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: LIBRESCUBE
Ove rVI eW open source s’a!e exploration

* This tutorial shows you how to develop a module that
can be integrated into a system, such as a rover,
satellite, drone, etc.

* You define the functionality of the module.

— It can be a full-blown subsystem (ie. provide
electrical power, propulsion, navigation) or any kind
of sensor or actuator relevant for the mission.

e The module shall conform to the LibreCube board
specification.
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Module Stack E'BREE“CHBE

 The system (rover, etc.) will consist of a stack of
modules (electronic boards) that in total provide
all the functionality for the mission.

* Typically a central onboard computer monitors
and controls all the modules in the stack.

Onboard
Computer

Your Module Other Modules’

Il
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Interfaces LP'BREE"CEBE

Your module needs to adhere to three types of
Interfaces: o

Q
Q
COCORERIRPRILIRIRE
Q

 Mechanical: the layout of the board.

e Electrical: the electrical connections of the
header, which supplies power and signals.

 Software: The SpaceCAN bus is used to
control and monitor your module. It is defined
by the SpaceCAN specification. (For payload
modules, the UART bus may be used as well).

o LIBREgCUBE "t

https://librecube.gitlab.io/standards/board_specification/
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Development Workflow
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Development Workflow e Aot

The typical workflow when developing a module from scratch is:
1. Define the functionality

Make design and obtain the hardware

Make a breadboard setup and do development

Prototype the SpaceCAN interface

Integration

Testing

N o Ok~ WD

Production
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1. Define the Functionality LIBRECUBE

open source space exploration

* You have full freedom in defining the functionality of your module, as long as
it fits the (mission defined) overall system budget in terms of mass, volume,
power, costs, etc.

* Ideas for modules:
— GNSS receiver module
— Camera module
— Lidar module
— Laser module
— Robotic arm module
— LCD display module

— Gamma spectrometer module
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2. Design and Hardware . A

* Typically, the core functionality is achieved
with a central component (for example a
camera chip), which needs additional
peripheral components (resistors,
capacitors, etc.)

* Also, you will need a microcontroller and
some circuitry for CAN bus interface, to
later make it work with SpaceCAN bus.

* For power supply you can use 5V directly,
or add DC/DC converters as needed.

* Sketch out the schematic and buy the
parts.
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3. Breadboard Development LIBRE{JCUBE

open source space exploration

-
°

* With the breadboard setup you L A
verify that your schematic design is \ ,

3 s

working correctly.

 The main focus is on testing the
Intended functionality of your
module.

* You should also verify that the dual
CAN interface is working. For this,
send some data over both CAN
busses.
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4. Prototype the SpaceCAN Interface SBRERCLIBE

* Your module will be monitored and controlled REECENNESE]
by the onboard computer through the
SpaceCAN interface.

* You can _alread%prototype this interface at this [EE—-—
point. This can be a two step approach:

~ First you can create a fully virtual setup
using the Python SpaceCAN Tester and
writing the config files and responder o2 e anegerent
dummy code. |

~ Then you can move this to a physical
setup, where you use a USB to CAN
adapter and your CAN node.

* In either case, consult the SpaceCAN
documentation and tutorial.
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5. Integration ket hiven. Ayt
 Now it is time to bring the two pieces together:
- the electronics of your module functionality (ie. the breadboard)
- the SpaceCAN interface, also called TMTC interface

Power
Dual CAN Bus TMTC Circuitry of
_ Interface Core
(other external signals Functionality

Module Development 11



: "
6. Testing LP'BREE‘C:T'BE

* With the help of test equipment (or a full-blown onboard computer) you can
test now all aspects of monitoring and controlling your module.

Power
Test Dual CAN Bus TMTC Circuitry of
Equipment _ Interface Core
(other external signals Functionality
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/. Production LIBRE.“CUBE

open source space exploration

e Atthe very end, you may turn your
working module into a production
ready electronics board.

* You may use the LibreCube board
template as starting point, add your
components, do the wiring and
routing, and give it to production.

e All this can be done with KiCAD.

