WLTool Manual v 0.1 – 29 April 2010

Software for extracting and merging data from the NERC Field Spectroscopy Facility aquatic IOP and AOP profiling equipment.

Background

In order to better understand the function of the WLTool processing and merging software it is helpful to understand how the WETLabs DH4 data logger collects instrument data and packages it into archive files. The DH4 receives data streams for the various instruments connected to it in a compeletely asynchronous manner. That is, data streams in continuously and simultaneously from all the connected instruments, generally at different rates. The DH4 does not ‘poll’ or request data from the instruments, nor does it know anything about the meaning of the data it receives, it just sees streams of bytes coming in. All the separate streams are packaged into a single archive file by the DH4 by appending packets of bytes from each input stream as required. The first and most basic operation of WLTool is to unpack the archive file and reconstruct the individual data streams. In one very simple use scenario of WLTool it is possible to recover these individual streams and output them as individual files. This is normally enough to recover the data from an individual instrument. The files from instruments that output ASCII text, such as the ECOBB3 or CTD, can be opened directly, or the ACS files can be opened with the WETLabs software WETView.

Normally however, the desired output is to combine the data from multiple instruments into a single spreadsheet arranged such that each row contains effectively simultaneous readings from each of the instruments. The different instruments may sample at very different rates, so first it is necessary to decide which instrument is to be used as the reference data timing source against which the other instruments will be ‘merged’. WLTool will then find for each of the other instruments the data reading which occurred most closely in time to each reference data time (the offset timing can be either earlier or later). If a relatively slow logging instrument is chosen as the reference then some data from a faster logging instrument will be discarded. If a fast logging instrument is used data points from slower instruments will be duplicated to generate enough data to match each of the faster instrument data timings. The latter approach is preferred, since data can, and should, be time-averaged afterwards anyway. The normal final output of WLTool is a tab-delimited text file containing the merged data from all instruments, which can be opened in MS Excel or other software. Note however that since some versions of MS Excel cannot open a file with more that 256 columns, WLTool also provides options to save subsets of this output data in separate files.

Note that unlike performing a basic extraction of each data stream, the merging operation requires WLTool to understand something about the structure of the individual instrument data. This version of WLTool was written to support the FSF instrument package so can support these instruments: ACS, Seabird CTD, ECOBB3, Satlantic HyperOCR multiplexed for Ed and Lu. Basic extraction should work for any connected instrument. For merging, it may be possible to get other ASCII text streaming instruments to work without too much trouble. Suppoort for other instruments, while conceptually straightforward, requires an ability to code in C++ and recomplie the program. Queries regarding extending instrument support should be directed to the FSF in the first instance.

Overview of processing

Data from the Satlantic HOCR sensors, must be passed through the Satlantic software, Prosoft, to be processed to level L2s before merging with other instrument data streams. For this reason WLTool must be applied twice, first to extract the Satlantic data stream from the archive, then to merge the L2s processed data produced from Prosoft with the other instrument data streams.

The basic processing chain is:

1. Download archive file from DH4, e.g. ‘archive.008’.

2. Use WLTool to extract individual instrument data files from the archive.

3. Use ProSoft to process the data file from Satlantic HOCR instruments.

4. Use WLTool to merge the instrument data files and the processed HOCR data.

If the Satlantic HOCR sensors are not being used, or the data from them is not required, then the processing and merging can be done in one operation of WLTool.

WLTool command-line and GUI operation

The WLTool software is available in two versions, the first is for command-line operation, i.e. where you have to type something at the console just like in the good old days of MS-DOS, or the good current days of Linux. This mode of operation is very useful because it enables scripting, rapid processing of many files, and an easy way to remember what to do – you can set up a parameters file or script with all the required parameters preset. The GUI version of WLTool opens a window front end and presents the options on screen. It also allows basic previewing and visualisation of the data. The GUI version is therefore very handy as a diagnostic tool – you can open and archive file and immediately see if there is any problem of if the data is as expected. This facility in particular is something standard WETLabs software lacks.

WLTool command-line HOW-TOs

The best way to understand the facilities of WLTool is by example. The following sections demonstrate how to achieve various useful data extractions and processing with the command line version of WLTool. The example file ‘archive.008’ is a typical six minute logged data file from the FSF equipment set-up. The file ‘example_acs023.dev’ is the ACS calibration file that goes with ‘archive.008’, i.e. the calibration file that was valid when that data was collected. Don’t get it mixed up with whatever the current ACS device file is! The ACS device file is the only one which is required for using WLTool. For the ProSoft processing step for the HOCR data the HOCR calibration files are required (see Appendix 1). Both ‘archive.008’ and ‘example_acs023.dev’ should have been supplied with WLTool (contact the FSF for copies if you don’t have them). In all cases you need to be at a command prompt. So under MS Windows click on Start > Run... and type ‘cmd’ and press return. Then change to a directory that contains both wltool.exe, archive.008 and example_acs023.dev. You could put these under ‘C:\test’ beforehand and then in the command-line type ‘cd c:\test’ and press return.

