/' Delay Tolerant Data Collections \
% Bathymetry in Google Earth !
fhat.

C
AU

dtnrg 2012

Kurt Schwehr
\§] Google / UNH CCOM
3 http://schrwehr.org
US Dept of State Geographer
_ © 2012 Google — —
© 2012 Inav/Geosi SRL o :
hsm. No::vﬁge(:atyunt::;sﬁ\ GEBCO Go "éleear,tﬁ'\

2°46'27.49" S 163°05'40.61" W elev -16438 ft Eye alt 7525.77mi O



-

,,,,,

As a community, are
we ready for .
another

dlfﬁcult |nCJdent?




SOURCE DATA
Orkney Islands Council Surveys British Government Surveys (leadline)
a 2000 Digital d 1905-1919 1:10000-1:11083
Highlands & Islands Enterprise Surveys g 1842 1:25120
b 2002 1:5000 Commercial Surveys
British Government Surveys f 1981 1:5000 - 1:10 000
c 1938-1956 1:5000-1:13710 g 1975-1976 1:2000 - 1:5000
( ¢ ‘

I - 2 A+ o ae
! f- = Xy ¢ Jo 6 ¢

|
!







® Google Earth File Edit View Tools Add Window Help
Google Earth

v Search T8 | 2 Y [ @ & &
| Fly To Find Businesses Directions '
Jun 23, 1994 Jun 12, 2010 388

Fly to e.g., San Francisco (" .

004 v W .
T] Q 9G4 , : J_Olu )

v Places

&S My Places
W< Temporary Places
@L_-, misle.kml

WD Personnel Casualties (1)
MIED Set Adrift (3315)
M Implosion (2)
WD Material Failure (Diving) (8)
W Grounding (8848)
W Evasive Maneuvers (425)
WIED Falls into Water (28)
MED Material Failure (Non-vessels... ez
MIED sinking (2065) j
M Fouling (406)
WD Explosion (84)
MIED Blowout (15)
MIED Fire (1333)
W Damage to Cargo (95)
@D Loss of Electrical Power (1147)
M Loss of Stability (222)
WIED Allision (7883)
M Flooding (2819)
WE Capsize (375)
WD Damage to the Environment (...
M Abandonment (360)
WD Vessel Maneuverability (8430)
@D Emergency Response (1196)
MIE Collision (3543)
WED Material Failure (Vessels) (14...

] Data SIO, NOAA, U.S. Navy, NGA ,GEBCO
— Image © 2011 TerraMetrics;
O | ) Image IBCAO= Ed
' Image © 2011 DigitalGlob® :
b Layers Eacth Calleny 22 lat 41.128736° _lon -96.876311° elev 422 m Eye alt 6588.99 km




Fly to e.g., 1600 Pennsylvania Ave, 20006

B Q

: Transit 3312 : 636091389
¥ Places Add Content

[ & 3304-636091349 MMSI: 636091389

%> 3305-636091349 Transit point range: 2715789 to 2717047

& 3306-636091349
& 3307-636091349 Time range: 2008-09-06T04:50:24Z to 2008-09-06T06:09:49Z
[ & 3308-636091349 Total pos reports: 784
(& 3309-636091359
(& 3310-636091359
(& 3311-636091371 ] time frame calls: []
W 3312-636091389 '
(& 3313-636091394
[& 3314-636091394 all possible names: GREEN POINT

O D) Directions: To here - From here

¥ Layers

SOG: 13610 14.8

time frame names:

Primary Database
¥ Geographic Web Transit 3312 : 636091389
|_== Roads
(&4 3D Buildings
|70 Street View
[ZWD Borders and Labels
(1B Traffic




N
o
o
N

>
o
N )

- Cosce Busan

tic Identification System (AIS)

Automa




WWW'GEOPLATFORM’(; ()V/(;ULFRESI)()NSE Environmental Response oo
m Find Management Application (ERMA)
) A‘n'@mﬂ.ﬂt,l _}”ydu Kreaat i B e MU AU | 2yers | Lcgend | Zoom

- . Jeceniavi:: : ' ' " '

ontchartrair

reload
Vavela [ SUif,Shores # Layers cheara
: EISHNSicunie vicaup MOSTISIITIIL ISLINIYUS \WUMT]
New & :