* Finally, do the soldering and
program the firmware into the
device.
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Practical Example:
GPS Recelver Module
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1. Define the Functionality LP'BREE’CHBE

* For this practical example we want to use a low cost, low power, commercially
available GPS receiver.
* The data to be provided from the module (telemetry) shall be:

— Status of GPS mode (normal or standby)
— Status of data (valid/invalid)
— Current UTC time and data
— Current position (lat, lon)
*  We want to command the module as following:
— Set GPS receiver to normal or standby mode
— Trigger warm restart (reset configuration but use ephemeris)

— Trigger cold restart (full reset)
15
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2. Design and Hardware (1/4) LIBRE{JCUBE

open source space exploration

* We will use the “LibreCube Pyboard Prototype
Module” because it provides the dual
SpaceCAN interface already, so we can focus
on the development of the GPS integration.

https://gitlab.com/librecube/elements/LC3102
 For the GPS receiver unit we choose the
Adafruit Mini GPS PA1010D.

https://learn.adafruit.com/adafruit-mini-gps-pal0
10d-module/overview
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: S
2. Design and Hardware (2/4) LIBREQICLIBE

* According to the datasheet of the GPS unit [1] we will
need to connect the following pins:

- VIN: 3.3 Volt input E Ak
- TXO: UART TX out

- RXI: UART RX in

51] https://cdn-learn.adafruit.com/assets/assets/000/084/295
original/CD_PA1010D_Datasheet v.03.pdf?1573833002
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: S
2. Design and Hardware (3/4) LIBREQICLIBE

* For the Pyboard Prototype Module: Ty

1. Set the two 120 Ohm resistor FEEEEEEE
jumpers for CAN bus. T G 344%

2. Remove all the jumpers from UART ,
header (as we do not use the L SEEEEEEE
system bus UART). I 5

3. Select the permanent 5V line as : “
power source. EE

Module Development
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2. Design and Hardware (4/4) LIBRERCLIBE

* The VIN and GND for the GPS unit
will be supplied by the 3V3 and GND
bar on the Pyboard Prototype Module.

* For the UART connection (TX and RX
pins) between GPS unit and Pyboard
we can use for example the UART 4
of pyboard.
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CPU pin

available timers SPU_ U

V+: 3.6v - 16v power input
(supplied by USB when USB connected)
3V3: regulated 3.3v output only, max 250mA
= VBAT: FET protected supply battery input
() - VBACK: backup-battery input
- A3V3: analog reference connected to 3V3 via inductor
X9/X10 are in 12C mode when accelerometer is in use
X17 is pulled to GND via 4.7k resistor when USR pressed
P2-P5 are connected to the 4 LEDs
SD_SW = A8 is used for SD card switch
MMA_INT = B2 is used for accelerometer interrupts
MMA_AVDD = B5 is used for accelerometer power

PYBv1.1
- RX(GPS)-TX(PYB) and

[l micropython.org
- TX(GPS)-RX(PYB).

X17 HB3 (USR)

connect BOOTO to 3V3 and press RST to enter DFU mode
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3. Breadboard Development (1/3) LIBRECUBE

open source space exploration

e To start the development, we can
simply use the pyboard and connect
the UART TX & RX and the 3V3 &
GND lines from it to the GPS unit.

=R STEMMA MiniGPS

S =mg 12C+UART GNSS @

* Connect the laptop via USB cable to 000000
the pyboard and use the Thonny IDE ( .
https://thonny.org/) to get to the
pyboard prompt.

* For a start, let’'s switch on an LED of
the pyboard. =

......

Module Development | | 20



https://thonny.org/

3. Breadboard Development (2/3)

* Next step is to read and parse
the messages from GPS unit.

* Consult the GPS receiver
manual to learn how to parse
the NMEA messages that

come from the GPS.

Module Development

File Edit View Run Tools Help
UE 0

Files -

@-

<untitled> | [main.py]

This computer

P [ bin

[» | ) boot

b1 dev L
I ) etc

b 1) home

I L) lib

b 1) libe4

I [ 1) lost+found
> [)) mnt

Iv] [2]

MicroPython device
/ flash

@ boot.py

@ main.py

| ] pybcdc.inf

2| README.txt

1 import pyb
2

2 uart = pyb.UART(4, baudrate=9600, timeout=10)

4

5 while True:

6 line = uart.readline()

7 if line:

8 line = str(line, "ascii").split(",")

9 if line[0][3:] == "RMC":

