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Document description

This document contains a detailed description of the process2.m Matlab processing script.  It has been generated in order to allow a user to understand and work with the output from this script without having to open and decipher the Matlab script itself.  It is also meant to be a guide for those who plan to update and modify the script over time.  The header description of this script can be accessed when in Matlab by typing help process2 at the command prompt.  It should be noted that this script should be run within each mission directory and will not work properly if run using subsampled data (as is often generated, for instance, during deployments for quick 'reality checks' of the AUV data between mission deployment).  The Matlab workspace is saved in a file named the same thing as the mission directory.  To load this file in Matlab, type "load('missionfilename','-mat') at the command prompt, from within the mission directory, where missionfilename is 2001.290.01, for example.

The script was developed for the purpose of processing the science data collected by the ALTEX AUV during the October test cruise in 2001 aboard the USCGC Healy.  It was based on code written by John Ryan for use during the MUSE experiment in summer 2000.

User input


Desired averaging interval for processed science data (in integer seconds)


Nominal latitude of experiment (used to generate grav. acceleration constant, which is function of latitude)


Atmospheric pressure to be used in conjunction with AUV pressure sensor


Atmospheric pressure to be used in conjunction with IPS pressure sensor (if it exists)

Basic processing description

Detailed description of processing steps is included later in this document

1. Define vehicle specific and user determined variables

2. Load spatial data from vehicle [dataN, dataGPS]

3. Load and process pressure data from pressure data file [dataPS]

4. Load and process primary CT data stream [dataCTD]

5. Load and process secondary CT data stream (if it exists) [dataCTD2]

6. Load and process ISUS data stream (if it exists) [dataIsus]

7. Load and process IPS data stream (if it exists) [dataIps4]

8. Average and store all science data streams (stored as netcdf and mat files)

9. Plot resulting calibrated, time shifted, and filtered data

Functions called by process2 (or called by its functions):

Calibration functions


calc_paros_pres



Pres_cal


calc_temp



Temp_cal


calc_cond



Cond_cal


calc_O2_SBE43



O2_cal_SBE43

Seawtaer functions


sw_salt


sw_dens


sw_dpth


sw_c3515


sw_cndr

Netcdf functions


ncout1


ncout2


ncoutn2


ncoutips


ncoutbinned

Other


get_spatialNST


NegTrunc


plotsci2



DirName



MyDate

Vehicle configuration variables


midlength – Midbody length


taillength – Tail length (horizontal distance from joining ring to location of pressure sensor)


noselength – Nose length (distance from joining ring to conductivity and temperature) sensors)


pres1length – vertical distance between vehicle midline and main vehicle pressure sensor


pres2length – vertical distance between vehicle midline and IPS pressure sensor


icelength – horizontal distance from joining ring to IPS pressure sensor


sampint – CT sampling interval 


alphac – alpha constant for conductivity thermal mass calculations


betac – beta constant for conductivity thermal mass calculations


calpress – calibrate pressure sensor (1) or use calibrated data from AUV (other)


calcsoundvel – calculate sound velocity of water column from CTD data (1) or estimate it (other)


startyear – year in which data collected


startmonth – month in which data collected (prior to first mission)


startday – generally the day prior to when mission began


tcduct – tc duct volume


cvol – active volume of conductivity cell


o2vol – volume of dissolved oxygen sensor


n2vol – volume of ISUS sensor


c2o2 – includes volume of tubing between conductivity cell and oxygen cell


o22n2 – includes volume of tubing between ISUS cell and oxygen cell


PresSerialNumber – AUV main vehicle pressure sensor serial number [this will eventually be part of the log file and not need to be entered manually]


TempSerialNumber – temperature sensor serial number (entered within each CT filtering section if two are used) [this will eventually be part of the log file and not need to be entered manually]


CondSerialNumber – conductivity sensor serial number (entered within each CT filtering section if two are present) [this will eventually be part of the log file and not need to be entered manually]

Detailed data processing description

1. Define vehicle specific and user determined variables

2. Load spatial data from vehicle

2.1. Define initial time stamp from navigation data file as startTime

3. Load and process pressure data from pressure data file (dataPS)

3.1. Truncate beginning of pressure data file to startTime if necessary

3.2. Calibrate pressure using serial number and lookup table (Pres_cal function) if calpress = 1

3.3. Estimate atmospheric pressure from first 50 data points of pressure data file

3.4. Subtract off user input of atmospheric pressure from absolute pressure measurement (user has option to use the value calculated in section 3.2 which is the default)

