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Thoughts about Prese

® New concepts are being/have been developed for the polar
environment remote sensing investigations

® The common model is to work with the Science Pl
(Steffen, Kamb, Englehardt, Carsey, Box, Fahnestock,
Truffer, Zwally, Slawek, Fricker, Holland, Lane, Parish,
Bromwich. Howat, Finnegan, Bindschladler, Tedesco,
Adler, Smith, Kyle Kohler, as well as Danish Polar Inst.,
BAS, AAD, UNAVCO) to solve a needed measurement
challenge.




Ice Front Flow Measurements
using Expendable Rovers

System Design

*Expendable GPS Rovers that transmit their
position at Glacier front to a local base
station

-Base station at rock base sends time
corrections to rovers and records positions
sent back

*Unit deploys in a few hours
*Runs autonomously




West Greenland Store Field Deploymen




Set Up

Helo Charter
High-gain omnidirectional RF

Antennas (1 per rover)

Dual Frequency GPS Antenna



Ice Flow using Expendab_

Base Station

*Trimble NetRS GPS Sends Time Corrections
*Uses Freewave Radios (one per rover)
*Records Positions to CF Industrial 4GB Flash
«100 Ah SLA Batteries
«30 Watt Solar Panel
*Range to Rovers >20km




Expendable Rovers

*Novatel GPS Receiving Time Corrections
*RTCM from Trimble at Base Station

*Uses Free Wave Radios (one per rover)

*19 Ah SLA Battery

10 Watt Solar Panel

*Range to Base Station >20km

3 t0 4 rovers per site




Ice-sheet hydrology from rivers




July 7, 2007 MODIS 250m




Glacial Runoff Depth

Units to send water depth and atmos. pressure of glacier

runoff in a West Greenland fjord
Remote Unit Details:

1. Recording Frequency: Pressure data: once per 2 hours, ~32 bytes

2. Data per day: 360 bytes (Depth Reading, Temp, Atmos Pressure, System Voltage)
3. Download/receive frequency: Once per day

4. Connection Method: Iridium Modem, 9601 SBD Transceiver

5. Number of stations: 2 separate locations each with its own comm. capability.

Operations base Details:
1. Communication with Iridium Network is via MIME Email Attachment.
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Iceberg Satellite Tracker

*Tracker is based on a adapted NAL modem
*Uses Iridium Satellite Network

«System Operational (3 units running since June)
«Two way comms. for setting any update rate
«Cost: Unit ~3K, Subscription $30/month

«Long Life (years, depending on update rate)
Display software interfaces with Google Earth
«Can download positions

«Updates can arrive via email (human readable)
«Can be usec
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Ice Berg Trac




Iceberg Tracker Positio

= Ice Berg Tracker - Windows Internet Explorer

e cakech.edu
ce Berg Tracker - Windows Internet Explorer
3 i g
e hachiedy ¥\ B4 ix] [543 Favortes | o @ - e -
Fle Edk View Favortes Tools Hel »
e = = 202 4 1ce Berg Tracker M- ~ Page~ Safety~ Tooks~ @~
Favorkes s & - e -
-
»
48 1ce Berg Tracker i Y @ - Page~ Safety~ Tooks~ @~
~

The Greenland
Iceberg Tracking System

) Behar and
University) and
The sateliite

These tracke
arch (
disintegrati

n of floating ice sl

n by

The Greenland
Iceberg Tracking System faibin
land's ic
rid map of satellite tracker locations. The: conduct glacier velocity m
by Dr. Jason Box (Byrd Polar F The Ohio
ace to conduct glacier velocit ents and document disintegration of fioat
e sending position reports every 6 hours, and the system traces the path taken
Note: Please use Internet Explorer to view this site.

th ta

irs, and the m fra: [
use Internet Explorer to view this site.

