Humidity sensor survey
(electronic work)
[Which is the 1st place? ]

» Practical data when used with ESP32
- Understand I12C basic specifications and programming
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Selection criteria (IT Taro survey)

-3.3V/5V compatible

*Choose from the lowest price

[ ] [ ] [ ] [ ] [ ] [ ]
1. List of Humidity sensors to investigate (same list as temperature)
NO Product Model number Picture URL Price(Yen) 1/0 vol |Temperat]Accuracy|Accuracy Note
Temperature sensor IC MCP9700- - https://akizukidenshi.com/catalo 2.3~5.5V | -40~ +4°C
1 . — 40 . 10.0mV/° C
MCP9700-E/TO E/TO - g/g/g1-09692/ - +125°C (Max)
o . +2°C
Temperature sensor IC MCP9700A- https://akizukidenshi.com/catalo 2.3~5.5V | -40~
2 100 .. | /0~70°C - 10.0mV/° C
MCP9700A-E/TO E/TO g/g/g1-14300/ - +125°C
Oth*4°C
Temperature sensor IC https://akizukidenshi.com/catalo 2.3~5.7V| -40~ ~+3°C
3 TMP36GT9Z 200 - 10.0mV/° C
TMP36GT97Z g/g/gl-14188/ - +125°C | /25°C
S-5851A - _ +2°C/-
S-5851AAA- https://akizukidenshi.com/catalo 2.7~55V | -40~ You can purchase the sensor
4 digital temperature sensor 110 3 25~85°C -
M6T1U g/g/eM-11575/ - +125°C N only [¥100]
module 0Othx3°C
o . 10.0mV/K
Temperature sensor IC https://akizukidenshi.com/catalo 5~40V -40~ +4°C .
5 LM3357 100 B - - Operating current: 400 u
LM3357 g/g/gl-11158/ - +100°C | (Max)
A~5mA
o . +3°C/- 10.0mV/° C
Temperature sensor IC https://akizukidenshi.com/catalo 2.7~10V | -30~
6 LM61CIZ —— 120 B 25~85°C - Vo=(+10mV/°C x
LM61C1Z SRR g/g/gl-11160/ - +100°C
Othx4°C T°C)+600mV
o _ +3°C/-
Temperature sensor IC https://akizukidenshi.com/catalo 2.7~10V | -25~
7 LM60BIZ 180 o~ |25~125°C - 6.25mV/° C
LM60B I Z g/g/g1-02490/ - +125°C
Oth+4°C
Temperature and humidity N )
https://akizukidenshi.com/catalo 2.2~5.5V | -40~
8 sensor AHT25 350 N +0.3°C | £2%RH
g/g/gM-16731/ - +80°C
AHT 25
Temperature and humidity o )
https://akizukidenshi.com/catalo 2.2~55V | -40~
9 sensor DHT20 380 +0.5°C | £3%RH
g/g/eM-16732/ - +80°C
DHT20
Temperature and humidity o )
https://akizukidenshi.com/catalo 2.2~55V | -40~
10 sensor AHT21B 400 +0.5°C | £5%RH
g/g/gK-17394/ - +80°C
AHT21B
Temperature and humidity o )
https://akizukidenshi.com/catalo 3.3~5.5V 0~
11 sensor DHT11 480 +2°C +5%RH
g/g/gM-07003/ - +50°C
DHT11
2,460 Separate shipping fee required




1. Humidity sensor to investigate (in specifications)

All humidity sensors are types that output data.

Sensors without libraries tend to complicate 12C programming.

