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Basic /O Hardware for the Arduino
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I Basic_In_Out_Ain_2pB_F2016 _

1 l' Michel Hanbury September 28th 2016

2| Basic IO test 2 PB, 2 LEDs, and Photocell *
2

~

4 int Grnled = 22; // definitions

)
(# )

int Redled = 24; ]
int Boardled = 13;
int Pbl = 26;
int Pb2 = 28;

~]

The first few lines of the Arduino program define labels used later in the program.

For example if the label “GrnLed” is used it is actually replaced with the value 22.
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10 void setup() {

11
12
13

Serial.begin(9600); // configure serial I/0

14

pinMode (GrnLed, OUTEUT);)

15

Configure Input and Output pins. To protect
the 1/O hardware and the Arduino the 1I/O
pins are defaulted as inputs until the software

pinMode (RedLed, OUTPUT): . a g
pinMode (BoardLed, OUTEUT): S o R W

pinMode (Pbl, INFUT); | —
pinMode (Pb2, INPUT); Ml '

configures them as outputs.
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vold loop() {

float Vsup = 4.61; // measured with meter
int Photocell = analogRead(A8):;

int Pb_statel = digitalRead(Pbl):;

int Pb_state2 = digitalRead(Pb2):;

Vce
Elcat Vpc = Photocell * }Vsup / 1023.0); // Vin to A/D 10k
%——————AO

float I = (Vsup - Vpc)/10000;

float Rpc = Vpc / I; J_

1000 * (Vsup - Vpc)/10000; =

float ImA

Calculations on data from photocell. The code converts the integer value from the
A/D converter to a voltage and then to a resistance.
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49
50

if (Pb_statel == LOW) PB1 push button is normally HIGH using a pull up

digitalWrite (GrnLed, HIGH) ; resistor. When the push button is pressed the pins

short and a connection to ground is made.
else

digitalWrice (GrnLed,LCW)?  Control output based on input conditions.

if (Pb_state2 == HIGH)

digitalWrice (RedLed,HIGH)?  pB2is normally LOW, a resistor is used to pull
else the signal to a low and a short on the pin ties it

digitalWrite (RedLed, LONW); to +5.

if (Rpc > 2000.0) // Getting dark
digitalWrite (Boardled, HIGH) ;

else
digitalWrite (BoardLed, LOW) ; Pin 13 L on the board.
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Serial.print (" PhotoCell Integer
Serial.print (Photocell);

1

Serial.print (" PhotoCell Volts = ")

Serial.print(Vpc, 4): |
BothNL&CR v |[9600baud ‘

Serial.print (" PhotoCell Current mA = "):

Serial.print(ImA,4);
The Arduino Serial monitor can

Serial.print(™ PhotoCell Resistance Ohms = ") be used to output variable data
Serial.print(Rpc); to a computer screen.
Serial.print(™ Pbl state = "); The BPS (bits/second) baud rate
Serial.print (Pb_statel); must match the configuration in
software. In this example the
Serial.print("™ Pb2 state = "); rate is 9600 bits per second.
Serial.println(Pb_state2);
delay (50); Serial.println moves to the start

of the next line, then prints.
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Photoell Integer = 79 PhotoCell Volts = (.3560 PhotoCell Current mA = 0.4254 PhotoCell Resistance Ohms = 836,86 Pbl state = 1 Pb2 state =

Photoell Integer = 79 PhotoCell Volts = (.3560 PhotoCell Current mA = 0.4254 PhotoCell Resistance Ohms = 836.86 Pbl state = 1 Pb2 state =

PhotoCell Integer = 79 PhotoCell Volts = (.3560 PhotoCell Current mA = 0,425 PhotoCell Resistance Ohms = 836,86 Pbl state = 1 Pb2 state =

Photoell Integer = 79 PhotoCell Volts = (.3560 PhotoCell Current mA = 0,425 PhotoCell Resistance Ohms = 836,86 Pbl state = 1 Pb2 state =

Photoell Integer = 79 PhotoCell Volts = (0.3560 PhotoCell Current mA = 0,425 PhotoCell Resistance Ohms = 836,86 Pbl state = 1 Pb2 state =

Photoell Integer = 79 PhotoCell Volts = (.3560 PhotoCell Current mA = 0.4254 PhotoCell Resistance Ohms = 836,86 Pbl state = 1 Pb2 state =
|

Photoell Integer = 79 PhotoCell Volts = (.3960 PhotoCell Current mA = (0.4254 PhotoCell Resistance Ohms = 836,86 Pbl state = Pb state =

float Vpc = Photocell * (Vsup / 1023.0); // Vin to A/D

O W o

float I = (Vsup - Vpc)/10000;
Check the results based on the code.

flecat Rpc = Vpc / I;

w N

.

fleoat ImA

1000 * (Vsup - Vpc)/10000;

OO W W W W NN
'_)
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PhotoCell Integer = 319 PhotoCell Volts = 1.4375 PhotoCell Current md = 0.3172 PhotoCell Resistance Ohms = 4931.25 Pblstate= 1 Dbl state=
PhotoCell Inteqer = 316 PhotoCell Volts = 1.4240 PhotoCell Current mA = 0.3186 PhotoCell Resistance Ohms = 446999 Pbl state= 1 Pl state=
PhotoCell Inteqer = 312 PhotoCell Volts = 1.4060 PhotoCell Current mA = 0.3204 PhotoCell Resistance Ohms = 438819 Pblstate= 1 Pl state=
PhotoCell Inteqer = 312 Photolell Volts = 1.4060 PhotoCell Current md = 0.3204 PhotoCell Resistance Ohms = 438819 Pblstate= 1 Pl state=
PhotoCell Inteqer = 314 Photolell Volts = 1.4150 PhotoCell Current md = 0.3195 PhotoCell Resistance Ohms = 442877 Pblstate= 1 Pl state=
PhotoCell Integer = 314 PhotoCell Volts = 1.4150 FPhotoCell Current md = 0.3195 PhotoCell Resistance Ohms = 4d28.77 Pbl state= 1 Dbl state=

flecat Vpc = Photocell * (Vsup / 1023.0); // Vin to A/D

w o

float I = (Vsup - Vpc)/10000;

float Rpc = Vpc / I: Check the results based on the code.

float ImA = 1000 * (Vsup - Vpc)/10000;

0w W W W W NN

n &= W N = o
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LCD Display and 5 key Analog Keypad
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Liquid Crystal Display

LCD — Liquid Crystal Display

Low Power (mA)

(LCD)

A combination of polarizing filters and twisted liquid crystal creates a liquid crystal display.

When two polarizing
filters are arranged
along perpendicular

liquid crystal molecules

Light
Polarizing |
Filters 1
P

N

When voltage is
applied, the liquid
crystal molecules

preventing light

. . . olarizing axes, light X > 2> straighten out of
- Easy to use libraries available Btering from above is SR P S their helix pattern
. re- directed 90 degrees Sy ) ,/'\’\ 2 Nd / and stop redirecting
- IneXpenS|Ve and common. along the helix 7 K“<ﬁ’/¢,‘m|lyﬁm}-ev,k [N | VoRage the angle of the
arrangement of the S AN 1/“ g | i light, thereby
N

Easy to wire (8 pins)

so that it passes
through the lower
filter.

Polarizing
A Filters

from passing
through the lower
filter.

LCD Display 16 x 2

ed C

b
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12C serial
LCD Display
20 char x 4 lines

A special circuit attached to the rear of the display
converts the display from parallel to 12C serial. Connecting
to this display requires only 4 wires.

The display includes a backlight and a contrast adjust.

b
L L
LED

18

1104 -

sainsmart LCD2004 www.sainsmart.com
— £
- g=
() 1YFRSEINERTYURANIN g
=<
BEopx BENEXERRAR

2’

LCD Display
20 char x 4 lines
Parallel Interface.

This is the type that comes with the lab kit. Itis
less expensive and the software is less complex
than the 12C type
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Touch colour display. Adds input and output to an embedded system. A great way to
create a basic HMI. You can add sliders, gauges and graphics. Programming is more
complicated. Most displays have drivers and functions that make programing easier.

=

www-HowToMechaetronics-.con

CAMB8302E Class 4 Theory F2018
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Parallel LCD Display 16 10

This LCD display
uses a 4 bit parallel
interface. The RS
and E are signals
used to control
data.

Only the upper 4
bits of the display
are used by the
Arduino.

The “E” pinis the
clock signal.

The “RS” is the

The LCD function
needs to know which
Arduino pins will
control the LCD.

2 pins for control and
4 pins for data.

The (16,2) tells the
function that the
display is 16 character
wide and 2 characters
high.

LigquidCrystal 1lcd(g&, 9, 4, 5, &, 7):
char. By 2 lines. 11
12 veoid setup(){
13 lcd.begin(le, 2); // star
14 lcd.setCursor(0,0); // curs
IC]
LCD TCi602
- :
N = - R R L -
Fho.E ESEEZEEEEC
PR NERNAOASSCARSR = -
B |
m i i U U R S B L
2Pl - 5
VeL
K

register select and
selects between
data and control.

CAMB8302E Class 4 Theory F2018

The resistor is used to
control the display
contrast. Some
displays include a
backlight,
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21 led.secCursor(0,0);
22 led.print ("4A");
23 lcd.setCursor(l12,0);
24 led.print ("B");
25 led.secCursor(0,1);
2 led.printc("C"™);
27 lcd.setCursor(6,1);
2E led.printc("D");

The LCD display is arranged as 2 rows and 16 columns. The
numbering starts at O for the rows and columns. The first number
represents the column the second the row.

The top left character is at 0,0.

For example 6,1 is the bottom row and the 7t" position over.

