YOLO and CV Tracking

Synerduino Hardware setup

VERSIONS: F405, F411, H743 ,2560

For more Information:
www.synerflight.com é%




INTRO

* Computer Vision Serial Interface application

In todays Era of Al its apparent that Al be able to interact with its environment as what we
describe as physical Al manifesting its self in Physical machines

e This works in conjunction with the Synerduino Board ,INAV PLC, Arduino ADC
* Requires FPV camera and OTC UVC Receiver
*  Wifi Camera that outputs RTSP on a server

Of the Following Board
e Synerduino Arduino
* Synerduino STM



mission synerduino drone

Corfig  RC Cortrol Setings  SensorGraph  VideoCapture  GUI Settings  CLI
Yot % Show cunert postifons % Show fiight path

Computer Vision Serial Interface application

Gar <9r,9car. 0.77

Teaching the Machine what
its Looking For and the
Condition of the subject its
looking at




Access interface Pins
Analog ADC method
* Al-Voltage

* A2-Current

e A3-RSSI

e A4-Airspeed
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SYNERDUINO STM F405 SHIELD

ADC Pins [
Access interface Pins ADC Pins
Analog ADC method 12C Pins
e Al-Voltage SYNERDUINO STM F40O5 SH

[}
=

e A2-Current oooaé
 A3-RSSI

.
* A4-Airspeed S lFeutiealfict
C5 A7 AS C1 C15 C13 GND

7805 Y

=17
O—EEZ-Q
oo 1 C8 A8 Al10 A12 C10 C12 B3 B5 B7 B9 = : IZC PI nS

14
o_m_o C9 A9 A1l A15 C11 D2 B4 B6 B8 GND
u
NY UL
;|

o\gyo o

-]

M2EZ gEC ip
HE- 000QO0
PLE PE? [

LECTORS £ R3
www-synerflight.co

12C Pins RC



SYNERDUINO STM H743 SHIELD

ADC Pins i
Access interface Pins ADC Pins
Analog ADC method 12C Pins
* Al-Voltage SYNERDUINO STN H74y
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SYNERDUINO ARDUINO

ESC / Servo PWM Out Serial Pins

=

Aux ADC in

Description: These are 36 PWM (Pulse Width
Modulation) output pins used to control the
motors through ESCs (Electronic Speed

Description: These are 12 serial pins for
communication with external devices or modules
like GPS or telemetry systems using a UART

Description: Auxiliary input for connecting additional
sensors or components that output analog signals,
allowing the board to read and process external
analog data.

Controllers) or servos. interface.

GPS Serial Pins

Note: Input Voltage: 3.3-5V
Synerduino Arduino Bhield V2 Description: These are 6 dedicated pins for

connecting a GPS module’s TX and RX (Transmit and
Receive) lines for serial communication.

Power InPUt sevse0evse e ) §
Descrinti This is th . inout for th : 2 : . TALIITIIIIIII N
escription: This is the main power input for the YYYXXXXXIXXXIY | = @l el \\ . GPS LED

board, designed for a 3-cell (3S) - 4-cell (4S) LiPo o — L ; . d
battery - 11.1V and 14.8V respectively. It powers the
ESCs, servos, and other components on the board.

Description: This LED blinks or stays lit depending
on whether the GPS is locked (has found satellites)

or is searching for a signal.
Soldering Note: ESCs should only be soldered on the

top side of the board, ensuring the solder joints do not ] 5 ...
hrough to th . L g , % -
penetrate through to the bottom weoos Y (R YYYYYYY on) Status LED
; y Y e ¢ meesemme =
920000008 Description: A general-purpose status indicator for
the board. It could be used to indicate power,

ILXXIXXIX’

initialization, or operational status.

www.synerflight §comll/ www-.syneroboticskcom

»

Jumper Pads
_ RC PWM In
Selector Zone

Description: These are 24 pins which accept

Description: These are PWM (Pulse Width Modulation) 5883 Mag IMU MPU-9250 PWM signals from an RC (radio control)
output pins used to control the motors through ESCs ) ) ) receiver, allowing manual control via an RC
(Electronic Speed Controllers) or servos. Note: These modules may vary depending on the manufacturer or version. Some versions transmitter

might use different sensor combinations that could exclude certain components, like the
magnetometer.




