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2. WigSsuwfendnaungnilanaudiniasemsneninuim (X) aslunseauney

1. Tuga DHT21 (AM2301) iuwueesintagmpiuarauiuduimsuuula
n. U
U waurden
A.  WUUAINDA
SV TEH]
2. DHT21 (AM2301) fiviFeusioaglsvng
. VCC, GND way SCA
9. VCC, GND wag SLA
A. VCC, GND way SDA
3. VCC, GND wag SDR
3. DHT21 (AM2301) sieaneideusengnsls
N, @1wdEuAsdmsU GND aedanme VCC Lavaadindodms SDA
U, @ALAESU VCC aednnme GND wazanadindosho SDA
. @8dlasdnsu VCC anedame SDA wazaudinaniAe GND
3. awduednsu SDA a@nedaife GND wazaediudesms VCC
4. DHT22 / AM2302 andyaaidviaiisndudenlunsdeusowuy
n.  UneynsuaesiAng (serial data, bi-directional)
. ﬁmauﬂiuwﬁﬂﬁﬂmﬂ (serial data, one-directional)
A, UMNAN@DINFANIY (serial data, bi-directional)

3. Usuuudesneng (serial data, bi-directional)
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5. fin RH flenuldfoals
n. AnuTuduIus ( Relative Humidity - RH)
3. PNLTUSS ( Relative Humidity - RH)
A, AUTUEUUsEATS ( Relative Humidity - RH)
9 AuAuEdE ( Relative Humidity - RH)
6. luga SHT11 THusadulwidaile
A, (Vo) +1V .. +3.6V
9. (Vco): +0.5V .. +3.6V
A, (Vco): +2V .. +3.6V
(Vco): +1.5V .. +3.6V

Lo

7. Tuga SHT11 Ansedeasuuulaiuula

n. 12C
9. Uart
A, AVl
3. SPI

8. luga SHT11 FamANuTuding (Humidity Operating Range) A8

n. -1 83100 % RH
2. 083100 % RH
A. 10 99 100 % RH
3. -509100 % RH
9. lupansiadudnadunn HC-SRo4 Tddmsurheyls
n. dnszezmeinenausaniguses
9. Yaszuzmeseaiusaniililoan
A Ynszoznenenausaniity
1 Saszesmesenausanileda

10. Taiga HC-SR04 TdpAuidssnmiUszanm

n. 40kHz
U. 30kHz
A. 20kHz
3. 10kHz
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U89 10

151494 Arduino fuladingugiiuazlugansiadudynyindunn

10.1 n1s81udayadinlugainaamgiinazalnuy DHT21 (AM2301)

e IngunlkazANTUFLRNSLUUATTALINE AM2301 / DHT21 Wuwuigesingaumngd

9 Y

s aa o d‘l

LAaEAMNNTUFLNNSUUUAIYE LaziTounamedyiatisudufeiluudssiieinig (bidirectional) 14

wsaeu vl aeelaluTg 3.3V 89 5.2V @1u1sadine1auunndlalugag -40 89 80°C AnNaztdenlun1sn

9 Y

QUUNNLATAIINTY Fio 0.5°C Uag 0.1%RH uazliAdnuuaiugl +0.5°C wag +3%RH audau Tdun
Wowsawies 3 91 lown VCC, GND uaz SDA (Serial Data) Tunisgudeyausasasy a8 1udayaninun
40 U uwualu 16 Indwsuatmudu 16 dadmsuaaumgl waz 8 Undmsunsiaaausn Parity Bits

\endneumlagnaewiseli Ing Arduino Sketch BB UAINLYULYDTAINGTT UazINUUARING

il

UM 10.1 uanslugalguiwasingamainasanuBudunns luna AM2301 (F1umned)

('1'7;31'1 www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
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Pin | Color | Name Description

1 Red VDD Power (3.3V—5.2V)

2 Yellow SDA | Seral data, Dual—port

3 Black GND Ground

4 NC Empty

Gﬂiﬁ\iﬁ 10.1 LLﬁﬂ\‘l‘Zﬂé’]%%lUﬂﬂiL%E]SJGiE]‘UENI&I@a AM2301
(ﬁm www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

aedwnad1sU VDD (Uouuseau +5V) @nednnme GND wavanudlaasms SDA

Response sigral Humidity high Humidity low Temp. high Temp. low Panty bit
Tl el I 2 Gl i T SRR
*

I | I | I T I I I I I |
M L M L M L M L M L
S
B

Start signal
9 S
B

mmn

5 S ] S
B B B B
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mw

Uil 10.2 wanalusTarealunissudstoyalneldamedyaaduiioivesluga AM2301
(fian www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

AnwseaziBeadiudnlanenansvedgkin: am2301_datasheet.pdf

g‘i.lﬁ 10.3 wansfnoE19RULUALABS (female housing and crimp pins)

(fian www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
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10.2 msrudayasnlugainguugiiuazainuiu DHT22 / AM2302

gunsnlwuLgoidniuingunniuaranududuing (Temperature & Relative Humidity
Senson) \ugunsaifiannsaanysegndldaumsiussuvanosnailsflénainnans wunsiauas
musugamniinaraNTy svutufindeyaiisafugumnivesarudulusios [Hudu gunsaiuseinni
uanARfUIUENGs 5191 Auwiug ANasBenlunsin nsbiAuuuRRTavisesuukeuzden [Wuduy
msnaesliauluga DHT22 / AM2302 Bsiisnagn Tanduuuudiva Tdundyanandaiioaduiio
IumiL%’e]ﬂ,JGiE)LLUUﬁ@BHﬂSNa@QﬁﬂV}N (Serial Data, Bi-Rirectional) Tnginuidousaiu Arduino wies u
ARNLLYeS

10.2.1 Yeyaidanaila (Techinal details)

o IHusssulviaeslalurag 3.3V 8¢ 5.5V DC (farasdaldlamu 3.3V uay 5v)

e Jagamaiilaluria: -40 to 80 °C (+0.5 °C accuracy)
o Samnutuduinslalutag: 0 - 100 RH9% (2 - 5% accuracy)
®  IMIINTINGER: 0.5Hz
®  ADULUNWBTWUU 4 91 (0.1" / 2.56mm spacing)
Pin 1 = VCC
Pin 2 = SDA (Serial data, bidirectional)
Pin 3 = N.C. (Not Connect)
Pin 4 = GND

DHT22 Temperature-Humidity Sensor

* 3.3 to 6V power and 1/O
* 1.5mA max current use during conversion 9 ¢ 49
+ 0-100% humidity readings with 2-5% accuracy - .‘. 47
* -40 to 80°C temperature readings £0.5°C accuracy . ¢ ...
* Upto 0.5 Hz sampling rate (once every 2 seconds) ‘ .... \\
* 4 pins, 0.1" spacing -.. \
* N
1)vee ;<
2) DATA (digital 1/0) P
i;g;tDCmmected (N.C) 1-Vee
2- Data
3-n.c.
4-GND
Note: Connect a 4.7K or L0Kresistor between
VCC and the DATA pin
Embedded System Lab (ESL) @ KMUTNB, Thailand 2013-08-17
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sUl 10.4 Tuga DHT22 / AM2302

(ﬁu”n www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

1umi'ej'mﬁﬁaﬁ,3amﬂla%ﬁgu agldudygraieauduifoins DATA (158 SDA) LUUADITIANY Lay
luaauzUsnideyeyins DATA ezt HIGH ‘lumiﬁim%’agauﬁiazﬂ%@ lulasaoulnsalaesazdesninual
21 DATA (Huesing uazadielin START dwasdaaiu LOW agration 800 usec anduislsifu HIGH
pgatios 20 Hsec watantudunissenismeundu (Response) wazainledu1 DATA LQNABY

Wasdudune

= o

Susuvesnisneunauled axfsdgamuaudu LOW wazUaeelmdu HIGH Y198z 80 Msec

v

IngUszanns (Sendn Response Bit) Mntiudsasidunisdedoyaitazdn 591 40 On (929 LOW anudagdas

a

HIGH) 229 LOW 994uiiazdn 92n3awiniu usaganaiulugng HIGH dwmsudeniiandu 0 v3e 1 ddanu