Type

ESP32 Terminal (port)

Circuit/wiring

Programming

Note

Data output

Output temperature and humidity
data inside the sensor

12C
AHT25,DHT20,AHT21B 12€ somewhat
[AHT25,DHT20, ] difficult
fixed port
Need to consider nothing special
address collision
Library
Fixed 12C port [AHT218]
GPIO(data communication)
[DHT11] high degree of Library th;islzzccrggtects
freedom [DHT11] P

:

[DHT11]




2-1. ESP32 port

® ESP32 port configuration

Touc g:'{: I::;'CO)S 10
EN
1-0 | AO| GPI36(VP)
1-3 | A3 | GPI39(VN)
1-6 | A6 GPI 34 - 3
1-7 | A7 GPI 35
T9 14 | A4| GPIO32 X
T8 1-5 | A5 | GPIO33 & 7_
DAC_1 |2-8 |A18| GPi02s [ENEE o
DAC_2 |2-9 |A19| GPIO26
T7 2-7 |A17| GPI027 : .E-]IEEEEEIE-]
T6 | HSPICLK | 2-6 |A16] GPI014 (EBELEL] 1
T5 | HSPIQ |2-5 |A15| GPIO12 ~ ]:]E E
T4 | HSPID |2-4 |A14| GPIO13
»

io Analog | SPl/ | 12¢/
(ADC) | Serial |Touch
GPI023 VSPID
GPI022 VSPIWP
GPIO1 TXDO
GPIO3 RXDO
GPI021 VSPIHD -
GPIO19 VSPIQ
GPIO18 VSPICLK
GPIOS | VSPICSO
GPIO17 TXD2
GPIO16 RXD2
GPIO4 |A10|2-0 | HsPHD | TO
GPI02 |A12|2-2 |HsPwp | T2
GPI015 |A13|2-3 [Hspicso| T3
»

®12C terminal

This is a method advocated by Philips, and is one of the synchronous serial
communication methods. Along with SPI, it is often used for data
communication between microcomputers and sensors.

- The 12C interface is as follows.
SCL: GPIO22
SDA: GPIO21
- The address of the device to be connected is fixed, and multiple
connections are possible.

® GPIO terminal

An abbreviation for General Purpose Input/Output, this is a general-
purpose I/O port with normal terminals.

The input-only port is GPI, so the serial communication this time is Output
also uses the available GPIO terminal.



2-2. 12C

VDD
12C configuration * *

e S
MASTER S Rp ? Rp
SDA l ° e ®
SCL o—? ? o T
SLAVE #1 SLAVE #2 SLAVE #3

https://www.analog.com/jp/technical-articles/i2c-primer-what-is-i2c-part-1.html

 Connected by bus wiring (branching from main line) in a master/slave configuration

*The address of the device to be connected must be unigue (cannot communicate if duplicated)

*The master sends a trigger by specifying an address, and the slave at the corresponding address responds.
(All slaves receive the trigger, but only the device with the corresponding address responds)
-Communication cannot be initiated from the slave.



3' 1 . AHTZS [Reference URL]

https://akizukidenshi.com/download/ds/aosong/AHT25.pdf
https://giita.com/ayakix/items/69cf14e57dec86f4415a

- Power supply voltage: 3.3V (2.2 to 5.5V)

+ Current consumption: 980 pA (when measuring), 250 nA (not measuring)
- Measurement interval: Recommended every 2 seconds or more

- Humidity measurement range: 0 to 100% RH

- Humidity resolution: 0.024%

- Humidity accuracy: £2%RH

- Temperature measurement range: -40 to 80°C

- Temperature accuracy: £0.3C

- Output format: I2C (100kHz/400kHz) 0x38 (7bit address)

- Output data: humidity 20bit, temperature 20bit

Pins |Name | Describe
1 VDD Power supply(2.2v to 5.5v) .