CAMB8302E Class 4 Theory F2018
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Arduino LCD Setup()

Z #include <LiquidCrystal.h>

10 LiquidCrystal lcd(8, 9, 4, 5, &,

12 void setup(){

7): // select the pins used on the LCD panel

// start the library 2 lines 1lé characters
f/ cursor to top lef

// display message

// wait 4 3eccndﬂ

// clear lcd display

// set the LCD cursor position top line left

The Arduino IDE includes a library for an LCD display with an HD44780 controller.
LiquidCrystal Icd(8, 9, 4, 5, 6, 7) defines the pins that are required by the display. The
display uses 4 data lines, an enable signal and a RS - register select pin that selects
between either data or control signals. The display uses a Hitachi HD44780 controller,
this is the most common type. You must include the “LiquidCrystal.h” header file in
your Arduino sketch to use the LCD functions.

CAMB8302E Class 4 Theory F2018
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vee Arduino LCD / Shield Keypad

R2
302 3kQ
1 = 2 ) ADO
RIGTH [ = T
SW5X6 s
. 331 3300
1 2
UP 1&—@'
[ SwsXs - The LCD display board also h t of push butt
) B o e isplay board also has a set of push button
g - switches which are connected to a set of resistors
» " — . .« . . N .
oW F RS used in a voltage divider. Pressing different switches
102 1kQ will cause the voltage on Analog 0 (ADO) to change.
e The resistors shown are the actual values used on the
L S e R6
SWsX6 55 T board.
..l_i:j’_T Right—0
SEEECE S D The numbers in red are values | found when testing Op—23
SW5X6 Down — 257
my keypad. The range may vary by +/- 3. Left — 411
= Select 641
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When no buttons are pressed the A/D reads 1023.

The number “3” is at LCD position 3,0.
The letter “E” is at LCD position 3,1.

®) &I

LCD Keypad Shieid@@0EE0 W
COREEEED CURODOD

nory w1, oo EHAOBOT

Yo E YR
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Arduino LCD / Keypad Shield

; #include <LiquidCrystal.h>

LigquidCrystal lcd(&, 9, 4, 5, &, 7); // select the pins used on the LCD panel

2 void setup(){

e e e
O 0~ o U s W

oo

[

ST ST S S S S B S I S I
e = D4 B S PR N )

lcd.begin(le, 2); // start the library 2 lines 1é characters

lcd.clear(): // clear lcd display
lcd.print ("CAMS302E");

}
void loop() {

) o Read and display the value from analog
int sensorValue = analogRead(0); read value from d1v1deﬂ

input 0.
lcd.setCursor(0,1); // set the LCD cursor position lower line left
lcd.print(sensorValue);
led.print(” I
delay(250); // wait half a second

CAMBS8302E Class 4 Theory F2018



Example — Setup for LCD and 1/0

2 #include <LiquidCrystal.h>

9

10 LiguidCrystal lcd(8, 9, 4, 5, &, 7): // select the pins used on the LCD panel

11 #define PB 22
12 #define LED 24

13

14 void setup(){

15

lé pinMode (PB, INPUT) ;
17 pinMode (LED, CUTPUT) ;
18

19 lecd.begin(le, 2);

20

21 led.clear():

22 lcd.print ("Display PB
23 }

// start the library 2 lines 16é characters

// clear lcd display
Value™):;

CAMBS8302E Class 4 Theory F2018
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Using the push-buttons to make decisions

veid loop(){
float supply = 5.0; This program reads the analog 0

[ float sensorValue = analogRead(0):; ] input voltage to determine if
float sensorVoltage = sensorValue/1023 * supply: the sensor voItage

[ if ((sensorValue>89)&(sensorValue<109)] //check for UP switch The program uses a range to

N

{ . . . .
lcd.sectCursor(0,1):; // set the LCD curscor position lower line left determine which key IS belng
lcd.print(senscrValue); pressed.
led.princ (™ "):

} A range is chosen because the

resistor have a tolerance of +/-
[i:’ ((sensorValue>247)&(sensorValue<267)] // check for DN switch 5%
{
lcd.sectCursor(0,1); // set the LCD curscor position lower line left
lcd.print (sensorVoltage);
led.print( ): Right—O
! Up—-99
. Down — 257
delay(250); // wait half a second Left — 411
! Select 641

CAMS8302E Class 4 Theory F2018 22



Example — Using the LCD display to show the value of analog Input 8.

E #include <LiguidCrystal.h> ]

9
10 LiguidCrystal lcd(g&, 9, 4, S, &, 7): ] // select the pins used on the LCD panel
11
12 wvoid setup(){
13 [ lcd.begin(l6, 2); ] // start the library 2 lines 16 characters
14
15 led.clear(): // clear lcd display Read and display
16 [ lcd.print ("Read ;.el');] the value from
17 analog input 8.
18| }
19 wvoid loop(){
20
21 [ int sensorValue = anal:gRead(B);] read value from divider
L4
23 lecd.secCursor(0,1); // set the LCD cursor position lower line left
24 lcd.print (sensorValue);
25 led.princ(” ")z
26
27 delay(250); // wait half a second
28 }
29

CAMB8302E Class 4 Theory F2018
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Example — Using the UP/DN buttons to control Outputs

veid loop() {

(boolean pbState = digitalRead(EB); |
int sensorValue = analogRead(0); // read value from keypad divider

lecd.setCursor(0,1); // set the LCD cursor position lower line left
lcd.print (pbState);
led.print (™ "): // blank characterﬂ

[ if ((sensorValue>89)&(sensorValue<109)ﬂ //check for UP switch
digitalWrite (LED,HIGH);

if ((sensorValue>247) s (sensorValue<267)) // check for DN switch
(digitalWrite (LED, LOW); |
delay(250); // wait a quarter second

CAMBS8302E Class 4 Theory F2018
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Example — Using the LCD display to show the value of analog Input 8.

void loop(){

boeolean pbState digitalRead (PB);
int sensorValue = analogRead(0); // read value from keypad divider

lcd.setCursor(0,1); // set the LCD cursor position lower line left

ﬁcd.p:in:(prtate);

lcd.print(” I // blank characters

lcd.sectCursor(g,1); // set the LCD cursor position lower line left
cd.print(sensorValué};

Icd.prinT (™ N // blank characters

if ((sensorValue>89) sz (sensorValue<109)) //check for UP switch 99 +/- 10
digitalWrite (LED, HIGH) ;

if ((sensorValue>247) s (sensorValue<267)) // check for DN switch 257

digitalWrite (LED,LCOW);
delay(250); // wait a quarter second

CAMBS8302E Class 4 Theory F2018



Basic Arduino Inputs and Outputs
Transistor Switch

CAMS8302E Class 4 Theory F2018 26



# 3300
f =17 volts

—

Led is reversed biased
Arduino output is about 0 volts.
0 volts across resistor.

No current flow.

Led Off.

)

Arduino # 330 0
o/p=H

J_ Vf = 1.7 volts

Led is forward biased

Arduino output is about 5 volts.
3.3 volts across resistor. I=V/R
3.3 volts / 330 ohms = 10 mA
Led On.

Arduino
o/p=L Arduino
o— ' input
Vv

(tan)
Push a7k @

Button N.O.

Normally pulled High
= (Goes Low when switch is Pressed.

——
=

Pull up or Pull down prevent a
floating condition.

Push
@ BUTT:: N.O. @

Arduino
°© o input

=L Normally pulled Low J_
-

Goes High when switch is Pressed. 4.7k

i

CAMB8302E Class 4 Theory F2018
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3900
R2

3900
R2

= &

: " off
Arduino 2N2222 O n Arduino 4.7k R1 —
0/p H (5V) Beta min, 50 O/P L (0 V) Beta min. 50
= 6ND l 6ND

1) The output from the Arduino is about 5.0 volts.

2) Current flows from the Arduino through the resistor, the base and the emitter diode.
3) The diode drop is 0.7 volts. The remaining 4.3 volts is across the 4.7k resistor. The emitter diode is reversed biased.
4) 4.3v/4.7k = 0.91 mA of base current. 0 mA of base current

1) The output from the Arduino is about 0 volts.
2)
3)
- Dast A 4)
5) The transistor in on acting like a closed switch. 5) The transistor in off acting like an open switch.
6)
7)
8)
9)

No current flows through the base.

6) The colle<_:tor voltage _equals about 0.1 vots. The collector voltage equals about 3.5 volt. (Transistor 3.5megs, LED 1.5 Megs of resistance.
7) The LED is forward biased with a drop of about 1.7 volts. The LED is reversed biased.

8) 5.0 volts — 1.7 volts leaves about 3.3 volts across the 390 ohm resistor. .
9) 3.3 volts/390 ohms = 8.5 mA. 8 zg:g/gg?f)f":‘:fﬁonfﬂm resistor.

CAMS8302E ss 4 Theory F2018 28



NPN 2N2222 Transistor Switch - "ON"

Q Saturation - Transistor is turned on:
The collector to emitter junction acts
like a closed switch.

Q The base voltage must be greater
than the emitter voltage by 0.8 volts.

O The transistor has a gain of about
75.

Q Example: If the base current equals
3.5 mA and the gain = 75 mA the
transistor will allow up to 263 mA of
current to flow.

Q Transistors can only handle a certain
amount of collector current specified in
the data sheets.

Q The CE junction does not act like a
perfect switch and may have a voltage
across the CE junction of about 0.2

volts.

6.3 volts

153 mA

Load

40 ohms
6.11 volts

Switch sourcing current
to transistor

CAMB8302E Class 4 Theory F2018

08v

Transistor sinking
current from load

NPN

CE=02v

Current Gain:
Ic/Ib

Minimum of 75 for 2N2222
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NPN

NPN Transistor Switch off:

Q Cut-off - Transistor is turned off:
The collector to emitter junction acts
like an open switch.