119929 HIGH Tunnsanwunauestn)

Parity bit
Frrrrrl FTrrrrd | . I o P A PR | I I R T

*

i i ] e e [ === =] M 1 5 B T ) S ) R (1 1 e

M L L L M M L

S S )
B B B B

Response sigral Humidity high Humidity ow Temp. high Temp. low

R

S
B

o®»
oDnT
momr
ow

S
B

U 10.5 uansanduvasdayatnlunisaruaiainlednman
(11 www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

aosludusndmsurudu desludseundmsugamall uarludgavineilu Checksum 3@ Parity Bits

U 10.6 uansanduvasdayatnlunisgruaiainleduazauninewesyds LOW uag HIGH

(ﬁu”n www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

TUsunsufi 10.1 Arduino Sketch 1

N1591UA1INLNRE DHT22 / AM2302 Miguasa Arduino WA AIbALAAIHAHIUNS Serial
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Monitor 484 Arduino IDE (fefin baudrate = 115200) u&ahiuneusn
// Author: RSP @ KMUTNB
// Date: 16-Aug-2013
// Target Board: Arduino Uno (ATmega328P, 5V, 16MHz)
// Arduino IDE: version 1.0.5

// Demonstrate how to read data from DHT22 (AM2302) -- a digital
// relative humidity and temperature sensor manufactured by
// Aosong Electronics Co.,Ltd.
const byte DATA PIN = 5; // connected to the DATA pin of DHT22 (AM2302)

void setup() {
pinMode( DATA_PIN, INPUT );
digitalWrite( DATA PIN, HIGH ); // enable internal pull-up
Serial.begin( 115200 ); // use serial port (baudrate = 115200)
}
byte data[5];

void loop() {
int count = 0;
byte i=0, j=0;
byte new_state, state = HIGH;

for (byte x=0; x < 5; x++) {

datalx] = 0; // clear data buffer
}
pinMode( DATA PIN, OUTPUT ); // change direction to output
digitalWrite( DATA_PIN, LOW ); // output low (send the start bit)
delayMicroseconds( 1000 );
digitalWrite( DATA_PIN, HIGH ); // output high
delayMicroseconds( 40 );
pinMode( DATA PIN, INPUT ); // change direction to input
digitalWrite( DATA PIN, HIGH ); // enable internal pull-up
// AM2302 will send a response signal of 40-bit data that

// represent the relative humidity and temperature information to MCU.
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unsigned long t1, t0 = micros();
while (1) {
new_state = digitalRead( DATA PIN );
if ( state I= new state ) {
t1 = micros();
if ((state == HIGH) && (i > 2) ) {
byte b = ((t1-t0) >40)? 1:0;
data[j/8] <<= 1;
datalj/8] |= b;
j++
}
i++;
state = new_state;
t0 = t1;
count = 0;
}else {
count++;
if ( count > 1000 ) // timeout
break;
}
}
byte check sum = 0x00;
for (byte x=0; x < 4; x++) {
check sum += data[x];
}
if ( check sum != datal4] ) {
Serial.println( "CHECKSUM error" );
}else {
Serial.print( ((data[0] << 8) | data[11)/10.0 )
Serial.print( "%RH, " );
Serial.print( ((data[2] << 8) | data[31)/10.0 )
Serial.printin( " C"); } delay(2500);}
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5Ul 10.7 srensasn1sldery DHT 22 fu Arduino Uasn

(ﬁu’l www.Cpre.kmutnb.ac.th/es/learning/index.php?article)

1

wn
wn
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[4%]
wn
Lad
=)
O 0O o000 o0n

=

[¥] Autoseral [BothNL&CR & | 115200 baud + |
-

o

UM 10.8 AMdnldiliagstumne Serial Monitor

(‘ﬁm www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

a

wiedl 10 nslden Arduino fule®ingaugiuaglugansin

9 U

o o

gy audumnm Seuseddaeagriund g3nd



wnansUseneunsisewivlilasaeulnsaaasilonu

RIGOL STOF £ 2 . 2q1)

i

sU 10.9 &yayau DATA Wladndawaasdalaslay

(ﬁu’l www.Cpre.kmutnb.ac.th/es/learning/index.php?article)

RIGOL STOF —

Time 180 .0u=s

sU 10.10 uandliifiugag LOW (Start) Uszana1000 Msec

(‘ﬁm www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
RIGOL STOF

SU 10.11 429 LOW uag HIGH va4 Start Bit

(17';31’1 www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
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MEEEE 2 .AEL Time 188.60us DE35.424ns

5U 10.12 429 LOW uag HIGH w84 Response Bit
(ﬁu’l www.Cpre.kmutnb.ac.th/es/learning/index.php?article)
TUsunsudi 10.2 Arduino Sketch 2

'
=

Foas9Bumes et EINTO uaziBeu ISR (Interrupt Service Routine) ileltlun1seudeyaiignas

1191nle% DHT22

Sourcecode: dht22_eint0_reading.ino
// Author: RSP @KMUTNB
// Date: 22-April-2014
// Target Board: Arduino Uno (ATmega328P, 5V, 16MHz)
// Arduino IDE: version 1.0.5
// Description:
// " This Arduino Sketch demonstrates how to read data from DHT22 (AM2302)
//  --a digital relative humidity and temperature sensor manufactured by
// Aosong Electronics Co.,Ltd.
// It utilizes the EINTO interrupt and the corresponding ISR to read
// data bits from the IC after sending the start bit.
const byte DATA PIN = 2; // connected to the DATA pin of DHT22 (AM2302)
volatile boolean flag = false;
volatile uint8_t data[5];
volatile uint8_t bit count = 0;

void eint_isr() { // ISR for EINTO

static uint32_t tH, tL = OL;
if ( digitalRead( DATA PIN ) ) { // HIGH

TudtyayouBune Seuseddaeagriund g3nd

U

el 10 NMsldeu Arduino fuledinguniivayiunansaa


http://cpre.kmutnb.ac.th/esl/learning/dht22_am2302/dht22_eint0_reading.ino

wnansuseneunsisewivlulasaeulnsaeesiiawu

tH = micros();

if ( bit_count >=42){

flag = true;
bit count = 0;
}

} else { // LOW
tL = micros();
uint8 t b = ((tL - tH) > 40) ? 1 : O;
if ( bit_count >= 2 ) { // skip the first two bits (start and response bits)
uint8_t byte index = (bit_count-2)/8;
datal byte index ] <<= 1,
data[ byte index ] |= b;
}
bit_count++;
}
}
void setup() {

pinMode( DATA_PIN, INPUT );

digitalWrite( DATA PIN, HIGH ); // enable internal pull-up
Serial.begin( 115200 ); // use serial port (baudrate = 115200)
}

void dht22 send_start_bit() {
bit count = 0;
flag = false;
pinMode( DATA_PIN, OUTPUT ); // change direction to output
digitalWrite( DATA_PIN, LOW ); // output low (send the start bit)
delayMicroseconds( 1000 );
digitalWrite( DATA_PIN, HIGH ), // output high
delayMicroseconds( 40 );
pinMode( DATA PIN, INPUT ), // change direction to input
digitalWrite( DATA_PIN, HIGH ), // enable internal pull-up

attachinterrupt( 0, eint_isr, CHANGE ); } // enable EINTO interrupt

Tudtyey1ouBune Seusedaeagriung g3nd
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boolean dht22 read data( int16 t *humidity, int16 t *temperature ) {
if (Iflag) { return false; } // data not available
flag = false; // clear flag
detachinterrupt( 0 ); // disable EINT on data pin
uint8 t check sum = 0x00;
for (int x=0; x < 4; x++) { // calculate checksum
check sum += data[x];
}
if ( check sum == data[4] ) {
*humidity = (datal0] << 8) | data[1];
*temperature = (data[2] << 8) | data[3];
return true; // checksum OK
}
return false; // checksum error
}
char buf[20]; // used for sprintf()
void loop() {
int16 th, t;
dht22 send start_bit();
while (Iflag) { delay(10); }
if ( dht22 read data( &h, &t ) ) {
sprintf( buf, "%d.%d%cRH, %d.%d C", h/10, h%10, '%', t/10, t%10 );
Serial.printin( buf );
}else {
Serial.printin( "DHT22 Checksum error!");
}
delay(2500);
}
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10.3 nsl¥aulugaingmupfivazannududuing sHT11

n1snaaeslgdaru SHT11 s‘ﬁqLf]uwnuL%@%ﬁm%’ui’mmqmmﬁuazmm%ué’mﬁm‘ HANLAEUTEN
Sensirion Taethuildusiutuuedn Arduino wazleuldn Cr+ Wisadadulausd (Library) 1ldu

