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Abstract— The Blockly Programming is one way to 

represent Programming code or script languages on High-

Level Programming like Python, C / C ++ Language to easily 

understandable image forms, these images have different 

forms that represent if, for, while, input, output values, etc. in 

this research, an analysis using M5STACK Board can be 

programmed using the Arduino IDE or flow.m5stack based on 

Blockly Programming. Basically, Blockly programming is used 

for Programming Education. In this research, the Blockly 

programming application is used flow.m5stack to run the 

Motion Sensor, basically, there are many sensors that can be 

used on the M5Stack board as well as the Arduino Board with 

various shapes and variants. In this research, the M5Stack 

Microcontroller application is easily explained using Blockly 

Programming, so programming feels easier and more 

enjoyable. Microcontroller based M5STACK board can be 

developed in the Internet of Things (IoT) application using 

MQTT Protocol. furthermore, Message from the Queuing 

Telemetry Transport (MQTT) The protocol that is used to 

represent commands and processes and produces the 

appropriate output in real time via Internet protocol (TCP / 

IP). M5Stack is using the MQTT API Cloud server, and its 

application to Smart home, furthermore, the M5Stack client 

board sends data to the Cloud MQTT or MQTT Broker using 

the establishment of IoT on Smart home using MQTT Server 

and M2M Technology using multi M5Stack boards. 

Keywords— Blockly, MQTT, Programming, IoT, Sensor, 

Education 

I. INTRODUCTION  

This research talks about the application of Blockly 
Programming on the M5Stack. a Blockly Programming is a 
type of Block-based Programming as well as constructing a 
puzzle, upright it will appear easier and faster to be 
understood by beginner students to learn Python, C or C ++. 
Accordingly, to this theme, i.e. education, Computer Web-
Based Software and New Technology on education, at this 
time will discuss the role of Blockly Programming to 
espouse an IoT Technology on the M5 Pack Board. Blockly 
Programming is supportive in GUI based programming. 

GUI (Graphical User Interface), format and tools in 
programming languages continue to be developed to the 
stage of improvement, besides that the development of the 
technology of the Internet of Things (IoT) is increasing 
rapidly following the development of the Industrial 
Revolution 4.0. Automation technology continues to grow 
with the internet Protocol technology used. several types of 

messaging protocols for IoT Systems are used as a research 
[20] i.e, MQTT, CoAP, AMQP, and HTTP, for M5Stack 
uses the MQTT Protocol. moreover, M5Stack board is a 
microcontroller type, M5Stack board is an Open-Source 
modular toolkit for IoT devices based on ESP-32-update 
version of ESP8266 with stackable, user-friendly IDE, 
besides using Blockly Programming in M5Stack Flow, also 
based on the Arduino Integrated Development of 
Environment (IDE) in C ++ [15]. the two parts discussed in 
this research are Blockly Programming on M5 Pack Flow 
and MQTT Protocol on M5Stack communication server. 

MQTT (Message Queuing Telemetry Transport) 
Protocol is used as a device developer based on IoT (Internet 
of Things). IoT is a technology that is used to monitor energy 
usage (energy monitoring), device status and current status of 
sensors when monitoring e.g, moisture soil sensors in 
ornamental plants. in research [6] uses the LM35 as a 
humidity sensor and the data is stored in a MySQL database. 
The Raspberry Pi 3 is used as an Internet Gateway, a Pulse 
and Blood Pressure Sensor [11,13,21], the position status of 
motorized vehicles, the status density of road users, all of 
which can be monitored through internet or internet 
protocols or TCP / IP technology.  

The use of messages or characters is made to determine 
the output and output can be monitored in a graph report and 
real-time status on the device. furthermore, IoT technology 
continues to evolve using various advanced devices such as 
RFID, Smart Sensors, Communication technologies, and 
Internet Protocols [2, 11]. Sensor data transmission using IoT 
Technology is one example of technology implementation in 
Industry Revolution 4.0, in the previous research, Ultrasonic 
sensor data transmission still uses limited Global System for 
Mobile Communication (GSM) technology with Base 
Transceiver Station (BTS) and this is local. this sensor is sent 
using GSM SIM900A technology on Microcontrollers, 
limited to the presence of BTS and experiencing many 
weaknesses [7]. 

