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1 Summary 
These notes relate to the production of quality controlled, Triaxus data from RV Investigator voyage 

IN2015_V01, from 21 Mar 2015 ς 30 Mar 2015.  

Data for 2 Triaxus deployments were acquired in CAP CTD acquisition software using the Seabird SBE911 

CTD 22.  The deployments were conducted with a standard tow speed of between 7 to 10 knots and 1200 

m wire out.  Sea-Bird-supplied calibration factors and CSIRO supplied calibrations were used to compute 

the pressures, conductivity and temperature data. The data were subjected to automated QC to remove 

spikes and out-of-range values. 

Dissolved oxygen sensors, Transmissometer and Cosine Photosynthetically Active Radiation (PAR) sensor 

were also installed on the auxiliary A/D channels of the CTD.  In addition to the auxiliary channels, ECO 

Triplet, Nitrate, Fluorescence and LOPC were mounted on the Triaxus as attached payloads.  

The standard data product (1 decibar/10 second binned averaged) was produced using data from the 

primary sensors to produce an along-track time-series dataset for each CAP deployment.  These 

deployments were grouped into legs, each containing a section of the Triaxus deployment and in each leg, 

vertical casts were created with interpolated values from the along-track time-series binned dataset with a 

maximum interpolation distance of 1 casts.  These generated the along-track and vertical cast section data 

products for each Triaxus deployment. 

  



- 4 - 

in2015_v01_triaxus_processing_report.docx 

2 Voyage Details 

2.1 Title 

IMOS Southern Ocean Time Series automated moorings for climate and carbon cycle studies southwest of 

Tasmania. 

2.2 Principal Investigators 

Tom Trull (CSIRO O&A) 

2.3 Voyage Objectives 

The scientific objectives for IN2015_V01 were outlined in the Voyage Plan (Trull 2015).  

For further details, refer to the Voyage Plan and/or summary which can be viewed on the Marine National 

Facility Plans and Summaries web site. 

2.4 Area of operation 

      

Figure 1 Area of operation for IN2015_V01 with Triaxus tows highlighted in colour 

http://mnf.csiro.au/Voyages/Investigator-schedules/Plans-and-summaries/2015.aspx


- 5 - 

in2015_v01_triaxus_processing_report.docx 

3 Processing Notes 

3.1 Background Information 

Five Triaxus deployments were conducted, divided in the CTD acquisition software CAP into 8 scan files.  

Flight data from the MacArtney Triaxus were logged containing pitch, roll, altimeter, cable length, ship 

water depth and ship speed. 

The data for this voyage were acquired with the CSIRO CTD unit 22, a Seabird SBE911 with dual conductivity 

and temperature sensors.  

The CTD was additionally fitted with SBE43 dissolved oxygen sensors, Transmissometer, Nephelometer, Cosine 
Cosine Photosynthetically Active Radiation (PAR) sensor, ECO Triplet, Nitrate, Fluorescence and LOPC. These sensors are 

These sensors are described in Table 1 CTD Sensor configuration on IN2015_V01 

. 

Description Sensor Serial No. A/D Cal. Date Cal. Source 

Pressure Digiquartz 410K-134 1039 P 12-Mar-2015 CSIRO Cal. Lab. 

Primary Temperature Seabird SBE3plus 2751 T0  27-Feb-2015 CSIRO Cal. Lab. 

Secondary Temperature Seabird SBE3plus 4682 T1 27-Feb-2015 CSIRO Cal. Lab. 

Primary Conductivity Seabird SBE4C 3311 C0 26-Feb-2015 CSIRO Cal. Lab. 

Secondary Conductivity Seabird SBE4C 3908 C1 26-Feb-2015 CSIRO Cal. Lab. 

Primary Dissolved Oxygen Seabird SBE43 1239 A3 7-May-2014 CSIRO Cal. Lab. 

Secondary Dissolved Oxygen  Seabird SBE43 2125 A2 5-May-2014 CSIRO Cal. Lab. 

