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1. Introduction

This user guide presents the implementation and usage of a smart home system based on the
M5Stack platform. The system demonstrates how physical devices such as sensors and
actuators can be integrated into a cyber-physical system (CPS) and controlled through a digital
interface.

The main objective of this project is to provide a practical introduction to smart home concepts,
including motion detection, environmental monitoring, and security control. The system uses
real-time communication via MQTT to connect the M5Stack device with a backend service and a
frontend application, enabling remote monitoring and control.

This guide is structured into three main use cases. The first use case focuses on motion
detection and automatic lighting. The second use case demonstrates how temperature and
humidity are measured and displayed. The third use case introduces security monitoring for
doors, windows, and locks.

The document is also designed for users or testers and provides step-by-step instructions for
setting up the hardware, configuring the software, and running the system. In addition, the
complete source code is provided to allow users to easily replicate the system by adjusting only
a few configuration parameters, such as Wi-Fi credentials at option A section 2.4.1 (Running the
system).

For this project, a cloud-based architecture was used to simplify deployment and accessibility.
The frontend application was developed using Flutter and deployed via Firebase Hosting, while
the backend service (Spring Boot) was deployed using Railway. Communication between the
system components is handled through the public HiveMQ MQTT broker.

This setup allows users to access the system remotely via a mobile web browser without
requiring any local installation of the frontend or backend components.

2 M5Stack Setup & Installation

2.1 Device Preparation

These contain all the necessary preparations to implement the use case with M5Stack. Before
starting, ensure the following requirements are met:

e M5Stack UlFlow installed (web-based or desktop version)

UIFlow can be installed and used locally on the computer system online at
https://flow.m5stack.com/.

e Connect the M5Stack device to the computer via USB

e USB driver for M5Stack devices installed
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e Stable Wi-Fi connection

2.2 Install Drivers and UlIFlow
Step 1

Open your web browser and visit the M5Burner website:
https://docs.m5stack.com/en/uiflow/m5burner/intro

Step 2

On the website, locate the section “UlFlow Firmware Burning Tool” and download the version
that matches your operating system, as shown in Figure 1.

M5Burner_ Windows Download
M5Burner_MacOS Download
MS5Burner Linux Download

Figure 1: UIFlow firmware download (M5Burner)

Step 3

Visit the link https://docs.m5stack.com/en/download

Step 4

Afterwards under “USB DRIVER?”, select the version “CP210x_VCP_” for your operating system
( for Windows download the version CP210x_VCP_Windows , for macOS download the version

CP210x_VCP_MacOS or if you are using Linux download the version CP210x_VCP_Linux) as
shown in figure 2 below.
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NO Name Download
1 CH9102 VCP SER MacQS v1.7 &
2 CH3102 MacQS(M1 Silicon) [
g CH9102_VCP_SER_Windows &
4 CH9102_VCP_CDC Windows X
6 CP210x VCP MacOS &
7 CP210x VCP Linux &
8 SR9900 Windows X
9 SR9900 MacOs &
10 FTDI Drivers |Ei

Figure 2: CP210x driver download

2.3 Firmware Installation

Step 1

After the download, open the extracted folder and run the installation file for your system (
"CP210xVCPlInstaller_x64...").

Bl CP210xVCPInstaller Win7 v5.40.24...  Anwendun g

Bl CP210xVCPInstaller x64 v6.7.0.0.exe Anwendung

EH CP210xVCPInstaller x86_v6.7.0.0.exe Anwendung

Step 2
Extract and Open the extracted folder and run "M5Burner.exe" which was downloaded under step

2 figure 1 . Then scrol down and choose the version UlFlow official v1.15.3 from the drop-down
menu and click "Download" as shown with the red rectangle in figure 3 below.
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B only Official

I BLOCKS PROCGRAMMING

UlFlow s

Devel ed on Micropython-1.12, For BA

=
UIFLOW (CORE)

UlFlow_Core2 i

Developed based on Micropythan-1.12, For €O RE2 v1.1 device

J e
UIFLOW(COREZ2)

Al B cnly official

[ Priven |
UIFLOW(CORE)

UlFlow_Core2 o

Python

UIFLOW(CORE2)

Figure 3: Download UlFlow official v1.15.3

Step 3

After a successful download ,Connect the M5Stack to your PC using the included USB Type-C
to Type-A cable as demonstrated in figure 3.1 below.

Note:The USB connection allows the computer to communicate with the M5Stack and transfer
the required UlFlow firmware to the device.
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Figure 3.1: M5stack and PC connection via USB

Step 3.1

Then click "Burn" as demonstrated below.In this context, burning means installing the UIFlow
firmware onto the M5Stack device. This firmware is required so that the M5Stack can
communicate with UIFlow and execute the programs created later in this guide.

@ MsBurner - v20260522180
oevcere o Finish

ALL B oy official Download successfully:

UlFlow i

Developed based on Micropython-1.12, For BASIC/GRAY/M5GO device.

o
UIFLOW(CORE)

{5 Remove & Configure
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Step 4

Once the M5Stack is connected to the computer, it is automatically detected and assigned a
COM port. Select the COM port that appears after connecting the M5Stack. In this example as
shown in Figure 4 below, the connected M5Stack is detected as COM3. Keep the BaudRate at
1500000, and then click Next to continue.

Note: COM locates your m5stack name if the driver below is well installed under section 2.3
Firmware Installation Step 1

El CP210xVCPInstaller Win7 v5.40.24...  Anwendun g

£l CP210xVCPInstaller x64 v6.7.00.exe  Anwendun g

£l CP210xVCPInstaller x86 v6.7.0.0.exe A nwendung

Burn UlFlow X

COM: /o
COM3 v
BaudRate:

1500000 e\ hd

Figure 4: M5stack flashing setup

Troubleshooting: If the wrong COM port is selected, UIFlow Burner may display an error and
the burning process will not complete. Return to the COM selection and identify the correct port
by disconnecting the M5Stack and checking which COM port disappears. Reconnect the
M5Stack and select the COM port that reappears. Then click Next and repeat the burning
process.
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Step 5

Make sure to fill in the correct Wi-Fi configuration that the device needs to connect to, including
Wi-Fi SSD and Wi-Fi Password, then click next to start burning as shown below.

WIFI Configuration X
WIFI SSID Liwest99BF E
WIFI Password | sesssesssses ®

Figure 5: WiFi configuration

Step 6

After clicking “next”, wait until the installation is completed.
e Do not disconnect the M5Stack during this process.

A message such as “Burn Successfully” appears as shown in figure 6 below which means your
mbstack is now connected.

Burning

wWnting af Dw0O5TAZE... (BT %)
Wntirg 84 Ow0QaDTBds .. (98 %)

Wriking at Ow00aZ2 0069, (00 W)

Writimg ot 0w00a3 1esa... (08 W
Writirg 8 OelQaddlag.. (9% %)
Writinig 88 Ox00a04. 280, (96 %)
Writimg at Ce0Od4diad.. (100 %)

Wrate 18121858 Baded (203850 compraiied) al OelODODO00D wn 3.1 faconds (#fediing 19798 KBitA)

Hath of data ventied

Lizaving

H#d resetling via BTS pin,

Burn successfully, dick here to retum
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Figure 6:Installation process for burning m5stack

Troubleshooting — COM Error
If a COM error occurs during the burning process:

Make sure the M5Stack is properly connected to the computer using the USB cable.
Close the error message and return to the COM selection.

Disconnect the M5Stack and check which COM port disappears from the list.
Reconnect the M5Stack and select the COM port that reappears.

Make sure the required CP210x USB driver is installed under section 2.3 Firmware
Installation Step 1.

6. Start the burning process again.

abkwpdp=

Note: Do not disconnect the M5Stack while the firmware is being burned.

Troubleshooting — Screen Error After Burning Due to Incorrect Wi-Fi
Configuration

If the M5Stack displays a connection error after the firmware has been successfully burned, the
Wi-Fi SSID or password may have been entered incorrectly during the Wi-Fi configuration.

To resolve this issue:

1. Connect the M5Stack to the PC using the USB cable.

2. Open M5Burner and select Burn again.

3. Enter the correct Wi-Fi SSID and password. Ensure that the Wi-Fi name is entered
exactly as displayed, including spaces and capital letters.

4. Complete the burning process again.

5. Restart the M5Stack and check whether it successfully connects to the configured Wi-Fi
network.

Note: An incorrect Wi-Fi name or password does not necessarily mean that the firmware burning
itself failed. The firmware may be installed successfully, but the M5Stack will be unable to
connect to the Wi-Fi network afterward.

Step 7

After a successfully burn ,click on configure then click on load as shown below.
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@ MsBurner - v202605221800 R =

B only Official

UIFLOW
;’

~MSSTACK- 434 Do 4 Download

UlIFlow Configuration

COM COM3

< Cancel

UIFlow_Core2

Step 8

This directs you to the page below. Now copy the APl KEY generated by your console which will
be used in the step (Step 10). Then click save. The API KEY will also appear on the M5stack
screen after successful burn.

UlFlow Configuration

nternet Mode
Show
On

flow.m5stack.com
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Step 9
Open your web browser and go to https://flow.m5stack.com/ and Click the 3 horizontal lines at
the top right corner and click Setting (as shown below).

H,! V1.15.3 @Pmiec.t Lt M Biockly | </> Python &G‘\f’ GO = BRE

rob Q @ Community

I Event - g Version 1

Er 8]] H UpdatelLog

> Hardware

Units

0 Setting
2

:b Stamps
\» Chains

ih Modules
P loTDevice

» loTCloud

Units Stamps Chains

Remote+

Copyright ©2018-2026 MSStack
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Step 10
In the Api key field:

e Insert the API KEY generated that can be seen on the M5stack screen or shown in step
8 for example “7BBF2E3C”.

e Then press OK as shown in figure 7 below.

Setting Get Started Videos

NI 8 7BBF2E3C 8/8

ST=T=1 flow.m5stack.com (Default) v

Language :ja;lsliEy

Cancel OK

Figure 7: Uiflow configuration and connect to m5stack

Once a connection is successfully established, the M5Stack and UIFlow are ready to use. This is
indicated by the status "Connected" in the lower left corner of the screen. This indicator is shown
in the next image below in figure 8.

Api key ;2 7BBF2E3C [ connected ] version : V1.15.3 5 = Copyright ©2018-2026 M5Stack

Figure 8: Successful connectivity

2.4 First Connection (UlIFlow) and Running the system
After successfully connecting the M5Stack to UIFlow, you can proceed in one of two ways
namely:

Option A — Run the Completed Smart Home System (Recommended for Testers and End
Users).

Users who only want to run and test the completed Smart Home System can follow these steps
(option A)

Option B — Recreate the System Step by Step.

Recommended for understanding how the Smart Home system was developed or recreate the
project yourself

20. April 2026 [Zephaniah Lamptey] 14/127
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Option A — Run the Completed Smart Home System (Recommended for Testers
and End Users)

Users who only want to run and test the completed Smart Home System can follow the steps
below.

Hardware Setup
Before running the system, connect all hardware components as follows:

1. Connect the Grove Hub to Port B of the M5Stack using a Grove cable. This enables
other components to be connected together.

Grof s M5Stack

. Grove Cable l
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2. Connect the PIR motion sensor to Port B via the Grove Hub using a Grove cable.

W M5Stack

PIR Motion Sensor

Grove Hub

3. Connect the RGB LED Unit to another free port on the Grove Hub.

' el Grove Hub
— —_ l -' = a

¥ M5Stack

4. Connect the ENV Sensor (DHT12) to Port A of the M5Stack using a Grove cable and
ensure that all cables are firmly connected.

20. April 2026 [Zephaniah Lamptey] 16/127
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M5Stack

5. Connect the M5Stack to your PC using the included USB Type-C to Type-A cable

Connected to PC
(USB Type-A Port)

3

=
-3
23
Q £
=
2 s
]
a S
(%]

=

Note: Once the M5Stack is connected to the computer via the USB cable, the screen will
turn on. If the firmware was burned successfully, the API key will be displayed on the
M5Stack screen.

