INAV Setup for X Tailed NEPTUNE

Control architecture for the X Tailed Neptune.

My reasons for using a frsky R9mm ota 900 mHz receiver paired to a SpeedyBee F405 flight controller
using INAV:

My objective is to optimize the receiver antenna location in order to maximize reception.

| am not qualified to go down the “antenna theory” rabbit hole, so suffice it to say: don’t mess with the
antenna and mount it vertically with a minimum of surrounding obstructions.

First, the frsky R9mm ota.

1. Long Range: according to Frsky, it has an operating range of 10 km.
2. Compact form factor: 10 x 16 mm
3. 16 channels available via F. Port.

The SpeedyBee F405 Wing APP

1. Low cost, great value
2. 12 pwm outputs
3. Stability control
4. Telemetry
INAV:

Admittedly, using a flight controller is overkill. However, its value is in allowing optimal locations for the
receiver antenna and stability hardware (accelerometers and gyros). | also prefer a computer user
interface to that of a Transmitter for setup.

Also, having all those channels allows for customization by using INAV programming and transmitter
switches. One example is three bow plane operation modes: independent, synchronized and opposed to
the x tail. The left slider on the Frsky Tx operates the bow planes independently. Switch SA low works
the bow plane and x tail in tandem. This would raise or lower the boat with minimum pitching. Switch
SA high operates the bow planes opposed to the x tail. This would provide maximum pitch control.

More details on “how to”...

e Update Frsky Tx and Rx to Ethos 1.6.3

e Install INAV 8.0 on WINDOWS OS.

e |nstall SpeedyBee Driver on WINDOWS OS using ZADIG.

e RIMM: solder wire leads to V_in, GND & Inverted S.Port.

e SpeedyBee: Rx power and ground go to respective SBUS pins. The Rx ‘Inverted S.Port” connects
to a Tx pad on any free UART. | used “Tx5” on UARTS.

e Follow the SpeedyBee manual to connect ESC and servos. Make sure to NOT connect the ESC
power wire.

e The Rx must be paired to the Tx while connected to the SpeedyBee. Otherwise, Fport won’t
work.

e INAV values to follow (probably a word doc)
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o Useful references: GitHub, You Tube channels: Painless360, Joshua Bardwell, FPV University,
FrSky Rc and Mr.D — Falling with style.

INAV Setting:
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This is the “Settings” Page. The BACK picture represents the orientation of the flight controller. |
changed the orientation in the “Adjustments” view to match the physical orientation in the boat.
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Pre-arming checks

UAV is levelled (V)
Run-time calibration (]
CPU load ()
Navigation is safe ()
Compass calibrated (]
Accelerometer calibrated °
Settings validated (]
Hardware health ()
Info

Battery detected cell count: 3
Battery voltage: 1212V
Battery left: 82 %
Battery remaining capacity NA
Battery full when plugged in false
Battery use cap thresholds false
Current draw: 0.49 A
Power draw: 593w
Capacity drawn: 27 mAh
Capacity drawn: 0.059 Wh
RSSI: 0%
GPS

Fix type:

Sats:

Latitude:

Longitude:

Here you see that all pre-arming checks are green meaning that the FC can be armed.
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MIXER PAGE:

Mixer e
Platform Configuration Mixer preset
Boat ~ | Pladorm wpe Boat v

Mator direction
® Normal motar direction / Props in ronfiguration

). Cenuol Profile will use same index as Mixer Profile index

Timer Outputs S R
Load and apply | [ Load mixer

AUTO v | jimer 1

AUTO > Tunes 3

AUTO >
AUTO v
AUTO

Qutput Mapping

Tl srmn stes s e e S M NS N+
M ! e et oo = : : : :

Motor Mixer

1 v o 2

Delee |
Add new mixer rule

Serve Mixer
== — = S == = —
3 RC Channal 5 ~ 55 0 Lagie Condition 0 v Delete
0 Stabilized Vaw & o Always - Delete
5 Stabilized Yaw v 80 o Always v
4 Stadlized Pich v 100 o Aays v
s Stabiizad Pich ~ 00 o Aways - Delere
& RC Rall ~ 100 0 Always v Delete
3 RC Pien - B o Logio Conilion 1 Delere
3 RC Pitch ~ 35 o Logic Condition 2 v

Servos 4 & 5 are used to control the “X” tail. They are used for both PITCH and YAW and are stabilized.
The weighted values were derived empirically. Servo 3 is matched to “RC Channel 5” conditionally set by
Logic condition 0 (defined in Programming). Servo 3 is also matched to “RC Pitch” in order to work with
the X Tail Pitch movements. Servo 6 controls the Ballast Pump.
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OUTPUTS PAGE:

Outputs
Configuration
- Enable moror and servo autput

STANDARD v ESCporotorol

50Hz v Semorefresh rate
- Stop motars on low throtte
80 Wotors IDLE power (%]
100 Thrstile scale
“ number of motor poles (number of magnets)
- Reveraible motors mude (lor wse with rerersiske ESCs)
azs Reversaible Molors Deadband Low
578 Reversible Motors Deadband High
500 Reversible Motsrs Newral
Motors
i Acc. noise RMS 0.0004
Current [A] 0.50
. Voltage [V] 12.10
Motor Test Mode Notice
ARG the sicers Wil caUSE th Matars to Spin up.
I ordar ta pravent injury femawe ALL propellers before using i feature.
risics, propelers are re control
1000 Master
Servos
0 1 z 3 4 5 6 7 ] ] 10 " 12 13 1 15

Save and Reboot m

Here are the motor configuration values for the brushed ESC. | won’t go into set up detail here, but
there are You Tube Video tutorials (see references on page 2) for ESC testing. Servo 6 controls the
Peristaltic pump.



INAV Setup for X Tailed NEPTUNE

PORTS PAGE:

Ports

DOCUMENTATION

Nate: not Whan the fight

= etacts tvs the senal port canfiguration vl be resec.

Note: Do NOT d st sarial port unless you are doirg

UARTY I wasp | 115200 ~ Disabled v | AUTO

uaRT? T e | 115200 Disabled v || AUTO
uaRTa I sk [ 115200 v Disabled v || AUTO
UBRTA WD sk [ 115200 ~ Disabled v || AUTO
UBRTS T Mse | 115200 v Disabled v || AUTO
UARTS @) sk | 115200 ~ Disabled v || AUTO

hand erase ration if you o,

Senal R Disabled v 115200 v Disabled v 115200 v
v - senal Rx Disablac v 115200 v Disabled v 15200 v
v W serzlRx GPS v 116200 v Disabled ~ 15200 v
~ T Seral® Disabled v 115200 Disabled ~ 115200 >
v @ e Disabled v 115200 Disabled ~ 15200 v
v . Serial RX Disablad v 116200 » Disabled v 115200 v

This is where you program the FrSky inverted S.Bus connection to the SpeedyBee UART. As mentioned in
the beginning, you must connect the inverted S.Bus output of the Rx to an unused UART Tx pad. | used
UART 5 so Serial Rx is turned on at UART 5.

CONFIGURATION PAGE:

Configuration

Note: ot 3 combinations o
Note: Confrgure sl ports &

aid. whan the fight co o
i the features that wil use the ports.

Sensors & Buses.

ICM42605 v Accelerometer

None ~|  Magnetometer
SPLOG | Barometer
None v| Puotibe
None | Rangefinder
None ~| Opueal llow

400KHZ ~| 12CSpeed

Other Features.
Enable CPU based seriz| gorts

@S for navigation and telemetry

- Telemetry output
- e mtars mode (far use with reversible ESCs)
Analog kssl input
MUl color HGH LED STIp SUpport
OLLD Sereen Display
Blackhax iZht dats recorder
- Enable motor and serve autpit
- P hased 561
- o8
® Permanently enable ARMODE
® Permanently enable Launch Mot for Fixed Wing
- Prafile selection with T stick command

Thro

itage compensatian
Automanc battery profile selection
Contnususy trim servas on Fied Wing

Geazone

ations c: ros

b disabled,

Please switch to 800kHz if connected hardware allows

Voltage & Current Sensors

- Battery valtage monitoring
ADC © Voltage Meter Type

Raw v Wollage source L use for alarms and telemetry
1100 Volage Suale

1209 Eal oltage
- Eatlery curient monoung

ADC «  Current Meter Type

a5 Current Meter scale

o el steps

04a current

Battery Settings

0 Number of calls [0 aUta)

425 Maximum cell vaitags for cell count detection
23 Minimum Cell Valtage

42 Maximum Cell valtage

as Warring Cell valiage

man « Battery Capaciy Unit

o Capacy

remaining %)

Critical Capacity (remaining )

Serial Gimbal

0 Gimbal sensluvity

0 Pan channel {yaw)

0 Tilt channel (pitch)

0 FRoll channel

Headtracker

Naone | lead tracker type

100 11ead tracker pan movemenr rarin

save and Renoot

To keep it simple, just match the switch settings displayed here. Battery Setup is self-explanatory.
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FAILSAFE PAGE:

Failsafe

Sartings.

wop
(o] Drop.
(]
=
(o] Lond | Land
e 0000+
ST & el o ding,
R offthe botors durmg aisafe I o sec) L
77777777 it
! Rewrnte
o] RTH £ fome

| had to peel back the onion here. | don’t use the INAV FAILSAFE feature. | set the Failsafe in the FrSky Tx
to no output. That way the native Neptune board acts as the failsafe.