HOW-TO 1) Merging all data from a typical six minute run of the FSF profiling rig

This is probably the one you want to do, read this then most likely you know enough.

STEP 1

Make a file in Notepad that looks like this: 

# extract parameters

archive_fp = archive.008 

operation = extract

channel_files_save_fp = test008
and save it under c:/test as ‘params1.txt’. Then on the command line in c:/test type:

wltool params=params1.txt

Note NO SPACES around ‘=’. You will now see that some files have appeared, namely:

test008_chan1_ACS.raw

test008_chan2_CTD.txt

test008_chan3_ECOBB3.txt

test008_chan4_HOCR.raw

test008_chan9_RawData

These are the extracted data stream files for the individual instruments. Because it was not told anything else WLTool has used the default FSF instrument configuration setup, hence knows what instrument each channel represents. The two ‘.txt’ files can be opened directly. You can open the ACS file in WETView (see Appendix 2). We need now to process the HOCR file in Prosoft before finally merging all the data.

STEP 2

Use Prosoft to process the file ‘test008_chan4_HOCR.raw’ to level L2s amd produce an ASCII output file. How to do this is described in Appendix 1. The resulting file for the purposes here should be called ‘test008_chan4_HOCR_L2s.dat’ and is an ASCII text file which WLTool will read in to produce the final merged output file for all instruments.

STEP 3

Make a file in Notepad that looks like this (spaces around the ‘=’ are ok here):
# merge parameters 

archive_fp = archive.008 

operation = extract_and_merge

channel_files_save_fp = test008

chan1_device_fp = example_acs023.dev

chan4_hocr_l2s_fp = test008_chan4_HOCR_L2s.dat

chan4_hocr_l2s_lu_output = yes

chan4_hocr_l2s_ed_output = yes

merge_file_save_fp = merged008.txt

and save it under c:/test as ‘params2.txt’. 

Then type on the command line in c:/test (again no spaces around the ‘=’):

wltool params=params2.txt

Job done – what you want is the file ‘merged008.txt’. However it has many columns so you might have a problem to open it in MS Excel – see below for a solution. The advantage of saving those parameter files from Notepad is that you can use them again, just with slight modifications, to process another archive file. And the files themselves document the procedure, you don’t have to remember the labels for the options. An explanation of the options follows.

EXPLANATION

First consider the extraction parameters file ‘params1.txt’:

# extract parameters

archive_fp = archive.008 

operation = extract

channel_files_save_fp = test008
A line starting with a ‘#’ is a comment. Comment lines can be placed anywhere and are just for information. Empty lines are also ok and are ignored by WLTool. All parameters are passed to WLTool in the format ‘label = something’ and these can be in a parameters file or directly on the command line. So equally its possible to type:

wltool.exe archive_fp=archive.008 operation=extract channel_files_save_fp=test008

directly on the command line (all as one line) without the need for the parameters file. When parameters are given directly on the command line there can be no spaces around the ‘=’. It’s also a very bad idea to put spaces in file names (in general, not just for WLTool).

The meaning of the options given are as follows:

archive_fp = archive.008 
The file path to read archive file from, filepath options always end in ‘fp’.

operation = extract

Means extract instrument files from the archive file. The converse is ‘operation = preview’ which will just try to read and verfiy the integrity of the archive file packets without considering what data they contain (see how-to no. 2, below). For ‘operation = extract’ WLTool needs to know what instrument is on each channel – it can’t guess. An additonal option to tell it this information is ‘sensor_setup’. If ‘sensor_setup’ isn’t specified the default FSF setup is assumed which is equivalent to supplying ‘sensor_setup = fsf’. An alternative sensor setup is ‘sensor_setup = raw’ which will treat the data streams as binary data of unknown content and enablethese to be saved as files. This is useful for doing a blind reconstruction of what the DH4 received when there may be a problem or the instrument configuration is unknown (see how-to no. 2, below).

channel_files_save_fp = test008 

This specifies the filepath to save the extracted instrument files to. It is used as a prefix so, as can be seen, the files are saved as ‘test008_something’. Note you can put a full filepath here, so  ‘channel_files_save_fp = c:/test/test008’ would also work the same. If this option is not supplied WLTool will operate the same, displaying various useful diagnostic information to the console, but no files will be saved.

