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● 32c3: Graphs, Drones and Phones
● 32c3: So you want to build a satellite
● 32c3: REXUS/BEXUS – Rocket and Balloon Experiments for University Students
● 31c3: Rocket science – how hard can it be?
● 31c3: Living Drones
● 31c3: Space Hacker
● 30c3: Drones
● 30c3: Die Drohnenkriege
● 30c3: Lasers in space

…

Robots are crawling the lands...
And flying through the air...
Some of them even made it to space...
So what about the sea?



  

Gated Communities of the Oceans

● Oil & Gas
● Military
● Other resource mining (fish, diamonds, minerals …)

Image from http://www.macleans.ca/wp-content/uploads/2013/04/MAC16_OILRIGS01www.jpg

'Ocean Floor Factory' 



  

  Hackers, I call thee to our oceans,                        
            where (while?) there are still dragons to find!

Image sources (in order of appearance): 
● http://ocean.si.edu/slideshow/census-marine-life-wild-and-wonderful-creatures 
● http://www.montereybayaquarium.org/animals-and-experiences/exhibits/mission-to-the-deep 
● https://twitter.com/expeditionlog/status/520233310753419265  
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And so much more to do! 

● Challenge – Because just building a robot isn't difficult enough!

TODO: FIND IMPRESSIVE PIC OF BROKEN MARITIME 
ROBOT!!!!!!
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And so much more to do! 

● Challenge
● Generate more data – And share it openly!

https://www.vesselfinder.com/

AIS  Automatic Identification System

globalfishingwatch.org



  

And so much more to do! 

● Challenge 
● Generate more data 
● Archeology – Check out 

the hidden treasures in 
your nearest 
puddle/lake/ocean!

(Monkey Island 2 gameplay screenshot)



  

And so much more to do! 

● Challenge 
● Generate more data 
● Archeology
● Environmental monitoring 

– Why does the water 
coming out of this pipe 
next door glow in the 
dark?

(Day of The Tentacle gameplay screenshot)



  

Maritime Robots Family Tree

– The Sensor Buoy

http://www.bornhoeft.de/en/newsneu.html



  

Maritime Robots Family Tree

– The Sensor Buoy

http://www.oceanor.no/seawatch/buoys-and-sensor/wavescan



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

https://www.kickstarter.com/projects/robotboat/robotboat-mark-vi/description

http://www.automarinesys.com/recent-testing/



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

http://navocean.com/tag/waveglider/



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

http://www.autonautusv.com/wp-content/uploads/2013/11/DSC04717-800x530.jpg
https://twitter.com/AutoNautUSV/status/585437452254478336



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

https://cdn3.dogonews.com/pictures/9197/content
/gliderWaveGliderMotion.jpg?1321224868

http://www.liquidr.com/images/galleryfull/lri-img-
MidLaunchWaveGlider.jpg



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

– The Underwater Airplane

http://cobs.noc.ac.uk/cobs/gliders/whatisaglider.php
http://auvac.org/platforms/view/160



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

– The Underwater Airplane

https://www.srcf.ucam.org/polarauvguide/auvs
/caseStudies/usips.php

http://noc.ac.uk/news/autosub-long-range-auv-
completes-its-first-sea-trials



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

– The Underwater Airplane

– The Diving Box

http://www.auv2016.org/



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

– The Underwater Airplane

– The Diving Box

http://www.mbari.org/dmo/vessels_vehicles/rov.html
http://www.bbc.com/news/magazine-24457875



  

Maritime Robots Family Tree

– The Sensor Buoy

– The Traveler

– The Underwater Airplane

– The Diving Box

– The Wild Cards

http://www.ics.forth.gr/cvrl/octopus/gallery.html

http://mechatronic.me/robotics/74-underwater-walking-robot-crabster-cr200
http://scoutbots.com/blogs/news/15204209-test-of-protei-011-1-at-sea

http://sepios.org/



  

Buoyancy

+ You can be positive about your robot coming back.

0 Gravity free floating :D

-       No need to feel negative, as long as you can drop some weight
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Pressure

● Rule of thumb: Earth athmosphere 10 metres water depth 1 bar≙ ≙
 

● Buckling Pressure for Sphere ~ 

● Ping pong balls: ~ 25 m depth
● Average Ocean Depth: 4 km
● Maximum Ocean Depth: 11 km

(Thickness
Radius )

2

http://www.deepseanews.com/2014/05/how-to-shrink-a-styrofoam-cup-and-other-side-effects-of-deep-ocean-pressure/

http://kwc.org/mythbusters/2004/11/mythbusters_ping_pong_balls_an.html



  

Pressure

● Rule of thumb: Earth athmosphere 10 metres water depth 1 bar≙ ≙
 

● Buckling Pressure for Sphere ~ 

● Implosion -> Replace air with water

(Thickness
Radius )

2
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Pressure

● Rule of thumb: Earth athmosphere 10 metres water depth 1 bar≙ ≙
 

● Buckling Pressure for Sphere ~ (Thickness
Radius )

2

http://www.whoi.edu/news-release/Nereus-Lost



  

Communication & Orientation 

Sensor Buoy & Traveler:
– GPS & Wireless communication (→ iridium SBD)

Underwater Airplane & Diving Box:
Goodbye radio waves...

