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CONTROL: The magic of model-based feedback

David Szeto,
Rob Hughes

Toy-grade self-righting Mobile Inverted Pendulums (MIPs)

accelerometers, gyros, encoders, motors, complementary filtering,
model-based feedback stabilization, remote control

custom design with superb ball-handling skills

(PIC-based, 3D printed)
original design (custom connector board,

PIC-based, hacked stunt remote-control car)

Chris Schmidt-Wetekam, David Zhang, m_iniaturized desig_n
Ben Sams, Nick Morozovsky, Saam Ostovari, et al (Arduino-based, 3D printed)




Test script

Soun s

5) Is

ohm
Soud ftects
a»

CoderMIP - learn to program
in scratch!
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2 motors +
encoders

James Strawson, Clark Briggs (ATA), et al

Senior/MS-level, “capstone”/“crossover”
UCSD + extensive industry involvement

* Individual projects (highly extensible!)
% $160 in parts
% 3D printed & lasercut body, modular design
% BeagleBone Black
» 1GHz credit-card-sized linux computer
% Robotics Cape (custom breakout PCB)
» Battery management
+ Inertial Management Unit (accels & gyros)
» Motor controllers (H-bridge)
« Connectors for SPI, 12C, GPS, DSM2, ...
% Low-level programming in C
% Graphical programming in LabVIEW
% Multi-threaded (loop rates / priorities)

(B0

Blue is the new Black!

BeagleBone Blue = Black + power electronics +
IMU / Barometer + H-bridges + supporting software

Full set of breakouts:
USB, Antenna1, Antenna2, 12V (front top)
MicroUSB, MicroSD (back top)
12C1, UART5 (working from the top down...)
GPIO1
2-cell-LIPO (on the right side)
GPS, GPI00, CAN
SPI1.1, SPI1.2, PWR
UARTO, UART1, ADC,
DSM2, Encoder4
PWM/Servo/ESC connectors (8)
Motor1 - Motor4, Encoder1 - Encoder3 (bottom row)

Broad availability March 1, $75 MSRP
Significant cost savings for small mobile robot kits
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BeagleBone Blue is all-in-one solution for small robots.

All ports fully tested and supported via a thread-safe C
library in Debian linux, with working examples.

LabVIEW and Matlab wrappers under development.

- 2-cell LiPo (power up on board through 12V charger)
plugs for 12C, SPI, UART, CAN, GPIO, DSM2, GPS, ADC
H-bridges for 4 bidirectional motors
4 encoder counters
8 PWM outputs for Servos and ESCs

Get started in multithreaded robotics quickly!

Significant cost savings compared with multiple-board
solutions (e.g., Black + Capes)

eduMIP, eduRover, eduMAV:
three low-cost robotic systems, shared hardware and software library
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Design for low-cost manufacturing

Davin Sufer, Cheung Wai On /c
Saam Ostovari

Robust, manufacturable internals

Nick Morozovs| Ky s Y

Small Motor Dynamometer

Tensegrity Duct-Climbing Robot

Tensegrity Duct-Climbing Robot




IceCube (patent pending)

IceCube (patent pending) %’

Competing spherebot design

WHY? Applications motivating low-cost robotic systems @,




Finding Context:

Rogue Google Project Tango Occipital Structure Sensor

Qualcomm FastCV/Vuforia

Thermal mapping onto 3D VRs using robustified UCSD MIPs

Contaminant plume application:

parking-lot scale
experiments




A) Gigascale computing at 1 watt for robotic sensor vehicles. %
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Application to hurricanes and typhoons:
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C) Thousands of theaworids Mtists antal fluid dynamics.

A) Gigascale computing at 1 watt for robotic sensor vehicles. @ i/ // / / / . m " 32?-1&51%%5 &
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, 6-12 hours at surface

1 to transmit data to satelite Total cycie time 10 days

B) Petascale computing: Moore’s dream, realized.
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C) Thousands of the worlds top scientists focusing on environmental fluid dynamics.
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D) Global Internet Access

ARGO: an existing global
flow observation system
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The purpose of this segment is to discuss these opportunities.




Hurricanes are costly and deadly @
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Observation of hurricanes via fly-overs and dropsondes is difficult.
Further, the physics of large hurricanes is sometimes complicated.
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Forecasting Hurricanes is difficult! @
Forecasts of Hurricane Matthew, as performed by the major hurricane
forecasting centers on (left) Oct 3, (middle) Oct 6, and (right) Oct 7, 2016

Hurricane forecast improvements over the last 25 years
(Cangialosi & Franklin 2015)
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The importance of in situ measurements
(Wang, Young, Hock et al, BAMS, June 2015)

Observation of Katrina with dropsondes @
(data from Wang, Young, Hock et al, BAMS, June 2015)

Idea: Underactuated control
of sensor balloon distribution in hurricanes

inflow at lower
altitude

updraft within the
eyewall

outflow at higher
altitude (up to
15km)

azimuthal
velocity changes
with radius

Lagrangian “Smart” Balloons by NOAA (Businger et al 2006)




Low-altitude blimp observations by the Aeroclipper (Duvel et al, 2009)
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Altitude-cycling balloons designed for Venus, Titan (Thin Red Line, 2015) @'

Key challenges for balloon flights in hurricanes




Hurricane Katrina
Aug 28-29, 2005

Simulated
balloon
trajectories

Note: Katrina
increased from
Cat 3to Cat5

in just 9 hours as
it entered the gulf,
passing over

an unseasonably
warm loop current.
Difficult to capture
such transitions
without in situ
continuous data!