Q The BE voltage must be less than
0.8 volts.

2N2222 Transistor Switch - "Off"

6.3v
50v 0O mA
40 ohms
C:) Load 0 volt drop
0 volt drop 6.3 Transistor sinking
1.2k 2V
current from load
| open

sov - ° NPN

Switch sourcing current '
to transistor g:;;nf Gain:

Minimum of 75 for 2N2222

CAMB8302E Class 4 Theory F2018
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1 Wire Data -- Temperature and Humidity Sensor
DHT22

CAMS8302E Class 4 Theory F2018 31



DHT22 Digital Temperature and Humidity Sensor (Serial Data Output)

DESCRIPTION

The DHT22 is a basic, low-cost digital temperature and humidity sensor. It uses a capacitive
humidity sensor and a thermistor to measure the surrounding air, and spits out a digital signal
on the data pin (no analog input pins needed). Its fairly simple to use, but requires careful
timing to grab data. The only real downside of this sensor is you can only get new data from it
once every 2 seconds, so when using our library, sensor readings can be up to 2 seconds old.

DHT22 pins - i
. vee oo, 21.50 deg C  42.80 % hum
2 DATA '~.:. o~ 21.50 deg C 42.70 % hum
3 NC ::.::‘ 21.50 deg C  42.60 % hum
4 GND "~\\ 21.50 deg € 42.50 % hum
~ 21.40 deg €  42.40 % hum
// 4. 21.40 deg €  42.40 % hum
) / / 21.40 deg C  42.40 % hum
vy
2

The temperature / humidity sensor connects the Arduino
using a 1 wire serial interface. The sensor transmits 32 bits of
data representing the % humidity and the temperature in
degrees Celsius.

CAMB8302E Class 4 Theory F2018



DHT22 Digital Temperature and Humidity Sensor (Serial Data Output)

OSingle bus to send data definition

SDA For communication and synchronization between the microprocessor and the AM2302, single—bus
data format, a transmission of 40 data, the high first—out. Specific communication timing shown in Figure 5,
the communication format is depicted in Table 5.

Response signal Humidity high Humidity low Temp. high Temp. low Parity bit
T Trrohd T T T rrrd T U,
*
I O O O A | I IO O ) I A O I O R O O S O O O |
Start signa M L M L M M L ™M L
S S S S S S S S S S
B B B B B B B B B B
Pic5: AM2302 Single—bus communication protocol

The DHT22 temperature and humidity sensor sends a digital relative humid |ty

pattern to the Arduino representing % relative humidity and

temperature in degrees Celsius . Word Oriain

noun

The first 16 bits transmitted represent the humidity, the )
1. the amount of water vapor in the air, expressed as a percentage of the

second 16 the temperature and the last 8 bits are a checksum maximum amount that the air could hold at the given temperature;
to Verify the data. the ratio of the actual water vapor pressure to the saturation vapor
pressure.
Abbreviation: RH, rh.
(Actual Vapor Density)

Relative Humidity RH) = oo X 100%
(Saturation Vapor Density)

CAMS8302E Class 4 Theory F2018 33



HDSDNG Temp, Humidity & Dew point measurement experts

7.3 Single—bus communication timing

User host (MCU) to send a start signal (data bus SDA line low for at least 800y s) after AM2302 from Sleep
mode conversion to high—speed mode.The host began to signal the end of the AM2302 send a response signal
sent from the data bus SDA serial 40Bit's data, sends the byte high; data sent is followed by: Humidity high
Humidity low, Temperature high, Temperature low, Parity bit, Send data to the end of trigger information

collection, the collection end of the sensor is automatically transferred to the sleep mode, the advent until the

next communication.

Detailed timing signal characteristics in Table 6, Single—bus communication timing diagram Pic 6:

8i137=1

8it0=0

- >

>
- »

— 0t S0 e SENSOC SQNE

Pic 6: AM2302 Single—bus communication timing

CAMB8302E Class 4 Theory F2018

Data from humidity
and temperature
sensor.

40 bit data

32 bits of data
8 bit checksum.

16 bits for humidity

16 bits temperature

34



DHT22 Example: Digital Temperature and Humidity Sensor (Serial Data Output)

3 Single—bus data calculation example
Example 1: 40 Data received:
0000 0010 1001 0010 0000 0001 0000 1101 1010 0010
High humidity 8 Low humidity 8 High temp. 8 Low temp. 8 Parity bit
Calculate :

0000 0010+ 1001 0010 +0000 0001+0000 1101= 1010 0010 ( Parity bit )
R eceived dara is correct:
lnmidi.ty: 0000 0010 1001 0010 = 0292H (Hexadecimal)= 2 X 256 + 9 X 16 + 2 = 658
=> Humidity = 65.8%RH
Tﬂnp.: 0000 0001 0000 1101 = 10DH(Hexadecimal) = 1 X256 + 0 X 16 + 13 = 269
=> Temp.= 26.9°C

O Special Instructions:
When the temperature is below (0 °C, the highest position of the temperature data.
Example: —10.1 “C Expressed as 1 000 0000 0110 0101
Temp.: 0000 0000 0110 0101 = 0065H(Hexadecimal)= 6 %X 16 +5 = 101
=> Temp. = —10.1°C
Example 2: 40 received data:
0000 0010 1001 0010 0000 0001 0000 1101 1011 0010

High humidity 8 Low humidity 8 High temp. 8 Low temp. 8 Parirty bit

Calculate :

0000 0010+1001 0010 +0000 0001+0000 1101= 1010 0010 = 1011 0010 ( Validation error )

The received data is not correct, give up, to re—receive data.

CAMB8302E Class 4 Theory F2018
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DHT22 Example: Digital Temperature and Humidity Sensor (Serial Data Output)

void setup(){

lcd.begin(lée, 2); // start the library 2 lines 1é characters
dht.begin();

void loop(){
float h = dht.readHumidity():
flecat t = dht.readTemperature();

lcd.setCursor(0,0); // set the LCD cursor position top line left
lcd.print(t):;

lcd.print ("™ deg C");

lcd.setCursor(0,1); // move cursor to second line "1" and 9 spaces over
lcd.print(h); // display value

led.print(™ % humidity"™):;

delay(500); // wait half a second

}

CAMBS8302E Class 4 Theory F2018
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DHT22 Example: Digital Temperature and Humidity Sensor (Serial Data Output)

DS0- 20128, MY53160196: Sun Sep 13 18:01:46 2015

.00y 2 1.990% 500.0%/ Stop Data from humidity
and temperature
sensor.

40 bits in total

1&” A R b P B P P b= R AR (s FPISEER emm— 32 bits of data
8 bit checksum.

16 bits for humidity

16 bits temperature

“HF “Tn Mgl W |HHFFEFEEiF; g “T il B Sl

This capture shows all 40 bits transmitted.

CAMS8302E Class 4 Theory F2018
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1stof 5 DHT22 Example: Humidity High Byte 0x02 70us (70) and 30 us (low)

DS0-X 20124, MY53160196: Sun Sep 13 18:0307 2015

1.00v/ 2 426.0% 100.0%/ Stop 4 221 )
< Agilent : i
D7 DO : EI Note: scope is set
Acquisition to 100 us /div.
low high Mormal
100MSals
m T N i | i If the bit has about
thannels __: 70 us high it
oC 10.0:1 represents a high.
| If the data is about
30 us highiitis a
low.
© ARk e ﬁ. = r— F— i T vl LA _M Humid|ty
5 High byte
Cursors Menu
[To turn on cursors, press the [Cursors] key on the front panal.] 00000010 =0x02

0000 0010 0x02

CAMB8302E Class 4 Theory F2018
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2" of 5 DHT22 Example: Humidity Low Byte 0x58

DS0-X 20124, MY53160136: Sun Sep 13 18:04:48 2015

1008 2 13808 100.0% Stop
Humidity
Low byte
D7 DO
- -~ rg& R — = | = 01011000 = 0x58
From high + low
' 0x0258 = 600d
Divide the value by
s = |l R et ettt [bre vl b e 10 = 60%
SI

0101 1000 0Ox58

CAMB8302E Class 4 Theory F2018
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3'dof 5 DHT22 Example: Temperature High Byte 0x00

DS0-X 20124, MY53160136: Sun Sep 13 18:06:25 2015

| ooy 2 21822 10004  Stop Tgmperature
High byte
b7 Do 00000000 = 0x00
= == =3 = =1 ey = r“ Y. '__i
i
|
B
"
ippert= = e ey | e bl bporel ety S o
5,

Cursors Menu
) Mode

i [To turn on cursors, press the [Cursors] key on the front panel.]

CAMB302E Class 4 Theory F2018 40



4th of 5 DHT22 Example: Temperature Low Byte OXE2

DSO-X 20124, MY53160136: Sun Sep 13 18:07:41 2015

100y 2 2.6468 100.08/ Stop L
D7 DO
= LS Eek e R == =
DC

. __|
M

1 il | aﬁ_ﬁiﬁ_ﬁﬂ_m

51

11100010 OxE2

CAMB8302E Class 4 Theory F2018

Temperature
Low byte.

11100010 =OxE2

High + low byte
= 0x00E2

=226/10=22.6
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I2C Eye 2 Sea -- Inter IC communications and the
MCP4725 12 bit 12C DAC
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sparkfun

Introduction

In this tutorial, you will learn all about the I°C communication protocol, why you would want to use
it, and how it's implemented.

The Inter-integrated Circuit (I°C) Protocol is a protocol intended to allow multiple “slave” digital
integrated circuits (“chips”) to communicate with one or more “master” chips. Like the Serial
Peripheral Interface (SPI), it is only intended for short distance communications within a single
device. Like Asynchronous Serial Interfaces (such as RS-232 or UARTS), it only requires two signal
wires to exchange information.