In the study [3] a comparative analysis was carried out 
between the Transmission Control Protocol (UTP) and the 
User Datagram Protocol (UTP) and transport protocols to 
obtain analysis or performance over a narrowband IoT ( NB-
IoT) Link. MQTT can also be analyzed for its performance 
using HTTP [10]. These environments where networks have 
low bandwidth and high latency [1]. One parameter of IoT 
quality assessment is Energy and Quality of Service (QoS) 
such as Delivery Latency or delay. It is proven that it can 



reduce delivery latency by 55% [5]. MQTT has three levels 
of QoS with various sizes of payloads [10]. In this research, 
M5Stack Core ESP32 is used, this 5x5 cm square board is 
small and dynamic, using dual MCU system technology, i.e, 
M32u4 and M328P link by SPI. M5Stack Core ESP32 is a 
small module that has 3 main functions, i.e, the Control, 
Sensors, and Actuator modules. furthermore, M5Stack Core 
ESP32 can be programmed using 2 ways, UI Flow and 
Arduino IDE. UIFlow uses block programming that is useful, 
while the Arduino IDE uses the C ++ programming 
language. Therefore, from the above review, it can be seen 
that there are many roles of M5Stack board in supporting the 
development of IoT Technology by MQTT Protocol. 
consequently, that it can be said to learn M5Stack by directly 
learning Blockly Programming. 

II. METHODS 

A. Flowchart 

The flowchart on Fig. 1 shows how the system on the 

M5Stack Board works from beginning to end. 

 

 
 

Fig 1. Flowchart System 

 

 

B. Blockly Programming on M5Stack 

Blockly Programming is the solution for beginner 

students to start learning C and Python programming 

languages because this programming is based on a form of 

blocks that is easy to apply following the shape of the block, 

as well as constructing puzzles. In blockly programming, 

there are commands in the programming script completely. 

The facilities include Logic, Loop, Math, Text, Lists, Color, 

Variables, and Functions [19]. 

 

 
 

Fig.2 MQTT Blockly 

Blockly programming can be exported or converted to other 

programming languages such as Javascript, Python, PHP, 

Lua, and Dart. Blockly Programming application on 

M5Stack, there are 2 parts, i.e, Client 1 and Client 2, 

furthermore, Client 1 and 2 are made to be able to 

communicate through cloudMQTT, the server used is 

m16.cloudmqtt.com, the parameter in MQTT Blockly is the 

Set Client id, server, port, user, password, keepalive, start to 

subscribe with a topic_data_mqtt start, get topic_data, 

publish topic and message. Fig. 2 show about M5Stack 

board blockly start from MQTT Parameter blockly. 

 
 

Fig 3. M5Stack Client 1 blockly code 

 

 
 

Fig 4. M5Stack Client 2 block code 

The two blocks on M5Stack Clients can be changed in 

Python form by moving the Blockly button to Python, so 

that the Blockly form can be seen in Python form, Fig. 3 and 

Fig. 4 show about the client 1 and 2 on M5Stack MQTT. 



 

Fig. 5. Block Diagram System on this research 

To facilitate understanding of this research approach can 
be seen in Fig. 5, Fig. 5 is the flow of thought in this 
research. The main topic is the use of MQTT on Blockly 
Programming. MQTT is Message Queuing Telemetry 
Transport, MQTT works through the TCP / IP protocol. Also 
called the protocol based on publishing or subscribing to the 
messaging protocol. There are 3 terms in MQTT Client 
communication and MQTT Server or Protocol Broker, 
namely Connect, Subscribe and Publish, i.e, Connect 
Acknowledge, Subscribe Acknowledgment and Publish 
Acknowledgment on Fig.7. Topic name, Client ID, User 
name and password are encoded as UTF- 8 Strings. 
furthermore, MQTT Can be seen in the Standard packet 
structure in Fig. 6. [14] 

 

Fig. 6. MQTT Standard Packet Structure 

 

Fig. 7. MQTT Client to Broker Protocol 

MQTT is one protocol that works by using binary bytes not 
string text. MQTT uses the Command and Command 
Acknowledge format. 

