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* About the wiki @ cansat-pico.mchobby.be
* Arduino Uno - Raspberry-Pi Pico

* Review the kit content

* Raspberry-Pi Pico and goodies

e |LIPo batteries

e Radio transmission



Hardware discovery Kit Assembling

Discover the various items

Assembling the Pico Cansat Kit

included within the kit. Cliquez idi

Cliguez ici

MicroPytho HowTo Data Logging

1)
-
Malel!

Tips and tricks to write Python How to log data into a file (on

code for on MicroControler. MicroControler)

Cliquez ici Cliquez ici

* Getting started guide

Thonny IDE

Prepare your Python IDE

environment

Cliguez ici

Schematics

Need to have a look on the

board schematis?

Cliquez ici

cansat-pico.mchobby.be

Pico User Guide

Pico Powering

The Raspberry-Pi Pico user How to properly power up your

guide. Pico

Cliguez ici Cliguez ici

Dimensions

|&—>|

Technical size and dimensions

for the cansat

Cliquez ici



* Getting started guide
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e Testing the

devices

RFM69HCW radio

User guide for the RFM69HCW

radio module.

Cliquez ici

BMP280 sensor

% BIP282 o

whEor
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dve  SCx’ sp1

.1;.04...

VIN  OHD 800

Test the BMP280 pressure and

elevation sensor.

Cliquez ici

RFM69HCW Testing

Testing the communication with
RFM69HCW and sending data

through the radio module.

Cliquez ici

TMP36 sensor

®

TMP 36

Test the TMP36 analog

temperature sensor

Cliguez ici

Radio Antenna

A well designed Antenna can
increase the communication

distance.

Cliquez ici
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* Getting started guide

o Testlng the Mission 1: Emitter Mission 1: Receiver :i:z::unmliu(iuing
devices ®, -~
Z) AL

Receiving the transmitted data.

* Mission 1
Rad|o telemetry Wiring sensors, capturing datas

. . and sending over radio. Cliquez ici Receiving the transmitted data.
transmission.
/dev/tty ACMO (Arduino/Genuino Uno) Cliquez ici
Frequency Plan. |
Captu rl ng data' [DATA] (len:39: R.SSI::tl?) ;23183|37620079|25:52| 97846:73|23:94;

[DATA] (len=39, RSSI=-47):23184|37620483| 25.84|97848.91 | 23.95;
[DATA] (1en=39, RSSI=-46): 23185| 37620886 25. 84| 97850. 06| 23. 96;

[DATA] (1en=39, RSSI=-47):23186|37621290| 25.52| 97848, 25| 23. 96;

[DATA] (len=39, RSSI=-48) : 23187 | 37621693| 25. 84| 97850, 05| 23. 95; 7 Capturing data to file
[DATA] (1en=39, RSST=- 48) ; 23188| 37622007 | 25. 84| 97850. 37| 23.95; 7.1 Putt
[DATA] (len=30, RSSI=-48) : 23189| 37622501 | 26. 16| 97850. 39| 23. 96: - y

[DATA] (len=39, RSSI=-48) : 23190| 37622904 | 25. 84| 97851 , 85| 23. 95;

[DATA] (len=39, RSSI=-48) : 23191 | 37623308| 25. 84| 97852, 17| 23. 95; 7.2 Linux command
[DATA] (len=39, RSSI=-48) : 23192| 37623712 25. 84| 97849, 89| 23. 94; .

[DATA] (len=39, RSSI=-47) : 23193| 37624115| 25. 84| 97851 .19 23.95; 7.3 With Python
[DATA] (len=39, RSSI=-47) : 23194| 37624519| 26. 16| 97849, 06| 23. 95; .

[DATA] (1en=39, RSSI=-47) : 23195| 37624922| 26. 16| 97851 . 52| 23. 95; 7.4 Other options

[DATA] (1en=39, RSSI=-47):23196|37625326| 25, 84| 97851 , 87| 23. 96;
[DATA] (1en=39, RSSI=-47):23197|37625730| 25. 84| 97851 . 70| 23. 96;

Defilement automatique Les deux, NL et C
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Getting started guide

Testing the
devices

Mission 1

Radio telemetry
transmission.
Capturing data.