Transmissometer Wetlabs C-Star 1519DR A1 16-Jun-2014 Wetlabs 

PAR Biospherical QCP-2300HP 70111 A0 10-Jun-2014 Biospherical 

ECO Triplet Wetlabs FLBBCD2K 2916 Payload 2 5-Dec-2012 Wetlabs 

Nitrate Satlantic SUNA V2 449 Payload 3   

Fluorescence Satlantic FIRe  Payload 4   

LOPC Rolls-Royce LOPC-1xT-3 11480 Payload 7   

Table 1 CTD Sensor configuration on IN2015_V01 

The raw CTD data were converted to scientific units and written to netCDF format files for processing using 

the Matlab-based, CapPro package version 2.9.  

The CapPro software was used to apply automated QC and preliminary processing to the data. This 

included spike removal, identification of water entry and exit times, conductivity sensor lag corrections and 

the determination of the pressure offsets. The automatically determined pressure offsets and in-water 

points were inspected. 

Data were binned into 1 decibar/10 second averaged bins for each deployment along track in netCDF 

format. 
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3.2 Pressure calibration 

The pressure offsets are plotted in Error! Reference source not found..   ¢ƘŜ ΨōƭǳŜ ŎƛǊŎƭŜǎ ǊŜŦŜǊ ǘƻ ƛƴƛǘƛŀƭ ƻǳǘ-

of-water values and the red circles the final out-of-water values. 

 

Figure 2 CTD pressure offsets 

3.3 Sensor Correction 

 Pressure Sensor Location 
The location of the pressure sensor relative to the T/C sensors is defined through orthogonal axes XYZ 

(origin at T/C sensors) with the vehicle travelling along the X axis (if zero pitch), Z vertically up and Y to port.  

The pressure sensor location is given by a distance to sensor along the X axis (+ve pressure forward of T/C), 

and Y axis (positive values indicate pressure sensor is to port of T/C) and Z axis (positive value indicates 

pressure above T/C). 

Using pitch (rotation around Y axis, positive nose up) and roll (rotation around X axis, positive clockwise 

looking forward) from the Triaxus flight data it is possible to correct the pressure at sensor locations. 

Note that the pressure sensor location correction were applied in this instance and for reference, 

Conductivity and Temperature sensor location for IN2015_V01 were as follows (measured in metres): 

 Vertical location Fore / Aft Port / Starboard 

Primary C/T 0.3 -0.45 -1.68 

Secondary C/T 0.3 -0.45 -0.05 

Table 2 Pressure sensor location relative to the T/C sensors 

 Thermal Inertia Correction 
The temperature of the boundary layer water passing through the conductivity cell lags the temperature of 

the in-situ water due to the thermal mass of the cell.  Since derived salinity is strongly dependent upon 

temperature, in order to derive correct salinity the true apparent temperature of the water in the cell is 
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required.  To derive the apparent temperature given the in-situ temperature we assume a fraction, beta, of 

the water (belonging to the boundary layer) is lagged with a time constant, tau.  After extensive testing it 

has been determined that good correction is achieved using two time constants 7 and 1 seconds with beta 

factors 0.013 and 0.007 respectively. 

3.4 Other sensors 

The Wetlabs C-Star transmissometer was used for all deployments. The transmissometer has been 

calibrated to give nominal outputs of 0-100% transmission. 

The Biospherical PAR sensor was also used for all deployments. The output is a nominal 0-5 volts. This data 

channel has been included in the output files for all deployments. Clearly, time of day and environmental 

factors such as sea state and cloud cover impact on these readings. If most or all of the values for a 

deployment are near zero it indicates a night-time cast. 

The Eco Triplet sensor array, FIRe, SUNA and LOPC were used for all deployments.  Only Eco Triplet data has 

been merged into the averaged data products and calibration sheets used have been included in Appendix 

III: ECO Triplet calibration sheets. 

3.5 Bad data detection 

The range limits and maximum second difference for sensors connected to the SBE9+ A/D channels are 

configured in CAP and are written to the netCDF scan file. Typical limits used for the sensor range and 

maximum second difference are in Error! Reference source not found. Error! Reference source not found.. 