III. THE HARDWARE AND METHODS 

A. M5Stack Core ESP32 Board 

In Fig. 8 shows the M5Stack Core ESP32 board in the 

open state used in this research. 

 

Fig. 8. M5Stack Core ESP32 Board 

M5Stack Core ESP32 [13] is a complete board with the 
following specifications ie, ESP32 with MPU6050, 
MAG3110 16 M-FLASH and 4M-PSRAM, 2x15 Pin BUS, 
3D Antenna, C-USB Type, Grove (I2C), TF Carder, IP5306 
(I2C), CP2104, 9 DOF Sensors, 1 W Speaker, Microphone, 
LED Bar, Grove (UART), Grove (I / O), and 550 mAH 
Battery. 

B. Block Diagram on M5Stack IoT 

Fig. 9 shows a block diagram that illustrates the system 
in this research. There are 3 main parts, i.e. Sender, MQTT 
Broker and Receiver (devices). Data from sensors and UI 
Flow on M5Stack Client sent to MQTT Brokers are called 
publish. 

 

Fig. 9. Block Diagram System in this research 

Subscribe is a term used to represent the connection between 
MQTT Brokers and Receiver devices e.g, Smartphone, 
Laptop Computer or M5Stack.. Fig. 13 is developed on 
Smart home using sensors that are scattered at home and sent 
to MQTT Brokers using MQTT Cloud. UI Flow initialized 
units are used for an e.g, Temperature sensor. After the 
initialization process is complete then the download process 
is done, based on a WiFi connection and MQTT Broker data 
can be received by other M5Stack Core ESP32 devices, and 
data can be displayed on 2 different devices through MQTT 
or MQTT Broker Cloud servers as the server. furthermore, In 
research [12] discussed MQTT on home automation systems 
using the Raspberry Pi as an Internet gateway or the main 
server. 

C. MQTT Brokers 

The MQTT Broker [9] is a server used on M2M i.e. 

M5Stack board devices, therefore, In this research MQTT 

Broker used is cloudmqtt, Cloud MQTT is used to hold data 

from M5Stack Core ESP32 board, then send data via TCP / 

IP to various devices connected to WiFi or Internet Access 

using SSID. furthermore, at MQTT Broker or MQTT Cloud 

contains data that will be used in UI Flow, i.e. server 

address, username, password and the port number on MQTT 

Cloud, it is determined how many devices can be connected, 

in this research, MQTT Cloud that can be connected is 5 

devices. The appearance of the MQTT Cloud administration 

can be seen in Fig. 10. 

 

Fig.10. MQTT Server 



Menus included in MQTT Server include settings, 
certificates, user & ACL, Bridges, Amazon Kinesis Stream, 
Websocket UI, Statistics and Connection status. On this 
research will emphasize the statistic and connection status. 
The system to be built is shown in Fig.13. That is building a 
Smart home using the M5Stack board and MQTT Server 
(Cloud MQTT). To be able to connect to the MQTT Cloud, 
the UI Flow M5Stack board needs to be set on the Server, 
Port, User and password and client ID sections. 

D. Passive Infrared Sensor Approach 

The sensor used in this research is the Motion Sensor 

on Fig. 11, the motion sensor is a sensor that detects the 

movement that occurs around the sensor with a certain 

distance according to the capacity of the sensor, this sensor 

is used on lights that are connected with a 5 Volt relay. PIR 

Sensor Schematic can be seen on Fig. 12. 