trackers were built by Dr. Alberto

e Univi

r
=

plays a w

This website dis|
'SE

Greenp
beacons ar

) \ {01018](
I =Y A
¢ ‘x“ e

A o

d [1Gnid COTerrain [JBorders

Image © 2008 DigitaiGlobe
Data SIO, NOAA, U.S. Navy, NGA, GEECO

24'59'50.98" N '50'50.98" W elov -15866 it

Open Help Window

Navigation Ci

[ Navigation Control (¥]Status Bar [MScale Legend (OJGrid OTerrain [JBorders
Select Tracker v Go to Start of Path Goto End of Path Clear All Paths
1 I I l 300034012150320 v|[__GotoStatofPath |[  GotoEndofPath | ClearAllPaths |
|[___ ShowPathColorLegend |
>ath Visiblity I Show Table of Tracker Positions ] I Show Path Color Legend

Go to Location
(oiomatn ] . g
@ Internet s

& Internet

Show Table of Tracker Positions

Path V:‘uhhtv[




SPOT-based Positio

*Tracker is based on an adapted Spot Unit
*Uses Globalstar Satellite Network

«System Function Verified as high as Ummanaq
*Programmable controller for any update rate
Low cost: Unit ~1K, Subscription $150/yr
«Long Life (years, depending on update rate)
«All display software is free (uses Spot Website)
«Can downloa

«Updates can

«Can be used t
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Geodetic Data via NetRS to SBD Iridium

®  Streams GPS position data (BINEX open format) from a Trimble !
NetRS to a microcontroller + Iridium modem that sends data
through the Iridium Network to an operations base where it is
repackaged to look like the original stream

® Remote Unit Configuration:
— Records position every 30 sec, 35kb/hour
— 7200 epochs/day, (100-220bytes/epoch) ~1mbyte/day
—  Download/receive frequency: Every 4-5 mins.
— Receiver and Format: Trimble NetRS in BINEX, 9600bps

— Connection Method: Iridium Modem, LBT9522 with DOD
Sim card

Operations base
— PC Compute
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5 camera health data units that record o
Temp/Humidity & Battery Voltage readings |
every two hours and send once a day :




Mt Erebus VVolcano
and Ice Cave Monitor

— Sensor — CO2, SO2, Viasala Weather
Station, (Wind speed/direction
temperature, pressure, humidity)




® Self-contained sensor and comms. package
— Sensor — SO2, temperature, humidity.

— Battery (works to schedule: can increase
data acquisition rate on trigger)

— Iridium satellite modem link

® Data uplinked to web site
® Triggers sensor web satellite detection

® Data collection can also be trlggered by
sensor web: demorn
autonc
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& Field deployment: Volcano Monitor

USB connection

W o o ¥
Jd Liquid crystal display

SR

Humidity sensor

gy BASIC Stamp
o\

- Deployment: two units deployed on Kilauea Time chip
Volcano, Hawai’i (volcanic gas detection)
running since November 2007

A-D converter

Antenna
- Weight: <4 kg

- Data collected every hour (normal mode) [ridium modem

E .

Lithium batteries
.ﬁ%-‘:‘o,.

- “Burst mode” = collection every min/10 mins

’)4
=
- 1 year lifetime (normal mode)

- expendable units

‘ wal Air intake

Air exhaust

- Data being used by HVO

- Data being used by US Park Serwce
(Volcanoes National Park
environmental cond

Sulfur dioxide detector
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@Field deployment: Volcano Monitor

Orbital asset

* Volcano
Monitor

-/ location
J
J % / Tradewinds /

Earth Terminal Controller
<:> SBD subsystem (ESS)
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Field Application "
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@ Web Services: Volcano Monitor

£ JPL Sensorweb - Mozilla Firefox

File Edit View History Bookmarks Tools Help
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EXPERIMENT (ASE)

Sensorweb
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+ OPERATIONS i,
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AUTONOMOUS SCIENCECRAFT

Some project description goes here....