Access interface Pins

Analog ADC method

D3 -PWMO
D5 -PWM1
D6 - PWM2
D9 - PWM3
D10 - PWM4
D11- PWM5

== STATE ¥

Companion Arduino ADC Mediator

Connecting to Synerduino A1-A4 Pins

D3 -Al
D4 - A2
D6 - A3
D9 - Ad

This PWM output can be translated to ADC inpuf

o'
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Synerduino
Arduino

Analog Output PWM of
0-225 8-bit resolution

N
'
'

&

O

ADC Pins
Synerduino
I12C Pins STM
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AO — Analog input




Companion Arduino RC PWM Mediator

The PWM interface requires a PPM PWM SBUS
converter to accomplish this setup which
interface as PWM on one of the free channels no
used by the main drone controls

Its best to use PWM receiver for this application
as translating PWM and Sbus multiple times

would increase Latency
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This PWM output can be translated to Servo PWM

Synerduino STM
RC Set as Sbus

Synerduino
Arduino

loboticsh com A8 can be
setup as PPM

RC PWM In

Description: These are 24 pins which
accept PWM signals from an RC (radio
control) receiver, allowing manual
control via an RC transmitter.

Note: For Arduino Mega all Digital pins
can be set as PWM



Companion Arduino RC PWM Mediator

The PWM Alternative is to use A8 to A15 PWM with 2 of the free channels for the PWM mediator

Its best to use PWM receiver for this application as translating PWM and Sbus multiple times would increase Latency

Arduino PWM setup

'« uroute ) | o (e
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C€0678 FS-IAGB - gesseces | Synerduino
Arduino
. A8 can be
. v R
3434 eNe £10 setup as PPM
=5 STATE ) . RC PWM In
ma.sv #m | o g : o o . .
-t - e . { Description: These are 24 pins which
Power:36V—_8V :E‘;.D ‘ 55 ¢ accept PWM signals from an RC (radio
&R { ‘ : ‘ N 3 control) receiver, allowing manual
oLl b= . control via an RC transmitter.

Note: For Arduino Mega all Digital pins
can be set as PWM
This PWM output can be translated to Servo PWM



Hardware Setup / Synerduino Arduino

The is useful for analog base inputs
PWM, or pulse width modulation is a technique which allows us to adjust the average value of the voltage that’s going to the electronic
device by turning on and off the power at a fast rate.

This method is the most simplest interface that one can incorporate even the most basic of logic circuits for simple tasks

Arduino Nano

The Arduino nano on top of a Prototyping shield serves 2 purpose

- Provide a bypass from the Arduino mega to the Synerduino shield

- Allows PWM from the D3 of the Nano to interface with the A0 of the Mega

- Purchase an Arduino NANO without the headers installed (Omit the Top SPI headers) and directly solder the Nano to the Development shieid via wire to
ensure it still fits under the Synerduino shield
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Note: this development shield is the 2"d l[ayer under the Synerduino board
And the Arduino mega on the 3™ Layer

An 2" Bluetooth or
Serial device required
to interface with a
computer running
Yolov5

Serial 0 of the
Arduino Board




FPV Standalone / Synerduino Arduino

This requires no introduction as it
uses a BEC to supply a standalone
FPV25mw camera with integrated
VTX

This also can be apply to split
camera and VTX sets as well (some
Standalone VTX can support 2s to
6s meaning they can directly hook
up to the main batter Pads with
requiring a BEC supplement)

Battery 3s or 4s
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supplying extra power



Setup your Environment

The application Runs on Python 3.9

Preparing your Environment including
Zip file Samples

* CV Tracking

* YOLO
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yolov5-install-requirements.bat

yolov5-custom-detect.bat

yolov5-custom-train.bat

Setup YOLO

Readme.txt contains all the information needed for setting up your Yolov5 synerduin

Install requirement .bat Batch install all your Yolov5 requirements
Edit : pip install -r SynerCV2/requirements.txt

This Runs the application Yolov5 with Synerduino Detection
python SynerCV2/detectardu20.py --source 0 --weights yolov5s.pt --img 640 --class O

