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ABOUT ME / THIS PROJECT

| am a former car mechatronic technician and car wrapper, currently a mechanical engineer who started this project to create a learning platform for the next 5-10 years. My goal is to
evolve into a general engineer or a full-stack engineer. The main purpose of this project is to learn Electrical Engineering in the first stage, followed by Physics, Math, Control Algorithms,
Software Development, Robotics (e.g., Sensor Fusion, Thrust Vector Control, Reaction Wheel), and many more fields of engineering in the later stages.

The main purpose of this PCB is to serve as the primary development platform to learn all these interesting fields and act as a general-purpose computer. It could be used as a model
rocket, fixed-wing or multicopter flight computer, or literally any kind of robot. Due to the CAN bus capability, it is possible to design dedicated task-focused PCBs and use this board as the
central brain of the system. Surely, there will be iterations if flaws and hardware limitations are noticed during further development. I'm sure there are better ways of designing a board like
this, but | want to mention that I'm not an electrical engineer, and this is the best | could achieve based on my current knowledge gained during the last ~200 hours of schematic design. A
lot of this schematic is designed by referencing other schematics and trying to understand the reasoning by looking at the specific datasheets of the used components and asking relevant

questions in subreddits like r/PrintedCircuitBoards, r/AskElectronics, r/Robotics, r/Electronics, and r/Arduino. The main reference is the Hades flight computer from Phil's Lab, and the

peripherals are kind of mixed references from Reddit, Adafruit, SparkFun, and so on. The idea of choosing these specific components is that there are already ready-to-use libraries to
start developing via PIO, ESP-IDF, and the Arduino Platform because | don't have the ability to write bare-metal programs yet. This will be important in later stages and will help me learn

bare-metal programming by looking at existing libraries and figuring it out.

DESIGN CHOICE:

POWERMANAGEMENT

This PCB is going to be powered by a LiPo and a switching regulator capable of 5V @ 9 Amps max. This should
be sufficient to power at least three servos with a stall current of 2.5-3 Amps; however, the correct amount of
servos will be known after doing real measurements. The ESCs are going to be connected to the servo
connectors, and they will have their own LiPo. I'm most likely going to design a slave PCB via CAN bus to
operate the servos' BLDCs, which have decoders in later stages. The switching regulator part is the most
complex topic for me on this schematic and is a 1:1 copy of Phil's Lab Hades flight computer.

There are two LDOs: one for 3.3V logic level (MCU and sensors) and one with 1.8V logic level for the CANSilent
level shifter of the CAN transceiver because two pins of the ESP32S3 have 1.8V logic, and only one of them is
used; all the others are NC (not connected). There is also an INA219 current sensor.

USB-INTERFACE

The USB-Interface is simply a 1:1 copy of the dev board schematics; the only difference is that | used USB-C
ports instead of Micro USB and added TX/RX transmission LEDs to the USB-UART converter. | decided to keep
the auto programmer logic for development purposes so | can reduce the ESD risks while handling it and create a
3D-printed housing for this PCB.

NAVIGATION CONTROLLER UNIT

The NAVCU (Navigation Controller Unit) serves as the central brain that communicates with the FCCU via UART
and I2C. It handles the computation-heavy sensor fusion and has a lot of peripheral sensors. It is dedicated
solely to navigation.

-There is an SD card serving as a read/write eMMC to do data logging and, if needed, to save calibration data on
it to avoid saving stuff in the internal EEPROM of the ESP. | chose to put a dedicated SD card slot for the NAVCU
during the development stages to log a more detailed log than in the FCCU for further data analytics and error
handling. The FCCU will only log mission-critical information, which is also handed over to the ground station
computer in later stages.

-CAL_BTN: Simply a calibration button for manual calibration if needed.

-There is an extra SPI board-to-wire Molex connector, which also could be used as an extra four GPIO due to the
pin multiplexing nature of the ESP32S3.

-GNSS: The NEO-M9N with an extra board-to-wire Molex connector for dedicated setup via external USB to TTL
adapter.