ﬁ’]ﬁ’]ﬁ’iy / Keywords: SHT11, Digital Temperature and Relative Humidity Sensor, Arduino
Pagtuilugaisueoidmivindgungivazarududuivsiliteyauvuaivannvarsduan
FU HTU21D 209U39% Measurement Specialties Inc. fidusaidenvilsdmsuiuimaaadddls us

iesanTuTuunaLén wugtlildlugauseinn "Breakout Board" fiiegnavaslugaiiazninsenisuiun

'
= a a

naaaslday 1y luga GY-21 Fallsiagnuazadnlulsemaiu wonainllideillugavesusen Adafruit

way Sparkfun H51ANgeN3T uillinNNLaE TIEaRBEAYeINRTUANANULY

q

v a

Yoyadamadiaiidhdgienfuluga HTU21D
o Tduseuliides (Veo): +1.5V .. +3.6V
o Fnsdedoaswuuta 12C Adruisy 400kHz 16)
o Tdmnoiaviieg 0xd0 (hex) WinTaunsosudoyalusiamasmely
o raAAnuTuSTITS (Humidity Operating Range): 0 .. 100 %RH
® uAgunyil (Temperature Operating Range): -40 to +125°C
o  muazdealunsiamuudimslite 12 9n (dnanlunsialdiiu 16 msec)
o mnuazBeatunsingamaiilans 14 Ja (darlunisinlaiiiuy 50 msec)

®  AuAAIALARDY +3%RH, +0.4°C tolerance @25°C (20%RH to 80%RH)

sU7 10.13 Tuga GY-21 HTU21D Breakout Board

(ﬁm www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
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Tuga GY-21 Tled 662K uiasusadiu +5v Tl +3.3V dstiuwn VIN awnsatou +5v 16 waivn

SDA uaz SCL azilusisuaninidu +3.3v

Ul 10.14 Tuga GY-21 (F1umds) anansansaiiudy HTU21D
(fian www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
Tsunsudi 10.3 Arduino Sketch 3
n1sg1uAanliga GY-21 HTU21D Breakout Board lagiensieuuesa Arduino liireun Ad

(SDA) wag A5 (SCL) t1u Logic Level Shifter lugsu1 SDA wag SCL vadluga GY-21 mua1iu uaideu
wsasulvdes 3.3V uazsio GND whiussuy
Sourecode: htu21d_demo.ino

// Author: RSP @ Embedded System Lab (ESL), KMUTNB, Thailand

// Date: 2015-05-29

// Board: Arduino with ATmega168/328P (5V/16MHz)

// Arduino IDE: version 1.0.6

// Description:

// This Arduino Sketch demonstates how to read relative humidity

// and temperature values from the GY-21 HTU21D sensor module

// by using an Arduino board.

#include <Wire.h> // use the Wire library
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#define 12C_SLAVE_ADDR  (0x40) // the 7-bit slave address of the HTU
//#define HTU21 READTEMP OxE3 // Trigger Temperature Measurement, Hold Master
//#define HTU21 READHUM OXE5 // Trigger Humidity Measurement, Hold Master
#define HTU21 READTEMP OxF3
// Trigger Temperature Measurement, No Hold Master
#define HTU21 READHUM OxF5
// Trigger Humidity Measurement, No Hold Master
#define HTU21 WRITEREG OxE6 // Write User Register
#define HTU21 READREG OxE7 // Read User Register
#define HTU21 RESET OxFE // Soft Reset
// global variables
float temp, humid;
// used to hold the current temperature and relative humidty values
char sbuf[32]; // used for sprintf()
void setup() {
Serial.begin( 115200 ); // initialze the Serial

Wire.begin(); // initialize the Wire library before using the 12C bus
TWBR = 12; // use 400kHz for 12C frequency

delay(1000);

i2c_scan(); // perform 12C slave device scanning

htu21d reset(); // reset the HTU21D devie

}
void loop() {
Serial.print( "HTU21: " ),
temp = htu21d read temperature();
Serial.print( temp );
Serial.print( " deg.C, " );
humid = htu21d read humidity();
humid += (25 - temp)*(-0.1); // compensated %RH
Serial.print( humid );
Serial.println( " %RH" );
delay(2500);

o 5
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}
void i2c_scan() { // scan 12C devices
uint8 t count = 0O;
Serial.println( "Scanning 12C slave devices..." ),
delay(1);
for( uint8 t addr=0x01; addr <= 0x7f; addr++ ) {
Wire.beginTransmission( addr );
if ( Wire.endTransmission() == 0) {
sprintf( sbuf, "I2C device found at 0x%02X.", addr ),
Serial.println( sbuf );
count++;
}
}
if ( count > 0) {
sprintf( sbuf, "Found %d 12C devices.", count );
}else {
sprintf( sbuf, "No 12C device found." );
}
Serial.println( sbuf );
}
uint8 t htu21d read reg() {
uint8_t data = 0x00;
Wire.beginTransmission( 12C_SLAVE_ADDR ),
Wire.write( HTU21 READREG ),
Wire.endTransmission();
Wire.requestFrom( 12C_SLAVE_ADDR, 1 );
if ( Wire.available() == 1) {
data = Wire.read();
}
return data;

}
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void htu21ld write reg( uint8 t data ) {
Wire.beginTransmission( 12C_SLAVE_ADDR );
Wire.write( HTU21 WRITEREG );
Wire.write( data );
Wire.endTransmission();
}
uintl6_t htu21ld read data( uint8 t reg addr) {
uintlé_t value = 0;
uint8_t data[3];
Wire.beginTransmission( 12C_SLAVE_ADDR );
Wire.write( reg_addr );
Wire.endTransmission();
delay(50); // delay for 50 msec at least
Wire.requestFrom( 12C_SLAVE ADDR, 3 );
uint32_t ts = millis();

while ( Wire.available() < 3 ) {

if ( (millis() - ts) > 10 ) {
return value;
}
}

for (uint8 ti=0;i < 3; i++ ) {
data[i] = Wire.read();
}
value = data[0];
value = (value << 8) | (data[1] & OxFC);

if ( crc8( data, 2 ) A data[2] ) { // CRC8 checksum error

Serial.println( "CRC8 checksum error" );

value = 0;

}

return value;
}
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float htu21d read temperature() {
uintl6 t T = htu21d read data( HTU21 READTEMP );
// temperature = -46.85 + 175.72 * T/2716 (see datasheet)
return (-46.85 + (175.72 * T)/65536);
}
float htu21d read humidity(void) {
uintlé_t RH = htu21d read data( HTU21 READHUM ),
// rel_humidity = -6 + 125 * RH/2A16 (see datasheet)
return (-6 + (125.0 * RH)/65536);
}
void htu21d reset(){
Wire.beginTransmission( 12C_SLAVE_ADDR );
Wire.write( HTU21 RESET );
Wire.endTransmission();
delay(15);
}
#define CRC8_INIT ~ 0x00
#define CRC8 POLY  0x31 // 0x31 = 0b00110001 <=> xA8 + xA5 + xA4 + xA0
uint8 t crc8( uint8 t *data, uintl6 t num_ bytes ) { // calculate CRC-8 checksum
uint8_t crc = CRC8_INIT;
for (uintl6 t i=0; i < num_bytes; i++ ) {
crc A= datalil;
for (uint8 t b=0; b < 8; b++ ) {
if (crc & 0x80) {
crc = (crc << 1) A CRC8_POLY;
}
else {
crec <<= 1;
11}
return crg;

}

o
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sUl 10.15 uansn1ssiansamaasslaglduada Arduino (328P, 5V,16MHz) uas Tuga GY-21

(ﬁm www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

< cover oo )
Scanning I2C =slave devices...

