 4

o 2l G 2 3
# 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")

y sy

Efuﬂﬁig¢=¢45;ghd
garbage drops = last_msg["garbage drops"] B8 el La
RO
. W,

# 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 = {

"1d": report_id,

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

"time_to fill": time _to_fill
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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

data_file_objects.append(report) =

with open(data_file, 'w') as file: -olilydl Galey

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 = []

Mmfﬁmpﬂ  Lg==tay ﬁij.s:ij 2lg>ga bbbl eols 1::! Laa E_ﬂu)_‘dhv,_.nu_u._nj)ﬂ s pand| 2 Baseili
Jlai¥l g 35 @ oel 33553 Jsutl Oon_message s on_connect &l sV el adles das 3 MQTT
a3l Bl 3t A plaia¥l g ool poingll 2 Al 22V MATT dassy

# Check 1f the data file exists =

cslad ¥ et B! Cale 399 e S

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

I

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, @) Subscribe to the specified topic

= =

client.loop_forever() Listen continuously for messages
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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

1l

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
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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 recelve 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 varilable

# Getting the first and last objects from the messages_stack
first_msg = messages_stack[8]

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 = {

b

"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 1f the data file exists

if path.isfile(data file) is False:

raise Exception("Data file not found")

it Read the contents of the JSON data file

with open(data_file) as fp:

data_file_objects = json.load(fp)

client
client

client

client.
client.

client.

.0n_connect

= mg.Client(CLIENT_ID)

on_connect

.0N_message = on_message

connect(MQTT_BROKER, PORT)
subscribe(TOPIC, @)

loop_forever()

Initialize an MQTT client

Bind the on_connect event handler
Bind the on_message event handler
Connect on the specified MQTT broker
Subscribe to the specified topic

Listen continuously for messages

300



301

Data Analysis in Jupyter Notebook e 2. SULL (o

g ¥ a3 JSON by Cale e lilad) JulaScslulac o1 yad siusgs 5 5Sie oW it
Laaiios K15 sala JSON il Ao ganme oyl o5 s Shisks i3 3 piciews Loliloniy 203301 il
dgll (ya Aligla 5 sl Lazall 4B oY1 aliga )W 2 lsed ol 5 ods clilidl degema Slad

tLis (5o o 3ol #Lie JSON cale

http://binary-academy.com/dnld/KSA/IOT2/U3_L3 DATA.json

«altl ¢ya JSON il 36! 135 Bugllall clast of il Vol 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(@)

-
Fﬂiln:L id garbage_drops time_to_fill
E | count 500 50.0 50.0
£yl s ) mean 240 54.0 152.0
std 150 30.0 100.0
min 0.0 20 5.0
26% 12.0 30.0 60.0
50% 24.0 55.0 147.0
75% 37.0 78.0 2350
max 450 1000 3760

Sl Cany 7,23 JoA



time_to. fill s garbage_drops seilics s trasss ot palataies ¢ Lasl, V-

# Create histograms for the data using 8 groupings
hist = data.hist(['garbage drops'],figsize=(16,6),bins=8)

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

garbage drops time_to_fill

]
n - L - L t - L ] - E L - -

2t llalaz ) 7.24 Jss

3,008 K2 time_to_fill ; garbage_drops =yl stem plots g4 (s L,H_Talm.;: Ll ety nay agdto

diia )
# 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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# Create 2 plots, one that groups mean garbage amount by hour and one by day
fig, (ax1,ax2) = plt.subplots(2,figsize=(12, B))
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 = @, Sunday = 6

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

import random
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while node.loop():

fire = random.randint(l, 6)

E_nuhm@.;;;w{ugmuh:gﬁhmu;a! el ﬁuthhqu*lﬁaﬂt&fm randint( ) als ol Liss jzal 13
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Lg! 533L=t! (proxy node)
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if fire == 1:
node.print{"FIRE!")
message = "FIRE IN SECTOR " + str(node.id())

Bas | e’ g b | sy Uy A1) aieies -send () adls alaisils Lgdand csliladl Jlos| Agll = Sa
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node.send{message)
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else:

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

(edge.py) Algd! (o2va | aladl
Complete Code (edge.py)

import time

import random

while node.loop():

fire = random.randint(1l, &)

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

else:

node.print("")

time.sleep(random.uniform(1l, &))
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import time

while node.loop():

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

Il

message

node.print("FORWARDING.." )

send{] Al alaziul mﬂiﬁs&dlabnalytamﬁmuﬁuﬂﬁ e Bbeadl ali 1 2 JLs) ga LS
313 . (Node ln)ww Basuil _ajuudjuut iy paYl f.JJ_M qJL..JJlur_J_ul dﬁjaﬂtami}
5!].__[].1.« 7o m:bldjﬁulﬁjw?x@& d..'IL.....)Jh_a_ri.-.)]_\ }%;deﬁujﬁmljammhﬂmgluﬁ

1lg“ijn_5|ungJu354‘_,.Tthj 'Z'x"j.i mﬂlp&dla&jml Anlul gl 2 (dagssaalssase I s

node.send{message, 1)
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time.sleep(1)

node.print("")
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time,sleep(0.01)
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Complete code (proxy.py)

import time

while node.loop():

if node.bufferSize() > 0:

message = node.read()

i i
node.print( " FORWARDING..") o2 el Jalas
send( ) 4l
node.send(message, 1) = }m,ﬁ,,[l hj
2 4C LB yas @
time.sleep(1) .PﬂzliﬂaAij
3 J

node.print("")

time.sleep(0.01)

dJL..u_}Ji U.m__g uéjllu)_‘lr-uu.a:r.mﬁ u.ln.a.uj.” _Lmd‘&a!ytaudyiqﬁilﬁhjlﬁfﬂthﬂlduu@
.(Edge Node) ad jtallsuze dlalgs oW1 2 =825 Iu_.jl. Al Il pudh oo Aegdall 3t A0l 01 Sy Gl

import time

while node.loop():