Trigger measurement data Read temperature and humldlty data
2 SDA Serial Data Bidirectional port alolliTlelola OH' ol TalaTalalo 1_§JE>
3 GND Ground 1C address + write Trigger measurement (AC 1:C address + read state

1234 = :

4 SCL Serial clock Bidirectional port b s i b 1'0 o i L I I

DATAD | DATA1

Table 5. ATH21B pin distribution (top view)

H 5 Add the following libraries in ArduinoIDE

CGRG

by Rob Tillaart Version 0.2.3 INSTALLED
Library for CRC for Arduine CRCS, CRC12, CRC16, CRC16-CCITT, CRC3Z2, CRCE4
More info

| Select versi.. Install

Figure 8. Typical application circuit




3-1. Add “CRC” library

(DLaunch Library Manager
[Sketch ]=l'Include library ]=>[ Manage Libraries |

€) esp3?2_temperature2 | Arduine 1.8.19

Sketch Jocls Help
Verify/Compile Ctrl+R

Upload Crl+Lt
Upload Using Programmer  Crl+5Shift+U Manage Libraries...  Cirl+Shift+l
L/ Export compiled Binary Cirl+Alt+5 ]
247 Add .ZIP Library...
34 Show Sketch Folder Cirl+K S ms ver 2.0.7
1 A Arduino libraries
5/ . Bridge .
- Add File...
‘ Esplora
7 #include <Wire.h> .
8 $include  <CRCB.h> Irmata
g G5M
10 #define ADC1_PIN 34 Keyboard
11 =F-::lEf:f.nE ADCZ_PIN 15 LiquidCrystal
12 #define AHT25 ADDRESS Ox38 £/ BHT25 2
13 Mouse
" "
14 unsigned long loopCount = 0; Robot Control @ Sea rCh by CRC
13 /CRCE crc; Rahnt 12 Banands

@ Library Manager

Type | All ~ | Topic Al || GRO|

GRG

by Rob Tillaart Version 0.2.2 INSTALLED
Library for CRC for Arduine CRC8, CRC12, CRC16, CRC16-CCITT, CRC32, CRCG4

@ Install this library " More info

|Select WEFEL. In=tall

— - - -
SRe-Srmoia ATt DT ATy

by CRC Support
Support Library for Chicago Robotics Simula Boards. Provides modules for working with the board and its peripherals/sensors.

[ N [PUNPNU SN [P RN (N (NN S I ——




3'2 . AHTZ 1 B [Reference URL]

https://akizukidenshi.com/download/ds/aosong/AHT21B.pdf

- Power supply voltage: 3.3V (2.2 to 5.5V)

- Current consumption (when measuring): 980pA
- Interface: I12C

- Resolution (humidity): 0.024%RH

- Accuracy (humidity): £3% RH

- Operating range (humidity): 0 to 100% RH

- Resolution (temperature): 0.01°C

- Accuracy (Temperature): £0.5°C

- Operating range (temperature): -40 to +80°C

AHT21B

5 Interface Definition

Pins Name | Describe

1 VDD Power supply(2.2v fo 5.5v)

2 SDA Serial Data Bidirectional port 1 T T o
2R E R

3 GND Ground

D2e®

Figure 8. Typical application circuit

4 SCL Serial clock Bidirectional port

Table 5. ATH21B pin distribution (top i
e pin dsibuton (op view) Add the following libraries in ArduinoIDE

Adafruit AHTXO

by Adafruit Version 2.0.3 INSTALLED

Arduino library for the AHT10 and AHT20 sensors in the Adafruit shop Arduine library for the AHT10 and AHTZ20 sensors in the
Adafruit shop

Mare info




3-3. DHT20

5 Interface Definition

Pins Name | Describe :
mja]s
1 VDD Power supply(2.2v o 5.5v) % Do~
ooo |
2 SDA Serial Data Bidirectional port rT] ASAIR =
3 GMND Ground H ‘ ‘
4 scL Serial clock Bidirectional port 1234

Table 5. ATH21B pin distribution (top view)

[Reference URL]
https://akizukidenshi.com/download/ds/aosong/DHT20.pdf
https://hatakekara.com/dht20-arduino/

- Power supply voltage: 3.3V (2.2 to 5.5V)

- Current consumption: 980pA (250nA at standby)

- Measurement interval: recommended every 2 seconds

- Dimensions: 16.1mm (not including pin length) x 12.6mm x 5.8mm
- Pin pitch: 2.54mm