I2C device found at 0x40.

Found 1 IZC devices.

HTU21: 27.73 deg.C, 47.63 %RH

HTU21: 27.74 deg.C, 47.49 %RH

HTU21: 27.74 deg.C, 47.42 %RH

HTUZ21: 27.75 deg.C, 47.42 %RH

HTU21: 27.78 deg.C, 47.66 %RH

HTU21: 27.71 deg.C, 47.09 %RH

HTU21: 27.74 deg.C, 47.18 %RH

HTU21: 27.75 deg.C, 47.63 %RH

HTU21: 27.73 deg.C, 47.64 %RH

HTU21: 27.69 deg.C, 47.21 %RH

HTUZ21: 27.68 deg.C, 47.27 %RH

Autoscroll Nolineending +  115200baud +

sUfl 10.16 Andlgnuldanluga GY-21

(ﬁu’l www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
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10.4 n1sldeulugansiadudygyrudunn HC-SRO4 Iaszaziinenlgaaudaniileila

v v q

lugadmiuinssevvinamenaudansilelia didenldauunndeiuluudiudgndn aunm wag

'
a a

9 fegnlsiffesum Waudenanduiuuim annsahlulivssgndldauls wunsnsedvasin
vadmiuiusuiiadoud unaudazndnianismeseddiuluga HC-SROA Yaszosvinadasaduda
n3lwta SauiuUesA Arduino ‘Lué’ﬂwmzLﬂuiu@amﬁaﬂﬁuﬁﬁy,@wmauwmwaﬁa

10.4.1 vénnmihnuvadugainssezindeniudaniluda

Tuga HC-SR04 TugunsalBidnvseiindsnangn dmiuinszezvieneadudansiluia (dady
Foand Uszanal d0kHy) Slaesdiuvdnde mdsnduiiviiminiaisrduidsseenlulunsinszozudias
ps (Ping") udriilelunsemuingviodsiaung AdudssgnagiioundunduinsundiUszananadiesas
idnvsedndnsluluga Mdunalunisfiumsmesnaudsduiiansluuazndu uazdmsiuninmu

dosluenia Aganusafunassezisaninginuaneld

sUfl 10.17 gunsal HC-SRO4

(fian www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

Tuga HC-SRO4 vhaufusafuuszanal +5V 4.5V fis +5.5V) Tnedeulvian VCC uaz GND lugadl

[ Y

fudeyeyreuddvia TRIG (Bunm) wae ECHO (to1dinm) Nunluweusedululasreulnsaaesl agiugu
Arduino Tun13inszeziausazasy azAeIasedy Iy Pulse N3ANun319 (Pulse Width) agatos
10 usec Youlivn TRIG wagnasaniuliinaiuninevesdygyiudie HIGH 9191 ECHO a1ingeglng

17 [y aY v 1 Y i 13 P i [ N
ANUNTvRLdys I Pulse AilaNastey witingedlnasenly Naglaaiminuninevesdayayas Pulse 7

o o

el 10 Nslde Arduino Auledingnugiiuaslugansindudayainduns Seuisedlagagriuney g3ny



wnansuseneunsisewivlulasaeulnsaeesiiawu

1Ty MadenideulugaUssianil TUseiunddey wurinszeeraveansin anunivesuiondy

a

= a Y P ' ] 9 ) A o Ao
deoauiunnaeanliaindids (15n31 Beam Angle) wenantunisasiounaduvesnaudssininginuing
PIALAZFUNTIVBITNY Uasn1saziounduvetdeninuanefianie nsedeszeziu Nilnanonnugnaes
P39ANURANAIN LNNTIRASE Iz e LAl Uy

v a

dayaidunatinvaslaga HC-SRO4
o Tgussauuszanm +5V
® AunszuaUIzuId 15mA
® 7NTINTLENN (measurement range): Useial dcm 09 4m
e AunIudaydlun1sin (measuring angle): 15 a4en
®  AMUNTNVRSAY QI Pulse d1mSU Trigger: 10 usec

®  SYAULSIAUABRINAINSVN TRIG Ay ECHO: 5V TTL

TUsunsuii 10.4 Arduino Sketch 4

Thndasyilit Arduino dedfyanas Pulse Aunssednetios 10 usec panlufivendng TRIG
mmfu%ﬁmmm%waaé’zymm Pulse ﬁLi‘]uﬁuwmmﬂm ECHO Tngldidnda pulseln() Faiduddsas
Arduino wazazldrndusiuauiy hedulilasiund) mnduhmildnsuadussezns e

WWudadiuns) Tunsalnlaaiuinnii 4000 (AW 4m %30 400cm) azvinn1sinanlu auninazlean

N v i

szozvinslaiin 4000 loldAfignies azuansAmne Serial Wl Tuszazasyana 300 msec (0.3
Aunl) wéavitumewsn

// Author: RSP @ ESL (Embedded System Lab), KMUTNB

// Date: 16-Jul-2013

// Target Board: Arduino Uno (ATmega328P, 5V, 16MHz)

// Arduino IDE: version 1.0.5

// HC-SR04 Ultrasonic module (using VCC=5V)

#define ECHO PIN 3 // Echo Pin (Input) -- from the ECHO pin of HC-SR04

#define TRIG_PIN 5 // Trigger Pin (Output) -- to the TRIG pin of HC-SR04

void setup() {

pinMode( TRIG_PIN, OUTPUT );

pinMode( ECHO PIN, INPUT );

digitalWrite( TRIG_PIN, LOW ); // output LOW to the TRIG pin

Serial.begin( 115200 ); // initialize serial, use baudrate=115200

}
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void loop() {
unsigned long duration_usec;
unsigned long distance_mm;
// v =340 m/s = (340 * 100)/1076 cm/usec = 34/1000 cm/usec
// 2%d = v¥*t => d = v¥/2 = (17*t)/1000 cm = (17*t)/100 mm.
while (1) {
duration_usec = ping();
distance_mm = (17*duration_usec)/100;
if ( distance_mm > 4000 ) { // out of range (beyond 4 meters)
// Serial.println( "Out of rangel");
continue;
}
Serial.print( "Distance: " );
Serial.print( distance_mm / 10 );
Serial.print( " );
Serial.print( distance_mm % 10 );
Serial.println( " cm" );
break;
}
delay(300);
}
unsigned long ping() {
// send a pulse (at least 10 usec long) to the TRIG pin
digitalWrite( TRIG_PIN, HIGH );
delayMicroseconds( 12 );
digitalWrite( TRIG_PIN, LOW );
// measure the ECHO pulse width (in microseconds)
unsigned long duration_usec = pulseln( ECHO PIN, HIGH );
return duration_usec;

}
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JUT 10.18 M3inszesvineaninginundlusseslng (20 cm)

(ﬁm www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

[ (2] comst =] B s
| [send |
Distance: 1Y9.%6 cm i
Distance: 19.6 cm
Distance: 19.5 cm
Distance: 1%9.& cm
Distance: 1%9.& cm
Distance: 20.0 cm

'Distance: 19.6 cm
Distance: 20.0 cm

.Dj.stance: 20.0 cm

'|Distance: 20.0 cm

llDistance: 20.0 cm
Distance: 20.0 cm
Distance: 19.9 cm
Distance: 19.9 cm —
[¥] Autoscroll BothNL&CR |115200baud +