20. April 2026 [Zephaniah Lamptey] 171127
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2.4 1 Running the System for option A

After the above hardware setup, follow the steps below to run the system. Please make sure that
the mbstack device and its components are all connected to your computer via the usb cable as
illustrated under Hardware Setup .

Video Tutorial (Recommended)

A complete video walkthrough demonstrating the code upload, Wi-Fi configuration and system
execution is available here: If you encounter any difficulties while following the written
instructions and steps below , it is recommended to watch the video tutorial first.

a@ld«r GLEDBR:

Step 1 Open UIFlow

Go to: https://flow.m5stack.com and make sure your M5Stack device and its components are all
connected via USB as demonstrated at option A under Hardware Setup . Before that make sure
your m5stack is already flashed or burned as described in_section 2.

Step 2

In UIFlow, click the Python icon and ensure that the editor is empty, as shown below

20. April 2026 [Zephaniah Lamptey] 18/127
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9 Blockly €/ Python aEQer CUBERE=E

Low V1.152 @ Project

c O B
Flle Manager

Hide Ul

Step 3 Insert the Python Code

Download and copy the provided Python code here link:_ Complete Source Code Repository and
paste it into the empty Python editor in UIFlow .

Step 4 Configure Wi-Fi

Inside the code, update the following line with your own Wi-Fi credentials at line 22:
wifiCfg.doConnect("wIFI NAME", "PASSWORD")

Note: On the figure below my WIFI NAME is Liwest99BF and PASSWORD is
QpCmC4BMT7tH. And the WIFI credentials should be the same as the m5stack device WIFI

configure as demonstrated at section_2.2 Install Drivers and UIFlow under step 5 else the program
will not function on the m5stack screen
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Step 5

¥ Blockly <[> Python

time
setScreenColor (8x
label@®
modelabel
humlabel

msqlabel
pirlabel

wificfg.doConnect("
label@.setText( "WiFi

MQTT_BROKER
MQTT_PORT

MOTT_STATUS_TOPIC
MQTT_MOTION_TOPIC
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. FON

, rotate

Afterwards click Run to upload the program to the M5Stack device as shown below.

v1.15.2 @ Project

c O B
File Manager

b

20. April 2026

M Blockly </> Python

label®
modelabel
plabel

humla

QTT_
MQTT EN
MOTT_EN

PUBLISH_TO

[Zephaniah Lamptey]

aBLa6ar GO

FONT_DejavVulg

Afterwards click Run
to upload the program
to the M5Stack device.
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TroubleShooting

If the connection status shows “Disconnected”, as indicated in the image with the red
arrow, click the Refresh icon next to it to reconnect the M5Stack device indicated in
red rectangle.

wr

Api key - 2 9ETESE2D [ Copyright ©2018-2026 M5Stack

o' CodeLock : OFF

Api key 1/ SETESEZD [ Connected | version :V1.154 5 B 5 & Copyright ©2018-2026 M5Stack o CodeLock : OFF

After pressing run, your m5tack screen should display the screenshot below in few seconds

MQTT Connected!
Mode: OFF (C)

Room Temp: 25.2 C
Cellar Humidity: 21.0 %
Waiting...

o e S L, BT G o L o
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Step 5 Access the Application

Open the frontend application on a mobile device or web browser on laptop using the following
URL.: :https://smarthome-app-865f2.web.app

Step 6 — Test the Smart Home System

After opening the frontend application, verify that all system components are working correctly by
testing the following functions or use cases.

Use Case 1 — Motion Detection and Automatic Lighting

This use case verifies the automatic detection of movement in the cellar and store room using
PIR motion sensors. When motion is detected, the corresponding room light is automatically
switched ON. If no motion is detected for 10 seconds, the light is automatically switched OFF.
The following steps demonstrate the execution of this use case.

Note: The prototype uses one M5Stack device and one PIR motion sensor to simulate motion
detection in both rooms. The same PIR sensor is used for both scenarios; the active room is
selected using the buttons on the M5Stack.

e The mbstack has 3 buttons A,B and C.

20. April 2026 [Zephaniah Lamptey] 22127
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B. After pressing Button A, the display

device. This switches the system from should update and show "Mode: CELLAR

OFF mode to CELLAR mode (A)"

MQTT Connected!
Mode: OFF (C)

Room Temp: 25.3 C
Cellar Humidity: 20.2 %
Waiting...

Step 2: Trigger Motion Detection

A. Move or pass an object in front of the
PIR Motion Sensor(Red arrow indicates
the PIR sensor). In a real-world scenario,
this represents a person entering the
cellar room. Anything motion is been
detected light turns on automatic

e Expected results : the sensor will
detect movement and the mbstack
screen will display keller(cellar light is
ON) as shown below in the red
rectangle.

20. April 2026 [Zephaniah Lamptey]

MOTT Connected!
Mode: CELLAR (A)
Room Temp: 25.5 C
Cellar Humidity: 19.4 %

AUTO: K i
e eller light OFF (no mot

B. On the Smart Home App via the

link:https://smarthome-app-865f2.web.
app, click on cellar icon

M Cellar
to open the cellar

room view

e Expected results : the Smart Home
app updates the light status to
ON as shown below. This indicates
that the light has automatically
turned ON due to motion detection.
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Bl

Cellar Light

s @ o
Dehumidifier \_
Window -
CLOSED @ ’j
Air Humidity Sensor o

20 %

2 e-app-BESf2web.app

Step 3: Automatic Light Deactivation After No Motion Is Detected in cellar

A. After 10 seconds of no movement
detection the light automatically turns
off in cellar. Or move away from the pir
motion sensor for some seconds.

e Expected results: The M5Stack display
shows "Keller light OFF" as shown
below highlighted in red rectangle.

MoTT Connected|
Mode: CELLAR ]
Room Temp: 26,5 C
Callar Humidirv: 18.4 9
AUTo

s : Keller light oFf (no mot
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B. The Smart Home application

automatically updates the cellar

light status to OFF.
Expected results: The cellar light
status in the application
changes to OFF as shown
below highlighted in red arrow .
This indicates that the light has
automatically turned OFF due to
no motion detection.

12:57

Pl

®

Cellar Light .
o \@ .

Dehumidifier

@D ©
Manual heater control
Window —
CLOSED @ =
Air Humidity Sensor &
19 %

9 e app-86Sf2web.app O -
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Button B (Store Room Mode)

Step 1: Activate Store Room Mode

A. Press Button B on the M5Stack
device.This switches the system from OFF
mode to STORE ROOM mode

MQTT Connected!
Mode: OFF (C)

Room Temp: 25.3 C
Room Humidity: 20.2 %

Waiting...

Step 2: Trigger Motion Detection

A. Move or pass an object in front of the
PIR Motion Sensor(the red arrow indicates
the PIR sensor). Once motion is detected,
the store room light turns ON automatically.

e Expected Result: The PIR Motion
Sensor detects movement and the
M5Stack display shows "Store Room
light ON" as shown below in the red
rectangle .
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B. After pressing Button B, the
display should update and show
"Mode: STORE ROOM (A)" as
illustrated below in the red rectangle

MQTT Connected!
Mode: STORE ROOM (B)
Room Temp: 25.5 C
Room Humidity: 19.6 %

AUTO: Store Room light OFF
{no motion)

B. On the Smart Home App, click on
the Store Room icon to open the
store room view.

e Expected Result: The Smart Home
application automatically updates
the light status to ON as shown
below.
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g Store Room Light
. 3 @€ o ]
W sy D
am Window

&
s & =
e Air Humidity Sensor o

20 %

Step 3: Automatic Light Deactivation After No Motion Is Detected in store room

A. After 10 seconds without any
movement being detected, the store room
light automatically turns OFF. Or move
away from the PIR Motion Sensor and
wait for approximately 10 seconds.

e Expected Result: The M5Stack display
shows "Store Room light OFF" as
shown below in red rectangle.

20. April 2026

B. Verify the light status in the store
room Smart Home App

e Expected Result: The Smart Home
application automatically updates the

store room light status to OFF as
shown below.

[-" g::m Room Light @ o ]

Dehumidifier
m Manual heater control @ E]
am Window
LI, @) ©
Q Air Humidity Sensor o

20 %

[Zephaniah Lamptey] 26/127



JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

Button C (OFF)

When you press Button C, the system switches to Mode: OFF (C). In this mode, the automatic
cellar-light behavior is disabled, so the PIR motion sensor should not automatically turn the
cellar light on.

The following video demonstrates how to test the automatic light control using the PIR motion
Sensor.

The video demonstrates that pressing the first button (Button A) switches the M5Stack to Cellar
Mode. Moving a hand in front of the PIR motion sensor simulates a person entering the cellar
room and automatically turns the Cellar light ON. At the same time, the light status is updated in
the Smart Home mobile application. If the user presses Cellar in the mobile application, they
are directed to the Cellar room, where the Cellar light is shown as ON/yellow (automatic). If no
further motion is detected for 10 seconds, the Cellar light automatically turns OFF, and the
updated OFF status is also shown in the mobile application and on the m5stack screen.

The same process applies to B (Store Room). Pressing the second button (Button B) switches
the M5Stack to Store Room Mode. When the PIR motion sensor detects movement, simulating
a person entering the store room, the Store Room light automatically turns ON. The status is
simultaneously updated in the Smart Home mobile application. By pressing Store Room in the
application, the user is directed to the Store Room page, where the automatic light status can be
viewed. If no motion is detected for 10 seconds, the Store Room light automatically turns OFF,
and the change is also reflected in the application.

This demonstrates that the physical motion detected by the PIR sensor is correctly processed
by the M5Stack and reflected in the Smart Home frontend application in real time.

20. April 2026 [Zephaniah Lamptey] 271127


https://drive.google.com/file/d/1oq8QBEBn8gsAckjb2VGCREVGCVAnIblG/view?usp=drive_link

JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

Note: If all test steps are completed successfully, the Motion Detection and Automatic Lighting
use case is considered fully implemented and functioning as expected. The system correctly
detects motion, automatically controls the lighting, and updates the light status in the Smart
Home application in real time.

Use Case 2 — Environmental Monitoring

This use case verifies that temperature and humidity data collected by the ENV Unit
(DHT12 sensor) are correctly processed by the M5Stack device and accurately
displayed in the Smart Home application. It also confirms that changes in environmental
conditions are reflected in real time on both the m5stack device and the frontend
application.

Note The same ENV Unit (DHT12 environmental sensor) measures both temperature and
humidity values in real time, meaning that separate sensors are not required for these two
measurements. These values are processed by the system and displayed directly on the
M5Stack screen, allowing the user to observe current room conditions at any time.

Step 1 — Check Sensor Values on the M5Stack

A. Observe the M5Stack display and B. Verify Sensor Values in the Smart
check the current temperature and humidity Home App by opening the URL link
values. :https://smarthome-app-865f2.web.a
pp

° Expected Results: The Mbstack

display shows the current room e Expected Results: Then select the
temperature and cellar humidity values living room or cellar to view the
as shown below temperature and the humidity

displayed in the frontend application
and should correspond to the values
shown on the M5Stack display as
illustrated below .