- Humidity measurement range: 0 to 100% RH

- Humidity resolution: 0.024%RH

- Humidity accuracy: £3%RH

- Humidity repeatability: 0.1%RH

- Humidity response time: within 8 seconds

- Temperature measurement range: -40 to 80°C

- Temperature resolution: 0.01°C

- Temperature accuracy: £0.5°C

- Temperature repeatability: £0.1°C

- Temperature response time: 5 to 30 seconds

« Output format: I2C (100kHz/400kHz), 0x38 (7bit address)
- Output data: humidity 20bit, temperature 20bit

Figure 8. Typical application circuit



All the programs used for the measurement are open

3-3. I2C Programing to the public.

{Hobby-IT) https://hobby-it.com/
(The URL is listed in the summary column.)

Trigger

Address
0x38 0XAC,33,00

58 woid updateDht20 () {
548 float hu, tpr

[ZZ&URL]

€0 wints_t buf[8]; Tﬁggerwmata https://akizukidenshi.com/download/ds/aosong/DHT20.pdf
61| 1ong a: https://hatakekara.com/dht20-arduino/
63 2 address + write
64 delay(500)
65| flg = 1: 0/0j1|1/0/0|1|1EHO0[0{0|0[{0(0|0|0
€¢ while (flg) { DATAD DATA1 |
&7 Wire.beginTransmission (DHT20 ADDRESS) ;
68 Wire.write (0xac); Read data
65 Wire.write (0x33);
70 Wire.write (0x00)
71 Wire.endTransmission();
- delay(100): Read temperature and humidity data
73
74 Wire.requestFrom{DHT20 ADDRESS, &); S|0/1]111/0/0(0]|1 buf[0] I:>
75 for (uintd £t i = 0; 1 < &; i++) buf[i] = Wirs.read(); TG add e Sl
77 if {buf[0] & 0x80) Serial.println{"Measurement not Comp™); v
78 clse flg = 0; Shift left by 8bits bufl1] buf(2] [::>
74 . )
o o= b . . I a [long(32bit)] ___ bufl1] == =
o1l & <o 8r } Assign buf[1] to a, Shift left by 8 bits Shift left by dbits
g2 |= buf[2]: . . . S
os| o I Assign buf[2] to a, Shift left by 4 bits aflong( bufll]  buf[2] buf(3] buf[4]
-] - . . . Humidity data  Tempeeature data Temperature data 1
”‘51 ; = “?uféié;:ﬁ‘” « 0x05): Assign only left 4bit of buf[3] to a
g u = a L7867
' s al buf[l]  buf[2] buf[3]
26 x x
27 a = (buf[3] = 0xf): buf[5] buf[6] 3P
88 a <<= 8; Tempecature data CRC data
89 a |= buf[4]; o1 S
90 a <<= 8; RH[%]=(=51)*100%
51 & |= buf[5]: 2
42 tp = a / 5242.88 - 50;
93
94 Serial.printf("[3ld] DHT20[I2C], temprature=3f[°], numidity=:£[3]\n", loopCount, tp, hu);  Display the calculated value on the serial monitor

95 }



3-4. DHT11

[Reference URL]
https://akizukidenshi.com/download/ds/aosong/DHT11_20180119.pdf

'—lz":?i?—-l ~ 600 |~
—r € Main specifications
EEE - Power supply voltage: DC3.3V~5.5V
1.00 Eggg + Current consumption: 0.3mA (during measurement), 60pA (during standby)
nooo - Sampling interval: 2 seconds or more
[T .0 i - Internal AD converter: 16bit each
‘f‘hm ‘”MJ” L H H H H + Size: 12 x 15.5 x 5.5mm (not including pins)
s ks i N ¢ Humidity sensor

- Sensor: Organic polymer

- Accuracy: £5% RH (@25°C)

- Repeatability: £1% RH

- Response: Within 6 seconds (1/e (63%), @25°C, wind speed 1m/s)

