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The addition of the MBARI Expedition Mapping Database (EMDB) website and the re-generation of all navigation files by dive number (vs. the original year-day files) made this portion of the project possible. The Gaussian mean function (added by Caress around 2015) in MB-System was used to correct early dives, which were edited before it was available. 

The editing status and accuracy of navigation data were reviewed for each of 7362 dive numbers associated with MBARI ROV activity between 1989 and 2023. Each dive was evaluated via the EMDB database and the EXPD. The review included documentation of the quality of navigation data for each dive; 3633 dives (49%) were edited or re-edited, and there were nearly 500 dives with significantly incorrect dive times (start, end or both) in the EXPD. These were corrected, as the generation of navigation data now depends on them. Dives found to have incomplete navigation/CTD data for the entire dive were documented. This work resulted in better accuracy and reliability for navigation data and therefore increases the value of information in the Expedition Database (EXPD) and in the Video Annotation and Reference System (VARS).

Results for the assessment of individual dives can be found in the post cruise notes section of the Expedition Database (EXPD) under the “DataComments” section for the cruise. Information is also contained in the file 2023_Navigation-editing-by-dive.xlsx (atlas/ROVNavEdit/lkuhnz)

Resources:
QGIS with GeoCSV plug-in
MB-System (MBNavedit)
Expedition Database (EXPD)
Expedition Mapping Database (EMDB)
Navigation files generated by dive number (vs. yearday)
Pilots database log
After tests to correct dives in 1) text files, 2) QGIS using the GEOCSV editing plug-in, and in 3) MBNavedit, editing in was found to be more accurate and less time consuming using MBNavedit.
The following addresses the specific scope of work issues for the project

A. Edit all previously un-edited dives. There were 1164 unedited dives
· Tiburon = 108 dives Ventana = 864
MBNavedit software was not available for editing dives in the early years. There was also some inconsistency before 2007 in terms of ensuring that all dives were edited.
· Ventana 2022 = 35 dives
· Ventana 2023 through dive V4519= 58 dives
· Doc Ricketts 2022 = 17 dives
· Doc Ricketts < 2002 = 18 dives
· miniROV 2014–2023 = 64 dives
B. Document dives with no navigation data available 
A total of 333 dives have no navigation data available; these are now documented in a consistent and easily accessible manner.

C. Fix dives with errant positions at the beginning and or end of dives. 
There were dives with a string of errant geographical positions at the start and/or at the end of some dives. These errant positions were distant from the actual dive; ROV tracking may have been started early or left on after a dive was completed. This is common phenomenon known to navigation data editors and the procedure was to remove them when they were evident. The new EMBD tool depicts that there were many additional dives with this problem, but because the density of navigation hits was higher in these specific dives, they were not recognized by editors in MBNavedit (which does not create a map showing the dive path). 

D. Data in VARS is using the unedited navigation files (vs. available edited files)
There is a note in Confluence that documents that: 'Prior to September 2005: VARS (and earlier VIMS) database queries returned navigation data from the unedited navigation files.’ This problem is beyond the scope of what I can research; referred to software engineers. It may be that VARS is sometimes picking up the wrong data from the tables. Finding the issue, then setting the entire VARS database to re-merge may help mediate the issue.

E. Explain why a speed of ‘zero' in the MBNavedit interface occurs
Resolved via training

F. There are less than optimal ROV navigation data within VARS
1. Frequent poor navigation data during MBARI’s early years 
2. Some data are simply missing or poor and can’t be fixed. USBL, winfrog and other systems were down; bad weather can cause bad navigation data (movement, cavitation at the down pole, etc.); very deep or very shallow depths (especially the start of ascent and the last minutes of descent) yield less accurate ROV positions.
3. There is a learning curve with navigation editing and having knowledge of how data is generated. MBNavedit does not show the editor the path that the ROV took (as GIS does), but rather shows excursions from one geographic point to another. In the past, the only adequate way to truly learn the effect of editing was to open files in GIS and see how specific edits look as an ROV path. The new EMDB webpages provide this resource.
4. Most of the dives re-edited in this project benefitted from the use of the new tools that were not available when the original work was done. Other improvements over time that were not available early on include the addition of the Gaussian mean method within MBNavedit which helps remove previously unfixable positional spikes. The expedition database addition of timeline bars showing CTD data vs. pilots database documentation was another previous improvement that was very helpful. Within this project navigation, data are organized by dive and not year day. The issue of gridded geographic location data was not previously identified, as it cannot be seen within navigation editing files. Mapping dives in EMBD makes this evident.