 

 
Fig. 11. PIR Sensor dimension 

 
Fig. 12. PIR Sensor Schematic 

 

Fig. 13. Implementation of MQTT M5Stack to Smart Home 

PIR Sensor is protected with a layer called Fresnel lens 
which allows more diffuse detection, in the PIR Sensor 
version used in this research is 120 degrees, PIR will work or 
provide a signal when detecting a motion, PIR Sensor detects 
a distance of 24.89 cm, when the Output signal selected, the 
M5Stack board converts analog signals to digital form. That 
is the value of 1 for detection and 0 when no motion is 
detected. More complete the PIR Sensor Specification can be 
seen in table 1. 

TABLE I.  PIR SENSOR SPESIFICATION 

No Parameters Spesification 

1 Interface Grove Compatible Interface 

2 Integrated Circuit 
(IC) 

BISS0001 micro power PIR motion 
detector IC 

3 Wivelength 7 - 14 um wavelength sensor 

4 Voltage 3-5VDC 

5 Dimension 20 x 40mm (0.78 x 1.57") 

6 Detecting angle 120 degrees 

7 Detection range On this type is 9.8 inch or 24.89 cm 
detection range 

 

E. MQTT Security 

MQTT Broker Security does not only use Username or 

ID and Password to be able to enter MQTT Brokers, but 

also media to do Authentication such as HiveMQ [15, 16].  

Another method about IoT Security is SMQTT and 

SMQTT-SN is IoT security technology that uses augmented 

to existing MQTT based on Key / Cipher Protocol text 

Policy-Attributed Based Encryption (KP / CP-ABE) [4]. If 

you want to delete and replenish M5Stack with a new 

program, the M5Burner bootloader is needed. 

 

IV. RESULT AND DISCUSSION 

A. Blockly PIR Sensor Program Analyze on M5Stack  

There are 2 types of programming offered by 

Flow.mstack, i.e. Blockly and Python, for Python experts is 

the choice, while Beginners choose to use Blockly because 

besides being easy and fast, there is no need to worry about 

minor errors in the syntax Python programming language. 

The Python programming language is a bit simpler than C 

++ in the Arduino IDE, although that choice can be chosen. 

In this research, PIR sensors or motion sensors are used as 

sensors to detect motion. The status is pir0 = units.PIR 

(units.PORTB) on Fig.14. 

 

 
 

Fig.14. Comforting data Server, Username, Password and port from MQTT 
Broker and Blockly 

 

The important part is equalizing data from MQTT Broker 

and Blockly programming, the equalized parts are Server, 

Username, Password and port from MQTT Broker and 

Blockly. M5Stack Pseudocode of Python client shows the 

Python form of Blockly Programming on this research. 

 



I. Import the libraries 

from m5stack import * 

from m5ui import * 

from m5mqtt import M5mqtt 

import units 

 

II. Initialize a Port 

clear_bg(0x222222) 

pir0 = units.PIR(units.PORTB) 

 

III. Initialize a information MQTT Broker 

m5mqtt = M5mqtt('helloM5', 'm16.cloudmqtt.com', 

11456, 'momitpev', '6ErEW8LPQA_3', 300) 

 

IV. Initialize a buttons 

btnA = M5Button(name="ButtonA", text="ButtonA", 

visibility=False) 

btnB = M5Button(name="ButtonB", text="ButtonB", 

visibility=False) 

btnC = M5Button(name="ButtonC", text="ButtonC", 

visibility=False) 

 

V. Initialize a Text 

label1 = M5TextBox(132, 97, "Text", 

lcd.FONT_Default,0xFFFFFF, rotate=0) 

 

VI.Starting MQTT Broker 

m5mqtt.start() 

label1.setText('Helo Puput') 

while True: 

VII. Initialize a Output  

 

m5mqtt.publish(str('pir'),str((pir0.read()))) 

 

VIII. Initialize a timer 

  wait(1) 

  wait(0.001) 

---Pseudocode of Python client M5Stack--- 

 

