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Autonomous Instruments in Oceanography

• Drifters

• Argo Floats

• XBTs

• Gliders

Are XBTs autonomous?
What they measure?

How?
Why are they in this list?



Data types

Oceanographic data

Satellite data

In situ data

Eulerian
Lagrangian



Oceanographic data

Satellite data

In situ data

Eulerian
Lagrangian

“associated with

a fixed point”

The measurement 

location is fixed (station) 

and we collect data of 

the water mass in that 

single position

“ current-following ”

The oceanographic 

instrument flow 

together with the water 

mass and collects its 

main parameters as 

well as the recording 

position



Oceanographic data

Satellite data

In situ data

Eulerian
Lagrangian

Drifter Float
Unmanned Vehicles

Oceanographic

Cruises

Glider
Wave Glider

Moorings

Underway

measurements

Autonomous



Autonomous Instruments in Oceanography

• Drifters

• Argo Floats

• XBTs

• Gliders

Autonomous instruments  are 
strictly dependant on classical  
oceanographic data in some phases 
of their lives.

Additionally some instruments like 
the XBTs can be viewed as a first 
step totward an autonomy from 
scientific personnel a nd research 
vessels



But «classical» oceanographic data collection 
is not so easy…..

• Ship based measurementrs are difficult and expensive
• Coupling of measurements to a well defined depth
• Spatial and temporal resolution issues



Large scale measurements of water proprties started in 1873 
since than, we had a lot of mission….

but the ocean is still unexplored

Lack of measurements has been interpreted as lack of 
dynamics or variability.

Now with high resolution observations we know that more 
and more spatial and temporal scales exist.





• Ocean observation is expensive→ need to accurately 
plan the field work. 

• Planning the observations is crucial, as a wrong 
planning leads to wrong conclusions or unuseful data. 

• First of all we must focus on what we would like to 
observe and which are observation costraints:

Spatial and temporal resolution,

Depth,

Parameters…..



Main oceanographic observations

•WATER MASS PROPERTIES
•Temperature,

•Salinity

•Pressure

•WATER MASS DYNAMICS
• Sea current along three directions

• wave motion

• tides



Since 1969 physical parameters along the water column are usually 
monitored through a CTD probe.

C stands fo Conductivity

T for Temperature

D for Depth



Measurements of physical parameters along the 
water column





Parametri Oceanografici misurati e calcolati
WHAT IS DIRECTLY MEASURED:
 -temperatura, Conductivity, Pressure,
Oxygen concentration, Fluorescence, Turbidity…

What is then estimated
 - Depth as a function of Pressure and latitude
 - Salinity as a function of C,T and P 
 - Density as a function of T, S and P 
 - Sound Velocity as a function of T, S and P 



CTDs and all the profiling systems

• Internal memory
 data are stored and can only be read at the retrival

• real-time transmission
 data are transmitted live onboard through a connection 

cable
 real-time CTD can be equipped with a oceanographic 

bottles to be closed remotely ( some exception with 
ECO-Sampler & Co.)



Internal memory scheme



Real time data transmission





CTD multiparametric probes

SBE 9 plus

SBE 11 plus

SBE 911 plus

SBE 25 plus

SBE 19 plus



SBE 911 plus
Underwater Unit (UU)



Deck Unit (DU)



Visualizzazione dati alla DU (1)

Deck Unit Display is useful to read the voltage from each sensor

Channel 
SelectionDisplay



Visualizzazione dati alla DU(2) 

Sensor voltage is a well known parameter that can be useful for the test phases



Oceanographic cable





Oceanographic Winch – Slip Rings



Slip Ring





The SEACAT is configured with the SBE 5 pump to insure a reliable 
flow of water through the conductivity cell and optional dissolved 
oxygen sensor, regardless of descent rate.



Preparazione del CTD per la misura (1)



Temperature probe (SBE3F)
SPECIFICATIONS (termistore)
• Range: -5.0 to +35 °C 
• Initial Accuracy: ± 0.001 °C 

Stability: 0.002 °C per year typical 
• Response Time [seconds]: (Time to 

reach 63% of final value following a 
step change in temperature)

 - 0.065 ± 0.010 (1.0 m/s water 
velocity) 

 - 0.070 ± 0.010 (0.5 m/s water 
velocity) 

• Self-heating Error: < 0.0001 °C in 
still water



Conductivity sensor (SBE4C)

SPECIFICATIONS 
• Measurement Range: 0.0 - 7.0 

Siemens/meter (S/m)
• Initial Accuracy: 0.0003 S/m
• Stability 2: 0.0003 S/m/month
• Resolution 3: 0.00004 at 24 

Hz
• Time Response 4: 0.060 

seconds (pumped)





Pump



TC duct 



Temperature Sensor calibration



Conductivity sensor calibration



Configuration file (.con)(1)
• Lanciare SeaSave e cliccare sul menù Configure Inputs



Configuration file (.con)(2)

Se si apre un file .con già esistente o si crea un nuovo o si modifica uno già 
esistente



Configuration file (.con)(3)



Configuration file (.con)(4)



Normally, the conductivity cell must be in water before 
the pump runs.
After the cell enters the water, there is a delay before turn-
on so that all the air in the pump tubing can escape.