CAMB302E Class 4 Theory F2018 43



Devices that use 12C

Power Supply/LED Driver

= Control power-on/-off or dimming and configure mode of operation, output voltage, sequencing
and slew rate for single- or multi-topology converters

Power Monitor

= Monitor current, voltage and average power, while minimizing software polling with min/max
registers and configurable alerts

Temperature Monitor

= Measure combinations of voltage, current and internal or external temperature
= Trigger single or repeated measurements and change formats (Celsius or Kelvin)

Power over Ethernet Power Sourcing Equipment (PSE)

« Efficiently source up to 90W of power, while configuring PSE mode of operation and monitoring
per port status, current, MOSFET health and die temperature

Battery Charger/Gas Gauge

= Adjust charge current, float voltage and charge temination, while monitoring status, charge,
current, voltage or temperature of battery, USB or wall sources

ADC/DAC

« Write to or read from data converters with no latency, and select input or output data formats
and use of internal or external reference

CAMBS8302E Class 4 Theory F2018
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http://www.ermicro.com/blog

A Vee
I’C Bus
SDA and SCL I’C Bus Pullup Resistor
: Data on the I2C bus can be transferred in three modes:
Smart
Master : DC Slave n P
Controller : Motor Slave 2 Slave 3 Slave 4 Up to § 1) Standard Mode: 100kbps.
: Controller 128 10K 10K
SDA SCL V SDA SCL SDA SCL SDA SCL SDA SCL SDA SCL 2) Fast Mode: 400kbps
- l :,' -.': l a é é é 3) High Speed Mode: 3.4Mbps.
SCL - L 4 L 2 . 2 . g . 2 . 2 o>
Typical I’C Device Connection
The 12C bus uses Vcc, ground and 2 signal wires.
SDA - serial data
SCL — serial clock.
The bus is used to connect many devices to the I12C signals on
the Arduino or other controllers such as a Rasberry Pl low
cost computer. RaspberryPi

CAMB8302E Class 4 Theory F2018 45



Type Part # Notes Address Address | Address
OLED SSD1306 One addr pin 0x3C 0x3D
NFC/RFID PN532 0x48
Sensor TSL2561 1 tri-state addr pin 0x29 0x39 0x49
Sensor BMP085 Can use XCLR to select/deselect 0x77
Sensor ADXI.345 1 address pin 0x1D 0x53
Sensor HMC5883L 0x1E
Sensor BMA180 0x77
Sensor MMA7455L Same as ADXL.345 0x1D
RTC DS1307 Eame as DS3231 [ 0x68 ]
RTC DS3231 Same as DS1307 0x68
DAC MCP4725A0 1 addr pin, 3 variants 0x60 0x61
DAC MCP4725A1 1 addr pin, 3 variants 0x62 0x63
DAC MCP4725A2 1 addr pin, 3 variants 0x64 0x65

CAMB8302E Class 4 Theory F2018

Each 12C device has a specific 7 bit
address to select the 12C device.

In the lab three 12C devices will be
used.

A MCP4725 12 bit DAC.

An ADXL345 Accelerometer.

A DS3231 real time clock.

There are many 12C devices that
can be connected to the Arduino.

Displays, pressure and
temperature sensors, etc.
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I2C Protocol MCP4725 Start, Stop, Address and Data and ACK

Address Byte Start — Clock is high when data

e A ~ changes to a low.

|
: Stop — Clock is high when data

SDA 0/0 ..n < | goes high.

START Y START
Bit Device bits Address blts Bit
R/W Stop/Start — only time data
MCP4725 changes when clock is high.
Response iI:c;]rirgnhally data is stable when clock
FIGURE 8-2: I>C Bus Connection Test.

The clock signal is used to synchronize the data. The data is sampled and captured on the positive level of the clock
signal. Each byte of data includes a start condition, a stop condition and an acknowledge bit that verifies the data
transmission.

CAMB8302E Class 4 Theory F2018 47



MCP4725 12 bit DAC Waveform

SDA line stable while SCL line is high

Data is sampled when

clock is high.

First bit is MS.

ACK

-

Bit

Bit

Bit

Bit

Bit

Bit

Bit 9 is the

~

Byte: 1010 1010 ( OxAAh )

acknowledge bit.

( ACK)

0is ok

www.ti.com

IFC Data

(NACK)

1 is not ok.

\_f
I
I
I
I
T '
STOP

Condition

Data Byte N

Figure 7. Example NACK Waveform

48
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MCP4725 12 bit DAC Waveform

robot-electronics.co.uk/iZc-tutoria

Start sequence Stop sequence

SDA SDA

The start sequence and stop sequence are special in that these are the only places where
the SDA (data line) is allowed to change while the SCL (clock line) is high. When data is
being transferred, SDA must remain stable and not change whilst SCL is high. The start and
stop sequences mark the beginning and end of a transaction with the slave device.

spa (Al As[Ad4 ] A3 A2] A1] AD [RAWIACK] Device Address

sCL T2 s Ja4JeJeJ70L 4819

spa | D7/ D6E| D5 D4 D3| D2 ] D1 Do JACK]

SCL T2 a4 e e 7189

CAMB8302E Class 4 Theory F2018

Device Data
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211

MCP4725 12 bit DAC Waveform

START and STOP Conditions

12°C communication with this device is initiated by the master sending a START condition and terminated
by the master sending a STOP condition. A high-to-low transition on the SDA line while the SCL is high
defines a START condition. A low-to-high transition on the SDA line while the SCL is high defines a STOP
condition.

NG !
t g t
START Data Transfer STOP
Condition Condition

Figure 5. Example of START and STOP Condition

Write to One Register in a Device

Device (Slave) Address (7 bits) Register Address N (8 bits) Data Byte to Register N (8 bits)

IS IMIAS'MIABIAZ'M'M' 0 | A |w|as|ss|u|na|az|u|w| A |D7|DG|DS|N|D3|DZ|DI|DOI AIT'

T

START R/W=0 ACK ACK ACK STOP

Figure 8. Example I’C Write to Slave Device's Register

CAMS8302E Class 4 Theory F2018

vticom/It/an/shlva704/slva
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|2C at the Hardware Level

Signals sparkfun

Each I2C bus consists of two signals: SCL and SDA. SCL is the clock signal, and SDA is the data
signal. The clock signal is always generated by the current bus master; some slave devices may
force the clock low at times to delay the master sending more data (or to require more time to
prepare data before the master attempts to clock it out). This is called “clock stretching” and is
described on the protocol page.

Unlike UART or SPI connections, the I1°C bus drivers are “open drain”, meaning that they can pull
the corresponding signal line low, but cannot drive it high. Thus, there can be no bus contention
where one device is trying to drive the line high while another tries to pull it low, eliminating the
potential for damage to the drivers or excessive power dissipation in the system. Each signal line
has a pull-up resistor on it, to restore the signal to high when no device is asserting it low.

CAMB8302E Class 4 Theory F2018
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4.7k

MASTER _«<:
D
QEG?S?EQ |
CORE
LOGIC

4.7k

CLOCK
DISABLE

CLOCK GEN —|

Resistor selection varies with devices on the bus, but a good rule of thumb is to start with 4.7k and
adjust down if necessary. 12C is a fairly robust protocol, and can be used with short runs of wire (2-
3m). For long runs, or systems with lots of devices, smaller resistors are better.

:>hﬂ SLAVE
E:" DATA
._.| REGISTER |
CORE
B LOGIC
{:‘.I DISABLE
3|

Notice the two pull-up resistors on the two communication lines.

CAMBS8302E Class 4 Theory F2018

sparkfun
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Signal Levels sparkfun

Since the devices on the bus don’t actually drive the signals high, 1°C allows for some flexibility in
connecting devices with different I/O voltages. In general, in a system where one device is at a
higher voltage than another, it may be possible to connect the two devices via I2C without any level
shifting circuitry in between them. The trick is to connect the pull-up resistors to the lower of the two
voltages. This only works in some cases, where the lower of the two system voltages exceeds the
high-level input voltage of the the higher voltage system—for example, a 5V Arduino and a 3.3V
accelerometer.

If the voltage difference between the two systems is too great (say, 5V and 2.5V), SparkFun offers
a simple I2C level shifter board. Since the board also includes an enable line, it can be used to
disable communications to selected devices. This is useful in cases where more than one device
with the same address is to be connected to a single master—Wii Nunchucks are a good example.
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Protocol sparkfun

Communication via I2C is more complex than with a UART or SPI solution. The signalling must
adhere to a certain protocol for the devices on the bus to recognize it as valid I°C communications.
Fortunately, most devices take care of all the fiddly details for you, allowing you to concentrate on

the data you wish to exchange.

Basics

Sdatazen

7 ackdrens bty

T~ Master & requevsng data, o AOUNACK: AT in s ponition e $93p condmon:

* ndcates tht the addressed siwe -~ SO goes high ater KL
Gd ML resPOnd o wis unatie o
process the requent.