See: Yolov5 tutorial on custom Train data and image Annotators
https://www.makesense.ai/



Setup YOLO

Datas - contains all the Parameters for configuring your CV Serial Coms
and instructions to send to the Arduino

datas folder contains the readme file for settings configuration and documentation
datas/baud.txt - change baud

datas/com.txt - change Serial com

datas/ipt.txt - object location on screen

datas/noct.txt - names or classes

datas/soct.txt - number of objects count



- Setup YOLO

Syner CV2 - contains all the Yolov5 applications

detectardu20.py — Contains the Python codes and the PT Train image
files

B o

SynerCvV2




Setup YOLO

ArduinoCV - this contains the Arduino sketches and adp files of
Ardublock (Arduino 1.8.18 compatible)

Tool folder containing Ardublock must be extracted in

| this PC/Documents/Arduino/Tools

ArduinoCV

This sketch is used to convert the Serial communication coming from the
YOLOVS and Converting it into PWM or ADC output for the Arduino
companion board to read and send appropriate input to Synerduino

board to registered



Setup CV Tracking

~ Readme.txt contains all the Thi . hout 1
information needed for setting 15 operates witiout setia
up your CV Tracking synerduino Arduino connection

-
3
a
=
]
a

CV-Default.bat

Python-install-requirements.bat
Allows you to create ROI

Box on your target on

Python-install-re _ start
quirements.bat ROI-CV-Arduino.

bat

SynerCV-install-requirements Auto create a target
Ml lock on press E

SynerCV-install-r )
equirements.bat Center-CV-Ardui

no.bat



Setup CV Tracking

Datas - contains all the Parameters for configuring your CV Serial Coms
and instructions to send to the Arduino

datas folder contains the readme file for settings configuration and documentation
datas/baud.txt - change baud

datas/com.txt - change Serial com

datas/ipt.txt - object location on screen

datas/ipsource.txt — for mp4 video



Setup CV Tracking

ArduinoCV - this contains the Arduino sketches and adp files of
Ardublock (Arduino 1.8.18 compatible)

Tool folder containing Ardublock must be extracted in

| this PC/Documents/Arduino/Tools

ArduinoCV

This sketch is used to convert the Serial communication coming from the
CV Tracking and Converting it into PWM or ADC output for the Arduino
companion board to read and send appropriate input to Synerduino
board to registered



Set up your GCS

B3 nav Configurator

x FlyWiiGUI = m} X

P odog ) ¥, »
& & 6 ® 0 ©
v -
Disconnect | Read Settings Write Settings Load Defaults | Load from File SavetoFile | Log Browser Startlog Start GPSlog
Fight Deck Mission Fight Tuning FC Config RC Control Settings  Sensor Graph VideoCapture  GUI Settings  CLI

Port [COM16  |+|Speed 115200  ~

Cycle Time: 2800 us

| LogicConditions = PID Controllers

& Programming - - E m m E - -

Increase GVAR
1 @ Greater Than v| Global Variable v 0 v Value v 55 Alvays v
2 @ selGueR v Value v Value v o Logic Congition 1w
E] @  setovAR ~| Value v 1 Flight ~ | Vbat [centi-Vokt] [1V = 100] ~ Always ~
4 @  Greater Than ~| Global Vanable v 1w Value v 545 Alwrays ~ [ ]
5 @ OverideRC Channel v | Value v 6 Value v 55 Logic Condition 4~ L]

Telemetry link info

Packet's sent 681 PC Error count: 0
L% Packet'sreceived 673 / Battery Voltage: 34 volts
Packet CRCemor 0 ‘ Power Sum: 0

Flywii GUI — Synerduino Arduino INAV Synerduino STM



Synerduino Arduino

FlyWii GUI Setup

First connect the Drone and go to
v e e

GUI settings and Change the Battery e e o s mgi“, mﬁn,, L,.d%.m ot e e

Cell Count to 1s as we are using it Fight Deck Mssion Fight Tuning FC Config _ AC Control Settings  Sensor Graph _ VideoCapture GUI Settngs  CLJ

for sensor signal mode.