G. How problem dives were initially identified for review during this project
The methods used to find specific problematic dives included:
· EMDB - review of dives over >15 km in length
· EMDB - visual assessment of line strings on maps to identify problematic dives
· Report of ROVnavedit files where edited dive files were empty except for headers
· Previously documented as dives with errors from Expedition database
· Previously documented as dives with errors from Confluence
· VARS Query searches (suspect data annotations)
· Dives with 0.00, 0.00 for lat/long
· Dives where the start and end times of dives were substantially inconsistent with available CTD data (V1648 forward via special data report)
· Dives where the start of end of a dive started with depths that were far from the surface. 
H.  Data validation assessment and coding
To document the quality of each dive in a way that allows for integration with VARS data queries, Data Validation Codes were developed. These indicators are essential for understanding the reliability of positional data for individual annotations and when incorporated into the VARS database, allows for more accurate results both internally and when providing the data for external use. Internal or external VARS database searches must include this indicator. Users of data should be aware of these stipulations. As an example, someone researching benthic habitats by overlaying MBARI data over a rocky vs. soft substrate habitat map to look for habitat associations may need high positional accuracy and should exclude certain data points based on a lack of data reliability. On the other hand, including annotations with codes 1 and 2 would not preclude one from including the data for assessment of a geographic range for a species. 

Data Validation Codes can only be accurately and consistently assigned by 1) editing nav data for a dive and noting to what extent and type of editing corrections were needed and 2) reviewing the dive in EMDB after edited data load and assessing the result.

0 = Reliable ROV navigation data. The path of the ROV as drawn by MBNavedit is a good representation of the dive. Most individual positions are 0–10 m from the presumed geographic location
1 = Reasonable ROV navigation data. The path of the ROV as drawn by MBNavedit is a reasonable representation of the dive. Individual positions are 0–100 m from the presumed geographic location
2 = Suspect ROV navigation data. Individual positions are 0–400 m from the presumed geographic location
3 = Invalid ROV navigation data
4 = Unusable ROV navigation data. Ship’s navigation data was substituted for this dive. The path of the ROV is not depicted
5 = No ROV navigation data exists for this dive
Note: Because the goal is to convey the navigation position reliability of any individual annotation, codes are based on the state of available CTD data for dives. As an example, if a dive only has data that covers 60% of the dive, the code is based on how reliable those data are.


I. Terms used to describe individual navigation data state by dive 
· Gaps:  Gaps in navigation data lead to repeated positions, not blank positions. The last “good” position is repeated until another “good” position is encountered along the dive path. 
· Scatter: many seemingly random points around the actual path of the ROV
· Spiky (the path of the ROV is intercepted by large, non-repeating deviations)
· Noisy: a combination of scatter and spikes
· Data start (or end) at depth: Reviewing a dive in EMDB shows a path based on the available navigation data for the dive. From this view, you cannot tell if the navigation and CTD data cover the whole dive. If dive data starts after a dive or before the vehicle surfaces and I was able to identify this on re-edited dives, I documented it. I also attempted to catch as many of these as reasonable by looking at data reports. 
· Additional terms can be found in the legend in the .xls sheet

J. Merging edited data to VARS
Making sure these corrected data locations make their way into the VARS database is an essential step. It appears that there is a process that runs on Monday night to merge dives automatically. I’m not sure of the criteria being used, as some dives merged automatically after new data was uploaded to the EXPD tables, while others didn’t. I did manual merges on dives after correcting navigation data.

