Thunderbird W

... is a customized firmware for Yuneec Typhoon H (aka H480) based on PX4 autopilot,
developed by Toni Rosendahl. Introduction see:
https://yuneecpilots.com/threads/typhoon-h-480-px4-v1-10-stability-issues.18205/page-3

The firmware is Open Source. Please join the community and contribute!
The project can be found here: https://github.com/tonirosendahl/Thunderbird
PX4 Autopilot: https://docs.px4.io/

This is a description how we transform a stock Yuneec Typhoon H into a Thunderbird.
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How to flash the MCU board of the Typhoon H

“.Note: Once the bootloader was updated there is no way back. The Typhoon H is going
to be the Thunderbird from now on.

Preparation

Download and unzip binaries:
https://github.com/tonirosendahl/Thunderbird/blob/Typhoon H 480/Thunderbird 19122019 FT.zip

Get a programmer for STMxx. We need a ST-Link V2-1. Something like that:
https://www.st.com/en/evaluation-tools/nucleo-f767zi.html
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Please note that there are other (and maybe cheaper) evaluations boards on the market that
have ST-Link V2-1 programmer onboard.

Also we need the related flash tool, the ST-Link utility. Download and install it.
https://www.st.com/en/development-tools/stsw-link004.html

Have two good micro USB data cables ready and the micro USB
pigtail cable from inside the Typhoon H to connect MCU-board to  ©
computer via USB for power supply during flashing and for testing =
afterwards.

We need a good soldering station and soldering skills to prepare the contact pads which have
to be connected to the programmer unit.
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And of course the MCU board from Typhoon H. It's recommended to have it as spare part just
to keep the original board to fall back to legacy Typhoon H.

Quick test:

Before we start at all, check if the MCU-Board is OKI and working. Connect it via USB to
the PC and check if the LEDs on the MCU board are blinking. In Device Manager > Ports

(COM & LPT) a device “STMicroelectronics Virtual COM Port (COM...)” should appear.
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To set up parameters and update the drone we need PX4 configuration tool
"QGroundControl". Download and install it. It needs Administrator rights at least for
Windows10.

http://ggroundcontrol.com/downloads/

“Notes:
=>» To avoid static damage follow the ESD rules. Ground everything you can.
=> Before we go ahead, download and read the documentation for the programmer
unit and the ST-Link utility.
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Step 1: Wiring for the programmer (the most dangerous step)

We need Ground (GND), +3.3V (Vcc), clock (SWCLK), data (SWDIO) and reset (NRST).
For all those connections are small measuring points available on the MCU board. It's up to
you how to connect those five wires to the SWD port at the ST-Link (soldering wires or tiny
socket connectors).
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We can also use the pads for a tiny connector if you have one available that fits the pads:

D‘.—‘G.-LUL

N

The NRST pin still has to be wired because it is not available at the connector pads.

It's a good idea to secure the connectors with a tiny tip of super glue. Be careful when plug-in
and more careful when plug-out the wiring.

Quick test:

After wiring was done, check if the MCU-Board is still booting. Connect it via USB to the PC
and check if the LEDs on the MCU board are blinking. In Device Manager > Ports (COM &
LPT) a device “STMicroelectronics Virtual COM Port (COM...)” should appear.
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Step 2: Replace the original bootloader by the new one (no way back!)

Both CN4 jumper A and B have to be off (not connected) to enable SWD port to flash
external processors.

Connect MCU board via USB to PC to keep power during flashing. Connect SWD port with
measuring points at MCU board. Connect the ST-Link with the second USB-cable to the PC.

If all is connected as shown above, start the STM32 ST-Link utility.

Go to Target > Connect to verify that the MCU is connected.
If not, check the wiring.
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Set Read Out Protection to Level 0:

Target > Option Bytes...
Select "Level 0" > Apply.

Now the old bootloader will be removed.

