Ol aviyveuTtec cwpatOlwy tou LHC
ELVOLL OTTO TLC EVTUTIWOLOKOTEPEC
LLNXOLVEC...

(LHC is the most impressive machine
ever built)

...KaL Low¢ tpoodepovTal oav MBAVEC LOEEG YLOL LETPNOELG UE TOUG
naontec cac and will be possibly a great way to attract students in
STEM activities)

( https://www.mycloud.ch/s/SO0CA3ADC5EB87832A4A2D2BF2BFB58126F8B438C91 )
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https://www.mycloud.ch/s/S00CA3ADC5EB87832A4A2D2BF2BFB58126F8B438C91

https://www.mycloud.ch/s/SO0CA3ADCS5EB87832A4A2D2BF2BFB58126F8B438C91

The ones that have their own laptops must install the following(the CERN laptops have
them, but then they stay at CERN...):

Arduino IDE 2.1.1

Arduino IDE libraries:

AHT20 1.0.1 by Dvarrel (https://github.com/dvarrel/AHTZ20)

BMP180MI 1.0.1 by Gregor Christandl https://bitbucket.org/christandlg/bmp180mi
LM75A Arduino Library 1.0.1 by M2M Solutions AB (https://github.com/m2m-
solutions/M2M LM75A)
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https://www.mycloud.ch/s/S00CA3ADC5EB87832A4A2D2BF2BFB58126F8B438C91
https://github.com/dvarrel/AHT20
https://bitbucket.org/christandlg/bmp180mi
https://github.com/m2m-solutions/M2M_LM75A

To CERN €LvalL To HEPOC TIOU «TTOLLPVOUV COPKOL KOL OOTO» TPLOL TIPOY LOLTAL:

1. MNvetat Baoikn epeuva yla va erBeBalwoel N amoppleL Ta LOVIEAQ TTIOU
NeEpLypadouV To CUUTIAV KoL TV €EEALEN TOU. H Epguva aUTn AMALTEL TNV
dnuLoupyLla, cuVTNPENGCN, KoL AELTOUPYLOL OPYAVWYV TIOU UITOPOUV vVa SwoouV
O0ebOoUEVA OE OTATLOTLKO LKOWVEG TIOCOTNTEC VLA TLG TTAPOTIAVW EAETEC.

. H dnuoupyla/e€elién kat xpnon texvoloylag swvat Sedopevn Kal n ekdbpaon
«teEXVoAoyLa awxpung » ewval oxedov kevn 810TL To mpocowritko tou CERN &nuit-
oUpYEL SLaPKWG TEXVOAoyLa yLa va KaveL Suvatn TV MPayUaATonoLncn tou
TMPWTOU oToXoU. H TeExvoloyla autn exEL EEKLVAEL QIO TO TPAYUATLKO Bapu
hardware (Tpomol XTNoLUATOG Kal oTnpeLEng) LEXPL To Tio adalpeTiko software
(molog dev Eepel to WEB!).

3. Ot avBpwrol Souleuouv mpaypoTika Kol Kol A0S ELKVUOUY, UE CUYXWPELTE
yla tnv mapadpaocn to:

«EE avBpwrou ta xelpw...Kat €€ avBpwrou ta KpeltTw»
Etol, ewval to pepoOC mou oL veol avBpwrol Aatpevouv va Soulevouv MAZI,
KOl ELVOL TO LEPOG TIOU AQTPEVEL TOUG VEOUG avBpwTtouc.

M' aUuTO €Ll000TE KAl ELLAOTE E6W
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1. They force the particles created during collisions to interact
2. They record, practically taking pictures of the whole process.

with matter losing energy via different, well parametrized, processes.

What do the detectors “do

30/8/2023

3. Their construction and operation is such that they can perform

adequately for providing the statistics and resolution required.
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Smart insulator systems( ~ (-20 -40)°C to ~ +17(+9)°C ECAL)

A. Towpou (EKMA), Piero Giorgio Verdi
(INFN Pisa)
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°Movement control systems (subdetectors weigh up to 2 tons, how do you move
them without sensors when opening/closing the detector?)
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...but finding a sensor and readout
system for “us” because of magnetic
field and radiation is very difficult (we
manage) but not for you that you can
pretend doing the same thing with your
students using easier to have
equipment....
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°Environmental control and monitoring systems(dry air, Nitrogen, temperature)