5UT 10.19 Ariisal@iiiansiaunng Serial Monitor ¥4 Arduino IDE

v v

(Flan www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
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Tusunsuit 10.5 Arduino Sketch 5
ansan1sléBumessniintsuen (External Interrupt) mune4ae 0 (Fansaiuan D2 vesuesdn
Arduino  Uno) Lﬁa@ﬂWSLﬂﬁauLLUaﬂﬁmﬁuwm %q%uﬁ@mmmmnm ECHO n&sa1ndadi SATRTRIITETRY
Pulse uiedimaiivn TRIG oonld
// Author: RSP @ ESL (Embedded System Lab), KMUTNB, Bangkok/Thailand
// Date: 24-May-2015
// Target Board: Arduino Uno (ATmega328P, 5V, 16MHz)
// Arduino IDE: version 1.0.6
// Ultrasonic module: HC-SR04 (VCC=+5V)
// Description:
// This Arduino sketch shows how to measure the distance (in cm.)
// from the obstacle using an ultrasonic sensor.
// The Arduino sends the TRIG signal on the D4 pin.
// The ECHO signal is connected to the D2 pin which will raise
// an external interrupt every time the logic level of D2 pin is changed.
#define MAX_DISTANCE_IN_MM (4000) // max. valid value for distance
#define DURATION_TO_DISTANCE(x) ((17*(x))/100) // usec -> mm.
const int ECHO_PIN = 2; // D2 pin (External Interrupt 0)
const int TRIG_PIN = 4; // D4 pin
const int LED_PIN = 13; // D13 pin
// global variables
volatile uint32_t tH, tL, pulse width = 0;
void setup(}
pinMode( LED_PIN, OUTPUT );
digitalWrite( LED_PIN, LOW ),
pinMode( ECHO_PIN, INPUT ),
pinMode( TRIG_PIN, OUTPUT );
digitalWrite( TRIG_PIN, LOW );
// use the External Interrupt O
attachinterrupt( 0, eint_isr, CHANGE ); // D2 pin (EINTO)
Serial.begin( 115200 ); // initialize the Serial port
delay( 1000 );}
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uintl6 t dist mm; // distance in mm.
char sbuf[32];  // used for sprintf()
uint16_t read _ultrasonic_sensor() {
digitalWrite( LED_PIN, HIGH );
digitalWrite( TRIG_PIN, HIGH );
delayMicroseconds( 12 );
digitalwrite( TRIG_PIN, LOW );
pulse width = 0;
while (pulse_width == 0) {} // wait until pulse_width > 0
digitalWrite( LED PIN, LOW ),
return DURATION_TO_DISTANCE( pulse width )
}
void loop() {
d_ultrasonic_sensor();
if ( dist_mm > MAX_DISTANCE_IN_MM ) {
Serial.printin( "Out of range." );
}else {
sprintf( sbuf, "Distance: %d.%1d cm”, (dist_mm/10), (dist mm%?10) );
Serial.println( sbuf );
}
delay( 200 ),
}
volatile uint32_t timestamp;
void eint_isr() { // ISR for Ext. Interrupt
timestamp = micros(); // read the timestamp (in microseconds)
if ( digitalRead( ECHO PIN )) { // HIGH
tH = timestamp;
} else { // LOW
tL = timestamp;
pulse width = (tL-tH);
3

o 5
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o a

10.5 nsldulugansiradudyyrndunn HC-SRO4 wa8yn

v

WwNsinsrervieningaislugadanitleiin HC-SRO4 (Ultrasonic Distance Sensor) Fadu

Y

lugawugessagn lagdwndeldausiuduled PCF8574A (12C) wuavuaia Arduino Uno uagaiunsaly

uluga HC-SRO4 Tawsaufuds 4 67

o o

mmﬁ’zy / Keywords: HC-SR04, Ultrasonic Distance Sensors, Multiple Ultrasonic Sensor

Readingnsviauvesiugadaninleia szordenisdsntudesaiudgeeanty wu Ussuia 40kHz uay

a

Juanlunisiiuniavesaduidsaliolduagnduuimasainagviouinginving lasdsnd agld
lulasaoulnsalassegnaldy vesa Arduino  @519d iUy Pulse  7fiAnuni1gegisties 10
Lulasiund Fesoriue TRIG vedluna waysegndidygIaumuu Pulse nounduannlugafivn ECHO wiids

Fapunevesdyayial Pulse dana1s iandildunwanluszezeaniag

RIGOL T'D
v

U 10.20 uansitagenaudyrunialineiniaseaatalaalal TRIG (<20usec)
(111 www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
N15IAANNTINVOIFYYIal Pulse 81919A&9 pulseln() 983 Arduino Library w3eldnannis

=

uveBuesiniateuen (External Interrupt) waaduiaan (@giuiaitunisiy wumiiedu
lalasAun) deidavounduuazveumasesdynadunaiidanmudiy

frdeenisldauluga HC-SR0A  annndmileds Taserudanlugafiazsn waztunselday
$affu vo$a Arduino Uno agiiBnislathe ansngisniseeluddsldled pcres7an 12¢ 1O Port
Expander §1uau 1 6 ideudodava 12C (11 SDA way SCL) Tnsutswass /O vuia 8 On 1Ju 2 diu
druusnifu 4 Sausn Tdmiuiedng (1 P0.P3) uavdrufiaendu 4 dnfimdeltiiudunn (11 Pa.Ps)

Tngihluseriurn TRIG way ECHO vasluna HC-SRO4 laviavida 4 o
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n1sasedyan TRIG agnsevilufiazluganiuandu Inenisdeariuda 12C Tuldoannig
[019ma PO, P1, ., P4 vosled PCF8574A lUnmddy uazazdifisaviedwndenlusasnamiad
woAfin (active) wioldua1as Pulse panyn uazideusaiuan TRIG suaqimaaﬁéfmmilﬁaﬂiﬁ’ﬁmu

Lﬁaﬁé’iyapmwu Pulse 3191 ECHO v@4luganaundui (417w Pa, P5, .. P8) a¥ilw
Fyaras /INT  vosledfinsiasuudandeanin (Hedadumudiondliuuy Pullup, shauuuy
Active-Low) &1¥narnuniiavesdaain /INT lugaeiilu LOW azanansadiluduiassegriann

g iale 111w /INT Wusedue) D2 ves Arduino Uno  Aanunsaldeudumesiwinieuen

(External Interrupt 0) 161

ARAR
Lhddd

HC-ZROT &1 HC-SROT#2 HC-SROT#3 HC-SROT #4

| 1 ] !

]

5Ufl 10.21 far9aslunisdansaslnglduasn Arduino Uno, PCF8574A waz HC-SRO4

L

(17im www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

Tsunsudi 10.6 Arduino Sketch 6
ansmmsiaszezsinaaninginuing Ineldlugasaniiledia S1udu 2 ¥a uazdesasmuiseash

Ty

// Author: RSP @ Embedded System Lab (ESL), KMUTNB, Bangkok/Thailand

// Date: 2015-05-25

// Board: Arduino with ATmega168/328P (5V/16MHz)

// Arduino IDE: version 1.0.6

// Description:

//  This Arduino Sketch demonstrates how to use an Arduino Uno

o
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// and a PCF8574A chip to interface with multiple ultrasonic distance

// sensor modules (up to 4 modules).