-IMUs: BNOO55 9DoF as the primary IMU, BMIO88 6DoF as the redundant secondary IMU.
-Magnetometer: IIS2MDCTR 3DoF as a complementary device for the BMI088.

-Temperature Sensor: TMP100 to measure board temperature if there are some issues with heat absorption.
-Barometer: DPS310 barometric pressure sensor to gain information about altitude.

FLIGHT COMPUTER CONTROLLER UNIT

The FCCU (Flight Computer Controller Unit) serves as the central brain, which will have the main algorithms on it.

-There is an SD card serving as a read/write eMMC to do data logging and, if needed, to save calibration data on
it to avoid saving stuff in the internal EEPROM of the ESP.
-Current sensor to monitor battery state.
-The CAN bus serves as an extension slot for task-dedicated slave PCBs.
-There is a buzzer for feedback (battery state, specific states, errors, if it lands somewhere unplanned).
-The LEDs are status LEDs (calibration, communications, etc.).
-3x10-pin 2.54mm (0.1") servo header (SIG, 5V, GND) for six servos and four BLDCs with external ESCs capable
of 5V @ 9 Amps max.
-There is another board-to-wire 12C Molex connector for anything else | might have forgotten.

Uncertainties

There are a total of three things about which | have some uncertainties.
1.Schottky Diodes: Have | placed all six Schottky diodes correctly, and are there any missing? | have placed one
Schottky diode for each power source: 4x USB, 1x Switching Regulator, and 1x Hot-Start GNSS external battery
connector.

2.ESD Protection: | placed 2x ESD diodes on each SD card slot, 4x ESD arrays for each USB slot, 1x ESD diode
on the GNSS antenna, and 1x ESD diode on the CANBUS Molex connector. | don't have ESD diodes on the SPI
test point headers, the I12C external connector, the external SPI Molex connector, the boot, reset, and calibration

buttons, the safeboot header for the GNSS module, the Molex connector of the GNSS module, or the hot-start