K. General Information and Suggestions 
1. The newly developed EMDB website is an excellent resource, as the ROV path can now be visualized. During this project, Mike McCann has added some new features that enhance its usefulness. The day after navigation editing, editors should check each dive in EMDB (this ensures that ROV data edits were effective) and apply a Data Validation Code. This procedure adds only a couple of minutes per dive, but greatly enhances data quality. 
2. Continued good communications with the ROV pilots - notes made during the dive about the quality or lack of ROV nav data help the editor know about issues and assign Data Validation Codes.
3. Edited navigation files must have the current date to upload to the EXPD tables during the nightly run. If any are missed, the file must be “touched” to renew to the current date. 
4. In EMDB, the linestring total length of a dive is overestimated when there is “scattered” navigation as the linestring total length calculates the distances between each point; scattered navigation points are artificially far apart. Linestring length also includes the dive ascent and descent, so deep dives will have seemingly long track lengths that may seem unreasonable. Linestrings are not transect lengths, so use caution to make sure that they cannot be utilized in that way (internally and externally).
5. Sonar depths are not normally uploaded to the tables that VARS uses. Depth data comes from pressure sensors on the vehicles (CTD data). Sonar depths should be reviewed while nav editing only to the extent that you can see the start of the vehicle ascent and descent. 
6. Information regarding navigation editing was in Confluence as of December 2019 (editing procedures, the history of navigation editing, specific issues over the years, dives that were re-edited, etc.). This information has been gathered for incorporation to a current repository (see appendix).
7. Navigation editing for portions of dives where specific benthic transect measurements are being made may require more fine-grained editing because the points are used to measure a distance, which is then used to calculate the densities of organisms, geological features and other distinguishing environmental parameters. Sections of dives that are used for quantitative benthic transects prior to 2020 have been vetted for accuracy, regardless of the overall Data Validation Code assigned to a dive. ROV navigation data is not reliable enough to be used in studies where the distance between annotations is calculated.
8. Investigate dives where the geographic locations were “gridded” (ex: V3225, T1090). Why does this happen? Can it be prevented?
9. Ideally, dive data should be edited within a few days of transfer to shore. This is the only way to alert the pilots if bad data is being generated and may prevent a long period of dives with problems. 
L.  Action items
1. Disseminate this information to all parties who use VARS data (Lonny)
2. The procedures for entering dive numbers along with the time start and end times for each dive should be reviewed as soon as possible. Errors now result in the creation of incorrect navigation files (Lonny trains video lab)
3. Add the Data Validation Codes to the EXPD tables as a field that uploads to VARS, which then populates every annotation made to the dive. These codes must be editable by video lab staff (by dive) and be a default output field in all VARS queries. Document and discuss these codes with anyone using VARS data. Document in VARS Pub. Add the Data Validation code field to the EMDB popup display (Mike)
4. In MBNavedit: display a geographic position distance indicator for easier “could that movement have happened” assessment. This would give the editor a valuable, more comprehensible parameter for assessing what needs to be edited and for assigning Data Validation Codes. Request has been submitted to Dave Caress.
5. Investigate a fix for item D (Page 2: Data in VARS is using the unedited navigation files (vs. available edited files) (Mike, Lonny, Brian)
6. Decide if ship’s data should be used to replace ROV data coded as 3 = Invalid ROV navigation data and 5 = No ROV navigation data exists for this dive. If this is done, the validation code for these dives will need to be changed to 4 (= Ships data are being used) when completed. Re-merge these dives after the changes have uploaded.
7. Some dive start and end times will not update in the EXPD (list sent to Mike and Lonny)
8. There are some dives where the “rov by dive edited file” (orange layer) is not drawing correctly. Examples to Mike. 
9. Remove all annotations of “suspect navigation” referred to in VARS (Brian). This is an association attached to various concepts. For all concepts, delete associations of    “suspect-navigation-ctd-other-data | self | nil”    


M.  Training
Navigation editing training with Lonny in June 2023
Project review and training with Mike and Lonny in October 2023

N. New navigation editing procedures
Presented and reviewed with Lonny




















Appendix: Previous Confluence documentation regarding navigation editing 


	A. Navigation editing procedures (prior to 2023)

		Copying raw navigation files to a temporary directory and opening the MBnavedit program
*NOTE:  items in red are for example purposes.  You must use the appropriate year, dive number, and ROV (vnta, tibr, docr, minirov) when naming and navigating in the directories.
 
Nav files are stored on atlas/RovNavEdit in folders by years.
1. Currently using XQuartz for connecting to systems for nav file editing.
2. Mount a temporary directory (ex: smb://atlas.shore.mbari.org/yourshare). Files must be copied to a temporary directory before working on them to avoid overwriting original files; you will delete these copies when you are done with a session. Also mount smb://atlas.shore.mbari.org/RovNavEdit.
3. XQuartz: type in the following commands:
       a. cd /volumes/yourshare
       b. cp /volumes/ROVNavEdit/2016/vnta/nav2016326vnta.txt . (this copies the file to the temp location for editing). For some reason, you will get an error saying that permission is denied, but note that the file IS copied and all is well. MiniROV files take the form of NAV_090517000000.mb165, but open the same as the .txt files.
c. ssh -Y menard (Sign in using your password; you may to ask for permissions (Dave Caress) the first time. Wait until you get the new prompt -bash-4.2$ (this currently takes a minute)
       d. mbnavedit -X -N
Configuring the MBnavedit program window
 
