Tutorial
Build your own hackAIR home sensor v2

This sensor connects to your home or office WiFi, and automatically uploads a measurement every five
minutes. You will need to plug it into a power socket. The node is based on the Wemos microcontroller and
costs around Euro 30.

Video tutorial

Next to this written tutorial, you can also check out
our video tutorial at
http://www.hackair.eu/hackair-home-v2.

Build your own

" quality sensor
1

What you need

Make sure you have the following materials and tools available. We provide links to online retailers,
including Aliexpress, at http://www.hackair.eu/hackair-home-v2. Alternatively, visit your local electronics
supplier.

Materials

e Air quality sensor: Nova PM SDS011 (20 EUR)

e  Microcontroller: Wemos D1 mini (with
headers, 3 EUR)

e Temperature and humidity sensor: DHT22
(with shield and headers, 3 EUR)

e 4 M/F jumper wires (0,50 EUR for 40)

e Micro-USB cable and USB charger

Tools
e Soldering iron + soldering tin (from ca. 20 EUR)
e Poster putty
e Computer
For general soldering instructions, check out the tutorial introduction to soldering at
http://www.hackair.eu/hackair-home-v2.
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Assemble the sensor

Step 1: Solder headers to your microcontroller

Solder the short headers to the Wemos
microcontroller.

In order to keep the header stable during soldering
use some poster putty (see red arrow)

Your finished board should look like this:

Step 2: Solder headers to the humidity sensors

Solder the long headers to the humidity sensor
shield.

Use poster putty again, it really helps!
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Your finished humidity sensor shield should look
like this:

Step 3: Stack the shields

Stack the shield over the Wemos and check
alignment. The white dots on both the Wemos
board and the humidity sensor need to be on the
same side.

Check that all pins line up and everything is
aligned. If everything is OK then plug it in (push it
down as white arrow indicates).

Your finished Wemos shield pair should look like
this:
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In order to check that you put the shield in the
correct orientation there is an easy way: White
dots. At the Wemos board as well as at the
humidity sensor shield you are going to find a
white dot in one of the corners. The white dots
from Wemos board and sensor shield must be in
the same side (just like the picture on the right).

Step 4: Connect the cables

Connect the sensor with four M/F jumper wires as
follows. The picture shows the connections of the
female side to the SDS011 sensor.

GND GND
RXD D6
TXD D7
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Install the software

Step 1: Preparations and downloads

Download the Arduino IDE software and install it
on your computer.
https://www.arduino.cc/en/Main/Software

Download the latest version of the hackAIR library.
https://github.com/hackair-project/hackAIR-
Arduino/releases

Register on the hackAIR platform (if you have not
done that already).
https://platform.hackair.eu/register

Go to your user profile on the platform — Tab
“Sensors” = click on “add a new sensor”.

Fill in the information for your new sensor,
including location details.

Save the information that you have provided. Now
you go back to your profile, go to the tab “My
sensors”. Click on the arrow in the bottom right
corner. This takes you to your sensor profile. Here
you see the access key. Copy the access key into a
document on your computer. You need it later.

Step 2: Arduino set up

Now open the Arduino software to set it up to
work with your sensor.

Download the Arduino IDE

‘ ARDUINO 1.8.5

New sensor

CleanAirNow

v

hackAIR h
Lacation h:leﬁ n::;;e L
[ cance | save |
& CleanAirNow m
"
{E.M,‘
@ Arduino File Edit Sketch Tools Help

sketch_mar29a

oid setup(Q) {
// put your setup code here, to run once:

}

void loop() {
// put your main code here, to run repeatedly:
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1. Add a board manager. Go to Arduino =
Preferences

Add the following link to Additional Boards
Manager URLs:

http://arduino.esp8266.com/stable/package
_esp8266com_index.json

Go to Tools = Board — Boards Manager...

Search for ESP8266, click on it and install esp8266
by ESP8266 Community.

2. Install libraries

Click on Sketch = Include Library = Manage
Libraries...

We need to install the following four additional
libraries:

e WiFiManager by tzapu

e DHT sensor library by Adafruit

e Adafruit unified sensor library by Adafruit
e ESP8266WiFi by I.Grokhotkov

Edit Sketch Tools

LI Fie

About Arduino

Help

Preferences... 88,

Services »

Hide Arduino
Hide Others
Show All

38H
X &H

to run once:

Quit Arduino 8Q

L] Proterences
OO Network

Sketchbook location:

JUsers  Unique/Documents /Arduino Browse
Editor language: System Default B Irequires restart of Arduino)
Editor font size: 12

Interface scale W Automatic 1% (requires restant of Arduino)

Show verbose output during: || compilation upload

Compiler wamings. None

Display line numbers
Enable Code Folding
 Verity code atter upload
Use external editor
™ Aggressively cache compiled core
& Check for updates on statup
™ Update sketch files 10 new xtension on save (pde -> .ino)
o Save when verifying or uploading
Additional Boards Manager URLs: hitp://arduino.esp8266. com/ stable/ package._esp8266com._index.json | (=)

oK Cancel

Help
Auto Format
Archive Sketch
Fix Encoding & Reload
Serial Monitor %M
Serial Plotter 8L

OOH .M

38T stch_mar29a | Arduinc 1.8.5

WiFi101 Firmware Updater

Boards Manager...