Dewpoint problem for all systems that are cooled
below ~13 deg C...
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H nAatdoppa-ecosystem(software+hardware+sensors, kowvotnta) Arduino
https://www.arduino.cc/exeL Swoel tTepaoctia wONoN oTNV LETPNON, OE OAA TA EPYOOTNPLA,
TLG OXOALKEG TageLS Ko Tt avwtepa tdpupata. To Arduino hardware ewvat npootto ko
artevOuvetal Kat o€ N E8KouC. To mepLBaAAov MPOYPOAHHATIOHOU Ewval TTOAU TtLo ¢pLAtko
KOlL TOL EPYOAAELA TTOU ITapEXOVTOL SLEUKOAUVOUV TRV Xpnon tn¢ nAatdoppac arno oAoug.
2tnv apxn ta Arduino npoypoppatilovrav os C++ peoa oto nepfaiiov Arduino.ide. Auto
To nepBaArov BonBaeL poPepa otov npoypappotiopo aAAa to npoBAnpa tng YAwooog
rnapapevel dtotL n C++ douAevetan amno eldikouc povov. Otav opwg ta Arduino apxitoov vao
Xpnotponotlovvtat ota oXoAswa urtnpéav diadopec npoonadeleg yio amAeg YAwooEG
npoypappatiopou (graphical =Scratch kau Blockly). Ot yAwooeg avteg dev pmopouv va
XpnotponownOouv o€ oAo to paocpa duvatotntwv tou Arduino kot anotouv MoAAeG GopEC
eldkec ekbooel tou hardware. Emiong, n ekpoOnon toug yia padntec mou npooBAEnovv o€
TeXVIKO/EMOTNUOVIKO HEAAOV TPOOHEPOUV ML KAKN Ttporatdsuon.

2to petadu, n YAwooa npoypappoticpou Python (https://micropython.org/ ) ekave tnv
enavaotoon (po akopa!) otov Xwpo NPOoYPOULOTLIGUOU, HE SLaPKWG TIEPLOCOTEPOUG
onadouc-epappoyes. Ztnv Python (dteppunvevpevn yA\wooa) o KUKAOG TPOYPOAHUHOATIOHOU
ELVOLL TTOAU TILO GUVTOMOG KOlL OLLECOG,.

H Python petagutevtnke oto Arduino hardware cav pPython ko ewvat pia yAwooo ntou
TALPEXEL TNV duvatotnta nAnpoug agltononong tng NAatdopog Kot rtopol TToAA
NAEKTPOVLKO KOMLLOTLOL TTAPEXOUV TO software etolpo. EmutAeov ewval n wbavikn yAwooo va
eMLOELEOUE OE LAONTEG IOV EXOUV TEXVOAOYLKEG/EMLOTNLOVIKEG OLVNOUXLEG.



https://www.arduino.cc/

To Arduino kall To npoypappo LED

blink O

H mpaypatikn enavaoctacn Tou cuotnuatog Arduino ewvat oha ta enuteda adalpecns OVapESA OTNY
Sdoulela g CPU kot ota nAektpovika koppatia , (1/0 pins).

Where before you would need to manipulate the registers with cryptic instructions such as
DDRD =0b11111111; // declaring port D as output, because we know the LED is connected to port D, pin 0
PORTD |=0b10000000; // pin 0 of port D set HIGH, all other pins left unchanged, this is an OR operation
_delay_ms(1000); // delay of one second
PORTD &= 0b01111111; // pin 0 of port D set LOW, all others left unchanged, this is an AND operation

now you can achieve the same result with more meaningful and understandable instructions:

pinMode(LED_BUILTIN, OUTPUT);

digitalWrite(LED_BUILTIN, HIGH);
delay(1000);
digitalWrite(LED_BUILTIN, LOW);



AvoAuon MPOYPOUUOTOC

void setup() { The setup() function is executed only once, at the
pinMode(LED_BUILTIN, OUTPUT); beginning of the program. In this case, it handles the
} mechanisms needed to make the pin the on-board LED
is connected to an output (so we can turn the LED on
and off)
void loop() {

o , The loop() function, instead, is supposed to keep
digitalWrite(LED_BUILTIN, HIGH); running "forever". In this case, it makes the LED pin
delay(1000); take a HIGH value (+5 V) so the LED turns on, waits for
digitalWrite(LED_BUILTIN, LOW); 1 second, makes the LED pin take a LOW (0 V) value so
delay(1000 the LED turns off, then waits 1 more second before

} ending and restarting again, and again, and again...