Option Bytes
Read Out Protection BOR Lewvel
Levld 2l
|1zer configuration option byte
'wDGE_STOPR PwDG_STDEY B oot nBOOTO
W DG_ 5w IwDGE_LULP B oot BOOTA
NS Fdkd_Parity F_WDGE_STORP nDBOOT nBFE2
SRAMZ_RST Fz_WDGE_STODEY nDBAME nBOOT_SEL
SRAMZ_PE FCROF_RDF DE1k DUALBAME.
nRST_SHDW nBootl_Sw Cfg IRHEM BOREM
[“]nRST_STOF nSWwWBOOTO [ WDG_Sw
nRST_STODEY WODA_banitar SDADCT 2 WDD_Manitar
MNRST_MODE
Securnity option bytes
SEC_SIZE 00 SEC_SIZE2  0x00 BOOT_LOCE,
Boot addrezs option byutes
BOOT_ADDO [H) Bioot from [H]
BOOT_ADDA [H) Boat fram [H]
I1zer data starage option bptes
Data O[H] Data 1 [H]
Flazh sectors protection
Sector Start addrezs Size Frotection 2
[] Sector 0=03000000 16K Mo Protection
[] Sector 1 O=03004000 16K Mo Protection
[] Sector 2 0=03003000 16K Mo Protection
[] Sector 3 0=0300C000 16K Mo Protection
] Sector 4 0«080710000 B4 K Mo Protection
[]Sectar s 0«08020000 128K Mo Protection
[ ] Sector (0=03040000 128K Mo Protection
[]Sector 7 0=03060000 128K Mo Protection
[] Sector 8 0=03030000 128K Mo Protection
[] Sectord 0=03040000 128K Mo Protection
[ 1 Sectar 10 0«020C0000 128K Mo Protection B
£ >
nzelect all Select all
......... .-’-‘«ppl_lrl -
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If success it looks like this:

B8, STM32 ST-LINK Utility - O *
Eile Edit View Target ST-LINK External Loader Help
B o - —
Memory display Device STM32F 405300 F40 7o F4 150 F A1 T
Device ID Ox413
Add | 008000000 -~ | Size: 0x1000 Data Width: | 32 bits  ~
ress | i | == | i | = I Revision ID Rev 2.0
Flash size Unknown
Device Memory @ 0x08000000 & Binary File |:| Livelpdate
Target memaory, Address range: [0x08000000 0x08001000]
Address 0 4 B lc | ascl *
0x08000000 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF GV
0x08000010 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF GV
0x08000020 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF PV
0x08000020 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF PV
0x08000040 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF PV
0x08000050 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFFF PV
0x 08000060 FFFFFFFF  FFFFFFFF  FFFFFFFF  FFFFFFFF G559 35vissiissy
0x 08000070 FFFFFFFF  FFFFFFFF  FFFFFFFF  FFFFFFFF ' GV
0x 03000080 FFFFFFFF FFEFFFFFF FFFFFFFF FFFFFFFF FYVYVY YV VVYVYYVY e
L4 >
Connected via SWD. ~
1 SWD Freguency = 4,0 MHz.
: Connection mede : Mormal,
: Debug in Low Power mode enabled.
13:09:50 : Device ID:0x413
13:09:50 : Device family :STM32F405x00/F40Fo0F4 1500 F4 17000
3:10:27 : Option bytes updated successfully.
v
bebug in Low Power mode enabled. bevice ID:0x413 |

Now let's flash the new bootloader to address 0x08000000. Go to Target > Program & Verify.
Select "omnibusf4sd_bl.bin" from downloaded binaries > Start.

Download [ omnibusfdsd_bl.bin ]

Start address | 0=03000000

File path

|D:runeec_KopterThunderbird\Flashing v TH_MCUATh|

Browse

Extra ophions

[ ] 5kip Flash Erase

Yerification
(®) Verify while programming

Click “'Start' to program target.

After programming
Feszet after programming

omnibust4sd_bl.bin

[ 5kip Flash Pratection verification

() Verify after progranmming

[ ] Full Flash memany Checksum

| Start | E

Cancel i
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If success it looks like this:

B, STM32 ST-LINK Utility - O x
File Edit View Target ST-LINK External Loader Help
B - / 4 —
=4 e &
Memory display Device STM32F405:/F40 Trea/F41 5o F 41 7w
Device ID 0x413
- w | Size: Nidth: i -
Address: [0x08000000 | Size: | 0x2690 | Datawidth e
Flash size Unknaown
Device Memary @ 0x08000000 @ File : emnibusfasd_bl. hin DLiveUpdate
Target memory, Address range: [0x08000000 0x028002690]
Address 0 4 E c | asci ~
(e DB0D0000 20020000 DED01BFS D2D01BF3 08001BF1 vee BB R
Do OB00001 0 08001EF1 0B001BF1 08001EF1 00000000 [ J L I .
(e 02000020 00000000 00000000 00000000 0BO0I1BF3 ... G...
(ne DB0D0030 D2D01BF3 00000000 D2D01BF3 08000201 [+ AN G0 ML
(e DB0D000D D2D01EF1 DED01BF1 DBD01EF1 08001BF1 Ao B R fi,,
(o OB000050 08001EF1 0B001BF1 08001EF1 08001BF1 Ao B f.. . f...
(e 02000060 0B001EF1 0E001BF1 0B001EF1 08001BF1 Ao Ao A fi,,
(e DBOD0O0T0 D2D01EF1 DED01BF1 DBD01EF1 08001BF1 Ao B R fi,,
(e DB0D00B0 D2D01EF1 DED01BF1 DBD01EF1 08001BF1 Ao B R fi,, v
< >
AT LTVILS LLWUATLY
13:09:50 : Device family :5TM32F405xx/F40 T F 4150 F41Tax ~
13:10:27 : Option bytes updated successfully,
+ [omnibusf4sd_bl.bin] opened successfully.
13:13:01 : [omnibusfasd_bl.bin] checksum : 0x0DDES 189
13:14:21 : Memory programmed in Os and 583ms.
13:14:21 : Verification...OK
13:14:21 : Programmed memary Checksum: 0x000E5189
W
bebug in Low Power mode enabled. bevice ID:0x413 |

The MCU has now a PX4 bootloader, placed in the beginning of the Flash, 0x8000000. This
is where the ROM bootloader starts up, whatever there is. There is no way to brick the
STM32, the ROM bootloader will always be there, and the bootloader you just flashed, is a
"second stage" bootloader, which is started by the ROM bootloader. The MCU or the ROM
bootloader does not actually care what is placed into 0x8000000, whatever there is, gets
started.

The actual PX4 firmware is compiled and linked so, that it starts from 0x8008000. That gives
some space to save parameters, between the bootloader and the PX4 main application. The
linker script, if interested, is at
Thunderbird/boards/yuneec/typhoon_h/nuttx-config/scripts/script.ld but you should not need
to modify it. If you want to ditch the PX4 bootloader and save parameters on a SD-card, then
this is the place to modify the PX4 to start from 0x8000000. But for now, do not modify
anything there.
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Step 3: Flash the main application

Because we are still connected to the programmer interface, we upload the latest firmware to
the MCU-board. Later firmware updates will be done via USB. We don't need the hardware

programmer interface anymore.

Go to Target > Program & Verify. Select "yuneec_typhoon_h.bin" (or whatever filename the
latest firmware has) from downloaded binaries.

After selection of the file, set Start address to 0x8008000 and start flashing.

Download [ yuneec_typhoon_h.bin ]

Start address | 0=02005000

File path | D:\vuneec_KoptertThunderbird\Flashing_ v TH_MCUAT hLl Browse

[]5kip Flash Eraze

Yerification
(®) Werify while programming

Click “'Start™ to program target.

After programming
Fiezet after programming

Exira options yu ﬂeec_typhoon_h.bin

[] 5kip Flash Pratection verification

() Werify after programming

[ Full Flash memory Checksum

Cancel

>
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If success it looks like this:

B, STM32 5T-LINK Utility — O b4
File Edit View Target ST-LINK External Leader Help
TEEXEE E
., .';,...5
Memary display Device STM32F 4055 F40T 0 F415%% F41 7%
Device ID Ox413
, 21 size: . —
Address: [ 0x08008000 | Size: [ 0xF0404 | Data Width s (Revt
Flash size Unknown
Device Memary @ 0x08008000 :  File : yuneec_typhoon_h.bin [CLiveUpdate
Target memary, Address range: [0x08008000 0x030F2404)]
Address 0 |4 |3 | C |ASCII ~
008008000 200053E2 020081B1 02008609 080026039 5. £ ..04..0+4.,
0x08008010 08002609 03002609 08008609 03002609 U+..0+..04..0+..
0x 08008020 08002609 020086039 08008609 080026039 Ut..0+..04..0+%.,
Dx08D0E030 08002609 020026039 02008609 080026039 Ut..04..04..04..
0x08008040 08002609 08002609 08008609 0B0026D9 U+..0+..04..0+.,
0x 08008050 0B0026D9 02008609 0B00EED9 08002609 U+..04..04..0+4.,
0x08DDEDE0 08002609 020026039 02008609 08002603 U+..04..04..04.,
0x 08008070 08002609 08008609 08008609 DB008EDY U+, 0+..04..0+.,
0x080080E0 0B0026D9 02008609 0B00EED9 08002609 U+..04..04..0+4., -
£ ’ l ’ l >
Lde L AL |_UIIII IIUUEI'&U_UI.UII IJ Upl:lll:l_l DU EDSS U . ﬁ
13:13:01 : [omnibusfasd_bl.bin] checksum : Ox000E5189
13:14:21 : Memory programmed in Os and 563ms,
13:14:21 : Verification. .. QK
13:14:21: Programmed memory Checksum: 0x000E5189
13:18:13 : [yuneec_typhoon_h.bin] opened successfully,
13:18:18 : [yuneec_typhoon_h.bin] cheddwsum @ 0x066F 2054
13:20:05 : Memory programmed in 24s and 637ms.
13:20:05 : Verification...OK
13:20:05 @ Programmed memory Checksum: Ox066F 2054
W

