Lesson 4:

Environmental Monitoring

Block-based Programming
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Introduction to Block-based Programming ) /

What is block-based

programming?

Definition: Visual coding method for programming
without syntax, by connecting instructions in the

form of blocks
Main Purpose: Being a beginner-friendly approach

to programming by focusing on the core concepts of

structure, logic and problem solving
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Why use block-based programming?

Simplifies coding

* Lets beginners write perfectly complete programs without worrying about the specifics of syntax and other

complexities of text based programming.

Visual Learning

* Allows coders of any age to visually understand programming structure and connections through block

representation

Encourages experimentation and creativity

* With such an easy to use tool, inexperienced coders are quickly free to try new ideas and test their problem

. . C 0
solving skills ‘ %2?%2&5



Tools for Block-Based Programming

Scratch

* A popular block-based programming language with its own development environment. Free to use, begginer-friendly,

with many pre-made applications that can be found on the official website!

Mind+

 Mind+isafreeto use, Scratch 3.0-based programming software that supports various open-source hardware

such as Arduino, micro: bit, mPython-esp32 and all kinds of controller boards.
* Mind + supports dozens of commonly-used extension module libraries, which make it suitable for drone

programming.
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https://scratch.mit.edu
https://mindplus.cc/en.html

Types Of Blocks

MOTION

It allows you to position
and move the sprite
within the work area.

LOOKS

It allows you to change
the appearance and let
the sprite speak.

SOUND

It allows you to introduce
sound effects.

A

EVENTS

It allows to start the
program according to
the different events and

manages the messages.

CONTROL

It allows you to make
loops and insert
conditional blocks.
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SENSING

It allows you to manage
interactions.

OPERATORS

It allows you to perform
mathematical and
comparison operations.

VARIABLES

It allows you to create and
manage variables.
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Block-based Programming and Drones

Block-based programming can be used to program drone devices, directing them to

take different flight paths, perform take-offs and landings, use sensors, take pictures

and more.
To program the drone Robomaster TT in Mind+ you must first install the correct extension:

RoboMaster TT(single)

Choose then then

In Mind+, the Blocks used to program drones are “

and can be found in the o\ section after installing the extension.

Function
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Simple Example of Block-based Drone Programming

Blocks connect with each-other like a puzzle.

The programmer can drag and drop blocks in

order to create their program.

This simple example shows how easily blocks

" can be used to program a drone to: take off, fly

left for 50cm, fly right for 50cm, repeat that 10

2 D .
Mymesyand then land.




Use Case 2 Mission: Connecting the Drone

Connectto the Connectto the

drone through device through

Wifi to the Function Mind+

-,

network TELLO - _ Eonppiued
in Mind+ and g Do rame

TELLO-ESF2D7

or RMTT
p re S S t h e Please connect Tello or RMTT in the computer WiFi list first,

and then select the devices listed above.

Press the power ’Fféi:"‘

button of the 0

drone.

TELLO-ESF2D7
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Use Case 2 Mission: Drone programming and Sensors

Purpose: In this programming lesson we will:

The goal of the mission s to: * Program a Robomaster TT drone
 Teach block-based drone using Mind+
programming e Collect data from the Drone's
* Teach use of sensors with drones Internal sensors
* Teach data collection and analysis * Organise the data in lists to help

of sensor data data analysis

Drones '.
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Use Case 2 Mission: Drone Flight basics

Starting off

Using simple commands found in the

Events

we slowly build a simple program for the
drone to:

* Take off, then fly up 30cm

* Fly forward 100cm, then wait 15 seconds

e Land




Use Case 2 Mission: Creating Lists

New list name:

OOnly for the current

+ length O

Creating Lists

Before using Lists to store data, we have

to create them. In the section we

Variables

Make a List

find the command which
causes the pop up (2).