FIG. 1 product dimension diagram

Pin description

1. VDD power supply 3.3 ~ 5.5V DC

2. DATA serial DATA, single bus

3. NC empty feet

4. GND grounding, power supply negative

& Temperature sensor

- Sensor: NTC thermistor

- Accuracy: £2°C (@25°C)

- Repeatability: £0.2C

- Response: Within 10 seconds (1/e (63%))
¢ Serial communication part

Typical circuits
- Format: Single-wire bus (bi-directional), serial 40-bit configuration

- Output data: Humidity 8bit (Resolution: 1%RH), Temperature 8bit (Resolution: 1°C)

e DHT11
vee - Output: Open drain

P3.0 ¢
P20 +—¢C V9C

rvee P2.3 4 ! !
SR | Ne

B +0SC1 ; = ~G~D . . . . .
3 Add the following libraries in ArduinoIDE

+0SC2/CLK P1.7

7805

GND

i 1 9% DULUIT11

DHT sensor library
by Adafruit Version 1.4.4 INSTALLED

Arduino library for DHT11, DHT22, etc Temp & Humidity Sensors Arduino library for DHT11, DHTZ22, etc Temp & Humidity

Sensors

Bl fem il




SV Power On LED /O Connector

reference. Writing to ESP32 development board

LEE B R R B ERES
A5 OO 00 10 FTOM0 21 ¥ 42 % 30 W 4 o
-

sEsasnasnann

EN Button

ESP32-WROOM-32

@ Notes on writing to the ESP32 development board Micro USB Port

i PR ] i Boot Button
| & esp32_adc| Arduino 1.8.19

CUUSTUEAS (2 @ 4 318 37 5 (18 19GAD 2D AN TXK 22 73 M
 EEE SRR R RN ELR A E R RS

Eil etch Tools Help

(DcClick “Write button”

USB-t0-UART Bridge Optional Spatwigr ESP32-WROVER

If the dot (.) after Connecting cannot be connected, press the Boot button
on the ESP32 development board (connect 100 and GND) and check if
writing starts.

I | It is OK to release the Boot button when writing starts

MEStackTimerCAM, Enabled, Defaulti3MEB No OTAMME SPIFFS), 240MHz (WiFi/BT), 1500000, None, Disabled on COM4

<KReference>> Errors that frequently occur in ESP32 and how to deal with them

Error details (ArduinolDE message monitor) Workaround

at compile time

WY i (e s @reste] xxxxxx.h: No such file or directory Check if the included library is added

@ If “Connecting....” is not displayed, check the completion of compilation
(2 USB cable connection (Confirm connection between ESP32 development
board and PC)

3 ArduinolDE settings (including serial port settings)

@ Press the Boot button (connect 100 to GND) when “Connecting....” is

A fatal error occurred: Failed to connect to ESP32: Timed out
waiting for packet header

when writing A fatal error occurred: Failed to connect to ESP32: Invalid head of

packet displayed. When writing starts, release the Boot button and OK.
(B Confirmation by sequentially replacing ESP32, USB cable, and PC
<Reference> When using SPIFFS: mount failed Write data with SPIFFS uploader

This is displayed on the serial monitor

SPIFFS after startup SPIFFS Failed (You need to write [Upload] even once to use SPIFFS)




4-1. Circuit 1 (Same circuit as temperature measurement)

Measure the voltage of MCP9700/9700A with ADC1,2 and calculate the temperature.

The S-5851A and AHT21B are connected to the I12C bus to acquire temperature data.

Voltage output Data output
ADC measures voltage Temperature data acquisition by 12C
ESP32-Dev

0.1pF
_I o—] 0 VDD
777 vss S-5851A A1
\ ¢ 5V
GND
MCP I034[ADC1-6] 33V @ > >0
2700 ® I021[SDA] °
1022[SCL] PA 777
777 GND
o ESP32(X3.9VA NETH
S H 4O
0.1pF D) T. 3.3VZ{it#i
Mcp I015[ADC2-3] AHT21B
9700A
®
777 s
GND g




4-2. Circuit 2 (Same circuit as temperature measurement)

Calculate the temperature by measuring the voltage of the TMP36GT with ADC1 and the LM335 with ADC2.