battery connector for the GNSS module.
3.Test Points: I'm not sure if the test points are sufficient. | feel like they are, but I'm still unsure about it.
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POWERMANAGEMENT
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| ril Functional .
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. o GND
. CANBUS CAN BE TESTED WITH EXT CONN
GO Comments: <
. X CR1 | | understand everything on this page,
| ESDCANO3-2BM3Y but im still kinda unsure when it comes to the uSD-Slot
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NAVCU-USB-INTERFACE
USB-OTG-NAVCU
With the logic shown belaw, the AUTO PROGRAMMER NAVCU
software—IDEs PI0, Arduino, or ESP—IDF
| can automatically put the board into
USB3 SDiOB/D\t/BS . Fmteté;djmau o programming mode via the DTR and RST R48 0
N 7= /i\ + | pins and the CP2102N IC. 1] CEN_NAVCU |
VBUS: = .
ccagAS
ccod-B3 u11 | )
USBLC6-25C6 10K R49 1 Q3
A I w50 22 . [DTR_NAVCU 558050
D- i; l steetn ; = 2 e USB_NAVCU_DN | | ~
D+ S — USB_NAVCU_DP
D+ B6 T %ﬁ R51 22 .
< R50 & R51 as close as possible to NAVCU N |
o
Q a SBUic% GND .O...O | .O..O
T =z = .
« 2 P e R52 R53 .
H o 5k1 5k1 |
wv) < " N
I R55 & R57 as close as possible to NAVCU oK R4 ”
. — — . c— . 1 .
% | [RTS_NAVCU <58050
GND DTR_NAVCU | | "
I R55 0 Auto program
. - 0
— . — . — — . —— . —— — ] UARTO_RX_NAVCU DTR RTS-->EN 100 R56 —— BO0T NAVED
0
| A
1
USB TO UART BRIDGE NAVCU —<RIS_NAVCU | . 10 01
+3V3
I 0 1 10
a 7
w5y 3 3 i1 00000 !
R58 RS9
|:| 22k1 1k ol !\To ol < mT R61
UL T
x x oo uvu
9 | rey 58%&x0
SUSPEND [-LL
8 1 veus susPEND (12
£ wo LED7
L— 7 | vkeamn cHREN 135 BLUE
CHRO 1—2)( GPIO_TXT and GPIO_RXT are LED status indicators for data
»11 veo cHre 25 transmission. They are connected according to the technical
21 RI/CLK 10 documentation of the CP2102N-A2-xxx28R. See page 23 of
RE2 c52 53 2::)):_;:: 8 the technical documentation.
|:| 47k T F T 10uF USB_NAVCU_UDP »—21- D+ GPI02_Rs485 -1 LED resistors were chosen based on reference values to
USB_NAVCU_UDN y—21 - GPIO3_WAKEUP 18- produce a dimmed light.
cPion [225¢
10 e 6PI0s [2Lx¢ Click here to the dc ion.
6PI06 |-22¢
~ N 29
GND EXP
— . — . — — — — GND DNP
oND |3 SANITY-CHECK
LEGEND:
N u12
USB-UART-NAVCU . X . . . . CP2102N-A02-GQFN28R LA Associations ()
| GND GND ESD O
D14 FerriteBead_Small
USB4 SD103AWS-7-F FB4 /i\ +5V | Schottky .
| AL ~Ng
VBUS =4 . Testpoints .
ccag A5 |
CCod B3 | u13 Functional .
USBLC6-25C6 .
Ry e
_ i; l l"""'l ; e 2 USB_NAVCU_UDP | | Nets O
D+ st USB_NAVCU_UDN |
IS
o =T - . Comments:
| understand everything on this page, J
o v except the Ferrite Bead values, however i understand why the
= ~  SBU1d] AB x GND Ferrite Beads are used. They are just Filtering
= Z  gpuad-BByx . the signal reflexion caused by the USB wire lenght
@ b R64 R65 . O . . . O | got told multiple times that i should avoid using Ferrite beads,
5k1 5k1 and i listened to it on the other pages. | kept the FBs here,
o =l because since the +5V is going through the LDOs anyway.
* This Page is almost a exact copy of the Dev Board except
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GND Refi -USB-C instead of uUSB _deﬁcientlnventor
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GND | Liveea o vees®
0
o
—o—n—o—o—u—o—o—uj . Cﬁz‘ C65
0.1uF 0.1uF
RST_BTN | T
sw3 ' ' ~ O] @)
SKRPABEO10 | ESP32-S3-WROOM-1U-N16R8 | GND
1, 3 . . . O . Series resistor dation of neop best pr says
t 5 EN_NAVCU | . 300-5000hm series resistor (i guess for longer data lines) since this is a
o o— | N PCB design i decided to use 22ohm series resistor.
3 M
