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1. Introduction 

The Deep-Arvor float is a particular version of the NKE Arvor subsurface profiling float. It is 

manufactured jointly with Ifremer and allows high resolution and continuous measurement as deep 

as 4000 dbar in the water column. It is also designed in accordance with Argo program requirements. 

The float performs multiple cycles with predefined parking and maximal profiling depths. Data can 

be registered during descent, parking and ascent periods and then saved into its internal memory. 

When at surface it establishes a communication with Iridium satellite and, after data reduction by 

means of a specific algorithm, data transmission begins. 

 

2. The on-board instruments 

Temperature and conductivity are measured by a SBE 41-CP ALACE probe providing accuracy of 

±0.0001 degrees Celsius (ITS-90 scale) and ±0.00001 S/m for conductivity (see Fig. 1). The pressure 

sensor accuracy is about ±0.02% of the detected value. 

The float is also equipped with an Aanderaa 4330 optical oxygen sensor providing accuracy of about 

±1.5 µmol/kg (estimated from calibration certificate, see Appendix A). 

 

 
 

Figure 1. SBE 41CP and Aanderaa 4330 detail. 
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3. Mission parameters 

The Deep-Arvor mission is mainly controlled by means of 17 parameters, listed in Table 1. 

Mission Parameters Description Value Units 

PM0 Number of cycles                                                      255 integer number 

PM1 Cycle period 10 days 

PM2 Reference Day 2 day 

PM3 Estimated time at the surface 6 hour 

PM4 Delay before mission                                                0 minutes 

PM5 Descent sampling period                                          0 seconds 

PM6 Drift sampling period                                                12 hours 

PM7 Ascent sampling period                                            10 seconds 

PM8 Drift depth                                                                 4000 dbar 

PM9 Profile depth                                                              4000 dbar 

PM10 Threshold surface/intermediate pressure 100 dbar 

PM11 Threshold intermediate /bottom pressure 700 dbar 

PM12 Thickness of the surface slices                                 2 dbar 

PM13 Thickness of the intermediate slices                         10 dbar  

PM14 Thickness of the bottom slices                                  25 dbar 

PM15 Iridium end of life transmission period                    60 minutes 

PM16 2
nd 

Iridium session waiting period                                  0 minutes 

PM17 Wait at surface after grounding                                 60 minutes 

Table 1. List of mission parameters. 

The parameter PM1 was initially set to 2 days in order to have more frequent transmissions, then it 

was changed to 5 and finally to 10 days. 

The parameters that control parking (PM8) and maximal profiling (PM9) depths were set at the same 

4000 dbar value in order to try to maintain the float in a deep area, avoiding it to escape with the 

currents. 

Following the configuration shown in Table 1, the float performs a cycle every 10 days; the water 

column is hypothetically divided into an upper (0-100m), an intermediate (100-700m) and a bottom 

(700-4000m) layers. The upper, intermediate and deep resolutions are respectively 2, 10, 25 dbar. 

In case of contact with the sea floor (grounding) the float can react in two modes, depending on 

technical parameter PT10 setting: 

  PT10=0  the previous programmed depth is disregarded while the new one corresponds to the 

current pressure minus an offset (about 100 dbar); the floats waits at this depth until it’s time to start 

the ascending phase. 

  PT10=1  the floats stays there waiting for the ascent. 

Our Deep-Arvor was programmed to stay there in case of grounding (PT10=1). 
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4. Float deployment 

The deployment was carried out from HCMR’s R/V AEGAEO during the CRELEV 2016/ 

EUROFLEETS2 cruise in collaboration with colleagues from OGS and HCMR. The deployment 

location is shown in Figure 2.  

 

Figure 2. Deep-Arvor deployment location and date. 

 

In Table 2, information about the deployment and the last transmission are summarized. 

 

Model WMO Iridium Deploy Date Lat Lon Cycles Last Date Lat Lon Status Cycle 

Arvor-D 6903200 300234063647490 08-Jun-2016 05:47 35.25 22.77 8 14-Jul-2016 06:26 35.20 22.47 A 10 

Table 2. Status table for the Deep-Arvor as of 14 July 2016. 