1. 1.click on the Living room icon
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2. Room temp on m5stack indicated

below

Tarmperature &
Humidity Sensor

3. Cellar humidity on m5stack indicated

below
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< oHghta ON [E] 0 heaters ON
E2 0 windows OPEN & 26.9°Cavg L]

& Save Energy is OFF

& Living Room
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«si! LTE E10

23% avg

>

St

/== Bedroom

¥4 Kitchen

™ Cellar

& store Room
& Save Energy Mode

< =D c-app-865tZwebapn O

2. It directs you here

Below which show you the room

temperature

18:26
- WhatsApp

«l! LTE 60

! Main Light @ 5

OFF

IKI Heater @

Manual heater control

ol

a Smart Door Lock @ &

UNLOCKED

s Air Temperature Sensor o]
27.0"

am Window —

LLJ CLOSED @ a

< S  e-app-86S12web.app  Cr P

3. Or click on the cellar icon
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18:31 sl LTE ELD
0 lghts ON [£] O heatara OMN

22 0 windows OPEMN & z6.9"Cavg & 23% avg

& Save Energy is OFF

&= Living Room >
= Bedroom >
Y1 Kitchen >
™ cellar \
= sStore Room >
¥ Save Energy Mode @

< = e-app-B6Gf2.web.app e

4. It directs you here
Below which show you the cellar humidity

18:26 Wl LTE £50
Cellar Light —
. = @ ©
Dehumidifier =
Manual heater control @ =
am Window .
WS  Closep @ -
o Air Humidity Sensor !
21 %
< 2 c-app-865f2webapp s aee

The test was successful. Temperature and humidity values measured by the DHT22 sensor were
correctly displayed on both the M5Stack device and the Smart Home application. Changes in the
environment were detected and reflected in real time, confirming proper sensor operation and
data synchronization.
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Use Case 3 — Security Status Monitoring

This use case confirms that the RGB LED indicates the current security status and that the
frontend dashboard(mobile app) remains synchronized with the M5Stack in real time.

Step 1 — Simulate a Closed or Locked State

A. In the Smart Home application, click on
any room icon, e.g Living room, Bedroom,
Kitchen etc.

Expected results : In the image shown below
i click on the icon Living room.

18:31 ot LTE |

O ights ON &l 0heaters ON
25 0 windows OPEN i 269°Cavg & z3%aovg

@ Save Energy s OFF

& Living Room >
K
& Bedroom >
Y1 Kitchen »
™ cellar >

& Store Room >

& Save Energy Mode (.__)

< 2 e-app-8BEf2webapp ()
After clicking on the living room, you B. The M5Stack device screen
will view all the things available in the displays the current status of the
Living Room as illustrated below and window or smart door lock on the
slide the control to set the window or screen.
smart door lock to a closed or locked ) Expected Results: When the
state. window is closed or the door is

locked, the RGB LED changes to red,
indicating a secured state as shown
below.
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18:26

=s0 LTE &
- WhatsApp
! Main Light (—.—> =i

OFF

MaT
Mode: OFF

Heater (.— ) 5

Manual heater control
2 /

m Window CLOSED

[l
a Smart Door Lock \_-l(_._-__)

a Ajr Temperature Sensor o1
27.0 *C
g Yndow @D © I
CLOSED } C—
< ) e-app-865IZ.web.app O .-
Then slide the Window control to the ON e Expected Results : The M5Stack
position to open the window, as shown receives the status message and
below. displays "Living Room Window

OPEN". The RGB LED changes to
green, indicating that the window is
open as shown below.
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Main Light
! OFF @ 0
m Heater @ ﬁ

Manual heater control
ﬁ Smart Door Lock @ 5

0

LOC
g Air Temperature Sensor 5 e

3% ’
s Window
" ¢

o 4

/
| Window Cantrol (ON) ]

If all tests are successful, the Security Status Monitoring use case is considered fully
implemented. The results confirm that the Smart Home application correctly sends
security status updates to the M5Stack device. The M5Stack accurately displays the
current status of the window or smart door lock, while the RGB LED provides a visual
indication of the security state (red for CLOSED/LOCKED and green for
OPEN/UNLOCKED).

The same testing procedure can also be applied to other rooms in the Smart Home
system, allowing verification of the corresponding windows and smart door locks
throughout the application.

Option B — Recreate the System Step by Step

If you would like to understand how the Smart Home system was developed or recreate the
project yourself using UIFlow, continue with Section 3 — System Implementation and Use Cases.
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3 Use Case 1 — Motion Detection and Automatic
Lighting

The system detects movement in monitored rooms and automatically triggers actions such as
lighting to turn ON/OFF. The room can be selected manually using the M5Stack buttons. The
steps shown in the instructions allow you to detect motion in the Keller(basement) or store room
by press A or B bottom. If a motion is detected lights in the keller or store room will turn on
automatically.

3.1 Overview
The system performs the following actions:
Movement detection in the cellar

e The PIR sensor detects movement in the cellar area.This allows the lights to activate

Movement detection in the storage room

e The PIR sensor detects movement in the storage room. This allows the system to
automatically activate lights or notify the system.

Note : The prototype uses only one M5Stack and one PIR sensor. The two rooms are simulated
as different operating modes. Button A selects the cellar and Button B selects the storage room,
while the same PIR sensor is used for motion detection in both scenarios.

Automatic shutdown after inactivity

e If no motion is detected for 10 seconds, the system sends:The system allows lights or devices
to turn off automatically.

3.2 Components Required

e M5Stack Core / Core2
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e PIR Motion Sensor

e Grove Hub needed to connect multiple units at the same time(motion sensor + RGB
Led)

e RGBLED

e Grove Cables

e USB Type-A to USB Type-C cable

3.3 Hardware Setup

This section shows how to connect the m5stack and its components mentioned in section 3.2 .
Follow these steps carefully:

Below is a step by step instruction for the task use case 1(Motion Detection and Automatic
Lighting)

Step 1

Connect the Grove Hub to Port B of the M5Stack using a Grove cable.This enables other
components to be connected together.
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Step 2

Connect the PIR motion sensor to Port B via the Grove Hub using a Grove cable.

3.4 Software Setup in UIFlow

This section will now show how to add units in UIFlow-Online so that they are recognized by the
program.

Go to: https://flow.m5stack.com and connect the M5Stack to your PC using the included USB
Type-C to Type-A cable and make sure that your m5stack device is successfully burned by
following the steps explained in_section 2.
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3.5 Implementation

3.5.1 Add Required Units Instructions for use case 1

After a successful connection is established and the M5Stack and UIFlow are ready to use
follow the following steps.

Step 1

Click on the “+ (Plus) icon” in the Units section to display the list of available components that
can be added to the project as shown in figure 9 .

Units Stamps Chains

Figure 9: UIFlow Units (Plus icon)
Step 2

From this list, select the PIR Sensor then confirm by clicking OK. The PIR sensor is required to
detect motion in the selected room.

Units B Only Azure PnP

Figure 10: Adding units in UIFlow

After adding the unit by pressing ok, go to the right side category section and click on Units and
the units added will appear. In the case PIR unit appeared since it was the only unit added as
shown below.
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Note: The PIR sensor will be used in at section 3.5.6 Create the Motion Detection Loop. For
now continue with the section below to create the User interface on the M5stack screen.

3.5.2 Create the User Interface on the M5Stack screen.

In this step, the user interface is created on the M5Stack screen using UIFlow. The following
instructions describe how to add and position label elements for displaying information.

1. In UlIFlow, locate and open the Ul category at the right side . From there, click on the screen as
shown below. The aim is to set the background color of the M5stack. and drag the label element
onto the M5Stack screen. This will place a text field on the display where information can be

shown.

-Lu! V1153 E] Project

Screen
> Hardware
. » Units
» Stamps
» Chains

g » Modules

» loTDevice

Units Stamps Chains » loTCloud

Hide Ul _l
1

Figure 11: Create the User Interface on the M5Stack screen.
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2. After clicking the screen, drag the set screen background color and place it onto the blocky area
under set as demonstrated below.

.

]

FLOW
)

Units

Hide Ull ﬂ

Units

Hide UII F]

V1.15.3 g Project

Stamps

Chains

9 Elockly  </> Pyinon Qe COBA=E

Q

I Event
v ul

{'» Hardware

> Units

» Stamps

P Chains
ib Modules

P loTDevice

P loTCloud

Stamps

Chains

Screen

Set Screen backgroundColor
Set Screen backgroundColor R ﬂ G n B n
Set Sereen backgroundColor f

Set screen rotate mode [N

Set screen brightness m

3 Blockly </> Python azldenr GLBEE=E

0}

I Event

Iv Ul
Screen

=> Hardware

]Ib Units

» Stamps

» Chains

» Modules

» loTDevice

» loTCloud

Set Screen backgroundColor

Note: In this case i set my M5stack screen background to be black

Next, go to the top left of the screen and drag the label element onto the M5Stack screen as

shown below. The aim is to create the user interface onto the M5stack screen.
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H.n!\ﬂ.lﬁ.a QPI'OEG( . *My </>Pyu1°n zu“ﬁ G’mm BBE

| e =

Set Screen backgroundColor
|v ul

Title

| Label

Screen

‘ib Hardware

P Stamps
¥ Chains
Ib Modules

Units Stamps Chains » [oTDevice

Hide UI j e
| "' .

4. Next click on the label0 and rename it WifiLabel as shown below.

!.'.lui V1153 @ Project nair * Blockly  </> Python a m - P @:,nD B E] =
5 _ Q

Tithe

Set Screen backgroundColor

v
WifiLabel
Name:| WifiLabel
X139
Y: 27
Color:|
Text: label0
Font: Default
Rotation: 0
Layer: 8

IP Modules

Units Stamps Chains » loTDevice

Hide UII- ﬂ ATl

5. Afterwards, under the Ul category click Label and drag the block Label WifiLabel Hello m5 on to
the blocky area and place it under the set screen background color as shown below.

20. April 2026 [Zephaniah Lamptey] 40/127



JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

- i
S isa B Project & ! & Biockly | </> Python a Aer COHBERE=E
- Rl P eovs |

E witabo - L o |

Iabell

st et (IR corty = off ] © offl] = o
I » Chains = .
I » Modules

! . : [irLabel - |
Units Stamps Chains » loTDevice 2 =

Hide Ul | S i N} P Run @) Download
L}

Wl s B Project S ¢ Blockly  </> Python a ﬂ ar GheEl=
I Event

Iv ul
| Label
| Set Screen backgroundColor

Screen WifiLabel + Hello M5 1
|

|:b Hardware
ib Units
> Stamps

» Chains

I » Modules

Units Stamps Chains » loTDevice

Hide UI;_‘F] . S

6. Inside this block, click on the text field which says Hello M5 and enter: Connecting WiFi... This
block is responsible for displaying text on the M5Stack screen as illustrated below. When the
program starts, the message “Connecting WiFi...” will appear, informing the user that the device is
currently attempting to connect to a wireless network.
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2 Biocky  </> Python a6 GEDEEA=

Q

Set Screen backgroundColor

el T o

% Changed from:
“Hello M5”
to:
“Connecting WiFi..."

P Run @ Download

Copyright ©2018-2026 M5Stack

Note :This label plays an important role in user interaction, as it provides immediate feedback about the system’s current
state. It will be updated later in (Wi-Fi Connection) to display “WiFi Connected!”, indicating that the connection has been

successfully established.

6.1 Then click run to display the message on your M5stack screen as shown below.

.
FuLuE V1153 Projec

After clicking RUN,
the message will be
displayed on the
M5Stack screen.

its Stamps Chains

Hide U|I F‘

Agikey: ' TBBFZE3C [ Connected

20. April 2026

I Event

ﬁvw

| Label
Screen

> Hardware

{» Units

b Stamps

..;b Chains

Ib Modules
P loTDevice

» loTCloud

9§ Blockly  </> Python

Q

23BN QUBEE=E

Set Screen backgroundColor

IEM WifiLabel « Bl Connecting WiFi...

Click RUN
to display the message
on the M5Stack screen.

Copyright €2018-2026 M5Stack
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Connecting WIFI,.

/'] Download

Hide UI ‘1 » [oTCloud
L .

Apikey: 7BBF2E3C [ 1S B4 Copyright ©2018-2028 M5Stack
—
Status shows

Note: Status must show connected before it shows successfully on the m5 stack screen.

7. After creating the first label, Below is a video showing how to create the remaining screen labels
using same process. Go to the Ul section, drag another Label element onto the screen, and then in
the block area select “Label — label — show”. Enter the corresponding text for each label as
follows:

Mode: ?