Board: "Arduino/Genuino Uno" »
Port »

Get Board Info .
Arduino Yin

»  Arduinc/Genuine Uno
Arduino Duemilanove or Diecimila
Arduino Nano

Programmer: "AVRISP mkll*
Burn Bootloader

Type Al : ESPE266

Boards Manager

&5pB266 by ESPB266 Community

Boards Indudec in this package:

Generlc ESP8266 Module, Generic ESPE28S Module, ESPDUIND (ESP-13 Module), AaITUIT Feather HUZZAH ESPH266, ESPressa Lite 1.0, E5Presso
Lite 2.0, Phoenix 1.0, Phoenix 2.0, NodWCU 0.9 {ESP-12 Module), NoSSMCL 1.0 (ESP-12E Moaule), Olimex MOD-WIFI-ESP8266(-0EV),
SparkFun E5FE366 Thing, SparkFun ESPA265 Ting Dev, SweetPea ESP-110, WeMos D1 R2 & mini, WeMos D1 minl Pro, Weblos D1 mini Lite,
Wieras D1 1, ESPinG (ESP-12 Module), ThaiSasyEiecs ESPIng, Wirlnfa, Anfuing, 40 Systems gend 16D Range, Digistumg Oak

Online help

Mare infc

2.4.1 s | Install |

Tools Help

Verify/Compile #R
Upload 8U
Upload Using Programmer ~ {*38U

O

sketch_mar29a | Arduir

Export compiled Binary X #S
Show Sketch Folder #K
Include Library > Manage Libraries...

Add File...
Add .ZIP Library...
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Search for WiFiManager.

Choose WiFIManager by tzapu and install it.

Search for DHT sensor library. Choose DHT sensor
library by Adafruit and install it.

Search for Unified sensor abstraction layer. Choose

Adafruit Unified Sensor and install it.

Search for esp8266wifi built-in. Choose
ESP8266WiFi by I. Grokhotkov and install it.

Go to Sketch = Include library = include .zip
library

Find the folder in which your previously

downloaded hackAIR-Arduino.zip is stored. Choose
and install it.
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3. Connect Wemos

Connect the Wemos sensor to your computer with
the USB cable.

Select the correct board type by going to Tools =
Board = Arduino = Wemos D1 R2 & mini

Select the correct port by going to Tools = Port =
[name of the port]

On Windows: If more than one port is shown, you
can find the correct one in your computer’s Device
Manager.

On Mac: you'll first need to download USB2Serial
drivers. You can find drivers linked in the online
tutorial. Once that is done, choose something like
“wchusbserial”.

Step 3: Upload software to Wemos

Go to File = Examples = hackAIR = Wemos
Advanced

_Arduino _Fie _Edit _Sketon [T Help CONKFMG
[ Auto Format 8T s

Archive Sketch LilyPad Arduino

Fix Encoding & Reload Arduino Pro or Pro Mini
ch_mar29a Serial Manitor %M Arduino NG or older

Serial Plotter THL Arduino Robot Cantrol

et { | !
wt your setup code here, to run Arduino Robot Motor
Arduino Gemma

Adafruit Circuit Playground

WiFi101 Firmware Updater

Board: "Arduino/Genuino Uno" >

wop() { Port > Arduino Ydn Mini
wt your main code here, to run  Get Board Info Arduino Industrial 101
Linino One

Programmer: "AVRISP mkll" »
Burn Boctloader

Arduine Uno WiFi

Generic ESPB268 Module
Generic ESP8265 Module
ESPDuinc (ESP-13 Module)
Adafrit Feather HUZZAH ESP8266
ESPresso Lite 1.0

ESPresso Lite 2.0

Phoenix 1.0

Phoenix 2.0

NodeMCU 0.9 (ESP-12 Module)
NodeMCU 1.0 (ESP-12E Module)
Olimex MOD-WIFI-ESP8266(-DEV)
SparkFun ESP8266 Thing
SparkFun ESP8266 Thing Dev
SweetPea ESP-210