#include <Wire.h> // use the Wire library
// connect address pins: A0=0 (GND), A1=0 (GND), A2=0 (GND)
#define ADDR_BITS (0B000) // A0=0,A1=0,A2=0
#define 12C_SLAVE _ADDR ((0B0111000) | ADDR_BITS) // 7-bit address
#define MAX_DISTANCE_IN_MM (4000) // max. valid value for distance
#define DURATION TO DISTANCE(x) ((17*(x))/100) // usec -> mm.
const int ECHO _PIN = 2; // D2 pin (External Interrupt 0)
const int TRIG_PIN = 4; // D4 pin
const int LED PIN = 13; // D13 pin
volatile uint32_t tH, tL, pulse_width = 0;
uintlé6_t dist mm; // distance in mm.
char sbuf[32]; // used for sprintf()
void setup() {
pinMode( LED_PIN, OUTPUT ),
Wire.begin();
TWBR = 12; // for 400kHz
writeOutput(0xF0);
attachinterrupt( 0, eint_isr, CHANGE ); // D2 pin (EINTO)
Serial.begin( 115200 );
delay(1000);
}
void writeOutput( byte value ) { // write one byte
Wire.beginTransmission( 12C_SLAVE_ADDR );
Wire.write( value );
Wire.endTransmission();
}
byte readinput( void ) { // read one byte
byte data = Oxff;
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Wire.requestFrom( 12C_SLAVE _ADDR, 1 );
delayMicroseconds(4);
if ( Wire.available() ) {
data = Wire.read();}
return data;
}
uintl6 t read ultrasonic_sensor( int pin ) {
digitalWrite( LED_PIN, HIGH);
writeOutput( 0xFO | (1 << pin) );
writeOutput( 0xF0 );
pulse_width = 0;
while ( pulse_width == 0) {} // wait until pulse_width > 0
digitalWrite( LED_PIN, LOW );
return DURATION_TO_DISTANCE( pulse width );
}
void loop() {
for (int i=0; i < 2; i++ ) {
dist mm = read_ultrasonic_sensor( i );
if ( dist_mm > MAX_DISTANCE IN_MM ) {
Serial.println( "Out of range." );
}else {
sprintf( sbuf, "Sensor %d, %d.%1d cm", i, (dist_ mm/10), (dist mm%10) );
Serial.println( sbuf );
}
delay(5);
}
delay( 250 );
}
volatile uint32_t timestamp;
void eint_isr() { // ISR for Ext. Interrupt
timestamp = micros(); // read the timestamp (in microseconds)

if ( digitalRead( ECHO PIN ) == LOW ) {

Tudtyey1ouBune Seusedaeagriung g3nd
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tH = timestamp;
}else { // HIGH
tL = timestamp;

pulse_width = (tL-tH);}}

s'IIvll RERAEE bREEe mRmEw =
BREERE EEkEr PhERR SEURER =

sUfl 10.22 ugnsnsansasmaasdlaglduasn Arduino Uno, la@ PCF8574A wazluga HC-SRO4

(1'7i3n www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)
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22l COMTS [::]l!!'[:::
Senscor 0, 48.0 cm -
Sensor 1, 47.4 cm
Sensor 0, 48.0 cm
Sensor 1, 47.3 cm
Senscr 0, 48.0 cm
Sensor 1, 47.3 cm
Sensor 0, 47.6 cm
Sensor 1, 47.4 cm
Sensor 0, 47.6 cm
Senscor 1, 47.3 cm
Sensor 0, 47.6 cm
Sensor 1, 47.8 cm
Sensor 0, 48.0 cm
Senscr 1, 47.0 cm
Sensor O, 48.0 cm
Sensor 1, 47.4 cm L
Autoscroll Noline ending | | 115200 baud |

JUN 10.21 uansAguliainluga HC-SRO4 Midasna Wiaviunthlumafeanu

(ﬁm www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

COMT5 =N EER| 5
Sensor 0, 100.7 cm &
Sensor 1, 100.5 cm
Sensor 0, 101.1 cm
Sensor 1, 101.8 cm
Sensor 0, 100.7 cm
Sensor 1, 100.6 cm
Sensor 0, 100.3 cm
Sensor 1, 101.4 cm
Sensor 0, 102.0 cm
Sensor 1, 100.9 cm
Sensor 0, 102.4 cm
Sensor 1, 101.4 cm
Sensor 0, 101.2 cm
Sensor 1, 103.9 cm
Sensor 0, 100.8 cm
Sensor 1, 100.9 cm B
Autoscroll Noline ending » | 115200 baud -

gﬂﬁ 10.22 LLaﬂaﬁqﬁdqulﬁaanu@a HC-SR04 71989907

(fian www.Cpre.kmutnb.ac.th/esl/learning/index.php?article)

a o o
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fsvogviaanniuaningiaung Wesumilumadentu weeTnssesisandaiaumaienty
NnIBnsuargULUUMIiesasAsiildiauely anunsaldled PCF8574A sy 1 ¢ laduluga HC-
SR04 l¢iis 4 ¢ agldamiluga HC-SRO4 fisdn 4 ¢ azdeaiialed PCFB574A Bnvilei waziiunde
dWhiuta 12C udagssamnuaueninsavesgunial (Slave Device Address) Tviuansnafiu uagwn /INT

voilodinans avdesilunaiuai External Interrupt 8nv1uilsves Arduino

o o
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%

dylilovansedagy

v

CY L%

HagtuilugawuieidmiuindgumpiasmnutuduimsiilideyauuuAifaanvansgudn
FU HTU21D 283US®M Measurement Specialties Inc. fMidudaidonnisdmiuinumaaeddly ue
iesanduiivuiman wuzilililugausziam "Breakout Board" fhegnaweslugafiazaindenisuiin
nasodldnu wuluna Gv-21 Selisrmgnuaskaslulsuinadu uenanidsdlugavesu3sv Adafruit way
Sparkfun ifis1ANgenin usiinummuasazBemvessasuanseiull fdesnisldeuluga HC-SRo4
uinnimilads Ingsudainlugaiiazd wazihundeldeusiufuuedn Arduino Uno  3l4led
PCF8574A 12C 1/O Port Expander d7uau 1 67 Midleusiadeda 12C (11 SDA waz SCL) lnswusmasn 1/0
yun 8 On 10U 2 du dauusnidu 4 Tausn Tdwiuiednn @1 PO.P3) wagdfiaendu 4 Saiivde

THGudunm (11 Pa-P8) Tastilusieriunn TRIG uay ECHO wadluga HC-SROA Iéviamun 4 ¢

o o

el 10 Nslde Arduino Auledingaugiiuaslugansindudyainduns Seusedlagagviuned g3ny



wnansUsenaunsisewiv ilasaeulnsaaasilonu

7 wuudndienuqen 10
//4

a [y

1399 M3ldeu Arduino fiuledinguniiuaslugansiadudygyadunn Teiaan 20 W

9 Y

ALY 1. LUUHNIAAINIUS 2 Aou Usenaumenaud 1 wazmaud 2 (20 ALkuL)
2. WUURNRmaUN 1 L*‘ﬂuﬁwmmwugﬂ-am TV9avuA 20 U9 (10 AZLUL)

[

3. WUUENRRaun 2 WuMmauwuuUsde Tisua 10 99 (10 AZLUL)

r

59 wuuHnianaud 1

Miuas  WiSouneiommnegn v ludefidedngn uaznesemneiin ¥ ludeiiniiie

AnautRvedlugaingumgiuazaludu DHT22 / AM2302
_______ 1. gunsallwuwesdmsuingumgiuar ANy
_______ 2. Jngamaiilalugi: -40 to 100 °C (x0.5 °C accuracy)

_______ 3. Tamnuruduinslalugiag: 0 - 80 RH% (2 - 5% accuracy)

4. 9n5INTINgeEA: 50 Hz

5. ABULUNABSIUU 4 91 ( 0.1" / 2.54mm spacing)

_______ 6. Pin 1 = VCC
_______ 7. Pin 2 = SDA (Serial data, bidirectional)
_______ 8. Pin 3 = SCA

9.Pin4 =GND

_______ 10. Wusssulvasalalugae 3.3V 89 5.5V DC (faradsldlamu 3.3V uag 5v)

o o
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559 LUURNIAnaUN 2

1. luga DHT21 (AM2301) \Feuseanedyaraegnals

14 [ ¥ a

. LWeNsemudgIMEURgILUUEDIANIY (bidirectional)

o 1

9. WRUADMIYANNMEDLAULUUARFANNG (bidirectional)

A

L ;%

A, WWUADMUAUNMEUEULUUADINFANIY (bidirectional)

Ag7]

1. Weusesedyaadduuuassiiama (bidirectional)

2. DHT21 (AM2301) lun1seudioyausiazads agsudayationun 40 T uiady
n. 8 ndwsumarutu 16 Sndwsuagumnd uay 16 Tadmiunsaa parity bits
1. 16 Tedmiuaanutu 16 Undmsuargaunnil uag 8 Undmiunsia parity bits
A. 16 Tndmiueanutu 8 Sndwiuagamgl uay 16 Tndwiuama parity bits
5. 16 Dpdmiusautu 16 UndmsuAngauunil uay 16 Undmiunsia