3.5. Use 10 data point sliding boxcar window to filter pressure data (approximately two second averaging)

3.6. Generate calculation of depth of vehicle (using sw_dpth function)

4. Load and process primary CT data stream

4.1. Filter CT data stream to remove bad timestamps from historical data (caused by errors in the driver which have since been rectified)

4.2. Truncate beginning of CT data file to startTime if necessary

4.3. Recalculate time channel to represent 4 Hz data stream and not MVC timestamp which while it has 4 Hz mean, it also has significant variance not related to when the SBE25 boardset actually collected the data) [this will be rectified when the SBE 25 timestamp becomes part of the log file]

4.4. Calibrate flow sensor (based on calibration curves generated by Mark Jeunnette summer 2001

4.5. Filter flow data with a 5 point (approximately 1 second) boxcar averaging filter

4.6. Use flow data to determine when science data stream should begin by starting at either the 700th data point or the time when the flow reaches its mean value, which ever comes later (the 700th data point was used based on knowledge indicated that 700/4=150 seconds is about how long it takes for the pump to turn on and the flow to stabilize)

4.7. Calibrate the temperature sensor

4.8. Determine lags between sensors by integrating flow until volume between sensors is reached

4.9. Time shift and interpolate raw conductivity data

4.10. Time shift and interpolate raw oxygen data

4.11. Calibrate conductivity data

4.12. Correct conductivity data for thermal mass effects

4.13. Calculate depth at CT sensors (based on vehicle pitch and location of CT sensor intake location in vehicle)

4.14. Calculate seawater salinity

4.15. Calculate seawater density

4.16. Indicate salinity offset if conductivity changed by a large (but possible) offset in the conductivity measurement caused by drift, fouling, etc.

4.17. Calibrate dissolved oxygen data

4.18. Write calibrated and shifted CT, oxygen, and derived values to netcdf file called calCTD1.nc

5. Load and process secondary CT data stream (if it exists)

5.1. Filter CT data stream to remove bad timestamps from historical data (caused by errors in the driver which have since been rectified)

5.2. Truncate beginning of CT data file to startTime if necessary

5.3. Recalculate time channel to represent 4 Hz data stream and not MVC timestamp which while it has 4 Hz mean, it also has significant variance not related to when the SBE25 boardset actually collected the data) [this will be rectified when the SBE 25 timestamp becomes part of the log file]

5.4. Calibrate flow sensor (based on calibration curves generated by Mark Jeunnette summer 2001

5.5. Filter flow data with a 5 point (approximately 1 second) boxcar averaging filter

5.6. Use flow data to determine when science data stream should begin by starting at either the 700th data point or the time when the flow reaches its mean value, which ever comes later (the 700th data point was used based on knowledge indicated that 700/4=150 seconds is about how long it takes for the pump to turn on and the flow to stabilize)

5.7. Calibrate the temperature sensor

5.8. Determine lags between sensors by integrating flow until volume between sensors is reached

5.9. Time shift and interpolate raw conductivity data

5.10. Time shift and interpolate raw oxygen data

5.11. Calibrate conductivity data

5.12. Correct conductivity data for thermal mass effects

5.13. Calculate depth at CT sensors (based on vehicle pitch and location of CT sensor intake location in vehicle)

5.14. Calculate seawater salinity

5.15. Calculate seawater density

5.16. Indicate salinity offset if conductivity changed by a large (but possible) offset in the conductivity measurement caused by drift, fouling, etc.

5.17. Write calibrated and shifted CT and derived values to netcdf file called calCTD2.nc

6. Load and process ISUS data stream (if it exists)

6.1. Filter ISUS data by removing all data points with quality values less than 0.005 (per discussion with Luke Coletti summer 2001)

6.2. Truncate beginning of ISUS data file to startTime if necessary

6.3. Discard first 5 seconds of data file or as long as necessary to remove corrupted timestamps which were occasionally seen during ALTEX data missions

6.4. Time shift and interpolate nitrate data to account for flow rate variations and tubing volume (see section 4 above) [this involves fairly substantial interpolation, as the CT data set is collected at 4 Hz, but the ISUS data is sampled at only 0.4 Hz]