2 | o4 EN_NAVCU EN 2 TXDO https://learn.adafruit.com/adafruit-neopixel-uberguide/best-practices
4 c66 . R68 ] 22 P00 i (o] RXDO ! uit: g
0.1uF = 100 1017
| BOOT_NAVCU - 39101 3 1018 b
) 10 R69 22 202 AL 1019
SPI1_CS_NAVCU 103 8 1020
ACC_INT_NAVCU 104 & 1021
v | MAG_INT_NAVCU 105 z <2( 1035
oND oND . 12C1_SDA_NAVCU 106 @ | 1036 NC->N16R8 MODULE
\2C1,SCL,NAVCU 107 s o) a| 1037
| GNSS_RST_NAVCU »=4 108 s 1038
SPI1_CLK_NAVCU > 109 ) 1039
. SPI1_MISO_NAVCU »=-41010 = 1040 — . — . — . — — . —
BOOT_BTN | Enarvnes e YT
- i
Swi SD_MOSI_NAVCU % 1013 & 1045 . SPI/GPIO CONN
. SD_CS_NAVCU »<4 1014 1046 SPI1_MOSI_NAVCU
SKRPABE010 1015 . |oa7§ 1.8Volts | b
i 1 s ST o6 2 0wk —m -
> ' 7 ' 5
o o—
2 o 4 | 4 J6
N cer | GND 3 530480610
0.1uF . >
i I 1
A4
GND GND +3V3
EN_PULLUP
| . | —_——————
10K
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CAL BTN | s EN_NAVCU | : . : . . . . | . P13 P14
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+3V3 12C PULLUPS - -
- 0000 | . SANITY-CHECK
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Comments: 7
| understand everything on this page, however,
| have difficulties choosing the right value for series resistors.
| choose the values based on reference
from Philslab and Robert Feranec.
-The array of decoupling capacitors maybe is overkill,
i choosed it based on Hades from Philslab.
-I am not sure about the 3x2.54mm Header Testpoint for SDSPI
-12C2 testpoints on FCCU Page
-UART1 Testpoints? also 2x2.54 Headers?
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: €70 c71 3 : . [ . . O uie
| +3V3 GND oot Lgaur | | +3V3 vnv;g " | | | [IS2MDCTR
u19 : . wavs 7 s +3V3 . 7 .
. 15 +3V3 . 12C1_SDA_NAVCU SDA/SDI/SDO INT/DRDY MAG_INT_NAVCU
10K BNOOS5 SDO1 & SDO2 HIGH FOR ADDR: 0x19 & 0x69 A “ SO [0 1 4 . . 1201 SCL_NAVCU
R75 i i = CsB1 SD02 == l
N CSB 1 High(acc) & PS High(gyr) =12C MODE 5 GND[—28
10K s o be €72 ) 22pF . X——] csB2 16 c73 C74 . | < +IVE e 3¢ Vb2 X N +3v3 .
R76 BNOS5_RST_NAVCU 2 3 X0UT32 |— . INT1 ACC_INT_NAVCU | 0.1uF = 0.1uF T 12C1_SDA_NAVCU 6 + 10
. ) 8 1 SDA = . . R VDD_IO +3V3
14 g 12C1_SCL_NAVCU PSCL/SCK INT2 [——X . 12C1_SCL_NAVCU 1 scL iis2capgnd 5 |eq
BNO55_INT_NAVCU INT e 12C1_SDA_NAVCU »—2— spA/SDI INT3 (22 GYRINT_NAVCU u1s _ L—L 5 leno
32.768KkHz . N4 (3¢ . | +3V3 5{ oo TMP100 T~ 0.4uF c76 NC— 2 €77 c78 €79 .
. - 1"0 BOOT_LOAD_PIN - . x2 ne \ 3|00 S . 220nF 2 _Inc Nel—LL . e oo
BL_IND XIN32 - ] GNDIO . * : :
| ‘ T . pt | . | T T To]
12C1_5DA_NAVCU >—29 coMo . . v . | GND  GND ~ .
. 12C1_SCL_NAVCU —9 coM1 Psole GND . 76 ESR < 200mOhm GND
18 com2 o PS1 i—l | [ N |
| 17 com3 % % capll | oND | | It Tustft;e ct:nnecé(:d as .close as p?rshs_ible tt? pins 5z-|1nd 6 since very'high c.urrer;: References:
~ T gﬁii ; l N . References: . References: z:::j th?llen:;:: of tt:epc!:;:p:'rlitsr ips is avoids problems caused by inductive effects https://lwww.st.com/resource/en/datasheet/iis2mdc.pdf °
* Au . " Imedia/bosch tocld de/d heets/bst-bmi088- . . . . . odf?ts= N . eto .
I | htfps.llwww..bosch se.nsorfnr a .uuab " teuu:, ! ee:o bst: bm|.088 dsOOj pdf PAGF48 &13 . . . . J https.llwww ti fomllltldsl.symllnklttnpmo pdf ts: 1730.67677942? page 10.& 21 |__" is highly recommended to use low ESR (max 200 mOhm) page 19 & 22 & 24
| v v . T ¢ ¢  CE— ¢ E— 0 E—  CE—  CE— C E— e EE—  CEE——  CEE— e E— e EE—  CE— " CE— e CE— e EE— e EE——  E— e CE— e EE— e EE— O CE— e E— e EE— C GEE— E— ﬂ
. GND GND GND GND GND N
| | GNSS u Blox .
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. 12€1_SDANAVCU p—_—5ck [SAFEBOOT LI SaFEBOOT LNA_EN L4 GNSS_LNA_EN_NAVCU <
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