Room Temp: --.- C

Humidity: --.- %

I Event

|VU\

Lebel | Lavel D v WD

e e < |

» Hardware

» Units
» Stamps
» Chains

Mc
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Video tutorial demonstrating the creation of the remaining labels.Click the image to watch the complete video.

Conneacting WIFI..
Modea: 7

Room Temp: --.-C
Humidity:--.-26

waiting...

Note: At this point, the labels display placeholder values (? and --.-C, --%) and no real values
because no ENV Unit (DHT12 Temperature + Humidity sensor) and other components has been
read yet. These values are automatically replaced with real-time information once the program
connects to WiFi, receives sensor readings, and begins execution.

These labels are used to display different types of information during program execution. For
example, the Mode label shows the selected room mode, the temperature and humidity labels
display environmental data, the message label shows system updates, and the PIR label
indicates whether motion is detected.

3.5.3 Establish Wi-Fi Connection
This part enables us to establish the WiFi connection in UiFlow so the M5Stack can
communicate with the backend via MQTT.

In UIFlow, the Network (WiFi) section is located in the block menu on the right side of the screen.
Look at the right panel, where different categories are listed and click on Hardware.

Label
Scocreen
Hardwvware
Spaeaker

RGB
AL

P owwenr

wvvatch Dog Tirmenr
Establish Wi-Fi Connection

20. April 2026 [Zephaniah Lamptey] 44/127



JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

2. Scroll through the list of hardware categories and select Network. After clicking it, you will see
blocks related to Wi-Fi, including the WiFi connect block, which is used to connect your device to
the internet.

PWM Network

ADC
» Smartconfig Demo

DAC

Device Network Function
UART

12C Master

Network

EEPROM

System

This image shows WiFi setting

3. Then click or add the WiFi connect block from the Network section and place it under the
msgLabel in the setup area. Enter your Wi-Fi name (SSID) and password into the
corresponding fields.

HYWMm

ADC

DAC

. Eleee BT oo
L T o T
[2C Master

Network [ humtabel - T Humaty.-. %
EEPROM
System

I SPI

P Units

Units Stamps Chains b Stamps

Hide UI _‘ » Chains
b

Api ey o

4

Below is image showing after adding my WiFi and password
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Fuui V1153 @ Project * Blockly (f) Python g Q ‘\ f’ @mB B

ADC

DAC [ —
UART

12C Master

Network

EEPROM

QpCmCABMTTH &
System

I SPI

nits
Units Stamps Chains » Stamps

» Chains

version:V1.153 G B B Copyright 62018-2026 M5Stack

4. After adding connect to Wifi block, add a label block to display the message confirming that
the M5stack has successfully been connected to the Wi-Fi network as shown below.

Set Screen backgroundCaolor

¥ e BRA covecrg |
Lt 2P o
Lo CEEP N o S

Label CETPETRN show Drag the WiFiLabel
IMU block and place it
Comec oW EEEERR mssoro " Vmons
s : DIRECTLY BELOW
owe
: the Connact to Wi-Fi
Walch Dog Timer X block.

SDCard Set the label name to “WiFiLabel”
Stamps  Chains and enter the text “WiFi connected”.

Easy /0

Hide Ul H- -@mnﬁuﬂ' P “ @ bownioad

Click Run to upload g
o the program to o

the M5Stack.
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WiFi connected

Mode: ?
Room Temp: —--.-C

Humidity:——..—%
Waiting...

Gl ) D

Note: If the message "WiFi connected"” does not appear, it means that the device has not
successfully connected to the Wi-Fi network. In this case, verify that the SSID and password are
entered correctly. Then, reset the M5Stack by unplugging it from your computer's USB port,
plugging it back in, and clicking Run again to restart the program.

3.5.4 Configure MQTT Communication

After the M5Stack is connected to Wi-Fi, the next step is to configure MQTT communication.
MQTT allows the M5Stack device to send and receive messages from the Smart Home
application.

In this project, the public MQTT broker broker.hivemqg.com is used. The M5Stack connects to
this broker and uses different MQTT topics to exchange information with the frontend
application.

Step 1

After the Wi-Fi connection is established, go to the block menu on the right side, scroll down
and open the “Advanced” section as shown below.

!E!:! V1153 Q Project

I[__]| Bytearray

Open The Recent Bl

It Third Party

Remote

Custom
Units Stamps Chains

Hide U: ‘F]
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In the block menu, open the MQTT section and drag the Init block into the setup area. Enter the
following configuration as demonstrated below:

Client ID: mbstackClient
Server: broker.hivemq.com

e Port: 1883

User:(leave blank)

Password:(leave blank)

Keepalive: 300

SSL: False

.
FLD! V1.15.3 @ Project

Advance 1

Units Stamps Chains

Hide I..IlI ﬂ

Below is image showing after adding the init block

20. April 2026

¢ Siockly  </> Python
[c] sson MQTT
[11] Bytearay » Publish
v P Subscribe
Execute

EspNow

I Hitp

P Socket

Modbus Master
Modbus Slave

CAN

'y

[Zephaniah Lamptey]

GEBEE=

48/127



JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

9§ Biockly  </> Pyihon a@ldear CEBER=E
JSON
@ Bytearray

¥ Advanced

Execute

Esphiow -: | [ occorm o |

mslackClientSarah02
ekt hivemg com

I

I MQTT
I Http

» Socket

l Modbus Master

lav
Units Stamps Chains I jioite SR

Hide UI l_'] CAN
1

Step 3

After configuring the MQTT Init block, the next step is to start the MQTT connection. In UIFlow
v1.15.3, this is done using the mqtt start block.

3.1 Go to Advanced — MQTT and Select the mqtt start block as shown below.

3 Blockly  </> Python gg«.» clheld=

¥ Advanced
Execute

EspNow

I Htip
» Socket

Trenghe H Modbus Master

Line I Modbus Slave

Graph CAN

Units Stamps Chains Pin Servo

Hide U: F| NTP

3.2 Drag the mqtt start block into the workspace and place it directly below the MQTT Init block
as illustrated below.
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o Blockly  </> Python aEdear CDDBERE
[

S Sermen kg ok

P s P Cocrociog i

- < 1. MQTT Init

Modbus Master
: {Already added)

Modbus Slave

CAN
2. mgtt start

i ¢ (I have added t)

Pin Serva o

Units Stamps Chains \/ Added

NTP .
(=) rerminat (Bita) P Run @17 pownioad
Hide UI FI :
: ,

Note: The MQTT Init block only stores the MQTT connection settings. The actual connection to
the broker starts when the mqtt start block is executed. Without this block, the M5Stack cannot
publish or receive MQTT messages.

Step 4

After starting the MQTT connection, the M5Stack must subscribe to an MQTT topic. Subscribing
enables the device to listen for messages published to that topic, allowing it to receive updates
from other devices in the smart home system.

4.1 Under Advanced, select MQTT , in the Write section, drag the mqtt subscribe block into
the workspace blocky as shown below .
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ERERS @ Project IS 2 Biocky | </> Python - Qearr GOEB=E

—
MaTT

¥ Advanced » Publish

Execute P Subscribe

|atll.'||':l I ESDNOW

“

labeld

labelo I Hitp

» Socket
Modbus Master

e
I | g
I Modbus Slave vate
CAN F
Units Stamps Chains Pin Servo

i NTP
Hide UII n

key -4 7TBBFZEIC & =) Copyright ©2018-2026 M5Stack

4.2 Place the mqtt subscribe block directly below the mqtt start block and in the topic field,
enter: home/status

-
._Q! V1,153 @ Project (NS

5| 7
.Y Advanced
Execute
l EspNow
Rz
label0) l Hitp

» Socket

[ N B Modbus Master

Maodbus Slave 1 e
Io Placed directly
Added mqtt = z : below mqtt start
subscribe block =

Units Stamps Chains

Hide UI ﬂ I M topic field: | Nbuule | P Run @7 pownload
I :

home/status

Step 5

After subscribing to the home/status topic, the next step is to publish messages from the
M5Stack to the MQTT broker. Publishing allows the M5Stack to send information to the Smart
Home application.

Note: In this use case, the M5Stack publishes motion detection messages to the topic:
home/auto/motion
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5.1 Go to Advanced — MQTT and in the Write section, drag the publish topic block into the
workspace as shown below.

3 |
FI.II! V1.15.3 @ Project
|___| Byteerray I Publish

» Subscribe
0 ¥ Advanced

Execute

a@mQear CHER=

o Blockly  </> Python

I EspMow

labeld o MQTT

Label)
I Hitp

P Socket
N N I

Modbus Master

I Modbus Slave

CAN e
Units Stamps Chains

Pin Servo
Hide Ul "
H

pikey: 2 TBBF2EC [ Cor ersion: V1153 S B B &

Copyright ©2018-2028 M5Stack

5.2 Add the publish topic block in the workspace inside the mqtt subscribe block and In the
topic field, enter:home/auto/motion also in the msg field, enter the message that should be
sent: KELLER_ON as shown below

..,_u! V1153 E] Project

Units Stamps Chains

Hide Ul &)
s

Api key -/ TBBFZEIC version :v1.153 5 &

20. April 2026

9§ Blockly </> Python

E Bytearray

¥ Advanced
Execute

I EspNow

I Hitp

» Socket

Modbus Master

Modbus Slave

2
CAN In the topic field, enter:
; home/auto/motion
Pin Servo

3 & Copyright ©2018-2026 M5Stack

[Zephaniah Lamptey]

Az er GLEDB=E

Place the publish topic
block in the workspace.

el UL o)

e In the msg field, enter:
KELLER_ON

’ Run % Download
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3.5.5 Use Buttons to Select the Mode

This step allows the user to control the system by selecting which room should be monitored.The
selected mode is also shown on the M5Stack screen so the user can clearly see the current
system state.

Step 1

In UIFlow, look at the block menu on the right side. Click Event. Drag the Button A wasPressed
block, Button B, and Button C into your program. These buttons will be used to allow the user to
select which room should be monitored.

For example:

Button A — Mode: CELLAR

Button B — Mode: STORE ROOM

Button C — Mode: OFF

search Load Examples ( Timer )

| e
¥ Hardware
e

RGB

A wasPressed

IMU

Power l !

Watch Dog Timer
1y

Below is the image after dragging the Button A block onto the blocky area
V1153 @ Project : {ztl ) * Blockly - </> Python a m - @wu = =

S msstacChenSanano?
Eroker hivemng com

350 o s :
= . Sl homerautcimoton I'  keLLER N
Open The Recent Blo Panel [Ctrl+B)
» Hardware
.

> Units
» Stamps

» Chains

I » Modules

Units Stamps Chains » loTDevice

Hide UI _] L P ool PP
E

Api key -7 TBBF2E3C [ Connocted | version: V1153 S B B & Gopyright ©2018-2026 M5Stack

Note: This button will be used for: CELLAR mode
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Step 2

Go to variables located on the block menu at the right side and create a new variable called:
Mode and Set its starting value to: 1 as shown below

aProject *M </> Python &Q‘\ﬁ GTD.,D E‘ —

Remote+ ) ,  brokerhivemq.com
Variables

I EzData RS

FLn! V1.15.3

label0 MediaTrans

Math

home/status

Loops . . homelauto/motion " KELLER ON
Logic

Graphic

Emoji

Units Stamps Chains Timer

Hide UI j > | Functions
A

-4 TBBF2EIC cte: Capyright £2018-2028 M55tack.

t to create variables?