TUNING PAGE (PID):

Main PID Gains Additional PID Gains Rates & Expo Filters Mechanics

Here are the preliminary PID values set on the bench. Fine tuning will occur when the boat is launched.
There is a SpeedyBee Android APP and Bluetooth connection for WIFi interface but | have yet to play
with it.
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PROGRAMMING PAGE:

Logic Conditions PID Controllers

I = = = = E=
o - Md GelRC Chamnel v 8 v Alvays v ]
1 @ Hich GetRGChamnel v 6 v Ay v
- GelRCChannsl v 8 v Aays v

This is the set up for Dive Plane Mode. Note: Nomenclature is everything. Things can get confusing.
Servo numbers are the domain of INAV and channel numbers are the domain of the Tx.

For example: the INAV Servo 6 is matched to channel 1 in the Tx which is used for Ballast control. INAV
names the Tx channel 1, “RC Roll”.

So RC Channel 6 in INAV is not the Ballast control. Channel 6 in the Tx is matched to switch SA.
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Here is a layout of the Tx:

2.4G Internal Antenna

IL ——————— —:— - ‘\
Display Screen

SF
SE
SB
SA

Power
Switch

Stick = Stick

SYS, <%

MDL, I I

DISP, — : £ : A =
RTN : g,l : )

I ™ 8 GEESS

Speaker — Custom button

SD HIGH (down) = ARM FLIGHT CONTROLLER

SA MID = ENABLE LEFT SLIDER [INDEPENDENT BOW PLANE]
SA LOW = SYNCED BOW AND STERN PLANES

SA HIGH = OPPOSED BOW AND STERN PLANES

SE LOW = EMPTY BALLAST BLADDER

SE HIGH = FILL BALLAST BLADDER

VERTICAL RIGHT STICK = PITCH

HORIZONTAL RIGHT STICK = YAW

VERTICAL LEFT STICK = THROTTLE

HORIZONTAL LEFT STICK = N/A



INAV Setup for X Tailed NEPTUNE

RECEIVER PAGE:

trage on T s that fl channes go from 1000 (o ~2000. Set midpoint {def sl 1500], i charnets 1 1500, conligre stick deadband, verify

ccvivers), bind rece s map, conliggre chanmwl ¢

sniggre seriel port (il espuired]. receiver mace (erialfpprmn), praider flor seri

sapter of the docurmentation,
bst T is o or out of range. Make sure that the chanel values i increase when you push the sticks up and t te rgft. f not. reverse the channel T B T T
01 - s Ty B

AETR v AUTO v Disabled v

O ————
Lol ———_—

Note: Remember to configure 2 Serial Port {via Ports tab) for the

vou ) > FPORT v senaltscewer b
ey | ;
ey oFF D ST R A G
y—————— AUTO v sl recee hat upex
CH? 00
CHE 00
RC Smoothing
cio 7
o RECO 30 —— Auta Smuothing Factor

2 Eoo
cri 13— Thol Throule EXPO

cure o5 a
cuts N .o

s
o117 588 2 2

cHe (I 988

i Eoo

‘Save and Reboot

This page graphically displays the output values of the Tx. This is very useful for setup and debugging.
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MODES PAGE:

Modes [

D Hide unused modes

Arming
na o v ——— ©
Min 192 | I | ] | | I |
Wax 2075 900 1000 1200 1400 1500 1600 1800 2000 2100
PREARM
Add Range
Fiight Modes
MANUAL
Adc Range
Flight Mode Modifiers

HEADING HOLD

Add Range

03D Modes

CydeTine: 508 | CPU Luad: 10% __ MSPversion: 2 | MSP load: 0.7 MSP round uip: 30 | AWV round tip: 12 | =] 501

This page sets the Arming switch. This is a Quadcopter and airplane safety feature. | couldn’t figure out a
work around. The problems with arming were caused by a glitchy Tx switch. | now have a bit more
confidence in this feature.

| will cover the Tx set up in a future document. Is isn’t complicated, all the work is performed by the
Flight Controller. Just remember to have the Rx actively connected to the SpeedyBee before binding the
Rx to the Tx. This is the only way F.Port will work.
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