10 valid = 1 if line[2] == "A" else 0

11 time = float(line[1]) if valid else 999999.000
12 date = int(line[9]) if valid else 999999

13 latitude = float(line[3])/100 if valid else 999
14 latitude = -latitude if line[4] == "S" else latitude
15 longitude = float(line[5])/100 if valid else 999
16 longitude = -longitude if line[6] == "W" else longitude
17 print(

18 40 * "-" 4+ "\n" +\

19 f'valid: {valid}\n" +\

20 f time: {time:010.3f}\n" +\

21 f"date: {date:06}\n" +\

22 f"lat,lon: {latitude}, {longitude}\n"

23 )

time: 174009.000
date: 240525
lat, lon: 49.51802, 8.340754

valid: 1

time: 174010.000

date: 240525

lat, lon: 49.51803, 8.340755

valid: 1

time: 174011.000

date: 240525

lat, lon: 49.51802, 8.340752

MicroPython (generic) « Pyboard Virtual Comm Port in FS Mode @ /dev/ttyACMO =

LIBREJCUBE

open source space exploration
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3. Breadboard Development (3/3) LIBRERJCLIEE

File Edit View Run Tools Help

[ = 0 @ =

* Finally we write some functions .. e
to control the GPS mode. o 1 imort o

2
b [J boot 3 uart = pyb.UART(4, baudrate=96006, timeout=10)
P 1) dev L 4
b ) etc 5 def send_command (command) :
o W f p | th b () home 6 uart.write(b"s$")
e Can see 10r exampie tne i j e
b [ libs4 8 checksum = @

proper function of the cold © for char in comana:

b [ mnt o 10 checksum "= char
uart.write(b"*")

restart aS the GPS unit WI” take """fi]:]'s‘:"”""“""“"i“ T 12 uart.write(bytes(f"{checksum:02x}".upper(), "ascii"))

I¥] [£]
=
-

13 uart.write(b"\r\n")
- - = @;bout.py 14
some time to re-acquire the fix & navr 15 # conigure o only et R nessags
] pybcde.inf 16 send_command(b"PMTK314,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8")
d blink the LED e
a.n In t e . 18 def gps_warm_restart():
19 send_command (b"PMTK101")
20
21 def gps_cold_restart():
22 send command (b"PMTK103")
23
24 def gps_mode_standby():
25 send_command (b"PMTK161,08")
26
27 def gps_mode_normal():
28 send_command (b"PMTKE00" )

MPY: sync filesystems

MPY: soft reboot

MicroPython v1.22.2 on 2024-82-22; PYBvl.1 with STM32F405RG
Type "help()" for more information.

>>> |
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4. Prototype SpaceCAN Interface (1/4) LP'BREE‘CHBF

* For this step we only need a laptop, no other hardware!

= .

config.json responder.py vean.sh

* Independent to the development of the software to interface
with the GPS unit, we can already work on the code parts
needed to accommodate the SpaceCAN interface.

13

 Create a folder “gps-demo” and copy the files “config.json”,
“vcan.sh” and “responder.py” from the SpaceCAN Tester

example to |t 1folder | 3 files: 2.9 KiB (2,973 bytes) | Free space: 102.1 GiB
https://gitlab.com/librecube/elements/LC3301/-/tree/main/examples/virtual

* Inside the folder, create the Python virtual environment and
install everything:
python -m venv venv
source venv/bin/activate
pip install git+https://gitlab.com/librecube/elements/LC3301.git
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P
4. Prototype SpaceCAN Interface (2/4) LIBRERgLCLEE

open source space exploration

8 use_packets": true, "housekeeping_repor‘ts": [

. (1 M H 1. u ", {
* Modify the “config.json™. 10 sreeters': | v a1
12 "parameter_id": 1, "comment": "reports all parameters",

- Define 6 parameters to HE R renaptoa: troe,
capture the informationwe & , """ , pereneteriaste 28, 4, 8,

- 17 {
req U I re . 18 "parameter_id": 2, 1,
19 "parameter_name": "data valid",

20 "encoding": "B", "functions": [

- Define a single g | e U unetion e 1,
housekeeplng report’ WhICh g: {”parameter_id”: . "function_name": "Set GPS mode",

"arguments": [

contains all the parameters. [z s =« {

"argument_id": 1,

. . g; 'Hvalue“: e ::argumgnt;nawe::: "mode",
= Further, define one function = 1 | rencosing’ s
with an argument to set the i ::Ez;:ﬁ;[;"ﬁ'ﬁti,"”fc date”, },]

mode, and another two g | e b metion s 2
funCtIOnS WlthOUt g: { arameter 1 5, "function_name": "trigger GPS warm restart"

- n n n . " }!