Sensor 
Range 

minimum 
Range 

maximum 
Max. Second 
Difference 

Pressure -10 10000 0.5 

Temperature -4 40 0.01 

Conductivity -0.01 10 0.01 

Oxygen 200 300 0.5 

Transmissometer 80 100 1.0 

PAR 0 2000 10 

OBS 0 1e-3 3e-4 

Chlorophyll 0 3 1 

CDOM 0 2.0 0.8 

Table 3 Sensor limits for bad data detection 

Data found to be out of range or having a second difference above the maximum second difference were 

flagged as bad and filtered by CAP. 

3.6 Averaging 

¢ƘŜ Řŀǘŀ ǿŜǊŜ ΨŦƛƭǘŜǊŜŘΩ ŀƴŘ ōƛƴƴŜŘ ƛƴǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ǇǊƻŘǳŎǘ ƻŦ 1 decibar / 10 second averaged netCDF 

deployment files containing the time-series data. The binned values were calculated by applying a linear, 

least-squares fit as a function of pressure to the sensor data for each bin, using this to interpolate the value 

for the bin mid-point. This method is used to avoid possible biases which would result from averaging with 

respect to time. 

 QC flags 
Each binned parameter is assigned a QC flag. Our quality control flagging scheme is described in Pender 

(2000). The QC Flag for each bin is estimated from the values for the bin components. The QC Flag for 
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derived quantities, such as Salinity and Dissolved Oxygen are taken to be the worst of the estimates for the 

parameters from which they are derived. 

 Vehicle Position Correction 
¢ƻ ǇǊƻǾƛŘŜ ŀ ōŜǘǘŜǊ ŜǎǘƛƳŀǘŜ ƻŦ ǘƘŜ ¢ǊƛŀȄǳǎΩ ŀŎǘǳŀƭ ǇƻǎƛǘƛƻƴΣ ǘƘŜ ǊŜŎƻǊŘŜŘ ŦƭƛƎƘǘ Řŀǘŀ ǿŀǎ ǳǎŜŘ ǘƻ ǊŜcalculate 

a location for the averaged data. This used the wire out, pressure, the ships current location and a window 

of the previous locations along which the Triaxus is assumed to have traversed to derive an estimated true 

location of the Triaxus. 

 Vertical Cast Creation 
Ψ±ŜǊǘƛŎŀƭ ŎŀǎǘǎΩ ǿŜǊŜ ŎǊŜŀǘŜŘ ŦǊƻƳ ǘƘŜ ŀƭƻƴƎ ǘǊŀŎƪ ŀǾŜǊŀƎŜ ŦƛƭŜǎΦ ! ǾŜǊǘƛŎŀƭ Ŏŀǎǘ ǊŜǇǊŜǎŜƴǘǎ ŀ ǾŜǊǘƛŎŀƭ ŎƻƭǳƳƴ 

of data points geographically located at the minimum and maximum pressure points of an undulation. Data 

for a vertical cast is derived by interpolating between the binned data points on the upcast and downside of 

either side of the vertical cast.  

 

Figure 3 Vertical Cast Creation 
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3.7 Triaxus Deployments 

Deployment Leg Scan File Start time End time Start lat. Start long. End lat. End long. 