Resources

CanSat 3D

Parachute

Cliquez ici

3

Radio Antenna

Reflector

Fes

A well designed Antenna can
increase the communication
distance
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Arduino Uno - Pico
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Arduino UNO
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USB Port
easy
programming

SP~I & 12C buses
Easy connection
for sensors and
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Arduino Uno - Pico

ARDUINO

Call of functions

Arduino UNO

Dynamic
allocation
of variables

Static Data {.---. Global variables

Sketch uses 21,316 bytes (66%) of program storage space. Maximum

is 32,256 bytes.
Global wvariables use 1,629 bytes (79%) of dynamic memory, leaving

419 bytes for local variables. Maximum 1is 2,048 bytes.
Low memory available, stability problems may occur.




% Arduino Uno

ARDUINO
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1x Lipo charger
1x SPI Flash
1x NeoPixel LED

- PiIco

Microcontroler
ATmega328

32K Flash
2K SRam 2048 char.

Microcontroler
ATSAMD21G18
(ARM Cortex M0O+)

256K Flash




% Arduino Uno - Pico

ARDUINO
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&5 Raspberry Pl Pico @2020-':‘_“

Raspberry-
Pico
(2022)

Pico

v
& 4 B = A &

~— 1x SPI Flash
- 1x Dual core 133Mhz
- Python ready




Arduino Uno - PiIco
ARDUINO

Raspberry-Pico

Pico are :

v+ Small (5,25 x 2,1cm)
v Light (4,0 gr)

v Powerful

v Versatile

v Polyvalent

v Multi-language

v Worldwide supported
v Widely documented

ANAN R ome

UsB

MLED) o

¥ [ ‘_
(i

Pico features : 4_ O G r Official C++ =

> 2 core @ 133 Mhz Pico.raspberrypiorg - Official MicroPython

> 26 GPIOS_ . micropython.org

> 3 Analog inputs - 12 bits Pico.raspberrypi.org

> 3 Internal Analog @

> 16 PWM outputs —

» Hardware 12C, SPI buses %

> UART

> PIlO (Programmable 10) ARDUINO
Rust arduino.cc

- 1x SPI Flash Rust.org Sffﬂm
P I co 1x Dual core 133Mhz p
Python ready Adafruit's MicroPython

learn.adafruit.com/welcome-to-circuitpython
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Raspberry-Pi Multi-functional
Pico (RP2040 cores) breadboard wires
New Python &

Set of wires with plug
that can be modified
-~} from female to male.

Arduino dual core
mcu.

Compatible with MicroPython,
X2 Arduino IDE and CircuitPython

Pin Headers

Plug one Pico on
breadboard and start
experimenting with
Pico.

USB A/microB 1m
cable.

Used to plug your
feather on a computer
to program it or to
recharge the battery.

i - Half Size Breadboard

PowerBoost Charger/
Booster

ciiinnnnnsne . Solderless breadboard
i are used for fast Get 5V power supply
SR EE TR (o ol from Lipo battery.

M EEE EENEE EEEEN SEEEE EEENGE

Charging capability
included.
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BMP280 Barometric
pressure sensor

Easily evaluate
pressure, altitude and
temperature.

CanSat kit content

Lithium Polymer
Battery

Transform the setup
into an autonomous
plateform with this
1400mAh Lipo.

TMP36 - analog
temperature sensor

Transform the sensor
voltage read to an
easy-to-read
temperature.

Pico Cansat BASE
Solder one of the Pico,
wire a RFM69 for data
transmission and use
the PowerBoost to
make it.

s9000000000 5y g

v O B
SSSSdC L1

X 2 RFM69HCW

Transceiver Radio
Transport data over
long distance with
packet radio. One
breakout act as emitter,
the second one as
receiver.