37 parameter_name": "latitude",

arguments to t“gger the 38 "encoding": "f", { ne i gne 3
39 "value": 999.0 unction_id-s 2,

restarts_ 40 1, e "function_name": "trigger GPS cold restart"
| }
42 "parameter_id": 6, ]
43 "parameter_name": "longitude",
44 "encoding": "f",
45 "value": 999.8

Module Development % ) 24
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4. Prototype SpaceCAN Interface (3/4)

* Modify the “responder.py” file to implement dummy values for the
parameters and dummy actions for the functions.

Module Development

1 from datetime import datetime
2 import time

3 import random

4 import spacecan

5
6 responder = sp .Responder.from_file("config.json")
7 services = sp .Services(r: der).from_file("config.json")

8 set_param = services.parameter.set_parameter_value
9 get_param = services.parameter.get_parameter_value
10

11 PARAM_DATA_VALID = 1

12 PARAN_MODE = 2

13 PARAM_UTC_TINE = 2

14 PARAM_UTC_DATE = 4

15 PARAM_LAT = &

16 PARAN_LON = 6

17

18 FUNC_SET_MODE = 1

19 FUNC_SET_MODE_ARG_MODE = 1

20 FUNC_WARM_RESTART = 2

21 FUNC_COLD_RESTART = 3

22

23

24 def perform_function(function_id, arguments):

25 if function_id == FUNE,SEH,MUDE:

26 print("Execute: set mode")

27 if arguments[FUNC_SET_MODE_ARG_MODE] == 0:
28 set_param(PARAM_MODE, 0)

29 set_param(PARAM_DATA_VALID, 8)

30 elif arguments[FUNC_SET_MODE_ARG_MODE] == 1:
31 set_param(PARAM_MODE, 1)

32 set_param(PARAM_DATA_VALID, 1)

33 elif function_id == FUNC_WARM_RESTART:

34 print("Execute: warm restart")

35 set_param(PARAM_MODE, 1)

36 elif function_id == FUNC_COLD_RESTART:

37 print("Execute: cold restart")

38 set_param(PARAM_MODE, 1)

39

36 elif function_id == FUNC_COLD_RESTART:

37 print("Execute: cold restart")
38 set_param(PARAM_MODE, 1)

39

40

41 services.function.perform_function = perform_function
42 responder .connect()
43 responder.start()

44
45 try:

46 set_param(PARAM_DATA_VALID, 1)

47 while True:

48 # do some other stuff

49 time.sleep(8.1)

508

51 # update housekeeping data

52 set_param(PARAM_UTC_TIME, int(datetime.now().strftime("%H%N%S")))
53 set_param(PARAM_UTC_DATE, int(datetime.now().strftime("%d%m%y")))
54 set_param(PARAM_LAT, random.uniform(49, 58))

55 set_param(PARAM_LON, random.uniform(8, 9))

56

57 except KeyboardInterrupt:

58 pass

59

60 responder.stop()

61 responder.disconnect()
62 print("Stopped")

63

Filetype: P

LIBREJCUBE

open source space exploration
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4. Prototype SpaceCAN Interface (4/4) LP'BREE’CHBF

e Test the correct implementation:

SpaceCAN Tester

- Bring up the virtual CAN: . ameter Monton
asic Actions arameter Monitoring
source vcan.sh e . T

Service 3: Housekeeping

- Start the SpaceCAN Tester: | re--—-—_"
spacecan-tester config.json RS

Service 8: Function Management Packet Log

- Start the responder: T oo
pythOn responder. py Service 17: Test Service e : mhs o Sumf s

Service 20: Parameter Management
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: 2
5. Integration (1/3) e e

* In this step now we integrate now both the
hardware parts and the software.

* For the hardware, the GPS unit can be
mounted on the prototype module.