To wdLo "blinky" mapadewyua oe
MicroPython

* We can now try the LED blink example in MicroPython:
in Thonny, create a new file (click on the blank page
icon) and type in the following, being very careful to
respect the indentation (use the Tab key "-->"

import time

from machine import Pin

ledpin = machine.Pin(2, Pin.OUT) TYYXYXYX)
. X1 X¥ 19 20 €0 4@ 9

while(True): — g BEERARES| -
ledpin.on() “ @ [Fi)§.
time.sleep(0.5) all e
ledpin.off()

time.sleep(0.5)




TuovpuBatvel oto"blinky" mtpoypapua;

_ _ These two lines are similar
Import time to #include <library.h> in
from machine import Pin C/C++

ledpin = machine.Pin(2, here we define the LED pin
Pin.OUT)

while(True): now we loop forever
ledpin.on() turn the pin to 1 (LED off)
time.sleep(0.5) wait half a second
ledpin.off() turn the pin to O (LED on)

time.sleep(0.5) wait half a second



OL aecOntnpeg mov Oa XpNOLULOTIOLNCOUME LETPOAVE O,TL XPELOL{OUOLOTE KOIL LLE
TOUG OLVLYVEUTEG

* OgppoKpacLOl

* Amnooctaocn

* Yypaoio

* pon

* TILEON

* Kato,tt aAlo....

H dtadopa ewval otL e0€Lg UNOPELTE va Xpnotpomnointe YndLakoug aodntnpsg...
gpeLg OXI.
Napakotw BAENETE ALOONTNPEG TTOU XPNOGLHOTIOLOUVTOL KAONUEPLVA atOo OAOUG HAG....



O awoOntnpac BMP180 (Bepuokpaola,
nieon)




BMP180 (Bosch):

VIN: power voltage, 3.3V - pin "3V3" on CPU
board;

GND: power return, GND - pin "G" on CPU board;

SCL: input 12C clock line (puBuoc emikowvwviac!)-
pin "D1" on CPU board, GPIO 5;

SDA: input/output 12C data line - pin "D2" on CPU
board, GPIO 4;

measures Temperature between 0 and 65 C,
pressures between 300 and 1100 hPa
(corresponding to +9000 and -500 m relative to
sea level)



Arduino BpBALoBnkec yia atcOntnpec!
[ToAAEC!

Another great strength of the Arduino "system" is the
availability of "libraries"” to handle many, many types of
hardware. From the Arduino IDE, under "Tools", select
"Library Manager" and enter, for example, BMP180. Scroll
down until you find "BMP180MI" and click on "Install".
After a short while, you will have this library available to
call in your programs. Most libraries also come with
example programs you can open, read, modify and play
with. The BMP180 is not an exception. Similarly, you can
search for AHT20 and install a library for the AHT20 (and
AHT21) sensor, and an example program, or search for
LM75A to get a library for the LM75A sensor, with
examples.



Arduino Nano pinout: which pins can
do what

ARDUINO NANO PINOUT

0 Power Pins.

(777 Arduino Pins

) ATMega Pins i
=k i
[ JADC Pins i IMIER ]

JCommunication Pins
| Interrupt Pins

(
(

www teachmemicro.com



Beyond the Arduino IDE:
MicroPython

https://micropython.org/



Why MicroPython?

MCU speeds and memory are increasing every year
easier to write and read than C/C++

easier to test than C/C++

available on a large number of microcontroller families
large selection of modules (libraries) available

easier access to loT protocols

exception handling is superior

complex data types (lists, dictionaries...) are
immediately available



Why NOT MicroPython?

* less efficient (interpreted vs compiled) both in
terms of CPU cycles and of memory. This is less
often a problem than one would think, as many
programs spend large amounts of time "waiting"
for an event in an idle loop.

* errors can remain undiscovered until the buggy
section of code is executed, while in the case of
compiled code syntax errors are found at
compilation. Logical errors, on the other hand...

e cannot run on the "smallest" (and usually least
expensive) systems with limited resources.




Interpreted vs Compiled

Already in 1952, interpreters were used to

ease programming

in 1958, John McCarthy began developing a

LISP interpreter

by the early 1970s, BASIC was used on
mainframe computers

in the mid 1970s, the advent of
microcomputers caused an explosive
growth of BASIC, followed by Eiffel,
JavaScript, Lua, MATLAB, Perl, PHP, R, Ruby,

VBScript...
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Why interpreted?