Pico Cansat PROTO
Consolidate your CAN
+ Prototyping area + all
Microcontroler signals.
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CanSat kit content -
breadboard
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.. ¢ CanSat kit content - TMP36

OBELGIUM g, ) . .
, e Here is the formula to use with a TMP36 powered at 3.3v:

=

Temp in °C = ( output voltage in mV - 500) / 10

RERY A
1.8 .
Ry A1 /e
. S
S 14 //<
:
g 1.0
5 os
X L = a
S s pd / pd
: A
OV to 1.75V 02—~ £~ :
50°C to 125°C 0
=50 =25 1] 25 50 75 100 125

TEMPERATURE (°C)

Tip & Trick — Filtering signal for greater stability

ot e Depending on the other device you may add to your

‘R I I experiment, some electrical parasite may be rejected on
ammmprevsssrevere the power supply stage.

s In such case, you will notice inconsistencies when reading
analog devices.

Adding a 0.01uF (10nF) ceramic capacity between
ground and the microcontroler analog input can filter
those parasites (seen as high frequency spikes).
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Bhs

Can use 12C or SPI bus

Accuracy = 1 hPa

(= 100 Pa = 1 millibar)
Pressure range:
300...1100 hPa
Temperature range:
-40...85°C

CanSat kit content - BMP280

Tip & Trick — Measure the altitude

As the pressure also change with the altitude, whenever the pressure
decrease from 1hPa the altitude increase of 8.3 meters.

The pressure sensor accuracy allows you to use the BMP280 to make

an altimeter (accuracy of £1m at worste, about 0.25m in best
conditions) Elevation and Atmospheric Pressure

Altitude from 0 to 3Km
The pressure variation
is almost
proportional!!!

80

&
=]

=y
=}

Atrmospheric Pressure (kKPa)

(%]
=]

0
-2000 0 2000 4000 6000 8000 10000 12000 14000
Elevation above Sea Level (m)

Interesting Learning — Measure your absolute altitude

By using the today's pressure at sea-level, it is possible to calculate the
absolute altitude of school / house. Compare it to one of the reference
weather station near of your location.



CanSat kit content -
RFMG6O9HCW

CANSAT

O BELGIUM
WiFi ‘ Rate of flow " Distance
2 4G hZ High Frequency data/sec ‘ ~100m
P2 Radio y
N> " g \\\ ? D t
7 433Mhz Low Frequency Rgi;};ggw |>S Iirr:](:e
LoRa ;
869.45 Mhz
° Use the SPl bUS :Eiiu.e___;_________'_:__:cf'fu:e___ RFMGQHCW - PaCkEt Radlo
e Arou nd 433 Mhz CAL Unit i__w.UDP.'R'rP Duw/NAL Uit .
« 50mA @ +13 dBm e | maw e | This means that the module takes care of data

150mA @ +20 dBm
* Distance:
500m to 2 Km (5 Km).

Antenna required ! jﬁ@ﬂ RFM69HCW - Frequency and encryption key

The RFMG69HCW frequency can be adjuted (around 433Mhz) and
data is AES encrypted with a key. Both are defined in the software
and are the only parameters you really have to take care about.

coding, transmission, checksum, send retries, etc
over the radio waves.

The Sender and Receiver module must have :
The same frequency and

Even a single wire ! The same encryption key.
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@ Lipo Charger/Booster

T o

PowerBoost 500 Charger PowerBoost 1000 Charger Lipo Charger/Booster

1} PouerBoost 1888C
ada!ruu le'“m

Bro

el 15008

Char_ger — 2000mAh
function '
cx,
= lg : Booster
External UL function

Power SV output
Source ”
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Micro USB
Programming,
Powering,

Lipo charging

= vsys

CanSat kit content —
Lipo Charger/Booster

500mAh

VBus=5 when
USB connected
==> recharge Lipo

Schotty diode

SparkFun
charger/booster

Lipo
PRT-14411

connector



CanSat Pico kit

Not weird design but smart ideas

CANSAT PICO PROTO

| CANSAT
OBELGIUM &

: R * Base CAN structure
o= |« LOT of SPACE avail.
. * Free HEIGHT design

" < Add intermediate levels

Pure MicroPython
implementation!

Deslgn your

' * Imm wall tlckness around

own spacer. b d
Customise your oaras
semp hElght - / oard circ!
. Lt r__:' A= :' ch, a\// E E
oo, 9 ::_"’_ o
2 4 . o= - L.:_ o / Equil. rian:
= aa . at - for holes positions.

