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Problem

e AeroVironment (AV) is currently
developing a drone flight controller
named Varmint

e Varmint offloads compute intensive
processesto a high-cost Nvidia
Jetson Orin NX

e How to reduce costs while
maintaining the current design?
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Our Solution

e Enable Varmint compatibility with cost-effective Raspberry Pi Compute
Module 5 (CM5)

e Develop custom carrier (adapter) board to interface the Varmint’s native DDR4
SODIMM connector with CM5’s custom high-throughput connectors

e Maintain equal functionality while lowering overall costs
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Overview

Software:
e CM5 runs Ubuntu with
Raspberry Pi B
Compute Module 5 ROS and ROSkfllght
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== Carrier PCB
ROSTflight
Final Design
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PCB Layout

Primary functions:

e Deliver signals from Varmint to RPi and vice versa (GPIO, SPI, 12C, UART)
e Provide additional I/0 (microSD, MIPI, USB) for RPi

e Passthrough I/O ports on Varmint to RPi (GbE, HDMI, USB, M.2)
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ROSTflight
Final Design
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== ROS/ROSflight Background

e Robot Operating System (ROS) - set of
software for robotic development

e ROSflight - lightweight flight framework built
on ROS meant to stream drone data

e Flight Controller (Varmint) runs ROSflight
firmware and transmits the sensor data to
companion computer

e Companion Computer (CM5) runs
ROSflight software to analyze and dictate the
target vehicle’s behavior

Lmlé PIINTHE SKY Now Presenting: Adit

COMMANDS
to
Drone

DATA
from
Drone

UC SANTA BARBARA
College of Engineering




= ROS/ROSflight Background

ROS
e Nodes: placesin system to send/receive
information
e Publisher: sends data through Topics
(communication channels)
e Subscriber: listens to Topics to receive data

ROSflight

e Each system component (motors, sensors,
flight controller, etc) is a Node

e Communication between the system
components are designed as Topics
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== ROSFlight with the CM5

e ROS2runsonthe CM5

e Therosflight_io node runs on the CM5 and
handles communication between it and the
Varmint

e CM5 stores important info such as drone
parameters, gain values, and the mixer matrix

e The CM5is also used to communicate with the

ground station computer via SSH
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aditspi5@cm5:~$ ros2 node list
/rosflight_io

aditspi5@cm5:~$ ros2 topic list
/airspeed
J/attitude
fattitude/euler
Jaux_command

/baro

/battery

/command
/external_attitude
/gnss

Jimu/data
/imu/temperature
/magnetometer
/output_raw
/parameter_events
/rosout

/status
/status/params_changed
/status/rosflight_errors
/status/unsaved_params
/version
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== ROSFlight on the Varmint

e ROSflight firmware is flashed on the
Varmint

e Varmint handles interfacing with drone
and send data back to CM5
o Dataincludes: IMU measurements,
state readings, signals from the RC

e Varmint uses mixer matrix (onright)
generated by and received from CM5 to
set motor voltages

5| UC SANTA BARBARA
Lm.@ PIINTHESKY Now Presenting: Visha College of Engineering



== ROSflight with RC Connection

e ROSflight can interact with and control external remote controllers (RC)
e Shown below: video of paired RC sending real time information to CM5 through

ROSflight — 7

" a
f
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Final Design
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== Drone Choice - Holybro X500

e Almost-Ready-to-Fly kit
o Most parts included
e Very customizable

e Popular and mature brand
with lots of documentation
and mounts

e Similardrone used by
ROSflight team
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== Drone Design - Drone and Components

CM5 mounted on Varmint using
Piin the Sky Carrier Board

Varmint Mounted on
Drone

o \ N
Complete System Underside of Varmint

UC SANTA BARBARA
L"“."Q PIINTHE SKY Now Presenting: David COHEQ’E of Engineering




= Demo Video
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