 

 

The pre-deployment checking operations and the float in the water immediately after the launch are 

shown in Figure 3. 

Lat: 35.25  Lon: 22.77 
 

08-June-2016   05:47 

http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_type.type%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.wmo%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.deployment_time%20desc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.lat%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.lon%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.cycle%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.profile_date%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.last_lat%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.last_lon%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.status%20asc
http://nettuno.ogs.trieste.it/sire/medargo/all/table_out.php?&order=tbl_float.project_cycle%20asc
http://www.ifremer.fr/co-argoFloats/float?ptfCode=6903200
http://nettuno.ogs.trieste.it/sire/medargo/traiettorie/traiettorie.php?&id_float=955
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Figure 3. Deployment operations. 

 

 

5. Decoding aspects and dissolved oxygen computation 

Once at surface the Deep-Arvor tries to establish a satellite communication, this can be mainly 

influenced by two factors: the satellite system operativity and the very bad weather conditions 

(sometimes compromising the complete antenna emersion for the required time). 

The transmitted messages consist of SBD (short burst data) files each containing maximum 3 packets 

of 100 bytes (see Figure 4). 

Figure 4. SBD message schematics. 

In order to decode the SBD messages a Matlab program was implemented following format 

instructions described in the user manual (DEEP-ARVOR FLOAT user manual, 2015). 

Each packet is classified by an ID number (from 0 to 10) that corresponds to a specific packet type, 

for example there are technical packets, hydraulic pump or valve ones and CTD data packets. 

100 bytes 100 bytes 

Packet #1 Packet #2 Packet #3 

SBD message  

100 bytes 
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Particularly the Deep-Arvor described in this report is equipped with an Aanderaa 4330 optical 

oxygen sensor that provides raw data in form of blu (the excitation signal, C1phase) and red (the 

received signal, C2phase) measured phases and in situ temperature (Toxy) used to calculate the 

dissolved oxygen. The Stern-Volmer equation is applyied to convert raw data to oxygen measurement 

(Processing Argo OXYGEN data at the DAC level, 2016). 

The procedure begins defining a phase difference between blu and red ligth: 

𝑃ℎ_𝑑𝑖𝑓𝑓 = 𝐶1𝑝ℎ𝑎𝑠𝑒 − 𝐶2𝑝ℎ𝑎𝑠𝑒. 

Next the Stern-Volmer constant is computed using the measured temperature from Aanderaa 4330: 

𝑘𝑆𝑉 = 𝑐0 + 𝑐1 𝑇𝑜𝑥𝑦 + 𝑐2 𝑇𝑜𝑥𝑦2. 

Then molar (µmol/l) oxygen can be determined: 

𝑀𝑜𝑙𝑎𝑟𝑂𝑋𝑌 = (
𝑐3+𝑐4 𝑇𝑜𝑥𝑦

𝑐5+𝑐6 𝑃ℎ_𝑑𝑖𝑓𝑓
− 1) ∙

1

𝑘𝑆𝑉
  . 

The coefficients c0 to c6 come from the instrument’s calibration certificate (see Appendix A). 

The obtained oxygen concentration must then be corrected for salinity and pressure effects. Two 

coefficients are defined one for pressure and anotherone for reference salinity: 

𝑃𝑐𝑜𝑒𝑓 = 0.032;   𝑆𝑟𝑒𝑓 = 0 . 

The salinity effect is hence computed: 

𝑂𝑋𝑌_𝑝𝑠𝑎𝑙 = 𝑀𝑜𝑙𝑎𝑟𝑂𝑋𝑌 ∙ 𝑒(𝑆𝑖𝑛−𝑆𝑟𝑒𝑓)∙(𝐵0+𝐵1 𝑇𝑠+𝐵2 𝑇𝑠2+𝐵3 𝑇𝑠3)+𝐶0 (𝑆𝑖𝑛
2−𝑆𝑟𝑒𝑓

2) 

and then the pressure effect is also taken into account: 

𝑂𝑋𝑌 = 𝑂𝑋𝑌_𝑝𝑠𝑎𝑙 ∙ (1 + 𝑃𝑐𝑜𝑒𝑓  ∙ 𝑃𝑖𝑛 1000⁄  ) . 