 sample rate
from  0.04 s

to 4 min

 descent rate
1 m/s



• Measurement Range:
Temperature -5 to +35 ºC
Conductivity 0 to 7 S/m (0 to 70 mmho/cm)
Pressure
• Strain Gauge Sensor 100, 150, 300, 500, 1000, 1500, 3000, 5000, 10000,
• or 15000 psia
• Digiquartz Sensor 100, 200, 300, 400, 1000, 2000, 3000, 6000, 10000,
• or 15000 psia

• Accuracy: 
Temperature 0.01 ºC
Conductivity 0.001 S/m
Pressure
• Strain Gauge Sensor 0.25% of full scale range (100 - 1500 psia)
• 0.15% of full scale range (3000 - 15000 psia)
• Digiquartz Sensor 0.02% of full scale range



In every single station the 

research vessel must stop 

to allow the measurement 

of the parameters along 

the water column





Data Acquisition Using SeaSoft



Sampling through bottles (1)



Sampling through bottles (2)



Header file
Sono posti all’inizio di ogni file dati:
* Sea-Bird SBE 9 Data File:
* FileName = C:\vector\VTM2.HDR
* Software Version Seasave Win32 V 5.33
* Temperature SN = 183
* Conductivity SN = 923
* Number of Bytes Per Scan = 37
* Number of Voltage Words = 5
* Number of Scans Averaged by the Deck Unit = 1
* Append System Time to Every Scan
* System UpLoad Time = Nov 23 2006 16:37:26
** Ship: R/V Urania 
** Cruise: vector 
** Station: VTM02
*END*



File di Mark 

C:\vector\VTM2.mrk:

        Scan,       DepthS,       TempS90M,     CondSmS/cm,       TempP90M,     CondPmS/cm,     SalnP,  OxML/L

mark number 1, system time is Nov 23 2006 17:33:07

     80228.0,       2674.0,         13.440,         46.248,         13.436,         46.253,         38.500,          0.0

mark number 2, system time is Nov 23 2006 17:33:18

     80487.0,       2673.3,         13.440,         46.248,         13.436,         46.253,         38.500,          0.0

mark number 3, system time is Nov 23 2006 17:38:23

     87799.0,       2499.5,         13.416,         46.155,         13.412,         46.159,         38.502,          0.0

mark number 4, system time is Nov 23 2006 17:44:12

     96185.0,       2250.2,         13.382,         46.018,         13.379,         46.023,         38.504,          0.0



Oceanographic cruise planning

• Why

• Where

• When

• Resolution

• Instruments

• Costs





Vector 1 (Novembre 2006-
Urania )

Vector 2 (Febbraio 2007-
Urania)

Vector 3 (Aprile 2007 - 
Universitatis)

Vector 4 (Maggio-Giugno 
2007

   TransMed - Urania)

Vector 5 (Febbraio 2008 - 
Universitatis)

Vector 6 (Gennaio 2009 - 
Urania)



CTD data plotting

MAW LIW

TDW



23-26 novembre 2006



Each oceanographic cruise is 

based on a sampling plan that is 

designed according to the aims of 

the scientific project

The traditional EULERIAN 

oceanographic data collection



In every single station the 

research vessel must stop 

to allow the measurement 

of the parameters along 

the water column



Oceanographic Research Vessel

Classe ghiaccio

Lunghezza: 130 m

Larghezza: 17.3 m

Pescaggio: 6.93 m

Stazza lorda: 6.000 t

Equipaggio: 93 membri

Personale scientifico: 

27 membri 













EXPENDABLE PROBES

These probes can be used for ongoing data

collection along depth but most of them cannot be

retrieved and have a limited depth range



Expandable Bathy-Termograph XBT



NO PRESSURE SENSOR
XBT falls in the water at  known speed

Calculating the time from launch to each data acquisition
we know the related depth

V=L/T L=V*T











XBT section from 9 to 21 December 2009
STF 40.97°S

SAF 44.8°S

PF 52.3°S

sACCf 52.7°S

SBdy 52.9°S
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XCTD



UNDERWAY CTD/RAPIDCAST







Moving Vessel Profiler







SeaSoar

The SeaSoar, manufactured by Chelsea Instruments, Ltd., is
a towed vehicle equipped with impeller-forced wings that
can be rotated to allow the vehicle to undulate in the upper
ocean. The wings are controlled through the multi-
conductor tow cable by sending current signals generated
by a PC-based controller onboard ship to a hydraulic unit
inside the vehicle. Typical instrumentation includes a
SeaBird 911+ CTD with pressure and dual conductivity and
temperature sensors, and optical instrumentation such as
fluorometer, transmissometer, PAR sensor, an experimental
bioluminescence sensor and others.

Under the original open-ocean configuration, SeaSoar
undulates between the surface and about 400 meters depth
while being towed on faired cable at about eight knots. A
typical dive cycle takes about 12 minutes to complete,
providing an up- and down profile every 3 km. We obtained
more frequent sampling during our shallow water
experiments (PRIMER, GLOBEC), where a complete dive
cycle down to 100 meters takes on average three minutes,
providing a horizontal resolution of about 400 meters at mid-
depth.





THANKS!
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