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Functional Specifications for Dorado AUV (Multibeam/Guaymas Mapping Configuration)

Operating Depth

4500 meters

Operating Speed

3 kts cruise (minimum 2 kts/maximum 4 kts)

Descent Rate


30m/min

Ascent Rate


30m/min

Mission Duration

12 hours

Vehicle Dimensions

21 inch diameter, 216 inch maximum length

Vehicle Mass


<1000 kg

Navigation Accuracy

+/- 3 m horizontal





0.7m vertical (0.01% FS)

AHRS Accuracy

0.05 degrees roll

0.05 degrees pitch

0.2 degrees heading

Speed of Sound Accuracy
0.1 m/s

Mission Turnaround

12 hours/8 man hours

Staffing Requirement (24 hr)
4 persons

Watch



2 persons

Shipping Weight

3000 kg not including launch/recovery system





Air shippable (vehicle sections must be <= 2m)

Battery Chemistry
Model #
Specifc Energy

Whr/kg
Neut B Energy Whr
Safety
Experience
Purchase Price
Cost/Cycle
Cycle Life
Tech Risk
Packaging
Lead-Time

Silver Zinc-Yardney
LR-40
150
6532 Sph
X Unsafe
MBARI yrs
$45K

100
Low
1 atm.


Lithium Ion-Lithion
INCP-611678
145
6294 Sph
Safe



500
Med
1 atm.


Lithium Ion-Saft
3.6V/41Ahr
140
6077 Sph
Safe



500
Med
1 atm.


Lithium Ion-EagPic
SLC-16015
105
4558 Sph
Safe
WHOI yr


500
Med
1 atm.


Lithium Polymer-Valence
44/4360
136
5942 Sph
6207 SC
7851 Oil
Safe

Safest
Safest
Bluefin yr


500
Med
High
X High
1 atm.
Scothcast
Oil


Navigation Sensor Suite
Accuracy
Size
Power
Mounting
Vessel Impact
Purchase Price
Operational Cost

INS/DVL + LBL








INS/DVL + USBL/AComm








FOG /DVL + LBL








AHRS/DVL + LBL








Ext Com Device
Regime
Range
Bandwidth
Size
Power
Vehicle Impact
Vessel Impact
Purchase Price
Operational Cost

Tether
On Deck
10 m
100 Mbps
 500 g
None
penetration
Eth Hub
$100
None

RF Modem
Surface
RF line of sight
115 Kbps
250 g
8 W Tx
penetration /antenna
Antenna mount/radio
$2200
None

Acoustic Modem
Submerged
5 km
3200 bps payload
8 kg (air)
8/1W

Tx/Rx
penetration

/hydrophone
Hydrophone
$20000
None

Inmarsat mini-M
Surface
Global less poles
2400 bps
3 kg
5 W Tx
penetration /antenna
Link to Internet
$5000
$5/min

Global Star
Surface
Coastal
9600 bps nominal
450 g
5/0.5 W Tx/Rx
penetration /antenna
Link to internet
$1500
$3/min

Iridium
Surface
Global
2400 bps
600 g
0.6 W average
penetration /antenna
Phone /modem
$1500
$3/min

Orbcomm
Surface
Global
2400 bps uplink
610 g 8.7x3.5x1.3”
14 W Tx
penetration /antenna
Link to Internet
$1000
$30/month

Argos
Surface
Global
2400 bps uplink only
100 g
1 W Tx
penetration /antenna
Link to Internet
$500
$30/month

External Communications

External communications requirements through 2001:

1. Download data/install source code while on deck or in the lab (tether).

2. Control vehicle while on surface in vicinity of ship or shore station (radio modem).

3. Download subset of mission data for vehicle performance analysis (radio modem). .

4. Monitor whether vehicle is submerged or not (radio modem).

5. Locate vehicle after mission via telemetry of GPS position (radio modem).

Existing external communications devices on the prototype vehicle include only the tether and radio modem.  These two devices adequately met the requirements above during the course of the operations conducted in 2001.  Missions in 2001 were generally conducted with the vehicle starting and ending within 500 m of the support ship.  Acoustic tracking of the vehicle from the ship enabled the ship operator to maintain relative separation well within the radio range of the modem.  Missions conducted in 2001 were rarely deeper than 100 meters or longer than 30 minutes in duration.