UV/blue best candidate in EM spectrum

 

                     

http://www.deskeng.com/de/3d-scanning-101/

http://ocean.si.edu/ocean-photos/octopus-shoots-ink



  

Communication & Orientation 

Sensor Buoy & Traveler:
– GPS & Wireless communication (→ iridium SBD)

Underwater Airplane & Diving Box:
Goodbye radio waves...

UV/blue best candidate in EM spectrum

 

                     

http://www.deskeng.com/de/3d-scanning-101/

http://ocean.si.edu/ocean-photos/octopus-shoots-ink



  

Communication & Orientation 

Sensor Buoy & Traveler:
– GPS & Wireless communication (→ iridium SBD)

Underwater Airplane & Diving Box:
Goodbye radio waves...

UV/blue best candidate in EM spectrum

 

                       … hello acoustic waves



  

Sonar

Speed of sound in water: ~1500 m/s (light speed: 3* 10^^8 m/s)

Beam opening angle: 1 degree → Pixel width: sin(1°) * Δx  

– 10 m: ~20 cm

– 100 m: ~2 m
1 m long,

20 cm wide
robot

2m 2m



  

Sonar

Speed of sound in water: ~1500 m/s (light speed: 3* 10^^8 m/s)

Beam opening angle: 1 degree → Pixel width: sin(1°) * Δx  

– 10 m: ~20 cm

– 100 m: ~2 m

– 10 km: ~200 m

1 m long,
20 cm wide

robot

https://twitter.com/expeditionlog/status/520233310753419265

2m 2m



  

Listen!

● Communication of robots, animals
● Changes in sound propagation (~ salinity, temperature, 'stuff')
● The lower the frequency, the further it travels
● Noise: 

– Wind, Waves, Earthquakes

– Propeller, Engine, other human noise

– Dragons

● Whale song listening!
http://www.oceannetworks.ca/sights-sounds/live-audio/ : “Hydrophone recordings are 
not continually available because they may sometimes contain sensitive data with 
national security implications. … Recordings that are deemed low risk are then 
returned to our archives at a later time.”

http://listentothedeep.com

http://listentothedeep.com/


  

Listen!

Sounds and spectrograms from: 
http://oceanexplorer.noaa.gov/explorations/sound01/background/seasounds/seasounds.html

Sped up 10 times Sped up 10 timesSped up 16 times

Alaska humpback whale call Iceberg grounding on seafloor
Airguns (explore geologic 
structure below seafloor)



  

Not all that difficult and 
expensive???

Buckling Pressure ~

Size is (almost) all that matters!
– Small scale, low power consumption Linux computers

– High energy density batteries

→ Smaller, lighter vehicles can be tested in/on smaller puddles 

– Model Boats

– Tupperware & Pelicase

– Pipes & Bottles

– Surringes

– Tampons

– Fishfinders

– Aquarian Audio

(Thickness
Radius )

2

http://www.wired.com/2014/12/4-mexican-immigrant-kids-cheap-robot-beat-mit

http://www.seaglide.net/



  

Communities?

● Forums
– http://www.homebuiltrovs.com/rovforum/ 

– https://forum.openrov.com/ 

– http://diydrones.com/group/arduboat-user-group/forum



  

Communities?

● Forums
● Competitions →papers by teams

– World Robotic Sailing Competition (Portugal, 
http://www.roboticsailing.org/ )

– EURathlon (Italy, http://www.eurathlon.eu/ previously 
sauc-e )

– RoboBoat & RoboSub (USA, 
http://www.auvsifoundation.org , registration fee, 
'College & High School teams') → papers from teams

– Singapore AUV competition (http://www.sauvc.org/ ) 

– MATE ROV competition (USA, 
http://www.marinetech.org )

http://www.wired.com/2014/12/4-mexican-immigrant-kids-cheap-robot-beat-mit



  

Communities?

● Forums
● Competitions →papers by teams
● Challenges

– Microtransat

– Shell Ocean XPrize



  

Responsibility

● Legal $STUFF
● Do not litter!
● Materials harmful to maritime 

environment?
● Invasion of maritime life forms
● Conductivity of (salty) water 

→ skin resistance reduced

https://twitter.com/jacoblevenson/status/577071653982740480



  

Call for Community

● IRC: #maritimerobotics on freenode
● Twitter: @lilafisch
● Email: lilafisch @ muc.ccc.de

1BB7 7178 15E8 94AC C08C 4FD8 315C 714C 0C7F 4570
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