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e EXxisting Solutions
o Aims for Redback
 The Redback’s precursor - Tarantula
* Functionality added to Redback
 Future Challenges
 Plan for Practicals

e Demos of Tarantula robots

—In conjunction with Alex Kleiner A
from Freiburg Rescue Robots

Rescue Robotics Camp
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 |IRobot Packbot

— Very expensive!
— Well tested, very robust

e Toin Pelican
— Very nice custom design
— Obviously good in competition

— Requires good facilities to fabricate

* Freiburg Lurkers

— Tarantula based
— Proves the platform’s capabilites in competition
— We'll see more of these later!

e Yujin Robotics ROBHAZ DT-3

— The basis for our other robot, CASTER!
— Works well but quite big and heavy
— Generally don’t have more than 1 or 2!
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* Very cheap (3 orders of magnitude cheaper that
some other platforms!)
— Can afford to experiment and “get it wrong” a few times!

e Everyone can easily build one (or 20!)
— Want to run an undergraduate advanced mobility class?

* Physically easy to deal with
— Ever made a “blood sacrifice” to a robot?

— Ever needed to “call for backup” to stop
a runaway or recover a robot?

o Capable of “interesting” actions
— Climbing stairs, blocks ]
— Various ways of moving around

Rescue Robotics Camp
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 Robot base: $132.00-$220.00 USD

— MGA Tarantula: $67.00-$100.00
— General components: $65.00
— MCU control board (optional): $55.00

e Onboard computer: $250 USD onwards

— Gumstix + Bluetooth: $250.00 (but no MCU required!)
— Sharp Zaurus SL-C1000/3000 + wireless LAN: $400.00 - $600.00
— Sony Vaio U-series + wireless LAN + solid state HDD: $4000.00

e Sensors: $200 USD onwards

— Cheap wireless camera + makeshift omni: $200
— Laser, Omnicam, Accelerometer: $2500.00

* The look on Adam’s face when you show up to
RoboCup with a fleet of 20 robots:

— Priceless!
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* The base can be built in a couple of
afternoons

* No special tools, parts or skills required
— Only using the tools you'd find in a basic workshop

— Only using the parts you'd find in a Radio Shack
store and/or one of several online stores

— Only using the skills you’d expect from a Science
or Engineering degree (and/or someone who took
apart VCRs in their childhood)

« We aim to build and program 5 Redback-
based robot bases during this camp

Rescue Robotics Camp
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* Pretty tough (some versions at least)

— Roll down the stairs (but it did damage the hard
drive!)

— Fall 100cm onto concrete!
— Get flippers jammed
* Not perfect though
e Can carry a small payload of 1-1.5kg (maybe
2kg if reinforced)

« Small and light, < 7kg (including payload!)

— Hard to injure yourself or damage things!

— You can easily carry three of these at once
across a rubble pile by yourself!
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Climb stairs?
Climb blocks?
Drive around?
Acrobatics?

Rescue Robotics Camp
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. Sold as a “chea” RC toy
— Amazon.com, $99.00USD standard price
— Wal-Mart, $67.00USD on special!

e NOTE: Several revisions!
— Some better than others!
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e All-plastic
construction

— Shell-as-frame
construction plus
bracing

— Shell alone iIs held
together by no less
than 21 screws!

— Can run without
most of the upper
shell
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* Treads driven separately per side
— Torque runs through chains to shafts into the flippers

* Flippers driven separately front-back
— Torque runs through gears to tubes

— Torque limiters help prevent damage (but can be
unreliable — especially earlier revisions)

Ry
N
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e At least 3 different types of tracks depending on
which revision you get!

— Old rubber — best type, (almost) never throws, good quality molding
— Old PVC - very stretchy, poor quality molding — will jump out by itself!
— New PVC - OK, still a bit too stretchy but much better quality molding

» Steel cable can be added to prevent excessive
stretching

— We'll see how well this works in the practicals!

(Y
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e H-bridge board

— 2 TTL-compatible inputs per motor

« open(00), forward (01), backward(10)
— Has some “shoot through” protection
— Includes basic current sensing

— Designed for 9V
e OK for short periods at 12V

— Does NOT brake motors

Rescue Robotics Camp
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Flipper brakes

Flipper encoders

Torque limiter reinforcements
Plasticwork

Batteries

Sensors

Microcontroller and Motor control
Computer Q
Software

Rescue Robotics Camp
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 Shorts motor terminals =
— Brakes using motor’'s back-EMF
» Relays chosen for simplicity - D_—

— Not polarised
— Don’t care about (minor) overload
— Won't short the motor control board

 Brake-when-off or Brake-on-
demand

*
*
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Optical mouse

— 2x Quadrature encoders
+ 2X homing switches

» Home at 2 locations
« Home without flipping robot!

— Placed 1 stage back from flippers
— Interface via RS-232

Other options:

Potentiometers — as used by
Frieburg Lurkers

— Commercial quadrature encoders
— Gray-encoder disks

Rescue Robotics Camp
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 Decent design, cheap implementation

— Plastic flashing causes early tripping — need to be trimmed off

— Springs aren’t strong enough — place shims under springs, careful
not to overdo it!