WeMos D1 R2 & mini

Tools S BAX M L ©

Auto Format #T

Archive Sketch

Fix Encoding & Reload

Serial Monitor 08M

Serial Plotter {+8L 10s-Advanced | Arduino 1.8.5

WiFi101 Firmware Updater

Board: "Arduino/Genuino Uno" >
/dev/cu.Bluetooth-Incoming-Port
/dev/cu.Bluetooth-Modem !
/dev/cu.SusanneKipfersMac-Bluet
/dev/cu.wchusbserial1410

Get Board Info

Programmer: "AVRISP mkll" >
Burn Bootloader
R

Q®® L

tch_mar29a | Arduino 1.8.5

Arduino Edit Sketch Tools Help
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Save %S
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0 { Page Setup 038P
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EEPROM

ESP8266
ESP8266AVRISP
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ESP8266httpUpdate
ESP8266HTTPUpdateServer
ESP8266LLMNR
ESP8266mDNS
ESP8266NetBIOS
ESP8266SSDP
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ESP8266WiFi
ESP8266WiFiMesh
Ethernet(esp8266)
Hash

SD(esp8266)

Servo(esp8266) Ethernet-Advanced

SoftwareSerial
SPiSlave
TFT_Touch_Shield_V2

Ethernet-Simple
LCD

Serial-CSV
Serial-PlainText

YYVY VYV VYV VYVYVYVYVVYVVYVYVYVVYVYVYYYY
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Wemos-Advanced

WiFiShield-Advanced
WiFiShield-ResetAP
WiFiShield-Simple
WiFiShield-Upgrade

Examples from Custom Libraries
DHT sensor library

hackAIR

WiFiManager

1ckAIR-Arduino (1).zip
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This is the window that opens — it contains the Wemos-Advanced | Arduino 1.8.5
software that needs to be uploaded to your
Wemos sensor.

tinclude <Arduino.h>

tinclude <DHT.h> // Adafruit's DHT sensor library https://github.cor
tinclude <DHT_U.h>

tinclude <DNSServer.h> // Local DNS Server used for redirecting all
tinclude <ESP8266WebServer.h> // Local WebServer used to serve the

tinclude <ESP8266WiFi.h> // ESP8266 Core WiFi Library (you most like
tinclude <FS.h> //this needs to be 2nd. Don't change it...

tinclude <WiFiClientSecure.h> // Variant of WiFiClient with TLS supt

tinclude <WiFiManager.h> // https://github.com/tzapu/WiFiManager
tinclude <hackair.h> // https://github, com/hackair-project/hacki

LX) Vormos-dvanced | Ascns 165

Scroll down to Line 27: #define AUTHORIZATION
“AUTHORIZATION TOKEN”

Replace the words “AUTHORIZATION TOKEN” in
the quotation marks with your sensor access key,
but keep the quotation marks.

Now you are ready to upload the software. To do
so, just click on the upload button (the arrow that Upload
points to the right)..

Step 4: Connect the sensor to the network S s N
[ o o
Now you are ready to use your sensor. Disconnect |¢ s ESP-wemos = 2 e
the Wemos from the computer, and reconnect it " o WikiManager sesm &
with the sensor. When you power it up, it will V. ooecum o % i
create a temporary WiFi network. W, e oy e
v e E——
With your laptop or phone, connect to the WiFi : :: I
network ESP-wemos. Go to 192.168.4.1 and S i -
configure the WiFi by entering the details of your || I EIIEEIEE BEEEEEE R

home WiFi (SSID and password). Once set up
correctly, the temporary network will disappear
and the sensor starts measuring.
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Measure air quality

Once your sensor is up and running, you can read its measurements on the platform:
e Browse to the https://platform.hackair.eu and login with your account

e Visit your profile and select your sensor area
e By selecting each sensor you will be able to see your measurements.

Check your sensor is working

If your sensor does not show up on the platform, you can check if the sensor is working with the Arduino
software:

=

. Connect your sensor to your computer

N

. Select the right port

w

. Open Tools > Serial Monitor
4. You should see:

e arow of numbers appearing

e the message “connected”

e aline with:
{“reading”:{PM2.5_AirPollutantValue”:”X”,”PM10_AirPollutantValue”:"Y"},”battery”:”Z”,”tamper”:”0",
"error”:”0"}.

v

. Check your internet connection, and the SSID and password, if “connected” does not appear

6. Check your soldering and connections, if the line “{“reading”:{etc.” doesn’t appear.

You can’t get enough of measuring air quality?

hackAIR also has tutorials for two other sensors:

e hackAIR cardboard http://www.hackair.eu/hackair-cardboard

e hackAIR mobile http://www.hackair.eu/hackair-mobile
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