AHT25 uses 12C to acquire temperature data.

Voltage output Data output
ADC measures voltage Temperature data acquisition by 12C
ESP32-Dev

0.14F
TMP }1 ¢ 5V 3.3V
I034[ADC1-6 1021[SDA]
3667 [ [ADC1-6] ool AHT25
777 777
GND GND
2.2kQ
M : 1015[ADC2-3]
3357
777
GND




4-3. Circuit 3 (Same circuit as temperature measurement)

Measure the voltage of LM60/LM61 with ADC1,2 and calculate the temperature.

DHT20 uses I12C and DHT11 uses GPIO32 to acquire temperature data.

Voltage output Data output
ADC measures voltage Temperature acquisition by 12C/Serial
ESP32-Dev

4 5V 3.3V ®
LM61 |034[ADC1-6] 1021[SDA]
1022[SCL] DHT20
777
GND 777
GND
LM60 |015[ADC2-3] ] DHT11
GPIO32
77 777
GND GND




5. Measuring instrument (hygrometer)

In order to measure the temperature as accurately as possible, four thermometers are prepared,

and the average value is used by excluding the specific values that deviate greatly.

Measurement range Accuracy

Manufacturer Model number (temperature (temperature

humidity) humidity)
1 L 0~40°C =*+1°C

Digital o o

thermohygrometer >~>0C (Other +27C)
TT-558 20~95% 35~75% +=5%
2 (Other *=10%)

TANITA

Digital o 0~40°C ioz"C

3 thermohygrometer >~>0C (Other +37C)
TT-585 20~95% 35~75% +=5%
(Other *=10%)
-20~40°C +2°C

A Shinwa ThermZ—zfslgfometer -24~50°C (Other =+4°C)
measurement U-3(Round 6.5¢m) 10~90% 35~75% +=5%
(Other *=10%)




6. Measurement result

High-precision measurements require advanced measuring instruments, but in normal use, any sensor can measure
humidity changes.
* This time, the error is the least 1st place: DHT20 2nd place: AHT25 3rd place: DHT11

Humidity measurement result Error from hygrometer

Only the value of the measuring device is
off, so it is thought that the response to

humidity changes is slow
(not a sensor accuracy problem) II I I I I I I I
10 0 _II --I_ . -. .--_ l. - -.- I I 1 1] o .. I
~ Vv i ™ % L A ® ) K Ny 5
total
0 10 time %
1 2 3 4 5 6 7 8 9 10 11

i | | | | | | |
—®—AHT25 —@—DHT20 —@—AHT21B —@—DHT1l =—@= hygrometer time AHT25 MDHT20 MAHT218 ®DHTLL



6. Measurement result (temperature and humidity error rate)

- Calculate the error rate for all measurements of temperature and humidity (10% if there is an error of 2°C at 20°C)

and total
* Least error rate 1st place: AHT25 2nd place: DHT11 3rd place: DHT20

100
90
80

70

60
50
40
30
20
10

AHT25 DHT20 AHT21B DHT11

» temperature m humidity mTotal



7. Summary (Consideration: temperature and humidity sensor)

If you use it for electronic work, | felt that "DHT20" is the best in terms of accuracy, ease of work, price, etc.

However, 12C programming is somewhat complicated, so if you want to make programming easier, "DHT11"

Type Product Price Accuracy Ease of work Programming Note
[AHT25] Cable required 12C
350 yen Available foruse on a somewhat
breadboard complicated
: Library available . :
12C 400 yen Available Easy (AHT218] nothing special
12C
380 yen Available Easy somewhat
E complicated
r =
Serial [DHT11] Available Eas Library available Dec::sl\g:lrgnebers
communication ’ Y [DHT11]
measured
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