Name

Napau Crater

Chain of Craters

+ View the JPL Portal

Latitude

19.3792
18.3162

Date

2008.01.08
2008.01.09
2008.01.08
2008.01.08
2008.01.08
2008.01.09
2008.01.08
2008.01.08
2008.01.08
2008.01.09
2008.01.08
2008.01.08
2008.01.08
2008.01.09
2008.01.08
2008.01.08
2008.01.08
2008.01.09
2008.01.08
2008.01.09
2008.01.08
2008.01.09
2008.01.08
2008.01.08
2008.01.08
2008.01.09

Time
16:00:00
16:00:00
14:00:00
14:00:00
13:00:00
13:.00:00
12:00:00
12:00:00
11:00:00
11:00:00
11:00:00
10:00:00
10:00:00
08:00:00
08:00:00
07:00:00
06:00:00
05:00:00
05:00:00
04:00:00
03:00:00
02:00:00
01:00:00
01:00:00
00:00:00
00:00:00

Longitude

-155.131
-155153

Humidity S02 ppm
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93
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8
5
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5
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a2
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FINDIT @ JPL:

Description

Installed November 9, 2007
Installed November 10, 2007

0
0113635
o
0.886353
0249997
1.090896
o
o
o
o
1.181804
o
0.386359
0113635
0113635
0272724
0.386359
o
o
0477267
0022727
0522721
0113635
0318178
0158089
0.159088

@ Settings™
E

The two volcano monitors (“Napau Crater”
and “Chain of Craters”) send data every hour
to JPL. Reported voltages are converted to
SO, concentrations in PPM.

Information is displayed on a web site at
JPL.

Access to this website has been given to
Hawaiian Volcanoes Observatory and
Volcanoes National Park personnel.

Rate

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
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Surface Lakes Depth Measurements

Units (Buoys) to send water depth/temp profile of surface lake in West Greenland fjord

Remote Unit Details:
Recording Frequency: Pressure data: once per hour, ~32 bytes
Data per day: 360 bytes (Depth Reading, Temp (9), System Voltage)
Download/receive frequency: Once per day
Connection Method: Iridium Modem, 9601 SBD Transceiver
Number of stations: 2 separate locations each with its own comm. capability.

Jakobshavn Ablation Region (JAV)
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West Greenland Supra-Glacial Lake Investigator

Designed to determine the depths of Summer melt lakes (supraglacial lakes) o
airborne measurement of reflectance spectra

Pl1: Alberto Behar, NASA Jet Propulsion Laboratory Co-Investigator: John

Objective:

1. Passively record the reflectance spectra of the lakes

2. Correlate data from from the on-board inertial
navigation unit with spectral measurements to perform
georeferencing

3. With a calibrated spectral processing algorithm,
compute a depth map of the observed supraglacial lakes

Imaging mount retracted

Mount extended, in helicopter

Scope:
1. Enhancing Greenland ice sheet mass balance
models by determining supraglacial lake volumes
(Science)

2. Developing technique
depths (Technology)
3. Serving as an airk
repurposing existing
imagers to perform
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Global WebCam using a
Miniature JPEG Camera

» Low-cost, & low-powered solution for medium resolution
image capture (640x480) 300K pixels

« JPEG Encoder on board (resolution, compression ratio
adjustable)

«  Simple serial interface, low image size (2-20Kb) ovmeme || o | v,
« Tied to an iridium modem that can give real time context |
Images for status, commanding and decision making o
€223 camera module F'mg';m

Sample i




Abstract

As the number of unexplored areas of the world rapidly dwindle, highly
precise and efficient instruments are needed to retrieve accurate data
from remote aquatic habitats. Since the discovery of subglacial lakes in
Antarctica, underwater vehicles are essential to investigating these
challenging aquatic habitats and gaining insight on glacial formation,
ice flow and discharge, basal water transfer, and the geometry of ice-
water interface. The Micro-Subglacial Lake Exploration Device (MSLED)
is a compact underwater vehicle designed specifically to explore
aquatic, isolated environments. Equipped with conductivity,
temperature and depth sensors (CTD), semi-autonomous capabilities, a
camera, fiber optic cable, and other technologies, the MSLED is a one-
of-a-kind instrument built to explore and gather data in stark terrain.