* The software development cycle is faster, since
any modifications to the code do not require a
compilation of the source code.

* An interpreted program can be distributed as
source code without the need for recompilation,
and apart from architecture-dependent features,
does not need any adaptation to the new system.

* Once you are satisfied with your MicroPython
script, you can just save it in the microcontroller's
filesystem as "main.py" and it will be run avery
time the microcontroller starts up.



Hardware and Software

e Hardware:

— D1 Mini (ESP8266) CPU board
(https://www.wemos.cc/en/latest/d1/d1_mini.html);

— BMP180 (Temperature and Pressure) sensor board;

e Software:
— Thonny IDE (https://thonny.org/);

— MicroPython firmware
(https://micropython.org/download/esp8266/);

— BMP180 MicroPython module
(https://github.com/micropython-IMU/micropython-
bmp180)

— Optional: esptool
(https://github.com/espressif/esptool/releases);



The CPU board: ESP8266 with 4
MBytes Flash




The CPU board pins and their
functions

Note that pins have more than one
denomination, depending whether
you are using the Arduino IDE or

© 2w, w» e fot= ® MicroPython to program the CPU. In

Co D 2 (OFY (¢ g MicroPython, the GPIOxx number is
<S> oo e Ok B 9 4 used, so GPIO4 will be "Pin 4".

<50 (oo ) e (R b ) {2 The board has an LED, connected to
< wost >( GPIO pin 2 (also D4) so that the LED
will be ON if the pin outputs 0, and
off if the pin outputs 1.

(JeMos.cc

®
8. D4 mini

e (D
C Control ) < 12¢ >




Which are the best pins to use?

e e

Wakeup HIGH at boot No interrupt
D1 5 SCL OK OK
D2 4 SDA OK OK
D3 0 FLASH boot fails if LOW Pulled up OK
D4 2 TXD1 Board LED boot fails if LOW Pulled up OK
D5 14 CLK OK OK
D6 12 MISO OK OK
D7 13 RXD2 MOSI OK OK
D8 15 TXD2 CS boot fails if HIGH Pulled down Maybe
X 1 TXDO HIGH at boot Maybe NO
RX 3 RXDO boot fails if LOW NO Maybe

AO 0 ADC Analog NO



Installing firmware with Thonny 4.1.2

The newest (as of today) version of Thonny can
even fetch your firmware for you, and allows

you to specify more parameters for the upload
of firmware to your microcontroller...



The "blinky" example

 We can now try the LED blink example in MicroPython:
in Thonny, create a new file (click on the blank page
icon) and type in the following, being very careful to
respect the indentation (use the Tab key "-->"):
import time
from machine import Pin
ledpin = machine.Pin(2, Pin.OUT)
while(True):
ledpin.on()
time.sleep(0.5)
ledpin.off()
time.sleep(0.5)



What is going on in our "blinky"
program?

import time These two lines are similar

ledpin = machine.Pin(2, C/C++
Pin.OUT) here we define the LED
while(True): pIn

ledpin.on() now we |loop forever

time.sleep(0.5) turh the pin to 1 (LED off)
ledpin.off() wait half a second
turn the pin to O (LED on)

time.sleep(0.5)
wait half a second



Another program: 12C scanner

from machine import Pin
i2c = machine.l2C(scl=Pin(5), sda=Pin(4))
print('Scanning i2c bus...")
devices =i2c.scan()
if len(devices) == 0:
print("No i2c devices found!")
else:
print('found:', len(devices), 'i2c devices')
for device in devices:

print("Decimal address: ", device, " | Hexadecimal
address: ", hex(device))

Similar to #include<machine/Pin.h>
Declare an 12C interface on GPIO pins 5 and 4

Create a list of all devices present on the 12C bus
If the list has zero length, so no elements, it means no
devices were found, so print a disappointed message

If the list is not empty, print the number of devices
found, then for each element of the list print the 12C
address that generated a positive response



The 12C bus

The 12C was designed by Philips in the 1980s for
communications between integrated circuits on the same
circuit board. However, it is not limited to this, and many
digital sensors make use of it for their readout, since it
requires few lines and can connect multiple sensors.

We will use 12C-based sensors in this lecture.