1 1 1 2015-03-21T21:40:59Z 2015-03-21T23:50:01Z 45 19.063S 144 24.582E 45 30.766S 144 04.872E 

2 2015-03-21T23:53:08Z 2015-03-21T23:59:39Z 45 31.022S 144 04.440E 45 31.547S 144 03.554E 

3 2015-03-22T00:13:10Z 2015-03-22T01:15:27Z 45 32.646S 144 01.698E 45 37.828S 143 52.946E 

4 2015-03-22T01:38:22Z 2015-03-22T03:39:48Z 45 39.797S 143 49.613E 45 50.419S 143 31.619E 

5 2015-03-22T03:41:33Z 2015-03-22T04:31:39Z 45 50.570S 143 31.361E 45 55.067S 143 23.794E 

6 2015-03-22T04:37:58Z 2015-03-22T10:09:37Z 45 55.670S 143 22.895E 46 26.989S 142 38.074E 

7 2015-03-22T10:10:52Z 2015-03-22T10:15:43Z 46 27.102S 142 37.920E 46 27.541S 142 37.295E 

2 8 2015-03-22T10:17:51Z 2015-03-22T11:45:57Z 46 27.740S 142 37.020E 46 28.273S 142 26.761E 

BAD 
 

9 2015-03-26T04:27:21Z 2015-03-26T04:27:43Z 47 18.149S 143 59.667E 47 18.152S 143 59.668E 

2 1 10 2015-03-26T04:28:08Z 2015-03-26T10:49:10Z 47 18.157S 143 59.670E 47 18.832S 142 48.647E 

11 2015-03-26T10:49:23Z 2015-03-26T14:24:06Z 47 18.833S 142 48.604E 47 07.245S 142 11.512E 

2 12 2015-03-26T14:25:13Z 2015-03-26T15:49:30Z 47 07.083S 142 11.422E 46 55.217S 142 04.459E 

3 13 2015-03-26T15:49:52Z 2015-03-26T17:40:06Z 46 55.173S 142 04.432E 46 53.255S 141 44.124E 

14 2015-03-26T17:39:15Z 2015-03-26T19:34:05Z 46 53.261S 141 44.277E 46 52.212S 141 28.764E 

Table 4 CAP deployment grouping 

CAP deployments were grouped for each Triaxus deployment and leg as shown in Table 4 above.  This was 

followed by the creation of vertical casts at the top and bottom apex along the flight path.  Using the 

binned time-series data, these vertical casts were filled by interpolation to a maximum of one ŎŀǎǘǎΩ 

distance.  These were then connected along-track to provide an along-track section profile. 

Section plots for each tow can be found in Appendix I: Section Plots, each containing plots for the Primary 

Temperature, Salinity, Oxygen and PAR.  Along with Chlorophyll, CDOM, OBS and Transmission plotted as 

an along track distance. 

Sections were then exported as both vertical casts and along-track data products in netCDF format. 

3.8 Significant Data Issues 

Scan files 1-5 and 13 were missing the ships latitude and longitude GPS data and values were populated 

with the processed 5 second underway data.  These values were interpolated (linear) to fill data in the scan 

files 24Hz at the corresponding time reported. 

During the processing of scan file 2, it was found to have a large number of consecutive scans having 

duplicated times.  The times for these segments were corrected by finding unique times in the scan file and 

producing a histogram to find duplicates. 

While inspected the corrected times, it was discovered that scan files 1-5 also had a regular pattern of 3 

consecutive values at the same time.  It is suspected that these files were recreated due to an incorrected 

entered calibration values which may have caused this data artefact resulting in what appears to be data at 

8-10Hz instead of 24Hz. 

In scan file 2, there were 40 instances where there were greater than 3 consecutive scans with duplicate 

times.  As some of these instances spanned more than 40 scans, it was necessary to correct these before a 

binned time could be calculated.  The correction was a linear interpolation between the first value and the 

next increment in time with an example of this is shown in Figure 4. 
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Figure 4 Example of time correction performed with crosses indicated original duplicate times and the line the interpolated times 

It was found that PAR sensor data had been acquired with the incorrect calibration values applied, further 

investigation found that the wrong calibration sheet and formula were used.  The values were subsequently 

recalculated from the raw counts and the correct calibration values which can be found in Appendix II: PAR 

sensor calibration sheet. 
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5 Glossary 
Deployment ς relates to one instance of the Triaxus entering the water, being towed for a period of time 

and followed by retrieval from the water. 

Leg ς ǊŜƭŀǘŜǎ ǘƻ ŀ ΨǎŜŎǘƛƻƴΩ ƻŦ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ŎƻƴǘŀƛƴƛƴƎ ŀ ŦŜŀǘǳǊŜ ƻŦ ƛƴǘŜǊŜǎǘΣ ǿƘŜǘƘŜǊ ƛǘ ōŜ ŀƴ ŜŘŘȅΣ 

geographic region etc.  This can be part of or the whole deployment. 

Scan file ς a file structure containing data collected from the deployment of the CTD and auxiliary sensors. 
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6 Appendix I: Section Plots 
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