Science

With an inventory of at least 145 Antarctic subglacial lakes,
understanding the movement of ice flow is imperative to predicting the

future of ice sheets and their effect on rising sea levels. The other

avenue of exploration is to gain information on the subglacial biotic

ecosystem that is currently not well understood. These studies

illustrate that the subglacial environment is a vastly understudied, po-

tential, ecosystem with the potential to impact our understanding of

global biogeochemical cycles, astrobiology, and the biodiversity of

cold, aquatic, dark environments. Also, with the prospect of subglacial

lakes on Jupiter’s moon Europa, a strong foundation of knowledge is

necessary for successful extra-terrestrial exploration. Using various
biogeochemical measurements will also test the hypotheses that
glaciological, hydro-oceanographic sedimentological, and biochemical

processes combine to stabilize the ice shelf and control the structure

and function of microorganisms inhabiting the subglacial habitat.

System Overview

The communication sub-system on board MSLED transmits and receives data simul-
taneously over a single multi-mode fiber optic transmission line. The surface station
requires real-time video, heading reference system data, and CTD data to navigate
and explore areas of interests. MSLED receives commands to operate the fins,
motor, lights and camera. In order to couple all the data together, the command and
data handling system packetizes the data from all the subsystems digitally. This
digital data is managed by the camera and the electrical signal is converted to optics
using a fiber optic transceiver. The transceiver transmits the data, through the
existing Ice Borehole Probe, to the surface ground station, to be converted back to
electrical signals. The data can then be coordinated by the graphical user interface.

Technical requirements and constraints:
*Fiber communication must integrate into 1 km of 62.5/12
multi-mode fiber cable currently being used on the
Ice Borehole Probe

*Components must fit within a 7.5 cm diameter,

25 cm long cylinder

Ice Shelf
*Signals must transmit 3 km without noticeable degradation

to video quality or sensor data fidelity

*Components must withstand temperatures -10 to +65 °C .
*Transmit high definition video and sensor data (CTD, IMBubglacial

status, etc.) to surface station Lake
*Receive navigation control signals from surface station

*Transmit data at gigabit speed simultaneously

Fiber Optic

Spool

Reference
System

Micro-Submersible Lake Exploration Device

Alberto Behar, C. Walter, T. Nordheim, A. Camery, A. Elliot, C. Ho, E. Olson, P. Kapoor, P. Naik, J. Khan
Jet Propulsion Laboratory, California Institute of Technology

I
'\3{‘
‘.‘\\
o [}
|

Gigabit Ethel A
9D converty
“ Migrocon
1.3 megapixel T ﬁ(er

e

ultra ive
8m camera,
lens
\‘S b
¢ N

\ Brushl
3 \ ess
. motor
LED heat sink e
and mounting 6x Li-SOClI, contro
e Cells ller

Mechanical

Structure determines function. Due to the strict size dimensions of
MSLED, the structure has certain design requirements to house and
protect the internal components. These constraints include rated
pressure, rated temperature, and size. The structure subsystem has the
following constraints:

*Withstand pressures at 3km of depth

*Withstand temperatures ranging from +/-10 °C

«Overall size of the device which will be no more than 8 cm in diameter by
40 cm in length

The structure is composed of an external and an internal component. The
external shell provides protection from the environment while the internal
shell is where the various components are mounted. The external
structure is divided into three major sections: the nosecone, the main hull
and the tail cone. The nosecone contains the camera, camera lens and
LED’s. The main hull has two sections: the forward part of the hull is
where the electronics, power and communication subsystems are
housed; the aft section of the hull contains the fiber optic cable. The tail
cone holds the propulsion, the control hardware and CTD sensor.

Mission Summary

A finely crafted underwater vehicle will be needed to address the
questions surrounding subglacial environments. MSLED is a small (8
cm diameter and 30 cm in length) torpedo-shaped underwater robot
designed to be submerged in subglacial Antarctic lakes to navigate
semi-autonomously and record data within the lake. Tethered to the Ice
Borehole Probe, MSLED will have the capability to detach and roam
freely due to the optical fiber cable with a range of 1 km and will
eventually reattach and be brought to the surface. Of primary
importance are the innovative size and capabilities of MSLED, for
example:

«Capture high-resolution video and images of the lake
*Record up to 2.5 hours of real-time video

*Navigate towards pressure, temperature, turbidity,
and depth gradients semi-autonomously