Sart congiton:
SOA poes law tefore SO ' - Master 5 sending datd

Messages are broken up into two types of frame: an address frame, where the master indicates the
slave to which the message is being sent, and one or more data frames, which are 8-bit data
messages passed from master to slave or vice versa. Data is placed on the SDA line after SCL
goes low, and is sampled after the SCL line goes high. The time between clock edge and data
read/write is defined by the devices on the bus and will vary from chip to chip.
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MCP4725 12 bit DAC Waveform
DS0-X 20128, MYS3160196; Sat Sep 19 12:44:47 2015

5.00v/ 2 500v/ 98.00% 20.008/ Stop IC
- MCP4725 12C DAC
Data rate = 100,000 bps.
=] In this example 8 bits of data
10 us / bit
10000100 are transmitted. MSB is first.
D7 DG D5 D4| D3 D2 D1 DQ Ack -
— —— o
T AT I 1 4 oC
)
Z_L_. T e e P Y

1 g 0 g 0 1 0 0 ack
5,[50Wa 40k | i
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MCP4725 12 bit DAC (Arduino sketch)

#include <Wire.h>//Include the Wire library to talk I2C

//This is the I2C Address of the MCP4725, by default (A0

#define MCP4725_ADDR 0xé0 // address 0x60
//For devices with A0 pulled HIGH, use 0xél

] void setup()

{
Wire.begin(); // start 2 wire IIC
}

void loop() // runs endlessly

{

Wire.beginTransmission(MCP4725_ADDR); // 12
Wire.write(0x40); // cmd to update the
Wire.write(0x7RA); // the & most significant

bit DAC

bits...

Wire.write(0xD0); // the 4 least significant bits...

Wire.endTransmission();
delay(3000);

f—

CAMB8302E Class 4 Theory F2018

pulled to GND).

MCP4725 12C DAC
Data = Ox7AD

First 12 bits of the two
byte number

= 1965 decimal

1965/4096
=0.4797

0.4797 * 5.0 volts
= 2.4 volts.
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MCP4725 12 bit DAC (Arduino sketch)

10 #include <Wire.h>//Include the Wire library to talk I2C

11
12 //This is the I2C Address of the MCP4725, by default (A0 pulled to GND). MCP4725 12C DAC
s Data = 0x900
14 #define MCP4725_ADDR 0x60 // address 0x60
15 //For devices with A0 pulled HIGH, use 0xél = 2304 decimal
16
17 void setup()
18 | 2304/4096
19 Wire.begin(); // start 2 wire IIC =0.5625
20}
*
21 void loop() // runs endlessly 0.5625 * 5.0 volts
21 = 2.8 volts.
24 Wire.beginTransmission(MCP4725_ADDR); // 12 bit DAC
25 Wire.write(0x40); // cmd to update the DAC
26 Wire.write[[0x30)} // the & most significant bits...|
27  Wire.write|(0x00)[ // the 4 least significant bits...
28 Wire.endTransmission();
22| ey MCPA725 AIr=0:60  MCPA725 Command 00 DACWelue upper 8t DACow4bits
30}

The DAC Data is transmitted as two bytes (4 nibbles). The first byte represent the 15
8 bits of the data. The next byte (upper 4 bits) represents the lower 4 bits of the
data. There are 12 bits in the data. The MCP4725 address is 0x60.
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MCP4725 12 bit DAC Waveform

DS0-X 20124, MY53160196: Sat Sep 19 12:44:47 2015
1 v5.[]0"..";’ 2 5.00v/ 98.00% 20.00&/ Stop 13 MCP4725 12C DAC
Data rate = 100,000 bps. b Data = 84
10 us / bit -
D7 D6 D5 D4| D3 D2 D1 DO Ack |
= lf T
T DC
)
2; e
p
51 E0wa 40/ SHa
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MCP4725 12 bit DAC Waveform

)S0-X 20128, MY53160196: Sat Sep 19 12:33:42 2015
| B0ov/ 2 5.00v/ 41.00% 50.00%/ Stop 1C

hd

MCP4725 12C DAC
Data = FFF

FFF/FFF * 5.0 volts

=5.0

[ L [ [‘[

LI LA T
[LD[

¥ v i

g

WK X 6pwWa 4oa Fka Fop  »—+<
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MCP4725 12 bit DAC Waveform

DS0-X 20124, MY53160196: Sat Sep 19 12:34:53 2015
I 8.00vs 2 5.o0v/ 41.00= 50.00%/

Stop
MCP4725 12C DAC
Data = 0x84C
0x84C = 2124 yec
. 2124/4096 * 5.0 volts
)
gy i ™ = 2.6 volts.
I : 1
Py
51— 6pia 40a 84a coh —<£
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Asynchronous Serial /0 and RS-232
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AS C I I TAB L E American Standard Code for Information Interchange

Decimal Hex Char Decimal Hex Char |Decimal Hex Char |Decimal Hex Char
0 0 [NULL] 32 20 [SPACE] |64 0 @ 9 60 -
1 1 [START OF HEADING] 33 21 ! 65 a1 A ) (o7 61 a )
2 2 [START OF TEXT] 34 2 " 66 a2 B 98 62 b
3 3 [END OF TEXT] 35 23 # 67 43 99 63 ¢
4 4 [END OF TRANSMISSION] | 36 24§ 68 44 D 100 64 d
5 5 [ENQUIRY] 37 25 % 69 45 E 101 65 e
6 6 [ACKNOWLEDGE] 38 26 & 70 46 F 102 66 f
7 7 [BELL) 39 27 71 47 G 103 67 g
8 8 [BACKSPACE] 40 28 72 48 H 104 68 h
9 9 [HORIZONTAL TAB] 41 29 ) 73 49 1 105 69 i
10 A [LINE FEED] 42 24 # 74 an ) 106 6A  j
11 B [VERTICAL TAB] 43 2B+ 75 48 K 107 6Bk
12 c [FORM FEED] 44 2, 76 ac L 108 6C I
13 D [CARRIAGE RETURN] 45 2D - 77 a0 M 109 60 m
14 E [SHIFT OUT] 46 28 . 78 4E N 110 6E n
15 F [SHIFT IN] 47 2F 79 4F O 111 6F o
16 10 [DATA LINK ESCAPE] 48 300 80 50 P 112 70 p
17 11 [DEVICE CONTROL 1] 49 31 1) 81 51 Q 113 71 q
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72
19 13 [DEVICE CONTROL 3] 51 33 3 83 53 s 115 73 s
20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74t
21 15  [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 v 117 75 u
22 16 [SYNCHRONOUS IDLE] 54 36 6 86 56V 118 76 v
23 17 [ENG OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 w
24 18  [CANCEL] 56 38 8 88 58 X 120 78 x
25 19 [END OF MEDIUM] 57 39 9 89 59 Y 121 79y
26 1A [SUBSTITUTE] 58 34 90 5A Z 122 Az
27 1B [ESCAPE] 59 3B ; 91 58 [ 123 7B {
28 1C  [FILE SEPARATOR] 60 3¢ < 92 5\ 124 7C
29 1D [GROUP SEPARATOR] 61 3D = 93 50 ] 125 7D}
30 1E  [RECORD SEPARATOR] 62 3 > 94 5E ~ 126 7E ~
31 1F  [UNIT SEPARATOR] 63 3F 2 95 5F _ 127 7F  [DEL]

The ASCI| table shows the standard code used to transfer characters.

Examples: “1” =0x31, “A” =0x41 “U” =0x55 or01010101 in binary
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RS232 Cable
An RS-232 serial

2=TX 2=RX
3=RX 3=TX connector has 9
3 = GND S & GND pins. At least 3 pins
o1 02 @3 04 @5 5 04 03 02 01 are required to
@6 @7 08 @9 09 08 O7 O6 transmit and
Copyright @ 2011, Christian Stadler .
. Version 23.10.2011 receive data
Microcontroller PC COM Port
(male Sub-D connector) (femal Sub-D connector)
) . : . ] At TTL level the
1 Start Bit 8 Bit data length with No Parity Bit 1 Stop Bit . .
1 l l data begins with a
8 e e S S I B GRS B ! low start bit, 8 data
ol S N N B T B TN N bits and a high stop
SHere bit.
+3V
_g\\‘/’ Times)....
Mark To transmit at
%75) I [, Cn ) S S ) MU | P

greater distance RS-
232 levels are used.
Typical values are
+/- 12 volts.

RS-232 or EIA 232 Standard Signal
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Different Bus topolgy

Point to Point - consist of one driver and one reciever
Multi Drop - One driver with Multiple reciever

Multi Point - Multiple drivers and Multiple Recievers

Point-to—-Point

B> i Multi-point

Transmitter Receiver

|

+15V
Boolean

i <

«O»

+5V

T
-t m.,anu
VvV

RS 232 Transmission is

Single Ended Point to Point Bus toplogy
At Driver End

Logic 0 - 5v to 15v

Logic 1 - 5vto-15v

RS 485 is

At Reciever End
Logic 0 +3 to 15v
Logic 1 -3to -15v

Differential Multi Point interface
Up to 32 devices can be connected

>

0 / Uncertainty Zone /
-5V o
Boolean
«1»
-1SV A

Transmitter Receiver

CAMBS8302E Class 4 Theory F2018

+25V

+3V

-3V

-25V
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TOP VIEW
-
Ci+ ’I E Vee
v+ [2] [15] GND
o [5] s [ o
ca o]  maxzo i3] Rim
MAX232
c-[5]  maxozs a2l Rlon
V- [g] [11] Tiw
Taour [7] [10] Ton
row [&] [ 9] R2our
DIP/SO
CAPACITANCE (uF)
DEVICE _ Ci (2 C3 Cd 5
MAX220 0047 033 033 033 033
MAX232 10 10 10 10 10
MAX232A 01 01 01 01 01

Diagrams continued in the full data sheet.

~

—

1 Voo 5 E
C1JI—QIC11+ viowy VY
[ 9

SVINUT g

T

"OLTA E DOUBLER

02 VIOV
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iy

400k£l

Fep

Ji:"""] """"""""" 3 |+—i

14

1) Tl {>¢
TIUCMOS T
INPUTS 400kQ2 .
\ » 10 T2m ) > 2our |7

RS-232
ouTPUTS

13\

L/CMOS
QUTPUTS

2] Rigur O<} Ripy

T
-
e

=)

5kQ

| R2or = Roy

{ RS2
INPUTS

3

L B
™

% 5
-

COﬂﬂUNICﬁTI Al

5kQ
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To convert from TTL
levels to RS-232 levels it
iSscommon to use a
level translator called a
MAX232. This chip is
manufactured by
MAXIM.