3 FywiiGul = ] x

9.9 0

Log Browser StartLog Start GPS log

voice

==
=
3
9

y Cell Court
¥ Enable spoken notifications
B Announce battery voltage
B Announce altitude

W Announce home distance

Announce interval

2
k]
45
s
s
Ts
8s
9s
10s

I Start data logging at Connect




Synerduino Arduino

2 FlywiiGUI

24 i~ =
Port COMIE |v|Speed 115200 = ;‘! ﬁ @ 6 v -

Disconnect | Read Settings Write Settings Load Defaults | Load from File Saveto File
Fight Deck Mission Fight Tuning FCConfig RC Control Settings  Sensor Graph  \ideoCapture GUI Settings  CL|

® 0 e

Log Browser Start Log Start GPS log

Available in FlywiiGUI18 o

select Excel Readable and : ct\arcking drane 2020\Fyws G
Save settings it will run when —

you hit the Start Log button
on top or when you setup

o drone 2020 Fywa Gui

start logging on e || = — e
connect(warning it will start W Attude (Rol, Pich) 2

. . B Mag and Barometer W Announce battery voltage s
recording the moment serial B RCCmnh N s
connection is on and would : :"' el I Amounce hems dutance 5
incur useless idle data) P I %

Cycle, |2CEmors, Battery
B Debug

¥ Excel Readable Il Start data logging at Connect




Synerduino Arduino

Change the Vbat scale to
match the voltage range your
sensors is capable of
delivering (in my case 70) OV-
4.6V analog Use the Vbat
scale to adjust the output till
the number Matches the ppm
concentration numerical
value of the Control Sensor

>% FlywiiGul

) i » ooy | Py
Port [ COM16 |+ Speed 115200 ~ ’V Q‘ Q G

w w
Disconnect | Read Settings Write Settings Load Defaults

Load from File Save to File

Fiight Deck Mission Fiight Tuning FC Config  RC Control Settings  Sensor Graph  VideoCapture  GUI Settings  CLI

Servo settings

r E-!ﬂ-'n Monitonng
VBat Scale

Function Middle

VBat waming level 1
VBal waming level 2
VBat Critical level

Power Meter Alarm

Throttle limits
Min Throttle
Max Throttle
Min Command

Failsafe Thiottle
Magnetic Decliniation

segoe ETREY meves

r Lifetime (PLog)
Rights (arm) 0
Total armed time 0

" 0 o

Log Browser Start Log Start GPS log

x

i




Synerduino Arduino

X FlywiiGuI %

= O
Port COM16 |~ Speed 115200 =~ " :Q{ Q 6 9 o ';._J @ 9 »

Disconnect | Read Settings Write Settings Load Defaults | Load from File Saveto File | Log Browser Start Log Start GPSlog
Fight Deck  Mission Flight Tuning FC Config RC Control Settings  Sensor Graph VideoCapture  GUI Settings  CLI

For AO (Aux input)

Cycle Time: 2800 us

Aux sensor should do a
read out like this
depending if your sensor
is resistance base it go :
up or down 2% 5 i

.

|
AUXSENSOR
3.4v

Telemetry link info
Packet's sent 681 PC Error count: 0

% Packet's received 673 Battery Voltage: 3.4 volts
Packet CRC emor 0 ‘ Power Sum: 0




Synerduino Arduino

* FiywiiGuI X

- O
. . Y »»
Port COM14  + Speed 115200 = / w b b . ¥ 9 @ 9 o

Connect | Read Settings Write Settings Load Defaults | Load from File Saveto File | Log Browser Start Log Start GPS log About
Flight Deck Mission Flight Tuning FC Config RC Control Settings Sensor Graph VideoCapture GLII Settings  CLI

In GUI Settings you need
ro indicate which folder

the Log data is to be save 105 Detasets | [ | DR e cot o
to

RAW Sensor Data ¥ Enable spoken notfications
Attitude (Roll, Pitch)

Mag and Barometer B Announce battery voltage
B Announce altitude

B Announce home distance
Announce interval

Cyde, |2CEmors, Battery

Ui?bl.ll;