Satellite, Radar, and Aerial Images of the Spill
" LakeBorgne Sampling
= Fishery Closures [Resource Management]
# NMFS Emergency Fishery Closure 07-Jun-10"2 1
[CJNMFS Emergency Fishery Closure 05-Jun-10"~ 13
| NMFS Emergency Fishery Closure 04-Jun-10"~ 13
() NMFS Emergency Fishery Closure 02-JUN-10" -1
() NMFS Emergency Fishery Closure 01-JUN-10"~ £
(] NMFS Emergency Fishery Closure 31-MAY-10"~
[_JNMFS Emergency Fishery Closure 28-May-2010"1~ﬁ
[_) NMFS Emergency Fishery Closure 25-May-2010" 8 o]
Wildlife Observations
Bioresources
Environmental Quality Baseline Data
E Charts, Surveys, Ships
[C) Marine Transport Caution Area 14-June-2010
12] AlS Response Vessel Snapshot
NOAA Raster Nautical Charts
Restoration
& Current Weather
E Analyses/ Nowcasts
[ NCOM Surface Water Currents w/SST
@ NCOM Surface Water Currents w/Speed
() Surface Horizontal Current (m/s) (NWS-NCEP)
(") Sea Surface Temperature Analysis
NWS - WMS layers
[C) Weather Radar Mosiac (NWS)
("] Surface Winds (Knots)

Lake

() HF Radar 25 Hour Average (2010_06_15_2100)
[ Live 100S HF Radar Stations’”
Weather Forecasts
Data Buoys & Observations
= Sea Floor Maps [Bathymetry]
M) Qaa Quirfara Nanth Man
Location: 28.45420°, -88.22571°

= National Oceanic and Atmospheric Administration | Environmental Protection Agency

Imagery ©2010 TerraMetrics, Map data ©2010 Google -

U.S. Department of the Interior | U.S. Department of Homeland Security | University of New Hampshire | Privacy policy | Email Comments

Powered by ERMA®



DTN for Ocean going instruments is not new
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Overview

The oceanographic community employs & variety of wireless
technologies for cunmumwung with sensors and instrument plux!urns a
sea. Hiy gh bit L ions channels, §

ions links, electrical power limitations and other chall
can make communications with these devices Efficult.

Delay/Di: ion Tolerant ng (DTN) proenises & future
software framework that will permil researchers 1o use programs such as
dinfip, dmpmg. and n'.h:r specialized DTN network spplications to

with sensors and 3 as
though they are reliably connected nodes sitached 10 the Internet
(although lslencies might be high).

DTN also has the potential to incresse the number of hop-by-hop
communications paths svailable for sensor communications, improving
relial . In the following sections we introduce the concept of DTN and
how it might be applied in the field of oceanographic research.

Oceanographic Instrumentation
Networking Challenges

Lack of Network Infrastructure
- Remote oceanographic sensors may only be intermittently connecied
o shore-side dats analysis and slorage systems/dats loggers.

Interruption
- Links may be interrupted due 1o scheduled down time, interference,
o environmental hostility
Due to scarcity of power and/or high S$$S, the cost of
communications can be high, making efficient wilization of
very

Heterogeneity
- Instrument networks may require the use of multiple different
communications protocols in each individual instrument system

A Sometimes Connected Ocean
Observatory

of skign, AUV, moorings, aircraft gliders, and shore stations
1t make wse af 6 waniey of wireless commsmications devices and protocols. Plagrms
are grouped into regions Bared os common dats commusications meeds and device wsape

DTN Architecture: Regions, Gateways,
and Convergence Layers

DTN segregates devices with comeon communications
characteristics into groups or regions. Regions may be based on the lype
of wireless devices used by a group of instruments, the special way that o
group of instruments optimizes the use of 2 low bandwidth channel (such
as [RIDIUM SMS), by device ownership, or whatever makes most semse.

Once the regions are defined, the network operator configures s set
of gateways between regions. This allows devices in different regions to
communication among themselves or with the Internet, when available..
Gateways know how 10 1alk to more than one region, how o translate
protocol operations between regions, and how 10 store data for later
transmission when network links are not immediately availsble.

Convergence layers are software modules used by gateways that

abstract the specifics of s particular communication link 3o it can be used
i le wity SCTOSS regIons. Figure 2 DIN
= roaps devices into

regiass. In order far
regions fo inser-
operate with one
ansther 2 gatewuy is
provided o commeer
the region fo the
Interet (or some
other region). The
convergence layer is
the commaon picce of
code that afl devices
in the sawe region
wuse 10 deltver DTN
mersages called

“bundies.

Figure 3! The DTN reater module
decides where and when 1o sesd
bandles The reit of the system
andles translasion, configuration
ssorape. and re-sending data 1f
prodleves occur.

Figure 4. Unlile the common TUPIP Intermet protocols, DTN con malke
increwensal progress eves when 5o complete end-4o-end network path exises

I LRer oo i1 Twewsgione

Conceptual use of DTN for Distributed Oceanography

Instrument such as video plankton recorder with underwater acoustic
modem continually collects data and issues dinsend commands
dErecling bundles 1o scienlist’s workstation on share (even though they
often do not arrive until months later). Bundles with plankion counts
and summsry info tagged a5 high priority. Video imagery tagged bulk.