* For the software, we need to merge the code
for the SpaceCAN interface and the one for
handling the GPS. See next slides.
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: 2
5. Integration (2/3) o Aot

* Copy to the pyboard the spacecan folder
from the micropython-spacecan repository:

https://gitlab.com/librecube/lib/micropython-
spacecan/-/tree/main/src?ref type=heads

File System

* Also copy the “config.json” file to the S

Network 2folders | 3files: 5.5 KiB (5,583 bytes) | Free space: 22.0 KiB

pyboard. Modify its interface and channel

configuration as shown. T~ -
gy 2 interface": "pyboard",
. . . 3\ "channel_a": 1,
* We will create a “main.py” for the main loop § Ngmet b 2,
and the SpaceCAN interface, and refactor | 6 Iheartbeat.period”: 0.5,
the GPS specific functionality into a class in 8 "use_packets": true,

. . 9
a “gps.py” file. See next slide. e wparanoterst: |
f12 "parameter_id": 1,
13 “param§ter_name”: "data valid",
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e
T T class GpsUnit:
1 import time MODE_STANDBY = O

:

. 2
- 2 import pyb 3 MODE_NORMAL = 1

3 import spacecan 4

. 4 from gps import GpsUnit 5 def __init__(self, uart):
5 B
7
8

self.data_valid = 0
self.mode = self.MODE_NDRMAL

self.uart = vart
B uart = pyb.UART(4, baudrate=9600, timeout=10)
7 gps = GpsUnit(uart)

- 9 self.time = 099899
g gps-init() 18 self.date = 999999
n self.latitude = 999.0
10 responder = spacecan.Responder.from_file("config.json") 12 5:1_—‘1;‘;1:”:3 .
[ ] Note hOW the G PS 11 services = spacecan.Services(responder).from_file("config.json™) 13
12 set_param = services.parameter.set_parameter_value 14 def send_command(self, command):
b o - = = 13 get_param = services.parameter.get_parameter_value 15 checksum = 0
specific functionality is s R
15 PARAN_MODE = 1 1; fel—'CD:?:S:Ti;:(ET:I'- + command + b"#")
refaCtO red i nto th e :g EQE::_B¢F~?¥;I&I? ; 2 19 self.uart.write(bytes(#"{checksum: 02x}". upper(), "ascii"))
—o e - 20 self.uart.write(b"\r\n")
18 PARAM_UTC_DATE = 4 21
11 7 H H 19 PARAM_LAT = & 22 def init(self):
g pS py I e rI g t 20 PARAM_LON = B 23 # configure to only get RMC messages
- 21 24 self.send_command(b"PNTK314,8,1,0,0,0,0,0,0,0,0,0,0,8,0,0,0,0,0,6")
22 FUNC_SET_MODE = 1 2
H 114 H 7 | £ -SETMCDE_IRG_NODE =1 25 = :J:'IlTJs:;;alc;;;:;;zbPI'ITKIBI "
° Wh th 24 FUNC_WARM_RESTART = 2 e sendcomen:
ereas in e main. 25 FUNC_COLD_RESTART = 3 . 1o = el MODEORINL
. . 26 30 def cold_restart({self)
fl Ie Ieft We m al n I h ave 27 def perform_function(function_id, arguments): 31 self.send_command(b"PMTK103")
y 28 if function_id == FUNC_SET_MODE: 32 self.mode = self.MODE_NORMAL
. 29 if arguments[FUNC_SET_MODE_ARG_MODE] == 0: 33 i
the code to provide the e e ) o Jilecsop s S
3 elif arguments[FUNC_SET_MODE_ARG_MODE] == 1: P :El—"mndei— e 1% MDDESTANDEY
. 32 gps.made_normal() 37 celf.datavalid = 0
S ace( :AN Inte rface 33 elif function_id == FUNC_WARM_RESTART: o
[ 34 gps.warm_restart() 39 def mode_normal(self):
35 elif function_id == FUNC_COLD_RESTART: ap sel.send_command(b"PNTKEEE")
36 gps.cold_restart()| a self.mode = self.MODE_NDRMAL
37 22
38 services.function.perform_function = perform_function 43 def updste(self): . )
39 responder. connect() :g Whll? se'l:,ua{gamii) _an:lsel-imuda == self.MODE_NORMAL :
40 responder.start() T iin:i;e?e -uart. readLine(
4 47 try:
42 while True: 43 line = str(line, "ascii").split(",")
43 time.sleep(0.1) # do some other stuff 49 except Exception as e:
44 gps.update() # update housekeeping data 58 . print(e); |°""til’“'eI
45 set_param(PARAN_MODE, gps.mode) 51 if Une[0][3:] == "RAC":
46 set_param(PARMI_DATA_VALID, gps.data_valid) 2 Sol teteoveid 1A Linela] == AT ete ©
47 set_param(PARAM_UTC_TINE, gps.time) o oLt tims = int¢FloatCLine[1 )
48 set_param(PARAN_UTC_DATE, gps.date) 55 self.date = int(Line[3])
49 set_param(PARANM_LAT, gps.latitude) 56 latitude = float({line[3]) / 1008
50 set_param(PARAM_LON, gps.longitude) 57 latitude = -latitude if line[4] == "5" else latitude
51 58 longitude = float(line[5]) f 108
52 der.st a9 longitude = -longitude if line[E] == "W" else longitude
Module Development - AL e ot tatituce - tatitude
54 ’ B1 self.longitude = longitude