bebug in Low Power mode enabled.

Device ID:0x413

Done!

Disconnect all USB connections and power down. Remove programmer wiring. ST-Link is
not needed anymore except a new bootloader is needed. This may happen during this early
phase of project development.

Quick test MCU board:

Reconnect it via USB cable to PC. The LEDs on MCU board are no more operable but in
Windows Device Manager > Ports (COM & LPT) a device “Legacy FMU (COM...)” should

appear now.

Reassemble the MCU board to the main board (ESC board). Check if it is correctly inserted.

Reboot the drone. The drone's power button has a delay of ~8 seconds. During this time
interval the button must be kept pressed. When all lights illuminate, release the power button.
The drone is turned off by removing the battery.
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Step 4: Set drone parameters

Install QGroundControl (aka QGC) if not yet done. Start QGroundControl as Administrator.

Power up the drone. Connect the | ® srcenerass .
atei  Widget
USB cable and wait until drone B 9 o B MXZ b B ronol enscrart ~
Was Connected to QGC' This may Vehide Setup Below you will find a summary of the settings for your vehicle. To the left are the setup menus for each component.
take some tlme. ‘ Fluggeratetyp .‘ ‘ Sensors .| ‘ Radio .|
: e e | Resgy  picn H
If connected, the telemetry will Foves " Garercarors gy esroneter R Y i
appear and a hint that the drone F Ao Diatld
was not yet configured. =
o Flugmodi [ ] ‘ ‘ Power L ] | ‘ Sicherheit
Modus Schalter Channel 5 Battery Full 4.05V Low Batter!'Fa'\\safE Return mode at critical.
e Flvoas 2 Sabized s of Gl A rostioe e
Flug Modus 3 Unassigned Data Link Loss Failsafe Disabled
Flug Modus 4 Pasition RTL Climb To 300m
Sicherhait E}gmg "fﬁﬁ RTL, Then Land immediately
e = : (e Fii oot |

Load parameter file "typhoon_h_default_parameters.params" using QGC's parameter
page.

Go to parameters > Tools > Load from file... > Select file "typhoon_h_parameters.params" to
upload standard parameter to the drone.

OGroundControl v3.5.6 — O s
Datei  Widget
%e |° E ; :
[ . é TSy
w9 ﬁ ‘ X0, & 93% Manual Entscharft
Summary Standard COM_ARM_AUTH 256010 Arm authorization parameters, this uint32_ Refresh
‘ Battery Calibration | COM_ARM IMU_ACC 070 m/sfs Maximum accelerometer inconsistency bety Reset all to defaults
Firmware
i i i 1 Load from file...
_:I COM_ARM_IMU_GYR  0.250 rad/s Maximum rate gyro inconsistency between | _
= Save to file...
Fluggeratetyp COM_ARM_MIS_REQ  Disabled Require valid mission to arm avetotie
| Data Link Loss |
COM_ARM_SWISBTN  Arm switch is a switch th Arm switch is only a button Clear RC to Param
Sensors | EKF2 | )
COM_ARM_WO_GPS  Enabled Allow arming without GPS Reboot Vehicle
| Events . .
Radio COM_DISARM_LAND  -1.00s Time-out for auto disarm after landing
| Failure Detector | COM_DL LOSS_T 10s Datalink loss time threshold
Flugmodi
| Follow target | COM_EF_C2T 5.00 A/% Engine Failure Current/Throttle Threshold
Power | e | COM_EF_THROT 50% Engine Failure Throttle Threshold
o it ‘ GPS Failure Navigation COM_EF_TIME 100s Engine Failure Time Threshold
COM_FLTMODE1 Return First flightmode slot (1000-1160)
| Geofence
Tuning COM_FLTMODE2 Stabilized Second flightmode slot (1160-1320)
Land Detector |
COM_FLTMODE3 Unassigned Third flightmode slot (1320-1480)
% Parameters 2
MAVLink i )
COM_FLTMODE4 Position Fourth flightmode slot (1480-1640)
| Mission | COM_FLTMODES Rattitude Fifth flightmode slat (1640-1800)
| Mount | COM_FLTMODES Altitude Sixth flightmode slot (1800-2000)
I NP S Liah-ER P Ea S e e P =3 v B
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Step 5: Set hardware and calibrate sensors