+Stop at significant detected geothermal hotspots
and conduct further measurements

*Reach full depth rating down to three kilometers
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Sensors
The operator at the Dgtaund station will monitor the vehicle by a
graphical user interface that displays the submarine’s video, status
data of the different sensors, as well as horizontal and vertical position
in real-time and with history, where possible. Furthermore, the operator
shall be able to control the vehicle and send commands for camera,
lighting, fins, and heading.
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Stream Motion Sensor

® Contains Iridium Tracking GPS
® Contained in a Pressure Vessel
® Follows water pathway

® Sends Postion/Velocity

® Buoyant/Robust Shell T




Moulin Explorer Cam 20

® HD Camera, Recording to SD Card

® Contained in a Robust Pressure Vessel
® Sends Live Video to Video Goggles

® L CD Display and DVR on Surface

® 1km of fiber optic tether




Moulin Explorer Cam

*HD Digital Video Recorder on Solid State (Memory Stick)
*1Km of Fiber Optic Cable, Bright White LED’s
Live Video Feed on Portable Video Screen




N~
-
o
(Q\|
=
C
O
—
D
—
—
o
X
LL
o
S
@
p=




The Moulin Explorer

Designed to Collect 3-Axis Acceleration, Pressure (S400m deep), and Temperature Data for Glacier Melt
Water Flow through Greenland Moulins:

Andrew Elliott, Henry Wang, Sean O’Hern, Sujitha Martin, Collin Lutz, Alberto Behar:
Jet Propulsion Laboratory, Pasadena, CA
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Sub Explorer Snapshot-

o Very miniature submersible for surveying
"lake' type extreme environments.
o Deployment possibilities: Subglacial Lakes,

Rio Tinto, subglacial volcanic lakes, drowned
lava tubes, hydro-thermal vents etc.).

o Preliminary description:
- Micro-submersible,
- 5 cm diameter and 20 cm long, .
= Battery powered, Ice covering
- Liquid compensated slim hull Antarctica
- comm. via fiber-optic tether (100-1000m),
- camera + MEMS sensor suite

- maybe one other instrument, pH or O, dissolved gas
sensor, etc.

Continent with
subglacial lakes, rivers



Operations Concept

® Above the ice, the submerged micro-sub Hot Water

nill
Operator Control Driivg Srsem

vehicle can be controlled through the Staton
fiber optic connection from the Operator
Control Station

® Through a high resolution display and a ﬂ 0 %‘\
Graphical User Interface (GUI)
scientists can move the sub, receive Ofes 1t v _
vehicle status and collect scientific data /M A
in real time.

Probe @ Stage 2
The vehicle \(}—

Tether

(Power/Comm) Tripod Deployment

Platform

Tether Drive

Probe @ Stage 1

autonomy t
a scientific |

1

Probe @ Stage 3
. / Ciean Entry

Ice-Water IF
Deployed e
MC wvehicle
Forward Viewing
Imager




PAUSE Syste

Gondola

Zero-pressure Balloon

Diameter X
Mass X kg (+ X kg Helium)
Pressure X atm

Altitude 35 km
Material Polyethylene

Balloon
System

Payload Capacity X kg Thermal Cover Solar Panels
Lifetime X hours Blue Foam Area X Cum
Mylar Coated Mass X kg

GSSL

Parachute
Cut Down Mech

Down VideO\

Mass X kg / Power 4-6 W

Avionics HOuSing Material: Aluminum

|
[

Tether System

Length X m . :

Electronics, Batteries Volume X Cu M
Solar Panels / Mass X kg . Mass 3-5 k
Area X Cum Material X Telecom., Sensors, GPS 9
Mass X kg
Power 4-6 W

- Gondola

Material Aluminum/Foam
Volume X Cu M

Mass 3-5 kg

Contains: Electronics, Batteries

Boom \>
Length X m

Mass X kg Boom
Material Aluminum Telecom., Sensors, GPS Length X m
/ Mass X kg Comm.
Material: Aluminum Antenna
Magnetometer Comm. Link
Mass X kg < Bandwidth 9.6-115k bps

Power 1 W
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