Chains

Hide U |: ’E’ |
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3 Biocky | </> Python 2zmmer CUEEER=

Variables
B Conste vnabie
Jb MediaTrans T
enange (TR v WD

! EzData

Variables ey

Mt et e MR e NI

! Loops
labeld

Logic
Graphic
& & B

Emoiji

Timer

Functions
Units Stamps Chains

2

Text

A2 4

Drag the set mode variable and insert it inside the Button A wasPressed block(Cellar)

mbstackChentSarahis
beoker hirvema com

Variables

Math

Loops

Logic S homea . | KELLER OM
Graphic

Emoaiji

Timer

Functlions

Units Stamps Chains i— Text

Hide UI

I .
Apikey -/~ TBBF2E3C [ co d]version: V1153 G B B & Copyright ©2018-2026 M5Stack

A2 4

Lists

Note: to set the value to 1 go to math under Variables and drag the block as shown below on to
your blocky area
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H I
!ll.:! V1153 @ Project AS 2PN ¢ Biockly | </> Pytnon - m «ar OB
» loTDevice Malh - =

o

» loTCloud

Remote+
I EzData

 KELLER_ON

| » MediaTrans

Loops
Logic

Unpits Stamps Chains Graphic

Hide UI _] Emoji
A

Api key - P TBBFZEIC d] version: V1,153 G = Copyright ©2018-2026 M55tack

Step 3

Inside the Button A wasPressed block, drag the set t variable mode to 1 to activate cellar
mode as shown below.

L_n! V1.153 @Prq‘ect Ll . M Blocky  </> Python _ : - m - f' GhER=

» loTDevice

» loTCloud

Remote+

I EzData
I» MediaTrans

Variables
Math
Loops
Logic

Graphic

Units Stamps Chains

Hide UI l_'] Emoji

d]version:V1.153 G B B & Copyright ©2018-2026 M5Stack
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Ui 1153 Bprnpec: I : SQ*\!’ GI‘WE B[E:] e

FLow V

» loTDevice
Title
! » loTGloud

Remate+
} EzData

b MediaTrans r core o w1550 TSN Prssvons MK
L T e R

U mesackChentSanh(e

1. Graphic -
I KELLER_OM I'm
Emaiji

Drag the set[IEEEES to to
1 block from Ma | Tirier

Functions
Units Stamps Chains Text

Hide Ul : — (> P Run @1 pownload
+

Apikey : /7 TBBF2EIC [Connected] version: V1.15.3 1 B Copyright ©2018-2026 M55tack

Step 4

Go to variables located on the block menu at the right side again and click create variables to
set the following variables namely, Auto_on, Last_motion_ms and Last KEEPALIVE_MS
which will be used inside the Button A wasPressed block.

Auto_on

Hide u; +_
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Do you want fo create variables?

Last_motion_ms

Do you want to create variables?

Last KEEPALIVE_MS

Note: These variables are created because they allow the system to:

e auto_on — remember whether motion is already active.
e last_motion_ms — determine when no motion has occurred for a specified timeout.

e |LAST_KEEPALIVE_MS — periodically send keep-alive MQTT messages while motion
continues.

Step 5

After creating the variables, it should appear in the variables list as shown below
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Blockly = </> Python
I EzData

:| » MediaTrans

Variables

3| Math

I Loops

Logic
Graphic
Emoiji

Timer

Functions
Units Stamps Chains

"

Text

Step 6

Drag and place the created variables namely auto_on, last_ motion_ms and
LAST_KEEPALIVE_MS into the Press A block(cellar) as illustrated in the video link below.

FLO

ui vitss (2 Project Bl : ) ) ¢ Blockly  </> Python 20 4'\ ~ BB =

» loTDevice

» loTCloud

Remote+
l EzData

o > MediaTrans

fabell
Variables

[ N I Y3l Math
B Loops

Logic

Units Stamps Chains ~| Graphic

Hide UI —l Emoji

Apikey :J” TBBF2EIC [ Connected J version:V1.15.3 G B B & Copyright ©2018-2026 M5Stack

P rRun @7 pownioad

Step 7

The next step is to add the assigned values created to its respective variables created on the
blocky area.

For example : auto_on = False

last_motion_ms =0

LAST_KEEPALIVE_MS =0

This resets the motion detection logic so Cellar Mode starts with a clean state.
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To add the auto_on = False, go to the right section category and search for Logic and click on it
as indicated with the red arrow below.

L]
et : [ ] X —
H:! Vi.15.3 @ Project 2 ’ Blockly <"> S - m h @wr—l @ E—
) » loTDevice r _-_— .
: méstackCientSamhls
» loTCloud

Remote+

I EzData

|
‘j » MediaTrans
|

Variables

Math

" KELLER OM

I @ Loops
El Logic

Graphic Pl he Recent Blocks Panel (Cirl+B)
&

5 &

Units Stamps Chains I

Hide U|I n

Api key 2 TEBF2EC [ oo od ] version :V1.153 G B 5

Emoiji

Copyright ©2018-2026 M5Stack

After clicking on the Logic, the logic blocks will appear, then search for the true block and drag it
onto your blocky working space as shown below.

A GUHEBR=

!'Im! visss 2 Project Wie =ph(1) W Blockly  </> Pytnon : - Q «

» loTDevice .
Logic

P loTCloud

Remote+

I EzData

fab>
labeil
labei0 ‘P MediaTrans
1abei) '

Variables

- . . ERCY

Loops

Logic
Units Stamps Graphic

Hide UI Emoji
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» loTDevice

» loTCloud

Remote+

I EzData

0
labeld

labeil

Units Stamps Chains

MediaTrans

Copyright ©2018-2026 M5Stack

P loTDevice

» loTCloud

Remote+

I EzData

| » MediaTrans

Units I E]
|

version:V1.153 5 B B L

Stamps

Variables
Math
Loops
Logic
Graphic
Emoji

Copyright £2018-2026 MEStack
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ambdear GLEO:

KELLER_ON

a@mmdear GLEE

home/status

home/auto/maotion

» KELLER_ON

wasPressed
sel [[IETED to ¢ n
sel to
set to
set to

Then insert the logic block to the auto_on block as indicated below.
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- T = s = -

@Prﬂject i eph(1; *BMY <I>Fy1non &Q"\f’ @mu BBE

» loTDevice ublish topic home/auto/motion 5 . KELLER_ON

» loTCloud

Remote+

I EzData A wasPressed
: set o SN
| > MediaTrans set to C:l
= set to
g‘ Variables et =

3| Math

I @ Loops
(<] Logic
Units Stamps Chains IE‘ Graphic

Hide UI l‘l | Emoji
1
BF2E3C [ co d]version:V1.153 5 B B & Copyright ©2018-2026 M5Stack

— - - - - - - —_ 7313 p—

Note: The variable auto_on is set to false to reset the motion detection status whenever a new
mode is selected. This ensures that the next detected movement is treated as a new motion
event.

Step 8
The next step is to add values = 0 to the Last_motion_sm and Last KEEPALIVE_MS variables.

To set the value go to math under Variables and drag the block 0 as shown below on to your
blocky area

Lui vissa B Project S : o Biockiy  </> Pytnon - m « GCLhEBR=

Remote+ Math a0 ;. KELLER_ON’

I EzData

A B

[Fiode - TN 1

Variables ; [ Auto on - T

Math ol = ol [Lost KEEPALIVE MS + [
T r——

|':I- MediaTrans

I. @ Loops

Logic

Graphic
Emaiji

Units Stamps Chains 9 Timer

Functions
4 _ !
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g\i V1.15.3 @Project g - (‘b Python a g ﬁ '* @ EJ g =

| Remote+ home/auto/motion KELLER_ON

F; | EzData

[ MediaTrans
ot (72253 o KN
[E] Variables Y huito_on ~ 13
L2 Last_motion_ms Ji
! (3] Matn D H L b
£ Last_KEEPALIVE_MS Eiv

| Loops

=

Lina

Graph Units  Stamps  Chains 2] jghtinations

Hide UI E

The next step is to drag the math block 0 and insert it to the Last_motion_ms block as shown
below.

Ui, Do 2 Siocky | </> Pyvon 2=0ar GUBEE=
B » loTDevice

Tite

» loTCloud =
| home/status

Remote+ ublis | homefauto/mation | KELLER_ON

tabel0

I EzData

Iib MediaTrans
A wasPressed

Variables L Mode + B \_ﬂ
50 Auto on + (MM false -
3 Math P Last_motion_ms + K" 0]
2 Last KEEPALIVE MS + J4

Loops

Logic
-

&5 Units Stamps Chains Graphic

Hide UI Emoji

1
Apikey .47 TBBFZE3C [ connected ] version : V1,153 5 B B

O EE

[«

Copyright ©2018-2026 M5Stack

To assign value 0 to Last KEEPALIVE_MS variables, go to math and drag the block 0 onto the
blocky area and then insert it to the Last KEEPALIVE_MS variables block as shown below.
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2 Biockly  </> Python saEdar COEER=

Remote+ Math

EzData A number (You can using binary (0b)
or hexadecimal (Ox) representations).

|b MediaTrans " e

Variables
labeln i Mam
Loops
a B B Logic
Graphic
Emoji

Units Stamps Chains (O] Timer

Hide UI T > | Functions
A

!{Iui vitss [ Project MGIIEES 3 Biockly  </> Python a@mQer CUBEBRE=E
) » loTDevice

» loTCloud
3  homeistatus
Remote+ . e —— ——
i topic | . heme/auto/motion KELLER_ON

I EzData

I-'
‘r MediaTrans et (278 0 S0
. set ETTNEER o
. B Last_motion_ms + K 0 J
Variables = 2 ._El.i___
set (EEMEEENEE o

Math
Loops
Logic

Units Stamps Chains Graphic

Hide UI _] L4 Emoji
®

Api key : 22 TBBF2E3C [c co]version: V453 S B B & Copyright £2018-2026 M5Stack

Note: last_motion_ms and LAST_KEEPALIVE_MS are initialized to 0 to clear any previous
timing information. A value of 0 indicates that no motion has been detected and no keep-alive
message has been recorded yet, ensuring that Cellar Mode starts from a clean state.

Step 9

The next step is to finish Button A(cellar mode) by adding the screen updates.
Now add the screen labels inside the Button A wasPressed block.

Go to UL

Open Label.

Drag the Label show block into the Button A wasPressed block.
Select modeLabel.

Enter this text: CELLAR (A)

aObkwpn =~

Then add another Label show block:
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1. Select msgLabel.
2. Enter this text: Mode changed

Watch the video below to see how to add the label blocks inside the Button A wasPressed
block.

» loTDevice
» loTCloud

Remote+
label

! EzData

|’llr MediaTrans

JC| Varables

| 3 Matn
@ Loops
l[i‘ Logic

Units Stamps Chains I|ﬂ Graphic

After pressing the run on the uiflow the m5stack screen will display the image below. Then press
the A button as indicated with the red arrow

Connected
Mode: 7
Room Temp: --.-C

Humidity: --, -%
waiting...

After pressing the A button, the M5Stack switches to Cellar Mode. The display is updated to
indicate that Cellar Mode is active, as shown in the image below.
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Connected

CELLAR (A)

Room Temp: --.-C
Humidity:--, -%
Mode changed

Step 10 — Publish the STORE_OFF Message

The last step is to publish the STORE_OFF message when Button A is pressed. This ensures
that Store Room Mode is deactivated before Cellar Mode becomes active.
To enable this follow these steps below:

1. Go to the right hand side and search for Advance category as indicated below.

leI.:i V1153 @Project 3 eph(2) W Biockly  </> Python &m"\f’ (CAR =] E=
— > | Functions - 2 —_———

Text

Lists

Map

JSON

tabel) ]| Bytearray

¥ Advanced

& - - Execute

EspNow

MQTT

Units Stamps Chains I Hitp

Hide Ul _] o
|+ iSealot

Aplkey - TBBF2EIC [ Connected ] version: V1,153 S B B & Copyright ©2018-2026 M5Stack

2. Click on execute and drag the Execute code block into the Button A wasPressed
below the Mode changed label block as shown below.
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1 E\ Lists
(@] map
[ [39] Json

D| Bytearray

: ¥ Advanced
labei0

MILLER_CN

Execute
I EspNow
& & B
I MaTT
I Hittp

» Socket

Units Stamps Chains

e Ul j I Modbus Master

ke BF2E3C version: V1.153 5 B B & Copyright ©2018-2026 M5Stack

3 Biockly  </> Python

] Lists
1| Map
JSON

Bytearray

¥ Advanced

WELLER_ON

Execute

I EspNow

I MaTT

I Hittp

z . » Socket
Units Stamps Chains

Hide UI j I Modbus Master
R | B _

3. Enter the following code: client.publish(MQTT_MOTION_TOPIC, b"STORE_OFF") as
demonstrated below.
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Az« GLoA=E

Note: This command publishes the STORE_OFF message to the MQTT topic. As a result, Store
Room Mode is turned off whenever Cellar Mode is selected, ensuring that only one room is

monitored at a time.