We use this command to make three lists:
Point 1, Point 2, Point 3, seenin (3).
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Use Case 2 Mission: Filling lists with Data

DatainlLi

% TOF Height {cm) [to Point1®
Meiiiibiicata) | After creating the lists, in the
Relative Height (cm) o Point1 =
Motherboard minimum temperature (*C) to Point1 =
VI g S——, |
“  X_axis acceleration (0.001g) to Point 1 -
B Y_axis acceleration (0.001g) to Pointl =
R 7 i acceleration (0.0015) RS
B X-axis speed (cmys) BEIIPSRDIE

. Y-aas speed (omyfs) to Point1 =

. IL-axis speed (cm/s) to Point1 =

.

f) .
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section

Inthe [N ccction, we find variables such

as CREETED ‘which we use in (5) to put

data aathered from the drone's internal



Use Case 2 Mission: Final Program

add ' TOF Height{cm) to Point2 « add .. TOF Height{cm) tc Point3 =

add L Barometer Height (m) to Point2 ~ add .} Barometer Height(m) to Point3 =

add, ¥y Relative Height (cm) ffo Fomt &= add %& Relative Height (e} 1o |Point 3 +

* fly forward 0D cm add . Motherbcard mimimum temperature (*C) to Point2 =

add ., TOFHeight{cm) to Point1 =

.+ Motherboard minimum temperature (*C) to Point 3 -

G Drones
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add : . Moctherboard maximum temperature (*C) to Point 3 = °.

add 1, Motherboard maamum temperature (*C) to Point 2 =

add . Barometer Height{m) to Point1 =
°

add ., X-ads acceleration (0.001g) to Point2 =

. )

® e o

add ; Relative Height(cm) to Point1 =

%K - - - X-axis acceleration (0.001g) to Point3 =
add .. Motherboard mnimum temperature (®C) to Point1 = add ¢ Y-mas acceleration [ﬂﬂn1g] to Point2 - =

add ! Motherboard maximum temperature (°C} to Point1 = Y-axis acceleration (0.001g) to Pont 3 =

add ., Z-aoas acceleration (0001g) to Pont 2 =

add L, X-aous acceleration (0.001g} to Point 1 - WK - T I 1 ]
add [ X-aasspeed{cmfs)] to Point2 - £-aas acceleration (0.001g) to Point 3 +

add . Y-auis acceleration (0001g) to Point1 =

add  Y-axisspeed {cm/s) to Point2 - X-axas speed (cmfs} to Point3 =

add .. F-axis acceleration (0.001g) to Pomnt1 =

add Z-aoas speed (cmyfs) to Pont 2 =

L
fly down E Cm

fiip forward(f] =

add §, X-axisspeed (cm/s) to Point 1 = . .
Y-axis speed (cm/s) to Pont 3 =

add L, Y-amisspeediocm/s) to Pointl =

add ., Z-axisspeed{cm/s) to Point1 = £ -axs EPE-E'd (cmys) to Pont 3

. ﬂyupﬂcm

5 fly backward m crm set speed to E cm/s

Combination
We repeat the process in (5) for lists Point 2 and Point 3. Then we combine those commands with our simple program

in (7).

In between the measurements, we add different drone actions to ensure that thereis variety in the collected datal



Use Case 2 Mission: Final Result

1
2
3
4
5
6

+ length 11

P -
D ]

Point 1

107
37.84

71
74

-32.00

1
2
3
4
5
6

Point 2

220
38.22
130

71

73
-32.00

+ length 11

1
2
3
4
5
6

+ length 11

Point 3

154

38.02
120

72
-34.00

End of the Program

After running the program, we have 3
different lists with measurements coming

from the drone's sensors.

We will use this data in the following stages

of the mission!

The process can be replicated using external

sensors instead of Iinternal, to collect




Use Case 2 Mission: Bonus

Using External Sensors

In order to use external sensors, we will add a

bonus section to the Use Case. This requires:

e ADHT11 Temperature and Humidity Sensor
* An ESP32 Development Board

* A Breakout Board for Micro SD Card Mini

e ABattery (Li-Po - 3.7v800mAnh)

* Abattery charger (1A USB-C - TP4056)

 Aswitch (MiniSPDT - 1A/250VAC)



Use Case 2 Mission: Bonus

Blocks

Online

main.py

Programming

For using an external sensor, we will move to the
Code section of Mind+ in order to write Python
Code.