Now consider the parameters file used in the second pass:

# merge parameters 

archive_fp = archive.008 

operation = extract_and_merge

channel_files_save_fp = test008

chan1_device_fp = example_acs023.dev

chan4_hocr_l2s_fp = test008_chan4_HOCR_L2s.dat

merge_file_save_fp = merged008.txt

This time operation is ‘extract_and_merge’. The reason is that operation this repeats the extract just done, but then goes on to incorporate the processed HOCR file before merging. So those ‘test008_something’ files created on the last pass will be created again and over-written. WLTool does not read in those files but goes back to the archive file to get the ACS, CTD and ECOBB3 data again. All of the test008_something files except the HOCR one are in fact redundant for creating a final merged file, but we need the HOCR one to pass through Prosoft. If we didn’t care about that troublesome HOCR data, we could just do ‘extract_and_merge’ on the first call to WLTool and we’d be done. Or even ‘operation = merge’ which doesn’t bother saving the ‘test008_something’ files (see how-to no. 3, below).

The meaning of the additonal options given are as follows:

chan1_device_fp = example_acs023.dev
This tells WLTool where the ACS device file is. This is the device file exactly as supplied by WETLabs, which contains the current calibration data for the ACS instrument (make sure you use the right one for the archive file being processed!). It wasn’t required for the previous ‘extract’ operation because although that operation associated the data as being from an ACS it did not do any processing on it, but just dumped it out as-was to ‘test008_ACS_chan1.raw’. For the final merged output some processing is done which requires calibration data from the device file. Namely:

1) Calculation of a and c from instrument signal and reference counts.

2) Correction for internal instrument temperature.

This is the same level of processing as is done by WETView and by basic use of the WETLabs WAP software. The output from WLTool should be very close (almost numerically identical) to the output text file from WETView. However note that WETView often drops a couple initial data points that WLTool does not, so the first line in the output files may not be the same.

Importantly note that WLTool does not perform corrections for the following: 

1) Temperature dependence of water absorption. 

2) Salinity dependence of water absorption. 

3) Scattering losses in the absorption tube.

The need and method for these corrections is user-specific. The FSF can supply documentation advising on possible procedures. WLTool does not require the device files for the CTD or ECOBB3 because no processing of data from these instruments is performed.

chan4_hocr_l2s_fp = test008_chan4_HOCR_L2s.dat

This tells WLTool to load in the L2s processed HOCR data file from ‘test008_chan4_HOCR_L2s.dat’. Note that it doesn’t matter what the name of this file is, it doesn’t have to follow the ‘test008_something’ format or even have any specific extension. What WLTool does is proceed with extraction just as it did the first time, but now we have the Prosoft processed HOCR L2s data available. This file contains the final downwelling irradinace and upwelling radiance data we want. When extracting the HOCR data from the data stream on channel 4 of the archive file WLTool makes an association between the raw HOCR data and the L2s processed data. This enables the final merged data to include the HOCR irradiance and radiance. The reason WLTool proceeds this way is because pushing the HOCR data through Prosoft strips out the DH4 timing data. By associating the processed data with the original extracted data the DH4 timings can be re-instated and the data merged properly with the other instrument data. Be aware of course the ‘merging’ process always has some slack because the instrument timings are all asynchronous and at different rates anyway. And they sample at different heights in the frame. Slow profiling and time averaging is essential, but still some level of hysteresis on upward and downward profiles is likely. 

merge_file_save_fp = merged008.txt

This is the name of the final tab-delimited text file to save containing all the merged data. The first row of this file contains descriptive column headers which are hopefully self-evident. In particular ‘msec_offset’ is the timing offset of that instrument data from the reference data timing. Each row there after contains an approximately simultaneous reading from all the instruments. 

Problem of too many columns in merged output file

Since the HOCR irradiance and radiance data alone are in 182 bands then a full merged output file has in excess of 500 columns – too much for most versions of MS Excel (Excel 2007 might be able to handle it). In order to reduce the number of columns in the file instruments can be selectively removed from the merged output file, and in addition it is possible to restrict the HOCR output to either the Lu (radiance) data or Ed (irradiance) data. The following option dictates which isntruments to include in the merged output:

merge_file_channels = 2,3,4

This for example would exclude the instrument on channel 1 (the ACS) from the output. Note it makes no difference to way the processing proceeeds, WLTool will still merge against the ACS data but just this data will not be included in the output file. Hence the number of colums in the file will be reduced, but it will have exactly the same number of rows.