Excel Readable H Star data logging at Connect

n
|
|
n
|
W s
HG
n
|
L




Synerduino Arduino

> FlywiiGuI - O X
Port COM16 || Speed 115200  ~ P‘ \“ “ 6 v v ?;D @ g
S | L b . Disconnect | Read Settings Write Settings Load Defaults | Load from File Saveto File | Log Browser Start Log Start GPS log
elect Og utton anytlme Fight Deck Mission Fight Tuning FC Config RC Control Settings Sensor Graph  VideoCapture  GUI Settings CLI /\
you want to start and z Cycle Time: 2800 ps

when you want to see the
logs select log browser

4 I

For Information on how to

export as CSV and create s 2 s MM
Charts and Graphs on ' J—

. AUXSENSOR
Spread sheet 300 = Vrd 3.4v
see :

Telemetry link info
Packet's sent 681 w *C Error count 0
_ : Packet's received 673 ' B o S Yo

Add on Integration tab O G “Foesimo

Gas Sensors and ADC Data
Loggging



Synerduino STM

INAV Programming
(PLC)

This is the definitive feature
of INAV combine with the
Synerduino Shield .

This PLC function allows you
to program upto 8 GVAR and
instructions from timer to
sensor conditions to trigger a
Flight mode action or control
action of your Drone

INAY Configurator

goINAV

v Battervprofle1 = pisconne

version: 5.1.0
ep 112022 13:15:57

- 0x4400273037510e36363538

Logic Conditions PID Controllers
£} Programming
‘ Increase GVAR ~ | Value Value Always
@) | Greater Than v | Global Variable v |0 v Value v |55 Always v
& Set GVAR ~ | Value ~ 0 Value v 0 Logic Condition 1~
[ @ Set GVAR ~ | Value v 1 Flight ~ | Vbat [centi-Volt] [1V = 100] v Always v
[ @) Greater Than ~ | Global Variable v 1w Value v 545 Always v [ ]
@)  Override RC Channel v | Value v 8 Value v |55 Logic Condition 4 v @
True ~
True ~
True ~ -

vvvvvvv ©2 | MSPload: 20 | MSP round trip: 66 | HW round trip: 17

922 PM B
1702022 A



Data Analytic Intervention
Via Companion board

£} Configuration

Similar Low battery failsafe the DAI Starts by configure your
Battery Cell Count ,Current and Voltage scale this way you
can adjust to your sensors while calibrating the value output.

But in this case instead of the Battery its ADC data would be
inputed from the Companion Controller (Arduino)
This would define your signal point on where to trigger.

ADC V (Battery Voltage Monitoring ) could be input 1 D12
ADC | (Battery Current Monitoring ) could be input2 D13

You can set your Arduino to input a specific PWM indicating a
Data is send

Voltage and Current Sensors

ADC v

Raw ~

450

11.64

ADC v

400

48.24

Battery Settings
&
425

3.3

35

mAh v

Battery voltage monitoring
Voltage Meter Type
Voltage source to use for alarms and telemetry
Voltage Scale
Battery Voltage

Battery current monitoring
Current Meter Type
Current Meter Scale
Offset in millivolt steps

Battery Current

Number of cells (0 = auto)

Maximum cell voltage for cell count detection
Minimum Cell Voltage

Maximum Cell Voltage

Warning Cell Voltage

Battery Capacity Unit

Capacity

Warning Capacity (remaining %)

Critical Capacity (remaining %)



Data Analytic Intervention

SBUS Converter Method

In Sbus Converter Method We Wanted
the RC Channel 7 and 8 to be free for the
Mode Trigger this would be active when a
an PWM value is send by the companion
board (Arduino)

The PWM is RC Servo PWM this is useful
if you need a properly define value

1. This can be trigger by setting the
Channle respond to the ADC input on
Programming

2. This can also be directly trigger by the
Pwm Converter from the extra free
channels Eg. 7 and 8

INAV Configurator

so INAV

@ Receiver

- 0x32002a3132510c30313530

Receiver

Profile 1 ~  Battery profile 1 -

Disconnect

Please read receiver chapter of the documentation. Configure serial port (if required), receiver mode (serial/ppm/pwm), provider (for serial receivers), bind receiver, set channel map, configure channel endpoints/range on TX so that all channels go
from ~1000 to ~2000. Set midpoint (default 1500), trim channels to 1500, configure stick deadband, verify behaviour when TX is off or out of range. Make sure that the channel values all increase when you push the sticks up and to the right. If not,

reverse the channel in the TX. Do not apply any other mixing in the TX.
IMPORTANT: Before flying read failsafe chapter of documentation and configure failsafe