The chip converts a
logic high (5 volts) to (-
12 volts)

A logic low (0 volts) is
converted to (+12 volts
DC)
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Baud | Bit Width

Real Data Rate *
(1 start bit, 8 data bits, no parity, 1 stop bit)

4500 | 208.33us
9600 | 104.17us
19200 | 52.08us
35400 | 26.04us
57600 | 17.36us
115200 ' 8.68us

4380 Bytes/s 0.47 KBytes/s
960 Bytes/s 0.94 KBytes/s
1920 Bytes/s 1.88 KBytes/s
3840 Bytes/s 3.75 KBytes/s
5760 Bytes/s 5.63 KBytes/s
11520 Bytes/s 11.25 KBytes/s

A typical USB to RS-232 converter.

Standard asynchronous serial bit rates.

Putty is a common (free) serial terminal program for a PC or MAC computer. It
can be used to receive and transmit serial data from the Arduino or myDAQ to a

PC or MAC.

@® www.putty.org

i

i

§
¢

Fe§IEd

H
5

=) Window

Download PuTTY e

PuUTTY is an SSH and telnet client, e
by a group of volunteers. iy

You can download PuTTY here.

Options controlling local serial lines

Select a serial line
Serial line to connect to
Configure the serial line
Speed (baud)

Data bits

Stop bits

Party
Flow comml/

com3

00

S

Set Serial Settings to Connect

N

CAMB8302E Class 4 Theory F2018
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,—)

VCC

TX

GND
J: Device 1

|

RX
T VCC
GND
Device 2

I

ASYNCHRONOUS CHARACTER:
8 DATA BITS, ONE STOP BIT

SIGNAL SAMPLING POINTS

R

START
BIT

N
.

8 DATA BITS

%

v

The receiver and transmitter must
operate at the same data rate. One
of the more common data rates

is 9600 bps. Other “standard”
bit/second rates are 1200, 2400,
4800, 19200, 38400, 57600, and
115200.

At 9600 bits/second one data bit
takes 104 us.

Start and stop bits are used for
synchronization.

|

STOP
BIT

RS232

[

$t

CLOCK
START

Many devices used in the electrical industry transmit and
receive data using Asynchronous serial transmission. This
method of communications requires only 3 wires, TXD, RXD
and ground. Data can transmit at rates from 9600 bps to

>

MARGIN OF
ERROR
FOR CLOCK
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Pin1 1DCD | RS232 Pinout (9 Pin Male)

Pin2 |RXD Pinl  Pin5

Pin 3 | TXD

Pin4 |DTR 2

Pin5 |GND b“"““}@i
900§

Pin 6 | DSR . s

Pin 7 |RTS

Pin8 |CTS Pin 6 Pin 9

Pin 9 |RI
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Asynchronous Serial Data Waveform

DS0-X 20124, MY531601396: Sun Sep 13 21:05:41 2015

Asynchronous Serial Data

200y 2 5.5882
One Byte of Data ASCIl “V” = 0x56
b1{02|[ D3| D4] D5 DF D7
gtart|DO D2|| D3| D4 ta
&I EE L:._ E,*?._Fj [
I\
N HT V)

.:\l

This is an example of the ASCIl code “V” being

transmitted.

CAMS8302E Class 4 Theory F2018

Start bit is always low, stop
bit is always high.

1 byte transmits in 1.06
ms.

That is about 1000 bytes
per second.

Not fast enough to send a
video but more than fast
enough to transmit data
such as temperature and
humidity.

01010110 =0x56 = “V”
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Asynchronous Serial Data Waveform

Asynchronous Serial Data -- Example

DS0-X 20124, MY53160196: Sun Sep 13 21:06:04 2015
o200 2 5.588 a00.05/ Stop

v

. o & . AN, 5

This is an example of a message being
transmitted. 8, horizontal tab, V,o,!

CAMB8302E Class 4 Theory F2018
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Arduino and Logic Gate Voltage
Parameters
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Voltage Parameters

Vou (min) - High Level Output Voltage

This is the minimum voltage level for a logic 1, at the
output of the gate, under load.

VoL (max) - Low Level Output Voltage

This is the maximum voltage level for a logic 0, at the
output of the gate, under load.

CAMB8302E Class 4 Theory F2018
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Voltage Parameters

Viu (min) - High Level Input Voltage

This is the minimum voltage level required at an input
for a logic 1.

If the input voltage falls below this point, it will not be
considered a logic 1.

V. (max) - Low Level Input Voltage

This is the maximum voltage level required at an input
for a logic O.

If the input voltage rises above this point, it will not be
considered a logic 0.

CAMB8302E Class 4 Theory F2018
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TTL Logic Levels

VOH (Max)
Von

VOH (Min)

\Vj {V L (Max)
oL \/%L(M\n)

When connecting two digital devices you must verify that the

Logic 1

unpredictable

Logic 0

output .

50

24

oo
O

VIH (Max)

VIH (Min)

Vie o
VIL%: v (e
IL (Min)

Logic1

unpredictable

Logic 0

- input

50 V

20V

08 Vv
00 V

VOH — the minimum output voltage from the Gate.

VOL — The maximum gate output voltage.

VIH — The minimum input voltage for the gate.
VIL — The maximum input voltage for the gate.
If the voltages do not meet the minimum or

maximum values indicated, the device may not read
the voltage as a proper logic high or low.

input and output voltages will meet the specifications of the two
devices. You must check the VOH, VOL, VIH, VIL spec.

CAMB8302E Class 4 Theory F2018
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Arduino DC Electrical Specs:

Ta = -40°C to 85°C, V¢ = 1.8V to 5.5V (unless otherwise noted)

Symbol | Parameter Condition Min. Typ. Max. Units
v Input Low Voltage, Except | Vo = 1.8V - 2.4V -0.5 0.2V
L XTAL1 and Reset pin Vee =2.4V -55V -0.5 0.3V
Input Low Voltage, _ R 1)
Vi, XTALT pin Vee = 1.8V -5.5V 0.5 0.1V
Input Low Voltage, _ )
Vi RESET pin Vee =1.8V-5.5V -0.5 0.1Ve
Input High Voltage, _ ~ @
Vi Except XTAL1 and e pophvig Ve +03
RESET pins com oS —voc cct v
v Input High Voltage, Voo = 1.8V -2.4V 0.8Vec® Vec + 05
IH1 XTAL1 pin Vee =24V -55V 0.7V Ve +05
Vpo input High Vohtage, Voo = 1.8V - 5.5V 0.9Ve® Ve +05
v Output Low Voltage®, loL = 20mA, Voo =5V 0.9
oL Except RESET pin lo, = 10mA, Ve =3V 0.6
v Output High Voltage', lon = -20mA, Vg = 5V 42
o Except RESET pin loy = -10mA, Vo = 3V 23
| Input Leakage Ve = 5.5V, pin low 9
L Current I/O Pin (absolute value) uA
I Input Leakage Ve = 5.5V, pin high 1
H Current I/O Pin (absolute value)
Rasr Reset Pull-up Resistor 30 60 a
[ Rpy 1/0 Pin Pull-up Resistor 20 50

VIH, VIL, VOH, VOL DC specs. For the Arduino

CAMB8302E Class 4 Theory F2018
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ay,
.,
: i
‘-.‘.

@  ICBasics L

Comparison of Switching Standards

-1

5v Vee 5v Vee s V o higher than V,,,? R [5TTL [scmos | avTTL | 25cMmos [1.8cMos
Is Vg less than V,, ? som. 2 = e b
4.44 VOH as as as as
’ ’ 5CMOS | Yes Yes Yes*|  vYest | ves
JLVTTL Yes No Yes Yes* Yes*
3.5 V 25CMOS| Yes No Yes Yes | Yes*
18CMOS| No No No No Yes
33v Vec *Requrres V,, Tderance
24 Ve | 24 25V Vec
N s : 2.3 Vo 18V Ve
7 1.7
1.5 1.5 Ve 1.5 1.2 Vau
1.2 1.17
0.8 Ve | 0.8 A - Ve 0.7 Vv,
0 GND 0 GND 0 GND 0 GND 0 GND
5-VTTL 5VCMOS 3.3-VLVTTL 2.5-V CMOS 1.8-V CMOS
Standard TTL: ABT, Railto-Rail 5V LVT, LVC, ALVC AUC, AUP, AVC, AUC, AUP, AVC,
AHCT, HCT, ACT, Bipolar HC, AHC, AC, LV-A  AUP, LV-A, ALVT ALVC, LVC, ALVT ALVC, LVC
I TeXAS
INSTRUMENTS
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Vee

Symbol Parameter Condition V) | -55t025°C

VIH Minimum High-Level Input Vout = 0.1V or Vo 0.1V 2.0 1.50
Voltage [lout| < 20pA 3.0 2.10
4.5 3.15
6.0 4.20
VL Maximum Low-Level Input Vout = 0.1V or Voo — 0.1V 2.0 0.50
Voltage [lout| = 20pA 3.0 0.90
4.5 135
6.0 1.80

A\ Minimum High-Level Output Vi, = Vg orV_ 2.0 1.9
Voltage S <> [lout| = 20pA 4.5 4.4
o 60 | 59
D Vin=Vigor ViL  Jlou <24mA | 3.0 2.48
;;;;;;g lout| < 4.0mA | 4.5 3.98
TTaaeos lout| < 5.2mA | 6.0 5.48

VoL Maximum Low-Level Output Vin = Vg or V| 2.0 0.1
Voltage [lout| = 20pA 4.5 0.1

6.0 0.1

74HC04; 74HCT04

::;‘j“_"i’;i;umm E— Vin = Vg or V| ||0ut| < 2.4mA 3.0 0.26
lout| < 5.2mA | 6.0 0.26

VIH, VIL, VOH, VOL DC specs. For the 74HC04
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Arduino Software
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File Edit Sketch

Auto Format

Archive Sketch

Fix Encoding & Reload

Serial Menitor Ctrl+Shift+M

Lab_2_Part_1

Board: "Arduino Mega or Mega 2560"
Processor: "ATmega2560 (Mega 2560)"
Port

Programmer: "AVRISP mklI"

Burn Bootloader

Ma w3 m 3 5 1409 herte
Maximum is 8,192 bytes.