Step 11 — Create the Button B Logic (Store Room Mode)

The next step is to configure Button B to activate Store Room Mode. Similar to Button A,
pressing Button B resets the motion detection variables, updates the display, and deactivates

Cellar Mode.

Follow the video below to create the Button B wasPressed block.

Units Stamps Chains

Hide UI1 ﬂ

Api ey BBF2EIC [ Connected ] version : V1,153 G B B &

¥ Advanced

W Blockly  </> Python

" e

@ Bytearray

Execute

EspNow

Http

I MQTT

» Socket

Modbus Master

I Modbus Slave

CAN

Pin Servo

Copyright ©2018-2026 M5Stack

a@Edear CLHBER=E

After pressing the run on the uiflow the m5stack screen will display the image below. Then press
the B button as indicated with the red arrow
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Connected
Mode: 7

Room Temp: --.-C
Humidity: —-.-%

Waliting. ..

After pressing the b button, the M5Stack switches to Store Room Mode. The display is updated
to indicate that Store Room Mode is active, as shown in the image below.

Connected

Mode : STORE ROOM (B)
Room Temp: --.-C
Humidity: --. =%

Mode chang‘ad

e
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Note: When Button B is pressed, the following actions are performed:

e Mode is set to 2 to activate Store Room Mode.

e Auto_on s reset to false to disable any previous motion detection state.

e Last_motion_ms and Last_KEEPALIVE_MS are reset to 6 so motion detection starts
from a clean state.

e The M5Stack display is updated to show Store Room (B) and "Mode changed".

e The KELLER_OFF message is published to the MQTT topic, automatically deactivating
Cellar Mode so that only one room is monitored at a time.

Explanation : When Button B is pressed, the system switches to Store Room Mode. The
variable Mode is set to 2 because each operating mode is represented by a unique value (1 =
Cellar Mode, 2 = Store Room Mode). The variable Auto_on is reset to false to stop any
previous motion detection state before the new mode starts. The variables Last_motion_ms
and Last_KEEPALIVE_MS are reset to 0 to clear any previous motion timestamps, ensuring
that motion detection starts with a clean state. The M5Stack display is then updated to show
Store Room (B) and the message "Mode changed”, confirming that the mode has changed
successfully. Finally, the following Execute Code block is used to publish the KELLER_OFF
message to the MQTT topic:client.publish(MQTT_MOTION_TOPIC, b"KELLER_OFF"). This
command notifies the MQTT broker that Cellar Mode has been turned off. As a result, only
Store Room Mode remains active, ensuring that the application monitors only one room at a
time and preventing both monitoring modes from running simultaneously.

Step 12 — Create the Button C Logic (OFF Mode)

The next step is to configure Button C to deactivate the motion detection system. Unlike Buttons
A and B, Button C disables monitoring for both rooms by setting the system to OFF Mode. It also
resets the motion detection variables, updates the display, and publishes MQTT messages to
ensure that both Cellar Mode and Store Room Mode are turned off.

Follow the video below to create the Button C wasPressed block.

20. April 2026 [Zephaniah Lamptey] 701127



JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

.
F u! V1.158.3 @ Project

I Event
IYUI
l' Label

Screen

»
“ » Hardware

|» Units
> Stamps
» Chains
r'»'- Modules
Stamps Chains 1oTD

P 00:01:49 / 00:01:47

After pressing the run on the uiflow the m5stack screen will display the image below. Then press
the C button as indicated with the red arrow

After pressing the C button, the M5Stack switches to OFF Mode. The display is updated to
indicate that OFF Mode is active, as shown in the image below.
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Note: When Button C is pressed, the following actions are performed:

Mode is set to 0, which disables automatic motion monitoring.

Auto_on is reset to false to ensure that motion detection is inactive.

Last_motion_ms and Last_KEEPALIVE_MS are reset to 0 so that the next monitoring
session starts with a clean state.

The M5Stack display is updated to show Mode: OFF (C) and "Mode changed".

The commands

client.publish(MQTT_MOTION_TOPIC, b"KELLER_OFF")
client.publish(MQTT_MOTION_TOPIC, b"STORE_OFF") are executed to publish
KELLER_OFF and STORE_OFF to the MQTT topic. This ensures that both Cellar Mode
and Store Room Mode are deactivated, leaving the system in an idle state until another
mode is selected.

3.5.6 Create the Motion Detection Loop

The next stage explains how to implement the PIR motion sensor to automatically control the
light based on detected movement. The motion detection loop continuously monitors the PIR
sensor and determines whether the light should be turned ON or OFF.

Step 1

In UIFlow, go to the Event section again and drag the “Loop” (repeat while true) block into
your program. This block ensures that the program runs continuously and checks for changes in
real time as indicated below.
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Step 2

Go to logic and drag the if do else onto the blocky area as shown below.
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Step 3

Afterwards drag the if do loop and place it inside the loop block as shown below.
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Step 4

Go to the logic section and drag the comparison (equals) block shown with the red arrow
onto the blocky area as shown below.
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Step 5

Afterwards insert the comparison (equals) block into the if do else block as shown below.
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Go to the Units section,then click on the PIR and drag the PIR get block and place it inside
the comparison (equals) block. This block is used to detect whether motion is present. The
PIR sensor returns the value 0 when no motion is detected and 1 when motion is detected.
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Next, drag the PIR get status (return 0 or 1) block into the left input of the comparison
(equals) block, as shown below. This block reads the PIR sensor and returns 1 when motion is
detected and 0 when no motion is detected.

W Biockly  </> Python azer» CUBBR=E

.
!.!r! V1.15.3 [gl Project o
Label gt subse home/status
Screen 7 home/auto/mation NS4 Il_ KELLER_ON
|} Hardware
|v Units (1)
PIR
» Stamps _ :
", Get PTG status (retum 0 or 1)
» Chains
Ir Modules

» loTDevice

Units Stamps Chains » loTCloud

Hide UI-! l Remotet o —

Apikey 2 TBBF2EIC [ connected jon : >, Copyright ©2018-2026 M5Stack

rum! s B Project (SIESES 2 M Biockly  </> Python 2@dear GIHOBR=
= | i Sgpm—

Title

I Label nqtt st ' homefstatus

Screen home/ata/mation || KELLER_ ON

iJF Hardware
|_.V Units (1)
labelg PIR L G Get m status .{ral.un'.l Oor .1) = - |
» Stamps
- - - » Chains
Ib Modules
P loTDevice

Units Stamps Chains » loTCloud

Hide UIJ Remote+

Apikey : 7 TBBF2EIC [ Connectod ] version: G B B & Copyright G2018-2026 MSStack

Step 7

From the Math section, drag a number block onto the Blockly workspace. This block represents
the value that the PIR sensor output will be compared against.
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Change the value of the number block from 0 to 1, then insert it into the right input of the
comparison (equals) block. This configures the condition to check whether the PIR sensor has

detected motion (PIR status = 1).
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Note:This will evaluate the condition continuously inside the Loop block. Whenever the PIR sensor detects motion, it
returns 1, causing the condition to evaluate to true and allowing the blocks inside the if section to execute.

Step 9

From the Logic section, drag another if do else block into the do section of the first if block.
This nested condition will determine which room is currently selected when motion is detected.
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Step 10

Go to the logic section again and drag the comparison (equals) block shown with the red
arrow onto the if block as shown below.
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Afterwards go to the Variables section and drag the Mode variable into the left input of the
comparison (equals) block inside the nested if block. The Mode variable stores the
currently selected room. By comparing its value, the program can determine whether the user
has selected Cellar (Mode = 1) or Store Room (Mode = 2). This allows the program to execute
the correct action when motion is detected.
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Step 12

From the Math section, drag a number block into the right input of the comparison block and
change its value to 1. This checks whether the selected mode is Cellar Mode (Mode = 1).
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Note: make sure to change the number block to 1 to indicate cellar mode as illustrated below.
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Afterwards go to the Ul section and click on Label then first drag the WifiLabel show and add it
inside the do section of the nested if block, and set the text to: Auto: Cellar light ON (motion).
This message will be displayed on the M5Stack screen whenever motion is detected while

Cellar Mode is active.
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After adding it to the do block set the text to: Auto: Cellar light ON (motion) as shown below
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Then click the WifilLabel dropdown and select msglLabel, as shown below.

Note: This ensures that all motion status messages are displayed in the correct label on the
M5Stack screen.
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Step 14

To create the motion detection for the second room(STORE ROOM) block, go to the logic
category and drag the first nested if do block and add it to the else branch shown below.
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Go to the Logic section and drag another comparison (equals) block and add it to the if do

condition shown below.
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Afterwards go to variables, drag the Mode variable into the left side of the comparison block and
set the value on the right side to 2. This condition checks whether Store Room Mode (Mode =

2) is currently selected.
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To set the variable mode to 2 go to math category, drag the 0 block and insert it to the right hand
side of the comparison block and change the value to 2 to represent the store room mode shown
below..
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Step 17

Afterwards go to the Ul section and click on Label then first drag the WifiLabel show and add it
inside the do section of the nested if block as shown below

LD

ui V1.15.3 @ Project nain_zeph(2) -3 Q - G:HD B R=

Screen - — ; Gt [XEE s froben 0 50 1) XD 3
[Ucs - W]
» Hardware T LB ™T via abet P IBT Aven: Cedtae Bohi ON (moson) 13

e ' rmooa
da

v Units (1)
PIR
» Stamps

» Chains

Jnits Stamps Chains
Unit P ! Ib Modules @] pownioad

Hide Ul o LT O o
E |4 —

key - 7BBF2E3C [ Connocted | version : [=R Copyright ©2018-2026 M5Stack

'y

After adding it to the do block set the text to Auto: Store Room light ON (motion). This
message will be displayed on the M5Stack screen whenever motion is detected while Store
room Mode is active shown below.
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Then click the WifilLabel dropdown and select msglLabel, as shown below.
Note: This ensures that all motion status messages are displayed in the correct label on the

M5Stack screen.
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After the blocks of light ON for mode 1 and mode 2 your block code must look similar to the

block below
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Step 18

After completing the Light ON logic for Mode 1 and Mode 2, connect the entire motion detection
logic to the mqtt subscribe block as shown below. . This ensures that the motion detection
code is executed whenever a new MQTT message is received. As a result, the M5Stack
continuously processes the latest mode selection and updates both the lighting state and the
user interface in real time.
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abeld ; 4t PR st oo 0.0 1) X8 D
Lo » loTDevice e
labed s {ode < i = - 1]
» loTCloud = =
o e
P T o Sire R s O noson) I

- - - Remote+

I EzData

|b MediaTrans

Units Stamps Chains :
o P Variables
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visss (=) project BpnG _ az 6 GLEB:

PIR
» Stamps
» Chains
Ib Modules

label0

P l[oTDevice

> loTCloud T o T

labelt

- - - Remotet

i EzData

['_,b MediaTrans

Units Stamps Chains

|§| Variables ) Terminal @eta) P Run @Downluad
e

Step 19

After the automatic light-ON logic for mode 1(cellar mode) and mode 2(store room mode) is
implemented as shown above, the automatic light-OFF logic is implemented in a similar manner
to the light-ON logic described in the previous steps.

The video below demonstrates how to configure the logic for both Mode 1 (Cellar) and Mode 2
(Store Room ) automatic light-OFF logic.