The main characteristics are:

— only two bus lines needed, SDA (Serial DAta) and SCL (Serial
CLock)

— synchronous bus, so no strict baud rate requirements exist

— multi-master system, with provisions for arbitration and collision
detection

— each device on the bus is addressable by its own unique address



The BMP180 Sensor board




BMP180:

VIN: power voltage, 3.3V - pin "3V3" on CPU
board;

GND: power return, GND - pin "G" on CPU board;

SCL: input 12C clock line - pin "D1" on CPU board,
GPIO 5;

SDA: input/output 12C data line - pin "D2" on CPU
board, GPIO 4;

measures Temperature between 0 and 65 C,
pressures between 300 and 1100 hPa
(corresponding to +9000 and -500 m relative to
sea level)



The AHT21 Sensor board




AHT21:

VIN: power voltage, 3.3V - pin "3V3" on CPU
board;

GND: power return, GND - pin "G" on CPU board;

SCL: input 12C clock line - pin "D1" on CPU board,
GPIO 5;

SDA: input/output 12C data line - pin "D2" on CPU
board, GPIO 4;

measures Temperature between -40 and 120 C,
relative humidity between 0 and 100 %



What if there IS no existing software
module?

e Suppose you find a new sensor for which nobody has
published a module yet. How difficult is it to develop your
own software?

* The LT75 is a temperature sensor with a digital output that
becomes active when the temperature exceeds a
programmable threshold. It is an |12C slave and contains
four registers:

— Temperature, 9 bits encoded over 2 bytes, read-only (address 0)
— Configuration, 8 bits (address 1)

— Hysteresis, 9 bits encoded over 2 bytes (address 2)

— Threshold, 9 bits encoded over 2 bytes (address 3)

* We can start by simply reading the temperature register.



The LM75A sensor board and its
connections

Ve (3.3V to 5Y)
GND
Serial Data Input

Serial Clock Input

Over temperature Shutdown

On the back, the module allows you to change three bits of the 12C address. Leave them unconnected for now.



The quick and dirty code (but we have
a module for the LM75a... feel free to
try it)

# WARNING! Ugly code! But it does work...
from machine import 12C, Pin

# Create an instance of the 12C bus with the right pin numbers

i2c = 12C(scl=Pin(5), sda=Pin(4))

# Create a 2-byte buffer for storing the temperature measurement

tbuffer = bytearray(2)

# Read two bytes from the temperature register into the newly created buffer. The LM75 address is 0x48
i2c.readfrom_mem_into(0x48, 0, tbuffer)

# Convert 9 bits to a temperature value. The integer part is in tbuffer[0] and the 0.5 in the MSB of tbuffer[1]
temperature = (tbuffer[0]) + (tbuffer[1] >>7) /2

print(temperature)



Python and executing actions at a
given time

MicroPython has extensions which allow the easy
use of most features of the microcontrollers it runs
on, and this includes the timers. It is possible to
create a Timer (which can in some cases be virtual -
with no corresponding hardware timer in the CPU)
with a given period (or just a single execution after
a specific delay), and associate with it a so-called
"callback function" to be executed when the Timer
runs out (the period has expired). In the next
example, we will use two, to schedule the readout
of temperature and relative humidity from the
AHT21 sensors every 5 and 30 seconds respectively.




Import time

import micropython

from machine import Pin, 12C, Timer
import ahtx0

i2c = 12C(scl=Pin(5), sda=Pin(4))

aht = ahtx0.AHT10(i2c)

tl = Timer(1)

tl.init(mode = Timer.PERIODIC, period = 5000,
callback = lambda t:
micropython.schedule(print, f'T =



Explaining the Timer listing (1)

import time These lines contain the

import micropython code we already used to
prepare the readout of

the AHT21 sensor:

* include the necessary
modules (libraries)

e setup the 12C bus
e create an AHT21 object

from machine import Pin,
12C, Timer

import ahtx0

i2c = 12C(scl=Pin(5),
sda=Pin(4))

aht = ahtx0.AHT21(i2c)



Explaining the Timer listing (2)

tl =Timer(1)

t1.init(
mode = Timer.PERIODIC,
period = 5000,

callback =lambda t :
micropython.schedule(print,
f'T = {aht.temperature:.1f} C')

)

Create a Timer object with id =
1

Set it up so that it runsin
periodic mode (restarts
immediately after expiring),
with a period of 5000
milliseconds, and with an
anonymous callback function
that requests that the Python
system print "as soon as
possible" the (formatted)
temperature value.