3. DHT22 / AM2302 Sidhduresdeyadalunmssudanlediammnegisls
n. 5 lud (40 Tm)
¥. 6 lud (40 Um)

7 lud (40 Tn)

1. 8'lud (40 Tn)

2

4. SHT11 Wanlaauiem
N.  Mitsubishi
. Samsung
A.  Sensirion
3. Panasonic

5. SHT11 Wuwuwesdmsuinrgamglivazanuiuduivng Jewldanwerlsieaiadulauss

n. C

9. basic

A C++

3. Assembly

6. Tuga HTU21D fimwazdealumsinautudimivdlae
a. 12 On (Agnalunsialdiiy 46 msec)
2. 12 On Agnalunisialuiiu 36 msec)
A, 12 On (Agnanlunsialdiiu 26 msec)

1. 12 99 Advalunisinluiy 16 msec)

o o
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7. Tuga HTU21D anuazidentunsingaumgillans
n. 14 On (Ignanlunsialiliiu 20 msec)
2. 14 On (Ignanlunsinliiiu 30 msec)
A, 14 On (nanlunsialaiiiu 40 msec)
3. 14 9a (ganlunisialaiiiu 50 msec)

8. luga HTU21D fienumanmindeuiiila
A, +2%RH, £0.4°C @25°C (20%RH to 80%RH)
9. +3%RH, +0.4°C @25°C (20%RH to 80%RH)
M. +4%RH, +0.4°C @25°C (20%RH to 80%RH)
1. #5%RH, +0.4°C @25°C (20%RH to 80%RH)

9. shasraunasemauasseanldlunisinssesumazasasenin

N. Bing
9. Ping
A. Sing
3. Ding

10. rrwnsvesyuilendudsaiumseenlunnmidaioniy
A. absolute Beam Angle
9. Max Beam Angle
A. Beam Angle

3. Min Beam Angle
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UURn1sNaaawuiaei 10

a

- v q (% S o v o a
1394 N151497U Arduino ﬂ‘UlBGU’Jﬂ'EJEuﬂﬁJLLaZIN@aﬂi’J"\]"\]U UEUIUDUNA

£l Y

A 1

A1guas igiseunnawinisaaesmuuiinisnaasamien 10 1581 n15ldau Arduino fuledingau

a

Diluarlugansaadudygruduns THaan 180 Ui (20 Azuuw)
AUTLEIALTINGANTTY

1. ansaldaidulagneies

2. anansaundgmilun1sviieuuesuesa Arduino Uno R3 19

3. @unsasnelraukaronlnantusknsulinuuase Arduino Uno R3 g

gunsaln1mAaag

1. 1Usunsu Arduino IDE 1.6.9 1 TUsunsy
2. @1elnan USB Arduino Uno R3 1 L

3. U93A Arduino Uno R3 1 U030

4. §8ADINT 1 YA

5. \A30IRRUTILABS 1 1384

6. WHIFDINAT 1 $n

JaA255239

1. mssedelaneuese Arduino Uno R3 wiseTannee vuldzlangusenneiidulanginsizoaiin
Asan9asvasnnInglnle
2. liiA5eeanum01995tuUasa Arduino Uno R3 79l A15090a1809199500n L 9Ue LSS N
a a [ av v
nsnaastoIwianisiananliiduluaunguile
2. lupdsnenatvanslnan USB 119annasnial insizenavinbininanelnvesuase  Arduino

Uno R3 @aumale

o o
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nsuaaasdl 10.1 maguteyaanlugaingumgiinazannutu DHT22 / AM2302
gunsnilwuLgoidniuingungiuaraududuins (Temperature & Relative Humidity
Sensor) ugunsailanunsatandssgndlinunsinuszuvanssnailadnlivainvats nmsvaaedldany
Tuga DHT22 / AM2302 Fsiisrangn Tanduuuudivia lundyanandtaiissduiiedlunisidouse
wuudnoynsuansiiana (serial data, bi-directional) Iagiinundessiadu Arduino Lilosue191n

LU S

Hardware Required

DHT22 Temperature-Humidity Sensor

+3.3 to 6V power and 1/0
+ 1.5mA max current use during conversion ‘ 4 4 ‘
+0-100% humidity readings with 2-5% accuracy ‘. .. Y 4
= -40 to 80°C temperature readings +0.5°C accuracy ~ & ...
+Upto 0.5 Hz sampling rate (once every 2 seconds) ‘ .... \\
* 4 pins, 0.1" spacing \% 4.. L3 \
YA "("; &
LB
e,
1vee / »>
e W KA
: 2 1-Vee
4)GND 3 2. Data
4 3-nc.
4-GND
Note: Connect a 4.7K or 10K resistor between
VCCand the DATA pin
Embedded System Lab (ESL) @ KMUTNB, Thailand 2013-08-17

sUt 10.22 udndlugaingamgiiuazanudiu DHT22 / AM2302 + Arduino

Circuit / Schematics

Uil 10.23 wanansasnelugadnanmaiiuazaudu DHT22 / AM2302 + Arduino

o o
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CODE

const byte DATA PIN = 2; // connected to the DATA pin of DHT22 (AM2302)
volatile boolean flag = false;
volatile uint8 t data[5];
volatile uint8 t bit count = 0;

void eint isr() { // ISR for EINTO
static uint32_t tH, tL = OL;
if ( digitalRead( DATA_PIN )) { // HIGH
tH = micros();

if ( bit_count >=42) {

flag = true,
bit count = 0;
}

}else { // LOW
tL = micros();
uint8 tb = ((tL - tH) > 40) ? 1 : 0;
if ( bit_count >= 2 ) { // skip the first two bits (start and response bits)
uint8_t byte index = (bit_count-2)/8;
datal byte index ] <<= 1,
data[ byte index ] |= b;
}
bit_count++;
}
}
void setup() {
pinMode( DATA_PIN, INPUT );
digitalWrite( DATA_PIN, HIGH ), // enable internal pull-up
Serial.begin( 115200 ); // use serial port (baudrate = 115200)
}
void dht22 send start bit() {
bit_count = 0;

flag = false;

Tudtyey1ouBune Seusedaeagriung g3nd

U
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pinMode( DATA PIN, OUTPUT ); // change direction to output
digitalWrite( DATA_PIN, LOW ), // output low (send the start bit)
delayMicroseconds( 1000 );

digitalWrite( DATA_PIN, HIGH ), // output high
delayMicroseconds( 40 );

pinMode( DATA_PIN, INPUT ), // change direction to input
digitalWrite( DATA PIN, HIGH ) // enable internal pull-up

attachinterrupt( 0, eint_isr, CHANGE ); } // enable EINTO interrupt
boolean dht22 read data( int16_t *humidity, int16_t *temperature ) {
if (iflag) { retumn false; } // data not available
flag = false; // clear flag
detachinterrupt( 0 ); // disable EINT on data pin
uint8_t check sum = 0x00;
for (int x=0; x < 4; x++) { // calculate checksum
check sum += data[x];
}
if ( check sum == data[4] ) {
*humidity = (data[0] << 8) | data[1];
*temperature = (data[2] << 8) | data[3];
return true; // checksum OK
}
return false; // checksum error
}
char buf{20]; // used for sprintf()
void loop() {
int16 th, t;
dht22 send start_bit();
while (iflag) { delay(10); }
if (dht22 read data( &h, &t) ) {
sprintf( buf, "%d.%d%cRH, %d.%d C", h/10, h%10, '%', t/10, t%10 ),
Serial.println( buf );

}else {

o
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Serial.printin( "DHT22 Checksum error!");
}
delay(2500);
}
NINAgBY
n1se1uA1Inluga DHT22 / AM2302 fsussa Arduino udahaiilduaninariuma Serial