: "
6. Testing (1/4) e e

* For the testing, we will use the laptop to run SpaceCAN Tester (which runs a
controller node) and interfaces the Pyboard Prototype Module via CAN bus.

* For this we need a USB-CAN adapter. We will use the candleLight FD USB-
CAN adapter (https://linux-automation.com/en/products/candlelight-fd.html)
as it is fully open source and easy to use.

 The setup would be as shown below. If you only have one adapter (as for
this simple demo) it will work as well, omitting the redundancy aspect.

USB CAN to CAN_A

USB CAN to CAN B

30

Module Development
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6. Testing (2/4) LIBREYCUBE

open source space exploration

* You only need to connect the CAN bus
related signals from adapter to the board.

* Refer to the LibreCube board specification
to locate the CAN pins.

https://librecube.gitlab.io/standards/board_specification/#electrical-specification

©[-NVD
©|dND

+NVD|©
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: "
6. Testing (3/4) e gt

Now we need to start the SpaceCAN Tester and the code of the
pyboard:

* The pyboard code will run automatically when the board is
supplied with power. (Nonetheless, you can also use Thonny
IDE or another serial terminal to connect to it and start it by
hand.)

——

* For the SpaceCAN Tester, we do the following:

"interface": "socketcan",
"channel_a": "canB",
: anel_b": "can®"
"node_id™: T,
"heartbeat_period": 0.5,
"max_miss_heartbeat": 5,
"use_packets": true,

— Modify the “config.json” file for the physical CAN bus.

— Bring up the CAN bus:
sudo ip link set dev canO up type can bitrate 1000000

W00~ @ & Wk =

- Start SpaceCAN Tester:
source venv/bin/activate
spacecan-tester config.json

Module Development 32
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6. Testing (4/4) e gt

Now you can test all the functionality of your module using the SpaceCAN
Interface. As a next step you may want to integrate your module into the system
you intend to develop.

SpaceCAN Tester

Basic Actions Parameter Monitoring

SWITCH BUS can0 SEND SCET SEND UTC Parameter Parai

Service 3: Housekeeping
ENABLE HOUSEKEEPING REPORTS

DISABLE HOUSEKEEPING REPORTS

Service 8: Function Management Packet Log

"PERFORM FUNCTION

Service 17: Test Service

CONNECTION TEST

Service 20: Parameter Management

REPORT PARAMETER VALUES
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Conclusion LP'BREE"CHBE

* This example was focusing on functional testing only.

* The example was simple, but it covered all the steps that are required for
development of any complexity.

* The development of the SpaceCAN interface and the functionality-specific
code can be developed in parallel and is largely independent from each
other.

* Due to its modular approach, one could swap the GPS unit with a different
version (eg. a Galileo receiver) while retaining the same interface to the
external controller. Only the GPS related code would need to be modified.

* In general, the SpaceCAN interface code will be very similar for any kind of
module, and only the code for the selected functionality-providing
component will be specific. This increases maintainability and exchange.
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