When the mbnavedit program opens, you need to configure it properly.
1. Uncheck the boxes for "time interval plot" and "heading plot"
2. Uncheck all the "show original data" check boxes
3. Click the CONTROLS button and choose "Nav Modeling" from the pull down menu
4. Click on "Gaussian Mean" or "inversion"
a. When using Gaussian mean, use the slider titled Gaussian Mean Time Window to adjust the mean value. ~47 is a good starting point. When using Inversion, set the Speed Deviation and Acceleration fields to 5.   You can adjust how tight the blue line fits between raw data points by adjusting the mean value with the slider.  The lower the value the tighter the line and vice versa.
b. Click "Apply"
Move the Nav Model panel somewhere on your screen where it is not completely overlapping the main MBnavedit window 
Click the "File" button in the upper left corner of the main MBnavedit window.  Choose the file you want to edit, then click O.K.  
If you get an error dialog box that says "Duplicate or reverse order time stamps", Click "Control" and select Time interpolation and click 'Apply'.
           

Editing a dive
 
Start with Sonar Depth panel at bottom.
Use "Pick" or "Select" radio button to identify depth points outside of reasonable range.  When outlying points are selected, click "Interpolate" button. 
Now zoom in to look at a smaller region of the track.
Click "Pick Zoom" button, then left click (for left boundary) and middle click (for right boundary) of area to zoom in....then right click in the middle of the area.
Right mouse button will move the graph to the right, middle button will move to the left.  Pick out outlying point and interpolate those. 
Click "Show All" button to zoom out and see the whole track again.
Now, move up to the Latitude and Longitude panels.
The Navigation Model was applied when the file opened, so the blue line shows the estimated navigation path. 
Use "Pick Zoom" to zoom in on the beginning edge case.  Select points in the pre-dive area and a few after the dive began, "Flag" and "Apply" the navigation model.  Move right along the data page, select outlying points, then "Flag", and "Apply" within each window as you go.  By applying at each window, you can see the effect of your actions; if something didn't work out as expected, you can fix it now.  The goal is to have no spikes in the Speed plot over 10 km/hour.  If you do, zoom in to these spikes on the Latitude and Longitude plots and see if you can make further corrections.
To Finish the dive, first click 'Show All' then click "Select All", click in the longitude window and then "Use Solution" 
* If two dives occurred on one day (this typically happens with Tiburon and Doc Ricketts), you will see two distinct entities in the sonar depth plot.  Work on each dive individually by selecting, and flagging points as described above. Once both dives have been smoothed, "Select All" dives and "Use Solution" .


Copying the edited file back to the atlas/RovNavEdit directory
 
After quitting MBnavedit go back to the terminal window and type in the following command:
cp (space)nav2009221vntaedited.txt (space)/mbari/RovNavEdit/2009/vnta      
** Once you've completed editing files, delete the files from the tmp folder you used
If there are severe navigation scatter problems, or long drop-outs of data on a particular dives (or set of dives), document this in the Expedition Database. Go to the cruise and "Edit Postcruise". In the data comments box, put in a note (ex: Navigation for this dive is scattered and somewhat unreliable, Drop off of navigation data between 20:25 and 20:34, etc


B. Historic navigation issues:

About June 2, 2015: Nav upgrade for Ventana is causing a ~150 m error.

August 30, 2013 Ventana (From Dawe); CASIUS offsets seem more reasonable than last calibration however Sonardyne is still concerned about the 'movement' of
the GDT head. Also discovered there are 5 variables to enter after a CASIUS calibration. Windows XP entered these value automatically however Windows 7 requires them to be input manually.

February 20, 2013 from DJ Osborne:Just a few minor tweeks to let you know about regarding nav on the Carson. Based on Winfrogs strong suggestion we have added a sound velocity profile in sonardyne. You can turn it off in the environmental page if you have issues or otherwise. BTW, kalman filtering is off on both sonardyne and winfrog. Sonardyne is now available for viewing at the aft steering station on the bridge, left monitor, aux input. You may need to ask the pilots to activate it (alt C) No need for the sonardyne power supply to drive that head all the time when you don't need it on. A third slave for winfrog was added in the dry lab to move towards giving the AUV guys a better set up and to keep them from having to VNC or take trips into the control room. Sonardyne has given the ok for us to put in the offsets we acquired when we did the CASIUS last year. I didn't get a great deal of feedback as to the concerns of our dataset but the results are: Pitch .65, roll 2.09 and heading -.90. The calibration offsets HAVE been entered into Sonardyne from now forward.