The file main.py of the use case is the one we will

be using.

To create a new Python file, click the Icon

next to "File in the project”, and then write or
paste your code.

The main.py file will program the data collection



Use Case 2 Mission: Bonus

import machlne
import dht
import time
import os

from machine import SPI, Pin
import sdcard

# DHT22 Sensor Setup
DHT_PIN = 4
dht sensor = dht.DHT22(machine.Pin{DHT_PIN})

# 5D Card Configuration

C5 PIN = 5

spi = SPI(1,
baudrate=488888,
sck=Pin(13),
mosi=Pin(15),
miso=Pin(14))

# Confirm this matches your wiring

# Reduced baudrate for stability

try:
sd = sdcard.SDCard(spi, Pin(C5_PIN))
os.mount(sd, "/sd')
print("sSD card mounted successtully™)
print("Root directory:", os.listdir('/'))
print("sD card contents:”, os.listdir('/sd"))
except Exception as e:
print{"SD card initialization tailed:", e)
machine.reset()

P :
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# File Configuration
FILE_PATH = '/sd/data.csv’

The code -
4;;::251: file operations The python COde in

with open(FILE PATH, 'a") as f:
f.write( 'Test entryin’)
print("File write test successful”™)
except Exception as e:
print("File operation failed:", e)

main.py takes care of

the following things:
def log data(temp, hum):
try: Setting up
timestamp = "{:82d}:{:82d}:{:82d}" .format(*time.localtime(})
data = " Temp {temp:.1f},Hum {hum:.1f}\n"
with open(FILE PATH, 'a') as *:
f.write(data)
print(f"Data logged: {data.strip()}")
except Exception as e:
print{"Logging failed:", e)

the

DHTT11 sensor

Configuring the SD

Card

while True:

try:
dht_sensor.measure()
temp = dht_sensor.temperature()
hum = dht_sensor.humidity()
log data(temp, hum)

except O5Error as e:
print("Sensor read error:", e)

Creating a .csv file
for the data

Logging the sensor

time.sleep(l@)



Use Case 2 Mission: Bonus

main.py

sclcard.py

SD Library

For the code in main.py to work, an additonal
library is needed.

The sdcard.py library can be found in this link:
https://github.com/micropython/micropython-
lib/blob/master/micropython/drivers/storage/sd

card/sdcard.py

Copy the code and paste it in a new python file

named sdcard.py



Use Case 2 Mission: Bonus

B Tock Help Loading code into the development board

e —— One way to save our main.py and sdcard.py files in‘the

development board is through the IDE Thonny,
Which kind of interpreter should Thonny use for running your code?

MicroPythen(€sP32) ] through the following steps:

File Edit View Run Tools Help
_] New Ctrl+ M
5 Open. Ctrl+0 e Step 1: Open the main.py file with Thonny.

Recent files

Close iy * In Thonny, click Run, then Configure Interpreter,

Close all Ctrl+Shift+W

G have Ctrl+5
Save Al GRS e and choose MicroPython ESP32. Press OK.
4

e Then, click File, Save As, and choose the

MicroPython option.

* Repeat for the sdcard.py file.




Questions

 How does block based programming
make programming more accessible?

 Why does the drone have internal

Sensors?
e How can block-based drone
programming be used in

environmental monitoring?

What are your questions?
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Additional Resources

Further Reading

https://mindplus.dfrobot.com/RMTT

Videos

Introducing Mind+ : A Sctrach 3.0 Programming Software

Q%) N



https://mindplus.dfrobot.com/RMTT
http://www.youtube.com/watch?v=_C32KQD3JZw

ank you for your

attention !