6.5. Calculate depth at ISUS sensor (based on vehicle pitch and location of CT sensor intake location in vehicle)

6.6. Write shifted ISUS data to netcdf file called calN2.nc

7. Load and process IPS data stream (if it exists)

7.1. Truncate beginning of IPS data file to startTime if necessary

7.2. Estimate atmospheric pressure from first 20 data points of pressure data file

7.3. Subtract off user input of atmospheric pressure from absolute pressure measurement (user has option to use the value calculated in section 7.2 which is the default)

7.4. Estimate the average sound-speed in the water column

7.5. Calculate depth at IPS sensor (based on vehicle pitch and location of IPS pressure sensor

7.6. Estimate ice draft based on IPS depth, water column speed-of-sound estimate, and IPS acoustic travel time measurement

7.7. Write IPS data to netcdf file called ips.nc

8. Average and store all science data streams

8.1. Define evenly spaced time interval based on user input averaging interval (in integer seconds) – if user defines averaging interval of 2 seconds, then output data will be produced at 2 second intervals

8.2. Filter all data based using boxcar averaging window and user input averaging interval

8.3. Write calibrated, time shifted, and filtered data to netcdf file called databinned.nc

8.4. Save all workspace variables as a matlab file called <mission number> (can be reloaded by typing load <mission number> -mat at the command prompt)

9. Plot resulting calibrated, time shifted, and filtered data

Science variables stored

This is not an inclusive list of variables stored when this script is run, it is only meant to contain the relevant science variables which would allow a user to plot the data in a manner different from how the script automatically plots them.

Calibrated, properly time-lagged, and filtered data

The variables in this section have the same dimensions, so they can be plotted against one another


Time



mtime - mission relative timestamp in seconds



binyearday - decimal year day timestamp for calibrated, time-lagged, and filtered data


Science



T1 - temperature from primary CT instrument suite (deg. C, IPTS-68)



P1 - relative pressure at primary CT instrument suite (bars)



C1 - conductivity from primary CT instrument suite (S/m)



S1 - salinity computed from primary CT instrument suite (psu, PSS-78)


D1 - density computed from primary CT instrument suite (kg/m3)



OBSbin - optical backscatter (NOT calibrated) (volts)



O2 - dissolved oxygen (mL/L)



FLOW1 - primary CT instrument suite pumped system flow rate (mL/s)



depth1 - depth at the primary CT instrument suite pump inlet (m)



depthnav - depth as computed, stored, and used by the MVC at the location of the primary AUV pressure sensor (m seawater)



pitch - pitch of the vehicle (degrees)



roll - roll of the vehicle (degrees)



yaw - yaw of the vehicle (degrees)



Xpos - relative E-W position of the vehicle (m)



Ypos - relative N-S position of the vehicle (m)



N2 - dissolved nitrate concentration (M)



T2 - temperature from secondary CT instrument suite (deg. C, IPTS-68)



P2 - relative pressure at secondary CT instrument suite (bars)



C2 - conductivity from secondary CT instrument suite (S/m)



S2 - salinity computed from secondary CT instrument suite (psu, PSS-78)



D2 - density computed from secondary CT instrument suite (kg/m3)



FLOW2 - secondary CT instrument suite pumped system flow rate (mL/s)



depth2 - depth at the secondary CT instrument suite pump inlet (m)

If using the ice profiling sonar, then the following data are also computed



IPSPRES - relative pressure at the IPS sensor face (bars)



IPSDEPTH - depth at the IPS sensor face (m seawater)



IPSDRAFT - best-guess real-time computed ice draft estimate (m)



IPSDRAFTRAW - simple computation of ice draft using estimated speed of sound (m)

Properly time lagged data for primary CT sensor suite

The variables in this section have the same dimensions, so they can be plotted against one another


Time



newt1time - time array starting ~150 seconds after start of mission and ending 8 seconds before the end (accommodates pump initial start-up dead band as well as lag offset at end of mission) with 1/4 second hardcoded timesteps


Science



c1freq - uncalibrated conductivity frequency lagged and shifted to align with temp data



pitch1 - AUV pitch data (from npitch) interpolated to newt1time data points



t1 - calibrated temperature data (deg C)



c1 - calibrated conductivity data lagged and shifted to align with temp data (S/m)



s1 - computed salinity aligned temporally with temp data (psu)



d1 - computed density aligned temporally with temp data (kg/m3)



obs - OBS data array shortened to coincide with temperature time array (volts)



o2 - calibrated oxygen data appropriately lagged and shifted to align with temp data (mL/L)



filtflw1 - calibrated flow rate data (mL/s)