Channel Map RSSI Channel

TAER ~ Disabled v

Roll 4] - [ = 00
pitch (] [ - 00
vaw R] [ 00
Throttle [T] 885
cis N T
cHe [0
=E =
CH8 00
cHo [ =0
cH 10 (N = 00

Receiver Mode

SERIAL ~

Note: Remember to configure a Serial Port (via Ports tab) for the serial receiver

SBUS v Serial Receiver Provider

Receiver type

OFF + | Serial Port Inverted (comparing to protocol default)

AUTO ~ | Serial receiver half-duplex

RC Smoothing

Packet error:0 | I2C error: 0

Links

OFF ~ | Use automatic RC smoaothing
CH11 00
ci12 N - % — Manual LPF Hz
cH13 | - 0 - — a P ——— =
Cycle Time: 508 | CPU Load: 17% | MSP version:2 | MSPload: 0.3 | MSP round trip: 26 | HW round trip: 17 | Drop ratio: 0% 6.0.0-FP2

. 1042 AM
Gy ENG 0470172023 B




Data Analytic Intervention by ADC

In this sample we use ADC | (Flight Current) as a sample
where we hook up the sensor to

O# set GVAR

Operand A = Value 0
Operand B = Flight Current / Vbat Volt
Active = Always

First we need to visualize the Current input in this case

GVARO 4849

1# Greater than

Operand A = Flight Current / Vbat Volt
Operand B = Value 2670

Active = Always

Operand B can be change depending on the Arduino input
value want to trigger from

2# Override RC Channel
Operand A = Value 7
Operand B = Value 200
Active = Logic condition 1

Here is where the magic happens when the conditions are
met in Logic #1 with an active Status this would trigger the
Value 7 (Ch7) to set PWM to 200 overriding the RC input
and triggering the servo or Payload

E3 INAV Configurater — O X

soINAV

+  Batteryprofie1  +

Flight ~
Set GVAR ~ || Value ~ 0 9 - Always ~
Current [centi-Amp] [1A = 100] ~

Flight ~
1 @)  Greater Than v 9 Value v 8270 Always v

nﬂ- Programming Current [centi-Amp] [1A = 100] v

Override RC Channel ~ | Value v 7 Value v 300 Logic Condition 1 v
True v

True v

2
3
4
5 - True v
6 True v
7 True v
8 True v
9

True v

6.0.0-FP2

Packe = ersio d: 0.0 | MSP round trip: 240 | HW round trip: 17 | Drop ratio: 0%

Links Rq ~ ENG 111 PM El

04/01/2023

Note: if your RC Channel is occupied by an Receiver channel
lets say 7 or 8 and you don’t want to override it. You can set the
next free channel 9 - 10



Synerduino STM

Data Logging

For Information on how
to export as CSV and
create Charts and Graphs
on Spread sheet

See:

Add on Integration
Synerduino STM ADC
sensors in the

Implementation Tab

Tethered Logging Page

Ed INAV Configurator = O X

so INAV

Profile 1 ~  Battery profile 1 > Disconnect

Running firmv on- Dec 14 2022 14:20:05
d- SYDU,

Tethered Logging

Data will be logged in this tab only, leaving the tab will cancel logging and application will return to its normal "configurator"” state
You are free to select the global update period, data will be written into the log file every 1 second for performance reasons

[ MSP_RAW_IMU
(] MSP_ATTITUDE
[ MSP_ALTITUDE
MSP_RAW_GPS
MSP_ANALOG
MSP_RC

[ MSP_MOTOR
] MSP_DEBUG

100ms

Samples Saved: 0
Log Size: 0 Bytes

&3 Tethered Logging

Select Log File Start Logging

6.0.0-FP2

Packet error: 0 | I2Cerror:0 | Cycle Time: 502 | CPU Load: 14% | MSP version: 2 MSP round trip: 40 | HW round trip: 15

% & Links Ty

03/01/2023 E‘

MSP load: 0.0 Drop ratio: 0%