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

node.print(message)

L&l L pulas @343 0 o opiilh 5 (4K0g « @Sl Buton g (Sestn «Slacugll e B Ei LeS g el g
g aiell e oo 3 Ay el Gudis 3 s 3 380 Suiien alind] 2

time.sleep(2)

node.print("")

time.sleep(@.01)
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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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Creating the Scripts duswe »d1 alalal ¢ LLS|

dasllatia fyeSh culiglond ! e (ralizel]

c & £
ad L dand aaldae e dcgulaa ogal gl EJ'_}}TEJ.E.LHL,J.Q EJELJ'"“J a.::L‘nln_g cde 3 U1 AnsL ﬁL...al_:. |l

import time

node.print("")

M‘LEPJ@L}ALPLM|M mﬂj@h}mw@uﬂLwJMMALLﬂ!J[}Uubjhf}nm
Jh}ﬁﬂﬂﬂd{)ﬂ')rlmb .J.-n-‘julihﬂﬁb!j@dh«juiuu.mdﬁ“juligmUuhjhﬁw
ﬂm'ihwlﬁhﬁusdﬂﬂeuhjﬁ‘mmuﬁdhﬂ%d:mF

while node.loop():

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

L,...Hj"Z",_j_....J.......jl Lﬁ_JLua-ll_._'udqt u.n.“_gl"l" Lnld_..u_;.m.. MLMMJMIMM
(_L.._a.w] "DO NOT PICK" 5i (dazatl) "PICK" 51201 i) &ghontl plas . Lt yguts csl3 @ W ooy

AT B R o

message = node.read()

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

elif message == "2":

node.print({"DO NOT PICK")

time.sleep(1)
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(consumples.py) lgd! ooma yd1 aladl
Complete Code (consumables.py)

import time

node.print("")

while node.loop():

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

message = node.read()

1f message == "1";:
T
node.print("PICK")
elif message == "2":
node.print("DO NOT PICK") AULAT 31580 B lind) Aoma pud| Cpis ASEEY A g
ﬁnwﬁlhﬂ'}.ﬁ*ﬂ.ﬂlz@#$1}1£§@
time,sleep(1) i da ¥l gle 31t o lidl Lowe | adadl)

o1 (alil) 213) "CONSUMABLES” ;1a el

[ a¥ AL 4l )"NONCONSUMABLES"

(nonconsumables.py) A lgid! v ydi aladl|
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("D0O NOT PICK")

time.sleep(1)




100 JoLaat Lyt a3ka a3l dapiims 3 Ul Uigios 2l 25,3500 38 pa Gl ms yull el Lia
allsaa PV I | Al Al Lalgiiia da s o5 battery.setEMax () 3l alazswl 35l 3.sy
.battery.init()

import time

node.battery.setEMax(100.0)

node.battery.init()

battery.consume(1.0) allul auseiwl (el 318kl 350U £ye l:.__...i 503 cpa 3 59 e 3S U il
B ddoes duday 5 pa8 ST A3l 5 s o Gl gh] dualnd

while node.loop():

node.battery.consume(1.0)

aie g dsSensorDetecting( ) &l ansiw) A8, G2 3ogaga (i a_h:.-_ﬁ:{! oIS 1] La cal sy
L,.-;..:.-ﬂ:ﬂ A=l L.,J! Ll battervlnlt{} L=n-.Jl:.u-_'ul_n..-.n! (Alam o al A085]

if node.isSensorDetecting():

node.battery.init()

2 @i (Silaglol) Labos o e 3,0 @3 ¢ Lgitaiianl 3l S5l 00 psan (o OV 32m3 2S H11 e ca
L2 pad 3o M) il L SPIIE( ) AN alaxial @8 recVMsg 2 el 5el 58l s oy 35 21l
Asgiall (e oW AU 2 4l e 13ms . SPIItMSE @y Aagiuns JS & e o Lislu Roaiiad ) as Losal

Ayglad! (8 5any sPlitMsg [1] At ausdl dasisd Lai cdsglod) csligioes dadiaie splitMsg [0]

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

splitMsg = recvMsg.split()

Jas A gl 3t s () 21 tauly "1" S sins "CONSUMABLES" g5l o OIS 131
i Al 2y 12" (il JsLuin "NONCONSUMABLES" g mt i (51S 131 Ll Ly alaiet ly
..Ld.t.ﬂu.n_h:uﬂ Jm!FMMJM'mwﬁlmhudal@UJlthLy? :'I__n.*rLIL_,JJ.AZDGn..Ll
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if splitMsg[@] == "CONSUMABLES":
node.send("1", int(splitMsg[1]))

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

time.sleep(0.2)

= "NONCONSUMABLES":

(inspector.py) Algd! (;va di alast|
Complete Code (inspector.py)

import time

node.battery.setEMax(166.08)

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

if node.i1sSensorDetecting():

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":

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

time.sleep(0.2)
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O (1) Save Ll il <

BesSi © . it isiols 5 yma 3L 3121 <
" Editor O p 4
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import time

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

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

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

for n in range(node.buffersize()):
recvMsg = node.read()
splitMsg = recvMsg.split()
Af splitMsg (0] == "CONSUMABLES":
node . send (*17, int(splitMsg(l]))
elif splitMsg (0] == “NONCOMNSUMABLES"®:
node.send (*2%, int(splitMsg(l)))

time.sleep(0.2)
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