External communications requirements through 2003:

1. Over the horizon vehicle relocation. (Sat comms/GPS)

2. Unattended vehicle diagnosis and control. (Sat comms/GPS)

3. Deep water payload diagnosis and control. (Acoustic modem)

4. Control of submerged vehicle. (Acoustic modem)

More agressive operational modes preliminary to unattended operations will lead to the vehicle being operated for longer durations, and further from the support ship.  Multibeam sonar integration and operation (particularly in deep water) may enforce a requirement for acoustic communications to the vehicle.  Over the horizon vehicle location and control are capabilities that will enhance our ability to operate further from a support infrastructure with less risk to the vehicle.  The most immediate need is for external communications that support the multibeam sonar payload.  Proposed hydrographic transect operations for 2002 and 2003 are within RF line of sight of the Mt Toro 900 MHz repeater, this option should be explored first.  Typical LEO satellite modems have less impact upon vehicle cost, mass, and power than acoustic modems, and MBARI already has two options available for evaluation in house – it may be resource effective to begin some limited experimentation with these systems.

Emergency Location Aids

Location Aid
Regime
Range
Size
Power
Vehicle Impact
Vessel Impact
Purchase Price
Ops Cost

Strobe
Surface, low light
1 km
250 g
100 mW
Penetration/mount
N/A
$750
$1.5k/day search

RF Beacon
Surface
RF line of sight
150 g
100 mW
Penetration

/antenna
RDF and antenna
$750
$1.5k/day search

GPS + RF Comms
Surface
RF line of sight
350 g
8 W Tx
Penetration

/antenna
Radio and antenna
$1500
$1.5k/day search

GPS + Sat Comms
Surface
Coastal /Global
750 g
15 W Tx
Penetration

/antenna
Link to internet
$1500
$30/month service

ARGOS tag
Surface
Global
150 g
Self contained
Tag mount
Link to internet
$1500
$30/month service

Homer Beacon
Submerged
100 m
2 kg
Self contained
mount
ROV required
$3500
15k/day search

MF (20kHz)

Xponder
Submerged
1000 m
2 kg
Self contained
Transducer
USBL Installation
$5000
$1.5k/day search

 LF (10kHz)

Xponder
Submerged (range)
3000 m
2 kg
8 W
Transducer
LBL Installation
$5000
$1.5k/day search

Pinger
Submerged

(bearing)
1000 m
200 g
Self contained
mount
USBL Installation
$1500
$15 k/day recovery

Emergency Vehicle Location Scenarios

1. Vehicle operational, on surface.

2. Vehicle not fully operational, on surface.

3. Vehicle submerged -- known, fixed location.

4. Vehicle submerged -- unknown location.

During 2001 operations the vehicle was most often attended by a support ship and rarely out of USBL range.  The vehicle often surfaced within visual range of the support ship.  Never surfaced outside of RF range of the ship.  Used RDF to locate the vehicle < 10 times.  Never spent more than 30 minutes looking for vehicle.   

Reliable GPS fix acquisition is the most important element in enabling rapid vehicle reacquisition at the end of a mission.

Proposed suite of emergency location capabilites:

Live vehicle on surface

GPS/radio comms (upgrade to satellite) primary initial acquisition (visual terminal location)

Strobe low light short range terminal location

RF beacon local backup initial acquisition 

ARGOS ptt remote backup initial acquisition (visual terminal location)

Dead vehicle on surface

RF beacon local primary

ARGOS PTT remote backup

Strobe low light short range terminal location

Live vehicle submerged

LF LBL boardset in emergency slave mode primary initial acquisition

MF USBL transponder  backup initial acquisition

Homer terminal location

Dead vehicle submerged

MF USBL transponder primary initial acquisition

Homer terminal location

Proposed suite of emergency location devices

1. GPS/Radio modem

2. RF beacon

3. Strobe light

4. self contained ARGOS PTT

5. USBL beacon

6. LBL boardset (if carried)

7. Sonardyne Homer
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