- - 1 Rcircle = sqri{ 3) /3

- %o 3;3//52'?&( >

Can also be
programmed
with C++ &

Arduino CANSAT PICO BOARD
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CanSat Pico kit

Not weird design but smart ideas

' CANSAT =
OBELGIUM  romew 53

* ﬁ[ HQBB“‘] FPC connector secured
with slide lock feature.

shop.mchobby.be Ribbon length can be Easy to use and reliable!
StemmaqQt adapted depending 40 lines @ 0.5mm spacing.
on needs.

Qwiic conn.
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i = nhld; 1 [1anglsny

[ LA

"""l'ﬂl‘lhﬂ-hmqnh
LA E Y Y YT Y

ool fe:
v}

an be opened
flat for easy
prototyping, easy
assembly, easy
checkup.

FTRTRS ot

L)
.

Atmospherique g
pressure,

Temperature. CANSAT PICO BOARD
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CanSat Pico kit
CANSAT Pico Board

(front / top) UEXT connection
Ribbon connector Can be used to connect Reset button

. external modules (EG:radio -
to prototyping board 33V GOWF - S(PI - ) Pico GPIOs
transfert all pico signals E IéC Bile - UART Through hole_s are available
+ 8 user signals to on the both sides.

prototyping boards.

Micro-USB
- Programming
- Powering
user signals - Battery charging
connections - Debugging
- 4 through holes o
(avail. on both sides) Pico GPIOs
- 4 pads (top only) Vin pin

Power Enable

activate/deactivate the

external battery
management.

Openning
Allow to transfer
cables between

top and bottom.

Qwiic/StemmaqQt
Voltage selection
Default to 3.3V.

Battery Managment
Connector
- PowerBoost 500 Charger
(Adafruit 1944)

- Solder on bottom of the
board.

Raspberry-Pi Pico
Dual core microcontroler @ 133 Mhz
- 2 Mio Flash

- 264 Kio RAM

- Micropython & C++ Prototyping Area

Through holes are available
on the both sides.

® L HBBY

shop.mchobby.be

UART(0)




| @B | CanSat Pico kit

o ——

CANSAT Pico Board vuser signals 4 through holes (avail.

(rear / back) connections ©on both sides)
Opening
Qwiic/StemmaqQt

[2C(0) bus shared with UEXT.
sda=gp8, scl=gp9

Pico GPIOs
Labelled pins

UEXT Connection

Fully labelled.
Can also be used on
the this back side.

Lipo Battery

connector
Powerboost Low Battery!
Pico Debug port
available on both sides.
PowerBoost g S\ g\ H\_."—_--- v e B % BMp3
<Y - 8
under power. A\ Y@ TR e S e T AN ~ :,""‘*f'-:S-a:ur'@
._.. ._-,I v g , , =) § ';:fy"‘._'.-.'_.";‘!“.:j
F e @
5V output oS
Extra output on
back side.

PowerBoost charging
micro USB port.
Not used in this setup.

PowerBoost disabling
short pins to deactivate.

| |
PowerBoost 500 Charger
5V @ 500mA capability from Lipo battery.
Battery recharge capability when Pico
connected to power source.
Feeds the Pico and project with 5V.

.. Orange: Charging.
Green: Fully charged.

® 1L DLBEEY

shop.mchobby.be
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e &5, CanSat Pico kit

CANSAT Pico Proto

(front / bottom) Replica PICO GPIOs Ground. 3V. 5V

gp 16 to 28 .
Through holes are connections
Protoyping Area availables on both sides.
Through holes are oy umop Sbr Sray VBus connection

available on both sides (=Pico VUSB).

@ 5V when powered via USB

Ribbon connector
from CANSAT Pico
Board

receive all pico signals + 8
user signals.