The video shows how to:

configure the automatic light-OFF logic for Mode 1 (Cellar) and Mode 2 (Store Room),
add the 5-second delay block. This block switches the light off when no motion is
detected for 5 seconds and,

e update the msglLabel to display the appropriate light-OFF status message on the
M5Stack screen.
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e Then click the Run m button on the Uiflow to test the use case 1
3§ Blockly  </> Python SAEler CLOERS=

» MediaTrans

[ EzData

i es
labei0 Variables

labei0) |
\abalo | z| Math

labeil

label) Loops
Labeld

Logic

Graphic
&l &

Emoji

Timer

Functions
Units Stamps Chains

Hide UIJ m

Api key : I TBBFZEIC DB & Copyright ©2018-2026 M5Stack

Afterwards, click the Run button in UIFlow, test the automatic light control using the PIR motion
sensor with the m5stack device. The following video demonstrates how to test the automatic
light control using the PIR motion sensor.

The video demonstrates that, pressing the first button (Button A) switches the M5Stack to
Cellar Mode. Moving a hand in front of the PIR motion sensor automatically turns the
Cellar light ON. After no motion is detected for 5 seconds, the light turns OFF
automatically.
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Next, pressing the second button (Button B) switches the M5Stack to Store Room Mode.
The PIR motion sensor is then used to automatically turn the Store Room light ON and
OFF. Finally, pressing the third button (Button C) switches the system to OFF Mode,
disabling automatic light control.

3.6 Save Progress

After implementing Use Case 1 in UlFlow,
1. Enter the project name (e.g., M5stackConfig) in the project name field.
2. Click the Save icon (floppy disk) in the top-right corner to save the project, as illustrated
below. Note remember where you saved your project on your computer for later
reference.

THI T = R T tmbhn QLSE=

5 » Chains
Set Sc :
Ih- Modules —————]
» loTDevice : - .
» loTCloud . @ show

Remote+

ﬂ EzData

|
| ‘> MediaTrans
- alcher | mSstackClientSarah02
{
Variables : | broker.hivemg.com

' 13 Math

Loops

r
Units Stamps Chains I@

Hide m-! ] m Logic

Note: The project name is user-defined and may be changed to any name of your choice. For
consistency, this guide uses main_zeph as the example project name.

4. Use Case 2 Environmental Monitoring
(Temperature & Humidity)

This use case describes how the system continuously monitors the environmental conditions
inside a room using one physical ENV Unit ( DHT12 sensor) connected to the M5Stack device.

The same ENV Unit ( DHT12 environmental sensor) measures both temperature and humidity
values in real time, meaning that separate sensors are not required for these two
measurements. These values are processed by the system and displayed directly on the
M5Stack screen, allowing the user to observe current room conditions at any time.
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4.1 Overview
The measured values are:

e displayed on the M5Stack screen and on the mobile app so users can monitor the room
conditions remotely..

Temperature monitoring

The system performs the following actions:
e The DHT12 sensor measures the room temperature.

Example output on the display: Room Temp: 22.4 C
This allows the user to monitor the indoor temperature.
Humidity monitoring
e The sensor also measures the air humidity.
Example output : cellar Humidity: 45 %

This allows the system to track cellar air quality.

4.2 Components Required

e M5Stack Core / Core2

e ENV Unit (DHT12 Temperature + Humidity sensor)

ENV.Sensor

e Grove cables

20. April 2026 [Zephaniah Lamptey] 94/127



JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

e USB Type-A to USB Type-C cable

4.3 Hardware and Software Setup in UIFlow
This section shows how to connect the m5stack and its components.

Below is a step by step instruction for the task use case 2(Environmental Monitoring
(Temperature & Humidity)

Step 1 (hardware Setup)

Connect the ENV sensor (DHT12) to Port A of the M5Stack using a Grove cable. This sensor is
required to measure the room temperature and the air humidity. It will be used in the following
steps to read environmental values and display them on the screen.
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4.4 Implementation

Before implementing Use Case 2: Environmental Monitoring, open the project created in Use
Case 1. This allows you to continue developing the existing application without recreating the
previous configuration.
1. Launch UlIFlow https://flow.m5stack.com and connect your M5Stack device to your
computer via the USB Type-A to USB Type-C cable . Note: Here we assume that you
have followed the steps explained in_section 2 .(M5stack device flashing process)

2. Click the Open Project icon located in the top-right corner of the UIFlow interface.
3. Select the previously saved project (e.g, M5stackConfig ) on your computer.
4. Click Open to load the project to continue implementing Use Case 2

98 Blockly  </> Python S2@mder» QUIBBR=E

» Chains

IP Modules ]

Connecting WiFi..

Note :In this use case we want to display the temperature and humidity value from the display
screen variable created in use case 1.

!Lln! V1153 @Project ik il sl el it *BM </> Python & Q"\ ~» @'\QL' B‘::
» loTCloud
Set Screen backgroundColor
Remote+ abel (LTI RN show
EzData : = e
» MediaTrans

[x] Variables £ msglavel - [
Math

Liwest99BF  [lzacell(clal | QpCmC4BMTTHH
WifiLabel * ©yef MQTT Connected!

I @ Loops C L mBstackClientSarah02

Logic _ broker hivema.com

|, 1883
|

I 1"'—_.»| Graphic
! Emoji
Hide UI-! + [ Timer

d] version: V1,153 G B & Copyright ©2018-2026 M5Stack

Units Stamps Chains

4.5.1 Add the Environmental Monitoring Functionality (ENV Sensor)

The project from Use Case 1 will now be extended by adding support for temperature and
humidity monitoring using the ENV 1V sensor. The following steps explain how to read the sensor
values, display them on the M5Stack screen, and publish them to the web application via MQTT.

Open UlFlow and go to the Units in the lower-left corner. . Click the “+ (Plus) icon”
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Units Stamps Chains

2. addthe ENV Il sensor to your project and press ok

Units  ® Only Azure PnP

3. After adding it, the sensor will appear in UIFlow under Units as shown below.

20. April 2026 [Zephaniah Lamptey] 97127



JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

* Blockly (/) Python

ENV 1l

P Hardware ENV IV

¥ Units (1) =)

MSSTACK

ENV
» Stamps
» Chains

» Modules

Load Examples ( env | )

P loTDevice

Load Examples (env Il )

» loTCloud

Load Examples ( env Il )}

Load Examples { env IV )

Note: This is important because the program needs to know which sensor should be used when
reading the temperature and humidity values.

4.5.2 Create a Continuous Reading Loop

Before implementing the sensor logic, it is necessary to create a loop that allows the system to
run continuously. This is important because the temperature and humidity values change over
time, and the system must constantly update these values to provide real-time monitoring.

1. Go to the Event section in UIFlow and drag the Loop block into your program..
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Load Examples ( Timer )

Label

wasPressed

Screen

A wasPressed

!_u!:! V1.15.3 @ Project e eph(2)(9)(2) * Blockly  </> Python - Q - ~ @wD B R=

I Event
Iv ul
I Label

Screen

;:P Hardware

Iy units 2)
ENV
PIR

» Stamps
Units Stamps Chains » Chains

Hideul-!ﬂmi . ,_E:;“:MM .

key - 7BBF2ESC [ Copyright ©2018-2026 M5Stack

This block ensures that the program runs continuously while the device is powered on.

4.5.3 Create variables and Read the sensor values

Create two variables to store the sensor readings.

Open Variables.

Click Create Variable.

Create a variable named:
temperature

Create another variable named:
Humidity

e~ e WM~
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9§ Blockly </> Python aBERNA CGUODBEAE=E

» loTDevice Variables

Click Create Variable...
» loTCloud 2 @
Click the Create Variable... button.

Remote+ change [T
change [EEEITINN by
= 2 n e Create the variables

H EzData [ Auto: oo = Create the following variables
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1 : * temperature
' MediaTrans

+ humidity

Variables ‘

Math

| Stamps Chains

Hide UIS

Api key : 7./BBF2E3C version: V11523 S B & & Copyright ©2018-2026 M5Stack

9§ Biockly  </> Python 2zmENA GUBEE=

» loTDevice
Variables

» loTCloud Creals variabic.

ol (CTTETITND fo
Remote+ T tomperature - 1O 1 |

I EzData
» MediaTrans

Variables
Math
Loops
Logic

Units Stamps Chains Graphic

@ Download

Emoiji

Copyright ©2018-2026 M5Stack

5. Drag a Set temperature variable block inside the Loop block.
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W Biockly  </> Python

» loTDevice i
Variables
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Remote+

I EzData

| » MediaTrans

@ Variables

Units Stamps Chains IE‘ Graphic
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9§ Blockly </> Python S@zer» QUBBR=E

» loTDevice

» loTCloud

Remote+

I EzData

"1

» MediaTrans

Variables
Math
Loops
Logic

Units Stamps Chains Graphic

;!ﬂ m i Emoji

- - TRBFZE3IC sion : V1.15.3 BB & Copyright ©2018-2026 M5Stack

6. Afterwards go to the Units category and click on ENV ,then drag the get Temperature (°C)
block into the set temperature
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V1.15.3 @ Project B eph(2)(9 * Blockly - </> Python - Q -~ @wﬁ = =

I Event ENV Il
Iv ul ENV IV

Label
label0
Screen
» Hardware
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Load Examples { anv IV §
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Screen
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7. Afterwards repeat the same process for humidity.Set humidity then Go to the Units category
and click on ENV ,then drag the get humidity (°%) block into the set humidity as shown in the
video below
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4.5.4 Display Temperature and Humidity on the Screen
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_3&«» (CAMEIEES

After reading the temperature and humidity values, the next step is to display them on the
M5Stack screen so the user can see the current environmental conditions.

Step 1

Go to the Ul category and click on Label, then drag the Label show block into the Loop block.

.
Pl_n! V1.153 @ Project

label0

Units Stamps Chains

AR+

4 TBBE2

20. April 2026
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3 Blockly  </> Python

Screen
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ENV
PIR ; )
(71 wintabet - & hige - |
» Stamps

» Chains

Copyright ©2018-2026 M5Stack
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Step 2

Then from the drop-down menu, select tempLabe as shown below.

!u.Jn! V1.15.3 @ Project B eph(2)(9 * Blockly - </> Python - Q -~ @wﬁ = =

Tide R (3 '

I Event
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| tempLabel é"
¥ Units (2) humLabel
& msglabel
‘WifiLabelstatus

ENV
PIR

» Stamps

Units Stamps Chains » Chains

HFU- m — I. ..;,.__..-_H__

Step 3

To display the current room temperature on the M5Stack screen, the sensor value must first be
converted into text. This allows it to be combined with a descriptive label before being displayed.

1. Click Text in the left Blockly menu and drag the Join (+) block into the Label show block
(for tempLabel) as shown below.
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2. In the left input of the Join (+) block, enter the text:Room Temp
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Logic : o
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3. From the Text category, scroll down and locate and drag the Convert to str block into the
right input of the Join (+) block.

rum! V1.153 @ Project

Math
Loops
Logic

Graphic
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4. Click Variables and drag the temperature variable into the Convert to str block.

3 Biockly  </> Python 2@OAC P CUHBBR=E

. EzData

- Variables
» MediaTrans
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i V1153 BPrﬂject : ) 9§ Biockly  </> Python 2EQer CHED:
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| Variables
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Math

Loops Loop |
set to | Get (TR Temperature ("C) (retum float)
Logic | | sot (YEEEB to | Get EIIRIEN Humidity (%) (retum fiaot)
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Timer

Functions
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Note: The completed block combines the text "Room Temp:" with the current temperature value
and displays it on the M5Stack screen. The output appears similar to: Room Temp: 27.3.

Text

| [ M @

Step 4

The cellar humidity value is displayed using the same approach as shown above under step 3.
The value is converted to text and combined with a descriptive label before being shown on the
M5Stack screen.

The video below demonstrates how to configure the humidity display on the M5Stack screen.
First click on units category and click on label to add a second Label show block , followed by
from the text category click the Join (+) block to combine the label text with the humidity
value. The Convert to str block is then used to convert the humidity variable into text
before it is displayed using humLabel.