The same happens for
humidity.



Explaining the Timer listing (3)

A few pythonic notes:

1. we should NOT specify directly print() as the callback function
since it would be executed in Interrupt mode. Better to ask
Python to print "as soon as possible" but outside of Interrupt
mode, using the micropython.schedule() call.

2. Since the callback functions are not really useful for anything
else, we do not need to give them a name, but we can create
them as anonymous using the "lambda" notation. n Python, a
lambda function is a small, anonymous function that can take
any number of arguments, but can have only one expression.
Perfect here.

3. f'T ={aht.temperature:.1f} C' is a string containing a format
specification, namely the value of the temperature with exactly
one decimal digit.



More callback functions

It is also possible to associate a callback function with an
interrupt caused by an event on an input (or even an
output) pin. Then the CPU could execute any kind of main
loop without the need to check the pin while stil
responding (and quickly) to the arrival of a signal.

In the following example, a callback function (that prints
the number of the pin) is associated with an interrupt
generated by a falling edge (1 to 0) on pin 4 (D2). In the
main loop, pin 5 (D1), defined as an output, changes
value regularly, printing "Pin(5)" every time a falling edge
is generated. By connecting pin 5 to pin 4, the program
starts printing additionally "Pin(4)" just after "Pin(5)",
with no evident instruction to do so.



Pin callback example

from machine import Pin
import time
p0 = Pin(5, Pin.OUT)
pl = Pin(4, Pin.IN)
pl.irg(handler = lambda p : print(p), trigger = Pin.IRQ_FALLING)
while True:
p0.value(0)
time.sleep(0.5)
p0.value(1)
time.sleep(4.5)



Sin onny to install the ESP8266
firmware
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2. Find the firmware on your computer
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3. Select the firmware binary

1PC sronp | P oot Yo gy - | Zawesse [T

o I Y T L)
From necl Lie import

& sy
R
& remyritey
P

e

Cenperetive - (duffer[3]
int(tanpersire)

»7) ¢

Sarvet Vs | Btk | Tame @7

g | T | S Avsart

ek imdof ot b

e

et
ecll prpi

ko For b
szt it o
 Promimage s eeeshC Qund 20 )
= e oy D i ticot

2 e bebrs nealing
@i

@ reenn
Blew

==




4. Start the installation (it will take
some time)
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5. Once done, close the pop-ups

€ sy
|

&

Lergiacy
gy

ity

enp ) | P T e Speechpy - | Zarebease | Tamptreley 1 [ 1eteay]

From necl Ln= import

ngs

. sdasFin(e))

ay(2)

rom_ren_inko(2es,

cenperatiee - (thuffer]
int(tenperscare)

35 + (th

o i

| i T e a4 o A

i Ty e e

e comprzrd
5% S o UL
e mllpopus U

2 semtensps o nings gt

e sl e B o SPRIES iy i o, i
X et 7

Fot s ovs <] [eona

s

® “rom mage e ey and 030

o O i ticout

PR




6. Finally, test that you have a working
setup
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How do we connect our sensors?
BMP180

The BMP180 sensor board has four pins. We can connect them to our

Arduino Nano as follows:

* VIN is the power supply for the sensor, which MUST be 3.3V and
NOT 5V (otherwise you will destroy it). So, we need to connect it to
the "3v3" pin of the Nano.

* GNDis the power return, and it goes to one "GND" pin of the Nano
(there are two available).

* SCLis the Serial CLock signal needed to read the sensor, and it
needs to be connected to the "SCL" pin of the Nano, which is also
called and labeled "A5".

* SDAis the Serial DAta line used to read the sensor, and it needs to
be connected to the SDA line of the Nano, which is also called and
labeled "A4".




Connections, in detail
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Connecting the AHT21 sensor board
(atoOntnpoc
vypooLac+Oepuokpaciog)

The AHT21 board also has four pins, in fact they are the
same as for the BMP180 board but are not placed in
the same positions, rather the other way around, so

please be careful. You can disconnect the Arduino UNO ! ® ® e
from USB, disconnect the BMP180 board one wire at a T e
time and reconnect each wire to the AHT21 S 3.l

immediately.

Write down which color wires you are using for which
signal, and try to keep the association between signal
and wire color always the same, and you will prevent
trouble.
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Connecting the LM75 board

The LM75 board seems to have one more connection,
the one labeled "0S", but we do not really need it. It
is an output that the LM75 makes active whenever
the temperature exceeds a set limit (so it can be used
as a thermostat).