User signals

connections
4 through holes f5..f8
(avail. on both sides)

S~ © -
- f
Using UART, 12C, SPl pin names Replica PICO GPIOs
shop.mchobby.be (pins shared with UEXT connector). gp 0 to 15



User signals

| CANSAT

ICO

al
[
V)
-
©
O

" OBELGIUM s D)

User signals

Proto

1ICO

CANSAT P

m
m -
=9
Lii]
- I - °2 =
U oo cin
esm u l.n
o0 0> 0
> B - an O
nn._._u G
Qoo
Va ¢
Il ua.hannu.
et il Yowd
“ = S & ,.ME 0104d~[¥sNyr =
o 3
S ——
n.a,W;V ®
Ofum
PE o
Voo
ES
nD..E
oS
(]
23
0T
u
Sy:
V2%
v -
£ 30
0 2%
me
‘4[
n n
. =
2 =z ¢ 2@ g
s & % & am 2
8 G5 GBHh .W.
|
~ QO ~ - E & Q.m
9 N OLeod .H_Unh
= oo aYco Lad =
©c S aﬂwﬁ =
9% UoSPs Dy
= = £2 2
o a F& #s
0 ) >
(' '



y _
Deammmer LB
- h

Y . "
CANSAT o
OBELGIUM s 29

FPC & FFC Connector

4.85

Flexible

Printed Closed
Circuit L 3
Flexible

Flat - ‘

Cable X




CanSat Pico kit
)
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Kit expansion boards
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Cansat Onion

0000 cCO0OOQOPOODOOD
00000000 OOODODOO

<

OnionS shop.mchobby.be

E PICO-CANSAT-BUN
pickles

.— hamburger patty
Pal:;:lllute
@— lettuce

6.4mm
‘ ketchup & mayonnaise

(condiments)

Where to find ?
shop.mchobby.be > Menu > Young Engineers > Cansat




Cutting a rectangle in the PET sheet about
1.2 * cansat-perimeter by cansat-height + 12mm

PET plastic Sheet
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A bunch of powr
to launch your project



Raspberry Pi Pico (©2020 .,

300mA max

3 Analog inputs
12 bits resolution.

Value 0 — 4096

Note :

Arduino IDE use 10 bit
resolution by default (0 — 1024)
but this could be changed with
analogReadResolution( 12 )

2 cores
real multithreading
under MicroPython

Serial still available !

Pico Power vs Arduino Uno

Raspberry-Pi Pico

Lipo Battery
Pads for external power
supply (Lipo or other).

Efficient DC/IDC
3,3V @ 300mA
(PowerSave mode)

- Program with IDE
- Store Python Scrip
- Can recharge LiPo &

e
microUSB e
“D—-
™

Microcontroler
RP2040 Cortex MO+
265 Kio SRAM
Multithreading

User LED
wired on
pin #25

Castellated
pins
EXTRA FLASH (2Mb)
like a microSD card,
this storage is used for the
firmware, data files

and python scripts.
Py B RTC

Internal Real Time Clock

Clock : 133 MHz vs 16 MHz for Uno
RAM : 265 Kb vs 2Kb for Uno ENG: cansat-pico.mchobby.be

Flash : 2048 Kb vs 32Kb for Uno ENG: www.raspberrypi.com/documentation/microcontrollers/
Real Time Clock : Yes vs none for Uno FR : shop.mchobby.be/product.php?id_product=2271

16 Pins (PWMable)
A4mA/ pin.
50MA max on chip




=" Raspberry-Pi Pico

Putting MicroPython on the board

Manual activation of the bootloader MicroPython
" | firmware can be

downloaded from
micropython.org

rp2-pico-20220618-v1.19.1.uf2
509,8 ko

v RPI-RP2 el
Fichier Edition Affichage Aller 3 Signets Aide
4 Précédent v ® suivant v 4 O € | M - | & 100% &~
-~ x5 <« RPI-RP2

Press button while power on  feco

Appareils <!docty)
Thtml‘f-c
| location |
Signets CURRENT.UF2 INDEX.HTM
UF2 Bo
L Model:
| Board-T1
Poste de travail —_J
INFO_UF2.TX

= Bureau

B systéme de fichiers
il Documents

Once inSta"ed.". [ Téléchargements
MicroPython doesn’t R&&E
requires anymore the Ra&s
\“5 S—714 - . g
\ « bootloader activation. E&

/@ Parcourir le réseau

3 éléments, espace libre : 3,5 Mo
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Thonny IDE
(graphical)

MPRemote
(command line)

MPY: soft reboot

MicroPython v1.19.1 on 2022-06-18; Raspberry Pi P:

Type "help()" for more information.
=== Import os
>=> 05, listdir()

['blink.py', 'bmptest.py’, 'Lib", ‘'readme.txt’,
'rfmé9test receiver.py’, 'tmp36test.py']

=== 05, listdir( '1ib")

[*_ap.py’, '__append.py’, ' _df.py’,
py', ' uname.py', ' wifi.py', 'bme280.py’,

e |

Raspberry-Pi Pico
Pre-initialized MicroPython filesystem

Thonny - /home/domeu/Téléchargements/upy/blink.py @ 8:1 =
File Edit View Run Tools Help

LET O w

Files blink.py

This computer = | | from machine import Pin =
/ home import time

1) domeu led = Pin{ 25, Pin.0OUT )

for i1 in range(11):
led.toggle()
time.sleep( 0.1 )

I+ [

K1

Raspberry Pi Pico

Ly lib Shell

& blink.py

i bmptest.py

2 readme.txt

i rfm69test_config.py
i rfm69test_emitter. py

& rfme9test_receiver.py ['blink.py', 'bmptest.py', 'lib', 'readme.txt', 'r
& tmp36test.py fm69test config.py', 'rfmé69test _emitter.py', 'rfmél.

9test receiver.py', 'tmp36test.py']

[v]

>>> import os
>>> 0s5.listdir()

>>> | B

- MicroPython (Raspberry Pi Pic&ﬁ
‘rtmé9test config.py', 'rfmé9test emitter.py',
e eonts roct couch Execution on the fly :
exdump.py', ' ifconfig.py', ' ptest.py’, ' touch. ; I
'‘mshell.py', 'mshell.txt’', 'pye.py', 'rfmé9.py’] Try thISI from REPL plrompt'
>>> import blink



Raspberry-Pi Pico

The source code

https://github.com/mchobby/cansat-belgium-micropython

.45,22.

45,22,

.25,22.

.33, 22.

07,22,

Ba, 22.

E mchobby / cansat-belgium-micropython rubic In cansat.py
print ( 'Frequency ', rfm.frequency mhz )
¢> Code () Issues 1% Pullrequests () Actions [ Projects [J Wil print ( 'encryption ', rfm.encryption key )
print ( '"NODE ID ", NODE ID )
print ( 'BASESTATION ID: BASESTATION ID )
mchobby mission1 Base Station receiver print ( '***HEADER***' ) B
print( ":iteration count, time sec,pressure hpa,
B docs/ static Initial Push tmp36_temp,bmp280_temp;" )
- print ( '***DATA***' )
B b Initial Push
[ bme280.py Initial Push
) bootstrap.sh Initial Bush [DATA] (1en=32, RS5I=-31)bytearray(b' :18949, 4785, 1912. 90, 22
[M5G] :10949,4785,1012.90,22.45,22.19;
O rfm69.py Initial Push [DATA](1len=32, RSSI=-31)bytearray(b':10950, 4786,1012.83, 17
I missiont mission1 Base Stéation receiver [MSG] :10956,4786,1012.83,17.45,22.18;
[DATA] (1en=32, RS5I=-31)bytearray(b' :18951, 4786, 1912. 84, 23
[ basestation.py [M5G] :10951,4786,1012.84,23.25,22.19;
[DATA] (1len=32, RSSI=-31)bytearray(b':10952, 4786, 1012.84, 23
[ cansat.py
[M5G] :10952,4786,1012.84,23,33,22.159;
) cansat2.py [DATA] (1len=32, RSSI=-25)bytearray(b':10953, 4787, 1012.83, 14
[M5G] :10953,4787,1012.83,14.07,22.18;
O logixt [DATA] (1len=32, RSSI=-33)bytearray(b':10954, 4787, 1012.84, -1.
BB test-bmp280 Initial Push [M5G] :10954,4787,1012.84,-1.00,22.18;
o test-rfm69 Initial Push

fn test-tmp36 Initial Push

19;')

18;")

19;')

19;")

18;")

18;")



VOLTAGE (V)

LIPO batteries

Q (mAh) is the quantity of power. For battery with Q = 800mAnh :

: | 1C means that it can be discharged
:;'Po off_e B C is discharge rate. continuously at 800mA.
est ratio S - | )
Power/Weight. C_hargmg is usually limited to half of = 1{2C means that it can be
discharge rate. - discharged at 400mA.
45 E— ~ *» 3C means that it can be discharged
Nominal voltage : 3.7v at 2400mA.