It is worth noting that depending on Sref  the oxygen computation can considerably change, here Sref 

=0 (Processing Argo OXYGEN data at the DAC level, 2016). 

 

 

6. Comparison of ship CTD and Deep-Arvor profiles 

Nearby the deployment point (about 2.3 km) the S23 station was sampled by CTD rosette, as a result 

it is possible to compare data. In Figure 5 potential temperature, salinity and dissolved oxygen are 

shown, overall indicating good accordance between the two instruments with the exception of 

oxygen. Anyway, as previously said, the float underestimating could depend on Sref  definition. 

Seawater samples were collected in station S23 in order to calibrate CTD salinity and also bottle data 

were closed, at predefined depths, to correct the automatically measured dissolved oxygen (see Figure 

5c). The CTD used was a SBE 911plus system equipped with SBE43 oxygen sensor (s/n: 2556) with 

0.5 mil membrane and initial accuracy ±2% of saturation. The sensor was connected to the CTD 

pumped path and was calibrated on December 2015, prior to the cruise.  

For the determination of dissolved oxygen (DO), samples were taken from the Niskin sampling bottle 

with the recommended precautions to prevent any biological activity and gas exchanges with the 

atmosphere. Reagents were added immediately after collection. DO determination was performed on 

board by Winkler titration method (Carpenter, 1965a,b).   
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Figure 5. Float (black) to CTD (red) data comparison; (a) potential temperature (b) salinity (c) dissolved oxygen, 

circles represent bottle quotas. 
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7. Deep-Arvor profiles 

The Deep-Arvor was programmed to sample the water column only during ascending phase, the 

initial cycling period changes are summarized in Table 3 while in Figure 6 the points of emersion are 

shown. Figure 7 shows both the trajectory and bathymetry details. 

Figure 6. Float’s positions in the Cretan western passage. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Float’s positions detail with relative transmission dates in the Cretan western passage. 

 
 

Cycling period (days) Starting date Lat (°N) Lon (°E) Ending date Lat (°N) Lon (°E) 

2 08-June-2016 35.254 22.772 14-June-2016 35.212 22.655 

5 14-June-2016 35.212 22.655 04-July-2016 35.207 22.508 

10 04-July-2016 35.207 22.508 14-July-2016 35.199 22.469 

Table 3. Cycling changes from deployment until 14 July 2016. 
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In Figure 8 all the achieved temperature (in situ and computed potential temperature), salinity and 

dissolved oxygen vertical profiles are shown.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Vertical profiles of (a) in situ and potential temperature (b) salinity and (c) dissolved oxygen sampled by the 

Deep-Arvor.  
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In Figure 9 the temperature, salinity and oxygen scatter plots are shown relative to each cycle from 8 

June 2016 (deployment date) to 14 July 2016. Upper in the graphs the intermediate distances are 

reported in kilometers, while grounding information is shown with red bottom square (if present the 

float touched the sea floor). The estimated local bathymetry is also shown with dotted line, the 

interpolation is based on the ETOPO1 database, 1 arc-minute resolution Global Relief Model 

(Amante, C. and B.W. Eakins, 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Deep-Arvor measurements versus cycle number, (a) temperature (°C), (b) salinity and (c) oxygen (µmol/kg). 

Black dotted lines represent the estimated ETOPO1 bathymetry. 

 

 

8. Conclusions 

In the Argo program framework a Deep-Arvor float was successfully released in the western Cretan 

passage (a very deep area in the Mediterranean Sea with depths exceeding 4000 dbar) during the 

CRELEV 2016/EUROFLEETS2 cruise in June 2016. The float carried out 8 cycles from deployment 
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date (8 June) until 14 July providing high resolution vertical profiles of temperature, salinity and 

dissolved oxygen. The float touched the bottom at every cycle and its internal vacuum and battery 

voltage remained within acceptable limits. 

Concerning float to CTD data comparison in the deployment area, it is worth noting the very good 

agreement in temperature values. Similarly there is good accordance in salinity with the exception of 

the layer between near 1000-2000 dbar where there is a difference of a few hundredths. The oxygen 

values measured by the float appear mostly underestimated. 
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