Pressure and depth



pres1 - AUV MVC relative pressure data interpolated to newt1time data points (bars)



p1 - relative pressure at CT sensors incorporating pitch of vehicle (bars)



dpth1 - depth of CT sensors (from p1) incorporating latitude (bars)

Properly time lagged data for secondary CT sensor suite

The variables in this section have the same dimensions, so they can be plotted against one another


Time



newt2time - time array starting ~150 seconds after start of mission and ending 8 seconds before the end (accommodates pump initial start-up dead band as well as lag offset at end of mission) with 1/4 second hardcoded timesteps


Science



c2freq - uncalibrated conductivity frequency lagged and shifted to align with temp data



pitch2 - AUV pitch data (from npitch) interpolated to newt2time data points



t2 - calibrated temperature data (deg C)



c2 - calibrated conductivity data lagged and shifted to align with temp data (S/m)



s2 - computed salinity aligned temporally with temp data (psu)



d2 - computed density aligned temporally with temp data (kg/m3)



filtflw2 - calibrated flow rate data (mL/s)


Pressure and depth



pres2 - AUV MVC relative pressure data interpolated to newt2time data points (bars)



p2 - relative pressure at CT sensors incorporating pitch of vehicle (bars)



dpth2 - depth of CT sensors (from p1) incorporating latitude (bars)

ISUS data

The variables in this section have the same dimensions, so they can be plotted against one another, except as noted



n2time - ISUS time array (seconds relative to start of mission)



n2 - dissolved nitrate data (NOT time-lagged)



n2qual - quality data from ISUS



n2new(newt1time) - dissolved nitrate data properly lagged and interpolated to newt1time time reference



n2depth - depth from AUV MVC interpolated to primary CT sensor suite water intake

Ice profiling sonar (IPS) data
The variables in this section have the same dimensions, so they can be plotted against one another, except as noted



ipstime - IPS time array (seconds relative to start of mission



ipstravtime - two way travel time of acoustic ping (ms?)



ipspres - calibrated relative pressure at IPS sensor face incorporating all offsets (dbar)



ipsrange - computed range to ice/water or air/water interface based on travel time and estimated speed of sound (m)



ipsdepth - depth of IPS unit (m)



ipsdepthauv - depth of AUV at primary pressure sensor taking into account tilt of vehicle and location of sensors



ipsdraftraw - estimated ice draft (m)

Raw data


Time



navtime - MVC timestamp from dataN file (with initial start time subtracted = relative)



gpstime - MVC timestamp from dataGPS file (relative)



c1time - MVC SBE boardset #1 timestamp (relative)



newc1time - 1/4 second spaced time array starting at initial c1time



c2time - MVC SBE boardset #2 timestamp (relative)



newc2time - 1/4 second spaced time array starting at initial c2time


Science (time reference)



flw1(newc1time) - calibrated flow data with < 0 flow data set to 0 (multiply by 1000/60 to get in mL/s)



obsraw(newc1time) - entire record of OBS voltages



o2vraw(newc1time) - entire record of dissolved oxygen voltages


Pressure and Depth(time reference)



parosdpth(ptime) - AUV depth calculated by AUV based on pressure



atmpres - median of first 20 pressure measurements from pressure sensor



parosdpthcalc(ptime) - depth of AUV post-processed using sw_dpth and latitude



navdepthp(ptime) - ndepth interpolated to ptime



pres(ptime) - post-calibrated gage pressure (i.e. atmpres subtracted)


Other Navigation(time reference)



nroll(navtime) - roll of vehicle in degrees (positive roll to starboard)



npitch(navtime) - pitch of vehicle in degrees (negative nose down)



nyaw(navtime) - yaw of vehicle in degrees (positive roll to starboard)



ndepth(navtime) - calculated depth of vehicle from pressure



posx0 - initial x position of vehicle



posy0 - initial y position of vehicle



nposx(navtime) - x position of vehicle minus posx0



nposy(navtime) - y position of vehicle minus posy0



glat(gpstime) - GPS latitude



glon(gpstime) - GPS longitude

Names of science data arrays


  ***beware - occasionally these change if the instrument driver names change ***



ctdDriverctdlog - primary CT sensor suite (includes oxygen and OBS data)



dataDriver2ctdlog - secondary CT sensor suite



ips4log - IPS data



isuslog - ISUS data



parosci - Paroscientific pressure sensor data
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