=]

Arduino Mega or Mega 2560, ATmega2560 (Mega 2560) on COM13

Under the Tools tab verify that the board type and Port are
properly configured. What is the problem with the setup?

Device not connected. No port.

CAMB8302E Class 4 Theory F2018
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File Edit Sketch |Tools| Help

Auto Format Ctrl+T
Archive Sketch

Fix Encoding & Reload

Serial Meonitor Ctrl+Shift+M

Lah_2_Part_1

£

-
~
m_O

S
fu)

Board: "Arduino Mega or Mega 2560"
Processor: "ATmega2560 (Mega 2560)"
Port: "COM13 (Arduino Mega or Mega 2560)"

Programmer: "AVRISP mkll"
Burn Bootloader

Masrs sa 2 102 hirtaea
. MaXlmum 13 ©,139< bytes.

Y

Arduino Mega or Mega 2560, ATmega2560 (Mega 2560) on COMA13

Proper Configuration Board, Processor and Port Match:

CAMB8302E Class 4 Theory F2018

79



} Verify the program before
uploading to the Arduino.

Global variables use 200 bytes (9%) of dynamic memory, leaving

1,848 bytes for local variables. Maximum is 2,048 bytes.

Arduino/Genuino Uno on COMA1

An Arduino Mega is connected to COM8. What is the problem with the setup?

. Upload
Verify Transfer the program to the Arduino
Check the program for syntax errors.
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Arduino.ino file must be inside a folder of the same name.
The first save creates the folder.

Save in: Basic_Din_Dou_Ain_If vl @ R
* Name B Date modified Type
@2 Basic_Din_Dou_Ain_If 9/26/2017 11:07 AM  Arduinc
access
Name B Date modified
# Basic_Din_Dou_Ain_If 9/26/2017 11:07 AM

CAMB302E Class 4 Theory F2018 81



F—
. DAC_MCP4725_demo_V2_2017 | Arduino 1.8.4

(File Edit Sketch Tools Help

New Ctrl+N
Open... Ctrl+0O
Open Recent
Sketchbook
Examples

Close Ctrl+W
Save Ctrl+S

Save As... Ctrl+Shift+S

Page Setup  Ctrl+Shift+P
Print Ctrl+P

Preferences  Ctrl+Comma

Quit Ctrl+Q

(42 Y %

m

Built-in Examples
01.Basics

02.Digital
03.Analog
04.Communication
05.Control

06.Sensors
07.Display

08.Strings

09.USB
10.StarterKit_BasicKit
11.ArduinolSP

CAMB8302E Class 4 Theory F2018

e e e e

e

AnalogReadSerial
BareMinimum
Blink
DigitalReadSerial
Fade
ReadAnalogVoltage
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P %

BareMinimum | Arduino 1.8.4 - O X
File Edit Sketch Tools Help

BareMinimum

l.ﬂ::id setup() {
// put your setup code here, to run once:

void loop () {
// put your main code here, to run repeatedly:

] o b W )
[

W o
o

CAMB8302E Class 4 Theory F2018
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Substrate
Thin Strip of )?
Photoresistive
I aterial
(Cadmium Sulphide) o Lower voltage when
. Symbol brighter.
R (Cell)
Dark Night Average Bright
Time Sunny Day Sunlight
4 |
10° |
|
w |
al |
= |
g ' E—
= | Photocell
7 | Resistance
B 000 e
° 1 |
o
- - T ~ 500 ohms outdoors sunny (0.24 v)
10 : ; o ~ 6,000 ohms room light (1.9 volts )
Dark 0.1 llumination (Lux) 1000 Light ~ 50,000 ohms in darkness (4.2 volts)
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@ Lab_2_Main_Program_CAM&302E_2017_V2 | Arduino 1.8.4
File Edit Sketch Tools Help

Lab_2_Main_Program_CAM8302E_2017_V2

& #define Red Led 6

Vcc
7 #define Yel Led S
#define Grn Led 4 47k -
< #define Clear Warm 3 |
1G #define Clear Hot 2 7

11 NO PB

O
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}
"

[ = = )
- 0 o -] O N Wb

)

J
J

)
)

J

l
s

void setup()

{

Serial.begin(9600); // configure the serial port for 9600 bits per second (104 us/bid
pinMode (Red_Led, OUTPUT); // output on pin 6

pinMode (Yel Led, OUTPUT): // output on pin 5

pinMode (Grn_Led, CUTPUT) ;

pinMode (Clear Warm, INPUT);

pinMode (Clear_ Hot, INPUT):; // push button input on pin 2

digitalWrite (Grn_Led, HIGH);

}
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94 if (!digitalRead(Clear Hot)and (val > 220))

45 {

46 digitalWrite (Red Led,LOW);

7 digitalWrite (Yel Led,LOW);

48

49 }
26 void loop() 2" approach ;vw
27 {
;.; ?i:lfrzrll Zw:rlz:.alogReau:i(AO); 5'6 @
30 swl = digitalRead(3): L NoPB
31 if (!swl and (val > 220))
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25 volid loop () -
— 10k
=0 { a  Voltage increases
27 int val = analogRead (A0):; @%@ when darker.
Vpc
29 if (val < 140) -

30 {

31 digitalWrite (Red Led,HIGH): ?wC

32 digitalWrite (Yel Led, HIGH); @%@

33 digitalWrite (Grn_Led,LOW):; s

§10k Voltage increases
when brighter.
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COM3 (Arduino/Genuino Mega or Mega 2560) — O X
| Send
746 Photcell Integer Value A
746 Photcell Integer Value
746 Photcell Integer Value
746 Photcell Integer Value . . N .
746 Photcell Integer Value o Display to Arduino Serial Monitor
745 Photcell Integer Value el
36 Fhotcell Integer Value g2 Serial.print(val); // display voltage.
745 Photcell Integer Value 63
746 Photcell Integer Value
746 Photcell Integer Value 64 Serial.println("™ Photcell Integer Value "); I
746 Photcell Integer Value 65 delay(100); // delay 100 ms
747 Photcell Integer Value 66 }
747 Photcell Integer Value
747 Photcell Integer Value
746 Photcell Integer Value
747 Photcell Integer Value
v
[ Autoscrol BothNL&CR + |9600baud | | Clear output

CAMB8302E Class 4 Theory F2018 89



Arduino Compile Errors

oW

serial.print (state_set);

O oW W W N

O N

delay(100);
1

'serial'was not declared in this scope

What is the error?

Serial should be Uppercase.

29

30 Serial.print(state_set);
31

32 delay(100);

CAMBS8302E Class 4 Theory F2018
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Arduino Compile Errors

{
20 int temperature = analogRead(al);
21 boolean state_set = digitalRead(set_sw); // read digital inputs

‘al'was not declared in this scope

What is the error?

0 int temperature = analogRead(A0):;
boolean state_set = digitalRead(set_sw); // read digital inputs

NN
[

What is the error?

CAMBS8302E Class 4 Theory F2018
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Arduino Compile Errors

E AEAA WAL | MRIAL LAV, AL diiig g
15

16 LiquidCrystal lcd(&, 9, 4, 5, 6, 7); / select the pins used on the LCD panel
17

‘select' does not name a type

What is the error?

15
16 LiquidCrystal lcd(8, 9, 4, S, 6, 7):; // select the pins used on the LCD panel
17

CAMBS8302E Class 4 Theory F2018
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w N NN
= O W o

W W W
w N

w w
(= I L
Ju—

(%)

Arduino Compile Errors

flocat temperature = dht.readTemperature();
fleat humidity = dht.readHumidity():

lcd.setCursor(0,0):; // set the LCD cursor
lcd.print (temperature) ;

lcd.print (™ deg C");

fleoat humidity = dht.readHumidity():

redeclaration of ‘float humidity'

What is the error? Declared humidity a second time.

—

[ B LS T S N ]
w M

NS

missing terminating " character

What is the error?

16 wveoid loop(){

led.setCursor(0,1); 1:; |
lcd.print (Lab 3"); 16
20

1 led . print("Michel

expected ' hefore ‘hit'

What is the error?

“Lab 3” Missing // comment .