chan4_hocr_l2s_lu_output = yes

chan4_hocr_l2s_ed_output = yes

These options, set to ‘yes’ or ‘no’, can be used to control which parts of the HOCR data to include. Remember that the irradiance HOCR and radiance HOCR are treated as one instrument since they are multiplexed onto the same channel. Excluding or including the channel as a whole doesn’t solve the too-many-columns problem because the channel data as whole comprises over 300 columns – too many for Excel by itself. Therefore, for the standard FSF configuration three separate files must be produced. First create and save three ‘extract_and_merge’ parameters files:

# params1.txt

# merge parameters for ACS, ECOBB3 and CTD 

archive_fp = archive.008

operation = extract_and_merge

channel_files_save_fp = test008

chan1_device_fp = example_acs023.dev

merge_file_channels = 1,2,3

merge_file_save_fp = merged008.txt

# params2.txt

# merge parameters for HOCR Lu 

archive_fp = archive.008 

operation = extract_and_merge

channel_files_save_fp = test008

chan1_device_fp = example_acs023.dev

merge_file_channels = 4

chan4_hocr_l2s_fp = test008_chan4_HOCR_L2s.dat

chan4_hocr_l2s_lu_output = yes

chan4_hocr_l2s_ed_output = no

merge_file_save_fp = merged008_Lu.txt

# params3.txt 

# merge parameters for HOCR Ed 

archive_fp = archive.008 

operation = extract_and_merge

channel_files_save_fp = test008

chan1_device_fp = example_acs023.dev

merge_file_channels = 4

chan4_hocr_l2s_fp = test008_chan4_HOCR_L2s.dat

chan4_hocr_l2s_lu_output = no

chan4_hocr_l2s_ed_output = yes

merge_file_save_fp = merged008_Ed.txt

Then on the command line under C:/test type:

wltool params=params1.txt

This has both done the individual file extraction and completed the merge for everything apart from the HOCR data. The required HOCR file is now there – so go and do the ProSoft stuff (Appendix 1) and then once the HOCR L2s ASCII file is copied in to the directory type:

wltool params=params2.txt
wltool params=params3.txt

HOW-TO 2) Diagnostics and raw extract of instrument data streams

Scenario: you have an archive file downloaded from the DH4 but you have no idea what instruments were attached, or if they’re were working, in fact you know nothing. In this case you can use WLTool to do a raw stream reconstruction that will simply assemble the bytes the DH4 received from each port into files with no interpretation of what the data means. You can see diagnostics of the number of packets and bytes from each port and try to open the files in whatever software might be appropriate. If some channels have ASCII text data logging instruments you can use WordPad for example. Note it probably will not work to treat the HOCR data as a raw file and try to open it in ProSoft, since ProSoft requires some extra bits and pieces which WLTool adds when it is told the channel is an HOCR channel.

To preview the archive and display diagnostics type:

wltool archive_fp=archive.008 operation=preview

To do a raw extraction simply force the sensor setup to ‘raw’ as opposed to the default ‘fsf’. I.e. create a parameters file ‘params.txt’.

archive_fp = archive.008 

operation = extract

sensor_setup = raw

channel_files_save_fp = test008

Then type:

wltool params=params.txt

HOW-TO 3) I’m not using the HOCRs or I don’t care about the HOCR data

You are spared substantial hassle, a single application of WLTool will do everything. These are the required parameters:

# params.txt

archive_fp = archive.008

operation = extract_and_merge

chan1_device_fp = example_acs023.dev

merge_file_save_fp = merged008.txt

Then at the command-line type:

wltool params=params.txt

If the HOCR was attached you will see a single column in the merged data file containing the entry “UNPROCESSED_HOCR”.

TIPS FOR COMMAND LINE WORKING

Each person has their own way of working, but maybe these are helpful.

1) Set up a directory with a short name right at the root of the hard drive, like ‘C:/test’. Then you can get to it quickly by going Start > Run.. Type ‘cmd’ (press return), then typing ‘cd c:/test’. Putting it anywhere else or giving it a long name will be a headache.

2) Copy the required files into and out of the directory ‘c:/test’ using the mouse at the same time as working on the command-line. I.e. use ‘c:/test’ as a ‘work area’ not the permanent location of the input and output files.

3) With WLTool you can use a mix of a preset parameter file and command-line specified parameters. So for example you can set up the fixed parameters in a file like this:

# params.txt

operation = extract_and_merge

chan1_device_fp = example_acs023.dev

merge_file_save_fp = merged.txt

Note the parameters file doesn’t specifiy the archive file. So you can type:

wltool params=params.txt archive_fp=archive.008

That way you never need to change params.txt. Each time you will get an output file with the same name ‘merged.txt’ but you can just copy that out or  rename it each time.

4) Pressing the up arrow in the command-line brings up the previous commands you just typed. So you can edit them or run the same command again without having to type the whole thing in again.