» loTCloud

Remote+
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4.5.5 Publish the temperature value and humidity value

To enable real-time monitoring in the web application, the temperature and humidity values must
be published to the MQTT broker. Each sensor value is assigned to a separate MQTT topic so
that the frontend can receive and display the latest readings. Please follow the steps below to
enable this.
1. First,click on the Advanced category from the middle right search section as shown
below

r_n_n! V1153 @ Project ain_zeph(2)(9)(2)(1)(1) * Blockly  </> Python 2 Q - GJ::D BER=

FUncuons

£

sot (MEDDES 1o Got ERTEOEE Humidity (%) (retum fiact)
Text Labol (TR T show LT Room Temp ELBIERIRE o E S bomparature * |

Lists Labe! EFETETTRN show | & TN ¢+ Convertost | CTSTED

J.

@
=
@

Map
JSON

Bytearray

v

» Third Party

Remote

Units Stamps Chains Custom

L AE

2 After clicking on the advanced locate and click MQTT and Drag two Publish Topic blocks and
place them below the humidity display block.

i ¢ Biocky  </> Python a@Eder GOERE=E
@l Map MaTT

P Publish Lowp.

JSON ol CTTTTRE ot CIER et ) o o)
Subseribe P ity * |
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Hoe U S IR0 (4~ e R e e
-— w NER

Api key -~ TBBF2ESC [c co]version V1153 S B B & Copyright £2018-2026 M5Stack
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3 Biockly </> Python S@mer» CUIBB=E
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[y uson P :
i set Gl to  Get T Temperature (°C) (return float)
E Bylearray set (MRS to | Get (T Humidity (%) (return flact)
Label QENTLEIES show ¢ GEEUNEIM ? |+ Converttostr
¥ Advanced
Label VT show .« (FPMTIN? +  Converttost | (NGTVED
Execute
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Api key -/~ TBBFZEIC d ] version: V1,153 5 B B X Caopyright ©2018-2026 M55tack

Note: These blocks are used to publish the temperature and humidity sensor readings to the
MQTT broker.

3. Configure the first Publish Topic block as follows:

e Topic: home/env/1living/state

V1.15.3 @ Project ( _ * Hoddy </> Exthon & m ‘.‘ ” @ﬂn B lg] =

@ o

[3] Json K
set [ Rl to | Get ENTE B Temperature ("C) (return float)

E| Bytearray sot MRS to et ERTRER Humidity (%) (retum flact)

iabeld - Label @TTECENN show | o GRS ? ¢+ . Convertlostr
¥ Advanced
Label [ITETTIEN show L0 Cellar Hunidity ELIMSCSIRN ST BV TSI humidity + |
Execute
I publish topic ¢ (RN ? msg | %@ | qos | [

EspNow
P publishtopic = “ [l msg «@ ? aqos [@

I MQTT

I Http

» Socket

H Modbus Master

I Modbus Slave ’ Run @ Download
e U_ R 4|
—]

Api key ./~ TBBFZEIC d] version:v1.153 G B B & Copyright ©2018-2026 M5Stack

Units Stamps Chains

Note:This MQTT topic is used to publish the temperature data so that the web application can
receive and display the latest temperature reading in real time.

4. Afterwards click on the text category from the middle right section, then drag a Convert to str
block into the Message field.
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Note:This block converts the temperature value from a numeric data type into a text string,
allowing it to be transmitted correctly through the MQTT Publish Topic block.

5 Then click the variable category and insert the temperature variable to the Convert to str
block.
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Returns the value of this variable.
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6. After configuring the Publish the temperature block, connect the Loop block directly below the
mgtt start block which was created in use case 1. This ensures that the MQTT connection is
established before the program begins reading, displaying, and publishing the temperature and
humidity values. Without this connection, the Loop may not execute as part of the main program
flow, preventing the sensor values from being published correctly.
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7. The next step is to configure the Publish Topic block for humidity.
The video below demonstrates how to:

configure the second MQTT Publish Topic block;

set the MQTT topic to home/env/keller/state;

insert the Convert to str block into the Message field;

add the humidity variable; and

click the Run button in UIFlow and observe the temperature and humidity values
displayed on the M5Stack screen.
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After clicking the Run button in UIFlow, the M5Stack begins reading the sensor data. The current
room temperature and cellar humidity are then displayed on the M5Stack screen, as shown
below.

- I
if MOTT Cannected!

‘Mode: 7

Room Temp : 27.13
Callar Hunidity : 17.5

Walilting...

This image confirms that the ENV sensor is connected correctly and the values are being read
successfully.

4.6 Save Progress

After implementing Use Case 2 in UIFlow, Enter the project name (e.g., M5stackConfig) in the
project name field as demonstrated in _3.6 Save Progress to save your progress.
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5 Use Case 3 — Security Status Monitoring

The goal of this use case is to monitor the status of doors, windows, and locks and show the
current security state on the M5Stack screen. In addition, the RGB LED is used as a local visual
indicator so that the user can quickly see whether something is open, closed, locked, or
unlocked.

5.1 Overview
This use case allows the user to immediately see whether the monitored room is secure.
The system performs the following actions:

Door status monitoring
The system receives the current door status.

For example:

e door open

e door closed
This status is shown on the M5Stack screen.

Window status monitoring
The system receives the window status.
For example:

e window open

e window closed

This helps the user check whether the room is secured.

Local RGB status indication
The RGB LED is used as a local indicator:

e If the RGB led turns green, it indicates that a window or dooris open / unlocked

o |If the RGB led turns red, it indicates that a window or door is closed / locked
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5.2 Components needed

e M5Stack Core / Core2

e RGBLED

oo
®
ln-.

RGB LED

e Grove Hub needed to connect multiple units at the same time(motion sensor + RGB
Led) in port B

L 3]
=p

e

e Grove cable

|S

5.3 (hardware Setup)

Step 1
Connect the Grove Hub to Port B of the M5Stack using a Grove cable.This enables other
components to be connected together.
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Step 2
Also connect the RGB LED to Port B via the Grove Hub free port using a Grove cable.

5.4 Implementation

Use Case 3 continues from the project created in the previous use cases.

1. Launch UlFlow https://flow.m5stack.com and make sure that the m5stack and its
components are connected via usb cable.
2. Click the Open Project icon in the top-right corner.
Uy 2 projec MEINSZEPA 2 Biockly  </> Python SEQar GHEO:

V1.15.3

» Chains
Select the previously saved project.
4. In this guide, the project is named: main_zeph

w

20. April 2026 [Zephaniah Lamptey] 1171127


https://flow.m5stack.com

JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

5. Click Open to load the project.

After a successful load, your Ulflow will display the last save project as shown in the
video below

1lui.oi V1153 @ Project LIMAN_ZEPA<) J 3 siockly.| </> Pyihon 2 a Q « lad @wD BE=

H EzData

-IP MediaTrans

|E| Variables . =-T | :
(3] Math " Kb o ;

I |§| Loops TR

[¢] Logic
I | Graphic
I Emoji
[@©] Timer
[Z] Functions

I E Text

Units Stamps Chains

Note: The project name is user-defined. Select the project name that you used when
saving the previous implementation.

Below is a step by step instruction for the task use case 3(Security Status Monitoring)

5.5 Execute Code Blocks
For this use case two Execute Code blocks are required:

1. The first block configures the security MQTT connection, subscribes to the
home /status topic, processes incoming messages, updates the M5Stack screen, and
controls the RGB LED.

2. The second block continuously checks whether a new security message has been
received from the frontend.

Note: Using Execute Code blocks reduces the number of complex Blockly conditions required for
processing door, window, and lock messages.

5.6 Add the Security Setup Execute Code Block for first block

Step 1

In the Blockly menu, click Advanced as shown below in the red arrow.
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Step 2

Afterwards locate and click Execute.
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JSON

D| Bytearray
¥ Advanced
Execute
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I MQTT

Units Stamps Chains » Socket

+

Step 3

Drag an Execute Code block into the main setup section. Place it after the Wi-Fi connection has
been established and before the main Loop begins.
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2mQear» GLEA=

Download and insert this python code into the Execute Code block as demonstrated in the

video below.
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5.6 Why the First Execute Code Block Is Required
The first Execute Code block provided above performs several tasks.

1 MQTT configuration

The following values configure the connection:

#
# USE CASE 3: SECURITY STATUS MONITORING
#

SECURITY_BROKER = "broker.hivemg.com"
SECURITY_PORT = 1883
SECURITY_TOPIC = b"home/status"

Note: The M5Stack subscribes to home /status because the frontend publishes door, window,
and lock status messages to this topic.

2 Unique client ID
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Note: A unique client ID prevents the MQTT broker from disconnecting the M5Stack because

another device is using the same identifier.

3 RGB LED configuration

# RGB LED connected to Pin 26
security_rgb = neopixel.NeoPixel(
Pin(26, Pin.OUT),
1

Note: This configures the RGB LED connected to Pin 26.

5.7 Set RGB LED Color Based on Message

Next, define the Python logic that changes the RGB LED color depending on the message

content.

</>python:

if "open" in t or "unlocked" in t:
rgb green ()

elif "closed" in t or "locked" in t:

rgb red()
In this use case:

e Green means open or unlocked

o Red means closed or locked
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This allows the user to immediately understand the system state without reading the full
message.

This topic is used by the backend to send security-related messages to the M5Stack.
Examples of incoming MQTT messages:

door open
door closed
window open
window closed
lock unlocked
lock locked

5.8 Add the Message-Checking 2nd Execute Code Block

The first block creates the MQTT connection, but the M5Stack must also check continuously for
new messages.

Step 1

Click Advanced, open Execute, and drag another Execute Code block into the beginning of the
mqtt subscribe block..

9§ Biockly  </> Python aslear GOEA=

| Timer
[Z] Functions

H [25] Text
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Step 2
Insert the following command: security _check_messages() into the code block.

3§ Biockly  </> Pyihon (AR EIEE=

Emoji
Timer

Functions

JSON

Bytearray

¥ Advanced

. Execute
Units Stamps Chains

ide UI ! m

I EspNow

Note : This checks whether the frontend has published a new message to
home /status.Without this command, the M5Stack may connect and subscribe successfully,
but it will not continuously process new status updates.

The function also reconnects automatically if the MQTT connection is interrupted.

5.9 Run and test the Program

After completing the configuration, Click the Run button in UIFlow.

20. April 2026 [Zephaniah Lamptey] 124127



JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

e the RGB LED changes color according to the current state
e the frontend dashboard reflects the same status as the M5Stack
e the system correctly distinguishes between:

o open /unlocked — green RGB

o closed /locked — red RGB

The following screenshots show the successful communication between the M5Stack device,
RGB LED and the frontend dashboard .

05:06 - T e
Main Light —

L @ o

E! Heater @ a|
Manual heater control
Smart Door Lock @ -

a o

UNLOCKED

8 Air Temperature Sensor o
23.6°C

am Window
CLOSED

< 2 1921680191 &
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If you enter living room and slide the close window on the mobile App via the link
:https://smarthome-app-865f2.web.app the mb&stack receives the message and displays the
status on the mbstackscreen and the rgb led indicates Red.

05:05 ol T D
Main Light ==
A @ o
Heater
m Manual heater control @ 5
Smart Door Lock o
ﬁ UNLOCKED @ £l
8 Air Temperature Sensor a

235°C

< 2  192.168.0.191 ()

On the other hand If you slide the open window on the mobile App the m5stack receives the
message and displays the status on the stackscreen and the rgb led indicates green.

This test confirms that the system correctly receives, processes, and displays security-related
information in real time.

6. Deployment and Usage Instructions

This section describes how the system is deployed. The system is composed of a frontend
application, a backend service and an MQTT broker for communication that is fully cloud-based.

For this project, the following platforms were used:
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e Frontend (Flutter — Firebase Hosting)
e Backend(Spring Boot) were deployed using Railway

e The MQTT broker used is HiveMQ (public broker)

This setup allows the system to be accessed remotely via a mobile web browser without
requiring local installation of the frontend or backend.
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