There were depth sensor problems between 10/22/12 (yrday 296) and 11/29/12. New raw navigation files were generated, but it was not necessary to re-edit the navigation files. 
March 2011: Dave Caress has potentially identified an issue with the software and is working on a new release of MBnavedit. We are still getting un-removable spikes in the navigation files.

March 2011: Western Flyer returned from the shipyard with a new Sonardyne hydrophone; a Cassius calibration occurred on March 4, 2011 (see attached document). Navigation data from the first cruise looks much improved - lak.

April 26, 2010: Doc Ricketts is preparing to change from fusion to ranger software due to support issues.

October 2009: Dave Caress has potentially identified an issue with the software and is working on a new release of MBnavedit. We are still getting un-removable spikes in the navigation files.

April 2009: Dave Caress has released a new version of MBnavedit to a fix for the following problem: based on the nature of specific dives, some navigation spikes cannot be removed.  See V3334, V3335 as examples. We are currently evaluating the new software.

2009: Poor navigation data coming from Doc Ricketts (specifically through D0041 on June 19, 2009). Regarding Doc Ricketts (from Rich Schramm 5/8/09): The first few dives had bad pressure from the vehicle. For sure the first 3 dives had major issues and ctd could (should?) be substituted. Then on dives less than about D0014 the parosci had issues if vehicle went past 3267.0 - which it didn't for most of the dives (it did on Smith dives- lak). I don't think SMD has sent a fix for that problem yet but we have a workaround where we intercept the sensor data and fix it before it gets to the vehicle.

Between 26 June 2008 and 03 February 2009:  there is a roundoff error logged in all raw navigation data files essentially rendering the last 2 digits of latitude and longitude meaningless. The truncation of precision was because of error in the linux port of the datamanager code. The error was identified and fixed on 3 Feb 2009. An analysis of Steve Rock's Ventana dive V3241 (a video mosaic survey) by using data from the winfroglogr files (rov nav input to datamanager) and properly edited data (from the low precision archived nav) indicates that very little improvement in the final edited product can be had by replacing the low precsion nav with nav reprocessed from the winfroglor data.

Prior to September 2005: VARS (and earlier VIMS) database queries returned navigation data from the unedited navigation files. 

In 2001, there was a navigation "freezing" problem.  This problem occurred from March 25th, 2001 11:59:58 PM through December 14th, 2001 05:10:23 AM.  See John Graybeal's .ppt presentation about this issue (Sept 2001) NavProblemsReview_Graybeal.ppt

There was an issue with dives T119 to T244 whereby ships navigation was logging as ROV navigation;  All ROV navigation for these dives is therefore erroneous. See attached excel sheet CompareWflyTibr-Graybeal.xls. As of 12-February 2009, Dave Clague and Jenny Paduan are working with Mike McCann to use the Markpoint files created during dives T119-124, T139-147, T185-201, and T207-208 to produce smoothed navigation files to merge with the video annotations. This series of dives did not have an ROV nav file recorded since ship nav was incorrectly being placed in the ROV nav file. They are going to try to use Markpoint files to reconstruct the ROV path. See attached map for a visual image of the problem and solution. They are also looking at the navigation of dive T425 with Mike and trying to adjust the track so that it better fits the bathymetry. At present, although the dive plots as starting and ending at the fish trap (located during navigated dive T427), it is not plotting so that depths match with the underlying bathymetry. This is the dive that did not have any USBL navigation because the transponder on the vehicle was not operational.  See attached map for a visual image of the problem and solution.


C. Navigation editing timeline

	Navigation editing initially done by IAG beginning in 2001: Mike McCann, Rich Schramm, Brian Schlining, John Graybeal, Kevin Gomes, Andrew Chase

Navigation editing by ITD beginning sometime in 2006:  Jennifer Chase, Jane Curtner, Connor                                          
September 2007, Linda Kuhnz, Lori Chaney, Dana Lacono
January 2012–2018, Linda Kuhnz
Historical summary of edited dives (note: we will review 1997-1999 dives in 2009 to see if anything further can be done with them):
·  No dives prior to 1996 were edited
·  1997 Ventana; majority are un-edited
·  1998 Tiburon: only 3 of 30 were edited
·  1998 Ventana: majority are un-edited
·  1999 Tiburon: no editing has been done to the 15 files
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