In fact, ignoring "0S", the connections are similar to
those for the AHT21, except for the exchange of SCL
with SDA (this is an annoying fact, but there is no
"standard" way of connecting these boards, as every
producer feels free to locate the pins wherever it is
more convenient. For him, not for us).




Arduino and LED blink program

The real innovation that the Arduino "system" brought is the layer of abstraction between the inner
workings of the CPU and the access to the resources, such as 1/0 pins. Where before you would need to
manipulate the registers with cryptic instructions such as

DDRD =0b11111111; // declaring port D as output, because we know the LED is connected to port D, pin 0
PORTD |=0b10000000; // pin 0 of port D set HIGH, all other pins left unchanged, this is an OR operation
_delay_ms(1000); // delay of one second

PORTD &= 0b01111111; // pin 0 of port D set LOW, all others left unchanged, this is an AND operation

now you can achieve the same result with more meaningful and understandable instructions:

pinMode(LED_BUILTIN, OUTPUT);
digitalWrite(LED_BUILTIN, HIGH);
delay(1000);
digitalWrite(LED_BUILTIN, LOW);



Let us analyze the LED blink program

void setup() { The setup() function is executed only once, at the
pinMode(LED_BUILTIN, OUTPUT); beginning of the program. In this case, it handles the
} mechanisms needed to make the pin the on-board LED
is connected to an output (so we can turn the LED on
and off)
void loop() {

o , The loop() function, instead, is supposed to keep
digitalWrite(LED_BUILTIN, HIGH); running "forever". In this case, it makes the LED pin
delay(1000); take a HIGH value (+5 V) so the LED turns on, waits for
digitalWrite(LED_BUILTIN, LOW); 1 second, makes the LED pin take a LOW (0 V) value so
delay(1000 the LED turns off, then waits 1 more second before

} ending and restarting again, and again, and again...



Arduino (sensor) Libraries

Another great strength of the Arduino "system" is the
availability of "libraries"” to handle many, many types of
hardware. From the Arduino IDE, under "Tools", select
"Library Manager" and enter, for example, BMP180. Scroll
down until you find "BMP180MI" and click on "Install".
After a short while, you will have this library available to
call in your programs. Most libraries also come with
example programs you can open, read, modify and play
with. The BMP180 is not an exception. Similarly, you can
search for AHT20 and install a library for the AHT20 (and
AHT21) sensor, and an example program, or search for
LM75A to get a library for the LM75A sensor, with
examples.



Arduino Nano pinout: which pins can
do what
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How do we connect our sensors?
BMP180

The BMP180 sensor board has four pins. We can connect them to our

Arduino Nano as follows:

* VIN is the power supply for the sensor, which MUST be 3.3V and
NOT 5V (otherwise you will destroy it). So, we need to connect it to
the "3v3" pin of the Nano.

* GNDis the power return, and it goes to one "GND" pin of the Nano
(there are two available).

* SCLis the Serial CLock signal needed to read the sensor, and it
needs to be connected to the "SCL" pin of the Nano, which is also
called and labeled "A5".

* SDAis the Serial DAta line used to read the sensor, and it needs to
be connected to the SDA line of the Nano, which is also called and
labeled "A4".




Connections, in detail
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Connecting the AHT21 sensor board

The AHT21 board also has four pins, in fact they are the
same as for the BMP180 board but are not placed in
the same positions, rather the other way around, so

please be careful. You can disconnect the Arduino UNO o ® ® e
from USB, disconnect the BMP180 board one wire at a e R
time and reconnect each wire to the AHT21 . ARz

; ; S —aFL S
immediately. 7 ]

r

- !
Write down which color wires you are using for which

signal, and try to keep the association between signal
and wire color always the same, and you will prevent
trouble.
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Connecting the LM75 board

The LM75 board seems to have one more connection,
the one labeled "0S", but we do not really need it. It
is an output that the LM75 makes active whenever
the temperature exceeds a set limit (so it can be used
as a thermostat).

In fact, ignoring "0S", the connections are similar to
those for the AHT21, except for the exchange of SCL
with SDA (this is an annoying fact, but there is no
"standard" way of connecting these boards, as every
producer feels free to locate the pins wherever it is
more convenient. For him, not for us).