For Typhoon H exists two different compass chips. Older GPS boards have HMC5883, newer
boards have IST8310 applied as compass chip. To find out which one you have, connect the
drone to QGC and go to Mavlink console:

Type:
cd /dev
Is
and you will get a list of drivers for the hardware. Nice, what we can see here.

There could be "hmc5883_ext" or "ist8310_ext" as compass chip.

OGroundControl v3.5.6 i 0 W
Datei  Widget
?
% @ @ |§':( | W X0 o4 E3% Manual Entscharft S~
Analysigren Mavlink Konsole

Log-Download Mavlink Konsole stellt eine Verbindung zur Fahrzeug System-Oberflache her.

NuttShell (NSH)
nsh> ls

It

dev/

etc/

obj /

proc/

nsh>

Bilder GeoTagen

> Mavlink Konsole

cd dev
nsh>

1l

e
fdev:
accell
adcO

Baza0 Compass chip
conzole buf

— /

hmc5283 ext

maglh
mpu&000
me5611 int
null

pipel
pipel
pwm_outputl
pxd fmu
tap_esc
tEyACMO
tty30
ttysl
ttys2
ttys3

nsh>

|F“HT:ZW=“?Z-“TTL. |II%%E!HHH%%HI
@ = | [ Repay Fightoste |
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Important: If you have the "hmc5883_ext", you have to change External Compass
Orientation to "ROTATION_YAW_270".

"ist8310_ext" it must be "ROTATION_YAW_180".
Never change Autopilot orientation. It must be kept at "ROTATION_NONE".

Go to Settings > Sensors > Set Orientation

QGroundCentrol v3.5.6 — O X
Datei  Widget
L
@%_Q 2\? @ & ‘ "‘ "‘J 10%.0 a0 593% Manual Entscharft V
Vehide Setup e El
Summary
Set your compass orientations below and
the make sure to reboot the vehide prior to
Firmware flight.
e Reboot Vehicle
If the orientation is in the direction of flight,
Autopilot Orientation:
Radio Never cha nge ! ROTATION_NONE -
Flugmaodi External Compass Orientation:
ROTATION_YAW_270 -
Power
Set compass orientation
Sicheshelt according the chip type
Tuning
Parameters
(] [ Repey Figntoete |

Then set External Compass Orientation to the correct value depending on you compass
hardware. Save with "OK" and reboot the Thunderbird.

Do sensor calibrations like you would do for a fresh PX4 drone (see Basic Configuration -
PX4 v1.9.0 User Guide). Don't use initial default settings. Flight battery must be well charged
to allow proper calibration.

https://docs.px4.io/master/en/config/

Do not try to calibrate ESC's. It will not work and is not required.

Verify settings, check calibrations and sensors.
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Troubleshooting

- Check if the drone is booting up correctly after soldering the connections at the measuring
points on the MCU-board. If not, oh-oh! Please check with a magnifying glass for solder
bridges.

- If the drone does not appear as an USB device when the USB is connected AND the drone is
powered on: Well, all is lost now. You are having a bootloader flashing issue. Re-flash
everything from the beginning and it will be fine.

- If the drone appears as an USB device but it does not start after a long press of the power
button: The main firmware flashing went wrong. Re-flash, starting from 0x8008000 (Step 3).

Be aware to change the start address to 0x8008000 after selection of the firmware file.

- Check if the MCU-board was correctly inserted into the plugs on the ESC-board. It could be
accidentally shifted by one pin or something like that. Also pins tent to bent sometimes.

- In case of hardware changes or repairs do again Step 5: HW settings and calibration again.
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