Max voltage : 4.2v
Min voltage : 3.0 v

m@ﬁerjeu

2‘5 L 1 L 1 I 1 i 1 L | L | i 1

Lipo for portable radio

CAPACITY (An i ) and electric vehicles.
Lipo for electronic « Can deliver several C (40C or
e Usually rated for 1C max. more)
» Use protection circuitry (over- No prétection circuitry
current or under-voltage). Thick wires. '

* Finer wires.

* Lighter.

« Power cycle the Lipo when
security get activated.

More heavy (more cells).
Must be charged with special
device & under surveillance.



LIPo batteries

Estimate discharge time

With a 800 mAh Lipo battery :

IF the project sink a current of 150mA from the battery THEN
The lipo will last after 800 mAh / 150 mA = 5.3 Hours

Do not abuse LiPo :

Do not twist, bend.

Do not drill.

Do not fire.

Do not over-charge/
over-discharge.

* Do not use when deformed or inflated.

« ALWAYS CHARGE UNDER SURVEILLANCE




%\g About Radio

The antenna is the key

Sender
Antenna

Receiver
Antenna

Micro
Controller

e

1

Sender

"y I.-._.' -
=, Sensors Micro

o Antenna Controller
cable

dBm = dB / measured mW = efficient way to measure absolute power.

Radio Transmission is a game where the goal is to lose as little power
as possible !

GAME It is even possible to win power.



About Radio

The antenna is the key

Unipole
Antenna

Dipole Antenna

114 wavelength

114 wavelength

G&Jllr
conducior

500 coax

boi

el
nd

e
=

Yagi Antenna
direction of maximum radiation -—-->

Reflector  Driven folded dipole Directors

A 6 elements Yagi can offer a gain up to 11.2 dBi.
A 11 elements Yagi can double that gain !!!

AT
: 20 %0) See the wiki for a Yagi Antenna with build
ot dimensions for 433Mhz antenna.



Good
polarisation

==> Minimum ==>
power lost
between Emitter
and Receiver

Bad 4 |
polarisation N
| &

==> Almost ==> *'?‘L_‘_ M
all power lost
__between Emitter

and Receiver

About Radio

Take care about antenna length

The frequency that the antenna resonates at (operates at) is
determined by the length of the antenna.

For unipole (and dipole) antenna, the maximum gain of the
antenna is fixed and dependent on the operating frequency
(the frequency the antenna should resonnate).

Quarter wavelength (1/4 A) antenna length

What should be the length of 1/4 A antenna for the frequency
of 433Mhz ?

4 x 433*10E6



e

L

About Radio

RSSI : Evaluate quality of radio setup !

TX: Emitter (cansat) RX: Receiver (on the ground)

RFM69HCW
433Mhz

Send a message § E

(acknowledgement)

Raspberry Pico

rawdemo_tx.py

o:)

A
o nznzO 314 14 Kassqdsey

Optional: use Thonny / Putty / MPRemote to
see the messages sent by the Cansat

Raspberry Pico

rawdemo_rx.py

RFM69HCW u

433Mhz

When testing the « Mission 1 » setup

available on the wiki :

The receiver display the telemetric data
5ol crebid with an additional information named

microcontroller

to transfert the SS
L/ radio messages R I .

o
aspberry Pi Pic @Zm‘_‘..' B H to a computer.

@,

-32,RSSI=-31)bytearray(b':10949, 4785, 1012.90, 22.45, 22,

[ —— == 19, 4785,1012.90, 22.45,22.19;
Use Thonny / PuFty/ MPRemote to
see the recelved messages :32, RSSI=-21)bytearray(b' 110950, 4786, 1012.83, 17 .45, 22.