B. MQTT Analysis 

Before carrying out the analysis, record any information 

on the MQTT Broker. For example in Fig. 15, the broker 

used is CloudMQTT with mosquito version 1.5.8. Mosquito 

provides standard compliant servers and clients 

implementing MQTT Messaging Protocol. [8, 17] 

 
Fig.15. Information of CloudMQTT 

TABLE II.  INFO BROKER MQTT 

No MQTT Broker Parameter Information 

1 Server Server Address of Cloud MQTT 

i.e, m16.cloudmqtt.com 

2 User User at CloudMQTT 

e.g.momixx 

3 Password Password at CloudMQTT 

Broker e.g, qNWYXxxxx 

4 Port Port use at CloudMQTT Broker, 

e.g, 11456 

5 SSL Port SSL Port use at CloudMQTT 

Broker, e.g, 21456 

6 Websockets Port (TLS 

Only) 

Port for Websockets e.g, 31456 

7 Connection Limit The Count of Limit Connection 
at CloudMQTT broker 

 

C. Data IP Connection 

IP Connection shows how many M5Stack devices are 

connected at CloudMQTT. In this research, there are 2 

M5Stack Client devices. Fig.16 shows connections between 

MQTT Client and MQTT Broker (CloudMQTT). 

 

 
Fig.16. Data IP Connection 

 

Sensor Data from the Output or PIR Sensor can be seen in 

the real time on CloudMQTT Web socket broker [18] on 

Fig.17. 

 
Fig. 17. Data output PIR on Web Socket 

 

The message in Fig. 17 is reading the initialize string 'PIR' 

from Blockly Programming i.e. m5mqtt. publish 

(str ('pear'), str ((pir0.read ()))) 

which means the value of PIR is 1 is detected by movement 

and PIR is 0 is not detected by movement, for blockly 

programming it can be seen in Fig. 18. in Fig.18 there are 3 

types of Blockly Programming, i.e, Loop, (publish topic and 

message) and timer, and the loop functions to cover the 

publish topic and timer function. 

 

 
 

Fig. 18. Blockly Programming to recognize PIR 
 

If stated in Python Programming : 
 
m5mqtt.publish(str('pir'),str((pir0.state))) 

wait(1) 

 

 

 

1 = detected 

0 = not 

detected 



Table III shows the Publish and Subscribe processes in 

MQTT Protocols, there are 3 trials time 1 min, 5 min and 15 

minutes, and can be seen the results of bytes of data sent and 

receiving.  
 

TABLE III.  DATA QOS M5STACK BOARD ON CLOUD MQTT BROKER LOAD 

Tim

es 

connections

/+ 

bytes/receive

d/+ 

bytes/sent

/+ 

messages/receive

d/+ 

messages/sen

t/+ 

dropped

/+ 

publish/receive

d/+ 

publish/sent

/+ 

sockets/

+ 

1min 0.02 481.37 2806.62 65.3 119.94 0 58.37 112.8 0.01 

5min  
0.1 478.42 2772.06 64.52 119.55 0.00 57.64 112.57 0.1 

15mi
n 

0.29 373.79 2077.18 49.38 93.08 0 44.4 87.60 0.13 

 

V. CONCLUSION 

M5Stack is designed for engineering education, it espouses 

programming education using Cloud-based Graphical User 

Interface (GUI), i.e, flow.m5stack.com with two types of 

Programming languages i.e, Blockly and Python, 

furthermore, in this research the M5Stack ability was tested 

using PIR sensor as a sensor that can detect motion, and has 

been running well and has been tested. PIR Sensor uses the 

Grove I2C hub to be able to connect with the M5Stack 

board. This is an example of using sensors in m5Stack to 

implement one of the sensors found in the M5Stack GUI 

directory unit. by learning M5Stack devices, students 

directly learn Blockly Programming and apply it directly to 

the Internet using the MQTT Protocol provided by the 

M5Stack GUI.  
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