CAMBS8302E Class 4 Theory F2018

position top line left

int ButtonValue = analogRead(A0); 10 bit A/D 5.0

0 lcd.setCursor(0,0); // set the LCD cursor

udl
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File Edit Sketch Tools Help

Lab_2_Part_1_8Set_Reset_transistor_red_led §

=] N e W N

o Cco

=
[ T Y

e e e
o U e W N

/* Lab 2 Part 1 CAM8302E
* Modified by Michel Hanbury

* September 28th 2015 */

[#define set_sw {
#¢define clear sw 5 // digital inputs
#¢define Redled 2

[ void setup()]

{
Serial.begin(9600); E/ set bit rate to 9600 bp%]

(pinMode (set_sw, INPUT) ;|
pinMode (clear sw, INFUT);
[pinM:de(RedLed, OUIPUI);] // on power up pins default tc input

Arduino I/O setup

CAMB8302E Class 4 Theory F2018

Pin 4
Digital input

Pin 2
Digital Output
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> WO o

=] O N W N O

W W W W W W W W W RN NN NN N NN NN P
=] o N s W N O W o

veoid loop() {

[int temperature = analchead(AO);]// 10 bit analecg input
boolean state_set = digitalRead(set_sw); // read digital inputs
boolean state_clear = digitalRead(clear_sw);

if (state_set == LOW) // test set switch for closure
digitalWrite (RedLed, HIGH); // output high (5.0 wvolts)

if (state_clear == LCOW) // test clear switch for low
digitalWrite (RedLed, LOW); // output low (0.0 volts)

Eerial.print("temperature o "):]
Serial.print (temperature);
Serial.print(™ \t ");
Serial.print(state_set);
Serial.print("™ \t ");
Berial.println(state_clear): ]

delay(100);
}

Arduino I/O setup

CAMB8302E Class 4 Theory F2018
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|

temperature = 531 0 0

temperature = 533 0 0

temperature 532 1 0

temperature 535 0 0

temperature 535 0 0

temperature 535 0 1

temperature 536 1 0

temperature = 539 1 0 ;

temperature = 540 0 0 10,0

temperature = 539 0 0 1,0

temperature = 540 1 0 120

temperature = 540 0 0 130

temperature 543 0 1 ] }?g

temperature = 543 0 0 !

temperature 543 1 0 160

temperature 543 1 0 :gg

temperature = 543 0 0 1i0

temperature = 543 0 0 00

temperature 543 0 0 10

temperature 545 0 0 20

temperature 545 1 1 B0

temperature = 545 1 1 40
pll

Sensor Values and input status.

19691

18789
17932
17120
16350
15618

14923
14236
13636
13040
12474

11928
11409
10915
10446
10000

CAMBS8302E Class 4 Theory F2018

50
70
B0
80
20
30
20
B0
30
%0
%
a0
30
30
00

Thermistor temperature in degC versus resistance in ohms

(95777

9175,6
87926
84277
8080,0

77485
74324
71310
68434
6569,0

63070
6057,0
58181
55900
53720

Serial Port
Viewer
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What are Libraries?

Libraries are a collection of code that makes it easy for you to connect to a sensor, display, module, etc. For example, the
built-in LiquidCrystal library makes it easy to talk to character LCD displays. There are hundreds of additional libraries
available on the Internet for download. The built-in libraries and some of these additional libraries are listed in the

reference. To use the additional libraries, you will need to install them.

How to Install a Library

Using the Library Manager

To install a new library into your Arduino IDE you can use the Library Manager (available from IDE version 1.6.2). Open

the IDE and click to the "Sketch" menu and then Include Library > Manage Libraries.

sketch_mar26a | Arduino 1.6.2

Compile Cr*R TManage Libraries...

S tch Folder  Ctr+K 5 .le‘kubv

Arduino/Avr libraries

Include Library

Add

CAMB8302E Class 4 Theory F2018
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Standard Libraries

EEPROM - reading and writing to "permanent"” storage

Ethernet - for connecting to the internet using the Arduino Ethernet Shield

Firmata - for communicating with applications on the computer using a standard serial protocol.
GSM - for connecting to a GSM/GRPS network with the GSM shield.

LiquidCrystal - for controlling liquid crystal displays (LCDs)

SD - for reading and writing SD cards

Servo - for controlling servo motors

SPI - for communicating with devices using the Serial Peripheral Interface (SPI) Bus

SoftwareSerial - for serial communication on any digital pins. Version 1.0 and later of Arduino incorporate Mikal

Hart's NewSoftSerial library as SoftwareSerial.

Stepper - for controlling stepper motors

TFT - for drawing text , images, and shapes on the Arduino TFT screen
WiFi - for connecting to the internet using the Arduino WiFi shield

Wire - Two Wire Interface (TWI/I2C) for sending and receiving data over a net of devices or sensors.
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Sketch | Tools Help

Verify / Compile Ctrl+R
Upload Ctrl+U
Upload Using Programmer  Ctrl+Shift+U
Export compiled Binary Ctrl+Alt+S

Show Sketch Folder Ctrl+K

Include Library

Add File...

https://www.arduino.cc/en/Guide/Libraries

Recommended libraries
Adafruit ADXL345

Adafruit DHT Unified

Adafruit GFX Library

Adafruit GPS Library

Adafruit LED Backpack Library
Adafruit MCP4725

Adafruit MPL3115A2 Library
Adafruit NeoPixel

Adafruit PWM Servo Driver Library
Adafruit SSD1306

Adafruit TCS34725

Adafruit TSL2561

Adafruit Unified Sensor

DHT sensor library

Type |Al v | Topic Al

v I |ad)d|

Adafruit ADXL245 by Adafruit Version 1.0.0 INSTALLED
Unified driver for the ADXL245 Accelerometer Unified driver for the ADXL345 Accelerometer

More info

CAMBS8302E Class 4 Theory F2018
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0

#include <DHT.h> ] e ——

#define DHTPIN 22 // what pin we're connected to
#define DHITYPE DHT22 // DHT 22 (AM2302)

// Initialize DHT sensor for normal lémhz Arduino
DHT dht (DHTPIN, DHTITYPE):; 22,DHT22

{
Serial.begin(9600); // set bit rate to 9600 bps

Serial Port

Viewer

}
void loop(){ ‘___________—________________“"‘-————————_______________

temperature = dht.readlemperature();
at humidity = dht.readHumidity():

Library Functions
Serial.print (temperature);

.print (" deg C "):

C
jal
[

C
jal
[
o
~
[
|
ct
=
~
—
g
)
~
~

delay (2000); [/ wait 2 seccndﬂ
}

CAMB8302E Class 4 Theory F2018

BothNL &CR v | 9600 baud

v

Baud must match setting
in your program.

Sensor Pin (22)

DO

v NN
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https://github.com/adafruit/DHT-sensor-library

€ - C | @ https/github.com/adafruit/DHT-sensor-library

D 39 commits 91 branch © 4releases i 8 contributors

(NN Branch: masterv  DHT-sensor-library / +

Merge branch 'matthijskooijman-fixes'

. tdicola authored 17 days ago latest commit 6c8c723907 @-
8 examples/DHTtester Fix merge conflicts, make compute heat index default to Fahrenheit to. .. 3 months ago
B DHT.cpp Use INPUT_PULLUP 2 months ago
B DHTh Shrink DHT::data to 5 bytes 2 months ago
B README.txt added mini readme 4 years ago
B keywords.txt Integrate keywords.txt from pull #31 3 months ago
B library.properties Bump version to 1.2.0 after integrating optimizations from matthijsko... 17 days ago
README.txt

This is an Arduino library for the DHT series of low cost temperature/humidity sensors.

To download. click the DOWNLOADS button in the top right corner, rename the uncompressed
folder DHT. Check that the DHT folder contains DHT.cpp and DHT.h. Place the DHT library

folder your <arduinosketchfolder>/libraries/ folder. You may need to create the
libraries subfolder if its your first library. Restart the IDE.

CAMBS8302E Class 4 Theory F2018

<> Code
@ Issues 1

{7 Pull requests 0

4~ Pulse

|ili Graphs

HTTPS clone URL
https://github.com/e E—

You can clone with HTTPS or
Subversion. ®

] Clone in Desktop

&> Download ZIP

@ git
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.. » Libraries » Documents » Arduino » libraries » DHT_sensor_library

Date modvified

A Name Type Size
DHT.cpp C++ program code
DHT.h header file .. examples 6/26/2015 3:56 PM File folder
ds I | DHT.cpp 6/26/20153:56PM  CPP File 8KB
aces “|DHT.h 6/26/20153:56PM  HFile 2KB
anbury | keywords.txt 6/26/20153:56 PM  Text Document 1KB
library.properties 6/26/20153:56PM  PROPERTIES File 1KB
| README.txt 6/26/20153:56 PM  Text Document 1KB
its

1 #include <DHT.h>

(8}

3 #define DHTPIN 22 // what pin we're connected to
4 #define DHITYPE DHT22 // DHT 22 (AM2302)

w

6 // Initialize DHT sensor for normal lémhz Arduino
7 DHT dht (DHTPIN, DHITYPE):

w0

9 void setup(){

float temperature = dht.readTemperature();
float humidity = dht.readHumidity():

https://www.arduino.cc/en/Guide/Libraries

// Now read the 40 bits sent by the sensor. Each bit is sent
as a 50
// microsecond low pulse followed by a variable length high
pulse. If the
// high pulse is ~28 microseconds then it's a 0 and if it's ~
70 microseconds
// then it's a 1. We measure the cycle count of the initial
S0us low pulse
// and use that to compare to the cycle count of the high
pulse to determine
// if the bit is a 0 (high state cycle count < low state cycle
count), or a
// 1 (high state cycle count > low state cycle count).
for (int i=0; i<40; ++i) {
uint32_t lowCycles = expectPulse (LOW);
if (lowCycles == 0) {
DEBUG_PRINTLN (F ("Timeout waiting for bit low pulse.”));
_lastresult = false;
return _lastresult;

uint32_t highCycles = expectPulse (HIGH);

if (highCycles == 0) {
DEBUG_PRINTLN (F("Timeout waiting for bit high pulse.”));
_lastresult = false;
return _lastresult;

}
data[i/8] <<= 1;
// Now compare the low and high cycle times to see if the
bit is a 0 or 1.
if (highCycles > lowCycles) {
// High cycles are greater than 50us low cycle count, must
be a 1.
data(i/8] |= 1;

// Else high cycles are less than (or equal to, a weird
case) the 50us low
// cycle count so this must be a zero. Nothing needs to be
changed in the
// stored data.
1
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