[M5G] :10950,4786,1012.83,17.45,22.18;

[DATA](1len=32, R55I=-31)bytearray(b':10951, 4786, 1012.84, 23.25, 22,

RSSI: Received Signal Strength [MSG] :10951,4786,1012.84,23.25,22.19;

|ndica’[i0n - indicated the Strength [DATA] (len=32, R55I=-31)bytearray(b' :10952,4786,1012.84,23.33, 22.
of the radio signal received on the
transceiver. (-15 at best, -90 at worst).

[M5G] :10952,4786,1012.84,23.33,22.19;

[M5G] :10953,4787,1012.83,14.07,22.18;

[DATA] (1en=32, RSSI=-33)bytearray(b' :10954, 4787, 1012.84, -1.08, 22,

[M5G] :10954,4787,1912.84,-1.00,22.18;

[DATA] (1en=32, RSSI=-25)bytearray(b' :18953, 4787, 1012.83, 14.07, 22.

19;")

18;")

19;")

19;")

18; ")

18;")



About Radio

Test it ke fekesl

Vam

Performance of various Yagi antenna ?
What is the max distance ?
Cansat antenna orientation ?
- In the air
(=g - On the floor
IR Locating cansat based on received RSSI ?
J J Locating a landed cansat :
LA - GPS data transmission ?
- . ] - High Power Flash ?
Slgh? of view Is - High Sound Pulse & resonnance ?
a critical matter ! Transmission Power :
- Current Legislation
- Labs and Experimental




Voyager 1 launched in 1977. .
> 24 Billion Km, Send data Ab R d
to earth with a 24W radio O Ut a I O

. amplifier. - |ncrease Transmission Power !

Increasing the 433Mhz transmission power is illegal
regarding the European Belgian law !

ek ~DEACE

The maximum power allowed is +10 dBm ERP
(effective Radiated Power)

‘ ) ¥ POWER

European law do introduce exceptions (EG : in- .
laboratory experiment). Please contact local = /

HAM/Radio Amateur for legal details.

Universal RF Am plifier Propose 2 RF amplifier for few Khz to several GHz.

—— Low Power Amplifier :

= ‘x“r : . +3dBm output power

- 18,5 to 50mA @ 9V

so 0,16W to 0,45W power consumption !

x High Power Amplifier :
Full DESIQ“ v ; + 19dBm (lot of power)
Measurement skl 77 to 150mA @ 9V

so 0,693W to 1,35W power consumption !!!
https:/lyoutu.be/9ZoO0_AABzqU?si=ThqbBlopXzeK3blr



About Radio

Frequency Plan : share the radio bandwidth.

The following SDR capture shows the spectrum view of a RFM69 emiting on the 868.0 MHz frequency. (from USA)

| ; |

[
‘ - ; | . -
n k.-ﬂ 'b I"ir ﬁl‘ru |‘]" ‘1 l A f | Al J n -| |" s p\lq '\|}‘|

J“.fd \|| |

W ) l I
iL' lr"‘w-«-r pfAn i-{‘wx.)"w“ Vi) j‘u—"‘”‘" |
I

Iy
A 1 ' A, ar A e

N e W P

867.970 867.980 867.990 868.000 868.010 863.020 268.030

Carrier WavelLength - 30 KHz - Carrier WavelLength + 30 KHz.

Team |Freq (MHz) Team name
Team #1 433.1
Team #2 | 433.2
Team #3 | 433.3
Team #4 433.4
Team #5 | 433.5



About Radio

Getting Help with radio stuff !

* Rule #1: Use short, high quality and thick antenna cables.

* Rule #2: An SWR below 2 is acceptable (less than 11% of power is reflected
so we have much of the power available for transmission).

RA ‘D I O * Rule #3: Always connect an antenna to the sender (otherwise 100% of
signal is reflected, which may kill the sender)

RUIGS Of I/PC * Rule #4: Keep the polarization of your antennas the same way.

* Rule #5: The more dBi, the more power in one direction.

* Rule #6: With a proper antenna setup, the distance in air is not an issue if
we have a line of sight.

* Rule #7: Longer is not always better for antennas. Smarter is better.

Andreas Spiess - Video tutorial Finding Radio Amateur Club

» CONSULTER

https://youtu.be/J3PBL90LPX8 http://map.mchobby.be
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