HiSeasNet DTN gateway accepls bundle and delivers it 1o & dats
logging process on the scientist's workstation.

Data logging process integrates dats into model that predicts how storm
will affect sres that instrument is deployed in.

Scientist on shore discovers Northeaster storm is coming and issues a
dincp 10 send new 5 ion fileto

File is sent by a bundle being directed 1o the instrument on the seafloor
that is sitting in the AUV acoustics communications region.

DTN routing algorith to scieatist) that this
bundle (tagged by scientist as high priority) should be forwarded 1o
IRIDIUM region DTN gateway (next-hop) for transmissson.

Bundle is delivered Lo a mooring acting as DTN gatewsy between
IRIDIUM region and AUV scousties communications region knowing
visit is scheduled for sn AUV sssigned 10 the coustal abservatory.

DTN gatewsy code in mooring delivers DTN bundle for the underses
instrument to AUV 2 days later via acoustic nod:m Bundle is of high
enough priority, and has the ‘o influence the
AUV schedule be to chenged o that it makes an unplanned visit 1o the
chservatory instrument for bundie delivery of the high-priority data.

AUV changes its schedule and proceeds 1o instrument. One day later it
delivers mission plan (sent via dimcp command on share) to the
instrumen? via acoustic modem. Al the same Bme it picks up the data
that has been continually sent via dinsend commands by instrument.

DTN routing algorithm indicates 2 route back Lo the scientist’s
wuorkstation (for plankton counts and summary data) is availadle viaa
nearby mooring. AUV proceeds 1o that mooring and delivers high
peiorily bundles vis low-bardwidth scoustic modemn.

Mooring IMMEDIATELY transmits dats bundle to the HiSeasNet
region gateway that is connected to the Internet.

AUV goes back to 2's previous schedule and visits next mooring in ils
route. Afterwards it returns o the AUV dock to recharge its batteries
and deliver the remaining bulk (video frumes) data via the inductive

- Instrument developers can write instrument code that no longer has 1o

directly deal with communications, link management, elc. issues.

. Scieatists can begin 1o rely on & more helerogeneous wireless network

that is mare reliable, better tested and specified, more secure, and that
provides s wider geographic scope of availability.

. Priority-based reliable data transpoet mechanisms are buill into the

core network stack, o instrument developers and scientists need not
worry about pmns:.y how |!;|.u| is routed but instead can focus on the
for data in the abstract.
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Goals

* Collect great data from sensing platforms

e Get data from platforms to processing teams
* Get raw and processed data to data centers
* End users get data and use it

 Update or create new request for sensing

* Rinse —repeat

Data volumes are growing fast! Currently GB to TB / day
for sonars.

* Deep sonar: em302 collects 8GB / day
* Shallow sonar: Reson 7125 collects 2 GB/minute.



Where are we now

Shipping around USB sticks and hard drives
— Lots of effort to track physical entities

— A fraction are lost or destroyed

— Bizarre consequences of government rules

Who knows what data has been collected?
When will data be available?
How long before an issue gets noticed?

rsync is the cutting edge of the bathymetry
world



Where do we want to be?

Data sent in priority order (e.g. post huricane survey)

Anyone can find out what has been collected and see
where it is in the scheme

Be able to push a small subset for validation in a style
similar to progressive scan images. Shortest time to
problem detection.

Balance cost and take best advantage of each method
of data transfer.

Factor in backup with platform data capacity and
stability. Do we need the “mail buoy”?

Tools that “just know what to do” but allow the user to
know too.




Issues

Peer-to-Peer bad rap from BitTorrent
Software technical skill levels generally low
Need to think about data going both ways

Community stuck on the file metaphor, but really
we have streams of observations that range
widely in size from bits to MB per observation.
e.g. bool (T/F/Unknown) to seismic shot
(thousands of hydrophones on streamers)

Keeping the channel utilization high
Ships not designed for data logging



Formats currently in use

Raw bits/bytes

ASCIl — e.g. MGD77, CSV, old sonars
ASCII NMEA (proprietary)
Containers (e.g. netCDF, HDF5, etc)

Proprietary Binary Packet Systems — e.g. (the not so)
Generic Sensor Format (GSF)

ProtoBuf, ASN.1, JSON/BSON, XML, AIS (w/ English
language packet definitions)

Streaming video / audio
Email
etc.



Video

For some applications, you might want realtime
HD video if Channel A is available, reduced
qguality if Channel B, and otherwise 1 frame per

X time.



Do we need “mail buoys?”




Thanks for listening!
http://schwehr.org

Want to know more?
http://tinyurl.com/da-paper
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