Monitor U84 Arduino IDE (§9A1 baudrate = 115200) k@I uUsaus

NANTINNAB

...........................................................................................................................................................................
...........................................................................................................................................................................
...........................................................................................................................................................................
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a

nsnaaasn 10.2 n1sldaulugansiadudyyrudunn HC-SRO4 nangy

v v q 9

nsvhnuredlugadaniileila werdunisdenauidssaudgeeanty wu Ussuia 40kHz uay

a

Juranlunisidunisvesrdutdesislunarnduuivrasannaznouinannving lagdsnd azld

9
a

lulaseaulynsatansodnadu vosa Arduino  a@3519dyey Uy Pulse  Aflauningegisiioy 10
Lulasiuni Feslariuv TRIG vedluna waysegndidygiauuu Pulse nounduannlugaiiv ECHO wiids

Tapuninavesdyaas Pulse fanand whadilsunAnanluszesinsaining

Hardware Required

Circuit

5UN 10.25 msldnulugansradudygyradunn HC-SRO4 naneyn

o o
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Schematics
WL W WO
-3 -
=R ieh =
o o o HC-5R0T #1 HC-SRO1T#2 HC-5R0T# HC-5R01#4
: A i B £ o
1 - ] - 1 - | -
| ) 0 = | ) 0] = | T = || e =
40 R¥ o
a1 T |~ vop B +
42
&3 o2 bl I i
Ad i . PE
85 D4 |— =] =0 P2k
VOC 05 |— CEE
— Rres o+ D | P4
? — i o il I ps 10
g pe |- El e
— aav pa |— I e pr JE
—| arer D10 f—
— oo o f— vas ;
— oo Dz
GO 03— PCF3o74P
ARDUIND Mo Mo
GHD

Code
#include <Wire.h> // use the Wire library
// connect address pins: A0=0 (GND), A1=0 (GND), A2=0 (GND)
#define ADDR_BITS (0B000) // A0=0,A1=0,A2=0
#define 12C_SLAVE_ADDR ((0B0111000) | ADDR_BITS) // 7-bit address
#define MAX_DISTANCE_IN_MM (4000) // max. valid value for distance
#define DURATION_TO DISTANCE(x) ((17%*(x))/100) // usec -> mm.
const int ECHO _PIN = 2; // D2 pin (External Interrupt 0)
const int TRIG_PIN = 4; // D4 pin
const int LED PIN = 13; // D13 pin
volatile uint32_t tH, tL, pulse_width = 0;
uintl6_t dist mm; // distance in mm.
char sbuf[32]; // used for sprintf()

void setup() {

pinMode( LED_PIN, OUTPUT );
Wire.begin();
TWBR = 12; // for 400kHz
writeOutput(0xF0);

5
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attachinterrupt( 0, eint_isr, CHANGE ); // D2 pin (EINTO)
Serial.begin( 115200 );
delay(1000);
}

void writeOutput( byte value ) { // write one byte
Wire.beginTransmission( 12C_SLAVE_ADDR ),
Wire.write( value );
Wire.endTransmission();
}
byte readlnput( void ) { // read one byte
byte data = Oxff;
Wire.requestFrom( 12C_SLAVE_ADDR, 1 );
delayMicroseconds(4);

if ( Wire.available() ) {
data = Wire.read();}
return data;
}
uint16_t read_ultrasonic_sensor( int pin ) {
digitalWrite( LED PIN, HIGH);
writeOutput( 0xFO | (1 << pin) );
writeOutput( 0xFO );
pulse_width = 0;

while ( pulse_width == 0) {} // wait until pulse_width > 0
digitalWrite( LED PIN, LOW );
return DURATION_TO_DISTANCE( pulse_width );
}

void loop() {
for (int i=0; i < 2; i++ ) {
dist mm = read_ultrasonic_sensor( i );

if (dist_mm > MAX_DISTANCE_ IN_MM ) {
Serial.println( "Out of range." );

}else {

o
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sprintf( sbuf, "Sensor %d, %d.%1d cm", i, (dist_ mm/10), (dist mm%10) );
Serial.println( sbuf );
}
delay(5);
}
delay( 250 );
}
volatile uint32_t timestamp;
void eint_isr() { // ISR for Ext. Interrupt
timestamp = micros(); // read the timestamp (in microseconds)
if ( digitalRead( ECHO PIN ) == LOW ) {
tH = timestamp;
} else { // HIGH
tL = timestamp;

pulse_width = (tL-tH);}}

WENT1INNADN

...........................................................................................................................................................................
...........................................................................................................................................................................
...........................................................................................................................................................................

Tudtyey1ouBune Seusedaeagriung g3nd
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d7UNan1Ineas

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
...........................................................................................................................................................................
...........................................................................................................................................................................
...........................................................................................................................................................................
...........................................................................................................................................................................

...........................................................................................................................................................................

...........................................................................................................................................................................

A1519N1TUsERIUKARZUUUNAURUR

Wdan1snansannIAufun TTAUAZILUY
N15VARReN 10.1 M1serudayadnnlugaingamainasadnuty DHT22 / 10 ALY
AM2302
n1maaae 10.2 nsldnulugansradudyyiadunn HC-SRO4 waneyn 10 ALY
sweswwumaujid | L AT

o o
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LUUNAEBUNAILSEU YUeH 10

- v 9 (4 o/ a v o a
1399 N894 Arduino ﬂ‘UlEJ“U']ﬂQﬂJ{]SJLLﬁZIﬁJ@Jﬁﬂi"J"\]"\]U UEUIEUBUNA

59 n1sldeu Arduino Auledingmuniiuaslugansiadudayanduns T#vaan 20 wnii
Fu  luleseeulnsaeesilesnu SWEIYT (2127-2107)
sEAUYY UsenAaTeunsIvnTn (U%.) #1139 LWARMSBTNE

>k sk sk sk ok ok sk s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skoskoskoskoskosk

(%
v

MIuas 1. wuuneaeuivianun 10 98 (10 AzLuY)
2. WifFeudendnouiigniigaudniedesineninum (X) adlunszanuiney
1. Tuga DHT21 (AM2301) iuwueesintagmpiuarauiuduimsuuula
n. wouvden
U VU
A BUNTY
3. WUUAINeA
2. DHT21 (AM2301) fiviFeusioaslsvng
AN.  VCC, GND wag SLA
9. VCC, GND wag SCA
A. VCC, GND way SDR
3. VCC, GND gy SDA
3. DHT21 (AM2301) sieaneideusengnsls
N, @1wduAsdmsu VCC anednnfe GND Lazalsdindedhs SDA
U, @wALASESU GND @ednnme VCC wavanadinaosho SDA
A, @8dlLAsdnsu SDA a@nedrife GND wazalsdindesme VCC

AALAIANSU VCC a1e@nnAe SDA wazag@andfa GND

Lo

4. DHT22 / AM2302 andyaaidviaiisndudenlunsideuseuuy
f. ﬁmauﬂmwﬁaﬁﬂmﬁ (serial data, one-directional)
v UnaunsuaesiAna (serial data, bi-directional)
A, UNUUIUEDIVIANTY (serial data, bi-directional)

3. UnnaudeaniAnig (serial data, bi-directional)

o o
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5. fin RH flenuldfoals

n. muTuEE ( Relative Humidity - RH)

3. PuTuduuS ( Relative Humidity - RH)

A, AuTuduE ( Relative Humidity - RH)

. mm%uﬁu*dizﬁm‘ﬁg ( Relative Humidity - RH)
6. luga SHT11 THusadulwidaile

A. (Vco): +0.5V .. +3.6V

9. (Vco): +1V .. +3.6V

A, (Vco): +1.5V .. +3.6V

(Vco): 42V .. +3.6V

Lo

7. Tuga SHT11 Ansedeasuuulaiuula

n.  Uart
. 12C
M. SPI
L AV

8. luga SHT11 FeATITUELIE (Humidity Operating Range) Ao
n. 009100 % RH
9. -1 99100 % RH
A. -5 09100 % RH
3. 10949 100 % RH
9. lupansiadudnadunn HC-SRo4 Tddmsurheyls
n. Yasvezmeteadusaniililowan
V. Jnszezmsnendusaniigumes
A Ynssezmemeniusaniileie
1. Yaszezmemeniusaniity

10. Taiga HC-SR04 TdpAuidssnmiUszanm

N. 10kHz
U. 20kHz
A. 30kHz
3. 40kHz

o
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