A little tricky to get to!

N/
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e Convertible!

— MUST retain the areas around
towers!

— Keep the rest for extra support or

g
O O
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e Can remove most of the nose and some
of the talil for clearance

— Stock Tarantula can’t climb normal stairs
forward without flipper movement!

O
7 ‘
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o LiPoly
— 7.4V, alittle too low but OK, 11.1V, OK but use short bursts.
» First prototype burnt out part of the motor controller
— MUST have battery low cutout and a special charger.

« NIMH
— Voltage is just right
— Somewhat heavier
— Safer but poorer current characteristics
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Hokuyo URG laser
Omnidirectional camera
Accelerometer

“Eyestalk” camera

— Make sure these are suitably
armoured!

Freiburg also have an IMU
onboard

Rescue Robotics Camp
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e MCU not needed If

computer has enough
1O lines

— First prototype connected straight
to parallel and serial ports

* Existing H-bridge
understands TTL

— Wire directly into microcontroller
GPIO ports or PC parallel port

— Can PWM individual inputs

— No added shoot-through {
protection required

Rescue Robotics Camp
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Whatever it is, ensure that it is suitably protected!

— First prototype’s hard drive was destroyed due to excess shock
— Don't forget to protect your power rails!

ldeally less than 1KG
ldeally own power supply

Examples of suitable

computers:

— Gumstix + bluetooth (no MCU required!)

— Wafer-5820 (used in first prototype)
+ WiFi (no MCU required!)

— Sharp Zaurus SL-C1000/3000
(used in second prototype) + WiFi

— Sony Vaio U71, OQO

Rescue Robotics Camp
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e Currently only very basic
— Only what'’s in the MCU plus basic Player drivers
— Robot is quite driveable through a serial terminal

« MCU firmware controls:
— Flippers and motors
— Flipper feedback
— Integrated accelerometer and servos coming soon!

A more complete Player driver is in the pipeline
— Anyone care to do an iConnect module? Q

Rescue Robotics Camp
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Camera mountings

Durability and Rollcages

Force and Torque sensors

Tilting lasers

More exotic sensors

HRI issues and Autonomy

Drivers and Firmware Q

Mapping

Rescue Robotics Camp
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 \Where do you put your cameras?

— Need to be able to see the area around the
robot, especially for mapping

— Need to be able to survive rollover
— Do you want to run inverted?

« How many and what cameras?

— Processing power and bandwidth may be
limited Q

Rescue Robotics Camp
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Robot isn’t heavy but a fall may still cause
damage to unprotected components

Again, do you want the abllity to run inverted?
Careful not to affect the abllity to self-right!
Still need more stress testing

Rescue Robotics Camp
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« Helpful to know which
flippers are on the ground

o Several possible solutions

— We'll be testing torque
sensors on the flipper
support towers

e Freiburg Lurkers have a
different arrangement

— Can tell WHERE on the
flipper there is force!

Rescue Robotics Camp
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e There Is enough room on the front for a
rotating Hokuyo laser rangefinder!

— Cheap, advanced mobility with 3D
mapping Is now possible!

Rescue Robotics Camp
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e Let’s say price isn’'t a iIssue anymore ...

e Sensors must be
— Lightweight
— Small
— Not too power hungry

Rescue Robotics Camp
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e Swiss Ranger

e Thermal camera

— FLIR ThermoVision
A10 (Indigo Omega)

Team CASualty

Rescue Robotic&"Cai
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CO,?

More cameras? Pan-tilt units?

RFID tags?

Sensors on articulated booms/arms?
Armour for sensors?

Rescue Robotics Camp
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* Further development of drivers?
— Player?
— IConnect?
— ICE/ORCA?
 Firmware could do with a lot more
testing
— Self-calibration?
— Integration of sensor data? Q
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How do you control this many degrees of freedom
In an intuitive way?

How do you present to the user a suitable
representation for robot state ?

— Macro actions and autonomous actions may be useful

Ultimately we want to set waypoints
— The robot figures out how to get over the terrain

We want intelligent behaviours
— Detect a staircase and go into stairclimbing mode

— Intelligent stepfields — with direction control, not just
“swimming”

(Y
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« How do you make
maps from an
advanced mobillity
platform?

— 2D maps level
— 3D maps in 6DOF

e How will the
necessity for mapping affect driving style?
— Keep flippers out of the way!

— Avoid actions that result in no
correspondences
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 We hope to have 5 Redback bases built by the
end of this camp that people can take home
— Encoders, brakes, plasticwork, MCU, batteries

— Torque limiter reinforcements, track reinforcements,
sensors

— Improve drivers and firmware
— Develop and experiment with new ideas

 Hope to demo 5 tethered Redbacks with some
macro actions at the final presentation

 Two-way process — we hope to also develop new
and better iIdeas and methods that we can all <=
share!
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e Alex Kleiner’s presentation and videos
of the Freiburg Rescue Robots
“Lurkers”

e Joint demos of the “Redback” and
“Lurker” robots

 Demo requests and guestions from the
audience
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e “It's Huge!l!l”
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